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Abstract

In this study, the stereo-pathological effect of metformin and N-acetyl cysteine is evaluated on
the uterus and ovary of polycystic ovary syndrome (PCOS) mice. 96 mature females (8-week-
old, weight of 20-30 gr) BALB/c mice were classified into 6 groups including the control
group (n= 16), letrozole-induced PCOS group (n=16), PCOS + metformin (n=16),
PCOS+NAC (n=16) and a separate control group for NAC (n=16). Another PCOS group was
maintained for a month to make sure that features remain till the end of the study. Testosterone
level, vaginal cytology and stereological evaluations were assessed. Vaginal cytology in
letrozole-receiving mice showed a diestrus phase continuity. Testosterone level, body weight,
uterine weight, endometrial volume, myometrial volume, gland volume, stromal volume,
epithelial volume, vessel volume, daughter and conglomerate glands, endometrial thickness,
and myometrial thickness exhibited an increasing trend in the uterus of PCOS mice. While
normal gland “and vessel length decreased in the PCOS group. Ovarian volume,
corticomedullary volume, primary follicles, secondary follicles, and ovarian cysts were
increased in PCOS ovaries. While corpus luteum, primordial, graafian, and atretic follicles
showed a decline in the PCOS group. NAC and metformin, however, managed to restore the
condition to normal. Given the prevalence of PCOS and its impact on fertility, the use of non-
invasive methods is of crucial significance. NAC can control and treat pathological parameters
and help as a harmless drug in the treatment of women with PCOS.
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Polycystic ovary syndrome (PCOS) is a common
hormonal disorder in reproductive age. According to
Rotterdam criteria, this syndrome can be diagnosed by
two of the three symptoms of clinical/biochemical
hyperandrogenism, ovarian dysfunction, and the
presence of 12 or more follicles of 2-10 mm in the
ovary.' Although the number of oocytes retrieved in
PCOS is higher than the others, most of them are not

mature, declining the pregnancy rate.” Oocyte, embryo
quality, and pregnancy outcomes are weaker in PCOS
patients due to changes in the oocyte and follicular fluid
microenvironment.’ Pathological variations of ovaries
and uterus in PCOS are the most important causes of
ART failure. Uterine exposure with high levels of free
insulin, growth factor-l, and androgens, increases
endometrial proliferative activity, and endometrial
thickness.* The incidence of micropolip is also
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associated with endometritis (plasma cells infiltration
into endometrial stroma), endometrial stromal edema,
and peri-glandular hyperemia.” In the ovary, the
presence of cystic follicles with a thin layer of granulosa
cells and the absence of corpus luteum (indicative of
anovulation status) is a common finding.® One of the
most basic treatment lines of PCOS is metformin.
Metformin is a biguanide used to treat hyperglycemia,
reduce insulin resistance, and inhibit hepatic
gluconeogenesis. It also reduces total and free blood
androgen, corrects ovarian dysfunction, and increases
the quality of oocyte and embryos by reducing ROS and
apoptosis levels.” Metformin consumption in PCOS
patients can decline premature and pre-antral follicles.®
Metformin consumption can also enhance follicular
development, improve the percentage of corpus luteum,
and decrease cystic follicles, hence, facilitating
ovulation and fertility rate.” Metformin also increments
endometrial receptivity markers in PCOS patients.'’
Metformin is, however, associated with gastrointestinal
side effects. Another treatment that may help reduce
PCOS complications and ultimately increase the
chances of fertility is N-Acetyl cysteine (NAC). NAC is
a derivative of the amino acid cysteine with antioxidant
effects. Its anti-apoptotic properties prevent ovarian
ischemia. NAC consumption is associated with a
decrease in testosterone. Therefore, NAC can have
positive effects on ovulation in PCOS patients.'' NAC
can effectively strengthen pregnancy and ovulation
rates. It is safe with a high lethal dose threshold,
resulting in no side effects. However, the underlying
mechanism of how NAC administration protects the
utero-ovarian function (that reverse histopathological
characteristics in  PCOS) still - needs further
exploration.'” In this regard, the present study is
aimed to evaluate the stereo pathological effects of
metformin and N-acetyl cysteine on uterus and ovary in
letrozole-induced PCOS mice to find probable
mechanisms.

Materials and Methods

FEthics statement

All experiments on the animals in this study were
approved by the Animal Ethical Committee of Shiraz
University of Sciences (IR.SUMS.REC.1398.620).

Animal maintenance and treatment

96 mature females (8-week-old, weight of 20-30 gr)
BALB/c mice were purchased from Comparative and
Experimental Medical Center of Shiraz University of
Medical Sciences. The animals were kept for two weeks
to adapt to the environment. All experiments were
conducted between 9:00 a.m. to 12:00 p.m. under
standard laboratory conditions (22+2°C room
temperature; 12-h light/dark cycle with lights on at 7:00
a.m.). Tap water and food pellets were provided ad
libitum. Female mice were randomly divided into 6
groups (n=16) as follows. PCOS group: To induce

PCOS, mice received letrozole (Letrax 2.5, Abu Raihan
pharmaceutical Co, Tehran, Iran) at a dose of 90 pg/kg
daily for one week by gavage. The effective dose for
induction of PCOS in the mice model was determined
by experimenting with 60, 90, 120, and 200/pg/kg daily
doses for a week, on 4 groups of 8 mice as a pilot study.
After measuring the necessary criteria such as vaginal
cytology, serum testosterone levels, and weight, the
dosage of 90/ug/kg daily was selected. Metformin-
treated group: PCOS mice received metformin
(metformin 500, Fakher Co, Tehran, Iran) at 500 mg/kg
daily by gavage for 7 days.'” Control group: Animals
received distilled water (as letrozole and metformin
solvent) by gavage daily. NAC treatment group: For 9
days, mice with PCOS received NAC (N-acetyl
cysteine, Sigma-Aldrich, product number A7250) at a
dose of 160 mg/kg dissolved in 0.9% NaCl by
intraperitoneal injection. The effective dose of NAC for
PCOS treatment in mice was first determined by testing
various doses (90, 150, 160, and 200/mg/kg per day) for
a week, on 4 groups of 8 mice as a pilot study. After
measuring  the necessary criteria such as vaginal
cytology, serum testosterone levels, and weight the
dosage of 160/pg/kg daily was selected. NAC Control
group: Mice received 0.9% NaCl by intraperitoneal
injection for 9 days. PCOS group: PCOS mice in this
group were kept for 4 weeks without any therapeutic
intervention to ensure the durability of PCOS features
till the end of the study

Estrous cycle determination and vaginal cytology

Daily vaginal smears were taken between 9 to 10 in the
morning. The stages of the sexual cycle were
determined based on vaginal cytology. Vaginal cells
were collected by lavage of distilled water, fixed on a
slide, and stained by Giemsa."

PCOS induction proofs

The weight of the rats was measured weekly, estrus
cycle was determined daily, serum testosterone levels
were measured. Finally, a stereological study was
performed of the right ovary and uterine horn.

Serum testosterone

After blood sampling and isolation of serum, the
samples were frozen at -80 °C. The testosterone level
was then evaluated by the ELISA method using a
special kit (kit range of 10-800 ng /dl) according to the
manufacturer's instructions.

Stereological study
Preparation of the uterine tissue

At the end of the studies, the mice were sacrificed.
Through a midline incision, the ovaries and uterus were
exposed, cleaned, and removed. (Figure 1 a). The right
and left uterine horns were cut from the uterine tube and
vagina (Figure 1 b). After measuring the weight of the
uterine horns, their volume, V(uterine horns), was
measured by the immersion technique. Subsequently, 8
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Fig 1. Anatomy, histology, and methods of
quantification of the uterus. Anatomy of
the uterus in a rat (a). Removal of uterine
horn (b). The uterine horn was cut into 8—
12 slabs according to its length (c).
Uniform isotropic random sections were
obtained from the uterine horn by the
orientator method (d).
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to 12 parallel sections were obtained based on the length
of the uterine horn (Figure 1 c). To estimate the total
length of the vessels, the parts of the left uterine horn
were cut using isotropic uniform random (IUR) sections
procedure (Figure 1).'"*'* Each uterine horn segment
was sectioned into pieces parallel to the direction of the
second cut with a distance of 1 mm, giving rise to 8-12
slabs. The slabs were then held in 10% neutral buffered
formalin for tissue procedure. The slabs were processed,
embedded into separate paraffin blocks, sectioned (4
and 25 pm thickness), and stained with Hematoxylin
and Eosin (H&E).

Estimating the volumes of the uterine wall components

The four-micron-thick sections of the right uterine horn
were used to investigate the volume of the perimetrium,
myometrium, and endometrium (epithelium, gland,
stroma, and blood vessels) layers of the uterine horn
(Figure 2). The stereological ‘instrument included a
Nikon E-200 microscope (Tokyo, Japan) with an oil
objective lens (Plan Apo 60x, n/a: 1.4, Tokyo, Japan)
and a Samsung video camera (SCB- 2000P, Hanwha
Techwin, South Korea) attached to a computer. The
stereological probes at the final magnification of 385 X

were applied to the live image and the volume of listed
structures was estimated by the “point counting
method”. The volume density of uterine structures, Vv
(structure) was calculated by the following formula:

Vv (structure) =ZP (structure)/ZP (total).
In which XP (structure) and XP (total) are the total
points that fall on the structures of the uterus and the
total points that fall on the uterine section, respectively.
The total volume of the uterine structures was assessed
by multiplying the volume density (Vv) by V (uterine
horn).
Estimating the number of uterine glands

The optical dissector technique was applied to estimate
the number of uterine glands. The optical dissector is
composed of an Eclipse microscope (E200, Nikon,
Tokyo, Japan) with a high numerical aperture
(NA=1.30) x40 oil-immersion objective, attached to a
video camera, to project the live image to a monitor, and
an electronic microcator with digital readout (MT12,
Heidnehain, Traunreut, Germany) for assessing the
movements in the Z-axis with an accuracy of 0.5um.
The location of microscopic fields was determined, by
moving the microscopic stage in x- and y-axes at equal
distances with systematic uniform random sampling.
The unbiased counting frame is a 3D probe used to
count the number of the uterine gland, with a stereology
software system (Stereolite, SUMS, Shiraz, Iran). The
counting frame has two solid forbidden lines (the left
and inferior borders and their extensions) and two
dashed acceptance lines (the right and superior borders)
that were superimposed on the live image uterus at a
final magnification of 10 X (Figure 2c¢). The guard zone
refers to areas at the top and bottom parts of the uterine
sections. These areas were used to avoid cutting tissue
artifacts that take place during tissue procedures on this
area of the uterine sections. Glands occurring in the
focus zone above (the first 3.5 um) or below (the first
3.5 um) guard zones were not counted. The middle
distance between the guard zones was the “height of the
dissector” (here, 18 pm).'® The uterine glands appeared
in the maximal focus in the counting frame which were
totally or partially placed in the frame and did not touch
the solid line were selected.
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Fig 2. Three layers of the wall uterus (endometrium, myometrium, and perimetrium) (a) and endometrial
component (epithelium, gland, stroma, and blood vessels) are indicated on the histological section (b).
The point-counting method was used to estimate the volume of the uterine wall layers and endometrial

Endometrium
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thickness by orthogonal intercept method(d).”"’

Fig 3. Methods of quantification of the uterus. The conglomerate (Co), cystic(C), daughter (D) and normal (N)
morphological types of endometrial glands are indicated on the histological section (a). The optical
disector method was applied to estimate the number of the endometrial glands (b). Estimation of the
length of the blood vessels by unbiased counting frame (c). Estimation of the endometrial and myometrial

The numerical density of the gland was estimated by the
following equation:

Nv (glands / total) = ZQ—/ (Zpx (a/f) xh) x (t/BA)
Where 2Q- is the number of the glands coming into in
dissector height, XP shows the total of the counting
frames in all microscopic fields, and h indicates the
height of dissector. a/f also denotes the area of the
frame. t and BA are the actual section thickness
calculated with the microcator and the block advance of
the microtome. The thickness of the uterine section was
measured in the total microscopic fields considering
uniform random sampling of each uterine section.'’

The total number of the glands was assessed by
multiplying the numerical density by V (uterine horn) ',

Morphology of the endometrial gland

For morphological assessment of endometrial glands,
the video-microscopy system was used and the slides
with a thickness of 4 um were evaluated at a final
magnification of x 400." Finally, the percentage of the
mentioned glands was estimated as the number of a
normal, cystic, daughter, and conglomerate gland x 100
/total number of the gland (Figure 2).

Estimating the endometrial and myometrial thickness

To estimate the mean thickness of the mentioned
structures of the uterus, the harmonic mean thickness of
the listed structures was estimated. The sections with a
thickness of 4 pum were applied to evaluate the
thickness. The stereological probe (isotropic lines) at the
final magnification of 10 x was superimposed on the
live images of the uterus and the distance between the
internal and external surfaces of the listed structure was
measured by drawing a vertical line from the external
surface to the touchpoint of the isotropic line with the
internal surface of the mentioned structure (Figure 3)."
The mean thickness of the structures was then estimated
by:

Harmonic mean layer thickness = 8 / (37) x harmonic
mean of orthogonal intercepts
In this formula, the harmonic means of orthogonal
intercepts = number of measurements/sums of the
reciprocal of orthogonal intercepts (oi)
Number of measurements/ [1/0i+1/0i+1/0i+1/0i+...]

Estimation of the length of the uterine blood vessels

The length density of the uterine vessels was determined
using the four-micron-thick sections followed by an
assessment with an unbiased counting frame (Figure 3).
The unbiased counting frame with solid forbidden and
dashed acceptance lines was overlaid on the live figures
of the uterine horn tissue. The vessels entirely or
partially residing in the unbiased counting frame which
do not touch the solid forbidden lines were counted."
The length density of the vessels (LV) was estimated by
the following formula:

LV (blood vessels /uterus): =2 > Q/ (3P x a/f)
where > Q is the whole number of the blood vessels
whose diameter was above 20 pum, sampled by the
unbiased counting frame per rat uterus, )P also
represents the number of frames associated points
hitting the uterine tissue, and a/f shows the counting
frame area. The total length of blood vessels L (vessels)
was determined by the following formula:

L (blood vessels) = LV (vessels/uterus) xV (uterine
horn)

Preparation of the ovary tissue section

After measuring the weight of the right ovary, it was
processed and embedded in cylindrical paraffin blocks
followed by cutting based on serial sections. Isotropic
uniform random (IUR) sections with thicknesses of 4
and 25 pm were obtained by a microtome and stained
with H&E.

Estimation of the ovary volume

The Cavalieri technique was used to assess the total
volume of the ovary at the final magnification of 40 x
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Fig 4. The cylindrical paraffin block was cut
using isotropic uniform random (IUR)
sections. The histological section of the
ovary was stained with Hematoxylin and
Eosin (H&E) (b). The point-counting
method was used to estimate the volume of
the cortex, medulla, ovarian cysts, and
corpus luteum (c). The optical dissector
technique was applied to estimate the
number of the follicles (d).

(Figure4). To this end, 8-12 sections were selected from
each mouse by systematic random sampling. The
volume of the ovary was evaluated by point-counting
technique through the following formula:
V (ovary) =AxT A=Y"P (ovary) xa/p

In this formula, P is the total number of points
superimposed on the live images of the ovary, a/p shows
the area related to each point, and T denotes the distance
between the selected sections.

Estimation of the volume of cortex, medulla

The section with a thickness of 4 pm was applied to
evaluate the volume density of the structures. In every
section, the cortex, medulla, ovarian cysts, blood
vessels, and corpus luteum were identified (Figure 4).
The stereological probes at the final magnification of
52x were also used to the images and the volume
density (Vv (structure/total)) of the listed structures
were estimated by the point-counting method (Figure 4)
and the following formula:

Vv (structure) = Y P (structure)/) P(total)

In which P (structure) and )P (total) are the total
points superimposed in the chosen structure and the
total points hitting the ovary sections, respectively.
Finally, the total volume of each structure can be
assessed by multiplying the volume density by V
(ovary)

V(structure)= Vv (structure) X V(ovary)
Estimation of the number of Primordial, Primary,
Secondary, Graafian, Atretic follicles and corpus loteum
The number of primary, secondary (antral), mature
(Graafian), and atretic oocytes and granulosa cells was
estimated by evaluating 25-micron-thick sections by

optical dissector method as described earlier. The
number of follicles subpopulations can be assessed by
the following formula:

Nv (follicle subpopulations) =[ZQ-/(a/fxZPxh)] xt/BA.
In this formula, Y Q is the number of the follicle coming
into in dissector height, ZP denotes the total counted
frames per mice for follicles in all microscopic fields,
and h shows the height dissector measured using the
microcator, a/f represents the area of the frame, t is the
mean actual thickness of the section calculated by the
microcator, and BA stands for the block advance of the
microtome. The thickness of the ovary section was
calculated in the whole microscopic fields of view with
uniform random sampling from each ovary section. The
total number of follicles was assessed by multiplying
the numerical density by V(ovary)."’

Statistical analysis

The data were statistically analyzed using IBM SPSS
16.0 (SPSS Inc., Chicago, IL, USA). All data were
reported as the mean+standard deviation (SD).
Kolmogorov-Smirnov test was utilized to evaluate the
normality of the data. The samples were compared
using one-way ANOVA with a post-hoc Tukey test.
Before-after comparisons were evaluated by paired T-
test. Comparison between two groups was carried out
by independent T-test. Tests were performed within a
95% confidence interval at the significant level of
p <0.05.

Results
Estrus Cyclicity determination

Vaginal cytology in letrozole-receiving mice showed a
diestrus phase continuity. Other treatment groups,
however, exhibited the estrous cycle was regular.

Weight

The weight of the mice in the first and third weeks is
listed in Table 1. In the third week, the weight of PCOS
mice was significantly higher than the control group
(0.001). Metformin (0.001) and NAC (0.001) managed
to correct PCOS-induced weight gain.

Testosterone Serum level

Testosterone levels of the PCOS group were higher than
the control group. Compared to PCOS, testosterone
levels of other groups were lower.

Uterine and ovarian stereological characteristics
Uterine weight

Uterine weight was significantly higher in the PCOS
group. (PCOS - control groups (0.009), PCOS -
metformin (0.03) and PCOS-NAC (0.008)).

Uterine volumetric results

The endometrial volume was higher in PCOS group
(control - PCOS (0.008), PCOS - metformin (0.01),
NAC - PCOS group (0.02)).
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The myometrial volume was significantly higher in
PCOS mice (PCOS-control (0.01), PCOS-metformin
(0.04), and NAC-PCOS (0.01)).

The perimetrium volume was not significant in any
group.

Endometrium sub structures volumetric results:

The volume of the endometrial lumen was not
significantly changed in any group.

The volume of glands was higher in the PCOS group
[PCOS-metformin (0.007), PCOS-control (0.004), and
NAC-PCOS (0. 01)].

The epithelial volume was higher in the PCOS group
[PCOS-control  (0.001), PCOS-metformin (0.003),
NAC-PCOS groups (0.002)].

The stromal volume was significantly higher in the
PCOS group [PCOS-control (0.005), PCOS-metformin
(0.005), and PCOS-NAC (0.004)].

The volume of endometrial vessels was significantly
lower in PCOS mice and higher in the metformin and
NAC group [PCOS-control (0.01), PCOS-metformin
(0.0001), metformin-control (0.01), NAC-PCOS group
(0.001), and NAC-control (0.001)].

Type, number, and volume of endometrial gland:

Total endometrial gland number was higher in PCOS
group [PCOS-control  (0.001), PCOS-metformin
(0.001), PCOS-NAC (0.001)].

Number of normal endometrial glands was lower in
PCOS group [PCOS-control (0.04), metformin-PCOS
(0.006), NAC-PCOS (0.006)]. The number of
endometrial cystic glands showed no significant change
in none of the studied groups. PCOS group possessed
more daughter endometrial glands [control-PCOS
(0.0001), metformin-PCOS (0.0001), NAC-PCOS
groups (0.0001)].

The number of endometrial conglomerate glands was
higher in the PCOS group [PCOS-control (0.0001),
PCOS-metformin (0.0001), and NAC - PCOS (0.0001)].
The volume of normal glands was lower in PCOS mice
[control-PCOS  (0.005), metformin-PCOS (0.003),
PCOS-NAC (0.002)]. The volume of endometrial cystic
glands was not significant in any group. The volume of
endometrial daughter glands was higher in the PCOS
group [control-PCOS  (0.0001), metformin-PCOS
(0.0001), and NAC-PCOS groups (0.0001)]. The
volume of endometrial conglomerate glands was higher
in the PCOS mice [control-PCOS (0.0001), metformin-
PCOS (0.0001), NAC-PCOS (0.0001)].

Endometrial-myometrial thickness

Fig 5.  Shows uterus in a: control, b: metformin, c: NAC and d: PCOS group. Endometrial and myometrial
thickness, epithelial height and gland density increased in PCOS. Endo= Endometrium. Myo=
Myometrium. N=Normal. C= Conglomerate. Cy= Cystic. Epi=Epithelium.
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Fig 6. Shows ovary in a: control, b: metformin, c: NAC and d:"PCOS group. Corpus luteom, primordial follicles
and grafiaan follicles decreased in PCOS. CL=Corpus luteom.

The endometrial thickness was higher in the PCOS
group [control-PCOS  (0.0001), metformin-PCOS
(0.0001), and NAC-PCOS (0.0001)]. The myometrial
thickness was significantly higher in the PCOS mice
[control-PCOS (0.02), metformin-PCOS (0.03), and
NAC-PCOS (0.01)].

Endometrial vessel length

The endometrial vessels length was shorter in the PCOS
mice and longer in the metformin and NAC treatment
groups [control-PCOS (0.02), metformin-PCOS (0.001),
control-metformin (0.003), NAC-control (0.06), and
NAC-PCOS (0.0001)].

Volumetric and follicular count results:

The ovarian volume was higher in the PCOS group
[control-PCOS (0.0001), metformin-PCOS (0.0001),
and NAC-PCOS groups (0.0001)). The cortical volume
was significantly higher in the ovary of the PCOS
subjects (control-PCOS (0.0001), metformin-PCOS
(0.0001), and NAC - PCOS (0.0001)].

The difference in the medullary volume was significant
between control-PCOS (0.0002), metformin-PCOS
(0.0001), and NAC-PCOS (0.008).

Number of primordial follicles was lower in PCOS
ovaries [control-PCOS (0.0001), metformin-PCOS
(0.0001), and NAC-PCOS (0.01)]. Number of primary
follicles was significantly higher in PCOS mice
[control-PCOS (0.0001), metformin-PCOS (0.0001),
and NAC-PCOS (0.0002)]. Number of secondary
follicles was higher in the PCOS group [control-PCOS
(0.0001), metformin-PCOS (0.0001), NAC-PCOS

(0.0006)]. Number of Graafian follicles was lower in the
PCOS ovaries [control-PCOS (0.02), metformin-PCOS
(0.02), and NAC-PCOS (0.02)]. The number of atretic
follicles was significantly higher in the PCOS group
[control-PCOS (0.04), metformin-PCOS (0.04), and
NAC-PCOS (0.04)]. The number of ovarian cysts was
significantly higher in the PCOS ovaries [control-PCOS
(0.0006), metformin-PCOS (0.0006), NAC-PCOS
groups (0.0002)]. The number of corpus luteum was
lower in the PCOS group (control-PCOS (0.0001),
metformin-PCOS (0.0001), and NAC-PCOS (0.008).
Weight, serum testosterone, and continuous diestrus in
the vaginal smear of the PCOS group at the 4th week
were the same as the first week (p=0.2) and were
considered as PCOS range.

Discussion

PCOS is a reproductive-metabolic disorder whose
relationship with obesity has been well identified.”
Hyperandrogenism is an early predictor of metabolic
disorders in PCOS. Studies on twins showed that
genetic and environmental factors such as prenatal
exposure to too much androgen can play an important
role in the development of this disorder.”® Other causes
of weight gain include increased leptin, abdominal fat,
elevated fasting glucose, and insulin resistance.”'

PCOS mice of this study also exhibited estrous
acyclicity and continuous diestrus phase in vaginal
cytology. Studies indicated that animal models of PCOS
are associated with persistent diestrus phase; some
showed irregular sexual cycles depending on the type of
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Table 1. Comparison of mice weight in control, PCOS, metformin group, treatment with N-acetylcysteine and its
control in the first and third weeks.
Groups Mean = SD mice weight first week | Mean £+ SD mice weight first week (g) p.value
(8
Control 26.82+1.01 26.47+0.80 0.99
PCOS 28.06+2.41 35.47 +£1.70 0.0001"
Metformin 27+2.62 25.35+1.36 0.006
p-value 0.2 0.001
NAC 27.18 £1.23 26.65 +1.5 0.1
Control. 27.71£1.21 27.53+1.32 0.72
NAC
P. value 0.05 0.2

Table 2. Comparison of number of endometrial glands in control group, PCOS metformin, NAC, and NAC control.
Groups normal glands cystic glands daughter glands conglomerate glands
Control (*%68) 10.20+5.1 (%18.66) (%8) (*%523)

2.80+0.44 1.2+0.44 0.8+0.44
PCOS CA1151) (*%8.42) (*%38) (442.63)
4.442.30 3.2042.1 14.4443.97 16.20+2.28
Metformin (*%466.31) (%20) (*%8.42) CA1111)
12.60+1.67 3.80+1.30 1.60+0.89 120.70
p.value 0.07 05 — 0001 0.0001"
NAC (%72.63) (%14.73) (*%8.42) (*%6.31)
13.80+3.11 2.80+1.09 1.601.14 1.2+0.4
ControlNAC (*%22.10) (*%412.63) (*%47.36) (%6.8)
14.2042.28 24015 1.40£1.5 1.3£0.70
p.value 0.6 0.8 0.9

Table 3. Comparison of ovarian follicular count in control, PCOS, metformin and NAC control group s.

Groups Primordial- | Primary-F | Secondary- | Graafian-F Atretic-F Cystic-F Corpus
F F luteum
Control 191.8448.08 | 126.7£33.61 | 16.10+4.39 | 54.11£17.34 | 17.3446.36 | 22.49+8.32 | 109.9426.19
PCOS 54.83+15.16 | 355.4+83.36 | 101.3£34.83 | 22.80+15.16 | 90.51+84.40 | 322.6+156 | 32.85+12.82
Metformin | 208.14+34.27 | 101.4£26.29 | 15.5244.54 | 53.09+14.01 | 9.83+4.62 | 27.2749.17 | 120+11.61
p.value 0.0001" | 0.0001" 0.0001" 0.01° 0.04° 0.0002" 0.0001"
NAC 196.6+102.6 | 86.35£37.40 | 14.17+5.56 | 53.49+20.03 | 6.22+4.26 | 14.49+7.14 | 153+75.99
NAC.Control | 184.1+68.97 | 97.26+47.28 | 16.10+5.42 | 52.51+10.61 | 11.96+6.45 | 30.34+7.52 | 113.4+38.76
P.value 0.8 0.6 0.5 0.9 0.1 0.2 0.3

medication, duration, and androgen level. Manneras et
al. showed that the dihydrotestosterone induced PCOS
animal models are associated with the estrus cycle
irregularities  instead of  continuous  diestrus.’
Histological observations suggest folliculogenesis
disorder as a reason for the altered sexual cycle.” The
results of a stereological study on letrozole-induced
PCOS rats showed a significant rise in total ovarian
volume, cortico-medullary volume, and the number of
atretic follicles and ovarian cysts.”’ However, ovarian
size decreased in another study that used estradiol
valerate instead of letrozole.*® This difference may be
due to the type of medication used to induce PCOS as

well as its dose, which ultimately affected the serum
level of testosterone in the blood.

For example, Manneras et al. ** applied DHT to induce
PCOS, which resulted in a decrement in ovarian weight
and volume. The number of secondary follicles was also
reduced in contrast to this study.’”

Some studies have suggested that despite general insulin
resistance, the ovaries remained sensitive to insulin
responded to hyperinsulinemia by getting enlarged and
producing more androgens, which can explain the
increase in ovarian volume in the PCOS group.”” By
stimulating ovarian cell proliferation, hyperinsulinemia
can ultimately increase ovarian volume and size, as well
as the development of ovarian cysts.”® hyperinsulinemia
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can increase the production of androgens from theca
cells and worsen the condition. On the other hand, there
is a strong association between high androgen and
proinflammatory cytokines called TNAF-o. This
cytokine can play an important role in the pathological
increase of ovarian volume, follicular atresia and
premature ovarian failure.’’

Pathological examination of PCOS-affected ovaries
showed an increment in atretic follicles, ovarian cysts,
decreased corpus luteum, and estrus cycle irregularities.
Decrease in primary follicles and increase in primary,
secondary, and atretic follicles indicate cessation of
folliculogenesis.*® Some primary and secondary follicles
become enlarged, and some become atretic. On the
other hand, increasing the level of AMH in PCOS
increases the number of secondary follicles. Elevated
AMH levels play an important role in follicular arrest
by inhibiting aromatase and reducing FSH activity and
ultimately impairing dominant follicle selection.*”*’
Decreased corpus luteum occurs due to the absence of
ovulation. Decreased estradiol levels (as a result of
inhibition of testosterone aromatization to estradiol)
cause apoptosis and damage to the genetic material of
the oocyte due to oxidative stress and thus increase
follicular atresi.*' Another reason for the increase in
follicular atresia is the sudden lack of FSH surge and
decrease in follicular sensitivity to FSH, which is due to
the antagonistic effect of androgens on FSH and is the
most important factor in stopping follicular growth.*
Ovarian exposure to large amounts of testosterone,
before puberty, can enhance the number of primitive
follicles.* After puberty, an increase in testosterone will
cause the loss of primordial follicles, as happened in the
present study.** Franks et al. stated that PCOS is a
condition that prevents the selection of dominant
follicles. Many secondary follicles accumulate in the
ovary due to the effect of androgens on secondary
follicles development arrest.*’

The results of a study conducted on DHEA-induced
PCOS mice showed an increment in the average of the
endometrium, myometrium thickness, endometrial

epithelium, and endometrial glands.** PCOS can
dramatically influence the uterus of affected women,
eventually leading to an increased risk of hyperplasia
and endometrial cancer.*’

An increase of androgens through androgen receptors
leads to epithelial cell proliferation and increased
glandular formation (by increasing glandular epithelial
proliferation).”® Bracho et al. (2019) reported the
association of uterine change in PCOS models with
increased uterine weight, lumenal epithelium height,
gland size and density, and uterine thickness.” These
changes can be assigned to uterine atrophy in some
animal models. For example, the results of a study on
DHT-induced PCOS rats models showed lower ovarian
and uterine weight compared to the controls.’””!
However, these differences appear to be due to the
different effects of androgens on different components
of the uterus. Selected non-aromatized androgen
receptor agonists specifically increase the myometrial
thickness of rodents with less effect on the
endometrium. While testosterone increases the weight
of the uterus, it enhances the thickness of the
endometrium, myometrium, causing a gradual trophic
effect on the rodent’s uterus.*® Uterine tissue responds
to insulin in addition to steroid hormones. Insulin can
inhibit endometrial stromal differentiation
(decidualization).® PTEN, a tumor suppressor which is
reduced in many cancers such as endometrial cancer,
also showed a decrease in the uterus of PCOS mice,
leading to elevated cellular mitosis.”'

Increased androgens can cause proinflammation
oxidative stress and lead to the development of
precancerous components.””>* A limited number of
studies have addressed the length of endometrial vessels
in mice with PCOS, their results, however, show that
PCOS patients who lack ovulation also have changes in
the uterine vascularity. The pulsatility and resistance of
blood vessels, which are inversely related to blood flow,
increase in PCOS patients, which can reduce
endometrial receptivity.”> Hyperandrogenism has a
significant negative effect on endometrial blood flow in
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PCOS. There is a direct statistical relationship between
vascular resistance and serum testosterone.” Androgen
is a vasoconstrictor that reduces uterine blood flow. On
the other hand, blood flow in the endometrium is
reduced in PCOS by decreasing estrogen (a factor that
controls angiogenesis in the endometrium and uterine
smooth muscle) and increasing endothelin-1 (a peptide
that is secreted from the muscular part of the arteries
when the arteries are narrowed).”

In the present study, metformin and NAC could
significantly treat hyperandrogenism and weight gain in
PCOS mice. They also regularized the estrus cycle.
Results did not show a significant difference between
NAC or metformin. Metformin can significantly reduce
LH, LH/FSH ratio and decrease testosterone levels in
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PCOS.”® Metformin, however, inhibits the release of
androstenedione and testosterone from ovarian theca
cells.”® By affecting adipose tissue, metformin inhibits
lipogenesis and helps to lose weight. By reducing
androgen levels, correcting hormonal profiles, and
increasing insulin sensitivity, BMI decreased, ovulation
takes place, and the estrus cycle gets regulated.”” NAC
is a safe antioxidant with a very high lethal dose.
Animal studies show that this drug is neither teratogenic
nor mutagenic. Unlike metformin, it has no side effects
and is well tolerated by the patient. NAC increases
insulin production by acting on pancreatic cells and
insulin receptors in erythrocyte cells. NAC also
increases environmental sensitivity to insulin and
thereby lowers androgen levels and is used as an
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Fig 9. Ovarian volume,cortical volume, medullary volume. Data are the mean + SEM. Statistical analyses were
performed by ANOVA followed by Tukey’s test for multiple comparisons. Means without a common letter
are significantly different (P<0.05).

citrate.™ reduction of large ovarian cysts.

A study showed that NAC consumption can reduce
testosterone and LH levels.”’ Few studies addressed
weight loss and estrus cycle regulation by NAC,
however, it seems that the most important mechanism
for weight loss and estrus cycle regulation in the present
study is androgen reduction.

In the present study, both metformin and NAC managed
to reduce total ovarian and cortico-medullary volume.
The number of corpus luteum, primordial and graafian
follicles increased; while the number of primary,
secondary, atretic follicles, and ovarian cysts decreased.
The results showed no significant difference between
metformin and NAC concerning ovarian parameters. A
significant relationship has been observed between the
reduction of secondary follicles and the reduction of
AMH levels in the metformin-treated group as the
reduction of AMH levels is associated with increased
aromatase activity and estradiol production that support
folliculogenesis.” Metformin influences cumulus and
theca cells by increasing the activity of enzymes
involved in the production of steroid hormones such as
estradiol and progesterone. Progesterone plays a
decisive role in follicular maturation and resumption of
meiosis in oocytes, ovulation, and the elevation of the
corpus luteum.®’

NAC causes spontaneous ovulation and enhances the
corpus luteum, which is consistent with the results of
the present study. NAC can also increment the dominant
follicles, mainly by reducing the level of extracellular
cystine, increasing glutathione activity, and finally
reducing free radicals and apoptosis.®> Another possible
mechanism by which NAC augment dominant follicles
involves an increase in estradiol and progesterone
levels.” NAC is a powerful antioxidant that protects the
follicles from atresia by its anti-apoptotic mechanism.*
It seems that mechanism underlying ovarian volume
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The results of this study showed a declie in uterine
weight ~and volume and height of endometrium,
myometrium, and endometrial components (stroma,
glands, epithelium) in both the metformin and NAC
groups to the level of the control group. Vascular
volume and vessel length were increased compared to
control and PCOS groups. The number of normal glands
also exhibited a rise. The number of daughter and
conglomerate glands decreased while lumen volume,
perimeter volume, and number of cystic glands
remained unchanged.

Metformin changes the morphology of uterine cells by
inhibiting testosterone and androgen receptor levels
(through acting on androgen receptors and epithelial
growth factor, inhibiting insulin resistance, and reducing
uterine inflammation). By reducing androgen receptors
expression, the hyperplasic endometrium could be
corrected.”” Metformin can also inhibit the neoplastic
growth of uterine cells by controlling glucose
metabolism, increasing insulin sensitivity, and altering
intracellular signaling pathways. Metformin has shown
antimitogenic effects that can inhibit proliferation and
differentiation in endometrial cells and reduce its
thickness.® A study showed that metformin reduces
luminal epithelial height, gland density, and endometrial
thickness.®” Metformin can directly increase vascular
endothelial growth factor (VEGF) production and
increase angiogenesis, blood flow and endometrial
receptivity.”® The results of a study showed an
increment in the number of normal and cystic glands in
the metformin group compared to PCOS while daughter
and conglomerate glands showed a decline.*”’

NAC enhanced estradiol levels and decreased androgen.
The results of a study showed that the use of NAC
reduced the neoplastic activity of cells by affecting the
luminal epithelium and glands exposure to radiation,
making them like the control group.” NAC can
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accelerate the process of angiogenesis by controlling
VEGF.”" Based on the limited number of studies on the
effect of NAC on uterine tissue, it seems that the most
important mechanisms of action of NAC involve
reducing androgens and free radicals as well as
increasing insulin sensitivity.

In conclusion, this study investigated the stereological
and pathological features of PCOS mice and their
treatment with metformin and NAC. Given the
prevalence of PCOS and its impact on fertility, the use
of non-invasive methods is of crucial prominence. As a
harmless drug, NAC can control and treat pathological
parameters for the treatment of women with PCOS.
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