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Abstract: Background to the study: The common methods of processing carbohydrate based foods require exposure to
high temperatures which often results in the formation of a toxicant called acrylamide. The aim of the present study is to
determine the effect of black pepper on the oxidative stress markers of wistar rats exposed to acrylamide. Methodology:
The study involved 20 male wistar rats separated into 4 groups of 5 rats each as follows; Group 1 served as control. Animals
in groups 2, 3 and 4 respectively received a daily oral dose of 30mg/kg of Acrylamide (ACR) throughout the experiment.
Group 2 remained untreated (ACR only). Animals in groups 3 and 4 received in addition, 50mg/kg/day of black pepper
and 150mg/kg/day of vitamin E respectively. All treatments were given orally for 14 days and thereafter animals were
sacrificed and blood samples collected to determine the concentrations of oxidative stress markers in the blood using
standard methods. Results: Our results showed that daily oral administration of ACR caused significant reduction in the
plasma concentrations of GSH, GPx and catalase but no significant changes in the SOD and MDA levels. However,
concomitant administration of black pepper mitigated the ACR induced depletion of GPx and catalase in a similar fashion
with vitamin E but caused no significant changes in the GSH, SOD and MDA. Conclusion: Conclusively, black pepper
exerts its antioxidant effects on ACR induced toxicity by improving GPx and catalase levels but not GSH, SOD and MDA.
Aside from GSH levels, the antioxidant potentials of black pepper in our study showed a similar pattern as vitamin E.
Keywords: Black pepper, Oxidative stress, acrylamide-induced toxicity, wistar rats.

INTRODUCTION oxidants and antioxidants. Antioxidants play a pivotal
role in disease prevention by preventing the formation of

The palatability of most foods consumed in free radicals and by implication reduces cellular damage.

most modern restaurants depends largely on the method
of processing including; frying, roasting and baking.
These methods mainly involve exposure of the processed
food to higher thermal heating (Lingnert et al., 2002; Pan
et al., 2020; Rifai & Saleh, 2020; Timmermann et al,
2021; Alefe, 2024) with resultant formation of a
biochemical compound known as acrylamide (Zhang et
al.,, 2021; Yan et al, 2023; Adimas et al., 2024). The
incidence of acrylamide in foods processed by higher
temperatures was first noted by the food administration
agency in Sweden (SNFA) in 2002 (Ferrer-Aguirre et al,
2016). Several studies have linked the consumption of
acrylamide contaminated food with toxicit_y to vital intestinal motility and antioxidant effects (Hervert-
organs (Z_hang et al., 2021 Zhe_ng & Xiao, 292_2; Hernandez et al., 2010; Ludy et al., 2012; Charles et al.,
_Govmo!araju etal, 2024)._Acrylamlde-lnduced foxicity 2024; Emmanuel et al., 2025; Obia & Emmanuel, 2025).
is mediated by cellular oxidative stress (Sharafi-Rad et The present study will determine the impact of black

al, 20.20; Banp et al,_ 2022). The op'gimal health of an pepper on acrylamide-induced toxicity in wistar rats.
organism requires maintenance of a fair balance between

Most of the thermally processed foods are
usually garnished with pepper such that in any popular
Nigerian restaurant, foods like peppered beef, fish,
roasted chicken and gizzard, roasted yam, roasted
plantain and potatoes abound. This is to buttress the fact
that pepper is almost always found in these thermally
processed foods especially in a typical Nigerian dish.
Black pepper is the commonest variety of pepper spice
used in these fried, roasted or baked foods. Some of the
nutritional benefits of pepper has been studied including;
lipid lowering potential, organo-protective, enhanced
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MATERIALS AND METHODS

This study was carried out in the department of
Human Physiology, Faculty of Basic Medical Sciences,
Rivers State University with ethical approval number:
RSU/FBMS/REC/24/104. The experiment involved 20
male wistar rats separated into 4 groups of 5 rats each
which were acclimatized for a period of two weeks being
provided with standard animal chow and water ad
libitum. Acrylamide was procured from a chemical shop
(Joechem ventures) while black pepper was purchased
from the mile 3 market in Port Harcourt and processed
according to the method described by Charles et al.,
2024. The groups include; Group 1 which served as
control and received distilled water and animal chow
throughout the period of the experiment. A daily oral
dose of 30mg/kg of Acrylamide was respectively used to
induce toxicity (Shler et al., 2015) in Groups 2, 3 and 4.
Group 2 remained untreated (Acrylamide only). Group 3

received in addition, 50mg/kg/day of black pepper while
Group 4 received in addition, 150mg/kg of vitamin E
(Ebuehi et al., 2012). All treatment were given orally for
14 days and thereafter animals were sacrificed and blood
samples collected to determine the concentrations of
oxidative stress markers in the blood. All the parameters
were determined using standard methods and values
recorded.

Data were analyzed using SPSS vs 23 and
presented in Tables. Continuous variables were
expressed as mean + SEM. The differences between each
group were analyzed using paired sample t-test and
ANOVA. Values of p< 0.05 were considered significant
with a confidence level of 95%.

RESULTS

Table 1: Effect of black pepper on oxidative stress markers in acrylamide-induced toxicity in male wistar rats

GROUP GSH GPx CAT SOD MDA
(mg/dI) (U (un) (U (mg/dl)
Control 2282011 |0.06+0.00 |3.90+0.17 | 0.33%0.02 | 0.48 + 0.02
ACR Only 1.78 £ 0.05° | 0.04 % 0.00% | 2.06 + 0.31% | 0.26 + 0.04 | 0.50 % 0.02
ACR + Black Pepper | 2.12+ 0.17 | 0.06 £ 0.00° | 3.73+0.46° | 0.46 % 0.22 | 0.50 + 0.03
ACR + Vitamin E | 2.18 + 0.08” | 0.06 £ 0.00° | 3.79 £ 0.20° | 0.30 % 0.04 | 0.49 + 0.04

Values are expressed as Mean £ SEM (n = 5);
2 Significantly different when compared to group 1 (control).

b Significantly different when compared to group 2 (acrylamide only).

DISCUSSION

Antioxidants are substances which mop up free
radicals or other unstable molecules. These free radicals
are capable of causing cellular injury and are implicated
in various human diseases (Halliwell, 2007; Sies, 2015).
Antioxidant enzymes protect major molecules, such as
lipids, proteins, and DNA from oxidative damage by
inactivating oxidants. These antioxidant enzymes can act
in a coordinated way to protect living tissues from
oxidative damage (Khan et al, 2011). A wide range of
plant-based foods; fruits, vegetables, nuts and seeds
possess abundant antioxidants (Serafini & Peluso, 2016;
Obia & Auquo, 2018; Maleki et al., 2019) including
vitamin C, vitamin E, and polyphenols such as
flavonoids, phenolic acid and carotenoids. Glutathione
(GSH) is a non-enzymatic antioxidant that neutralizes
reactive oxygen species (ROS) and maintains cellular
redox homeostasis. The present study showed that
acrylamide (ACR) significantly depleted GSH levels (P
< 0.05). This is so because acrylamide is known to
induce oxidative stress by increasing the utilization of
GSH, thus depleting its circulatory levels. ACR also
inhibits the enzyme, glutathione synthetase which is
essential for the production of GSH (Klaunig et al.,
2010). Our findings on the effect of ACR on GSH levels
agree with other studies which informed the use of ACR
to induce oxidative stress in animal studies (Rifai &
Saleh, 2020; Zhang et al., 2023).

Administration of black pepper did not show
any significant change in the GSH levels of ACR treated
rats. In a previous study, the main component of black
pepper (piperine) enhanced glutathione synthetase
activity (Vijayakumar et al., 2004) with the expected
outcome of increasing GSH levels. In our study, GSH
levels improved significantly upon treatment with a
known antioxidant (vitamin E). In our study,
administration of ACR caused significant reduction in
the plasma levels of GSH, glutathione peroxidase (GPx)
and catalase compared to the control group. Oral
administration of black pepper caused a significant rise
in the GPx and catalase levels compared to the ACR only
group in a similar manner as vitamin E. The findings
suggest that supplementation with black pepper and
vitamin E respectively mitigated the ACR-induced GPx
and catalase depletion. ACR did not affect the plasma
concentrations of both supra-oxide dismutase (SOD) and
malondialdehyde (MDA) in our study. Again,
administration of black pepper had no significant effect
on both SOD and MDA levels.

Conclusively, black pepper exerts its
antioxidant effects on ACR induced toxicity by
improving the GSH and catalase levels but not GPx,
SOD and MDA. Asides GSH levels, the antioxidant
potentials of black pepper in our study showed a similar
pattern as vitamin E.

Published By East African Scholars Publisher, Kenya

29



Onyebuchi Obia et al, Cross Current Int J Med Biosci, Mar-Apr, 2025; 7(2): 28-31.

REFERENCES

Adimas, M. A., Abera, B. D., Adimas, Z. T,
Woldemariam, H. W., & Delele, M. A. (2024).
Traditional food processing and Acrylamide
formation: A review. Heliyon, 10(9), e30258.
https://doi.org/10.1016/j.heliyon.2024.e30258
Alefe, M., Abera, B. D., & Delele, M. A. (2024).
The Ethiopian snack food (‘Kolo’): Existing
knowledge and research directions on processing
practices, quality and consumption. Heliyon, 10(7).
Banc, R., Popa, D.S., Cozma-Perut, A., Filip, L.,
Kiss, B., Farcas, A., Nagy A. Miere, D., Loghin, F.
(2022): Protective Effects of Wine Polyphenols an
Oxidative Stress and Hepatotoxicity Included by
Acrylamide in Rats. Antioxidants 11 (1),1347.
https://doi.org/10.3390/antix1171347

Charles, C., Obia, O., Emmanuel, F. D., Ogba, A.,
& Ojeka, S. O. (2024). Effects of red, green, and
black pepper on intestinal motility and post-
prandialbicarbonate concentration in guinea pigs.
EAS Journal of Nutrition and Food Sciences, 6(4),
125-129

Ebuehi, O. A. T., Ogedegbe, R. A. and Ebuehi. O.
M. (2012). Oral administration of vitamin C and
Vitamin E ameliorates lead-induced hepatotoxicity
and oxidative stress in rat brain. Nig Q J Hosp Med.
22(2), 85-90. PMID: 23175903.

Emmanuel, F. D., Obia, O., Charles, C., Okari, K.
A., Otto, J. B., Reuben, E., & Onyeso, G. (2025).
Comparative Assessment of Red, Green and
Blackpepper species on Plasma and Fecal Lipid
Profile of High-fat diet fed wistar rats. International
Journal of Biochemistry Research & Review, 34(1),
153-163

Ferrer-Aguirre, A., Romero-Gonzalez, R., Vidal, J.
L. M & French A.G. (2016): simple and Fast
Determination of Acrylamide and Metabolites in
Potato Chips and Grilled Asparagus by Liquid
Chromatography coupled to Mass Spectrometry.
Food Anal. Methods 9 (1), 1237-1245. doi:
10.1007/s 12161-015-0304-6

Govindaraju, 1., Sana, M., Chakraborty, I., Rahman,
M. H., Biswas, R., & Mazumder, N. (2024). Dietary
Acrylamide: A Detailed Review on Formation,
Detection, Mitigation, and Its Health Impacts. Foods
(Basel, Switzerland), 13(4), 556.
https://doi.org/10.3390/foods13040556

Halliwell, B. (2007). Oxidative stress and
inflammation: A joint statement. Biochemical
Society Transactions, 35(5), 1144-1146.
Hervert-Herndndez, D., Sayago-Ayerdi, S. G.,
&Gofii, I. (2010). Bioactive Compounds of Four Hot
Pepper  Varieties (Capsicum annuum L.),
Antioxidant Capacity and Intestinal
Bioaccessibility. Journal of Agricultural and Food
Chemistry, 58(6), 3399-3406.

Khan, M.R.; Afzaal, M.; Saeed, N.; Shabbir, M.
(2011). Protective Potential of Methanol Extract of
Digera Muricata on  Acrylamide Induced

Hepatotoxicity in Rats. African J. Biotechnol. 10 (2),
8456-8464.

Klaunig, J. E., Kamendulis, L. M., & Hocevar, B. A.
(2010). Oxidative stress and oxidative damage in
carcinogenesis. Toxicologic pathology, 38(1), 96—
109. https://doi.org/10.1177/0192623309356453
Lingnert, H., Grivas, S., Jagerstad, M., Skog, K.,
Tornqvist, M., & Aman, P. (2002). Acrylamide in
food: mechanisms of formation and influencing
factors during heating of foods. Scandinavian
journal of nutrition, 46(4), 159-172.

Ludy, M. J., Moore, G. E., & Mattes, R. D. (2012).
The effects of capsaicin and capsiate on energy
balance: critical review and meta-analyses of studies
in humans. Chemical senses, 37(2), 103-121
Maleki, S. J., Crespo, J. F., & Cabanillas, B. (2019).
Anti-inflammatory effects of flavonoids. Food
chemistry, 299, 125124,
https://doi.org/10.1016/j.foodchem.2019.125124
Pan, M., Liu, K., Yang, J., Hong, L., Xie, X., &
Wang, S. (2020). Review of Research into the
determination of acrylamide in foods. Foods, 9(4),
524.

Rifai, L., & Saleh, F. A. (2020). A review on
acrylamide in food: Occurrence, toxicity, and
mitigation  strategies. International journal of
toxicology, 39(2), 93-102.

Serafini, M., & Peluso, I. (2016). Functional Foods
for Health: The Interrelated Antioxidant and Anti-
Inflammatory Role of Fruits, Vegetables, Herbs,
Spices and Cocoa in Humans. Current
pharmaceutical  design, 22(44), 6701-6715.
https://doi.org/10.2174/1381612823666161123094
235

Sharifi-Rad, M., Anil Kumar, N. V., Zucca, P.,
Varoni, E. M., Dini, L., Panzarini, E., Rajkovic, J.,
Tsouh Fokou, P. V., Azzini, E., Peluso, I., Prakash
Mishra, A., Nigam, M., El Rayess, Y., Beyrouthy,
M. E., Polito, L., Iriti, M., Martins, N., Martorell,
M., Docea, A. O., Setzer, W. N., ... Sharifi-Rad, J.
(2020).  Lifestyle, Oxidative  Stress, and
Antioxidants: Back and Forth in the
Pathophysiology of Chronic Diseases. Frontiers in
physiology, 11, 694.
https://doi.org/10.3389/fphys.2020.00694

Shler, A.F. Mahmood., Kawa, A.M. Amin., and
Shilan F.M. Salih (2015). Effect of Acrylamide on
Liver and Kidneys in Albino Wistar Rats.
International Journal of Current Microbiology and
Applied Sciences 4(5), 434-44.

Sies, H., & Jones, D. P., (2020). Oxidative Stress: A
Concept in Redox Biology and Medicine, Redox
Biology, 23, 101-112.

Timmermann, C. A. G., Maglck, S. S,
Kadawathagedara, M., Bjerregaard, A. A,
Tornqgvist, M., Brantsater, A. L., & Pedersen, M.
(2021). A Review of Dietary Intake of Acrylamide
in Humans. Toxics, 9(7), 155.
https://doi.org/10.3390/toxics9070155

Published By East African Scholars Publisher, Kenya

30



Onyebuchi Obia et al, Cross Current Int J Med Biosci, Mar-Apr, 2025; 7(2): 28-31.

Vijayakumar, R. S., Surya, D., & Nalini, N. (2004).
Antioxidant efficacy of black pepper (Piper nigrum
L.) and piperine in rats with high fat diet induced
oxidative stress. Redox report : communications in
free  radical  research, 9(2), 105-110.
https://doi.org/10.1179/135100004225004742

Yan, F., Wang, L., Zhao, L., Wang, C., Lu, Q., &
Liu, R. (2023). Acrylamide in food: Occurrence,
metabolism, molecular toxicity mechanism and
detoxification by phytochemicals. Food and
chemical toxicology : an international journal
published for the British Industrial Biological
Research Association, 175, 113696.

Zhang, N. N., Zhou, Q., Fan, D. M., Xiao, J., Zhao,
Y. L., Cheng, K. W, et al (2021). Novel roles of

hydrocolloids in foods: Inhibition of toxic maillard
reaction products formation and attenuation of their
harmful effects. Trends in Food Science and
Technology. 111:706-715.

Zhang, L., Yang, L., Luo, Y., Dong, L., & Chen, F.
(2023). Acrylamide-Induced Hepatotoxicity
Through Oxidative Stress: Mechanisms and
Interventions. Antioxidants & redox signaling,
38(16-18), 1122-1137.
https://doi.org/10.1089/ars.2022.0055

Zheng, J., & Xiao, H. (2022). Editorial: The Effects
of Food Processing on Food Components and Their
Health Functions. Frontiers in nutrition, 9, 837956.
https://doi.org/10.3389/fnut.2022.837956

Published By East African Scholars Publisher, Kenya

31



