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UMAN and animal anovulation is a result of polysystolic ovary PCOS which involves

endocrine, reproductive, and metabolic abnormalities. Finding new medications with
least amount of toxicity is a major scientific challenge. The study’s goal is to assess biochemical
variables in blood serum and heart tissue in female rats as models with androgen-induced PCOS
and the impact of oxidative stress in development of cardiovascular characteristics resulting
from PCOS. PCOS-induced rats were treated with liquorice root [L.], green tea [GT], and
marjoram [M.] extracts at 150, 250 and 100 mg Kg™' B.W. respectively. Metformin [Met.] 20
mg kg! B.W. used as a standard medication. The study employed 36 female rats aged 8-10
weeks. Six [n=6] groups of rats were formed. At zero time and at the end of the trial, blood was
obtained from all rats to estimate total cholesterol, triglycerides, HDL-C, LDL-C, VLDL-C,
glucose, total protein, CRP, glutathione, malondialdehyde, glutathione peroxidase, AST, ALT,
ALP, testosterone, estradiol, progesterone in blood and CK, LDH, IL-1p and TNF-a in heart
tissue. In female rats treated with androgen, there has been a rise in all measured parameters
except HDL-C, estradiol, progesterone, GSH, GSH-Px and, which increased again in three
extracts-treated groups. M. extract was more active than GT and L. extracts in improvement of
cardiovascular [CV] parameters. Since CK, LDH and IL-1B were regained normal values. In
conclusion, study demonstrated that M., GT, and L. can decrease the negative effects
of PCOS in particular on cardiovascular features, and treating PCOS with these herbs
is recommended.
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Introduction

Polycystic ovarian syndrome, also known as
PCOS constitutes one of the more prevalent
primary hormonal disorders, especially impacting
women of older age for reproduction and the
main cause emerges as a combination of, clinical,
hormonal and anatomical indications, anovulatory
infertility, irregular menstrual cycles, increased
testosterone concentrations [hyperandrogenism],
the blood serum of hormonal disorders as
hyperinsulinemia, acne, obesity, reduced fertility
and hair loss [1,2]. According to studies, various
endocrine problems in PCOS reinforce and
intensify one another. These illnesses include

impairments the hypothalamic-pituitary pathway
functioning, ovarian and adrenal function, and
hormonal problems [3]. In reality, PCOS is
linked to reproduction, metabolic, psychological
dysfunction, and clinical complications examples
include reduced tolerance for glucose and diabetes,
hypertension, severe cardiovascular disease,
chronic oligo-ovulation, infertility, anovulation,
and ovarian cancer. Despite a lengthy history of
research on PCOS, the aetiology is yet unclear,
but have revealed involvement in an inflammatory
state, endothelial injury, oxidative stress [OS], in
addition genetic pathways [4,5].

Many studies indicate the oxidant circulation
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markers are much greater in women with PCOS
than in the general population, and they are now
recognized as a possible cause of PCOS aetiology.
It is already established as playing an important
role in the pathophysiology of a variety diseases,
including PCOS. It has gained substantial interest
in recent twenty years since the discovery that
inappropriate oxidation state was associated
to individuals with chronic illnesses, such as
diabetes, cardiovascular, PCOS, neurological
disorders and cancer [6-7]. In the setting of
PCOS, numerous variables may increse reactive
oxygen species [ROS] production or decrease
antioxidant defence. The OS is other participant
component in various reproduction illnesses like
endometriosis, PCOS, or unresolved infertility
caused the discovery that inappropriate oxidants
and antioxidants [8].

The underpinning processes of PCOS are
complex and diverse, with hormone abnormalities
playing a critical role. The ovaries generate high
levels of androgens, particularly testosterone.
The elevated androgen concentrations result from
abnormal insulin metabolism, since a considerable
majority of PCOS-affected women exhibit insulin
resistance, resulting in reactive hyperinsulinemia.
This insulin spike, in unison with luteinizing
hormone [LH], stimulates androgen production in
the ovaries [9-10].

The testosterone enanthate, a synthetic steroid
with androgenic qualities, has been linked to PCOS.
Despite OS and inflammation are the two primary
routes implicated in the aetiology of PCOS [11].

Various treatments have been proposed to treat
this syndrome, including changes in lifestyles,
surgery, also the uses of drug. Current therapy
options include clomiphene citrate, metformin,
tamoxifen, and gonadotropins. Regarding the
detrimental consequences of various therapies,
the development of alternative medications
includes the usage of herbal plants and their
derivatives has garnered a lot of attention because
it»s less intrusive, cheaper, and more useful than
other ways [12].

Herbs are the oldest kind of medicine, and
their therapeutic effects and applications are well
recognized. A return to natural processes and
the administration of plant-derived medications
happens in the time when modern person has
experienced the side effects and complications
of chemical drugs as a result of his promotion of
their usage.
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Investigations in science proved the efficacy
and safety of numerous alternative healthcare
therapies, using herbs in management of specific
disorders [13].

Glycyrrhiza glabra L. roots are annual,
moderate zone plant, or subshrub whose primary
active component is the triterpenoid saponin
glycyrrhizin, flavonoids, gums, starches, essential
oils, chalcones, and volatile oils. Licorice is
reported to display the following pharmacological
measures: estrogenic, aldosterone-like activity,
antibacterial, and antitrichomonas [14].

Green tea is produced from the unoxidized
leaf of the Camellia sinensis plant. This belongs to
the group of the most treated teas, with the highest
concentrations of antioxidants and beneficial
polyphenols. According to some research, green
tea might be beneficial for weight reduction,
liver illness, and POCS. For PCOS, green tea
extract lowers fasting insulin and testosterone
levels, which are two important aspects of this
disorder. Green tea has many healthful actions,
in the context of polycystic ovarian syndrome, a
major benefit is improving insulin sensitivity as
insulin resistance is a key factor in this hormonal
condition [15].

Marjoram [Origanum majorana] is a cold-
sensitive annual plant or shrub with pleasant
pine and citrus flavours. It has traditionally
been regarded as a medicinal herb. Marjoram,
or marjoram oil, has been employed to treat
colds, coughs, cramps, paralysis, arthritis,
chest congestion, and muscular pain. The
herb has confirmed medicinal properties. For
instance, it includes phenol carvacrol that is
antibacterial, antifungal, and antimicrobial.
Dried marjoram, marjoram tea, or chemicals
derived from marjoram have been shown to have
cardioprotective, hepatoprotective, anti-PCOS,
and anti-inflammatory properties [16].

Metformin, often known as Glucophage,
belongs to the biguanide class of medicines. It
inhibits gluconeogenesis, lowering blood sugar
levels and body weight. It could be increase
fibrinolysis activity, insulin sensitivity, and
utilization in peripheral tissues including skeletal
muscle and adipocytes. Metformin is also the best
medicine for treating PCOS [17].

Therefore, we aimed to evaluate the
biochemical variables in blood serum and
heart of isolated rat hearts in androgen-induced
PCOS form in rats, in addition to the impact of
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OS in the emergence of certain cardiovascular
characteristics associated with PCOS.

Material and Methods

Extracts preparation

Preparation of cold aqueous crude extract:
100 grams of licorice root powder, green tea and
marjoram were weighed, then 300 milliliters of
cold distilled water were added to it at a ratio of
[1:3] and the mixture was crushed for 10 minutes
using a blender. Then stir for a full hour and freeze
mixture for 72 hours, with cracking every 24
hours to break down the cell walls. Then filtration
to get a clear filtrate, where volume of the filtrate
was [217, 202, [208 ml for licorice, green tea, and
marjoram, respectively. Refrigerated till further
analysis [18].

Animals

The study used female Wistar albino rats that
were 8—10 weeks old. The animals that were inbred
were obtained from animal house at University
of Mosul, Mosul, Iraq’s College of Veterinary
Medicine. The rats were kept in propylene cages
in a ventilated room, with a natural 12+1 h day/
night cycle. They were given a balanced rodent
diet consisting of pellets and tap water on demand.

They were housed in the lab for a week in
order to acclimate before the experiment. The
Scientific Committee of Chemistry Department
Council at the College of Science, University of
Mosul approved the experimental protocol at the
12th session in April 4/5, 2022.

Experimental Design

Six groups of six animals each were created
by randomly selecting the 36 female rats: Group
I: [Control group normal]. Group II acted as
a negative control and was given testosterone
enanthate[TE] only. Group III consisted of rats
with PCOS who received a 28-day oral treatment
of Glycyrrhiza glabra [L.] 150 mg kg—1. Group IV
consisted of rats with PCOS who were given green
tea [GT] 250 mg kg—1 orally every day for 28 days.
Group V consisted of rats with PCOS who were
given Marjoram [M.] 100 mg kg—1 orally every
day for 28 days. Group VI: Received routine care
and was administered Metformin [Met.] 20 mg
kg—1 orally every day for 28 days [18].

For five weeks, PCOS was created by
injecting sesame oil-dissolved testosterone
enanthate [TE] at a rat of 1mg/100 g of body
weight [BW] subcutaneously. For five weeks,
0.1 milliliter of sesame oil was given to the

animals in the CTRL group [19-20]. BW was
assessed every day of the experiment in order to
determine the dosages of extracts. To minimize
the influence of manipulation on animal welfare,
injections were administered every day at the
same time [10:00-10:30 h]. Blood samples were
taken before the extracts were administered and
again 28 days after the extracts were given at
the start of the experiment [after the PCOS was
developed], serum blood samples were kept for
later examination at [-20°C] whereas the CRP
estimation was made right away. Animals were
given intraperitoneal injections of xylazine [S mg/
kg] and ketamine [10 mg/kg] to induce anesthesia
twenty-four hours following the last TE injection.
They were then beheaded for sacrifice, hearts were
extracted from their chest cavities, and organized
for the biochemical variables to be measured.

Evaluation of Estrous Cycle

The estrus cycle was tracked every day for
the final two weeks of the experiment using the
cytological analysis of vaginal smears. In summary,
vaginal lavage was carried out every morning
at 9:00 a.m. before to therapy using a dropper
that was partially filled with distilled water. A
light microscope was used to examine the lavage
after it had been put on a glass slide and stained
with hematoxylin. Predominance of particular
cells allowed for the following identification of
estrus cycle phases: Round, nucleated cells make
up proestrus; cornified squamous cells make up
estrus; leucocytes and cornified squamous cells
make up metestrus; and nucleated epithelial cells
and leucocytes predominate during diestrus [21].

Preparing Isolated Rat Hearts

Following a 28-day course of therapy, all hearts
were measured and excised and the left ventricles
were utilized for biochemical examination. After
homogenizing 0.5 g of heart tissue in ten volumes
of ice-cold phosphate-buffered saline [pH 7.4],
the homogenate was centrifuged for 20 minutes
at 4°C at 1200 xg. Supernatants were stored at
-70°C until the analyses were completed [22].

Biochemical analysis

Biochemical parameters were measured in the
treated and control animals’ blood serum. Using an
Accu Chek glucometer, the blood serum glucose
concentration was assay on first days and 28 of
trial [19-23]. TC, TG, HDL-C using BioM¢érieux
kit [France], commercially accessible kits from
AMP Diagnostics AMEDA Labordiagnostik
GmbH, Austria, were used to analyze total
protein [18] and CRP. Every process was carried
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out in accordance with the manufacturer’s
instructions. The Friedewald formula was used
to compute the VLDL-C and LDL-C [24-25].

Spectrophotometric analysis was used to
measure the amount of [GSH], which is based
on GSH oxidation through 5,5-dithiobis-
6,2-nitrobenzoic acid. The measurement was
performed at 420 nm [23]. The MDA was
determined according to Ohkawa et al., [34].

Levels of glutathione peroxidase were
measured in accordance with Mohandas et al
[26].

Colorimetric determination is used to
examine each sample for ALT, AST, and ALP
using the BIOLAO kit [18] and bioMérieux
[19].

Using commercially available ELISA
kits, the levels of serum total testosterone,
progesterone, and estradiol were assessed
[Bioassay Technology Laboratory BT LAB,
Shanghai, China]. Manual instructions were
used to complete every procedure. Heart
tissue analyzed in duplicates with rat IL-1f
ELISA kit [cat. No. E-EL-R0012, Elabscience
Bionovation, USA] with a sensitivity of
18.75pg/ ml, TNF-a ELISA kit [cat. No.
E-EL-R2856, Elabscience Bionovation, USA]
with a sensitivity of 9.38pg/ ml, Creatine
phosphokinase activity determined using
coloimetric method that CK activity calculated
by measuring the OD values at 430nm [cat.

No. E-BC-K558-S, Elabscience Bionovation
Inc., USA] with a sensitivity of 3.7U/ L and
Lactate dehydrogenase activity determined
using coloimetric method with a sensitivity of
6 U/ L [cat. No. E-BC-K046-M, Elabscience
Bionovation Inc., USA].

Statistical Analysis

The data were assessed using the t-test,
Duncan’s multiple test and values were shown
as the mean + standard deviation. Version 22.0
of the SPSS statistical software was used to
conduct these analyses. A P-value of less than
0.05 was regarded as statistically significant.

Results

Administration of androgen [1 mg/100 g
BW] to female rats caused there to be a notable
rise in serum TC, TG, LDL, and VLDL whereas
there was a significant reduction in HDL-C in
comparison with POCS group. The POCS+L,
POCS+GT, POCS+M and metformin groups
were changed but non-significant in the initial
experiment, while after 28 days the decreased
were significantly in VLDL-C, TG, LDL-C,
and TC, while there was a remarkable rise
in HDL-C in comparison to POCS group as
shown in [Table1] and [Table2]. The Origanum
majorana gave highest height followed by
Glycyrrhiza glabra L. then Camellia sinensis in
HDL-C concentration when in contrast to the
POCS group.

TABLE 1. Impact of various extracts on blood serum TC and TG concentrations on zero time and 28 days of

experiment rats with PCOS

TC [mg\dl] [TG mg\dl]
Groups
n=6 Zero time 28 days Zero time 28 days
G1 80.3+5.44 81.7+2.3¢ 70.24+2.14 68.942 .4
PCOS 89.8+6.18 93.5+5.4¢ 91.6+5.28 95.1+6.1°
PCOS+L [150 mg\Kg BW] 87.4+5.58 79.8+5.3¢ 90.1+6.78 73.4+3.3¢
PCOS+GT [250 mg\Kg BW] 86.6+6.85 78.4+6.1° 89.8+5.18 69.4+6.5°
PCOS+M [100mg\Kg BW] 86.7+5.98 72.8+5.7° 90.9+6.48 70.7+4.7¢
PCOS+Met [20 mg\Kg BW] 87.2+4.98 77.7+6.4 90.6+5.8" 73.8+3.8¢

Values are Mean = SD, Values in the same column sharing the same letters are non-significant different

at P <0.05.
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TABLE 2. Impact of various extracts on blood serum HDL-C, LDL-C and VLDL-C concentrations on
zero time and 28 days of experiment rats with PCOS

HDL-C [mg\d]]

LDL-C [mg\d]]

VLDL-C [mg\d]]

Groups
- y/
n=6 Zero time 28 days ti:: 28 days Zero time 28 days
Gl 47.7+2.7¢ 46.843.1¢ 28.1+£2.1*  27.6+1.3° 14.4+1.1° 13.78+1.2¢
PCOS 25.142.54° 21.742.04" 65.6+4.8°  63.8+6.1° 18.1£1.1° 19.04+1.3°
PCOS+L [150 mg\Kg BW] 25.4+1.740 30.1+2.28 67.5+3.8>  29.1£2.7* 18.1+1.4° 14.7+0.6
PCOS+GT][250 mg\Kg BW]| 23.742.14 29.7+1.4% 62.4+£5.1°  25.8+1.9°  17.9+£1.02° 13.9+1.3
PCOS+M[100mg\Kg BW] 21.8+1.24 32.342.58¢ 63.3+4.7°  28.942.4° 18.2+1.3° 14.1£0.9
PCOS+Met [20mg\Kg BW] 23.941.94 30.3£2.88 62.8+4.5°  30.1+2.5¢ 18.1+1.2° 14.8+0.8°

Values are Mean + SD, Values in the same column sharing the same letters are non-significant different at P < 0.05. The

symbol* refers to statistically significant at P < 0.05.

On the first day of trial blood glucose
levels were determined, table 3 shows the
Mean+SD. The mean values of the groups did
not significantly differ following the initiation of
PCOS inducing. although glucose levels in the
PCOS group was significantly higher than in the
control group. On day 28, when the trial came to
its end, glucose levels were measured once again.
just before the commencement of post therapy.
Different extract groups POCS+L, POCS+GT
and POCS+M depicted significant decrease
when compared with PCOS group, whereas they
illustrated significant increase relative to the
group of control. In addition, the occurrence of
androgen-induced PCOS raises blood protein
levels; however, following 28 days of three
extracts dosing, the percentage of blood protein
concentrations was minimal [28.21%, 35.49%,
37.86%], in comparison to metformin which
dropped TP to 36.88% [Table 3].

When compared to the control group, the
PCOS group’s TP concentration rose significantly,
while there were significantly decrease in the
POCS+L, POCS+GT and POCS+M groups in
addition of metformin group after 28 days and
comparing to the PCOS group.

Table 3 indicates that there were no changes
in CRP data in the PCOS group compared to
the other groups. When the GSH concentration
was compared between the POCS group and the
control group, a notable drop was seen, while there

was a significant increase in POCS+L, POCS+GT,
POCS+M and in Metformin groupings when
compared with POCS group after 28 days.

Table 3 showed a significant rise in the
MDA concentration, also, showed a significant
decrease in POCS+L, POCS+GT, POCS+M and
in metformin groups when compared with POCS
and in control group after 28 days.

The findings on the preventive benefits of
POCS+L, POCS+GT and POCS+M against
PCOS in rats ovaries and of antioxidant enzyme
like GSH-Px activity, was shown in Table 4.
In comparison to the control group, the PCOS
group had significantly less GSH-Px activity. This
decrease in GSH-Px activity was not significantly
reversed after 28 days of treatment with POCS+L,
POCS+GT, POCS+M, and metformin.

The POCS group showed a considerable rise
in AST, ALT, and ALP activities as compared to
the control group, while there was a significant
decrease in POCS+L, POCS+GT, POCS+M and
in metformin groups when compared with POCS
group after 28 days of experiment [Table 5].

Compared to the control group, PCOS female
rats had a highly significant increase in serum sex
hormones like testosterone. while the POCS+L,
POCS+GT, POCS+M and metformin groups
exhibited a significant decrease in sex hormones
comparison with PCOS [group 2] after 28 days.
Significant declines were observed in the values of
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TABLE 3. Impact of different extracts on blood serum glucose, TP and CRP concentrations on rats with PCOS

Groups Glucose [mg\dl] Total protein [mg\dl] CRP [mg\dl]
n=6 Zero time 28 days Zero time 28 days Zero time 28 days
G1 76.442.14 73.23+3.9¢ 27.5+1.78* 25.73+1.85% 0.052+0.004* 0.051+0.002°
PCOS 85.344.14° 96.6+2.2° 39.81+3.1° 40.45+2.78 0.071+0.002* 0.072+0.001*

PCOS+L [150 mg\Kg BW] 83.2142.4%  81.5+£52%  40.1244.1° 28.842.74 0.069+0.001*  0.062+0.001°

PCOS+GT [250 mg\Kg BW] g6 443 340 80.944.7¢ 41.7+5.1b 26.9+2.24 0.069+0.003*  0.060+0.001°
PCOS+M [100mg\Kg BW] 86.6:+5.34 80.13 .4 41.241.90 25.6:£2.84 0.0740.002°  0.059+0.001°
PCOS+Met [20mg\Kg BW] 84.9:£4 44 74.9+1.7° 40.442.4° 26.5+3.34 0.071£0.003*  0.099+0.001°

The values are expressed as Mean + SD, and at P < 0.05, values that are in the same column and have same letters differ
non-significantly.

TABLE 4. Effect of different extracts on blood serum GSH, MDA concentrations and GSH-Px activity on zero time
and 28 days of experiment rats with PCOS

Groups GSH [umole\L] MDA [pmole\L] GSH-Px [u\mol\mg]
n= Zero time 28 days Zero time 28 days Zero time 28 days
G1 6.52+0.02¢ 6.38+0.08¢ 6.99+0.64* 6.74+0.82* 28.17+1.84%  28.12+2.21°
PCOS 3.15+0.17° 3.13+0.11° 14.57+0.89¢  15.59+1.14°  19.55+1.88*  20.17+1.92¢
PCOS+L [150mg\KgBW] 3.1740.08*°  4.6240.27°  14.77+0.76°  10.17£1.4>  20.42+1.45%  24.22+1.08

PCOS+GT [250mg\KgBW] 3.28+0.07°  4.87+0.41°  14.68+0.27°  9.48+0.71®  18.79+1.44%  25.17+2.11°

PCOS+M [100mg\KgBW] 3.1740.09°  5.25+0.18°  15.08+0.81°  8.71+0.88®  19.9942.054  28.5742.32°

PCOS+Met [20 mg\KgB
COSTMet 20 mg\KgBWI 5 04014+ 4.884032°  14.6140.93  0.5840.52°  20.5942.71%  25.25:] 48"

Values are Mean + SD, Values in the same column sharing the same letters are non- significant different at P < 0.05.

TABLE 5. Impact of different extracts on blood serum AST, ATT and ALP activities on zero time and 28 days of
experiment rats with PCOS

Groups AST[U\L] ALT[U\L] ALP[U\L]
"o Zero time 28 days Zero time 28 days Zero time 28 days
G1 341144 35.1x1.7° 23.3+2.1° 24.5+1.9° 60.2+1.6° 59.8+2.42
PCOS 50.1+4.2%  48.7+4.6° 45.7+3.1¢ 45.5+2.3¢ 93.4+5.3¢ 91.1+6.3¢

PCOSHL [150mg\KgBW] 4954285  37.8+4.1°  46.1+4.1° 327424 91444 69.146.2°

+
PCOSTGT 250 me\KgBWI ¢ 5 ) o5 3940070 487432 292427  92745.1°  61.844.8°

PCOSTM 100 me\KegBWI ;00 438 4p7004% 4450420 3084250  908+7.1°  63.143.8°

PCOSHMet 20mg\Kg BWI 0 o.3 55 385433 4484360 3094270 909447 6144520

Values are Mean + SD, Values in the same column sharing the same letters are non-significant different at P < 0.05.
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estradiol in the POCS group when compared with
the control group, but there were no significant
changes among rats of all the themselves groups
at the beginning of the experiment, while, there
was a significant increase in extract groups
compared with PCOS group after 28 days. When
compared to the control group, the PCOS group’s
progesterone level significantly decreased as a
result of androgen treatment [Table 6], while there
was a significant increase in POCS+L, POCS+GT,
POCS+M and metformin groups when compared
with POCS group.

Before pounding the heart tissue, its weight
was determined and then compared to the weights

of the healthy control group’s hearts; additionally,
the final body weight of rats was measured at
the end of the experiment, as shown in Table
7, indicating that there were no significant
differences in the PCOS and control groups in
heart weight and in final body weight. Also, when
compare all of the trial groups.

At the last day of the trial [28 days], the
experimental animals were being killed. the heart
was taken from each group and the following
biochemical tests were performed: Tumor necrosis
factor-alpha [TNF-a], lactate dehydrogenase
[LDH], creatine kinase [CK], and interleukin-1
beta [IL-1f].

TABLE 6. Impact of different extracts on blood serum testosterone, estradiol, and progesterone levels on zero

time and 28 days of experiment rats with PCOS

Groups Testosterone [ng\ml] Estradiol [ng\mg] Progesterone [pg\ml]

n=6 Zero time 28 days Zero time 28 days Zero time 28 days
a1 19140.66°  1.96+025°  20.1142.10°  19.84+1.41°  42.35:229°  41.51=1.14°
PCOS 10.2240.57°  10.1850.27¢  14.6140.72°  13.99:0.94"  13.69+4.51°  14.1%1.4°
PCOSHL[150mg\KgBW] 102140.43°  8.1241.98°  14.5560.47°  2832£022°  13.781.4°  22.7842.1°
PCOSHGT250mg\KgBW] 10 1410970 536+0.49°  1435:0.61"  2535+037°  14.1740.9°  22.81+1.9
PCOSTM[I00mg\KgBW] 9 9g:0290  572+0.54"  14.41£027°  30.9246.1°  13.881.1°  21.67+0.9"
PCOS+Met[20mg\KgBW] 10 1400637  4.55£029°  14.15¢1.1° 2977427 13.72+1.4° 2437422

The values in the same column with the same letters differ not significantly at P < 0.05. The values are Mean + SD.

TABLE 7. Effect of different extracts on heart weight and final body weight after 28 days of experiment rats with

PCOS
Groups Heart weight [HW)] Final body weight [gram|
n=6 [gram]
G1 1.04+0.01° 236+2.794
PCOS 1.24+0.02° 241+2.54
PCOS+L [150mg\Kg BW] 1.21£0.01° 239+2.64
PCOS+GT[250mg\Kg BW] 1.10+0.02¢ 238.5+1.54
PCOS+M[100mg\Kg BW] 1.08+0.03% 239.142.44
PCOS+Met [20mg\Kg BW] 1.09+0.02¢ 239.7+1.74

The values in the same column with the same letters differ not significantly at P<0.05.

+ SD.

The values are Mean
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TABLE 8. Impact of different extracts on CK, LDH, IL-1p, and TNF-a on heart tissue after 28 days of experiment

rats with PCOS

Groups CK LDH IL-1p TNF-a
n=0 [U\L] [U\L] [pg\ml] [pg\ml]

G1 44.57+2.6 67.2+5.94 54.2+2.2¢ 68+4.04*
PCOS 111.7£5.2¢ 118.0+10.4¢ 150.4+5.3¢ 681+£16.57°
PCOS+L [150mg\Kg BW] 75.842.5° 90.4+4.48 76.8+7.3° 690+20.77°
PCOS+GT [250mg\Kg BW] 78.4+6.1° 88.7+4.38 71.8+8.4° 685+22.81°
PCOS+M [100mg\KgBW] 50.14+4.2¢ 71.2+4.64 56.4+6.3° 687+31.47°
PCOS+Met [20mg\Kg BW] 69.34+3.3° 83.1+3.88 65.7+7.9° 687+15.65°

Values are Mean + SD, Values in the same column sharing the same letters are non-significant different at P < 0.05.

In comparison to the control group, there was
a substantial increase in CK activity in the PCOS
group. Additionally, Table 8’s LDH activity data
demonstrated a statistically significant increase in
the POCS group relative to the control group.

When we evaluated the amount of IL-1B3
in the cardiac tissue of female rats with POCS,
we discovered that the affected group’s level
had significantly increased in comparison to the
control group. According to Table 8, the PCOS
group’s Tumor Necrosis Factor-alpha increased
significantly when compared to the control group.

The results recorded a significant decrease in
IL-1p in the heart tissue of the groups treated with
the extracts, where the highest decrease was in
the group treated with marjoram extract, reaching
56.4pg/ml compared to the negative control
group 150.4pg/ml, followed by green tea 71.8pg/
ml and finally licorice roots 76.8pg/ml, which
are good drop ratios compared to metformin as
a standard treatment. Groups 3 to 6 showed a
notable improvement in cardiac tissue activity for
both CK and LDH, with the fifth group treated
with marjoram showing the highest activity levels
[70.1U/L&81.2U/L] for both CK and LDH,
respectively, compared to the negative control
group [111.7U/L&118U/L] [Table 8].

Discussion

Our results for lipid profile were corresponding
with other studies such as [27-28], which they
indicate that the dyslipidemia in PCOS which have
multiple causes, and insulin resistance performs
plays a crucial function by encouraging lipolysis
and altering lipases, that change marked by greater
TG and decreased HDL-C, and therefore Insulin
resistance and hyperandrogenism are significant
contributions to women’s higher cardiovascular
risk with PCOS [29]. Also, they noted that the
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dyslipidaemia is a returning CVD risk factor
observed in women with PCOS. A previous study
found that a considerable number of women
with PCOS [70%] had dyslipidaemia. likewise,
a meta-analysis of 30 research establishes that
PCOS in women have a highly concentration
of lipids, specifically HDL-C, LDL-C, and
TG. Furthermore, TG and HDL-C levels were
significantly higher in the obese strata, suggesting
a probable relationship between PCOS and
obesity. As a result, the most recent guidelines
recommend that women of all ages be diagnosed
and undergo a lipid profile [30].

Most research claimed that the examined
herbal extracts such as Camellia sinensis and
Origanum majorana were helpful in managing
PCOS and improving sex hormone levels, insulin
resistance, hyperandrogenism, and markers of
PCOS. The Glyrrhiza Glabra L. root which
contain sterols or phytoestrogens can lower TC
and TG [31-32].

PCOS women are thought to have aberrant
lipid profiles when compared to weight- and
age-matched counterparts. The most obvious
anomalies are high TG and low HDL-C, both of
which are key indicators of CVD and myocardial
infarction. Metformin has the potential to effect
dyslipidemia directly by affecting fatty acid
metabolism in the liver or indirectly by reducing
hyperinsulinaemia. ~Numerous investigations
suggest using metformin drug had a beneficial
effect on dyslipidemia in PCOS women [33].

Glucose levels increased considerably in the
PCOS group [96.6+2.2 mg\dl] during the day 28
of the experiment when compared with control
group [73.23£3.9 mg\dl]. These results were
agreement with other study as [17]. Androgen
appears to produce a change in the hormonal
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profile of animals, primarily due to elevated
androgen levels. This raised testosterone levels
produced insulin resistance, therefore causing a
lower glucose tolerance.

Impact of management of Glyrrhiza Glabra L.
root extract on blood sugar, was shown in Table
3, which indicate that the root wad significantly
decreases the level of glucose and this result was
conformable with other study [35]. The action of
providing licorice root hydroalcoholic extract on
blood serum glucose, TG, and TC concentration
had been studied in 50 Sprague rats on PCOS,
which they founded that the letrozole group had
higher blood serum glucose than normal control
[p<0.05]. Thus, licorice root extract decreases
unfavorable consequences of diabetes caused by
PCOS [36]. Furthermore, green tea extract may
have therapeutic advantages for PCOS due to its
antioxidant and anti-inflammatory properties. The
comprehensive study investigates the possible
impacts of Camellia sinensis on metabolic factors,
hormone and function of ovarian in PCOS [37].
The current study»s results indicate that marjoram
extract had a good effect in the hormonal profile
of PCOS women, it progresses sensitivity of
insulin also, lowers adrenal androgen levels.

At the same time, metformin lowered the
level of glucose considerably if compared
to the PCOS group. Metformin therapy may
reduce glucose resistance through preserving
glucose homeostasis and enhancing insulin-
mediated glucose absorption. [38]. Androgen
significantly lowers glucose levels in medicated
groups when compared to PCOS group due to
its antihyperglycemic effect. It may play a role
in potentiating insulin secretion by the B-cells,
supports regulated absorption of glucose by cells. It
further postulated the androgens may be a potential
glycemic control medication by increasing insulin-
dependent receptor kinase function, as a result,
increasing glucose transporter-4 translocation
and uptake. The results of our research about the
total protein were identical with other studies
such as [17]. TP increased considerably in PCOS
group. The excessive total protein concentration
may suggest PCOS group, as well as viral and
chronic inflammation due to abnormal androgen
production. Yet, metformin dramatically reduced
the amount of TP in comparison to healthy control
group. Metformin medication leads to enhanced
sensitivity of proteins and protein hormones,
which decreases the quantity of protein in blood.
The flavonoid components found in Glyrrhiza

glabra L., Camellia sinensis, and Origanum
majorana extracts dramatically reduced total
protein levels by suppressing eicosanoids and
cytokines [17].

One of the variables that was measured in our
study is CRP, found that there wasnst a significant
distinction across infected group and rest of
groups. CRP is an acute form of protein that
serves as an early sign of tissue inflammation. It
is a renowned infection marker, but it can also be
used to monitor low-grade chronic inflammation
and anticipate vascular events. Other research has
found that PCOS have higher CRP, indicating that
the illness is chronically inflammatory [40,41].

The peroxidation of lipid is the free-radical-
mediated propagation of oxidative damage in
polyunsaturated fatty acids, including a variety
of free radicals. Antioxidants inhibit lipid
peroxidation via enzyme activity, or activity of
the free radical scavenging. An rise in lipid per
hydroxide levels might indicate attributed to
terminate the antioxidant action that triggered the
progression of the disease [34].

Nature has consistently been a good supplier
of numerous therapeutic compounds, providing
us with several medicinal plants that create
beneficial molecules. As a consequence, the
market for medicinal plants and wellness products
keeps expanding. From these plant Glyrrhiza
glabra L., Camellia sinensis, and Origanum
majorana. The phytochemical ingredients and
pharmacological influence of those compounds
on these plants determined their effectiveness.
Multiple compounds in these plants, can provide
us with pharmacological benefits [42].

Metformin  substantially lowered MDA
levels, raised GSH concentrations, and boosted
GSH-Px activity in comparison to PCOS group.
These findings may be referred to metforminys
complexity, as it has several sites of action and
molecular processes. Metformin operates to
reduce glucose synthesis, enhancing insulin
sensitivity and on the stomach to enhance glucose
utilisation, and microbiome composition [43].

The results of liver enzymes activities were
identical with other study [44], which they
indicated a greater activity of ALT in PCOS
patients, ascribed mostly to growing prevalence
of obesity, hyperandrogenism, insulin resistance,
and dyslipidemia associated with PCOS.
Nevertheless, association in ALT and PCOS with
obese situation had been documented more often
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compared to overweight PCOS. Liver function test
isn’t indicated consistently until patient is obese or
overweight. it could lead these patients to lose out
on best chances for intervention, like modifying
their lifestyle and check in on a regular basis to
avoid or postpone the onset of the condition. Also,
[45] note that PCOS group revealed obvious rises
in activities of serum alanine transaminase and
aspartate aminotransferase, and we found that
steatosis of liver in PCOS rats was related with
hyperandrogenemia. Androgens can aggravate the
hepatic TG accumulation by reducing microsomal
triglyceride transfer protein expression in PCOS.

There is  emerging evidence  that
hyperandrogenism is linked to PCOS. Androgen
excess may contribute to PCOS in patients by
directly affecting the liver, indirectly modulating
insulin sensitivity and secretion, increasing
visceral obesity, or a combination of these actions.
Insulin resistance, in consequence, affects the
synthesis, clearance, and bioavailability of ovarian
androgens, which contributes significantly to
ovarian androgen excess [46].

Giving the Glyrrhiza Glabra L., Camellia
Sinensis, and Origanum majorana extracts in
addition of metformin as drug enhances the
effectiveness of the enzyme’s activity, as we
found that they all decreased in comparison with
PCOS group, evidence of an improvement in the
disease condition.

Our results of sex hormones were symmetric
with other study [47]. Establish plants that are
currently being studied for its effects in POCS
when studies on human subjects and animal
models. The majority of research studied the
concentration of sex hormones, insulin resistance,
hyperandrogenism, ovulation, and PCOS
symptoms before and after treatment.

Creating polycystic ovarian syndrome and then
treating with different extracts, reduced testoster-
one concentration while increasing progesterone
were showed in blood serum. These studies show
the examined herbal extracts were benefi-
cial to treating PCOS, improved levels of sex
hormones, and PCOS symptoms [31]. In women
who suffer from PCOS, the synthesis and me-
tabolism of androgens, estrogens are disturbed,
and androgen levels increase. On the appearance
of insulin resistance, there is highly increase in
insulin. As a consequence of insulin resistance,
LH/FSH levels rise, and hormone alterations at
theca cell surface and granulosa boost androgen
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synthesis while decreasing estradiol synthesis.
Lastly, follicular maturation is halted, resulting
in compromised ovulation. Because medicinal
plants contain active chemicals and have no signif-
icant bad effects, they have gotten an abundance
of publicity recently. As an example, Glyrrhiza
glabra L., Camellia sinensis, and Origanum majo-
rana are some of these plants that have high levels
of phytoestrogens. This plantys anti-androgenic
properties cause a reduction in androgen levels in
PCOS patients [48].

Raised testosterone levels in PCOS are most
likely due to an accumulation of androgens caused
by an aromatase inhibitor, which inhibited the
conversion of androgen substrates into oestrogen.
The drop in testosterone levels in metformin group
reflects decreased androgen production in ovary
[17]. Metformin, an insulin lowering medication,
proved popular in PCOS after it was discovered
that insulin resistance played a significant role in
the disordens etiology.

We note that the weight of the hearts is non-
significantly ~differences between the study
groups, the reason that may be the period of time
taken by the study after the development of the
pathological condition, which was 28 days, is few,
and that weight gain due to polycystic ovaries
is likely to take longer to appear significantly.
Table 7, indicate that there were non-significantly
changes between the PCOS and control groups in
final body weight. Also, between the experiment
groups. These results were identical with [39]
which they note that there were no changes in
laurel plant extract group when compared to
control normal group.

CK activity was substantially higher in the
PCOS group than in the control group. This
outcome was similarly to previous research [49].
Creatine kinase is an enzyme presents primarily
in the brain, skeletal muscles, and heart. CK
levels are raised after cardiac attacks, when the
muscle of heart is injured. Trauma and other
diseases that injure the skeletal muscle are also
linked to increased CK activity. In rare situations,
the test can be used to detect muscle diseases
such polymyositis [muscle inflammation] or to
determine the extent of muscle damage. Serum
creatine kinase activity is an important aspect in
evaluating muscular weakness or myalgia, as well
as diagnosing myopathies or rhabdomyolysis.
However, increased CK can be an accidental
finding without muscle-related symptoms or with
relatively minor nonspecific muscular symptoms
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that do not significantly interfere with activities of
daily living [50].

The conclusion of LDH activity in cardiac
tissues was consistent with earlier studies [51].
LDH is an essential enzyme that aids in cellular
respiration, the process by which the body converts
glucose from meals into energy for its cells. It was
found in practically all tissues in the body. As new
cells grow in tissues, the body eliminates older,
or «dead» ones. This is a typical process in which
tissues release LDH into the circulation or other
bodily fluids. On the other hand, LDH has been
demonstrated to be a sign of tissue necrosis in
other emergent situations such as myocardial and
intestinal infarction, therefore the use of LDH as
a diagnostic for ovarian torsion is feasible [51].

The IL-1B, was measured in heart tissue of
female rats with POCS and we discovered an
extremely significant rise in the impacted group
compared with healthy control group. Resveratrol,
an anti-inflammatory and anti-hyperglycemic
drug, could be lower the risk of diabetes in
PCOS patients by reducing the production of pro-
inflammatory cytokines TNF-a and IL-1B. Our
study>s results were consistent with prior research
[52-53].

PCOS is a complicated multifactorial condition
that interested both hereditary and climate
components. IL-1P3, a cytokine that regulates
immunological and inflammatory responses,
has been linked to PCOS as a hereditary factor.
As a result, deregulation of such immunological
activity may contribute to pathogenesis of PCOS.
A single nucleotide polymorphism [SNP] in the
Interleukin IL-1B gene promoter may regulate
IL-1pB levels. Furthermore, this SNP may affect
the expression of this cytokine in PCOS patients.
Researchers have found a link with IL-1P
concentration and PCOS obesity patients [52].

Giving aqueous extracts to animals infected
with polycystic ovaries improved the effectiveness
of the CK and LDH activities and IL-1f3, as the
results in Table 8 show that marjoram extract
gave less effectiveness of the enzymes compared
to affected group, and the result was close to the
control group.

Metformin significantly reduced the activities
of CK, LDH and IL-1p when rapprochement to
PCOS group. These results could be attributed
to metformin which is a complicated medication

with several sites of action and molecular
processes [43].

Table 8 suggested an extremely substantial
rise in Tumor Necrosis Factor-alpha of PCOS
group in comprise with normal group. The results
of our current study are similar to those found
[54]. TNF-a has been connected to PCOS-related
symptoms like hyperandrogenism, resistance of
insulin, and obesity. TNF-a overexpression in
muscle and adipose tissues has been linked to the
development of reduces insulin receptor tyrosine
kinase activity, causes hyperandrogenism, and
influences follicular development, making it
a potential contributor to PCOS. None of the
Glyrrhiza glabra L., Camellia sinensis, and
Origanum majorana extracts was given as well as
a metformin any significant change compared to
the group with PCOS.

Conclusion

In conclusion, our study has demonstrated that
marjoram [M], green tea [GT], and liquorice root
[L.] can decrease the negative effects of PCOS in
particular on cardiovascular features, and treating
PCOS with these herbs is recommended. Results
indicated a considerable decline in IL-1f in the
heart tissue of the groups treated with the extracts,
where the highest decrease was in the group
treated with marjoram extract compared to the
negative control group, followed by green tea and
finally licorice roots, which are good drop ratios
compared to metformin as a standard treatment.
Groups 3 to 6 showed a notable improvement in
cardiac tissue activity for both CK and LDH, with
the fifth group treated with marjoram showing
the highest activity levels for both CK and LDH,
respectively, compared to the negative control

group.
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