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Abstract
Purpose Almost every female classic galactosemia patient develops primary ovarian insufficiency (POI). The unique patho-
physiology of classic galactosemia, with a severely reduced follicle pool at an early age, requires a new therapeutic approach.
This study evaluated the effect of dehydroepiandrosterone (DHEA) on ovarian tissue in a galactose-induced POI rat model.
Methods Pregnant rats were fed with either a normal or a 35% galactose-containing diet from day 3 of conception continuing
through weaning of the litters. Galactose-exposed female offspring were further divided into 5 groups on PND21. The first group
received no application. Treatment groups were fed orally by gavage once daily with sesame oil (group 2), or DHEA at doses of
0.1 mg/kg (group 3), 1 mg/kg (group 4) or 10 mg/kg (group 5) until PND70. Fertility rates of mothers with galactosemia, body
weights (BWs), and ovarian weights of the litters from PND21 to PND70 were recorded. Ovarian follicle count, immunohisto-
chemistry for proliferation and apoptosis marker expressions and TUNEL for cell death assessment were performed in offspring
ovaries.
Results Decreased fertility, ovarian/body weights were observed under galactosemic conditions, together with decreased follicle
number and increased atresia. Improved postnatal development, primordial follicle recruitment and follicular growth were
observed after DHEA treatment. After DHEA treatment, the expression of Ki67 protein was found to be increased; elevated
expression of cleaved-caspase-3 under galactosemia was found to be reduced.
Conclusions Our data suggests that DHEA treatment may be a potentially useful clinical therapy to improve ovarian ageing in
women with POI-induced by galactosemia.
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Introduction

Premature activation of ovarian follicles leads to early deple-
tion of the ovarian reserve, known as primary ovarian insuffi-
ciency (POI), a non-reversible pathology leading to female
infertility [1]. POI is most commonly associated with X chro-
mosomal abnormalities [2]. However, various autoimmune
and metabolic diseases such as adrenal insufficiency, autoim-
mune hypothyroidism, type 1 diabetes mellitus, pernicious
anaemia and galactosemia have also been linked with POI
[1, 3, 4].

Classical galactosemia is a hereditary disorder caused by a
deficiency of one of the main enzymes of the major galactose
assimilation pathway, galactose-1-phosphate uridyltransferase
(GALT) [5]. The impairment of ovarian function in classical
galactosemia has been known for over 25 years [6]. In galac-
tosemic patients, direct toxic damage to the ovary can occur
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through the accumulation of either galactose and/or its metab-
olites, leading to ovarian cell apoptosis [7]. Additionally, there
are some data regarding the toxic effect on the ovary using
animal models. Chen at al. (1981) reported that when pregnant
rats were fed with 50% galactose diet, there was a remarkable
reduction in oocyte number in the offspring [8]. Swartz and
Mattison (1988) showed signs of ovarian damage, such as a
decrease in normal ovulatory response, increase in the inter-
stitial tissue and the failure to respond to exogenous gonado-
trophins after feeding adult female mice with a diet consisting
of 50% galactose [9]. Another experimental galactosemia rat
model confirming POI was reported by Bandyopadhyay et al.
(2003) in which pregnant rats were fed with 35% galactose.
Here, galactose toxicity led to delayed onset of puberty, and
follicle depletion as a result of early follicular activation in
female offspring [10].

Dehydroepiandrosterone (DHEA) is a ubiquitous steroid
produced by the zona reticularis layers of the adrenal cortex
and theca cells of the ovary. DHEA is produced by the con-
version of cholesterol and is primarily important for the for-
mation of androstenedione (A), testosterone (T) and estradiol
(E2), the main androgens in women [11]. Because DHEA is
known to be the first step for the production of A, T and E2
[12], the decrease in DHEA levels also leads to a decrease in
the concentration of these hormones [11]. Therefore, DHEA is
the essential prohormone for ovarian follicular steroidogenesis
[11]. Although DHEA concentration is reported to be quite
high during the reproductive years in women, it decreases
with increased age leading to speculation that DHEA supple-
mentation may improve follicular microenvironment and thus
support fertility [13]. Indeed, a number of studies performed
both in animal models and humans have shown that DHEA
improves ovarian function in poor responders, reduces the
atretic effect and increases the number of active oocytes [14,
15]. It was first described by Casson et al. that therapeutic
benefits of DHEA in women with diminished ovarian reserve
whose peak estradiol level tripled and their response to stim-
ulation increased by two-folds after oral supplementation with
DHEA [12, 15], and subsequently, many others reported the
same outcome [13, 16–18]. Although the mechanism by
which DHEA exerts its effects is still uncertain, it is suggest-
ing that the DHEA may have a role in increasing serum con-
centrations of IGF-1, which in turn may improve the response
to gonadotropins [12, 15, 19].

Much investment has been placed into treating fertility in
POI. For example, hormonal therapies such as oestrogen pre-
treatment and exogenous gonadotropin therapy have been
tested as a potential strategy to improve ovulatory rates in
women with POI, but no significant benefits have been ob-
tained [20]. Recent experimental and clinical reports, howev-
er, have shown positive effects of DHEA supplementation on
improving the ovarian response [15, 18, 21]. Having these
previous findings in mind, we aimed to evaluate the potential

role of DHEA on ovarian folliculogenesis and fertility out-
comes in a galactose-induced POI rat model. For this purpose,
galactosemic POI-induced females were treated with three
different dosages of DHEA supplementation from postnatal
day (PND) 21 to PND70. Our results delineate that while
galactose toxicity leads loss of proliferation and premature
depletion of the follicular reserve by triggering cell death in
ovarian follicles, DHEA administration ameliorates these ef-
fects by stimulating primordial follicle recruitment and follic-
ular growth. Here we provide new insights towards under-
standing the pathophysiological mechanisms of galactosemic
gonadal dysfunction and its potential therapy.

Material and methods

Animals, food and DHEA administration

Sprague-Dawley rats were maintained under a 12-h light-dark
cycle in the Experimental Animal Care and Production Unit of
the Akdeniz University School of Medicine. Adult female rats
were mated with proven fertile males of the same strain. The
presence of sperm in the vaginal lavage was assigned as day 1
of gestation.

Female rats were fed with standard food pellets (carbohy-
drates, 65.5%; protein, 21%; fat, 5.5%; mineral mixture, 7%;
and vitamin mixture, 1%) supplemented with 35% galactose
(Sigma-Aldrich) (N = 60) or without galactose (control;
N= 20), from day 3 of conception and continuing through
weaning of the litters on PND21 (PND0; being the day of
birth), as previously shown [10]. On PND21, the galactosemic
female litters were separated into five further groups and
maintained separately until PND70. No application was made
to the first group to determine if there was a spontaneous
recovery (group 1; gal-exposed, N= 10). For the treatment
groups, female litters were dosed orally by gavage once daily
with vehicle alone (sesame oil; group 2; N = 10) or with
DHEA (Biosteron) suspended in the vehicle at doses of
0.1 mg/kg per day (low-dose group 3; N= 10), 1 mg/kg per
day (mild-dose group 4; N= 10) or 10 mg/kg per day (high-
dose group 5; N= 10). Individual dose volumes were calcu-
lated and adjusted weekly according to the most recent body
weights. Doses were selected according to the results obtained
in previous rat studies performed using DHEA [17, 22]. All
experimental protocols were approved by the Akdeniz
University Institutional Animal Care and Use Committee
(Protocol number: 2012.07.02).

Assessment of fertility and litter growth

The number of pups per litter was recorded to determine the
reproductive performance ofmothers with galactosemia. After
birth and lactation, body weights (BWs) of the litters were
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recorded every day from PND21 to PND70. Ovarian weights
of litters were recorded on PND70 at the end of the
experiment.

Ovarian follicle count

All ovarian tissue was fixed overnight in Bouin’s fixative and
transferred into 70% ethanol until processing. Serial sections
of 5 μm were cut for each paraffin-embedded ovarian block.
Standard H&E staining was done on sections of all ovaries,
then analysed under a bright-field microscope (Carl-Zeiss
Inc.). Every fifth section was assessed, the total number of
follicles on different stages was determined by counting the
follicles containing oocytes with a visible nucleus. Primordial,
primary, secondary, early antral and antral follicles were clas-
sified as described previously [23]. Briefly, primordial folli-
cles were defined as an oocyte surrounded by a layer of squa-
mous granulosa cells. Primary follicles possessed an oocyte
surrounded by a single layer of cuboidal granulosa cells.
Secondary follicles were surrounded by two or three layers
of cuboidal granulosa cells with no visible antrum. Preantral
follicles were surrounded by four or more layers of granulosa
cells, forming the follicular antrum. Antral follicles contained
a clearly defined single antral space. To determine the follicles
undergone atresia, atretic follicles contained certain morpho-
logical phenomena such as pyknosis of cell nuclei and
degenerated oocyte were counted.

Immunohistochemistry and quantitative analysis
of immunohistological staining

Paraffin sections were deparaffinised in fresh xylene, then
rehydrated in a series of decreasing ethanol concentrations.
Epitope retrieval was done as follows: sections were first
boiled at 750 W in 1 mM Tris-EDTA (TE) buffer (pH 9.0)
and then warmed at 250 W for 25 min in the same buffer.
Subsequently, endogenous peroxidase activity was quenched
by incubating sections in 3% H2O2 prepared in methanol for
25 min at RT. Following several washes with phosphate-
buffered saline (PBS), sections were blocked with Ultra V
Block (LabVision) at RT for 5 min. Then, they were incubated
overnight at 4 °C with primary antibodies specific for Ki-67
(1:500) (Thermo), cleaved caspase-3 (1:100) (Cell Signaling),
or FOXO3a (1:50) (Millipore). Negative controls were per-
formed by replacing the primary antibodies with normal rabbit
serum at the same concentration. After several rinses in PBS,
biotinylated goat anti-rabbit IgG (1/400) (Vector Lab) was
applied for 1 h at RT. Following several PBS rinses, the slides
were incubated with streptavidin–peroxidase complex for
20min using a Dako LSAB kit (Dako). The antibody complex
was visualised by incubation with diaminobenzidine (DAB)
chromogen (BioGenex) prepared according to the manufac-
turer’s instructions. Slides were counterstained with Mayer’s

haematoxylin (Dako) prior to permanent mounting and then
evaluated under a bright-field microscope (Carl Zeiss Inc.).
Quantitative analysis of immunohistological staining for each
protein was performed by using Image J Fiji software with
IHC image analysis toolbox and 3D object counter.

Terminal deoxynucleotidyl transferase
deoxy-UTP-nick end labelling assay

Terminal deoxynucleotidyl transferase deoxy-UTP-nick end
labelling (TUNEL) immunostaining of ovary sections from
each group was performed using the In Situ Cell Death
Detection kit from Roche (Roche, Basel, Switzerland), ac-
cording to the manufacturer’s instructions. Briefly, tissue sec-
tions were washed twice in PBS for 5 min, incubated in
permeabilisation solution (0.1% Triton X-100 in 0.1% sodium
citrate) for 8 min at 4 °C and washed twice with PBS for
5 min. Samples were labelled using TUNEL-reagent and in-
cubated for 1 h at 37 °C. Negative controls contained reagent
without enzyme. Lastly, slides were mounted with mounting
medium for fluorescence with DAPI (Vector Lab.) and exam-
ined using an Olympus BX61 fluorescence microscope.
Quantitative analysis of TUNEL positive signals was per-
formed by using Image J Fiji software with cell counter
plugin.

Statistical analysis

All results analysed by one-way ANOVA (analysis of vari-
ance) test followed by a Tukey’s multiple comparisons test
(Fig. 1d, Fig. 2A′–C′, Fig. 3, Fig. 4D, F). For comparison
between two groups, Student’s t test was used (Fig. 1A, B,
Fig. 4A, D). All error bars represent standard error mean (±
SEM) values. P value < 0.05 was considered significant.
Statistical calculations were performed using GraphPad
Prism 8 software.

Results

In this study, we first generated galactosemic pregnant rats by
feeding with diets containing 35% galactose. Thus, a POI
model was created in the offspring by induced galactose tox-
icity during the intrauterine and lactation periods. Then, to
assess the effect of DHEA on the ovary, DHEA administration
with three different doses was used in the litters.

Ovarian histomorphology

The evaluation of ovarian histomorphology after gal-exposure
and subsequent DHEA treatment yielded several observa-
tions. First, on PND21, the control ovary exhibits follicles at
different stages of maturity; however, the gal-exposed ovaries
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showed a significant reduction in primordial follicles and an
increase in primary and secondary follicles (Fig. 1a). Second,
the diameter of the antral follicles was observed as smaller in
gal-exposed ovaries compared with those of controls both on
PND21 and PND70 (Fig. 1a, b). This significantly smaller
size and appearance suggest the impaired growth and differ-
entiation during follicular development (Fig. 1b). Third, a
lower number of the cumulus cells surrounding oocytes was
consistently observed in gal-exposed ovaries (Fig. 1b).

It was observed that all type of follicles was present in the
ovaries of all groups at PND70 (Fig. 1c), however, the number
of primordial, primary, antral and atretic follicles were found
significantly different among groups (Fig. 1d). The number of
primordial follicles was found to be reduced significantly in
gal-exposed ovaries displaying the ovarian reserve depletion
(P < 0.05) (Fig. 1d). Additionally, the number of primary fol-
licles and most remarkably antral follicles were reduced; atret-
ic follicles were increased in gal-exposed ovaries (P < 0.05)
(Fig. 1d). After DHEA administration, recovery was seen for
primordial, primary and antral follicles, whereas secondary

and preantral follicles showed no statistical change among
groups (Fig. 1d). Importantly, the number of primordial folli-
cles was found to be statistically higher in the ovaries after
1 mg/kg and 10 mg/kg DHEA treatment than in gal-exposed,
vehicle and 0.1 mg/kg DHEA groups (P < 0.05) (Fig. 1d).
Moreover, the number of antral follicles were counted to be
significantly increased, and the number of atretic follicles was
found to be significantly decreased in the ovaries after all
DHEA treatments (Fig. 1d) (P < 0.05).

Ovarian reserve-related protein expression

Our findings of impaired development in gal-exposed ovaries
with the decreased number of primordial and antral follicles
directed us to further investigate the expression of molecular
markers associated with different biomolecular pathways in-
cluding proliferation, apoptosis and early follicle activation.
To this end, we performed immunohistochemistry on ovaries
at PND70.
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Fig. 1 Histomorphometric evaluation of ovaries. A Representative low-
magnification micrographs of control and gal-exposed ovaries on
PND21. Below graphs show follicular count of ovaries from control
and gal-exposed groups on PND21. The number of primordial follicles
was significantly lower; primary, and secondary follicles was significant-
ly higher in gal-exposed ovaries. Student t test, **P < 0.01; ***P
< 0.001. (N= 4 per groups). B Representative high-magnification micro-
graphs of antral follicles (top) and COCs (bottom) on PND70. Smaller
antral follicles and fewer granulosa cell layers were observed in gal-

exposed ovaries. Graphs show the measurement of antral follicles in size
(largest cross-sectional diameter, left) and count data for number of cu-
mulus cell layers surrounding oocytes within these antral follicles in con-
trol and gal-exposed groups on PND70 (right). Student t test, ***P
< 0.001. (N= 4 ovaries, 5 antral follicles per groups). C Representative
low-magnification micrographs of ovaries from all groups on PND70. D
Follicular count of ovaries from control, gal-exposed, vehicle andDHEA-
treated groups on PND70. ANOVA, *P< 0.05; **P< 0.01; **P< 0.001.
(N= 8 per groups). All scale bars = 50 μm
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We first assessed Ki-67 expression to evaluate the prolifer-
ation capacity of developing follicles in ovaries. Distinct nu-
clear expression of Ki-67 protein was found in granulosa cells
from primordial to antral follicles of control ovaries (Fig. 2a, a
′). A decreased expression for Ki-67 was observed in gal-
exposed ovaries compared to those of control, whereas ovaries

obtained after DHEA treatment at the doses of 1 mg/kg and
10 mg/kg showed remarkably higher expression of Ki-67
(P < 0.05) (Fig. 2a, a′).

The increased expression of the cleaved caspase-3 protein,
a marker of apoptosis, was clearly observed as nuclear in the
granulosa cells of primary, secondary, preantral and antral

Fig. 2 The expression of Ki-67, cleaved caspase-3 and FOXO3a proteins
in PND70 ovaries. Whereas Ki-67 (A, A’) and FOXO3a (C, C′) expres-
sions are lost and the expression of cleaved caspase-3 (B, B′) increased in
gal-exposed ovaries; in the DHEA-supplemented rat ovaries, expression
of cleaved caspase-3 decreases and expression of Ki-67 and FOXO3a

increases (N= 6 per group). # indicates significant difference from con-
trol; † indicates significant difference from gal-exposed; ‡ indicates sig-
nificant difference from the vehicle. ANOVA, P < 0.05. Scale bars =
50 μm
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Fig. 3 Representative images of TUNEL staining in ovarian tissues on
PND70. Increased cell death was observed in ovarian follicles after
galactose exposure. Strikingly, hardly any TUNEL-positive cells were
detected after DHEA treatment. The red signal indicates TUNEL-
positive staining, and the blue signal (DAPI) indicates nuclei. (N= 6

per groups). Graph shows quantification of average percentage of
TUNEL-positive cells in ovaries per experimental group. # indicates sig-
nificant difference from control; † indicates significant difference from
gal-exposed; ‡ indicates significant difference from the vehicle. ANOVA,
P< 0.05. Scale bars = 50 μm
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follicles in gal-exposed ovaries, but not in primordial follicles,
thecal cells or oocytes (P < 0.05) (Fig. 2b, b′). Importantly, the
expression level for cleaved caspase-3 in ovaries obtained
after DHEA treatment was found as a similar level of control
ovaries (Fig. 2b, b′) suggesting the protective effect of DHEA
on follicular cells from apoptosis.

The most striking result was obtained from FOXO3a
which is known to be a marker for follicle activation [24,
25]. In the control, FOXO3a was found to be expressed
mainly in the nuclei of granulosa cells and oocytes of
primordial follicles and early primary follicles (Fig. 2c).
However, gal-exposed and vehicle groups, as well as the

0.1 mg/kg and 1 mg/kg DHEA treatment groups, have
been found to be largely decreased of the FOXO3a ex-
pression which further supports POI (P < 0.05) (Fig.
2c, c′). Importantly, the expression of FOXO3a was clear-
ly seen in ovaries obtained after 10 mg/kg DHEA treat-
ment just as described for control ovaries (P < 0.05) (Fig.
2c, c′). Overall, these observations indicate that DHEA
lessens the effect of galactose toxicity on ovaries by act-
ing through the molecular pathways responsible for ovar-
ian reserve preservation. Here we also provide an insight
for understanding the molecular mechanisms underlying
galactose-induced POI.
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Fig. 4 Postnatal development in litters. A Fertility outcomes of control
(N = 20) and gal-exposed female rats (N = 30). Student t test, **P< 0.01.
B A representative female litter with an eye abnormality after gal-
exposure on PND21. C The appearance of the litters through weaning.
D Body weight of the litters on PND21 (left) (N = 8 per group). Student t

test *P< 0.05; PND70 (right) (N = 8 per group) ANOVA **P< 0.01. E
Postnatal growth rates of the representative litters from each experimental
group from PND21 to PND70. F Ovarian weight of the litters on PND70
(N = 8 per group) ANOVA *P< 0.05
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Cell death in ovarian follicles

To evaluate cell death in ovarian follicles among groups,
TUNEL analysis indicating late-stage apoptosis was per-
formed. The healthy (primordial to antral) follicles were ob-
served as TUNEL-negative, whereas only the atretic follicles
were observed as the TUNEL-positive in control ovaries (Fig.
3). However, increased TUNEL-positive expression was de-
tected in granulosa cells in the gal-exposed ovaries (Fig. 3).
Importantly, only a few TUNEL-positive follicular cells were
found after DHEA treatments (Fig. 3).

Decreased fertility and growth rate in a consequence
of galactose toxicity

The effect of galactose exposure on fertility outcomes of
mothers was evaluated. We first observed that the average
number of pups per litter was found to be significantly lower
in galactosemic females (4.7 ± 2.11 pups/litter) than the con-
trol females (8.6 ± 0.54 pups/litter) (Fig. 4a) (P < 0.05). A
large number of stillborn were obtained from the gal-
exposed mothers. Also, a number of females did not give birth
at all despite the presence of sperm in the vaginal lavage.

We then assessed in utero effects of galactose on new-
borns by examining their postnatal development. It is well
known that galactosemia leads to eye abnormalities in-
cluding cataracts [26]. Consistent with previous reports,
we also observed that most of the litters from gal-exposed
mothers had eye abnormalities (Fig. 4b). When we eval-
uated the developmental progress of the pups from PND0
to PND21, through weaning, it was observed that pups
exposed to high galactose in utero were smaller in body
size (Fig. 4c) and had significantly lower body weight
(BW) on PND21 (Fig. 4d) than that of control counter-
parts (P < 0.05). At the end of weaning, the average BW
of the gal-exposed pups (32.82 ± 2.11 g) was significantly
lower than the control pups on PND21 (61.93 ± 1.03 g)
(P < 0.05) (Fig. 4d). Although all the groups exhibited a
steady rise in their BW during the treatment process from
PND21 to PND70, the rate of growth was lower in gal-
exposed pups (Fig. 4e). Additionally, pups treated with
DHEA showed increased BW compared to non-treated
pups suggesting DHEA treatment enhances growth rate
(Fig. 4e). At PND70, the average BW of the gal-exposed
and vehicle pups was significantly lower than the control
pups, yet the increase on BW after DHEA treatments was
not found significant (Fig. 4d). Finally, ovarian weight,
both left and right, were found to be statistically lower
in gal-exposed groups than in control on PND70 (Fig.
4f). It was observed that ovarian weight is similar to con-
trol and higher than gal-exposed only after 10 mg/kg
DHEA treatment (Fig. 4f).

Discussion

A large majority of female patients with classic galactosemia
have POI, necessitating a viable approach regarding fertility
preservation. However, due to the unique and undetermined
underlying pathophysiological mechanisms of POI induced
by galactosemia, clinical treatments have remained elusive.
In galactosemia, the defined mechanism of premature ovarian
reserve depletion is not known and is thought to be caused by
the toxic effects of galactose and galactose metabolites [27]. In
order to obtain a better understanding of the pathophysiology
of POI under galactosemic conditions, rodents exposed to
high concentrations of galactose have been used as a model
for several years [8, 26]. Indeed, it has been reported that
prenatal exposure to galactose produces a sequela of abnor-
malities including POI in the offspring, characteristic of hu-
man galactosemia [8]. Consistent with the previous studies,
we observed similar abnormalities including early follicular
activation and accelerated follicle atresia. Increased propor-
tion of growing follicles within the ovarian tissue at PND21
(short term), reduced number of primordial, growing and an-
tral follicle at PND70 (long term) were observed in offspring
after in utero galactose exposure. Therefore, our present study
confirms that in utero galactose toxicity induces follicle re-
serve depletion and generates POI in offspring. Additionally,
this study provides further insight towards an understanding
of the molecular basis of galactosemic POI by evaluating the
ovarian reserve-related protein expressions, including Ki-67,
cleaved caspase-3 and Foxo3a, which was not shown in pre-
vious studies.

Although there is still some uncertainty in the literature
regarding when primordial follicles first appear, it is widely
accepted that they are first formed at around 15–22 weeks of
gestation in human foetuses, whereas the formation occurs
within a few days of birth in rats and mice [28]. Normally,
activation of some primordial follicles starts soon after their
formation leading to the first wave of antral follicles around
PND15 in rats and mice [28]. Previous studies performed in
mice showed that FOXO3a deficiency drives primordial fol-
licles to spontaneous global activation, with the primordial
follicle reserve completely depleted 2 weeks after birth [29].
Therefore, FOXO3a is required to maintain the reproductive
capacity. In humans, FOXO3a mutation is considered to have
more severe phenotypic consequences than in mice [30, 31].
Our data showed that FOXO3a expression is dramatically
downregulated in gal-exposed ovaries, whereas it was present
DHEA-treated (10 mg/kg) ovaries. A clear dose-dependent
effect of DHEA on FOXO3a expression indicates the correla-
tion between the androgen amount and its selective control of
follicle maturation, which was suggested before [32]. In addi-
tion to that, observing downregulation of Ki-67 in galacto-
semic offspring and augmentation following DHEA supple-
mentation indicates increased granulosa cell proliferation and
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therefore healthy follicular development stimulated by DHEA
under galactosemia. Together, we believe this data is impor-
tant evidence showing that DHEA prevents early activation of
primordial follicles.

Androgens, as oestrogen precursors, have been considered
detrimental to women’s health for many decades. Androgen
receptor (AR) is abundant in the preantral/antral stages in the
murine ovary [33]. Likewise, it is expressed at all stages of
follicular development beyond the primordial stage in human
ovarian follicles [34]. Studies using androgen-receptor knock-
out (ARKO) mice, which eventually develop POI, have clear-
ly demonstrated the importance of AR for normal ovarian
function and female fertility [35]. Androgens induce ligand-
activated AR and modulate FSH activities in developing gran-
ulosa cells. They act as crucial modulators of granulosa cell
proliferation and follicle maturation, particularly at FSH-
dependent stages. Therefore, androgenic effects appear pro-
nounced at early stages of folliculogenesis both in mice and
human [32]. Here, our finding of a possible stimulatory effect
of DHEA on follicle development is supported by these pre-
vious observations. Data presented in this study signify that
ovarian follicular maintenance requires AR-mediated andro-
gen function in rats with galactosemia, and is likely to have a
similarly significant role in humans.

Currently, there is no proven treatment available to fully
restore normal function to the ovaries with diminished reserve.
Few human clinical trial studies showed effective treatment of
DHEAwith the daily dose of 75–80 mg for at least 12 weeks
to women with diminished ovarian reserve [15, 16, 18]. Here
we present the significant improvement of ovarian reserve
indicators in rats that received 1 mg/kg daily, which is com-
patible with human studies, and 10 mg/kg daily which is rel-
atively high. Animal models have a great potential to improve
our understanding of the cause, progression and potential ther-
apeutic approaches of human diseases, yet physiological dif-
ferences between rodents and humans must be considered
before results are fully translated to humans. Data presented
here supports the conclusions of previous case reports
which show an improved ovarian function in poor responders
after exogenous DHEA supplementation.

In conclusion, this study suggests a mechanism whereby
DHEA treatment may be a clinically useful therapy to im-
prove the ovarian ageing in women with POI induced by
galactosemia. Future work will include both human
randomised controlled trials and further experimentation with
animal models to elucidate the effects of DHEA in search of
galactosemic gonadal dysfunction.
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