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ABSTRACT

Overt hypothyroidism frequently affects male reproductive and fertility. Hypothyroidism claimed to increased
ROS production with subsequent complications
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The scope of this work is to highlights the mechanism of hypothyroidism induced production of ROS on male reproductive system and enu-
merate the benefits of SSalvia officinalis L. (S. officinalis) as an antioxidant in clinical and experimental settings. 30 male albino rats were
equally divided into 3 groups (n=10 rats). Group 1 (control) have free access to water and food materials. Group II rendered hypothyroid
by giving 0.1% (w/v) of propyl thiouracil (PTU) in drinking water, for 65 days. Group Ill rendered hypothyroid by giving 0.1% (w/v) of propyl
thiouracil (PTU) in drinking water for 65 days in combination with Salvia officinalis L.extract in drinking water. The resulls indicated that
hypothyroidism when compared with the control group significantly increase reproductive organs weight (testis, prostate and seminal vesicle
glands), decrease sperm cell count, decrease sperm motility (%), and increase in dead and abnormal sperm count. also, hypothyroidism in-
crease serum TSH with reduction in T3, T4 and testosterone. The reduced testicular GSH was accompanied with elevation in MDA level and
the percentage of DNA fragmentation. Oral administration of sage extract significantly restored all parameters toward the normal values.
In conclusion, this observation points to S. officinalis tea drinking improving the reproductive potency and fertility through antioxidant and

thyroid regulating properties.

Introduction

Infertility is one of the major health problems in life, and ap-
proximately 30 % of this problem is due to male factors (1).
Apart from the conventional causes for male infertility such
as varicocoele, cryptorchidism, infections, obstructive lesions,
cystic fibrosis, trauma, and tumors, a new and important cause
has been identified: oxidative stress. Oxidative stress is a result
of the imbalance between reactive oxygen species (ROS) and an-
tioxidants in the body. It is a powerful mechanism that can lead
to sperm damage, deformity by adversely affecting the quality of
sperm DNA and eventually, male infertility (2).

Endocrine system is the second key regulator of organ system
functions after nervous system in human body. Hormones are
actual messengers in endocrine signaling. Thyroid gland holds
a critical place in controlling brain and somatic development
in infants and metabolic activities in adults. Upon stimulation
by thyroid stimulating hormone (TSH), thyroid gland secretes
thyroid hormones: triiodothyronine (T3) and thyroxin (T4). Al-
though thyroid hormones have a central role in controlling basal
metabolic rate, growth, as well as the development and differen-
tiation of many cells in the body Thyroid gland holds a critical
place in controlling brain and somatic development in infants
and metabolic activities in adults. Upon stimulation by thyroid
stimulating hormone (TSH), thyroid gland secretes thyroid hor-
mones: triiodothyronine (T3) and thyroxin (T4). Although thy-
roid hormones have a central role in controlling basal metabolic
rate, growth, as well as the development and differentiation of
many cells in the body (3). Until very recent thyroid was thought
not to affect spermatogenesis; however, research is now actively
being pursued to understand the primary effects of thyroid hor-
mones on spermatogenesis.

Spermatogenesis is generally divided into three distinct stages: (i)
mitosis of spermatgonia (ii) meiosis to make haploid germ cells
(iif) maturation of spermatids to spermatozoa. Disturbance at any
step could affect the process of spermatogenesis and the sperma-
tozoa may become defective (4). Spermatogonia give rise to ma-
ture spermatozoa under hormonal control of the gonadotropins
such as luteinizing hormone (LH) and follicle stimulating hor-
mone (FSH). Recent identification of thyroid hormone receptors
(TRs) directly on the testes and finding that Thyroid hormone acts
directly on Sertoli cells to inhibit proliferation while stimulating

differentiation and maturation of the male testes (5-6).

LH and FSH are produced by the anterior pituitary. The produc-
tion of these two hormones is stimulated by gonadotropin releas-
ing hormone (GnRH) made by the hypothalamus.Testosterone is
produced by the Leydig cells after receiving the signal from lutein-
izing hormone (LH) for its synthesis. This pathway is collectively
known as the hypothalamus-pituitary-gonadal axis (HPG axis).
Testosterone is required for successful completion of the sper-
matogenesis process. Without it, conversion of round spermatids
to spermatozoa during spermiogenesis is impaired (7).

In cases of thyroid dysfunction, an increment of GNs levels in
thyrotoxicosis and its decline in hypothyroidism (8).This decline
is related to prolonged hypothyroidim induced pituitay hypo-
gonadism. In men with hypothyroidism total androgen level is
reduced due to multiple factors such as decreased SHBG, hy-
pothyroidism induced pituitary hypogonadism and hyperpro-
lactinemia (9). Men with post-pubertal hypothyroidism may
experience a decreased libido, erectile dysfunction, and delayed
ejaculation (10).

Free radicals causes reduction in GSH contents and alteration of
reproductive hormones, oxidative DNA damages, genetic muta-
tion, DNA strand breakage and chromosomal alterations (11-12),
necrosis of spermatocytes/spermatids and degeneration in semi-
niferous tubules (13-14).

Medicinal plants are in high demand for application of functional
food or biopharmaceuticals because of consumer preferences.
Currently various medicinal plants has been investigated like Sal-
via officinalis L. (S. officinalis, common sage) which is a medici-
nal plant well known for its reputation of being a panacea and for
its strong antioxidant properties attributed to its constitution in
phenolic compounds (rosmarinic acid being the most representa-
tive) (15-16). Salvia extract has a prominent antioxidant effects,
so it is conceivable that can improve male reproductive function
(17). Administration of Salvia extracts caused to increased serum
testosterone level and is effective on certain biochemical enzymes
(18), by which can pose its effects on reproductive system.

The improving effects of Salvia on male reproductive system may
come from the effects of Salvia components - in particular vi-
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tamins C and E, flavonoids and antioxidants that can enhance
Leydig cells normal function (19).

In a previous study, sage tea drinking significantly increased (rat
and mouse) liver GST activity and protected against GSH deple-
tion and lipid peroxidation induced by an oxidant agent (20).

Therefore the present study was arranged to evaluate the tra-
tional use of sage tea versus hypothyroidism induced oxidative
stress associated reproductive hormonal changes and lipids per-
oxidation in rats.

Material and methods

1-Expermental materials:

1.1- Rats

30 adult male albino rats weighting 150-200 g were obtained
from Animal House in Faculty of Vet. Medicine, Zagazig Univer-
sity. They were housed in separate well-ventilated cages, under
standard conditions, with free access to the standard diet and
water ad libitum. The experiment was conducted at the Animal
house of Faculty of Veterinary Medicine, Suez canal University.
The experiment was performed in accordance with the “Guide
for the Care and Use of Laboratory Animals” (21).

2.1- Drugs
Thyrocil (Propyl thiouracil, 50mg) was used for hypothyroidism induc-
tion. It was obtained from Amoun pharmaceutical Co., Cairo, Egypt.

3.1-Plant

Salvia officinalis L. (common sage) was obtained from local
market of Herbs and Medicinal plants, Egypt. Sage is used as a
tea, an infusion of sage was routinely prepared by pouring 150
ml of boiling water onto 2 g of the dried plant material and al-
lowing to steep for 5 min. Then filtered by Capron silica cloth
150 p and the filtrate could be used as sage tea (20).

This preparation produced a 3.5 + 0.1 mg of dry weight extract
per ml of infusion, with rosmarinic acid (362 lg/ml of infusion)
and luteolin-7glucoside (115.3 Ig/ml of infusion) as a major phe-
nolic compounds and 1,8-cineole, cis-thujone, trans-thujone,
camphor and borneol as major volatile compounds (4.8 lg/ml of
infusion)

Salvia officinalis L.

4.1-Kits

a- ELISA Kit- MyBioSource for estimation of Mouse/Rat Triiodo-
thyronine (T3) and Thyroxine (T4).

b- ELISA- ALPCO immunoassays for estimation of Mouse/Rat
Thyroid Stimulating Hormone (TSH) and Testosterone.

c-Reduced GSH kits was obtained from Bio-diagnostic Co., Egypt.

2-Experimental design

To study the antioxidant attributes of Sage, male albino rats
were equally divided into 3 groups (n=10 rats). Group 1 (con-
trol) have free access to water and food materials. Group II ren-
dered hypothyroid by giving 0.1% (w/v) of 6-n-propyl-2-thiouracil
(PTU) in drinking water (22), for 65 days.
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Group III rendered hypothyroid by giving 0.1% (w/v) of 6-n-pro-
pyl-2-thiouracil (PTU) in drinking water for 65 days in combina-
tion with sage tea in drinking water.

After 65 days (spermatogenesis period) of the last treatment,
blood samples were collected for serum separation. Then the
testes, prostate, seminal vesicle glands and epididymis from the
rats were carefully dissected and weighed independently. From
the epididymis, sperm were collected, mounted on a slide and
their motility assessed immediately under the microscope at
x 10 objective. The motility assessment was expressed as per-
centage motile forms. The slides were later stained with Carbol
Fuschin and the sperm number and morphology were examined.
After the process one testis of each rat was treated with liquid
nitrogen for further enzymatic and DNA damage analysis.

2.1- Hormonal analysis
TSH, T3, T4 and testosterone hormone level were measured in
serum using ELIZA kits.

2.2-Assessment of lipid peroxidation (MDA) and reduced
glutathione assay.

1gm of tissue was homogenized in 5 volume of homogenized in
phosphate buffer saline (pH7.4) and centrifuged at 3000 r.p.m
for 30 min at 4°C. The supernatant was collected and used for
assessment of malondialdhyde (MDA) and reduced glutathione
(GSH) levels according to (23) and (24) respectively.

2.3- Evaluation of cell death by DPA assay
DNA fragmentation was used as indicator for cell death using
DPA assay. The latter was conducted using the procedure of (27).

2.4- Semen analysis

Epididymal contents of the treated rats were obtained after cut-
ting the tail of epididymis, squeezing it gently on clean slide and
the sperm progressive motility and cell count were determined
according to the method described by (25). Microscopic examina-
tions of the seminal smears stained with Eosin Nigrosin stain were
carried out to determine the percentages of sperm viability (ratio
of alive/dead) and sperm cell abnormality according to (26).

2.5. Statistical Analysis

Results are expressed as mean + S.E. Data were analyzed using
one-way analysis of variance (ANOVA). All statistical tests were
done by using (SPSS Software, version 22, SPSS Inc., Chicago,
USA) and the differences were considered significant at P< 0.05.

Results
Table (1): Effect of oral administration of sage extracts for 65
days on the weight of sexual organs of male hypothyroid rats.

Group Weight of sexual organs (Mean + S.E.)
testis Prostate Seminal

gland vesicle gland

Normal 2.52 + 0.09 0.32 £0.02 0.89 £ 0.04

control

Hypothyroid | 3.94 £0.17 0.57 +0.03" 1.80 £ 0.11%
0 . 4 0

Sage extract | 3.06 + 0.18%# +0.01%# 1.42 + 0.10%#

Data having different superscript are significant at p< 0.05.

Table (2): Effect of oral administration of sage extracts for 65
days on sperm cell characteristics of male hypothyroid rats.

Sperm cell characteristics (Mean + S.E.)
Group  Niotility  [Count Viability | Abnormality
(%) (10°/epididymis) | (%) (%)
Normal o9 51180 [89.50 +2.35  [90.30 +2.00 |227:0.12
control
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Hypothyroid |27.5+1.85% [51.50 +1.93*  |32.20 +2.05* |8.05+0.32*
Sage extract [63.30+2.22%# |68.20 +1.69%# |75.70 +1.98%# |4.28+0.27*#
Hormones (Mean + S.E.)
=3 TSH T3 T4 Testosterone
£ (ng/ml) (ng/dl) (ng/d) (ng/ml)
g3
g -E 1.89 + 0.08 129.16 + 2.57 5.77 + 0.33 254+ 022
Z 8
=
a 4.35+021* 75.59 + 3.35% 1.60 + | 054+050%
k= 0.11%
&
=
El 266 +0.19% | 107.82 + | 261 + | 176 +040%#
g;p .E 2.11%# 0.14%#
L

Table (3): Effect of oral administration of extracts of sage for
65 days on TSH (ng/ml), T3 (pg/ml), T4 (pg/dl) and testos-
terone hormone (ng/ml) of male hypothyroid rats.

Table (4): Effect of oral administration of extracts of sage for
65 days on testicular oxidative marker; reduced GSH con-
tent (mg/gm tissue), MDA level (pmol/ gm tissue) and the
percentage of DNA fragmentation (%) of male hypothyroid
rats.

Oxidative marker (Mean + S.E.)
Group reduced GSH |MDA level gaN[:nentation
(mg/gm tissue)|(pmol/ gm tissue) (%;g
Normal 49.98 £149  |1.57 + 0.09 1.85+ 0.13
control
Hypothyroid |22.62 +1.17* 4.57 +0.16* 10.35 + 0.52*
Sage extract |38.75 + 0.50%# |2.82 +0.17*# 4.82 + 0.25%#

Hypothyroidism significantly increased testis, prostate and semi-
nal vesicle glands weights compared to control group, while
sage extracts Post treatment for 65 days significantly restored
the weight table (1).

There was a marked reduction in sperm count, motility (%), with
increase in dead and abnormal sperm count in hypothyroidism
group as compared to control group which was significantly re-
stored with Sage table (2).

Data in Table (3) show that induction of hypothyroidism in rats
induced a significant increase in serum TSH with reduction in
T3, T4 and testosterone versus to the normal control rats. Oral
administration of sage extract significantly restored these hor-
monal alterations.

Hypothyroidism caused reduction in reduced GSH content that
accompanied with elevation in MDA level and the percentage
of testicular DNA fragmentation when compared to the control
group, all these parameters were directed toward the normal
values after oral administration of sage extract Table (4).

Discussion

Hypothyroidism is a clinical syndrome caused due to deficiency
of thyroid hormones, characterized by decrease in serum T3 and
T4 and increase in serum TSH concentration, and accompanied
by increased ROS production and reproductive alterations.

Recently many investigations are now actively being pursued to
understand the primary effects of thyroid hormones on male
reproductive and fertility. The current study was carried out to
determine the effect of extracts of Sage on fertility of male hypo-
thyroid rats following oral administration for 65 days (period of
spermatogenesis in the rat).

Research Paper

Our work depicts that, hypothyroidism significantly increased
testis, prostate and seminal vesicle glands weights compared to
control group, table (1). These finding maybe responsive to re-
duced thyroid hormones in a dose-dependent manner (28).

Concerning the elevation in testicular weight, (30-31) demon-
strated that, hypothyroidism may result in a decrease in the sex
hormone binding globulin (SHBG) levels and a decrease in total
serum testosterone levels, as well as a decrease in the gonado-
tropins levels, specifically the luteinizing hormone (LH) and the
follicle stimulating hormone (FSH) (29). In cases of prolonged
pre-pubertal hypothyroidism due to drop in LH and FSH levels,
the Leydig and Sertoli cells, respectively are less stimulated to
differentiate into mature cells, negatively affecting spermato-
genesis. This increases the number of cells in the testes but de-
creases the number of mature cells. Thus, in patients with hy-
pothyroidism, increased testicular size is observed along with
a significant drop in mature germ cells within the seminiferous
tubules.

There was a marked reduction in sperm count, motility (%), with
increase in dead and abnormal sperm count in hypothyroidism
group as compared to control group table (2). Among the stud-
ies on human subjects, (32-33) concluded that hypothyroidism
adversely affected semen quality by compromising semen vol-
ume and progressive sperm motility, abnormal sperm morphol-
ogy and decreased motility in the patients.

The publications of (53) noted that hypothyroidism claimed to
increased reactive oxygen species (ROS) production with subse-
quent elevated lipid peroxidation.

Antioxidant enzyme play key role in oxidative infertility so oxi-
dative stress may result in overproduction of oxygen free-radical
precursors and/or decreased efficiency of the antioxidant sys-
tem. In view of these observations we hypothesised that sage
tea would have protective effects in an in vivo situation of free
radical-mediated testicular damage.

(35) Found in their experiments on rat testis a decrease in the
ratio of reduced Glutathione to oxidized state of Glutathione
(GSH/GSSG) following hypothyroid state, suggesting induction
of oxidative stress in the testis. This might be the key factor in
contributing towards oxidative stress in testicular mitochondria,
reflected in higher levels of oxidatively damaged membrane li-
pids and proteins ultimately leading to tissue injury and dys-
function.

Oxidative stress, in turn, can damage all intracellular macromol-
ecules (glutathione, DNA, RNA, proteins, lipids and ATP). Any
changes in the level of these substances are of key importance
for cell viability and great deviations cause cell damage and
death (36-37).

Oxidative stress impedes spermatogenesis, resulting in the gen-
eration of spermatozoa with poorly remodelled chromatin.
These defective cells have a tendency to default to an apoptotic
pathway associated with motility loss, caspase activation, phos-
phatidylserine exteriorization and the activation of free radical
generation by mitochondria. The latter induces lipid peroxida-
tion and oxidative DNA damage, which leads to DNA fragmen-
tation and cell death. The physical architecture of spermatozoa
prevents any nucleases, activated as a result of this apoptotic
process, from gaining access to the nuclear DNA and induc-
ing its fragmentation. Simultaneously, oxidative stress is a key
event which starts nonprogrammable cell death. Differences in
DNA fragmentation in experimental and control groups may be
caused by activation of different sets of nucleases (38) and dif-
ferent rates of lipid peroxidation (39). Depending on the qual-
ity and quantity of nucleases, the levels of DNA oxidative dam-
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age DNA fragmentation results in high or low molecular weight
fractions only or in high and lower molecular weight fractions
simultaneously (38-39). The DNA damage in male germ cells
can be accompanied with poor fertilization rates, defective pre-
implantation embryonic development, high rates of miscarriage
and morbidity in the offspring (40).

Some studies indicated the presence of high-inducible cy-
tochrome P-450 2E1 isoform in male gonads (41-42). CYP 2E1
generates reactive oxygen intermediates, such as superoxide
radicals, which in turn could rapidly react with organic mol-
ecules generating secondary free radicals and reactive oxygen
radical species (43). Such cascades may alter the reducing milieu
of testis and epididymis, producing conditions for sperm oxida-
tive damage. Excessive free radicals generation often involves
errors in spermiogenesis and as a result the release of sperma-
tozoa from the germinal epithelium with abnormally high levels
of cytoplasmic retention (44). Lipid peroxidation can profoundly
affect sperm quality, including the percentage of motility and
specific motility parameters (45).

Glutathione (GSH) is the most abundant non-protein thiol in mam-
malian cells. Cellular GSH plays a key role in biological processes,
including proteins and DNA synthesis and amino acid transport.
However, its most important role is the protection of cells against
oxidation, including control of male fertility (46). The sulfhydric
group (SH) is a strong nucleophilic group which confers protection
against damage by oxidants, electrophilic agents and free radicals.
High concentrations of GSH have been observed in rat and mouse
testes. A 3-fold increase in the concentration of GSH in rat testis
was observed during the onset of spermatogenesis (47).

Testicular oxidative stress appears to be a common feature in infertil-
ity, which suggests that, there may be benefits to develop better anti-
oxidant therapies for relevant cases of hypo spermatogenesis (48-49).

The results of our present investigation showed that, reduction
of antioxidant enzymes activity in testicular tissue are might
be due to accumulation of free radicals leads to enhanced lipid
peroxidation or inactivation of the antioxidative enzymes. The
reduction in GSH activity might be due to the decreased avail-
ability of GSH resulted during the enhanced lipid peroxidation.

(11) investigated that oxidative damage can occur in DNA during the
peroxidative breakdown of membrane polyunsaturated fatty acids. DNA
damage affects homeostasis of various cells leading to induced signal
transductions associated with apoptosis and cell proliferation (50).

Our data showed that, oral administration of sage extract signifi-
cantly increase thyroid hormone when compared to hypothyroid
group. This result came in accordance with result of (51) who re-
corded that, Sage has long been recognized as a very rich source
of the antioxidant carnosic acid, which as noted above, can in-
crease T3 activity through improved RXR/TR heterodimerization.

The present study pointed that, administration of sage extract to
hypothyroid rats can ameliorate the testicular oxidative stress.
Sage able to restore Sperm cell characteristics toward normal
value. These results can be related to the elevation of T3, T4. (52)
Found that, thyroid hormone is known to be one of the stimulat-
ing factors for the synthesis and secretion of Glyceryl phosphoryl
choline (GPC). The latter is a major constituent of epididymal
secretion and maintains the osmatic balance in epididymal fluid
and sperm membrane stability and serves as an energy source
through inhibition of phospholipase A2 activity. GPC is reduced
and degraded in hypothyroidism which in turn leading to the de-
creased sperm count as observed in the present study.

The increased testicular GSH content and reduction of lipid per-
oxidation, percentage of DNA fragmentation induced by sage ad-
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ministration in our experiment came in harmony with results of
(20). The improving effects of S. officinalis on male reproductive
system may come from the effects of its components in particu-
lar vitamins C, E, flavonoids and reflecting the strong antioxi-
dant properties of phenolic compounds (rosmarinic acid) that
can enhance Leydig cells normal function (15,16,19)

The protective potential may either involve antioxidant; signal trans-
duction, gene expression and effective involvement in the metabolic
pathways. Antioxidant enzyme play key role in oxidative infertility so
oxidative stress may result in overproduction of oxygen free-radical
precursors and/or decreased efficiency of the antioxidant system. In
view of these observations we hypothesized that sage tea would have
protective effects in an in vivo situation of free radical-mediated tes-
ticular damage. The current work highlights the protective potential
of S. officinalis that may involve antioxidant properties and effective
involvement in the thyroid and testosterone regulation.

Conclusion

This study recommends that intake of sage as a drink may be
useful for hypothyroid patients who suffer from sexual impo-
tency as their extracts produce antioxidant activity and exhibit
fertility enhancing properties in male hypothyroid rats. So, S. of-
ficinalis can use to rectify the fertility in patient suffering from
impotency either from hypothyroidism or from other causes.
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