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ARTICLE INFO ABSTRACT

Keywords: Background: 20-hydroxyecdysone is an ecdysteroid which is abundant in plants and insects and has anabolic
20-hydroxyecdysone potentials in mammals. It was recently shown to have affinity for estrogen ER-f receptor, which could potentially
Vasodilation make it vasodilatory. Yet this possibility has not been previously investigated. Such an activity in muscle arterioles

Muscle arterioles

Nitric oxide synthase 3

Estrogen receptor ER-f Hypothesis/Purpose: We hypothesized that 20-hydroxyecdysone would dilate muscle arterioles by activating es-
trogen ER-p receptors. To test this, we investigated its vasodilatory properties in ovine muscle arterioles and
further explored the mechanisms in human tissues and cells.

could have huge implications for muscle blood flow and performance.

Study Design: The study was carried out experimentally, employing functional recording of arteriolar reactivity
in intact ovine muscle arterioles and gene and protein expression analysis in human tissues and cells.

Methods: Direct effects of the compound on arteriolar tone were assessed by wire myography in abdominal mus-
cle and mesenteric arterioles isolated from samples obtained from male sheep. The roles of endothelial nitric
oxide synthase (NOS3), cyclooxygenase (COX) and estrogen ER-p receptor (ER-#), and their effects were deter-
mined with specific blockers. The NOS3 mRNA and protein expressions were analyzed in human coronary artery
endothelial cells (HCAECs) and humanized liver of uPA+/+-SCID mice, before and after 20-hydroxyecdysone
administration.

Results: Comparable dose-dependent relaxations were recorded for 20-hydroxyecdysone in both muscle and
mesenteric arterioles with maximum relaxations of 46.94 + 5.84% and 56.88 + 7.04% respectively, which were
not statistically different. Similar relaxation was recorded for p-estradiol in both arterioles. NOS inhibition with
100 uM L-NAME attenuated the relaxation to 20-hydroxyecdysone (p < 0.001) and p-estradiol (p < 0.001) in
muscle arterioles. Neither COX inhibition with 10 uM indomethacin nor ER blockade with 1 uM PHTPP or 1 uM
ICI182780 had any noticeable effect on 20-hydroxyecdysone relaxation in these arterioles. Transcriptome analysis
revealed elevated NOS3 gene in the humanized liver of 20-hydroxyecdysone-treated mice, and, elevation of both
NOS3 mRNA and protein in HCAECs treated with 20-hydroxyecdysone.

Conclusion: The data suggest that 20-hydroxyecdysone has a nitric oxide-dependent, but ERf-independent, va-
sodilatory property in muscle arterioles. The benefits to muscle blood flow would however be dependent on the
impact of its effects on other vascular beds.

Abbreviations. NOS3 (eNOS), endothelium nitric oxide synthase; ER, endothelial growth factor receptor2; PBS, phosphate buffered saline;

estrogen receptor; uPA, urokinase; SCID, severe combined immunodefi- GTP, Guanosine-5-triphosphate; ¢cGMP, cyclic guanosine monophos-
ciency; PCR, polymerase chain reaction; qPCR, real time PCR; HCAEC, phate; sGC, soluble guanylyl cyclase; PKG, protein kinase G or cGMP-
human coronary artery endothelial cell; mRNA, messenger ribonucleic dependent protein kinase

acid; VEGFA, vascular endothelial growth factor A; VEGFR2, vascular
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1. Introduction

Ecdysteroids are polyhydroxylated ketosteroids that are abundant in
plants as phytoecdysteroids (Dinan,1995, 2001; Schmelz et al.,2000)
and serve as molting hormones in insects (Gorelick-Feldman et al.,
2010; Slama and Lafont, 1995). Our knowledge of their role in
the latter has in fact been enriched by their availability from plant
sources (Dinan, 2001). Interests in these compounds have grown in
recent years because of reported anabolic and favorable metabolic
potentials in mammals, including humans (Dinan and Lafont, 2006;
Gorelick-Feldman et al., 2008; Syrov and Kurmukov, 1976; Syrov, 2000;
Téth, 2008), which have made them attractive to fitness enthusiasts and
athletes. One other selling point for these compounds is the absence
of concomitant androgenic effects (Zwetsloot et al., 2014), consistent
with their lack of binding affinity for the androgen receptor (Gorelick-
Feldman et al., 2008). For these reasons, supplements containing these
compounds are especially popular among recreational and elite athletes
(Syrov, 2000) who crave to improve or maintain their fitness levels. The
most studied of the ecdysteroids is 20-hydroxyecdysone, which has an-
abolic effects often at high doses (Todorov et al., 2000; Parr et al., 2015;
Isenmann et al., 2019) and was added to the world anti-doping agency
monitoring programme (World Anti-Doping Agency, 2020) in 2020.

The muscle’s ability to maintain adequate blood flow during physi-
cal activity is essential to its performance. This ability depends on both
cardiac output and local vascular resistance. The latter is decreased
by vasodilation, which is enhanced by exercise training in humans
(Green et al., 1994; Hickner et al., 1997) and animals (Delp, 1998;
Lash and Bohlen, 1997) and can be modified by drugs to increase muscle
blood flow.

Although the mechanisms of its anabolic effects in mammals are un-
clear, 20-hydroxyecdysone has been reported to bind to estrogen recep-
tor beta (ER-p) at concentrations as little as 10 nM (Parr et al., 2014).
Since estrogen receptors are vasodilatory and widely distributed in the
vasculature, 20-hydroxyecdysone, acting on these receptors would po-
tentially cause vasodilation and increase blood flow. Such an effect on
skeletal muscle circulation could have huge implications for athletic per-
formance, especially in endurance sports. To our knowledge, the direct
effect of this widely consumed, supplement-derived compound on mus-
cle circulation has not been reported. Here we describe both its direct
effect on muscle vasculature and the mechanism of such effect.

2. Materials and methods
2.1. Reagent and chemicals

20-Hydroxyecdysone, Nw-Nitro-L-arginine methyl ester hydrochlo-
ride (L-NAME), indomethacin, Noradrenaline hydrochloride, RIPA
buffer, Isopropanol, and chloroform were obtained from Sigma Aldrich
(Darmstadt, Germany). 17p-estradiol, ICI 182, 780 and PHTPP were
from Tocris Bioscience (UK). Ethanol was from Ciba-Chem (Basel,
Switzerland), Phosphate Buffered Saline (PBS) from Gibco (Waltham,
Massachusetts, United States), and DEPC water and TRIzol reagent
were from Ambion (Austin, Texas, United States). GeneChip WT PLUS
Reagent Kit & High-Capacity cDNA Reverse Transcription kit were
from Applied Biosystems (Foster City, California, United States). g-actin
Primer Assays and ABI SYBR Green master mix were all obtained from
Qiagen (Hilden, Germany). Human Coronary Artery Endothelial Cells
(HCAECs) and Endothelial Cell Growth Media and supplement pack
were obtained from Promocell (Heidelberg, Germany) while attachment
factor was obtained from Gibco. SeeBlue plus2 protein standard marker
was obtained from Invitrogen, mouse monoclonal anti-eNOS antibody
(M221) was from Abcam and eNOS QuantiTect primer assay was ob-
tained from Qiagen.

Stock solutions were prepared in water (Noradrenaline and L-
NAME), ethanol (20-hydroxyecdysone and PHTPP) or DMSO (g-
estradiol, ICI 182,780 and Indomethacin) and diluted in physiologi-
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cal salt solution, with final solvent concentration not exceeding 0.1 %.
Under these conditions, the solvents had no discernible effects on re-
sponses.

2.2. Animal studies

uPA (+/+)-SCID mice, which were transplanted with primary hu-
man hepatocytes (chimeric mice) as previously described (Mercer et al.,
2001) at KMT Hepatech Inc. (Edmonton, Canada) were used for in
vivo experiments. All experiments with these animals were carried
out at KMT Hepatech Inc. as per approval of the National Laboratory
Ethics Committee (ECD06/09). KMT Hepatech is a production facil-
ity of PhoenixBio Group, which utilizes its proprietary platform tech-
nology of small animal model of chimeric mouse with highly human-
ized liver (>70% of the liver replaced with human hepatocytes), to
provide services (https://kmthepatech.com/). Prior to administration
of 20-hydroxyecdysone, human albumin concentration in each mouse
plasma was determined and those with elevated human albumin, as a
marker of successful human hepatocyte transplantation, were treated
with daily doses of either 20-hydroxyecdysone (0.2 mg, n = 4) or ve-
hicle (5% ethanol/PBS, n = 4) as previously described (Kraiem et al.,
2021). 20-hydroxyecdysone was administered by oral gavage on days
0, 1 and 2 of the experiment. The animals were sacrificed on day 4 by
Schedule 1 protocol and their livers harvested at the facilities of KMT
Hepatech, flash frozen and shipped to the lab in Qatar for analysis.

2.3. Assessment of muscle and mesenteric arteriolar reactivity by wire
myography

2.3.1. Vessel preparation

Arterioles were isolated from samples of abdominal muscle and
mesentery obtained from male sheep, which were euthanized at a
government-licensed abattoir in Doha, and therefore no further ethics
approval was required for tissue collection (Bashraheel, et al., 2019).
The samples were quickly collected after euthanasia and transported
in normal physiological salt solution (PSS) to the laboratory. The PSS
contained (in mM): NaCl 112, KCl 5, CaCl2 1.8, MgCI2 1, NaHCO3
25, KH2PO3 0.5, NaH2PO3 0.5, and glucose 10 and gassed with 95%
02/5% CO2 to pH 7.4. The arterioles were cut into segments (2 mm
long) and mounted on wires in isometric myographs (510A JP Trad-
ing, Denmark) filled with PSS. The segments were pre-tensioned to an
equivalent of 100 mmHg and continuously aerated at 37°C. The nor-
malized luminal diameter of each segment was obtained automatically
according to manufacturer’s instructions and as described previously
(Bashraheel, et al., 2019; Orie et al., 2006), and averaged 247.92 +
10.21 pm (n = 42) in muscle arterioles and 325.71 + 12.45 ym (n = 22)
in mesenteric arterioles. An equilibration period of at least 1 h was al-
lowed during which the segments were contracted with potassium chlo-
ride (KCl, 90 mM) to test for viability and noradrenaline (NA, 10-100
uM) to optimize tissue response.

2.3.2. Experimental protocol

Following equilibration period, the arterioles were precontracted
with 10 uM noradrenaline, which produced 75-80 % of maximum con-
traction in both arterioles, to build a stable tone. Thereafter, graded
concentrations of 20-hydroxyecdysone or f-estradiol were added cu-
mulatively starting from the least concentration and changes in tone
recorded. To determine whether nitric oxide synthase (NOS), cyclooxy-
genase (COX) or estrogen receptor-beta (ER-$) played any roles in the
effects of these compounds, experiments were repeated in the presence
of Nw-Nitro-L-arginine methyl ester (L-NAME, 100 uM, NOS inhibitor),
indomethacin (10 pM, COX inhibitor), PHTPP (1 uM, ER-g blocker) or
ICI 182, 780 (1 pM, ER blocker). The enzyme inhibitors and recep-
tor blockers were added at least 30 mins before the addition of nora-
drenaline. Changes in tone were recorded with Power Lab 4/26 data ac-
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quisition system and LabChart software (DMT-ADinstruments) and were
expressed as the percentage of the initial tone due to noradrenaline.

2.4. Gene expression analysis

2.4.1. RNA extraction and cDNA synthesis

The liver tissues were ground to fine powder with the help of liquid
nitrogen and TRIzol reagent (Invitrogen) added to disrupt the cells and
ensure complete lysis. RNA was then precipitated with isopropanol and
washed with 70% ethanol. RNA quality was checked using two meth-
ods; NanoDrop (Thermo Scientific) and Bioanalyzer (Agilent) and RNA
Integrity Number (RIN) of greater than 6.0 was considered acceptable.
cDNA was synthesized using first strand cDNA synthesis kit (Qiagen)
and later used to confirm the chimeric phenotype by real time PCR ex-
pression of human (3-actin.

2.4.2. Transcriptome analysis

Whole Transcriptome expression analysis was carried out on the liver
tissue samples using GeneChip WT PLUS Reagent Kit (Thermo Fisher).
100 ng RNA was used to synthesize the first and second strand cDNA
respectively. This was followed by overnight in vitro transcription for
the synthesis and amplification of cRNA (complimentary RNA). cRNA
was then purified using magnetic beads and quantified using the Nan-
oDrop. 15 ug of purified cRNA was used as input for the synthesis of 2nd
cycle ss-cDNA (single stranded complimentary DNA) followed by RNA
hydrolysis and removal by RNase H enzyme. The ss-cDNA was then pu-
rified and quantified using the NanoDrop and 5 pg was used as input
for the fragmentation and the terminal labelling reactions. Finally, the
labelled fragments of the ss-cDNA were hybridized to the human tran-
scriptome array (Clariom™ S Assay HT- Thermo Fisher) as per manu-
facturer instructions on the GeneTitan instrument (Thermo Fisher) for
the automated staining and washing processes.

2.4.3. Real time PCR (qPCR) analysis

qPCR analysis was performed on Human Coronary Artery Endothe-
lial Cells (HCAECs) to validate the effect of 20-hydroxyecdysone on
the expression of NOS3. Cells were starved for 24 hours and then
treated with different concentrations of 20-hydroxyecdysone (0.1nm,
1nm, 10nm, 100nm and 1um) for 24 hours. RNA was extracted, and
reverse transcribed to cDNA and used for detection of NOS3 using RT2
First Strand Kit (Qiagen) in accordance with manufacturer recommen-
dations.

2.4.4. NOS3 protein expression analysis

NOS3 protein expression analysis was performed on Human Coro-
nary Artery Endothelial Cells (HCAECs) for the detection of NOS3 pro-
tein. Cells were starved for 24 hours and then treated with different
concentrations of 20-hydroxyecdysone (0.1nm, 1nm, 10nm, 100nm and
1um) for 24 hours. Thereafter, cells were lysed in RIPA buffer (Sigma)
and total protein extracted and analyzed by western blot for NOS3 pro-
tein expression using anti-NOS3 antibody (Abcam [M221] ab76198).
The amount of NOS3 protein was normalized to g-tubulin in the same
sample.

2.5. Statistical Analysis

Data generated with myographs are expressed as mean + SEM and
were analyzed using GraphPad prism (version 6.02, GraphPad Inc.
La Jolla, Ca. USA) software. Agonist concentration-response curves
were constructed on log scale and data fitted using the sigmoidal fit-
ting routine. Significant effects were determined using 1-way or 2-way
ANOVA with Bonferroni test. Significance was defined as p<0.05. and
“n” = number of samples or experiments.

Transcriptome data were analyzed using TAC 4.0 software compar-
ing the 20-hydroxyecdysone treated group with vehicle treated group.
Expression Analysis Settings used were Gene-Level Fold Change < -1 or
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> 1, p < 0.05, ANOVA Method. QPCR data were analyzed by compara-
tive CT method and expressed as 2A-CT.

3. Results

3.1. 20-hydroxyecdysone-induced relaxation in muscle and mesenteric
arterioles

20-hydroxyecdysone induced dose-dependent relaxation in both
muscle and mesenteric arterioles with no significant difference be-
tween the curves (Fig. 1A). The maximum relaxation recorded in both
arterioles were 46.94+5.84% and 56.88+7.04% respectively, but the
difference was not statistically significant. A typical recording of 20-
hydroxyecdysone-induced relaxation in the muscle arterioles is shown
in Fig. 1B.

3.2. Role of NOS in 20-hydroxyecdysone-induced relaxation in muscle
arterioles

To determine whether nitric oxide or prostanoids played any part in
the relaxation induced by 20-hydroxyecdysone in these arterioles, ex-
periments were repeated in the presence of the NOS inhibitor, L-NAME
(100 puM) or COX inhibitor, indomethacin (10 pM). The relaxation was
significantly reduced by L-NAME (Fig. 2A, p < 0,001 between the curves,
2-Way ANOVA, n = 12) but not by indomethacin (Fig. 2B, n = 5).

3.3. Role of estrogen receptor-beta (ER-p) in 20-hydroxyecdysone-induced
relaxation in muscle arterioles

Since 20-hydroxyecdysone is reported to have an affinity for estro-
gen receptor-f (ER-p) (Parr et al., 2014) and it is the subtype most abun-
dantly expressed in the vasculature (Gustafsson, 2000), its role in the va-
sodilation induced by 20-hydroxyecdysone was investigated. The pres-
ence of neither the selective ER-# blocker, PHTPP (1 uM, Fig. 3A) nor
the more general ER-a/f blocker, ICI 182, 780 (1 uM, Fig. 3B) had any
effect on 20-hydroxyecdysone -induced relaxation in these arterioles.

3.4. p-estradiol-induced relaxation in both muscle and mesenteric arterioles

p-estradiol like 20-hydroxyecdysone induced relaxation in both mus-
cle and mesenteric arterioles (Figure 4A). Similarly, the presence of L-
NAME (100 uM, NOS inhibitor) significantly attenuated the relaxation,
with the curve significantly shifted to the right (p<0.01, 2-Way ANOVA,
Figure 4B).

3.5. 20-hydroxyecdysone-induced changes in hepatic transcriptome

Transcriptome analysis of the humanized liver tissues revealed sev-
eral differentially expressed genes. To interpret the data, pathway anal-
ysis (PA) or functional enrichment analysis, was done. PA allows for
easier detection of related genes that may be differentially expressed
in the treatment group, when compared to the control group (Garcia-
Campos et al., 2015). Initial PA found significant hits in the Vascular
endothelial growth factor A - Vascular endothelial growth factor recep-
tor2 (VEGFA-VEGFR2) signaling pathway. Of these, 34 (0.17%) passed
filtering criteria, with 12 (35%) of these up-regulated and 22 (65%)
down-regulated in the 20-hydroxyecdysone-treated group, compared
with the control (Fig. 5A and B). Several genes involved in endothe-
lial cell survival, migration and angiogenesis were flagged (Fig. 5C).
Notably, NOS3 was significantly upregulated in this pathway in the 20-
hydroxyecdysone -treated group (Fig. 5C p = 0.04).

3.6. Validation of 20-hydroxyecdysone-induced NOS expression in Human
Coronary Artery Endothelial Cells (HCAECs)

To validate the effect of 20-hydroxyecdysone on NOS3 expres-
sion seen in the transcriptome analysis, QPCR of NOS3 mRNA was
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Fig. 1. 20-hydroxyecdysone-induced relaxation in
muscle and mesenteric arterioles. (A) Concentration-
relaxation curves for 20-hydroxyecdysone in muscle
and mesenteric arterioles. Both curves were statis-
tically comparable. (B) Typical recording of control
(vehicle) tone vs. 20-hydroxyecdysone-induced relax-
ation in muscle arteriole. Vessels were pre-contracted
with 10 pM noradrenaline and 20-hydroxyecdysone
added in a cumulative fashion once the contraction had
plateaued. Curves were compared by 2-Way ANOVA
with Bonferroni test.
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Fig. 2. Effect of NOS and COX inhibition on 20-hydroxyecdysone-induced relaxation in muscle arterioles. (A) Concentration-relaxation curves for 20-
hydroxyecdysone in the absence and presence of 100 uM LNAME (NOS inhibitor). L-NAME caused a rightward shift in the curve (p<0.001). (B) Concentration-
relaxation curves for 20-hydroxyecdysone in the absence and presence of 10 uM indomethacin (COX inhibitor). Indomethacin did not alter the relaxation curve.
Curves were compared by 2-way ANOVA with Bonferroni test. ***p<0.001 compared with control responses
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Fig. 3. Effect of blocking estrogen receptors (ERs) on 20-hydroxyecdysone-induced relaxation in muscle arterioles. (A) Concentration-relaxation curves for 20-
hydroxyecdysone in the absence and presence of 1 uM PHTPP (selective ER-f blocker). (B) Concentration-relaxation curves for 20-hydroxyecdysone in in the absence
and presence of 1 uM ICI 182, 780 (ER-a/p blocker). 20-hydroxyecdysone relaxation curves were unchanged under these conditions. Curves were compared by 2-way

ANOVA with Bonferroni test.
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with control responses

carried out in HCAECs treated with different concentrations of 20-
hydroxyecdysone. NOS3 mRNA was increased at concentrations of 1-
1000 nM of 20-hydroxyecdysone compared with the untreated control
(p < 0.001, 1-way ANOVA, Fig. 6A). NOS3 protein was also increased
in these cells, compared with the untreated control (p<0.001, 1-way
ANOVA, Fig. 6B and C). At 1nM there was a 39% increase in protein
expression, peaking at 68% in cells treated with 100 nM of the com-
pound compared with untreated control (p < 0.001 Bonferroni). Images
of the original western blots from which these figures were derived are
shown in Supplementary Fig. 1. However, no further increase in protein
expression was detected at 1000 nM, with an optimal dose for NOS3
induction at around 10 nM.

4. Discussion

The data clearly demonstrates that 20-hydroxyecdysone dilates
muscle but also mesenteric arterioles. Remarkably, vasodilation was
recorded at concentration as low as 1 nM, much lower than had
been previously reported for its anabolic effect (Todorov et al., 2000;
Parr et al, 2015; Isenmann et al, 2019). This suggests that 20-
hydroxyecdysone at doses too small to increase muscle size, can po-
tentially increase muscle blood flow and by so doing enhance muscle
performance. To our knowledge, this is the first report of the vasodila-
tory activity of 20-hydroxyecdysone in muscle arterioles.

The data also show that this effect was nitric oxide-dependent,
consistent with the rightward shift in the relaxation curve when

NOS was inhibited, which confirmed 20-hydroxyecdysone’s ability to
activate NOS3 and enhance NO production (Korkach et al., 2007;
Omanakuttan et al., 2016). More so, 20-hydroxyecdysone increased
NOS3 mRNA and protein in human coronary arterial endothelial cells
(HCAECs) and NOS3 mRNA in humanized liver tissues. Although the in-
creases in NOS3 mRNA and protein observed in HCAECs and humanized
liver do not directly explain the acute vasodilatory effect, they can be
linked to the transcriptional changes associated with the acute signaling
pathways responsible for the activation of NOS3 activity (Menazza and
Murphy, 2016). Both NOS3 activity as demonstrated with L-NAME in
intact arterioles and its enhanced expression observed in HCAECS and
humanized liver unequivocally show that 20-hydroxyecdysone specifi-
cally targets the NOS3 pathway in its vascular actions. NOS3 synthesizes
NO from L-arginine in the endothelial cells. NO diffuses into adjacent
vascular smooth muscle cells where it activates soluble guanylyl cyclase
(sGQC) to catalyze the dephosphorylation of GTP to cyclic GMP (cGMP).
Cyclic GMP then activates cGMP-dependent kinase (PKG), which among
other effects, activates the large-conductance Ca2+-activated potassium
(K+) channels leading to K+ efflux, hyperpolarization and relaxation
(Moncada et al., 1991).

Although the relaxation recorded for pg-estradiol in these arteri-
oles was comparable to that of 20-hydroxyecdysone, we could not
confirm the activation of estrogen ER-p receptor in the actions of
both compounds. Therefore, our hypothesis that 20-hydroxyecdysone
would induce vasodilation by activating this receptor was not proven.
The hypothesis had been based on the reported strong affinity of
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Fig. 5. Differentially expressed genes of the VEGFA-VEGFR2 Signaling pathway in the humanized liver of uPA(+/+)-SCID mice treated with 20-hydroxyecdysone .
A. Volcano plot of genes altered by 20-hydroxyecdysone treatment. B. Table of the differentially expressed genes. C. Effect of 20-hydroxyecdysone on the expression
of the VEGFA-VEGFR2 signaling pathway components. NOS3 (circled) was significantly upregulated.in the transcriptome. The red and blue colors represent over
and under representation of the gene respectively in the treatment group compared with control. Pathway analysis was conducted using TAC 4.0 software.

20-hydroxyecdysone for ER-p (Parr et al., 2015; Isenmann et al.,
2019), which is the predominant isoform expressed in blood vessels
(Gustafsson, 2000) and abundantly expressed in these arterioles. The
lack of effect of ICI 182,780, which is known to block both classical es-
trogen receptors (ERa and ERp), suggests both classical receptors are
unlikely mediators of 20-hydroxyecdysone relaxation in these arteri-
oles. Paradoxically, ICI 182,780 is an agonist on the more recently de-
scribed G-protein coupled estrogen receptor (GPER, Menazza and Mur-
phy, 2016) which can mediate 17-p-estradiol -induced vasorelaxation
via the release of nitric oxide (Lindsey et al., 2014). It is therefore not

entirely surprising that ICI 182, 780 did not block g-estradiol -induced
relaxation in the muscle arterioles in this study. Moreover, ICI 182, 780
did not block estrogen-induced vasorelaxation in either canine coronary
or small rat arteries (Sudhir et al., 1995; Shaw et al., 2000; Scott et al.,
2007; Meyer et al., 2010). Interestingly however, the relaxation curves
for both 20-hydroxyecdysone and estrogen were comparable, although
the similarity may be related to the ability of both compounds to ac-
tivate NOS3 and release NO (Zhu et al., 2002). Additional studies are
required to determine whether both share the same vascular receptor
mechanisms.
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Fig. 6. Effect of 20-hydroxyecdysone on expression of NOS3 in HCAECs. Cultured HCAECs were exposed to 5 concentrations of 20-hydroxyecdysone (0.1, 1, 10, 100
and 1000 nM) for 24 hours and NO3 mRNA was analyzed by qPCR and protein expression by western blot. (A) mRNA expressions in response to graded concentrations
of 20-hydroxyecdysone. NOS3 mRNA was significantly increased by 20-hydroxyecdysone (p<0.001). (B) Blot showing NOS3 and g-tubulin proteins in each sample.
Whole blots for 3 repeats are shown in supplementary Fig. 1. (C) NOS3 protein expression normalized to g-tubulin expression in each sample. NOS3 protein was
significantly increased by 20-hydroxyecdysone (p<0.001). Dose effects were compared by 1-way ANOVA with Bonferroni test. **p<0.01, ***p<0.001 compared with

vehicle alone control.

5. Conclusion

20-hydroxyecdysone dilates muscle arterioles at concentrations
lower than required to demonstrate their anabolic effects. The mech-
anism is nitric oxide-dependent. Notably it causes elevation in NOS3
mRNA and protein in human coronary artery endothelial cells. The re-
ceptor mechanism could not be determined from the current data but did
not appear to involve the activation of estrogen ER-p receptor contrary
to our hypothesis and its reported affinity for this receptor. The effect
was also not specific to muscle arterioles as it also dilated mesenteric
arterioles comparably. Whether the nonspecific activity would impact
negatively on the potential to increase muscle blood flow would require
further investigation.
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