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HSP70 protein in testis tissue. The experiment showed a highly
significant effect of the thymoquinone group (25 mg/kg b.w.) when
compared with the control group.

Introduction

The protective effects of thymoquinone are anti-toxicity, anti-inflammatory, antioxidant, anti-
apoptosis, autophagy, immunomodulatory, anti-hypertensive, and regulate the apoptotic
pathway (Atta et al., 2017; Attari et al., 2018; Yaghutian Nezhad et al., 2021; Adana et al.,
2022; Shojaedini et al., 2024). On the other hand, more research has referred to the role of
thymoquinone as an ability mechanism against many diseases caused by bacteria, viral, fungal,
and protozoa (Elsharkawy et al., 2021; Fatima Shad et al., 2021; Qureshi et al., 2022; El-Sayed
and Rizk, 2023; Nouri et al., 2023). So, the researchers confirmed the role of activity and
cellular protective effects as antioxidants to protect the cell from apoptosis and autophagy by
regulating the antioxidant system, especially glutathione (Akpinar et al., 2023; Isaev et al.,
2023; Shahrajabian and Sun, 2024).

The studies have demonstrated the ability of thymoquinone to protect the kidney from damage
leading to renal failure and the protective role of endothelial blood vessels in
hypocholesteremia. This finding by decrement effect of MDA and increment of glutathione
and role protect by reducing cardiotoxicity (Yildirim et al., 2023; Wardani 2024; Karim et al.,
2024). In addition, the activity role of thymoquinone in modulating blood glucose and lipid
profile refers to its protective effect on hepatocytes and beta cells of pancreases from damage
(Ashour et al., 2023; Caglar et al., 2024; Hafez et al., 2024). On the gastric ulcer, researchers
pointed to the effective and influential role of thymoquinone ability to protect gastric mucosa
from gastric acid by reducing gastric acid and stmulating gastric mucosa formation, these
mechanisms enhancement protective effect of thymoquine as antiulcer (Khan et al., 2023;
Madani et al., 2023; Tiwari et al., 2024)
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Showed the result of studies on reproductive mammalian system effectivity role of
thymoqynone to downregulation of MDA , and enhancement level of glutathione, SOD, TAS
and nitric oxide on ovarian follicles and testicular tissues , these mechanisms give important
role of thymoquinone to protective ability effects on reproductive system from infertility
caused by apoptosis and autophagy result from imbalance of pro-oxidant/antioxidants and
apoptotic pathway (Sayed et al., 2014; Hassan et al., 2019; Saha, et al., 2021; Shojaedini et al.,
2024). In addition to the role of thymoqunone protective spermatogenesis formation from effect
toxicity, heat stress, and hypoxia, these mechanisms refer to the effects of thymoquinone on
Sertoli cell and Leydig cell function to regulate spermatogenesis through release factors
inhibin, androgen binding protein, and release enzyme aid to convert testosterone to estrogen
and to Sa-dihydrotestosterone (Hassan et al., 2019; Gur et al., 2021; Khalil et al., 2023). Studies
explained the activity role of thymoqunone on hypothalamus and pituitary function through
enhanced secretion of hormones, especially FSH and LH, that are responsible for
spermatogenesis (Ghahremani & Mahmoudi, 2022; Manoharan et al., 2024).

Methods
Experimental Design and Animal Grouping

The sample for this study comprised of sixteen mature male mice; all the mice were sixty-five
days of age with an average weight of thirty-two + five grams. Specifically, the animals chosen
provided minimal variation in physiological parameters that would otherwise affect the results
from the study. The mice were divided into two groups with equal number of eight individuals
chosen at random to make the distribution of subjects manageable. Environmental factors were
kept constant in the research experiment conducted in the College of Veterinary Medicine,
University of Wasit; the mice were placed an environment under a maintained ambient
temperature of 25 + 2°C. This stable temperature setting was very usefulual in excluding
various external factors that could affect the physiology of the test subjects and thus would in
turn affect the outcomes of thymoquinone.

In the grouping protocol the first group, the Control Group (C), received distilled water vehicle
control to a comparative level. This control made it possible to compare the experimental group
with the administration of thymoquinone and any observed effects from other procedural
variables would be canceled out. The second group was labeled the Thymoquinone Group
(TQ); these animals received a controlled daily dose of thymoquinone at a volume of 25mg/kg
body weight. The dose was chosen according to the findings of previous investigations of the
similar physiological experiments, and was given in single injections lasting for two weeks
consecutively. The duration was selected in order to assess the anti-oxidative and protective
effects of thymoquinone on male fertility under experimental models of environmental
stressors.

Thymoquinone Administration and Sample Collection

To avoid dosing errors, thymoquinone was orally administered daily to the TQ group using
standard laboratory techniques that help to avoid situations of either over dosing or under
dosing the animals. It extended for 14 days, which is consistent with other experimental
paradigms applied to measure acute effects of therapeutic agents on physiological processes.
At the end of the two week treatment regimen, the final dose was administered and the mice
left untreated for 24 hours for any metabolic or transient effects of thymoquinone to en-shroud
themselves.

After this time, humane sacrifice was carried out as to gather tissue samples.In. Surgical
anaesthesia was accomplished intraperitoneally using ketamine hydrochloride at a dose of 100
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mg/kg body weight and xylazine at 10 mg/kg body weight. After the animals were completely
under the influence of anesthesia, a surgical biopsy of testicular tissue was performed. In each
of the subjects, 100mg of testicular tissue was taken and immediately stored in liquid nitrogen.
This preservation technique is important in order to preserve RNA integrity and proteins
present in the samples especially when analysing the HSP70 protein level as a marker for
cellular stress. This is done to ensure that the rate of degradation is slowed down and measured
systematically at later phases of molecular testing carried out under liquid nitrogen.

Statistical Analysis

To compare means of the data collected between control and treatment groups a post test was
performed by GraphPad Prism software. One- way ANOVA tests were used to determine the
significance of values between the two groups with a 5% level of significance. This test is used
when making comparison on two groups and checking for those differences which indicate that
there is a real difference and that there is an impact of the thymoquinone treatment. The selected
p-value of 0.05 is statistically acceptable whereby a higher risk of type I errors that give
impression of significance where there really isn’t is minimized.

The primary biomarker chosen for this study was to measure the HSP70 level within testis
tissue, because HSP70 can be used as a primary biomarker to estimate the response to the tissue
stress. Association of higher levels of HSP70 are again favourable as this protein is involved
in maintaining proteins that are vulnerable when the cell is under stress, prevents apoptosis and
can act as a repair factor in such cellular stress. Thus, by measuring HSP70 in testicular tissues,
we intended to assess whether thymoquinone offers considerable protection in orchitis models
to enrich the knowledge for fertility preservation. The information collected from these
assessments shed light on how this compound work including its role in enhancing cell
protection and reproductive capacity.

Results and Discussion

By dividing the sample's optical density (260) by its optical density (280), the normalized RNA
optical density should be less than 2.1 and greater than 1.8 (Figure 1). The result of the RNA
concentration of heat shock protein in (Figure 2) between groups showed a highly significant
difference (p<0.05) between the control group and the treatment group of thymoquinone.
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Figure 1. Effect of thymoquinone on testis tissue optical density of HSP70 RNA in adult male mice
after 2 weeks.

The heat shock protein gene expression results in (Figure 3) between treatment and control
groups in the experiment revealed a highly significant (p<0.05) effect with thymoquinone 25
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mg/kg b.w. provided to the treatment group. When compared to the control group, the
thymoquinone group's increase in heat shock protein fold gene expression had a significant

(p<0.05) impact.

C= Control groupwas kept at 25+2°C for 2 weeks and drenched distal water; TQ=
thymoquinone group was kept at 25+2°C for 2 weeks and drenched at 25 mg/kg b.w. for 2
weeks.
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Figure 2. Effect of thymoquinone on testis tissue RNA concentration of HSP70 in adult male mice
after 2 weeks.

C= Control group was kept at 254+2°C for 2 weeks and drenched distal water; TQ=
thymoquinone group was kept at 25+2°C for 2 weeks and drenched at 25 mg/kg b.w. for 2
weeks.
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Figure 3.: Effect of thymoquinone on testis tissue gene expression of HSP70 in adult male mice after 2
weeks.

C= Control group was kept at 254+2°C for 2 weeks and drenched distal water; TQ=
thymoquinone group was kept at 25+2°C for 2 weeks and drenched at 25 mg/kg b.w. for 2
weeks.
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The experiment explained the protective mechanism of thymoquinone on mice's testis fertility
through an enhancement fold of heat shock protein expression that resulted in protection of cell
activity and enhancement of spermatogenesis formation by activation of Sertoli cell and Leydig
cell functions that are responsible for hormone secretion, inhibin, androgen binding protein,
and testosterone. These mechanisms referred to the effects of thymoquinone on mice's testis
fertility (Hassan et al., 2019; Gur et al., 2021; Khalil et al., 2023; Soliman et al., 2024). The
role of thymoquinone on testis fertility is enhanced by the enhanced fold activity of heat shock
protein 70, which plays a protective role on testicular cells by activating the antioxidant system
and regulating the apoptotic pathway that keeps and activates cellular enzyme activity (Saha et
al., 2021; Shojaedini et al., 2024). On the other hand, regulation of hypothalamus and pituitary
glands by thymoquinone involves these mechanisms: activation of thymoquinone to the inhibin
and testosterone that have a positive effect on hypothalamus and pituitary glands when
decreased hormone secretion (Gur et al., 2021; Khalil et al., 2023; Nozad et al., 2024).

Stimulation fertility by enhancement secretion of GnRH, FSH, and LH hormones by
thymoquinone that give mechanism stimulation responses on sperm quality, motility, and
sperm count (Alaee et al., 2023; Yal¢in et al., 2024). So, administration of thymuqinone to the
rodents increases cellular activity of the testis through decreased levels of MDA, dead sperm,
and abnormal sperm, while increasing glutathione, SOD, and nitric oxide (AlGaradi et al.,
2023; Khalil et al., 2023). the result of the experiment confirmed that the administration of
thymoquinone increased the gene expression of heat shock protein in the testis tissues when
compared to the control.

Conclusion

These results concluded the protective effects of thymoquinone on testicular cell activity by
enhancing the enzymes and hormones responsible for spermatogenesis formation and
spermatozoa quality through increased sperm count, motility, sperm PH, and decreased
abnormal sperm All these mechanisms referred to increased fertility by thymoquinone
administration.

References

Adana, M. Y., Imam, A., Bello, A. A., Sunmonu, O. E., Alege, E. P., Onigbolabi, O. G., &
Ajao, M. S. (2022). Oral thymoquinone modulates cyclophosphamide-induced
testicular  toxicity in adolescent Wistar rats. Andrologia, 54(4), e14368.
https://doi.org/10.1111/and.14368

Akpinar, D., Mercan, T., Demir, H., Ozdemir, S., Demir, C., & Kavak, S. (2023). Protective
Effects of Thymoquinone on Doxorubicin-induced Lipid Peroxidation and Antioxidant
Enzyme Levels in Rat Peripheral Tissues. Pakistan Veterinary Journal, 43(4).
https://doi.org/10.29261/pakvetj/2023.070

Alaee, S., Mirani, M., Derakhshan, Z., Koohpeyma, F., & Bakhtari, A. (2023). Thymoquinone
improves folliculogenesis, sexual hormones, gene expression of apoptotic markers and
antioxidant enzymes in polycystic ovary syndrome rat model. Veterinary Medicine and
Science, 9(1), 290-300. https://doi.org/10.1002/vms3.958

AlGaradi, M. A., Sindi, R. A., Al-Gabrif, N., Abd El-Hack, M. E., & Abdelnour, S. A. (2023).
Effects of dietary thymoquinone inclusion on antioxidative, oxidative, pro-
inflammatory responses, semen attributes and testicular changes in heat-stressed rabbit
bucks. Annals of Animal Science, 24(1), 109-119. https://doi.org/10.2478/aocas-2023-
0060

525
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0


https://doi.org/10.1111/and.14368
https://doi.org/10.29261/pakvetj/2023.070
https://doi.org/10.1002/vms3.958
https://doi.org/10.2478/aoas-2023-0060
https://doi.org/10.2478/aoas-2023-0060

Ashour, H., Rashed, L. A., Hassanein, R. T., Aboulhoda, B. E., Ebrahim, H. A., Elsayed, M.
H., ... & Abdelwahed, O. M. (2023). Thymoquinone and quercetin protect against
hepatic steatosis in association with SIRT1/AMPK stimulation and regulation of
autophagy, perilipin-2, and cytosolic lipases. Archives of Physiology and
Biochemistry, 129(1), 268-281. https://doi.org/10.1080/13813455.2022.2134423

Atta, M. S., Almadaly, E. A., El-Far, A. H., Saleh, R. M., Assar, D. H., Al Jaouni, S. K., &
Mousa, S. A. (2017). Thymoquinone defeats diabetes-induced testicular damage in rats
targeting antioxidant, inflammatory and aromatase expression. International journal of
molecular sciences, 18(5), 919. https://doi.org/10.3390/ijms18050919

Attari, S. S., Mohammadi, S., Ebrahimzadeh, A., Hosseinzadeh, H., Soukhtanloo, M., &
Rajabzadeh, A. (2018). Effects of thymoquinone on sperm parameters, apoptosis,
testosterone level, and oxidative stress in a mouse model of D-galactose-induced
aging. Pharmaceutical Sciences, 24(3), 180-186. https://doi.org/10.15171/PS.2018.26

Caglar, K., Dokuyucu, R., Agturk, G., Tumer, C., Tutuk, O., Gocmen, H. D, ... & Gogebakan,
B. (2024). Effect of thymoquinone on transient receptor potential melastatin (TRPM)

channels in rats with liver ischemia reperfusion model in rats. lranian Journal of Basic
Medical Sciences, 27(3), 319. https://doi.org/10.22038/1JBMS.2023.71990.15647

El-Sayed, S. A. E. S., & Rizk, M. A. (2023). COVID-19 and thymoquinone: clinical benefits,
cure, and challenges. BioMed, 3(1), 59-76. https://doi.org/10.3390/biomed3010005

Elsharkawy, E. R., Abdallah, E. M., & Markb, A. A. (2021). Potential cytotoxic, antifungal,
and antioxidant activity of dithymoquinone and thymoquinone. Journal of Hunan
University Natural Sciences, 48(9).

Fatima Shad, K., Soubra, W., & Cordato, D. J. (2021). The role of thymoquinone, a major
constituent of Nigella sativa, in the treatment of inflammatory and infectious

diseases. Clinical and Experimental Pharmacology and Physiology, 48(11), 1445-
1453. https://doi.org/10.1111/1440-1681.13553

Ghahremani, N., & Mahmoudi, F. (2022). Effects of thymoquinone on hypothalamic NPY and
AgRP gene expression in intact and hypothyroidism-model rats. Journal of Advanced
Biomedical Sciences. https://doi.org/10.18502/jabs.v12i3.10716

Gharban, H. A., & Yousif, A. A. (2020). Serological, Clinical and Hematological prevalence
of Coxiella burnetii in Adult Cows, Iraq. Biochem. Cell. Arch, 20(1), 67-74

Gur, F. M., Timurkaan, S., Taskin, E., Guven, C., Gur, H. E., Senturk, M., ... & Tatyuz, L.
(2021). Thymoquinone improves testicular damage and sperm quality in
experimentally varicocele-induced adolescent rats. Andrologia, 53(5), e14033.
https://doi.org/10.1111/and.14033

Hafez, M. H., EzElarab, S. M., Tohamy, H. G., & El-Far, A. H. (2024). Thymoquinone
attenuates diabetes-induced hepatic damage in rat via regulation of oxidative/nitrosative

stress, apoptosis, and inflammatory cascade with molecular docking
approach. Scientific Reports, 14(1), 13016. https://doi.org/10.1038/s41598-024-62780-

y
Hassan, E., El-Neweshy, M., Hassan, M., & Noreldin, A. (2019). Thymoquinone attenuates
testicular and spermotoxicity following subchronic lead exposure in male rats: Possible

mechanisms are involved. Life sciences, 230, 132-140.
https://doi.org/10.1016/].1£5.2019.05.067

526
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0


https://doi.org/10.1080/13813455.2022.2134423
https://doi.org/10.3390/ijms18050919
https://doi.org/10.15171/PS.2018.26
https://doi.org/10.22038/IJBMS.2023.71990.15647
https://doi.org/10.3390/biomed3010005
https://doi.org/10.1111/1440-1681.13553
https://doi.org/10.18502/jabs.v12i3.10716
https://doi.org/10.1111/and.14033
https://doi.org/10.1038/s41598-024-62780-y
https://doi.org/10.1038/s41598-024-62780-y
https://doi.org/10.1016/j.lfs.2019.05.067

Isaev, N. K., Genrikhs, E. E., & Stelmashook, E. V. (2023). Antioxidant thymoquinone and its
potential in the treatment of neurological diseases. Antioxidants, 12(2), 433.
https://doi.org/10.3390/antiox 12020433

Karim, B., Arabameri, M., Alimoradi, F., Mansoori, R., Moghadamnia, A. A., Kazemi, S., &
Hosseini, S. M. (2024). Protective effect of thymoquinonenanoemulsion in reducing

the cardiotoxic effect of 5-fluorouracil in rats. Drug Development Research, 85(2),
€22171. https://doi.org/10.1002/ddr.22171

Khalil, W. A., Hassan, M. A., El-Harairy, M. A., & Abdelnour, S. A. (2023). Supplementation
of thymoquinone nanoparticles to semen extender boosts cryotolerance and fertilizing
ability of buffalo bull spermatozoa. Animals, 13(18), 2973.
https://doi.org/10.3390/ani13182973

Khan, S. Z., Subhani, G., Vaseem, A., Sadiq, N., & Mohsin, M. (2023). Experimental
evaluation of anti-ulcer potential of Nigella sativa oil in gastric ulcers in Albino
rats. Journal of Pre-Clinical and Clinical Research, 17(1).
https://doi.org/10.26444/jpccr/162337

Madani, F., Kazemi, S., Shiraftkan, F., Lotfi, M., Hosseini, S. M., & Moghadamnia, A. A.
(2023). Thymoquinone protects against 5-Fluorouracil-induced mucositis by NF-xf3
and HIF-1 mechanisms in mice. Journal of Biochemical and Molecular
Toxicology, 37(9), €23405. https://doi.org/10.1002/jbt.23405

Manoharan, N., Parasuraman, R., Jayamurali, D., Muthusamy, P., & Govindarajulu, S. (2024).
Role of Thymoquinone on sleep restriction and its mitigating effect on leptin-mediated
signaling pathway in rat brain. Molecular Biology Reports, 51(1), 769.
https://doi.org/10.1007/s11033-024-09699-9

Nouri, N., Mohammadi, S. R., Beardsley, J., Aslani, P., Ghaffarifar, F., Roudbary, M., &
Rodrigues, C. F. (2023). Thymoquinone antifungal activity against Candida glabrata
Oral isolates from patients in intensive care units—an in vitro study. Metabolites, 13(4),
580. https://doi.org/10.3390/metabo13040580

Nozad, A., Hanachi, P., & Mohebali, S. (2024). The Effects of Thymoquinone of Black Seed
Plant on Sperm Parameters, Hormones, and Oxidative Stress in Mice Poisoned by
Chlorpyrifos.

Qureshi, K. A., Imtiaz, M., Parvez, A., Rai, P. K., Jaremko, M., Emwas, A. H., ... & Fatmi, M.
Q. (2022). In vitro and in silico approaches for the evaluation of antimicrobial activity,
time-kill kinetics, and anti-biofilm potential of thymoquinone (2-Methyl-5-propan-2-
ylcyclohexa-2, 5-diene-1, 4-dione) against selected human
pathogens. Antibiotics, 11(1), 79. https://doi.org/10.3390/antibiotics11010079

Saha, P., Kumar, S., Datta, K., & Tyagi, R. K. (2021). Upsurge in autophagy, associated with
mifepristone-treated  polycystic ~ ovarian  condition, is  reversed upon
thymoquinonetreatment. The Journal of Steroid Biochemistry and Molecular
Biology, 208, 105823. https://doi.org/10.1016/j.jsbmb.2021.105823

Sayed, M. M., Hassanein, K. M., & Senosy, W. (2014). Protective effects of thymoquinone
and l-cysteine on cadmium-induced reproductive toxicity in rats. Toxicology
Reports, 1, 612-620. https://doi.org/10.1016/]j.toxrep.2014.08.001

527
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0


https://doi.org/10.3390/antiox12020433
https://doi.org/10.1002/ddr.22171
https://doi.org/10.3390/ani13182973
https://doi.org/10.26444/jpccr/162337
https://doi.org/10.1002/jbt.23405
https://doi.org/10.1007/s11033-024-09699-9
https://doi.org/10.3390/metabo13040580
https://doi.org/10.3390/antibiotics11010079
https://doi.org/10.1016/j.jsbmb.2021.105823
https://doi.org/10.1016/j.toxrep.2014.08.001

Shahrajabian, M. H., & Sun, W. (2024). Importance of thymoquinone, sulforaphane, phloretin,
and epigallocatechin and their health benefits. Letters in Drug Design and
Discovery, 21(2), 209-225. https://doi.org/10.2174/1570180819666220902115521

Shojaedini, M., Hemadi, M., Saki, G., Fakhredini, F., Khodayar, M. J., & Khorsandi, L. (2024).
Thymoquinone effects on autophagy, apoptosis, and oxidative stress in cisplatin-
induced testicular damage in mice. Journal of Assisted Reproduction and Genetics, 1-
11. https://doi.org/10.1007/s10815-024-03097-7

Soliman, A., Alkafafy, M., Hassan, F. W., Zakaria, M., Abduljabbar, M. H., Mohamed, K., &
Aboubakr, M. (2024). Investigating the Protective Role of L-carnitine and
Thymoquinone against Methotrexate-Induced Testicular Damage in Rats.

Tiwari, G., Gupta, M., Devhare, L. D., & Tiwari, R. (2024). Therapeutic and Phytochemical
Properties of Thymoquinone Derived from Nigella Sativa. Current Drug Research
Reviews  Formerly:  Current  Drug  Abuse  Reviews, 16(2), 145-156.
https://doi.org/10.2174/2589977515666230811092410

Wardani, G. (2024). Protective Effects of Thymoquinone on Endothelial Cell Dysfunction in
Hypercholesterolemia Giftania Wardanil. Journal of Basic Medical Veterinary, 13(1),
31-37.

Yaghutian Nezhad, L., Mohseni Kouchesfahani, H., Alaee, S., & Bakhtari, A. (2021).
Thymoquinone ameliorates bleomycin-induced reproductive toxicity in male Balb/c
mice. Human & Experimental Toxicology, 40(12_suppl), S611-S621.
https://doi.org/10.1177/09603271211048184

Yalcin, T., Kaya, S., Yigin, A., Agca, C. A., Ozdemir, D., Kuloglu, T., and Boydak, M. (2024).
The Effect of Thymoquinone on the TNF-o/OTULIN/NF-kB Axis Against Cisplatin-
Induced Testicular Tissue Damage. Reproductive Sciences, 1-14.
https://doi.org/10.1007/s43032-024-01567-y

Yildinim, A. B., Deger, N., Sayan, M., Akin, A., Ceylan, T., Kaymak, E., ... and Karabulut, D.
(2023). Investigation of the effect of thymoquinone on kidney damage in isoproterenol-
induced myocardial infarction in rats and cardiorenal interactions. Experimental and
Applied Medical Science, 4(2), 515-525. https://doi.org/10.46871/eams.1359212

528
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0


https://doi.org/10.2174/1570180819666220902115521
https://doi.org/10.1007/s10815-024-03097-7
https://doi.org/10.2174/2589977515666230811092410
https://doi.org/10.1177/09603271211048184
https://doi.org/10.1007/s43032-024-01567-y
https://doi.org/10.46871/eams.1359212

