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Plain English Summary 
This study investigated the potential protective effects of two natural substances, L-carnitine, a nutrient that 
aids in energy production, and kiwifruit extract, rich in antioxidants, against benzo[a] pyrene-induced 
testicular damage. Researchers administered this toxin to male rats, then treated some of them with L-
carnitine, others with kiwifruit extract, and a few with both. They observed that benzo[a]pyrene decreased 
key reproductive hormones and caused inflammation and tissue damage in the testicles. Interestingly, both 
L-carnitine and kiwifruit extract helped lessen these effects, with kiwifruit performing especially well by 
improving hormone levels and reducing inflammation and oxidative stress. Surprisingly, combining the two 
treatments didn't provide any extra benefit over using each one alone. Overall, these results suggest that 
kiwifruit extract, and to a lesser extent, L-carnitine, could be useful in protecting male fertility against harmful 
environmental chemicals. 
 

Abstract 
Objective: Benzo[a]pyrene (BaP) is a widespread environmental pollutant known to impair testicular structure and 
function. This study evaluates whether L-carnitine and kiwifruit extract can protect against BaP-induced testicular 
toxicity in adult male albino rats. 
Methods: Forty adult male albino rats (160–225 g) were randomly divided into five groups (n=8 each): control (corn 
oil), BaP (10 mg/kg), BaP plus L-carnitine (200 mg/kg), BaP plus kiwifruit extract (500 mg/kg), and BaP plus 
combined treatment. Treatments were administered three times per week for 90 days. Serum testosterone, FSH, 
and glutathione peroxidase (GPX) activities, as well as malondialdehyde (MDA), IL-1β, and TNF-α levels, were 
measured. Testicular histology was examined by H&E staining. 
Results: Benzo[a]pyrene exposure significantly decreased Testosterone, FSH, and GPX levels and increased 
MDA, IL-1β, and TNFα levels compared to the control group (p < 0.05). L-carnitine and kiwifruit treatments 
ameliorated these changes, while combined therapy showed less marked improvement. Histological evaluation 
revealed severe testicular damage in the Benzo[a]pyrene group, with notable recovery in groups treated with either 
L-carnitine or kiwifruit, particularly the latter . 
Conclusion: Kiwifruit extract confers stronger protection than L-carnitine against BaP-induced testicular toxicity; 
combined therapy does not yield additional benefit. 
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Introduction 
The occurrence of chemically induced infertility is 
rising globally. Environmental toxins such as 
polycyclic aromatic hydrocarbons (PAHs) pose a 
growing threat to reproductive health (1). Human 
exposure to Benzo[a]pyrene (BaP), a prototypical 
polycyclic aromatic hydrocarbon (PAH), occurs 
primarily through occupational hazards (e.g., coal 
tar and asphalt industries), tobacco smoke, grilled 
or smoked foods, and ambient air pollution, making 
its toxicological impact highly relevant to public 
health. BaP is known to cause immune 
suppression, neurotoxicity, and reproductive 
dysfunction in animal models (2, 3). It originates 
from the incomplete combustion of organic 
materials and is ubiquitous in air, tobacco smoke, 
and diet (4). BaP exerts cytotoxic, genotoxic, and 
carcinogenic effects across multiple tissues (5) and 
induces tumours in rodent skin, stomach, and lungs 
upon chronic exposure (6). 
L-carnitine is a mitochondria-specific compound 
that transports long-chain fatty acids into 
mitochondria for β-oxidation, supporting ATP 
production (7). It also scavenges reactive oxygen 
species (ROS), mitigating oxidative stress and 
apoptosis in various cells (8, 9, 10). High 
epididymal levels of L-carnitine support sperm 
maturation and metabolism and exhibit antioxidant 
and anti-apoptotic effects in reproductive and 
cardiac tissues (11, 12). 
Plant-based antioxidants help mitigate oxidative 
damage and inflammation (13, 14). Kiwifruit 
(Actinidia deliciosa) was selected for this study due 
to its exceptionally high vitamin C content and 
unique combination of bioactive compounds, 
including flavonoids, carotenoids, and polyphenols, 
which together offer potent antioxidant and anti-
inflammatory properties. Prior research has also 
linked kiwifruit with protective effects on DNA 
integrity and anti-cancer activity (15, 16, 17), 
supporting its potential as a natural therapeutic 
agent . 
Researchers conducted this study to evaluate the 
protective effects of L-carnitine and kiwifruit extract, 
alone or combined, against BaP-induced testicular 
toxicity in adult male Sprague Dawley rats. We 
hypothesise that these treatments ameliorate 
testicular damage via antioxidant and anti-
inflammatory mechanisms . 
 
Materials and Methods 
Animals 
Sprague Dawley male rats (160–225 g; 8–10 
weeks old) were purchased from the Animal House 
at Tikrit University, Iraq. Rats were housed in metal 
cages under standard conditions (22–24 °C, 12 h 

light/dark cycle) with ad libitum access to water and 
pelleted feed. The College of Education for Pure 
Sciences at the University of Anbar maintains the 
animal facility. 
 
Chemicals 
Benzo[a]pyrene (BaP) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). 
L-carnitine supplement (250 mg/mL) was obtained 
from a local pharmacy in Ramadi, Anbar, Iraq. Rats 
received BaP at 10 mg/kg BW and L-carnitine at 
200 mg/kg BW as previously described (18). 
 
Collection and preparation of kiwifruit extract 
Kiwifruits (Actinidia deliciosa) were obtained from 
the local market in Ramadi City, Al-Anbar, Iraq. 
Only the edible pulp was used; fruits were peeled, 
sliced, and freeze-dried at –50 °C for 72 hours 
using a lyophilizer. The dried material was ground 
into a fine powder using a laboratory mill. Ten 
grams of the resulting powder were boiled in 100 
mL of distilled water for 15 minutes, then allowed 
to cool and filtered through Whatman No.1 paper 
to remove solids (19). The aqueous extract was 
prepared fresh before each administration. 
 
Experimental design and timeline 
Rats (n = 8 per group) were randomly assigned to 
five groups : 
1 .Control: corn oil orally for 90 days. 
2  .BaP: BaP (10 mg/kg in corn oil) orally for 30 
days, then vehicle for 60 days . 
3  .BaP + L-carnitine (post-treatment): BaP orally for 
30 days, followed by L-carnitine (200 mg/kg) orally 
three times weekly for 60 days. 
4  .BaP + kiwifruit extract (post-treatment): BaP for 
30 days, then kiwifruit extract (500 mg/kg) orally 
three times weekly for 60 days. 
5. BaP + combined (post-treatment): BaP for 30 
days, then both L-carnitine and kiwifruit extract at 
the above doses three times weekly for 60 days. 
 
Dosage justification 
The doses used in this study were selected based 
on prior literature and safety profiles: 
L-carnitine (200 mg/kg) was chosen based on 
previous studies showing effective antioxidant and 
reproductive protective activity at this dose without 
toxicity in rats (18). 
Kiwifruit extract (500 mg/kg) was selected based 
on earlier studies demonstrating antioxidant 
efficacy and safety in rodent models, with no 
observed adverse effects at this level (reference to 
support this dose should be included in the final 
submission). 
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Combined therapy clarification 
In the combined treatment group, rats received the 
full individual doses of both agents, 200 mg/kg of 
L-carnitine and 500 mg/kg of kiwifruit extract, 
administered orally three times per week for 60 
days. This approach was taken to evaluate 
potential additive or synergistic effects, not a dose-
reduction strategy. 
 
Collection of blood samples 
After a 24 h fast on day 91, rats were anaesthetised 
with chloroform and euthanised. Blood was 
collected via cardiac puncture, allowed to clot, and 
centrifuged at 2,500 rpm for 15 min. Serum was 
stored at –20 °C until analysis. 
 
Hormone assays 
Serum FSH and testosterone were measured 
using rat-specific ELISA kits (Bioassay Technology 
Laboratory, Shanghai, China). 
 
Lipid peroxidation (LPO) 
Malondialdehyde (MDA) levels were determined by 
the thiobarbituric acid reactive substances 
(TBARS) assay using the double-heating method 
(20). 
 
Estimation of glutathione peroxidase activity 
Glutathione peroxidase (GPX) was measured 
according to the procedures described by 
Splittgerber et al. (21). 
 
Assessment of Inflammation 
Assessment of pro-inflammatory cytokines Rat IL-
1β and TNFα ELISA kit according to the 
manufacturer’s instructions of BT LAB, China, by 
using an ELISA reader. 
 
 

Histological Examination 
The testicular tissues were fixed in a solution of 
10% buffered formalin for 48 hours. Fixed testicular 
tissues underwent dehydration with increasing 
ethanol concentrations starting from 50% up to 
100% before clearing them in xylene and finally 
embedding them in paraffin wax. The microtome 
generated paraffin slices with thicknesses between 
5 to 6 µm. H&E staining combined with routine 
deparaffinization served to visualise the testicular 
tissue under light microscopy for histopathological 
examination of the obtained sections (22). 
 
Statistical analysis 
Data acquired from this research were examined 
utilising GraphPad Prism software (Version 6.0, 
San Diego, USA). A one-way analysis of variance 
(ANOVA) was performed, followed by a Bonferroni 
post hoc test. The threshold for statistical 
significance was established at P≤ 0.05. Thus, the 
findings were expressed as mean ± standard 
deviation (SD). 
 
Results 
As shown in Figures 1 and 2, BaP (10 mg/kg) 
exposure significantly reduced serum FSH 
(control: 3.2 ± 0.4 IU/L vs. BaP: 1.1 ± 0.3 IU/L, p = 
0.001 by Bonferroni post hoc) and testosterone 
(control: 5.8 ± 0.5 ng/mL vs. BaP: 2.0 ± 0.4 ng/mL, 
p < 0.001). L-carnitine post-treatment restored FSH 
(2.7 ± 0.3 IU/L, p = 0.02 vs. BaP) and testosterone 
(4.5 ± 0.6 ng/mL, p = 0.01 vs. BaP), while kiwifruit 
extract produced greater recovery (FSH: 2.9 ± 0.2 
IU/L, p < 0.01; testosterone: 5.1 ± 0.4 ng/mL, p < 
0.01 vs. BaP). The combined treatment showed 
non-significant improvements (FSH: 1.4 ± 0.3 IU/L, 
p = 0.08; testosterone: 2.3 ± 0.5 ng/mL, p = 0.07 
vs. BaP). Kiwi extract outperformed both L-
carnitine and combination therapy .

 

Figure 2: L-carnitine and kiwi fruit extract   
on FSH hormones 

Figure 1: L-carnitine and kiwi fruit extract on 
Testosterone hormones 

The number of animals equals eight. Different lowercase letters indicate a significant difference between 
groups. Similar lowercase letters indicate no significant difference 
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BaP significantly elevated MDA (control: 1.5 ± 0.2 
nmol/mg vs. BaP: 3.8 ± 0.4 nmol/mg, p < 0.001) 
and decreased GPX activity (control: 45 ± 5 U/mg 
vs. BaP: 20 ± 3 U/mg, p = 0.002) (Figures 3, 4). L-
carnitine post-treatment reduced MDA (2.5 ± 0.3 
nmol/mg, p = 0.03 vs. BaP) and increased GPX (35 

± 4 U/mg, p = 0.02 vs. BaP). Kiwifruit extract 
yielded stronger effects (MDA: 2.0 ± 0.2 nmol/mg, 
p < 0.01; GPX: 40 ± 3 U/mg, p < 0.01 vs. BaP). The 
combined group changes were non-significant 
(MDA: p = 0.09; GPX: p = 0.11 vs. BaP).

 

 
Figure 4: Effect of L-carnitine and kiwi fruit 
extract on GPX enzymes  

Figure 3: Effect of L-carnitine and kiwi fruit 
extract on MDA enzymes 

Number of animals = 8. Different lowercase letters indicate a significant difference between groups. Similar 
lowercase letters indicate no significant difference 

 
BaP markedly increased IL-1β (control: 45 ± 6 
pg/mL vs. BaP: 120 ± 10 pg/mL, p < 0.001) and 
TNF-α (control: 50 ± 5 pg/mL vs. BaP: 130 ± 12 
pg/mL, p < 0.001) (Figures 5, 6). L-carnitine 
reduced IL-1β to 80 ± 8 pg/mL (p = 0.02) and TNF-
α to 85 ± 9 pg/mL (p = 0.03 vs. BaP), whereas 

kiwifruit extract further decreased IL-1β (70 ± 7 
pg/mL, p < 0.01) and TNF-α (75 ± 8 pg/mL, p < 0.01 
vs. BaP). The combination therapy group did not 
reach significance (IL-1β: p = 0.07; TNF-α: p = 0.09 
vs. BaP).

 

 
Figure 6: Effect of L-carnitine and kiwi fruit 
extract on TNFα levels  

Figure 5: Effect of L-carnitine and kiwi fruit 
extract on IL-1β levels

Number of animals = 8. Different lowercase letters indicate a significant difference between groups. Similar 
lowercase letters indicate no significant difference 

 
The histological results showed the normal pattern 
of the seminiferous tubule surrounded by the 
basement membrane (A), with the presence of 
small spermatogonia (B) and around them a row of 
darkly stained primary spermatocytes (C), in 
addition to the presence of multi-rowed secondary 
spermatocytes with a faint stain (D), in addition to 
the presence of spermatocytes close to the centre 
of the tubule and organized in clusters (E), and the 
presence of spermatocytes in the form of long 

threads (F) in the centre of the tubule. It also 
showed the presence of Leydig cells around the 
tubule (G) as in the Image 1, while the 
benzopyrene group showed pathological 
histological changes represented by the presence 
of the seminiferous tubule surrounded by a 
thickened basement membrane (A) with a scarcity 
of spermatocytes (B), as well as the presence of a 
row of primary spermatocytes (C), as well as a 
scarcity of secondary spermatocytes (D), in 
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addition to a limited number of spermatids (E), in 
addition to sperm degeneration and their presence 
in the form of unclear masses (F), and the 
disappearance of spermatocytes (B) with 
dispersion and scarcity. The number of primary 
spermatocytes (C), the disappearance of 
spermatids (E), and sperm from the centre of the 
tubule (F), in addition to the presence of a blood 
vessel congested with blood in the interstitial tissue 
(G), as in the Images 2, 3, and 4. While the group 
treated with carnitine showed the presence of the 
seminiferous tubule, which contains the basement 
membrane (A), with the appearance of 
spermatogonia (B), compact primary 
spermatocytes (C), the presence of groups and 
rows of secondary spermatocytes (D), and groups 
of pre-spermatocytes (E), with the presence of 
sperm in the cytoplasm of Sertoli cells (F), in 
addition to the appearance of the seminiferous 
tubule, which contains dark-coloured primary 
spermatocytes (A), the presence of rows and 
columns of secondary spermatocytes (B), with the 
presence of spermatozoa connected to Sertoli cells 
in a flame-like form (C), as in Image 5 and 6). While 

the group treated with kiwi extract gave better 
results, as the histological sections showed the 
basement membrane (A), with the presence of 
primary spermatocytes (B), and secondary 
spermatocytes in the form of pale-stained groups 
(C), with the presence of sperm connected to 
Sertoli cells (D), in addition to the presence of 
spermatogonia in the centre of the tubule (E), as 
well as hyperplasia of secondary spermatocytes. 
(C) Sperm bundles in the centre and edges of the 
tubule lumen (E) as in Images 7 and 8, while the 
last group that was treated with carnitine and kiwi 
extract showed the histological results of the 
seminiferous tubule and its basement membrane 
(A) with the presence of primary spermatocytes (B) 
and scattered secondary spermatocytes (C) in 
addition to spermatocytes continuous with Sertoli 
cells (D), with the presence of a few primary 
spermatocytes (A) and degeneration of secondary 
spermatocytes (B) in addition to scattered 
spermatocytes (D) and the presence of capillaries 
congested with decomposed blood (E) as in 
Images 9 and 10.

 

 
Image 1: Control group: section showing the seminiferous tubule surrounded by the basement membrane 

(A) on which small spermatogonia are supported (B) and around them a row of darkly stained primary 
spermatocytes (C) multi-rowed, palely stained secondary spermatocytes (D) spermatocytes close to the 

centre of the tubule and arranged in clusters (E) centre of the tubule with spermatocytes in the form of long 
threads (F) Leydig cells around the tubule (G) (H & E x40) 

 



Nawaf et. al., Babcock Univ. Med. J.2025 8(1):366-378 

371 

  

 
Image 2: Benzopyrene group/sperm tubule surrounded by thickened basement membrane (A) Scarcity of 

spermatozoa (B) Row of primary spermatocytes (C) Scarcity of secondary spermatocytes (D) Limited number 
of spermatids (E) Degeneration of spermatozoa and their presence in the form of unclear masses (F) (H & E 

x40) 

 
Image 3: Benzopyrene group /sperm tubule with shrinkage of the basement membrane (A) Disappearance of 
spermatogonia (B) Dispersion and decrease in the number of primary spermatogonia (C) Degeneration and 

scarcity of secondary spermatogonia (D) Disappearance of spermatogonia (E) Disappearance of sperm from 
the centre of the tubule (F) (H & E x40) 

 

 
Image 4: Benzopyrene group / showing the seminiferous tubule surrounded by the basement membrane (A) 
on which rest the spindle spermatogonia (B) scattered primary spermatocytes (C) rows of pale secondary 

spermatocytes (D) scarcity of spermatids (E) spermatocytes in the middle of the tubule and associated with 
Sertoli cells (F) blood vessel congested with blood in the interstitial tissue (G) (H & E x40) 
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Image 5: (benzo + carnitine) / Seminiferous tubule with basement membrane (A) Sperm cells (B) Compact 

spermatocytes (C) Groups and rows of secondary spermatocytes (D) Groups of spermatids (E) Sperm in the 
cytoplasm of Sertoli cells (F) Sperm (G) (H & E x40) 

 

 
Image 6: (benzo + carnitine) / Seminiferous tubule containing dark-stained primary spermatocytes (A) Rows 
and columns of secondary spermatocytes (B) Sperm attached to Sertoli cells in a flame-like pattern (C) (H & 

E x40) 

 
Image 7: (Benzo + Kiwi) / showing the basement membrane (A) primary spermatocytes (B) secondary 
spermatocytes in the form of pale-staining aggregates (C) spermatozoa attached to Sertoli cells (D) 

spermatocytes in the centre of the tubule € (H & E x40) 
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Image 8: (Benzo + Kiwi) / Seminiferous tubule with spermatogonia (A) Large, darkly pigmented primary 

spermatocytes (B) Hyperplasia of secondary spermatocytes (C) Rows of spermatids (D) Sperm bundles in 
the centre and periphery of the tubule lumen € (H & E x40) 

 

2  
Image 9: (benzo + kiwi + carnitine) / The seminiferous tubule with the basement membrane (A) Primary 

spermatocytes (B) Dispersed secondary spermatocytes (C) Sperm cells in continuity with Sertoli cells (D) (H 
& E x40) 

 

 
Image 10: (benzo + kiwi + carnitine) / Seminiferous tubules containing few primary spermatocytes (A) 

Degenerating secondary spermatocytes (B) Groups of spermatids (C) Dispersed spermatids (D) Capillaries 
congested with haemolyzed blood (E) Sertoli cells in contact with spermatocytes (F) (H & E x40) 
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To improve clarity, pathological changes are summarised in Table 1.
 

Table 1. Histopathological Findings 
Group Basement 

Membrane 
Spermatogonia Primary 

Spermatocytes 
Secondary 

Spermatocytes 
Spermatids Sperm 

Morphology 
Vascular 
Changes 

Control Thin, intact Normal number Normal 
multilayered 

Normal 
multilayered 

Present Normal None 

BaP Thickened Decreased Reduced rows Scarce Limited Degenerated 
masses 

Congested 
interstitial 
capillaries 

BaP + L-
carnitine 

Normal Present Compact Groups/rows Present Within the 
Sertoli cell 
cytoplasm 

None 

BaP + 
Kiwi 

Normal Present Present Hyperplasia Rows Bundled, 
attached to 
Sertoli cells 

None 

BaP + 
Combinati
on 

Normal Present Present Scattered Few Some 
attachment, 

degenerating 
clusters 

Congested 
capillaries 

 
Discussion 
This study investigated the protective effects of L-
carnitine and kiwifruit extract against 
Benzo[a]pyrene (BaP)-induced testicular toxicity in 
Sprague Dawley rats. The findings support our 
hypothesis: BaP significantly disrupted 
reproductive hormone levels, increased oxidative 
stress and inflammation, and caused severe 
histopathological damage in testicular tissue. Post-
treatment with either L-carnitine or kiwifruit extract 
mitigated these effects, with kiwifruit showing 
greater efficacy . 
BaP reduced serum testosterone and FSH, 
consistent with hypothalamic–pituitary–gonadal 
axis disruption and GnRH suppression reported in 
earlier studies (23, 24, 25, 26). This hormonal 
disruption corresponded with impaired 
spermatogenesis and testicular degeneration (27, 
28, 29). 
L-carnitine improved both biochemical and 
histological parameters, likely due to its dual role in 
mitochondrial fatty acid transport and free radical 
scavenging (18, 30, 31). Kiwifruit extract showed 
stronger protective effects, likely owing to its high 
content of vitamin C, polyphenols, and flavonoids, 
which contribute to antioxidative and anti-
inflammatory actions (32, 33, 34, 35, 36). 
As expected, BaP increased MDA and decreased 
GPX activity, confirming oxidative stress. Both 
treatments normalised these levels, reflecting 
antioxidant efficacy (37, 38, 39, 40). Additionally, 
inflammatory markers TNF-α and IL-1β were 
elevated in BaP-exposed rats and reduced 
following either treatment, further supporting anti-
inflammatory mechanisms (41, 42, 43, 44). 
Interestingly, the combined treatment did not 

outperform individual therapies. This may seem 
contradictory to expectations. This unexpected 
outcome may be attributed to potential 
pharmacological interactions or competition for 
absorption and metabolic pathways, which could 
limit the bioavailability or activity of either 
compound when co-administered. It is also 
possible that the biological systems targeted by 
these agents reached a saturation point beyond 
which no additional benefit could be conferred. This 
issue needs further research. Future studies are 
needed to explore optimal dosing strategies and 
potential interactions between natural antioxidants . 
Histologically, the treatments reversed BaP-
induced structural damage in the testes. The 
improvements paralleled hormonal recovery and 
were most prominent in the kiwifruit group, 
suggesting that dietary antioxidants can effectively 
support testicular architecture and function . 
 
Clinical implications 
These findings support the potential of natural 
antioxidant supplementation, particularly kiwifruit, 
as a protective strategy for individuals at risk of 
BaP exposure, such as industrial workers or 
smokers. While further clinical studies are needed, 
regular dietary intake of antioxidant-rich fruits like 
kiwifruit could serve as a preventive measure 
against environmentally induced reproductive 
toxicity . 
 
Study limitations 
Limitations of the present study include the 
absence of sperm parameter evaluation (e.g., 
count, motility, morphology), no measurement of 
GnRH levels, a limited sample size (n = 8 per 
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group), and a lack of long-term follow-up to assess 
the persistence of protective effects. These 
aspects warrant further investigation . 
 
Conclusion 
Our results demonstrate that both L-carnitine and 
kiwifruit extract mitigate BaP-induced testicular 
toxicity through antioxidant and anti-inflammatory 
pathways, with kiwifruit showing superior efficacy. 
However, their combination did not produce 
synergistic effects. These findings highlight the 
therapeutic promise of dietary antioxidants against 
environmental reproductive toxins, warranting 
further mechanistic and clinical investigation 
 
List of Abbreviations 
BaP: Benzo[a]pyrene 
FSH: Follicle Stimulating Hormone 
GPX: Glutathione Peroxidase 
IL-1β: Interleukin-1 Beta 
TNFα: Tumour Necrosis Factor Alpha 
MDA: Malondialdehyde 
LPO: Lipid Peroxidation 
TBARS: Thiobarbituric Acid Reactive 
 Substances 
ELISA: Enzyme-Linked Immunosorbent Assay 
ROS: Reactive Oxygen Species 
GnRH: Gonadotropin-Releasing Hormone 
LH: Luteinizing Hormone 
H&E: Haematoxylin and Eosin 
ANOVA: Analysis of Variance 
SD: Standard Deviation 
SOD: Superoxide Dismutase 
CAT: Catalase 
GSH: Reduced Glutathione 
CNS: Central Nervous System 
DNA: Deoxyribonucleic Acid 
 
Declarations 
Ethical approval and consent to participate 
We hereby declare that the research work titled "L-
Carnitine and Kiwifruit as Fertility Therapeutic 
Agents: An Experimental Study Against 
Benzopyrene-Induced Testicular Toxicity in the 
Albino Rat" is our original work. It has not been 
submitted to or published in any journal or 
institution before, either wholly or partially. All 
experimental procedures were conducted following 
institutional and international guidelines for the 
care and use of laboratory animals. The research 
protocol was reviewed and approved by the 
Institutional Review Board (IRB) of the University 
of Anbar, College of Education for Pure Sciences, 
under the approval number UOA-BIO-2024-017 
and conducted per ARRIVE guidelines.  All 
experimental procedures were conducted per 

institutional and international guidelines for the 
care and use of laboratory animals. The research 
protocol was reviewed and approved by the 
Institutional Review Board (IRB) of the University 
of Anbar, College of Education for Pure Sciences, 
under the approval number UOA-BIO-2024-017. 
 
Consent for publication 
All the authors consented to publishing the work 
under the Creative Commons Attribution-Non-
Commercial 4.0 license. 
 
Availability of data and materials 
The data and materials associated with this 
research will be made available by the 
corresponding author upon reasonable request. 
 
Competing interests 
The authors declare that they have no competing 
interests. 
 
Funding 
Nil. 
 
Authors’ contributions 
NMM: Methodology, histological and biochemical 
analysis, data collection, and interpretation. 
ALH: Conceptualisation, experimental design, 
supervision, manuscript writing, and final approval 
of the version to be published. 
SNA: Statistical analysis, literature review, and 
manuscript editing. 
 
Acknowledgement 
Nil. 
 
References 
1. Rato L, Sousa AC. The impact of endocrine-

disrupting chemicals in male fertility: focus on 
the action of obesogens. Journal of Xenobiotics. 
2021 Nov 29;11(4):163-96. 
https://doi.org/10.3390/jox11040012  

2. Ali LH, Rajab SH, Saleh EN. Protective role of 
vitamin B6 on some histological changes in the 
liver and kidneys and measure some indicators 
of oxidation balance in male rats. Cellular and 
Molecular Biology. 2024 Nov 27;70(11):160-5. 
https://doi.org/10.14715/cmb/2024.70.11.23  

3. Bukowska B, Mokra K, Michałowicz J. Benzo [a] 
pyrene—Environmental occurrence, human 
exposure, and mechanisms of toxicity. 
International journal of molecular sciences. 
2022 Jun 6;23(11):6348. 
https://doi.org/10.3390/ijms23116348  

4. Abouda S, Galati M, Conti GO, Cappello T, 
Abelouah MR, Romdhani I, Ait Alla A, Ferrante 

https://doi.org/10.3390/jox11040012
https://doi.org/10.14715/cmb/2024.70.11.23
https://doi.org/10.3390/ijms23116348


Nawaf et. al., Babcock Univ. Med. J.2025 8(1):366-378 

376 

  

M, Maisano M, Banni M. Metabolomic and 
biochemical disorders reveal the toxicity of 
environmental microplastics and benzo [a] 
pyrene in the marine polychaete Hediste 
diversicolor. Journal of Hazardous Materials. 
2024 Sep 15;477:135404. 
https://doi.org/10.1016/j.jhazmat.2024.135404  

5. Shahid A, Chen M, Lin C, Andresen BT, Parsa 
C, Orlando R, Huang Y. The β-blocker 
carvedilol prevents benzo (a) pyrene-induced 
lung toxicity, inflammation and carcinogenesis. 
Cancers. 2023 Jan 18;15(3):583. 
https://doi.org/10.3390/cancers15030583  

6. Pattarachotanant N, Rangsinth P, Warayanon 
W, Leung GP, Chuchawankul S, Prasansuklab 
A, Tencomnao T. Protective effect of Aquilaria 
crassna leaf extract against benzo [a] pyrene-
induced toxicity in neuronal cells and 
Caenorhabditis elegans: Possible active 
constituent includes clionasterol. Nutrients. 
2023 Sep 14;15(18):3985. 
https://doi.org/10.3390/nu15183985  

7. Emran T, Chowdhury NI, Sarker M, Bepari AK, 
Hossain M, Rahman GS, Reza HM. L-carnitine 
protects cardiac damage by reducing oxidative 
stress and inflammatory response via inhibition 
of tumor necrosis factor-alpha and interleukin-
1beta against isoproterenol-induced myocardial 
infarction. Biomedicine & Pharmacotherapy. 
2021 Nov 1;143:112139. 
https://doi.org/10.1016/j.biopha.2021.112139  

8. Farag A, Elfadadny A, Mandour AS, Ngeun SK, 
Aboubakr M, Kaneda M, Tanaka R. Potential 
protective effects of L-carnitine against 
myocardial ischemia/reperfusion injury in a rat 
model. Environmental Science and Pollution 
Research. 2024 Mar;31(12):18813-25. 
https://doi.org/10.1007/s11356-024-32212-5  

9. Keshani M, Alikiaii B, Babaei Z, Askari G, 
Heidari Z, Sharma M, Bagherniya M. The 
effects of L-carnitine supplementation on 
inflammation, oxidative stress, and clinical 
outcomes in critically Ill patients with sepsis: a 
randomized, double-blind, controlled trial. 
Nutrition Journal. 2024 Mar 6;23(1):31. 
https://doi.org/10.1186/s12937-024-00934-4  

10. Caballero-García A, Noriega-González DC, 
Roche E, Drobnic F, Córdova A. Effects of L-
carnitine intake on exercise-induced muscle 
damage and oxidative stress: a narrative 
scoping review. Nutrients. 2023 May 
31;15(11):2587. 
https://doi.org/10.3390/nu15112587  

11. Antari NW, Damayanti IA, Wulansari NT. The 
effectiveness testing of l-carnitine on the quality 
of spermatozoa and testosterone hormone in 

white rats (Rattus norvegicus) feeding with high 
fat. International Journal of Health and Medical 
Sciences. 2021;4(1):102-9. 
https://doi.org/10.21744/ijhms.v4n1.1525  

12. Olugbodi, J.O., Samaila, K., Lawal, B., Anunobi, 
O.O., Baty, R.S., Ilesanmi, O.B. and Batiha, 
G.E.S., 2021. Computational and Preclinical 
Evidence of Anti‐ischemic Properties of L‐
Carnitine‐Rich Supplement via Stimulation of 

Anti‐inflammatory and Antioxidant Events in 
Testicular Torsed Rats. Oxidative Medicine and 
Cellular Longevity, 2021(1), p.5543340. 
https://doi.org/10.1155/2021/5543340  

13. Al-Muslhi AS, Ali HL. Assessing the impact of 
pomegranate juice on liver tissue in male rats 
exposed to a commercial energy drink. J Glob 
Innov Agric Sci. 2024;12:417-26. 
https://doi.org/10.22194/JGIAS/24.1255  

14. HE L, Wei W, Yin Q, Liu C, Zhou M, HE J, Liu 
L, Zhong B. Preventive and therapeutic effects 
of the Kiwi fruit essence (unsaturated fatty acid 
of actinidia chinesis planch seed oil) on 
radiation-induced lung injury rats. Chinese 
Journal of Clinical Pharmacology and 
Therapeutics. 2022:154-62. 

15. Al-Khafaji SZ, Ajeena SJ. Investigation of the 
Effect of Actinidia Deliciosa Kiwi Fruit Extracts 
on the Hematological and Biochemical Blood 
Parameters of Swiss Male. InIOP Conference 
Series: Earth and Environmental Science 2023 
Dec 1 (Vol. 1262, No. 6, p. 062020). IOP 
Publishing. https://doi.org/10.1088/1755-
1315/1262/6/062020  

16. El Azab EF, Mostafa HS. Phytochemical 
analysis and antioxidant defense of kiwifruit 
(Actinidia deliciosa) against pancreatic cancer 
and AAPH-induced RBCs hemolysis. Food 
Science and Technology. 2021 Jun 
11;42:e06021. 
https://doi.org/10.1590/fst.06021  

17. Pam P, Goudarzi MA, Ghotboddin Mohammadi 
S, Asbaghi O, Aghakhani L, Clark CC, 
Hashempur MH, Haghighat N. The effects of 
kiwifruit consumption on anthropometric and 
cardiometabolic indices in adults: A systematic 
review and meta‐analysis. Food Science & 
Nutrition. 2024 Oct;12(10):7017-32. 
https://doi.org/10.1002/fsn3.4385  

18. Mardanshahi T, Rezaei N, Zare Z, Shafaroudi 
MM, Mohammadi H. Effects of L-Carnitine on 
the sperm parameters disorders, apoptosis of 
spermatogenic cells and testis histopathology in 
diabetic Rats. International journal of 
reproductive bioMedicine. 2019 Jun 
26;17(5):325. 
https://doi.org/10.18502/ijrm.v17i5.4600  

https://doi.org/10.1016/j.jhazmat.2024.135404
https://doi.org/10.3390/cancers15030583
https://doi.org/10.3390/nu15183985
https://doi.org/10.1016/j.biopha.2021.112139
https://doi.org/10.1007/s11356-024-32212-5
https://doi.org/10.1186/s12937-024-00934-4
https://doi.org/10.3390/nu15112587
https://doi.org/10.21744/ijhms.v4n1.1525
https://doi.org/10.1155/2021/5543340
https://doi.org/10.22194/JGIAS/24.1255
https://doi.org/10.1088/1755-1315/1262/6/062020
https://doi.org/10.1088/1755-1315/1262/6/062020
https://doi.org/10.1590/fst.06021
https://doi.org/10.1002/fsn3.4385
https://doi.org/10.18502/ijrm.v17i5.4600


Nawaf et. al., Babcock Univ. Med. J.2025 8(1):366-378 

377 

  

19. Amer MA, Eid JI, Hamad SR. Evaluation of 
gastric and hepatic protective effects of kiwifruit 
extract on toxicity of indomethacin in swiss 
albino mice using histological studies. 
International Journal of Science and Research. 
2014;3(7):1631-41. 

20. Guidet B, Shah S. The level of malondialdehyde 
after activation with H2O2 and CuSO4 and 
inhibition by deferoxamine and molsidomine in 
the serum of patient with acute Myocardial 
infarction. National J. Chem. 1989;5(1):139-48. 

21. Splittgerber AG, Tappel AL. Inhibition of 
glutathione peroxidase by cadmium and other 
metal ions. Archives of biochemistry and 
biophysics. 1979 Oct 15;197(2):534-42. 
https://doi.org/10.1016/0003-9861(79)90277-7 

22. Bancroft JD. Histochemical techniques. 
Butterworth-Heinemann; 2013 Oct 22 

23. Yang W, Cui H, Chai Z, Zou P, Shi F, Yang B, 
Zhang G, Yang H, Chen Q, Liu J, Cao J. Benzo 
[a] pyrene inhibits testosterone biosynthesis via 
NDUFA10-mediated mitochondrial compromise 
in mouse Leydig cells: Integrating experimental 
and in silico toxicological approaches. 
Ecotoxicology and Environmental Safety. 2022 
Oct 1;244:114075. 
https://doi.org/10.1016/j.ecoenv.2022.114075  

24. Traini G, Tamburrino L, Ragosta ME, Guarnieri 
G, Morelli A, Vignozzi L, Baldi E, Marchiani S. 
Effects of benzo [a] pyrene on human sperm 
functions: an in vitro study. International Journal 
of Molecular Sciences. 2023 Sep 
22;24(19):14411. 
https://doi.org/10.3390/ijms241914411  

25. Daoud NM, Aly MS, Ezzo OH, Ali NA. Zinc 
oxide nanoparticles improve testicular 
steroidogenesis machinery dysfunction in 
benzo [α] pyrene-challenged rats. Scientific 
reports. 2021 Jun 3;11(1):11675. 
https://doi.org/10.1038/s41598-021-91226-y  

26. Qu Y, Han J, Han H, Ma X, Zhu Y. Advances in 
the Study of Benzo [a] pyrene on Male 
Reproductive Toxicity: Exploring Underlying 
Mechanisms and mitigant. 
https://d197for5662m48.cloudfront.net/docume
nts/publicationstatus/229035/preprint_pdf/f244
49b31f8242eaff95920e20af438b.pdf  

27. Jorge BC, Reis AC, Sterde ÉT, da Silva Balin P, 
Scarano WR, Hisano H, Arena AC. Exposure to 
benzo (a) pyrene from juvenile period to 
peripubertal impairs male reproductive 
parameters in adult rats. Chemosphere. 2021 
Jan 1;263:128016. 
https://doi.org/10.1016/j.chemosphere.2020.12
8016  

28. Jorge BC, Reis AC, Stein J, Paschoalini BR, 
Bueno JN, da Silva Moreira S, Godoi AR, 
Fioravante VC, Martinez FE, Pinheiro PF, 
Arena AC. A low dose of benzo (a) pyrene 
during prepuberty in male rats generated 
immediate oxidative stress in the testes and 
compromised steroidogenic enzymes/proteins. 
Reproductive Toxicology. 2024 Mar 
1;124:108549. 
https://doi.org/10.1016/j.reprotox.2024.108549 

29. Bukowska B, Duchnowicz P. Molecular 
mechanisms of action of selected substances 
involved in the reduction of benzo [a] pyrene-
induced oxidative stress. Molecules. 2022 Feb 
18;27(4):1379. 
https://doi.org/10.3390/molecules27041379  

30. Koohpeyma F, Gholizadeh F, Hafezi H, 
Hajiaghayi M, Siri M, Allahyari S, Maleki MH, 
Asmarian N, Bayat E, Dastghaib S. The 
protective effect of L-carnitine on testosterone 
synthesis pathway, and spermatogenesis in 
monosodium glutamate-induced rats. BMC 
Complementary Medicine and therapies. 2022 
Oct 13;22(1):269. 
https://doi.org/10.1186/s12906-022-03749-0  

31. Kooshesh L, Nateghian Z, Aliabadi E. 
Evaluation of L-carnitine potential in 
improvement of male fertility. Journal of 
Reproduction & infertility. 2023 Apr;24(2):69. 
https://doi.org/10.18502/jri.v24i2.12491  

32. El-Demerdash FM, Naoom AY, Ghanem NF, 
Abdel-Daim MM, Kang W. Kiwifruit (Actinidia 
deliciosa) aqueous extract improves 
hyperglycemia, testicular inflammation, 
apoptosis, and tissue structure induced by 
Streptozotocin via oxidative stress inhibition. 
Tissue and Cell. 2024 Jun 1;88:102426. 
https://doi.org/10.1016/j.tice.2024.102426  

33. Zulkifli B, Fakri F, Gholib G, Akmal M, Adam M, 
Sabri M, Lubis TM, Zainuddin Z, Zulfitri Z, Admi 
M, Syah NY. Herbal flavonoids in preserving 
testicular physiology under oxidative stress: A 
bibliometric analysis of systematic reviews. The 
International Journal of Tropical Veterinary and 
Biomedical Research. 2023 Dec 1;8(2):37-50. 
https://doi.org/10.21157/ijtvbr.v8i2.36616  

34. González A, Espinoza D, Vidal C, Moenne A. 
Benzopyrene induces oxidative stress and 
increases expression and activities of 
antioxidant enzymes, and CYP450 and GST 
metabolizing enzymes in Ulva lactuca 
(Chlorophyta). Planta. 2020 Dec;252:1-3. 
https://doi.org/10.1007/s00425-020-03508-w  

35. Obaid QA, AL-Ani KA, Kadhum RJ. Effect of 
Anti-oxidant Activity of Kiwi Fruit Against 
Oxidative Stress Induced by Hydrogen 

https://doi.org/10.1016/0003-9861(79)90277-7
https://doi.org/10.1016/j.ecoenv.2022.114075
https://doi.org/10.3390/ijms241914411
https://doi.org/10.1038/s41598-021-91226-y
https://d197for5662m48.cloudfront.net/documents/publicationstatus/229035/preprint_pdf/f24449b31f8242eaff95920e20af438b.pdf
https://d197for5662m48.cloudfront.net/documents/publicationstatus/229035/preprint_pdf/f24449b31f8242eaff95920e20af438b.pdf
https://d197for5662m48.cloudfront.net/documents/publicationstatus/229035/preprint_pdf/f24449b31f8242eaff95920e20af438b.pdf
https://doi.org/10.1016/j.chemosphere.2020.128016
https://doi.org/10.1016/j.chemosphere.2020.128016
https://doi.org/10.1016/j.reprotox.2024.108549
https://doi.org/10.3390/molecules27041379
https://doi.org/10.1186/s12906-022-03749-0
https://doi.org/10.18502/jri.v24i2.12491
https://doi.org/10.1016/j.tice.2024.102426
https://doi.org/10.21157/ijtvbr.v8i2.36616
https://doi.org/10.1007/s00425-020-03508-w


Nawaf et. al., Babcock Univ. Med. J.2025 8(1):366-378 

378 

  

Peroxide in Male Mice. International Journal of 
Drug Delivery Technology. 2021;11(4):1412-6. 

36. Mousa H, Abdelfadeel K, Hassan M. Green kiwi 
fruit extract ameliorates aspartame toxicity on 
the lung of adult male abino rat (histological and 
immunohistochemical study). Journal of 
Medical Histology. 2019 Dec 1;3(2):192-205. 
https://doi.org/10.21608/jmh.2019.15854.1063  

37. Agarwal A, Sengupta P, Durairajanayagam D. 
Role of L-carnitine in female infertility. 
Reproductive Biology and Endocrinology. 2018 
Dec;16:1-8. https://doi.org/10.1186/s12958-
018-0323-4  

38. Nazari L, Salehpour S, Hosseini S, Allameh F, 
Jahanmardi F, Azizi E, Ghodssi-Ghassemabadi 
R, Hashemi T. Effect of antioxidant 
supplementation containing L-carnitine on 
semen parameters: a prospective interventional 
study. JBRA assisted reproduction. 2021 
Jan;25(1):76. https://doi.org/10.5935/1518-
0557.20200043  

39. Mohammadi, H., Djalali, M., Daneshpazhooh, 
M., Honarvar, N.M., Chams‐Davatchi, C., 
Sepandar, F., Fakhri, Z., Yaghubi, E., Zarei, M. 
and Javanbakht, M.H., 2018. Effects of L-
carnitine supplementation on biomarkers of 
oxidative stress, antioxidant capacity and lipid 
profile, in patients with pemphigus vulgaris: a 
randomized, double-blind, placebo-controlled 
trial. European Journal of Clinical Nutrition, 
72(1), pp.99-104. 
https://doi.org/10.1038/ejcn.2017.131  

40. Eskandani M, Eskandani M, Vandghanooni S, 
Navidshad B, Aghjehgheshlagh FM, Nobakht A. 
Protective effect of l-carnitine-loaded solid lipid 
nanoparticles against H2O2-induced 
genotoxicity and apoptosis. Colloids and 
Surfaces B: Biointerfaces. 2022 Apr 
1;212:112365. 
https://doi.org/10.1016/j.colsurfb.2022.112365 

41. Comba A, Oto G, Comba B, Ozdemir H, Keskin 
S, Akveran GA. Effects of boric acid on 
proinflammation cytokines, total oxidative 
antioxidative status and hematological 
parameters in rats applied benzo (a) pyrene. 
Fresenıus Envıronmental Bulletin. 2020 Jan 
1;29(5):3599-605. 

42. Alzohairy MA, Khan AA, Ansari MA, Babiker 
AY, Alsahli MA, Almatroodi SA, Rahmani AH. 
Protective effect of quercetin, a Flavonol 
against benzo (a) pyrene-induced lung injury via 
inflammation, oxidative stress, angiogenesis 
and Cyclooxygenase-2 Signalling molecule. 
Applied Sciences. 2021 Sep 17;11(18):8675. 
https://doi.org/10.3390/app11188675  

43. Haghighatdoost F, Jabbari M, Hariri M. The 
effect of L-carnitine on inflammatory mediators: 
a systematic review and meta-analysis of 
randomized clinical trials. European journal of 
clinical pharmacology. 2019 Aug 1;75:1037-46 
https://doi.org/10.1007/s00228-019-02666-5 . 

44. Mousa H, Abdelfadeel K, Hassan M. Green kiwi 
fruit extract ameliorates aspartame toxicity on 
the lung of adult male abino rat (histological and 
immunohistochemical study). Journal of 
Medical Histology. 2019 Dec 1;3(2):192-205. 
https://doi.org/10.21608/jmh.2019.15854.1063  

https://doi.org/10.21608/jmh.2019.15854.1063
https://doi.org/10.1186/s12958-018-0323-4
https://doi.org/10.1186/s12958-018-0323-4
https://doi.org/10.5935/1518-0557.20200043
https://doi.org/10.5935/1518-0557.20200043
https://doi.org/10.1038/ejcn.2017.131
https://doi.org/10.1016/j.colsurfb.2022.112365
https://doi.org/10.3390/app11188675
https://doi.org/10.1007/s00228-019-02666-5
https://doi.org/10.21608/jmh.2019.15854.1063

