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A B S T R A C TA R T I C L E  I N F O

Reports on the male reprotoxicity of some medicinal plants have been documented. This study 
was undertaken to evaluate the effects of ethyl acetate extract from the stems of Uvaria rufa Blume 
(UREtA) on the male reproductive organs of alopecia-induced rats. Androgenic alopecia (AP) was 
induced by testosterone propionate (0.07%). After hormonal injection, the rats were topically given 
vehicle (AP model), minoxidil, and 2% and 4% UREtA for 21 days. The normal control rats were given 
olive oil injections and received distilled water. The relative weights of the testes, epididymis, prostate 
glands, and epididymis, and histopathological alterations were examined. The results showed that 
testosterone injection reduced the relative weights of all organs when compared to those of the 
normal control, while significant decreases (P>0.05) were found only in epididymis and prostate 
glands. The increases in relative weights of epididymis observed in all treated groups, also testes 
and prostate glands observed in 4% UREtA and minoxidil, including seminal vesicles observed in 2% 
UREtA were clearly noted when compared to those of AP models. Vacuolizations were observed in 
testicular tissues treated with both concentrations of UREtA, while germ cell death in the lumens of 
the seminiferous tubules was seen in the minoxidil treated group. Dead spermatozoa in the lumens 
of the epididymis were markedly noted in all groups. Moreover, AP-induced rats treated with minoxidil 
revealed leucocyte infiltrations and blood congestions in their prostatic tissues. Therefore, it can be 
concluded that 2% and 4% UREtA has some adverse effects on male reproductive organs.
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INTRODUCTION 

	 Androgenic alopecia (AR) is an imbalance condition between 
hair regrowth and hair loss which occurs in both males and females. 
Miniaturization of hair follicles, genetics, stress, drugs, toxic 
chemicals and ultraviolet radiation contribute to AR development. 
In addition, two sex hormones, dihydrotestosterone (DHT) and 
testosterone, are the androgen-dependent factors leading to the 
pathogenesis of AR [1]. Although DHT is responsible for growth of 
hair follicles [2], an excessive level of this hormone can miniaturize 
hair follicles and produces hair loss [3]. There are two synthetic drugs 
currently used to treat AR, minoxidil and finasteride. These drugs 
can remedy AR by different mechanisms. Minoxidil stimulates hair 
regrowth by dilating blood vessels and increasing blood circulation 
in hair roots to supply oxygen and nutrients [4]. Finasteride inhibits 
a function of 5-alpha reductase (5αR) in a conversion of testosterone 
into DHT [5]. This decreases the DHT level and consequently reduces 
hair loss. However, the adverse effects of minoxidil (skin irritation, 
itching, and redness), and finasteride (reduced sperm concentrations, 
reduced reproductive organ weights, and male infertility) have been 

documented [6]. 
	 Medicinal plants provide an alternative for the management of 
AR or ameliorating hair loss, while reducing the problems above. A 
number of medicinal plants such as Emblica officinalis Linn [7,8], 
Bacopa monieri Linn. [9], Trigonella foenum-graecum Linn. [10], 
Citrullus colocynthis (L.) [11], Nardostachys jatamansi [12], Allium 
cepa L. [13] and Capsicum annum Linn [14] have traditionally 
been used throughout the world to control hair loss. Among them, 
T. foenum-graecum, C. colocynthis, N. jatamansi and A. cepa have 
been demonstrated as anti-fertility agents in laboratory animals [15]. 
Male rabbits fed with a diet containing 30% of T. foenum-graecum 
seeds had low concentrations of androgens and low sperm numbers. 
Furthermore, damage in the seminiferous tubules and the interstitial 
tissues were seen in their testicular tissues [16]. In addition, the 
antifertility of ethanolic extract of T. foenum-graecum was recorded 
in male rats [17]. Alcoholic extract of C. colocynthis has been 
proven to impair male reproductive functions by decreasing sex 
hormones, testicular weights, sperm concentrations and the numbers 
of spermatogonia. Spermatogenesis was also disrupted by this plant 
extract [18]. As shown by the literature surveys above, new plant 
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materials which have anti-hair loss efficacies and have no adverse 
effects on the male reproductive system are much needed.
	 Uvaria rufa Blume belongs to the Annonaceae family, known 
by local Thai people as pee puan noi. It has traditionally been used 
as a medicine for different kinds of ailments such as tuberculosis 
[19], diabetes [20] and prostate enlargement and inflammation 
[21,22]. Bioactive compounds including flavonoids, alkaloids [23], 
flavonols, kaempferol, quercitrin [19], rutin and isoquercitrin [24] 
have been found in various extracts from different parts of U. rufa. 
A previous study reported the inhibitory activities of the ethyl acetate 
extract from the stems of U. rufa against 5αR in both in vitro and in 
vivo experiments [22]. Thus, this plant may act as an effective anti-
hair loss agent through the same mechanism. However, due to the 
inhibitory effects of U. rufa on normal production of androgens via 
the inhibition of 5αR, alterations of reproductive organs secondary to 
androgen depletion may occur. To determine the adverse effects of 
ethyl acetate extract from the stems of U. rufa on the male reproductive 
system, histological examinations of male rats’ reproductive organs 
were carried out in alopecia-induced rats. The results obtained from 
this study may provide guidelines for the safe use of this plant as an 
anti-hair loss agent.

METHODOLOGY

Plant materials and extractions

	 The stems of U. rufa were collected from Buriram Province, 
Thailand in March, 2016. The plant materials were botanically 
identified and a voucher specimen (QGB 78882) was deposited at 
Queen Sirikit Botanic Garden, Chiang Mai Province, Thailand. The 
stems were thoroughly cleaned with tap water, dried at 60 ºC and 
ground into fine powder. One hundred grams of the plant powder 
were extracted with one liter of 95% ethanol using Soxhlet extractor. 
The crude ethanolic extract was defatted by petroleum ether and re-
extracted using ethyl acetate. The resultant ethyl acetate extract was 
filtered through Whatman No. 1. The ethyl acetate was eliminated 
using a rotary evaporator to obtain the crude ethyl acetate extract of 
U. rufa (UREtA).

Experimental animals

	 Male Wistar rats (7-8 weeks age, 200-220 g) were purchased 
from the National Laboratory Animal Center, Thailand. All animals 
were housed in a controlled environmental laboratory (12 h light/dark 
cycles, 25 ± 1 ºC) for one week to acclimatize. Standard pellet diets 
and water were provided ad libitum. The Institutional Animal Care 
and Use Committee of the Biology Department, Faculty of Science, 
Chiang Mai University approved the animal experimentation (Re. 
004/13).

Testosterone injection and treatment of androgenic alopecia

	 The experimental rats were randomly divided into five groups of 
six rats each. Group I was subcutaneously injected with olive oil and 
served as a normal control group. Groups II-V were subcutaneously 
injected with testosterone propionate (TP, 0.07%) to induce AP. 
After 30 min of hormonal injection, group II or AP model group 

was topically given 0.2 ml of vehicle consisting of propylene glycol: 
ethanol: water (1:8:1) while groups III-V were topically given 
minoxidil (2%), UREtA at 2% and 4% respectively. AP induction and 
treatment were done for 21 consecutive days [25]. The body weight 
(BW) of each rat was measured every week. After 14 days of AP 
induction, all rats in the AP model group showed signs of hair loss on 
their heads. After the experimental period, all rats were sacrificed and 
reproductive organs including testes, epididymis, seminal vesicle and 
prostate glands were quickly dissected. The connective tissues and 
excessive fats were removed. 

Relative weights of reproductive organs 

	 Reproductive organs including testes, epididymis, prostate glands 
and seminal vesicles were weighed. The organ weights (OW) were 
used to calculate the relative weights using the following equation:

Relative weight (g/100 g BW) = [OW (g) / BW (g)] x 100      (1)

Histological examination

	 The organ samples of each rat, testes, epididymis, seminal vesicles 
and prostate glands, were fixed in bouin’s solution for at least 24 h. 
The fixed tissues were dehydrated through ascending grades of ethyl 
alcohol. After dehydration, xylene was used as a clearing solution. All 
tissues were embedded in paraplast wax. Six micrometers of tissue 
sections were prepared prior to staining with hematoxylin and eosin 
(H & E). All sections were examined for their histological changes 
using a light microscope (Olympus BX41).

Phytochemical screening

	 Plant secondary metabolites including phenolics, flavonoids, 
alkaloids, saponins, terpenoids, anthraquinones, glycosides, tannins 
and reducing sugars were screened in the UREtA using the standard 
protocols previously described [26,27].

Statistical analysis

	 All data are expressed as mean ± standard deviation (mean ± SD). 
One-way ANOVA followed by Duncan’s post hoc test for multiple 
comparisons (SPSS version 17) was used to analyze the data. A 
statistically significant difference was considered if P value was less 
than 0.05.

RESULTS

Weights of reproductive organs

	 Table 1 shows the relative weights of the male reproductive 
organs of the rats. An administration of TP for 21 consecutive days 
significantly decreased (P<0.05) the relative weights of the epididymis 
and prostate glands of the AP model rats when compared to the 
normal control rats. Although the relative weights of the testes and 
seminal vesicles of the AP models decreased, there were no significant 
differences (P>0.05) between those of the AP models and the normal 
controls. Minoxidil and both concentrations of UREtA elevated the 
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relative weights of the epididymis of AP-induced rats when compared 
to AP model rats but only the 4% UREtA led to a significant elevation 
of the relative epididymal weight. Treatment with 4% UREtA or 
minoxidil also increased the relative weights of the testes and prostate 
glands of the AP-induced rats when compared to the AP model rats. 
However, there were no significant differences (P>0.05) among these 
treated groups and the AP model groups, except for the testicular 

weights of minoxidil-treated rats. In addition, only UREtA at 2% 
significantly increased the relative seminal weight of the AP-induced 
group when compared to the AP model group.

Table 1 Relative weights of reproductive organs of AP-induced rats treated with UREtAat 2 and 4% and minoxidil for 21 consecutive days.

Experimental group
Relative weights (g/100 g BW)

Testes Epididymis Seminal vesicle Prostate gland
Normal control 0.43 ± 0.04ab 0.13 ± 0.01a 0.29 ± 0.06a 0.22 ± 0.06a

AP model 0.40 ± 0.07a 0.06 ± 0.01c 0.23 ± 0.03ab 0.15 ± 0.02b

AP + minoxidil 0.48 ± 0.04b 0.08 ± 0.01ab 0.20 ± 0.02b 0.19 ± 0.04ab

AP + 2% UREtA 0.39 ± 0.09a 0.08 ± 0.01ab 0.24 ± 0.04ab 0.15 ± 0.03b

AP + 4% UREtA 0.46 ± 0.06ab 0.08 ± 0.05b 0.21 ± 0.03b 0.19 ± 0.03ab

Values are exhibited as mean ± SD of six rats. The different superscript letters indicated statistically significant differences between the 
experimental groups (P<0.05, One way ANOVA followed by Duncan’s multiple comparison test).

Figure 1 Microscopic photographs show testicular tissues of AP-induced rats. Normal control rat (A), AP model rat (B), AP-induced rat received 
with minoxidil (C) and UREtA at 2% and 4% (D and E). H&E stain, 40x. Spermatogonia (Sg), spermatocyte (Sc), primary spermatocyte 
(Ps), round spermatid (Rd), spermatozoa (Sz), Leydig’s cell (L), vacuolizations (yellow arrow).
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Histopathological examination

Testes

	 Examination of the testicular histology of normal and AP model 
rats under a light microscope showed normal histological features. 
The testicular tissues consisted of regular sizes of seminiferous 
tubules. The tubules contained germinal epithelium with normal 
arrangement of germ cells including spermatogonia, spermatocyte, 
round and elongate spermatid, and spermatozoa (Fig. 1A and Fig. 1B). 
The seminiferous tubules were separated by the interstitial connective 
tissues in which Leydig’s cells were embedded. Histopathological 
observations found vacuolizations in testicular tissues of AP-induced 
rats treated with both concentrations of UREtA (Fig. 1C and Fig. 1D). 
However, the vacuolization was located in the cytoplasm of the Sertoli 
cell and it was only spotted in some areas in the seminiferous tubule. 
Thus, the vacuole may limit a number of differentiating spermatids to 

become spermatozoa, but not in entire tubule. Moreover, sloughing 
germ cells were clearly noted in the tubular lumens of seminiferous 
tubule in minoxidil-treated rats (Fig. 1E).

Epididymis

	 All rats in the normal control group had the normal histological 
structures in their cauda epididymis. A regular arrangement of 
epididymal tubules with abundant sperm in the lumens and ciliated 
columnar epithelium were found in the normal control group (Fig. 
2A). The epididymal walls of all UREtA-treated rats and minoxidil-
treated rats were also lined by ciliated columnar epithelium, but the 
abundances of connective tissue stroma were noted (Fig. 2C-E). Dead 
spermatozoa in the lumens of the cauda epididymis were markedly 
seen in all treated groups and the AP model group (Fig. 2B-E).

Figure 2 Microscopic photographs of epididymal tissues of AP-induced rats. Normal control rat (A), AP model rat (B), AP-induced rats received 
with minoxidil (C) and UREtA at 2% and 4% (D and E). H&E stain, 10x. Epididymal epithelium (E), epididymal sperm (Sp), stroma 
(St), dead spermatozoa (yellow star).
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Prostate glands

	 Investigations of prostatic histology showed that the rats in the 
control group had normal histological structures in their prostates. 
The glandular epithelia were cuboidal and they were located on the 
basement membrane. Each gland contained orange-red elements of 
a prostatic secretion. An interstitial compartment or prostatic stroma 
consisted of connective tissue fibers, fibroblast and blood vessels (Fig. 
3A). TP administration as well as treatments with any dose of UREtA 
did not alter the prostatic histology (Fig. 3B-D). However, the AP-
induced rats treated with minoxidil exhibited leucocyte infiltrations 
and blood congestions in their prostatic tissues (Fig. 3E and Fig. 3F). 

Seminal vesicles

	 Microscopic examinations showed that all rats in the control and 
treatment groups had normal histological structures in their seminal 
tissues. The folded mucosa consisted of simple columnar epithelium 
or pseudostratified columnar epithelium and lamina propria. The 
nuclei of the epithelium were spherical or oblate. The red seminal 
fluids produced by seminal epithelium were located in the seminal 
lumens (Fig. 4A and 4B). 

Phytochemical screening

	 Screening of the secondary metabolites in the UREtA showed 
the presence of flavonoids, phenolics, alkaloids, tannins, terpenoids, 
anthraquinones and reducing sugars in the UREtA, while other 
compounds – saponins, glycosides and phlobatannins – were not 
present in the extract.

DISCUSSION 

	 In developing countries, the use of medicinal plants as sources of 
natural drugs for primary health care has become popular. Although 
people believe the use of medicinal plants is safe, careless handling, 
usage over long time periods, or high doses can produce various 
symptoms of toxicity [28]. In recent years, there has been growing 
concern about the adverse effects of various medicinal plants used 
for a wide range of medicinal purposes, especially their effects on the 
male reproductive system.
	 In the present study, we found that injection of TP for 21 days 
reduced the relative weights of testes, epididymis, prostate glands 
and seminal vesicles when compared to normal rats (Table 1). We 
speculate that the weight reductions found in this study illustrate a 
negative feedback of androgen concentrations. A previous study 
showed a reduction in testicular and epididymal weights of rats 
after administration of exogenous testosterone at 100 mg/kg BW 
for 36 days. Moreover, the concentrations of serum and testicular 
testosterones were decreased [29]. Therefore, it appears that injection 
of exogenous testosterone in a high dose negatively affected 
testosterone production in the hypothalamo-pituitary-testicular axis 
and adversely affected androgen-dependent organs. Additionally, 
there is evidence that high doses of testosterone can damage testicular 
and prostatic tissues by inducing oxidative stress. A high level of 
malondialdehyde, a lipid peroxidation end product, was found in 
rats treated with testosterone isobutyrate (5 mg/kg) [30]. Similarly, 
exogenous injection of testosterone caused oxidative stress by 
increasing lipid peroxidation end products and lowering antioxidant 
indices including catalase, superoxide dismutase, glutathione reductase 
and glutathione-S-transferase in prostatic tissues [31]. The elevations 
of relative organ weights in UREtA- or minoxidil-treated rats may 
be linked to the androgenic roles of these agents. There was a report 

Figure 3 Histology of prostatic tissues of AP-induced rats. Normal control rat (A), AP model rat (B), AP-induced rats received with UREtA at 
2% and 4% (C and D) and minoxidil (E and F). H&E stain, 10x. Prostatic epithelium (E), prostatic secretion (S), stroma (St), blood 
congestions (white arrow), leucocyte infiltrations (white star).
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demonstrating that experimental rats treated with Sesamum radiatum 
leaf extract at 28 mg/kg BW had higher testosterone levels and higher 
epididymal weights than normal rats. This suggests that S. radiatum 
extract contains substances like androgens or phytoandrogens and 
consequently enhanced the testosterone levels and the epididymal 
weights [32]. Therefore, UREtA may affect reproductive organ 
weights through an androgenic action similar to that of S. radiatum. 
On the other hand, minoxidil increased testicular, epididymal and 
prostatic relative weights of AP-induced rats by increasing androgenic 
levels in these organs via dilating blood vessels.
	 An alteration in organ weight is accepted as a toxicological 
index which can be directly determined after exposure to any toxic 
substance [33]. Previous investigations indicated that the reductions 
in weights of testes, epididymis and prostate glands were the results 
of the declines in populations of germ cells and Leydig’s cells, testes 
atrophy, a decrease in numbers of epididymal sperms, and a decrease 
in the height of prostatic epithelium [34-37]. Therefore, organ weight 
alone is not sufficient to confirm the safety of natural products on the 

male reproductive system.
	 We also investigated the histopathological alterations within the 
reproductive organs of AP-induced rats after receiving UREtA. We 
found vacuolizations in the testicular tissues of AP-induced rats treated 
with any concentration of UREtA, and germ cell death in the lumens 
of the seminiferous tubules of AP-induced rats treated with minoxidil. 
Vacuolizations can occur within Sertoli cells or different parts of 
spermatogenic epithelium [38]. Although the etiology of testicular 
vacuolizations is unclear, a breakdown of Sertoli-germ cell junctions, 
gene expression abnormality and reproductive tract diseases [39-40] 
are the important causes of vacuolizations. Additionally, damage 
to the blood testes barrier or tight junctions between the Sertoli 
cells may produce germ cell degenerations. Since solanine, a plant 
alkaloid, has been reported to injure Sertoli cell junctions and induce 
germinal epithelium cell death in mice [41], vacuolizations found in 
this study may be caused by alkaloids present in the UREtA. There is 
evidence that minoxidil at 200 and 800 µM produces PC3 cell death 
by elevating concentrations of calcium ions. Accordingly, minoxidil 

Figure 4 Microscopic photographs show seminal tissues of AP-induced rats. Normal control rat (A), AP model rat (B), AP-induced rats received 
with minoxidil (C), UREtA at 2% and 4% (D and E). H&E stain, 100x. Seminal epithelium (E), seminal fluid (S), lamina propria (Lp).
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may induce germ cell death in the same way.
	 Epididymis is an accessory organ responsible for sperm 
maturation. In this study, we found sperm death in the lumens of the 
cauda epididymis of all experimental groups. This alteration indicates 
that administration of testosterone at a high dose (0.07%) might 
reduce male fertility. This finding concurs with previous reports that 
oligozoospermia and azoospermia were found in normal men after 
receiving either testosterone enanthate (100 mg for 6 months) or 
testosterone undecanoate (240 mg for 4 months) [42-43]. However, 
spermatozoa degenerations were markedly seen in the UREtA- or 
minoxidil-treated groups. We suggest that the UREtA or minoxidil 
negatively affected sperm viability through various mechanisms. The 
epididymal epithelium modulates various processes for supporting 
maturation such as protein synthesis, fluid resorption, hormonal 
activity and secretory activity [44]. Since epididymis is mainly 
controlled by DHT more than testosterone, inhibitions of DHT and 
5αR results in DHT depletion and adversely affects fertility and organ 
atrophy. Thus, the histological alterations in epididymal tissues as well 
as the decreases in epididymal weights found in this study may result 
from the activities of alkaloids in UREtA or the toxicity of minoxidil. 
Alkaloids in UREtA may disrupt the production of DHT and disrupt 
the functions of epididymis for maintaining sperm maturation [45]. 
Nicotine alkaloids have previously been reported to alter the functions 
of epididymis and decrease the numbers of spermatozoa and motile 
sperm [46].
	 Investigations of prostatic histology revealed that minoxidil 
had adverse effects on the prostatic tissues of AP rats. All rats in 
the minoxidil-treated group possessed leukocyte infiltrations and 
blood congestions in their prostates. These alterations indicate 
inflammation in the prostatic tissues secondary to administration of 
testosterone at a high dose [47]. Furthermore, minoxidil was proven 
to induce inflammations and blood congestions in the cardiac tissues 
of experimental animals [48]. Since prostate glands are controlled 
by DHT, an inhibition of 5αR and a decrease in DHT caused by any 
compound lead to histopathogenesis in prostate glands. Toxic effects 
of some phytochemical compounds such as terpenoids, tannins, 
flavonoids, alkaloids and phenols in various plant materials have been 
documented [49,50]. Morphometric investigations in the prostatic 
tissues of rats treated with sesame seeds showed significant increases 
in the height and density of the prostatic epithelium when compared 
to normal control rats. This suggests that sesame seeds contain high 
concentrations of vitamin C and E. In addition, these two vitamins 
have been confirmed to have antioxidant properties in both in vitro and 
in vivo experiments. Thus, sesame seeds may enhance reproductive 
functions [51]. From the results of our study, UREtA may contain low 
amounts of the above compounds and high amounts of vitamins C or 
E, and thus it did not alter the rats’ prostatic structures. 
	 Seminal vesicles synthesize and secrete seminal fluids, which 
are essential for supporting viability of sperm in reproductive tracts 
and enhancing sperm quality. Seminal fluids mainly contain fructose, 
citric acid and nutrient substances, prostaglandin and fibrinogen [52]. 
Thus, injuries in seminal epithelium or disruptions in fluid synthesis 
may decrease sperm quality and produce infertility. Administration 
of Piper betel (Linn.) extract at 50 mg/kg for 15 consecutive days 
decreased the volume of seminal fluids and damaged seminal 
epithelium of laboratory rats [53]. From our study, histological 
examinations found that both UREtA and minoxidil did not alter the 

histology of seminal tissues of AP-induced rats. The occurrence of a 
bioactive compound in a small amount can act as an antioxidant and 
can show protective effects against any damage in reproductive organs 
[54]. Therefore, UREtA may contain a key bioactive constituent which 
protects against seminal tissue injuries via antioxidant mechanisms. 
Our previous investigation showed that the ethyl acetate extract of 
U. rufa contained high amounts of phenolics and flavonoids with the 
concentrations of 13.97 ± 0.43 mgGAE/g extract and 3.85 ± 0.25 
QE/g extract, respectively [22]. This extract also contained saponins, 
tannins and alkaloids (3.27 ± 0.12, 2.31 ± 0.00 and 1.38 ± 0.00 mg/g 
extract, respectively) [55]. Although the presence of phytoconstituents 
such as phenolics and flavonoids in high amounts could act as 
antioxidants, the occurrence of alkaloids in a small amount could also 
produce adverse effects on male reproductive organs as per the reports 
described above. Based on the overall data gathered in this study, 
the applications of UREtA at 2% and 4% and minoxidil had some 
adverse effects on male reproductive organs. Consequently, further 
investigation is required for isolating the bioactive constituents in 
UREtA that have no adverse effects on male reproductive organs to 
support the safe use of U. rufa in treating AR or anti-hair loss.

CONCLUSION
	
	 Based on the results of this study, topical applications of ethyl 
acetate extracts from the stems of U. rufa at 4% increased the relative 
weights of the testes, epididymis and prostate glands of androgenic 
alopecia-induced rats. The extracts at 2% and 4% showed slight 
reprotoxicity by inducing vacuolizations in the seminiferous tubules 
and causing death of epididymal sperm. However, they did not 
produce any change in prostatic and seminal tissues of androgenic 
alopecia-induced rats.
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