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Porous biomaterials fabricated from 
polymers are used in a number of appli-
cations (1–3). These are commonly 
used to form scaffold structures that 
are widely used for tissue regener-
ation (4). These scaffolds provide wide 
open spaces and also act as structural 
supports, allowing cells to maintain their 
three-dimensional (3-D) architecture 
while growing in cell culture (5). 

Observation of cells and/or scaffolds 
is achieved by many imaging techniques. 
A large number of studies have used the 
scanning electron microscope (SEM) for 
imaging (6). SEM sample preparation of 
cells is normally achieved after fixation 
of the sample in an aldehyde, followed 
by alcohol dehydration, drying using 
hexamethyldisilazane (HMDS) (6), or 
critical point drying (CPD) (7). Contrast 

from the samples is achieved using 
heavy metals that scatter electrons well 
and adsorb to biological matter easily. 
Sputter coating the sample with heavy 
elements such as gold (8) is generally 
used. An alternative method is to stain the 
sample using heavy metal compounds 
such as lead citrate or phosphotungstic 
acid. The most commonly used heavy 
metal stains for electron microscopy are 
uranyl acetate and osmium tetroxide (6). 
However, uranyl acetate is radioactive, 
and its use is severely restricted (9), 
whereas osmium tetroxide is a highly 
poisonous compound (10); thus, there 
is a need for safer and more easily 
obtainable heavy metal stains. Platinum 
blue is a safe alternative to these heavy 
metal stains and can be easily synthe-
sized in the laboratory (11–13).

Recently, platinum blue has been 
used as a heavy metal stain for imaging 
cells using low-vacuum SEM (12,14) and 
atmospheric SEM (15). Platinum blue is 
a polymeric compound of deep blue, 
green, or purple in which platinum is 
coordinated with amide groups (16). 
The platinum blue complex used in 
this study was synthesized using the 
method of Hoffman and Bugge (13). It 
is a product of the reaction of dichlorob
isacetonitrileplatinum(II) (Pt(CH3CN)2Cl2) 
with silver sulfate. In this study, we 
imaged fibroblast cells after they were 
grown in electrospun poly(lactide-
co-glycolide) (PLGA) scaffolds and 
stained with platinum blue. Poly(a-
hydroxy esters) and their copolymers 
such as PLGA are a commonly inves-
tigated class of biomaterials used in 
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Fibroblast cells grown in electrospun polymer scaffolds were stained with platinum blue, a heavy 
metal stain, and imaged using scanning electron microscopy. Good contrast on the cells was 
achieved compared with samples that were gold sputter coated. The cell morphology could be 
clearly observed, and the cells could be distinguished from the scaffold fibers. Here we optimized the 
required concentration of platinum blue for imaging cells grown in scaffolds and show that a higher 
concentration causes platinum aggregation. Overall, platinum blue is a useful stain for imaging cells 
because of its enhanced contrast using scanning electron microscopy (SEM). In the future it would be 
useful to investigate cell growth and morphology using three-dimensional imaging methods.

Reports

METHOD SUMMARY
Fibroblast cells grown in electrospun polymer scaffolds were stained with platinum blue, a heavy metal stain. The optimum platinum 
blue staining concentration for cells grown in scaffolds was obtained after performing scanning electron microscopy (SEM). 
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many applications, including scaffolds 
for tissue engineering. This is because 
they have biodegradable and bioreab-
sorbable properties, are approved by 
the US Food and Drug Administration 
and can be readily tailored to possess a 
range of material properties (17,18). The 
purpose of this study was to investigate 
and optimize heavy metal platinum blue 
staining of cells grown in scaffolds.

Material and methods
PLGA scaffold fabrication
PLGA scaffolds were prepared as 
described previously (8). Briefly, PLGA 
(Purasorb, 5004; Purac Biomate-
rials, Gorinchem, The Netherlands) 
had a monomer ratio of 50:50 lactide 
to glycol ide, a weight-averaged 
molecular weight of 40,000–75,000. 
Solutions 12.5% (wt/wt) were made 
by dissolving in 1,1,1,3,3,3-hexafluoro-
2-propanol (HFIP) (Sigma Aldrich, 
Gillingham, UK). These solutions were 
electrospun into fibers with diameters 
between 2 and 3 µm. The solutions 
were delivered at a constant feed rate 
of 0.8 mL/h and were electrospun verti-
cally with an accelerating voltage of  
11 kV supplied by a high-voltage DC 
power supply. Nonwoven f ibrous 
scaffolds were collected on aluminum 
foil sheets that were wrapped around 
an earthed rotating collector 30 cm 
from the tip of the needle. The relative 
humidity was 60%, and the temperature 
was 30°C. The scaffolds were sterilized 
using ultraviolet light for four hours.

A rotating collector drum was used 
to ensure a uniform distribution of the 
fibers over the collection area to achieve 
a consistent scaffold thickness. The goal 
was to achieve nonwoven scaffolds with 
a uniform thickness, instead of aligned 
fibers. The rotating revolution per minute 
is not necessary for random fibers. 
Fiber diameter, scaffold morphology 
and porosity analyses were performed 
by SEM (Phenom G2 Pro equipped 
with Fibermetric software, Phenom, 
Eindhoven, The Netherlands).

Cell culture
An immortalized human lung fibroblast 
cell line at passage 8 was cultured in 
Ham’s F12 medium (Sigma-Aldrich, 
UK), supplemented with 10% fetal 
bovine serum (Sigma-Aldrich, UK), and 

1% L-glutamine at 37°C in a 5% CO2 
incubator. The cells at a density of 3 
× 104 were grown in the scaffold for 6 
days. Cell culture medium was changed 
every two days. The CCD-37lu cell line 
was selected because it is a normal 
adherent fibroblast cell line.

SEM sample preparation
The scaffold containing cells were fixed 
using 2.5% (vol/vol) glutaraldehyde in 
0.1 M cacodylate buffer (pH 7.2) for 2 
hours. Samples were then washed three 
times with 0.1 M cacodylate buffer (pH 
7.2). Dehydration of the samples was 
done using a series of ethanol solutions: 
70%, 85%, and 100%. The scaffolds 
were dried using HMDS (Sigma Aldrich, 
UK) for 5 min. Sputter coating of the 
scaffolds was done using a Q150T ES 
sputter coater (Q150T ES; Quorum 
Technologies Ltd, East Grinstead, UK) 
where approximately 25 nm of gold 
was applied. Alternatively, staining of 
the scaffold samples was done using 
platinum blue at a concentration of 

Figure 1. SEM images showing a PLGA 12.5 % wt 
scaffold. Magnification: (A) 600×, (B) 2000×. 
The scale bar for A is 220 µM and the scale bar 
for B is 60 µM.
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2.5 mM, 5 mM, or 7.5 mM for 30 min 
each at room temperature. Washes 
were performed with water twice for 
5 min. Imaging was performed using a 
desktop scanning electron microscope 
(Phenom G2 Pro equipped with Fiber-
metric software; Phenom).

Synthesis of platinum blue
The platinum blue complex used in this 
study was synthesized using the method 
of Hoffman and Bugge (13). Potassium 
tetrachloroplatinate (2 g) was mixed with 
acetonitrile (3 mL) in 40 mL of water at 
room temperature. The reaction was left 
for 10 days after which yellow crystals 
were obtained. The liquid was decanted, 
and the crystals were air dried and 
weighed. The crystals were then mixed 
vigorously with the same amount of 
silver sulfate in a 5-fold volume of water 
until the blue color reached its maximum 
intensity after which a 10-fold volume 
of methanol was added to the solution. 
The solution was filtered followed by the 
addition of diethyl ether to the filtrate 
to precipitate the platinum blue. The 

platinum blue was then filtered out from 
the solution and air dried. As a powder 
or in water, platinum blue is stable for at 
least one month at room temperature.

Results and discussion
PLGA scaffolds were imaged prior to the 
growth of cells and before and after the 
staining steps. The relatively uniform, 
randomly orientated scaffolds displayed 
initial fiber diameters between 2 and 3 
µm. Porosity analysis was performed 
using an SEM. This allows us to observe 
the spaces between the filaments 
permitting the 3D cell growth (Figure 1, 
A and B). A control sample where fibro-
blast cells were grown in the scaffold but 
not stained was imaged. Cells could be 
seen within the scaffold with the charac-
teristic platelike morphology expected 
for fibroblasts. The cells in the control 
and gold sputter coated cells showed 
no significant contrast difference (by 
SEM) from the scaffold fibers that they 
were grown in (Figure 2). Three different 
concentrations of platinum blue were 

Figure 2. SEM images showing cells in scaffolds. Controls with no stain and after gold sputter 
coating. Scale bars are 220 µM for all 600× images and 60 µM for all 2000× images. 
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used to stain the cells in the scaffold. The 
concentrations investigated were 2.5 
mM, 5 mM, and 7.5 mM. The cells were 
easily identified from all of the different 
concentrations used because platinum 
blue was found to stain only the cells but 
not the scaffold fibers. The immortalized 
human fibroblasts were observed to be 
attached and spindle shaped, displaying 
a typical elongated morphology (Figure 
2). Both 2.5 mM and 5 mM platinum 
blue provided good contrast, but the 
7.5 mM platinum blue showed aggre-

gated clusters of the platinum on the 
surface of the cells. These aggre-
gated clusters can been seen clearly 
in Figure 3. However, the clusters 
were not visible after 2.5 mM or 5 mM  
platinum staining (Figure 3).

Platinum blue is a useful stain for 
imaging cells grown in scaffolds, mainly 
because it is less toxic than other heavy 
metal stains. Other advantages are that 
staining with platinum blue takes only 30 
min, and it gives sufficient contrast to the 

cells, allowing them to be distinguished 
from the scaffold fibers.

In the future, the stain should be 
further explored for growth of cells in 
scaffolds and imaging using three-
dimensional techniques. Using SEM 
alone, it is not possible to determine the 
extent to which the stain penetrates the 
interior parts of the structure, as SEM 
is a surface imaging technique. We are 
optimistic that in the future, 3-D imaging 
methods will provide more information 
into stain penetration and growth of 
cells, including cellular morphology in 
scaffolds.
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