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ABSTRACT: Goats are highly vulnerable to various reproductive disorders, including endometritis that adversely affect
their productivity and hinder breeding programs. The limitations and side effects of conventional treatments have prompted
the research for alternative therapies to treat endometritis. Eugenol, a major component of clove essential oil, is known for its
potent anti-inflammatory and antioxidant properties. This study aimed to evaluate the efficacy of eugenol as an alternative
to ceftiofur for treating experimentally induced endometritis in female goats by assessing selected clinicopathological
parameters. Twenty pluriparous Baladi (n=20) does (female goats) were assigned into four equal groups, each comprising five
goats. Estrus synchronization was achieved using synthetic prostaglandin to ensure all goats had the same luteal phase. The
control group (Control) received 3 ml of normal saline, while the remaining three groups underwent experimental induction
of endometritis via intrauterine infusion of 3 ml of 95% ethanol. Among these, the endometritis group (ENM) received
no treatment. The (ENM+EGL) group was treated with 3 ml of eugenol (16 mg/ml, single dose), and the (ENM+CEF)
group was treated with 3 ml of ceftiofur (125 mg, single dose). Blood samples were collected two weeks post-induction to
evaluate the leukogram profile, serum biochemical variables, oxidative stress, and antioxidant biomarkers. Results indicated
significant increases in the serum concentration of alanine aminotransferase (ALT), aspartate transaminase (AST), sorbitol
dehydrogenase (SDH), urea, creatinine, and hydrogen peroxide (H,O5), alongside superoxide dismutase (SOD), total protein,
albumin, and globulin were reduced considerably. The histopathological findings revealed severe lesions in the endometrium

of affected does. Both eugenol and ceftiofur mitigated these changes, although ceftiofur demonstrated superior efficacy.
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1. Introduction

Small ruminants, including sheep and goats, play a con-
siderable role as a source of livelihood for villagers to
develop sustainable and robust production systems. Provi-
dentially, God has endowed sheep and goats with genetic,
morphological, physiological, and behavioral characteris-
tics constituting key adaptation mechanisms to withstand
heat-stressed and drastic environments [1]. Goats are of
great socioeconomic influence in rural regions in Egypt
which hold nearly 3.4 million live goats that are mainly
reared for their meat but with lesser significance for milk
production that is constricted to the coastal areas and

oases [2]. The goat industry constitutes one of the key

components of animal production in Egypt and a signifi-
cant source of red meat, where during the period between
2015 and 2019 goat meat production was approximately
thirty thousand tons representing about 4.14% of the av-
erage total red meat production in Egypt [3]. Goats are
prone to several lesions affecting the reproductive tract,
particularly the uterus and ovary which can contribute to
sterility. Affections of the reproductive tract decrease the
efficacy of feed conversion leading to reduced milk pro-
duction, decreased pregnancy rate, and increased culling
rates [4]. Stillbirth, abortion, and retention of the placenta

are the major reproductive disorders in goats with the
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uterus being the most commonly affected organ, exhibit-
ing the highest prevalence of genital lesions (14.6%) [4].
However, it is found that endometritis and ovarian cysts
are among the most frequently encountered conditions
after slaughtering the ewes [5].

Endometritis is an inflammation affecting the en-
dometrium which is a prevalent reproductive disorder
in female domesticated animals, with subsequent ovarian
dysfunction, abortion, and infertility. Many predisposing
factors contribute to endometritis including dystocia, uter-
ine prolapse, placental retention, and unhygienic condi-
tions, resulting in significant financial loss for the animal
owners [6, 7]. The use of active compounds derived from
plant sources is of great importance in treating diseases
affecting farm animals because of the high rates of re-
sistance to commonly used conventional antibiotics [8].
Medicinal plants are considered an affluent origin of var-
ious bioactive compounds that exhibit pharmacological
characteristics that prevent and treat inflammatory condi-
tions [9]. Eugenol, also named 4-allyl-2-methoxyphenol,
is one of the volatile phenols belonging to the phenyl-
propanoid class, which is considered the prime constituent
of clove (Syzygium aromaticum) essential oil, comprising
45-90% extracted from the buds of Eugenia caryophyl-
lata and its leaves. Also, eugenol is present in cinnamon,
bay leaves, basil, and nutmeg. It can be administered to
the body through various routes [10, 11, 12]. In addition,
eugenol serves as a functional constituent of various prod-
ucts associated with the industry of food, pharmaceuticals,
and cosmetics within limited concentrations, besides this,
it reveals a vast array of biological activities, including
antioxidant, anti-inflammatory, antimicrobial, antitumor,
antipyretic, antifungal, analgesic, and anesthetic activities
[10, 11] . Moreover, it has been evidenced that eugenol
can counteract the harmful effects of toxic substances on
folliculogenesis. This is achieved through its hormonal
balancing properties, which include antiandrogenic, es-

trogenic, and antioxidant effects[13]. The antioxidant
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effects of eugenol and other phenolic compounds are at-
tributed to their structure-function relationship and their
ability to donate hydrogen atoms. Eugenol can stabilize
the radicals due to its reducing capability by donating
electrons from the hydroxyl group [14]. It further exhibits
antioxidant properties by swiftly scavenging free radicals,
inhibiting ROS production, and preventing lipid perox-
idation [12]. More than that, eugenol possesses potent
anti-inflammatory properties by inhibiting the activity of
pro-inflammatory cytokines, including interleukin-6 (IL-
6), interleukin-1 beta (IL-1p), prostaglandin E2 (PGE2)
and tumor necrosis factor-alpha (TNF-a) [15].

Ceftiofur is a third-generation broad-spectrum
cephalosporin with potent antibacterial efficacy against
gram-negative and gram-positive bacteria [16]. As a -
lactam antibiotic, it works by inhibiting the crosslinking
between the bacterial enzyme dd-transpeptidase and pepti-
doglycan, which is crucial for bacterial cell wall synthesis.
This disruption in cell wall synthesis leads to cell lysis
and ultimately bacterial death [17]. Intrauterine admin-
istration of ceftiofur has been shown to improve uterine
health in dairy cows with uterine infections; however, it
has no significant impact on subclinical endometritis or
reproductive performance [18].

Successful reproduction is essential for optimizing
goat flock numbers and enhancing productivity. However,
goats are highly vulnerable to various reproductive dis-
orders that negatively impact their production and hinder
their breeding development plans [3]. The side effects
associated with conventional treatments have led to the
development of alternative therapies for managing en-
dometritis [19]. In this context, the present study aimed
to evaluate the efficacy of eugenol as an alternative to
ceftiofur for treating experimentally induced endometritis
in goats. Additionally, the study assessed the differences
between eugenol and ceftiofur in terms of their impact
on leukogram profiles, selected serum biochemical pa-

rameters, oxidative stress, and antioxidant markers, and
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the histopathological changes of the endometrium in does

with experimentally induced endometritis.

2. Materials and Methods

The current research was conducted in compliance with
the regulations and procedures approved by the Medical
Ethics Committee “Institutional Review Board” IRB local

approval number (04-2023-200251).

2.0.1. Animals:

Twenty multiparous Baladi female goats (n = 20) were
picked up from local farms in New Valley governorate,
aged between 1 and 3 years and weighing 15.465+0.378
(mean + SE) with a history of normal parturition with no
postpartum diseases. All animals were clinically healthy,
exhibiting normal appetite, mucous membrane coloration,
heart rates of 69-90 beats/minute, respiratory rates of
10-20 breaths/minute, rectal temperatures ranging from
38.5 to 39.5°C [20], and a bright, alert, and responsive
mental state. Also, the external genital examinations re-
vealed no abnormal vaginal discharge [21]. The goats
were dewormed to ensure freedom from internal and ex-
ternal parasites and were regularly vaccinated [22, 23, 24].
They were housed freely in well-ventilated pens and
provided with diets meeting standard nutritional require-
ments, along with unlimited access to fresh water [25].
Prostaglandin was administered to synchronize estrus, en-
suring all animals were in the same luteal phase for the

study [26].

2.0.2. Drugs & Chemicals

Synthetic prostaglandin (Estrumate) was purchased from
(Vet Pharma Friesoythe GmbH, Germany) for synchro-
nization of estrus. Ethyl alcohol (95%) was obtained from
(Egyptian company for chemicals, Egypt) for the induc-
tion of endometritis. Eugenol extracted from clove (syzy-
gium aromaticum) (>99% pure) was obtained from (Pre-
vest DenPro Limited, India). Vials of Ceftiofur sodium
were from (Badr Pharma for Pharmaceutical Industries).

Turky’s solution for the leukocytic count, Methanol 95%
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Merk, Germany, Giemsa stain used for staining recently
prepared blood film to be examined for differential leuko-
cytic count. Kits for measurement of serum concentra-
tions of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total protein, albumin, urea, and cre-
atinine were obtained from (Chema Diagnostica, Italy).
Sorbitol dehydrogenase (SDH) kits were from (BioAssay
Systems, USA), serum oxidative stress and antioxidant
markers including hydrogen peroxide (H202), and super-
oxide dismutase (SOD).

2.0.3. Experimental design

Twenty goats were assigned into four equal groups, each
of which consisted of five goats. The first group served as
the control group (Control), which received 3 ml of nor-
mal saline, and the other three groups where endometritis
was experimentally induced by intrauterine infusion of
3 ml of 95% ethanol [27]. One of these three groups
was designated as the endometritis group (ENM). The
other two groups received treatments via intrauterine in-
fusion as follows: the (ENM+EGL) group was treated
with 3 ml of eugenol (single dose) at a concentration of
16 mg/ml [28], while the (ENM+CEF) group received 3

ml containing 125 mg (single dose) of ceftiofur [18].

2.0.4. Induction of endometritis

Goats in the experimental groups received 3 ml of 95%
ethanol in each uterine cavity [27] , using a 10 ml indus-
trial syringe that has a needle with a blunt tip to avoid any

injury to the cervix [29].

2.0.5. Blood sampling

At the end of the 2nd week post-induction of endometritis
(10 days after treatment), blood samples were collected
from the jugular vein, where two separate blood samples
were collected from each doe. One sample was taken in
a single-use vacutainer tube containing EDTA anticoag-
ulant produced by (Hebei Xinle Sci & Tech Co. LTD,
China) for leukogram examination. The 2nd blood sample
was withdrawn to plain vacutainers and placed at room

temperature for (20) minutes in a tilted position. All these
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vacutainers were stored in the fridge to arrest glycolysis
and allow the blood clot to retract fully. Subsequently, the
samples were centrifuged at 3000 rpm for ten minutes to
separate the clear serum, which was carefully collected
and transferred into Eppendorf tubes. The serum samples
were then stored at —20°C until biochemical analysis was

performed.

2.0.6. Total and differential leukocytic count

Manual leukocytic count and differential leukocytic count
were performed according to [30] utilizing a diluting fluid
called Turkey’s solution and an improved Neubauer hemo-

cytometer.

2.0.7. Serum biochemical analysis

The frozen serum samples were used for the analysis of
selected serum biochemical variables, including a kinetic
method for the determination of AST and ALT [31, 32],
SDH [33], a quantitative colorimetric method for the
determination of total protein (TP) [34], a photometric
colorimetric test fo determination of albumin [35, 36],
globulin concentration, and A/G ratio were analyzed ac-
cording to [37, 38], an enzymatic colorimetric method for
determination of urea [39] and a liquicolor photometric
colorimetric test for kinetic measurement method without
deproteinization for determination of creatinine [31, 36].
The concentrations of the investigated serum biochemi-
cal variables were measured by using a semi-automatic

photometer(RIELE Photometer 5010 V5+, Germany).

2.0.8. Serum oxidative stress and antioxidant markers
The stored frozen serum samples were used and ana-
lyzed for selected serum concentrations of antioxidant
and oxidative stress markers including SOD [40], and
H202 [41]. Antioxidant and oxidative stress parameters
were assayed with the aid of ELISA Reader (Hyperion)
Model: Hyperion 4 Plus, Hyperion Inc.,136™ street, Mi-
ami, Florida, USA).

2.0.9. Histopathological examination
Samples were obtained from the uterine horns (both right

and left) and the uterine body of the does. Each specimen
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measured approximately 1 cm?. The collected tissue spec-
imens were fixed in neutral buffered formalin, followed
by dehydration and clearing. Subsequently, the specimens
were embedded in paraffin to create blocks. Thin sections,
5 um thickness, were cut from the paraffin blocks and
stained with hematoxylin and eosin (H&E). Finally, the

prepared slides were examined under a microscope [42].

2.0.10. Statistical Analysis

Statistical analysis of all variables was conducted using
analysis of variance (ANOVA) to compare means in the
different groups, performed with the SPSS software (ver-
sion 25) for Microsoft Windows. Post hoc multiple com-
parison tests (One-Way ANOVA: LSD and Duncan) were
applied [43, 44] to identify significant mean differences.
Results are presented as mean + SEM, with a statistical

significance level of p<0.05.

3. Results

3.1. Leukogram

The leukogram picture mean (+S.E.) in goats exposed
to experimentally induced endometritis before and af-
ter treatment with eugenol versus ceftiofur are depicted
in Figure. 1(1-5). At the end of the 2nd-week post in-
duction of endometritis (10 days after treatment): The
(ENM) does revealed a significant elevation in the TLC,
neutrophils, and monocytes as compared to the (control)
does. However, the TLC, neutrophils, and monocytes
decreased significantly in (ENM+EGL) and (ENM+CEF)
groups in comparison with the (ENM) group. On the
other hand, the leukogram showed insignificant changes
between (ENM+EGL) and (ENM+CEF) groups.

3.2. Serum biochemical variables

The serum biochemical variables (mean+S.E.) in goats ex-
posed to experimentally induced endometritis before and
after treatment with eugenol versus ceftiofur are demon-
strated in Figure. 1 (6-8) Figure. 2 (9-14) At the end of
the 2nd-week post induction of endometritis (10 days af-

ter treatment): The endometritis (ENM) group showed a
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Fig. 2 :Neutrophils (x10%pL) in does (Mean = S.E.) in
different treated groups at the end of the 2" week of

experiment
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Fig. 4 :Eosinophils (x10%pL) in does (Mean £ S.E.) in
different treated groups at the end of the 2" week of

experiment
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Fig. 6: ALT (U/L) in does (Mean £ S.E.) in different
treated groups at the end of the 2" week of experiment

u Control
5 ENM
" ENMHEGL
= ENM+ CEF
Groups

Fig. 8:SDH (U/L) in does (Mean + S.E.) in different treated
groups at the end of the 2" week of experiment

= Control

= ENM
= ENMH+EGL
. = ENM+ CEF

Groups

Sof 15


https://nvvj.journals.ekb.eg/
https://nvvj.journals.ekb.eg/

NVVI., Vol. 5, Issue (2), 2025

Fig. 9:TP (g/dl) in does (Mean + S.E.) in different treated
groups at the end of the 2" week of experiment
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Fig. 10:Albumin (g/dL) in does (Mean + S.E.) in different
treated groups at the end of the 2" week of experiment
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significant increase in ALT, AST, SDH, urea, and creati-
nine concentrations in comparison with (control) group.
On the other hand, these variables were significantly de-
creased in (ENM+EGL) and (ENM+CEF) groups as com-
pared to the (ENM) group. In addition, the (ENM+CEF)
group revealed a significant reduction in the concentra-
tions of these variables compared to (ENM+EGL) group.
Serum concentrations of TP, albumin, and A/G ratio re-
vealed a significant reduction in the (ENM) group com-
pared to the (control) group. However, they were signifi-
cantly elevated in (ENM+EGL) and (ENM+CEF) groups
as compared to the (ENM) group. On the other hand, glob-
ulin level was insignificantly changed between the (ENM)
group compared to the (control) group but significantly
decreased in (ENM+EGL), and (ENM+CEF) groups com-
pared to the (ENM) group. While, the serum concentra-
tions of TP, albumin, and globulin showed a significant
elevation in the (ENM+CEF) group in comparison with
(ENM+EGL) group. Serum antioxidant and oxidative
stress and biomarkers: The serum antioxidant oxidative
stress and biomarkers mean (+S.E.) in goats exposed
to experimentally induced endometritis before and after
treatment with eugenol versus ceftiofur are evidenced in
Figure. 2 (15-16). At the end of the 2nd-week post induc-
tion of endometritis (10 days after treatment): The (ENM)
group showed a significant reduction in SOD levels in
comparison with the (control) group. On the other hand,
its levels were significantly increased in (ENM+EGL) and
(ENM+CEF) groups as compared to the (ENM) group.
However, the (ENM+EGL) group revealed a significant
reduction in the serum concentration of SOD as compared
to (ENM+CEF) group. The serum concentration of H202
significantly increased in the (ENM) group in comparison
with the (control) group. In contrast, treatment groups
(ENM+EGL) and (ENM+CEF) groups showed a signifi-
cant decrease in H202 levels compared to (ENM) group.
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In addition, the (ENM+CEF) group revealed a signifi-
cant reduction in the serum concentrations of H20O2 in

comparison with (ENM+EGL) group.
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Figure 3: Uterus of doe with normal endometrium of control
negative group showing intact epithelial lining of endometrium
(Black arrow) and the columnar epithelium lining the uterine
glands (Red arrow) with mild inflammatory cells infiltration.
H&E stain. Scale bar =100 pm.

3.3. Histopathological findings

Histopathological examination of uterine sections from
the endometritis (ENM) group showed severe lesions in-
cluding necrosis and sloughing of epithelial lining of
endometrium, endometrial edema in the lamina propria,
atrophy of endometrial glands, Fibrosis around blood ves-
sels with inflammatory cells infiltration (Figure. 4) in com-
parison with the (control) group (Figure. 3). While, the
endometrium of treatment group (ENM+EGL) showed
moderate lesions including degeneration of epithelial lin-
ing, inflammatory edema with inflammatory cells infil-
tration in the lamina propria, mild fibrosis around the
uterine glands (Figure. 5). However, the endometrium
in (ENM+CEF) group exhibited the best response to the
treatment with mild lesions, where it showed intact ep-
ithelial lining of endometrium, reduction of inflamma-
tory edema with mild inflammatory cell infiltration in the
lamina propria (Figure. 6) as compared to (ENM) group
(Figure. 4).
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Figure 4: Uterus of doe with endometritis of ENM group show-
ing sloughing and necrosis of epithelial lining of endometrium,
inflammatory edema (black arrow) with large amount of in-
flammatory cell infiltration in lamina propria. Note atrophy
and periglandular fibroses of endometrial glands. H&E stain.
Scale bar =100 pm.

Figure 5: Uterus of does with endometritis treated by eugenol
(ENM + EGL) showing mild degenerative changes of epithelial
lining, inflammatory edema with inflammatory cells infiltration
in lamina propria

4. Discussion

Endometritis is a localized inflammation of the uterine
endometrial lining, typically occurring during the postpar-
tum period, and is a major cause of significant economic
losses [45, 46]. During inflammation, immune cells re-
lease various chemokines and cytokines to recruit more
immune cells to the site of infection or oxidative stress. In

turn, the increased ROS production by immune cells at the
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Figure 6: Uterus of does with endometritis treated by ceftifofur
(ENM + CEF) showing intact epithelial lining of endometrium,
normal uterine glands, reduction of endometrial edema and
inflammatory cells infiltration in lamina propria H & E

site of inflammation exacerbates oxidative stress, leading
to tissue damage [47]. In the current study, the leukogram
picture in does with induced endometritis (ENM) revealed
leukocytosis, neutrophilia, monocytosis compared to the
control group. Leukocytosis could be due to the secre-
tion of acute phase proteins and inflammatory mediators
such as tumor necrosis factor that stimulate the release of
neutrophils at the site of the inflammation [48]. In addi-
tion, leukocytosis may result from oxidative stress which
stimulates the secretion of adrenocorticotropic hormone
(ACTH) from the pituitary gland, leading to increased pro-
duction of corticosterone from the adrenal cortex, thereby
causing a rise in WBC count [49, 50]. The obtained data
are consistent with Hanafi et al., and Heidarpour et al.,
[51, 52]. in cows and Darwish et al.,[53] in ewes. Also,
the collected data aligns with Islam et al., [54] who ob-
served a leukocytosis with high circulating neutrophils
caused by stress at parturition or increased levels of corti-
sol and MDA in postpartum endometritis. On the other
hand, the leukogram of (ENM+EUG) group showed a sig-
nificant decrease in the total leukocytic count, neutrophils
and monocyte as compared to (ENM) group which could
be due to the antioxidant effect of eugenol. The antiox-

idative properties of eugenol are attributed to its chemical
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structure, which enables it to neutralize phenoxy radi-
cals by donating hydrogen atoms. Its antioxidant activity
can be assessed through its ability to form complexes
with reduced metals. Both eugenol and isoeugenol are
believed to strongly inhibit lipid peroxidation by scav-
enging free radicals and forming iron-oxygen chelate
complexes, thereby stabilizing iron and copper in their
reduced states [55, 15]. Similarly, the leukogram of does
in (ENM+CEF) group showed a significant reduction of
the total leukocytic count, neutrophils, and monocytes
compared to the (ENM) group. The results obtained
match with [52, 56, 57]. Ceftiofur is a third-generation
cephalosporin broad-spectrum antibiotic [56, 58]. It is
effective against Gram-positive, Gram-negative, and -
lactamase producing bacteria. Ceftiofur is an antibiotic
developed mainly for veterinary use. In addition, it is
effective against anaerobic bacteria [59]. It is an effective
antibiotic used for the treatment of metritis and clini-
cal endometritis in dairy cows [60, 61]. Transaminases,
also recognized as aminotransferases, are a category of
enzymes that facilitate the transfer of an amine group
between an amino acid and a keto acid [62]. The ALT
and AST are transferases that are common biomarkers for
hepatic injury. ALT is primarily a specific hepatocellular
enzyme, while AST is found in various tissues includ-
ing the liver, heart, and skeletal muscles [63]. Sorbitol
dehydrogenase is a cytosolic enzyme primarily found in
the liver, where it plays a key role in converting sorbitol
into glucose, it presents in only minimal amounts in other
tissues [64]. The serum activity of SDH in goats is higher
than that in sheep and cattle [65]. The highest amount
of AST is found in muscle cells and its concentration
increases as muscle damage occurs [48]. In the current
work, ALT, AST, and SDH serum levels were highly ele-
vated in goats suffering from induced endometritis than
normal control goats. This could be attributed to the
hazardous effects of oxidative stress triggered by ethanol

which induced endometritis [66, 67]. Oxidative stress
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intensifies both psychological and physiological burdens
associated with stressful conditions, contributing to the
development of severe pathologies through degenerative
damage to cellular structures [68]. Lipid peroxidation is a
prominent consequence of oxidative stress, with markedly
elevated levels observed in the liver. This process arises
from the peroxidation of polyunsaturated fatty acids, lead-
ing to alterations in the permeability of the cell membrane
with potential membrane leakage. These changes are
closely linked to increased steady-state concentrations
of reactive oxygen species (ROS) and oxidative dam-
age. Furthermore, lipid peroxidation byproducts, such as
4-HNE, contribute to the stimulation of stress-response
signaling pathways, which play a pivotal function in the
progression of liver fibrosis and the promotion of proin-
flammatory responses [69]. In the same line, Bertoni
et al., and El-Deep, [70, 71] explained that this impair-
ment of liver function could be due to proinflammatory
cytokines and oxidative stress leading to oxidative dam-
age of cells of different organs with subsequent elevation
in hepatic enzymes. In addition, these results indicated
that the high concentrations of acute-phase protein and
impairment of liver function could be risk factors for the
persistence of endometritis in cows [72]. The obtained
results agree with Nasreldin et al., [24] who recorded that
serum ALT and AST levels were significantly elevated
in ewes with clinical and subclinical endometritis than
in the control group. Also, the observed data conforms
to Kaya et al., [73] who recorded a significant increase
in blood levels of AST in cows with endometritis. In
addition, these findings are harmonious with Burke et al.,
[74] who recorded a significant elevation in serum con-
centrations of AST and glutamate dehydrogenase during
the postpartum period suggesting hepatocellular damage
which disturbs the liver function, and in some cases may
result in hepatic failure. In the same line, Sattler and

Fiirll, [75] mentioned that inflammation increased the
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permeability of cell membrane and enhanced the leak-
age of AST enzyme into the circulation. However, the
serum concentration of ALT, AST, and SDH significantly
decreased in (ENM+EUG) goats compared to those of
the (ENM) group. Yildiz and Oztiirk, [66] reported that
the ALT and AST concentrations in blood were reduced
in rats with ethanol-induced liver damage after oral ad-
ministration of eugenol. These results may indicate the
inhibition of the hepatotoxic effects of ethanol on the liver
due to the antioxidant properties of eugenol by reduc-
ing the effect of oxidative stress on biochemical parame-
ters and increasing the activity of the antioxidant system.
Likewise, the obtained data exhibited a significant reduc-
tion in ALT, AST, and SDH serum concentrations in the
(ENM+CEF) goats. These findings are in the same line
with [72]. In the present research, serum concentrations
of total protein, albumin, globulin, and A/G ratio signifi-
cantly reduced in the (ENM) group compared to the (con-
trol) group. These results could be because endometritis
stimulated the inflammatory response and impaired liver
function [74]. Also, low serum concentrations of albumin
indicate impaired hepatic function due to an increase in
the synthesis of acute-phase proteins [76]. In addition,
the proinflammatory cytokines in the liver stimulated the
acute phase response through induction of the synthesis
of positive acute phase proteins and the impairment of the
hepatic synthesis of some negative acute phase proteins
including retinol-binding protein and albumin [70]. The
obtained data are harmonious with El-Sayed et al., [46]
who reported a significant reduction in total protein, albu-
min, and globulin serum concentrations in buffalo cows
with clinical endometritis, they explained that albumin
is a negative acute-phase protein whose concentration
decreases during acute inflammation. In addition, Jan et
al., [77] recorded low serum concentrations of albumin in
buffaloes with subclinical endometritis. Also, Nischala
& Sireesha, [78] mentioned that the serum concentra-

tions of total protein and albumin were significantly lower,
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while the serum concentrations of globulin and the A/G
ratio were significantly increased in the buffaloes with
endometritis as compared to the healthy animals. In the
present research, the serum concentrations of total protein,
albumin, globulin, and the A/G ratio were significantly
higher in (ENM+EUG) goats compared to the (ENM)
group. These findings may be attributed to the indirect
anti-inflammatory and antioxidant properties of eugenol,
which exhibits a strong free radical scavenging capacity
and reduces inflammation by regulating oxidative stress
and lowering inflammatory mediators [11, 79]. These
findings align with the results obtained by El-Hafez et al.,
[80], who recorded normal serum levels of total protein,
albumin, and globulin in cisplatin-induced immunodefi-
cient rats following oral administration of clove aqueous
extract. This effect was attributed to the immunomod-
ulatory properties of clove extract, primarily due to its
polyphenolic compounds and flavonoid content. The total
protein, albumin, globulin, serum concentrations, and the
A/G ratio were significantly elevated in the (ENM+CEF)
group compared to the (ENM) ones. These results are in
the same line with Patil et al., [8§1] who reported that buf-
faloes with postpartum metritis treated by a single dose
of subcutaneous (SC) injection of ceftiofur with a dose
of 6.6 mg/kg body weight showed higher plasma concen-
trations of total protein, albumin, and globulin on day 6
after treatment. In this study, serum concentrations of
both urea and creatinine showed significant elevation in
(ENM) group compared to the (control) group. This could
be due to oxidative stress and the disequilibrium between
the pro-oxidant and antioxidant activities which may con-
tribute to renal dysfunction [82]. Also, oxidative stress
plays a significant role in the pathophysiology of acute
and chronic kidney diseases, where within one week only
a sudden loss of kidney function may result in acute renal
diseases which accumulate the toxic end products of ni-
trogen metabolism and creatinine in the bloodstream [83].

In addition, oxidative stress accelerates the progression
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of renal injury. At the same time, inflammation exacer-
bates renal function deterioration, evidenced by increased
concentrations of inflammatory markers, like cytokines
and C-reactive protein, as renal function declines [84].
Cytokines are pivotal in the pathogenesis of acute renal
injury, with cytokine-mediated inflammatory response
that serves as a central element in the pathophysiology of
acute renal failure, irrespective of its original cause [85].
Furthermore, these results could be due to the liberation
of high levels of S-hydroxybutyrate (BHB), non-esterified
free fatty acids (NEFAs), and triglyceride in the peripheral
circulation which become a burden on both kidneys be-
cause of the negative energy balance and high lipolysis of
the body fats to obtain energy. Also, oxidative stress leads
to oxidative damage of cells [53, 86, 87]. In the same line,
Kaya et al., [73] explained that higher concentrations of
urea in cow’s blood suffering from endometritis could be
due to uterine PH alteration and local immune system
suppression. The obtained data agreed with Darwish et
al., and Nasreldin et al., [24, 53] who reported signifi-
cantly elevated serum urea and creatinine concentrations
in ewes suffering from endometritis. In the current work,
the serum urea and creatinine concentrations were sig-
nificantly declined in (ENM+EUG) does compared to
those in (ENM) group. Similarly, Markakis et al., [85]
reported that oral administration of eugenol in rats with
experimentally induced acute pancreatitis revealed re-
duced urea and creatinine serum levels. Also, Said,[88]
mentioned that the oral administration of eugenol allevi-
ated nephrotoxicity induced by gentamicin in rats through
normalization of the serum levels of urea and creatinine,
suggesting that it could be due to the protective influence
of eugenol against renal toxicity achieved by attenuat-
ing oxidative stress. The serum concentrations of urea
and creatinine were decreased in female goats with in-
duced endometritis and treated by ceftiofur (ENM+CEF)
as compared to the endometritis (ENM) group. In the

present work, the obtained results revealed that the serum
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H,0, was significantly elevated, but the serum SOD level
was reduced considerably in (ENM) group compared to
the control group. This could be due to the endometritis
induced by ethanol. Inflammation is a defense mecha-
nism against injuries, tissue damage, and infections. It
can generate reactive oxygen species, leading to oxidative
stress. The overabundance of ROS can surpass antioxi-
dant defenses, causing cellular damage and disturbances
in homeostasis [9]. Ethanol is a potent inducer of oxida-
tive stress, disrupting the balance between the oxidant
and antioxidant systems and enhancing the production
of free radicals [66]. Oxidative stress arises when there
is an imbalance between the generation of ROS and the
availability of antioxidants or radical scavengers. Ex-
cessive ROS can lead to the oxidation of biomolecules
or structural alterations in proteins and genes, thereby
initiating signaling pathways that drive the development
and progression of inflammatory diseases. Additionally,
ROS activates transcription factors and pro-inflammatory
genes trigger inflammation [47]. Free radicals play a cru-
cial role in the pathogenesis of endometritis by altering
nitric oxide synthase levels within the endometrium [87].
Ethanol-derived free radicals are produced after ethanol
administration through two pathways: Fenton-type re-
action from endogenous H,O, and CYP2E1-mediated,
independent of hydroxyl radicals. These ethanol-derived
free radicals, along with increased ROS production, may
cause cell injury due to the increased production of ROS
[67]. The obtained findings are ensured by the severe
histopathological changes in the endometrium in (ENM)
goats that include necrosis and sloughing of the epithelial
lining of endometrium, inflammatory edema in the lam-
ina propria with inflammatory cells infiltration, perigladu-
lar fibrosis and atrophy of endometrial glands. On the
contrary, the findings in (ENM+EUG) goats showed a
significant decrease in serum H,O, along with a signifi-
cantly increased SOD comparable to (ENM) group. This

could be due to the antioxidative effect of eugenol through
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the allyl group present in its structure. It inhibits lipid
peroxidation with subsequent neutralizing and destruc-
tion of the free radicals. Also, it has a remarkable re-
ducing ability and provides phenolic hydroxyl groups
which react with free radicals thus reducing oxidative
stress, making it a desirable antioxidant [89]. Eugenol
has been found to enhance the activity of enzymatic an-
tioxidant factors, such as SOD and catalase in the liver
of rats with carrageenan-induced arthritis. SOD converts
superoxide radicals into molecular oxygen and hydrogen
peroxide, which are then converted into H,O and O, by
catalase. Also, eugenol elevated the levels of GSH, while
reducing the production of thiobarbituric acid reactive
substances (TBARS) indicating its potential to scavenge
free radicals in cases of induced arthritis [90]. These
findings correspond to El Mottaleb et al., [91] who re-
ported the protective effect of the low dose of eugenol
against liver damage induced by ischemia/reperfusion in-
jury in rats by decreasing the concentrations of the liver
content of MDA and increasing GSH levels. In addition,
the oral administration of eugenol in rats with myocar-
dial infarction induced by isoproterenol improved the
cardiac biomarkers injury, improved the heart biomarkers
injury, decreased inflammatory mediators, and increased
cardiac SOD activities [92]. Moreover, Kumar et al., [93]
demonstrated that the oral administration of eugenol had
a very potent anti-oxidative and anti-inflammatory effect
in rats with Cadmium-induced hepatic toxicity via sig-
nificant reduction of MDA and NO content and marked
improvement of SOD, catalase, and GSH levels in liver
tissue of treated rats. Moreover, eugenol increased antiox-
idant enzymes including SOD and catalase in mice with
lipopolysaccharide-induced acute lung injury [94]. The
results indicated the protective effect of eugenol against
the damage of the free radicals by reduction of lipid perox-
idation in the treated animals. In addition, intraperitoneal
injection of eugenol at 30-60 mg/kg was able to pro-

tect the ovarian tissue against oxidative stress and tissue
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damage caused by torsion and detorsion in adult female
rats through the significant reduction of plasma levels of
MDA and increase the concentrations of SOD and GPx
after treatment [95]. Our results are confirmed by the
moderate histopathological lesions observed in the en-
dometrium of (ENM+EUG) goats in comparison with
the (ENM) group which showed only degeneration of
epithelial lining, edema with inflammatory cells infiltra-
tion in the lamina propria, and mild fibrosis around the
uterine glands. In this regard, the study of histopatho-
logical changes in the endometrium helps to determine
the pathogenesis of endometritis. These changes in the
uterus are highly crucial for the assessment of the dis-
ease prognosis in conditions with endometritis [45]. The
observed results showed a significant reduction in the
serum H202 along with a significant increase in SOD in
(ENM+CEF) compared to (ENM) group. The obtained
results are in consonant with Heidarpour et al., and Yildiz
and Balikci, [72, 96] who found that cows with clinical
endometritis and treated with ceftiofur showed a signifi-
cant reduction in serum concentration of MDA. Similarly,
Yildiz and Balikci, [95] reported a significant increase in
the serum levels of SOD and GPx in cows treated with
ceftiofur. These findings are supported by the current
histopathological examination, which revealed an intact
epithelial lining of the endometrium, a reduction in en-
dometrial edema, and mild inflammatory cell infiltration
in the lamina propria. These observations indicate mild le-
sions and a highly favorable response to the intra-uterine
infusion of ceftiofur for treatment of experimentally in-
duced endometritis as demonstrated in comparison with
(ENM) and (ENM+EUG) goats. It could be concluded
that eugenol has corrected the deleterious effect of en-
dometritis experimentally induced in goats but to a lesser
extent as compared to ceftiofur which was superior in
the experimental findings including leukogram picture,
selected serum biochemical variables, oxidative stress and

antioxidant biomarkers, We recommend further studies on
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eugenol using different concentrations and with different

doses.
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