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Introduction

Andropause, also referred to as late onset hypogonadism 
(LOH) in males, partial androgen deficiency of aging males 
(PADAM), or menopause of males, results from an imbalance 
in the concentrations of the steroid hormones, testosterone 

and estradiol. It is a process that begins gradually and over 
time results in both physiologic and psychologic changes.[1] In 
most men undergoing andropause, the hormonal changes are 
either an increase in the level of estradiol or a decrease in the 
level of testosterone, or both[2] – factors that are typical of the 
effect of biochemical castration – such that serum total, free, or 
bioavailable testosterone levels drop markedly.[3] Men undergo 
these hormonal alterations with age and this is worrisome as low 
testosterone levels are associated with pathologies like diabetes,[4] 
reduced bone and muscle mass,[5] impotence and impaired sexual 
function,[6] depression, lethargy, and decreased quality of life.[1]

O’Donnell et al.[7] reported that andropause affects 20% of 
males over 40 years of age. An earlier study had estimated that 
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Background: Andropause, a prevalent pathology of men, results from an imbalance in steroid 
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20% of males older than 60 years and 50% of men older than 
80 years have andropause.[8] Tariq et al.[9] reported that between 
3 and 5 million males in the United States are andropausal. 
Though such statistics are sparse or outrightly non-existent in 
Nigeria, it is clear that andropause is a serious and prevalent 
health care challenge of aging men.

It is, however, important to distinguish andropause due to aging 
itself from andropause due to an aggregation of the numerous 
conditions prevalent among, but not restricted to, older adults, 
called para-aging phenomena.[10] The usefulness of this distinction 
is that whereas aging is inexorable, para-aging phenomena open 
up vistas of possible preventive measures aimed at slowing down 
declines in the health of individuals as they age.[11]

Treatment options for andropause are limited, probably 
because andropause has only recently been discussed publicly 
and studied scientifically.[1] Testosterone replacement often 
by injection or topically has been used to treat andropause 
but raises concerns especially in men with latent cancer of 
the prostate or benign prostatic hyperplasia.[12] Given the 
global drive toward the discovery of food-based drugs for the 
management of ailments, this study evaluated the usefulness 
of the seeds of fluted pumpkin (Telfairia occidentalis  
Hook f.) in the inhibition of biochemical castration, the focal 
point in andropause pathogenesis, induced by the exogenous 
administration of steroid hormones, using the rat model.

Materials and Methods

Diet formulation
Mature fluted pumpkin fruits were sourced from a local market, 
Ahia Ndoru, in Abia state, Nigeria. The seeds were harvested 
from within the fruits, cleaned, and shelled manually. Good 
seeds (after careful sorting) were boiled for 1 hour in tap 
water, then dried in an oven at 40°C to a constant weight, and 
thereafter milled in a laboratory miller. A diet containing 15% 
of the boiled, oven-dried, and milled seeds and 75% normal 
rat chow was prepared. The diet was homogenized thoroughly 
and pelletized manually. The pellets were dried in an oven at 
40°C (to a constant weight) and thereafter cooled and stored 
in air-tight containers until they were used as test diet. Normal 
homogenized and manually pelletized, oven-dried rat chow 
was used as control diet in the relevant groups.

Rats
Twenty 1-month-old male Wistar rats were obtained from the 
Animal Breeding Unit of the Faculty of Veterinary Medicine, 
University of Nigeria, Nsukka. On arrival, the rats were 
acclimatized to our animal house for 1 week before being 
randomly assigned to four cages/groups. The rats were exposed 
to approximately 12-hour light/dark cycles under humid 
tropical conditions, given tap water and feed ad libitum, and 
housed in standard plastic cages (five per cage) throughout the 
28-day duration of the study.

Experimental design

Rats in the test group received 9 mg/kg body weight 
dihydrotestosterone (DHT) + 0.9 mg/kg body weight estradiol 
valerate as subcutaneous injections every other day for 28 days 
and were concomitantly placed on the test diet. Rats in the first 
control group (control I) were given the hormones akin to those 
in the test group, but received a normal diet in place of the test 
diet. Rats in the second control group (control II) received 
subcutaneous olive oil (vehicle) for the same period, and like the 
test group, were placed on the test diet. Rats in the third control 
group (control III) were treated like those in control II, but were 
placed on a normal diet. Rats in all the groups had mean weights 
that were statistically similar at the start of the study.

Determinations

After 28 days, the rats were anaesthetized by a brief exposure 
to trichloromethane vapor and bled by cardiac puncture. The 
sera were carefully separated and used for the determination 
of testosterone concentration. Each rat’s carcass was promptly 
dissected and the testes were carefully excised and freed of 
external fascias, washed in cold normal saline, blotted with 
filter paper, and weighed on a sensitive balance. The mean 
weight of both testes per rat was recorded. The relative weight 
of the testes was determined by dividing the mean weight of 
the rat testes with the whole body weight of the respective rat 
just before sacrifice.

A solid-phase enzyme immunoassay (EIA) quantitative method 
was employed for the determination of the concentration of 
testosterone in serum. The protocol was based on the method of 
Turkes et al.[13] and involved the competition of testosterone in 
serum and enzyme-labeled testosterone for binding with anti-
testosterone antibody immobilized on the microwell surface. 
After color development, the absorbances of the samples 
were read in a microwell reader and the concentration of 
testosterone in each sample was determined by extrapolation 
from a standard curve.

Testosterone relative to testes weight values was determined 
by dividing the concentration of testosterone per sample by 
the mean weight of the testes of the rat from which the serum 
sample was taken ab initio.

Data analysis

Data got from the study were subjected to descriptive statistics 
and the results presented as means±standard deviations in bar 
charts. Differences between means were separated by one-way 
analysis of variance (ANOVA), followed by post hoc multiple 
comparisons, with the least significant threshold employed at 
P≤0.05. Data analysis was done using the statistical software 
package SPSS for windows version 17.0 (SPSS Inc., Chicago, 
IL, USA).
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Results

The weights of the testes of rats that received the hormones 
(test and control I groups) were clearly smaller than those of 
the other control groups that did not receive the hormonal 
challenge [Figure 1]. The mean testes weight of the rats in 
the test group was significantly smaller than those of the rats 
in the control II (P<0.001) and control III (P<0.001) groups, 
but statistically similar to that of the rats in the contro I group 
(P=0.400). The relative testes weights of the rats followed 
the same trend [Figure 2], though the rats in the test group 
had a more obviously larger (albeit statistically insignificant 
(P=0.199)) relative testes weight compared to that of their 
counterparts in the control I group.

Figure 3 shows that the serum testosterone concentrations 
were copiously higher in the control II and control III groups 
(that did not receive the hormones) relative to the test and 
control I groups. The test diet resulted in rats in the test group 
having significantly higher (P=0.034) serum testosterone 
concentrations relative to the control I group. However, the 
serum testosterone concentrations of rats in the test group were 
still significantly lower than those of the control II (P<0.001) 
and control III (P<0.001) groups. In Figure 4, it is seen that 
the testosterone relative to testes weight values were clearly 
higher in the hormonally challenged groups, relative to their 

counterparts that were spared of the exogenous hormones. 
The test diet resulted in testosterone relative to testes weight 
values that were significantly higher than values from all 
the control groups (P=0.045 for control I; P<0.001 for both 
controls II and III).

Discussion

The seeds of T. occidentalis Hook f. have been shown to possess 
excellent nutritive potential and to support proper growth and 
nutrition in rats.[14] The choice of a 15% T. occidentalis dietary 
incorporation was reported by earlier studies showing that 
beyond 15% incorporation in the diet, the seeds resulted in 
significant hyperglycemia and lipid abnormalities.[15] Since 
medications should be available in quantities that are large 
enough to reverse a disorder or inhibit its onset, without 
resulting in adverse pathological conditions or undesirable 
side effects, the 15% level of incorporation was chosen for 
this study.

Exogenous estrogen administration resulted in a case of 
biochemical castration in rats in the test group and control 
I group. Intact rats remain sensitive to inhibition of pituitary 
function by estrogen.[16] The Leydig cells of the testes are 
known to produce testosterone as a result of stimulation by 
leutenizing hormone, a pituitary hormone. Dormancy of the 

Figure 1: Testes weights of rats in the different groups
Figure 2: Relative testes weights of the rats in the different groups

Figure 3: Testosterone concentration of rats in the different groups
Figure 4: Testosterone concentration relative to testes weights of the 
rats in the different groups
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testes results from a sustained inhibition of pituitary function, 
such that the testes atrophy. The production of biochemical 
castration is a known indirect effect of estrogen.[17,18]  
Administration of estradiol valerate in combination with 
DHT, therefore, led to biochemical castration in the rats 
and mimicked the situation observed in andropause, while 
maintaing serum concentrations of the reduced equivalent of 
testosterone, DHT, so as to sustain basic physiologic processes 
that require androgens, like the maintenance of heart beat.

The finding that the test diet was able to inhibit, albeit modestly, 
the biochemical castration as induced by exogenous estrogen 
administration, as seen in the modest increase in testes weights 
and relative testes weights of rats in the test group, relative to 
control I, is noteworthy. Apparently, certain phytochemical 
agents present in the seeds are able to interfere with estrogen 
inhibition of pituitary action or directly encourage tissue 
growth and differentiation in the testes. It is known that the 
regulation of testosterone production could be at the level 
of leutenizing hormone, cyclic adenosine monophosphate 
(cAMP), or any of the numerous mitochondrial and cytosolic 
proteins believed to play a role therein.[19] The suspected 
interference by agents in the seeds could be at any of these 
points and warrants further investigation.

The physiologic state of the testes can be assessed by 
their secretory capacity which in turn can be measured by 
determining the concentration of testosterone in serum. This 
follows from the premise that the Leydig cells of the testes 
have the primary function of biosynthesizing testosterone. [19] 
In fact it is known that any reduction in the concentration 
of androgens, androgen receptor expression, and androgen 
signaling results in decreased secretory activity of the testes 
and in apoptosis in the testicular epithelium.[20] For these 
reasons, the serum testosterone concentrations were measured 
as a surrogate assessment for testicular secretory function.

Interestingly, the test diet resulted in a higher concentration of 
testosterone in the serum of the test rats, relative to control I. 
This may be as a result of increased synthesis of testosterone 
due to an increased testicular mass or due to a reversal in 
the estrogen-induced negative feedback on the pituitary. The 
testosterone relative to testes weight index depicts the quantity 
of testosterone produced per gram of testicular tissue. The 
index shows that the testes of the rats that received exogenous 
hormones produced more testosterone per gram of tisssue, 
relative to their counterparts that did not receive the hormones. 
The test diet apparently caused an increase in this index for the 
test group such that its value was significantly higher than 
those of the three control groups. The increased concentration 
of testosterone produced per gram of testicular tissue may be 
due to a selective preservation of Leydig cells during testicular 
atrophy or as a result of increased biosynthetic activity of 
the testes under physiologic stress. It is also possible that the 
increased concentration of DHT (in the hormone treated rats) 
spared (by inhibition) the conversion of testosterone to DHT 

by the enzyme steroid 5α-reductase, such that  testosterone 
concentrations in the test group and control I were higher than 
those of their counterparts that did not receive the hormones. 
Though these are speculations, it is important to note that the 
test diet ensured an increased synthesis of testosterone per 
gram of testicular tissue in the test group, relative to (more 
importantly) the control I group.

Since andropause results in a drop in serum testosterone 
levels,[21] any treatment that improves the testosterone 
concentration directly or indirectly (by increasing 
hypothalamic–pituitary responsiveness, testicular mass, 
and secretory activity) would be useful in ameliorating the 
negative effects of the debilitating disorder. This is the major 
merit of this study. Though the diet was not able to restore the 
testes weights and serum testosterone concentrations of rats 
in the test group to levels found in the control groups that did 
not receive the hormones, it is important to realize that any 
alleviation of the symptoms of andropause (no matter how 
small it is) is beneficial to the sufferer. The supranormal doses 
of estradiol administered to the rats was neccesary to achieve 
biochemical castration and the induction of andropause within 
a short time (experimental feasibility), but such levels may 
be difficult to achieve in aging men. This may necessarily 
imply that the results could be better if lower estradiol levels 
were at play.

It is important to note that there are as much inter-species 
differences as there are similarities in nature, such that 
an outright extrapolation of these findings to the human 
population, while enticing, is discouraged, pending 
the outcome of further studies. This work is limited by 
the administration of the hormones at high doses, for a 
short duration (28 days) instead of a gradual prolonged 
administration of lower doses of the agents. The physiologic 
stress (on the rats) and ethical concerns inherent in injecting 
rats on alternate days beyond 28 days due to the unavailability 
of subcutaneous hormone-bearing stents, however, warranted 
and justifies the method we used.

In conclusion, a 15% dietary incorporation of the seeds of 
T. occidentalis Hook f. modestly inhibitted the induction 
of experimental andropause (indicated by biochemical 
castration) by exogenous hormone administration. The seeds 
may, therefore, be useful to aging men in the prevention of 
andropause.
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