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Abstract

Dexamethasone (DEX), which is a corticosteroid hormone (glucocorticoid), has been used to treat different
conditions, such as immune system disorders, certain skin and eye disorders, as well as breathing problems.
Cefotaxime sodium, also called Claforan, is synthesized from a naturally occurring material (semisynthetic). It
is a broad-spectrum cephalosporin antibiotic that could be utilized for parenteral administration. The present
study aimed to investigate histological changes occurring in the tissues and cells of the rats’ ovary (primordial,
primary, secondary, antral, and mature follicle) treated with Cefotaxime sodium, as well as DEX, and evaluate
the impacts of these medications on animals’ fertility. In total, 40 female adult Wistar rats were divided into four
groups (n=10). The control group received 0.5 ml/kg of distilled water daily for five days as a placebo. The
second group was injected with 0.5 mg/kg of DEX daily for five days. The same amount of Claforan (0.5
mg/kg) was injected into the third group daily for five days, and the fourth group received 0.5 mg/kg of both
Claforan and DEX daily for five days. Afterward, the ovaries were prepared for histological examination. The
ImageJ image analysis system was used to detect morphometric parameters and calculate the area of these
organs. The findings of the present study showed that the DEX and Claforan brought changes to the ovarian
area and the number of follicles. The ovarian area significantly increased (P<0.007) in the DEX-treated group
(meantSEM=7.3+0.5 mm?), compared to the control group (mean+SEM=4.6+0.20 mm?). However, DEX was
found to decrease body weight. Furthermore, the ovarian area significantly increased in the Claforan-treated
group (meantSEM=8.6+0.6 mm?); however, their body weight significantly decreased (P<0.008), in
comparison with the control and DEX-treated groups. The combination treatment (i.e., DEX + Cefotaxime
sodium) significantly increased (P<0.009) the area of ovaries even more, compared to single treatments
(mean+SEM=9.6+0.4 mm?). Overall, both DEX and Claforan brought histological changes to ovaries. However,
the effect of DEX on ovaries was less than that of Claforan. The concurrent administration of both medications
was found to have more significant effects on rats’ ovaries.
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1. Introduction first meiotic prophase, followed by leptotene,

The development of the female reproductive system
is a complex process. The Wolffian, mesonephros, and
Miillerian ducts differentiate in different manure to
form the uterus and vagina (1, 2). During the ovarian
development in mammals, oogonia enter the mitotic
division and increase in number. While in the meiosis
division, it develops into oocytes, which then enter the

pachytene, zygotene, and diplotene. In the diplotene
stage, somatic cells surround the oocytes and close off
on the follicles. In this stage, the proliferation capability
of the oocyte closely diminishes when entering the
meiosis division. During the postnatal life, the
primordial follicles are reduced progressively through
folliculogenesis, atresia, or owvulation. The female
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reproductive efficacy has been determined based on the
ovarian quality, which is defined by the number of
follicles and the factors regulating folliculogenesis (3).

It has been shown that the hypothalamic-pituitary-
adrenal (HPA) axis is mainly responsible for the
activation of nerve cells in the paraventricular nucleus
of the hypothalamus to produce both the
corticotropin-releasing  hormone and  arginine
vasopressin. This action will profoundly contribute to
the production and secretion of  the
adrenocorticotropic hormone (ACTH) by stimulating
adenohypophysis (anterior pituitary gland). The
ACTH plays a vital role in the secretion and synthesis
of adrenal androgens and glucocorticoids (4). It has
been observed that the functions of the hypothalamic-
gonadal (HAG) axis are mainly mediated by the HPA
axis, which induces the maturation of the reproductive
organs. Interestingly, the pathway of the HAG axis
profoundly promotes the reproductive system through
signaling endocrine. It induces Gonadotropin
hormone-releasing hormone (GnRH) secretion, which
then prompts pituitary gland cells (gonadotroph cells)
to synthesize the luteinizing hormone (LH), and
follicle-stimulating hormone (FSH), which regulate
the steroid hormone production and the ovulation
process (5).

The LH and FSH regulate the functioning of female
reproductive organs and ovaries. The FSH of growing
follicles is responsible for stimulating the proliferation
of granulosa cells and the production of estradiol.
Moreover, peptide hormones, which are essential for
the feedback regulation of FSH, are also produced by
growing follicles.

Small follicles are considered responsible for the
production of Inhibin B and its high levels during the
early follicular phase, while the dominant follicles
cause the rising levels of Inhibin A in the later follicular
phases. Notably, the remaining reproductive lifespan
could be majorly detected depending on the number of
follicles, which is defined as the ovarian reserve.
Moreover, when follicles start growing, they produce
anti-mullerian hormone, which dramatically reduces in

the antral follicle (follicle which contains a fluid cavity
and becomes FSH-dependent) (6).

Several previously published studies have reported
that dexamethasone (DEX), a synthetic glucocorticoid,
has a lower mineralocorticoid activity. It is considered
an anti-inflammatory medication that is 30-40 times as
potent as hydrocortisone and up to 16 times as strong as
prednisolone. Its half-life is about 3 h, while its action
duration may be longer. It is bound to plasma proteins
at much lower levels than other glucocorticoids (7).
Glucocorticoids have a wide range of therapeutic uses
for conditions, such as asthma, allergy, infection, as
well as  autoimmune  diseases, including
glomerulonephritis, rheumatoid arthritis, sclerosis,
Systemic Lupus Erythematosus Gland failure, joint
pain, and lymphoid cancers (8).

The DEX is bound to its receptors in the cytoplasm
by passing through the cell membrane and entering the
cell nucleus through a drug-receptor complex. Through
binding with specific areas of the DNA, this complex
leads to the stimulation of the Messenger RNA
transcription and subsequently, the development of
enzymes that are ultimately responsible for the
systematic effects of corticosteroids. In the same line of
thought, DEX applies its anti-inflammatory effects by
preventing the accumulation of inflammatory cells in
the inflammation zone, the inhibition of phagocytosis,
and the diffusion of enzymes responsible for the
inflammation and inhibition of the production and
dissemination of chemical mediators relevant to
inflammation (8).

On the other hand, it has been revealed that Claforan
(Cefotaxime sodium) is a semisynthetic antibiotic with
a wide spectrum of activity against Gram-positive and
negative bacteria. It has been widely used in the
treatment of serious and life-threatening infections,
such as pneumonia, gonorrhea, brain abscess,
endocarditis, preoperative prophylaxis, and typhoid
fever (9).

A series of experiments have shown that
hypersensitivity reactions, including skin
rashes,urticaria, eosinophilia, and anaphylaxis, are the
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most common contrary effects associated with
Cefotaxime sodium and other cephalosporins. Other
side effects may include diarrhea, vomiting, nausea,
pseudomembranous colitis, and transient elevation in
liver enzymes (10, 11).

In order to protect female reproductive systems, it is
essential to avoid unnecessary exposure to medications
that affect oogonia proliferation and survival, as well as
oocytes or follicular formation. Notably, the use of
DEX in the period of oogonia (germinative cell)
proliferation might lead to the inhibition of the mitotic
division of germinative cells, thereby reducing the
overall number of oocytes. On the other hand, the use
of Cefotaxime sodium causes tissue irritation, which
could result in tissue damage (12). Therefore, the
current study was designed to investigate histological
changes occurring in the tissues and cells of the rats’
ovaries (primordial, primary, secondary, antral, and
mature follicle) treated with Cefotaxime sodium, as
well as DEX, and evaluate the impacts of these
medications on animals’ fertility.

2. Materials and Methods

2.1. Study Design

In total, 40 female adult Wistar rats were divided into
four groups (n=10). Group 1 (control group) received
an Intramuscular (IM) 0.5 mg/kg of normal saline as a
placebo for five days. Group 2 was injected with an IM
DEX at a dose of 0.5 mg/kg for five days. Group 3
received an IM Claforan at a dose of 0.5 mg/kg for five
days. Group 4 was injected with an IM mixture of
Claforan and DEX at a dose of 0.5 mg/kg for five days.
After the experimental procedure, all animals were
euthanized by an overdose injection of Ketamine and
Xylazine (Konig S.A., Avellaneda, Argentina); then,
they were dissected and their ovaries were removed for
histological evaluations. The histological process was
performed in the laboratory of the College of Medicine
(University of Wasit, Al Kut, Irag).
2.2. General Histological Preparations

The specimens were processed as follows:

2.2.1. Fixation

All the specimens were fixed in 10% neutral buffered
formalin (BDH) for 24 h.
2.2.2. Dehydration, Clearing, and Embedding

Specimens were passed through a graded series of
ethanol alcohols (BDH) (70% for 24 h, 90% for 9 h,
and 99% for 2-3 h). Xylene (Merck, USA) was used for
a 15-30-min clearing till the specimens became
transparent. Afterward, the specimens were transferred
to a bath of melted paraffin. Paraffin was used as the
Paraplast tissue embedding media, and the samples
were placed in an oven (65°C) for about 2 h. Melted
paraffin was poured into the metal mold (in an L-
shape), and the sample was put in a way that allowed
sectioning in a sagittal section. Thereafter, each block
was cut at Sp by Reichert —Jung 3030 — mot Biocut
Microtome (Reichert Technologies) and stained with
Harris Hematoxylin and Eosin (H & E stain).
2.2.3. Morphometric Analysis

Microscopes contain a TV-Based computer utilized for
image capturing at amplification powers of 10 and 40.
Following an accurate calibration using a stage
micrometer, the ImageJ analyzer software was used for
measurement. This procedure was conducted to
determine the area of ovaries and the number of follicles.
2.3. Statistical Analysis

Data were analyzed using the SPSS statistical
software (version 19.0, LED Technology, USA) and
Microsoft Office Excel 2013. Numeric data were
expressed as mean+SEM. The One-Way ANOVA was
used to compare the results of the control and treated
groups. Differences were considered statistically
significant when P-value was less than 0.05.

3. Results

Light microscopic evaluations revealed that
histological sections in the ovaries obtained from the
control group were normal. Additionally, numerous
ovarian follicles in different stages were detected
through the microscopic examination in the control
group (Figure 1A).
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The recorded data of the present study showed no
changes in histological sections from the ovaries treated
with DEX (group 2); however, there was an increase in
the number of follicles (Figure 1B), in comparison with
the control group. Moreover, histological sections of
the ovaries treated with Claforan (group 3) showed an
increase in the size of the ovary more than in group 2,
while the number of follicles decreased (Figure 1C).
The ovaries from the fourth group (treated with a
mixture of DEX and Claforan) showed a significant
increase in size (area) and a dramatic decrease in the
number of follicles, compared to groups 2 and 3

(Figure 1D). Table 1 showed a statistically significant
increase (P<0.05) in the area of ovaries treated with a
mixture of DEX and Claforan. The values related to the
reproductive parameters are given in table 1. The
recorded data regarding the measurement of the ovarian
surface area showed statistically significant (P<0.05)
differences between the control group and Group 2
(0.007), Group 3 (0.008), as well as Group 4 (0.009).
The meantSEM of the body weight of animals treated
with DEX and Claforan, at doses of 1 mg in five days,
was significantly higher (P<0.05) than that of the
control group (Table 2).

Figure 1. Histological sections of ovaries stained with hematoxylin and eosin were tested under a microscope (4x). (A) The control
group shows a normal section of ovaries, compared to sections from the treated group. (B) The group treated with DEX shows an
increase in the number of follicles and the ovarian area. Sections from group (C) treated with Claforan show a decrease in the number of
follicles and an increase in the area of ovaries; however, less than that of group B. Group (D) shows a marked increase in the area of
ovaries but a decrease in the number of follicles. Notice: Primordial follicle (PF(1)), the primary follicle (PF(Il), Antral Follicle (AF),

and Secondary Follicle (SF).
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Table 1. Area measurement of the ovary in the control group and groups treated with Dexamethasone, Claforan, and a mixture of both).
Results are shown as mean+SEM

mean+SEM P-value (ANOVA) P-value for the control vs.
Group A R Lysergide LSD P<0.05* | the treated group (ANOVA)
rea mm Area mm? Area mm?
Dexamethasone Control group 7.310.5 0.007
Claforan ovary area 8.6+0.6 0.008 P<0.05* 0.001
Mix (Dexamethasone+Claforan) | 4.6+0.20 mm? 9.6+0.4 0.009 '
Table 2. Mean+SEM decrease in body weight
mean+SEM P-value P-value for the control vs the
Group body weight (ANOVA) LSD P<0.05* treated group (ANOVA)
(gm) body weight (gm) Body weight (gm)
Dexamethasone Control group 106.25+7.41 0.06
Claforan 122.5+1.443 body | 94.58+6.28 0.07 P<0.05* 0.025
MIX (Dexamethasone+Claforan) weight (gm) 90.66+5.23 0.08

4. Discussion

Observations of the present study have shown a
number of ovarian histological changes following DEX
and Claforan IM injection. Compared to the control
group, the treated groups showed that DEX induces the
size of ovaries and the number of ovarian follicles,
which is concomitant with body weight reduction.
However, the Claforan-treated group also experienced
an increase in the ovarian size and a reduction in the
number of follicles, accompanied by a decrease in body
weight. Furthermore, animals treated with a mixture of
DEX and Cefotaxime sodium showed an increase in
the ovarian area, with a fewer number of follicles.

Previous studies illustrated that the administration of
DEX significantly decreased body weight (13).
According to Amar, Shama (14) and De Vos, Saladin
(15), the metabolism of lipids and carbohydrates could
be affected by DEX. Moreover, DEX could induce the
sensation of satiety and promote energy expenditure,
because it promotes adipose tissues for more leptin
secretion. This can be a suitable interpretation of
weight loss for subjects treated with DEX for a long
time (14, 15). In contrast, Maciel, Chamberlain (16)
revealed no impact of DEX injection on body weight.
In the same line of thought, DEX would profoundly
affect the estradiol action through its direct influence on
the pituitary gland. Moreover, FSH-stimulated

follicular steroid production could be induced by DEX.
The interaction of DEX with follicular progesterone
production and its inhibition by the transforming
growth factor-p (TGF-B) indicate that glucocorticoid
and the TGF-B interaction are essential for the
granulosa cell differentiation as follicle matures
through pre-antral stages (17).

Several studies have shown that different anatomical
locations, such as the hypothalamus, the anterior
pituitary gland, and the ovary, represent the main
impacts of DEX. Furthermore, the administration of
synthetic glucocorticoids can inhibit the GnRH-
stimulated release of LH and FSH from the pituitary by
the reduction of hypothalamic GnRH release (18). On
the other hand, ovarian steroidogenesis is strongly
affected by glucocorticoids. Therefore, the effect of
glucocorticoids on the target tissues of gender steroid
production could be considered another mechanism of
the HPA axis to influence reproductive function (19).
Additionally, several studies have shown that a low
dose of DEX would improve ovarian responsiveness at
the initiation of ovulation cycles (16).

According to de Figueiredo Moraes, Teixeira (20), 10
days of treatment with DEX had no impact on rats’
fertility, while extending the period to 15 or more days
would result in high maternal mortality. As a result,
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both the dose and duration of DEX administration are
important factors in the efficiency of its action.

Another investigation has demonstrated that DEX
increased the systemic glucose and insulin
concentrations, decreased plasma concentrations of
insulin-like growth factor-l and Il without affecting
insulin-like growth factor binding protein levels, did
not affect the growth rate of dominant follicles,
decreased plasma progesterone concentrations without
affecting gonadotropin levels, and had no effect on
plasma leptin concentrations (21).
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