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Introduction
Obesity is a pathophysiological state described by excess 

accumulation of body fat. It can be measured using Body Mass 
Index (BMI), which is expressed as kg/m2. A BMI of ≤ 30kg/m2 is 
considered obese.1,2 Obesity has been associated with increased risk 
of various health issues such as diabetes mellitus, hypertension, renal 
dysfunction, biochemical and hematological alterations.2,3

Several plants and fruits such as Camellia sinensis, cashew nut 
pawpaw, banana, pineapple, apple etc. have been essential in a 
balanced and healthy diet,2,4,5 and they can be beneficial for different 
pathophysiological conditions including obesity; since incorporating 
variety of fruits into diets can contribute to weight management and 
overall well-being.6,7 Banana; a popular and nutritious fruit reported 
to be beneficial for obesity, hematopoiesis and other biochemical 
activities is edible when ripened. Several ripening agents such 
as calcium carbide (CaC2), ethephon, were reported to be used for 
artificial ripening of fruits which in turn poses deleterious effect on 
the quality of the fruits and in turn affect the physiological system.8-10 

Despites the nutritional value of fruits, the impact of artificially 
ripened fruit on obesity-induced physiological alterations is not fully 
elucidated. Hence, this study was aimed at evaluating the impact of 
artificially and naturally ripened fruit on obesity-induced biochemical 
and hematological alterations.

Methodology
This study was performed in accordance to basic principles 

governing the use of laboratory animals. The animals were housed 
in tidy and cozy cages with alternating dark/light cycle and they 
had access to water and standard grower’s chow (Ladokun feed Ltd, 

Nigeria) ad libitum. Prior to experimentation, neonatal male Wistar 
rats gotten from animal house of Gregory University Uturu were 
group into five groups of 5 rats each;

Group 1 (control): 2ml normal saline

Group 2: obesity untreated; induced obesity with 4 g/kg of MSG and 
left untreated

Group 3: obesity treated with 500 mg/kg of metformin6

Group 4: obesity treated with 2ml of naturally ripened fruit

Group 5: obesity treated with 2ml of artificially (25g/kg of calcium 
carbide, CaC2) ripened fruit

The dose for metformin treatment was adopted,6 while the dose 
for CaC2 and methods of fruit ripening was adopted from.9,11 Obesity 
was induced using monosodium glutamate (MSG;12 the neonates were 
injected subcutaneously with 4 g/kg of MSG at days 2, 4, 6, 8, 10 and 
they were weaned at age 28days. Treatments as stated in experimental 
grouping were done orally at age 7 months for 28days.

After experimentation, blood samples were collected from the rats 
on anesthesia (sodium pentobarbital, 50mg/kg b.wt. i.p.) and used for 
biochemical and hematological assays. Biochemical parameters such 
as antioxidants (Malondialdehyde: MDA, Superoxide Dismutase: 
SOD, Catalase: CAT, Glutathione Peroxidase: GPx) was performed 
as described by,13 hepatic enzymes (Aspartate Aminotransferase: 
AST, Alanine Aminotransferase: ALT, Gamma-Glutamyl Transferase: 
GGT, Alkaline Phosphatase: ALP) as described by,14 Kidney function 
biomarkers (Urea, Creatine, K+, Na+, Cl-) as described by15 and 
hematological parameters (Red blood cell: RBC, Packed Cell Volume: 
PCV, Hemoglobin (Hb) concentration, White blood cell: WBC, WBC 
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Abstract

Aim: Comparative analysis of the impact of artificially and naturally ripened fruit on 
obesity-induced biochemical and hematological alterations was carried out.

Methodology: 4 g/kg of monosodium glutamate (MSG) was injected on neonates on day 
2, 4, 6, 8, 10 to induced experimental obesity. 25g/kg of calcium carbide, CaC2 was used 
to artificially ripen fruits and naturally ripened fruit was also prepared. At age 7 months, 
Wistar rats induced with obesity were treated with artificially and naturally ripened fruits 
in their various groups for 28 days. Biochemical and hematological parameters related to 
oxidative stress, liver, kidney and blood functions were assayed.

Results: MSG-induced obesity significantly altered the bio-chemicals (MDA, SOD, CAT, 
GPx, AST, ALT, GGT, ALP, Urea, Creatine, K+, Na+, Cl-) and hematological parameters 
(RBC, PCV, Hb, WBC, WBC differential count) suggesting obesity could predispose to 
oxidative stress, liver, kidney and blood dysfunction; furthermore, naturally ripened fruit 
was able to significantly mitigate the effects exerted by obesity while artificially ripened 
enhanced the effects. 

Conclusion: Fruit could be beneficial for obesity-induced biochemical and hematological 
alterations, but artificially ripened fruits could be deleterious to the stated condition. Hence, 
measures needs to be taken to ensure naturally ripened fruits are consumed since it can be 
beneficial to obesity-induced biochemical and hematological alterations as observed in this 
study.
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differential count) as described by11 Obesity was also ascertained 
using Lee index, body weight and size as described by16 Data obtained 
was statistically analyzed using GraphPad prism (v8); values were 
expressed as mean ± standard error of mean (SEM). ANOVA was 
performed between groups using Boneferroni post hoc comparison 
test and results were considered significance at P<0.05.

Results and discussion 
Studies reported that obesity induces biochemical and hematological 

alterations which is evidence in most pathophysiological conditions 
like renal impairment, cardiovascular impairment, liver damage, 
diabetes, hypertension etc.16-18 This study evaluated the biochemical 
and hematological responses in MSG-induced obesity treated with 
artificially (CaC2) and naturally ripened fruit (banana). Obesity index 
obtained showed it was significantly increased in Group 2 (obesity 
untreated) compared to treatment with metformin (Group 3) and 
naturally ripened fruit (Group 5) while there was non-significant 
impact of the artificially ripened fruit (Group 4) on obesity index when 
compared to obesity untreated and control (group 1), P<0.05 (Figure 
1) which suggests that naturally ripened fruit followed the beneficial 
input of metformin in obesity condition as it significantly decreased 

body weight and Lee index when compared to obesity untreated 
(Group 2) which is line with studies that reported modulatory role 
of fruits like banana etc. on obesity.19, 20 Artificially ripened fruit 
could not have any significant impact as it was ripened with calcium 
carbide which has been reported to compromise the nutritional quality 
of fruits21 which may have accounted for the inefficiency of the 
artificially ripened fruit observed.

MDA, SOD, CAT, GPx are biochemical indicators of oxidative 
stress22 as expressed when there is increase in MDA which is formed 
during lipid peroxidation and decrease in SOD, CAT, GPx which 
are antioxidants that help to combat oxidative stress.23 In this study 
experimental obesity significantly increased oxidative stress when 
comparing Group 2 (obesity untreated) to Group 1 (control) at P<0.05; 
Treatment with metformin and naturally ripened fruit respectively was 
able to mitigate the obesity induced oxidative stress while artificially 
ripened fruit escalated the oxidative stress significantly (P<0.05) 
(Figure 2). The observed beneficial impact of naturally ripened 
fruit was in line with the study that reports its input in ameliorating 
oxidative stress,24 while the escalating oxidative impact mediated 
by artificially ripened fruits could be as result of the ripening agent 
(CaC2) which has been reported to induce oxidative stress.25

Figure 1 Obesity index measured via body weight, nose-to-anus length and Lee index in MSG-induced obesity treated by artificially and naturally ripened 
fruit. **P<0.01, *P<0.05 compared to Group 1. ++P<0.01, +P<0.05 compared to Group 2. Group 1=control, Group 2=Obesity untreated, Group 3=obesity + 
metformin, Group 4= Obesity + naturally ripened fruit, Group 5=Obesity + artificially ripened fruit.
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Figure 2 Biochemical indicators of oxidative stress (MDA, SOD, CAT, and 
GPx) in MSG-induced obesity treated by artificially and naturally ripened fruit. 
**P<0.01, *P<0.05 compared to Group 1. ++P<0.01, +P<0.05 compared to 
Group 2. Group 1=control, Group 2=Obesity untreated, Group 3=obesity + 
metformin, Group 4= Obesity + naturally ripened fruit, Group 5=Obesity + 
artificially ripened fruit.

Hepatic enzymes such as AST, ALT, GGT, and ALP are 
biochemical used to evaluate liver function or damage, they are 
elevated when there is liver dysfunction/damage; they can also be 
used to assess damage to other body organs such as heart, bile duct, 
bone etc.14 In this study, MSG-induced obesity significantly elevated 
AST, ALT, ALP and non-significantly increased GGT when compared 
to control (P<0.05); artificially ripened fruit escalated the increased 
AST, ALT, ALP and GGT significantly which suggest that artificially 
ripened fruit could predispose to liver damage in obesity condition as 
CaC2 used to induced fruit ripening has been reported to induce liver 
damage.26 Furthermore naturally ripened fruit was able to significantly 
(P<0.05) counteract the impact of MSG-induced obesity on hepatic 
enzymes (Figure 3).

Figure 3 Hepatic enzymes (AST, ALT, GGT, and ALP) responses in MSG-
induced obesity treated by artificially and naturally ripened fruit. *P<0.05 
compared to Group 1. +P<0.05 compared to Group 2. Group 1=control, 
Group 2=Obesity untreated, Group 3=obesity + metformin, Group 4= 
Obesity + naturally ripened fruit, Group 5=Obesity + artificially ripened fruit.

Kidney function biomarkers (Urea, Creatine, K+, Na+, Cl-) are 
bio-chemicals use to evaluate physiological response of kidney 
which involves electrolyte balance, purification of blood and other 
homeostatic activities.27 Elevated levels of urea, creatine, K+, Na+, 
Cl- indicate kidney dysfunction; it was observed in this study that 
MSG-induced obesity significantly increased the levels of this kidney 
function biomarkers (Table 1) (P<0.05) which is in accordance to 
reports that obesity could predispose to kidney damage.15 Although 
naturally ripened fruit mitigated the impacts on kidney by significantly 
decreasing the levels of the biomarkers, artificially ripened fruit 
showed non-significant impact on obesity induced kidney dysfunction; 
but it was able to significantly increase the stated biomarkers when 
compared to control (P<0.05) (Table 1). This suggests that naturally 
ripened fruit could be beneficial to obesity-induced renal dysfunction 
while artificially ripened fruits could predispose to renal dysfunction.

Table 1 Responses of kidney function biomarkers (Urea, Creatine, K+, Na+, Cl-) in MSG-induced obesity treated by artificially and naturally ripened fruit

Groups Urea Creatine K+ Na+ Cl-

1 31.14 ± 1.96 0.30 ± 0.03 5.59 ±0.15 132.89 ± 2.21 97.16 ± 4.85

2 49.58 ± 2.81* 0.52 ± 0.04* 7.28 ±0.33* 150.82 ± 4.57* 110.55 ± 2.94*

3 31.84 ± 3.55+ 0.23 ± 0.02+ 5.47 ±0.56+ 130.16 ± 3.91+ 96.19 ± 5.88+

4 32.54 ± 3.37+ 0.31 ± 0.03+ 5.92 ±0.24+ 136.28 ± 2.27+ 98.00 ± 6.28+

5 50.32 ± 2.55* 0.59 ± 0.06* 7.24 ±0.32* 158.72 ± 5.80*+ 112.10 ± 4.64*

*P<0.05 compared to Group 1. +P<0.05 compared to Group 2.  Group 1 = control, Group 2 = Obesity untreated, Group 3 = obesity + metformin, Group 4 = 
Obesity + naturally ripened fruit, Group 5 = Obesity + artificially ripened fruit.

This study stated that MSG-induced obesity mediated 
hematological alteration by reducing RBC, PCV, Hemoglobin 
(Hb) concentration, WBC, WBC differential count (Table 2) which 
suggests that obesity could predispose to blood related diseases, 
altered body system protection and decreased inflammatory responses 
as the cellular components of blood (RBC, WBC, platelets etc.) know 
to perform this functions9,28 are deteriorated. Naturally ripened fruit 
ameliorated the impact mediated by obesity induced hematological 

alterations; furthermore artificially ripened fruit escalated the adverse 
impact exerted by the experimental obesity which is in accordance 
with reports suggesting that artificially ripened fruit can impair 
hematological variables via declined hematopoiesis while naturally 
ripened fruit enhances it8,9,11 which may have accounted for the impact 
of obesity on hematological parameters observed in this study (Table 
2).
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Table 2 Responses of hematological parameters (RBC, PCV, Hb, WBC, WBC differential count) in MSG-induced obesity treated by artificially and naturally 
ripened fruit

Groups 1 2 3 4 5

RBC x (106/μl) 5.77±0.28 2.69±0.23* 6.73±0.33+ 7.08±0.67*+ 1.84±0.31*

PCV (%) 35.95±1.64 19.91±2.16* 55.04±3.26*+ 66.79±8.06*+ 19.15±3.42*

Hb (g/l) 11.21±1.65 4.04±0.63* 13.85±0.75*+ 14.91±0.47*+ 9.04±5.70*

WBC x(105/μl) 1.94±0.15 1.18±0.13* 1.95±0.23+ 2.16±0.19+ 0.91±0.20*+

Lymphocytes x10 (%) 67.28±3.54 14.13±1.77* 75.93±5.38+ 87.32±3.00*+ 14.81±2.22*

Monocytes (%) 164.64±4.96 127.70±2.94* 177.92±7.06+ 167.28±11.89+ 58.51±15.91*+

Neutrophils x10 (%) 132.00±3.18 39.30±4.96* 133.10±14.56+ 140.30±26.01*+ 39.80±4.59*

Eosinophils (%) 14.38±1.21 1.42±0.48* 27.78±2.37*+ 23.02± 3.02*+ 5.60±1.75*+

*P<0.05 compared to Group 1. +P<0.05 compared to Group 2.  Group 1 = control, Group 2 = Obesity untreated, Group 3 = obesity + metformin, Group 4 = 
Obesity + naturally ripened fruit, Group 5 = Obesity + artificially ripened fruit.

In summary, comparative analysis of the impact of artificially 
and naturally ripened fruit on obesity-induced biochemical and 
hematological alterations suggest that naturally ripened fruits could 
be beneficial for obesity-induced biochemical and hematological 
alterations which predisposes to obesity induced renal dysfunction, 
oxidative stress, liver damage, anemia etc.; furthermore artificially 
ripened fruit could escalate the deleterious effect exhibited by MSG-
induced obesity. Hence, naturally ripened fruit is recommended 
for obesity and its associated pathophysiological conditions; while 
caution should be taken to avoid expose or ingestion of artificially 
ripened fruit. Fresh harvest is recommended as it can help cub and 
ensure non-exposure to artificially ripened fruits.

Conclusion
Naturally ripened fruit mitigated obesity-induced biochemical and 

hematological alterations, while artificially ripened fruits enhanced 
obesity-induced biochemical and hematological alterations forming 
basis for campaign against use of artificial methods like chemicals to 
ripen fruit as it can pose health hazard.

Acknowledgments
None.

Conflicts of interest
The authors declare no conflicts of interest.

References
1.	 Onwuka OM, Nwosu NC, Okerulu AL, et al. Aspects of morphogenetic 

traits associated with physiological coefficients related to incidence of 
obesity, hypertension, and diabetes mellitus. Innovare Journal of Life 
Sciences. 2023;11,(1):7–10.

2.	 Onwuka OM, Bonnie EN, Nwosu NC, et al. Decreased-ghrelin 
mechanism by camellia sinensis product mediated appetite suppression, 
weight modulation and leptin reduction. Biomedical Journal of Scientific 
& Technical Research. 2023;50(3):41714–41720. 

3.	 Azeez OH, Alkass SY, Persike DS. Long-term saccharin consumption 
and increased risk of obesity, diabetes, hepatic dysfunction, and renal 
impairment in rats. Medicina. 2019;55(10):681.

4.	 Saqib M, Anjum MA, Ali M, et al. Horticultural crops as affected by 
climate change. Building Climate Resilience in Agriculture: Theory, 
Practice and Future Perspective. 2022;95–109.

5.	 Ajuzie GC, Waxon NO, Onwuka OM. Herbal medicine usage in malaria 
treatment during pregnancy: practical matters and danger perception 
among pregnant women in Ahoada town of Nigeria. Journal of Disease 
and Global Health. 2022;15(23):14–20.

6.	 Onwuka OM, Okechukwu CL. Weight loss associated with reduced 
visceral fat deposition mediated via tea-induced alterations in adiponectin 
and insulin activities. Int J Clin Exp Physiol. 2022;9(1):37–40.

7.	 Nwosu NC, Onwuka OM. Cashew (Anarcadium occidentale) nut 
attenuates experimental model of nephrotoxicity induced by lead-
mediated lipid peroxidation and impaired histoarchitecture in kidney 
tissue. J Nutr Health Food Eng. 2023;13(1):6–9. 

8.	 Onwuka OM, Chamberlain VC. Calcium carbide ripened banana impair 
white blood cell profile by abating leukocyte promoting factors in rat 
model. European Journal of Biomedical. 2021;8(1):391–396. 

9.	 Onwuka OM, Olorunfemi OJ, Nwafor A. Leukocyte and thrombocyte 
deteriorating effect of calcium carbide exposed fruit on rats. International 
Journal of Research (IJR). 2021;8(10):206–215.

10.	 Septembre-Malaterre A, Stanislas G, Douraguia E, et al. Evaluation 
of nutritional and antioxidant properties of the tropical fruits banana, 
litchi, mango, papaya, passion fruit and pineapple cultivated in Réunion 
French Island. Food Chemistry. 2016;212:225–233.

11.	 Onwuka OM, Okerulu AL, Nwosu NC. Administration of chemically 
ripened banana (Musa acuminate) juice to male Wistar rats depletes blood 
cells via impaired hematopoiesis. Bio-Research. 2022;20(2):1552–1559. 

12.	 del Carmen Contini M, Millen N, Riera L, et al. Kidney and liver 
functions and stress oxidative markers of monosodium glutamate-
induced obese rats. Food and Public Health. 2012;2(5):168–177.

13.	 Onwuka OM, Nzor JN, Nwosu NB. Zinc supplement alleviates redox 
alterations mediated by doxorubicin-induced testicular oxidative stress. 
J Bacteriol Mycol Open Access. 2023;11(2):100–102. 

14.	 Okerulu AL, Onwuka OM, Ajuzie GC. Hepatic enzymatic activities of 
Di-herbal aqueous extract of Ocimum Gratissimum and Gongronema 
Latifolium on liver dysfunction in experimental hyperglycemic rats. 
Journal of International Research in Medical and Pharmaceutical 
Sciences. 2023;18(2):13–22.

15.	 Gelen V, Şengül E, Gedikli S, et al. Therapeutic effect of quercetin on 
renal function and tissue damage in the obesity induced rats. Biomedicine 
& Pharmacotherapy. 2017;89:524–528.

16.	 Hernández-Bautista RJ, Alarcón-Aguilar FJ, Escobar-Villanueva MDC, 
et al. Biochemical alterations during the obese-aging process in female 
and male monosodium glutamate (MSG)-treated mice. International 
Journal of Molecular Sciences. 2014;15(7):11473–11494.

17.	 Gao L, Hu Y, Hu D, et al. Anti-obesity activity of gold nanoparticles 
synthesized from Salacia chinensis modulates the biochemical 
alterations in high-fat diet-induced obese rat model via AMPK signaling 
pathway. Arabian Journal of Chemistry. 2020;13(8):6589–6597.

18.	 Pini M, Rhodes DH, Fantuzzi G. Hematological and acute-phase 
responses to diet-induced obesity in IL-6 KO mice. Cytokine. 
2011;56(3):708–716. 

https://doi.org/10.15406/ghoa.2023.14.00564
https://journals.innovareacademics.in/index.php/ijls/article/view/48394
https://journals.innovareacademics.in/index.php/ijls/article/view/48394
https://journals.innovareacademics.in/index.php/ijls/article/view/48394
https://journals.innovareacademics.in/index.php/ijls/article/view/48394
https://biomedres.us/pdfs/BJSTR.MS.ID.007963.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.007963.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.007963.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.007963.pdf
https://pubmed.ncbi.nlm.nih.gov/31601053/
https://pubmed.ncbi.nlm.nih.gov/31601053/
https://pubmed.ncbi.nlm.nih.gov/31601053/
https://link.springer.com/chapter/10.1007/978-3-030-79408-8_7
https://link.springer.com/chapter/10.1007/978-3-030-79408-8_7
https://link.springer.com/chapter/10.1007/978-3-030-79408-8_7
https://ikppress.org/index.php/JODAGH/article/view/7892
https://ikppress.org/index.php/JODAGH/article/view/7892
https://ikppress.org/index.php/JODAGH/article/view/7892
https://ikppress.org/index.php/JODAGH/article/view/7892
https://www.ijcep.org/index.php/ijcep/article/view/647
https://www.ijcep.org/index.php/ijcep/article/view/647
https://www.ijcep.org/index.php/ijcep/article/view/647
https://medcraveonline.com/JNHFE/JNHFE-13-00364.pdf
https://medcraveonline.com/JNHFE/JNHFE-13-00364.pdf
https://medcraveonline.com/JNHFE/JNHFE-13-00364.pdf
https://medcraveonline.com/JNHFE/JNHFE-13-00364.pdf
https://ijrjournal.com/index.php/ijr/article/view/227/195
https://ijrjournal.com/index.php/ijr/article/view/227/195
https://ijrjournal.com/index.php/ijr/article/view/227/195
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://pubmed.ncbi.nlm.nih.gov/27374527/
https://www.ajol.info/index.php/br/article/view/226501
https://www.ajol.info/index.php/br/article/view/226501
https://www.ajol.info/index.php/br/article/view/226501
http://article.sapub.org/10.5923.j.fph.20120205.08.html
http://article.sapub.org/10.5923.j.fph.20120205.08.html
http://article.sapub.org/10.5923.j.fph.20120205.08.html
https://medcraveonline.com/JBMOA/JBMOA-11-00352.pdf
https://medcraveonline.com/JBMOA/JBMOA-11-00352.pdf
https://medcraveonline.com/JBMOA/JBMOA-11-00352.pdf
https://www.ikppress.org/index.php/JIRMEPS/article/view/8258
https://www.ikppress.org/index.php/JIRMEPS/article/view/8258
https://www.ikppress.org/index.php/JIRMEPS/article/view/8258
https://www.ikppress.org/index.php/JIRMEPS/article/view/8258
https://www.ikppress.org/index.php/JIRMEPS/article/view/8258
https://pubmed.ncbi.nlm.nih.gov/28254664/
https://pubmed.ncbi.nlm.nih.gov/28254664/
https://pubmed.ncbi.nlm.nih.gov/28254664/
https://pubmed.ncbi.nlm.nih.gov/24979131/
https://pubmed.ncbi.nlm.nih.gov/24979131/
https://pubmed.ncbi.nlm.nih.gov/24979131/
https://pubmed.ncbi.nlm.nih.gov/24979131/
https://pubmed.ncbi.nlm.nih.gov/21996012/
https://pubmed.ncbi.nlm.nih.gov/21996012/
https://pubmed.ncbi.nlm.nih.gov/21996012/


Comparative analysis of the impact of artificially and naturally ripened fruit on obesity-induced 
biochemical and hematological alterations

179
Copyright:

©2023 Onwuka et al.

Citation: Onwuka OM, Nkpurukwe CI, Osuji AC. Comparative analysis of the impact of artificially and naturally ripened fruit on obesity-induced biochemical 
and hematological alterations. Gastroenterol Hepatol Open Access. 2023;14(6):175‒179. DOI: 10.15406/ghoa.2023.14.00564

19.	 Tijjani H, Banbilbwa Joel E, Luka CD. Modulatory effects of some Fruit 
juices on lipid profile in rats fed with high lipid diet. Asian Journal of 
Biochemistry, Genetics and Molecular Biology. 2020;3(2):1–8.

20.	 Wei G, Ye Y, Yan X, et al. Effect of banana pulp dietary fibers on 
metabolic syndrome and gut microbiota diversity in high-fat diet mice. 
Journal of Food Biochemistry. 2020;44(9):e13362.

21.	 Sogo-Temi CM, Idowu OA, Idowu E. Effect of biological and 
chemical ripening agents on the nutritional and metal composition of 
banana (Musa spp). Journal of Applied Sciences and Environmental 
Management. 2014;18(2):243–246. 

22.	 Onwuka OM, Nkpurukwe CI, Ajuzie GC. De Novo Gastric acid 
secretion mediated by dietary acrylamide induced oxidative stress in 
stomach tissue of experimental rats. European Journal of Nutrition and 
Food safety. 2022;14(10):99–104.

23.	 Ige AO, Onwuka OM, Emediong IE, et al. Oral administration of 
acrylamide compromises gastric mucosal integrity in Wistar rats. 
Journal of African Association of Physiological Sciences. 2019;7(1). 

24.	 Oyeyinka BO, Afolayan AJ. Potentials of Musa species fruits against 
oxidative stress-induced and diet-linked chronic diseases: In vitro and 
in vivo implications of micronutritional factors and dietary secondary 
metabolite compounds. Molecules. 2020;25(21):5036.

25.	 Ouma PA, Mwaeni VK, Amwayi PW, et al. Calcium carbide–induced 
derangement of hematopoiesis and organ toxicity ameliorated by 
cyanocobalamin in a mouse model. Laboratory Animal Research. 
2022;38(1):26. 

26.	 Lawaly MM. Effects of Calcium carbide used as a fruit-ripening agent 
on fruit toxicity. European Journal of Nutrition and Food Safety. 
2022;14(10):64–76. 

27.	 Okerulu AL, Onwuka OM. Therapeutic input of melatonin on 
nephrotoxicity. International Journal of Pharma Research and Health 
Sciences. 2022;10(4):3449–3454. 

28.	 Okerulu AL, Onwuka OM. Macrocytic anemia induced via oral 
administration of toxic dose of acetaminophen. GSC Biological and 
Pharmaceutical Sciences. 2022;19(1):178–184.

https://doi.org/10.15406/ghoa.2023.14.00564
https://pubmed.ncbi.nlm.nih.gov/32662541/
https://pubmed.ncbi.nlm.nih.gov/32662541/
https://pubmed.ncbi.nlm.nih.gov/32662541/
http://www.bioline.org.br/pdf?ja14034
http://www.bioline.org.br/pdf?ja14034
http://www.bioline.org.br/pdf?ja14034
http://www.bioline.org.br/pdf?ja14034
https://journalejnfs.com/index.php/EJNFS/article/view/1259
https://journalejnfs.com/index.php/EJNFS/article/view/1259
https://journalejnfs.com/index.php/EJNFS/article/view/1259
https://journalejnfs.com/index.php/EJNFS/article/view/1259
https://www.ajol.info/index.php/jaaps/article/view/188775
https://www.ajol.info/index.php/jaaps/article/view/188775
https://www.ajol.info/index.php/jaaps/article/view/188775
https://pubmed.ncbi.nlm.nih.gov/33142997/
https://pubmed.ncbi.nlm.nih.gov/33142997/
https://pubmed.ncbi.nlm.nih.gov/33142997/
https://pubmed.ncbi.nlm.nih.gov/33142997/
https://pubmed.ncbi.nlm.nih.gov/35962424/
https://pubmed.ncbi.nlm.nih.gov/35962424/
https://pubmed.ncbi.nlm.nih.gov/35962424/
https://pubmed.ncbi.nlm.nih.gov/35962424/
https://gsconlinepress.com/journals/gscbps/content/macrocytic-anemia-induced-oral-administration-toxic-dose-acetaminophen
https://gsconlinepress.com/journals/gscbps/content/macrocytic-anemia-induced-oral-administration-toxic-dose-acetaminophen
https://gsconlinepress.com/journals/gscbps/content/macrocytic-anemia-induced-oral-administration-toxic-dose-acetaminophen

	Title
	Abstract
	Introduction
	Methodology
	Results and discussion  
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

