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Background. Experimental evidence
suggests a relationship between the

vasodilatory effect of hCG and the NOS system in the
testis. The influence of hCG administration on testicular
vascular NOS gene expression has not been fully investi-
gated. Objective: This study aimed to evaluate the pres-
ence of the nitric oxide syntheses gene in ram testicular
arteries and the influence of hCG administration on its
expression. 
Materials and methods: Both testicular arteries of sixteen
rams were extracted before and after  i.v. administration
of 5000 IU of hCG or placebo. The expression of the
iNOS gene was investigated by real time PCR. Data were
analyzed by means of Wilcoxon and Mann-Whitney
tests. A p value of < 0.05 was considered statistically sig-
nificant. 
Results: PCR revealed the presence of iNOS mRNA in all
basal samples but the expression of the iNOS gene was
significantly  reduced in all arteries obtained 24 h after
the administration of either hCG or placebo. A signifi-
cant reduction in the expression of iNOS gene  was
observed in the testicular arteries extracted after 24 h in
both treated and placebo groups. On the other hand hCG
stimulation did not significantly influence iNOS expres-
sion following its administration compared to a placebo. 
Conclusion: Ram testicular arteries express the iNOS
gene but hCG stimulation did not significantly influence
iNOS expression. A significant reduction in the expres-
sion of this gene was observed in the testicular arteries
extracted after 24 h in both treated and placebo groups,
suggesting that iNOS expression on the testicular artery
could be influenced by the spermatic vessel ligation of the
controlateral testis.
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INTRODUCTION
Gonadotrophin treatment is capable of increasing intrat-
esticular blood flow (1-3). Several mechanisms are
described in the literature for explaining hCG induced
vasodilatation in the testicular arteries (4). hCG was
found to increase the expression of angiogenic factors
such as vascular endothelial growth factor (VEGF) and
angiopoietin 2 (ang2) (5, 6). hcG was also found to
induce an inflammation-like response via a local increase
of pro-inflammatory cytokines such as IL1 by the Leydig
cells (7, 8). Several authors have suggested that the nitric
oxide syntheses (NOS) system may play a pivotal role in
increasing testicular blood flow after hCG administration
(9). Under basal conditions, the vasodilatory effect of
NO resulted of limited importance in the testis than in
other tissues but, after hCG treatment, NOS activity was
found to be increased, suggesting that the increase in tes-
ticular blood flow observed in hormonally stimulated
testis could be related to an increase in testicular NO
synthesis (9). Although several studies have suggested a
strong relationship between the vasodilatory effect of
hCG and the activity of the NOS system, the influence of
hCG administration on testicular vascular NOS gene
expression has not been fully investigated.
The aim of this study was to evaluate the influence of
exogenous hCG administration on iNOS expression in
the ram testicular vasculature. 

MATERIAL AND METHODS
Testicular arteries were collected from 16 rams aged 4 to 6
years and weighing between 60 and 90 kg using an
approach approved by the local ethical committee, in
accordance with the National Research Council's (NRC)
publication (10). Rams were randomly allocated into two
groups: eight animals received 5000 IU of hCG i.v.
(Corulon, INTERVET, Italy), eight rams (control group),
received an i.v. injection of placebo. Before surgery, seda-
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tion of the rams was achieved by means of an i.v. adminis-
tration of 0.1 ml/20kg of Xilazina cloridrato 2% (Rompum,
Bayer AG, Germany) combined with an i.m. injection of
0.44 mg/10 kg of Atropina solfato (ATI, Italy) and of 0.04
ml/10 kg of Butorfanolo (Dolorex, INTERVET, Italy).
The spermatic funiculus was isolated after a longitudinal
incision of the skin and the testicular arteries were iso-
lated and extracted from the right testis (Figure 1). 
Arteries of the opposite testis were isolated and extracted
from the same rams, 24 hours (h) after the administra-
tion of hCG or placebo. The vascular samples obtained
were immediately incubated in tubes containing 3 ml of
Trizol Reagent (INVITROGEN, San Giuliano Milanese,
Milano, Italy) and stored at -80°C until the examination.
Total RNA was isolated from the tissue according to the
manufacturer's instructions. Phenol-phase separation
was performed with gel-phase tube (Eppendendorf) in
order to prevent protein contamination of the RNA. RNA
was then dissolved in 20 µl of RNase-free water and
exposed to 55°C for 5 min to increase solubility. The
RNA concentration was determined at 260 nm with a
plate-reading spectrophotometer. For the cDNA synthe-
sis, a mixture of 0.5 µg of total RNA and 0.25 µg Oligo
dT (INVITROGEN) per sample was subjected to 65°C for
5 min to promote primer annealing. A volume of 20 µl
of RT reaction solution containing 200 U of Moloney
murine leukimia virus reverse transcriptase and 8 µl of
RT master mix composed of 1× RT buffer, 25 mM dTT
and 1.25 mM dNTP was incubated at 37°C for 70 min.
The quantity iNOS gene mRNA expression was evaluat-
ed by the ABI 7700TM quantitative real time PCR system
(Applied Biosystems, Warrington, UK) and compared to the
Ovis aries housekeeping β Actin gene. The MGB probes
used for quantification of the targets and endogenous
controls were designed according to the TaqMan tech-
nology (Applied Byosistems) employing the Primer Express
(Applied Biosystems) computer software using published
gene sequences. The fluorescent signal from the dye 6-
carboxyfluorescein (6-FAM) at the 5' end of the probe
was quenched by another fluorochrome, VIC, at the 3'
end. The quenching effect terminated as the probe was
cleaved due to the 5' exonuclease activity of the amplitaq
Gold (Applied Biosystems) enzyme and a fluorescent sig-
nal was emitted. The emittance resulted proportional to
the amount of amplified product, until it reached the lag
phase of the PCR. A threshold value set above the base-
line reflected the average change in emittance during the
first PCR cycles. The real-time PCR reactions were per-
formed on plates using adhesive seals as covers. To quan-
tify the mRNA levels we used a relative standard curve
method in which the untreated control was used as an

appropriate calibrator. The sequences of the primers and
probe are shown in Table 1. Each sample contained: 3 μl
of cDNA, Taqman Universal PCR Master Mix (12.5 μl),
β Actin primers 900 nM and probe 200 nM, iNOS
primers 900 nM and probe 200 nM and RNAse-free
water to a volume of 25 μl. Amplification was performed
for 10 min at 95°C, 45 cycles of 15 seconds at 95°C, 60
seconds at 60°C. Gene expression levels were calculated
using standard curves generated by serial dilutions of
cDNA. A strong correlation between PCR efficiency of
the internal control (β Actin) and the target allowed the
use of the ∆∆Ct-method (Applied Biosystems) to quantify
comparable mRNA levels (11). Three independent analy-
ses were performed with replicates. Data were analyzed
by means of Wilcoxon and Mann-Whitney tests and a
p value of < 0.05 was considered statistically significant.
Results were expressed as means + standard deviation.

RESULTS
The real time PCR revealed the expression of iNOS
mRNA in samples obtained from all the 16 rams, with-
out surgical complications. 
The descriptive statistics of the data are reported in Table 2.

Figure 1. 
Testicular artery isolated and extracted 

from the spermatic funiculum of the ram.

PRIMERS β ACTIN PRIMERS iNOS

FW: TCAAGATCATCGCGCCC Rev: GCCGCCAATCCACACG
FW: CAACATCAGGTCGGCCATC Rev: AGTCATGCTTCCCATCGCT

PROBE β ACTIN MGB (VIC): PROBE INOS MGB (FAM): 
CTGAGCGCAAGTAC CGTGTTCCCCCAGC

Table 1. 
Quantitative real time PCR system. Sequences of the primers

and probe used to evaluate iNOS gene mRNA expression.

N Mean Std. Deviation Minimum Maximum Percentiles
25th 50th median) 75th

Basal 1 8 1.00 0.000 1.00 1.00 1.00 1.00 1.00
24h trattati 8 0.34 0,39 0.01 1.08 0.05 0.13 0.68
24h placebo 8 0.36 0.28 0.03 0.81 0.13 0.28 0.66

Table 1. 
Descriptive Statistics: The mean and median iNOS mRNA expression 

in the arteries extracted after 24 h in both the treated and placebo groups
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The mean and median iNOS mRNA expression in the
arteries extracted after 24 h in both the treated and place-
bo groups were reduced compared to the basal samples.
Moreover the mean and median in the group exposed to 24
hours of treatment were lower than those in the group
exposed to 24 hours of placebo. The Wilcoxon rank test
was performed to evaluate differences both between basal
versus 24 h treated samples and basal versus 24 h placebo.
We found a significant (p < 0.05) decrease in the iNOS
mRNA expression in the arteries extracted after 24 h both
when we compared basal versus 24 h treated samples (p =
0.017) and basal versus 24 h placebo samples (p = 0.012).
The Mann-Whitney test was performed to evaluate differ-
ences between treated and controls after 24 h, and no sig-
nificant difference was found (p > 0.05). 

DISCUSSION
The study demonstrates that the iNOS gene is expressed
in the testicular artery of the ram
and that iNOS activity is not influenced by i.v. adminis-
tration of hCG. In fact the effects on iNOS gene expres-
sion observed after 24 h in the hCG group did not differ
from that observed in the placebo group (Figure 2).
Several reports have been published concerning the role
of the NOS system in the male reproductive tract (12-

14). NO was found to be of importance for sperm qual-
ity and sperm fertilization potential (15-18) and to influ-
ence the testicular vascular relaxation by increasing
cGMP levels (12). However, under basal condition, in
the unstimulated intact testis only low levels of NOS
activity have been detected (21, 22). Accordingly the
vasoconstrictor response to L-NAME NOS inhibition is
weak (5) and acetylcholine does not increase testicular
blood flow (19, 20). 
Conversely, experimental evidence suggests that, after
hormonal stimulation, the NOS system could play a role
in the regulation of the testicular vascular system since
the intensity of NADPH staining of the testicular artery,
known to be directly correlated with the NOS activity,
was found to increase after hCG treatment (9, 23, 24).
Furthermore treatment with L-NAME NOS was found to
increase vascular resistance in the testis after stimulation
with hCG (9). Notably we did not observe any difference
in the iNOS gene expression of the testicular artery
extracted 24 h after hCG administration, compared with
the placebo group (means 0.36 + 0.28 and 0.29 + 0.23
respectively) (Figure 2). 
These findings suggest that hCG treatment does not have
a direct effect on iNOS activity in the testicular artery but
the effects on testicular blood flow could be mediated by
other factors. Several reports could support this discrepan-
cy. Firstly, hCG treatment is known to induce an increase
in testicular blood flow, but this effect is not observed in
Leydig cell-depleted animals, suggesting that the effect on
blood flow is mediated by the increase in sex steroid secre-
tion via stimulation of the Leydig cells (2). 
Secondly, studies have reported that hCG treatment results
in local secretion within the testis of potent vasoconstric-
tors such as serotonin and endothelin-1 and that the
increase in NO synthesis occurs to balance the effects of
such local vasoconstrictors (25, 26). Moreover, other
authors have speculated upon the presence of a perme-
ability-inhibiting factor in testicular microvessels that is
down regulated by hCG (7, 27). 
Finally, hCG was found to increase the expression of
angiogenic factors such as VEGF (6) and the ang2, which
are associated with an increase in vascular permeability
(5, 6). In a previous report we demonstrated the pres-
ence of Thromboxane A2 (TXA2) receptors, known as
TPα receptor, in the testicular artery of the ram. In addi-
tion, our results showed that TPα receptor gene expres-
sion was completely suppressed in all samples 24 hours
after i.v. administration of 5000 IU of hCG, suggesting
that a down regulation of TXA2 activity could be an
additional mechanism explaining the vasodilatory effect
of hCG in the testis (28).
This study support the hypothesis that the testicular vas-
cular relaxation observed after hCG administration is not
related to a direct effect of hCG on the testicular NOS sys-
tem, but could be mediated by the up and down regula-
tion of the inhibiting and stimulating factors described
above. Unexpectedly, a significant reduction in iNOS gene
expression was observed in the testicular arteries extract-
ed after 24 h in both groups (Figure 3), suggesting that the
decrease in iNOS activity could be related to the spermat-
ic vessel ligation of the contralateral testis. 
Only a limited number of studies have reported the effect
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Figure 2. 
iNOS mRNA expression in arteries obtained 

after 24 hours from the hCG and placebo groups.

Figure 3. 
iNOS mRNA expression  before and 24 hours 
after the administration of hCG or placebo.
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of spermatic vessel ligation (named Fowler-Stephens
maneuver) on iNOS expression and NO levels in the
ipsilateral and contralateral testis, although it is the most
popular method in the surgical management of high
testes (29-31). 
These studies showed an increase in NO levels and in
iNOS immunostaining in both testes, whereas moderate
iNOS immunostaining expression and germ cell apopto-
sis were observed in the contralateral testis 24 hours after
ligation (31). 
These findings are partially in agreement with the results
of the present study which point to potentially important
physiological implications of the NOS system in the
physiopathology of testicular germ cell apoptosis
observed after the Fowler Stephens maneuver. Moreover,
it may be supposed that an ipsilateral flow obstruction
(as it happens during testicular torsion) may cause a con-
tralateral vascular injury (32).

CONCLUSION
The ram testicular artery expresses the iNOS gene but its
expression and functional activity is not directly influ-
enced by hCG stimulation. Further investigations are
needed to confirm these results and to elucidate the
functional role and the mechanisms involved in the reg-
ulation of the testicular vascular NOS system.
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