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A B S T R A C T

Background: Vaginal atrophy has occurred in three quarters of post-menopausal women. The 
exclusive source of post-menopausal sex hormones is dehydroepiandrosterone (DHEA). Purpose: 
Observe the impact of orally administered DHEA in the vagina of a rat (Rattus norvegicus) post-
bilateral ovariectomy. Method: This experiment utilized 36 wistar rats aged 10 - 12 weeks with a 
body weight of 180 - 200 grams. The rats were randomly divided into two groups with an equal 
number of members. The control group was orally administered glycerin via gavage at a dose 
of 1 mL per day, while the treatment group received 7.2 mg of DHEA dissolved in glycerin, also 
administered orally via gavage at a daily dose of up to 1 mL. Both groups were maintained for 42 
consecutive days. Finally, a histomorphology examination was conducted on the vaginal tissues 
of the sacrificed rats. Result: The mean of epithelial and smooth muscle thickness of the treatment 
group was significantly higher than that of the control group (p-value < 0.05). Besides, the number 
of blood vessels were also significantly higher in the treated group (p-value < 0.05). Conclusion: 
Administering DHEA orally via gavage enhances epithelial and smooth muscle tissue thickness, 
and augments the number of blood vessels in the vagina of wistar rats after bilateral ovariectomy.

A B S T R A K

Latar belakang: Atrofi vagina telah terjadi pada tiga perempat wanita pasca-menopause. 
Hormon seks pasca-menopause bersumber dari dehidroepiandrosteron (DHEA). Tujuan: 
Mengamati dampak DHEA yang diberikan secara oral pada histomorfologis dinding 
vagina tikus putih (Rattus norvegicus) pasca-ovariektomi bilateral. Metode: Percobaan ini 
menggunakan 36 ekor tikus wistar berumur 10 - 12 minggu dengan berat badan 180 - 
200 gram. Tikus dibagi secara acak menjadi dua kelompok dengan jumlah anggota 
yang sama. Kelompok kontrol diberikan gliserin per sonde secara oral dengan dosis 
1 mL per hari, sedangkan kelompok perlakuan menerima DHEA 7,2 mg yang dilarutkan 
dalam gliserin, juga diberikan secara oral hingga 1 mL per sonde tiap hari. Tata laksana 
pada masing-masing kelompok dilakukan selama 42 hari berturut-turut. Terakhir, 
dilakukan pemeriksaan histomorfologi pada jaringan vagina tikus percobaan. Hasil: 
Rerata ketebalan epitel dan otot polos kelompok perlakuan lebih tinggi secara signifikan 
dibandingkan kelompok kontrol (p-value < 0,05). Selain itu, jumlah pembuluh darah juga 
jauh lebih tinggi pada kelompok perlakuan (p-value < 0,05). Kesimpulan: Pemberian 
DHEA per sonde secara oral meningkatkan ketebalan jaringan epitel dan otot polos, serta 
meningkatkan jumlah pembuluh darah di vagina tikus wistar setelah ovariektomi bilateral. 
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INTRODUCTION

Menopause is defined as the aging process 
initiated by a decline in hormone levels (Davis et al., 
2015; Pangkahila, 2015). According to Naumova 
and Castelo-Branco (2018), about three quarters of 
Post-Menopausal Women (PMW) experience vaginal 
atrophy. PMW often has a syndrome that includes 
reduced vaginal lubrication, irritation, burning, itching, 
inflammation, bleeding, vaginal infections, Urinary Tract 
Infections (UTIs), dyspareunia, decreased libido, and 
sexual dysfunction (Portman et al., 2014). Based on the 
results of the Real Women’s Views of Treatment Options 
for Menopausal Vaginal Changes (REVIVE) survey in 
Europe, there are three significant impacts of vaginal 
atrophy related to partnerships: sexual satisfaction 
(72%), sexual spontaneity (66%), and intimacy (62%) 
(Nappi et al., 2016).

Vaginal atrophy results in a decrease in the size 
of the uterus, ovaries, vaginal canal, and vulva. The 
components that make up the connective tissue of the 
vaginal wall, consisting of collagen, elastin, and smooth 
muscle, undergo degeneration. This degeneration 
causes a decrease in the structural integrity of the 
vagina, which includes thinning of the epithelium, 
reduced thickness of smooth muscle tissue, loss of 
rugae, and a reduced number of blood vessels, making 
the vagina look pale and dry. Epithelial tissue becomes 
brittle with submucosal petechiae. Reduced vaginal 
blood flow results in decreased transudation during 
sexual arousal and increased sensitivity to trauma and 
pain (Johnston et al., 2004).

The dysfunction of ovaries at menopause is 
physiologically compensated by intracrinological 
mechanisms. This mechanism provides estrogen and 
androgens according to the needs of each cell to 
function normally, and the amount depends on the level 
of steroidogenic enzymes that are specifically expressed 
in each tissue (Labrie, 2015a; Labrie et al., 2017b). Those 
enzymes responsible for steroid synthesis in classical 
glands are expressed in peripheral tissues, allowing for 
local steroid metabolism. Therefore, the intracrinological 
mechanism does not increase serum levels of sex steroid 
hormones, avoiding undesirable systemic effects, 
particularly the stimulation of the ovaries, uterus, and 
breast (Labrie et al., 2017a).

Dehydroepiandrosterone (DHEA) is a unique and 
exclusive source of sex steroid hormones in PMW. The 
secretion of DHEA markedly decreases from the age of 
30 years and reaches an average reduction of 60% at 
menopause when compared to the maximum value 
at the age of 30 years (Labrie, 2010). Women exhibit 
varying serum levels of endogenous DHEA, with 25% of 
them having high DHEA levels to avoid the menopausal 
syndrome (Labrie, 2015b; Labrie, 2015c). DHEA secretion 
lacks a feedback mechanism to increase its secretion if 
the serum level is low. Therefore, women with low DHEA 

secretion rates will consistently experience sex steroid 
hormone deficiency with all its consequences if not  
treated with exogenous DHEA (Labrie and Labrie, 2013).

In a preclinical study, ovariectomy performed on 
rats is used as the menopausal model to study the 
effects of a permanent reduction in the levels of steroid 
hormones. In ovariectomized rats, hormonal changes 
similar to those in human females occur. Progesterone 
and estradiol levels are lower at a month than they are 
at a week post-ovariectomy (Moiety et al., 2015). Recent 
data have demonstrated the presence of steroidogenic 
enzymes in the rodent vagina that allows local synthesis 
of sex steroid hormones (Santos et al., 2017). Besides 
that, the female rat was chosen due to a gender 
preference in the effect of DHEA (Bloch et al., 2013). 
Rats cannot synthesize DHEA (Weerden et al., 1992), so 
the administration of DHEA is the exclusive source for 
these experimental animals. Therefore, the rat is also 
suitable as an animal model for DHEA intracrinology at 
menopause.

A preliminary comparative study was conducted on 
the thickness of epithelium and smooth muscle tissue, as 
well as the number of blood vessels on the vaginal wall, 
due to the oral administration of DHEA in four groups of 
adult albino wistar rats (Rattus norvegicus Berkenhout, 
1769) after Bilateral Ovariectomy (BOVX). The selected 
dose for further research was determined based on the 
group administered with a dose of 7.2 mg/day of DHEA 
(Peni and Pangkahila, 2018). This chosen DHEA dose 
is deemed sufficient to reverse BOVX-induced vaginal 
atrophy. Related to the lack of data on the differences 
in DHEA per os against menopausal vaginal atrophy, 
additional research was performed to assess whether 
orally administered DHEA could enhance the thickness 
of epithelial and smooth muscle tissue, and elevate the 
number of blood vessels in rats’ vaginas post-BOVX. 
Therefore, this study aims to observe the impact of 
orally administered DHEA on the histomorphology of 
the vaginal wall in bilateral white rats (R. norvegicus) 
after ovariectomy.

MATERIAL AND METHOD

The subjects of this study were 36 young female 
albino wistar rats (10 - 12 weeks old) sourced from the 
Laboratory Animal Unit, Department of Pharmacology, 
Medical Faculty, Udayana University, Denpasar, 
Indonesia. These rats were healthy and active, with an 
initial weight ranging from 180 - 200 g. According to 
the Federer formula, the designated sample number for 
each treatment group was 16 rats. Then to anticipate if 
there were dead samples, 10% of the samples obtained 
per group were added, resulting in an increase of 1.6 
per group, rounded up to 2 individuals per group. The 
overall sample size that fits with the calculation was 36 
rats.
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The rats were acclimatized to the room conditions 
[temperature: 22 ± 3°C, humidity: 50 ± 20%, 12 hour 
light (not exceeding 50 lux)/12-hour dark cycles, with 
lights on at 07:00 AM] for 7 days before starting the 
experiment. The rats were individually housed and 
provided free access (ad libitum) to water and rat chow 
(Mazuri® Rat & Mouse Diets, St. Louis, MO, USA). The 
experiment was conducted following the guidelines 
outlined in “Use of Laboratory Animals in Biomedical 
Studies” (Carlsson et al., 1988). All procedures performed 
in this study adhered to the ethical standards of the 
Faculty of Veterinary Medicine at Udayana University. 
The approval number of ethical clearance for this study 
was 346/KE-PH-Lis-2/1/2018.

The rats were randomly divided into two groups 
of 18 rats each as follows: (i) BOVX + glycerin (control 
group, (ii) BOVX + DHEA + glycerin (treatment group). On 
the first day of the experiment, the rats in both groups 
underwent BOVX under isoflurane-induced anesthesia. 
The abdominal fur was shaved, and antisepsis with a 
10% povidone-iodine solution was performed before 
the surgery. Using an aseptic technique and under sterile 
conditions, a 0.5 cm pfannenstiel incision (Khajuria et al., 
2012) was performed with a scalpel blade number 11 to 
remove the ovaries and ligate the oviduct. The incision 
was closed in two layers by 2/0 polyglactin sutures. All 
rats were observed for 30 days for the wound healing 
process and to allow the steroid sex hormone levels to 
drop, creating menopausal conditions. 

Treatment was initiated on day 32 of the 
experiment. Glycerin was administered by oral gavage 
to each rat (1 mL/rat/day) in the control group for 6 
weeks, while 7.2 mg of DHEA was dissolved in glycerin 
up to 1 mL and administered by oral gavage to each rat 
(1 mL/rat/day) in the treatment group for 6 weeks. The 
selected dose of DHEA was obtained from preliminary 
research (Peni and Pangkahila, 2018). The DHEA used 
was from Zhou®, Zhou Nutrition, Utah, USA. Twenty four 
hours after the last dosing, overnight-fasted animals 
were euthanized under isoflurane anesthesia using the 
cervical dislocation method.

The vagina of each euthanized animal was post-
fixed in 10% Neutral Buffered Formalin (NBF) at room 
temperature for 48 hours, routinely processed, and 
embedded in paraffin. A cross-segment of 3 mm 
was dissected from the central region of each vagina 
segment at approximately 1 cm from the ostium (2/3 
posterior vagina). Four sections (5 µm thick) from 
the middle part of each vagina segment were cut 
at intervals of 15 µm and mounted on glass slides. 
Sections were stained with Hematoxylin and Eosin                                                                  
(H & E) for histological analysis. The histomorphological 
examination was carried out using a digital microscope 
(ZEISS Axio Imager®, Oberkochen, Germany) with 
200 times magnification. Measurements were taken 
using the ImageJ® raster software (National Institute 
of Health, USA) by drawing a line perpendicular to the 

cross-section of the widest epithelial and plain muscle 
tissue. The measurement results are presented in units 
of micrometers (µm). The area of four different vaginal 
sections per animal was also performed by manually 
counting submucosal blood vessels at an image 
magnification of 200x. The average number of blood 
vessels per high power field (200x) was calculated for 
each group.

Finally, the obtained data were confirmed to be 
normally distributed through the Shapiro-wilk test 
(p-value > 0.05) and homogeneity was verified by Levene’s 
test (p-value > 0.05). Consequently, statistical significance 
was determined according to the Independent                                                                                                                       
samples T test (IBM SPSS Statistics®, Germany). The 
data were represented as mean ± Standard Deviation 
(SD), and a value with p-value < 0.05 was considered 
significant. To ensure unbiased results, a blind 
experiment was conducted.

RESULT

The results indicated that orally administered DHEA 
had a significant histomorphological impact on the 
vaginal walls of rats. As shown in Table 1, the thickness of 
the epithelial and smooth muscle tissues of the vaginal 
wall elevates significantly following DHEA treatment 
in BOVX rats (p-value < 0.05). In addition, the number 
of submucosal blood vessels also increases (p-value< 
0.05). DHEA induced a 73%, 56%, and 93% increase 
in epithelial thickness, smooth muscle thickness, and 
submucosal blood vessel count, respectively, compared 
to control rats (p-value < 0.001).

As evidenced in Figure 1, the administration of 
DHEA exhibits its impact on improving vaginal epithelial 
cell thickness in rat models. The vaginal mucosa of 
treatment rats performed a stratified epithelium, 12 
layers or more in thickness, with a superficial cornified 
layer and epithelial infoldings into the lamina propria. 
In contrast, the epithelium of control rats was reduced 
to a few cells, not exceeding 5 cells in depth, and very 
few epithelial infoldings into the lamina propria were 
observed.

Enhancement of vaginal smooth muscle is evident 
in Figure 2. Figure 2 shows that the vaginal muscle in 
the treatment group is well organized with a clearly 
defined layer. However, the muscle underwent wasting 
in the control group. The bundles of smooth muscle 
were fewer, smaller, and more condensed, and the layer 
could scarcely be recognized.

The impact of repairing vaginal vessels is indicated 
by Figure 3. Figure 3 demonstrates an increase in the 
count of submucosal vascular vessels, prominently 
visible in treatment rats. Blood vessels were easily found 
in the treatment group. On the contrary, vascular vessels 
were scarcely observed in the control group.
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Table 1. Comparative test results between control and treatment rats  

Group
Epithelial thickness (µm) Smooth muscle thickness (µm) Blood vessel count

Mean SD Mean SD Mean SD

Control (n=18) 29.75539 ± 8.047253 47.42761         ±   9.4749           9.50 ± 2.431

Treatment (n=18) 51.39794  ± 8.556033 74.13567          ± 11.2810 18.30 ± 1.461
n = replication

Figure 1. Histomorphological differences in epithelial thickness (Hematoxylin and Eosin (H & E) staining, 200x magnification): A = Control;  
B = Treatment

Figure 2. Histomorphological differences in smooth muscle thickness (Hematoxylin and Eosin (H & E) staining, 200x magnification):  
A = Control; B = Treatment

Figure 3. Histomorphological differences in blood vessel count (Hematoxylin and Eosin (H & E) staining, 200x magnification):            
A = Control; B = Treatment

A B

A B

BA
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DISCUSSION

The present study observes the differences in 
DHEA’s ability to induce androgenic and/or estrogenic 
responses when given per os in sample groups of 
rats. The per os route of administration was used to 
provide evidence for the alternative usage of DHEA. 
The present data show that treatment with DHEA 
reverses the atrophic changes in the vaginal wall and 
results in a 73%, 56%, and 93% increase in epithelial 
thickness, smooth muscle thickness, and submucosal 
blood vessel count, respectively, in the BOVX rats. 
Since DHEA has no intrinsic androgenic or estrogenic 
activity, the histomorphological changes observed after 
DHEA treatment reflect its intracrine conversion into 
active sex steroids with estrogenic and/or androgenic 
actions. Previous studies by Pelletier et al. (2013, 2012) 
and Berger et al. (2008, 2005) have shown that DHEA 
administration in ovariectomized rats had stimulatory 
androgenic and/or estrogenic effects.

Based on the findings of this study, orally 
administered DHEA induced enhancements in the 
histomorphology of the rat vaginal wall due to sex 
steroids deficiency following bilateral ovariectomy. In 
these castrated rats, DHEA exhibited beneficial effects 
on the vaginal epithelium and the underlying cell 
layers, repairing the structural integrity of the vaginal 
tissue. Histomorphological examination indicated the 
restoration of the vaginal structural integrity in rats. 
The underlying mechanism is as follows: the vaginal 
epithelium underwent thickening with androgenic 
mucification, and related to the androgenic effect of 
DHEA. Furthermore, plain muscle bundles thickened 
and solidified. The thickening of the tunica muscularis 
is related to both the androgenic and estrogenic 
effects of DHEA, as well as the increased expression of 
progesterone receptors in the muscle layer (Labrie et 
al., 2017b). The number of submucosal blood vessels 
also showed an increase, which was associated with 
the estrogenic effects of DHEA, directly stimulating 
endothelial proliferation and angiogenesis (Liu et 
al., 2008). In addition, there is progestogenic milieu 
restoration that does not originate from DHEA 
conversion, but is associated with the inhibition 
of the conversion of pregnenolone to cortisol via 
17-hydroxyprogesterone (Pluchino et al., 2008).

DHEA is a prohormone synthesized by the adrenal
glands. It undergoes metabolism to androgens 
(androstenedione, testosterone), followed by 
aromatization to estrogens (estrone, estradiol). The 
process is not mediated by endocrine mechanisms. 
Based on the concept of intracrinology, termed by Labrie 
(2019), this inactive prohormone enters the cells of the 
vagina, where it is transformed into an active hormone 
by intracellularly localized enzymes. Thus, the active 
hormone exerts its effects exclusively within the vagina 
cells, avoiding systemic influence as it is inactivated 

within the same cells. The inactive metabolites are 
released into the bloodstream for elimination by the 
liver and kidneys. This minimizes changes in serum 
sex steroid levels after DHEA administration, thereby 
avoiding inappropriate exposure of other tissues to 
active sex steroids. The intracrinology mechanism of 
DHEA is a physiological compensation mechanism 
to eliminate the risk of systemic effects associated 
with estrogen based Hormone Replacement Therapy 
(HRT) for PMW (Jones et al., 2016; Manson et al., 2017,                     
Manson et al., 2013). Furthermore, it is important to 
note that estrogen therapy is only a partial hormonal 
therapy because, after menopause, not only estrogens 
but also androgens are deficient, a condition that can 
be corrected by DHEA.

Based on our knowledge, the findings of this study 
represent the first evidence that orally administered 
DHEA is effective in reversing the aging of the rat 
vagina. The mechanism restores and fulfills the needs 
of estrogen and androgens according to the needs of 
each cell to function normally, according to the level 
of steroidogenic enzymes specifically expressed in 
situ in the vagina (Labrie, 2015a; Labrie et al., 2017a).  
Moreover, oral administration is a more convenient and 
alternative method to avoid adverse reactions related to 
vaginal ovules. The most frequently reported adverse 
reaction in clinical trials with vaginal DHEA was vaginal 
discharge, occurring in 9.9% of patients (Portman et al., 
2015). The ovule vehicle has the potential to irritate the 
vagina, and the melting process can lead to unpleasant 
discharge (Voelker, 2017).

Epithelialization, angiogenesis, and proliferation 
of smooth muscle cells in the rat vagina occurred 
significantly at a DHEA dose of 7.2 mg/day, indicating 
the adequacy of the dose used. This dosage is equivalent 
to a human dose of 400 mg/day, and it is considered 
a well-tolerated supraphysiological dose based on 
available data in the scientific clinical literature (Sripada 
et al., 2013). There have been no reports of serious 
adverse effects associated with the use of DHEA at doses 
ranging from 50 mg/day to 2,250 mg/day (Tummala 
and Svec, 1999). A weakness of this study is that it did 
not use aged intact female white rats, so we could not 
compare the effects of DHEA-induced reverse aging on 
vaginal aging between intact and ovariectomized rats. 
In addition, we did not know exactly how much DHEA 
was in the study drug used in this study.

CONCLUSION

Based on the results of this study, it can be 
concluded that oral administration of DHEA significantly 
enhances vaginal epithelium and plain muscle tissue 
thickness, as well as significantly elevates the number of 
vaginal blood vessels in adult wistar rats after bilateral 
ovariectomy.
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