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Abstract

The aim of this thesis is to investigate the identification and quantification of counterfeit 

medicines by near-infrared spectroscopy (NIRS) and Raman spectroscopy with no or 

minimal sample preparation.

The background literature on the identification and quantification of counterfeit medicines 

using conventional analytical methods as well as spectroscopic methods is reviewed.

The products used for investigation (including tablets, powders, pellets and liquids) were 

obtained from the world market. Both laboratory and handheld NIR and Raman instruments 

were used in these studies. The data were processed on the standard normal variate second 

derivative spectra (SNV-D2) for NIRS and on the baseline treated spectra for Raman 

spectroscopy.

Optimisation of the method of determination of counterfeit pharmaceutical products by 

NIRS was made on the FOSS NIRSystems 6500 spectrometer using a model set o f nine 

tablet products. The optimised identification method was effective for proprietary and 

generic tablets if an authentic sample from exactly the same manufacturer was available. 

Otherwise, a quantitative approach to determine the active pharmaceutical ingredient (API) 

amount in tablets had to be taken using partial least square regression (PLSR). In addition 

to conventional tablet models, it was best to use standard addition models with 0 and 100% 

sample spectra included. Handheld Raman spectroscopy (using Ahura Truscan instrument) 

showed it had better identification potential that handheld NIRS (using Polychromix 

PHAZIR instrument). However, laboratory based NIRS was better than laboratory based 

Raman spectroscopy (using the Kaiser Workstation instrument) as most often in the latter 

the signal o f the pharmaceutical product was masked by the fluorescence o f one o f its 

components. Identification of tablets through their transparent blister packaging was 

possible using a FOSS NIRSystems 6500 spectrometer equipped with a Smart Probe by 

changing the conventional ceramic reference to a Spectralon o f 20% reflectance. However, 

for analysis o f intact tablets, Spectralon 20% and 80% were the best references for 

identification and quantification respectively.
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CHAPTER 1. Introduction

1.1. Pharmaceutical counterfeiting

Pharmaceutical counterfeiting is a global problem that accounts for about 10% of the world 

market. According to the World Health Organisation (WHO) a counterfeit product is: “A 

product that is deliberately and fraudulently mislabelled with respect to identity or source. 

Counterfeiting occurs with both branded and generic products and counterfeit medicines 

may include products with the correct ingredients but fake packaging, with the wrong 

ingredients, without active ingredient or with insufficient active ingredients” [1]. 

Counterfeit pharmaceutical products may range from containing inactive substances 

causing no effect at all to harmful substances causing patient death. They are found in 

developed and developing countries. In developed countries, counterfeit products include 

expensive lifestyle medication as: anti-cancer, anti-hypertensive, anti-cholesterol drugs and 

hormones. In developing countries, counterfeit products include life-saving medications 

such as antibiotics, anti-malarial, anti-tuberculosis and anti-AIDS drugs. In addition, 

Internet sales account for a high percentage o f counterfeit medicines. In most cases, the 

sellers operate internationally and sell counterfeit products o f unknown origin. These 

products are so dangerous that at their best they are useless and at their worst they have 

fatal consequences.

It is important to distinguish between a counterfeit and a sub-standard drug. Sub-standard 

drugs are genuine drugs that fail to fulfil the quality specifications set for them [2, 3]. A 

sub-standard product is encountered as a result o f a defect in the manufacturing process. 

However, if  it is deliberately sub-standard and fraudulently labelled, then it is a counterfeit 

product.

South East Asia countries including China, India and Thailand are the main sources of 

counterfeit production. India is the leading country accounting for 35 % of counterfeit 

production [1 -5 ] .  The second place is Nigeria accounting for 23.1 % and Pakistan 

accounting for 13.3 % (Figure 1.1). China as well has become one o f the leading in 

counterfeit production as 192,000 people died in 2001 from counterfeit drugs [4]. However, 

no specific country is excluded from the threat o f counterfeiting.
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Figure 1.1 The percentage of counterfeit production in India (35%), Nigeria (23%), 
Pakistan (13%) and other countries (29%).

Anti-malarial drugs are among the most counterfeited products. Thus, 60% of 138 of a 

sample of marketed anti-malarials contained no active pharmaceutical ingredient (API) [2]. 

A study on anti-malarials in Cambodia showed that 27.1 % of the tested products were 

counterfeit [6]. In addition, 91% of artesunate bought from South East Asia was found to be 

fake where 38 % of these products contained no artesunate at all [7].

The channels of supply of counterfeit medicines are mostly street markets or the Internet. In 

developing countries, one in four medicines sold in the street market is a counterfeit [5]. 

Internet counterfeiting is a threat anywhere in the world. The European Alliance for Access 

to Safe Medicines (EAASM) did an investigation about on 36 frequently used medicines 

over the Internet. Over 90 % of the online pharmacies selected for the investigation did not 

ask for a prescription. Over 60 % of the medicines purchased were substandard or 

counterfeit [5] and half of them arrived without a patient information leaflet. Some tablets 

were wrapped in a copy of the Mumbai Daily News. In addition, some included gifts of 

other medicines. Thus, in one case, Viagra was supplied with Plavix and such combination 

requires medical observation.

According to the WHO, the classes of drugs most likely counterfeited [8] include: 

antimicrobials (28 %), hormone containing drugs (22 %), anti-histamines (17 %), 

vasodilators (7 %), drugs treating sexual disorders (5 %) and anti-convulsants (2 %).



According to the WHO, the factors that affect drug counterfeits include: lack of legislation, 

weak or absent drug regulatory authority, lack of legal authorisation for license of 

manufacturer, absence o f enforcement o f existing regulation, many intermediaries involved 

in transaction, demand exceeding supply, high prices, inefficient cooperation among 

stakeholders and lack o f regulations by exporters and within free trade zones [4, 9].

Table 1.1 shows a variety o f drugs that were reported as counterfeits in countries all over 

the world. As seen in the table, no country seems to be excluded from the threat. The 

diversity o f the counterfeited products varies widely from simple analgesics as paracetamol 

to life saving drugs as meningitis vaccine. The drugs were sometimes counterfeited with no 

active ingredient at all as in the case o f praziquantel, anti-malarial and contraceptive pills or 

a substitute active ingredient as the case of Lipitor and Viagra. Sometimes, they contained a 

toxic active ingredient as in the case o f paracetamol syrup which contained diethylene 

glycol (renal toxic) and was responsible for the death o f children [10, 15]. But in these three 

cases, the drug was not effective and caused harm to the patients. So a need for a proposal 

to fight counterfeit medicines is critical.

Table 1.1 List o f most reported counterfeited drugs.
Counterfeited Product API Source Year

Paracetamol Paracetamol Nigeria 1990 [10, 15]

Captagon Fenethylline hydrochloride Saudi Arabia, Jordan 1986-1993 [1 1 -1 3 ]

Tagamet Cimetidine NA 1993 [14]

Meningitis vaccine NA Niger 1995 [1 ,4 , 16]

Paracetamol cough Paracetamol Haiti, India, Nigeria 1995 and 1998 [1,4,14 ,16]

syrup

Praziquantel Praziquantel 19 different sites 1997 [17, 18]

Growth hormone NA Europe 1998 [14]

Anti-malarial NA Kenya 1998 [16]

Contraceptive pills NA Brazil 1998 [2, 4]

Losec Omeprazole Italy 1998 [16]

Anti-malarial tablets Artesunate, quinine, 

tetracycline, chloroquine and 

mefloquine

Cambodia 1999 [1, 6, 16]

Anti-malarial tablets Artesunate South East Asia 2001 [1,7, 16]

Growth hormones and Serostism, Nutropin and USA 2001 [14]

anticancer drug Neupogen

Paracetamol syrup Paracetamol China, India 2001 [16]

Praziquantel Praziquantel Sudan 2001 [19]

Viagra Sildenafil citrate China 2001 [14]

Anti-AIDS NA Switzerland 2003 [16]



Lipitor Atorvastatin calcium trihydrate USA 2003 [20]

Serostim Somatropin USA 2003, 2004 [20]

Human growth hormone Human growth hormone USA 2004 [20]

Erythropoietin and Erythropoietin and human Spain 2004 [16]

human growth hormone grov\rth hormone

Iron injection Iron Argentina 2004 [1]

Cialis Tadalafil UK 2004 [16, 21]

Reductil Sibutramine UK 2004 [16, 21]

Viagra Sidenafil citrate USA 2004 [20]

Viagra Sidenafil citrate USA 2005 [20]

Viagra Sidenafil citrate UK 2005 [16]

Diazepam Diazepam UK 2005 [16]

Nitrazepam Nitrazepam UK 2005 [16]

Steroids NA UK 2005 [16]

Lipitor Atorvastatin calcium trihydrate UK 2005 [16]

Actonel Risedronate Mediplan websites 2006 [22]

Arimidex NA Mediplan websites 2006 [22]

Celebrex Celecoxib Mediplan websi tes 2006 [22]

Creator NA Mediplan websi tes 2006 [22]

Diovan Valsartan potassium Mediplan websi tes 2006 [22]

Hyzaar Valsartan potassium, 

hydrochlorothiazide

Mediplan websi tes 2006 [22]

Lipitor Atorvastatin calcium trihydrate Mediplan websi tes 2006 [22]

Nexium Esomeprazole Mediplan websites 2006 [22]

One touch glucose test Glucose test strips USA 2006 [23]

strips

Propecia Finasteride Mediplan websites 2006 [22]

Tamiflu Oseltamivir Netherland, USA, UK. 2006 [1]

Zetia (USA) or Ezetrol Ezetimibe Mediplan websi tes 2006 [22]

(Canada)

Viagra Sildenafil citrate UK 2007 [24]

Plavix Clopidogrel hydrogen sulfate Dubai 2008 [5]

Zyprexa Olanzapine New Zealand 2009 [5]

API: active pharmaceutical ingredient, NA: not available.

The WHO has proposed measures to fight counterfeit drugs [4, 7]. The most important one 

is to know the drug suppliers and not purchase drugs from unknown suppliers. Also, a 

comprehensive international database o f all counterfeit drug cases should be created and 

should be accessible to pharmaceutical companies, regulatory authorities and governments. 

Individual countries need to develop their own anti-counterfeiting strategies. However, 

some international guidelines have been put in place. In this respect, the WHO listed 

specific measures to combat counterfeiting including: strengthening the political will, 

spreading appropriate legislation, establishing a national drug authority (DRA), enforcing



drug control laws, creating partnerships between manufacturers and authorities and 

education of the patients to modify the healthcare if  their therapy was no efficient. In 

addition, the WHO launched the International Medical Products Anti-Counterfeiting 

Taskforce (IMPACT) and in cooperation with organisations as INTERPOL have 

established ways to fight counterfeiters and increase public awareness [5],

1.2. Identification by conventional techniques

Conventional methods for identification o f counterfeits range from visual examination of 

the sample to simple colourimetric reactions and chromatographic methods.

The simplest way of examining a counterfeit product is to visually inspect the product’s 

packaging, bar code, batch number, tablet shape, tablet colour, printing and embossing. 

Colour reactions are simple and easy to do and they are applied by adding a reagent to the 

product and a colour is produced upon complexation or chemical reaction between the 

added reagent and the API o f the product tested [25]. A colour reaction was developed for 

testing anti-malarial artesunate tablets in South East Asia [26] based on the reaction of 

alkali decomposition product of artesunate and diazonium salt and a fast red TR. The 

method was tested to six genuine and six counterfeit products and was able to determine the 

amount o f artesunate in genuine tablets and identify the lack of artesunate in fake tablets.

A dye test technique was used for spotting counterfeit artesunate in South East Asia [7]. 

Colourimetric along with reffactometric analysis was used as a field method for the 

identification of counterfeit anti-malarial products [27]. The products studied included; 

artesunate, chloroquine, quinine and sulfadoxine. The assay had an accuracy of 0.96 to 1 

for artesunate tablets, chloroquine injections, quinine tablets and sulfadoxine tablets and 

0.78 for chloroquine capsules. To test the selectivity o f the method, control drugs such as 

aspirin, antibiotics, anti-malarial and paracetamol were used, yet few false negatives were 

observed.

The use o f the Global Pharma Health Fund Minilab (GPHF) is a good way o f fighting 

counterfeit products. In 1999, counterfeit anti-malarials were identified using this Minilab 

in addition to thin-layer chromatography (TLC) and pharmacopoeial methods [6]. The 

products included artesunate, chloroquine, mefloquine, quinine and tetracycline. 27.1 % of  

the tested medicines were counterfeits. In addition, TLC along with ultraviolet (UV)



spectroscopy was carried out on the identification of counterfeit 667 batches o f Captagon 

(fenethylline hydrochloride) tablets in Saudi Arabia. It was found that 16 % of these 

batches were counterfeited with quinine and caffeine [11]. Similarly, TLC along with 

infrared (IR) and UV analysis were used for the detection o f counterfeit 900 batches of 

Captagon tablets in Saudi Arabia. The batches were found to be faked using amfetamine, 

caffeine, ephedrine, fenfluramine, quinine and theophylline [12]. Only some of the batches 

contained fenethylline, from 31% to 61%. 124 batches o f Counterfeit Captagon tablets in 

Jordan were also detected by gas chromatography-mass spectrometry (GC-MS) [13]. The 

tablets were found to contain amphetamine, caffeine and other minor components instead 

o f fenethylline as API.

A reversed-phase liquid chromatographic method was developed for the separation and 

determination of potential counterfeit anti-malarials [28]. The products included the 

following APIs: chloroquine, mefloquine and quinine purchased from markets in Angola, 

Burundi and Congo. These samples were found to contain low amount of APIs and a lot of  

impurities.

The combination of colour reactions and TLC was used as a method to identify counterfeit 

marcrolides in China [29]. Two colour reactions were used. The first based on the reaction 

o f macrolides with sulfuric acid to give a brown colour which is not seen in counterfeit 

macrolides. Then a reaction with potassium permanganate is used to cause its colour to 

disappear. The latter reaction can distinguish between macrolides with 16 members and 14 

members as the colour appears in the first after half a minute and in the second after one 

minute. The TLC reactions can further classify the 14 and 16 membered rings.

Liquid chromatographic assay with UV detection was employed for the determination of  

counterfeit Tamiflu tablets purchased over the Internet from pharmacies in Thailand and 

Vietnam [30]. The procedure was validated using 50 replicates analysed during five 

independent series with a relative standard deviation (RSD) o f 11.2%.

Counterfeit anti-diabetics and dietary supplements were identified by reverse phase high 

performance liquid chromatography (RP-HPLC) [31]. The method was developed using six 

anti-diabetic products: glipizide, gliclazide, glibenclamide, glimepiride, gliquidone and 

repaglinide. The method was applied to anti-diabetic and dietary supplement preparations 

in the Chinese market. One of the anti-diabetics did not contain the API (gliclazide). On the 

other hand, two dietary supplement preparations contained glibenclamide as an adulterant.



X-ray power diffraction was used for identification of counterfeit Viagra tablets [32]. In 

this respect, six imitations o f Viagra were analysed. The diffraction pattern of the tablet 

coat and core were compared. Regarding the coated tablets, only one tablet had the same 

diffraction pattern as the authentic Viagra tablet which showed that it had the same coat and 

probably the same core. When the coating was removed, all the diffraction patterns o f the 

tablets differed except this one tablet which showed that it contained the same core as the 

authentic.

Hyphenated techniques proved to be a good way o f identification of counterfeit tablets.

One example was HPLC-UV and high performance liquid chromatography electrospray 

ionisation mass spectrometry (HPLC-ESI-MS) were employed to detect counterfeit 

homoeopathic medicines [33]. The limits o f detection for both assays were 0 .18-41.5  ng 

and 0.035 - 1 ng respectively. The counterfeit preparations were found to contain anti

inflammatory products as well as paracetamol.

Identification o f counterfeit Halfan tablets using accurate mass ESI-MS, accurate mass 

tandem mass spectrometry (MS-MS) and liquid chromatography mass spectrometry (LC- 

MS) [34]. ESI-MS and MS-MS could detect that the counterfeit tablets did not contain 

halofantrine and contained one o f the regioisomers: sulfamethazine or sulfisomidine. The 

LC-MS analysis showed that the counterfeit tablets were found to contain sulfamethasine 

instead of halofantrine.

Fourier-transform infrared (FTIR) spectroscopic imaging along with desorption 

electrospray ionisation linear ion-trap mass spectrometry (DESI-MS) were used for analysis 

o f counterfeit anti-malarial tablets [35].

Counterfeit Heptodin was detected using multicollector inductively coupled plasma mass 

spectrometry (MC-ICP-MS) and isotope ratio mass spectrometry (IRMS) [36] was used for 

the analysis o f 96 genuine Heptodin batches and 43 counterfeit Heptodin tablets. The ratio 

o f the carbon (C), sulphur (S) and nitrogen (N) isotopes were measured for both groups and 

the data were plotted in a 3D cluster where at least eight groups of the counterfeit batches 

were seen. Moreover, a principal component analysis (PCA) was made on the isotope ratio 

o f C, S and N  and the first two components explained 99% o f the variance. The first 

component loading weight was made up with S data and the second component loading 

weight was made up with C and N data.



Counterfeit anti-viral drugs containing sulphur were monitored using two hyphenated 

techniques: laser ablation multicollector inductively coupled plasma mass spectrometry 

(LA-MC-ICP-MS) and high performance liquid chromatography multicollector techniques: 

laser ablation multicollector inductively (HPLC-MC-ICP-MS) [37]. The Sulphur (S) 

isotopes were measured in the API. LA-MC-ICP-MS could monitor the homogeneity o f the 

samples and characterise the S isotope ratio. In addition, the sulphur compound was 

separated by HPLC and the ratio and the sulphur amount ratio was detected by ICP-MS. 

These approaches could detect genuine from counterfeit tablets.

A strategy including a combination o f analytical techniques was developed for 

identification of counterfeit phosphodiesterase type-5 (PDE-5) enzyme inhibitors (such as 

Cialis, Levitra and Viagra) in herbal dietary supplements has been developed [38]. The 

strategy could prove that the product was a counterfeit and identify its category. The first 

step involved developing an HPLC or TLC method if standards were available. Then a 

comparison was made of the retention time of the test product with the reference. If this 

step failed, then the test product is spiked with the standard and observed for the 

appearance o f a single peak. If the peak did not appear, do LC-MS-MS to identify the 

characteristic peaks of the structure. If the structure was not confirmed, IR or liquid 

chromatography nuclear magnetic resonance (LC-NMR) was performed.

However, all these techniques require chemical treatment o f the sample and thus are 

destructive in nature. While some of these techniques can identify the samples in a short 

time, others such as HPLC might be time consuming. The advantage o f near-infrared 

spectroscopy (NIRS) is its rapid in measurement o f a sample in less than a minute. Also 

NIRS is a non-destructive technique. In addition, it can penetrate further in the sample than 

mid-infrared spectroscopy. NIRS is not a sensitive technique, but it can look at both the 

physical and chemical properties o f the materials. This is an advantage in pharmaceutical 

product analysis as it can monitor not only the drug product chemical constituent, but its 

physical properties such as particle size, nature and distribution of the excipients and water 

content.



1.3. Near-infrared spectroscopy
1.3.1. Principles of near-infrared spectroscopy

The near-infrared region is the region located between the visible and infrared regions. It 

includes two ranges: the short wavelength which is called Herschel range (780 - 1100 nm) 

and the long wavelength (1100 - 2500 nm) [39, 40]. Its analytical application started about 

30 years ago in both qualitative and quantitative areas. The technique is non-destructive and 

requires no sample preparation.

NIRS inspects the vibrational properties o f  the sample as a result o f  molecular vibration 

[40 ,41]. This is embedded in the theory o f  an ideal diatomic harmonic oscillator. In a 

diatomic molecule, the vibrational energy is cause by the stretching o f  the bond between 

the two atoms obeying Hooke’s law resulting in fundamental frequencies (Figure 1.2):

2 ti  v u
Equation 1.1

Where v is the vibrational frequency 
k is the classical force constant 

u is the reduced mass o f  the two atoms

I
v = 3

v = 2

V = 0

Intemuclear distance

Figure 1.2 Relation between Potential energy and intemuclear distance when Hooke’s law  
is obeyed. The transitions correspond to the fundamental frequency (u = 0 ^  u = 1), first 
overtone (u = 0 —̂  u = 2) and second overtone (u = 0 - ^ u  = 3).



The potential energy level, E, for the anharmonic oscillator is defined by the equation:

E ~ { v  + 0.5) h /  -  (ü + 0.5)^ hf x  Equation 1.2

Where h is Plank’s constant
I) is the vibrational quantum number 

/  is the equilibrium frequency of oscillation 
X  is the anharmonicity constant

The fundamental frequency occurs mostly in the mid-IR region; whereas the overtones 

occur in the NIR region.

Polyatomic molecules have higher numbers of modes of vibration. In these cases, the 

changes in the energies of two or more vibrational modes are the sum or difference of the 

individual frequencies resulting in weak combination or subtraction bands. These 

combination bands have very low probability (10 to 1000 times smaller) than the 

fundamental frequencies and thus weak absorbance. However, this weak absorbance is an 

advantage as the sample can be measured without dilution or preparation. The higher 

anharmonicity constants are mostly encountered in hydrogen containing bonds as C-H, N- 

H, O-H and S-H (Figure 1.3) thus results in dominating overtones.
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Figure 1.3 Overtones and combination bands of the hydrogen containing bonds in NIRS.

There are two measurements used for of NIR spectra: reflectance (R) and transmission 

(TR). Reflectance is defined as the ratio of the reflected radiation (Ir) to the incident 

radiation (lo):
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R =  -r Equation 1.3
‘ 0

Whereas, transmittance is the ratio o f  the transmitted radiation (It) to the incident radiation

W:

TR =  ^  Equation 1.4

In reflectance and transmittance cases, the relative absorbances are measured rather than 

the absolute absorbance. The absolute absorbance would be:

1^0= ( p )  =  —lo g X  Equation 1.5

Where is the absolute absorbance
lo is the intensity o f  the incident radiation

Ix is the intensity o f the reflected or transmitted radiation (either Ir or //)

The relative absorbance is calculated by using the radiation reflected or transmitted from a 

standard reference material instead o f  Iq. The reference material is usually ceramic or 

Spectralon in the case o f  reflectance and air or a polytetrafluoroethylene (PTFE) filter in the 

case o f  transmittance. The relative absorbance in this case is defined by:

As =  log  =  — log X  Equation 1.6

Where As is the relative absorbance
Is is the intensity o f  radiation reflected from or transmitted through the reference 
material

Ix is the intensity o f  radiation reflected from or transmitted through the sample (either 
Ir or It).

There are two major types o f  reflection from a sample: specular and diffuse reflection 

(Figure 1.4) [40].
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Figure 1.4 Diagram of reflection ( I r )  and transmission ( I t ) .

Specular reflection is the radiation reflected from the surface of the sample and contains 

little information about the sample. On the other hand, diffuse reflection is the radiation that 

penetrated the sample, has undergone multiple reflections and absorption inside the sample 

and the non-absorbed radiation reflected back. These reflections provide physical as well as 

chemical information about the sample.

1.3.2. Instrumentation

The specifications needed in an NIR instrument are [42]: to cover the full wavelength range 

(700 - 2500 nm), to resolve the wavelength interval which is normally 0.1 - 2% of the 

measuring wavelength, to work in diffuse reflectance for solids and in transmittance for 

liquids, to have a wide dynamic range if weak absorption ranges or concentrations are to be 

measured and to have a high signal to noise ratio so that measurements can be taken in a 

short time.

NIR spectrometers are usually based on filters, gratings, interferometers, acousto-optical 

tunable filters (AOTF), fixed gratings or diode array detectors [41]. The energy source is a 

tungsten-halogen lamp and the detector is usually lead sulphide or indium gallium arsenide.

1.3.3. Data pre-treatment

Several factors affect NIR spectra: the sample optical properties, sample thickness, 

temperature, moisture content, polymorphism, age of the sample and instrumental 

performance [39, 43]. These factors affect the spectral offset and cause overlap among 

different spectra. Flowever, spectral pre-treatment methods can overcome these problems. 

The common pre-treatment methods used include:
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Standard normal variate (SNV) corrects the interferences due to light scattering and particle 

size o f the samples. SNV treatment autoscales the absorbance values o f the NIR spectra 

[44]. In this case, the absorbance of a spectrum, y, at each wavelength, i, is replaced by z, 

[40]:

Zi = — —— Equation 1.7

Where y/ is the value at the wavelength i
ÿ  is the value over the full wavelength range
s is the standard deviation of the values over the full wavelength range

Another type o f pre-treatment is multiplicative scatter correction (MSC) which corrects 

both the offset and the absorbance scale caused by the scattered light [40,44, 45]. This 

scatter is relative to the reference sample used, so samples normally have the same scatter 

as the reference used. In this case, a new spectrum which is a linear combination of the 

original spectrum is generated:

yuscj = — —— Equation 1.8

Where yjwsc.i is the corrected spectrum value 
y/ is the original spectrum value 
a is the intercept o f the line 
b is the slope o f the line

First and second derivatives (D1 and D2) are also used for the correction of NIR spectra. 

Derivatives can correct the offset and baseline o f NIR spectra [40]. The first derivative 

reduces the offset to a simpler one. However, the second derivative removes this offset. 

There are several ways o f calculating the derivatives. The method used in this research was 

the Savitzky Golay method where a polynomial o f an assigned order (usually 2 - 4) is fitted 

to the data by least squares using a number of data points (usually 3 -1 0 )  before and after 

the points where a derivative is required. The process is made over the whole spectrum 

moving one data point each time.
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1.3.4. Qualitative analysis
For identification o f NIR spectra, several qualitative analysis methods can be used: 

correlation in wavelength space (CWS), maximum distance in wavelength space (MDWS), 

PCA, Mahalanobis distance in PCA (MDPCA) and soft independent modelling o f class 

analogy (SIMCA).

The CWS method compares the correlation coefficient between a sample spectrum (A) and 

a reference spectrum (B) [40]. Mathematically, CWS can be estimated by calculation of the 

dot product Vd or the product momentum Vp between A and B:

= , Equation 1.9VÏ4Ë5F
^ Equation 1.10

A correlation coefficient o f 1 means that the spectra are identical; whereas , a negative 

correlation coefficient implies dissimilarity [40, 46]. However, it is difficult to get a value 

of 1 in practice due to noise effects. A value of r o f 0.95 is usually used as a threshold. 

Thus, above 0.95 the spectra are match and the pharmaceutical products are similar. 

Whereas an r value o f less than 0.95 means that the two pharmaceutical products are not 

similar.

The MDWS utilizes a training set for each product to calculate the mean product spectrum 

and standard deviation. Thus, the identified spectrum is subtracted from the mean product 

spectrum and divided by the standard deviation spectrum at each wavelength [40]:

X i
1

=  — Xy Equation 1.11

Si =
1 ”

 y* (%,y -  ̂ / ) ̂  Equation 1.12
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Where x, is the mean spectrum
Si is the standard deviation 
n is the number of spectra in the reference library

The sample is identified according to the threshold limit. Unlike the CWS threshold, the 

number here is always positive. However, the lower the threshold, the more similar are the 

samples.

PCA is an excellent method for analysis o f multi-dimensional data. It reduces the 

dimensionality o f the data by projecting the original data matrix X into two subspaces: the 

score space and loading space [47] according to the variance. All PCs are a linear 

combination of the original data and are calculated and ordered according to their size.

Thus, the first PC has the highest variance in the model. The PC has the second highest 

variance and is orthogonal to the first and so on.

The mathematical equation describing PCA [48] is:

X = T .?  + E Equation 1.13

Where X is the original data matrix
T is the score matrix which has a number of rows equal to the original data matrix 
P is the loading matrix which has a number of columns equal to the original data 
matrix
E is an error matrix which should be small in ideal case

Geometrically, PCA reduces the dimension of the data to latent variables. These variables 

are orthogonal to each other and form a new coordinate system [49]. The latent variables 

represent the distance between the objects in the high dimensional variable space.

MDPCA compares how much a sample belongs to a class by comparing the distance to the 

centroid o f the class [50].

It is defined by the equation [51]:

dĵ i =  ^  — x) Equation 1.14

Where C  is the variance-covariance matrix o f the variables.
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As MDWS, the lower the distance, the closer is the sample to the class.

SIMCA is a PCA based method which builds a separate principal component for each class 

leading to a separate PC model for each class [52]. The model is defined by the equation:

xfj =  %  +  Equation 1.15

Where x^j is the mean o f  variable j  in class K
p K  is the number o f  significant PCs in class K
v ĵr is the loading o f  the variable j on component r in class K
Uir̂  is the score o f  object I on component r in class K

The local principal component is calculated for the product. The product’s principal 

component is used to reconstruct the unknown spectrum, where the difference between the 

original and the reconstructed spectrum is used to calculate the residual variance. The 

unknown is also qualified if  it is within the threshold value.

The simplest o f  these methods is the CWS method, as it needs only one spectrum for the 

reference and test pharmaceutical product to give a pass or fail results. A ll the other 

identification methods need a number o f  spectra for comparison. So where few  samples o f  

a product are available, CWS would be the method o f  choice. However, pharmaceutical 

products contain complex matrices as they are composed o f  API and additives. In some 

cases, the imitation o f  a counterfeit pharmaceutical product is very close to the authentic 

because they have similar additives and lesser amounts o f  API (as in Chapter 2: Viagra 

tablets). As CWS spots the product quality as a whole it might misidentify the product. 

Thus, i f  numerous authentic samples were available to construct a calibration set then 

MDWS, PCA, SIMCA or MDPCA would be favoured. The advantage o f  PCA and PCA 

based methods over MDWS is that they classify pharmaceutical products in a number o f  

distinct components arranged in order o f  their decreasing variances.

1.3.5. Quantitative analysis

The absorbance in NIR is not substance specific and differs according to the physical and 

chemical properties o f  the sample measured. It is also not proportional to the concentration 

as the signal is in other analytical techniques. This makes univariate regression not possible 

and stimulates the need for the use o f  multivariate regression. Several multivariate
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regression methods have been used in the literature for quantitative analysis as multi-linear 

regression (MLR), stepwise multiple linear regression (SMLR), principal component 

regression (PCR), partial least square regression (PLSR), orthogonal partial least square 

regression (O-PLSR), artificial neural networks (ANNs), radial basis function with artificial 

neural network (RBF-ANN), orthogonal wavelength correction and artificial neural 

network (OWAVEC-PLS). The details on the samples to which these models have been 

applied are listed in (Table 1.2). The mostly widely use o f these methods is PLSR (Table 

1.2) so it was used in this work.

Table 1.2 Details o f quantitative NIR models used in the literature.
API Product Mode C:V

ratio

Range (%m/m) RMSEC7

SEC^

(%m/m)

RMSEP7

SEP^

(%m/m)

Model

Acyclovir [53] T R,SW 14:10 34.68- 42.54 0.470^ 0.460" MLR

Acyclovir [53] T R,SW 14:10 34.68- 42.54 0.470^ 0.440" PLSR

Acyclovir [53] T R,SW 14:10 34.68- 42.54 0.450^ 0.310" PLSR

Artesunate [54] T P,DR 80:37 NA NA NA PLSR

Aspirin [55] T R,TR 90:10 4.00- 22.00 0.290^ 0.450" PLSR

Aspirin [55] T R,DR 90:10 4.00- 22.00 0.260^ 0.320" PLSR

Aspirin [55] PW R.DR 90:10 4.00- 22.00 0.320^ 0.370" PLSR

Aspirin [55] T R,TR 90:10 4.00- 22.00 0.170^ 0.520" PLSR

Aspirin [55] T R,DR 90:10 4.00- 22.00 0.360^ 0.430" PLSR

Aspirin [55] PW R,DR 90:10 4.00- 22.00 0.310^ 0.470" PLSR

Aspirin [55] T R,TR 90:10 4.00- 22.00 0.260^ 0.320" PLSR

Aspirin [55] T R,DR 90:10 4.00- 22.00 0.370^ 0.370" PLSR

Aspirin [55] PW R,DR 90:10 4.00- 22.00 0.200^ 0.300" PLSR

Amantadine hydrochloride 

[56]

T R,DR 24:17 19.00- 23.50 0.210^ 0.210" ANN

Ascorbic acid [57] T R,DR 37:43 1.67- 3.75 0.090^ 0.070" PLSR

Bromazepam [58] T R,DR NA NA 0.158^ 0.177" PLSR

Caffeine [57] T R,DR 23:40 0.16- 0.25 0.003^ 0.007" PLSR

Caffeine [59] T R,DR 36:186 48.20- 65.20 1.050^ 1.080" PLSR

Caffeine [60] T R,DR 32:5 NA 0.240^ 0.250" ANN

Caffeine [60] T R,DR 32:5 NA 0.260^ 0.280" PLSR

Cefuroxime axetil [61] T P.DR NA 79.40-101.20 1.020^ 1.610" MLR

Cefuroxime axetil [61] T P. DR NA 79.40-101.20 1.080^ 1.240" PLSR

Cefuroxime axetil [61] G P,DR NA 62.60- 70.10 0.410^ 0.520" MLR

Cefuroxime axetil [61] G P,DR NA 62.60- 70.10 0.310^ 0.480" PLSR

Citalopram [62] T R,TR 120:310 5.00-115.00® 0.300’' 3.8-54® PLSR

Clonazepam [58] T R,DR NA NA 0.060^ 0.068® PLSR

Chlorpheniramine maleate 

[57]

T R,DR 31:38 0.03- 0.06 0.002^ 0.0014" PLSR
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Dextromethorphan 

hydrobromide [57]

T R,DR 30:40 0.09- 0.19 0.007^ 0.003" PLSR

Diclofenac sodium [63] PW R,DR 80:46 15.01- 40.55 0.370'’ 0.410^ ANN

Diclofenac sodium [63] PW R,DR 80:46 15.01- 40.55 0.330'’ 0.380^ ANN

Diclofenac sodium [63] PW R,DR 80:46 15.01- 40.55 0.410^ 0.480^ ANN

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.430^ 0.470^ ANN

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.480^ 0.520^ ANN

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.640^ 0.950^ PLSR

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.530^ 0.700^ PLSR

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.570^ 0.750^ PLSR

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.590'’ 0.820^ PLSR

Diclofenac sodium [63] PW R.DR 80:46 15.01- 40.55 0.620^ 0.880’’ PLSR

Diclofenac [64] T P.TR 64:32 17.92- 27.75 0.750^ 0.760" PLSR

Diclofenac [64] T P.TR 80:30 17.92- 27.75 0.710^ 0.690" PLSR

Diltiazem [65] T R.TR 120:90 NA 0.272'’* NA PLSR

Diphenhydramine [66] T R.DR NA NA 1.460'’ 1.870^ PLSR

Diphenhydramine [66] T R.TR NA NA 1.860'’ 2.010^ PLSR

Diphenhydramine [66] PW R.DR NA NA 1.530'’ 1.770^ PLSR

Erythromycin ethyl succinate 

[67, 68]

T R.DR 264:132 28.10- 70.90 2.310'’ 2.160^ PLSR

Erythromycin ethyl succinate 

[69]

T R.DR 79:23 31.44- 42.46 0.330'’ 0.520^ PLSR

Erythromycin ethyl succinate 

[69]

PW R.SW 79:23 31.44-42.46 0.630'’ 0.690” RBF-ANN

Ferrous Lactate [70] PB P,DR 17:19 65.00- 85.00 0.390^ 0.690" PLSR

Gemfibrozil [71] PB P.DR 12: 69 67.50- 92.70 0.380^ 4.890" PLSR

Gemfibrozil [71] PB P.DR 28: 69 67.50- 92.70 0.620^ 5.490" PLSR

Gemfibrozil [71] PB P.DR 45: 69 67.50- 92.70 1.040^ 0.720" PLSR

Gemfibrozil [72] T P.DR 41:53 63.10- 91.60 4.160^ 4.730" PLSR

Gemfibrozil [73] T P.DR 18:8 64.20- 89.10 0.600^ 5.210" PLSR

Gemfibrozil [73] T P.DR NA NA 0.530^ 4.980" PLSR

Gemfibrozil [73] T P.DR NA NA 0.680^ 3.540" PLSR

Gemfibrozil [73] T P.DR NA NA 0.600^ 3.390" PLSR

Haloperidol [74] T R.TR 20:20 1.10- 5.49 NA 0.036” PLSR

Ibuprofen [75] T R.TR 110:48 0.50- 1.00 0.1900'’ 0.1400” PLSR

Ibuprofen [76] T R.TR 11:8 0.00- 0.01 0.0005^ 0.0005" PLSR

Ibuprofen [76] T R.TR 16:12 0.00- 0.02 0.0004^ 0.0007” PLSR

Ibuprofen [76] T R.TR 21:16 0.00- 0.05 0.0006 0.0006” PLSR

Ibuprofen [76] T R.TR 24:20 0.00- 0.10 o.ooio’” 0.0013” PLSR

Ibuprofen [76] T R.TR 29:24 0.00- 0.25 0.0069^ 0.0082” PLSR

Ibuprofen [76] T R.TR 35:28 0.00- 1.00 0.0252’̂ 0.0329” PLSR

Ibuprofen [76] T R.TR 40:32 0.00- 2.00 0.0555^ 0.0597” PLSR

Ibuprofen [76] T R.TR 45:36 0.00- 5.00 0.0853’̂ 0.1199” PLSR

Ibuprofen [77] T R.DR NA 48.69- 90.42* 21.00^* NA PLSR

Ibuprofen [78] PW R.DR 58:39 17.63- 87.25 0.8400'’ 1.3900” MLR

Metformine hydrochloride [79] T R.DR 11:8 85.00- 96.00 0.2200'’ 0.4600” PLSR

Metoprolol succinate [80] T R.DR NA 20.43- 25.00 NA 1.0300” PLSR
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Metoprolol succinate [80] T R,TR NA 20.43- 25.00 NA 0.5100'' PLSR

Metronidazole [81] PW R,SW 70:34 62.29- 77.79 0.7200^ 0.7400'* ANN

Mikomycin [82] PW P,DR 35:21 16.00- 23.50 0.2600^ 0.2400'* PLSR

Mikomycin [82] PW P,DR 21:23 59.00- 70.50 0.9700^ 0.8400'* PLSR

Mikomycin [82] PW P,DR 34:19 45.00- 63.00 0.6700^ 0.3900'* PLSR

Mikomycin [83] T P,DR 20:76 NA 0.4200^ 1.7000'* PLSR

Mikomycin [83] T P,DR 20:77 NA 0.3100^ 1.1700'* PLSR

Nimesulide [84] T P,DR 16:12 NA 1.4'' 1.7® PLSR

Nimesulide [84] T P,DR 18:12 NA 0.9'' 1® PLSR

Otilonium bromide [85] T P,DR 19:17 36.47- 46.77 0.2700^ 1.4100'* PLSR

Paracetamol [56] PW R,DR 24:17 47.50- 58.00 0.5200^ 0.6300'* ANN

Paracetamol [60] T R,DR 32:5 NA 1.0800=^ 1.3800'* ANN

Paracetamol [60] T R,DR 32:5 NA 1.0900^ 1.4300'* PLSR

Paracetamol [57] T R,DR 40:41 4.80- 8.91 0.1800^ 0.1400'* PLSR

Paracetamol [86] PW R,DR 45:27 72.37- 93.17 NA 1.1000® PLSR

Paracetamol [86] PW P,DR 45:27 72.37- 93.17 NA 1.3400® PLSR

Paracetamol [87] 

Paracetamol [88] T R,DR

100:75

25:15

76.00- 92.00

76.00- 92.00

0.3200^

0.59^

0.7300'*

0.6700'* PLSR

Paracetamol [89] T R,DR 20:15 76.00- 92.00 0.48^ 0.7100'* PLSR

Paracetamol [90] T R,DR 20:9 76.00- 92.00 0.44=̂ 0.4600® PLSR

Paracetamol [91] T R,DR 30:20 50.00-150.00® 0 '' 1.1890® GWAVEC-

Paracetamol [92] T R,DR 125:9 NA 0.42^ 10. 79'*

ANN

PLSR

Pirisudanol dimaleate [93] T S,DR 19:9 85.18- 91.14 4.82^ 5.63'* PLSR

Pirisudanol dimaleate [93] T S,DR 10:18 85.00- 91.36 5.89^ 7.42'* PLSR

Pirisudanol dimaleate [93] T P,DR 19:9 85.01- 91.05 6.88^ 7.68'* PLSR

Pirisudanol dimaleate [93] T P,DR 16:12 85.02- 91.30 6 .5 f 8.93^ PLSR

Piroxicam [94] T R,DR 113:51 29.61- 45.59 0.48^ 0.67® PLSR

Ranitidine hydrochloride [95] T P,DR NA 93.00-100.00 NA 0.25'* MLR

Ranitidine hydrochloride [95] T P,DR NA 53.48- 58.04 NA 0.73'* MLR

Risperidone [74] T R,TR 20:20 0.25- 4.00 NA 0.036® PLSR

Roxithromycin [68] T R,DR 276:192 19.50- 73.90 1.84^ 1.45® PLSR

SB216419-S [96] T R,DR NA 1.50- 6.00 NA NA PLSR

Steroid hormone [97] T R,TR 150:50 2.78- 17.99 0.31^ 0.18'* PLSR

Testosterone [98] T R,DR NA 0.00- 5.00* 0.18 ^ 0.18'*" PLSR

Theophylline sodium [99] T R,DR NA 1.00- 20.00 1.1-18.9^ NA MLR

Theophylline sodium [99] T R,TR NA 1.00- 20.00 0.0-44.4^^ NA MLR

Theophylline sodium [99] T R,DR NA 1.00- 20.00 3.4-13.5'^ NA PLSR

Theophylline sodium [99] T R,TR NA 1.00- 20.00 0.3-17.6^ NA PLSR

Tolbutamide [100] T R,DR ? ? ? ? PLSR

API: active pharmaceutical ingredient, C:V: calibration validation ratio, % m/m: percentage mass per mass, RMSEC: root 
mean square error of calibration, SEC: standard error of calibration, RMSEP: root mean square error of prediction, SEP: 
standard error of prediction, T: tablet, PW: powder, G: granules, PB: production batches, R: RCA, P: Smart probe, SW: 
short wavelength NIR, DR: diffuse reflectance, TR: transmittance, NA: not available, 1: RMSEC value, 2: SEC value, 3: 
RMSEP value, 4: SEP value, 5: model is calculated in % and not in % m/m, *: model is calculated in mg and not in %m/m.
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The aim of PLSR is to predict concentrations (c) from variables (X) by finding components 

(latent variables) in X related to c. It automatically rejects the least important variables by 

giving them small loadings. It does this by finding factors to capture varianaddition 

oforrelation among data. The addition o f the factors is made one at each time [42]. The first 

PLSR factor captures the maximum variance and correlation among data.

PLSR uses two variables X and c defined by [101]:

X = T.P + E Equation 1.16

c = T. q + /  Equation 1.17

Where X represents the absorbances at the wavelengths 
c represents the concentrations 
q is corresponding to the loading vector 
T is the spectral score vector 
P is the spectral loading vector 
q is the concentration loading scalar 
T and P product estimates the spectral data 
T and q product estimates the true concentrations 
E and /  are error (noise) terms

1.4. Identification of pharmaceutical products by near-infrared 

spectroscopy

NIRS has emerged lately for identification of pharmaceuticals. In addition to its non

destructive property, the powerful advantage o f this technique is that it examines at both the 

physical and chemical properties o f the compound in a very short time. So, it can identify 

the difference in pharmaceutical tablets whether it is due to the active ingredient, 

excipients, coating, particle size or even the degree of hydration. In some cases, NIRS can 

quantify API in tablets. All this is done with the help o f chemometric methods.

The chemometric methods used for identification in the literature include CWS, PCA, 

SIMCA and MDWS.

There are more many examples o f the use o f NIRS for the detection o f counterfeit 

medicines. Detection o f counterfeit anti-microbial and anti-spasmodic drugs was done 

using NIRS with spectra visualisation, PCA, SIMCA and multivariate image analysis with 

PCA [8].
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CWS along with principal component analysis (PCA) has been carried out for the 

identification of 120 different batches o f counterfeit Viagra tablets [102]. Most of the 

imitations were caused by the shape, colour and size o f the tablets. A reference library o f  

the NIR raw spectra of five tablets o f seven batches was created. Then CWS was applied to 

the test tablets where 4 thresholds were taken: >0.998 identical, > 0.99 strongly similar, 

>0.98 similar and >0.95 strongly similar. PCA analyses using 95 % confidence ellipses 

were made. The analysis showed the clustering and relationship between the batches. The 

results were then confirmed with HPLC-UV analysis which demonstrated the lack of the 

sildenafil citrate tablet peaks in some test tablets. The same authors developed a method for 

the screening o f Viagra and imitations o f Viagra using NIRS with CWS and PCA [103].

103 authentic and counterfeit Viagra products were measured. For the CWS, the same 4 

thresholds as in the previous reference were taken. Tablets of doses 25, 50 and 100 mg 

were measured as they were in intact form or crushed and measured in powdered form. 

American and European authentic Viagra were measured and the correlation coefficient 

between both was higher than 0.998. However, when the PCA score plots with 95 % 

ellipses o f these two groups o f products were plotted, there was partial overlap between 

both ellipses. Regarding the spectra o f the doses, there was no difference between the 

spectra of the 50 and 100 mg tablets as the weight o f the 100 mg was double the weight of 

the 50 mg tablet. However, the 25 mg was different from both as their size was too small 

for the tablet holder. There was a small difference between the spectra o f the intact and 

powdered tablets which showed the penetration power o f the NIR signal inside the tablet 

coat. In addition, sildenafil citrate was added to some authentic tablets and it showed an 

increase in the absorption bands at 6046, 5990, and 5929 cm“\The effect o f humidity was 

studied and it was found that water peaks increased at high humidity and decreased at low 

humidity. Taking these criteria into consideration, the test Viagra tablets were scanned. 

Their appearance indicated that the 103 tablets were counterfeits. The Viagra tablets 

screened were divided to 8 subclasses. The first subclass tablets were identical having an r 

value o f 0.998. Subclasses 2, 3 and 4 had r values less than 0.95. Subclass 2 tablets 

contained sildenafil citrate yet they had different excipients. Subclass 3 tablets contained 

sildenafil citrate yet the chemical analysis showed that they did not have the right amount. 

Subclass 4 tablets were inhomogeneous as detected by NIRS. Chemical analysis showed 

that all the tablets in subclass 4 contained yohimbine except one tablet contained quinine.
21



Subclass 5 had different active ingredient in the tablets which contained clomiphene citrate. 

In addition, two tablets in subclass 6 contained a mixture o f clomiphene citrate and 

sildenafil citrate respectively. Subclass 7 had one sample which was a placebo contained no 

active ingredient at all. Subclass 8 did not contain any sidenafil citrate samples and 

chemical analysis showed that it contained amfetamine and dipyrone. NIRS could predict 

the presence or lack of sildenafil citrate in 98% of samples.

Identification of counterfeit Cialis, Levitra and Viagra was done using NIRS and 

chemometrics [104]. Cialis counterfeit batches were easily identified from authentic 

batches using CWS with a threshold o f 0.9 and PCA analysis. Similarly, Levitra tablets 

were identified using CWS, PCA and MDWS using a threshold o f six in the latter.

However, neither CWS nor PCA could identify the counterfeit Viagra tablets. Instead, they 

were identified using MDWS with a threshold of six and SIMCA using six PCs.

Counterfeit Prozac (fluoxetine hydrochloride) and generic fluoxetine tablets were analysed 

using NIR with MDWS [14]. The MDWS threshold was taken as five standard deviation 

(s) units. A library was built with 50 sample training set o f which one was outside the 5s 

units so it could be marked as a potential counterfeit. The counterfeit and generics were 

evaluated of which misidentification was encountered with products containing starch and 

silicon as excipients. The products containing 10 mg were easily distinguished from the 20 

mg. However, the manufacturing sites were not distinguished in this case.

Counterfeit Cialis was also identified by NIRS and LC-DAD-MS where the tablets were 

found to contain sildenafil, tadalafil and trans-tadalafil [105]. The CWS values o f the NIR 

spectra were compared and the threshold taken was 0.98. All counterfeit tablets had a CWS 

value below the threshold.

PCA and SIMCA were also employed for identification of products o f 12 different active

ingredients including acetyl salicylic acid, potassium citrate, levonorgestrel and

ethynylestradiol, ioimbine, ampicillin, enalpril maleate, lactulone, thioconazole and

tinidazole, bromopride and dimethicone [106]. The method was optimised using Aspirina

500 mg tablets (acetyl salicylic acid) and Melhoral 500/ 10 mg tablets (acetyl salicylic acid/

caffeine).The results showed that both sides o f the tablet had to be measured. The best

reproducibility region was 1200 - 2175 nm for solids and 900 - 1600 nm for liquids. The

effect o f removing and replacing the sample was eliminated by using the first derivative

spectra so they were used in the rest of the study. Humidity had an effect on the spectra by
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causing a change around 1450 and 1940 nm but this change differed from one product to 

another depending on the tendency of the product to absorb water. As for the number of 

samples to characterise a commercial product, at least 50 samples need to be in the training 

set to get 100 % correct classification whereas the use o f 20 and 10 samples will make this 

classification drop to 90 and 80 % respectively. Based on these findings, a protocol was 

built for discrimination o f samples by collecting the spectra and putting them into a PCA 

model, removing the outliers and saving the model. This model was able to classify the 

authentic and counterfeit products. SIMCA as well was able to classify the products 

containing acetyl salicylic acid from the ones containing acetyl salicylic acid with caffeine. 

A comparison between the conventional techniques and non-traditional was made for the 

assessment on Internet products [107]. The traditional techniques included dissolution 

testing and HPLC and the non-traditional included NIRS, NIR imaging and 

thermogravimetric analysis (TGA). 20 products were inspected and the contained the APIs: 

fluoxetine hydrochloride, levothyroxine sodium, metformine hydrochloride, phenytoin 

sodium and warfarin sodium. The conventional techniques failed two products out o f the 20 

whereas NIR and TGA failed 11 products which showed to have different excipients that 

affect the shelf life o f these products.

1.5. Quantification by near-infrared spectroscopy

Quantification of the API is a crucial issue in counterfeit identification especially in the 

cases where the product contains no API or even a toxic substance. It was mentioned in the 

identification section that NIRS is non-destructive and can measure the sample as it is 

without any treatment. This could be important if  NIRS could quantify tablets without 

crushing them or without any treatment. In this sense, quantification models were built in 

the literature to identify pharmaceutical products in: tablets (proprietary and generic) or 

powders. The quantitative models applied to NIR spectra o f the samples used mostly PLSR 

and in some cases MLR or ANN. The NIR spectra have been measured in three modes: 

diffuse reflectance, transmittance or short-wave NIRS. Table 1.2 shows the products 

quantified by these models in alphabetical order.

Diffuse reflectance NIRS has been employed for quantification of tablets or powders o f  

high and low dosage forms. The high dosage forms included: caffeine in tablets [59],
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diclofenac sodium powder for injection [63], metformine hydrochloride in tablets [79], 

tolbutamide in tablets [100], paracetamol in tablets [89, 91, 92] and piroxicam tablets [94]. 

The lowest range among this was diclofenac from 15 - 40.6% m/m whereas it was 48.62 - 

65.2% m/m for caffeine, 85 - 96% m/m for metformine and as high as 50 - 150% of the 

stated dose o f paracetamol. Attempts to use such a high range is interesting as in some 

cases, the counterfeiter has manufactured samples above the required dose. This is 

dangerous for a product such as paracetamol as it can lead to hazardous consequences 

including the death o f the patient. The tolbutamide range was not listed, yet the drug 

contained about 83% m/m of API. All the models had an SEP/RMSEP below 2% which 

proves their reliability; however, the best model was the one built with caffeine using one 

factor on 36 samples in calibration to get an agreement between SEC and SEP of 1.05% 

m/m and 1.08% m/m respectively.

The application of diffuse reflectance NIRS to low dosage forms included: bromazepam 

and clonazepam tablets [58], SB216469-S tablets [96], testosterone hormone in thin film 

composites [98] and a mixture o f five APIs in low dosage forms ranging from as low as 

0.04 - 6.5% m/m [57]. The APIs included: ascorbic acid (2.5% m/m), caffeine (0.2% m/m), 

chlorpheniramine maleate (0.04% m/m), dextromethorphan hydrobromide (0.15% m/m) 

and paracetamol (6.5% m/m). The highest percentage o f the API determined was 

paracetamol. All the other APIs quantified were in a very low % m/m the lowest of which 

was chlorpheniramine at 0.04% m/m.

Several publications compared the use of reflectance and transmittance modes in NIRS for

the quantification of tablets, pellets and powders. These include the quantification of aspirin

in single and multi-component tablets [55], diphenhydramine in tablets and powders [66],

metoprolol succinate in controlled release pellets [80], and theophylline sodium in intact

tablets [99]. For aspirin, the single dosage form contained only acetyl salicylic acid in the

nominal concentration o f 14.9% m/m whereas the mixtures were with ascorbic acid (17.4%

m/m) or with paracetamol (8.7% m/m). There was not a large difference in results between

the transmission and reflectance modes. For diphenhydramine, diffiise reflectance applied

to powders gave better models than tablets in both transmittance and reflectance modes.

The RMSEP could be seen as 1.77% m/m, 1.87% m/m and 2.01% m/m for powders in

transmittance, tablets in reflectance and tablets in transmittance respectively. This shows

that reflectance is better than transmittance for this product. However, this was not the case
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in metoprolol controlled release pellets where the RMSEP obtained in reflectance was 

double that obtained using transmittance. For the theophylline tablets, the comparison 

varied according to the MLR model used at 1116 nm or PLSR model. It also varied 

according to the dosage form. For the MLR model, reflectance was better than 

transmittance except for the 5% m/m API where the SEC was 0% m/m using transmittance. 

This was not the case for the PLSR model where transmittance was better except for the 1% 

m/m API which had an SEC of 4.6% m/m and 17.6% m/m in the reflectance and 

transmittance modes respectively.

However, in some low dosage forms it was better to use transmission. An example o f this is 

the application of NIRS transmission to the analysis o f citalopram in Escitalopram tablets 

[62] o f 5.6 - 8% m/m, diltiazem in tablets in three concentration levels: 5, 10 and 15% m/m 

[65], ibuprofen in tablets ranging from 0.5 - 1% m/m [75], and ibuprofen in tablets ranging 

from 0 - 5% m/m [76].

Another application of transmission NIRS to high dosage forms include the analysis of 

paracetamol in intact tablets in the range of 76 - 92% m/m [87, 88].

On the other hand, transmission NIRS could not quantify clinical trial tablets in a 

concentration of less 1% m/m [74]. The PLSR quantification models were tested using 

haloperidol and risperidone tablets in the concentration ranges 1.1 - 5.49% m/m and 0.25 - 

4% m/m respectively (Table 2). Both models could identify tablets over the concentration 

1% m/m with an RMSEP of 0.04% m/m. Another drawback of transmission is that 

sometimes it failed to go through thick tablets, as in the case o f ibuprofen tablets [77] 

which were 800 mg of a 7.6 mm thickness. In this case, when the thickness was reduced to 

about 3 mm, the tablets could be measured.

The transferability o f paracetamol tablet quantitative models from one NIR spectrometer to 

another was tested using both MLR and PLSR models [90]. The models were developed 

using 20: 9 paracetamol batches in calibration and validation sets over the range 76 - 92% 

m/m. As a result, using SNV-Dl or SNV-D2 with PLSR was better than MLR. In this 

respect, a PLSR model constructed with SNV-D2 spectra o f paracetamol tablets over the 

range 1116-2482 nm gave an r̂ , SEC and RMSEP of 0.973, 0.44% m/m and 0.46% m/m 

respectively when two factors were used.

The effect o f changing the range o f the calibration on the accuracy o f quantification was

studied through selecting regions of the spectra or through application of short wavelength
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NIRS. Quantification of three drugs was monitored including: acyclovir in tablets [53], 

erythromycin ethyl succinate powder for injection [69] and metronidazole powder [81]. The 

models built on acyclovir spectra used MLR, PCR and PLSR algorithms. The best model 

was the PLSR model with an SEC and SEP of 0.45% m/m and 0.31% m/m respectively.

For erythromycin ethyl succinate powder, a radial basis function with artificial neural 

network (RBF-ANN) model was created and compared to a PLSR model where it has 

shown to be better. The RMSEP was 0.52% m/m and 0.69% m/m in the PLSR and RBF- 

ANN respectively. However, the PLSR model was more robust as it showed a closer 

agreement between the RMSEC and RMSEP. For metronidazole, the ANN model was 

better than the erythromycin one though it contained fewer samples. The SEC and SEP 

were 0.72% m/m and 0.74% m/m respectively.

Quantification of mixtures by NIRS has been applied to a mixture o f amantadine 

hydrochloride/ paracetamol tablets [56] and a mixture o f paracetamol/ caffeine in powders 

[60]. Regarding the first mixture, models have been built for intact and powdered forms 

over the spectral range o f 1300 -  2500 nm. There was no difference between intact and 

powdered models for amantadine hydrochloride, yet paracetamol gave a more robust model 

in powdered form than intact form. Regarding the second mixture, two models were built 

one with ANN and the other PLSR both over the range 1100 - 2300 nm. For paracetamol 

the ANN model was better for quantification as it SEC and SEP values. On the other hand, 

the results were not different for caffeine.

For tablet and excipients quantification, otilinium bromide and excipients in tablets were 

quantified using a fibre optic probe in reflectance mode [85]. The range o f the active 

pharmaceutical ingredient in the tablet was 36.5 - 46.8% m/m. A PLSR model was built 

using the D1 spectra on 19 samples in the calibration set and 17 in the validation set. The 

model used five factors and was able to quantify the tablets accurately with an SEC and 

SEP of 0.27% m/m and 1.41% m/m.

Models for quantification o f the API in generic tablets have been reported in the literature. 

Quantitative PLSR models have been used to quantify erythromycin ethyl succinate in 

generic tablets [67, 68]. The models were constructed with the first derivative normalised 

spectra o f generic erythromycin tablets from different manufacturers using 44 batches in 

the calibration set and 22 in the validation set. Using six factors, the model showed a 

correlation coefficient o f 0.95 with a RMSEC o f 2.31% m/m and RMSEP of 2.16% m/m.
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In the same way, quantitative PLSR models were applied to the first derivative normalised 

spectra o f generic roxithromycin tablets but with more batches: 46 batches in the 

calibration set and 32 in the validation set. Using 11 factors, the model was linear giving a 

correlation coefficient o f 0.99 and RMSEC and RMSEP of 1.84% m/m and 1.45% m/m 

respectively.

The same authors developed a universal method for identification o f cephalosporin generic 

antibiotics from different manufacturers using NIRS with a factorisation method followed 

by spectral distance calculation was constructed [108]. 324 cephalosporin batches from 166 

Chinese manufacturers were used as a calibration set and 100 antibiotics were classified. 

The method was also selective when tested on other antibiotics and the specificity was 

higher than 95%.

This latter model was applied to the classification of generic penicillin antibiotics based on 

PCA consisting of primary library and three sub-libraries [109]. The model was constructed 

using 194 batches o f 24 products o f penicillin for injection. It could identify 99% of the 

products. Moreover, it had higher specificity than the cephalosporin model as it could 

identify aminoglycosides with 100% and cephalosporins with 99.9% accuracy.

These generic quantifications used intact tablet models and used a reference method to 

assay the amount of API. However, it much easier if there was a way of quantifying generic 

products by NIRS without the need of a reference method. In this respect, powdered 

dilutions o f the tablet with API or excipient(s) have been used in the literature. The 

powdered dilutions have been used in PLSR models and tested for the prediction o f the 

amount o f APIs in tablets.

Paracetamol dilution PLSR model was constructed for the quantification in tablets [86].

The dilution was built by crushing and combining eight batches o f different generic 

manufacturers o f paracetamol tablets and spiking it with either paracetamol or maize starch 

to get a range o f 72.37 - 93.17% m/m. A PLSR model was then constructed on the MSC 

spectra taking 45 samples in the calibration and 27 in the validation. The spectra were 

measured using the RCA and the Smart Probe and the water regions (1420 - 1560 nm and 

1900 - 2000 nm) were removed. The models were shown to be linear having an r̂  o f 0.95 

and 0.98 on the RCA and the Smart Probe respectively. The RMSEP was 1.1% m/m and 

1.34% m/m for the RCA and the Smart Probe. For prediction of intact tablets, the mean
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prediction was 96.3% and 101.3% for the RCA and the Smart Probe respectively.

Powdered tablets were predicted by the RCA with a mean prediction of 99.9%.

As similar model was developed to quantify ibuprofen tablets by doping crushed tablets 

from nine brands with the API or microcrystalline cellulose (MCC) [78]. The range o f API 

in this case was wider: from 17.6 - 87.3% m/m and the model was constructed with 58 

samples in the calibration set and 39 in the validation set. The model was constructed with 

three factors omitting the water regions from 1420 - 1560 nm and 1820 - 2000 nm. The 

RMSEC and RMSEP obtained were 0.84 and 1.39% m/m respectively.

In some cases o f counterfeiting cases, PLSR cannot be used as the model will not look at 

the chemical variation in the samples. In this case, NIR chemical imaging along with 

classical least square regression (CLS) has been used for the determination of counterfeit 

Heptodin tablets [110]. 12 Counterfeit Heptodin tablets were removed from their blister 

packaging and analysed. A reference HPLC assay was made for comparison. The 

counterfeit tablets contained either high or low lamivudine content. The tablets with high 

lamivudine content could be predicted with an error lower than 13% which was much 

higher in the tablets with low lamivudine content.

Tablet production has been monitored using a fibre optic probe for the following APIs: 

cefuroxime axetil [61], diclofenac sodium [64], ferrous lactate [70], gemfibrozil [71 -  73]., 

miokamycin[82, 83], nimesulide [84] and ranitidine hydrochloride [95] (Table 1.2). All 

tablet production was monitored using spectra taken in diffuse reflectance mode except 

diclofenac sodium spectra which were taken in transmission mode. Most o f the models 

were developed using a high range of API from 50 - 100% m/m except diclofenac sodium 

and miokamycin models which were developed using the ranges o f 17.9 - 27.8% m/m and 

16 - 23.5% m/m respectively. To compare these models the mathematical algorithm used 

mostly was PLSR yet rantidine hydrochloride was monitored with MLR. Also, cefuroxime 

axetil used both PLSR and MLR models when applied to tablets and granules. In both 

cases, the PLSR models were shown to be better than the MLR models. For the tablets 

model, the SEP values were 1.24% m/m whereas it was 1.61% m/m for the PLSR and MLR 

models respectively. For the granules model, the SEP values were 0.48% m/m and 0.52% 

m/m for the PLSR and MLR models respectively. Regarding the use o f production samples 

and doped (under and overdosed) samples, an unnamed API o f 96% m/m [111], nimesulide

28



and ranitidine hydrochloride were used for this comparison. The three drugs showed that it 

is better to use production rather than doped samples in the calibrations.

Consequently for quantitative NIR, PLSR models were better than MLR models and more 

transferable from one instrument to another. In addition, PLSR models yielded better 

results when applied to tablet production samples. Variation o f the calibration set of 

regression models had less effect on PLSR models than MLR models. The use o f the RCA 

was better than the Smart Probe for quantification. The measurement in transmission mode 

was better than diffuse reflection especially when the sample was in a low dosage form. 

However, transmission could not detect doses less than 1% m/m as seen for a specific set of 

clinical trial tablets. In addition, transmission failed to analyse thick Ibuprofen tablets 

which were o f 7.6 mm in depth. The thickness o f these tablets had to be reduced from 7.6 

mm to 3 mm. For generic tablet quantification, powdered models could predict generic 

tablets more accurately if  these tablets were crushed rather than in intact form. Otherwise, if  

a sufficient variety o f generic batches were available it is better to use tablet models and to 

measure the samples in intact form. The accuracy of prediction could then reach up to 

100% as seen in the aminoglycoside tablet model.

1.6. Identification by near-infrared chemical imaging

NIR chemical imaging (NIR-CI) combines NIRS and digital image processing [112] to 

generate a large amount o f data for each sample. The advantage o f NIR-CI over NIRS is 

that it can visualise the spatial distribution of the chemical components present in the 

sample. Therefore, it can determine the homogeneity o f the sample. Unlike NIRS, NIR-CI 

can sometimes detect low concentrations o f minor components in a sample. Also, it allows 

the quantitative determination for each component in the sample without building up 

calibration models for the sample. However, NIR-CI needs a longer analysis time than 

NIRS. Also because o f the huge amount o f data from a single image several pre-processing 

methods and chemometrics are needed before data extraction.

With multivariate analysis, NIR-CI has been used for the identification of counterfeit 

medicines. The PCA score plot o f the image can tell about the presence or absence o f an 

active component [113].
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Counterfeit anti-malarial tablets have been examined by NIR-CI with PCA and PLS 

analysis [114]. Out o f 30 products 10 were identified as genuine and 20 counterfeits. Out o f  

the 20 counterfeits, seven contained paracetamol and 13 contained a substitute API.

NIR-CI with PCA and K-mean clustering was used for the investigation of counterfeit 

Heptadin (lamivudine) tablets [115]. For this purpose, 55 counterfeit and 11 authentic 

Heptadin tablets were analysed. The counterfeit tablets were grouped into 13 groups: 18% 

contained lamivudine and 83% contained starch and cellulose. The products containing 

lamivudine were clustered into three main groups.

A four stage identification for counterfeit tablets using NIRS and NIR-CI was proposed 

[116]. The method was constructed using authentic and counterfeit Concor 5 mg tablets 

containing bisoprolol hemifumerate as the API. The stages proceeded from visual 

inspection of the suspect tablet, to PCA analysis o f the tablets measured by NIRS/NIR-CI 

to PLSR analysis o f the spectra using NIR-CI and finally to variance analysis by linear 

image analysis (LIS) using NIR-CI. The same identification procedure can be used for 

process validation as well.

1.7. Effect of humidity on identification

Moisture can affect a pharmaceutical preparation when the product absorbs water which 

alters the physical properties o f the sample and hence the NIR spectrum. The absorption 

maxima o f water in NIR spectra are located at the wavelengths: 760, 970, 1190,1450 and 

1940 nm [117] and it is most intense in the regions o f 1400 -  1450 nm and 1900 -  1940 nm 

[118] and depends on the chemical and physical state of the water in the sample measured 

and the sample temperature. An increase in the absorption around these regions means that 

it has been absorbed by the sample. This could lead to misidentification of the tablet. One 

way o f overcoming this is to include a large number of tablets exposed to different 

humidities in the spectra library as the case o f Aspirina 500 mg tablet [106]. In other cases, 

the water effect could be removed by removing the water regions o f the spectra such as the 

PLSR models built on paracetamol tablets and ibuprofen tablets [78, 86]. However, this 

cannot be solved when the full spectrum of the tablet is affected by water. This was 

encountered in the determination of two APIs in tablets: galantamine and topiramate. The 

two APIs were determined by PLSR models using NIRS transmission and reflection
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spectroscopy showed that the water content was not specific to one region but influence the 

whole NIR spectrum [119]. For topiramate, when the PLSR model was constructed using 

the full NIR spectrum, the tablets with high water content were overestimated whereas the 

predictive ability was sufficient for tablets with low water content. When the water region, 

was removed, the predictive ability of the overestimated tablets improved yet it was still 

better with the tablets with low water content. The model was improved when data 

augmentation (where half of the spectra were used as the training set and the other half in 

the validation set) was introduced. On the other hand, the effect o f water was not visible in 

the transmission spectra o f galantamine yet still it had influence on identification. The 

prediction in this case as well was improved by data augmentation.

However, not all the time moisture have an effect on the spectra as the case of 

oxytetracycline which was present in a high concentration in tablets: 91.9 - 94.4% m/m 

[120]. The tablets were measured by diffuse reflectance and PCR and PLSR models were 

built up in reference to colorimetric method. The results showed agreement between the 

prediction of the NIR method and the reference colorimetric method with mean predictions 

of 93.3 and 93.1% m/m respectively. This happened although the water absorption was 

intense in the oxytetracycline spectrum with a sharp peak at 1925 nm and a broad peak at 

1460 nm. The water content was determined in the range o f 5.78 - 7.8% m/m and could be 

quantified using PLSR with an SEP of 0.1% m/m.

1.8. Fibre optic probes and handheld near-infrared instruments

Fibre optic probes have been evaluated in comparison to conventional sample measurement 

modes.

The evaluation o f a fibre optic probe has been established through the identification and 

quantification of Mentis tablets using a fibre optic probe in comparison to a conventional 

spinning module [93]. The tablets consisted o f original and overdosed samples. Regarding 

the identification, two chemometric methods were carried out on the second derivative 

spectra o f the tablets: CWS and MDWS. Regarding the spinning module using the CWS 

method, all samples had a correlation coefficient higher than 0.982 and overdosed samples 

had a correlation coefficient higher than 0.965. However, these samples were not 

distinguished from the original using the fibre optic probe where all had a correlation
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coefficient higher than 0.975. When using the MDWS method, both the probe and spinning 

module gave higher than the set up threshold which was 3. However, overall the spinning 

module was better for identification as the spectra using the fibre optic probe were noisier 

above 2200 nm. Regarding the PLSR, models were constructed using 10:18 calibration to 

validation set in the spinning module case and 16:12 calibration to validation set ratio using 

the fibre optic probe. Using two factors in the spinning module case and three factors in the 

fibre optic probe case, the RSEC ranged from 0.54 - 0.66% for the spinning module case 

and 0.73 - 0.77% for the fibre optic probe case. On the other hand, the RSEP was higher 

where it ranged from 0.63 - 0.83% in the spinning module case and 0.86 -  1% for the fibre 

optic probe case. This shows that the spinning module is better than the probe; yet, the 

probe results are still acceptable.

Portable NIR instruments have also been used for the identification of counterfeit anti- 

malarial products [54]. 66 genuine and 55 counterfeit artesunate tablets were obtained from 

South East Asia and package inspection and HPLC analysis was done to verify the genuine 

and counterfeit tablets. PLSR were carried out on the mean centred NIR spectra o f the 

tablets. The PLSR model was constructed on all 117 samples using six factors and cross- 

validation. Two models were constructed, one over the region 700 - 2500 nm and another 

from 350 - 2500 nm. The second model was less accurate than the first model as the 

accuracy in prediction dropped from 100% to 95%.

Identification o f tablets through clear transparent blisters was also established by the use of  

a fibre optic probe. In this respect, clinical trial tablets o f concentrations 60% m/m, 75% 

m/m and 80% m/m API were identified through their clear transparent blister packaging 

using three chemometric methods: MDWS, SIMCA and MDPCA [121]. The identification 

was made taking three spectral regions where the products could be differentiated. These 

regions were: 1188- 1194 nm, 1470- 1474 nm and 1594- 1600 nm.

Although a fibre optic probe might not be as good as laboratory based instrument (as seen 

in the comparison of Mentis tablets) yet its advantages are far more essential for 

identification of counterfeit pharmaceutical products. In Mentis tablet identification, fibre 

optic probes had noisier spectra and could not distinguish overdosed tablets from original 

tablets. However, once the noisy part o f the spectrum is removed fibre optic probes have 

the potential o f identifying tablets through their blister packaging. This facilitates the 

identification of the tablets at their origin and saves time and money for bringing the
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sample to the laboratory. Also handheld NIR instruments could quantify counterfeit 

artesunate tablets with better than 95% accuracy.

1.9. Raman Spectroscopy
1.9.1. Principles of Raman spectroscopy

Raman spectroscopy is a type o f  vibrational spectroscopy widely used in pharmaceutical 

analysis [122, 123]. Unlike NIRS which is based on absorption, reflection and emission o f  

light, Raman is based on light scattering. This scattering occurs as a result o f  collision 

between photons and the sample when the sample is irradiated with monochromatic light. 

The energy for these photons is defined by the equation:

E =  hVo Equation 1.18

Where E  is the energy o f  the photons 
h is Plank’s constant 
Vo is the frequency o f  the light

Most o f  these photons do not change their energy after collision. The collision in this case 

is known as elastic collision and the radiation is called elastic or Rayleigh scattering. So 

Rayleigh scattering is the scattering o f  photons with the same frequency as the incident 

light. On the other hand, a small proportion o f  photons exchange energy with the samples 

they collide with. The collision in this case is called inelastic collision and it is o f  two 

types. The first is when the photon gives energy to the sample; then the energy is reduced to 

h(uo -  n) and the scattering is known as Anti-Stoke Raman scattering. The second is when 

the photon takes energy from the sample; then the energy is increased to h(uo + u) and the 

scattering is known as Stoke Raman scattering. The shift n is known as the Raman shift and 

the intensity o f  this shift forms a Raman spectrum which is distinctive to each sample.

Stoke Raman scattering is usually as a result from the interaction between a photon and the 

sample in the ground state; whereas, anti-stoke Raman scattering occurs as a result o f  the 

interaction between the photon and the molecule in the excited state.

A  Raman spectrum is represented as a plot o f  the Raman scattering intensity (arbitrary 

units) against the Raman shift or wavenumber shift (cm'^) which is the shift o f  the 

frequency o f  the photons from the excited state [123].
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The main difference between NIRS and Raman is that NIRS is an absorption technique 

whereas Raman is a scattering technique [124]. The source o f radiation in NIRS is a 

dispersed polychromatic radiation while a monochromatic laser light is used as the source 

in Raman. In common with NIRS, Raman spectroscopy is a non-destructive and rapid 

technique; yet the advantage over NIRS is that Raman spectroscopy can measure the 

sample regardless o f the state it is in: whether solid, liquid, film. In addition, Raman 

spectroscopy can detect very small amount o f samples. Also, the Raman spectrum of water 

is weak so it is better than NIRS for measurement o f liquids. Raman spectroscopy also has 

high structural selectivity which can inform about specific components in a pharmaceutical 

product. However, the signal in Raman spectroscopy is sometimes masked by the 

fluorescence o f the sample. In addition, a high excitation intensity o f the source might 

result in sample decomposition.

1.9.2. Instrumentation
A typical Raman instrument consists o f four components [122, 125]:

1. Monochromatic light or laser which has a wavelength that operates in UV, visible or 

NIR regions. The laser is an important part o f the instrument especially in case of 

fluorescent samples where the use o f lasers with high wavenumber reduces the fluorescence 

of the sample. Mostly diode array lasers with a wavelength 780 nm are used.

2. Spectrometer which allows the separation of the scattered light to wavenumbers thus 

leading to a spectrum generation. Raman spectrometers are o f two types: dispersive and 

non-dispersive. The dispersive spectrometers use gratings to diffract the scattered radiation. 

These instruments are sensitive with a high signal to noise ratio so they do not need a high 

laser power. They are equipped with stray light rejection filters such as dielectric filters, 

notch and edge filters, graphic notch filters and absorption filters. On the other hand, the 

non-dispersive do not separate the wavenumbers and they rather digitise the signal. They 

are used in FT-Raman instruments at 1064 nm excitation wavelength.

3. Detectors are needed to record the intensity of light over time. Charge coupled devices 

(CCDs) are most commonly used.
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4. Optical components such as lenses, mirrors or optical-fibre assemblies are needed in 

order to direct the radiated light thus exciting the sample and collecting the Raman 

scattering.

1.9.3. Data treatment

A s the Raman spectrum is masked by fluorescence for most o f  the compounds [122], 

several pre-processing techniques are needed to correct this problem. The fluorescence in a 

Raman spectrum appears as a broad background and may arise from a constituent in the 

sample measured. Also, Raman spectra suffer from noise which might be photon shot 

noise, sample generated noise, instrument-generated noise, externally generated noise or 

computational noise [126]. Photon shot noise is inevitable in a Raman spectrum and is 

caused by the intensity o f  light. Sample-generated noise is caused by sample changes which 

are not related to its concentration. These include sample heterogeneity, mixing, 

temperature, fluorescence and are minor but they can become major with spectral 

subtraction or multivariate modelling. Instrument-generated noise is caused by the 

instrument components such as the detector. Externally generated noise is caused by stray 

light. Computational noise is due to the pre-processing method such as polynomial fitting 

in baseline correction.

The pre-treatment methods include spectral subtraction, spectral smoothing and resolution 

enhancement [123].

Qualitative analysis using Raman spectroscopy can be done by identifying specific bands 

corresponding to the test sample. In addition, multivariate methods, similar to those used in 

NIRS, can be applied to the full spectra.

Regarding quantitative analysis, both univariate and multivariate regressions may be used. 

Univariate regression can be made by taking the peak height or peak area o f  the bands o f  

interest and plotting a calibration line o f  these measurements against the concentration o f  

the sample. The Raman intensity is proportional to the concentration o f  the scattering 

sample [122, 125]. The relationship between the Raman intensity and the concentration is 

described by the equation [123]:

Ir =  Oi ( j K)PC  Equation 1.19
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Where I r  is the measured Raman intensity (photons per second)
II is the laser intensity (photons per second) 
a is the absolute Raman cross-section (cm  ̂per second)
K is the measurement parameters 
P is the sample path length (cm)
C is the concentration (molecules per cm )̂

The instrumental parameters such as the laser power and sampling positions can affect the 

signal. This is why the absolute Raman intensity is rarely used for quantitative analysis. 

Consequently a pathway of measuring the bands o f the sample of interest (for example the 

API) relative to another sample bands (as the excipient) is adopted.

Multivariate regression analysis, by taking the full spectra into consideration, has been also 

applied.

1.10. Identification by Raman spectroscopy

Raman spectroscopy has been used for the identification and quantification o f counterfeit 

tablets. The advantage o f Raman spectroscopy over NIRS is that it is substance specific, not 

affected by humidity [127] and the signal is proportional to the concentration of the 

substance.

Identification of counterfeit artesunate, Cialis, Lipitor and Viagra tablets using Raman 

spectroscopy has been reported. For artesunate, handheld Raman spectrometer (Ahura 

Truscan) instrument has been used for the identification of counterfeit artesunate tablets 

[128]. The results from this portable instrument were compared with those from FT-Raman 

spectroscopy, DESI-MS and direct analysis in real time mass spectrometry (DART-MS).

32 genuine and counterfeit tablets containing genuine and counterfeit artesunate were 

examined. Spectral comparison of the counterfeit tablets showed that they contained 

paracetamol, artesunic acid, calcite, dipyridone, talc or starch. Some tablets exhibited high 

fluorescence and could not be identified by the handheld instrument. Yet the FT-Raman 

and MS could confirm the identity in these cases.

In another case o f counterfeit anti-malarial artesunate tablets, starch, calcite, paracetamol 

and titanium dioxide were found [129]. PCA and hierarchal clustering could easily 

distinguish the authentic from the counterfeit tablets. In other cases, calcite, erythromycin 

and paracetamol were found in counterfeit artesunate tablets analysed by Raman 

spectroscopy [130]. In addition, spatially offset Raman spectroscopy (SORS) with Fourier
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transform infrared imaging was employed for the analysis o f counterfeit artesunate from 

Southeast Asia [131]. The tablets were measured with and without their blisters and no 

difference between both situations was observed. The Raman spectra o f the counterfeit 

tablets showed that they contained talc, paracetamol and calcium carbonate. Counterfeit 

Viagra tablets have also been analysed by Raman spectroscopy [132]. 18 Viagra tablets 

were easily differentiated by visual inspection. When their Raman spectra were taken, all of 

them contained the API. However, they had differences in their excipients. PCA and 

hierarchical clustering was done on the second derivative spectra o f the 19 tablets. The 

dendrogram plotted could distinguish between the genuine and counterfeit tablets. 

Counterfeit Cialis (tadalafil) tablets have been identified using Raman spectroscopy along 

with NMR and 2D DOS Y NMR spectroscopy [133]. Eight Cialis batches were 

obtained from China, India and Syria. Out o f the eight batches, one was a counterfeit. This 

was clarified by the Raman spectra which contained peaks for tadalafil in the other seven 

batches and not in the counterfeit batch. The results were confirmed by the NMR and 

diffuse order spectroscopy (2D DOSY) ’H NMR techniques. A comparison between 

Raman and NIR for identification of counterfeit Lipitor tablets was illustrated using PCA 

and partial least square discriminant analysis (PLS-DA) [127]. The counterfeit tablets 

contained either atorvastatin or lovastatin. PCA constructed with the Raman spectra could 

easily discriminate the genuine tablets from the counterfeit tablets with atorvastatin (but 

inhomogeneous) and the one with lovastatin. Also, PLS-DA models applied to NIRS or 

Raman spectroscopy could distinguish genuine from counterfeit Lipitor tablets.

Reported quantification using Raman spectroscopy has varied from the use o f single linear 

regression to multivariate regression analysis.

Single linear regression can be used taking the peak area or peak height as the intensity of

the Raman is proportional to concentration [134]. In this sense, quantification of

risperidone tablets ranging from 0.27 - 4.32% m/m was made by taking the response at

1533 cm'* [134]. The Raman intensity recorded at this peak was plotted against

concentration and a straight line was obtained. The regression was applied to coated and

uncoated commercial tablets and was able to predict the product with a minimum recovery

of 97.2%. In other cases, such as diltiazem hydrochloride in tablets, the peak area o f the

bands between 1625 and 1560 cm'* was taken for quantification and univariate calibration

was constructed [135]. In comparison to HPLC, Raman spectroscopy was faster and more
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accurate when predicting commercial formulations. Thus, the highest coefficient o f  

variation (CV) value was 0.62% in Raman whereas the highest one was 1.31% in HPLC for 

commercial tablet prediction. The ratio o f bands could be taken as well as in the case of 

cephalosporin antibiotics which were quantified using Raman spectroscopy [136]: 

cephalexin, cephalotin, cephaloglydin and cephamandole. By taking the ratio of the bands 

at 720 and 800 cm"\ the confidence value was > 99.98%.

Multivariate analysis using PLS, PCR and ANN has also been applied to Raman spectra of  

single dosage forms as well as mixtures.

Ambroxol and diclofenac sodium were quantified in single dosage forms. Quantification of 

ambroxol in tablets (12.5% m/m) was made using Raman spectroscopy along with PLSR 

[137]. The model was built using the wavelet transformed (WT) spectra of 20 pellets over 

the range 8.3 - 16.25% m/m. The model achieved SEC and SEP values o f 0.3% m/m and

0.36% m/m respectively. Regarding diclofenac sodium, it was quantified in tablets and 

powdered capsules o f three doses (25, 50 and 75 mg) and were quantified using FT-Raman 

with PCR, PLS and counter-propagation artificial neural networks (CP-ANN) [138]. The 

CP-ANN and PLS gave more efficient models than the PCR ones. The prediction for 

capsules was better than that for the tablet prediction. The RSEC and RSEP obtained for 

capsules ranged from 0.8 -1.9% and 1.4 - 1.7% respectively. In tablets, the RSEC and 

RSEP were 2.4 - 3.8% and 2.6 - 3.5% respectively.

Mixtures analysed by Raman spectroscopy included either direct measurement or building 

powder models. An example o f direct measurement o f the tablets is the case o f captopril 

and prednisolone tablets which were determined using FT-Raman spectroscopy [139]. The 

APIs in the products were present in low concentrations ranging from 4.2 -16.7% m/m. 

Overall the PLSR was better than the PCR and gave an RSEC and RSEP ranges o f 1.8 - 

2.2% and 2.1 - 2.3% for captopril and 1.8 - 2.1% and 2.6 - 3.5% for prednisolone. On the 

other hand, three dilution models were constructed for the quantification of aspirin and 

paracetamol mixture in tablets by FT-Raman spectroscopy [140]. The first model was made 

by diluting acetyl salicylic acid with lactose, starch and talc. The second was made by 

addition o f an inorganic salt as nitrate and sulfate. The third was made by diluting acetyl 

salicylic acid with calcium carbonate, starch and citric acid as these excipients were present 

in the pharmaceutical preparations analysed. Regarding the quality o f the models, the first 

one was the best having the lowest RSEP against its internal validation set. The RSEPs in
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the three models were 0.7%, 2% and 0.8 - 2% respectively. For prediction in tablets, the 

tablets were powdered and not measured as they were. In this case, unlike the internal 

prediction results, the best model was the third model. The RSEP values against the tablet 

sets were 1.3 - 2%, 1.2 - 1.7% and 0.6 - 1.2% respectively.

1.11.Conclusion

NIRS has emerged as a powerful technique for the identification and monitoring o f a 

pharmaceutical product’s quality. This has been extended to the identification and 

classification o f counterfeit pharmaceutical products.

This chapter has highlighted the threat o f pharmaceutical counterfeiting as an expanding 

global problem. Conventional analytical techniques have been used for the analysis o f  

counterfeit pharmaceutical products, but they are time consuming and are mostly limited to 

the identification of the API or the major excipient. Also these techniques are destructive 

for the product as the sample needs to be crushed and dissolved in a solvent. NIRS deals 

with overtones and combinations of molecular vibrations. As these are o f low intensities, 

the absorbance in NIRS is weak so the technique is non-destructive and no sample 

preparation is required. NIRS can identify the product as a whole as it looks at both the API 

and excipients. With the help o f chemometrics, NIRS can also quantify the API in tablets. 

Handheld NIR instruments can also be carried to identify pharmaceutical products at their 

source thus saving time and money. NIR-CI can give much more information about a 

sample as it gives more spectral data from one tablet. However, it takes longer time to 

acquire an image from a single tablet. Raman spectroscopy and imaging have also been 

used for the identification o f counterfeit pharmaceutical products. The signal in Raman 

spectroscopy could be masked by any fluorescent component in the pharmaceutical 

product.

1.12. Objective of the thesis

The objective o f the thesis is to investigate methods for identification and quantification of 

counterfeit medicines using NIRS and Raman spectroscopy with no or minimum sample 

treatment so the method could be easily transferred to on-field counterfeit identification by 

the use o f handheld NIR and Raman devices.

39



Optimisation of the method for identification of counterfeit medicines is first made using a 

model o f nine different tablets o f the top selling pharmaceutical products in the World 

market. The products were compared using a laboratory based instrument: the FOSS 

NIRSystems 6500 spectrometer equipped with a rapid content analyser (RCA) and Smart 

Probe. The optimum method for identification was applied to the identification of 

proprietary and generic medicines obtained from the different parts of the World market. 

Using the same set o f nine products the method was tested with a handheld PHAZIR 

Polychromix spectrometer.

Quantitative NIR models were developed for quantification o f the API in proprietary and 

generic tablets. The models used PLSR regression and were developed with tablets, 

powders or pellets samples or a mixture o f the three sample types. If enough batches of  

different manufacturers were available then a tablet model would be the model o f choice. 

Otherwise, powdered models developed using one batch of crushed tablets or the API and 

excipients could be used. The powdered models developed with the crushed tablets were 

better than the ones developed with the API. In this case the crushed tablets could be 

diluted with one or more excipient or an API or both. In addition, sequential addition of one 

or more excipient to the API could be made. The addition o f 0 and 100% samples to the 

models were tested.

A comparison of Raman spectroscopy to NIRS for identification and quantification of 

proprietary and generic tablets was made. The laboratory based Raman instrument was the 

Kaiser Raman Workstation whereas the handheld Raman instrument was the Ahura 

Truscan device.

Identification of tablets through blister packaging was studied using NIRS. The method was 

developed using a FOSS 6500 NIR Spectrometer equipped with a Smart Probe.

The effect o f changing o f conventional ceramic reference to a NIST photometric 

reflectance standard, a tablet or an excipient as reference was tested using FOSS 

NIRSystems 6500 spectrometer. The effect o f change from ceramic to another standard on 

the offset and peak positions o f a tablet spectrum, tablet identification and quantification 

was studied.
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CHAPTER 2. The identification of medicines by near-infrared

spectroscopy

2.1. Introduction

The objectives o f the work described in this chapter are to optimise the method for 

identification of counterfeit medicines using NIRS and the application to real-life 

situations.

A fast and rapid method is aimed to identify for use to block counterfeit medicines in the 

market as well as in the wholesaler supply chain so they would to prevent risk to patients. 

The chapter deals with a model set o f proprietary medicines and opens a pathway to the 

identification of generic medicines. For the well defined proprietary medicines, it is easy to 

identify a counterfeit product as the counterfeiter cannot imitate both the physical and 

chemical properties o f a product. The NIR spectra, with the help o f chemometrics, can help 

spot the physical as well as the chemical differences among these products. This approach 

is limited to proprietary products with relatively consistent properties. However, generic 

products differ in their properties, so this pathway cannot be taken in which case an 

alternative quantitative approach can be taken which will be dealt with later (Chapter 4).

For identification of proprietary products, a comparison of the FOSS NIRSystems 6500 

spectrometer with an RCA and Smart Probe was made. In addition, the best spectral pre

treatment and chemometric procedure to be used for spectral analysis were established. A 

standard operating procedure (SOP) for the identification of counterfeit proprietary 

products using the optimum conditions was created. This SOP was validated using three 

defined sets o f authentic and counterfeit samples obtained from the national Korean FDA 

(KFDA).

Further application of the SOP included authentication of wholesaler samples, Tanzanian 

FDA (TFDA) samples and BBC Television samples. The wholesaler samples included 

pharmaceutical products obtained from countries worldwide. The samples consisted o f both 

proprietary and generic tablets, capsules and liquids. For each test product, an authentic 

product from the same manufacturer was used as a reference.

The Tanzanian FDA products included generic pharmaceutical products o f seven different 

APIs. These pharmaceutical products were obtained from various parts o f the Tanzanian
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market. Yet, a reference for each product from exactly the same manufacturer could not be 

obtained in that case.

The BBC Television samples consisted of eight pharmaceutical products purchased from 

the Internet to be used for a programme called Fake Britain about the threat of counterfeits. 

Although these samples were ordered under a proprietary name, some of these samples 

arrived from different generic manufacturers. Once again, not all the authentic reference 

products for these samples were available.

2.2. Experimental

2.2.1. Materials
For the optimisation procedure, nine products (Table 2.1) from the top 20 selling drugs in 

the world market were selected [141] on the following basis:

1. They are among medicinal products that have frequently been counterfeited.

2. They are lifestyle drugs.

3. The products have a wide range of percentage active, colours, and shapes (Figure

2 . 1).

The products were purchased from UK community pharmacies.

# # # # a ###
Figure 2.1 The nine products used for the optimisation procedure. 

Table 2.1.Details of the products used for the optimisation procedure.
Product Active Ingredient Dose (mg) Manufacturer Batch Number

Lipitor Atorvastatin calcium trihydrate 10 Pfizer 41801911

Plavix Clopidrogel hydrogen sulfate 75 Sanofi Pharma AN219

Nexium Esomeprazole magnesium trihydrate 20 AstraZeneca CX198

Singulair Montelukast sodium 10 MSD 260003

Zyprexa Olanzapine 2,5 Lilly A146619

Protium Pantoprazole sodium sesquihydrate 20 Altana Pharma 256921

Seroquel Quetiapine fumarate 25 AstraZe neca CV 911

Risperidal Risperidone 0.5 Janssen-Cilag 5LL0T00

Effexor Venlafaxine hydrochloride 37.5 Wyeth 18963
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The initial validation set o f counterfeit Viagra, Cialis and Levitra tablets v^ere obtained 

from the KFDA and UK samples purchased from local pharmacies were used as authentic 

reference tablets.

For the wholesaler samples, the test products were obtained worldwide from Australia, 

France, India, New Zealand, Turkey and Switzerland (Table 2.2). The reference authentic 

products for comparison were obtained from the same manufacturer as the test product 

through the wholesaler or from UK community pharmacies. The reference samples are not 

listed in the table.

Table 2.2 Details o f the samples supplied by the wholesaler
Product API Dose

(mg)

Manufacturer Country of 

purchase

Batch

Number

Actonel Sodium risedronate 5 Aventis Turkey 390869

Actonel Sodium risedronate 35 Aventis Turkey 405728

Actonel Sodium risedronate 35 Aventis Turkey 406650

Actonel Sodium risedronate 35 Aventis Turkey 407444

Alfusin Alfuzosin hydrochloride 10 Cipla Ltd. India D62228

Arip MT Aripiprazole 10 Torrent Pharm. 

Ind.

India C1436006

Arip MT Aripiprazole 15 Torrent Pharm. 

Ind.

India C l446007

Arip MT Aripiprazole 30 Torrent Pharm. 

Ind.

India C6496002

Atorlip Atorvastatin calcium 

trihydrate

40 Cipla Ltd. India D70538

Atorlip Atorvastatin calcium 

trihydrate

10 Cipla Ltd. India G65434

Atorlip Atorvastatin calcium 

trihydrate

20 Cipla Ltd. India G65458

Aurogra Sildenafil citrate 100 Aurochem India SD116

Auvitra Vardenafil hydrochloride 20 Sava Trading 

Ltd.

India VA05

Cialis Tadalafil 20 Lilly Turkey A150494

Clopivas Clopidogrel bisulfate 75 Cipla Ltd. India X60659

Cobix Celecoxib 200 Cipla Ltd. India DJ7011

Co-Diovan Valsartan/Hydrochlorothiazide 160/12.5 Novartis Turkey K0050

Co-Diovan Valsartan/

Hydrochlorothiazide

160/12.5 Novartis Turkey K0058

Co-Diovan Valsartan/

Hydrochlorothiazide

160/12.5 Novartis Turkey K0067
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Co-Diovan Valsartan/

Hydrochlorothiazide

160/12.5 Novartis Turkey K0070

Co-Diovan Valsartan/

Hydrochlorothiazide

160/25 Novartis Turkey K0019

Co-Diovan Valsartan/Hydrochlorothiazide 160/25 Novartis Turkey K0020

Co-Diovan Valsartan/Hydrochlorothiazide 80/12.5 Novartis Turkey K0009

Diovan Losartan potassium 80 MSD Turkey K0004

Diovan Valsartan 160 Novartis Turkey K0014

Distinon Pyridostigmine bromide 60 Samarth Life 

Sciences PVT 

Ltd.

India T2707

D-Loratin Desloratidine 5 Cipla Ltd. India DH5590

Dosan Doxazosin mesylate 4 Pacific Pharm. 

Ltd.

New

Zealand

H06228

Duride Isosorbide mononitrate 60 Pacific Pharm. 

Ltd.

New

Zealand

E l2260

Duzela Duloxetine hydrochloride 60 Sun Pharm. Ind. India GK70321

Eurepa Repaglinide 2 Torrent Pharm. 

Ind.

India C8247001

E vista Raloxifene hydrochloride 60 Lilly Turkey A190008

Ezetimibe Ezetimibe 10 Cipla Ltd. India G76251

Ezetrol Ezetimibe 10 Merck Sharpe & 

Dohme

Turkey 260954

Ezetrol Ezetimibe 10 MSD Turkey 260954

Femara Letrozole 2.5 Novartis Turkey SOI 36

Femara Letrozole 2.5 Novartis Switzerland SOI 89

Fincar Finasteride 5 Cipla Ltd. India X65233

Hyzaar Losartan/ Hydrochlorothiazide 50/12.5 Merck Turkey 6031283

Hyzaar Losartan/ Hydrochlorothiazide 50/12.5 Merck Turkey 6031285

Hyzaar Losartan/Hydrochlorothiazide 50/12.5 Merck Sharpe & 

Dohme

Turkey 6041858

Hyzaar Forte Losartan/Hydrochlorothiazide 100/25 Merck Sharpe & 

Dohme

Turkey 6062858

idrofos Ibandronic acid 150 Sun Pharm. Ind. India SK70376

Indivan Indinavir sulfate 400 Cipla Ltd. India DH62315

Lamivir Lamivudine 100 Cipla Ltd. India G74331

Lescol XL Fluvastatin 80 Novartis Turkey 85128A

Lescol XL Fluvastatin 80 Novartis Turkey 85130

Levitra Vardenafil 10 Bayer Turkey 8X8U8U1

Lipitor Atorvastatin 10 Pfizer Turkey 0106105

Lipitor Atorvastatin 10 Pfizer Turkey 0106109

Lipitor Atorvastatin 20 Pfizer Turkey 0106203

Lipitor Atorvastatin 20 Pfizer Turkey 0106205

Losatan Losartan 50 Cipla Ltd. India 78D115

Losatan-H Losartan/Hydrochlorothiazide 50/12.5 Cipla Ltd. India 78D083
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Metolar XR Metoprolol succinate 25 Cipla Ltd. India D61909

Metolar XR Metoprolol succinate 50 Cipla Ltd. India D62110

Mofilet Mycophenolate 500 NA India LAA07002

Montair Montelukast sodium 

sesquihydrate

10 Cipla Ltd. India G74059

Nexium Esomeprazole 40 AstraZeneca Turkey GM84S1

Oliza Olanzapine 2.5 Intas Pharm. 

Ind.

India DH0716

Oliza Olanzapine 5 Intas Pharm. 

Ind.

India DH0354

Oliza Olanzapine 7.5 Intas Pharm. 

Ind.

India DH0213

Oliza Olanzapine 10 Intas Pharm. 

Ind.

India DG0725

Olmezest Olmesartan medoxomil 10 Sun Pharm. Ind. India AD70900

Olmezest Olmesartan medoxomil 20 Sun Pharm. Ind. India AD70454

Pantosec Pantoprazole sodiu m 40 Cipla Ltd. India KT7033

Penegra Sildenafil citrate 25 Cadi la

Healthcare Ltd.

India ZG1010

P-Glitz Pioglitazone hydrochloride 30 Cipla Ltd. India G65284

Plavix Clopidrogel hydrogen 

sulphate

75 BMS France 1753

Plavix Clopidrogel hydrogen 

sulphate

75 BMS France 1811

Plavix Clopidrogel hydrogen 

sulphate

75 BMS Turkey 1918

Plavix Clopidrogel hydrogen 

sulphate

75 BMS Australia 627871

Prinvil Lisinopril 5 MSD New

Zealand

J0078

Propecia Finasteride 1 Merck Sharpe & 

Dohme

Turkey 261102

Propecia Finasteride 1 Merck Sharpe & 

Dohme

Turkey 261639

Proscar Finasteride 5 Merck Sharpe & 

Dohme

Turkey 261079

Rabicip Rabeprazole sodi um 20 Cipla Ltd. India G66951

Ralista Raloxifene hydrochloride 60 Cipla Ltd. India G74011

Razel Rosuvastatin calcium 20 Glenmark 

Pharm. Ltd.

India BD6996002

R-Cin Rifampicin 300 Lupin Ltd. India EA70004

Repace Losartan potassium 25 Sun Pharm. Ind. India AD70376

Revocon Tetrabenazine 25 Sun Pharm. Ind. India AD70455

Risofos Risedronate sodium 35 Cipla Ltd. India X70242

Rivadem Rivastigmine

hydrogentartarate

1.5 Torrent Pharm. 

Ind.

India C4296003
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Rivadem Rivastigmine

hydrogentartarate

3 Torrent Pharm. 

Ind.

India C4306001

Rizact Rizatriptan benzoate 10 Cipla Ltd. India K61170

Rizact Rizatriptan benzoate 10 Cipla Ltd. India K61170

Ropark Roprinirole hydrochloride 0.25 Sun Pharm. Ind. India AD70033

Ropark Roprinirole hydrochloride 0.5 Sun Pharm. Ind. India AD70578

Ropark Roprinirole hydrochloride 1 Sun Pharm. Ind. India AD70035A

Ropark Roprinirole hydrochloride 2 Sun Pharm. Ind. India AD70579

Rosiglitazone Rosiglitazone maleate 4 Cipla Ltd. India G69509

S-Citadep Escitalopram oxalate 5 Cipla Ltd. India D70688

S-Citadep Escitalopram oxalate 10 Cipla Ltd. India Y63297

S-Citadep Escitalopram oxalate 20 Cipla Ltd. India Y63298

Simcard EZ Simvastatin/ Ezetimibe 10/10 Cipla Ltd. India 62093

Singulair Sodium montelukast 10 Merck Sharpe & 

Dohme

Turkey ND19920

Stocrin Efavirenz 200 MSD Switzerland NF038930

Tadacip Tadalafil 20 Cipla Ltd. India DP6531

Terol LA Tolterodine tartarate 2 Cipla Ltd. India D70712

Terol LA Tolterodine tartarate 4 Cipla Ltd. India D70947

Valcivir Valacyclovir hydrochloride 500 Cipla Ltd. India G74497

Viagra Sildenafil citrate 100 Pfizer Turkey 80406

Viagra Sildenafil citrate 100 Pfizer Turkey 0100506

Zaart Losartan potassium 50 Cipla Ltd. India DG6384

API: active pharmaceutical ingredient, Ltd.: limited, Pharm.: pharmaceutical, NA: not available.

The Tanzanian samples were obtained from different parts o f the Tanzanian local market 

place (Table 2.3). The references used for these tablets were supplied by TFDA obtained 

from the GPHF or bought from the UK pharmacies (Table 2.4).

Table 2.3 Details o f the generic samples obtained from the Tanzanian market or TFDA.
API Dose

(mg)

Manufacturer Place of 

Purchase

Batch

Number

Artesunate 100 Dafra Pharma Chunya 060191

Artesunate 100 Dafra Pharma Kahama 060191

Artesunate 100 Dafra Pharma Mererani 060191

/Vtesunate 100 Cipla Ltd. Kahama K60324

Artesunate 100 Tanzanian Pharmaceutical Industries Ltd. Kahama SH13

Artesunate 100 Tanzanian Pharmaceutical Industries Ltd. Mererani TC0357

Artesunate 100 Tanzanian Pharmaceutical Industries Ltd. Mererani TF0557
Ciprofloxacin hydrochloride 500 Interchem Pharma Ltd. Kahama CPT 6004

Ciprofloxacin hydrochloride 500 Interchem Pharma Ltd. Mererani CPT 6007

Ciprofloxacin hydrochloride 500 Lincoln Pharmaceuticals Ltd. Kahama ET-5A06

Ciprofloxacin hydrochloride 500 Lincoln Pharmaceuticals Ltd. Mererani ET-5A09
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Ciprofloxacin hydrochoride 500 Shelys Pharmaceuticals Ltd. Mererani 072
Ciprofloxacin hydrochoride 500 Medopharm Chunya 23207

Ciprofloxacin hydrochoride 500 Intas Pharmaceuticals Ltd. Mererani F 4453
Ciprofloxacin hydrochoride 500 Scanavita German Chunya OH0010

Ciprofloxacin hydrochoride 500 Simrone Pharmaceuticals Ltd. Chunya SPIL189
Erythromycin 250 Alembic Limited Road Mererani 108314X

Erythromycin 250 Shelys Pharmaceuticals Ltd. Mererani 121

Erythromycin 250 Shelys Pharmaceuticals Ltd. Mererani 140

Erythromycin 250 Indoco Remedies Ltd. Kahama 1N208

Erythromycin 250 Pharma Chem Ltd. Chunya ET5817

Erythromycin 250 Pharma Chem Ltd. Chunya ET5C27

Erythromycin 250 Pharma Chem Ltd. Mererani NA

Erythromycin 250 NA TFDA NA

Erythromycin 250 Pharma Chem Ltd. Chunya SA4090

Erythromycin 250 Tanzanian Pharmaceutical Industries Ltd. Kahama TC1126

Lamivudine NA NA TFDA NA

Lamivudine NA NA TFDA PD132

Lamivudine NA NA TFDA SJ03

Lamivudine/Zidovudine 150/300 Aspen Lamzid Applicant Pharmacare Ltd. TFDA E l70967

Lamivudine/Zidovudine 150/300 GSK Kahama R216272

Nevirapine 200 NA TFDA 72009377

Nevirapine 200 Cipla Ltd. Kahama G54075

Nevirapine 200 NA TFDA ML536

Nevirapine 200 NA TFDA NA

Nevirapine 200 NA TFDA NA

Quinine sulfate 300 Shelys Pharmaceuticals Ltd. Chunya 227

Quinine sulfate 300 Remedica_Cyprus Mererani 27681

Quinine sulfate 300 Shelys Pharmaceuticals Ltd. Chunya 303

Quinine sulfate 300 Shelys Pharmaceuticals Ltd. Kahama 329

Quinine sulfate 300 Shelys Pharmaceuticals Ltd. Chunya 520

Quinine sulfate 300 Elys Chemical Ind. Ltd. Kahama 5E160

Quinine sulfate 300 Shelys Pharmaceuticals Ltd. Chunya 6007

Quinine sulfate 300 Lincoln Pharmaceuticals Ltd. Kahama ET-6412

Quinine sulfate 300 NA TFDA NA

Quinine sulfate 300 Interchem Pharma Ltd. Mererani QNT6003

Zidovudine 100 NA TFDA LGA05002

Zidovudine 100 NA TFDA ML536

Zidovudine 100 NA TFDA NA

API: active pharmaceutical ingredient, Ltd.: limited, NA: not available, TFDA: Tanzanian food and drug administration.
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Product Active 

Ingredient

Dose (mg) Manufacturer Batch

Number

Ciprofloxacin hydrochloride 500 Bayer AG Germany BXC4H91

Ciprofloxacin hydrochloride 500 Dr. Reddy's Laboratories B61325

Erythromycin 250 Abott Laboratories Ltd. 46840VA

Erythromycin 250 Abott Laboratories Ltd. 35141VA

Quinine sulfate 300 Alpharma QD713

Lamivudine 150 GSK B134074

Zidovudine 100 GSK NA

As part o f an investigative Television series, the BBC examined the authenticity of 

pharmaceutical products. For this suspect products were ordered over the Internet although 

often varied samples o f generic medicines were supplied (Table 2.5). When available, the 

references were purchased Ifom the UK community pharmacies. Table 2.5 shows the 

references for five o f the products.

Table 2.5 Details of the products measured for BBC TV
Type Product API Dose

(mg)

Manufacturer Batch

Number

Test Caplor Clopidogrel bisulfate 75 lnd_Swift Ltd NA

Test Clomid Clomiphene 25 Cipla NA

Test Lipitor Atorvastatin calcium trihydrate 5 Ipca NA

Test Melanotan Peptide hormone NA NA NA

Test Propecia Finasteride 1 MSD N1760

Test Reductil Sibutramine hydrochloride monohydrate 10 Abott 6917280

Test Reductil Sibutramine hydrochloride monohydrate 15 Abott 311799D

Test Tamifiu Oseltamivir phosphate 75 Roche NA

Test Viagra Sildenafil citrate 100 NA NA

Test Viagra Sildenafil citrate 100 NA NA

Reference Propecia Finasteride 1 MSD 264807

Reference Reductil Sibutramine hydrochloride monohydrate 10 Abott 300038D

Reference Reductil Sibutramine hydrochloride monohydrate 15 Abott 3300680

Reference Tamifiu Oseltamivir phosphate 75 Roche B1083

Reference Viagra Sildenafil citrate 100 NA 6098203U

API: active pharmaceutical ingredient, NA: not available

48



2.2.2. Instrumentation
Measurement was carried out on a FOSS NIRSystems 6500 (Foss NIRSystems, Inc. Silver 

Springs, MD, USA) spectrometer equipped with a Smart Probe analyser and RCA (Figure 

2.2) with a lead sulfide (1100 - 2500 nm) detector. The instrument is connected to a 

computer which displays the spectra of the samples measured. These spectra consist of 700 

data points over the wavelength range of 1100 - 2500 nm at 2 nm intervals.

Figure 2.2 FOSS NIRSystems 6500 spectrometer equipped with an RCA and a Smart 
Probe.

2.2.3. Methods
For both the probe and RCA cases, tablets were placed centrally onto the device for 

measurement. Measurements were taken against the appropriate ceramic FOSS 

instrumental standard. Twelve spectra were taken from each tablet, six on each side. Each 

spectrum was the mean of 32 scans.

The wavelength range was 1100 - 2500 nm at 2 nm intervals.

The wavelength accuracy and bandwidth were measured during the Performance Test of 

the instrument using an internal reference of polystyrene. 10 scans of the polystyrene
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standard were measured by transmission measurement and analysed by the software. For 

wavelength accuracy, a peak finding algorithm was used to determine the peak maxima.

For the bandwidth, it is calculated as the ratio of the absorbance at the polystyrene peak at 

2167 nm to the valley at 2154 nm after the offset was corrected.

The effect o f the sample position in relation to the probe was investigated. Thus, the probe 

was placed in two positions: facing the tablet up or down in the former with the tablet 

sitting on the probe and in the latter case the probe sitting on the tablet.

Different light effects were also studied using the probe. Tablets were measured either 

directly in light or covered by a light-protective film box. These were investigated when the 

probe was held facing the tablet up or down.

In addition, the effect o f distance was investigated. In this case, each o f the tablets was 

held in four different distances from the probe: touching the probe, 0.1 cm away from the 

probe, 0.15 cm away from the probe, 0.3 cm away from the probe and 0.6 cm away from 

the probe.

The effect o f blister packaging was investigated in different manners for white and 

transparent blisters only. Tablets were measured in their intact blisters, with their packaging 

removed and with the packaging removed, but backed with the ceramic standard.

2.2.4. Spectral Treatment
The spectra were pre-treated and processed using FOSS NIRSystems Vision 2.5, 

Unscrambler 7.5 and Matlab R2007a software. Pre-treatment o f data was done through 

Vision software using SNV with and without first derivative and second derivative 

treatment. Identification was made utilising algorithms including CWS, MDWS, MDPCA, 

SIMCA andPCA.

For the validation of the SOP, the PCA with the 95% equal frequency ellipses was 

constructed using the Matlab R2007a software. The visualisation of the correlation 

coefficient as a correlation map was also made using Matlab R2007a software.
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2.3. Results and Discussion

2.3.1. Optimisation of the acquisition of the NIR spectra

To optimise the best spectrum quality, four parameters were taken into consideration: the 

number of absorption peaks (which is an important issue in NIRS since data could not be 

obtained from one peak only), their absorption intensity, the range over which they are 

spread and their bandwidth. The first three are shown in Figure 2.3 where no marked 

variation can be observed in both cases. The probe displayed more reproducibility; 

however, the RCA was slightly better since the probe cut-off was at 2200 nm due to too 

much noise.
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Figure 2.3 Near-infrared spectra of 12 scans of (a) Nexium tablet measured by the Smart 
Probe, (b) Nexium tablet measured by the RCA, (c) Protium tablet measured by the Smart 
Probe and (d) Protium tablet measured by the RCA.

For the accuracy of the wavelength and bandwidth the results are displayed in Table 2.6. 

The polystyrene nominal absorption occurred at 1143.63, 1680.9 and 2166.72 nm. The 

mean calculated determines the wavelength accuracy, whereas the standard deviation (SD) 

determines the wavelength precision. The mean is compared to the nominal value by taking 

the difference of the calculated and nominal values (Delta). The accepted difference should 

be within 0.3 nm.
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In this case, all the wavelengths lie within acceptable range. The SD was also within 

specification (less than 0.015). The bandwidth determined was very stable and constant 

over the wavelength range for the Smart Probe and the RCA and was invariably found to be 

within the nominal limit (9.5 for the Smart Probe and 10 for the RCA).

Scan Number Peak 1 Peak 2 Peak 3 Bandwidth 

Smart Probe RCA

1 1143.50 1681.11 2166.62 9.41 9.67

2 1143.50 1681.11 2166.60 9.37 9.67

3 1143.49 1681.12 2166.63 9.40 9.67

4 1143.50 1681.10 2166.58 9.40 9.67

5 1143.50 1681.11 2166.60 9.39 9.66

6 1143.49 1681.12 2166.61 9.40 9.67

7 1143.49 1681.10 2166.60 9.39 9.67

8 1143.49 1681.11 2166.61 9.40 9.66

9 1143.51 1681.12 2166.62 9.40 9.67

10 1143.49 1681.11 2166.61 9.39 9.67

Mean 1143.50 1681.11 2166.61 9.40 9.67

Nominal 1143.63 1680.90 2166.72 9.50 10.00

Delta 0.13 -0.21 0.11 0.11 0.33

SD 0.007 0.007 0.014 0.011 0.004

Max 1143.51 1681.12 2166.63 9.41 9.67

Min 1143.49 1681.10 2166.58 9.37 9.66

Max-Min 0.02 0.02 0.05 0.04 0.01

Mean: mean of 10 scans of polystyrene reference, Nominal: nominal absorption of polystyrene, Delta: the difference 
between the mean of the calculated and nominal values, SD: standard deviation between the 10 scans. Max: the 
maximum value of the 10 scans, Min: the minimum value of the 10 scans.

To determine the optimum wavelength range to be measured, the SD of 12 spectra o f the 

product with the least precision (Protium) was measured over the wavelength range from 

1100 to 2500 nm (Figure 2.4) with both the Smart Probe and the RCA. The product with 

the least precision had the highest standard deviation values between its spectra. As 

displayed in Figure 2.4, reproducible results were obtained in the region 1100 - 2200 nm 

for the RCA; whereas, a large increase in the standard deviation is observed beyond 2200 

nm for the Smart Probe. Thus, the RCA is better than the probe because it can be used up to 

2500 nm and this is important because characteristic bands are often found in this region.
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Figure 2.4 Standard deviation of the NIR absorbance of a Protium tablet over the full 
wavelength range (1100 - 2500 nm) using both the Smart Probe (— ) and the RCA ( ----- ).

The noise was tested by examining the instrumental root mean square (RMS) noise and the 

signal RMS. For the instrumental RMS noise determination, the USP method [39] was 

applied through the Vision software using a polystyrene standard which was built in the 

instrument. The RMS noise data were collected by the instrument through the performance 

test [142]. It was determined taking 11 segments into consideration (Table 2.7) over the full 

wavelength range from 1150 - 2500 nm at 100 nm intervals. Lower noise was observed in 

the RCA case, which is explained by the increased sources of radiation in the Smart Probe 

as it is exposed to external light.

Table 2.7 Root mean square noise of both the Smart Probe and RCA against a polystyrene 
standard.
Scan Scan RMS
Segment Range Probe RCA
Segment 1 1150-1250 0.008 0.007
Segment 2 1250-1350 0.008 0.004
Segment 3 1350-1450 0.009 0.005
Segment 4 1450-1550 0.013 0.007
Segment 5 1550-1650 0.01 0.007
Segment 6 1650-1750 0.011 0.007
Segment 7 1750-1850 0.015 0.009
Segment 8 1850-1950 0.018 0.01
Segment 9 1950-2050 0.019 0.014
Segment 10 2050-2150 0.031 0.016
Segment 11 2150-2250 0.091 0.022

All Segments 1150-2250 0.031 0.011
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The signal RMS noise was determined in a different way taking the spectra of the tablets 

into consideration and the spectra here were measured with reference to the ceramic 

standard. It was determined at the maximum wavelengths o f absorption of each product by 

taking the standard deviation of the absorption of the spectra at these maxima [143]. The 

absorption values were recorded for 12 spectra such that six spectra were taken from each 

side o f the tablets. The determinations were made in three ways with the probe in the light, 

probe in the dark and with the RCA (Table 2.8). The results displayed were product 

specific; but overall the probe in the light yielded the least RMS noise.

Table 2.8 RMS of the signal o f the nine products using the Smart Probe (in both light and

Product Wavelength

(nm)

RMS

Probe light Probe dark RCA

Lipitor 1216 0.0069 0.0184 0.0025

1490 0.0056 0.0188 0.0024

1734 0.0061 0.0183 0.0026

1932 0.0061 0.0193 0.0027

2102 0.0057 0.0193 0.0026

2280 0.0064 0.0152 0.0025

Plavix 1220 0.0005 0.0010 0.0011

1506 0.0012 0.0004 0.0011

1736 0.0006 0.0024 0.0011

1934 0.0003 0.0023 0.0014

2090 0.0013 0.0032 0.0011

2348 0.0007 0.0061 0.0012

Nexium 1218 0.0002 0.0063 0.0110

1482 0.0002 0.0059 0.0105

1734 0.0003 0.0054 0.0109

1926 0.0034 0.0050 0.0108

2102 0.0004 0.0053 0.0105

2280 0.0007 0.0036 0.0105

Singulair 1216 0.0018 0.0005 0.0011

1538 0.0016 0.0006 0.0012

1764 0.0016 0.0004 0.0012

1934 0.0009 0.0009 0.0015

2100 0.0014 0.0004 0.0013

2312 0.0015 0.0004 0.0013

Zyprexa 1212 0.0040 0.0002 0.0013

1496 0.0043 0.0002 0.0013

1730 0.0035 0.0001 0.0014

1934 0.0086 0.0008 0.0019

2096 0.0037 0.0001 0.0014
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2278 0.0016 0.0005 0.0012

Protium 1184 0.0037 0.0067 0.0094

1480 0.0034 0.0057 0.0088

1730 0.0032 0.0049 0.0094

1936 0.0029 0.0040 0.0091

2088 0.0029 0.0032 0.0097

2284 0.0023 0.0011 0.0082

Seroquel 1210 0.0018 0.0002 0.0037

1492 0.0016 0.0002 0.0036

1732 0.0016 0.0002 0.0038

1932 0.0009 0.0008 0.0041

2098 0.0014 0.0003 0.0038

2280 0.0015 0.0005 0.0038

Risperidal 1210 0.0008 0.0001 0.0049

1540 0.0013 0.0001 0.0045

1734 0.0012 0.0001 0.0050

1932 0.0029 0.0004 0.0055

2094 0.0022 0.0002 0.0051

2280 0.0026 0.0004 0.0053

Effexor 1210 0.0000 0.0000 0.0026

1540 0.0000 0.0000 0.0025

1710 0.0000 0.0000 0.0027

1934 0.0002 0.0001 0.0028

2120 0.0001 0.0001 0.0027

2270 0.0003 0.0002 0.0027

Mean 0.0022 0.0035 0.0042

Regarding the optimum presentation method, two optical variations (the RCA and the 

Smart Probe) and 10 different sample presentation methods using the probe were used 

(Table 2.9). The different variations were compared using MDWS method where the 

matches for each product against itself were obtained (Table 2.9). In this method, a training 

set was utilised for each product to calculate the mean product spectrum and inflated 

standard deviation. Thus, the identified spectrum was subtracted from the mean product 

spectrum and divided by the standard deviation spectrum at each wavelength. The sample is 

identified according to the threshold limit which is taken using Vision software as 4. 

Consequently, the best identification method is the one that gives a lower threshold limit o f 

the product against itself.
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Table 2.9 Comparison o f the different configurations o f both the Smart Probe and RCA

Product Average Match Value

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Set 7 Set 8 Set 9 Set 10 Set 11

Lipitor 1.420 1.959 2.057 2.026 2.033 2.017 1.783 1.958 2.094 2.052 2.018

Plavix 1.801 1.791 2.066 2.064 1.961 2.077 2.066 2.059 2.074 2.022 2.054

Nexium 1.712 1.928 1.977 1.998 1.927 1.882 1.891 1.852 1.990 2.001 1.951

Singulair 1.609 1.957 2.003 2.032 1.986 2.031 1.962 2.003 2.089 2.076 2.072

Zyprexa 1.709 2.030 1.923 1.990 1.889 1.992 1.816 1.921 2.091 2.060 1.964

Protium 1.616 2.000 2.043 1.988 2.086 1.990 1.984 2.041 2.008 2.015 1.958

Seroquel 1.589 2.011 1.906 2.063 1.985 2.115 2.048 2.066 2.154 2.113 2.005

Risperidal 1.661 2.022 2.058 2.026 2.020 2.132 2.089 1.972 2.150 2.019 1.979

Effexor 1.700 2.059 2.108 2.103 2.058 2.038 1.887 2.051 2.046 2.063 1.956

Mean 1.646 1.973 2.016 2.032 1.994 2.030 1.947 1.991 2.077 2.047 1.995

t-test* 4.829 1.521 1.240 2.046 1.664 2.878 1.730 3.126 2.212 3.093

* A paired t-test is made reference to Set, the theoretical t-value is 2.12 at 95 % confidence interval
Set 1 Probe up, in light and touching the sample
Set 2 Probe up in dark (through a cup), and touching the sample
Set 3 Probe down in light, and touching the sample
Set 4 Probe down in dark (aluminum foil), and touching the sample
Set 5 Probe up in light, with a slight spacing (0.1 cm)
Set 6 Probe up in light, with a slight spacing (0.15cm)
Set 7 Probe up in light, with a slight spacing (0.3cm)
Set 8 Probe up in light, with a slight spacing (0.6cm)
Set 9 Probe up in dark (in a film box) and touching the sample 
Set 10 Probe down in dark (in a film box) and touching the sample 
Set 11 RCA

In this respect, Set 1 with the probe up, in light and touching the sample has the lowest 

match values for all the nine products and the highest relative standard deviation between 

these products, which explains its ability to identify the chosen product and discriminate it 

from all the other products. Student’s t-test was carried out for all the other sets to see 

which sets were the closest set and least variable from Set 1. The lowest values were 

observed for Set 4 (Probe down in dark (aluminum foil), and touching the sample). Sets 2,

7, 9 and 10 did not pass the Student’s t-test possessing values higher than the theroretical 

ones at 95% confidence intervals.

For the presentation method repeatability, both the Smart Probe and RCA were tested by 

repeating the optimum sets with both the Smart Probe and the RCA (i.e. Sets 1 and 11) and 

variations between the products were observed ( Tables 2.10 and 2.11) over different time 

intervals (two days between each repetition). As displayed in Tables 2.10 and 2.11, poor
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precision was observed for the probe where high t-values were displayed. This was not 

observed in the RCA case. Thus, the RCA gave the more reproducible results.

Table 2.10 Precision of the Smart Probe for the determination of the nine selected products.
Product Average Match Values

Probe 1 Probe 2 Probe 3 Probe 4 Probe 5 Probe 6

Lipitor 1.420 1.831 1.718 1.842 1.862 1.816

Plavix 1.801 1.984 2.066 1.862 1.902 1.873

Nexium 1.712 1.976 1.850 1.952 1.981 1.930

Singulair 1.609 1.951 2.046 1.978 1.902 2.028

Zyprexa 1.709 1.928 1.928 1.893 1.945 1.928

Protium 1.616 1.680 1.828 1.778 1.746 1.962

Seroquel 1.589 1.679 1.867 1.968 1.941 1.855

Risperidal 1.661 1.967 1.920 2.069 2.015 2.017

Effexor 1.700 2.067 1.963 2.005 2.045 2.047

Mean 1.646 1.896 1.910 1.928 1.927 1.939

t-test * 4.655 6.333 4.913 5.369 5.546

• t-test is made reference to Probel, the theoretical t-value is 2.12 at 95 % confidence interval

Table 2.11 Precision of the RCA for the determination of the nine selected products
Product Average Match Values

RCA1 RCA2 RCA3 RCA4 RCA5 RCA6

Lipitor 2.296 2.328 2.129 2.049 2.042 2.907

Plavix 3.199 1.948 2.461 2.874 2.089 2.246

Nexium 2.589 2.876 2.343 2.774 2.286 2.141

Singulair 2.133 2.803 2.357 3.482 2.008 2.553

Zyprexa 2.395 3.143 2.852 2.139 2.144 3.766

Protium 2.190 2.247 2.186 2.304 2.225 2.218

Seroquel 2.148 2.341 2.500 2.526 2.323 2.890

Risperidal 2.594 2.078 2.779 2.048 2.447 2.215

Effexor 2.116 2.400 2.417 2.279 2.061 2.219

Mean 2.407 2.463 2.447 2.497 2.181 2.573

t-test * 1.747 1.766 3.068 1.644 - 1.875

* t-test is made reference to RCA5, the theoretical t-value is 2.12 at 95 % confidence interval

2.3.2. Data Pre-treatment
For data pre-treatment, the Vision software was utilised where the zero order, first order 

and second order spectra (with and without SNV) for the given products were obtained 

(Figure 2.5). The consistency o f the SD values (at the selected maxima wavelengths o f the
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zero order spectra) was compared for the 12 replicates of each product for all the spectra 

obtained. In this case, the worst spread was observed for the SNV treated spectra as the SD 

values increase markedly beyond 1900 nm. On the other hand, better SD spread was 

observed for the zero order, first order and second order spectra. The SNV-D2 spectra had a 

consistent spread before 2000 nm. However, SNV-D2 was used as SNV corrects the 

interference due to light scatter and particle size variation of the samples (1.3.3) and the 

second derivative increases the number of peaks so allows differentiation of overlapping 

spectra.
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Figure 2.5 Standard deviation of the absorbance different pre-treatment methods for the 
average of twelve spectra of one tablet of Protium against their corresponding wavelengths:
zero order ( -----), SNV (— ), first order ( ----), second order ( ), SNV-Dl (-----) and
SNV-D2 (—  ) measured by the RCA.

2.3.3. Data Treatment

A number of treatment methods for identifying the given products were applied to Probe 1

data: with the Smart Probe up in light and touching the sample. These methods include

MDWS, MDCPS, SIMCA, CWS and PCA. The method to be selected is the one which

gives the best identification of the right product; shown by the lowest match value and the

best discrimination from the wrong product. In this respect, the best identification methods

were CWS and PCA. Table 2.12 shows the match values for the utilised products using

CWS measured on the RCA. The lowest correlation for the product against itself was

0.9998 and the highest for the product against any other product was 0.964 for Lipitor and

Zyprexa. This is due to the fact that the these two products have low doses of API and have

in common a high level of microcrystalline cellulose as well as lactose as excipients. So for
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identification, a value in between these two values such as 0.97 could be adopted among 

this set to avoid any mismatch. However, this threshold was not used for identification of 

other sets of pharmaceutical products. Instead an r value of 0.95 was adopted which was 

more tolerant towards minor change in excipients.

Table 2.12 Average correlation values of the nine different products measured on the RCA

Match Lipitor Plavix Nexium Singulair Zyprexa Protium Seroquel Risperidal Effexor

Product
Mean Mean Mean Mean Mean Mean Mean Mean Mean

Lipitor 1.0000 0.7677 0.8949 0.9473 0.9640 0.7302 0.8886 0.9483 0.7379

Plavix 1.0000 0.6997 0.7206 0.7157 0.5677 0.6881 0.6930 0.6100

Nexium 0.9999 0.8194 0.8655 0.8308 0.7649 0.8217 0.5934

Singulair 0.9998 0.9610 0.6910 0.8865 0.9298 0.7423

Zyprexa 1.0000 0.7500 0.8765 0.9608 0.6897

Protium 0.9999 0.7224 0.6930 0.5050

Seroquel 0.9999 0.8489 0.7691

Risperidal 0.9999 0.6893

Effexor 1.0000

Mean: mean of 12 spectra of each product.

On the other hand, a clearer identification of each product against itself was observed using 

PCA (Figure 2.6).
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Figure 2.6 PCA score plot of the SNV-D2 NIR spectra of the nine selected products 
measured by the RCA.

2.3.4. Replication of spectra
The number of replicates required for the optimum operating set of tablets was monitored 

by plotting the 95% frequency circles for the bi-variate distribution used in PCA plot [144] 

(Figure 2.4). The ellipses get tighter as the number of spectra is increased representing 

more accuracy. However, after 20 spectra the increase in accuracy is minimal which makes 

it the optimum number in terms of the balance between accuracy and time of analysis. If 

the batch contains an enough amount of tablets, 20 spectra were taken from 10 tablets each 

measured on both sides.
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Figure 2.7 Diagrammatic representation of the 95% frequency circles for the bi-variate 
normal distribution used in PCA plots [144].

Thus, the optimum conditions are: To use the RCA taking 20 spectra from each product. 

The SNV-D2 spectra have to be taken from both sides of tablets. The best treatment 

methods to be made on these spectra were CWS and PCA methods.

2.4. Standard O perating Procedure (SO P)

Using the results from the optimisation experiments, an SOP was created as follows:

1. Obtain a batch of the product under test from a reliable source to act as the authentic 

reference product for comparison purposes.

2. Measure 10 tablets using the RCA from the test batch measuring each tablet once on 

each side and take the mean SNV, second derivative spectrum. Do the same for 10 tablets
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from the authentic batch. If  less than 20 tablets are available, 20 spectra have to be taken 

from the available number o f tablets.

3. I f  the product is in capsules, empty the content o f 10 capsules in a glass vial and take 20 

spectra from the vial. Do the same as for the tablets above.

4. Compare the two spectra by CWS and report as a pass if the value is > 0.95 and confirm 

by PCA.

5. If  the value is < 0.95, examine the spectrum for obvious reasons for a failure. If  the 

tablet was not blister packaged, remove the water regions from the mean spectra (1476 - 

1516 nm and 1918 - 2089 nm) and re-compare. I f  the test product still fails, use PCA if a 

sufficient number of batches o f the authentic product are available.

6. I f  the test product still fails, report it as non-authenticated.

7. Report the results as failed or passed with the CWS value and copies o f the spectra of 

the authentic and test products.

2.5. SO P V alidation

The SOP was validated using samples obtained from the KFDA. The samples included; 

sildenafil citrate tablets (Viagra), tadalafil (Cialis) and vardenafil (Levitra).

The validation confirmed the importance o f the use o f both the CWS and PCA methods 

together. The r value range among the authentic Viagra against themselves was from 0.999 

-1  ; whereas this range was wider than comparing the counterfeit against the authentic 

samples. The rvalue in the comparison o f counterfeits ranged from 0.575 - 0.977. This 

showed a drawback for the CWS method because one o f the counterfeit tablets was 

classified as authentic. Figure 2.8 shows the spectra o f a counterfeit tablet that was 

identified (Figure 2.8a) and another counterfeit tablet that was misidentified (Figure 2.8b).
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Figure 2.8 SNV-D2 NIR spectra of Viagra 100 mg tablets (a) authentic ( ----- ) and a
counterfeit which failed (------ ) with an r of 0.575 and (b) authentic ( ------) and a counterfeit
which was misidentified (-------) with an r o f 0.977.
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Figure 2.9 Correlation map of the SNV-D2 NIR spectra of Viagra lOOmg authentic (1 - 27) 
and counterfeit (28 - 57) products.

These mismatches are clear in the correlation map (Figure 2.9a and b) of the counterfeit 

products (28 - 57) against the authentic products (1 - 27). The colour bar along the map 

shows the approximate correlation value. So for 0 correlation the colour is dark blue, 

whereas it is dark red for 1. Figure 2.9a shows the map with only two colours: red for all 

the values above 0.95 and blue for all the values below 0.95. Figure 2.9b, shows a more 

detailed map with a wider range of colours for the r values in the range 0.6 - 0.999. In an 

ideal case, dark red should be observed for products 1 - 27 against themselves and a dark 

blue colour for products 28 - 57 against products 1 - 27 should be observed. However, this 

cannot be achieved as the products are not composed of one component only. So they might
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have a common API in same or different amounts or common excipient(s). Thus, a target of 

less than 0.95 was set. However, this was not achieved and the CWS value was more than 

0.95 as some of the counterfeit tablets may have contained the same API or common 

excipients. From the Figure 2.9a, it is clear that three counterfeit products had a value 

higher than 0.95. Figure 2.9b shows that most of the counterfeit tablets had an r value in the 

range 0.8 - 0.94. Four remaining tablets had an r value between 0.6 and 0.8. The 

misidentification problem of the three counterfeit tablets was solved by additionally using 

PCA which clearly classified the authentic from the counterfeit tablets (Figure 2.10). Both 

the 95% and 99% equal frequency ellipses could differentiate authentic from fake Viagra 

tablets. However, the identification has to be started with the CWS method prior to PCA 

analysis. This is because CWS needs less number of batches. One authentic batch is enough 

to authenticate a test batch by CWS method, whereas a considerable number of authentic 

batches is required to do a PCA analysis.
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Figure 2.10 PCA score plots of the SNV-D2 NIR spectra of Viagra tablets 100 mg 
authentic ) and counterfeit (o) with the 95% and 99% equal frequency ellipses drawn 
around the authentic tablets.

This was not the case for the Cialis tablets as both CWS and PCA gave the same results. 

Regarding the CWS method, the r value among authentic Cialis tablets had a minimum of
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0.994 which is lower than the one obtained for Viagra tablets. On the other hand, there was 

no misidentification among the counterfeit against the authentic tablets as the r values 

ranged 0.639 - 0.873. Figure 2.11 shows a clear difference in the spectra of typical 

authentic and counterfeit Cialis tablets.
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Figure 2.11 SNV-D2 NIR spectra of Cialis tablets: authentic tablet f— ) and counterfeit 
tablet (— ) with an r of 0.639.
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Figure 2.12 Correlation map of the SNV-D2 NIR spectra of Cialis tablets authentic (1 - 16) 
and counterfeit (17 - 44) products.
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The correlation map confirms the discrimination between the authentic and counterfeit 

Cialis tablets (Figure 2.12a and Figure 2.12b). The authentic tablets were tablets 1 - 16  and 

the counterfeits 17-44. From Figure 2.12a, it is clear that the all the counterfeits had r 

values of less than 0.95 against the authentic samples. A more detailed result is shown in 

Figure 2.12b as counterfeit medicines had r values less than 0.87 against the authentic 

samples. Unlike the Viagra tablets, no misidentification has occurred in this case.

The PCA scores plot shows the clear discrimination between the authentic and counterfeit 

Cialis tablets. All the counterfeit tablets were outside the 95% and 99% equal frequency 

ellipses of the authentic tablets (Figure 2.13). The difference in this case from the Viagra 

tablets was that the counterfeit tablets were clustered in several regions in the score plot.
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Figure 2.13 PCA scores plot of the SNV-D2 NIR spectra of Cialis tablets authentic ("A") and 
counterfeit (o) products with the 95% and 99% equal frequency ellipses drawn around the 
authentic tablets.
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Figure 2.14 Correlation map of the SNV-D2 NIR spectra of Levitra tablets: authentic (1 - 
12) and counterfeit (13 -36 ) products.
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Figure 2.15 SNV-D2 NIR spectra of Levitra tablets authentic (— ) and counterfeit (— ).

For the Levitra tablets, the r value was lower for the authentic against themselves (r = 

0.991); however, it was still less than 0.95 for the counterfeit against the authentic products. 

The maximum r value of a counterfeit against the authentic was 0.902 (Figure 2.14). The 

two Levitra products differed in the water peaks and peaks beyond 2200 nm (Figure 2.15). 

The PCA confirmed this classification where the scores plot shows the counterfeit and 

authentic in two separate planes (Figure 2.16).
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Figure 2.16 PCA scores plot of the SNV-D2 NIR spectra of authentic ) and counterfeit 
(o) Levitra tablets with the 95% and 99% equal frequency ellipses plotted around the 
authentic tablets.

2.6. Application to test samples

2.6.1. Wholesaler Samples

The first application of the SOP was to test the authenticity of pharmaceutical products for 

an international wholesaler. The wholesaler supplied the products from different parts of 

the World market. For each test product, an authentic product from the same manufacturer 

was obtained to act as a reference for comparison. A total of 104 products purchased 

worldwide were analysed for the wholesaler (Table 2.13). The samples were received over 

a period of two years. For each sample class, the test spectra were compared with the 

spectra of an authentic UK or other corresponding genuine sample. For the report to the 

wholesaler, a data sheet was supplied along with the SNV-D2 NIR spectra for each set of 

samples and the minimum, maximum and mean correlation coefficient (r) values of the test 

against the authentic product were listed. Table 2.13 shows the detailed results for these 

products. Out of the 104 products, eight failed and had an r value of less than 0.95.
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However, there were not enough batches to do a PCA in any o f those cases. The batches 

were reported as failed and the wholesaler either did not buy the batch or commissioned 

further analysis. These batches that failed were inspected and only one o f them: 

Rosiglitazone 4 mg (Figure 2.17) was found to be not blister packed. Non-blister packed 

tablets can absorb water and this affects their NIR spectra because water has a strong 

absorption. So removal of the water regions and re-comparison o f the spectra is required in 

that case.

Of the products that passed, four were not blister packed: Clopivas 75 mg (Figure 2.18), 

Dosan 4 mg, Indivan 400 mg and Stocrin 200 mg. So the effect of moisture was studied by 

removing the water regions from the spectra of these four products and the product that 

failed and was not blister packed (Rosiglitazone 4 mg) [86, 145, 146] (Table 2.14). Two 

regions were excluded either both together or one at a time. The first region was 1476 - 

1516 nm and the second was 1918 - 2089 nm. When removing one region at a time, the r 

value was not affected for all the products. However, when removing both regions, there 

was a slight increase in the r value for the authentic products and a slight decrease in the r 

value for Rosiglitazone 4 mg. Rosiglitazone test product spectrum showed differences from 

the authentic product spectrum in the water region and beyond 2200 nm. This showed the 

advantage o f using the RCA as this region (beyond 2200 nm) cannot be used with the 

Smart Probe.
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Figure 2.17 SNV-D2 NIR spectra of Rosiglitazone 4 mg standard B.No. G65909 (----- ) and
Rosiglitazone 4 mg sample (-----) which failed (r = 0.9187).

Table 2.13 Results of the products analysed for the wholesaler.
Test Product Batch

Number’

r

Mean Minimum Maximum

Authentic

Batch

Number^

Result Package

Actonel 35 mg 407444 0.9986 0.9943 0.9990 410433 pass B

Actonel 35 mg 405728 0.9982 0.9927 0.9995 410433 pass B

Co-Diovan 160/12.5 mg K0058 0.9946 0.9916 0.9949 S0793 pass B

Co-Diovan 160/12.5 mg K0070 0.9919 0.9856 0.9934 S0793 pass B

Co-Diovan 160/12.5 mg K0067 0.9997 0.9901 0.9933 S0793 pass B

Co-Diovan 160/25 mg K0019 0.9954 0.9924 0.9962 S0030 pass B

Hyzaar 50/12.5 mg 6031285 0.9994 0.9974 0.9995 265960 pass B

Hyzaar 50/12.5 mg 6031283 0.9996 0.9968 0.9996 265960 pass B

Lipitor 10 mg 0106109 0.9949 0.9919 0.9976 0144106U pass B

Lipitor 20 mg 0106203 0.9984 0.9902 0.9980 0284106U pass B

Plavix 75 mg 627871 0.9913 0.9817 0.9910 BK385 pass B

Plavix 75 mg 1753 0.7123 0.6718 0.7364 BK385 Fail B

Plavix 75 mg 1918 0.997 0.9829 0.9971 BK385 pass B

Viagra 100 mg 0100506 0.9987 0.9979 0.9988 6098203 pass B

Actonel 35 mg 406650 0.9978 0.9953 0.9984 410433 pass B

Co-Diovan 160/12.5 mg K0050 0.9927 0.9902 0.9943 S0793 pass B
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Co-Diovan 160/25 mg K0020 0.9967 0.9936 0.9969 S0030 pass B

Hyzaar 50/12.5 mg 8041858 0.9969 0.9874 0.9981 265960 pass B

Plavix 75 mg 1811 0.9924 0.9858 0.9931 BK385 pass B

Lipitor 10 mg 106105 0.9978 0.9917 0.9991 0144106U pass B

Lipitor 20 mg 106205 0.9983 0.9902 0.9992 0284106U pass B

Femara 2.5 mg S0136 0.9982 0.9931 0.9987 U0013 pass B

Actonel 5 mg 390869 0.9974 0.9873 0.9997 407418 pass B

Cialis 20 mg A150494 0.9996 0.9995 0.9996 A289376 pass B

Co-Diovan 80/12.5 mg K0009 0.9931 0.9805 0.9942 w ool 7 pass B

Evista 60 mg A190008 0.9968 0.9906 0.9973 A257560 pass B

Ezetrol 10 mg 260954 0.9927 0.9858 0.9951 272208 pass B

Hyzaar Fort 100/25 mg 6062858 0.9972 0.9948 0.9977 NF36620 pass B

Lescol XL 80 mg B5128A 0.9996 0.9966 0.9996 B5110 pass B

Lescol XL 80 mg B5130 0.9993 0.9993 0.9993 B5110 pass B

Levitra 10 mg BXBU8U1 0.9977 0.9925 0.9994 BXC3111 pass B

Nexium 40 mg GM84S1 0.9989 0.9893 0.9984 EF084 pass B

Propecia 1 mg 261102 0.9923 0.9906 0.9939 264807 pass B

Propecia 1 mg 261639 0.9949 0.9917 0.9956 264807 pass B

Propecia 1 mg 261102 0.9935 0.9867 0.9950 264807 pass B

Proscar 5 mg 261079 0.9973 0.9949 0.9982 271970 pass B

Singulair 10 mg ND 19920 0.9985 0.9943 0.9995 272087 pass B

Viagra 100 mg 80406 0.9982 0.9973 0.9985 6098203U pass B

Dosan 4 mg H06228 0.9983 0.9975 0.9984 K02271 pass MB

Duride 60 mg E l2260 0.9982 0.9953 0.9982 K02221 pass B

Prinvil 5 mg J0078 0.9995 0.9991 0.9998 H0699 pass B

Atorlip 40 mg D70538 0.9534 0.8864 0.9938 D70789 pass B

Atorlip 10 mg G65434 0.9471 0.9309 0.9604 D70971 pass B

Atorlip 20 mg G65458 0.9711 0.9625 0.9757 D70859 pass B

Clopivas 75 mg X60659 0.9865 0.9660 0.9861 D70733 pass MB

Cobix 200 mg DJ7011 0.9815 0.9814 0.9815 KG 125 pass B

Ezetimibe 10 mg G76251 0.9709 0.9698 0.9724 R7216002 pass B

Ezetrol 10 mg 260954 0.9927 0.9858 0.9951 272208 pass B

Flncar 5 mg X65233 0.9701 0.9539 0.9798 E60211 pass B

Metolar XR 25 mg D61909 0.9992 0.9987 0.9989 70831 pass B

Metolar XR 50 mg D62110 0.9922 0.9920 0.9922 D71081 pass B

Montair 10 mg G74059 0.9852 0.9650 0.9911 D70654 pass B

Pantosec 40 mg KT7033 0.6472 0.5908 0.6891 MG 1872 fail B

P-Glitz 30 mg G65284 0.7832 0.7810 0.7853 A61018 fail B

Rabicip 20 mg G66951 0.9901 0.9874 0.9913 70789 pass B

Razel 20 mg BD6996002 0.9671 0.9538 0.9764 6996001 pass B

Rosiglitazone 4 mg G69509 0.9187 0.9102 0.9102 G2596005 fail MB

S-Citadep 10 mg Y63297 0.6517 0.6427 0.6579 AD70421 fail B

S-Citadep 20 mg Y63298 0.6458 0.6243 0.6660 AD70293 fail B

Zaart 50 mg DG6384 0.9710 0.9663 0.9749 D70687 pass B

Alfusin 10 mg D62228 0.9990 0.9980 0.9993 D61893 Pass B

Simcard EZ 10/10 mg 62093 0.9911 0.9839 0.9959 G66107 Pass B

Risofos 35 mg X70242 0.9993 0.9983 0.9993 X70242 Pass B
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Valcivir 500 mg G74497 0.9999 0.9975 0.9995 G74497 Pass B

Femara 2.5 mg SOI 89 0.9997 0.9906 0.9996 U0013 Pass B

D-Loratin 5 mg DH5590 0.9958 0.9928 0.9965 DH7052 Pass B

Indivan 400 mg DH62315 0.9995 0.9994 0.9995 D62315 Pass NB

Lamivir 100 mg G74331 0.9990 0.9978 0.9991 G744669 Pass B

Olmezest 10 mg AD70900 0.9997 0.9945 0.9999 AD70900 Pass B

Olmezest 20 mg AD70454 0.9932 0.9876 0.9942 AD70862 Pass B

Distinon 60 mg T2707 0.9554 0.9315 0.9748 T2707 Pass B

Penegra 25 m g ZG1010 0.9975 0.9920 0.9978 ZG1010 Pass B

Rizact 10 mg K61170 0.9999 0.9989 0.9998 K70573 Pass B

Tadacip 20 mg DP6531 0.9998 0.9985 0.9998 DP6531 Pass B

Revocon 25 m g AD70455 0.9996 0.9991 0.9996 AD70455 Pass B

S-Citadep 5 mg D70688 0.9887 0.9836 0.9916 Y51530 Pass B

Terol LA 2 mg D70712 0.9997 0.9995 0.9997 D70712 Pass B

Terol LA 4 mg D70947 0.9997 0.9996 0.9997 D70947 Pass B

R-Cin 300 mg EA70004 0.9966 0.9963 0.9967 EA70003 Pass B

Aurogra 100 mg SD116 0.9891 0.9801 0.9917 SD113 Pass B

Auvitra 20 mg VA05 0.9980 0.9927 0.9983 VA05 Pass B

Oliza 2.5 mg DH0716 0.9979 0.9869 0.9985 DH0717 Pass B

Oliza 5 mg DH0354 0.9975 0.9946 0.9984 DH0718 Pass B

Oliza 7.5 mg DH0213 0.9948 0.9896 0.9955 DH0355 Pass B

Oliza 10 mg DG0725 0.9921 0.9890 0.9939 DH0721 Pass B

Duzela 60 mg GK70321 0.9983 0.9981 0.9982 GK70321 Pass B

Eurepa 2 mg 08247001 0.9954 0.9825 0.9976 C8247001 Pass B

Idrofos 150 mg SK70376 0.9984 0.9961 0.9997 SK70376 Pass B

Ralista 60 mg G74011 0.9936 0.9782 0.9995 G74442 Pass B

Rizact 10 mg K61170 0.9994 0.9987 0.9989 K70686 Pass B

Ropark 0.25 mg AD70033 0.9971 0.9798 0.9992 AD70033 Pass B

Arip MT 10 mg 01436006 0.9606 0.9583 0.9611 C l437001 Pass B

Arip MT 15 mg 01446007 0.9012 0.8979 0.9036 01447001 Fail B

Rivadem 3 mg 04306001 0.9996 0.9994 0.9995 04306001 Pass B

Ropark 0.5 mg AD70578 0.9991 0.9917 0.9989 AD70892 Pass B

Stocrin 200 mg NF038930 0.9961 0.9960 0.9962 NF13310 Pass NB

Arip MT 30 mg 06496002 0.9997 0.9996 0.9998 06496002 Pass B

Diovan 80 mg K0004 0.9749 0.9686 0.9779 WO 005 Pass B

Diovan 160 mg K0014 0.9892 0.9866 0.9895 W0008 Pass B

Mofilet 500 mg LAA07002 0.9444 0.9276 0.9550 01A06016 Pass B

Repace 25 mg AD70376 0.9974 0.9937 0.9982 AD71027 Pass B

Rivadem 1.5 mg 04296003 0.9983 0.9982 0.9984 04927002 Pass B

Ropark 2 mg AD70579 0.9974 0.9677 0.9957 AD70579 Pass B

Ropark 1 m g AD70035A 0.9964 0.9905 0.9983 AD70967 Pass B

Losatan 50 mg 7BD115 0.8288 0.8132 0.9999 282081 Fail B

Losatan-H 50/12.5 mg 7BD083 0.7995 0.7803 0.9999 281141 Fail B

1: Batch number of the test product, 2: correlation cofficient of the SNV-D2 spectra between the standard and the test, 3: 
Batch number of the authentic product, B: The product is in blister packaging, NB: The product is not in blister packaging.
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Figure 2.18 SNV-D2 NIR spectra of Clopivas 75mg (— ) authentic tablets batch number
D70733 obtained from India and Clopivas 75 mg ( ---- ) test sample batch number X60659
obtained from India and found to be authentic (r = 0.987).

Table 2.14 Effect of water region on the r value.__________________
Correlation coefficient of the products each against its reference batch

Product Region 1 Region 2 Region 3 Region 4

Clopivas 75 mg 0.9865 0.9871 0.9879 0.9886

Dosan 4 mg 0.9983 0.9984 0.9984 0.9986

Indivan 400 mg 0.9995 0.9995 0.9994 0.9994

Rosiglltazone 4 mg 0.9187 0.9178 0.8994 0.8979

Stocrin 200 mg 0.9961 0.9961 0.9961 0.9961

Region 1: Full wavelength Region, Region 2: excluding 1476 to 1516 nm,
Region 3: excluding 1918 to 2089 nm. Region 4: excluding both Regions 2 and 3.

The products that failed the identification and were not blister packed had a marked 

difference in their SNV-D2 spectra. Figure 2.19 shows the example of test batches Plavix 

75 mg tablet that failed (batch number 1753) and another one that passed (batch number 

1918) against the reference batch (batch number BK385). For batch number 1918, the site 

of purchase did not make a difference against the reference batch. NIRS with PCA have 

previously classified pharmaceutical products according to manufacturing sites by 

detecting the difference in moisture and excipient based differences [147]. This gives a 

choice of using CWS to test authenticity of the pharmaceutical product and PCA to site the
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manufacturing place of the pharmaceutical product. However, batch number 1753 showed a 

large difference in r value down to 0.712 which indicates it is a counterfeit.
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Figure 2.19 SNV-D2 NIR absorption spectra of Plavix 75mg tablets: authentic batch
number BK385 (— ) obtained from UK, Plavix 75mg batch number 1753 ( ---- ) obtained
from France and was found counterfeit (r = 0.712) and Plavix 75mg batch number 1918 
(—  ) obtained from France and was found to be authentic (r = 0.997).

Regarding the number of tablets to be used from a batch, one example clearly showed the 

importance of the use of 10 tablets. A tori ip 40 mg batch number D70538 had one tablet that 

failed against the reference batch number D70789 giving an r value of 0.886. However, the 

average of 10 tablets did pass against the reference batch giving an r o f 0.953 (Figure 2.20).

73



0.25

0.2 -

0.15

0.05

Q
Éen

-0.05

-0.1

-0.15

-0.2

-0.25
1200 1400 1600 20001800 2200 2400

Wavelength (nm)

Figure 2.20 SNV-D2 NIR spectra of Atorlip 40 mg batch number D70789 ( — ) authentic 
obtained from India, Atorlip 40 mg batch number D70538 (— ) one test tablet that failed (r 
= 0.886) and Atorlip 40 mg batch number D70538 batch of 10 tablets (—  ) obtained from 
India that passed (r = 0.953).

Two of the wholesaler samples were supplied in liquid form: Cosopt Eye Drops and 

Beconase Nasal Spray and it was not possible to directly measure them by NIRS. So UV 

spectrometry was used instead after diluting the samples 1:1000 with ethanol. The UV 

spectra of the samples were compared to that of the authentic samples (Figures 2.21 and 

2.22). For the Cosopt Eye Drops, the spectra were identical with an r value of 0.999. 

However, a different offset was observed for the Beconase sample from the reference 

though the r value was 0.995. This might be due to the physical properties between both 

compared products.

Other liquid samples such as Synvisc which contains hyaluronan could not be measured 

either by NIRS or spectrophotometry as they have no NIR signal or significant UV 

absorption and it is difficult to obtain a UV spectrum from the suspension. Such products 

were not analysed and the wholesaler had to run them by other techniques.
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Figure 2.21 UV absorbance spectra of Cosopt Eye Drops; authentic sample (-----) batch
number 0809070 and Cosopt Eye Drops test sample (-------) batch number H2082 which
was found to be authentic (r = 0.999).
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Figure 2.22 UV absorbance spectra of Beconase Nasal Spray: authentic sample (----- )
batch number 4927 and Beconase nasal spray test sample ( -----) batch number E060198
which was found to be authentic (r = 0.995).

2.6.2. Tanzanian FDA samples
The TFDA samples were obtained from various areas of the Tanzanian local market. The 

aim was to investigate the authenticity of these samples.

The application of the SOP was not possible with the TFDA samples. As these samples 

were all generic products, each had different excipients from the other. This made a
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variation in the r values o f the products o f the same API when using CWS method. In this 

case, the minimum r value obtained was for two quinine containing products and was 0.122 

and the maximum was as high as 0.999 and was encountered with artesunate containing 

products nad nevirapine containing products. So the comparison of the product to a 

reference authentic product as made in the wholesaler case could not be applied in this case. 

Another approach of the CWS method was to take these products and compare their r value 

against the API, the UK standard and the supplied GPHF standard (Table 2.15). However, 

this did not work either for the reason in the first paragraph and because they contained 

variable percentages of APIs. Neither the UK nor the GPHF references had the same list of 

excipients as the generic products. Another drawback is that the NIR signal is not due to the 

API only. In addition, it is difficult in some cases to get hold o f the API.

Table 2.15 Correlation coeffcients o f the different batches of the supplied products against

Product Manufacturer Batch Correlation Coefficient Against

Number A P r UK Std-" Supplied Std'^

Ciprofloxacin 500 mg Ciprofloxacin

Powder

1298025 1.0000 0.2655 NA

Ciprofloxacin 500 mg Bayer BXC4H91 0.2668 0.9954 NA

Ciprofloxacin 500 mg Reddy's B61325 0.2225 0.9652 NA

Ciprofloxacin 500 mg Scanavita

Germany

OH0010 0.2519 0.9034 NA

Ciprofloxacin 500 mg Intas F4453 0.2587 0.9717 NA

Ciprofloxacin 500 mg Interchem CPT6004 0.2526 0.9064 NA

Ciprofloxacin 500 mg Interchem CPT6007 0.2483 0.9025 NA

Ciprofloxacin 500 mg Lincoln 5A09 0.2361 0.9576 NA

Ciprofloxacin 500 mg Lincoln 5A06 0.2294 0.9693 NA

Ciprofloxacin 500 mg Medopharm 23207 0.2883 0.9586 NA

Ciprofloxacin 500 mg Shelys BN072 0.2485 0.9669 NA

Ciprofloxacin 500 mg Sim rone SP1L189 0.2521 0.9423 NA

Erythromycin 250 mg Standard

Powder

4F49227 0.9999 0.5514 0.5545

Erythromycin 250 mg Abott 35141VA 0.5519 0.9991 0.9076

Erythromycin 250 mg TFDA Reference 0.5547 0.9067 0.9998

Erythromycin 250 mg Alembic Ltd. 108314X 0.5020 0.9091 0.8797

Erythromycin 250 mg Shelys 121 0.5573 0.8986 0.8935

Erythromycin 250 mg Shelys 140 0.4972 0.8265 0.7482

Erythromycin 250 mg Indoco Remedies 1N206 0.4818 0.8569 0.8350

Ltd.
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Erythromycin 250 mg 

Erythromycin 250 mg 

Erythromycin 250 mg 

Erythromycin 250 mg 

Erythromycin 250 mg 

Erythromycin 250 mg

Lamivudine 150 mg

Lamivudine 150 mg 

Lamivudine 150 mg 

Lamivudine 150 mg

Lamivudine 150 mg/ 

Zidovudine 300 mg 

Lamivudine 150 mg/ 

Zidovudine 300 mg

Lamivudine 150 mg/ 

Zidovudine 300 mg

Nevirapine 200 mg 

Nevirapine 200 mg 

Nevirapine 200 mg 

Nevirapine 200 mg 

Nevirapine 200 mg

Quinine 300 mg

Quinine

Quinine

Quinine

Quinine

Quinine

Quinine

Quinine

Quinine

300 mg

300 mg 

300 mg 

300 mg 

300 mg 

300 mg 

300 mg 

300 mg

Quinine 300 mg 

Quinine 300 mg 

Quinine 300 mg

Abott

Pharmachem Ltd. 

Pharmachem Ltd. 

Pharmachem Ltd. 

Pharmachem Ltd. 

TPl

GSK*

TFDA

?
?

GSK*

Aspen Lamzid 

Applicant 

Pharmacare Ltd. 

GSK

TFDA

?
Cipla Ltd. 

?
?

Alpharma*

TFDA

Shelys

Remedica-Cyprus

Shelys

Shelys

Shelys

Elys Chemical Ind. 

Ltd.

Shelys

Lincoln

Interchem

46840VA 0.7645 0.6719 0.6517

ET5817 0.5255 0.9322 0.9271

ET5C27 0.5706 0.9434 0.9700

SA4090 0.5871 0.9371 0.9673

Sample 1 0.5607 0.9259 0.9344

TC1126 0.5915 0.9360 0.9663

B134074 NA 0.9980 0.9937

Reference NA 0.9946 0.9972

PD132 NA 0.9304 0.9327

SJ03 NA 0.8845 0.9141

R246214 0.9989 NA

E l70967 0.8035 NA

R216272 0.9912 NA

Reference NA NA 0.9997

7200937 NA NA 0.8435

G54075 NA NA 0.9369

ML536 NA NA 0.9271

Sample 3 NA NA 0.9329

Standard 1.0000 <0.1 <0.1

powder

QD713 <0.1 0.9999 0.2171

Reference

227

27681

303

329

520

5E160

6007

ET6412

QNT6003

< 0.1

0 . 11 12

0.1497

<0.1
0.2330

0.1558

<0.1

0.1676

< 0.1

<0.1

0.2171

0.1607

0.2037

0.1536

0.1363

0.1857

0.9730

0.1823

0.9824

0.1923

0.9999

0.9786

0.8556

0.9832

0.2719

0.9181

0.2260

0.8840

0.2283

0.9088

1 active ingredient in powder form, 2 reference products purchased from the UK market,
3 reference products supplied from the GPHF, * UK standard used,
NA not available, Std standard, extra samples of erythromycin, lamivudine, nevirapine and quinine labelled reference 
were additional GPHF samples used for cross correlation.

A third approach was to compare the r value to the % m/m of API in a tablet and see if  a 

relationship could be obtained. Ciprofloxacin was chosen for this purpose due to the
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availability of the API and that it contained a high % m/m (Figure 2.23). However, the 

relationship was not linear in that case and the r values were almost similar for varying 

amount of ciprofloxacin containing products.

0.35

0.3

0)
S 0.15 
i

oO

0.05

Nominal ciprofloxacin amount (% m/m)

Figure 2.23 Correlation coefficient of ciprofloxacin containing products against the API 
plotted against the % m/m of the API.

The fourth approach was the application of the PCA method to the analysis of these 

generics. The PCA scores plot (Figure 2.24) could not distinguish between them and an 

overlap has occurred among them. Figure 2.24 shows the overlap between the samples each 

in its 95% equal frequency ellipse. In Figure 2.24a; the ellipse around the quinine tablets is 

wide enough to fit part of the ciprofloxacin tablets. The reason behind this was that these 

samples were analysed later by Raman spectroscopy and were identified as ciprofloxacin 

tablets. When these samples were removed from the ellipse calculation (Figure 2.24b) the 

ellipse gets tighter without the inclusion of ciprofloxacin.
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Figure 2.24 PCA scores plot of the different batches of proprietary and generic tablets 
obtained from the TFDA: artesunate 100 mg (o), ciprofloxacin 500 mg (*), erythromycin 
250 mg (+), lamivudine ^), lamivudine/zidovudine 150/300 mg (4, nevirapine 200 mg 
and quinine 300 mg  ̂ ) with the 95% equal frequency ellipse around each product. The 
outlier quinine batch was used to calculate the 95% equal frequency ellipse around the 
quinine tablets in Figure 2.24a but not in Figure 2.24b.

A comparison of the PC loadings to the available APIs, excipient(s) and tablets spectra was 

made. The first eight PC loadings accounted for 91% of the variance in the data. Yet this 

variance could not be related to any of the APIs, excipient(s) or tablets spectra available. 

This removes the possibility of the use of CWS or PCA method for identification of these 

tablets unless the reference from the same manufacturer is available.

An example of this was the Combivir Tablets containing lamivudine/ zidovudine mixture in 

the dose 150/300 mg. The tablets bought from the Tanzanian market were manufactured by 

GSK. When compared with the UK product it passed with an r value of 0.992 though both 

products have different colours (Figure 2.24). However, the PCA analysis separated these 

two products (Figure 2.25).
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Figure 2.25 SNV-D2 NIR spectra of Combivir Tablets 150/ 300 mg UK authentic 
a test product which proved to be authentic (— ) (r = 0.992).
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Figure 2.26 PCA scores plot of the SNV-D2 spectra of UK (♦) and Tanzanian (■) Combivir 
tablets and generic lamivudine/zidovudine Tanzanian tablets ( ).

So, for these tablets one option has to be followed which is to inspect whether they contain 

the API and whether it is present in the right amount. So a quantitative approach has to be 

followed for inspection of the authenticity of the generic tablets (Chapter 4).

2.6.3. BBC samples

The BBC samples contained a set of pharmaceutical products purchased from the Internet 

to inspect the risks of buying counterfeit products illegally. Most of these samples arrived
80



without their blister packaging and without the patient information leaflet. All of the 

samples used were tablets apart from Melanotan which was a liquid and Reductil which 

were capsules (Table 2.16). Melanotan could not be analysed by NIRS.

Out o f the 11 products supplied by the BBC, four could not be processed through the 

authentication as no reference was provided. Two of the remaining seven products which 

had authentic reference samples, were identified as counterfeits: Reductil 15 mg tablets and 

Viagra 100 mg tablets. Reductil was identified as counterfeit from the spectral differences 

and low r value (Figure 2.27 and Table 2.16). No further analysis was conducted to check 

the identity o f the counterfeit Reductil product. Two of the Viagra tablet samples initially 

indicating to be authentic gave a high r value by the CWS method (Table 2.16); however, 

when the spectral data was fed into the PCA, this tablet was positively identified as 

counterfeit (Figure 2.27). An authentic Viagra tablet spectrum was fed to the same PCA 

and it was clustered with the authentic samples. This gave a validation check for this 

method. This shows the importance of the use o f PCA method in conjunction with the 

CWS method for the identification of pharmaceutical products.

Product API Dose

(mg)

Test Batch 

Number

Authentic

Batch

Number

r Result

Caplor Clopidogrel bisulfate 75 NA NA NA Not measured

Clomid Clomiphene 25 NA NA NA Not measured

Li pi tor Atorvastatin calcium 5 NA NA NA Not measured

Melanotan Peptide hormone NA NA NA NA Not measured

Propecia finasteride 1 N1760 264807 0.9938 Passed

Reductil Sibutramine

hydrochloride

monohydrate

10 6917280 300038D 0.9927 Passed

Reductil Sibutramine

hydrochloride

monohydrate

15 311799D 3300680 0.5035 Failed

Tamiflu Oseltamivir phosphate 75 NA B1083 0.9994 Passed

Viagra Sildenafil citrate 100 NA 6098203U 0.9526 Passed

Viagra Sildenafil citrate 100 NA 6098203U 0.9515 Passed

API; Active Pharmaceutical Ingredient, r  correlation coefficient of the standard normal variate second derivative 
spectra of test sample against standard, NA: not available.
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Figure 2.27 SNV-D2 NIR spectra of Reductil 15 mg; authentic batch number 3300680 (— ) 
and test sample B.No. 311799D (— ) capsule contents measured by the FOSS NlRSystems 
6500 spectrometer equipped with an RCA (r = 0.5035).
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Figure 2.28 PCA scores plot of the SNV-D2 NIR spectra of a calibration set of authentic 
(o) and counterfeit Viagra 100 mg tablets and a validation set of authentic Viagra 100 
mg tablet batch number 6098203U (]) and counterfeit Viagra 100 mg tablet 1 (b) and tablet 
2 (0).
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2.7. Conclusion

The FOSS NIR spectrometer with an RCA was better than the Smart Probe for the 

identification of counterfeit proprietary tablets. Only 20 spectra were required from 10 

tablets o f a single batch in the SNV-D2 form. The best identification chemometrics to be 

used were CWS and PCA. The method was efficient and could separate the counterfeit 

KFDA products from their authentic corresponding products. Also it could identify eight 

counterfeit products out o f 104 products for the wholesaler and two counterfeit products 

from the BBC Television products. However, it could not be applied for generic tablets 

unless authentic products o f these are available. Otherwise, an alternative approach such as 

quantification may be required (Chapter 4).
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CHAPTER 3. Comparative evaluation of a handheld near- 

infrared device for the identification of proprietary and generic 

tablets by near-infrared spectroscopy

3.1. Objective

The objective o f this chapter is to make a comparative evaluation o f the Polychromix 

PHAZIR handheld NIR instrument to the FOSS NlRSystems 6500 spectrometer laboratory 

based NIR instrument for the identification of proprietary and generic tablets and 

discrimination of counterfeit tablets. The advantage o f the use of handheld NIR instruments 

is that they have a light weight so can be carried to the site o f analysis; this saves time and 

expense from importing the samples into a laboratory. However, they have narrower 

wavelength range than laboratory based instruments. This causes loss o f spectral 

information and makes identification of counterfeit pharmaceutical products a more 

difficult task. So the potential o f these instruments for identification o f counterfeit 

pharmaceutical products needs to be investigated.

The chapter deals with a preliminary investigation on a limited set o f tablets that needs to 

be extended later. In this case, the same set o f the nine proprietary pharmaceutical products 

used in chapter 2 (Table 2.1) were used. The spectral quality o f each product was 

compared. Also, the identification of these products was investigated using the same 

chemometric procedures used in chapter 2: CWS and PCA. For the generic products 

comparison, generic ciprofloxacin tablets were compared to proprietary Ciproxin tablets. In 

addition, the differences between different doses of the same product were studied using 

Atorlip 10 mg, 20 mg and 40 mg tablets. Finally, the discrimination o f authentic Plavix 75 

mg tablets from counterfeit Plavix 75 mg tablets and generic Clopivas 75 mg tablets was 

studied.

3.2. Experimental

3.2.1. Materials
For proprietary tablets comparison, the set o f nine products used in chapter 2 was used here 

(Table 2.1 and Figure 2.1).
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For generic tablet comparison, ciprofloxacin 500 mg and Atorlip 10 mg, 20 mg and 40 mg 

were used. The ciprofloxacin 500 mg generic tablets were obtained from India or the 

Tanzanian FDA (Table 3.1). For the Atorlip tablets, different doses o f 10 mg, 20 mg and 40 

mg were used and were obtained from the same manufacturer (Cipla Ltd) in India.

For discrimination of authentic and counterfeit tablets, authentic and counterfeit versions o f  

Plavix 75 mg tablets manufactured by Sanofl-BMS were used. Four authentic Plavix 75 mg 

batches o f tablets were obtained from Australia, France, Turkey and the UK (Table 2.2). 

The counterfeit Plavix 75 mg tablets were o f the same batch number 1753 and were 

obtained from two sources: Egypt and France. In addition, two generic Clopivas 75 mg 

batches o f tablets containing clopidogrel bisulfate manufactured by Cipla Ltd obtained 

from India were used.

Table 3.1 Details o f the proprietary and generic ciprofloxacin tablets used
Ciprofloxacin class Dose (mg) Manufacturer Country of 

Purchase
Batch
Number

Proprietary 250 Bayer AG Germany UK 0901001
Proprietary 250 Bayer AG Germany UK 1218405
Proprietary 250 Bayer AG Germany UK IT10485
Proprietary 250 Bayer AG Germany UK IT10685
Proprietary 250 Bayer AG Germany UK IT2056
Proprietary 250 Bayer AG Germany UK IT20260
Proprietary 500 Bayer AG Germany UK 1037485
Proprietary 500 Bayer AG Germany UK BXB1CL1
Proprietary 500 Bayer AG Germany UK CCZAR2
Proprietary 500 Bayer AG Germany UK CCZLJ2

Generic 500 Shelys Pharmaceuticals Tanzania 072
Generic 500 Medopharm Tanzania 23207
Generic 500 Dr. Reddy's Laboratories UK B61325
Generic 500 Interchem Pharma Tanzania CPT6004
Generic 500 Interchem Pharma Tanzania CPT6007
Generic 500 Lincoln Pharmaceuticals Tanzania ET5A06
Generic 500 Lincoln Pharmaceuticals Tanzania ET5A09
Generic 500 Intas Pharmaceuticals Tanzania F4453
Generic 500 Scanavita German Tanzania OH0010
Generic 500 Sim rone Pharmaceuticals Tanzania SPIL189

3.2.2. Instrumentation
The instrument used was the Polychromix PHAZIR handheld NIR instrument [148] with a 

weight o f about 1.8 kilograms, dimensions 254 x 292 x 152 millimetres and a colour LCD 

screen to display the spectra (Figure 3.1). It has exchangeable batteries that allow it to 

operate up to eight hours continuously. It has in-built software for immediate identification
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(within 1 - 2 seconds) but the data can be exported later to a computer for further analysis 

through a USB connection. The spectra were taken over the wavelength range 1595 - 2396 

nm at 8 nm interval.

Figure 3.1 The handheld Polychromix PHAZIR instrument [148].

3.2.3. Methods
Spectra from each product were measured over the wavelength range 1595 - 2396 nm. The 

spectra were taken against an internal reference calibration cap. A tablet from each product 

was measured as received by positioning the tablet immediately adjacent to the tip of the 

instrument. As this study was a preliminary investigation, only a few spectra were taken 

from each tablet and the number of spectra (10 spectra) obtained in the optimisation 

procedure was not applied here. For the set of nine proprietary pharmaceutical products, six 

spectra were taken from each tablet. On the other hand, four spectra were taken from each 

o f the remaining products. Though in-built identification was available, only offline 

identification was used by importing the spectra of the tablets to the computer.

3.2.4. Spectral Treatment
The spectra of the tablets were exported from the instrument to a processing computer in 

absorbance (log 1/R) form. SNV-D2 was used as the pre-treatment method and CWS and 

PCA were used as treatment methods. The CWS method was applied to the mean SNV-D2 

spectra of the set of nine products, Ciproxin and ciprofloxacin generic products, Atorlip 

generic products and the authentic and counterfeit Plavix 75 mg and generic Clopivas 75 

mg products. The PCA method needed more spectra for each product: six spectra when 

comparing the set of nine products and four when comparing the set Ciproxin and 

ciprofloxacin products as well as the set of authentic and counterfeit Plavix 75 mg and
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generic Clopivas 75 mg products. The spectral pre-treatment and treatment were done using 

Unscrambler 7.6 and Matlab R2007a software.

3.3. Results and Discussion

An advantage o f the Polychromix PHAZIR over the laboratory based instruments is that it 

is a portable one of light weight o f 1.8 kilograms so can be easily carried out to in-field 

identification of pharmaceutical products. The instrument is safe to use and causes no 

personal harm for the analyst handling it. Also, it does not cause any destruction of the 

samples used.

The instrument has rechargeable batteries which can keep it running up to 8 hours 

continuously allowing the collection o f a large number of samples over a short period of 

time. About 1 - 2  seconds is needed to take a spectrum from one sample. It operates in the 

temperature range o f 5 - 45°C which makes it easy to use in both hot and cold countries. 

This is an advantage over laboratory based instruments which barely operate in hot 

conditions. In addition, it has in built software which allows on spot identification of 

samples. The instrument is supplied with a colour LCD screen that displays the result o f the 

identification. The data is stored in the instrument personal memory and is easily 

transferred to a computer through a USB connection if offline analysis is needed. The 

disadvantage over laboratory based instruments is that it operates at a narrower wavelength 

range and less resolution. The wavelength range used with the Polychromix PHAZIR was 

1595- 2396 nm over 8 nm intervals while the range used with the FOSS NlRSystems 6500 

spectrometer instrument was 1100 - 2500 nm over 2 nm intervals. This causes the loss of 

spectral information for samples measured using the Polychromix PHAZIR instrument and 

makes the identification of samples less accurate. In this case, misidentification is more 

likely to arise among pharmaceutical products especially products with common excipients 

and low percentage o f API.

In this work, the in-built software for identification was not used; only transferred spectra 

were used to allow direct comparison with the FOSS NlRSystems 6500 spectrometer 

instrument. Also, only limited number of spectra was taken from a small set of samples as 

the instrument loan was taken for a short period o f time.
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3.3.1. Spectral Quality
For the spectral quality evaluation, the same criteria used when comparing the FOSS 

NlRSystems 6500 spectrometer instrument were taken into consideration. These were: the 

number of peaks, their absorption intensity and the range over which they were measured. 

The number of peaks in this case was less than the FOSS NlRSystems 6500 spectrometer 

instrument as the wavelength range was narrower: 1595 - 2396 nm (Figure 3.2). Regarding 

the absorption intensity, the maximum absorption of the spectra o f the products was 

compared using both instruments. The intensities o f the spectra were higher when the 

products were measured using the Polychromix PHAZIR instrument. The highest 

absorption intensity was observed for Protium 20 mg tablet which had a maximum 

absorption of 1.35 when it was measured with the Polychromix PHAZIR instrument and 

1.12 when measured by the FOSS NlRSystems 6500 spectrometer. On the other hand, the 

lowest absorption intensity was observed for Risperdal 0.5 mg which had a maximum 

absorption of 0.68 when it was measured with the Polychromix PHAZIR instrument and 

0.59 when measured by the FOSS NlRSystems 6500 spectrometer.

Regarding the spectral noise using the Polychromix PHAZIR, it was product variable but 

the spectra for all products were noisy beyond 2200 nm. This was observed with the FOSS 

NlRSystems 6500 spectrometer but only when the spectra of the tablets were taken using 

the Smart Probe. On the contrary, the spectra were less noisy when the tablets were 

measured on the RCA connected to the FOSS NlRSystems 6500 spectrometer. This is 

because the increased source o f radiation from external light has contributed to the noise on 

both the FOSS NlRSystems 6500 spectrometer Smart Probe and the Polychromix PHAZIR. 

Otherwise, the FOSS NlRSystems 6500 spectrometer RCA tablet spectra were taken in 

dark and thus not subject to the external source o f radiation.

Among the spectra taken by the Polychromix PHAZIR, the least noisy ones were the 

Singulair 10 mg tablet spectra (Figure 3.2). But these spectra suffered from lack of 

repeatability where a large difference in absorption intensity was observed between 

replicates though all the spectra were taken with the tablet touching the tip o f the 

instrument (Figure 3.2). The same thing was observed with Seroquel 2.5 mg tablet spectra. 

Otherwise, the spectra o f all the other products were repeatable. This repeatability problem 

could be removed by SNV treatment.
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Figure 3.2 NIR absorption spectra of (a) Lipitor 10 mg, (b) Plavix 75 mg, (c) Nexium 20 
mg, (d) Singulair 10 mg, (e) Zyprexa 2.5 mg, (f) Protium 20 mg, (g) Seroquel 2.5 mg, (h) 
Risperdal 0.5 mg and (i) Effexor 37.5 mg tablets measured by the Polychromix PHAZIR 
instrument taking six spectra of each tablet.

To further examine this repeatability, the SD between the spectra for each of the nine 

products was calculated over the full wavelength range: 1595 - 2396 nm and 1100 - 2500 

nm using the Polychromix PHAZIR and the FOSS NlRSystems 6500 spectrometer 

instruments respectively. The number of spectra taken was six in case of the Polychromix 

PHAZIR and twelve in case of the FOSS NlRSystems 6500 spectrometer instruments 

respectively. Figure 3.3 shows the SD plot against the wavelength of the spectra of the nine 

products measured by both the Polychromix PHAZIR and the FOSS NlRSystems 6500 

spectrometer instruments. For all products the SD is relatively consistent over the full 

wavelength range. However, the values were higher in the Polychromix PHAZIR case than 

in the FOSS NlRSystems 6500 spectrometer. Using the Polychromix PHAZIR instrument, 

the worst SD was observed for Seroquel 2.5 mg tablet spectra around 0.06. Lipitor 10 mg, 

Singulair 10 mg and Protium 20 mg tablet spectra had SD values around 0.01. The 

remaining five products had SD values below 0.01. In contrast, the SD values of the nine 

products spectra were all below 0.01 when measured by the FOSS NlRSystems 6500 

spectrometer instrument. The highest values in the latter case were observed for Nexium 20 

mg and Effexor 37.5 mg tablets spectra. This shows that the FOSS NlRSystems 6500
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spectrometer is more stable than the Polychromix PHAZIR instrument for identification of 

tablets.
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Figure 3.3 The standard deviation of the absorption spectra of the nine products over the 
full wavelength range: Lipitor 10 mg (— ), Plavix 75 mg-(— ), Nexium 20 mg (— -), 
Singulair 10 mg (— ), Zyprexa 2.5 mg (— ), Protium 20 mg (— ), Seroquel 2.5 mg (— ), 
Risperidal 0.5 mg-(— ) and Effexor 37.5 mg (— ) (a) six spectra measured by the 
Polychromix PHAZIR and (b) 12 spectra measured by the FOSS NlRSystems 6500 
spectrometer instruments.

3.3.2. Identification of proprietary products

The set of the nine products consisted of a diverse set of tablets of different shapes, colours 

and sizes (Figure 2.1). However, all these tablets had a low % m/m of API: Risperdal 0.5 

mg had the lowest % m/m value of 0.32% m/m and Plavix 75 mg had the highest % m/m 

value of 29.4% m/m. The tablets shared common excipients among themselves including 

lactose, microcrystalline cellulose and starch which made their identification not a simple 

task. The SNV-D2 spectra of the nine proprietary products were compared and an overlap 

among these spectra was observed (Figure 3.4). The only difference that could be seen 

among these spectra was around two wavelengths: 1700 nm and 2200 nm which make 

spectral visualisation difficult.

CWS was applied to the mean SNV-D2 spectrum of each of these nine tablets and the r 

values were compared in reference to the values of the CWS method applied to the mean 

SNV-D2 spectra of these products measured by the FOSS NlRSystems 6500 spectrometer 

instrument. The r value threshold was taken as 0.95 where the products were compared
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over the present full wavelength range of 1595 - 2396 nm in the Polychromix case and 

1100 - 2498 nm in the FOSS NlRSystems 6500 spectrometer case. An r value of less than 

0.95 is desirable between the products. This was not always achieved as while in some 

cases r values as low as 0.797 was seen for Protium 20 mg against Nexium 20 mg, in others 

the values could be as high as 0.999 of Protium 20 mg against Effexor 37.5 mg.
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Figure 3.4 The mean of six SNV-D2 NIR spectra of each of the nine products: Lipitor 10
mg (— ), Plavix 75 mg (---- ), Nexium 20 mg (— ), Singulair 10 mg (—  ), Zyprexa 2.5 mg
(— ), Protium 20 mg-(—  ), Seroquel 2.5 mg (— ), Risperdal 0.5 mg (— ) and Effexor 37.5 
mg (— ) measured by the Polychromix PHAZIR instrument.

Figure 3.5 shows the correlation maps of the mean SNV-D2 spectra of the nine tablets 

when measured using both instruments. In the Polychromix PHAZIR case, only three 

products out of the nine could be uniquely identified. These were: Plavix 75 mg. Protium 

20 mg and Effexor 37.5 mg. These products had a higher % m/m at 29.4% m/m, 19.3% 

m/m and 25.7% m/m respectively of API, much higher than the rest of the tablets. The 

remaining six products had high mismatch values among themselves. All of these six 

products contained % m/m values lower than 10% m/m except Seroquel 2.5 mg which 

contained a % m/m of 23.9% m/m. This showed the failure of the CWS method to
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differentiate the tablets spectra that were measured by the Polychromix PHAZIR 

instrument. This is much inferior to the performance of the CWS method carried on the 

tablets average spectra of the same products measured by the FOSS 6500 NIRSpectrometer 

instrument. The only mismatch obtained in the latter case was for Lipitor 20 mg product 

against Zyprexa 2.5 mg. Both products had a low % m/m of 6.45% m/m and 1.81% m/m 

and had lactose and microcrystalline cellulose as common excipients. However, that may 

not be the cause as Risperdal 0.5 mg tablets contain a lower % m/m of 0.32% m/m and 

could be distinguished from the rest of the products. The excipients in Risperdal 0.5 mg 

tablets were lactose, microcrystalline cellulose and starch. But overall, CWS in the FOSS 

NlRSystems 6500 spectrometer case failed to identify only one product out of the nine 

products compared.
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Figure 3.5 Correlation map of the mean SNV-D2 NIR spectra of (I) Lipitor 10 mg, (2) 
Plavix 75 mg, (3) Nexium 20 mg, (4) Singulair 10 mg, (5) Zyprexa 2.5 mg, (6) Protium 20 
mg, (7) Seroquel 2.5 mg, (8) Risperidal 0.5 mg and (9) Effexor 37.5 mg measured by (a) 
the Polychromix PHAZIR and (b) the FOSS NlRSystems 6500 spectrometer instruments.

PCA method was applied to the SNV-D2 spectra of products and the PCI/ PC2 scores 

accounted for 79.9% of the variance. Yet the scores plot could uniquely distinguish only 

five out of the nine products (Figure 3.6). A mismatch could be observed among the score 

plots of the Seroquel 2.5 mg and Plavix 75 mg products. Also, the Zyprexa 2.5 mg and 

Singulair 10 mg products scores were in a complete overlap. However, when the first three 

PCs were plotted, Seroquel 2.5 mg and Plavix 75 mg products could be separated and 

identified. These PCs accounted for 98.8% of the variance in the data. However, Zyprexa 

2.5 mg and Singulair 10 mg products remained in complete overlap (Figure 3.7). So, only
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two products out of the nine were misidentified using the PCA method. This showed that 

PCA was better than CWS method. However, it is more convenient to start with CWS as it 

needs only one spectrum of each product to give a result and takes less time.
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Figure 3.6 PCA scores plot of the first two PCs of the SNV-D2 NIR spectra of the nine 
products measured by the Polychromix PHAZIR instrument.
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Figure 3.7 PCA scores plot of the first three PCs of the SNV-D2 NIR spectra of the nine 
products measured by the Polychromix PHAZIR instrument.
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3.3.3. Identification of generic ciprofloxacin tablets
Proprietary Ciproxin tablets consisted o f a set of tablets manufactured all by Bayer AG 

Germany and contained the same % of API regardless o f the dose (250 mg or 500 mg) and 

the same set o f excipients. On the other hand, the generic ciprofloxacin tablets contained 

only ciprofloxacin hydrochloride in common and had different list o f excipients in each 

case. Also, the percentages o f APIs in these generic products were variable.

In some counterfeit cases, the proprietary product may not contain the genuine substance 

but may contain a generic packed in the proprietary product package. As this instrument 

need to be used for the in-field inspection of products, its potential for identification of  

proprietary Ciproxin tablets and discrimination from generic ciprofloxacin tablets was 

tested using CWS and PCA methods.

Regarding the CWS method, the mean SNV-D2 spectra o f the proprietary Ciproxin and 

generic ciprofloxacin tablets were compared and a threshold value of 0.95 was taken. 

Figure 3.8 shows the correlation map of these average spectra over the full wavelength 

range o f 1595 - 2396 nm. A high r value above 0.95 is expected among the proprietary 

Ciproxin tablets. In addition, an r value o f less than 0.95 is expected between the generic 

ciprofloxacin tablets themselves and the generic ciprofloxacin tablets and proprietary 

Ciproxin tablets.

However, this was not the case as a large variation in the r values among the proprietary 

Ciproxin tablets was observed (Figure 3.8). The lowest r value among two Ciproxin tablets 

was 0.641 between batch numbers 09C1001 and 1218405. The highest r value among the 

Ciproxin tablets was 0.999 between batch number IT2056 and IT10485. Figure 3.9 shows 

the spectral difference between the proprietary tablets with the lowest and highest r values. 

This variation among the r value was also observed for the generic tablets, which is 

expected as they have different excipients and percentages o f APIs.
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Figure 3.8 Correlation map of the mean SNV-D2 NIR spectra of the Ciproxin 250 mg (1 
7) and 500 mg (8 - 12) proprietary tablets and generic ciprofloxacin 500 mg tablets (13 - 
22) measured by the Polychromix PHAZIR instrument.
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Figure 3.9 Mean SNV-D2 NIR spectra of Ciproxin 250mg tablets batch numbers (a)
09C1001 (— ) and 1218405 (— ) (r = 0.641 ) and (b) IT2056 ■(— ) and ITl 0485 (—  )(r = 
0.999) measured by the Polychromix PHAZIR instrument.

When the PCA method was applied to the Ciproxin and ciprofloxacin tablets spectra, it had 

the same drawback as the CWS method as it could not discriminate between the proprietary
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and generic tablets. Figure 3.10a shows the PCI and PC2 scores which accounted for 

95.3% of the variance and the 95% equal frequency ellipse plotted around the Ciproxin 

tablets. These scores could not distinguish between the Ciproxin and ciprofloxacin tablets. 

Some of the Ciproxin tablets lie outside the 95% equal frequency ellipse; whereas, the 

generic ciprofloxacin tablets were distributed inside and outside the ellipse. Ciproxin tablet 

batch number 09C1001 which had low r values against the other Ciproxin tablets was 

inside the ellipse. Thus, there was no possible discrimination between the proprietary 

Ciproxin and generic ciprofloxacin tablets. Similarly, it was not possible to distinguish 

these tablets when PC A was applied to their SNV-D2 spectra measured by the FOSS 6500 

instrument (Figure 3.10b). Only some generic ciprofloxacin tablets lay outside the 95% 

equal frequency ellipse. Thus, both NIR instruments failed to distinguish between these 

tablets.
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Figure 3.10 PCA score plots of the SNV-D2 NIR spectra of the proprietary Ciproxin tablets 
), generic ciprofloxacin (o) tablets and proprietary Ciproxin tablets batch number 

09C1001 (+) with the 95% equal frequency ellipses calculated using the proprietaty 
Ciproxin tablets spectra measured by (a) the Polychromix PHAZIR (b) the FOSS 
NIRSystems 6500 spectrometer instruments.

3.3.4. Identification of various doses of Atorlip

A tori ip tablets contained atorvastatin calcium trihydrate and were manufactured by Cipla 

Ltd. Three batches of these products containing 10 mg, 20 mg and 40 mg of API were 

compared. Though these batches had different doses, yet they contained the same amount 

of API as they had proportionally different weights. The average SNV-D2 spectra of the
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three doses were similar with a minimum r value of 0.993 (Figure 3.11a). This showed 

there is no difference between the spectra of the different doses of Atorlip tablets. These 

values were very similar to those obtained in the laboratory FOSS NIRSystems 6500 

spectrometer which also showed no difference between the three doses (Figure 3.11b) and a 

minimum r value of 0.978. Although it is interesting that the handheld instrument is giving 

a higher minimum r values than the FOSS NIRSystems 6500 spectrometer, neither of these 

can distinguish dosage forms (provided they have the same % m/m).
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Figure 3.11 Mean SNV-D2 NIR spectra of Atorlip 10 mg tablet batch number D70971 
(—  ), Atorlip 20 mg tablet batch number D70859 ( —  ) and Atorlip 40 mg tablet batch 
number D70789 (— ) measured by (a) the Polychromix PHAZIR and (b) the FOSS 
NIRSystems 6500 spectrometer instruments.

3.3.5. Identification of counterfeit Plavix product
For counterfeit Plavix product identification, four authentic Plavix 75 mg batches, two 

generic Clopivas 75 mg batches and two counterfeit Plavix 75 mg batches were used. The 

authentic Plavix 75 mg batches were obtained from Australia (batch number 627871), 

France (batch number 1811), Turkey (batch number 1918) and the UK (batch number 

BK385) (Table 2.2). The generic Clopivas 75 mg batches were batch numbers D70733 and 

X60659 and were obtained from India. The counterfeit Plavix 75 mg batches both carried 

the same batch number: 1753 but obtained from two different sources: Egypt and France. 

The mean SNV-D2 NIR spectra of the counterfeit Plavix 75 mg batches were clearly 

distinguished from the authentic Plavix 75 mg batch number BK385. Figure 3.12 shows 

these spectra when measured by both the Polychromix PHAZIR (Figure 3.12a) and the 

FOSS NIRSystems 6500 spectrometer (Figure 3.12b). The spectra of the counterfeit
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products are clearly differentiated from the authentic product. Though these counterfeit 

products carried the same batch number, they had a slight difference in their spectra 

between 1800 - 2000 nm when measured by the Polychromix PHAZIR instrument, this 

wavelength is around that first overtone of water. This might because both products were 

obtained from two different parts of the World with variable humidity. On the other hand, 

both counterfeit Plavix 75 mg products spectra were substantially different when measured 

by the FOSS NIRSystems 6500 spectrometer instrument (Figure 3.12b) which shows that 

the latter instrument can spot more differences in the spectra other than those caused by 

humidity.
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Figure 3.12 Mean SNV-D2 NIR spectra of authentic Plavix 75 mg batch number BK385 
tablets obtained from the UK (—  ), counterfeit Plavix 75 mg tablets obtained from Egypt 
(— ) and counterfeit Plavix 75 mg obtained from France (— ) measured by (a) the 
Polychromix PHAZIR and (b) the FOSS NIRSystems 6500 spectrometer instruments.

The same chemometric procedures used for the authentic proprietary products in section

3.3.2 were applied here. Thus, CWS was applied first to the mean SNV-D2 spectra of the 

products obtained by both instruments. Using the spectra obtained from the Polychromix 

PHAZIR, the CWS method could identify most of the authentic Plavix 75 mg batches with 

an r value higher than 0.95 (Figure 3.13a). Only two authentic batches had an r value of

0.941 (batch number 2117 against batch number BK385). The highest r value obtained of 

the authentic Plavix 75 mg batches was 0.999. The generic Clopivas 75 mg tablets were not 

differentiated from the authentic Plavix 75 mg as the r values against the authentic batches 

ranged from 0.934 -0.987 which was less than the authentic. However, the counterfeit
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Plavix 75 mg tablets were differentiated from both the authentic Plavix 75 mg tablets and 

the generic Clopivas 75 mg tablets. The r values of these counterfeit products against the 

authentic products were less than 0.87 which is far lower than the threshold taken. The 

results were more selective when CWS was applied to the spectra obtained using the FOSS 

6500 instrument (Figure 3.13b). Thus, the lowest r value obtained among the authentic 

Plavix 75 mg batches was 0.9902 for batch number 627871 against batch number BK385. 

In addition, the generic Clopivas 75 mg batches had a maximum r value of 0.903 against 

the authentic batches which is lower than the threshold. Also, the maximum r value 

obtained for the counterfeit Plavix 75 mg batches against the authentic Plavix 75 mg 

batches was 0.722. This shows that using CWS method on the FOSS NIRSystems 6500 

spectrometer spectra is better than using it on the Polychromix PHAZIR spectra as the 

FOSS NIRSystems 6500 spectrometer distinguished the generic products and the 

counterfeits with lower r values. This is because the wavelength range using the FOSS 

NIRSystems 6500 spectrometer instrument was larger and so more differences could be 

detected among the products spectra.
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Figure 3.13 Correlation map of the mean SNV-D2 spectra of the authentic Plavix 75 mg 
tablets (1 to 4), generic Clopivas 75 mg (5 and 6) and counterfeit Plavix 75 mg (7 and 8) 
measured by (a) the Polychromix PHAZIR and (b) the FOSS NIRSystems 6500 
spectrometer instruments.

PCA then was applied to the SNV-D2 spectra of the Plavix 75 mg and Clopivas 75 mg 

batches measured by both the Polychromix PHAZIR and the FOSS NIRSystems 6500 

spectrometer instruments. Figure 3.14 shows the PCA score plots of the batches with 95% 

equal frequency ellipse around the authentic Plavix 75 mg batches. The Polychromix 

PHAZIR showed a clear separation between the authentic Plavix 75 mg batches, the 

Clopivas 75 mg batches and the counterfeit Plavix 75 mg batches. In addition, it
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distinguished between the two different sources of the counterfeit Plavix 75 mg batches. On 

the other hand, the FOSS NIRSystems 6500 spectrometer instrument distinguished the 

authentic Plavix 75 mg batches from the counterfeits but confused both sources of 

counterfeit batches. So the PCA method identified the SNV-D2 spectra of the products 

obtained by the Polychromix PHAZIR better than the FOSS NIRSystems 6500 

spectrometer instrument.
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Figure 3.14 PCA score plot of the SNV-D2 NIR spectra of authentic Plavix 75 mg tablets 
(^), generic Clopivas 75 mg tablets (O) and two counterfeit Plavix 75 mg batch number 
1753 purchased from Egypt (□) and France (p) with the 95% equal frequency ellipses 
around the authentic batches measured by (a) the Polychromix PHAZIR and (b) the FOSS 
NIRSystems 6500 spectrometer instruments.

3.4. Conclusion

In conclusion, the Polychromix PHAZIR instrument is easier to use than the laboratory

based FOSS NIRSystems 6500 spectrometer instrument. It has a light weight of 1.8 kg

which saves time from importing instruments to the laboratory. The instrument needs 1 - 2

seconds to measure a sample and has a long battery life (up to eight hours) which allows

the measurement of a large number of samples in a short period of time. Also, it can be

used in both hot and cold countries as it operates in the temperature range from 5 - 45°C.

The results o f the identification are displayed instantly on an LCD screen and at the same

time they can be transformed to a computer through a USB connection.

The drawbacks over the laboratory based FOSS NIRSystems 6500 spectrometer is that it

has tighter wavelength range and narrower resolution that causes loss of spectral

information. In that case, misidentification of pharmaceutical products especially ones with
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low % of APIs is more likely to arise. In addition, the FOSS NIRSystems 6500 

spectrometer gives better spectral quality and more accurate identification of products. 

Thus, for the set o f the nine model proprietary products used, the Polychromix PHAZIR 

failed to identify two products out o f nine while the FOSS NIRSystems 6500 spectrometer 

could identify all nine products when CWS and PCA methods were used. Both instruments 

could not distinguish Ciproxin tablets from generic ciprofloxacin tablets, yet they could not 

distinguish different doses o f Atorlip tablets. However, both could identify counterfeit 

Plavix 75 mg tablets from authentic Plavix 75 mg tablets and generic Clopivas 75 mg 

tablets. Yet in the latter case the Polychromix PHAZIR was better than the FOSS 

NIRSystems 6500 spectrometer as it could distinguish between the two sources o f the 

counterfeit Plavix 75 mg tablets. So it proved to be better for counterfeit product 

identification.
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CHAPTER 4. Quantification of API in proprietary and generic 

tablets using near-infrared spectroscopy with partial least 

square regression

4.1. Objective

The objective o f the work described in this chapter is to develop universal quantitative 

models for the determination o f API in proprietary and generic tablets in single and multi- 

component dosage forms using PLSR models.

The aim behind this work is to identify generic pharmaceutical products such as a series of 

Tanzanian products. These products could not be identified by CWS and PCA methods 

unless an authentic reference product with the same matrix was available. However, the list 

of excipients is not easily available for generic products. The question raised in identifying 

such products is: Do they contain the correct API at the correct amount as stated in the label 

claim? The Tanzanian pharmaceutical products represent an ideal example as they have 

different unknown matrices and come from several sources o f the Tanzanian market place. 

In this respect, universal quantitative models are aimed to be able to quantify these tablets 

as well as proprietary tablets with no or minimum sample treatment to get a time and cost 

saving method. Individual models must be developed for each different API o f these 

products; however, in this chapter ciprofloxacin was extensively examined as a common 

and relevant API. It could not be applied to other products due to the lack of enough 

batches or the availability o f API. Consequently, the models were applied to other samples 

containing cetirizine hydrochloride, citalopram hydrobromide, hydrochlorothiazide, 

propranolol hydrochloride, sulfamethoxazole and trimethoprim. These models are intended 

to assay the amount of the API in these intact pharmaceutical products so the manufacturers 

and monitoring authorities could use NIR methods. In most cases, as only few tablets from 

a batch were available, the models aim to inspect the individual contents o f tablets rather 

than batch as a whole. Normally pharmacopoeias allow an acceptable range for tablets o f ± 

5% of the label claim to overcome the variation in production, degradation, shelf life o f the 

product and accuracy of the analytical method. However, since it is difficult to set up a 

calibration in NIR the range needs to be extended to ± 10% for tablets with high content of
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API such as ciprofloxacin and ± 30% for tablets with low content o f API such as 

citalopram.

The models were developed on tablets, powders, pellets forms or a mixture o f these three 

forms. Five tablet models were developed with various ranges o f APIs as low as 4% m/m 

and up to 70% m/m. Powder models were developed using dilution, sequential addition and 

standard addition. Powder dilution models were made by diluting the API, or the crushed 

tablets with one or more excipients. Sequential addition o f one or more excipients to the 

crushed tablets or to the API was used to create a second type o f model. A third type o f  

model was made through standard addition o f the API to the crushed tablets. In addition, 

mixing of the crushed tablets with the API and excipient to give a wider range o f API 

concentrations was tried. The effect of adding 0 and 100% API samples to the models were 

studied. The 0% API was chosen as a powder excipient or another API different from the 

one quantified in the model. A pellet model was also created to study the effect o f the 

physical difference o f the sample on quantification. With the same aim, a mixed model of  

powders, pellets and tablets was constructed.

The models were evaluated using internal validation criteria calculated using the calibration 

and internal validation set. For internal validation, the criteria taken into consideration were 

the correlation coefficient (r )̂, root mean standard error o f calibration (RMSEC) and root 

mean standard error o f prediction (RMSEP) o f the internal validation set. The r̂  and 

RMSEC are calculated by interpreting the relationship between the predicted concentration 

and the nominal concentration of the calibration set and the RMSEP is calculated by 

interpreting the relationship between the predicted concentration and the nominal 

concentration of the validation set. In this case, if  the model is a good fit then the 

relationship is linear and the value should be close to 1; whereas a low r̂  value indicates 

a poor fit and bad quality o f the model. There is not an optimum value for the RMSEC and 

RMSEP values, but the smaller they are the more accurate is the model. In addition, the 

closer the RMSEC and RMSEP values, the more robust is the model. They are defined by 

the equations;

R M S E C  =  ^ p r e d i c t e d )

^ P  ̂ Equation 4.1
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Where Cnominai is the nominal concentration of the calibration set 
Cpredicted is the predicted concentration of the calibration set 
ric is the number of samples in the calibration set 
p  is the number of factors used in the model

RMSEP = ^isiC^nominaZ ^predicted^

^ Equation 4.2

Where Cnominai is the nominal concentration of the prediction set 
Cpredicted is the predicted concentration of the prediction set 
rip is the number of samples in the prediction set

The model accuracy then was evaluated by calculating the relative standard error of  

prediction (RSEP) o f this internal validation set. The RSEP was calculated relative to 

RMSEP by the following equation:

RMSEP 
RSEP =   ------—  X 100

% Equation 4.3

Where the %m/m is the average Vom/m o f the batches o f the calibration set in tablet models 
and the diluted batch in powdered models.

The normal threshold value taken for evaluation o f the RSEP was ± 5%.

An external validation set or test set o f intact and powdered tablets was used where suitable 

batches o f products were available. As most o f the test tablets come from international 

generic manufacturers in the market, it was not possible to get a decent number of tablets 

from each batch. Ten tablets or less were used from each batch of the test sets depending on 

the availability o f the products. The mean and RSDs of the predicted values o f these test 

sets were compared. In this case, the acceptable range o f prediction o f individual tablets 

was from 90-110% label claim for tablets with high concentration o f the API and from 70- 

130% label claim for tablets with low concentration of the API.

To test the model selectivity, a blank test sample set was used which consisted of a number 

o f diverse pharmaceutical products that vary in shape, colour, size and percentage of 

different APIs in tablet. None of these tablet sets contained any of the APIs used in the
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models. This set was made of the set o f nine products used in chapter 2 (Table 2.1 and 

Figure 2.1) plus Panadol Actifast, Ibuprofen, Benadryl, Clarityn, Noroxin and Ofloxacin.

An ideal model would give a 0% m/m prediction for all members o f this set.

4.2. Experimental

4.2.1. Materials
A total o f 183 batches of proprietary and generic tablet products from the world market 

were used as calibration, internal validation and test sets (Table 4.1). The products were 

selected to contain a variety o f APIs, doses and manufacturers. They contained the 

following APIs: cetirizine hydrochloride, ciprofloxacin hydrochloride, citalopram 

hydrobromide, losartan, losartan/ hydrochlorothiazide mixture, propranolol hydrochloride, 

sulfamethoxazole/ trimethoprim mixture, trimethoprim, valsartan and 

valsartan/hydrochlorothiazide mixture. The % m/m for these products ranged from 4.8% 

m/m for losaratan in Hyzaar tablets to 79.5% m/m for sulfamethoxazole in Septrin Forte 

tablets.

The blank test set consisted o f the nine products which were used in chapter 2 in the 

optimisation procedure (Table 2.1), Panadol Actifast 500 mg batch number 091037, 

Ibuprofen 200 mg, Clarityn (loratidine) 10 mg batch number 7RXFA01003, Noroxin 400 

mg batch number R098 and Tarivid (ofloxacin) 200 mg batch number L679. All the 0% test 

set products were purchased from the UK market except Noroxin was purchased from 

Lebanon.

Table 4.1 Details o f the batches o f tablets and capsules products used.
API Product Dose

(mg)
Manufacturer Place of 

purchase
Batch
Number

% m/m

Cetirizine
hydrochloride

Galpharm 
Hayfever 
and Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK HD5K7G 8.42

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 Dr. Reddy's 
Laboratories

UK 81013 5.34

Cetirizine
hydrochloride

Benadryl 10 Me.Neil Products 
Ltd.

UK 08C31 8.33

Cetirizine
hydrochloride

Boots Hayfever & 
Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK HD2B7P 8.44

Cetirizine
hydrochloride

Zirtek 10 UCB Pharma Ltd. UK 08C04A 8.47

Cetirizine
hydrochloride

Zirtek 10 UCB Pharma Ltd. UK 08A07B 8.39
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Cetirizine
hydrochloride

Pireteze 10 GSK UK 067 8.45

Cetirizine
hydrochloride

Dr. Reddys 
Histease 
Alergy Relief

10 Dr. Reddy's 
Laboratories

UK B61950 5.35

Cetirizine
hydrochloride

Sainsbury's
Hayfever
and Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK HD1K7G 8.60

Cetirizine
hydrochloride

Tesco Hayfever 
and Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK HD2B8G 8.45

Cetirizine
hydrochloride

Value Health
Hayfever
and Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK HD2A8G 8.37

Cetirizine
hydrochloride

Benadryl 10 Mc.Neil Products 
Ltd.

UK 11B08D 8.44

Cetirizine
hydrochloride

Superdrug
Hayfever
and Allergy Relief

10 Galpharm 
Healthcare Ltd.

UK 8S4768 8.44

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 Dr. Reddy's 
Laboratories

UK B80143 5.35

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 Bristol UK AFX8001F 8.45

Cetirizine
hydrochloride

Pollenshield 10 Actavis UK JE77 5.72

Cetirizine
hydrochloride

Hayfever and 
Allergy 
Relief

10 Galpharm 
Healthcare Ltd.

UK HD4J6G 8.43

Cetirizine
hydrochloride

Hayfever and
Allergy
Relief

10 Galpharm 
Healthcare Ltd.

UK HD3A8G 8.53

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 OTC Concept Ltd UK 05C07 8.45

Cetirizine
dihydrochloride

Cetirizine
dihydrochloride

10 TEVA UK C37031 8.42

Cetirizine
dihydrochloride

Allerte 10 KGMP Korea J006 8.43

Cetirizine
dihydrochloride

Terizin 10 Seoul Pharma Co. 
Ltd.

Korea 080017 5.07

Cetirizine
dihydrochloride

NA 10 Hanmi Korea 8007 8.01

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK 09C1001 69.5

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK 1218405 64.9

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK IT10485 69.5

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK IT10685 64.4

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK IT20260 65.6

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG 
Germany

UK IT2056 74.3

Ciprofloxacin
hydrochloride

Ciprobay 250 Bayer AG 
Germany

Lebanon IT501NB 64.5
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Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciproxin

Ciprobay

Ciproxin

Ciproxin

Ciproxin

Ciproxin

Ciproxin

Ciproxin

Ciprofloxacin

Ciprofloxacin

Ciprofloxacin

Ciprodar

Ciflox

250

500

500

500

500

500

500

750

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

Bayer AG 
Germany

UK IT502BZ 64.4

250 NA

250 Dr. Reddy's 
Laboratories

250 MicroLabs
Limited Hosur

Lebanon NA

Ghana B60931

500 DarAI-dawa Lebanon 008A

500 Ernest Chemists Ghana 0306G 
Limited

65.2

UK BXB1CL1 64.8

UK BXC37V1 65.6

UK BXC4H91 66.8

UK CCZAR1 64.3

UK CCZLJ2 63.4

UK BXCBBF1 65.7

Ghana B3997008A 67.2

63.8

Lebanon CF1H0005 64.9

63.9

59.7

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Proquin XR

Ciprofloxacin

Cipropharm

Ciprofloxacin

Ciprofloxacin

Ciprofloxacin

500 NA

500 Shelys
Pharmaceuticals
Ltd.

500 Pharma
International Co.

Lebanon 05T18170C1 62.0

Tanzania 072

Lebanon 1657

500 Medopharm Tanzania 23207

65.8

63.7

64.9

500 Tenlec Pharma UK 8K27CL 65.6

500 Dr. Reddy's London B61325 64.2
Laboratories
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Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Interchem Pharma 
Ltd.

Tanzania CPT 6004 69.7

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Interchem Pharma 
Ltd.

Tanzania CPT 6009 69.8

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Lincoln
Pharmaceuticals
Ltd.

Tanzania ET5A06 57.5

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Lincoln
Pharmaceuticals
Ltd.

Tanzania ET5A09 57.3

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Intas
Pharmaceuticals
Ltd.

Tanzania F 4453 67.9

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Karib Kemi 
Pharma

UK KF5703 69.5

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Scanavita
German

Tanzania OH0010 65.4

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Simrone
Pharmaceuticals
Ltd.

Tanzania SPIL189 70.7

Ciprofloxacin
hydrochloride

Estecina 500 Laboratories 
Norm on

Lebanon X12 60.6

Citalopram
hydrobromide

Citalopram 10 Neolab UK Y31705 10.9

Citalopram 
hydrobrom ide

Citalopram 40 Neolab UK Y21628 10.9

Citalopram 
hydrobrom ide

Citalopram 40 Sterwin UK 731323 10.9

Citalopram 
hydrobrom ide

Citalopram 40 Sandoz UK 312054 10.9

Citalopram 
hydrobrom ide

Citalopram 10 Lagap UK 306025 10.9

Citalopram 
hydrobrom ide

Citalopram 10 Sterwin UK 251565 10.6

Citalopram 
hydrobrom ide

Citalopram 10 Lundbeck UK 2007075 10.9

Citalopram 
hydrobrom ide

Citalopram 10 Neolab UK Y21619 11.0

Citalopram
hydrobromide

Citalopram 10 Generic UK 2L098 15.6

Citalopram 
hydrobrom ide

Citalopram 10 Neolab UK Y21620 11.1

Citalopram
hydrobromide

Citalopram 10 Neolab UK Y21626 10.9

Citalopram
hydrobromide

Citalopram 10 Sterwin UK 753311 10.9

Citalopram
hydrobromide

Citalopram 40 Lundbeck UK 2011502 15.9

Citalopram 
hydrobrom ide

Citalopram 40 Lagap UK 304044 10.9

Citalopram 
hydrobrom ide

Citalopram 40 Sterwin UK 251326 10.9
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Losartan/
Hydrochlorothiazide

Cozaar Comp 50/
12.5

Merck Sharpe & 
Dohme

UK 281141 4.89

Losartan/
Hydrochlorothiazide

Cozaar Comp 100/
25

Merck Sharpe & 
Dohme

UK NF36620 4.85

Losartan/
Hydrochlorothiazide

Hyzaar 50/
12.5

Merck Sharpe & 
Dohme

Turkey 6031285 4.86

Losartan/
Hydrochlorothiazide

Hyzaar Fort 100/
25

Merck Sharpe & 
Dohme

Turkey 6062858 4.84

Losartan/
Hydrochlorothiazide

Losatan-H 50/
12.5

Biochem Pharm. 
Ind. Ltd.

India 7BD083 6.16

Propranolol
hydrochoride

Propranolol 10 Alpharma UK PA417 10.3

Propranolol
hydrochoride

Propranolol 10 Alpharma UK PA444 10.2

Propranolol
hydrochoride

Inderal 10 AstraZeneca Lebanon DW418 10.2

Propranolol
hydrochoride

Inderal 10 AstraZeneca Lebanon 0511046 10.1

Propranolol
hydrochoride

Apo-propranolol 10 Apotex Lebanon HE1442 6.44

Propranolol
hydrochoride

Propranolol 40 NA Ghana 84309A 19.2

Sulfamethoxazole/
Trimethoprim

Septrin 400/
80

GSK UK B0078H 79.1/
15.8

Sulfamethoxazole/
Trimethoprim

Septrin Forte 800/
160

GSK UK B0068 79.5/
15.9

Sulfamethoxazole/
Trimethoprim

Co-trimoxazole 400/
80

Actavis UK CF171 73.9/
14.8

Trimthoprim Trimethoprim 200 Karib Kemi 
pharma

UK KT2706 83.2

Valsartan / 
Hydrochlorothiazide

Co-Diovan 80/
12.5

Ciba UK w ool 7 7.94

Valsartan / 
Hydrochlorothiazide

Co-Diovan 80/
12.5

Novartis Turkey K0009 7.92

Valsartan / 
Hydrochlorothiazide

Co-Diovan 160/
12.5

Ciba UK S0793 3.99

Valsartan / 
Hydrochlorothiazide

Co-Diovan 160/
12.5

Novartis Turkey K0058 3.91

Valsartan / 
Hydrochlorothiazide

Co-Diovan 160/
12.5

Ciba UK S0030 7.91

Valsartan / 
Hydrochlorothiazide

Co-Diovan 160/
25

Novartis Turkey K0019 7.98

API; active pharmaceutical ingredient, % m/m: percentage mass per mass, NA: not available, TFDA: tanzanaian food and 
drug administration.
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Regarding the APIs, pure cetirizine hydrochloride, ciprofloxacin hydrochloride 

(subsequently referred to simply as ciprofloxacin), erythromycin ethyl succinate and 

hydrochlorothiazide were all purchased from Fluka.

The excipients used were listed in Table 4.2.

Table 4.2 Details of excipient used.
Excipient Manufacturer Batch Number

Lactose Sigma-Aldrich 045K0015

Magnesium oxide (MgO) Sigma-Aldrich 97H0406

Magnesium stearate (MgS) Sigma-Aldrich 99H019

Maize starch Sigma-Aldrich 042K1740
Microcrystalline cellulose 
(MCC) Merck 703K2391731

Sucrose Sigma-Aldrich 045K0120

Talc BDH K21785568

Titanium oxide Sigma-Aldrich 79H3621

4.2.2. Instrumentation
NIR measurements were made on a FOSS NIRSystem 6500 (FOSS NIR System, Inc. 

Laurel, MD, USA) spectrometer equipped with a RCA and a lead sulphide detector (1100 - 

2500 nm).

Pellets were prepared from powders using a Specac manually operated hydraulic press 

equipped with a Vacuubrand sliding vane rotary vacuum pump. A pressure o f four tons was 

applied and held for four minutes. Each pellet had a weight o f 300 mg with a 12 mm 

diameter and an approximate 2 mm thickness.

4.2.3. Method
For tablet measurement, four spectra were taken from each tablet, two jfrom each side 

turning the tablets through 90 degrees between measurements. Pellets were measured in the 

same way as tablets. Powders were measured in 4 mm Waters glass vial taking four spectra 

from each powdered tube shaking the tube after each measurement. Each spectrum was the 

sum of 32 scans over the wavelength range 1100 - 2500 at 2 nm intervals. The average o f  

the four spectra was taken in all cases and stored in the SNV-D2 form. The spectra were 

imported to Unscrambler 7.6 and Matlab R2007a softwares where quantitative PLSR 

models were developed.
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Quantitative models were developed using tablets, powders, pellets or a mixture o f the 

three.

Tablet models were developed using the SNV-D2 spectra o f the proprietary and generic 

products o f the APIs: cetirizine hydrochloride, ciprofloxacin hydrochloride, citalopram 

hydrobromide, hydrochlorothiazide and propranolol.

Powder models were developed on powdered samples o f either API or powdered tablets 

diluted with excipient(s). The mixtures were made either by dilution of the API or crushed 

tablets with excipient(s) to a variable weight, sequential addition o f the API or crushed 

tablets with excipient(s) to a constant weight, standard addition o f the API to the powdered 

tablets and doping of the crushed tablets with both API and an excipient(s). It is important 

to mention the difference between the dilution models and the sequential addition models. 

Both required the mixing o f the powder sample o f interest (powdered tablets or API) with 

one or more excipients. However, the dilution models utilised the addition o f the 

excipient(s) to a variable weight, whereas the sequential addition models were made to a 

constant weight but with varying percentages o f API. Thus, the first powder sample of a 

sequential addition model was made by mixing the API/powdered tablet with the 

excipient(s). The second sample was made by taking a part of the first sample and mixing it 

with an excipient(s) to get a sample of the same weight but with decreasing percentage and 

so on.

Pellets model were developed with compression o f the samples o f the crushed tablets with 

excipients sequentially added to them.

Mixed models were made using mixtures o f spectra o f tablets, powdered samples and 

pellets.

The models were constructed by splitting the spectra randomly into calibration sets for 

model development and internal validation sets for model evaluation. External validation 

sets o f tablets were then used for evaluation o f the models. The reference values for the 

models were the nominal % m/m values calculated by dividing the label claim of the API 

by the mass o f each sample. In some powdered models 0 and 100% samples were added 

where the 0% was an API or excipient different from the API quantified and the 100% 

samples were the pure APIs quantified. Table 4.3 shows the details for these models:

1. Cetirizine tablet model: made by measuring 10 different batches o f intact tablets of 

cetirizine from six manufacturers. The range was from 5.05 - 8.86% m/m.
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2. Ciprofloxacin tablet model: made by measuring 13 different batches o f intact tablets of 

ciprofloxacin from 11 manufacturers. The range was from 58.7 - 70.2% m/m.

3. Citalopram tablet model: made by measuring eight different batches o f intact tablets of 

citalopram from four manufacturers. The range was from 10.5 -15.9% m/m.

4. Hydrochlorothiazide tablet model: made by measuring five different batches o f intact 

tablets o f hydrochlorothiazide in mixtures with losartan or valsartan from two 

manufacturers. The range was from 3.97 - 8.03% m/m.

5. Propranolol tablet model: made by measuring six different batches of intact tablets of 

propranolol from four manufacturers. The range was from 6.39 - 10.9 % m/m.

6. Ciproxin lactose dilution: made by adding different amounts o f lactose to Ciproxin 

powdered tablets (Table 4.4) to give a range o f 33 - 67% m/m.

7. Hydrochlorothiazide MCC dilution: made by adding different amounts o f MCC to pure 

hydrochlorothiazide with 0% (MCC) added to this model. The range in that case was from 

0 - 10.4% m/m.

8. Sulfamethoxazole MCC dilution with 100% added: made by adding different amounts 

o f MCC to pure sulfamethoxazole with 100% added to the model. The range in that case 

was 9.8 - 100% m/m.

9. Trimethoprim MCC dilution with 0 and 100% added: made by adding different 

amounts o f MCC to pure trimethoprim with 0% (MCC) and 100% (TMP) added to the 

model to give a range from 0 - 100% m/m.

10. Trimethoprim MgO dilution with 0% added: made by adding different amounts of MgO 

to pure trimethoprim with 0% (MgO) added to the model to give a range from 0 - 90% 

m/m.

11. Trimethoprim sulfamethoxazole MCC (trimethoprim quantification) dilution with 0% 

added: made by adding different amounts o f MCC to trimethoprim/sulfamethoxazole 

crushed tablets with 0% (MCC) added to the model to give a range from 0 - 90% m/m of 

TMP.

12. Trimethoprim sulfamethoxazole MCC (sulfamethoxazole quantification) dilution: made 

by adding different amounts o f MCC to trimethoprim/sulfamethoxazole crushed tablets to 

give a range from 5.1 - 49.9% m/m.
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13. Trimethoprim sulfamethoxazole MgS (sulfamethoxazole quantification) with 0% 

added: made by adding different amount o f MgS to trimethoprim/sulfamethoxazole crushed 

tablets with 0% (MgS) added to give a range from 0 - 80.5% m/m.

14. Trimethoprim sulfamethoxazole (trimethoprim quantification) with 0 and 100% added: 

made by mixing trimethoprim with sulfamethoxazole so that when the % of trimethoprim 

increases the % of sulfamethoxazole decreases to keep a constant weight. The range o f this 

model was from 0 -100%  m/m of trimethoprim.

15. Trimethoprim sulfamethoxazole (sulfamethoxazole quantification) with 0 and 100% 

added: made by mixing trimethoprim with sulfamethoxazole as model 14 but 

sulfamethoxazole is quantified here.

16. Ciproxin lactose sequential addition: made by adding lactose sequentially to aliquots o f  

the Ciproxin powdered tablets such that the total weight of the powder was kept constant 

(Table 4.4). The range in that model was 32.79 - 66.8% m/m.

17. Ciproxin excipients sequential addition: made by adding different excipients 

sequentially to Ciproxin powdered tablets; one excipient was added at a time to aliquots of 

the powder such that the total weight of the powder was kept constant (Table 4.4). The 

range in that case was 2 - 57% m/m.

18. Ciprofloxacin excipients sequential addition with 0 and 100% added: made by adding 

different excipients sequentially to ciprofloxacin, one excipient was added at a time to the 

aliquots keeping the same total weight. (Table 4.4)

19. Ciproxin standard addition: made by adding different amount o f pure ciprofloxacin to 

Ciproxin powdered tablets to give a range o f 66.8 - 80.9% m/m. (Table 4.4)

20. Ciproxin standard addition with 0% added: made as in (26) with the addition of a 

sample o f 0% m/m (pure erythromycin ethyl succinate) to the model.

21. Ciproxin standard addition with 100% added: made as in (26) with the addition o f a 

sample o f 100% m/m (pure ciprofloxacin) to the model.

22. Ciproxin standard addition with 0% and 100% added: made as in (26) with the 

additions o f 0% m/m and 100% m/m samples as in (27) and (28).

23. Hydrochlorothiazide standard addition: made by adding different amount o f pure 

hydrochlorothiazide to losartan/hydrochlorothiazide crushed tablets to give a range from

4.02 - 12.2% m/m.
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24. Trimethoprim standard addition: made by adding different amount o f pure trimethoprim 

to trimethoprim/sulfamethoxazole crushed tablets to give a range o f 17.8 - 75.5% m/m.

25. Ciproxin starch ciprofloxacin: made by adding either starch or ciprofloxacin to 

Ciproxin powdered tablets to decrease or increase the concentration o f ciprofloxacin 

respectively. (Table 4.4)

26. Ciproxin excipients sequential addition pellets with 100% added: made by adding 

different excipients sequentially to aliquots o f ciprofloxacin dilutions keeping the same 

total weight. Then the powders were compressed into pellets. A pellet made from pure 

ciprofloxacin was added to the model as a 100% m/m value. (Table 4.5)

27. Mixed pellets, powders, tablets model: the model was made by mixing samples from 

the above models to include powders, pellets and tablets.

Table 4.3 The PLSR models developed using tablets, powders and pellets.______________
Model Model Nam e F CiV F Calibration RMSEC RMSEP RSEP
Numb ratio Range (% (% m/m) (% m/m) (%)
er_______________________________________________________________ m/m)_______________________________________
1 Cetirizine tablet model 4 60:30 0.9516 5.05- 8.86 0.27 0.34 4.33
2 Ciprofloxacin tablet model 9 78:38 0.9629 58.6 -70.2 0.70 0.87 1.35
3 Citalopram tablet model 2 36:18 0.9847 10.4 -15.9 0.19 0.17 1.55
4 Hydrochlorothiazide t ablet model 3 20:30 0.9501 3.97 - 8.03 0.37 0.56 7.54
5 Propranolol tablet model 3 34:11 0.9495 6.39 - 10.9 0.35 0.31 3.49

6 Ciproxin lactose dilution 1 80:40 0.9975 33 - 67 0.80 0.81 1.23
7 HCT MCC dilution 2 33:44 0.9917 0 - 10.4 0.29 0.71 11.5
8 SUL MCC dilution with 2 30:10 0.9971 9.8 -100 1.56 1.74 3.32

100% added

9 TMP MCC dilution with 0 and 3 72:24 0.9993 0 -100 0.81 0.80 1.79
100% added

10 TMP MgO dilution with 0% 2 30:10 0.8772 0 - 90 10.1 9.40 9.89
added

11 TMP SUL MCC (TMP Quant.) 
dilution with 0% added

2 30:10 0.9969 0 - 90 1.59 1.79 1.81

12 TMP SUL MCC (SUL Quant.) 
dilution

2 30:10 0.9971 5.1 - 50 0.77 0.88 3.21

13 TMP SUL MgS (SUL Quant.) 
dilution with 0% added

3 36:12 0.9951 0 - 80.5 1.87 2.08 5.89

14 TMPSUL (TMP Quant.) dilution 
with 0% and 100% added

2 33:11 0.9938 0 -100 2.49 2.97 5.79

15 TMPSUL (SUL Quant.) dilution 
with 0% and 100% added

2 33:11 0.9938 0 -100 2.49 2.97 5.79

16 Ciproxin lactose sequential 
addition

1 80:40 0.9956 32.8 - 66.8 1.09 1.15 1.74

17 Ciproxin excipients seq uential 
addition

4 104:12 0.9857 2 - 57 3.07 1.96 2.39

18 Ciprofloxacin excipients 
sequential

1 7:3 0.9474 0 -100 11.8 10.8 19

addition with 0 and 100% added
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19 Ciproxin standard addition
20 Ciproxin standard addition with 

0% added
21 Ciproxin standard addition with 

100% added

22 Ciproxin standard addition with 
0%
and 100% added

23 HCT standard addition
24 TMP standard addition

25 Ciproxin starch ciprofloxacin

26 Ciproxin excipients sequential 
addition pellets with 100% 
added

2 15:3 0.9845 66.81- 81.0 0.73 0.71 0.85
3 16:3 0.9991 0 - 81.0 0.74 0.78 0.69

3 16:3 0.9965 66.8 -100 0.64 0.51 0.92

3 17:3 0.9989 0 -100 0.88 0.97 0.89

2 33:44 0.9155 4.02- 12.2 0.76 1.11 13.3
2 42:14 0.9975 17.8 - 75.5 0.89 1.23 2.69

2 24:12 0.9976 44 - 77 0.69 0.90 1.41

6 40:20 0.9956 3 -100 1.94 2.70 4.07

27 Mixed pel lets,tablets, powders 
with 0% and 100% added

21:9 0.9931 0 -100 2.66 3.62 5.75

API: active pharmaceutical ingredient, F: number of factors, C:V ratio: calibration: validation ratio, r̂ : correlation coefficient of 
the calibration set, RMSEC: root mean square error of calibration, RMSEP: root mean square error of prediction, RSEP: 
relative standard error of prediction, HCT: hydrochlorothiazide, MCC: microcrystalline cellulose, SUL: sulfamethoxazole,
MgS: magnesium stearate, MgO: magnesium oxide, Quant.: quantification.

Table 4.4 Details o f the powdered ciprofloxacin models used.
Model Ciproxin/ 

Ciprofloxacin* 
mass (mg)

Excipient/
Ciprofloxacin

Excipient/ 
Ciprofloxacin 
mass (mg)

Total
mass
(mg)

Ciprofloxacin 
percentage ( % 
m/m)

Ciproxin lactose dilution’’ 502 None 0.00 501 66.8

Ciproxin lactose dilution’’ 500 Lactose 55.6 556 60.2

Ciproxin lactose dilution^ 500 Lactose 125 625 52.6

Ciproxin lactose dilution’’ 500 Lactose 214 714 46.9

Ciproxin lactose dilution’’ 500 Lactose 222 822 40.2

Ciproxin lactose dilution’’ 500 Lactose 500 1000 22.5

Ciproxin excipients 501 None 0.00 501 68.3
sequential addition^ 
Ciproxin excipients 502 None 0.00 502 66.8
sequential addition^ 
Ciproxin excipients 451 MgO 13.2 502 66.5
sequential addition^ 
Ciproxin excipients 334 MgO 41.3 503 62.7
sequential addition^ 
Ciproxin excipients 315 MgO 73.2 516 58.6
sequential addition^ 
Ciproxin excipients 303 MgO 84.8 501 56.7
sequential addition^ 
Ciproxin excipients 284 MgO 51.4 503 59.9
sequential addition^ 
Ciproxin excipients 396 Sucrose 62.1 558 52.5
sequential addition^ 
Ciproxin excipients 274 Sucrose 103 504 54.3
sequential addition’̂  
Ciproxin excipients 269 Sucrose 104 498 54.1
sequential addition^ 
Ciproxin excipients 255 Sucrose 142 516 49.5
sequential addition^ 
Ciproxin excipients 247 Sucrose 137 498 49.6
sequential addition^ 
Ciproxin excipients 344 Mannitol 62.8 500 45.9
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sequential addition
Ciproxin excipients 
sequential addition^

234 Mannitol 160 503 46.6

Ciproxin excipients 
sequential addition^

221 Mannitol 178 501 44.1

Ciproxin excipients 
sequential addition^

217 Mannitol 184 501 43.3

Ciproxin excipients 
sequential addition^

212 Mannitol 209 518 40.8

Ciproxin excipients 
sequential addition^

199 Mannitol 108 400 49.8

Ciproxin excipients 
sequential addition^

294 MCC 71.9 500 29.3

Ciproxin excipients 
sequential addition^

173 MCC 151 405 42.8

Ciproxin excipients 
sequential addition^

161 MCC 271 507 31.8

Ciproxin excipients 
sequential addition^

143 MCC 300 509 28.1

Ciproxin excipients 
sequential addition^

114 MCC 335 502 22.7

Ciproxin excipients 
sequential addition^

245 Lactose 72.7 491 22.3

Ciproxin excipients 
sequential addition^

95.4 Lactose 379 519 18.4

Ciproxin excipients 
sequential addition^

70.9 Lactose 417 521 13.6

Ciproxin excipients 
sequential addition^

51.4 Lactose 428 504 10.2

Ciproxin excipients 
sequential addition^

32.4 Lactose 450 498 6.51

Ciproxin excipients 
sequential addition^

17.6 Lactose 477 503 3.50

Ciproxin lactose sequential 
addition^

502 None 0.00 502 66.8

Ciproxin lactose sequential 
addition^

451 Lactose 52.2 505 59.8

Ciproxin lactose sequential 
addition^

298 Lactose 56.2 501 52.0

Ciproxin lactose sequential 
addition^

247 Lactose 64.2 501 45.9

Ciproxin lactose sequential 
addition^

296 Lactose 71.4 499 29.3

Ciproxin lactose sequential 
addition^

247 Lactose 82.4 500 22.8

Ciproxin standard addit on'' 0.00 Ciprofloxacin 1276 1276 100

Ciproxin standard addit on^ 313 Ciprofloxacin 43.8 357 70.9

Ciproxin standard addit on^ 305 Ciprofloxacin 15.2 320 68.4

Ciproxin standard addit on^ 313 Ciprofloxacin 47.9 361 71.2

Ciproxin standard addit on^ 313 Ciprofloxacin 57.9 371 71.9

Ciproxin standard addit on^ 313 Ciprofloxacin 82.8 396 73.8

Ciproxin standard addit on^ 313 Ciprofloxacin 105 418 75.2

Ciproxin standard addit on^ 313 Ciprofloxacin 132 445 76.7

Ciproxin standard addit on^ 313 Ciprofloxacin 159 472 77.9

Ciproxin standard addit on" 313 Ciprofloxacin 2338 546 80.9

Ciproxin standard addit on" 305 Ciprofloxacin 21.2 326 68.9

Ciproxin standard addit on" 203 Ciprofloxacin 300 602 82.3

Ciproxin standard addit on" 202 Ciprofloxacin 200 502 79.9

Ciproxin standard addit on" 201 Ciprofloxacin 122 422 76.3

Ciproxin standard addit on" 201 Ciprofloxacin 91.7 292 74.6

Ciproxin standard addit on" 201 Ciprofloxacin 61.6 262 72.5
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Ciproxin standard addition** 200 Ciprofloxacin 24.2 224 70.2

Ciproxin standard addition** 201 Ciprofloxacin 20.9 222 69.9

Ciproxin standard addition^ 205 Ciprofloxacin 0.00 205 66.8

Ciproxin standard addition** 0.00 Erythromycin 1245 1245 0.00

Ciprofloxacin excipients 
sequential addition®

500 None 0.00 500 100

Ciprofloxacin excipients 
sequential addition®

469 Maize starch 22.1 502 92.6

Ciprofloxacin excipients 
sequential addition®

451 Sucrose 50.8 502 84.1

Ciprofloxacin excipients 
sequential addition®

420 Mannitol 85.1 505 69.9

Ciprofloxacin excipients 
sequential addition®

402 MCC 99.6 501 56.1

Ciprofloxacin excipients 
sequential addition®

253 Lactose 149 502 29.4

Ciprofloxacin excipients 
sequential addition®

202 MgO 198 501 22.9

Ciprofloxacin excipients 
sequential addition®

251 Talc 249 500 11.9

Ciprofloxacin excipients 
sequential addition®

101 Croscarmellose
sodium

402 503 2.41

Ciproxin

Ciproxin

Ciproxin

Ciproxin

Ciproxin

Ciproxin
Ciproxin

Ciproxin

starch ciprofloxacin® 205 Maize starch 20.70 226 91.0

starch ciprofloxacin® 205 Maize starch 61.20 267 82.0

starch ciprofloxacin® 205 Maize starch 91.60 297 77.0

starch ciprofloxacin® 205 Maize starch 122.0 427 72.0

starch ciprofloxacin® 201 Ciprofloxacin 20.90 222 91.0

starch ciprofloxacin® 201 Ciprofloxacin 61.70 262 82.0

starch ciprofloxacin® 201 Ciprofloxacin 91.70 292 77.0

starch ciprofloxacin® 201 Ciprofloxacin 121.5 422 71.0

* Ali the powdered m ixtures utilised in the models were made with Ciproxin crushed tablets batch number 
BXC4H91 except number 5 which was done with standard ciprofloxacin.
1 Ciproxin lactose dilution: made by adding different amount of lactose to Ciproxin powdered tablets.
2 Ciproxin excipient sequential addition: made by adding different excipients sequentially to Ciproxin powdered 
tablets, one excipient was added at a time to an aliquot of the powder such that the total weight of the powder 
was kept constant.
3 Ciproxin lactose sequential addition: made by adding lactose sequentially to aliquots of the Ciproxin 
powdered tablets such that the total weight of the powder was kept constant.
4 Ciproxin standard addition: made by adding different amount of ciprofloxacin to Ciproxin powdered tablets.
5 Ciprofloxacin excipients sequential addition: made by adding different excipients sequentially to aliquots of 
ciprofloxacin dilutions keeping the same total weight.
6 Ciproxin starch ciprofloxacin : made by adding either starch or ciprofloxacin to Ciproxin powdered tablets to 
decrease or I ncrease the concentration of ciprofloxacin respectively.

Table 4.5 Details o f the powdered mixtures utilised in the Ciproxin excipients sequential

Ciproxin
mass
(mg)

Excipients
mass
(mg)

Total
mass
(mg)

Ciprofloxacin 
percentage 
(% m/m)

0 306 306 0.00

16.8 290 307 3.74

21.4 283 304 4.81

29.9 271 301 6.79

39.6 266 306 8.85
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44.9 256 301 10.2

59.8 250 310 13.2

73.9 229 303 16.7

80.1 211 291 18.8
107 197 303 24.0

120 183 303 27.1

136 165 301 30.9
153 150 302 33.7
153 148 301 34.7

156 147 302 35.1

160 141 301 36.2

163 139 301 36.9

165 138 303 37.2

168 131 300 38.4
171 129 300 38.9
174 124 298 39.9
177 122 299 40.5

183 126 309 39.6
182 117 299 41.6
186 111 297 42.8
189 111 300 43.0

192 109 301 43.6

195 104 298 44.6
198 104 302 44.8
201 98.8 300 45.8
204 95.4 299 46.5
207 104 311 45.4
212 95.1 307 46.1
213 88.5 301 48.2

225 75.7 301 51.1

228 72.3 300 51.9
232 67.8 299 52.8
245 63.7 308 53.0

243 56.8 300 55.4
246 54 300 56.0
249 50.8 300 56,7
255 45.7 301 57.9

258 47.8 306 57.6
264 35.9 300 60.1
270 30.1 300 60.1
273 21.5 295 63.3
276 24.1 300 62.8
279 20.2 299 63.7
285 13.8 299 65.2

292 7.7 300 66.6
300 0 300 66.8

118



4.3. Results and Discussion

Universal quantitative PLSR models were built with the aim of quantifying proprietary and 

generic tablets. The importance o f these models lies in the fact that they might be the only 

way of authentication of a pharmaceutical product when only the API in the product is 

stated as the case o f the Tanzanian products. The list o f excipients present in these products 

was not known. So the criteria for identification has to be limited to checking if the API is 

present in the correct dose rather than looking at the quality o f the product as a whole.

Of all the samples available in the Tanzanian set, only ciprofloxacin containing products 

were quantified in this work. The other products were not quantified due to the lack of 

availability o f enough batches or the API to build a model.

Instead PLSR models were applied to other types o f samples with low and high content of 

API such as: cetirizine hydrochloride, citalopram hydrobromide, hydrochlorothiazide, and 

propranolol hydrochloride and sulfamethoxazole and trimethoprim mixture. The models 

used were conventional tablet models, powder dilution model, powder sequential addition 

models, standard addition models, pellet models and mixed model o f tablets, powders and 

pellets.

4.3.1. Conventional tablet models
Conventional tablet models are simple and easy to use as they require no sample 

preparation. They are applied directly to the spectra o f the tablets o f the products available. 

However, the drawback of these models is that they caimot be applied unless there was 

variable range in the % m/m o f the products o f the same API to be used in the calibration 

set.

Five tablet models were built for the quantification of five APIs (Table 4.3): cetirizine 

hydrochloride, ciprofloxacin hydrochloride, citalopram hydrobromide, hydrochlorothiazide, 

and propranolol hydrochloride. The number o f samples in each model was variable 

depending on the availability o f different batches with a range o f % m/m. The model with 

the least number of samples was the propranolol tablet model (model 5) which was built 

with 45 samples; whereas the one with the largest number o f samples was the ciprofloxacin 

tablet model (model 2) and it contained 116 samples.
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For model construction, the tablet samples were split into calibration and validation sets 

randomly, usually in a ratio close to 75:25 respectively. The lowest range observed for 

intact tablets was for cetirizine tablet model from 5.05 - 8.86% m/m and the highest for 

ciprofloxacin tablet model from 58.7 - 70.2% m/m. The number of factors (F) was selected 

for each model to give a low RSEP. Figure 4.1 shows a plot of the RSEP against the 

number of factors of the ciprofloxacin tablet model. The RSEP was calculated relative to 

the average % m/m of Ciproxin tablets (66.8% m/m). From the figure it is clear the nine 

factors were enough to obtain a low RSEP value.

4.5

3.5
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cr
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Num ber o f fac to rs

Figure 4.1 The relative standard error of prediction against the number of factors for the 
ciprofloxacin tablet model (model 2).

Regarding the model evaluations, each PLSR model was evaluated internally according to

the r“ value, RMSEC and RMSEP values of the calibration and validation sets respectively.

Figure 4.2 shows the plot of the nominal versus predicted concentrations of the calibration

and validation sets of the cetirizine, ciprofloxacin and citalopram tablet models. It can be

observed that the range of the ciprofloxacin tablet model is better distributed than the other
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two models as more diverse batches with variable % m/m is present in the ciprofloxacin 

tablet model.
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Figure 4.2 Predicted versus nominal of cetirizine tablet model (model 1) (a) calibration set 
and (b) internal validation set, ciprofloxacin tablet model (model 2) (c) calibration set and 
(d) internal validation set, citalopram tablet model (model 3) (e) calibration set and (f) 
internal validation set.

A high r̂  value showed an agreement between the nominal and predicted concentration 

values and thus the predictive ability of the model. An ideal case would be where the r̂  

value was 0.999. However, this is difficult to achieve as the tablet models were built on 

diverse sets of tablets of various manufacturers and sources. The lowest r“ values were 

obtained for the propranolol tablet model (model 5) and the hydrochlorothiazide tablet 

model (model 4) having values of 0.9495 and 0.9501 respectively. This probably occurred 

because there were few samples in both models and the models were built with a narrow 

concentration range (less than 5%). On the other hand, the cetirizine tablet model (model 1) 

was built with more samples but had a close r̂  values to the previous two models and was

121



equal to 0.9516. The concentration range o f this model was from 5.05 - 8.85% m/m. The 

highest r̂  values were obtained for the ciprofloxacin tablet model (model 2) and the 

citalopram tablet model (model 3) o f 0.9629 and 0.9847 respectively. The concentration 

range was wider with the ciprofloxacin tablet model and the model was built with more 

samples. But citalopram tablet model had a concentration range and number of samples less 

than the ciprofloxacin tablet model and could yield a higher r̂  value. So the r̂  value alone 

is not a good judgement o f the quality o f the regression model.

In this respect, the RMSEC and RMSEP values were compared. As stated in the 

introduction, no optimum RMSEC and RMSEP values were taken but the lower these 

values are, the more accurate is the model. In addition, closer the RMSEC and RMSEP 

values show better agreement between the calibration and validation sets, and a more robust 

PLSR model. The lowest and closest RMSEC and RMSEP values were observed for 

citalopram tablet model (model 3) o f 0.19% m/m and 0.17% m/m respectively. 

Hydrochlorothiazide tablet model (model 4) had the biggest difference between RMSEC 

and RMSEP values. Models 4 and 5 also had a small number of samples and less variable 

batches compared to the other models. This showed that the number o f samples may also 

play an important role in the model evaluation. The ciprofloxacin tablet model (model 2) 

had the highest RMSEC and RMSEP values among the models. However, this model had 

the highest % m/m among the tablet models.

Consequently, a more accurate judgment would be to interpret the RSEP as it calculates the 

standard error o f the model relative to the % m/m. In this respect, the lowest RSEP of 

1.35% was observed for the ciprofloxacin tablet model (model 2) and the highest of 7.54% 

was observed for the hydrochlorothiazide tablet model (model 4). The remaining three 

models had RSEP values less than 5%. This showed that to obtain a good PLSR tablet 

model a large number o f diverse samples over a wide concentration range is required.

The predictive ability o f the models was further tested against external validation or test 

sets that were not in the models (Table 4.6). Several batches were used as test sets for 

validation of each model except propranolol tablet model which had only one batch 

validated as a test set. As all the models, apart from ciprofloxacin tablet model (model 2), 

had a low % m/m of the API, the content for the batches is expected to lie between 70 - 

130% of the label claim. For the ciprofloxacin test set, the content is expected to lie 

between 90 - 110% of the label claim.
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For the cetirizine tablet model (model 1), the test set consisted o f 11 different batches. All 

the batches predictions were within the specified range o f 70 - 130% label claim. The 

lowest prediction was 86.2% label claim for batches number 05C07 and the highest was 

115% label claim for batch number B61950. This was a range o f half the predictive limits. 

The mean prediction of the test set was 103% label claim and the RSD was 8.77%. For the 

ciprofloxacin tablet model (model 2), proprietary and generic tablets containing 250, 500, 

and 750 mg of ciprofloxacin hydrochloride were used as a test set. Seven batches of 

Ciproxin 250 mg yielded a mean prediction of 96.4% label claim. The RSD was lower than 

the one obtained in model 1 and was 4.18%. The batches had a minimum prediction of  

90.3% label claim for batch number 09C1001 and a maximum of 102% label claim for 

batch number IT10685. On the other hand, the Ciproxin 500 mg tablets predictions were 

more accurate with an RSD of 1.19% and a mean prediction of 101% label claim. The 

minimum prediction in the latter case was 99% for batch number BXBICLI and the 

maximum was 103% for batch number CCZARl. The generic ciprofloxacin 500 mg tablets 

were more variable with a mean prediction of 99.2% label claim and an RSD of 6.97%. 

Only one batch lay outside the limit which was batch number 5A06 and had a mean 

prediction of 111% label claim. Only one batch of Ciproxin 750 mg tablets was predicted 

and yielded a label claim o f 99.3%. The largest RSD o f 13.5% was observed in the test set 

of the citalopram tablet model (model 3). The mean prediction of six batches was 105% 

label claim. The reason for the high deviation was that batch number 2007025 lied outside 

the limit and had a mean prediction of 134% label claim. The hydrochlorothiazide tablet 

model (model 4) had an RSD of 9.95% for five batches and a mean prediction of 105% 

label claim. All batches lay within limit. For the propranolol test set, a mean prediction of 

103% of label claim was observed. Thus, the lowest RSDs and more accurate predictions 

were observed for the test set o f the ciprofloxacin tablet model (model 2). This may be 

because model 2 products had a high % of API and the model was built using more 

numerous samples.
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Table 4.6 Predicted amount o f % label claim for the external validation sets of the tablet 
model.

API Product Dose
(mg)

Batch Number Predicted Amount (% label 
claim)

Cetirizine
hydrochloride

Galpharm Hayfever 
and Allergy Relief

10 NA 89.6

Cetirizine
hydrochloride

Pollenshield 10 NA 113

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 AFX8001F 105

Cetirizine
hydrochloride

Dr. Reddys Histease 
Alergy Relief

10 B61950 115

Cetirizine
hydrochloride

Zirtek 10 08A07B 102

Cetirizine
hydrochloride

Pireteze 10 067 101

Cetirizine
hydrochloride

Benadryl 10 11B08D 103

Cetirizine
hydrochloride

Pollenshield 10 JE77 113

Cetirizine
hydrochloride

Hayfever and Allergy 
Relief

10 HD4J6G 102

Cetirizine
hydrochloride

Hayfever and Allergy 
Relief

10 HD3A8G 102

Cetirizine
hydrochloride

Cetirizine
hydrochloride

10 05C07 86.2

Mean (n= 11) 103
RSD 8.77

Ciprofloxacin
hydrochloride

Ciproxin 250 09C1001 90.3

Ciprofloxacin
hydrochloride

Ciproxin 250 1218405 96.5

Ciprofloxacin
hydrochloride

Ciproxin 250 IT10485 96.1

Ciprofloxacin
hydrochloride

Ciproxin 250 IT10685 102

Ciprofloxacin
hydrochloride

Ciproxin 250 IT2056 90.2

Ciprofloxacin
hydrochloride

Ciproxin 250 IT20260 101

Ciprofloxacin
hydrochloride

Ciproxin 250 IT502BZ 99.8

Mean (n= 7) 96.4
RSD 4.18

Ciprofloxacin
hydrochloride

Ciproxin 500 BXBICLI 99.0

Ciprofloxacin
hydrochloride

Ciproxin 500 BXC37V1 101

Ciprofloxacin
hydrochloride

Ciproxin 500 CCZARl 103

Ciprofloxacin
hydrochloride

Ciproxin 500 CCZLJ2 99.9

Mean (n= 4) 101
RSD 1.19
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Ciprofloxacin
hydrochloride

ciprofloxacin 500 5A06 111

Ciprofloxacin
hydrochloride

ciprofloxacin 500 5A09 110

Ciprofloxacin
hydrochloride

ciprofloxacin 500 CPT6004 93.7

Ciprofloxacin
hydrochloride

ciprofloxacin 500 CPT6007 94.1

Ciprofloxacin
hydrochloride

ciprofloxacin 500 23207 95.7

Ciprofloxacin
hydrochloride

ciprofloxacin 500 F4453 98.6

Ciprofloxacin
hydrochloride

ciprofloxacin 500 072 94.4

Ciprofloxacin
hydrochloride

ciprofloxacin 500 SP1L189 91.7

Ciprofloxacin 
hydrochloride 
Mean (n= 9) 
RSD

ciprofloxacin 500 OH0010 103

99.2
6.97

Ciprofloxacin
hydrochloride

Ciproxin 750 BXCBBF1 99.3

Citalopram 
hydrobrom ide

Citalopram 10 2L098 99.6

Citalopram 
hydrobrom ide

Citalopram 10 306025 98.2

Citalopram 
hydrobrom ide

Citalopram 10 2007075 134

Citalopram 
hydrobrom ide

Citalopram 40 Y21628 102

Citalopram 
hydrobrom ide

Citalopram 40 312054 98.7

Citalopram 
hydrobrom ide

Mean (n= 6) 
RSD

Citalopram 40 251326 99.9

105
13.5

Hydrochlorothiazide Co-diovan 12.5 K0058 118
Hydrochlorothiazide Co-diovan 25 K0019 96.2
Hydrochlorothiazide Hyzaar 12.5 6031285 112
Hydrochlorothiazide Hyzaar Forte 12.5 7BD083 103
Hydrochlorothiazide 
Mean (n= 5)
RSD

Losatan-H 25 6062858 93.3
105

9.97

Propranolol
hydrochoride

Propranolol 10 PA444 103

API: active pharmaceutical ingredient, RSD: relative standard deviation

The selectivity o f the models was investigated by predicting the blank test set o f samples 

through the tablet models (Table 4.7). None of the models predicted 0% m/m for any of the 

tablets. Only Ibuprofen tablets gave a negative prediction (equal to -2.23% m/m) when fed 

to hydrochlorothiazide tablet model (model 4). This showed the lack o f selectivity of the 

tablet models to the API o f interest.
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Product Predicted amount of % m/m of API

Model 1 Model 2 Model 3 Model 4 Model 5

Cetirizine
tablet
model

Ciprofloxacin 
tablet model

Citalopram
tablet
model

Hydrochlorothiazide 
tablet model

Propranolol
tablet
model

Lipitor 5.49 58.9 14.1 2.30 7.86

Plavix 5.65 50.2 14.2 2.23 9.88

Nexium 3.29 55.7 14 1.29 10.1

Singulair 5.30 68.8 14.1 2.35 7.06

Zyprexa 8.92 72.3 14.1 2.81 8.71

Protium 6.86 64.7 14.1 4.02 14.8

Seroque! 9.15 63.2 14.1 4.22 8.68

Risperidai 9.99 71.9 14.1 2.25 10.4

Effexor 8.80 58.6 14.2 3.81 7.82

Panadol
Actifast

5.64 57.9 14.1 5.86 11.7

ibuprofen 1.74 53.6 14.1 -2.23 8.38

Benadryl 8.57 72.6 14.1 2.95 7.52

Clarityn 8.13 94.4 14.2 3.96 6.05

Noroxin 6.38 47.7 14.1 7.22 15.8

Ofloxacin 7.02 68.4 14.1 2.96 9.5

4.3.2. Powder models: dilution
Powder dilution models (models 6 -1 5 )  were made by adding one excipient to the crushed 

tablet or the API to generate a model for quantifying the API in tablets in single or multi- 

component dosage forms. The models were made with diluted samples o f the following 

APIs: ciprofloxacin, hydrochlorothiazide, sulfamethoxazole and trimethoprim. Models 6, 

11,12 and 13 were made by diluting the crushed tablets with an excipient; whereas, models 

7 - 1 0  were made by diluting the API with an excipient and models 1 4 -1 5  were made by 

diluting 2 APIs (sulfamethoxazole and trimethoprim).

The number of samples to build the models varied from 40 - 120 samples (Table 4.3). 

Unlike the tablet models, fewer factors were needed to get good RSEP in some cases.

Thus, only one factor was needed for the Ciproxin lactose dilution model to get an RSEP 

value o f 1.23% (model 13). The model was created by the diluting the crushed tablet with 

only one excipient (lactose). The calibration range in that model was 33 - 67% m/m which 

is enough to detect ciprofloxacin in substandard products only if they were present within 

this concentration range. The model had a high r̂  value o f 0.9975 and a good agreement
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among the RMSEC and RMSEP values of 0.80 and 0.81% m/m respectively. Also, models 

11-13 were made by diluting the crushed tablets with MCC and MgS. Model 11 aims at 

quantifying TMP; whereas models 12 and 13 were built to quantify SUL. The 

concentration ranges of the models were from 0 - 90% m/m, 5.1 - 49.7% m/m and 0 - 

80.5% m/m respectively. The r̂  values of these three models were 0.9969, 0.9971 and 

0.9951 respectively. So model 12 (TMP SUL MCC) had the highest r̂  value. Also, this 

model had the closest values for RMSEC and RMSEP of 0.77% m/m and 0.88% m/m 

respectively. The RSEP value of this model was 3.21%; whereas, it was 5.89% for model 

13. This showed that the use of MCC as a diluent was better than MgS for SUL 

quantification. For TMP quantification, model 11 worked well with an RSEP value of

1.81% m/m.

Only one model made by diluting the API with an excipient proved to be better than 

crushed tablets dilution. Model 9 was made by diluting TMP with MCC and adding the 

spectra 0% (MCC) and 100% (TMP) samples. The model was built by using three factors 

on 96 samples and gave an r̂  value of 0.9993 and RMSEC and RMSEP values of 0.81% 

m/m and 0.80% m/m respectively. In addition, it gave an RSEP value of 1.79% m/m. 

Figure 4.3 shows the calibration and validation sets of this model.
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Figure 4.3 Predicted versus nominal concentrations of the (a) calibration and (b) validation 
sets of model 9: TMP MCC dilution with 0 and 100% added.

On the other hand, model 10 (TMP MgO dilution with 0% added) did not give any good r“ 

value (r“ -  0.8772) and gave high RMSEC and RMSEP values of 10.1% m/m and 9.4%
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m/m respectively. In addition, it yielded a poor RSEP value of 9.89%. In this case as well 

the use of MCC as a diluent was better than MgO. On the other hand, MCC was used as a 

diluent to create model 7 (HCT MCC dilution) and did not give good results. The model 

was linear giving an r̂  value o f 0.9917, but it was not robust as the RMSEP value (0.71% 

m/m) was more than twice the RMSEC value (0.29% m/m). It gave a poor RSEP value of

11.5%. Model 8 (SUL MCC dilution model with 100% added) was built over of the range 

of 9.8 -100% m/m and gave an r̂  value o f 0.9971 and RMSEC and RMSEP values o f 1.56 

and 1.74% m/m respectively. It had an RSEP value of 3.32%.

A third approach of dilution models was applied to a particularly binary set o f examples 

and was made by diluting two APIs and adding 0 and 100% samples to the models to 

quantify mixture tablets as in models 14 (TMP SUL (TMP quant.) dilution with 0 and 

100% added) and 15 (TMP SUL (SUL quant.) dilution with 0 and 100% added). In this 

respect, the same samples were used in both models but the 0 and 100% samples were 

inverted for both models (Figure 4.4). An interesting observation was observed that the 

increase in one API is proportional to the decrease in the other. Thus, both models yielded 

the same results in their statistical parameter: r̂  values o f 0.9938, RMSEC values of 2.49% 

m/m, RMSEP values of 2.97% m/m and RSEP values o f 5.79%. However, these models 

did not prove to be any better than the ones built with diluting the crushed tablet o f the API 

with any excipient.
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Figure 4.4 Predicted versus nominal concentrations of the (a) calibration and (b) validation 
sets of model 14 (TMP SUL (TMP Quant.) dilution with 0 and 100% added) and of the (c) 
calibration and (d) validation sets of model 15 (TMP SUL (SUL Quant.) dilution with 0 
and 100% added).

Test sets of intact and powdered tablets were used to test the predictive ability of the 

models. For Ciproxin lactose dilution model (model 6), proprietary and generic intact and 

powdered tablets containing 250, 500 and 750 mg ciprofloxacin were used as test sets 

(Table 4.8). The model failed to predict intact proprietary Ciproxin tablets as it gave % 

label claims outside the limit of 90 - 110% label claim. For prediction of UK and Tanzanian 

generic ciprofloxacin tablets, it could predict one UK and one Tanzanian batches within the 

limits; which were batch numbers KF5703 and OHOOlO and gave % label claim values of 

94.2 and 91.2% respectively. All the other batches were predicted outside the limits. 

Flowever, when these tablets were crushed, only two batches were predicted with values 

outside the limits. These were batch numbers B61325 and OHOOlO, and gave predictions of 

112 and 113% label claim respectively. The mean prediction of the powdered tablets was
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106% label claim and the RSD was 5%. So, this model is much better for predicting 

powdered tablets.

Table 4.8 Prediction of the % label claim of Ciproxin and ciprofloxacin intact and 
powdered tablets._________________________________________________________

Type Dose
(mg)

Batch
Number

Predicted Amount (% label claim)

Powdered Models Pellets
Model

Model
Number

6 17 16 22 25 26

Model
Name

Ciproxin
lactose
dilution

Ciproxin
excipients
sequential
addition

Ciproxin
lactose
sequential
addition

Ciproxin 
standard 
addition with 
0 and 100

Ciproxin
starch
ciprofloxacin

Ciproxin 
excipients 
sequential 
addition 
pellets with 
100

Ciproxin'' 250 09C1001 86.7 86.2 86.9 94.7 88.5 83.2

Ciproxin’' 250 1218405 57.6 104 59.4 109 70.9 63.2

Ciproxin'' 250 I I I 0485 87.6 92.4 87.8 96.7 88.6 90.8

Ciproxin'' 250 I I I 0685 78.6 99.6 80.2 103 85.2 81.8

Ciproxin'' 250 IT2056 69.7 105 84.4 106 80.4 75.2

Ciproxin^ 250 1T20260 70.6 99.9 80.8 98.4 80.4 75.1
Ciproxin' 250 1T502BZ 69.3 102 71.7 102 79.0 91.9

Mean 74.3 98.3 78.7 101 81.8 80.2

RSD 14.4 6.79 11.9 5.03 7.60 12.5

Ciproxin'' 500 BXC37V1 65.9 101 68.6 103 76.7 74.7
Ciproxin'' 500 BXB1CL 67.8 104 70.3 105 78.7 78.7

Ciproxin' 500 CCZLJ2 69.6 99.5 75.5 104 79.4 76.7

Ciproxin' 500 CCZARl 65.4 99.4 71.9 103 76.4 71.2

Mean 67.2 101 71.6 104 77.8 75.3

RSD 2.4 1.8 3.6 0.7 1.7 3.7

Ciprofloxacin' 500 KF5703 94.2 93.8 65.4 97.0 72.1 67.8

Ciprofloxacin' 500 8K27CL 117 97.8 79.7 104 84.5 84.5
Mean 106 95.8 72.5 100 78.3 76.2

RSD 10.7 2.06 9.82 3.01 7.91 11.0

Ciprofloxacin' 500 5A09 59.2 104 63.8 120 77.9 63.1

Ciprofloxacin' 500 5A06 65.6 102 69.5 120 80.9 65.3
Ciprofloxacin' 500 CPT6004 85.8 94.2 86.1 100 87.6 93.9

Ciprofloxacin' 500 CPT6007 89.1 93.9 89.2 100 89.7 95.5
Ciprofloxacin' 500 23207 73.2 107 75.2 104 83.2 82.8

Ciprofloxacin' 500 F4453 68.4 92.1 70.5 99.9 77.9 71.2

Ciprofloxacin' 500 BN072 68.2 94.0 70.5 105 77.3 67.4

Ciprofloxacin' 500 SP1L189 85.3 91.9 85.5 90.1 87.7 88.7
Ciprofloxacin' 500 OHOOlO 91.2 97.4 91.6 103 95.2 93.2

Mean 76.2 97.3 77.9 105 84.2 80.1
RSD 14.2 5.0 12.3 8.2 7.1 15.7

Ciproxin'^ 750 BXC37V1 101 93.3 64.2 98.1 98.0 100
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Ciprofloxacin^ 500 KF5703T1 102 94.9 101 92.8 98.2 98.3

Ciprofloxacin^ 500 8K27CLT1 100 92.9 99.3 95.5 97.1 97.2

Mean 101 93.9 100 94.1 97.6 97.8

RSD 0.86 1.02 0.79 1.45 0.56 0.56

Ciprofloxacin^ 500 23207 108 93.4 106 101 104 106

Ciprofloxacin^ 500 CPT6004 96.7 92.9 96.1 98.7 94.2 95.9

Ciprofloxacin^ 500 F4453 10 95.5 102 100 99.2 102

Ciprofloxacin^ 500 SPIL189 106 92.9 105 94.4 102 105

Ciprofloxacin^ 500 BN072 102 92.6 101 101 98.9 101

Ciprofloxacin^ 500 OHOOlO 113 96.9 111 111 108 111

Mean 105 94.0 104 101 101 103

RSD 5.0 1.6 4.5 2.3 4.5 4.8

1 intact tablet, 2 powdered tablet.

The HCT MCC dilution model (model 7) showed little ability for predicting intact and 

powdered tablets containing HCT as an API. The test set consisted o f tablets containing 

HCT with another API (losartan or valsartan) (Table 4.9). The model external validation 

was worse than its internal validation with very high values for both intact and powdered 

tablets. These extremely inconsistent values are due to a complete lack o f selectivity and 

are typical o f the results when attempting validation with very different samples.

Table 4.9 Predicted amount o f label claim for hydrochlorothiazide and non- 
hydrochlorothiazide containing intact and powdered tablets.

Predicted Amount (% labelProduct Batch
Number

Model Num ber
7 23

Model
Name

HCT MCC 
dilution

HCT STD 
addition

Co-diovan^ S0030 280 6
Co-diovan^ S0793 589 -67.2
Co-diovan"' w ool 7 369 0.17
Co-diovan^ K0019 271 1.96
Co-diovan^ K0058 597 -41.9
Cozaar Comp"" 281141 311 -133
Cozaar Comp"' NF36620 318 -133
Hyzaar Forte"' 6062858 310 -138
Hyzaar"' 6031285 320 -132
Losatan-H"' 7BD083 398 -74.9
Mean (n = 10) 376 -71.2
RSD 30.3 -80.8

Cozaar Comp^ 281141 371 -103
Cozaar Comp^ NF36620 433 -51.9
Co-diovan^ S0030 398 137
Co-diovan'^ S0793 602 157
Co-diovan^ w ool 7 391 129
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Co-diovan^ K0010 19.6 4.03
Hyzaar^ 6031285 436 -37.7
Hyzaar Forte^ 6062858 408 -67.9
Losatan-H^ 7BD083 405 -60.9
Mean (n = 9) 144 95.5
RSD 37.4 811
1 intact tablet. 2 powdered tablet, "tablets containing 0% HCT 
the prediction is in % m/m

SUL is present in a concentration of 80% m/m in tablets; the limit o f prediction of SUL 

should lie between 90-110%  label claim. Only model 15 (TMP SUL dilution with 0 and 

100% added) could give prediction o f the test set within the limits (Table 4.10). It gave a 

mean prediction of 92.2% label claim and 101% label claim for intact and powdered tablets 

respectively. The RSD values for these predictions were 1.53% and 4.24% respectively. On 

the other hand, models 8 (SUL MCC dilution with 100% added), 12 (TMP SUL MCC 

dilution) and 13 (TMP SUL MgS dilution with 0% added) under-predicted the tablets 

giving predictions less than 80% label claim. So for SUL quantification, mixing both APIs 

created the best model for prediction o f intact and powdered tablets.

However, this was not the case when predicting the TMP in tablets. TMP is present in a 

concentration of about 15% m/m in multi-component tablets, and present at about 80% 

m/m in single dosage forms. The TMP SUL model with 0 and 100% added (model 15) 

over-predicted the TMP in multi-component tablets giving mean predictions o f 165 and 

154% label claim for intact and powdered tablets respectively (Table 4.10). However, it 

gave a mean prediction o f 105% for tablets containing TMP only. Models 9 (TMP MCC 

dilution with 0 and 100% added) and 10 (TMP MgO dilution with 0% added) gave false 

predictions for intact and powdered tablets in single and multi-component dosage forms. 

However, model 11 (TMP SUL MCC dilution with 0% added) could predict intact tablets 

within limits. The mean prediction in this case was 106% label claim, but the RSD was 

high o f 11.9%. While this model under-predicted powdered tablet giving a mean prediction 

o f 13.9% label claim, it was the best model for TMP quantification in intact tablets.
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Table 4.10 Predicted amount o f % label claim for sulfamethoxazole and trimethoprim 
tablets.

Type Batch Predicted Amount (% label claim)
Model
number

Number 9 10 11 14 24 12 15 13 8

Model TMP TMP TMP TMP TMP TMP TMP TMP SUL
Name MCC MGO SUL SUL standard SUL SUL SUL MCC

MCC (TMP addition MCC (SUL MGS
(TMP Quant) (SUL Quant) (SUL
Quant.) Quant.) Quant.)

Trimethoprim^ KT2706 84.48 124 106 105 135 - - - -
Co CF171 NP 1703 123 207 199 55.3 93.7 71.3 66.3
trim oxazole’
Septrin^ B0078H NP 1540 101 174 211 53.2 91.8 77.6 69.9
Septrin Forte'' B0068 NP 1550 93.9 174 241 53.6 90.9 74.7 67.3
Mean 1229 106 165 197 54.0 92.2 74.5 67.9
RSD 60.2 11.9 26.1 22.7 2.04 1.53 4.23 2.77

Co- CF171 NP 1701 1.38 157 125 67.5 104 76.3 78.3
trimoxazole^
Septrin^ B0078H NP 1571 26.4 150 87.3 60.6 97.7 77.9 75.4
Mean 1636 13.9 154 106 64.1 101 77.1 76.9
RSD 5.63 127 3.16 25.11 7.57 4.24 1.45 2.69
1 intact tablet, 2 powdered tablet, RSD: relative standard deviation, NP: negative prediction.

Regarding the selectivity o f the powder dilution models, it was studied in two ways. First, 

the same blank tablet set predicted in the tablet models was predicted here. Second, the 

main excipient used in the powder dilution model was predicted through these models. 

Regarding the zero tablet set, all models gave false positive predictions for the tablet 

products except model 9 (TMP MCC dilution with 0 and 100% added). Model 9 gave 

negative predictions for all tablets except Effexor, Panadol Acitfast, Clarityn and Noroxin.

It predicted these four products with 5.48, 2.24, 1.96 and 9.11% m/m respectively. So none 

of the models was selective to the prediction of the API o f interest and all o f them had over

predicted the blank tablet set. For the excipient predictions, models 6 (Ciproxin lactose 

dilution), 7 (HCT MCC dilution) and 13 (TMP SUL MgS dilution with 0% added) gave 

negative predictions for their main excipients which were lactose, MCC and MgS 

respectively (Table 4.11). Model 9 (TMP MCC dilution with 0 and 100% added) gave 

0.11% m/m prediction for MCC. All the other models have over-predicted their excipients. 

The worst model prediction was model 10 (TMP MgO dilution with 0% added) which gave 

a prediction value o f 106% m/m for MgO.
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Table 4.11 Predicted amount in % m/m of the main excipient in the models made by

Model
Number

Model Name Main
excipient

Predicted
(%m/m)

6 Ciproxin lactose dilution lactose -9.23

7 HCT MCC dilution MCC -2.11

8 SUL MCC dilution 
with 100% added

MCC 2.32

9 TMP MCC dilution with 0 
and 100% added

MCC 0.11

10 TMP MgO with 0% added MGO 106

11 TMP SUL MCC dilution 
(TMP Quant) with 0% added

MCC 68.8

12 TMP SUL MCC dilution 
(SUL Quant)

MCC 15.5

13 TMP SUL MgS dilution 
(SUL Quant) with 0% added

MGS -1.58

16 Ciproxin lactose sequential 
addition

lactose 8.79

25 Ciproxin starch ciprofloxacin starch 24.9

4.3.3. Powder models: sequential addition
Sequential addition o f lactose (model 16) or excipients (model 17) to the Ciproxin crushed 

tablets, and sequential addition o f excipients to pure ciprofloxacin with the addition o f 0 

(lactose) and 100 % (pure ciprofloxacin) samples (model 18) were applied (Table 4.3).

The models involve the sequential addition o f excipient(s) to keep a constant weight for all 

the samples. Thus, the amount o f API would decrease as the amount o f the excipient(s) 

increase. Figure 4.5 clarifies this as it shows the relationship between the decrease in pure 

ciprofloxacin amount and increase in lactose amount. The red spots show the % m/m of 

lactose excipients in the dilutions, whereas the blue spots show the % m/m of ciprofloxacin 

in the dilutions.
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Figure 4.5 Relationship between the amount of lactose and amount of pure ciprofloxacin in 
the Ciproxin lactose dilution model (model 6). The g  correspond to the % m/m of lactose; 
whereas the ♦  correspond to the % m/m of ciprofloxacin.

The best of these three models was model 16 (Ciproxin lactose sequential addition) which 

was built over the range 22.8 - 66.8% m/m. The model had an r“ value of 0.9956 and 

RMSEC and RMSEP of 1.09 and 1.15% m/m respectively. Moreover, it had low RSEP 

VALUE OF 1.74%. As different excipients were increased one at a time for each sample as 

in model 17 (Ciproxin excipients sequential addition), this model worsened. Thus, model 

17 r  value has dropped to 0.9857 and its RMSEC and RMSEP values increased to 3.07 and 

1.96% m/m respectively. Its RSEP value was 2.39%. When sequential addition was applied 

to pure ciprofloxacin as in model 18 (Ciprofloxacin excipients sequential addition with 0 

and 100% added), the model was poor. The r“ value was lower than models 16 and 17 and 

was 0.9474 and the RMSEC and RMSEP values were much higher and were 11.8 and 

10.8% m/m. The RSEP in this case was 19%.

For the test set, only models 16 and 17 were used for tablet prediction as model 18 had a 

very high RSEP. Model 16 failed to predict both proprietary and generic intact tablets. All 

the predictions in these tablets were outside the limit which was 90 - 110% label claim. 

However, for the prediction of powdered tablets, the model was accurate and gave good 

predictions for both the UK and the Tanzanian generic test sets. The mean predictions for 

these two sets were 100 and 104% label claim respectively. The RSD values were 0.79 and
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4.5% respectively. Only one Tanzanian batch has fallen outside the limit which was batch 

number OHOOlO which gave a mean prediction of 111% label claim.

Model 17 was more accurate in predicting intact proprietary and generic tablets. For intact 

Ciproxin 250 mg tablets, only one batch lied outside the limit which was batch number 

09C1001 and gave a mean prediction of 86.2% label claim. The other Ciproxin 250 mg 

tablets were all within the limits and had a mean prediction of 98.3% label claim and RSD 

of 6.79%. The same accuracy was observed with Ciproxin 500 mg tablets which gave a 

mean prediction and RSD values of 101% label claim and 1.8% respectively. For the UK 

generic tablets, the mean prediction and RSD values were 95.1% label claim and 2.06%. In 

addition, the Tanzanian generic tablets gave a mean of 97.3% label claim and RSD of 5%. 

The RSD was higher in the latter case as these products come from different sources. When 

the generic tablets were powdered they gave essentially equivalent predictions to the ones 

obtained in intact forms. Thus, the powdered UK generic tablets gave a mean prediction of  

93.9% label claim and an RSD of 1.02%; and the powdered Tanzanian generic tablets gave 

a mean prediction of 94% label claim and an RSD of 1.6%.

For the selectivity o f the models, the zero test tablet set was predicted through models 16 

and 17. However, false positive results were obtained in both cases and both models proved 

the lack of selectivity for ciprofloxacin.

Overall, model 17 (Ciproxin excipients sequential addition) was the best among these three 

models.

4.3.4. Powder models: standard addition
Standard addition o f the API to the crushed tablets was made using three APIs: 

ciprofloxacin (model 19), HCT (model 23) and TMP (model 24). The models ranged from 

66.8 - 80.9% m/m for model 19 (Ciproxin standard addition), 4.02 -12.2% m/m for model 

23 (HCT standard addition) and 17.8 - 75.5% m/m for model 24 (TMP standard addition). 

Model 19 (Ciproxin standard addition) was the best among these three models as it had the 

highest r̂  value and the lowest RMSEC, RMSEP and RSEP values. The r̂  value was 

0.9845 and the RMSEC and RMSEP values were 0.73 and 0.71% m/m respectively. Model 

23 (HCT standard addition) was less accurate and had an r̂  value o f 0.9155 and RMSEC 

and RMSEP values o f 0.76 and 1.11% m/m respectively. Model 24 (TMP standard
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addition) was slightly better than model 23 (HCT standard addition) with an r" value of 

0.9975; yet, there was no close agreement between RMSEC and RMSEP values which 

were 0.89 and 1.23% m/m respectively. Model 19 (Ciproxin standard addition) was the best 

model which maybe because it had the highest % m/m.

The effect of adding 0 (pure erythromycin ethyl succinate) and 100% (pure ciprofloxacin) 

samples to model 19 (Ciproxin standard addition) was tested by creating further three 

models: model 20 (Ciproxin standard addition with 0%), model 21 (Ciproxin standard 

addition with 100%) and model 22 (Ciproxin standard addition with 0 and 100%). A slight 

improvement in the models quality was obtained as the r̂  values were 0.9991, 0.9965 and 

0.9989 for these three models respectively. The RMSEC and RMSEP values were 0.74 and 

0.78% m/m for model 20 (Ciproxin standard addition with 0%), 0.64 and 0.51% m/m for 

model 21 (Ciproxin standard addition with 100%) and 0.88 and 0.97% m/m for model 22 

(Ciproxin standard addition with 0 and 100%). In addition, the RSEP values for these three 

models were 0.69, 0.92 and 0.89% m/m respectively. Figure 4.6 shows the calibration and 

validation sets for model 22 (Ciproxin standard addition with 0 and 100%).
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Figure 4.6 Nominal versus predicted of the (a) calibration and (b) validation sets of 
Ciproxin standard addition model with 0 and 100% added (model 22).
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However, only model 22 (Ciproxin standard addition with 0 and 100%) was chosen for 

external validation of the test set as it covered the widest range among the models. Initially, 

fluocloxacillin capsules having a similar antibiotic content to a standard Ciproxin set were 

chosen to test the selectivity o f the model. Its inclusion showed which model was more 

selective for prediction o f Ciproxin samples. The inclusion of 0% sample in the model was 

significant in predicting fluocloxacillin capsules content (containing no ciprofloxacin). 

Thus, models 20 (Ciproxin standard addition with 0%) and 22 (Ciproxin standard addition 

with 0 and 100%) gave 0 predictions for these capsules content whereas models 19 

(Ciproxin standard addition) and 21 (Ciproxin standard addition with 100%) gave false 

positive predictions (Figure 4,7),

Figure 4,7 shows the four models predictive ability against a number of 20 samples: 

samples 8 and 9 did not contain ciprofloxacin (contained fluocloxacillin) and the rest 

contained ciprofloxacin. The % label claim predicted is represented in the colour bar 

displayed on the left o f the figure ranging from 0 (dark blue colour) to 160% (dark red 

colour) o f label claim. The 100% label claim is represented by a yellow colour. In an ideal 

case, the model should give a yellow colour for all tablets except 8 and 9 which should get 

a dark blue colour. This was observed in models 20 (Ciproxin standard addition with 0%) 

and 22 (Ciproxin standard addition with 0 and 100%), With model 22 (Ciproxin standard 

addition with 0 and 100%), the best selectivity was observed where it predicted almost all 

Ciproxin tablets around 100% (yellow colour in the map).
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Figure 4.7 Effect of the addition of 0 and 100% samples on the predictive ability of the 
Ciproxin standard addition model. The 20 samples consist of Ciproxin different tablet 
batches except samples 8 and 9 consist of fluocloxacillin powder. Model 19 is Ciproxin 
standard addition, model 20 is the same as 19 with 0% sample added, model 21 is as 19 
with 100% sample added and model 22 is as 19 with 0 and 100% samples added. The % 
label claim predicted is represented in the colour bar displayed on the left of the figure 
ranging in colour 0 (dark blue) to 160% (dark red) of label claim. The 100% label claim is 
represented by a yellow colour.

So, model 22 was changed by including four 0% samples, one at a time, in the model. The 

aim of this was to study the effect of the type of 0% samples on the precision of the model. 

In this respect, three additional types of 0% samples were added. The choice of the 0% 

samples was made on the following basis: talc as it is present in counterfeit products, 

lactose as it is present in most products, maize starch as it is the major excipient in Ciproxin 

tablets and erythromycin ethyl succinate as it is a different API. The results were compared 

according to the RSEP values obtained by each model. Low RSEP value obtained when 

maize starch and pure erythromycin ethyl succinate were used and gave values of 0.72% 

and 0.88% respectively; while high RSEP values were obtained when Talc and lactose were 

used and gave values of 1.26% and 1.77% respectively (Figure 4.8). However, pure
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erythromycin ethyl succinate was used in the further development of these models as it is a 

different API from ciprofloxacin.
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Figure 4.8 The relationship between RSEP and the type of 0% sample used in the Ciproxin 
standard addition model with 0 and 100% added (model 22).

The effect of the number of 0% m/m samples to be included in a model was evaluated 

using model 22 (Ciproxin standard addition with 0 and 100%). This was made by including 

erythromycin ethyl succinate as 0% sample and adding up to 20 excipients, one at a time, 

and the model was updated after each addition. A single 0% sample was better than a 

number of zero samples as they devastated the calibration and worsened the prediction. 

Figure 4.9 shows how the increase of the number of zero samples worsened the linearity of 

the calibration set.
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Figure 4.9 Nominal versus predicted concentrations of ciprofloxacin of the Ciproxin 
standard addition model with 0 and 100% m/m when using (a) one, (b) 6, (c)13 and (d) 20 
zero samples.

So, the best model among the Ciproxin standard addition models was to use model 22 

which consisted of one 0% sample of erythromycin ethyl succinate and a single 100% 

sample.

The same test set used to validate the tablet and powder ciprofloxacin models was used to 

validate model 22 (Ciproxin standard addition with 0 and 100%) (Table 4.7). For intact 

tablets prediction, the model could predict all intact proprietary and generic tablets within 

the limit 90 - 110% label claim except for two generic tablet batches. Both ciprofloxacin 

500 mg Tanzanian generic tablets batch numbers 5A06 and 5A09 gave mean predictions of 

120% label claim. However, the mean prediction of all the Tanzanian generic intact tablets 

was 105% label claim, but they had a relatively large RSD of 8.2%. On the other hand, the 

mean predictions for Ciproxin 250, 500 and 750 mg intact tablets were 101, 105 and 98.1% 

label claim respectively. Also, the mean prediction of the UK generic intact tablets was 

100% label claim. For powdered tablets, all the UK and Tanzanian generic tablets passed 

except one Tanzanian ciprofloxacin 500 mg tablet batch number OHOOlO which gave a
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prediction o f 111% label claim. However, both the UK and he Tanzanian powdered tablets 

gave mean prediction values o f 94.1 and 101% label claim respectively and low RSD 

values of 1.45 and 2.3% respectively. This showed the accuracy o f model 22 (Ciproxin 

standard addition with 0 and 100%) over other powder models for the prediction o f both 

intact and powdered tablets.

However, this was not the case for model 23 (HCT standard addition) as under or over

prediction o f tablets was encountered (Table 4.8). This showed that the standard addition 

models are specific to certain APIs.

Also standard addition failed to predict trimethoprim in single and multiple dosage forms 

(Table 4.9). Model 24 (TMP standard addition) gave very high mean prediction for intact 

tablets o f 197% label claim and RSD of 22.7%. For powdered tablets, the prediction 

improved to 106% label claim. However, the individual tablets had bad predictions as the 

RSD between themselves was 25.1%.

Regarding the selectivity o f model 22 (Ciproxin standard addition with 0 and 100%) it was 

tested by predicting the blank set o f tablet samples. The model proved its lack of selectivity 

as it gave false positive predictions for these tablets samples (Figure 4.10). In this case, the 

lowest %m/m predicted for these samples was 56.1 and the highest was 74.6% m/m. This 

was a consistently high and false positive result. However, when this set was fed to the 

model containing 20 blanks samples, a prediction range from 0 -  10% m/m was obtained. 

This was interesting although this latter model had a very high RMSEC and RMSEP values 

of 7.31 and 6.43% m/m respectively. So, while these models (with increased number of 0% 

samples) have worsened the ciprofloxacin prediction, they have improved the 0 prediction 

in blank samples.
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Figure 4.10 Predicted amount of the zero tablet set when fed into model 22: Ciproxin 
standard addition with 0 and 100%.

4.3.5. Ciproxin starch ciprofloxacin model

The Ciproxin starch ciprofloxacin model (model 25) was built by diluting the Ciproxin 

powdered tablets with ciprofloxacin and starch to increase and decrease the concentration 

of ciprofloxacin (Table 4.3 and 4.4). The model used two factors on 24 calibration samples 

over the range 44 - 77% m/m. It gave good r" value, RMSEC and RMSEP values of 0.9976,

0.69 and 0.90% m/m respectively. Figure 4.10 shows the calibration and validation sets of 

the model.
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Figure 4.11 Nominal versus predicted concentrations of (a) the calibration and (b) 
validation sets of the Ciproxin starch ciprofloxacin model (model 25).
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The accuracy o f this model was also tested using the same Ciproxin and ciprofloxacin 

intact and powdered tablets. It failed to predict both proprietary and generic intact tablets 

(Table 4.7). Thus, only one intact ciprofloxacin generic product had a mean prediction 

between 90 - 110% label claim. On the other hand, the model predicted powdered tablets to 

accuracy within 5%. Thus, the mean predictions for UK and Tanzanian generic 

ciprofloxacin tablets were 97.6 and 101% label claim respectively and the RSDs were 0.56 

and 4.5% respectively.

For the selectivity o f this model, the model was not selective to the prediction o f  

ciprofloxacin tablets. Thus, it gave false positive predictions for the set o f blank tablet 

samples used. The blank tablet set was predicted in a range o f 30.7 -  36.7% m/m. Also, it 

gave a prediction of 24% m/m for starch instead o f 0% m/m (Table 4.10).

4.3.6. Pellets model
As most o f the above models were better in predicting powdered rather than intact tablets, a 

pellets model (model 26: Ciproxin excipients sequential addition pellets with 100% added) 

was constructed to overcome the physical difference between powders and tablets (Table 

4.3). So the samples in model 17 were extended to give a range o f 3 - 100% m/m and 

pressed into pellets. The 100% pellet was made from pure ciprofloxacin and compressed. 

The model used 6 factors with 40 calibration samples to give an r̂  value o f 0.9956, and 

RMSEC and RMSEP values o f 1.94 and 2.70% m/m. The RSEP value was higher than 

model 17 and was 4.07%.

When the Ciproxin and ciprofloxacin test set was fed to the model, it failed to predict the 

intact tablets (Table 4.7). Thus, only five intact tablets were predicted correctly within the 

limits o f 90 -110% label claim. Otherwise, predictions below 90% label claim were 

obtained. However, this model could predict powdered tablets; UK generic tablets gave a 

mean prediction o f 97.8% label claim and the Tanzanian generic tablets gave a mean 

prediction of 105% label claim. The RSD values for the UK and Tanzanian generic 

powdered tablets were 0.56 and 4.5% respectively.

Regarding the blank tablet test set prediction, the model showed both under and over

prediction. Figure 4.12 shows the predicted values o f this set, the positive predictions in
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green and the negative in red. This showed a continuing lack of selectivity of this model for 

ciprofloxacin.
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Figure 4.12 Predicted amount of the zero tablet set when fed into model 26 (Ciproxin 
excipients sequential addition with 100% added). The green colour indicates that the 
predicted value is positive and the red colour indicates that the predicted value is negative.

4.3.7. Mixed pellets, tablets, powders with 0 and 100% m/m added model

The same attempt of overcoming the physical difference between the model and the sample 

was applied to a mixed model (model 27) which was made of pellets, powders and tablets 

(Table 4.3).The model used five factors with 21 samples to give an r" value of 0.9931. The 

model gave RMSEC and RMSEP values of 2.66 and 3.62% m/m respectively. In addition, 

it had an RSEP value of 5.75% which was not satisfactory. So it was not tested against an 

external validation set.

4.4. Standard operating procedure
As a result of these investigations, a standard operating procedure (SOP) which aims to 

quantify API in proprietary and generic tablets was created as follows;

1. If enough batches of three or four different matrices of a pharmaceutical product were 

available, then a tablet model is ideal. These table models require no sample treatment and 

are applied directly to the SNV-D2 spectra of the tablets.

2. If not enough batches were available and the API is expensive, then dilution of the 

crushed tablets with one or several excipients to have different powder sample weights can
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be made. However, these models can predict the concentration o f the API in powdered 

tablets only.

3. Sequential addition o f excipients to the crushed tablets to get constant weights in all 

samples can be an option. This also can predict powdered tablets only.

4. If the API was available, a model involving standard addition o f the API to the crushed 

tablets can be made. The addition o f 0 and 100% samples improve these models. These 

models can predict intact and powdered tablets. However, they are limited to the 

quantification of API present in high concentrations in a tablet.

5. Both components in joint API tablets can be monitored by creating models with the 

mixing o f two APIs. However, this type of models is limited to the quantification of API 

present in high concentrations in a tablet.

6. Addition o f both an API and an excipient to the crushed tablets to make a wide range of 

concentrations is another option. However, this is effective only for the prediction of  

powdered tablets.

4.5. Conclusion

PLSR models could be used for the quantification of API in proprietary and generic tablets 

with no or minimum preparation or destruction of the samples. The models included the use 

of tablets, powders and pellets or a mixture o f the three.

If enough batches were available, tablet models were simple and ideal to use. The PLSR 

models were applied directly to the spectra o f intact tablets. The models were accurate 

when applied to cetirizine hydrochloride (model 1), ciprofloxacin hydrochloride (model 2), 

citalopram hydrobromide (model 3) and propranolol hydrochloride (model 4) all having 

RSEP values below 5%. On the other hand, the hydrochlorothiazide tablet model (model 4) 

lacked accuracy where it had an RSEP value o f 7.54%. However, for prediction of test 

tablets, all tablet models gave mean predictions between 96 - 105% label claim. Yet these 

models were not selective to the API quantified where false positive results for tablets not 

containing the API were obtained.

If only few batches o f a product were available dilution of the crushed tablets with an 

excipient could be an option. Lactose and MCC were better diluents than MgS. Thus, 

models 6 (Ciproxin lactose dilution), 11 (TMP SUL MCC dilution with 0% added) and 12

146



(TMP SUL MCC dilution) were constructed with samples o f crushed tablets and lactose or 

MCC and had RSEP values less than 5%. For tablet prediction, the models were variable in 

predicting intact or powdered tablets. Thus, tablets needed to be powdered prior to 

prediction through Ciproxin lactose dilution model (model 6). On the contrary, model 11 

(TMP SUL MCC dilution with 0% added) could predict only intact tablets. Model 12 

could not predict neither intact nor powdered tablets. Yet none o f these models were 

selective to the prediction o f the API o f interest, and only model 6 did not give a false 

positive prediction for its main excipient.

Sequential addition o f one or more excipients to the crushed tablet as in models 16 

(Ciproxin lactose sequential addition) and 17 (Ciproxin excipients sequential addition) 

could be made. Both models were accurate with low RSEP values. However, for tablet 

prediction, model 16 could predict only powdered tablets; whereas model 17 could predict 

both intact and powdered tablets.

If the API was cheap and available, several approaches could be taken. The API could be 

diluted with an excipient as in models 7 (HCT MCC dilution), 8 (SUL MCC dilution with 

100% added), 9 (TMP MCC dilution with 0 and 100% added) and 10 (TMP MgO dilution 

with 0% added). Models 7 and 10 lacked accuracy and had high RSEP values. Models 8 

and 9 had RSEP values below 5% but they failed to predict both intact and powdered 

tablets. So models made up of samples o f API diluted with an excipient could not be used 

neither for prediction of intact nor powdered tablets.

Another approach o f sequentially adding an excipient to the API was made as in model 18 

(Ciprofloxacin sequential addition excipients with 0 and 100% added). But this was the 

worst o f all the PLSR models constructed as it had an RSEP value o f 19%.

A third approach for using the API to construct PLSR models was made by mixing two 

APIs, SUL and TMP and feeding the % m/m o f either o f them to construct two models: 

model 14 (TMP SUL (TMP Quant.) dilution with 0 and 100% added) and model 15 (TMP 

SUL (SUL Quant.) dilution with 0 and 100% added). This type o f models could be used 

only for tablets with high percentage o f API.

Another approach could be made if  the API was available; this is by standard addition of 

the API to the crushed tablet as in models 1 9 -24 . However, this was only effective for 

models with high % of the API as in Ciproxin standard addition model (model 19), but it 

did not work for low % o f APIs such as in HCT standard addition and TMP standard
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addition models (models 23 and 24). When 0 and 100% samples were added to the 

Ciproxin standard addition model (model 22), the model gave more accurate results as it 

could predict both intact and powdered tablets. However, the model gave false positive 

results for blank tablet samples.

Adding both an excipient and an API to the crushed tablet could be made as in model 25 

(Ciproxin starch ciprofloxacin). This model had a low RSEP value. However, tablets had to 

be powdered prior to prediction as this model could not predict intact tablets.

A pellet model was created to overcome the physical difference between tablets and 

powders. When the Ciproxin sequential addition samples were compressed to pellets the 

RSEP value o f the model increased from 2.39% to 4.07%. However, this model could 

predict only powdered tablets.

A mixed model o f powders, pellets and tables was created but it lacked accuracy as it had a 

high RSEP value.

So, the best models for intact tablets prediction were the tablet models if  enough batches 

were available or sequential addition excipient models if  few batches were available. If the 

API was available, standard addition models with 0 and 100% added could be made. The 

last two models are only effective if  high % of API in tablets is present. For powdered 

tablets prediction, dilution o f the crushed tablet with an excipient or sequential addition of 

the excipient(s) to crushed tablets could an option. In addition, dilution o f the crushed tablet 

with both the API and an excipient could predict powdered tablets. Mixing o f two APIs and 

creation o f a model could predict APIs in tablets only if  they were present in high 

concentrations. On the other hand, dilution of the API with an excipient or sequential 

addition o f an excipient to the API would not yield a good model.
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CHAPTER 5. Comparative evaluation of Raman spectroscopy 

to near-infrared spectroscopy in the study of pharmaceutical 

products

5.1. Introduction

The objective o f this chapter is to study pharmaceutical product identification and 

quantification using Raman spectroscopy compared to NIRS.

Two Raman instruments were used: a handheld Ahura Truscan instrument and a laboratory 

based Kaiser Raman Workstation.

As with NIR instruments, both Raman instruments are easy to use, rapid and non

destructive for the samples. However, not all pharmaceutical products have a Raman 

activity. The Raman activity o f the sample depends on its concentration and its degree of  

fluorescence. Fluorescent components mask the Raman signal because the fluorescence 

intensity is higher than the Raman intensity. So, when the sample is excited by the laser 

light, noise in the signal is created by fluorescent samples.

The handheld Ahura Truscan instrument is light o f weight, about 1.7 kg, and dimensions 30 

cm X 15 cm X 7.6 cm. The instrument can be carried to the field o f analysis and operate up 

to 5 hours continuously. It can operate at a wide temperature range o f -20°C to 40°C. It has 

in-built software for instant identification and at the same time the data can be exported to a 

computer for off-line analysis. The disadvantage over laboratory based instruments is that it 

gives less Raman scattering intensity. Both identification and quantification were evaluated. 

The identification was evaluated using 202 pharmaceutical products containing a total of 42 

different APIs through the in-built instrument software or off-line by exporting the spectra 

to a computer for spectral comparison. The importance o f the in-built identification is that it 

can give an immediate pass or fail answer for the test pharmaceutical product. The pass or 

fail result is based on a probability value (pval) given by the software when matching the 

test spectrum against the method signature(s). A pval greater than 0.05 means the test 

spectrum is identical to the signature in the library [149]. If the spectrum does not resemble 

the signature a pval of 0 is given. The pval calculation is based on Bayes’ theorem which is 

defined by the equation:
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Equation 5.1

Where P (A\B)\sih.Q conditional probability of A such that B exist; it is also known as the 
posterior probability.
P (B\A) is the conditional probability o f B such that A exists; it is also known as the 
likelihood.

P (A) is the prior or marginal probability o f A.
P (B) is the prior or marginal probability o f B\ this acts as a normalising constant.

If the spectrum resembles the library signature a pass result is obtained. If the spectrum 

does not resemble the library signature giving an initial pval o f 0, then a comparison of the 

spectrum to the available signatures stored in the instrument library is made. The 

comparison is made through several modules [150] which consist of: Belief Engine, Data 

Engine, Mixture Engine and Decision Engine. The Belief Engine records the method 

signatures data given by the user. The Data Engine assesses probabilistically the 

consistency o f the acquired data with the signature(s) o f the method. If the test spectrum 

data were not similar to the method signature(s), then the Mixture Engine matches it with a 

mixture o f library signatures. Then the result o f the test spectrum is given as a percentage 

by the Decision Engine which integrates the information from the Belief Engine, Data 

Engine and Mixture Engine. There is no threshold value for the percentage given as it 

depends on the number of signatures matching the test spectrum.

The off-line analysis identification can compare and match the spectra of the 

pharmaceutical products in more detail. CWS and PC A methods were used for comparison 

of products. API quantification using univariate regression and PLSR was tested for 

pharmaceutical products containing ciprofloxacin and erythromycin. The quantification 

models were constructed using both powdered dilutions and powdered dilutions pressed to 

pellets.

For the Kaiser Raman Workstation, identification of pharmaceutical products was made 

using 81 products containing a total o f 10 different APIs. Spectral comparison using CWS 

and PCA methods was demonstrated. Also, ciprofloxacin quantification using univariate 

regression and PLSR was tested using powdered and pellet models.
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Finally, the potential for pharmaceutical product comparison using Raman spectroscopy 

was compared to the standard FOSS NIRSystems 6500 spectrometer methodology 

described in chapter 2 stating the advantages and disadvantages o f each.

5.2. Experimental

5.2.1. Materials
Samples o f tablets, liquids, powders and pellets were used.

For the Ahura Truscan instrument the following samples were studied: The tablets o f 202 

products containing 42 different APIs were measured either in their blister packaging or 

without their blister packaging. The tablets were also measured outside their blister 

packaging in intact (Table 5.1) or powdered forms (Table 5.2). The country these products 

were manufactured was not possible to obtain; but the countries they were purchased from 

are mentioned in tables 5.1 and 5.2. The powdered tablets were tablets o f 18 products 

containing ciprofloxacin and erythromycin. The behaviour o f 19 different excipients and 

four different APIs was also studied using these same systems (Table 5.3). The liquids 

consisted o f 12 products containing nine different APIs and were measured in their original 

vials or in Waters glass vials (Table 5.4). In addition, a mixture of powdered dilutions of 

crushed tablets or API and excipients were made to be measured for the construction of  

quantitative PLSR models (Table 5.5).

Table 5.1 Details
API Product Dose

(mg)
Manutacturer Place ot 

Purchase
Batch Number

Aripiprazoie® Ability 5 Otsuka Pharm. 
Europe Ltd.

UK 6K17838

Aripiprazole® Ability 10 BMS New Zealand 621991

Aripiprazole® Ability 10 BMS UK 7025625

Aripiprazole® AripMT 10 Torrent Pharm. 
Ltd.

India 01436006

Aripiprazole® Ability 15 BMS UK 530531

Artesunate® Artesunate 50 Guilin Pharm. 
Co. Ltd.

Ghana 070604

Artesunate® Adamsunate 50 Dam pons Adams 
Pharm. Ind. Ltd.

Ghana 0709032

Atorvastatin calcium 
trihydrate®’''

Liponorm 10 DR LAZAR Lebanon NA

Atorvastatin calcium 
trihydrate®’'*

Lipitor 10 Pfizer Lebanon 0073035

Atorvastatin calcium 
trihydrate®’*'

Lipitor 10 Pfizer Turkey 0106105

Atorvastatin calcium 
trihydrate®'*'

Lipitor 10 Pfizer Turkey 0106109
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Atorvastatin calcium 
trihydrate®’"

Lipitor 10 Pfizer UK 0144106U

Atorvastatin calcium 
trihydrate®'*'

Lipitor 10 Pfizer Lebanon 0429016

Atorvastatin calcium 
trihydrate®'*'

Lipitor 10 Pfizer UK 41801911

Atorvastatin calcium 
trihydrate®’"

Lipitor 10 Pfizer Ghana NA

Atorvastatin calcium 
trihydrate®’''

Lipitor 20 Pfizer Turkey 0106203

Atorvastatin calcium 
trihydrate®’’'

Lipitor 20 Pfizer Turkey 0106205

Atorvastatin calcium 
trihydrate®’*'

Lipitor 20 Pfizer Turkey 0284106U

Atorvastatin calcium 
trihydrate®'"

Atorlip 20 Cipla Ltd. India G65458

Atorvastatin calcium 
trihydrate®’"

Atorlip 40 Cipla Ltd. India D70538

Atorvastatin calcium 
trihydrate®’''

Lipitor 80 Pfizer UK 0587096U

Azithromycin® Zithromax 250 Pfizer Lebanon 5HP034E

Carbamazepine® Tegretol CR 400 Novartis New Zealand T5363

Carbamazepine® Tegretol
Retard

400 Geigy Pharm. UK U0165

Cefuroxime axetil® Cefutil 500 Pharma
International Co.

Lebanon 6337

Cefuroxime axetil® Cefutil 500 Pharma
International Co.

Lebanon 6337

Cetirizine
hydrochloride®''

Cetirizine 10 OTC Concept 
Ltd.

UK 05C07

Cetirizine
hydrochloride®''

Pireteze 10 GSK UK 067

Cetirizine 
hydrochloride ®’"'

Zirtek 10 UCB Pharma 
Ltd.

UK 08A07B

Cetirizine
hydrochloride®''

Benadryl 10 Pfizer UK 11B08D

Cetirizine
hydrochloride®''

Hayfever
and
Allergy relief

10 Galpharm UK HD3A8G

Cetirizine
hydrochloride®''

Hayfever 
and Allergy 
relief

10 Galpharm UK HD4J6G

Cetirizine
hydrochloride®''

Pollenshield 10 Actavis UK JE77

Ciprofloxacin
hydrochloride®

Ciproxin 250 Bayer AG 
Germany

UK 09C1001

Ciprofloxacin
hydrochloride®

Ciproxin 250 Bayer AG 
Germany

UK IT10485

Ciprofloxacin
hydrochloride®

Ciproxin 250 Bayer AG 
Germany

UK IT20260

Ciprofloxacin
hydrochloride®

Proquin XR 500 NA Lebanon 05T18170C1

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Shelys Pharm. 
Ltd.

Tanzania 072

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Medopharm Tanzania 23207

Ciprofloxacin
hydrochloride®

Ciproxin 500 Bayer AG 
Germany

UK BXB38F1

Ciprofloxacin
hydrochloride®

Ciproxin 500 Bayer AG 
Germany

UK BXC37V1

Ciprofloxacin
hydrochloride®

Ciproxin 500 Bayer AG 
Germany

UK CCWHV1

Ciprofloxacin
hydrochloride®

Ciproxin 500 Bayer AG 
Germany

UK CCZAR2

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Interchem
Pharma

Tanzania CPT6007
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Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Lincoln
Pharmaceuticals

Tanzania ET5A09

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Intas Tanzania F4453

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Dr. Reddy's 
Laboratories

Ghana NA

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Scanavita
Germany

Tanzania OH0010

Ciprofloxacin
hydrochloride®

Ciprofloxacin 500 Simrone
Pharmaceuticals

Tanzania SPIL189

Ciprofloxacin
hydrochloride®'"

Ciproxin 250 Bayer AG 
Germany

UK 1218405

Ciprofloxacin
hydrochloride®'"

Ciprofloxacin 250 Dr. Reddy's 
Laboratories

Ghana B60931

Ciprofloxacin
hydrochloride®’"

Ciprofloxacin 250 Micro Labs Ltd. Lebanon CF1H0005

Ciprofloxacin
hydrochloride®’"

Ciproxin 250 Bayer AG 
Germany

UK IT10685

Ciprofloxacin
hydrochloride®’"

Ciproxin 250 Bayer AG 
Germany

UK IT2056

Ciprofloxacin
hydrochloride®’"

Ciprobay 250 Bayer AG 
Germany

Lebanon IT501NB

Ciprofloxacin
hydrochloride®’"

Ciproxin 250 Bayer AG 
Germany

UK 1T502BZ

Ciprofloxacin
hydrochloride®’"

Ciflox 500 Ernest Chemists 
Ltd.

Ghana 0306G

Ciprofloxacin
hydrochloride®’"

Cipropharm 500 Pharma
International Co.

Lebanon 1657

Ciprofloxacin
hydrochloride®’"

Ciproxin 500 Bayer AG 
Germany

UK 20C2002

Ciprofloxacin
hydrochloride®’"

Quintor 500 NA Ghana B3997008A

Ciprofloxacin
hydrochloride®’"

Ciproxin 500 Bayer AG 
Germany

UK BXB19T1

Ciprofloxacin
hydrochloride®’"

Ciproxin 500 Bayer AG 
Germany

UK BXB1CL1

Ciprofloxacin
hydrochloride®’"

Ciproxin 500 Bayer AG 
Germany

UK CCZLJ2

Ciprofloxacin
hydrochloride®’"

Ciprofloxacin 500 Interchem
Pharma

Tanzania CPT6004

Ciprofloxacin
hydrochloride®’"

Ciprobay 500 Bayer AG 
Germany

Lebanon NA

Ciprofloxacin
hydrochloride®’"

Estecina 500 Mormon Lebanon X12

Ciprofloxacin
hydrochloride®’"

Ciproxin 750 Bayer AG 
Germany

UK BXCBBF1

Clarithromycin® Eracid 250 The Jordanian Lebanon 030248

Clopidogrel b i s u l f a t e Plofexine

Clopidogrel bisulfate" Clopivas

Clopidogrel bisulfate'^ Clopivas

Clopidogrel hydrogen Plavix
sulfate®

Clopidogrel hydrogen Plavix
sulfate®

Clopidogrel hydrogen Plavix
sulfate®’

Clopidogrel hydrogen Plavix
sulfate"
Clopidogrel hydrogen Plavix
sulfate"
Clopidogrel hydrogen Plavix
sulfate"

75

75

75

75

75

75

75

75

75

Pharmaceutical
Manufacturer
Asia
Pharmaceutical 
Industries 
Cipla Ltd.

Cipla Ltd.

Sanofi Pharma- 
BMS

Sanofi Pharma- 
BMS

Sanofi Pharma- 
BMS

Sanofi Pharma- 
BMS
Sanofi Pharma- 
BMS
Sanofi Pharma- 
BMS

Syria

India

India

UK

UK

Ghana

France

France

Turkey

1302

D70733

X60659

BK385

AN219

2129

1753

1811

1918
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Clopidogrel hydrogen 
sulfate"

Plavix 75 Sanofi Pharma- 
BMS

Lebanon 1920

Clopidogrel hydrogen 
sulfate"

Plavix 75 Sanofi Pharm a- 
BMS

UK 2117

Clopidogrel hydrogen 
sulfate"

Plavix 75 Sanofi Pharma- 
BMS

New Zealand 627871

Clopidogrel hydrogen 
sulfate"

Plavix 75 Sanofi Pharma- 
BMS

UK BK385

Des-loratidine® D-Loratin 5 Cipla India DH5590

Doxazosin mesylate® Cardular 1 Pfizer Lebanon 210306838

Doxazosin mesylate® Cardular 4 Pfizer Lebanon 510157131

Doxazosin mesylate® Doxazosin 4 APS UK 6L66DL

Doxazosin mesylate® Dosan 4 Pacific Pharm. 
Ltd.

New Zealand H06228

Doxazosin mesylate® Dosan 4 Pacific Pharm. 
Ltd.

New Zealand K02271

Erythromycin® Erythromycin 250 Alembic Limited 
Road

Tanzania 108314X

Erythromycin® Erythromycin 250 Shelys
Pharmaceuticals
Ltd.

Tanzania 121

Erythromycin® Erythromycin 250 Shelys
Pharmaceuticals
Ltd.

Tanzania 140

Erythromycin® Erythromycin 250 NA Ghana 27653

Erythromycin® Erythromycin 250 Abott
Laboratories Ltd.

UK 35141VA

Erythromycin® Erythromycin 250 Abott
Laboratories Ltd.

Uk 46840VA

Erythromycin® Erythromycin 250 Pharma Chem 
Ltd.

Tanzania ET5817

Erythromycin® Erythromycin 250 Pharma Chem 
Ltd.

Tanzania ET5C27

Erythromycin® Erythromycin 250 NA Tanzania NA

Erythromycin® Erythromycin 250 Pharma Chem 
Ltd.

Tanzania NA

Erythromycin® Erythromycin 250 Pharma Chem 
Ltd.

Tanzania SA4090

Erythromycin® Erythromycin 250 Tanzanian 
Pharmaceutical 
Industries Ltd.

Tanzania TC 1126

Esomeprazole
magnesium
trihydrate*

Nexium 20 AstraZeneca UK C XI 98

Esomeprazole
magnesium
trihydrate®

Nexium 40 AstraZeneca Turkey 6M84S1

Esomeprazole
magnesium
trihydrate"

Nexium 40 AstraZeneca UK EF084

Esomeprazole
magnesium
trihydrate®

Nexium 40 AstraZeneca UK EF084

Ezitimibe® Ezetrol 10 MSD Turkey 260954

Ezitimibe® Ezetrol 10 MSD UK 272208

Finasteride® Propecia 1 MSD Turkey 261102

Finasteride® Propecia 1 MSD Turkey 261639

Finasteride® Propecia 1 MSD UK 261807

Finasteride® Propecia 1 MSD Turkey ND36040

Finasteride® Proscar 5 MSD Turkey 261079

Finasteride® Proscar 25 MSD UK 279170

Fluvastatin® Lescol XL 80 Sandoz UK B5110
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Fluvastatin® Lescol XL 80 Sandoz Turkey B5128A

Fluvastatin® Lescol XL 80 Sandoz Turkey B5130

isosorbide dinitrate® Duride 60 My Ian New 
Zealand Ltd.

New Zealand E l2260

Isosorbide
mononitrate®

Monosorb
XL

60 Alpharma UK 12D36

Isosorbide
mononitrate®

Duride 60 Pacific Pharm. 
Ltd.

New Zealand K0221

Lamivudine/
Zidovudine®

Combivir 150/300 GSK Tanzania 216272

Lamivudine/
Zidovudine®

Combivir 150/300 GSK UK 246214

Letrozole INN® Femara 2.5 Ciba Turkey S0136

Letrozole INN® Femara 2.5 Ciba Switzerland SOI 89

Letrozole INN® Femara 2.5 Ciba UK U0013

LIslnopril® Prinvil 5 MSD USA H0699

Lisinopril® Prinvil 5 MSD USA J0078

Loratidine®"' Loratidine 10 APS UK 7L72LT

Loratidine®'*' Loratidine 10 APS UK 7L78LT

Loratidine®'^ Clarityn 10 Schering-Plough UK 7RXFA01003

Loratldine®''^ Loratidine 10 APS UK 8D64LT

Losaratan potassium/ 
Hydrochlorothiazide ®

Cozaar
Comp.

50/12.5 MSD UK 265960

Losaratan potassium/ 
Hydrochlorothiazide ®

Hyzaar 50/12.5 MSD Turkey 6031283

Losaratan potassium/ 
Hydrochlorothiazide ®

Hyzaar 50/12.5 MSD Turkey 6031285

Losaratan potassium/ 
Hydrochlorothiazide ®

Hyzaar Forte 100/25 MSD Turkey 6062858

Losaratan potassium/ 
Hydrochlorothiazide *

Hyzaar 50/12.5 MSD Turkey 8041858

Losaratan potassium/ 
Hydrochlorothiazide ®

Cozaar
Comp.

100/25 MSD UK NF36620

Losartan potassium/ 
Hydrochlorothiazide ®

Cozaar 100/25 MSD UK 36620

Metronidazole® Metrozin 400 NA Lebanon 0568

Montelukast
sodium®

Singulair 10 MSD UK 260003

Montelukast
sodium®

Singulair 10 MSD UK 272087

Montelukast
sodium*

Singulair 10 MSD Turkey ND19920

Noroxin® Norfloxacin 400 Algorithm S A L Lebanon R098

Ofloxacin® Ofloxacin 200 APS UK 7F160F

Ofloxacin® Tarivid 200 Hoechst AG Lebanon L679

Olanzapine® Zyprexa 2.5 Lilly UK A146619

Pantoprazole sodium 
sesquihydrate®

Protium 20 Altana Pharma UK 256921

Propranolol
hydrochloride®

Inderal 10 AstraZeneca Lebanon 0511046

Propranolol
hydrochloride®

Inderal 10 AstraZeneca Lebanon DW418

Propranolol
hydrochloride®

Apo-
propranolol

10 Apotex Lebanon HE1442

Propranolol
hydrochloride®

Propranolol 10 Alpharma UK PA417
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Propranolol
hydrochloride®

Propranolol 40 NA Ghana 84309A

Quetiapine fumarate® Seroquel 25 AstraZeneca UK CV911

Quinine® Quinine 300 Shelys
Pharmaceuticals
Ltd.

Tanzania 227

Quinine® Quinine 300 Remedies Tanzania 27681

Quinine® Quinine 300 Shelys
Pharmaceuticals
Ltd.

Tanzania 303

Quinine® Quinine 300 Shelys
Pharmaceuticals
Ltd.

Tanzania 329

Quinine® Quinine 300 Shelys
Pharmaceuticals
Ltd.

Tanzania 520

Quinine® Quinine 300 Elys Chemical 
Ind.
Ltd.

Tanzania 5E160

Quinine® Quinine 300 Shelys
Pharmaceuticals
Ltd.

Tanzania 6007

Quinine® Quinine 300 Kent Pharm. Ltd. UK 877589

Quinine® Quinine 300 Lincoln
Pharmaceuticals
Ltd.

Tanzania ET6412

Quinine® Quinine 300 NA Tanzania NA

Quinine® Quinine 300 Alpharma UK QD713

Quinine® Quinine 300 Interchem
Pharma
Ltd.

Tanzania QNT6003

Raloxifene
hydrochloride®

Evista 60 Lilly Turkey A190008

Raloxifene
hydrochloride®

E vista 60 Lilly UK A257560

Risedronate
sodium®'"̂

Actonel 5 Aventis Turkey 390809

Risedronate
sodium®'''

Actonel 5 Aventis UK 407418

Risedronate
sodium®'*'

Actonel 35 Aventis Turkey 405728

Risedronate
sodium®'*'

Actonel 35 Aventis Turkey 406650

Risedronate
sodium®'*'

Actonel 35 Aventis Turkey 407444

Risedronate
sodium®'*'

Actonel 35 Aventis UK 410433

Risperidone® Risperdal 0.5 Janssen-Cilag UK 5LL0T00

Sildenafil citrate® Viagra 100 Pfizer Turkey 0080406

Sildenafil citrate® Viagra 100 Pfizer Turkey 010056

Sildenafil citrate® Viagra 100 Pfizer UK 6098203U

Simvastatin® Vascor 20 Mediphar
laboratories

Lebanon 4050

Simvastatin® Simvastatin 20 NA Lebanon 531W58

Tadalafil* Cialis 20 Lilly Turkey 150494

Tadalafil® Cialis 60 Lilly UK A289376

Telithromycin® Ketek 400 Aventis Lebanon L004

Valsartan/
Hydrochlorothiazide ®'*'

Co-diovan 80/12.5 Novartis Turkey K0009

Valsartan/
Hydrochlorothiazide ®*'

Co-diovan 160/25 Novartis Turkey K0019
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Valsartan/
Hydrochlorothiazide

Co-diovan 160/25 Novartis Turkey K0050

Valsartan/
Hydrochlorothiazide ®’''

Co-diovan 80/12.5 Novartis UK w ool 7

Valsartan/
Hydrochlorothiazide

Co-diovan 160/12.5 Novartis Turkey K0020

Valsartan/
Hydrochlorothiazide

Co-diovan 160/
12.5

Novartis Turkey K0058

Valsartan/
Hydrochlorothiazide

Co-diovan 160/
12.5

Novartis Turkey K0067

Valsartan/
Hydrochlorothiazide

Co-diovan 160/
12.5

Novartis Turkey K0070

Valsartan/
Hydrochlorothiazide

Co-diovan 160/
12.5

Novartis Turkey S0030

Valsartan/
Hydrochlorothiazide ®'‘

Co-diovan 160/
12.5

Novartis UK S0793

Valsartan Diovan 80 Novartis Turkey K0003

Valsartan Diovan 80 MSD Turkey K0004

Valsartan^'' Diovan 80 Novartis Ghana S0319

Valsartan Diovan 80 MSD Turkey WO 005

Valsartan^"' Diovan 160 Novartis Turkey K0010

Valsartan Diovan 160 Novartis Turkey K0014

Valsartan Diovan 160 Novartis Turkey K0017

Valsartan Diovan 160 Novartis Turkey W0008

Vardenafil Levitra 10 Bayer AG 
Germany

Turkey BXBV8B1

Venlafaxine 
hydrochloride ®’‘‘

Effexor 37.5 Wyeth UK 18963

API; active pharmaceutical ingredient, 
Kaiser Raman Workstation instrument 
Pharmaceutical.

a: product measured by the Ahura 
Co.: Company, Ind.: Industry, Ltd.

Truscan instrument, k: product measured by the 
: Limited, NA: Not available, Pharm.:

Table 5.2 Details o f the tablets measured by the Ahura Truscan in powdered form.______
API Product Dose (mg) Manufacturer Place of Purchase Batch Number

Ciprofloxacin
hydrochloride

Ciproxin 250 Bayer AG Germany UK IT502BZ

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Shelys Pharmaceuticals 
Ltd.

Tanzania 072

Ciprofloxacin
hydrochloride

Cipropharm 500 Pharma International 
Ltd.

Lebanon 1657

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Medopharm Tanzania 23207

Ciprofloxacin
hydrochloride

Ciflox 500 Ernest Chemist Ltd. Ghana 0306G

Ciprofloxacin
hydrochloride

Quintor 500 NA Ghana B3997008A

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Dr. Reddy UK B61325

Ciprofloxacin
hydrochloride

Ciproxin 500 Bayer AG Germany UK BXB19T1

Ciprofloxacin
hydrochloride

Ciproxin 500 Bayer AG Germany UK BXC37V1

Ciprofloxacin
hydrochloride

Ciproxin 500 Bayer AG Germany UK BXC4H91

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Interchem Tanzania CPT6004

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Lincoln Tanzania ET5A09

Ciprofloxacin
hydrochloride

Ciprofloxacin 500 Intas UK F4453
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Ciprofloxacin Ciprofloxacin 500 Scanavita Germany Tanzania OH0010
hydrochloride
Ciprofloxacin Ciprofloxacin 500 Simrone Tanzania SPIL189
hydrochloride Pharmaceuticals
Ciprofloxacin Estecina 500 Norman Lebanon X12
hydrochloride
Ciprofloxacin Ciproxin 750 Bayer AG Germany UK BXCBBF1
hydrochloride
Erythromycin Erythromycin 250 NA Ghana 27653

API: active pharmaceutical ingredient, NA: not available.

Table 5.3 Details o f the active pharmaceutical ingredients and excipients measured by the 
Ahura Truscan instrument.

API/Excipient Manufacturer Batch Number

Alginic acid Sigma 43F-0090

Calcium stearate Fluka 399993/1

Cetirizine dihydrochloride Sigma Aldrich 048K4707

Ciprofloxacin hydrochloride Fluka 1298025

Croscarmellose Sodium Vivasol 0012/249-
250/127

Crosspovidone Lilly 99K028

Erythromycin ethyl succinate NA 4F49227

Hydroxy ethyl cellulose Fluka 408293/1

Hydroxy propyl methyl cellulose (HPMC) NA 99E031

Lactose Sigma 045K0015

Magnesium oxide (MgO) Sigma 97H0406

Magnesium stearate NA 99H019

Maize Starch NA 042K1740

Mannitol Roquette 680934

Microcrystalline cellulose (MCC) Merck 703K2391731

Polyvinyl chloride Fluka 81338

Quinine NA NA

Sodium lauryl sulfate Acres Organic A0236570

Sodium starch glycolate Mendell E7931X

Sorbitol Roquette 679305

Sucrose Sigma 045L0120

Talc BDH k21785568

Ti(IV)oxide Sigma 79H3621

Table 5.4 Details o f liquid products measured by the Ahura Truscan instrument.
API Product Dose Manufacturer Country of Batch Number 

purchase
Azelastine Arzep 
hydrochloride

0.1%w/v German India TG I 001 
Remedies

Cetirizine hydrochloride Cetirizine Oral 1 mg/ml APS UK 916197

Ciprofloxacin 

Ciprofloxacin lactate

Solution 
Ciproxin Oral 
Suspension 
Ciprofloxacin Infusion

250mg/5ml

400mg/200ml

Bayer pic. 

Pharmathen S.A.

UK

UK

IT801E8

070273A
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Dorzolam ide 
hydrochloride/ 
Timolol maleate

Cosopt Eye Drops 2%/0.5% MSD Australia H2082

Dorzolam ide 
hydrochloride/ 
Timolol maleate

Cosopt Eye Drops 2%/0.5% MSD UK 0809070

Fluticasone propionate Fluticasone 
propionate 
Nasal Spray

0.05% Cipla India K70067

Gentamicin sulfate Gentamicin Injection 40mg/ml May ne Pharma 
Pic.

UK U022732AA

Hylan G-F 20 (Hylan A 
andB)

Synvisc 8+2 mg/ml Genzyme
Biosurgery

USA U0603

Hylan G-F 20 (Hylan A 
andB)

Synvisc 8+2 mg/ml Genzyme
Biosurgery

USA V0619

Ipratropium bromide 1 prevent Solution 250 pg per 
dose

Cipla India ZD7171

Mometasone furoate Mometasone Nasal 0.05% Cipla India K70216
monohydrate Spray

API: active pharmaceutical ingredient

Table 5.5 Details o f the pow
Model Nam e Diluted Diluted

amount
(mg)

Diluent Diluent
Amount
(mg)

Total
Mass
(mg)

API amount 
(%m/m)

Ciprofloxacin lactose 
dilution

Ciprofloxacin 303 Lactose 0 303 100

Ciprofloxacin lactose 
dilution

Ciprofloxacin 267 Lactose 30.7 297 89.7

Ciprofloxacin lactose 
dilution

Ciprofloxacin 240 Lactose 59.1 299 80.2

Ciprofloxacin lactose 
dilution

Ciprofloxacin 211 Lactose 90.7 301 69.9

Ciprofloxacin lactose 
dilution

Ciprofloxacin 181 Lactose 119 299 60.3

Ciprofloxacin lactose 
dilution

Ciprofloxacin 154 Lactose 151 306 50.5

Ciprofloxacin lactose 
dilution

Ciprofloxacin 121 Lactose 185 306 39.6

Ciprofloxacin lactose 
dilution

Ciprofloxacin 91.7 Lactose 212 304 30.2

Ciprofloxacin lactose 
dilution

Ciprofloxacin 60.1 Lactose 241 301 19.9

Ciprofloxacin lactose 
dilution

Ciprofloxacin 33.9 Lactose 268 302 11.2

Ciprofloxacin lactose 
dilution

Ciprofloxacin 0 Lactose 299 299 0

Ciproxin lactose 
dilution

Ciproxin 53.6 Lactose 237 291 11.8

Ciproxin lactose 
dilution

Ciproxin 97.1 Lactose 199 297 20.9

Ciproxin lactose 
dilution

Ciproxin 108 Lactose 210 318 21.8

Ciproxin lactose 
dilution

Ciproxin 163 Lactose 147 310 33.6

Ciproxin lactose 
dilution

Ciproxin 184 Lactose 119 304 38.9

Ciproxin lactose 
dilution

Ciproxin 208 Lactose 97.7 306 43.6

Ciproxin lactose 
dilution

Ciproxin 243 Lactose 74.6 318 49

Ciproxin lactose 
dilution

Ciproxin 278 Lactose 33.1 311 57.2

Ciproxin lactose 
dilution

Ciproxin 303 Lactose 0 303 64.1
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Ciproxin excipients 
pellets

Ciproxin 0 MgO/
Sucrose/
Mannitol
/M C C /
Lactose

300 300 0

Ciproxin excipients 
pellets

Ciproxin 16.8 Maize
starch

289 307 3.74

Ciproxin excipients 
pellets

Ciproxin 153 MgO/
Sucrose/
Mannitol
/MCC/
Lactose

149 302 33.7

Ciproxin excipients 
pellets

Ciproxin 182 MgO/
Sucrose/
Mannitol
/MCC/

117 299 41.6

Ciproxin excipients 
pellets

Ciproxin 212 MgO/
Sucrose/
Mannitol

95.1 307 46.1

Ciproxin excipients 
pellets

Ciproxin 243 MgO/
Sucrose

56.8 299 55.4

Ciproxin excipients 
pellets

Ciproxin 270 MgO 30.1 300 60.1

Ciproxin excipients Ciproxin 300 None 0 300 66.8
pellets

Erythromycin lactose 
dilution

Erythromycin
tablet

301 Lactose 0 301 65.8

Erythromycin lactose 
dilution

Erythromycin
tablet

271 Lactose 35.9 307 58.1

Erythromycin lactose 
dilution

Erythromycin
tablet

250 Lactose 51 301 54.8

Erythromycin lactose 
dilution

Erythromycin
tablet

202 Lactose 103 305 43.6

Erythromycin lactose 
dilution

Erythromycin
tablet

159 Lactose 149 309 33.9

Erythromycin lactose 
dilution

Erythromycin
tablet

114 Lactose 192 305 24.5

For the Kaiser Workstation instrument, 81 intact tablets containing 10 different APIs were 

measured (Table 5.1). Only one powdered dilution set o f samples was measured by the 

Kaiser Raman Workstation which was also measured by the Ahura Truscan; Ciprofloxacin 

lactose dilution samples made for creation of PLSR model in Table 5.5.

5.2.2. Instrumentation
The Truscan portable spectrometer (Ahura Scientific, Inc., Wilmington, MA) had a 785 nm 

laser excitation wavelength, an output o f 300 mW and a 2048 element silicon charge 

coupled device (CCD) detector. The instrument was equipped with a vial holder and a 

universal tablet holder for measurement. The Raman spectrum range was 250 to 2875 cm-  ̂

and the spectral resolution was 7.5 to 10 cm '\
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Figure 5.1 The Ahura Truscan handheld instrument [151].

For the laboratory based instrument, the Kaiser Raman Workstation (Kaiser Optical, Ann 

Arbor, MI, USA) (Figure 5.2) was used for measuring samples. The instrument was a 

dispersive Raman spectrometer equipped with a diode laser source (785 nm), a CCD 

detector and a holographic grating. The instrument incorporated Kaiser’s Phat technology 

that removed sample irreproducibility, increased sensitivity and reduced the laser power 

decreasing sample damage by measuring a large area of the sample. The Raman spectrum 

range was 142 - 1898.4 cm -'.

Figure 5.2 The Kaiser Raman Workstation [152].

5.2.3. Method

For the Ahura Truscan instrument, intact tablets and tablets in their blister packaging were 

measured without any sample treatment by direct contact with the instrument nozzle. 

Tablets could also be measured in a sample holder. Another sample holder for vials was 

used for the measurement of powdered tablets, excipients and liquids.
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For tablet comparison, a single scan spectrum was taken from each tablet. For optimisation 

of the number of spectra, as many as 20 spectra were taken from Ciproxin tablets. For the 

liquids and PCA tablet sets, 10 spectra were taken from each sample.

The Ahura Truscan had an in-built identification mode that gave a pass or fail answer. In 

this case, a high quality spectrum o f the reference product was taken and stored as a 

signature. The signature was then used to create a method against which the products were 

tested. When the test product was run against this method, the result was displayed on the 

screen indicating whether the product passed or failed. If it failed the in-built software 

matched it against the other signatures (which maybe a part o f a method or not) in its 

library and a % of the closest matches were displayed on the screen along with the spectra 

of the reference and test products. Provided no other close products were indicated, the test 

matched the signature. A probability value (pval) o f how closely the spectra were related 

was displayed on the results sheet exported to the computer. The spectra could be exported 

to several other programmes for further analysis.

For the Kaiser instrument, tablet samples were measured as they were received. Powders 

were measured in their glass vials. The Kaiser instrument did not have any in-built 

algorithm for identification and spectra had to be exported for off-line analysis.

5.2.4. Spectral Treatment
The spectra were analysed using Matlab R2007a, Microsoft Excel 2007 and The 

Unscrambler 7.6. For the Ahura Truscan instrument, several pre-treatment methods were 

used: baseline correction, first and second derivatives and SNV-D2. The baseline correction 

was adopted subsequently, as it was the least noisy method for product analysis.

For the Kaiser instrument, baseline correction o f the spectra was used as the pre-treatment 

method.

For identification, the optimum methods obtained in Chapter 2: CWS and PCA were 

applied to spectra obtained from both instruments to evaluate the difference between 

Raman spectroscopy and NIRS for identification.

For quantification, both univariate regression and PLSR were applied.
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5.3. Results and Discussion

5.3.1. In-built identification and quantification of tablets using the handheld 

Raman instrument (Ahura Truscan)
Several signatures were taken in order to understand the algorithm of the instrument. The 

methods created from these signatures were:

1. Ciprotest: created from the signature o f a Ciproxin 500 mg tablet batch number 

BXB19T1.

2. Cipapidilution (0 -100%): this method contained 11 signatures created from the 

signatures o f pure ciprofloxacin diluted with lactose to give a range from 10 - 100% m/m of 

ciprofloxacin. The 0% m/m was lactose only.

3. Baylactdilution (0 -  100%): this method contained 11 signatures created from the 

signatures o f the crushed Ciproxin 500 mg tablets diluted with lactose to give a range from 

10 - 90% m/m of ciprofloxacin. The 0% m/m was lactose only. The 100% sample was pure 

ciprofloxacin and not a diluted tablet.

4. Avodart: this was a routine method present in the instrument and was created from the 

pharmaceutical product (Avodart). It was used here to test the response o f our samples 

against a typical pharmaceutical set. Avodart was present as soft capsules and contains 

dutasteride 0.5 mg as API. The excipients in this product included: mono and diglyceride of 

caprylic/ capric acid and butyl hydroxyl toluene in the capsule content, and titanium 

dioxide, iron oxide, triglyceride and medium chain lecithin in the capsule shell.

Other methods were already present in the instrument but were not listed here as none o f 

the products measured was matched against these methods.

Using the ciprotest method (method 1), a total number of 36 samples including an API, 

excipients, intact and powdered tablets were tested (Table 5.6).
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Table 5.6 Results of products tested against the ciprotest method (method 1).
API/ 
Excipient

Product Type Dose Batch
(mg) Number

Result Pval Match Percentage
(%)

Ciprofloxacin
hydrochloride

Alginic acid

Calcium
stearate

Ciprofloxacin

Alginic acid

Calcium
stearate

API

E

E

1298025 F

43F0090 F

399993/1 F

Croscarmellose Croscarmellose 
sodiumsodium

Crospovidone

Hydroxy ethyl 
cellulose

Hydroxy propyl 
methyl 

cellulose 
(HPMC) 
Lactose

Magnesium
oxide
Magnesium
stearate

Crospovidone

Hydroxy ethyl E
cellulose

Hydroxy propyl E
cellulose

Lactose

Magnesium E
oxide
Magnesium E
stearate

0012/249-250 F 
/127

99K021 F

408293/1

99E031

045K0015

97H0406

99H019

No match

No match 

Glass
borosilicate 
cluster of 3 
items:
Sorbitol
monopalmitate
N,N-dimethyl-
n-
octadecy lamine 
Calcium 
stearate 
No match

Cluster of 2 
items:
Polyvinyl 
pyrrolidone 
Glass 
borosilicate 
No match

HPMC

Doxycycline
hyclate
ethyl
chloroformate 
No match

Cluster of 4 
items:
Sorbitan
monopalmitate
N,N-dimethyl-
n-
octadecy lamine
Calcium
stearate
Magnesium
stearate

glycolate glycolate cyclodextrin
Glass
borosilicate
Light corn
syrup
Vitamin E
acetate

NG

NG

76

NG

82

NG

100

66

6
NG

79

Mannitol Mannitol E N 680934 F 0 D-Mannitol 100

Microcrystalline
cellulose

Microcrystalline
cellulose

E N 703K2391731 F 0 Norvasc 100

Polyvinyl
chloride

Polyvinyl
chloride

E N 81388 F 0 Polyvinyl
chloride

100

Sodium lauryl 
sulfate

Sodium lauryl 
sulfate

E N A0236570 F 0 Sodium lauryl
sulfate
Glass
borosilicate

85

4

Sodium starch Sodium starch E N E7931X F 0 Beta 41

19

9

2
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Sorbitol Sorbitol E N 679305

Starch Starch E N 042K1740

Sucrose Sucrose E N 045K0120

Talc Talc E N K12785568

Titanium
dioxide

Titanium
dioxide

E N 79H3621

Atorvastatin
calcium
trihydrate

Lipitor T 10 41801911

Ciprofloxacin
hydrochloride

Quintor T 250 B3997008A

Ciprofloxacin
hydrochloride

Ciprofloxacin T 250 B60931

Ciprofloxacin
hydrochloride

Ciprofloxacin T 250 CF1H0005

Ciprofloxacin
hydrochloride

Proquin XR T 500 05T18170C1

Ciprofloxacin
hydrochloride

Ciproxin T 500 BXB19T1

Ciprofloxacin
hydrochloride

Ciproxin TB 500 BXB19T1

Ciprofloxacin
hydrochloride

Ciproxin PT 500 BXB19T1

Ciprofloxacin
hydrochloride

Estecina T 500 X12

Clopidogrel
hydrogen
sulfate

Plavix T 75 AN219

Lamivudine/
Zidovudine

Lamivir T 150/300 R216272

Lamivudine/
Zidovudine

Combivir T 150/300 R246214

Montelukast
sodium

Singulair T 10 260003

Olanzapine Zyprexa T 2.5 A146619

Pantoprazole Protium T 20 256921

Quetiapine
Fumarate

Seroquel T 2.5 CV911

Risperidone Risperdal T 0.5 5LL0T00

Venlafaxine Effexor T 37.5 18693

0 D-Sorbitol 100
0 Potato starch 38

Corn starch 16.8
Dextrin from 
corn

15.5

Corn meal 13.9
0 Sucrose 100
0 Baby powder 61

Glass
borosilicate

10

0 Titanium
dioxide

100

0 No match NG

0.42 NA NG

0.33 NA NG

0.51 NA NG

0 No match NG

0.6 NA NG

0.46 NA NG

0.44 NA NG

0.37 NA NG

0 No match NG

0 No match NG

0 No match NG

0 No match NG

0 Virlix 85
Zocor 6.5

0 No match NG

0 No match NG

0 No match NG

0 No match NG

API: active pharmaceutical ingredient, Pval: probability value, N: no dose, E: excipient, T : tablet, TB: tablet in blister, PT: 
powdered tablet,P: pass, F: fail, NG: not given because no match is present.

The Ciproxin 500 mg tablet batch number BXB19T1 was tested against itself and passed 

(pval = 0.6). Another tablet from the same batch, but in its blister, was also tested and 

passed with a pval of 0.46. Figure 5.3 shows the results sheet o f the Ciproxin BXB19T1 

tablet in its blister against the ciprotest method (method 1) which gave a pval o f 0.46. In 

addition, when the same tablet was powdered and measured the pval obtained for the
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powdered against the intact tablet was 0.44. Thus, the pval of both the tablet in the blister 

and the powdered tablet against the intact tablet were greater than the threshold (0.05). This 

showed that Raman spectroscopy can identify a pharmaceutical product regardless of its 

physical state.

AHURA 
TruScan ReportRun Label:

1 capro t e s  1
apb«1
0.4M35Î

Sam ple ID; 
P va l:

Pass
Pass

Figure 5.3 Results sheet showing the reference Raman spectrum of Ciproxin 500 mg tablet 
batch number BXB19T1 and the test spectrum of Ciproxin 500 mg tablet from the same 
batch in its blister measured by the Ahura Truscan instrument.

Five generic ciprofloxacin 250 and 500 mg intact tablets were tested using the ciprotest 

method (method 1 ) and all of them passed except one tablet (Table 5.6): Proquin XR 500 

mg tablet batch number 05T18170C1 (Figure 5.4). The pval range of the tablets that passed 

varied from 0.33 to 0.51. Figure 5.4 shows clearly that the signal of the Proquin XR 500 mg 

tablet was masked by fluorescence which might be due to the thick coating of the tablet.
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AHURA 
TruScan Report

1 o p ro  t e a  1
ap05t1B170c1
0.000018

Sample ID:
P v a l:

Figure 5.4 Results sheet showing the reference Raman spectrum of the Ciproxin 500 mg 
tablet batch number BXB19T1 and the test spectrum of the Proquin XR 500 mg tablet 
batch number 05T18170C1 measured by the Ahura Truscan instrument.

Another set of tablets of 10 different products containing 0% ciprofloxacin was tested 

against the ciprotest method (method 1 ) and all of them gave a fail result with pval of 0 

(Table 5.6).

Pure ciprofloxacin and a set of 19 excipients were tested using the ciprotest method 

(method 1). The pure ciprofloxacin and all the excipients gave a fail result and pval(s) of 0. 

Some of the excipients’ signatures were available in the library of the instrument. So when 

these excipients failed against the ciprotest method (method 1), they were matched against 

other signatures in the library. Most of the excipients matched their own signatures except 

in few cases (Table 5.6). A percentage of how close the spectral match was given. Lactose 

gave 66% match for a Doxycycline 20 mg tablet. Stearic acid gave a match percentage of 

76% for borosilicate glass and less than 7% for stearic acid. This was because its Raman 

signal was weak. Mannitol, hydroxyl propyl methyl cellulose and polyvinyl chloride 

matched their own spectra with a 100% match. However, most of these excipients did not
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have intense Raman signals and had strong fluorescence in their spectra. The reason why 

these excipients were matching signatures of pharmaceutical products in the library was the 

strong similarity among the spectra of the excipients and these products’ spectra due to the 

presence of that excipient in the formulation. Also signatures could not be obtained from 

these excipients and stored in the instrument as their high fluorescence and very long 

acquisition times would prevent this.

One pellet containing a mixture of Ciproxin crushed tablet, magnesium oxide and sucrose 

was matched against the ciprotest method (method 1 ) and it passed with a pval of 0.31 

(Figure 5.5). The Raman signal of Ciproxin was so strong that it was not affected by the 

presence of other excipients.

So the method showed selectivity towards Ciproxin and ciprofloxacin tablets regardless of 

their physical state as no false positive pval(s) were obtained when other tablets or 

excipients were tested. However, it did not give a positive match for pure ciprofloxacin 

hydrochloride.

AHURA 
TruScan Report

Figure 5.5 Results sheet showing the reference Raman spectrum o f  Ciproxin 500 mg tablet
batch number BXB19T1 and test spectrum o f  Ciproxin pellet made with Ciproxin crushed
tablet, magnesium oxide and sucrose measured by the Ahura Truscan instrument.
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Against the cipapidilution method (method 2), 55 samples including APIs, excipients, 

intact and powdered tablets and powdered dilutions were tested (Table 5.7),

Table 5.7 Results o f products tested against the cipapidilution method (method 2).
API Product Type Dose

(mg)
Batch
Number

Result Pval Match Percentage
(%)

Ciprofloxacin
hydrochloride

Ciprofloxacin API N 1298025 P 0.5 No
match

NG

Erythromycin 
ethyl succinate

Erythromycin
ethyl
succinate

API N 4F49227 F 0 No
match

NG

Quinine sulfate Quinine sulfate API N NA F 0 No
match

NG

Lactose Lactose E N 045K0015 F 0 No
match

NG

Microcrystalline 
cellulose (MCC)

MCC E N 703K2391731 F 0 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionO PD N NA F 0 No
match

NG

Ciprofloxacin
hydrochloride

Cipapidilutiont 0 PD N NA F 0 No
match

NG

Ciprofloxacin
hydrochloride

Cipapidilutiont 00 PD N NA F 0.56 No
match

NG

Ciprofloxacin
hydrochloride

Cipapidilution20 PD N NA F 0 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionO 0 PD N NA F 0 No
match

NG

Ciprofloxacin
hydrochloride

Cipapidilution40 PD N NA F 0.43 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionSO PD N NA F 0.18 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionO 0 PD N NA F 0.4 No
match

NG

Ciprofloxacin
hydrochloride

Cipapidilution70 PD N NA F 0.33 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionSO PD N NA F 0.49 No
match

NG

Ciprofloxacin
hydrochloride

CipapidilutionSO PD N NA F 0.52 No
match

NG

Ciprofloxacin
hydrochloride

Quintor PT 250 B3997008A F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 B61325 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin PT 500 BXC37V1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin PT 500 BXC4H91 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 CPT6004 F 0 No
match

NG

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 ET5A09 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 F4453 F 0 No
match

NG

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 OH0010 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 SP1L189 F 0 Ciprotest 100
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Ciprofloxacin
hydrochloride

Estecina PT 500 X12 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin PT 750 BXCBBF1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 072 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciflox PT 500 0306G F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Cipropharm PT 500 1657 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin PT 500 23207 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Quintor T 250 B3997008A F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin T 250 B60931 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprobay PT 500 NA F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT10485 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT10685 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT20260 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT2056 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT501NB F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 250 IT502BZ F 0 No
match

NG

Ciprofloxacin
hydrochloride

Ciprofloxacin T 500 B61325 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 BXB19T1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 BXB1CL1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 BXB38F1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 CCWHV1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 CCZDR2 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 500 CCZLJ2 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprobay T 500 NA F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciprofloxacin T 500 CPT6007 F 0 No
match

NG

Ciprofloxacin
hydrochloride

Ciprofloxacin T 500 ET5A06 F 0 No
match

NG

Ciprofloxacin
hydrochloride

Estecina T 500 X12 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Ciproxin T 750 BXCBBF1 F 0 Ciprotest 100

Ciprofloxacin
hydrochloride

Proquin XR T 500 05T18170C1 F 0 No
match

NG

Ciprofloxacin
hydrochloride

Ciproxin T 250 09C1001 F 0 Ciprotest 100
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Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Ciprofloxacin
hydrochloride

Erythromycin 
ethyl succinate

Ciproxin

Ciflox

Cipropharm

Ciproxin

Ciproxin

Ciprobay

Proquin XR

Erythromycin

500

500

500

500

250

500

500

250

20C2002

0306G

1657

1037498

1218405

NA

05T18170C1

27653

Ciprotest 100 

Ciprotest 100 

Ciprotest 100 

Ciprotest 100 

Ciprotest 100 

Ciprotest 100

No
match

No
match

NG

NG

API: active pharmaceutical ingredient, Pval: probability value, E: excipient, T: tablet, TB: tablet in blister, PT: powderd tablet, 
PD: powdered dilution, N: no dose, F: fail, P: Pass, F: fail, NG: not given because no match is present.

18 intact Ciproxin tablets were tested against cipapidilution method (method 2) and all 

failed matching the ciprotest method (method 1). Only batch number IT502BZ did not give 

any match. The spectrum of this tablet was highly fluorescent and had low peak intensities 

(Figure 5.6). Three of the Ciproxin tablets, including batch number IT502BZ, were 

powdered and retested yet the same results were obtained.

TruScan Report

Figure 5.6 Results sheet showing the reference Raman spectrum o f  cipapidilution method
and test spectrum o f  Ciproxin 250 mg tablet batch number IT502BZ measured by the
Ahura Truscan instrument.
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Nine intact generic ciprofloxacin tablets were measured against the cipapidilution method 

(method 2). All these tablets gave a fail result for method 2; however, five of them matched 

the ciprotest method (method 1) previously used. The other four did not give any match. 

Powdered generic ciprofloxacin tablets were also tested against the cipapidilution method 

(method 2) and all failed and matched the ciprotest method (method 1) except two tablets 

batch numbers CPT6004 and F4453 which did not give any matches. These tablets were 

from the Tanzanian generic set and both had a different list of excipients than the Ciproxin 

tablets.

Three APIs were also measured using this method; pure ciprofloxacin hydrochloride, 

erythromycin ethyl succinate and quinine sulfate. The pure ciprofloxacin hydrochloride 

gave a pass result with a pval of 0.56 (Figure 5.7) whereas the other two failed. In addition, 

lactose and MCC were tested and both failed using this method.

AHURA 
ToiScan Report

Figure 5.7 Results sheet showing the reference Raman spectrum o f  pure ciprofloxacin and
test spectrum o f  pure ciprofloxacin measured by the Ahura Truscan instrument.
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In addition, the samples of the cipapidilution method (method 2) were tested using their 

own method. The samples consisted of ciprofloxacin powder diluted with lactose. Samples 

containing dilutions from 0 - 30% m/m gave a fail result of pval(s) equal to zero and had no 

match. Samples containing dilutions from 40 - 100% m/m gave a pass result. The pval(s) in 

the latter case ranged from 0.12 (for the 50% m/m dilution) to 0.56 (for the 100% m/m 

dilution). Figures 5.8 and 5.9 show the Raman spectra of powdered samples containing 

ciprofloxacin diluted with lactose to give 20% m/m and 90% m/m respectively, tested 

against cipapidilution method (method 2), which gave pval(s) of 0 and 0.52 respectively. 

The peaks in the region 1000 - 1700 cm’' are broader in the case of the 20% m/m sample 

than those of the 90% m/m sample which was affecting their match result.

AHURA 
TruScan Report

Figure 5.8 Results sheet showing the reference Raman spectrum of pure ciprofloxacin and 
test spectrum of ciprofloxacin lactose dilution 20% m/m measured by the Ahura Truscan 
instrument (pval = 0).
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AHURA 
TruScan Report

Figure 5.9 Results sheet showing the reference Raman spectrum of pure ciprofloxacin and 
test spectrum of ciprofloxacin lactose dilution 90% m/m measured by the Ahura Truscan 
instrument (pval = 0.52).

Using the baylactdilution method (method 3), a total of five Ciproxin and ciprofloxacin 

tablets were compared. All intact and powdered Ciproxin and ciprofloxacin tablets gave a 

pass result except one Ciproxin 250 mg tablet batch number IT502BZ (pval = 0) and one 

ciprofloxacin 500 mg tablet batch number ET5A09 (pval = 0.02). The tablets that passed 

against this method included: Ciproxin 500 mg batch number BXC37V1, Estecina 500 mg 

batch number X12 and Ciflox 500 mg batch number 0306G giving pval(s) of 0.57, 0.2 and

0.48 respectively. Also, pure ciprofloxacin was matched against this method and passed 

with a pval of 0.5. Thus, application of this signature method can positively identify pure 

ciprofloxacin and most intact and powdered ciprofloxacin tablets.

A total of 152 products of tablet and liquid samples were matched using the Avodart 

method (method 4). No sample passed using this method which was expected as none of 

the products had similar constituents to Avodart (dutasteride). Thus, all the pval(s) obtained 

against the Avodart signature were equal to 0. This method was particularly useful for 

examining the potential of this technique to identify matches with other sample signatures 

stored in the instrument library.
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Some of these samples positively matched signatures stored in the instrument library while 

other samples had no matches (Table 5.9). 56 out o f 152 products gave incorrect matches to 

different products. The majority of these products matched against the cetirizine signature. 

These were 33 products in addition to cetirizine containing tablets: Lipitor batch number 

0587096U, Lipitor, Liponorm, Nexium batch number 61484S1, Ezetrol batch number 

272208, all Propecia batches. Proscar batch number 279170, all Femara batches, Hyzaar 

Forte batch number 6062858, Hyzaar batch number 6031283, Cozaar batch number 36620, 

all Actonel batches. Simvastatin batch number 531458, Vascor batch number 4050 and all 

Cialis batches. The cetirizine signature was taken from a cetirizine tablet. The reason o f the 

positive matches might be a common excipient between these tablets. It was initially 

thought that titanium dioxide present in the coating o f these tablets might be causing the 

misidentification error. This was because the tablets themselves were not Raman active, so 

the spectra obtained might be similar titanium dioxide.

However, a total o f 15 products gave match for titanium dioxide: Atorlip batch number 

D70538, Atorlip batch number G65458, Eracid batch number 030248, D-Loratin batch 

number 5590, Erythromycin batch number 121, Erythromycin batch number 140, 

Erythromycin batch number 108314X, Erythromycin batch number 46840VA, Singulair 

batch number 272087, Propranolol batch number 84039, Evista batch number A 190008, 

Viagra batch number 010056, Viagra batch number 6092803, Diovan W0005 and Co- 

diovan WOO 17. However, the products spectra did not match cetirizine signature though 

cetirizine and titanium dioxide had similar signatures. The reason for this might be the 

difference in fluorescence between both signatures and the in-built software was 

considering the fluorescence as a part of the signature in comparison.

Seven products containing four APIs gave a high match for lactose monohydrate alongside 

less significant matches with other products. However, lactose monohydrate had the highest 

match values in the range 34 - 80%. The products were: Ability batch number 621991, 

Ability batch number 6K17838, Ability batch number 7C25625, Ezetrol batch number 

260954, Propranolol batch number PA417, Apo-propranolol batch number HE1442 and 

Quinine batch number 877589. All these tablets contained lactose monohydrate in their 

excipient lists which explained the reason for these matches.

One quinine tablet batch number 329 failed and gave an alternative match for ciprotest

method (method 1). This tablet was obtained from the Tanzanian market place. So it might
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be a counterfeit containing ciprofloxacin as API rather than quinine. No further analysis 

was conducted on this tablet.

On the other hand, cetirizine batches and loratidine batches gave correct matches to 

cetirizine and loratidine tablets signatures and were not misidentifled. Also, Metrozin 

tablets were identified correctly as containing metronidazole.

So matching these products using Avodart method did not yield any false positive matches 

against the Avodart signature. However, 56 false positives matches against products or 

excipients had been obtained. The reason for this was either the absence o f signature for 

these products in the library or the lack of a Raman scattering of the API in these products. 

In this case, the scattering might be due to an excipient present in the coating (as titanium 

dioxide) or the core (as lactose monohydrate) o f the tablet. Consequently, off-line analysis 

and further investigation of the Raman spectra o f these products and their constituents is 

needed.

Table 5.8 Results obtain from in-built identification of the tablets and liquids matching

API Product Type Batch
number

Match Percentage
(%)

Aripiprazole Ability I 530531 No match NG
Aripiprazole Ability I 621991 Lactose monohydrate 

T richloro(octy l)silane
80

6

Aripiprazole Ability T 6K17838 Lactose monohydrate 
Tetrabutylhydroperoxide 
Glass borosi licate

64
5
1

Aripiprazole Ability T 7025625 Lactose monohydrate 
4-ethyl-3-thiosemicarbazide

78
5

Aripiprazole Arip MT I 1436006 No match NG
Artesunate Adamsunate I 070932 No match NG
Artesunate Artesunate I 070604 No match NG
Atorvastatin calcium 
trihydrate

Atorlip I D70538 Ti (IV) dioxide 
D-Mannitol
N-[3-(trimethoxysi!yl)propyl] 
ethylene diamine

50
36

1

Atorvastatin calcium 
trihydrate

Atorlip T G65458 Ti (IV) dioxide
D-Mannitol
Pinane

52
22

5

Atorvastatin calcium 
trihydrate

Lipitor I 0073035 No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0106105 No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0106109 No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0106203 No match NG

Atorvastatin calcium 
trihydrate

Lipitor I 0106205 No match NG
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Atorvastatin calcium 
trihydrate

Lipitor T 0429016 No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0144106U No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0284106U No match NG

Atorvastatin calcium 
trihydrate

Lipitor T 0587096U Cetirizine 100

Atorvastatin calcium 
trihydrate

Lipitor T NA Cetirizine 100

Atorvastatin calcium 
trihydrate

Liponorm T NA Cetirizine 100

Azelastine
hydrochloride

Arzep L TG I 001 No match NG

Azithromycin Zithromax T 5HEP034E No match NG

Carbamazepine Tegretol CR T T5363 No match NG
Carbamazepine Tegretol Retard T U0165 No match NG
Cefuroxime axetil Cefutil T 6337 No match NG
Cetirizine
hydrochloride

Benadryl T 11B08D Cetirizine 100

Cetirizine
hydrochloride

Cetirizine T 05C07 Cetirizine 100

Cetirizine
hydrochloride

Cetirizine 
Oral Solution

L 916197 No match NG

Cetirizine
hydrochloride

Hayfever and 
Allergy Relief

T HD3A8G Cetirizine 100

Cetirizine
hydrochloride

Hayfever and 
Allergy Relief

T HD4J8G Cetirizine 100

Cetirizine
hydrochloride

Pireteze T 067 Cetirizine 100

Cetirizine
hydrochloride

Pollenshield T JE77 Cetirizine 100

Cetirizine
hydrochloride

Zirtek T 08A07B Cetirizine 100

Ciprofloxacin Ciproxin Oral 
suspension

L IT801E8 No match NG

Ciprofloxacin lactate Ciprofloxacin 1 nfusion L 070273A No match NG
Clarithromycin Eracid T 030248 Ti (IV) oxide Titanium dioxide 46.

Clopidogrel
hydrogen
sulfate

Plavix T 2129 No match NG

Desloratidin e D-Loratin T 5590 Ti (IV) dioxide 
D-Mannitol
1,2-Dibromo-2-methylpropane

47
29

2

Dorzolam ide 
hydrochloride/ 
Timolol maleate

Cosopt L 0809070 No match NG

Dorzolam ide Cosopt L H2082 No match NG
hydrochloride/ 
Timolol maleate
Doxazosin mesylate Cardular T 210306838 No match NG

Doxazosin mesylate Cardular T 510157131 No match NG
Doxazosin mesylate Dosan T H06228 No match NG
Doxazosin mesylate Dosan T K02271 No match NG

Doxazosin mesylate Doxazosin T 6L66DL No match NG
Erythromycin Erythromycin T 121 Ti (IV) oxide 100
Erythromycin Erythromycin T 140 Ti (IV) oxide 90

Zinc sulfide 1

Erythromycin Erythromycin T 5817 No match NG
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Erythromycin Erythromycin T 27853 No match NG
Erythromycin Erythromycin T 108314X Ti (IV) oxide 

Zinc sulfide
70

4

Erythromycin Erythromycin T 35141VA No match NG
Erythromycin Erythromycin T 46840VA Ti (IV) oxide 

Zinc sulfide
76

1

Erythromycin Erythromycin T 5C27 No match NG
Erythromycin Erythromycin T NA No match NG
Erythromycin Erythromycin T NA No match NG
Erythromycin Erythromycin T SA4090 No match NG
Erythromycin Erythromycin T TC1126 No match NG
Esomeprazole
magnesium
trihydrate

Nexium T 6M84S1 Cetirizine 100

Esomeprazole
magnesium
trihydrate

Nexium T 0X198 No match NG

Ezitimibe Ezetrol T 260954 Lactose monohydrate 
Methyl isothiocyanate 
Glass borosi licate

55
8
1

Ezitimibe Ezetrol T 272208 Cetirizine 100
Finasteride Propecia T 261102 Cetirizine 100
Finasteride Propecia T 261639 Cetirizine 100
Finasteride Propecia T 261807 Cetirizine 100
Finasteride Propecia T ND36040 Cetirizine 100

Finasteride Proscar T 279170 Cetirizine 100
Fluticasone
propionate

Fluticasone
propionate

L K70067 No match NG

Fluvastatin Lescol XL T B5110 No match NG
Fluvastatin Lescol XL T B5128 No match NG
Fluvastatin Lescol XL T B5130 No match NG
Gentamicin sulfate Gentamicin Injection L U022732 Cluster of 2 items: ammonium 

iron (II) sulfate hexahydrate 
and
epsom salt 
Ammonium sulfate 
DIbromomethane

47

26
1

Hylan_F 20 
(Hylan A  andB)

Synvisc L U0603 No match NG

Hylan_F 20 
(Hylan A andB)

Synvisc L V0619 No match NG

Ipratropium bromide 1 prevent L ZD7171 No match NG
Isosorbide dinitrate Duride T E l2260 No match NG

Isosorbide dinitrate Duride T K02221 No match NG
Isosorbide
mononitrate

Monosorb XL T 12D36 No match NG

Letrozole INN Femara T S0136 Cetirizine 100

Letrozole INN Femara T SOI 89 Cetirizine 100

Letrozole INN Femara T U0013 Cetirizine 100
Lisinopril Prinvil T H0699 Calcium hydrogen 

phosphate trihydrateD- 
MannitolCorn starch

53
38

5

Lisinopril

Loratidine
Loratidine
Loratidine
Loratidine

Prinvil

Clarityn
Loratidine
Loratidine
Loratidine

T J0078 D-Mannitol 65
Calcium hydrogen phosphate 27
trihydrate

T 7RXFA01003 loratidine 100
T 7L72LT loratidine 100
T 7L78LT loratidine 100
T 8D64LT loratidine 100
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Losaratan
potassium/
Hydrochlorothiazide

Hyzaar T 6031285 No match NG

Losaratan
potassium/
Hydrochlorothiazide

Hyzaar Forte T 6062858 Cetirizine 100

Losaratan
potassium/
Hydrochlorothiazide

Cozaar T 36620 Cetirizine 100

Losaratan
potassium/
Hydrochlorothiazide

Cozaar Comp. T 26596019 No match NG

Losaratan
potassium/
Hydrochlorothiazide

Hyzaar T 6031283 Cetirizine 100

Losaratan
potassium/
Hydrochlorothiazide

Hyzaar T 8041858 No match NG

Metronidazole Metrozin T 0568 Metronidazole 
Ti (IV) oxide

47
41

Mometasone furcate Mometasone furcate L K70216 No match NG
Montelukast sodium Singulair T 272087 Ti (IV) dioxide 

Methyl isothiocyanate
69

3

Montelukast sodium Singulair T ND19920 No match NG
Norfloxacin Noroxin T R098 No match NG
Ofloxacin Ofloxacin T 7F160F No match NG
Ofloxacin Tarivid T L679 No match NG
Propranolol
hydrochloride

Apo-propranolol T HE1442 Reductil
Cipapidilution
Erythromycinlactosedilution 
Lactose monohydrate

38.3
26.8
13.9
67

Propranolol
hydrochloride

Inderal T 0511046 No match NG

Propranolol
hydrochloride

Inderal T DW418 No match NG

Propranolol
hydrochloride

Propranolol T 84039A Ti (IV) dioxide 
Methyl isothiocyanate 
Crystal violet lactone

70
2
2

Propranolol
hydrochloride

Propranolol T PA417 Lactose monohydrate 
Deoxycholic acid 
4-bromoveratrole

34
3
1

Quinine Quinine T 227 No match NG
Quinine Quinine T 303 No match NG
Quinine Quinine T 329 ciprotest 100
Quinine Quinine T 520 No match NG
Quinine Quinine T 6007 No match NG
Quinine Quinine T 27681 No match NG
Quinine Quinine T 877589 Lactose monohydrate 

corn starch
66
18

Quinine Quinine T 5E160 No match NG
Quinine Quinine T ET6412 No match NG
Quinine Quinine T NA No match NG
Quinine Quinine T QD713 Cluster of 4 items of sugar 

methyl isothiocyanate
47
27

Quinine Quinine T QNT6003 No match NG
Raloxifene
hydrochloride

Evista T A190008 Ti (IV) dioxide 
Sodium carbonate

69
3

Raloxifene
hydrochloride

Evista T A257560 No match NG

Risedronate sodium Actonel T 390869 Cetirizine 100
Risedronate sodium Actonel T 405728 Cetirizine 100
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Risedronate sodium Actonel T 406650 Cetirizine 100
Risedronate sodium Actonel T 407418 Cetirizine 100

Risedronate sodium Actonel T 407444 Cetirizine 100
Risedronate sodium Actonel T 410433 Cetirizine 100
Sildenafil citrate Viagra T 010056 Ti (IV) dioxide 

Methyl isothiocyanate
66

3

Sildenafil citrate Viagra T 0080406 No match NG
Sildenafil citrate Viagra T 6098203 Ti (IV) dioxide

4-methyl phenethyl bromide
66

3

Simvastatin Simvastatin T 531W58 Cetirizine 100
Simvastatin Vascor T 4050 Reductil

Cipapidilution
Erythromycinlactosedilution
Cetirizine

100

Tadalafil Cialis T A150494 Cetirizine 100
Tadalafil Cialis T A286376 Cetirizine 100
Telithromycin Ketek T L004 No match NG
Valsartan Diovan T K0003 No match NG
Vaisartan Diovan T K0004 No match NG
Valsartan Diovan T K0010 No match NG
Vaisartan Diovan T K0014 No match NG
Valsartan Diovan T K0017 No match NG
Valsartan Diovan T S0319 No match NG
Valsartan Diovan T W0005 Ti (IV) dioxide 

4-methoxyphenol alcohol 
tricresyl phosphate

64
4
2

Valsartan Diovan T W0008 No match NG
Valsartan/
Hydrochlorothiazide

Co-diovan T K0009 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0019 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0020 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0050 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0058 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0067 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T K0070 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T S0030 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T S0793 No match NG

Valsartan/
Hydrochlorothiazide

Co-diovan T w ool 7 Ti (IV) dioxide 
Tetrabrom omethane 
Calcium fluoride

68
5
2

Vardenafil Levitra T BXBV8B1 No match NG
API: active pharmaceutical ingredient, T: tablet. L: liquid, NA: not available, NG: not given because no match is present. All 
tablets gave a pval of zero.
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5.3.2. Off-line identification and quantification of tablets using the handheld 

Raman device (Ahura Truscan)

For off-line identification and quantification of tablets, the spectra were exported to Matlab 

R2007a and the spectral comparison of the products was made.

Before spectral analysis, the optimum pre-processing method was investigated. In this case, 

four pre-treatment methods were tried: Baseline correction, D2, MSC-D2 and SNV-D2. To 

compare the best spectra, the following criteria were taken into consideration:

1. The scattering intensity

2. The number of peaks

3. The spectral noise

4. The potential for identification

The first three can be seen by visualisation of the pharmaceutical products spectra. Figure 

5.10 shows the spectra of Ciproxin 500 mg tablet batch number BXB19T1 using the four 

pre-treatment methods which may be compared to the original spectrum in Figure 5.3. The 

same numbers of peaks were observed in all four cases. However, the spectra with 

derivatives pre-treatment were noisier than the baseline treated spectrum. The noisiest 

spectrum was the SNV-D2 treated spectrum.
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Figure 5.10 Raman spectra of Ciproxin 500 mg tablet batch number BXB19T1 when 
measured after (a) baseline, (b) D2, (c) MSC-D2 and (d) SNV-D2 treatment by the Ahura 
Truscan instrument.
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Regarding the potential for identification, a set o f Ciproxin 250 and 500 mg tablets was 

compared using the four pre-treatment methods. The CWS method used in the optimisation 

procedure in the NIRS technique was applied to this set and the r values were obtained after 

each pre-treatment was applied. Since the products were o f the same manufacturer and had 

the same nominal amount o f % m/m of ciprofloxacin, it was expected to obtain an r value 

threshold o f greater than 0.95. Figure 5.11 shows the correlation map of the Ciproxin 

spectra after the four pre-treatment methods were applied. The batches used for comparison 

were both o f 250 mg and 500 mg but had close % m/m values o f ciprofloxacin. The 250 mg 

batches were products 1 -  3 in the correlation maps and were batches: 1218405, IT10685 

and IT2056 respectively. The 500 mg batches were products 4 -  7 in the correlation maps 

and were batches: 20C2002, BXB19T1, BXBICLI and CCZLJ2 respectively. An r value 

higher than 0.95 would give a green colour while an r value lower than 0.95 would give a 

blue colour. In this case, a completely green correlation map is expected as all tablets are 

Ciproxin. A complete identification was not obtained as all three derivative based pre

treatment methods showed one mismatch of Ciproxin 250 mg tablet batch number 1218405 

(product 1) against Ciproxin 250 mg tablet batch number IT2056 (product 3). This was 

because the instrument was taking one scan at each time, so the spectra were not repeatable. 

The baseline treated spectra showed six r values below 0.95. This was showing an 

increased sensitivity in distinguishing between these different authentic Ciproxin tablets. 

Also baseline pre-treatment fulfilled better the first three criteria above, so it was adopted 

throughout the rest o f the work (Figure 5.10). This is commonly used as much of the 

Raman work in the literature was made using baseline treated data.
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Product Product

Product Product

Figure 5.11 Correlation maps of the Raman spectra of Ciproxin tablets batch numbers (1) 
1218405, (2) IT10685, (3) IT2056, (4) 20C2002, (5) BXB19T1, (6) BXBICLI and (7) 
CCZLJ2 measured by the Ahura Truscan instrument when four pre-treatment methods 
including: (a) baseline, (b) D2, (c) MSC-D2 and (d) SNV-D2 were used. An r value greater 
than 0.95 gives a green colour; whereas an r value less than 0.95 gives a blue colour.

The Raman intensity is dependent upon the chemistry of a particular component although 

the scale of measurement may be arbitrary. In this respect, the relationship between the 

scattering intensity of a pharmaceutical product and API or excipients present in the 

product was studied. The products were tablets containing the following APIs: cetirizine 

hydrochloride, ciprofloxacin hydrochloride, erythromycin ethyl succinate and quinine 

sulphate (Figure 5.12). The spectra of intact Ciproxin 500 mg batch number BXB19T1 

tablets and the corresponding powder samples spectra resembled that of the pure 

ciprofloxacin in six scattering peaks. There was no difference between the intact Ciproxin 

tablet and powdered forms except that the intact form had higher scattering intensities. This 

shows that pure ciprofloxacin has a good Raman signal. Also, it was present in a high % 

m/m value in the tablet (about 67% m/m).
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Figure 5.12 Raman spectra of (a) pure ciprofloxacin (— ), Ciproxin 500 mg tablet batch
BXB19T1 in intact form (----- ) and powdered form (-----), (b) pure cetirizine hydrochloride
(---- ) and Zirtek 10 mg tablet batch number 08A07B (------), (c) erythromycin ethyl
succinate (---- ) and erythromycin tablet batch number 35141 VA (------) and (d) pure
quinine sulfate (— ) and quinine tablet batch number QD713 (------) measured by the
Ahura Truscan instrument.

However, the spectra of cetirizine hydrochloride, erythromycin ethyl succinate, and quinine 

sulfate containing tablets were not similar to their corresponding APIs. The erythromycin 

tablet spectrum had common peaks with the spectrum of its corresponding API. The spectra 

of the Zirtek and the quinine tablets were similar to the spectrum of titanium dioxide which 

was an excipient present in the coating of both tablets. Figure 5.14 shows both spectra of 

Zirtek tablet and titanium dioxide excipient with peaks around 500, 600 and 700 cm'’. The 

peaks at 700 cm '’were similar; however, the Zirtek tablet spectrum has two additionally 

small peaks at 400 and 500 cm '’ which are present in the spectrum of pure cetirizine 

dihydrochloride. This was not observed for the quinine tablet spectrum (Figure 5.13d) 

where its spectrum was very similar to titanium dioxide. The reason of this might be that
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the quinine tablet had a thick sugar coating consisting of cellulose polymers, triglyceride 

chains, macrogol and titanium dioxide.
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Figure 5.13 Baseline treated Raman spectra of Zirtek 10 mg tablet batch number 08A07B 
( ------) and titanium dioxide (----- ) measured by the Ahura Truscan.

Figure 5.14 shows the spectra of a Zirtek tablet, cetirizine hydrochloride and the excipients 

contained in the Zirtek tablet: MCC, lactose, magnesium stearate and titanium dioxide. It is 

clear that the previously mentioned two peaks at 400 and 500 cm'  ̂ are present in the 

cetirizine dihydrochloride spectrum but they are of lower intensity than those for titanium 

dioxide. On the other hand, the spectrum of the Ciproxin 500 mg tablet clearly resembled 

pure ciprofloxacin and did not resemble the spectra of the major excipient (which was 

maize starch) or any other excipient in the tablet (Figure 5.15).
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Figure 5.14 Baseline treated Raman spectra of (a) Zirtek 10 mg batch number 08A07B, (b) 
cetirizine dihydrochloride, (c) microcrystalline cellulose, (d) lactose, (e) magnesium 
stearate and (f) titanium dioxide measured by the Ahura Truscan instrument.
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Figure 5.15 Baseline treated Raman spectra of (a) Ciproxin 500 mg batch number 
BXB19T1, (b) ciprofloxacin, (c)maize starch, (d) microcrystalline cellulose, (e) magnesium 
stearate and (f) titanium dioxide measured by the Ahura Truscan instrument.
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In both figures 5.14 and 5.15, MCC spectrum showed irregular noise. This was because the 

units of the spectrum were expanded so all the APIs and excipients would be on the same 

scale. The spectrum on the original scale is essentially a straight line compared to the 

Rayleigh peak that appears before 250 cm'̂  (Figure 5.16). Usually 1 in 10̂  - 10̂  photons is 

Raman scattered and the rest are Rayleigh scattered [153, 154].
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Figure 5.16 Baseline treated Raman spectra of MCC (a) when the full scale was taken and 
(b) when the scale was expanded as measured by the Ahura Truscan instrument.

Most of the tablets which were measured and contained titanium dioxide showed the 

Raman scattering of titanium dioxide. An interesting example is Nexium tablets which have 

titanium dioxide in the outer coating. When three different batches of Nexium tablets were 

measured, they had the same spectra as titanium dioxide (Figure 5.17).
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Figure 5.17 Baseline treated Raman data of Nexium 40 mg tablet batch number EF084 
(— ), Nexium 20 mg tablet batch number CXI98 (— ), Nexium 40 mg batch number 
6M84S1 (— ) and titanium dioxide ( ----- ) measured by the Ahura Truscan.

However, when the coating of one of these Nexium tablets was scraped off and the tablet 

was measured uncoated, the Raman scattering intensity of the titanium dioxide disappeared 

(Figure 5.18). The excipients available in the Nexium tablet included: glycerol 

monostearate, hyprolose, hypermellose, iron oxide, magnesium stearate, methacryiic acid 

ethyl acrylate copolymer (1:1) dispersion, MCC, synthetic paraffin, macrogol, polysorbate 

80, crospovidone, sodium stearyl fumarate, sugar spheres (sucrose and maize starch), talc, 

triethyl citrate and titanium dioxide. The spectrum of the Nexium tablet was only similar to 

the titanium dioxide spectrum and not to any of these excipients or to the API 

(esomeprazole magnesium trihydrate). This gave two possibilities which were either these 

individual excipients did not have a Raman scattering or they were present in very small 

amounts in the tablet.
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Figure 5.18 Baseline treated Raman spectra of Nexium 40 mg tablet batch number EF084 
in its coated fonn (— ) and uncoated form (— ) measured by the Ahura Truscan 
instrument.

In this respect, the Raman spectra of 19 excipients were measured. Not all excipients 

yielded Raman scattering (Figure 5.19), some were too noisy (hydroxyl propyl methyl 

cellulose and magnesium oxide), others did not have any scattering (alginic acid and 

hydroxyl ethyl cellulose) while others had good scattering intensities (magnesium stearate 

and sodium lauryl sulphate). In this respect, the signal to noise ratio of the highest peak of 

each excipient and API was calculated and compared to the Raman activity (Table 5.9).

The highest signal to noise ratio was observed for titanium dioxide and this related to its 

strong Raman activity as it gave a strong signal, even when it was present in small amounts 

in a tablet. In addition, polyvinyl chloride, maize starch and sucrose had high signal to 

noise ratios of 11.8, 11.3 and 10 respectively, and strong Raman activities. Some excipients 

and all the four API(s) measured had a strong Raman activity but low signal to noise ratio 

caused by high fluorescence. These included: mannitol, magnesium stearate, sodium lauryl 

sulphate, stearic acid calcium salt and sorbitol. In addition, lactose, sodium starch glycolate, 

talc and crospovidone had medium fluorescence and medium Raman activity. The rest of
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the excipients measured which were mainly polymers had no Raman activity and included: 

alginic acid, croscarmellose sodium, hydroxy ethyl cellulose, hydroxyl propyl methyl 

cellulose, magnesium dioxide and microcrystalline cellulose.
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Figure 5.19 Baseline treated Raman spectra of 19 excipients: (a) alginic acid, (b) 
croscarmellose sodium, (c) crospovidone, (d) hydroxy propyl methyl cellulose, (e) hydroxy 
ethyl cellulose, (f) lactose, (g) microcrystalline cellulose, (h) maize starch, (i) mannitol, (j) 
magnesium oxide, (k) magnesium stearate, (1) polyvinyl chloride, (m) sodium lauryl 
sulphate, (n) sodium starch glycolate, (o) sorbitol, (p) stearic acid calcium salt, (q) sucrose, 
(r) talc and (s) titanium dioxide measured by the Ahura Truscan instrument.

Table 5.9 Signal to noise ratio and the strength of the Raman intensity of the active

Excipient/ API Position
(cm'h

S/N
ratio

Fluorescence Raman
activity

Titanium dioxide 640.3 39 Low Strong

Polyvinyl chloride 636.1 11.8 Low Strong

Maize starch 479.4 11.3 Low Strong

Sucrose 402 10 Low Strong

Sodium starch glycolate 483.9 9 Medium Medium

Cetirizine hydrochloride 416.5 8.25 High Strong

Sorbitol 877.7 8 High Strong

Sodium lauryl sulfate 1130 7 High Strong
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Lactose 

Crospovidone 

Quinine sulfate 

Stearic acid calcium salt 

Mannitol

Magnesium stearate 

Talc

Ciprofloxacin hydochloride

Erythromycin ethyl 
succinate 
Alginic acid

Croscarmellose sodium

Hydroxy ethyl cellulose

Hydroxy propyl methyl 
cellulose

Magnesium oxide 

MCC

354.7 6.4 Medium Medium

757.1 6 Medium Medium

1370 6 High Strong

1060 5.88 High Strong

875.7 5.22 High Strong

1060 5 High Strong

676.2 4.6 Medium Medium

308.2 4.2 High Strong

350.1 3.85 High Strong

N N High Weak

N N High Weak

N N High Weak

N N High Weak

N N High Weak

N N High Weak

Position: position of the highest peak, S/N: signal to noise, N: no peak or no Raman activity.

Consequently unlike NIRS, the Raman signal in the tablet was due to components in the 

sample and not the whole sample. These components might be the API or excipients. 

Regarding the effect of doses, different dosage forms of the sample product did not have 

any effect on the Raman spectra of the product as long as the same concentration of API 

was present in these doses. Figure 5.20 shows three different doses of Ability which have 

the same Raman scattering intensities. The three doses of Ability were 5, 10 and 15 mg and 

had different weights but similiar % m/m of aripiprazole.
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Figure 5.20 Baseline treated Raman spectra of Abilify 5 mg batch number 6K17838 (— ),
10 mg batch number 7C25625 {— ) and 15 mg batch number 530531 (-----) measured by the
Ahura Truscan instrument.

The capability of the instrument for measuring tablets inside their transparent blister 

packaging was studied by measuring four batches of Ciproxin and ciprofloxacin tablets in 

their blister packaging and after removal of the blister packaging (Figure 5.21). Figure 5.21 

shows that it is possible to obtain the spectra of the tablets inside the blisters but still the 

position of the instrument to the blister can affect the signal. Thus, Ciproxin 500 mg tablet 

batch number BXB19T1 had higher scattering intensity when measured in its blister as 

compared to on its own (Figure 5.21b). Also, sometimes the blister might be causing 

interference so it creates additional noise as with the Ciprobay 500 mg tablet samples 

(Figure 5.21c). However, the reproducibility of the tablet alone is much higher than the 

reproducibility of the tablet in its blister packaging. This was tested when the spectra of a 

set of 10 tablets were compared alone and in their blister packaging (Figure 5.22). When 

measured on their own, the spectra were less noisy. This was because the position of the 

tablet to the instrument was less variable each time when the tablet was measured alone
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rather than in its blister packaging. However, the same Raman spectra were found in both 

cases. There was no evidence for strong Raman scattering from a blister packaging.
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Figure 5.21 Baseline treated Raman spectra of (a) Ciprobay 250 mg tablet batch number
IT501NB alone (-----) and in its blister packaging (---- ), (b) Ciproxin 500 mg tablet batch
number BXB19T1 alone (----- ) and in its blister packaging (-----), (c) Ciprobay 500 mg
tablet alone (-----) and in its blister packaging (----- ) and (d) ciprofloxacin 500 mg tablet
batch number 05T18170C1 alone (-----) and in its blister packaging (-----) measured by the
Ahura Truscan instrument.
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Figure 5.22 Baseline corrected Raman spectra of a set of 10 tablets of Ciproxin tablet batch 
number BXBITI when measured (a) in their blister packaging and (b) alone by the Ahura 
Truscan instrument.

The Raman spectra of different batches of products containing the same API were 

compared. Only products from the same manufacturer had the same Raman spectra, or if 

they were from different manufacturers but with the same list of excipients they were also 

similar. So unlike the Polychromix PHAZIRNIR instrument, the Ahura Truscan could 

identify products of the same manufacturer provided they have Raman scattering.

One example is the case of Ciproxin 500 mg tablets which were all manufactured by Bayer 

AG Germany and had similar Raman spectra (Figure 5.23).
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Figure 5.23 Baseline treated Raman spectra of Ciproxin 500 mg tablets batch number (a) 
20C2002, (b) BXB19T1, (c) BXBICLI, (d) BXB38F1, (e) BXC37V1, (f) Ciprobay, (g) 
CCWHVl, (h) CCZAR2 and (i) CCZLJ2 measured by the Ahura Truscan instrument.

Similarly, finasteride and losartan/hydrochlorothiazide containing tablets were from the 

same manufacturers and had similar Raman spectra (Figures 5.24 and 5.25).

For finasteride tablets, the products were under two different commercial names but 

obtained from the same manufacturer with the same list of excipients: lactose, MCC, maize 

starch, sodium starch glycolate, docusate sodium, magnesium stearate, hypromellose, 

hydroxyl propyl cellulose, titanium dioxide, talc, yellow iron oxide and red iron oxide. All 

these products had seven common peaks (Figure 5.24). The first three peaks were in the 

range 400 -  600 cm'̂  and were clearly due to titanium dioxide (Figure 5.19). Another peak 

appears at 475 cm*' and could be due to maize starch, sodium starch glycolate or talc 

(Figure 5.19). Three peaks were found at about 800 cm'  ̂ and 1000 cm'% and could be due 

magnesium stearate (Figure 5.19). The API (finasteride) of these tablets was not available 

so it could not be measured.
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Figure 5.24 Baseline treated Raman spectra of finasteride containing tablets including: (a) 
Propecia 1 mg batch number 261807, (b) Propecia 1 mg batch number 261102, (c) Propecia 
1 mg batch number 261639, (d) Propecia 1 mg batch number ND36040, (e) Proscar 5 mg 
batch number 261079 and (f) Proscar 25 mg batch number 279170 measured by the Ahura 
Truscan instrument.

The tablets containing the mixture of losartan and hydrochlorothiazide were all 

manufactured by the same manufacturer (MSD) and from two sources: UK and Turkey 

(Figure 5.25). The excipients present in these tablets were: MCC, lactose, maize starch, 

magnesium stearate, hydroxyl propyl cellulose, hypromellose and titanium dioxide. The 

titanium dioxide peaks were clearly observed in the range of 400 -  600 cm'  ̂and the maize 

starch peak was observed at about 475 cm'\ However, the magnesium stearate peaks could 

not be observed in these set of products as the case of finasteride containing products. This 

might be due that magnesium stearate was present in smaller amount in the losartan/ 

hydrochlorothiazide containing products. The API was not available for this set of products 

so was not measured.
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Figure 5.25 Baseline treated Raman spectra of losartan and hydrochlorothiazide containing 
batches including: (a) Cozaar Comp 100/25 mg batch number NF36620, (b) Hyzaar Forte 
100/25 mg batch number 6062858, (c) Cozaar Comp 50/12.5 mg batch number 265960, (d) 
Hyzaar 50/12.5 batch number 8041858, (e) Hyzaar 50/12.5 mg batch number 6031285 and 
(f) Hyzaar 50/12.5 mg batch number 6031283 measured by the Ahura Truscan instrument.

Unlike the NIR spectra, no difference was seen among the tablets from different sources in 

the losartan/ hydrochlorothiazide containing products. However, a lower scattering 

intensity and spectral variation was seen below 600 cm'* for batch numbers 265960 and 

8041858. This might be to a variation in the positioning of the tablet to the instrument. 

However, this was not the case for Ciproxin 250 mg tablets as one of the batches 

(IT502BZ) did not have a good Raman signal and had only noise (Figure 5.26). Otherwise, 

all the other batches had the same spectra.
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Figure 5.26 Baseline treated Raman spectra of Ciproxin 250 mg tablets batch numbers; (a) 
09C1001, (b) 1218405, (c) IT10485, (d) IT10685, (e) IT2056, (f) 1T20260, (g) 1T502BZ 
and (h) 1T501NB measured by the Ahura Truscan instrument.

Similarly, pharmaceutical products from different manufacturers showed different Raman 

spectra depending on their matrices. Erythromycin and quinine sets were good examples as 

the spectra had great variability among them because they came from a variety of 

manufacturers and sources (Figure 5.27 and 5.28). The list of excipients was not known for 

all these batches as they came from generic manufacturers.

The samples of erythromycin tablets consisted of 12 tablets from seven manufacturers. 

Batch numbers 121 (b) and 140 (c) were of the same manufacturer (Shelys Pharmaceuticals 

Ltd.) and had similar Raman spectra. Batch 108314X (a) also had the same Raman 

spectrum as the previous two batches but was manufactured by Alembic Limited Road. 

Batches 35141 VA (e) and 46840VA (f) were both manufactured by Abbott laboratories; yet 

each had a different Raman spectrum. So, batches 108314X, 121, 140 and 46840VA 

showed the scattering of titanium dioxide. Batches 35141 VA, ET5C27 and TED A 

reference tablet showed a Raman scattering due to erythromycin; whereas others showed 

increasing interference with noise.

Thus, this Raman technique might be useful to identify certain erythromycin tablets but 

only when they are in the correct form.
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Figure 5.27 Baseline treated Raman spectra of Erythromycin 250 mg tablets batch 
numbers: (a) 108314X, (b) 121, (c) 140, (d) 27653, (e) 35141 VA, (f) 46840VA, (g)
ET5817, (h) ET5C27, (i) (reference tablets), (j) SA4090, (k) TCI 126 and (1) sample 1 
measured by the Ahura Truscan instrument.

The samples of quinine tablets consisted of 12 tablets from eight manufacturers. Batches 

227 (g), 303 (b), 520 (k) and 6007 (j) were all manufactured by Shelys Pharmaceutical Ltd 

and had similar Raman spectra to pure quinine sulfate but variable scattering intensities. 

Batch numbers 27681 (c) (manufactured by Remedica) and QNT6003 (d) (manufactured by 

Interchem Pharma Ltd.) had similiar spectra as Shelys batches but lower Raman intensities 

(Figure 5.28). Batch number 329 (f) was also manufactured by Shelys Pharmaceutical Ltd 

but it had similar spectra to the Ciproxin tablets and this batch was identified using the in

built identification as a Ciproxin tablet. The reference batch supplied by the TFDA (i) had a 

similar spectrum to the Shelys batches. Batches LT6412 (h) and 5L160 (e) had a lot of 

noise in their spectra. Both UK batches had similar spectra, but batch number QD713 (a) 

had a lower intensity than batch number 877589 (1) (Figure 5.28).
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Figure 5.28 Baseline treated Raman spectra of Quinine 300 mg batch numbers: (a) QD713, 
(b) 303, (c) 27681, (d) QNT6003, (e) 5E160, (f) 329, (g) 227, (h) ET6412, (i) TFDA 
reference, (j) 6007, (k) 520 and (1) 877589 measured by the Ahura Truscan instrument.

Also loratidine containing tablets were obtained as four products from two manufacturers 

and a clear similarities could be seen between their spectra (Figure 5.29). In this respect 

batch numbers 8D64LT, 7L78LT and 7L72Lt were manufactured by APS and batch 

number 7RXFA01003 was the proprietary form manufactured by Schering-Plough. The 

spectrum of the latter batch had the same Raman peaks as the other three batches but with 

different intensities and a noisy region around 400 cm '\ The excipients present in Clarityn 

batch number 7RXFA01003 were lactose, maize starch and magnesium stearate; whereas 

the list of excipients was not available for the other three batches. The similarity in peaks 

indicated that these batches might have similar excipients. Thus, the peaks in the range of 

300 -  400 cm"' were similar to the lactose peaks (Figure 5.19); however, they were more 

intense in Clarityn batch number 7RXFA01003 than the other three batches (Figure 5.29). 

This might be because Clarityn batch number 7RXFA01003 has more lactose than the other 

three batches. Magnesium stearate peaks (Figure 5.19) were similar for all products and 

were seen in the range of 800 and 1200 cm '\ Another three peaks were observed in the
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range of 600 -  800 cm"' and might be due to the API (loratadine) but it could not be 

confirmed as the API was not available.
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Figure 5.29 Baseline treated Raman spectra of loratidine containing batches including: (a) 
Clarityn 10 mg batch number 7RXA01003, (b) Loratidine 10 mg batch number 8D64LT, 
(c) Loratidine 10 mg batch number 7L78LT and (d) Loratidine 10 mg batch number 
7L72LT measured by the Ahura Truscan instrument.

Aripiprazole containing tablets were obtained from three manufacturers and three different 

sources (Figure 5.30 a - e). Four batches were labelled as Abilify manufactured by BMS 

and Otsuka Pharm. Europe Ltd; and one batch was labelled as Arip MT manufactured by 

Torrent Pharm. Ltd. The batch manufactured by Torrent Pharm. Ltd. (Arip MT batch 

number C14360061 (e)) had a different Raman spectrum from the other four batches 

(Abilify 6K17838, 621991, 7C25625 and 530531 (a -  d)). The excipients in Abilify tablets 

(a -  d) were: lactose monohydrate, maize starch, MCC, hydroxyl propyl cellulose, 

magnesium stearate and dyes. The excipients in Arip MT were not available. However, it 

was clear that it did not contain lactose or maize starch as it lacked the first four peaks 

present in the Abilify tablets spectra in the range of 300 -  500 cm '\ Arip MT also had a 

peak present at about 900 cm’’ and was not present in Abilify tablets. This peak could be
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due to the presence of mannitol or sorbitol in the excipient list (Figure 5.19). This would 

clearly identify the Arip MT from the Abilify batches.
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Figure 5.30 Baseline treated Raman spectra of aripiprazole containing tablets including: (a) 
Abilify 5 mg batch number 6K17838, (b) Abilify 10 mg batch number 621991, (c) Abilify 
10 mg batch number 7C25625, (d) Abilify 10 mg batch number 530531 and (e) Arip MT 
15 mg batch number C l4360061 measured by the Ahura Truscan instrument.

Consequently, the Ahura Truscan can identify the pharmaceutical product if a product from 

exactly the same manufacturer was available as the reference. Otherwise, it will detect a 

difference among the spectra of the products, but it may be difficult to explain as in generic 

products where the list o f excipients may not be known.

An approach to apply the optimum multivariate methods (CWS and PCA) used in the NIRS 

studies was taken here. The CWS method could be applied only with difficulty as the 

spectra were too noisy. The noise rather than the spectral signals contributed correlated. 

When the CWS was applied to a total of 163 products containing 30 APIs, very high 

unexpected values were obtained (Figure 5.31). The correlation map shows a variability 

among the products measured. The r value ranged from -0.8 (dark blue) to 0.996 (dark red). 

Only one sample had a negative r value and all the rest had r values above 0. Most products 

r values were in the range of 0 -  0.4 (green and yellow colours in the correlation map). In 

an ideal case, a dark red colour is expected for products of the same API and excipients,
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and a yellow, green or blue colour is expected for products of different APIs and excipients. 

However, this was not observed and a good identification could not be obtained for each set 

of products. The only set which was identified correctly was the one containing 

ciprofloxacin products (31:57). This was because of the lower noise and good Raman signal 

obtained in the ciprofloxacin set spectra compared to the other products. Only Ciproxin 250 

mg tablet batch number IT502BZ was not identified as a ciprofloxacin tablet. This was the 

same batch that caused problems in earlier on-line identification.
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Figure 5.31 Correlation map of the baseline treated Raman spectra of all 163 products 
containing a total of 30 active ingredients including:
1:5 aripiprazole 

6:8 artesunate
9:21 atorvastatin calcium trihydrate 
22:23 carbamazepine 

24:30 cetirizine dihydrochloride 
31:57 ciprofloxacin hydrochloride 
58:60 clopidogrel hydrogen sulfate 
61:65 doxazosin mesylate 
66:77 erythromycin
78:80 esomeprazole magnesium trihydrate 
81:82 ezetimibe
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83:88 finasteride 
89:91 fluvastatin 
92:93 isosorbide dinitrate 
94:95 lamivudine/zidovudine 
96:98 letrozole INN 
99:100 lisinopril 
101:104 loratidine
105:110 losartan postassium/hydrochlorothiazide
111:112 montelukast sodium
113:114 ofloxacin
115:119 propranolol hydrochloride
120:131 quinine
132:133 raloxifene hydrochloride 
134:139 risedronate sodium 
140:142 sildenafil citrate 
143:144 simvastatin 
145:146 tadalafil 
147:154 valsartan
155:164 valsartan/hydrochlorothiazide measured by the Ahura Truscan instrument.
A dark blue colour means that the r value is below 0, a green colour means that the r value 
is from 0 -  0.2, a yellow colour means that the r value is from 0.2 -  0.4, an orange colour 
means that the r value is from 0.4 -  0.6, a light red colour means that the r value is from 0.6 
— 0.8, a dark red colour means that the r value is from 0 .8 - 1 .  So the darkest red colour 
explains the most similar products.

The same test set (Chapter 2, Table 2.1) used for the preliminary optimisation procedure 

was used here to test the difference between Raman and NIR spectroscopy for 

identification of the tablets. However, not all the products measured had a Raman signals, 

so only six products o f this set were used here for CWS and PCA analysis (Figure 5.32). 

These products were: Lipitor 10 mg batch number 41801911, Singulair 10 mg batch 

number 260003, Zyprexa 2.5 mg batch number A 146619, Protium 20 mg batch number 

256921, Seroquel 25 mg batch number CV911 and Effexor 37.5 mg batch number 18693.
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Figure 5.32 Baseline treated mean Raman spectra of each of: (a) Lipitor 10 mg batch 
number 41801911, (b) Singulair 10 mg batch number 260003, (c) Zyprexa 2.5 mg batch 
number A 146619, (d) Protium 20 mg batch number 256921, (e) Seroquel 25 mg batch 
number CV911 and (f) Effexor 37.5 mg batch number 18693 measured by the Ahura 
Truscan instrument.

CWS was applied to the individual and mean spectra (Figure 5.32) o f these products. The r 

values of the mean spectra of these six products were distinguishable from each other 

(Figure 5.33b) but the individual r values among the 10 individual spectra of each tablet of 

the products ( Figure 5.33a) were not always higher than the threshold (0.95). Only the 

third product (Zyprexa) had consistent r values higher than the threshold (Figure 5.33a). An 

overlap between the Lipitor and Singulair products’ individual spectra was clearly observed 

and high r values among these 10 individual spectra were obtained. However, this overlap 

was not seen when the r values were obtained using the mean spectra of the products. This 

misidentification was observed only in the individual spectra, because the mean spectra of 

the products were less noisy than the individual products spectra. The two APIs in question 

were present in small amounts in the tablets (< 7% m/m) which contained four common 

excipients including: MCC, lactose monohydrate, croscarmellose sodium and magnesium 

stearate.
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Figure 5.33 Correlation map of the baseline treated Raman spectra over the range 250 - 
1400 cm'' of: (a) 10 spectra and (b) mean spectrum of the products: Lipitor 10 mg batch 
number 41801911, Singulair 10 mg batch number 260003, Zyprexa 2.5 mg batch number 
A 146619, Protium 20 mg batch number 256921, Seroquel 25 mg batch number CV911 and 
(f) Effexor 37.5 mg batch number 18693 respectively measured by the Ahura Truscan 
instrument.

The PCA method was then applied because it classifies the spectra according to variances 

rather than comparing the whole spectra as with the CWS method. 10 spectra were taken 

from the remaining six batches and PCA analysis was made. The products were not 

distinguishable and there was a great overlap among the 95% equal frequency ellipses of 

PCA score plots of the products. Figure 5.34 shows the PCA score plots of the baseline 

treated Raman spectra of the six products over the range 250 - 1400 c m' .  A partial overlap 

among the ellipses of Lipitor and Singulair was again observed. Also, Zyprexa scores were 

fitting inside the ellipse of Protium scores though both products spectra were not alike. But 

this confirmed the CWS results where both (Lipitor and Singulair) set and (Zyprexa and 

Protium) set had r values around 0.6 (Figure 5.33). Handheld NIR using the first three PCs 

could distinguish between all these products except Singulair and Zyprexa. The Zyprexa 

and Protium were clearly distinguished using handheld NIRS.
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Figure 5.34 PCA score plot of the baseline treated Raman speetra over the range 250 - 1400 
cm"' of: Lipitor 10 mg batch number 4180191 l(o ) , Singulair 10 mg batch number 260003 
(*), Zyprexa 2.5 mg batch number A 146619 P ), Protium 20 mg batch number 256921 (+), 
Seroquel 25 mg batch number CV911 and Effexor 37.5 mg batch number 18693 (A) 
measured by the Ahura Truscan instrument.

As water has a weak Raman spectrum [122, 155], it is possible to measure products in 

liquid form.

However, not all the liquids measured yielded a representative Raman spectrum as some 

were in a low dosage form while others had a weak Raman signal. Figure 5.35 shows the 

Raman spectra of the 10 liquid products measured by the Ahura Truscan instrument. A 

spectrum could be collected from each of: cetirizine solution, ciprofloxacin suspension and 

gentamycin injection, but the rest of the liquid products spectra consisted only of noise.

207



400 600 800 1000 1200 1400
Afavenumber (cm"')

400 600 800 1 000 1200 1400
vVavenumber (cm"’)

400 600 800 1 000 1200 1 400
Wavenumber (cm '’)

400 600 800 1 000 1 200 1 400
W avenumber (cm"')

400 600 800 1000 1200 1400
Wavenumber (cm"')

400 600 800 1000 1200 1400
Wavenumber (cm"')

400 600 800 1000 1 200 1 400
Wavenumber (cm"')

400 600 800 1000 1200 1400
w avenum ber (cm"')

400 600 800 1 000 1200 1 400
Wavenumber (cm"')

400 600 800 1000 1 200 1400
wavenum ber (cm"')

Figure 5.35 Baseline treated Raman spectra of liquids including: (a) Arzep solution 0.1% 
w/v batch number TGI001, (b) Cetirizine solution 1 mg/ml batch number 916197, (c) 
Ciprofloxacin suspension 250 mg/5ml batch number 1T801E8, (d) Ciprofloxacin infusion 
400 mg/200ml batch number 070273, (e) Cosopt eyedrops 2/0.5% batch number H0282, (f) 
Cosopt eyedrops 2/0.5% batch number 0809070, (g) Gentamycin injection 40 mg/ml batch 
number U022732AA, (h) Synvisc 8 mg/ml and 2 mg/ml batch number U0603, (i) Synvisc 8 
mg/ml and 2 mg/ml batch number V0619 and Ipravent solution 250 meg batch number 
ZD7171 measured by the Ahura Truscan instrument.

Regarding quantification using the Ahura Truscan, univariate as well as multivariate 

regressions were applied to the prepared powder dilutions of ciprofloxacin, Ciproxin and 

erythromycin with excipient(s). For the ciprofloxacin lactose dilution model, univariate 

regression was applied to the peaks at 308.4, 352.6, 475.2, 709.8, 734.7 and 791.9 cm'\

The selection of the peaks was made by plotting the 0% (lactose) and 100% (pure 

ciprofloxacin) samples and choosing the peaks that correspond to the 100% sample. Figure 

5.36 shows the plot of the Raman intensity versus the concentration at the six selected 

wavenumbers. As seen in the figure, the intensity was not proportional to the concentration, 

so univariate regression would not work in that case.
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Figure 5.36 Raman intensity versus the concentration of the ciprofloxacin lactose dilution 
samples at (a) 308.4, (b) 352.6, (c) 475.2, (d) 709.8, (e) 734.7 and (f) 791.9 cm ' measured 
by the Ahura Truscan instrument.

In addition, univariate regression could not be applied to any of the other models which 

were: Ciproxin lactose dilution, Ciproxin excipients pellets and erythromycin tablet lactose 

dilution.

So PLSR was applied to the baseline treated spectra over the range 250 - 1400 cm ' for the 

models. Table 5.10 shows the results for the four models created: ciprofloxacin lactose 

dilution, Ciproxin lactose dilution, Ciproxin excipients pellets and erythromycin tablet 

lactose dilution. The linearity of the models were evaluated by calculating the correlation 

coefficient value (r̂ ) of the calibration set which varied from 0.9828 - 0.9952. The linearity 

using PLSR was better than the univariate regression analysis. Figure 5.37 shows the 

nominal (% m/m) versus the predicted (% m/m) concentrations of the calibration sets of the 

four models. The RMSEC values obtained for the models ranged from 1.35 - 3.75% m/m.
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Table 5.10 Results obtained for the four PLSR models.
Model N am e F r^ RM SEC (% m /m )

Ciprofloxacin la c to se  dilution 3 0 .9858 3 .75

Ciproxin la c to se  dilution 2 0 .9839 2 .09

Ciproxin exc ip ien ts p e lle ts 2 0 .9952 1.35

Erythromycin tablet la c to se  dilution 2 0 .9828 1.88

square error of calibration, % m/m: p ercen ta g e  m a s s  per m a ss .
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Figure 5.37 Nominal versus predicted API concentration (% m/m) of the calibration sets of 
(a) ciprofloxacin lactose dilution model, (b) Ciproxin lactose dilution model, (c) Ciproxin 
excipients pellets model and (d) erythromycin tablet lactose dilution model.

However, not any of the models could give a good prediction for the concentration of the 

API in intact tablets. The models constructed with ciprofloxacin and Ciproxin had variable 

predictions for proprietary and generic tablets. The predictions ranged from very poor (as 

low as 13% of label claim) to good predictions such as 100% of label claim for some 

tablets (Table 5.11). For the erythromycin tablet lactose dilution model, all the predictions 

for tablets were very poor ranging from 30 - 87% of label claim.
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Table 5.11 Predicted amount o f label claim of Ciproxin and ciprofloxacin tablets through 
the used PLSR models.

Product Dose
(mg)

Batch
Number

Predicted amount of ciprofloxacin (% label claim)

Ciprofloxacin 
lactose dilution

Ciproxin lactose 
dilution

Ciproxin
excipients
pellets

Ciproxin 250 09C1001 73.5 83.2 80.2

Ciproxin 250 1218405 72.8 88.1 95.6

Ciproxin 250 IT10485 78.8 96.8 96.9

Ciproxin 250 IT10684 71.6 93.9 90.6

Ciproxin 250 IT2056 78.8 88.2 68.3

Ciproxin 250 IT20260 82.7 93.3 72.6

Ciproxin 250 IT502BZ 201 13.6 51.9

Ciproxin 250 IT501NB 70.9 82.5 69.7

Mean 91.4 79.9 78.2

Ciproxin 500 20C2002 75.3 91.1 89.9

Ciproxin 500 BXB19T1 81.4 100 101

Ciproxin 500 BXB1CL1 69.1 92.9 71.9

Ciproxin 500 BXB38F1 88.9 78.7 63.4

Ciproxin 500 BXC37V1 88.8 98.6 94.3

Ciproxin 500 Ciprobay 98.9 65.0 39.4

Ciproxin 500 CCWHV1 77.5 82.8 75.5

Ciproxin 500 CCZAR2 79.4 87.4 94.8

Mean 82.4 87.1 78.9

Ciproxin 750 BXCBBF1 91.0 84.9 92.1

Ciprofloxacin 500 B60931 39.8 48.6 61.0

Ciprofloxacin 500 CF1H0005 42.2 47.9 49.8

Ciprofloxacin 500 0306G 78.0 95.6 100

Ciprofloxacin 500 05T18170C1 131 77.9 66.5

Ciprofloxacin 500 1857 72.0 82.6 105

Ciprofloxacin 500 B3997008A 65.8 83.2 71.8

Ciprofloxacin 500 CPT6007 115 67.3 38.9

Ciprofloxacin 500 ET5A06 84.2 74.0 96.7

Ciprofloxacin 500 X12 35.4 43.6 47.6

Mean 73.8 68.9 70.9
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5.3.3. Identification of tablets using the laboratory based Raman instrument 

(Kaiser Raman Workstation)

For the comparison of pharmaceutical products using the Kaiser Raman Workstation, the 

spectra of various batches of the following APIs were compared; atorvastatin calcium 

trihydrate, cetirizine hydrochloride, ciprofloxacin hydrochloride, clopidogrel bisulphate, 

clopidogrel hydrogen sulfate, loratidine, risedronate sodium, valsartan and valsartan/ 

hydrochlorothiazide mixture.

Baseline corrections of the spectra were made just as in the Ahura Truscan case. The 

spectra obtained using the Kaiser instrument were less noisy and had higher absorption 

intensities than with the Ahura Truscan. Figures 5.38 and 5.39 show the baseline treated 

Raman spectra of the products containing cetirizine hydrochloride and ciprofloxacin 

hydrochloride APIs respectively. Unlike with the Ahura Truscan, the cetirizine 

hydrochloride containing products yielded good spectra with the Kaiser Workstation. With 

the Ahura Truscan, the spectra of cetirizine containing products corresponded to titanium 

dioxide and the products could not be identified.
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Figure 5.38 Baseline treated Raman spectra of cetirizine dihydrochloride tablets including: 
(a) Zirtek 10 mg batch number 08A07B, (b) Cetirizine 10 mg batch number 05C07, (c) 
Pireteze 10 mg batch number 067, (d) Pollenshield 10 mg batch number JE77, (e) Benadryl 
10 mg batch number 11B08D, (f) Cetirizine 10 mg batch number HD3A8G and (g) 
Cetirizine 10 mg batch number HD4J6G measured by the Kaiser Raman Workstation 
instrument.
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Ciprofloxacin containing products yielded good spectra using both instruments. The 

intensity of scattering in this case was around 4000 arbitrary units whereas it was about 500 

arbitrary units using the Ahura Truscan instrument. Ciproxin 250 mg tablet batch number 

IT502BZ had fluorescence and very low Raman signal using the Ahura Truscan. With the 

Kaiser Workstation, it was clear that it contained ciprofloxacin (Figure 5.39e) although 

some intense peaks were seen that did not correspond to ciprofloxacin hydrochloride. All 

the spectra obtained from the ciprofloxacin containing tablets showed characteristic peaks 

that might be due to pure ciprofloxacin.

I  10000

I I  5000

I I  00 1000 2000

? 10000

s 5000

I'Vavenumber (cm’’)
1000 2000 

I'Vavenumter (cm'')

“ I 10000
S 5000

I  I  1000010000 I  Ï  10000

II a 5000
1000 2000 

iftftivenumber (cm'*) Afavenumber (cm'*)

I I 10000 1000010000

II a 5000

1000 2000 
A^venumber (cm'')

1000 2000  ̂
ATavenumber (cm')

1000

lA/avenumber (cm ')
2000

I « 10000
a 5000

1000 2000 

lAfavenumber (cm'')

I  I  10000

1000 2000 “ 
/Vavenumbef (cm'')

1000 2000 “ 
i"/avenumber (cm'')

j J i L u l i -  l l  .w jL u liL
] 1000 2000 ^  ^  0 1000 2C

A/avenumbcr (cm'*)
1000 2000 

Afavenumber (cm**)

^  I  10000

I  a 5000

| l  0
1000 2000 

i"tovenumber (cm"')

m '8 1  10000 I n 1  1  10000 0 1  1  10000 p

.Jail I if liâlUU ÎI iW w J  ll
1000  2000  0 1000 2000  “  0 1000  2000  0 1000 2000

i'Vavenumber (cm'')
1000 2000 “ 

vVavenumber (cm'') I'Vavenumber (cm'')

10000 «  10000 10000

â  5000

2000  “1000

wavenumber (cm ') Wavenumber (cm ')
1000

Wavenumber (cm ')
1000 2000 

Wavenumber (cm'')

Figure 5.39 Baseline treated Raman spectra of ciprofloxacin tablets including: (a) Ciproxin 
250 mg batch number 1218405, (b) Ciproxin 250 mg batch number IT10685, (c) Ciproxin 
250 mg batch number IT2056, (d) Ciproxin 250 mg batch number IT501NB, (e) Ciproxin 
250 mg batch number IT502BZ, (f) ciprofloxacin 250 mg batch number B60931, (g) 
ciprofloxacin 250 mg batch number CF1H0005, (h) Ciproxin 500 mg batch number 
1037498, (i) Ciproxin 500 mg batch number 20C2002, (j) Ciproxin 500 mg batch number 
BXBICLI, (k) Ciproxin 500 mg batch number BXB19T1, (1) Ciproxin 500 mg batch 
number CCWHVl, (m) Ciproxin 500 mg Batch number CCZLJ2, (n) Ciprobay 500 mg, (o) 
ciprofloxacin 500 mg batch number 0306G, (p) ciprofloxacin 500 mg batch number 1657, 
(q) ciprofloxacin 500 mg batch number B3997008A, (r) ciprofloxacin 500 mg batch 
number CPT6004, (s) ciprofloxacin 500 mg batch number X-12 and (t) Ciproxin 750 mg 
batch number BXCBBFl measure by the Kaiser Raman Workstation instrument.
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Also, using the Kaiser Workstation, the Raman signal could be obtained through the 

coating of tablets. However, part of the spectra was still masked by the fluorescence of the 

coat. Figure 5.40 shows how the region 1000 - 1500 cm"' was masked by the fluorescence 

of the coat in a Clopivas 75 mg tablet.
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Figure 5.40 Baseline treated Raman spectra of Clopivas 75 mg tablet batch number D70733 
in its (a) coated and (b) uncoated forms measured by the Kaiser Raman Workstation 
instrument.

Another difference between the Kaiser Raman Workstation and the Ahura Truscan 

instruments was encountered in the measurement of intact and powdered fonns of the same 

tablet. While with the Ahura Truscan instrument there was no difference in the Raman 

spectra of intact and powdered forms of a tablet, the intensity was higher in the spectra of 

the powdered form of a tablet when measured by the Kaiser Raman Workstation instrument 

(Figure 5.41).
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Figure 5.41 Baseline treated Raman spectra of Ciproxin 500 mg tablet batch number 
BXB19T1 in its (a) intact and (b) powdered forms measured by the Kaiser Workstation 
raman instrument.
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The instrument had the potential of measuring in reflection and transmission modes. The 

peaks are similar in both modes. However, the intensity of scattering is higher in 

transmission mode. Figure 5.42 shows clearly that the Raman intensities of a Ciprobay 250 

mg tablet batch number IT501NB were lower in reflection than in transmission modes. 

However, all the rest of the spectra were taken in the reflection mode as it was faster.
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Figure 5.42 Baseline treated Raman spectra of Ciprobay 250 mg batch number IT501NB in 
both (a) reflection and (b) transmission mode measured by the Kaiser Workstation Raman 
instrument.

As less noise was obtained using the Kaiser instrument, CWS was applied to compare the 

spectra of the products used to evaluate identification by this instrument. Figure 5.43 shows 

the correlation maps among the 70 products compared. Figure 5.43a shows a detailed 

correlation map of the ranges of r values of the spectra from 10 different batches of each of 

the products, while Figure 5.43b shows which products lie above the threshold r value 

(0.95). In both correlation maps, a dark red colour is expected for products of the same API 

and an orange, green, yellow or blue colour is expected in the first case only for products of 

different APIs. No r values greater than 0.95 was observed for distinct products containing 

different APIs, apart from some batches of cetirizine and Actonel (containing risedronate 

sodium) products. However, identification between batches of the same product was not 

perfect as r values were not always higher than 0.95. Only batches of products containing 

risedronate sodium and ciprofloxacin hydrochloride reliably gave values above this 

threshold. Ciproxin 250 mg tablet batch number IT502BZ was not classified among the
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ciprofloxacin tablets (product 25 in correlation map). On the other hand, ciprofloxacin 

containing producst were not misidentified with the other products.

Product

40
Product

Figure 5.43 Correlation maps of the baseline treated Raman spectra over the range 240 - 
1000 cm"' of tablets containing the following APIs:
1:13 atorvastatin calcium trihydrate 
14:20 cetirizine dihydrochloride 
21:40 ciprofloxacin hydrochloride
41:50 clopidogrel hydrogen sulphate and clopidogrel bisulphate 
51:56 risedronate sodium 

57:64 valsartan
65:74 valsartan plus hydrochlorothiazide with (a) all the r value range and (b) the rvalues 
higher than 0.95 in red measured by the Kaiser RamanWorkstation instrument. The first 
correlation map explains the detailed range of the r values where a dark blue colour 
indicates an r value in the range from -0.4 -  0, a light blue colour indicates an r value in the 
range from 0 -  0.2, a green colour indicates an r value in the range from 0.2 -  0.4, a yellow 
colour indicates an r value in the range from 0.4 -  0.5, an orange colour indicates an r value 
in the range from 0.5 -  0.6, a light red colour indicates an r value in the range from 0.6 -
0.95 and a dark red colour indicates an r value greater than 0.95. The second correlation 
map indicates whether the r values are greater than 0.95 (red) or less than 0.95 (blue).

PCA was applied to the spectra of these 70 products. The highest variance among the PC 

scores plotted was for ciprofloxacin hydrochloride containing products. While this allowed 

maximum variability in the PCI scores for the ciprofloxacin tablets, the PC scores of the 

other tablets were crowded to one side (Figure 5.44).
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Figure 5.44 PCA score plot of the baseline treated Raman spectra over the region 240 to 
1000 cm'* of tablets of the active ingredient of atorvastatin calcium trihydrate (o), cetirizine 
dihydrochloride (*), ciprofloxacin hydrochloride (□), risedronate sodium (☆), valsartan ( A )  

and valsartan plus hydrochlorothiazide (+) measured by the Kaiser Workstation Raman 
instrument.

So the PCA was made again after removal of the ciprofloxacin products spectra from the 

PCA calculation, but still no unique classification of the products could be obtained (Figure 

5.45). Atorvastatin calcium trihydrate containing products scores were separated from the 

rest. However, there was an overlap between the scores of valsartan and vasartan/ 

hydrochlorothiazide mixture containing products and between Actonel and risedronate 

sodium containing products. So, CWS was better than PCA to identify these products in 

this case.
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Figure 5.45 PCA score plot of the Baseline treated Raman spectra over the region 240 to 
1000 cm-1 of tablets of the active ingredient of atorvastatin calcium trihydrate (o), 
cetirizine dihydrochloride (*), risedronate sodium (^), valsartan (A) and valsartan plus 
hydrochlorothiazide (+) with 95% equal frequency ellipse drawn around each sample. The 
95% equal frequency ellipse colour is the same as the sample colour.

5.3.4. Quantification of API in intact tablets using the laboratory based Raman 

instrument (Kaiser Raman Workstation)

Regarding the quantification by the Kaiser Workstation instrument, univariate regression 

and PLSR models were applied to three of the dilutions previously measured by the Ahura 

Truscan instrument; ciprofloxacin lactose dilution, Ciproxin lactose dilution and Ciproxin 

excipients pellet model.

For the univariate regression, the wavenumbers corresponding to pure ciprofloxacin were 

selected from its Raman spectrum (Figure 5.46). Maximum Raman scattering could be seen 

at the following peak positions: 249.3, 285, 307.5, 353.1, 475.5, 707.4, 723.6 and 866.1 cm' 

\  Then the common peaks between this spectrum and the dilution spectra were selected for
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univariate regression analysis. Slight shifts in the peak positions of ciprofloxacin were 

observed in the dilution spectra.
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Figure 5.46 Baseline treated Raman spectrum of pure ciprofloxacin measured by the Kaiser 
Workstation instrument.

For the ciprofloxacin lactose dilution, univariate analysis was applied to the Raman spectra 

at; 308.1, 352.2, 707.7, 866.1 and 1380 cm'\ No linearity could be observed in that case 

especially in the dilutions that contained ciprofloxacin concentration below 30% m/m 

(Figure 5.47): The r̂  value range was from 0.8477 - 0.9089. On the other hand, the 

univariate regression was better using the Ciproxin lactose dilution. In this case, linearity at 

four wavenumbers was studied: 245.7, 305.7, 636.9 and 718.2 cm'\ The r̂  values obtained 

at these peaks were: 0.9373, 0.9392, 0.9404 and 0.9389 respectively (Figure 5.48). On the 

other hand, no linearity was observed using the Ciproxin excipients pellets. The peaks 

studied were at the wavenumbers: 246, 303.9, 636.7 and 717.3 cm'̂  (Figure 5.49). So only 

the Ciproxin lactose dilution regression showed the potential for quantification. However, 

the results of the univariate regression in all cases were better than the results of the 

univariate regression made using the Ahura Truscan spectra. In this case, Ciproxin and
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ciprofloxacin tablets were used as external prediction sets to the Ciproxin lactose dilution 

model and the nominal versus the predicted concentration of ciprofloxacin in tablets was 

plotted (Figure 5.50). All the tablets used had prediction values below their nominal % 

m/m. The prediction values ranged from 15 to 35% m/m instead of 55 to 70% m/m. This 

showed that none of the univariate regressions applied could be used for tablet 

quantification.

x 1 0

| ï  1

I l  °

Î 2
 ̂ 3 10000

? -I I  5000 ..

0 20 40 60 80 100
Ciprofloxacin nominal concentration (% mAn)

0

^15000

■E ;:ioooo

0 50 100
Ciprofloxacin nominal concentration (% mAn)

10000

c  oo
£ S  5000

^  5000

0 20 40 60 80 100
Ciprofloxacin nominal concentration (% m/fn)

0 50 100
Ciprofloxacin nominal concentration (% m^n)

4000

£  2000

0 20 40 60 80 100
Ciprofloxacin nominal concentration (% m/m)

Figure 5.47 Raman intensity against concentration of ciprofloxacin of the ciprofloxacin 
lactose dilution model at the wavenumbers (a) 308.1 cm'% (b) 352.2 cm'% (c) 707.7 cm'% 
(d) 866.1 cm'̂  and (e) 1380 cm'’ measured by the Kaiser Workstation instrument.
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Figure 5.48 Raman intensity against concentration of ciprofloxacin of the Ciproxin lactose 
dilution model at the wavenumbers (a) 245.2 cm'', (b) 305.7 cm'', (c) 636.9 cm'' and (d) 
718.2 cm'' measured by the Kaiser Workstation instrument.
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Figure 5.49 Raman intensity against concentration of ciprofloxacin of the Ciproxin pellets 
excipients model at the wavenumbers (a) 246 cm'', (b) 303.9 cm'', (c) 636.9 cm ' and (d) 
717.3 cm'' measured by the Kaiser Workstation instrument.
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Figure 5.50 Nominal versus predicted concentrations of ciprofloxacin of Ciproxin and 
ciprofloxacin tablets by the univariate regression of the Ciproxin lactose dilution model at 
(a) 245.7 cm’’, (b) 305.7 cm’’, (c) 636.9 cm’’ and (d) 718.2 cm’’ measured by the Kaiser 
Workstation instrument.

PLSR models were then applied to the Raman spectra of these dilutions over the range of 

240 - 1000 cm’’. As with the univariate regression case, the Ciproxin lactose dilution model 

(Figure 5.5 lb) was the only model that yielded reasonable results. Using two factors, the 

RMSEC values obtained were 9.83% m/m, 1.9% m/m and 14.8% m/m for the ciprofloxacin 

lactose dilution, Ciproxin lactose dilution and Ciproxin excipients pellets models 

respectively (Figure 5.51). The Ciproxin lactose dilution model was evaluated for the 

external prediction of Ciproxin and ciprofloxacin tablets. Yet the tablet content was still not 

predicted correctly as before and the RM SEP value was as high as 27.4% m/m (Figure 

5.51d).
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Figure 5.51 Nominal versus predicted concentrations of ciprofloxacin using the PLSR 
models of (a) the calibration set of ciprofloxacin lactose dilution model, (b) the calibration 
set of the Ciproxin lactose dilution model, (c) the calibration set of the Ciproxin pellets 
excipients model and (d) the external validation set consisting of Ciproxin and 
ciprofloxacin tablets through the second model.

5.3.5. A comparison of Raman versus near-infrared spectroscopies
Both Raman spectroscopy and NIRS proved to be rapid, safe and non-destructive 

techniques for the identification of pharmaceutical products.

The handheld Raman and NIRS instruments had advantages over laboratory based 

instruments that they could be carried out to the field of analysis as both had a light weight 

of less than 2 kg. Also, they were equipped with an identification algorithm and a screen to 

display an immediate pass or fail result of the test product. The handheld NIRS instrument 

could operate in hotter temperatures than the handheld Raman instrument. Thus, the 

temperature ranges were 5 - 45°C and -20 - 40°C in both instruments respectively.

However, the disadvantage is that not all pharmaceutical products have a detectable Raman
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scattering as this might be masked by the fluorescence o f certain components in the 

product. On the other hand, all products have detectable NIR spectra.

In the off-line investigation o f NIRS, SNV-D2 was the best spectral pre-treatment as it 

corrects light scattering and increases the number o f peaks for comparison. However, for 

the Ahura Truscan it was best to compare all the spectra with fluorescence using the in

built identification. For off-line identification in Raman spectroscopy, it was better to do 

baseline correction than first or second derivatives as the latter two pre-treatment methods 

increase the noise in the spectra. The spectra were noisier using Raman spectroscopy but 

this was because only one scan per spectrum was taken whereas 32 scans per spectrum 

were taken using NIRS.

All solid pharmaceutical dosage forms (whether tablets, powders or pellets) had NIR signal 

while not all solids had a Raman signal which was sometimes masked by the fluorescence 

of certain species in the sample. In addition, NIR could distinguish between the different 

solid dosage forms of the same product. Thus, the spectrum of the tablet in intact form 

would be different from its powdered form yet both give the same spectra using Raman 

spectroscopy.

In NIR, the spectrum was mostly associated with the product present in high concentration 

though Beer’s law is not obeyed. However, the spectrum in Raman spectroscopy was 

associated with the component which has a high Raman scattering. An example would be 

titanium dioxide which gives a Raman spectrum even when present in small amounts in a 

tablet coating. The Raman scattering intensity is proportional to the concentration of the 

component being measured.

For liquids, water has a strong NIR absorption, so it is not possible to get a spectrum from 

an aqueous solution easily. On the other hand, water has a weak Raman scattering which 

allows the measurement o f aqueous solutions easily.

Raman spectroscopy could detect pharmaceutical tablets inside transparent colourless 

blister packaging. However, NIRS needed reference and spectral correction to detect tablets 

inside transparent colourless blister packaging.

The spectra o f the same sample were more reproducible in NIR than in Raman 

spectroscopy. However, this might be because the Raman spectra tend to be noisier.

Both NIRS and Raman spectroscopy could differentiate between the manufacturing sites of 

the same product. However, Raman spectroscopy failed to do this in some cases.
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CWS could be applied to the NIR spectra for product comparison but spectral matching of  

the peaks was better in Raman spectroscopy as CWS might be comparing noise in some 

cases. PGA discriminates the spectra o f products better using NIR than Raman 

spectroscopy.

Regarding quantification, unlike NIRS, univariate regression was possible sometimes using 

Raman spectroscopy. However, it could not quantify API in tablets in most cases. In 

addition, PLSR models gave more accurate predictions in NIRS than in Raman 

spectroscopy. Once again this might be because less scans and more noise were 

encountered in the Raman spectra.

5.4. Conclusion

This chapter investigated handheld (Ahura Truscan) and laboratory based (Kaiser Raman 

Workstation) Raman spectroscopy for identification and quantification of pharmaceutical 

products and compared the results with NIRS.

For the in-built identification using the Ahura Truscan, none o f the four signature methods 

created gave a false positive pval for any o f the products. The ciprotest method (method 1), 

which was created using a Ciproxin tablet, could identify all Ciproxin and ciprofloxacin 

tablets (giving positive matches) except for one ciprofloxacin containing tablet (Proquin 

XR 500 mg). The reason might be that this batch had a thick coating. Also, it did not give 

any false positive matches for the identification o f other samples. The cipapidilution 

method (method 2), which was created using ciprofloxacin diluted with lactose, could 

identify ciprofloxacin dilutions above 40% m/m and pure ciprofloxacin. However, it could 

not identify Ciproxin and ciprofloxacin tablets. Instead they were matched as ciprotest 

method (method 1). Also, cipapidilution method (method 2) did not give false positive 

matches for other samples. Against the baylactdilution method (method 3), only one 

Ciproxin and one ciprofloxacin tablet failed to be identified. Pure ciprofloxacin also passed 

against this method. Against Avodart method (method 4), no product gave a false positive 

match. The four methods could all identify tablets as themselves inside blister packaging 

and regardless o f their physical state (intact or powdered). However, when a product failed 

against these four methods, it was matched against signatures in the library and a 

percentage probability was given depending on how close was the test spectrum to the
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signatures. In this case, most o f the products measured were not matched correctly. Thus, 

some pharmaceutical tablets were matched against their main excipient; while others were 

matched against titanium dioxide which was present in the coating o f these tablets. In 

addition, several tablets matched the cetirizine tablet signature, but this was because the 

cetirizine tablet signature was dominated titanium dioxide which was present in these 

tablets.

Off-line identification was made to compare these spectra in detail. In this case, there was 

no difference between the physical states o f the product (whether tablet or powdered). 

Aqueous solutions could be identified because water has low Raman intensity. Also it 

could identify tablets within packaging but with less reproducibility. Not all products had a 

Raman scattering and sometimes the Raman activity was due to one component in the 

sample only. A Raman spectrum could not be obtained if the sample is fluorescent or if the 

component o f interest was present in low concentration. If pharmaceutical products had 

Raman scattering and the same list o f API and excipients then their spectra could be 

identified. Multivariate identification methods such as CWS and PGA could not usually 

identify pharmaceutical products in off-line Raman spectroscopy. Thus, out o f 163 products 

of 30 APIs, only the ciprofloxacin containing products could be identified correctly. In 

addition, the 95% equal frequency ellipses for the Raman PC A set which consisted o f six 

products (Lipitor, Singulair, Zyprexa, Protium, Seroquel and Effexor) were overlapping.

For quantification using the Ahura Truscan instrument, univariate regression using peak 

height could not be applied. PLSR models were linear and good but failed to predict the 

API concentrations in intact tablets.

For the Kaiser Raman Workstation instrument, the Raman spectra were less noisy than with 

the Ahura Truscan. Powdered tablets had higher Raman intensity in their spectra than intact 

tablets. Also, the signal is rarely masked by the effect o f the coating. However, for 

identification CWS could only identify two products out o f 10 (only ciprofloxacin and 

risedronate containing APIs). Again the PCA 95% equal frequency ellipses were 

overlapping among themselves. For quantification, both univariate regression and PLSR 

models worked only when using Ciproxin lactose dilution but failed to predict tablets 

correctly.

So, for rapid identification of pharmaceutical products, in-built identification is best with 

the Ahura Truscan instrument. However, for laboratory work and detailed analysis of
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products, the Kaiser Workstation instrument is better. Yet even here the conventional 

multivariate analysis methods used in NIRS could not be applied.

227



CHAPTER 6. Identification of tablets through their blister 

packaging using near-infrared spectroscopy

6.1. Introduction

The objective o f this chapter is to identify tablets through their blister packaging using a 

laboratory based NIR instrument: FOSS NIRSystems 6500 spectrometer equipped with a 

Smart Probe. The chapter aims at confirmation of identity of pharmaceutical products and 

not complete identification ab initio.

Handheld NIR instruments can measure through blister packaging without spectral 

treatment. This chapter deals with the types of blister packaging and the effect of blister 

absorption on the identification of products using a laboratory based instrument. The choice 

o f this instrument was favoured over the handheld one as it has a larger wavelength range 

and yields more differentiated peaks, so it can achieve identification better than handheld 

instruments.

Blister packaging of tablets is used for several reasons such as increasing the shelf life of 

the product, protecting from physical or chemical or environmental damage, hygienic 

reasons and security reasons. A clear or transparent blister packaging can be used for most 

products; however, photosensitive materials need to be stored in white opaque or 

aluminium foil blister packaging.

The blister packaging comprises:

1. The blister. The blister packaging consists o f a number of blisters each being a 

cavity to enclose a tablet. It may be one o f four types: transparent coloured, 

transparent colourless, white opaque or aluminium foil. A transparent blister is one 

that transmits light and may be coloured or colourless. An opaque blister is one that 

the light cannot go directly through. A foil blister is one that has its cavity sheet 

formed of aluminium.

2. The backing: is always made of aluminium foil and is usually labelled in ink 

including the name o f the tablet, its active ingredient, its dose, its batch number and 

expiry date.

In the literature, four groups have studied the identification of tablets through blister 

packaging using a laboratory based instrument. The first identified placebo tablets through
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their transparent colourless blister packaging using PCA and SIMCA. Only the region 

between 1600 - 2500 nm was considered in data treatment [156]. The measurements were 

made using a FOSS NIRSystems 6500 spectrometer equipped with a custom sampling 

device. The second group identified tablets through their blister packaging using the same 

instrument by applying univariate and multivariate methods on the second derivative 

spectra excluding one narrow wavelength range around 1700 nm [157]. The methods used 

were PCA and PLS-DA. The third group’s identification method was made using FOSS 

NIRSystems 6500 spectrometer equipped with a fibre optic probe [121]. In this case, 

pattern recognition methods were applied to second derivative spectra over selected 

wavelength ranges: 1188 - 1194 nm, 1470 - 1474 nm and 1594 - 1600 nm. The fourth 

group identified tablets through their PVC blister packaging in low API containing tablets 

(1.5%, 3% and 6%) [96].

All the above methods used a conventional ceramic standard as a reference value and all 

measured values o f reflection according to the standard equations 1.4 and 1.5. All used 

selected wavelength ranges for identification. The ceramic reference was not convenient as 

the four methods required sophisticated PCA, SIMCA or PLS-DA for classification of 

tablets and could not do comparison by visual inspection of the spectra or comparing the r 

values between the spectra using the CWS method. In addition, none o f these methods 

inspected the variation in the absorption of the reference, blister packaging and tablets. This 

stimulates the need for further consideration of these related variables. The aim of this work 

was to look into detail at the types of blister packaging used in manufacturing, their 

absorption, their effect on absorption of the tablet as well as the effect o f the reference on 

the absorption of the tablet using a FOSS NIRSystems 6500 spectrometer equipped with a 

Smart Probe. The work was done using 30 different tablets in transparent colourless or 

coloured, white opaque and aluminium foil blister packaging. Optimisation of the method 

was done on transparent blisters using two references. The first type o f reference was the 

conventional ceramic reference; whereas the second type was an empty transparent 

colourless closed blister on top of photometric standards obtained from the National 

Institute of Standards and Technology (NIST) Spectralons (2 - 99% reflectance) [94]. It 

was necessary to measure the closed blister on top of the NIST standard, as light was 

passing through the aluminium backing of the blister. Though aluminium was opaque to 

visible light, it was still relatively transparent to NIR radiation.
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Using the ceramic reference, various mathematical calculations were made on the tablet 

NIR reflectance spectra involving subtractions, additions and divisions between the tablet 

and the tablet in the blister. The equation used for conversion of absorbance to reflectance 

was equation 1.5.

When doing comparative study using the transparent colourless closed blister on top of a 

NIST photometric standard as a reference, data treatment was made by CWS and PCA 

methods. The blister packaging was found to absorb between 1666 - 1796 nm and 2200 - 

2500 nm and these regions were excluded from the calculations. Transfer of this 

optimisation procedure to tablets in white opaque and aluminium foil blister packaging was 

tested.

6.2. Experimental

6.2.1. Materials
Ceramic standard reference material was obtained from FOSS NIRSystems. In addition, six 

traceable photometric standards from NIST consisting of sintered perhalopolyethylene 

cakes doped with carbon black to achieve nominal reflectance values of 99, 80, 40, 20, 10 

and 2% (FOSS NIRSystems Inc., Silver Springs, MD, USA) were used (Figure 6.1) [94].

Figure 6.1 NIST photometric reference standards ranging from 99% to 2% reflectance 

(from left to right).

71 products containing 46 APIs in four types of blister packaging were used in the study 

(Table 6.1). The blister packaging consisted of a front and a backing. The backing was 

always made of aluminium foil. The front usually differed and was one of four types; 

transparent colourless, transparent coloured, white opaque or aluminium foil. Figure 6.2 

shows three of the four types of these blister packaging. The transparent colourless blister 

packaging were made of PVC, polyvinylidene chloride, polypropylene or
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polychlorotrifluoroethylene. The white opaque blister packaging were made of opaque 

polyvinyl chloride which may have contained titanium dioxide. The AF blister packaging 

were made of aluminium and polyamide. The constituents of the blister packaging were 

obtained from the Medicine Compendium [158]. Titanium dioxide was purchased from 

Fluka and was of analytical grade.

m

Cc
c

&

Figure 6.2 Three types of blister packaging, from left to right: aluminium foil, white opaque 
and transparent colourless. Two tablets from each blister packaging are shown on top of the 
blister packaging.

Table 6.1 Details of the products and blisters used in this study.
API Product Dose

(mg)
Manufacturer Place of 

Purchase
Batch
Number

Type
of
blister

Atorvastatin calcium Lipitor 10 Pfizer Turkey 0106109 AF
trihydrate

Atorvastatin calcium Lipitor 10 Pfizer UK 41801911 AF
trihydrate

Atorvastatin calcium Lipitor 10 Pfizer UK 0144106U AF
trihydrate

Atorvastatin calcium Lipitor 20 Pfizer Turkey 0284106U AF
trihydrate

Azithromycin Zithromax 250 Pfizer Lebanon 5HP034E TC

Carbamazepine Tegretol
CR

400 Novartis New
Zealand

T5363 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK 1037498 TC

Ciprofloxacin hydrochloride Proquin XR 500 NA Lebanon 05T18170C1 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK BXB19T1 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK BXB1CL1 TC
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Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK BXB38F1 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK BXC37V1 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK CCWHV1 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK CCZDR2 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK CCZEA2 TC

Ciprofloxacin hydrochloride Ciproxin 500 Bayer AG Germany UK CCZLJ2 TC

Citalopram hydrobromide Citalopram 10 NA Lebanon 251565 TC

Clarithromycin Eracid 250 The Jordanian Lebanon 030248 TC

Clomiphene citrate Clomid 50

Pharm.
Manufacturer
Aventis Lebanon 2532 BO

Clopidogrel bisulfate Clopivas 75 Cipla Ltd. India D71205 AF

Clopidogrel hydrogen Plavix 75 Sanofi Pharma- France 1753 AF
sulfate
Clopidogrel hydrogen Plavix 75

BMS
Sanofi Pharma- UK AN219 AF

sulfate
Clopidogrel hydrogen Plavix 75

BMS
Sanofi Pharma- UK BK385 TC

sulfate
Escitalopram oxalate S-Citadep 20

BMS 
Cipla Ltd. India Y60914 TC

Escitalopram oxalate S-Citadep 20 Cipla Ltd. India Y63298 TC

Esomeprazole magnesium Nexium 20 AstraZeneca UK CXI 98 AF
trihydrate

Ezetimibe Ezetrol 10 MSD UK 272208 TC

Finasteride Propecia 1 MSD UK 261807 AF

Finasteride Proscar 5 MSD UK 271970 WO

Finasteride Fincar 5 Cipla Ltd. UK E60223 WO

Fluvastatin Lescol XL 80 Sandoz UK B5110 AF

Isosorbide mononitrate Duride 60 New K02221 TC

Lamivudine Lamivir 100
Pacific Pharm. Ltd 
Cipla Ltd.

Zealand
India G74834 TC

Letrozol INN Femara 2.5 Ciba Switzerland SOI 89 TC

Lisinopril Prinvil 5 MSD USA J0078 TC

Losartan potassium Losanet 50 Pharmaline S A L Lebanon 3837 WO

Losartan potassium/ Cozaar 100/25 MSD UK NF36620 WO
Hydrochlorothiazide 

Losartan potassium/ Cozaar 50/12.5 MSD UK 265960 WO
Hydrochlorothiazide 

Losartan potassium/ Hyzaar 50/12.5 MSD Turkey 6031285 WO
Hydrochlorothiazide

Metronidazole Metrozin 400 NA Lebanon 0368 TC

Montelukast sodium Singulair 10 MSD UK 260003 AF

Montelukast sodium Singulair 10 MSD UK 272087 AF

Montelukast sodium Montair 10 Cipla Ltd. India D70729 AF

Norfloxacin Noroxin 400 Algorithm S.A.L Lebanon R098 TC

Ofloxacin Tarivid 200
Hoechst AG 
Lilly

Lebanon L679 TC

Olanzapine Zyprexa 2.5 UK A146619 AF

Olanzapine Oliza 2.5 Intas Pharm. Ind. India DH0716 WO

Olanzapine Oliza 7.5 Intas Pharm. Ind. India DH0213 WO

Olmesertan Olmezest 20 Sun Pharm. Ind. India AD70454 AF
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Ondansetron hydrochloride 
dihydrate

Zofran 8 GSK New
Zealand

UM9114 WO

Pantoprazole sodium 
sesquihydrate

Protium 20 Altana Pharma UK 256921 AF

Pioglitazone Actos 30 Takeda Pharm. Lebanon 9230045R AF

Propranolol hydrochloride Propranolol 10
Alpharma
AstraZeneca

UK PA417 WO

Quetiapine fumarate Seroquel 25 UK CV911 AF

Raloxifene hydrochloride Evista 10 Lilly UK A257560 TC

Risedronate sodium Actonel 5 Aventis Turkey 407418 WO

Risperidone Risperdal 0.5 Janssen-Cilag UK 5LL0T00 AF

Roprinolol hydrochloride Ropark 0.25 Sun Pharm. Ind. India AD70033 AF

Rosiglitazone Avandia 4 GSK Lebanon 096 WO

Rosiglitazone/ Metformin 
hydrochloride

Avandamet 2/500 GSK UK 1856A WO

Sertraline Zoloft 50 Pfizer Lebanon 514725332 WO

Simvastatin Zocor 10 MSD Lebanon 201769 WO

Simvastatin/ Ezetimibe Simcard
EZ

1 Cipla Ltd. India D70675 AF

Tadalafil Cialis 20 Lilly UK A116306 TC

Valcyclovir Valcivir 500 Cipla Ltd. India G74497 TC

Valsartan Diovan 80 MSD Turkey WO 005 TC

Valsartan Diovan 160 Novartis Turkey WO 008 TC

Valsartan/
Hypdrochlorothiazide

Co-diovan 160/12.5 Novartis UK S0793 TC

Valsartan/
Hypdrochlorothiazide

Co-diovan 80/12.5 Novartis UK w ool 7 TC

Vardenafil hydrochloride Auvitra 20 Cipla Ltd. India VA05417/6 TC

Venlafaxine hydrochloride Effexor 37.5 Wyeth UK 18963 AF

API: active pharmaceutical ingredient, AF: aluminium foil blister packaging made o f  aluminium and polyamide, BO: blue opaque blister 
packaging made o f  opaque polyvinyl chloride, NA: not available, TC: transparent colourless blister packaging made o f  polyvinyl 
chloride, polyvinylidene chloride, polypropylene, aclar, polychlorotrifluoroethylene, WO: white opaque blister packaging made of 
opaque polyvinyl chloride.

Figure 6.3 shows the bar plot of the number of each type of blister packaging in the 71 

products. Most of the products had transparent colourless blister packaging; whereas one 

product had blue opaque blister packaging. A significant percentage of products had 

aluminium foil blister packaging to protect from light or humidity.
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Figure 6.3 The number o f different types of blister packaging in the 71 products measured.

6.2.2. Instrumentation

Measurements were carried out on a FOSS NIRSystems 6500 spectrometer (FOSS NIR 

System, Inc. Silver Springs, MD, USA) equipped with Smart Probe and a lead sulphide 

detector ( 1100 - 2500 nm).

6.2.3. Methods

Regarding NIR measurements, two types of references were used: the conventional ceramic 

reference and an empty closed blister packaging on top of a NIST photometric standard. 

Using the ceramic standard reference, the blister packaging of tablets (empty or filled with 

titanium dioxide) and tablets (alone and in their blister packaging) were measured with the 

probe pointing up.

The second type of reference was the blister (with the backing replaced) on top of a NIST 

reflectance photometric standard with the probe pointing down (Figure 6.4). The blister was 

measured without the tablet and with the backing replaced. Figure 6.4 shows the three 

different modes of the blister measurement: the first was tablet removed and backing 

removed, the second was the tablet removed and backing replaced and the third was tablet 

in place and backing in place. The spectra of both the tablets alone and the tablets in their 

original sealed blister packaging were also taken with them placed on top of the NIST 

photometric standard reference (Figure 6.4). In each case, 10 spectra were taken from each 

tablet batch changing the position after each spectrum. Each spectrum was the sum of 32 

scans at 2 nm interval. The spectra were stored in the SNV and SNV-D2 forms.
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Figure 6.4 A reference scan of (a) a blister empty from Ciproxin 500 mg tablet batch 
number CC WHV1 on top of a NIST 20% photometric standard and (b) of Ciproxin tablets 
in their sealed blister packaging on top of a NIST 20% photometric standard measured by 
the FOSS NIRSystems 6500 spectrometer equipped with the Smart Probe.

6.2.4. Spectral treatment

Spectral treatment was done using The Unscrambler 7.6, Microsoft Excel 2007 and Matlab 

R2007a. The SNV and SNV-D2 were used as pre-treatment methods. The CWS and PCA 

were used as the treatment methods.

6.3. R esults and discussion

6.3.1. Type of reference

Two types of references were used in this work: the first was the conventional ceramic 

reference and the second was a single empty closed transparent colourless tablet blister on 

top of a NIST photometric standard. The choice of two references was based on the results 

yielded from the comparison of the absorption of the tablet and the tablet in its blister 

excluding the regions from 1666 -  1796 nm and 2200 -  2500 nm. A preliminary study had 

shown that an the investigation of the transparent colourless blister packaging showed that 

blisters (when both empty and filled with titanium dioxide) absorb in the regions between 

the regions 1666 -  1796 nm and 2200 -  2500 nm. It was aimed to maximise the amount of 

spectral information from the tablet itself and minimise interference from the blister 

packaging.

Using the conventional ceramic reference, the spectra of both a Ciproxin 250 mg tablet and 

the same tablet in its blister were plotted in different forms including: the SNV and SNV-
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D2 treated absorbance and reflectance (Figure 6.5). The r values between the tablet and the 

tablet in its blister for the four pre-treatment modes were compared. The highest r value 

obtained between the tablet alone and the tablet in its blister was in SNV- reflection mode 

(r = 0.9815). However, using the SNV treated spectra without first or second derivative is 

not favoured as the background of most materials would be similar and high matches are 

more likely to occur among different pharmaceutical products. On the other hand, both the 

SNV-D2 absorption and reflection had very low r values between the tablet and the tablet 

in its blister packaging: 0.4003 and 0.6165 respectively. In this respect, another method was 

tried using the SNV-D2 absorption spectra and removal of the regions of absorption of the 

blister packaging from 1666 - 1796 nm and 2200 - 2500 nm. The r value in that case was 

improved from 0.4003 to 0.9833 as the regions of interference o f the blister had been 

removed. This is an advantage if the tablet does not absorb in these two removed regions.
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Figure 6.5 NIR spectra of Ciproxin 250 mg tablet batch number IT501NB measured alone
(-----) and in its blister (----- ) measured using the FOSS NIRSystems 6500 spectrometer
equipped with a Smart Probe using a ceramic reference in the pre-treatment modes: (a) 
SNV-absorption, (b) SNV-D2 absorption, (c) SNV-reflection and (d) SNV-D2 reflection.

The possibility of eliminating interference was investigated through various mathematical 

calculations. Firstly, spectral subtraction and division between the tablet in its blister

236



packaging and the blister packaging were made to investigate if the absorption of the blister 

packaging was additive to the absorption of the tablet. Also, spectral addition of the tablet 

spectrum to the blister packaging spectrum was investigated. All these calculations were 

made over the spectra in reflectance mode (Figure 6.6). Yet, the results obtained did not 

reveal any additive property of the blister packaging to the tablet. This may be due to blister 

packaging reflection with minimal absorption in the NIR region.
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Figure 6.6 SNV treated NIR reflection spectra of Ciproxin 250 mg tablet batch number
IT501NB: (a) tablet alone (------ ), tablet in blister ( -------) and blister alone-(------), (b)
tablet in blister minus blister (------  ) and tablet alone ( ------ ), (c) tablet in blister divided
by blister (------) and tablet alone-t ----) and (d) tablet alone plus blister (------- ) and tablet in
blister (----- ) measured by the FOSS NIRSystems 6500 spectrometer equipped with a
Smart Probe taking a ceramic standard reference.

So the second type of reference which was an empty closed transparent colourless blister on 

top of a NIST photometric standard was used (Figure 6.4a). The backing of the blister was 

made of aluminium foil. Though aluminium foil was opaque to visible light, it was still 

relatively transparent to NIR radiation. This was demonstrated when the aluminium
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backing of one blister package was measured on top of the bench and the series of NIST 

photometric standards of 2 -  99% reflectance. Spectral difference was observed in each 

case especially over the regions 2200 -  2500 nm (Figure 6.7). The r values of these spectra 

ranged from a minimum of -0.0706 (obtained for the spectra taken for the aluminium on top 

of the bench against the one taken for the aluminium on top of the 99% NIST photometric 

standard) to a maximum value of 0.9661 (obtained for the spectra taken for the aluminium 

on top of the 10% NIST photometric standard against the one taken for the aluminium on 

top of the 40% NIST photometric standard).
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Figure 6.7 SNV-D2 NIR spectra of aluminium foil when placed on top of: bench (— ), 2%
NIST standard (___ ), 10% NIST standard (___ ), 20% NIST standard (___ ), 40% NIST
standard (___ ), 80% NIST standard (____) and 99% NIST standard ( .___ ) measured by
the FOSS NIRSystems 6500 spectrometer equipped with a Smart Probe over the range 
1100-2200 nm.

The tablet and the tablet in its unopened blister packaging were measured with a NIST

standard behind them (Figure 6.4b). The spectral matches obtained between the absorbance,

reflectance and SNV-D2 spectra were closer than the matches when the ceramic standard
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was taken as a reference. The only difference obtained in the spectra of the tablet and tablet 

in its blister was in the regions from 1666 - 1796 nm and from 2200 - 2500 nm. Excluding 

these regions, the r values between the tablet alone and tablet in its unopened blister was 

compared and was found to be larger than 0.98 in all cases. However, only the SNV-D2 

spectra were used further in this work because it increased the number of peaks and allows 

better discrimination between products. Figure 6.8 shows the spectra o f the tablet and the 

tablet in its unopened blister taken with a closed blister on top of a 20% NIST photometric 

standard as a reference.
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Figure 6.8 SNV-D2 NIR absorption spectra of the tablet alone (-----) and in its blister (— )
when using the blister on top of 20% NIST photometric standard measured by the FOSS 
NIRSystems 6500 spectrometer equipped with a Smart Probe.

The choice of the 20% NIST photometric standard was selected after the examination of a 

range of five photometric standards from 2 - 99% reflectance. The r value of the SNV-D2 

absorption spectra between the tablet and the tablet in its blister was taken when using each 

o f these standards. The best one, exhibiting the highest r value, was the 20% NIST
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photometric standard (Figure 6.9). This reference was adopted throughout the rest of the 

work.
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Figure 6.9 The change in the value of r of the Ciproxin 500 mg tablet batch number 
BXC37V1 alone against itself when in its blister using six photometric references of 
different reflectance values.

6.3.2. Effect of probe position to the tablet on absorption

To study the effect of the probe position with respect to the tablet in the blister packaging, a 

Duride 60 mg tablet batch number K02221 was selected as it had the most variable gap in 

its blister packaging. The tablet was measured facing the probe both up and down. The 

greatest difference in both spectra of the two positions was observed in the regions 1666 -  

1796 nm and 2200 -  2500 nm (Figure 6.10). Both positions were highly correlated having 

an r value of 0.9567 when these regions were removed.

240



OJ
Q

5
4
3
9

1

0

■1

■2

■3
■4

1100 1300 1500 1700 1900 2100 2300 2500

Wavelength (nm)

Figure 6.10 SNV-D2 NIR absorption spectra of Duride 60 mg tablet in its blister in 
different positions with respect to the Smart Probe: Smart Probe on top (— ) and tablet on 
top (— ) measured by the FOSS NIRSystems 6500 spectrometer equipped with a Smart 
Probe.

6.3.3. Effect of the blister packaging position on the tablet
The variation of the position of the tablet in the blister package and its effect on the tablet 

spectra was studied in three ways.

The first was made by changing a set of tablets of 10 different products in the same blister 

and sequentially measuring the spectra of one tablet from each of 10 different products in 

the same blister. The second was made by taking the same Ciproxin 500 mg tablet and 

measuring it within 10 different positions in one blister packaging. The third was made by 

measuring one tablet (Evista 60 mg) in six transparent colourless blisters of different 

products. The choice of Evista tablet was made as the small size of this tablet allowed it to 

fit all of the chosen blisters. Also, it allowed observation of the effects of the change of 

spacing between the tablet and the blister on identification.

In the first of these studies, clear discrimination was observed for six products out of the 10. 

Figure 6.11 shows the correlation map of these products and the r values were compared 

excluding the range 1666 -  1796 nm and 2200 -  2500 nm. An r value higher than 0.94 

would give a green colour; whereas, an r value less than 0.94 would give a blue colour. So 

an ideal correlation map would give blue colours between different products. However, this
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was not obtained as r values higher than 0.94 was observed among Lipitor, Singulair, 

Zyprexa and Risperdal tablet products.
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Figure 6.11 (a) SNV-D2 absorption spectra and (b) the correlation map of the products: (1) 
Lipitor 10 mg batch number 41801911, (2) Plavix 75 mg batch number AN219, (3) 
Ciproxin 500 mg batch number BXB19T1, (4) Nexium 20 mg batch number CX I98, (5) 
Singulair 10 mg batch number 260003, (6) Zyprexa 2.5 mg batch number A 146619, (7) 
Protium 20 mg batch number 256921, (8) Seroquel 25 mg batch number CV911, (9) 
Risperdal 0.5 mg batch number 5LL0T00 and (10) Effexor 37.5 mg batch number 18963 
in the same transparent colourless blister changing one tablet at a time measured by the 
FOSS 6500 NIRSystems spectrometer equipped with a Smart Probe using an empty 
transparent colourless blister on top of a 20% NIST photometric standard reference. A 
green colour means the r value is greater than 0.94 and a blue colour means the r value is 
less than 0.94.

The misidentification encountered was not due to the blister packaging as the regions of 

interference of the spectra of the blisters were removed. The removal of these regions has 

affected the identification procedure; however, as it has eliminated vital identification 

wavelengths. In addition, all the APIs in these products were present in low amount in 

tablets (less than 7% m/m) and there were common excipients including: lactose 

monohydrate, microcrystalline cellulose and magnesium stearate. When PCA was applied 

to these four mismatching products, only Lipitor and Singulair were identified; whereas an 

overlap in the 95% equal frequency ellipses was observed for Zyprexa and Risperdal 

products (Figure 6.12).
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Figure 6.12 PCA scores plot of the SNV-D2 NIR spectra of Lipitor 10 mg batch number 
41801911 (o ), Singulair 10 mg batch number 260003 Zyprexa 2.5 mg batch number 
A 146619 ( ) and Risperdal 0.5 mg batch number 5LL0T00 (*) measured by the FOSS 
NIRSystems 6500 spectrometer equipped with a Smart Probe using an empty transparent 
colourless blister on top of a 20% NIST photometric standard reference.

In the second study, similar spectra were observed for a Ciproxin 500 mg tablet in the 10 

different positions of the blister packaging (Figure 6.13) and the minimum r value obtained 

was 0.9545. So the tablet was always identified even with a change of location in the blister 

packaging. Figure 6.13b shows the correlation map of the same Ciproxin tablet when 

placed in 10 different locations in the blister packaging. The range o f correlation values in 

this case was very small with a minimum r value of 0.97 (corresponding to blue colour in 

the correlation map).
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Figure 6.13 (a) SNV-D2 absorption spectra and (b) the correlation map of one Ciproxin 500 
mg tablet when placed in 10 different positions of the blister packaging measured by the 
FOSS NIRSystems 6500 spectrometer equipped with a Smart Probe using an empty 
transparent colourless blister on top of a 20% NIST photometric standard reference. The r 
values ranged from 0.97 (dark blue colour) -  1 (dark red colour).

In the third study, the variation in the blister size affected the identification of the same 

tablet. Thus, the minimum r value obtained was 0.84 and the maximum was 0.99 (Figure 

6.14) where an r value of 0.99 was expected for the tablet in all of the six transparent 

colourless blisters. The correlation map (Figure 6.14b) shows the range of the r values 

obtained when comparing the same tablet in these blisters. Thus, the r values ranged from

0.84 (dark blue) to 0.99 (dark red). Only the tablet inside blisters 4, 5 and 6 gave r values 

greater than 0.95. On the other hand, the tablet inside blisters 1, 2 and 3 gave r values 

ranging from 0.84 to 0.94. This might be because the diffuse reflectance of the tablet in 

these blisters varied with the space between the tablet and the probe.
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Figure 6.14 (a) SNV-D2 absorption spectra and (b) the correlation map of one Evista 60 mg 
tablet when placed in six different transparent colourless blisters of the products: (1) Evista 
60 mg batch number A257560, (2) Ciproxin 500 mg batch number BXBB19T1, (3) Plavix 
75 mg batch number BK385, (4) Tegretol CR 400 mg batch number T5363, (5) Co-diovan 
80/12.5 mg batch number WOO 17 and (6) Co-diovan 160/12.5 mg batch number S0793 
measured by the FOSS 6500 NIRSystems spectrometer equipped with a Smart Probe using 
an empty transparent colourless blister on top of a 20% NIST photometric standard 
reference. The range of the r values was from 0.84 (dark blue) to 0.99 (dark red).

6.3.4. Batch variation inside the blister packaging
Batch variation inside the blister packaging was compared in two ways: by taking intra

batch variation and inter-batch variation into consideration.

Intra-batch variation was investigated by comparing 10 tablets of the same batch of the 

same product in their unopened original blisters: Ciproxin 500 mg tablet batch number 

CC WHV 1. The spectra o f the tablets were almost identical and the minimum r value 

among them was 0.98 (Figure 6.15). The correlation map range in this case was higher than 

the previous studies. The minimum r value obtained was 0.98 (dark blue) and the maximum 

was 0.99 (dark red).

For inter-batch variation, eight batches of Ciproxin 500 mg tablets batch numbers:

1037498, BXB19T1, BXBICLI, BXCBBFl, CCWHVl, CCZEA2, CCZDR2 and CCZLJ2 

were compared in their unopened blisters. Ten tablets of each batch were measured in their 

blister packaging. The mean SNV-D2 spectra of these tablets were correlated. Figures 6.16 

a and b shows the mean spectra and correlation map of the batches measured. In this case, 

lower r values were obtained than with the inter-batch variation. The lowest r value was
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0.94 observed for batches 4 and 5 in the correlation map which were Ciproxin batch 

numbers BXB38F1 and CCWHVl respectively against the rest of the batches. These two 

batches had an r value of about 0.96 against each other (light blue colour). However, all the 

batches still passed since the minimum r value obtained was 0.9414 which was above the 

threshold taken.
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Figure 6.15 (a) SNV-D2 absorption spectra and (b) the correlation map of 10 Ciproxin 500 
mg tablets of the same batch each is in its blister measured by the FOSS NlRSystems 6500 
spectrometer equipped with a Smart Probe using an empty transparent colourless blister on 
top of a 20% NIST photometric standard reference.
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Figure 6.16 (a) SNV-D2 absorption spectra of Ciproxin 500 mg tablets batch numbers (1)
1037498 (___ ), (2) BXB19T1 (------), (3) BXBICLI (----- ), (4) BXB38F1 (—  ), (5)
CCWHVl ( -----), (6) CCZDR2 ( ------ ), (7) CCZEA2 (------ ), (8) CCZLJ2 (------ ), and (b)
the correlation map of the mean spectra of these batches made excluding the regions 1666 - 
1792 nm and 2200 - 2500 nm measured by the FOSS 6500 NlRSystems spectrometer 
equipped with a Smart Probe using an empty transparent colourless blister on top of a 20% 
NIST photometric standard reference. The correlation map range was from 0.94 (dark blue) 
to 1 (dark red).
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6.3.5. Standard operating procedure (SOP)
A standard operating procedure was created for measuring tablets inside transparent 
colourless blisters as follows:
1. Take a reference scan of closed transparent colourless blister packaging on top of a 

NIST 20% photometric reference standard.
2. Using the reference, measure 10 tablets of each of the authentic and test sample in their 

closed transparent colourless blister packaging which is placed on top of the same NIST 

20% photometric reference standard.
3. Take the mean spectrum of each of the sets of the 10 tablets.
4. Using the CWS method, compare the r values of the SNV-D2 spectra of both the 

authentic and test tablets excluding the regions 1666 - 1796 nm and 2200 - 2500 nm from 
the calculations as they are the regions of interference of the blister packaging.
5. If the test product gives an r value greater than 0.94 then report as a pass.
6. If the test product gave an r value less than 0.94, do a PCA for further classification of 
the product.

6.3.6. Comparison of different tablets in their transparent colourless blister 

packaging
The discrimination of products through their original unopened transparent colourless 
blister packaging was tested using 28 products containing 21 different APIs. The other 

products in the standard set could not be compared here as they were enclosed in white 

opaque or aluminium foil blister packaging (Figure 6.1). The r values of the mean SNV-D2 

spectra were compared excluding the regions 1666 - 1796 nm and from 2200 - 2500 nm. Of 
the 28 products, six were misidentified having an r value higher than the threshold which 

was 0.94 (Figure 6.17). These misidentifications were:
1. Ezetrol 10 mg batch number 272208 and Auvitra 20 mg batch number VA0541716 

with an r value of 0.9496.
2. Femara 2.5 mg batch number S0189 and Auvitra 20 mg batch number VA0541716 with 

an r value of 0.9450.
3. Cialis 20 mg batch number A116306 and Auvitra 20 mg batch number VA0541716 

with an r value of 0.9509.
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4. Tegretol CR 400 mg batch number T5363 and Evista 10 mg batch number A257560 

with an r value of 0.9999.
5. Cialis 20 mg batch number A116306 and Ezetrol 10 mg batch number 272208 with an r 
value of 0.9626.
These products had a wide range of % m/m of API. However, they had common excipients 
including lactose monohydrate, MCC, magnesium stearate and croscarmellose sodium 

which might be the cause of their misidentification. Also, the removal of the spectral 
regions 1666 -  1796 nm and 2200 -  2500 nm might have removed diagnostic information 
for these products. The rest of the 21 products were uniquely identified correctly. An 

example of products identified correctly is the set of Ciproxin tablets (products 4 - 10 in the 
correlation map) which all had an r value higher than 0.94. A Proquin XR 500 mg batch 

(product number 12) which contained ciprofloxacin hydrochloride did not match the 
Ciproxin batches perfectly. This was interesting as the Proquin XR was obtained from a 

different manufacturer and different country. This would allow its partial identification. 
Two Diovan batches of 80 and 160 mg doses (products 26 and 27) had an r value of 0.9944 

as they contain the same % m/m of API though a different dose.
So the method failed to uniquely identify six products out of 28 which were: Auvitra,
Cialis, Evista, Ezetrol, Femara and Tegretol products.
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Figure 6.17 Correlation map of the average NIR SNV-D2 spectra over the range excluding 
the regions 1666 - 1792 nm and from 2200 - 2500 nm of the products:
1 Zithromax 250 mg batch number 5HP034E,
2 Tegretol CR 400 mg batch number T5363,
3 Citalopram 10 mg batch number 251565,
4 Ciproxin 500 mg batch number 1037498,
5 Ciproxin 500 mg batch number BXB19T1,
6 Ciproxin 500 mg batch number BXBICLI,
7 Ciproxin 500 mg batch number BXB38F1,
8 Ciproxin 500 mg batch number CCZDR2,
9 Ciproxin 500 mg batch number CCZEA2,
10 Ciproxin 500 mg batch number CCZLJ2,
11 Proquin XR 500 mg batch number 05T18170C1,
12 Eracid 250 mg batch number 030248,
13 Plavix 75 mg batch number BK385,
14 S-Citadep 20 mg batch number Y60914,
15 Ezetrol 10 mg batch number 272208,
16 Duride 60 mg batch number K0221,
17 Lamivir 100 mg batch number G74834,
18 Femara 2.5 mg batch number SO 189,
19 Prinvil 5 mg batch number J0078,
20 Metrozin 400 mg batch number 0368,
21 Noroxin 400 mg batch number R098,
22 Tarivid 200 mg batch number L679,
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23 Evista 10 mg batch number A257560,
24 Cialis 20 mg batch number A116306,
25 Diovan 80 mg batch number W0005,
26 Diovan 160 mg batch number W0008,
27 Co-diovan 160/12.5 mg batch number S0793
28 Auvitra 20 mg batch number VA0541716 measured by the FOSS NlRSystems 6500 
spectrometer equipped with a Smart Probe using an empty transparent colourless blister on 
top of a 20% NIST photometric standard reference. An r value of less than 0.94 is in blue 
while an r value greater than 0.94 is in green.

PCA was then applied to the spectra of these six products excluding the regions 1666 -  
1796 nm and 2200 - 2500 nm from the calculations. Figure 6.18 shows the PCI and PC2 

scores plots of these products. A partial overlap was observed between the 95% equal 
frequency ellipses of the Cialis 20 mg batch number A116306 and the Auvitra 20 mg batch 

number VA0541716. Also, a complete overlap in the 95% equal frequency ellipses was 
observed for Evista 10 mg batch number A116306 and Tegretol CR 400 mg batch number 

T5363. This reinforces the analytical similarity of these two products as seen by the close r 
values in the CWS method.
When the first three PCs were plotted, the Auvitra and Cialis scores could be distinguished 
(Figure 6.19). However, the overlap between the Evista 10 mg and Tegretol CR 400 mg 

scores was not resolved. These two products had an r value of 0.9999 though they were 
from different manufacturer having different sizes, colours and coatings. They can easily be 

distinguished by the naked eye. So, CWS and PCA together failed to identify only two 

products out of 28.
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Figure 6.18 PCA scores plot of the SNV-D2 spectra over the range 1100 — 2500 nm 
excluding the regions 1666 to 1792 nm and 2200 to 2500 nm of Ezetrol 10 mg batch 
number 272208 (o), Femara 2.5 mg batch number SO 189 (*), Evista 10 mg batch number 
A257560 (□), Cialis 20 mg batch number A 116306 (^), Auvitra 20 mg batch number 
VA0541716 (A) and Tegretol CR 400 mg batch number T5363 (+) measured by the FOSS 
6500 NlRSystems spectrometer equipped with a Smart Probe using an empty transparent 
colourless blister on top of a 20% NIST photometric standard reference.
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Figure 6.19 PCA scores plot of the first three principal components of the SNV-D2 spectra 
over the range excluding the regions 1666 to 1792 nm and from 2200 to 2500 nm of Ezetrol 
10 mg batch number 272208 (o), Femara 2.5 mg batch number SO 189 (*), Evista 10 mg 
batch number A257560 (□), Cialis 20 mg batch number A 116306 (☆ ), Auvitra 20 mg 
batch number VA0541716 (A) and Tegretol CR 400 mg batch number T5363 (+) measured 
by the FOSS NIRSytems 6500 spectrometer equipped with a Smart Probe using an empty 
transparent colourless blister on top of a 20% NIST photometric standard reference.

6.3.7. Application to white opaque and aluminium foil blister packaging
The application of the method to WO or AF blister packaging could not be made as these 

two types absorb strongly over the full NIR region. Figure 6.20 shows the spectra of the 

Cozaar tablet blister packaging which is white opaque and the Lipitor tablet blister 

packaging which is aluminium foil. The intensity of absorption in the aluminium foil blister 

packaging was much higher than the white opaque blister. But in both cases the NIR signal 

of the tablet is masked.
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Figure 6.20 SNV-D2 NIR spectra of (a) Cozaar white opaque blister and (b) Lipitor 
aluminium foil blister measured by the FOSS NlRSystems 6500 spectrometer equipped 
with a Smart Probe using a ceramic standard reference.

This is why tablets inside both types of blister packaging could not be readily compared. In 

this respect, when a Cozaar tablet was measured with and without its white opaque blister 

packaging, a lower r value of 0.92 was obtained using the same range as before (Figure 

6.21). The r value between a Lipitor tablet with and without its aluminium foil blister was 

much lower at 0.29 which showed that the interference was larger using AF blisters.
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Figure 6.21 SNV-D2 NIR spectra of Cozaar 50/ 12.5 mg tablet batch number 265960 when
measured alone (----- ), in its white opaque blister (----- ), and its blister alone ( ) using
the FOSS NlRSystems 6500 spectrometer equipped with a Smart Probe with the Cozaar 
blister on top of 20% NIST standard as a reference.

6.4. Conclusion

The chapter dealt with the confirmation of the identity of pharmaceutical tablet products 

through their blister packaging by NIRS using the FOSS NlRSystems 6500 spectrometer 

equipped with a Smart Probe.

The use of an empty closed transparent colourless blister on top of a 20% NIST 

photometric standard as a reference gave a more accurate identification of tablets than the 

conventional ceramic reference standard. However, as the blister absorbed in the regions 

1666 -  1796 nm and 2200 -  2500 nm, these regions had to be eliminated prior to the 

application of the chemometric methods for the identification of tablets.

The position of the Smart Probe with respect to the tablet did not have any major effect on 

identification. In addition, the variation in the type and position of the blister did not affect 

identification.
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For identification of tablets of the same Ciproxin batch using the CWS method, all tablets 
could be identified with an r value greater than 0.98. In addition, for identification of tablets 
of different Ciproxin batches using CWS method, the method could identify all batches 
with an r value greater than 0.94.
However, for identification of different products inside transparent colourless blister 

packaging, six tablets out of 28 could not be uniquely identified using CWS method and 

two tablets out of 28 could not be identified using either CWS and PCA method. The 

reason for this was not the blister packaging itself but the similar excipients among these 

products and the loss of spectral information encountered when the regions 1666 -  1796 nm 

and 2200 -  2500 nm were removed.
The method could not be applied to the products inside white opaque or aluminium foil 
blister packaging as these partially masked the NIR radiation.
Because of this only 26 out of the 71 tablet products used in this chapter could be 

identified.
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CHAPTER 7. Effect of changing the reference standard on the 

identification and quantification of intact tablets

7.1. Introduction

The objective of this chapter is to study the effect of changing the reference standard on the 
identification and quantification of intact tablets.
It was shown in the blister packaging studies (chapter 6) that using a NIST standard was 
better than using a ceramic reference standard for identifying tablets through colourless 
transparent blister packaging. This chapter examines the use of alternative references in 

detail, including not only the conventional ceramic and NIST reference standards, but also 

the use of a tablet and an excipient as reference standards.
Throughout the work, it became obvious that the usual ceramic reference had some 

deficiencies. This work was commenced to investigate if better results could be obtained in 
terms for the identification of counterfeit medicines using different references.
This chapter deals with a set of 25 proprietary and generic tablet products containing a total 
of five different APIs in the range 6 - 70% m/m. The APIs included: atorvastatin calcium 
trihydrate, cetirizine hydrochloride, ciprofloxacin hydrochloride, citalopram hydrobromide 
and clopidogrel hydrogen sulfate. The products were scanned after using the six reference 

standards: one ceramic, three Spectralons of (2, 20 and 80% reflection), a Ciproxin tablet 
and MCC.
Several criteria for evaluating the spectra were compared for the products using the six 

mentioned reference standards. The SNV absorption, SNV reflection and SNV-D2 

absorption spectra of the products were compared for change in offset and peak positions of 
the spectral absorption. The reproducibility between the spectra of tablets of the same 

product was also monitored. In addition, the effect of changing reference standard on 

identification of the five proprietary products was studied using CWS and PCA methods. 
This was extended to the investigation of batch variability of the products with different 
reference standards. The final comparison was studying the effect of changing the reference 

on the quantification of tablets from different manufacturers. Six PLSR tablet models were
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constructed on citalopram tablets which were measured after taking the six different 

reference standards.

7.2. Experimental

7.2.1. Materials
Twenty five products containing a total o f five different APIs were used: atorvastatin 

calcium trihydrate, cetirizine hydrochloride, ciprofloxacin hydrochloride, citalopram 

hydrobromide and clopidogrel hydrogen sulfate. The products were o f different doses and 

manufacturers and included both proprietary and generic tablets. Among them one batch 

containing clopidogrel hydrogen sulfate was a known counterfeit: Plavix 75 mg batch 

number 1753 (Table 7.1). The products had a wide range o f APIs, 6 - 7 0  % m/m.

Table 7.1 Details of the tablets used in the study.
Product API Dose

(mg)
Manufacturer Country

of
Purchase

Batch
Number

% m/nr

Lipitor Atorvastatin
calcium
trihydrate

20 Pfizer UK 0284106U 6.53

Lipitor Atorvastatin
calcium
trihydrate

10 Pfizer Turkey 0106109U 6.50

Lipitor Atorvastatin
calcium
trihydrate

10 Pfizer Lebanon 0073035 6.50

Lipitor Atorvastatin
calcium
trihydrate

10 Pfizer Ghana NA 6.49

Atorlip Atorvastatin
calcium
trihydrate

20 Cipla India D71167 6.59

Zirtek Cetirizine
hydrochloride

10 Schering-Plough UK 08A07B 8.43

Pireteze Cetirizine
hydrochloride

10 GSK UK 067 8.50

Benadryl Cetirizine
hydrochloride

10 Pfizer UK 11B08D 8.33

Cetirizine Cetirizine
hydrochloride

10 Morrison UK HD3A8G 8.59

Cetirizine Cetirizine
hydrochloride

10 OTC UK 05C07 8.54

Ciproxin Ciprofloxacin
hydrochloride

500 Bayer UK BXB19T1 65.4

Ciprobay Ciprofloxacin
hydrochloride

250 Bayer Lebanon IT501NB 65.0

Ciprofloxacin Ciprofloxacin
hydrochloride

500 Karib Kemi Pharm UK KF5703 69.6

Quintor Ciprofloxacin
hydrochloride

500 NA Ghana 3997008A 67.9
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Ciprofloxacin Ciprofloxacin
hydrochloride

250 Dr. Reddy Ghana B60931 64.4

Citalopram Citalopram 
hydrobrom ids

40 Generics UK L21161 15.7

Cipram il Citalopram 
hydrobrom ide

10 Lundbeck Denmark 2005013 11.0

Citalopram Citalopram 
hydrobrom ide

20 lev a UK 7H37CC 15.9

Sitaram Citalopram
hydrobromide

20 NA Lebanon S400 13.5

Silopram Citalopram 
hydrobrom ide

20 NA Lebanon 401 11.0

Plavix Clopidogrel
hydrogen
sulfate

75 Sanofi Pharma 
BMS

UK BK385 29.5

Plavix Clopidogrel
hydrogen
sulfate

75 Sanofi Pharma 
BMS

Lebanon 1920 29.3

Plavix Clopidogrel
hydrogen
sulfate

75 Sanofi Pharma 
BMS

Gana 2129 29.5

Plavix Clopidogrel
hydrogen
sulfate

75 Sanofi Pharma 
BMS

France 1753 27.3

Plofexine Clopidogrel
hydrogen
sulfate

75 Asia Pharm. Ind. Syria 1302 18.4

API: active pharmaceutical ingredient, % m/m: percentage mass per mass, Pharm.: pharmaceutical, Ind.: industries.

The reference standards used included: the conventional ceramic reference (CR), NIST 
photometric standards of 2% (S2), 20% (820) and 80% (880) reflectance, a single Ciproxin 

tablet and MCC. The Ciproxin 500 mg tablet used as a reference was batch number 
BXB19T1.

7.2.2. Instrumentation
Measurement was carried out on a F088 NlRSystems 6500 (Foss NlRSystems, Inc. Silver 

Springs, MD, USA) spectrometer equipped with a RCA with a lead sulfide detector. The 

spectra consisted of 700 data points over the wavelength range of 1100 - 2500 nm at 2 nm 

intervals.

7.2.3. Methods
The sets of tablet spectra were taken relative to the six reference standards, one standard at 
a time. Each spectrum was the sum of 32 scans. From each product 10 tablets were 

measured in their intact forms. Two spectra were taken from each side of the tablet. The 

spectra were then stored in both the SNV and SNV-D2 forms. For CWS method, the mean 

spectrum from each batch was used. For PCA method, 10 spectra were used from each
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batch such that each spectrum was the mean of the two sides o f one tablet. For citalopram 

PLSR models, 20 spectra from each batch were used.

7.2.4. Spectral treatment
Spectral treatment was made using Matlab R2007a. For identification, both CWS and PCA 

methods were made. For quantification, PLSR algorithms were made. Whereas 

identification was applied to all the products measured, quantitative PLSR tablet models 

were applied to the products containing citalopram hydrobromide only.

7.3. Results and Discussion

7.3.1. Spectral visualisation and reproducibility
The effect o f changing the reference standard on the tablet spectra was visualised by 

observing the change in the absorption and reflection spectra o f the same tablet.

One UK product o f each API was chosen for comparison: Lipitor 20 mg tablet batch 

number 0284106U, Ciproxin 500 mg tablet batch number BXB19T1, Citalopram 40 mg 

tablet batch number L21161, Zirtek 10 mg tablet batch number 08A07B and Plavix 75 mg 

tablet batch number BK385.

Regarding the absorption spectra, the SNV form was compared for all the products. Figure 

7.1 shows the SNV absorption spectra o f the Ciproxin 500 mg tablet batch number 

BXB19T1 taken using the six reference standards. The spectra had similar offset and peak 

positions when using the CR, S20 and S80. S2 gave higher offset and absorption intensity 

but there was no change in the peak positions. There was a substantial overlap between the 

spectra taken relative to CR, S80 and S20 standards. Large changes in both the offset and 

peak positions were observed when the Ciproxin tablet and MCC were used as references. 

MCC had the highest offset among the products.

259



2.5

C
O

2- 0.5
en
cc

C/D

-0.5

1000 1500 2000 2500
W ave leng th  (nm)

Figure 7.1 SNV NIR absorption spectra of Ciproxin 500 mg tablet batch number
BXB19T1 using six references: CR (---- ), 82 (— ), 820 (— ), 880 (---- ), Ciproxin tablet
(— ) and MCC ( — ) measured by the F088 NlRSystems 6500 spectrometer equipped
with an RCA.

The change in offset and peaks might have been due to the tablet product being measured 

relative to the absorbance spectra of the reference used. Thus, the ceramic and Spectralons 

standards had almost the same absorbances which were relatively featureless compared to 

using Ciproxin tablet or MCC. Figure 7.2 shows the SNV absorption spectra of 82, 880, 

Ciproxin 500 mg tablet batch number BXB19T1 and MCC relative to ceramic reference 

standard. It was clear from the figure that the Ciproxin tablet and MCC spectra were more 

complex than those of the Spectralons, so will have more effect on the spectra of tablets 

than the first two. Thus, pharmaceutical products containing the same excipients and small 

amounts of API are expected to give similar spectra when a ceramic reference standard is 

used. On the other hand, these products are expected to give different spectra if their major 

excipient is used as reference standard.

260



(A

3

2

1

0

■1

■2

-3 I—
1000 1500 2000 2500

Wavelength (nm)

3

2

1

0

•1

2

-3 L_ 
1000 25001500 2000

3

2

1

■1

•2

-3 L -  
1000 20001500 2500

Wavelength (nm)

3

2
1U

0

•1

2

-3 L_  
1000 1500 2000 2500

Wavelength (nm) Wavelength (nm)

Figure 7.2 SNV-absorption spectra of (a) S2, (b) S80, (c) Ciproxin 500 mg tablet batch 
number BXB19T1 and (d) MCC measured by the FOSS NlRSystems 6500 spectrometer 
equipped with an RCA taking the ceramic standard as a reference.

To test the spectra reproducibility, the RSD absorbance values between 10 spectra of one 

tablet o f each of the five products were compared at the following wavelengths: 1210,

1524, 1732, 2098 and 2310 nm. In that case, the best reference was the one which gave the 

lowest RSD among the spectra of the same product. The results obtained were variable 

between the products.

For the standard ceramic reference, all RSD values for the five products were below 10% 

except the values at 1524 nm were very high. At this wavelength (1524 nm), the RSD 

values ranged from 8.7% obtained for Ciproxin 500 mg tablet batch number BXB19T1 to 

43.8% obtained for Zirtek 10 mg tablet batch number 08A07B. S80 had very similar values 

to the ceramic reference in each case but it had slightly better results at 1524 nm. Thus, the 

highest RSD in the latter case was observed for Zirtek 10 mg tablet batch number 08A07B 

and was 25.9%. S2 reference gave high RSD values for two products only: Lipitor and 

citalopram at all wavelengths. MCC gave high RSD values for all products except Lipitor
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at all wavelengths. The RSD values for Ciproxin tablet against Ciproxin tablet reference 

were very high. The RSD values for the other tablets against a Ciproxin tablet reference 

were high only at certain wavelengths. Thus, the citalopram tablet against the Ciproxin 

tablet reference had high RSD values at 2098 nm. This was because the Ciproxin tablet 

absorbs significantly (Figure 7.2) and the absorbance of tablets relative to it is almost 

negligible. These low absorbance values in turn would give high RSD values. Overall, 

using S20 as the reference gave most reproducible results as it had low RSD values for all 

the products at four out of five wavelengths.

Figure 7.3 shows the RSD values bar plots of Plavix 75 mg tablet batch number BK385 at 

the five wavelengths (1210 nm, 1524 nm, 1732 nm, 2098 nm and 2310 nm) using the six 

references.
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Figure 7.3 Bar plot of the relative standard deviation (RSD) of 10 spectra of Plavix 75 mg 
batch number BK385 at 5 wavelengths 1210 nm, 1524 nm, 1732 nm, 2098 nm and 2310 
nm respectively measured by the RCA using six references: 
a Ceramic 
b Spectralon 2%, 
c Spectralon 20%, 
d Spectralon 80%, 
e Ciproxin tablet 
fM CC.

However, the offset effect was removed and the reproducibility of the spectra was increased 

when using the SNV-D2 spectra of the tablets (Figure 7.4).
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Figure 7.4 SNV-D2 NIR absorption spectra of (a) Lipitor 20 mg tablet batch number 
028416U, (b) Zirtek 10 mg tablet batch number 08A07B, (c) Ciproxin 500 mg tablet batch 
number BXB19T1, (d) Citalopram 40 mg tablet batch number L21161 and (e) Plavix 75 
mg tablet batch number BK385 using six references: CR ( — •), S2 (— ■), S20 (— -), S80
(---- ), Ciproxin tablet (----- ) and MCC (— ) measured by the FOSS NlRSystems 6500
spectrometer equipped with an RCA.

7.3.2. Reference variability
The aim of this comparison was to observe how significant was the difference between the 

products’ spectra when different references were used. In this respect, the r value of the 

mean of 10 SNV-D2 spectra of each product was compared after using each of the six 

references. Figure 7.5 shows the correlation maps of the five products’ average spectra 

when measured using the six references.
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Figure 7.5 Correlation maps of the average of 10 spectra of (a) Lipitor 20 mg batch number 
0284106U, (b) Zirtek 10 mg batch number 08A07B, (c) Ciproxin 500 mg batch number 
BXB19T1, (d) citalopram 40 mg batch number L21161 and (e) Plavix 75 mg batch number 
BK385 when measured by the FOSS NlRSystems 6500 spectrometer using CR (1), S2 (2), 
S20 (3), S80 (4), Ciproxin tablet (5) and MCC (6) as references.

The r values o f the mean spectra of the same product when a CR or a NIST photometric 

standard was used as reference was always higher than 0.98 for the six UK products used. 

In that case, the minimum r values using these references obtained for Lipitor, Zirtek, 

Ciproxin, citalopram and Plavix were 0.9921, 0.9922, 0.9945, 0.9862 and 0.9847.

However, this was not the case when the Ciproxin tablet or the MCC were used as 

references. As these two references caused displacement of the peaks of a compound, the 

spectrum of a tablet taken with any of these references was totally different from the 

spectrum taken with CR or a NIST photometric standard (section 7.3.1). As expected, the 

most significant difference between the spectra of the same products was observed using 

the Ciproxin tablet and MCC references.
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7.3.3. Identification of different products
As only one counterfeit batch was available among the test set (Plavix 75 mg batch number 

1753), the five UK products were used as model tablets for inspection of the best reference 

standard for identification of pharmaceutical products. The methods used for comparison 

were CWS and PCA methods.
Regarding the CWS method, the r value of the average SNV-D2 NIR spectra of 10 tablets 
of each product were compared for each of the five products. Figure 7.5 shows the 

correlation maps of these spectra taken with the six different reference standards. A dark 

blue colour represents the lowest r value; whereas a dark red colour represents the highest r 
value (the scales are deliberately different here to maximise the sensitivity of the method). 
The threshold value of r for identification was taken as 0.95. All the products were 

identified above the threshold. There was no mismatch observed using any of the 

references; however, the range of the r values varied among the references. This was 
because the tablet samples used had similar excipients among themselves. Thus, all of them 
contained MCC and lactose. In addition, Ciproxin and citalopram tablets contained maize 
starch. So when ceramic or Spectralon was used as a reference, all tablets had higher r 
values. A Ciproxin tablet had many excipients in common with the other tablets.
Regarding the selectivity in identifying products, the highest r value between different 
products was monitored using the six references. The highest r values were obtained for 
Zirtek 10 mg tablet batch number 08A07B against Citalopram 10 mg tablet batch number 

L21161 in all the six cases (products 2 against 4). These r values were 0.91, 0.92, 0.92,
0.92, 0.93 and 0.87 for CR, S2, S20, S80, Ciproxin tablet and MCC references respectively. 
In addition, Zirtek 10 mg tablet batch number 08A07B (product 2) against Lipitor 10 mg 

tablet batch number 0284106U (product 1) gave r values greater than 0.90 in all cases 
except using MCC reference. An r value equal to 0.85 in the latter case was obtained for 

these two products. These products had similar excipients among themselves and contained 

a low % m/m of API. The % m/m of API in Lipitor tablet, Zirtek tablet and Citalopram 

tablet were 6.53, 8.43 and 15.67% m/m respectively. MCC was a common excipient among 

the three products, so using it as reference has contributed to their differentiation and gave a 

lower r value. So it was the best reference for differentiation of these products.
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Figure 7.6 Correlation maps of the SNV-D2 NIR average spectra of the UK batches of five 
products : Lipitor 20 mg batch number 028416U, Zirtek 10 mg batch number 08A07B, 
Ciproxin 500 mg batch number BXB19T1, citalopram 40 mg batch number L21161 and 
Plavix 75 mg batch number BK385 respectively measured using (a) CR, (b) S2, (c) S20, (d) 
S80, (e) Ciproxin tablet and (f) MCC reference standards as reference standards.

Unlike the CWS method, the PCA data were variable using the six references. Ciproxin 

was excluded from the PCA as it had the highest variance among the five products so it was 

shifting the PC scores plot of the four other products to one side not allowing their 

discrimination. This might be because though a Ciproxin tablet had similar excipients, it 

contained a high % m/m of ciprofloxacin (65.36% m/m). So, Ciproxin could be easily 

identified on a PCA plot. However, it was removed to allow the differentiation of the four 

other products. The 95% equal frequency ellipses were plotted around each of the four 

products (Figure 7.6). There was no overlap in the ellipses for the products in any of the six 

cases. Using the CR, S20, S80 and Ciproxin tablet references, the Zirtek and citalopram 

ellipses were very close to each other. The best separation was observed using the S2 and 

MCC references.
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Figure 7.7 PCA score plots of the SNV-D2 NIR spectra of the four products: Lipitor batch 
number 0284106U (o), Zirtek batch number 08A07B (*), citalopram batch number L21161 
P )  and Plavix batch number BK385 (□) with 95% confidence ellipses around each 
measured by the FOSS NlRSystems 6500 spectrometer equipped with an RCA with (a)
CR, (b) S2, (c) S20, (d) S80, (e) Ciproxin tablet and (f) MCC taken as references.

7.3.4. Batch variability using different references
The variability of batches within similar products from the same and different 

manufacturers was compared using the six references. The CWS method was used to 

evaluate the batch variability. The r values of 10 spectra from each product were compared. 

Atorvastatin batches came five from two manufacturers Pfizer (Lipitor) and Cipla (Atorlip) 

and had the same % m/m (about 6.5% m/m). So a classification result aimed would classify 

the Cipla batch: Atorlip 20 mg batch number D71167 from the Pfizer batches with the 

lowest r value. Table 7.2 shows the minimum and maximum r values of the Pfizer Lipitor 

batches among themselves and against the Cipla Atorlip batch. The best reference would 

give highest minimum r value of Lipitor against themselves and the lowest maximum r 

value of Lipitor against Atorlip. The highest minimum r values among Lipitor batches were
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observed using CR, S2 and S20 (r > 0.99); whereas the lowest maximum r value (r = 

0.6208) for the Atorlip tablets against Lipitor tablets was observed with the MCC reference. 

But since MCC gives a lower r value for Lipitor batches (r = 0.9715), then S2 and S20 are 

better references.

Table 7.2 Correlation coefficient values o f Lipitor tablets and Atorlip tablets against Lipitor 
tablets.

r value against Lipitor
Reference Lipitor tablets Atorlip tablets

minimum maximum minimum maximum
CR 0.9992 0.9999 0.7130 0.7195
82 0.9978 0.9822 0.7171 0.7213
820 0.9938 0.9993 0.7143 0.7203
880 0.9816 0.9993 0.7147 0.7195
Ciproxin tablet 0.9841 0.9992 0.8341 0.8378
MCC 0.9715 0.9982 0.6208 0.6246

r: correlation coefficient.

O f the ciprofloxacin tablets, three manufacturers were known and one was not known 

(Table 7.1). O f the known manufacturers, two products were manufactured by Bayer AG 

Germany, one by Karib Kari Pharma and one by Dr. Reddy. The r values were variable 

among the batches and it was not possible to distinguish between manufacturers using any 

of the references. This was the case as well with citalopram tablets and cetirizine tablets. 

Citalopram batches were from five different manufacturers two of which were not known. 

Cetirizine batches consisted o f three proprietary and two generic batches. The clopidogrel 

set consisted o f four proprietary batches all labelled as manufactured by Sanofi Pharma 

BMS except one which was a counterfeit (Figure 7.7), and one generic batch manufactured 

by Asia Pharmaceutical industries.
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Figure 7.8 SNV-D2 NIR spectra of authentic Plavix 75 mg tablets batch numbers (a) 
BK385, (b) 1920, (c) 2129 and (d) counterfeit Plavix 75 mg tablet batch number 1753 
measured by the FOSS NlRSystems 6500 spectrometer equipped with an RCA using the 
MCC as a reference.

Both the generic clopidogrel and the counterfeit Plavix could be distinguished from the 

three other batches. The lowest r value of the counterfeit Plavix against the authentic ones 

of 0.5861 and was observed using MCC as reference. The highest r value of the counterfeit 

Plavix against the authentic ones 0.8378 and was seen when a Ciproxin tablet was used as a 

reference. So from the Lipitor and Plavix data, S2 and S20 were the best reference to 

discriminate a generic from proprietary tablets and the excipient (MCC) was the best 

reference to distinguish a counterfeit from authentic tablets.

269



7.3.5. Quantification of Citalopram in tablets
The effect of changing the reference on the quantification of citalopram in intact citalopram 

tablets was tested by building PLSR models using citalopram containing products. PLSR 

models were constructed using the SNV-D2 spectra of the tablets. The models were created 

using the first three batches: citalopram 40 mg batch number L21161, Cipramil 10 mg 

batch number 2005013 and citalopram 20 mg batch number 7H37CC and were split into 

calibration and validation sets. No reference chemistry was used and the % m/m values 
came from the stated label claim divided by the mass of each tablet. Sitaram 20 mg batch 

number S400 and Silopram 20 mg batch number 401 were used as the test set. In all cases, 
the models were built using two factors and a ratio of calibration sample to the internal 
validation sample sets of 21:9. The range of the models was from 10.8 -16.1% m/m.
The models were evaluated internally by comparing the r̂ , RMSEC and RMSEP (Table 
7.3).
The highest r̂  values observed were 0.9909 and 0.9903 when S80 and CR were used. These 

two references also had the lowest RMSEP values for internal validation (Figure 7.9) of
0.22 and 0.25% m/m respectively. The RMSEC values were almost the same with all 
references ranging from 0.31 to 0.35% m/m.

Reference RMSEC
(% m/m)

RMSEP' 
{% m/m)

RMSEP*' 
(% m/m)

CR 0.9903 0.31 0.25 2.96

82 0.9519 0.33 0.52 3.37

820 0.9869 0.31 0.33 2.89

880 0.9909 0.35 0.22 2.99

Ciproxin tablet 0.9815 0.35 0.35 2.68

MCC 0.9483 0.32 0.55 3.20

the internal validation set, RMSEP : root mean square error of the test set, % m/m; percentage mass per mass.
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Figure 7.9 Predicted versus nominal of label daim of the internal validation sets of the 
PLSR models constructed on the SNV-D2 spectra of citalopram tablets taking six 
references: (a) Ceramic, (b) S2, (c) S20, (d) S80, (d) Ciproxin tablet and (e) MCC.

Regarding the test set, all the models predictions were poor (Table 7.3) with very high 

RMSEP values. This is probably due to the lack of variability of generic batches in the 

models built. The highest RMSEP value was observed when using 82 and was 3.37% m/m. 

The lowest value was seen when using the Ciproxin tablet and was 2.68% m/m. The 880 

and CR reference background yielded values of 2.99 and 2.96% m/m. So taking all the 

parameters into consideration, the best quantitative models were the ones developed with 

CR and 880 as references.
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7.4. Conclusion

Using a conventional ceramic reference had some disadvantages. The change in the 

reference to using a NIST, a Ciproxin tablet or an excipient (MCC) had a marked effect on 

identification and quantification o f tablets.

The change from ceramic to NIST standard caused a change in the offset o f the SNV- 

absorption spectra only. However, using a Ciproxin tablet or an MCC as references would 

change both the offset and the peak positions as these two have more significant 

absorptions in NIR. Yet, the spectra o f the same tablet, taken using the Ciproxin tablet and 

MCC references were less reproducible than those taken using the ceramic or NIST 

references. Using S20 as reference gave the most reproducible results.

For identification o f products using CWS method, MCC was the best reference. Using PCA 

method, S20 and MCC were the best references. However, MCC has different water 

content, shelf life and will change upon time. So for practical reasons of stability and water 

absorption, MCC cannot be used.

For discrimination between products containing the same API but from different 

manufacturers, S2 and S20 were the best references. On the other hand, for identification of 

counterfeit Plavix 75 mg tablets, MCC was the best reference to be used.

For quantification o f citalopram in tablets, using ceramic reference and S80 gave the best 

quantitative models.

Consequently, the choice o f a reference made a marked effect on identification and 

quantification o f tablets in NIR. The ceramic reference had some deficiencies; but using a 

tablet or an excipient as reference could yield variable results depending on the stability o f 

the material. NIST standards were more stable than the tablet and the excipient, and gave 

better results than ceramic reference. Thus, S20 was the best reference for identification of 

tablets; whereas 880 was the best reference for quantification o f tablets.
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CHAPTER 8. Conclusion and future work
The aim of this thesis was to find simple and non-destructive methods for the identification 

and quantification o f the API in counterfeit medicines using NIRS. The methods were 

applied to both laboratory based and hand-held instruments so they can be used for both 

laboratory and field identification of counterfeit medicines.

The optimisation o f the method of identification o f counterfeit medicines was made using 

the FOSS NIRSystems 6500 spectrometer equipped with an RCA and a Smart Probe. It was 

made on a standard set o f model tablets o f nine products and an SOP was constructed.

These model tablets were selected from the top selling products in the World market. They 

had variety o f shapes, colours and percentages o f API. The FOSS NIRSystems 6500 

spectrometer with the RCA was better for the identification o f counterfeit proprietary 

medicines. In that case, only 20 spectra from 10 tablets o f a single batch were needed in the 

SNV-D2 form. Using both CWS and PCA methods, NIRS could identify each of the set o f 

the nine model tablets correctly. An SOP was developed in this case and successfully 

validated using authentic and counterfeit tablets obtained from the KFDA. The SOP was 

applied to 104 pharmaceutical products obtained from a wholesaler and could detect eight 

counterfeit products out o f the 104. Also, it could identify two counterfeit products supplied 

by BBC Television. However, it was less successful in the identification o f potentially 

counterfeit TFDA products as these did not have reference products from the same 

manufacturer. In addition, the list of excipients in these products was not known. For these 

generic products, an alternative approach such as quantification may be required.

The same model set of tablets used for optimisation was used to evaluate a handheld NIR 

instrument: the Polychromix PHAZIR instrument. This instrument had a narrower 

wavelength range (1595 - 2398 nm) than the FOSS NIRSystems 6500 spectrometer which 

caused loss o f spectral information and eventually loss o f data. In this case, 

misidentification o f products with low percentages o f APIs is more likely to arise. For the 

set o f the nine model tablets, CWS and PCA methods could identify seven products out of 

nine while the FOSS NIRSystems 6500 spectrometer could identify all nine products when 

CWS and PCA methods were used. Both instruments could identify counterfeit Plavix 75 

mg tablets from authentic Plavix 75 mg tablets and generic Clopivas 75 mg tablets. Also, in 

the latter case the Polychromix PHAZIR was better than the FOSS NIRSystems 6500
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spectrometer as it could distinguish between the two sources o f the counterfeit Plavix 75 

mg tablets.

Generic pharmaceutical products often have different excipients and could not be identified 

unless a reference product o f the same manufacturer was available. In this case, the 

questions to be answered are whether the product contains the right API in the correct 

quantity. Therefore, universal quantitative models for identification o f both proprietary and 

generic tablets were developed. The models were designed to be o f universal application 

and to involve minimum destruction of the sample. They included tablet, powder, pellet 

models or a mixture of the three types. Tablet models were effective if  enough batches of 

different manufacturers were available. Such tablet models were found to be effective with 

ciprofloxacin, erythromycin and quinine where they could quantify the APIs in tablets 

within a limit o f 94 -  105% of label claim. If  insufficient batches were available, and one 

authentic batch was available, powder models may be used. Powder models may be used 

by: diluting the crushed tablets or API with excipient(s), sequential addition o f excipient(s) 

to the crushed tablets or API and standard addition of the API to crushed tablets (if the API 

is available). 0 and 100% samples may be added to the models for improvement o f the 

accuracy o f the calibration model. The 0% sample can be an excipient or an API different 

from the one quantified in the tablets; the 100% sample is the appropriate pure API. Powder 

models created using the API and excipient(s) dilutions were not able to predict either 

intact or powdered tablets. Consequently, powder models made by diluting crushed tablets 

with an API and/or excipients were used in this work. Powder dilution models could predict 

powdered tablets only. Sequential addition models could predict both intact and powdered 

tablets. Similarly, a standard addition model made with mixing the API and the crushed 

tablets could predict both intact and powdered tablets, but they were only effective for 

tablets with high percentage o f API. Pellet models could not predict intact tablets. Also, the 

mixing o f pellets models or mixed models o f pellets, powders and tablets was tried to 

overcome the interference due to physical difference between samples, but were not 

effective. Overall, tablet models and standard addition models (with 0 and 100% added) 

were the best for predicting intact and powdered tablets and dilution and sequential addition 

models for prediction o f intact tablets.

A comparison o f Raman spectroscopy to NIRS for identification and quantification o f 

pharmaceutical products was made. The work was established using two Raman
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spectroscopic instruments: a handheld instrument (Ahura Truscan) and a laboratory based

instrument (Kaiser Raman Workstation). The Ahura Truscan evaluated pharmaceutical

products using both in-built (through the instrumental software) and off-line identification

techniques (by exporting the data to the computer). The Kaiser Raman Workstation

evaluated the products only by off-line identification techniques.

The in-built identification in the Ahura Truscan instrument could identify products by

matching them against signatures in the instrument library. It gave a probability of how

close was the test spectrum to the library spectra. Approximately 60% o f the products could

be correctly identified. In this case, misidentification was more likely to arise depending on

the Raman active component in the tablet. Most of the tablets had much of their Raman

activity due to titanium dioxide and they matched the titanium dioxide spectra. On the other

hand, off-line identification using the Ahura Truscan instrument compared the spectra of

pharmaceutical products in detail. In this case, visualisation of peaks could identify the

product. However, CWS and PCA methods failed to identify most o f the products as the

noise in the products’ spectra was causing misidentification. Only 30 out o f 163 products

could be identified using the CWS method. Also, neither univariate nor multivariate

regression (PLSR) could be applied to powder models for quantification o f tablets.

The spectral quality using the Kaiser Raman Workstation was better than those obtained

using the Ahura Truscan instrument. Similarly, the identification and quantification

algorithms used in NIRS (CWS, PCA and PLSR) could not be applied here.

The identification of tablets through their blister packaging was evaluated using NIRS. The

work was carried out using the FOSS NIRSystems 6500 spectrometer equipped with a

Smart Probe. The method was rapid and cheap and could identify tablets using a single

transparent colourless blister on top o f a NIST photometric standard as a reference. The

method could identify 22 out o f 28 products using CWS and PCA methods.

Misidentification was due not to the blister packaging itself, but the similar excipients

among these products and the loss of spectral information encountered when the regions

1666 -  1796 nm and 2200 -  2500 nm were removed. However, the method failed to give

any results for tablets inside white opaque or aluminium foil blister packaging.

Changing the reference fi*om conventional ceramic to NIST or tablet or excipient proved to

have an effect on the identification and quantification o f pharmaceutical products. NIST

standards changed the offset with no peak displacement when used instead o f the ceramic
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reference. However, using a Ciproxin tablet or MCC as a reference changed the whole 

spectrum of the same product. For identification o f pharmaceutical products, S2 was the 

best reference; whereas for quantification of pharmaceutical products S80 was the best 

reference.

The identification algorithms developed in this work (CWS and PCA) were successful, but 

only for proprietary products or generic products with an authentic sample from exactly the 

same manufacturer. However, they could not identify generic products with unknown 

manufacturers or lists o f excipients. So, a more selective identification algorithm for these 

generic products needs to be investigated.

Regarding the quantification o f pharmaceutical tablets, a problem which was often 

observed with the quantitative PLSR models was the measurement o f a false positive 

percentage o f API for tablets not containing any o f the relevant API. So, improvement o f 

these models needs to be investigated in detail.

The thesis inspected identification and quantification o f counterfeit medicines in detail 

using laboratory based instruments and only preliminary work has been possible using 

hand-held instruments. An interesting study would be the optimisation of these procedures 

using the hand-held instruments. This would save time from importing the samples into the 

laboratory and cost from buying the products as hand-held instruments could be carried 

anywhere and identify products through blister packaging. In this respect, the identification 

and quantification models need to be built in the laboratory and their transfer is investigated 

to field instruments. The optimum procedures and limitations o f each instrument need to be 

investigated. Also, building large libraries o f sample spectra using each instrument to detect 

potential counterfeit products needs to be established.

Finally, the effect o f changing the reference spectra on identification and quantification 

need to be extended to the use o f several tablets, an excipient or a mixture o f excipients.

The effect o f the use of common excipients between tablets o f low dosage forms on the 

selectivity o f identification needs to be investigated. This could be a key to solve the false 

positive predictions in the PLSR models.
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