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ABSTRACT

Objective: Methotrexate (MTX) is a widely used chemotherapeutic and immunosuppressive agent associated with adverse
effects such as neurotoxicity and reproductive dysfunction. This study aimed to evaluate the protective effects of honey
and bee venom on MTX-induced toxicity in male albino rats.

Methods: Thirty adult male rats were randomly assigned into five groups (n = 6 per group): normal control, MT X-treated,
MTX + raw honey-treated, MTX + bee venom-treated, and MTX + raw honey + bee venom-treated. Raw Honey (1.2 g/kg,
orally) and bee venom (0.5 mg/kg, intraperitoneally) were administered daily for 42 days, while MTX (5 mg/kg,
intraperitoneally) was administered weekly once for 6 weeks. Evaluations included absolute and relative organ weights
(brain and testis), sperm parameters (count, motility, viability), brain acetylcholinesterase (AChE) activity, and
histopathological analysis of brain and testicular tissues.

Results: MTX administration significantly decreased organ weights and reproductive indices, and increased AChE activity
and tissue damage (p < 0.0001). Treatment with honey and bee venom ameliorated these effects, with the combination
therapy showing the most pronounced improvements across all parameters. Histopathological assessments confirmed the
restoration of normal architecture in brain and testicular tissues in the treated groups.

Conclusion: Honey, especially when combined with bee venom, demonstrated antioxidant, anti-inflammatory, and
neuroprotective properties that mitigated MTX-induced toxicity. These findings support the potential use of natural
bioactive compounds as adjuvants to reduce the systemic side effects of chemotherapeutic agents like MTX.
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1. INTRODUCTION

‘Methotrexate” (MTX) is a folate antagonist used by medical professionals to treat cancers and autoimmune conditions and
inflammatory diseases such as psoriasis and rheumatoid arthritis (National Cancer Institute, 2024). However, MTX
treatment has substantial neurotoxic and reproductive side effects, and these become worse with higher dose administration.
Medical studies in pediatric oncology practice have demonstrated that MTX therapy causes stroke like neurotoxicity and
seizures, leukoencephalopathy and cognitive impairments (Santangelo et al., 2022; Mateos et al., 2021; Shuper et al., 2000).
According to Santangelo et al. (2022) and Shuper et al. (2000), MTX induced neurotoxicity is mediated by multiple
physiological pathways including oxidative stress, excitotoxicity and inflammation, mitochondrial dysfunction and
demyelination. Reproductive dysfunction is seen in patients who use MTX for long duration, which causes sperm
degeneration and testicular atrophy and hormonal imbalance (Khalil et al., 2016). MTX has toxic side effects that reduce
its therapeutic effectiveness, so researchers need to develop additional protective strategies that keep anticancer properties.
The essential biomolecular target of MTX is acetylcholine esterase (AChE) which is the enzyme that breaks down
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acetylcholine and is responsible for creating neural damage. Abnormal AChE activity is a valuable biomarker for
neurotoxicity because it is linked to synaptic transmission problems and memory and cognitive processing deficits (Mateos
et al., 2021). The combination of therapeutic agents that control AChE activity with enhancement of an antioxidative
defense system may be protective against MTX induced neural damage. Recently, natural compounds with the potential to
reduce chemotherapy related toxicities have been of interest in the medical field. Bee venom (BV) and honey have been
identified as prominent candidates for their protective properties that include both neuroprotection and antioxidant
responses as well as anti-inflammatory functions. Experimental data indicates that bee venom with its main peptides
melittin and apamin have positive effects in neurodegeneration and Parkinson’s disease research by decreasing neuronal
cell death and improving motor skills (Badawi et al., 2020; Nguyen et al., 2022). BV activates ‘Nrf2/HO-1 and
TrkB/CREB/BDNF pathways’ to achieve its cellular protective outcomes, which are able to reduce oxidative damage while
maintaining neuronal survival (Nguyen et al., 2022). BV has protective effects that are beneficial to reproductive health
functions. Several research investigations have demonstrated that BV enhances sperm quality by maintaining hormonal
equilibrium and preserving testicular tissue structures through anti-inflammatory as well as antioxidative mechanisms
(Suleiman et al., 2021; Alyet al., 2023). Stela et al. (2024) conducted research on a wide range of BV therapeutic uses and
methods to improve its security and clinical performance. Clinical application of BV in neurological condition treatment
by acupoint injections (Lin & Hsieh, 2020) reveals the therapeutic value of BV. Honey is a bee derived compound that
contains flavonoids and phenolic acids along with enzymatic antioxidants. Honey administration has been shown to protect
against MTX induced damage in brain and liver tissues as documented in lab research (Khalil et al., 2016). Honey is an
attractive option as an additional therapy when receiving chemotherapeutic treatments because of its ability to regenerate
tissues in neural and reproductive areas.

Despite rising interest, the combined application of honey and bee venom for MTX induced neurotoxicity and reproductive
dysfunction protection has not been studied. Information on how these agents affect AChE activity and oxidative stress
biomarkers, as well as the histopathological status of neural and reproductive tissues, has not been found in research.
Additional research about improving quality of life through strategies that reduce adverse treatment effects brings us closer
to the development of combined therapeutic approaches.

Obijectives

The research examined how honey and bee venom protect the nervous system and reproductive function in albino rats
exposed to methotrexate. Specifically, it aimed to:

1. Toassess the effects of methotrexate on brain and testis weights and determine the protective role of honey and
bee venom in preserving organ integrity.

2. Toevaluate reproductive function through sperm count, motility, viability, and mortality, and examine the extent
to which honey and bee venom reverse methotrexate-induced impairments.

3. To measure brain acetylcholinesterase (AChE) activity as an indicator of neurotoxicity and analyze the
modulatory impact of honey and bee venom on enzymatic balance.

4. To investigate histopathological alterations in brain and testicular tissues following methotrexate exposure and
assess tissue-level protection offered by honey and bee venom treatments.

The research explains protective mechanisms of natural substances which aims to foster integrated treatment methods
against chemotherapeutic toxicity.

2. MATERIALS AND METHODS

2.1. Ethical Compliance and Animal Maintenance

The research adhered to standards set by the Committee for the Control and Supervision of Experiments on Animals
(CCSEA) through the Government of India as described in the Gazette of India Extraordinary (Part 111) No. 270 dated
December 15, 1998. The Institutional Animal Ethics Committee of Crystal Biological Solutions granted experimental
permission and approval for this study under CRY/2425/182 (16/09/2024). Thirty albino healthy adult male rats served as
experimental subjects in this study which obtained their source from animal house of Crystal Biologicals and received
standard rat chow and water ad libitum while being housed in polypropylene cages under controlled environmental
conditions of temperature at 22 + 2°C, relative humidity at 55 + 5% and 12 hours of light/dark cycle.

2.2. Experimental Design and Grouping

Rats were randomized into five groups (n = 6 per group). Methotrexate (MTX) was used to induce neurotoxicity and
reproductive dysfunction. Treatment regimens included honey and bee venom, administered individually or in
combination.
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Table 1. Experimental Groups and Dosage Regimens

Group | Group Name Treatment Details | Dose and Route Source
I Normal Control Standard diet + 10 mL/kg, p.o., daily Crystal Biologicals,Pune
Distilled water
1 Disease Control Methotrexate only | 5mg/kg, i.p., once weekly for | Zydus Lifesciences Ltd., Batch
42 days No. BYA1002
Il MTX + Honey Methotrexate ~ + | MTX: 5mg/kg, i.p., weekly | Honey from Scientific Bee
Honey once Keeping Research and Training

Honey: 1.2 g/kg, p.o., daily Center,Jalgaon, Maharashtra

v MTX + Bee | Methotrexate  + | MTX: 5mg/kg, i.p., weekly | Bee venom from ~10 colonies

Venom Bee Venom once of Apis mellifera, Scientific Bee
Bee Venom: 0.5mg/kg, i.p., | Keeping Research and Training
daily Center Jalgaon, Maharashtra
\ MTX + Honey + | Methotrexate  + | MTX: 5 mg/kg, i.p., weekly | Same as above for Honey and
Bee Venom Honey + Bee | once Bee Venom
Venom Honey: 1.2 g/kg, p.o., daily
Bee Venom: 0.5 mg/kg, i.p.,
daily

Methotrexate-Induced Toxicity Protocol

Methotrexate (MTX), a commonly prescribed agent for cancer and autoimmune disorders, is well-documented for inducing
organ toxicity through mechanisms involving oxidative stress, inflammatory responses, and cellular damage. In the current
study, experimental rats were exposed to MTX at a dose of 5 mg/kg body weight via intraperitoneal injection once per
week for a duration of 42 days to establish a toxicity model.

1. This dosage and schedule were adopted based on previously published findings that reported significant liver,
kidney, and reproductive system damage following MTX administration. ( Cianciosi et al.,2018; Ghoneum et
al.,2021;Ahmed et al.,2021)

2. To explore potential protective interventions:
Bee venom was administered daily at 0.5 mg/kg body weight intraperitoneally Meligi et al.,2020; Zahran et al.,2021)
Honey was given orally at 1.2 g/kg body weight per day (Alturkistani et al., 2019;Sadek et al.,2024)

2.3. Determination of Organ Weights

Rats were anesthetized and euthanized after post-treatment. Absolute and relative organ weights were determined by
excising brain and testis tissues, washing in saline, and weighing. The relative organ weight was calculated by:

2.4. Evaluation of Reproductive Parameters

These tissues samples were followed up with excision of the cauda epididymis and placing it in 1.0 ml of PBS solution
with a pH of 7.4. It was then minced into smaller samples with the aid of sharp surgical scissors and scalpel for better
representation and accuracy. This suspension was then allowed to stand at the temperature of 37 degree Celsius for a period
of ten minutes.

+ Quantified sperm count using a Neubauer hemocytometer.
« Microscopic observation of sperm motility and expressed as a percentage.
« Assessment of Sperm Viability: Live and dead spermatozoa were distinguished using eosin nigrosin staining.

2.5. Assessment of Acetylcholinesterase (AChE) Activity

According to the manufacturer’s instructions, protein extraction of homogenized brain tissues was done using the
commercially available ELISA kits.
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ELISA Procedure

Each well received 50 uL of standard solution during the ELISA procedure. The procedure required the addition of 100
ML test samples or standard diluent into their corresponding wells. The plates underwent 80-minute incubation at 37°C
before the plates received four washes. The procedure continued with streptavidin enzyme conjugate addition to each well
followed by a 37°C incubation period of 30 minutes before adding biotinylated acetylcholinesterase antibody (AChE) to
each well for 50 minutes at 37°C. The next washing procedure was followed by Streptavidin — HRP and TMB substrate
addition of 100 pL each to all wells. The reaction required 10 minutes at 37°C until the stop solution (100 pL) was added
to terminate the reaction. The microplate reader measured absorbance at wavelength 450 nm as the final step.

2.6. Histopathological Examination

Cell tissue preservation occurred through formalin fixation of brain and testis tissues prior to sectioning at 5 microns.
Subsequent staining with hematoxylin and eosin took place for both specimens. The light microscope at 40X magnification
was used to observe histoarchitectural changes in the sections.

2.7. Statistical Analysis

The researchers presented categorical experimental data as mean + Standard Deviation (SD) values through software
GraphPad Prism for their calculations. The following procedure was used to analyse between group differences: The
Student’s t-test analysed the data between normal and disease control groups. Dunnett’s post hoc test served to analyse the
multiple group comparisons against the disease control group.

The current study established P < 0.05 as its significant level.
3. RESULTS

3.1. Effect on Absolute and Relative Organ Weights

They found out that the average organ coefficients of the brains and testes in the methotrexate administered group were
significantly lower than those of the normal control group with p < 0.01, p < 0.001 and p < 0.0001 respectively. Honey,
bee venom or a combination of the two protected against the following damage: a significant restoration of organ weights,
the honey produced the best protective response and the honey combined with bee venom produced the best combined
protective response.

Table 3. Effect on Absolute Organ Weights (g)

Parameters|Normal Disease Control (MTX) |Honey + MTX|Bee Venom + MTX|Honey + Bee Venom + MTX
Control

Brain 1.97 £0.41 0.80 £ 0.09 a** 1.59+£0.19 b* {1.60 £0.79 b* 1.69 +£0.58 b*

Testes 2.12+0.27 0.95+0.16 a**** 1.52+0.17 b* |1.84 £ 0.45 b***  |1.89 +£0.35 b****

Table 4. Effect on Relative Organ Weights (%)

Parameters|Normal Control  MTX 5 mg/kg i.p. |Honey + MTX |Bee Venom + MTX|Honey + Bee Venom
+MTX

Brain 0.7883 +0.1741 |0.4667 + 0.05125 a*|0.6600 + 0.07376|0.6533 + 0.3234 0.6733 +0.2360

Testes 0.8467 £ 0.102 |0.5567 +£0.094 a** |0.6283 +0.065 |0.7483+0.180 b* |0.7533+0.134 b*

(“Values are expressed as mean + SD. Number of animals in all experimental groups (n) = 6. Significant differences were
observed as*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001. ®Normal Control Vs. Disease control group was analyzed
by Student’s t test. ®Disease Control Vs. Treatment groups were analysed by One-way ANOVA followed by Dunnet’s
comparison test’)

3.2. Effect on Reproductive Parameters

Methotrexate significantly reduced sperm count, motility, and live sperm percentage, while increasing dead sperm levels
(p < 0.0001). Treatment with honey, bee venom, and especially their combination resulted in significant recovery in all
parameters (p < 0.0001), with the combination group achieving results closest to normal values.
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Table 5. Effect on Reproductive Parameters

Parameters |Normal MTX 5 mg/kg [Honey + MTX [Bee Venom +Honey + Bee Venom +
Control i.p. MTX MTX

Sperm Count [165.40+3.18 (7272 + 1.72|93.67 + 12.15{113.40 + 2.37(134.10+2.48 b****
a**** b**** b****

Sperm 96.95+020 |69.39 + 198/83.84 + 6.21|86.80+1.13 b****|93.07 £ 2.12 h****

Motility QX prx**

Live Sperms (163.20£3.19 (6497 <+ 1.88/87.35 =+ 12.03|109.60 =+ 2.73|131.40* 2.59 p****
a**** b**** b****

Dead Sperms [1.96 +0.74 6.99+3.39a****|5.38 £ 2.25 3.87£0.43 b* 2.78 £0.74 b**

(“Values are expressed as mean + SD. Number of animals in all experimental groups (n) = 6. Significant differences were
observed as*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001. ®Normal Control Vs. Disease control group was analyzed
by Student’s t test. PDisease Control Vs. Treatment groups were analysed by One-way ANOVA followed by Dunnet’s
comparison test’)

Figure 1: Bar graphs showing sperm count (A), motility (B), live (C) and dead sperm percentage (D)
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(‘Values are expressed as mean + SD. Number of animals in all experimental groups (n) = 6. Significant differences were
observed as*p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001. Normal Control Vs. Disease control group was analyzed
by Student’s t test. Values of Disease Control Vs. Treatment groups were analyzed by One-way ANOVA followed by
Dunnet’s comparison test”)

3.3. Effect on Acetylcholinesterase (AChE) Activity in Brain Tissue

In the current study, MTX led to a significant increase in brain AChE activity when determined from the data; F (3, 53) =
17.51, p < 0.0001. However, all honey treatment, bee venom treatment, and combined treatment demonstrated significant
reduction on AChE level than the disease group (p < 0.0001) and the combined treatment nearly approached the normal
control level.
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Table 6. Effect on Acetylcholinesterase Activity in Brain Tissue

Group AChE Activity (ng/mL)
Normal Control 16.19+ 2.76

MTX 5 mg/kg i.p. 45.61 £ 9.83 a****
Honey + MTX 20.43 £ 4.85 ph****

Bee Venom + MTX 16.39 + 2.55 p****
Honey + Bee Venom + MTX [15.31 + 1.87 b****

Figure 2: Graph showing AChE activity across groups
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3.4. Histopathological Evaluation of Testes

Histological analysis of testis tissue from the methotrexate-treated group showed marked atrophy, degeneration of
seminiferous tubules, and decreased spermatogenesis. Testes from rats treated with honey, bee venom, or both exhibited
preserved architecture and restored spermatogenic activity, with the combination group displaying the closest resemblance
to the control. Here H,B,T,HB,BT,W are the animal identification markings which stands for H-Head, B-Back, T-Talil,
HB-Head Back, BT-Back Tail, W-White.

Figure 3(a), (b): Photomicrographs of testis tissue — (@) Normal Control and (b) Disease Control

Normal control: Testes: H Normal control: Testes: B Normal control: Testes: T
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Normal control: Testes: HB Normal control: Testes: BT Normal control: Testes: W

Figure 3(a)Normal Control Group: Showing normal seminiferous tubules, spermatocytes and germinal cells. 40X,
H & E Stain.
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Disease control: Methotrexate S  Disease control: Methotrexate S Disease control: Methotrexate 5
mg/Kg i.p.: Testes: H mg/kg i.p.: Testes: B mg/kg i.p.: Testes: T

Disease control: Methotrexate S  Disease control: Methotrexate S Disease control: Methotrexate 5
mg/kg i.p.: Testes: HB mg/kg i.p.: Testes: BT mg/kg i.p.: Testes: W

Figure 3(b)Disease Control: Methotrexate 5 mg/kg i.p. Group Showing Atrophy and degeneration of seminiferous
tubules, multifocal. 40X, H & E Stain.
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Figure 4: Photomicrographs of testis tissue — Honey, Bee Venom, and Combination treatment groups

il

Honey (1.2 g/kg p.o)) + Honey (1.2 g/kg p.o.) + Honey (1.2 g/kg p.o.) +
Methotrexate (S mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/Kkg i.p.):
Testes: H Testes: B Testes: T

Honey (1.2 g/Kkg p.o.) + Honey (1.2 g/kg p.o.) + Honey (1.2 g/Kkg p.o.) +
Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/Kkg i.p.):
Testes: HB Testes: BT Testes: W

Figure 4(a):Honey (1.2 g/kg p.o.) + Methotrexate (5 mg/kg i.p.) Group Showing normal seminiferous tubules,
spermatocytes and germinal cells. 40X, H & E Stain.

Bee Venom (0.5 mg/Kkg i.p.) + Bee Venom (0.5 mg/kg i.p.) + Bee Venom (0.5 mg/kg i.p.) +
Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.):

Testes: H Testes: B Testes: T

Bee Venom (0.5 mg/Kkg i.p.) + Bee Venom (0.5 mg/Kkg i.p.) + Bee Venom (0.5 mg/Kg i.p.) +
Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.):

Figure 4(b): Bee Venom (0.5 mg/kg i.p.) + Methotrexate (5 mg/kg i.p.) Group Showing normal seminiferous
tubules, spermatocytes and germinal cells. 40X, H & E Stain.
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oy (12 kg e+ Bes Veini Honey (1.2 g/’kg p.(f.) + Bee Honey (1.2 g/’kg p.c:.) + Bee
K Venom (0.5 mg/kg i.p.) + Venom (0.5 mg/kg i.p.) +
(0.5 mg/kg i.p.) + Methotrexate (5 y "
sing/hg Lji.)e Tesgess H Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.):
. Testes: B Testes: T

Honey (13 gliig pio )= Bee Vinom Honey (1.2 g/kg p.(f.) + Bee Honey (1.2 g/’kg p.(f.) + Bee
: Venom (0.5 mg/kg i.p.) + Venom (0.5 mg/kg i.p.) +
(0.5 mg/kg i.p.) + Methotrexate (5 . .
mg/kg i.p.): Testes: HB Methotrexate (S mg/kg i.p.): Methotrexate (5 mg/kg i.p.):
g -P-)t * Testes: BT Testes: W

Figure 4(c): : Honey (1.2 g/kg p.o.) + Bee Venom (0.5 mg/kg i.p.) + Methotrexate (5 mg/kg i.p.) Group Showing
normal seminiferous tubules, spermatocytes and germinal cells. 40X, H & E Stain.

3.5. Histopathological Evaluation of Brain

Brain sections from the MTX group demonstrated multifocal necrosis and degeneration in the cerebral parenchyma. These
changes were ameliorated in all treated groups, with near-normal histological features observed in the combination therapy
group. Here H,B,T,HB,BT,W are the animal identification markings which stands for H-Head, B-Back, T-Tail, HB-Head
Back, BT-Back Tail, W-White)

—Normal (a) and Disease Control groups (b)
—

Normal control: Brain: B

Normal control: Brain: HB Normal control: Brain: BT Normal control: Brain: W

Figure 5(a): Normal Control Group Showing normal cerebral parenchyma. 40X, H & E Stain.
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Disease control: Methotrexate 5 Disease control: Methotrexate 5  Disease control: Methotrexate
mg/kg i.p.: Brain: H mg/kg i.p.: Brain: B 5 mg/kg i.p.: Brain: T
o 3 3 L R

/)

Disease control: Methotrexate § Disease control: Methotrexate 5  Disease control: Methotrexate
mg/kg i.p.: Brain: HB mg/kg i.p.: Brain: BT 5 mg/kg i.p.: Brain: W

Figure 5(b): Disease Control: Methotrexate 5 mg/kg i.p. Group Showing Neuronal necrosis in cerebral
parenchyma, multifocal. 40X, H & E Stain.

Figure 6: Brain histopathology — Honey (a), Bee Venom(b), and Combination therapy groups (c)

> 8 i3 e T AT

Honey (1.2 g/kg p.o.) + Honey (1.2 g/kg p.o.) + Honey (1.2 g/kg p.o.) +
Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.):
Brain: B Brain: T

Honey (1.2 g/kg p.o.) + Honey (1.2 g/kg p.o.) + Honey (1.2 g/kg p.o.) +
Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.): Methotrexate (5 mg/kg i.p.):
Brain: HB Brain: BT Brain: W

Figure 6(a): Honey (1.2 g/kg p.o.) + Methotrexate (5 mg/kg i.p.) Group Showing normal cerebral parenchyma.
40X, H & E Stain.
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Bee Venom (0.5 mg/kg i.p.) + Methotrexate
(5 mg/kg i.p.): Brain: H

Bee Venom (0.5 mg/kg i.p.) + Methotrexate
(5 mg/kg i.p.): Brain: HB

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: H

I&T
CASh

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/'kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: HB

mg/kgi.p.): Brain: B

mg/kgi.p.): Brain: BT

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: B

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: BT

Bee Venom (0.5 mg/kgi.p.) + Methotrexate (5 Bee Venom (0.5 mg/kg i.p.) + Methotrexate
(5 mg/kg i.p.): Brain: T

Bee Venom (0.5 mg/kg i.p.) + Methotrexate (5  Bee Venom (0.5 mg/kg i.p.) + Methotrexate
(5 mg/kg i.p.): Brain: W

Figure 6 (b): Bee Venom (0.5 mg/kg i.p.) + Methotrexate (5 mg/kg i.p.) Group Showing normal cerebral
parenchyma. 40X, H & E Stain

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: T

Honey (1.2 g/kg p.o.) +
Bee Venom (0.5 mg/kg
i.p.) + Methotrexate (5
mg/kg i.p.): Brain: W

Figure 6(c): Honey (1.2 g/kg p.o.) + Bee VVenom (0.5 mg/kg i.p.) + Methotrexate (5 mg/kg i.p.) Group Showing

normal cerebral parenchyma. 40X, H & E Stain.
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4. DISCUSSION

The research shows that the chemotherapeutic agent methotrexate (MTX) produces substantial neurotoxic and reproductive
damage in male albino rats through its effects on brain weight reduction and elevated acetylcholinesterase (AChE) activity
and sperm parameter deterioration and brain and testicular tissue histopathological damage. The observed MTX-induced
outcomes demonstrate how this drug damages both neural and reproductive systems through its established mechanisms
of oxidative stress and inflammation and apoptosis. The MTX-treated group showed notable AChE activity elevation while
under examination which demonstrated cholinergic dysfunction alongside neuronal stress. Research evidence shows that
elevated AChE activity serves as a key marker for neurotoxicity which develops from oxidative stress and synaptic
breakdown. The normalization of AChE levels through honey and bee venom therapy worked best when administered
together to reestablish cholinergic function plus synaptic homeostasis. Szwajgier et al. (2022) demonstrated that different
honeys function as natural cholinesterase inhibitors according to their research. The research established that particular
honey varieties decrease AChE activity which leads to better stability of cognitive functions and neurophysiological
processes. The neuroprotective actions of honey were explained mechanistically by Dar (2020) through his discussion of
flavonoid content and free radical scavenging and anti-inflammatory properties. The mechanisms described explain how
honey treatment led to normal AChE activity levels and better tissue organization in our rat study. The neurotoxicity-
modulating properties of bee venom became evident through its strong ability to decrease AChE activity and improve the
integrity of neuronal tissue. The research of Alparslan et al. (2024) showed that bee venom and its main component melittin
function as strong enzyme-blocking substances which demonstrate substantial neuroprotective properties. The study
confirmed that melittin blocked AChE activity while activating anti-inflammatory pathways which led to cholinergic
disturbance reversal during this experiment. The Nrf2/HO-1 pathway and other antioxidant cascades become activated by
melittin as Nguyen and Lee (2021) showed in their research while supporting neuroprotection against oxidative stress-
induced neurodegeneration which corresponded to our study results of biological recovery and histopathological
improvements in combination therapy application. The MTX group exhibited brain necrosis and degeneration throughout
multiple brain regions but the brain tissue of treatment groups including honey and bee venom combination therapy showed
preserved brain structures. The research by Aly et al. (2023) showed that bee venom effectively decreased hippocampal
oxidative damage and neuroinflammation during epileptic brain insults. Results in our research mirror past findings about
bee venom because this substance protects tissue structures by strengthening cell membranes and decreasing inflammatory
response while promoting brain cell healing. The experimental research conducted by Memudu et al. (2024) showed how
honey treated traumatic brain injuries by reducing anxiety levels and enhancing motor performance through its ability to
manage oxidative stress effects on behavioral measures. Our findings regarding cognitive and structural improvements
from honey treatment in MTX models are supported by the neurobehavioral results we obtained. Exposure to Methotrexate
resulted in a major reduction of sperm count and motility and viability while producing testicular degeneration signs that
match the established gonadotoxic effects of the drug. The reproductive damage caused by oxidative cell damage to
spermatogenic cells and testicular microarchitecture disruption occurs commonly in such cases. Both single application of
honey and bee venom therapy regenerated sperm cell health and repaired testicular structures but the combinations resulted
in superior repair outcomes. Ghafouri-Fard et al. (2021) reviewed how chemotherapeutic agents affect male germ cells
while showing that antioxidants protect fertility by stopping DNA fragmentation and apoptosis. Kurt et al. (2020) showed
that vitamin E antioxidants effectively decrease methotrexate-induced testicular damage and apoptosis which supports the
mechanism behind the natural agents we studied. The research by lbrahim et al. (2016) showed that honey combined with
royal jelly effectively reduced cisplatin-induced renal and systemic toxicity because of their anti-inflammatory and
antioxidant properties. Our research confirms the results by showing bee-derived substances have a protective effect that
extends to reproductive toxicity from methotrexate exposure. Combined treatment of honey and bee venom demonstrated
the best results in restoring normal physiological, biochemical and histological parameters. The two agents interact
synergistically because honey supplies antioxidants while bee venom activates apamin and melittin peptide defense
mechanisms against inflammation. According to Zhang et al. (2018) the synergistic bioactivity between bee venom and
honey has been extensively supported through their review of therapeutic mechanisms and potential applications.

5. CONCLUSION

A cross-sectional study on the effects of methotrexate demonstrates that the drug possesses neurotoxic and reproductive
toxicity resulting from systemic administration. Collectively, the significant decline in absolute and relative organ weights,
impairment in quality and viability of sperm with elevation of brain acetylcholinesterase (AChE) activity and
histopathological alterations in brain and testicular tissues resulting due to MTX are indicative of its remarkable
physiological disruption. The effects observed are in accordance with the known pathophysiological mechanisms of MTX
including oxidative stress, inflammatory response and disturbance of cellular homeostasis. Importantly the administration
of honey and bee venom both known natural therapeutic agents provided significant protection against MTX induced
damage. Honey itself is rich in flavonoids, phenolic compounds and the antioxidant enzymes that act to counter oxidative
stress and support tissue regeneration. Traditional bioactive peptides from bee venom such as melittin and apamin can
cause mediated anti-inflammatory as well as immunomodulatory properties that can help maintain the performance
integrity of neuronal and reproductive tissues respectively. Together, these agents had a synergistic effect, to restore organ

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow pg. 198



function and morphology better than when used alone. The hitting of all the parameters appeared particularly encouraging
in the combined treatment group, where nearly all parameters approached normal levels. The AChE activity was reduced
in treated groups, this indicates that not only do these agents diminish neurotoxicity but also maintain both cognitive and
synaptic reserve. Also, the increase in sperm count, motility and viability shows that honey and bee venom affect testicular
antioxidant systems, maintain germinal epithelium and improve spermatogenesis. These biochemical and physiological
findings were reinforced by histopathological evaluations performed in treated animals that showed improved tissue
integrity with architectural preservation in both the brain and testes. The evidenced based findings should therefore
encourage the use of honey and particularly the bee venom for enhancing the negative impact of chemotherapy. This
study’s overall outcomes indicate that honey and bee venom exhibits benefits in the recovery of neurotoxicity and revives
the reproductive system impaired by MTX through the possible antioxidant, anti-inflammatory, and neuroprotective
mechanisms. Future investigations to identify the molecular pathways involved and determine the translational potentials
in clinics using these natural agents can be provided by these findings. Studies with further in depth analyses such as
molecular profiling, dose optimization, long term toxicity evaluation and eventually clinical trials will be needed to
establish their safety and efficacy in humans using methotrexate or other chemotherapeutic agents.
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