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Summary

Ahmed, S., S. Abdul-Rahman, A. Abdulmajeed & Kh. Sultan, 2026. Effects of castration
and sex hormone treatment on haematological, hormonal and thermoregulatory responses in
male rabbits exposed to hydrogen peroxide. Bulg. J. Vet. Med. (online first).

The present study was designed to evaluate the influence of castration and sex hormones on haemato-
logical parameters, thyroid hormones, cortisol levels, and body temperature in male rabbits exposed
to hydrogen peroxide-induced oxidative stress. Seventy-two adult male rabbits were randomly divid-
ed into 12 groups, with 6 rabbits in each group. The groups were as follows: intact, intact-H,O,, cas-
trated, castrated-H,O,, intact-H,0O,-testosterone, castrated-H,O,-testosterone, intact-H,O,-estrogen,
castrated-H,O,-estrogen, intact-testosterone, castrated-testosterone, intact-estrogen, and castrated-
estrogen. Treatments lasted four weeks. Oxidative stress was induced by adding 0.5% of H,O, to
drinking water. Testosterone (10 mg/kg) and estrogen (0.5 mg/kg) were injected intramuscularly eve-
ry other day (3 times/week). Results showed that testosterone significantly raised RBC, Hb, PCV, and
WBC counts comparing to estrogen-treated and control animals, while estrogen reduced PLT counts.
The castration increased T4 and decreased cortisol while the H,O, treatment decreased T3 and T4 and
increased cortisol. The body temperature of castrated rabbits fell, whereas that of the H,O,-treated
rabbits rose. Body temperature was higher in testosterone-treated mid and end points than in both
estrogen-treated and control rabbits. At the end of the study, the castrated-no H,O,-estrogen group
recorded the lowest body temperature. The results of the present study are beneficial in showing that
castration, oxidative stress and sex hormone intervention have a different impact on haematologic,
hormonal parameters and thermoregulatory parameters in male rabbits.

Key words: blood parameters, castration, hydrogen peroxide, sex hormones, thyroid hor-
mones
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INTRODUCTION

Rabbits are experimental animals utilised
in biomedical and veterinary research
studies because of physiological resem-
blance with other mammals and sensitivity
to environmental and metabolic variations
(Mapara et al., 2012). These characteris-
tics make rabbits the best model to re-
search the endocrine control, oxidative
stress, and haematological alterations in
diverse physiological conditions, as hae-
matological indices and hormonal pat-
terns, being main markers of animal health
and physiological adaptation, are often
distorted by metabolic stress, hormonal
and environmental impacts (Abou-Hashim
et al., 2024). Recent studies demonstrated
that dietary and metabolic interventions in
rabbits can significantly influence growth
performance, endocrine responses, and
metabolic status without adversely affect-
ing energy metabolism, highlighting the
sensitivity of rabbits to physiological and
oxidative alterations (Fehri ef al., 2024).

Castration is widely practiced in veter-
inary medicine and animal management
for several important purposes. In differ-
ent animal species, surgical or chemical
castration is used to induce sterility, sup-
press aggressive and masculine behavi-
ours, facilitate handling and management,
and prevent reproductive disorders such
as orchitis, testicular injury, neoplasia,
hydrocele, epididymitis, spermatic cord
torsion, and inguinal hernia (Hamed ef al.,
2023).

Oxidative stress is a key issue in ani-
mal health, occurring when reactive oxy-
gen species (ROS) build up faster than the
body’s antioxidant defenses can control
them. Some of the reactive oxygen species
include superoxide radicals, hydrogen
peroxide (H,0,), and hydroxyl radicals,

which can oxidatively damage lipids, pro-
teins, and nucleic acids (Gianazza et al.,
2021). Oxidative stress has been shown to
disrupt reproductive functions (Amin et
al., 2020; El-Sawy et al., 2023; Allam et
al., 2025), cause metabolic disorders
(Amin et al., 2021; Ali et al., 2025; Awa-
dalla et al., 2025a), impair immunity in
farm animals (Amin ef al., 2023), and da-
mage various body organs (Abdel-Moaty
et al., 2025; Awadalla et al., 2025b; Ouies
et al., 2026).

Hydrogen peroxide has been actively
used in experimental studies to induce
oxidative stress since it easily diffuses
through biological membranes and forms
free radicals that disrupt cellular homeo-
stasis. Overload of reactive oxygen spe-
cies may result in oxidative stress, apopto-
sis and upset of endocrine and physiologi-
cal processes (Kochman et al, 2021).
Oxidative stress can also affect endocrine
functions, i.e., thyroid and stress-related
hormones. Thyroid hormone levels are
influenced by reproductive status, either
physiological or pathological, in both
males and females and are typically decre-
ased under pathological conditions (Amin
et al., 2025). The presence of reactive
oxygen species is among different mecha-
nisms of thyroid hormones production and
excessive oxidative stress may lead to the
dysfunction of the thyroid gland and hor-
monal imbalance (Karbownik & Lew-
inski, 2003). Moreover, cortisol is one of
the most important glucocorticoid hor-
mones that indicate the state of physiolog-
ical stress and control metabolism, immu-
nological function and adjustment to the
environment (Amin et al., 2023). Stress
associated with oxidation induces hormo-
nal imbalance in rabbits, including corti-
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sol and thyroid levels (Abou-Hashim et
al., 2024). Furthermore, oxidative pro-
cesses and antioxidant defense systems
are influenced by sex hormones such as
testosterone and estrogen. Castration can
lower testosterone levels, which may af-
fect metabolic and haematological mark-
ers. At the same time, estrogen has shown
antioxidant effects that may help protect
tissues from oxidative damage (Badeau et
al., 2005; Amin et al, 2019). Together,
these findings suggest that sex hormones
play an important part in keeping the body
balanced during oxidative stress (Busler et
al., 2023). Furthermore, sex hormones
contribute to the regulation of several
physiological processes, and hormonal
imbalances may result in noticeable clini-
cal manifestations and functional disturb-
ances. Therefore, maintaining normal an-
drogen levels is important for preserving
physiological homeostasis and tissue func-
tion (Koenhemsi et al., 2018).

Another crucial physiological factor
directly related to endocrine function and
metabolic rate is body temperature. By
affecting metabolic heat production and
energy consumption, hormones like sex
steroids and thyroid hormones aid in
thermoregulation. Therefore, alterations in
hormonal status or oxidative balance
might have a major impact on animal
body temperature control (Filfilan, 2023).

Despite increasing interest in oxidative
stress and endocrine regulation in animals,
limited studies have investigated the com-
bined effects of castration, oxidative stress
induction, and treatment with sex hor-
mones on haematological and hormonal
parameters in male rabbits. Therefore, the
present study was designed to evaluate the
influence of castration and sex hormones
(testosterone and estrogen) on haemato-
logical parameters, thyroid hormones (T4
and T3), cortisol level, and body tempera-
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ture in male rabbits exposed to hydrogen
peroxide-induced oxidative stress.

MATERIALS AND METHODS

Experimental animals

The present study involved 72 adult male
rabbits from the local area (Duhok Prov-
ince, Iraq). Each one weighed 1.5 to 2 kg.
Plastic tags marked each rabbit for simple
ID and care. The rabbits were housed in a
room with good airflow in wooden cages
by six. Rabbits were fed a standard feed
with 16.5% protein and 2213 kcal/kg of
metabolisable energy. Tap water was al-
ways available, and the room temperature
was 20-25 °C. They followed a 12-hour
light-dark cycle, with the light off from
6:00 PM to 6:00 AM. Each group had its
own cage measuring 120 cm in length,
100 cm in width, and 100 c¢cm in height.
The animals were adjusted to the condi-
tions for 14 days before the study started.

The orchiectomy procedure of 36 rab-
bits was performed after completion of the
the 14-day acclimatisation period after at
least 12 hours fasting. They were anesthe-
tised by ketamine (35 mg/kg) and xylazine
(5 mg/kg) (Interchemie De Adelaar, The
Netherlands) and castrated Dbilaterally.
Following surgery, the animals were mon-
itored until full postoperative recovery
was achieved. Treatments were subse-
quently initiated 30 days (4 weeks) after
orchiectomy and continued for four con-
secutive weeks. At the end of the treat-
ment period, blood samples were collect-
ed from all animals and sent to the labora-
tory for haematological and hormonal
analyses.

Materials

e Estrogen: oestradiol cypionate
(O.S.T. Fort 10 mL injection solution)
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manufactured by Vemedim Corpora-
tion, Can Tho City, Vietnam.

o Testosterone: Testosterone enanthate
(Testosteron Depo, 250 mg/mL solu-
tion for injection) manufactured by
Galenika a.d., Belgrade, Republic of
Serbia.

e Hydrogen peroxide (H,0,) solution at
a concentration of 0.05%, was manu-
factured in Tiirkiye.

Experimental design

Seventy-two adult male rabbits were di-
vided into 12 groups of 6 rabbits each.
Sample size was determined using
G*Power software v. 3.1 by performing
an a priori power analysis for detecting
statistically significant differences among
experimental groups at a significance lev-
el (a) of 0.05 and statistical power (1)
of 0.80. The analysis indicated that a min-
imum of six animals per group was suffi-
cient for the experimental design and
physiological parameters evaluated in the
present study. Furthermore, the selected
sample size was considered adequate ac-
cording to previous experimental studies
using similar rabbit models and biochemi-
cal assessments, while also adhering to
ethical principles aimed at minimising
unnecessary animal use in accordance
with the 3Rs (Replacement, Reduction,
and Refinement) principles (Russell &
Burch, 1959). All groups got treatments
for 4 weeks.
e TI: Intact rabbits fed a standard diet
and given tap water.
e T2: Intact rabbits fed a standard diet
and given tap water with 0.5% H,0,.
e T3: Castrated rabbits fed a standard
diet and given tap water.
e T4: Castrated rabbits fed a standard
diet and given tap water with 0.5%
HzOz.

e T5: Intact rabbits fed a standard diet
and given tap water with 0.5% H,0,.
They also received i.m. injection of
testosterone at 10 mg/kg every other
day (3 injections per week).

e T6: Castrated rabbits fed a standard
diet and given tap water with 0.5%
H,O0,. They also received im.
testosterone at 10 mg/kg every other
day (3 injections per week).

e T7: Intact rabbits fed a standard diet
and given tap water with 0.5% H,0,.
They also received i.m. estrogen at 0.5
mg/kg every other day (3 injections
per week).

e T8: Castrated rabbits fed a standard
diet and given tap water with 0.5%
H,0,. They also received i.m. estrogen
at 0.5 mg/kg every other day (3
injections per week).

e T9: Intact male rabbits fed a standard
diet. They got intramuscular injection
of testosterone at 10 mg/kg body
weight every other day (3 injections
per week) for 4 weeks.

e TI10: Castrated male rabbits fed a
standard diet. They received i.m.
testosterone as in T9.

e TI11: Intact male rabbits fed a standard
diet. They received i.m. estrogen at 0.5
mg/kg every other day (3 injections
per week) for 4 weeks.

e TI2: Castrated male rabbits fed a
standard diet. They received i.m.
estrogen as in T11.

Blood collection and analyses

After four weeks of the experiment, 7 mL
of blood were withdrawn from the ear
vein of each rabbit and 2 mL were placed
into a test tube with EDTA for haemato-
logical tests. The rest 5 mL was trans-
ferred into a plain tube, stayed at room
temperature for 2 h, and then it was centri-
fuged at 3,000 rpm for 15 min. The serum
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was drawn with a micropipette into tubes
and stored at —20 °C for chemical tests.

An automated haematology analyzer
(Swelab Lumi, Sweden) measured com-
plete blood count (CBC). This included
total white blood cells (WBC), red blood
cell (RBC), haemoglobin (Hb), packed
cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular hae-
moglobin (MCH), mean corpuscular hae-
moglobin concentration (MCHC), and
platelets (PLT). The differential leukocyte
count (DLC) showed percentages for five
cell types: neutrophils (N), lymphocytes
(L), monocytes (M), eosinophils (E), and
basophils (B). Kits from Roche Diagnos-
tics (Germany) were used to assay blood
hormonal levels: thyroxine (T4) and
triiodothyronine (T3) on an automated
biochemical analyzer (Cobas C 501). Cor-
tisol was measured with a commercial kit
(Snibe Company, China) on An automated
chemiluminescence immunoassay analyz-
er (MAGLUMI 800).

Body temperature measurement

Body temperature measurements were
initiated after the animals had completely
recovered from the castration procedure.
Temperature recordings were obtained at
the midpoint of treatment (2 weeks), and
the end of treatment (4 weeks) in the
morning using a digital clinical thermome-
ter inserted approximately 2 cm into the
rectum for two minutes.

Statistical analysis

The data were analysed as a factorial ex-
periment. A three-way analysis of vari-
ance applied the general linear model in
SAS (2013). It tested effects of castration,
H,0,, hormonal treatment, and their inter-
actions on key traits. Duncan’s multiple
range tests showed differences between
treatments.
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RESULTS

Haematological parameters

Table 1 shows the CBC results from cur-
rent study. There were no major differ-
ences in Hb, PCV, MCH, MCHC, or PLT
levels between castrated rabbits and intact
ones. Castrated rabbits had lower RBC
counts and higher MCV than intact rab-
bits. Animals given H,0, had lower PCV
and MCV and higher MCHC than un-
treated ones. RBC, Hb, MCH, and PLT
showed no big changes between H,O,-
treated and untreated rabbits at P<0.05.
Rabbits treated with testosterone had
higher RBC, Hb, and PCV than those
treated with estrogen or controls (P<0.05).
MCV and MCHC did not change much
across groups. Estrogen-treated rabbits
had higher MCH than testosterone-treated
ones. They also had lower RBC, Hb,
PCV, and PLT than control or testos-
terone groups (P<0.05). Interactions sho-
wed the castration-H,0,-estrogen group
with low RBC vs others. The castration-
no H,O,-testosterone group had high Hb
and PCV vs others. It also had high MCV,
close to intact-no H,0O,-control. Castra-
tion-no H,0,_control had low MCH and
MCHC vs others. PLT was highest in cas-
tration-no  H,O,-control ~ vs  others
(P<0.05).

Table 2 summarises WBC and DLC
changes induced by castration and treat-
ments. Castrated rabbits had higher WBC,
lymphocytes and eosinophils and lower
neutrophils and basophils than intact ones.
Monocytes and N/L ratio did not change
in castrated and intact rabbits. H,0,-
treated rabbits had higher WBC, neutro-
phils, and N/L, lower lymphocytes, eosi-
nophils, and basophils than untreated ones
(P<0.05). Rabbits treated with testos-
terone had higher WBC counts than those
treated with estrogen.
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Estrogen groups had more neutrophils and
eosinophils than controls. Lymphocytes
were lower in estrogen vs control
(P<0.05). Monocytes and N/L showed no
changes across groups. Testosterone
raised basophils vs estrogen or control
(P<0.05). Intact-no H,O,-estrogen rabbits
had lower WBC vs other groups and In-
tact-no H,O,-testosterone group had lower
neutrophils vs others. Castration-no H,O,-
testosterone had high lymphocytes and
low monocytes vs others. Eosinophils
were low in intact- H,0,-estrogen and
castration- H,O,-testosterone. Basophils
were high in intact-no H,0O,-testosterone
vs others. Intact- H,O,-testosterone had
high N/L vs others at P<0.05.

Hormonal parameters

Table 3 shows the effects of treatments on
T4, T3, and cortisol levels. Castrated rab-
bits had higher T4 and lower cortisol than
intact rabbits. T3 levels did not change
significantly. Rabbits treated with H,O,
had lower blood T4 and T3 levels and
higher cortisol than wuntreated ones
(P<0.05). The estrogen group had lower
T4, T3, and cortisol than the testosterone
group. Compared to control, estrogen
treatment induced no T4 change but lower
T3 and cortisol in blood. The testosterone
group showed higher T4, T3, and cortisol
levels than the estrogen and control
groups (P<0.05). The interaction effects
comprised the highest T4 in the castra-
tion- H,O,-testosterone group, the highest

Table 3. Effects of castration, H,O,, sex hormones, and interactions on thyroxine (T4), triiodothy-
ronine (T3), and cortisol levels in male rabbits (mean+SE)

Parameters T4 T3 Cortisol
Treatments nmol/L nmol/L nmol/L
Effect of castration (36 rabbits/treatment)
Intact 27.64+1.03b  0.97+0.02a  33.65+2.80 a
Castration 29.04+1.02a  0.96x0.0la  28.58+1.68 b
Effect of H,0, (36 rabbits/treatment)
No H,0, 29.95+0.90 a 1.00+0.01 a 18.61£1.01 b
H,0, 26.74+1.09b  0.93+0.02b  43.61+1.88a
Effect of sex hormones (24 rabbits/treatment)
Control 27.05+¢1.51b  0.97+0.01 b  28.58+1.68 b
Testosterone 30.92+1.12 a 1.05+0.02 a 40.14£3.77 a
Estrogen 27.05£0.95b  0.87+0.02 c 24.62+2.83 ¢
Effect of interaction (6 rabbits/treatment)
Intact, no H,O, — Control (T1) 34.83£1.08 ab  0.89+0.02d  24.83+0.83 ¢
Intact, no H,O, — Testosterone (T9) 33.01£0.53 b 1.194£0.02 a 25.45+0.85 ¢
Intact, no H,O, — Estrogen (T11) 22.33+0.74 de  1.01+0.02 ¢ 11.50+0.60 g
Intact, H,0,— Control (T2) 20.83+0.72 fe  1.05+0.02 bc  36.00+1.31d
Intact, H,O, — Testosterone (T5) 22.26+0.58 de  0.89+0.00 d 63.95+1.90 a
Intact, H,O, — Estrogen (T7) 32.61£0.66b  0.78+0.01 e 40.16£1.93 ¢
Castration, no H,O,— Control (T3) 33.2840.65b  0.93+0.01d 18.00+1.06 f
Castration, no H,O, — Testosterone (T10) 32.66+£1.08 b 1.08+0.03 b 20.57+0.79 f
Castration, no H,O, — Estrogen (T12) 23.57+0.65d  0.93£0.01d 11.33£0.84 g
Castration, H,O, — Control (T4) 19.28+0.77 £ 1.02£0.01 bc ~ 35.50+1.78 d
Castration, H,O, — Testosterone (T6) 35.76+0.65 a 1.05£0.02 bc  50.59+1.42Db
Castration, H,0, — Estrogen (T8) 29.71+0.91 ¢ 0.77+0.00 ¢ 35.50+1.17 d

In each column, means with different letters differ significantly (P<0.05).
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Table 4. Effects of castration, H,O,, sex hormones, and their interactions on body temperature in

male rabbits (mean=SE)

Treatments

Body temperature, °C

First reading (after
2 weeks of treatment)

Second reading (after
4 weeks of treatment)

Effect of castration (36 rabbits/treatment)
Intact

Castration

Effect of H,O; (36 rabbits/treatment)

No H202

H,0,

Effect of sex hormones (24 rabbits/treatment)
Control

Testosterone

Estrogen

Effect of interaction (6 rabbits/treatment)
Intact, no H,O, — Control (T1)

Intact, no H,O, — Testosterone (T9)
Intact, no H,O, — Estrogen (T11)

Intact, H,O, — Control (T2)

Intact, H,O, — Testosterone (T5)

Intact, H,O, — Estrogen (T7)

Castration, no H,O, — Control (T3)
Castration, no H,O, — Testosterone (T10)
Castration, no H,O, — Estrogen (T12)
Castration, H,O, — Control (T4)
Castration, H,O, — Testosterone (T6)
Castration, H,O, — Estrogen (T8)

38.42+0.08 a 38.64+0.05 a
38.38+0.09 a 38.48+£0.09 b
38.46+0.10 a 38.46+0.08 b
38.34+0.07 a 38.66+0.06 a
37.97+0.07 ¢ 38.36+0.04 b
38.87+0.05 a 39.05+0.03 a
38.36+0.09 b 38.27+£0.09 b
37.93+0.06 d 38.26+0.04 de
39.03+0.09 a 38.88+£0.06 b
38.63+0.09 b 38.58+0.11 ¢
38.25+0.09 cd 38.58+0.07 ¢
38.50+0.05 be 39.05+£0.05 b
38.21+£0.32 cd 38.50+0.05 ¢
37.50+0.03 ¢ 38.41+0.06 cd
39.10+0.06 a 39.00+0.05 b
38.60+0.09 b 37.61£0.11 £
38.23+0.06 cd 38.20+0.06 ¢
38.85+0.05 ab 39.26+0.02 a
38.01+0.06 d 38.40+0.02 cde

In each column, means with different letters differ significantly (P<0.05).

T3 in the intact-no H,O,-testosterone
group. Castration-no H,0,-estrogen and
intact-no H,O,-estrogen groups had the
lowest cortisol and the intact- H,O,-
estosterone group had the highest cortisol
level.

Body temperature

The mean temperatures recorded for each
experimental group at the corresponding
measurement time point are presented in
Table 4. During mid-study, two weeks
from treatment, body temperature showed
no major change between castrated rabbits
and intact ones. By the end at the 4th
week, castrated rabbits demonstrated a
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clear drop in temperature versus intact
rabbits. At two weeks, rabbits treated with
H,0, had body temperature similar to
untreated ones, with no real difference. At
4th week, treated rabbits showed a sharp
rise over untreated (P<0.05). Rabbits giv-
en testosterone had much higher body
temperatures by the 2™ week and 4"
week than those given estrogen or controls
(P<0.05). The same was true for estrogen-
treated rabbits vs controls by the 2™
week. In terms of group interactions, the
castration group without H,O, or hor-
mones had the lowest temperature of all at
the 2nd week and by the 4™ week, the
castration group without H,O, treated
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with estrogen had the lowest temperature
vs all others (P<0.05).

DISCUSSION

Several studies have examined blood pic-
ture parameters and their associated
changes as indicators for monitoring
health status and elucidating the mecha-
nisms underlying various adverse effects
(Ali et al, 2024; Ibrahim et al., 2024;
Mosa et al., 2025).

The present study showed that castra-
tion, oxidative stress caused by hydrogen
peroxide (H,0O,) and sex hormone treat-
ments have significant effects on the hae-
matological parameters, leukocyte pro-
files, endocrine and body temperature in
male rabbits. These results underscore the
fact that endocrine regulation, oxidative
stress, physiological homeostasis are
complexly related.

It is possible to explain the decrease in
the number of red blood cell (RBC) in
castrated rabbits by lowered level of tes-
tosterone. Testosterone is important in
augmenting erythropoiesis by promoting
erythropoietin synthesis and augmented
proliferation of erythroid progenitor cells.
As a result, androgen deficiency causes a
decrease in erythropoietic activity. It was
previously reported the RBC indices were
reduced after androgen deprivation (Guo
et al., 2016). The elevated corpuscular
volume (MCV) in the castrated animals
could be considered as compensation
which means that fewer but still bigger
erythrocytes are produced to sustain oxy-
gen supply. The hormonal imbalance is
known to influence the erythrocyte matu-
ration and morphology.

The exposure to H,O, greatly impact-
ed erythrocyte indices, expressed by the
reduction of packed cell volume (PCV)
and MCV, as well as increased mean cor-
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puscular  hemoglobin  concentration
(MCHC). ROS activity likely causes oxi-
dative damage. This sparks lipid peroxida-
tion and unstable membranes. In turn, it
leads to haemolysis and shorter red blood
cell lifespan (Saputra et al., 2024). It is
also reported that chronic oxidative stress
compromises the reproductive and haema-
tological functions (Sayed et al., 2025).

Sex hormones’ treatment also affected
haematological parameters. The use of
testosterone greatly stimulated the levels
of RBC, haemoglobin (Hb), and PCV,
which proved that testosterone stimulated
erythropoiesis through the activation of
erythropoietin and improves the work of
bone marrow (Tran et al, 2024). Con-
versely, the levels of erythroid activity
(RBC, Hb, PCV) decreased in estrogen-
treated rabbits, which is an indication of
the inhibitory effect of estrogen on the
erythroid activity (Bachman et al., 2014).
The increased MCH level in the estrogen-
treated animals can be attributed to a
compensatory mechanism of the decrease
in the number of erythrocytes. Castration
combined with oxidative stress led to the
lowest RBC values indicating that andro-
gen deficiency and oxidative damage
jointly suppressed erythropoiesis (Sayed
et al., 2025).

There was a great increase in total
white blood cell (WBC) count, lympho-
cytes and eosinophils and a reduction in
neutrophils and basophils as a result of
castration. These alterations show that
androgen deficiency leads to the distribu-
tion of the immune cells, which is justified
by the experimental results on animal
models (Belios et al,, 2025). The expo-
sure to H,O, caused leukocytosis,
neutrophilia, increased neutrophil-to-
lymphocyte (N/L) ratio, lymphopenia, and
eosinopenia. The changes are an indica-
tion of an inflammatory reaction to oxida-
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tive stress, in which ROS exacerbates in-
flammation and increases cell damage
(Halliwell & Gutteridge, 2015). Androgen
hormonal levels in testosterone-treated
rabbits revealed increased WBC counts
than in animals treated with estrogen,
which implies that androgen hormones
could improve immune functioning. Con-
versely, estrogen seems to have an
immunomodulatory and potentially anti-
inflammatory effects (Trigunaite et al,
2015).

As to the impact of various treatments
on T4, T3 and cortisol, the study showed
significant treatment effects on thyroid
hormones and cortisol levels. Castration
significantly increased T4 level and de-
creased cortisol level, while no significant
change was observed in T3 level. These
results indicate that androgen deficiency
changes the regulation of hypothalamic-
pituitary-thyroid (HPT) axis (Mogheiseh
et al., 2019). The cortisol alterations after
castration can be associated with the
changes in the hypothalamic-pituitary-
adrenal (HPA) axis. One of the main
stress hormones is cortisol, which is af-
fected by hormonal imbalance and physio-
logical stress (Kaiser ef al., 2023). Blood
T3 and T4 were reduced significantly with
increased cortisol concentration following
H,0, treatment. The production and con-
version of thyroid hormones were dis-
turbed by oxidative stress, probably
caused by the effects of the ROS-induced
destruction of thyroid tissue and enzymat-
ic systems (Kong ef al., 2015). The high
cortisol is evidence of the activation of the
stress response due to oxidation damage.

The effect of hormonal treatments was
the opposite. Testosterone elevated the
T3, T4 levels and cortisol, which was
probably caused by greater metabolic ac-
tivity and endocrine stimulation. Con-
versely, estrogen decreased these hor-

BIVM, xx, No x

mones, which implied protective and anti-
stress effects by regulating oxidative and
endocrine events. Results of interaction
showed that thyroid hormone levels were
increased by testosterone and cortisol lev-
el was reduced by estrogen in non-stressed
groups. These results highlight the regula-
tory action of sex hormones in metabolic
and stress-related endocrine processes
(Kong et al., 2015).

The data concerning the impact of var-
ious treatments on the body temperature in
the current study demonstrated that castra-
tion, oxidative stress, and hormonal treat-
ment had a considerable impact on ther-
moregulation. In the beginning, castrated
and intact rabbits did not differ but at the
end of the experiment, castrated rabbits
exhibited lower body temperatures. This
can be explained by the reduced levels of
testosterone, which is needed to keep the
level of metabolism and heat production
(Kelly & Jones, 2015). H,O, treatment
elevated the body temperature which was
probably as a result of the inflammatory
reaction caused by oxidative stress. ROS
provoke the synthesis of cytokines (IL-10
and TNF-a), which influence the hypo-
thalamus and cause fever-like effects
(Mittal et al, 2014; Phaniendra et al.,
2015). The use of testosterone boosted the
body temperature, indicating the
thermogenic effects of the hormone on
metabolism and mitochondria activity
(Mauvais-Jarvis, 2015). Conversely, the
rabbits treated with estrogen had a com-
paratively low temperature, in line with
the fact that estrogen acts as antioxidant
and aids the heat loss mechanism and the
thermoregulation process (Badeau et al.,
2005; Rance et al., 2013) .The interaction
effects indicated that the lowest body
temperatures occurred in estrogen-treated
castrated rabbits, and conversely, oxida-
tive stress coupled with testosterone led to
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higher body temperature, highlighting the
combined effects of metabolic stimulation
and inflammatory responses.

CONCLUSIONS

The present study demonstrates that cas-
tration, H,0,-induced oxidative stress,
and sex hormone treatment significantly
influenced haematological, hormonal, and
thermoregulatory parameters in male rab-
bits. Castration reduced red blood cell
count, body temperature and hormone
levels. Oxidative stress disrupted thyroid
hormones and increased cortisol, indicat-
ing physiological stress. Testosterone
treatment improved erythropoiesis, thy-
roid activity, and body temperature,
whereas estrogen showed opposite effects
and partially alleviated oxidative stress.
These findings emphasised the key role of
sex hormones in maintaining physiologi-
cal balance under oxidative stress condi-
tions.
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