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Can Panax Ginseng protect against fertility disorders in hypothyroid female albino rats?
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| Abstract: Hypothyroidism is an endocrine disorder due to decreased thyroid hormone production. This endocrine disorder significantly affects the menstrual
cycle and fertility. The aim of this present study was to assess the efficacy of Panax ginseng, one of traditional Chinese medicine, in ameliorating the gonadal
hormonal dysfunction and lowering oxidative stress accompanied with hypothyroidism in adult female albino rats. After confirming regularity of the oestrus cycle
in the female rats in this study, hypothyroidism was induced by using daily 5.0 mg kg-1 oral dose of Neo-mercazole. The hypothyroid rats were randomly grouped
into two groups; hypothyroid group (H): did not received any treatment, group II (H+G) was treated with Panax ginseng extract for one months after hypothyroid-
ism induction. Another two groups were included in the study, a negative control group (Euthyroid group) and a positive control group; received Panax ginseng
extract only. Hypothyroidism resulted in irregularity of oestrus cycle accompanied with decrease in luteinizing hormone (LH), follicular stimulating hormone
(FSH) and estradiol (E,), while prolactin (PRL), progesterone (P) and testosterone (T) hormone were significantly elevated. Hypothyroidism elevated capsae-3 and
80H-deoxy guanosine expression and increased secretion of corticosterone and ERK1/2. This study showed that Panax ginseng improved hypothyroid-induced

deterioration in trophic and gonadal hormones through free radicals’ scavenger.
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Introduction

Thyroid hormones are essential for normal mam-
malian development and play fundamental roles in the
cardiovascular, nervous, immune and reproductive sys-
tems. Thyroxin (T,), the metabolically active hormone,
represents 97 % of the thyroidal secretion while 3 %
is trilodothyronine (T,). The majority of T, is produced
in the peripheral tissues by conversion of T, to T, by a
selenium-dependent enzyme. (1,2)

Hypothyroidism is a public health problem charac-
terized by low basal metabolic rate caused by insuffi-
cient synthesis, secretion or biologically dysfunctional
thyroid hormones. Decreased T,, T,, TRH are accom-
panied with increasing in TSH level. These changes are
considered the assessment criteria of hypothyroidism
along with the clinical manifestations including; low
basal metabolic rate, fatigue, sluggishness, chills, and
hypothermia. (3) Shahrani et al. reported that prev-
alence of goitre in some Arabic countries including
Egypt, Algeria and Bahrain were 25.25, 86 and 1.7%,
respectively. (4) Female gender, dietary and iodine defi-
ciency are the most common risk factors associated with
hypothyroidism. Consequently, prevalence of hypothy-
roidism is 0.2 and 2% in male and female populations
respectively (5). Hypothyroid dysfunction in female has
been associated with menstrual abnormalities, anovu-
lation and hyperprolactinemia which cause ovulation
disorders with increased risk of miscarriage, premature
delivery, placental abruption and poor perinatal out-
come with low birth weight. (5)

Traditional Asian practitioners discovered Korean
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ginseng (Panax ginseng). It belongs to the Panax genus
of the Araliaceae family. (6) Ginseng grows in the coo-
lest climate regions of the Northern Hemisphere, it is
effective as a traditional complementary and alternative
medicine. (7) Panax ginseng can be classified into white
ginseng (air-dried), red ginseng (steamed), and sun gin-
seng. Notably, red ginseng, have an elevated content of
ginsenosides, which are bioactive compounds. It though
that red one exhibits various biological activities against
chronic diseases, such as diabetes mellitus, cancer, and
cardiovascular disease , pulmonary disease , improving
the immune system and atherosclerosis (8, 9). chemi-
cal analysis of ginseng revealed the presence of many
ingredients, including organic acids, vitamins, sugars,
inorganic salts, sterols, oligopeptides, polysaccharides,
volatile oils, and 112 saponins. The class of saponins
called ginsenosides which the most important bioactive
compound in Korean ginseng. (10) Ginsenosides have
antimicrobial, antifungal effect and many therapeutic
activities including vasorelaxation, antioxidation, anti-
inflammation and anticancer. (9) Ginseng is used safely
and the incidence of adverse effects seems to be low.
Ginseng has benefits for all the endocrine system and
therefore thyroid gland which support its function. (11)
There are some evidence confirm that Korean ginseng
not only helping in decreasing the onset of menopause
symptoms but also boosting sexual arousal in menopau-
sal woman. (12) Ginsenosides are lipophilic so it can
pass through the cell membrane by simple diffusion and
bind to its intracellular target proteins in the cytoplasm
and nucleus. Ginseng characterized by a complex acti-
vity profile that includes antioxidant, anti-inflammatory,
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anti-apoptotic, and immune- stimulatory properties and
has the effects of stabilizing and balancing the entire
physiology. (13) So for the importance of this herbal
medicinal plant and referring to previous scientific
researches, the present study conducted to assess the
effect of Panax Ginseng extract administration on gona-
dal disorders associated with hypothyroidism in female
albino rats.

Materials and Methods

Korean Panax ginseng

Dried roots of the Korean Panax ginseng obtained
from Pharco Pharmaceuticals Company; the dose was
1.8 mg/ 200 gm Body weight dissolved in distilled wa-
ter.

Neo-mercazole

Carbimazole was obtained as a commercial tablet
(Neo-Mercazole) from AFT Pharmaceuticals. Each ta-
blet contained 5 mg of the active principle, carbimazole,
to prepare a suspension of drug, 10 tablets were grinded
and suspended in 100 ml distilled water to obtain a dose
of 5 mg carbimazole/Kg Body weight.

Animals

Thirty-two Wister adult female albino rats weighing
180-200 gm, were used in this study. The animals were
obtained from the animal house of National Organiza-
tion for Drug Control and Research (NODCAR). The
animals' acclimatization took two weeks before the
experimentation. Animals were housed under control-
led temperature of 25 + 2 °C and 12-hour light/12 hour
dark cycle throughout the experiment. The animals
were fed on standard rodent pelleted diet and water ad
labium and examined for the regularity of estrus cycle
before the start of experiment. Animals were maintained
in accordance with the Guide for the Care and Use of
Laboratory Animals and all applicable institutional gui-
delines were followed.

The reproductive cycle of female rats is called estrus
cycle which last between 4-5 days and is characterized
by four stages; proestrus, estrus, metestrus and diestrus.
During the estrus cycle, prolactin, LH and FSH remain
low and increase during proestrus phase (Pre-Ovulatory
day). Estradiol (E,) levels begin to increase at metestrus,
reaching peak levels during proestrus and returning to
baseline at estrus. Before the starting of the present ex-
periment, the rats were examined of their estrous cycle
regularity; for one month, every morning between 8:00
and 9:00 a.m.; the vaginal of each rat was examined
with plastic pipette filled with 10 mL of normal saline
(NaCl 0.9%). Theses vaginal smears were then stained
with hematoxylin and eosin according to the method of
Marcondes, et al., (14) and Caligioni (15). Figure (1).

Experimental design

The animals were randomly divided into 4 groups
(n=8). Euthyroid group (-ve Control) rats which re-
ceived saline; the positive control group (+ve control)
which received ginseng extract (1.8 mg/200gm b.wt)
orally for two months, the whole experimental period.
For induction of hypothyroidism, rats in the other two
groups were orally administered a daily dose of 5.0

mg.kg! NeoMercazole® for 30 days. Hypothyroidism
was confirmed by measurement of {T, & {T,, TSH, TBG
and TTR in serum by ELIZA kits. These hypothyroid
rats were then dived into two main groups; hypothyroid
group (H) left without any treatment and the other hypo-
thyroid group was orally treated with ginseng (H+G) for
one months. The protocol of the study was approved by
the Institutional Animal Care and Utilization Commit-
tee (IACUC) at the National Herpetology and Tropical
Medicine Research Institute, Egypt.

Blood samples collection

At the end of the experiment, blood samples were
withdrawn from the animals, after that the animals were
dissected, and the organs were kept for further wok. The
collected blood from retro-orbital plexuses left to coa-
gulate at room temperature. The samples were centrifu-
ged at 5000 r.p.m for 10 min to separate the sera which
stored at for -20°C for biochemical investigations.

Biochemical parameters

fT,, fT, and TSH were assessed in serum using im-
munoassay technique (ELISA) kits according to manu-
facturer’s instruction (WKEA, WKEA medical supplier
co. China). Thyroid binding protein (TBG), transthyre-
tin (TTR), serum follicular stimulating hormone (FSH),
Prolactin (PRL), Luteinizing Hormone (LH) as well as
Extracellular Signal Regulated Kinase 1/2 (ERK1/2),
8-hydroxy-guanosine (8-OHdG) and Caspase 3 (Cas-
pase-3) were examined in serum using Rat ELIZA test
according to the manufacture instruction (GSCIENCE,
Glory Science Co., Ltd. USA). Serum corticosterone
(cortisol) was determined using ELISA kit according
to the manufacture instruction (AccuBind- Monobind
Inc, USA). Serum testosterone (T), progesterone (P)
and Estrogen (E2) were determined using Rat ELISA
kit according the manufacture instruction of (BioCheck,

phases of estrous cycle. Pro-estrus (A), consists mainly from nu-
cleated epithelial cell, Estrus (B), characterized by cornified cells;
Metestrus (C), consisting of the three types of cell, leukocytes,
cornified, and nucleated epithelial cells; and Diestrus (D) consis-
ting predominantly of leucocytes. Figure (1): photomicrograph of
vaginal smears showing the different phases of estrous cycle. Pro-
estrus (A), consists mainly from nucleated epithelial cell, Estrus
(B), characterized by cornified cells; Metestrus (C), consisting of
the three types of cell, leukocytes, cornified, and nucleated epithe-

lial cells; and Diestrus (D) consisting predominantly of leucocytes.
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BioCheck Co., Ltd. USA) , (CUSABIO Co., Baltimore,
USA) and (Immnunospec, CO., USA), respectively .

Statistical analysis

The statistical analysis of the biochemical data was
performed using SPSS version 22. Data were expressed
as mean £+ S.D. Statistical differences between groups
were performed using ANOVA test with significance
level P<0.05, the post Hoc if groups have an equal assu-
med variance carried out using Bonferroni test.

Results

Serum Thyroid hormones

Induction of hypothyroidism state with Neo-Mer-
cazol caused significant elevation of TSH along with
significant decrease in fT, and non-significant decrease
in fT, as compared with the control group. Regarding
the TTR, it was significantly increased while and the
TBG was non-significantly decreased. Treatment with
ginseng significantly lowering the level TSH as compa-
red with hypothyroid group, also the levels of fT, and
fT, were increased as compared to hypothyroid group.
The transporters proteins TTR and TBG were impro-
ved as compared with hypothyroid and control group.
(Table 1).

Serum Fertility Hormones
In the present study, hypothyroidism was resulted

in significant decrease in serum LH, FSH and E, while
PRL, P and T hormones were significantly increased
comparing to negative and positive control. In hypo-
thyroid rats treated with ginseng, the levels of gonadal
and trophic hormones were restored to the control level.
(Table 2).

Serum ERK 1/2 level and E2/T ratio after hypothy-
roidism induction

There was significant elevation in extracellular si-
gnal-regulated protein kinases 1/2 (ERK1/2) along with
the decreased E2/T ratio in hypothyroidism as compa-
red with the both control groups. Treatment of hypothy-
roid rats with ginseng ameliorate the level of ERK1/2 as
well as estradiol/ testosterone ratio to near the normal
levels Table (3).

The effect of hypothyroidism induction on serum
corticosterone

It was observed that corticosterone, stress hormone,
was significantly elevated in hypothyroid rats compa-
ring with negative control. Treatment with ginseng ame-
liorated this effect as shown in Table (3).

Serum oxidative stress markers after hypothyroi-
dism induction

In this study, serum level of oxidative marker (8-OH-
Guanosine) and cell apoptotic marker (Caspase-3 ) were
elevated in hypothyroid rats as compared to negative

Table 1. Thyroid hormones and their carrying proteins levels of in the studied groups.

Parameter -ve control +ve control H H+G
fT,(ng/ml) 1.99 £0.06 1.54 £0.05 1.59+£0.02 1.80 £ 0.04 (b*)
fT,(ug/ml) 6.61+0.14 7.32+0.36 4.07+0.12 (a*) 6.78+0.34 (b**)
TSH(mIU/ml) 12.31 +0.62 12.81 +0.69 14.09 +£0.42 (a*) 10.75 £0.26 (b**)
TTR(ng/ml) 32.56 +£2.04 36.93 £2.95 44.19 £3.34 (a*) 27.41 £1.96 (b*)
TBG(pg/ml) 2.54 +0.19 2.49 +0.06 2.26 +0.07 2.37 +£0.13

H: Hypothyroid group. H+G: Hypothyroid group treated with ginseng. Data represented as mean+SD, n=8 animals. *, **, ***: represent

p<0.05, p<0.01, p<0.001 respectively. a: represent the mean significance difference from the control group. b: represent the mean

significance difference from the hypothyroid group.

Table 2. Serum fertility hormones levels in hypothyroid and treated adult female albino rats

parameter -ve control +ve control H H+G
FSH(mIU/L) 7.11+0.16 7.98+0.14 5.99+0.18 (a*) 7.03+£0.12
LH(ng/L) 6.47+0.29 7.38+0.38 4.35+0.19 (a**) 6.73£0.28 (b**)
E,(Pg/ml) 20.76+0.64 20.3+0.39 14.7+0.8 (a*) 18.00+0.77 (a*,b**)
P (ng/ml) 23.24+1.66 20.66 +1.51 30.41£1.18 (a*) 20.56+1.67 (b*)
T (ng/ml) 0.32+0.06 0.35+0.03 0.3940.07 (a*) 0.35+0.04
PRL (ng/ml) 94.06+4.89 104.1244.41 149.11£11.33 (a**) 101.02+£6.58 (b*)

H: Hypothyroid group. H+G: Hypothyroid group treated with ginseng. Data represented as mean+SD, n=8 animals. *, **, ***: represent

p<0.05, p<0.01, p<0.001 respectively. a: represent the mean significance difference from the negative control group. b: represent the

mean significance difference from the hypothyroid group.

Table 3. ERK1/2 , E2/T ratio and cortisol level in serum of hypothyroid and treated female albino rats.

Parameter -ve control +ve control H H+G
ERK 1 /2 (pg/ml) 47.38+1.93 50.17+2.57 63.17£3.13 (a*) 42.26£1.7 (a*b**)
E2/T ratio 64.87+10.3 58.0+13.0 37.6+11.4(a***) 51.4£19.25(b*)
Corticosterone(ug/dl) 1.8+0.06 1.740.11 2.82+0.21 (a**) 1.734£0.10 (b*)

H: Hypothyroid group. H+G: Hypothyroid group treated with ginseng. Data represented as mean+SD, n=8 animals. *, **, ***: represent

p<0.05, p<0.01, p<0.001 respectively. a: represent the mean significance difference from the negative control group. b: represent the

mean significance difference from the hypothyroid group.
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Table 4. Oxidative stress markers in serum of hypothyroid and ginseng -treated female albino rats.

Parameter -ve control +ve control H H+G
8-OH Guanosine (ng/L) 48.46+£2.21 32.79+0.05 57.99+0.02 (a*) 48.63+0.08 (b*)
Caspases (ng/ml) 5.26+0.20 5.94+0.15 12.44+ 0.67 (a***) 5.48+0.14 (b***)

H: Hypothyroid group. H+G: Hypothyroid group treated with ginseng. Data represented as mean+SD, n=8 animals. *, **, ***: represent

p<0.05, p<0.01, p<0.001 respectively. a: represent the mean significance difference from the negative control group. b: represent the mean

significance difference from the hypothyroid group.

and positive control. Ginseng treatment succeeded to
reduce the levels of these oxidative and apoptotic mar-
kers to near the control levels Table (4).

Discussion

The present study was carried out to investigate the
ameliorating effect of Korean ginseng root on the go-
nadal hormonal dysfunction and lowering oxidative
stress accompanied hypothyroidism in female albino
rats. The study revealed a significant elevation in serum
TTR, decrease in fT,, fT, and TBG in hypothyroid rats.
Administration of Panax ginseng resulted in noticeable
increase in the THs and this could attributed to the thy-
romimetric effect of ginseng. (16). Ginseng is aroma-
tic herb containing high level of iodine which is main
component of the thyroid hormones. (17) Ginsenosides
which is the main components of ginseng considered
one of the adaptogenic substances that shares in re-sta-
bilization of many physiological processes and pro-
motes cellular homeostasis by decreasing the sensitivity
of the cell to any stress-like hypothyroidism as stated
in European Medicines Agency (13) . So, adaptogenic
ginsenosides in the present study raised the circulating
level of T, and fT, by activating the enzyme responsible
for converting fT, to active fT, as well as reducing the
inhibitory thyroid-hormone-blocking reverse T, (rT3),
which is bound to normally functioning T, receptors,
subsequently inhibited active T, and decreased its vital
metabolic rule. (10, 14)

The hypothyroid pituitary adrenal gonadal axis was
clarified in present study. Hypothyroidism in present
work deteriorated the pituitary trophic hormones (LH&
FSH), as compared to negative control group. These
reproductive hormonal changes was accompanied with
irregularity of estrous cycle of the rats after initiation of
hypothyroidism induction by about one week and this
was confirmed the importance of THs in the regulation
of reproductive hormone and estrus cycle (18). The me-
chanisms by which the trophic pituitary hormones re-
gulate steroid hormone biosynthesis include, the trans-
cription of steroidogenic genes, regulating cholesterol
uptake and transport, as well as modulating steroidoge-
nic enzyme activity. The reduction in trophic hormone
(FSH &LH) associated with hypothyroidism in present
model, led to decreasing the E, hormone level, whereas
the concentration of P and T were significantly increase.
The inhibition in gonadal activity in hypothyroid rats in
present model was confirmed by the lowering of E/T
ratio which is a marker of the aromatase enzyme activi-
ty (estrogen synthase, CYP19A1), this is a key enzyme
converted testosterone into estrogen in granulosa cell.
(19) Hyperprolactinemia , as recorded in present study,
negatively affected the activity of aromatase enzyme and
this lead to hypoestrogenism. Moreover, hyperprolaci-

namia inhibited the release of gonadotrophic hormones
(LH & FSH) from pituitary gland and potentiated the
inhibitory action of inhibin hormone that stimulated a
negative feedback and lowered estradiol level. (20)

The administration of panax ginseng to hypothyroid
rats in the present work was ameliorated these changes
in trophic and steroidal gonadal hormones due to the tri-
terpenoid saponins which steroidal in nature and consi-
dered the precursors of steroidal hormones in both plants
and animals. (21) Ginseng also have a positive effect on
sexual function by altering the activity in the brain to
facilitate hormonal behavior and secretion. (22) Korean
Red Ginseng may have potent estrogenic properties on
female rats either directly by binding to estrogen recep-
tor or indirectly through up-regulating ERs in repro-
ductive organs as uterus of both normal and ovariecto-
mized mice as well as premenopausal woman. (23, 24)
Another studies were potentiated our investigation, that
the ginseng improved the sexual dysfunction in woman
with hypothyroid dysfunction. (25). Abdalhafid stated
that Panax ginseng has fertility property and androge-
nic activity in male rabbit by increasing testosterone
level. (26) Ginseng also was normalized FSH, LH and T
levels by a direct or an indirect effect on the HPG axis.
The sexual dysfunction was reported in present work
may be developed from psychological stress state exer-
ted by hypothyroidism induction and this confirmed the
role of pituitary adrenal gonadal axis (HPA) as a defense
mechanism carried out by the organism against stress
event. (27) The current study exhibited significant ele-
vation of corticosterone hormone, serum 8-hydroxygua-
nosine, an oxidative stress marker, as well as caspase-3,
an apoptotic marker. Elevation of serum TSH in present
hypothyroid rat model augmented the synthesis of cor-
ticosteroid hormones together with the oxidative stress
markers that in turn inhibited the release of pituitary go-
nadotrophic hormones (LH & FSH) affecting negatively
the steroidogenesis process. (28)

In consistence with the present result, Xin et al.
mentioned that TSH elevated with the hypothyroidism
considered an apoptotic factor resulting in significant
increase in serum 8-hydroxyguanosine and caspase-3.
(29) The increasing in cortisol and stress oxidative mar-
kers in hypothyroid rats caused an elevation of reverse
T, (rT3), which was interfered with beneficial activity
of normal T,. Ginseng by its adaptogenic capability
action could destroy the (rT3) and restore the cellular
homeostasis. (14). In addition, ginseng with its lipo-
philic nature and steroidal backbone can pass easily
from the cell membrane by diffusion; bind to specific
intracellular mineralocorticoid and glucocorticoid pro-
tein receptors in cytoplasm and nucleus , initiating its
genomic pathway to regulate the cellular function. (30).
So, the administration of panax ginseng to current hy-
pothyroid rats was renormalized the cortisol and oxi-
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dative stress markers because it increased the cellular
resistance to stress and potentiated the role of immune
system through triterpenes of ginsenosides. (27, 31) .
Noteworthy, ERK1/2 was activated in response to the
elevation of oxidative stress and cell death apoptotic
markers as underlined in present study (32)

Based on all above investigations and correlation,
the present work was provided a supporting mechanism
by which the oral ginseng administration was improved
the gonadal disturbance and stress markers in hypothy-
roid female rats.

In conclusion, the present study is pointed out to the
pituitary-gonad-adrenal disturbances aroused from the
hypothyroidism induction by Neo-mericazole and how
ginseng, one of the most Asian medicinal traditional
plant, significantly normalized the fertility disorders and
acted as free radicals’ scavenger in adult female rats.
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