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ABSTRACT 

Diabetes mellitus presents a significant risk factor for the development 

of pancreatic injuries and is associated with both acute and chronic 

pancreatitis. This study investigated the effects of methanolic seed 

extract of Manihot esculenta (MSME) on body weight and pancreatic 

tissue in diabetic rats induced with alloxan monohydrate (AMH). Eight 

groups of seven animals each were assigned as follows: Group A 

received only distilled water and laboratory chow, Groups B and C 

received 100 mg/kg and 1000 mg/kg of MSME respectively for 3 

weeks, Group D received a single dose of 120 mg/kg of AMH 

intraperitoneally, Groups E and F received AMH followed by 

immediate treatment with 100 mg/kg and 1000 mg/kg of MSME 

respectively for 3 weeks, Group G received MSME for 2 weeks 

followed by AMH induction. Thereafter, the animals were sacrificed 

after mild anesthesia and pancreas was harvested for histopathological  

studies. Data was analyzed using SPSS version 25 and results were expressed in mean ± 

SEM. Body weight and relative organ weight were analyzed using paired Sample T-test and 

One-way ANOVA (post Hoc LSD) respectively. Values were considered significant at P ≤ 

0.05. Results indicated a significant increase in body weight in MSME-treated groups, 

particularly in Group F. Pancreatic tissue analysis revealed tissue regeneration and healing in 

MSME-treated groups, indicative of potential therapeutic effects on diabetes-related 

complications. These findings support the potential utility of MSME in managing diabetes 

and its associated complications. Further research is warranted to elucidate the underlying 

mechanisms and optimize treatment regimens. 
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INTRODUCTION  

Diabetes mellitus (DM) stands as one of the prevailing non-communicable diseases 

worldwide, according to the International Diabetes Federation (2015), Kaviarasan et al., 

(2010) and Rawal et al., 2017. Its impact is profound, ranking as the fifth leading cause of 

mortality in both developed and developing nations (Ezeigbo, 2010; Anjana et al., 2018). 

Given its escalating prevalence, DM has been deemed a global crisis of the 21st century. In 

Africa, the burden is significant, with 14.2 million individuals diagnosed (prevalence of 

3.8%) in 2015, a figure projected to soar to 34.2 million (prevalence of 4.2%) by 2040 (IDF, 

2015; BelloOvosi et al., 2018). DM manifests as a chronic metabolic disorder marked by 

persistent hyperglycemia and disruption of carbohydrate, fat, and protein metabolism due to 

deficiencies in insulin secretion and/or action. Its ramifications are far-reaching, causing 

enduring harm to vital organs such as the eyes, kidneys, nerves, heart, and vasculature 

(American Diabetes Association, 2014; Dilworth et al., 2021). The classification of DM 

hinges on its etiology, dividing into Type-1 and Type-2. Type-1, also known as Insulin-

Dependent Diabetes Mellitus (IDDM), stems from autoimmune destruction of insulin-

producing β-cells within the pancreas (Bhat, 2010; Yau et al., 2021). Conversely, Type-2 

Diabetes Mellitus (T2DM) or Non-Insulin Dependent Diabetes Mellitus (NIDDM) is a 

complex, progressive syndrome accounting for over 90% of all diabetes cases. Its spectrum 

ranges from insulin resistance with relative insulin deficiency to impaired insulin secretion 

(American Diabetes Association, 2014; Biswas et al., 2010; Galicia-Garcia et al., 2020). 

 

Alloxan, scientifically termed as 5, 5-dihydroxyl pyrimidine-2, 4, 6-trione, is an organic 

compound belonging to the urea derivative class, known for its carcinogenic nature and 

cytotoxic effects (Lenzen, 2008; AbdRashed and Rathi, 2021). Frequently utilized in 

experimental settings, alloxan serves as a common diabetogenic agent to evaluate the 

antidiabetic properties of both isolated compounds and botanical extracts (Osasenagaga et al., 

2017; Sierra-Campos et al., 2020). Alloxan-induced diabetes represents a type of insulin-

dependent diabetes mellitus, induced through the administration or injection of alloxan in 

animal subjects (Dunn and McLetchie, 1943; Gomori and Goldner, 1945; Osasenagaga et al., 

2017). Its diabetogenic mechanism primarily involves selective uptake by pancreatic beta 

cells, leading to their subsequent accumulation (Szkudelski, 2001; Osasenagaga et al., 2017). 
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Cassava, scientifically known as Manihot esculenta, has its origins rooted in Latin America, 

where indigenous communities have cultivated it for over four millennia (Akinpelu et al., 

2011). Nigeria stands as the leading global producer of cassava, yielding an impressive 45 

million metric tonnes, and boasts the most advanced cassava transformation industry on the 

African continent (FAO, 2008; Egesi et al., 2006). The cassava plant bears small seeds within 

capsules, akin in appearance and size to those of Castor oil (Ricinus communis), which burst 

open upon maturity to release the minute seeds (FAO, 2008). 

 

Despite the wealth of research focused on various aspects of Manihot esculenta, particularly 

its leaves and roots, there exists a notable gap in literature concerning its seeds. Nevertheless, 

within local Nigerian communities, cassava seed oil finds utility in addressing infections 

caused by opportunistic skin pathogens such as Staphylococcus aureus, Propionibacterium 

acnes, Piiyrosporum ovale, and Candida albicans (Popoola and Yangomodou, 2006). This 

study endeavors to explore the potential antidiabetic properties of Manihot esculenta, an 

aspect of the cassava plant that has received relatively little attention, thereby presenting a 

novel contribution to scientific inquiry. 

 

MATERIALS AND METHOD 

Procurement of Experimental Animals 

A total of fifty – six (56) male Wistar rats weighing between 130-160g was obtained from the 

Animal House of the College of Health Sciences and Technology, Nnamdi Azikwe 

University and they were acclimatized for 2 weeks before the commencement of the study.  

 

Procurement and Identification of Plant Material  

Cassava seeds were procured from local cassava farms in Amesi, Anambra state, and was 

identified at Botany Department in Nnamdi Azikiwe University and the herbarium number 

was deposited in the herbarium catalogue. The hebarium number is NAUH-35. 

 

Housing of Experimental Animals 

They were housed in well-aerated laboratory cages in the Animal House of the Department of 

Anatomy Nnamdi Azikiwe University. They were fed with standard rat feed and distilled 

water. All experimental procedures were in tandem with the commendations provided in the 

“Guide for the care and use of laboratory Animals” prepared by The National Academy of 

Sciences and published by the National Institute of Health (1985). 
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PREPARATION OF PLANT EXTRACT 

Fresh matured cassava seed was harvested from a local farm in Amesi, Aguata LGA of 

Anambra state. To get this seed, the mature seed pods on the cassava plant was harvested and 

shed dried. The pods were cracked and seeds retrieved. These seeds were subsequently shed 

dried. The dried cassava seed (Manhihot esculenta) was grounded using a local grinder into a 

coarse form. About 250gram of the M. esculenta powder was soaked in 1000mls of absolute 

methanol for 48 hours after which the mixture was sieved using a porcelain cloth and was 

further filtered using Whatman no 1 filter paper into a clean glass beaker. The filtrate was 

concentrated using a digital rotary evaporator (TT – 52Techmel and Techmel USA) and was 

further dried using a thermostat oven at 45
0
c into a gel-like form and stored in a refrigerator 

for further usage. The extraction method was done with slight modification according to the 

method employed by Al-Attar and Abu Zeid (2013). 

 

EXPERIMENTAL DESIGN 

The animals were divided into eight groups of seven animals per group as follows 

Group A received only distilled water and laboratory chow ad libitum. 

Group B received 100 mg/kg of MSME (methanolic seed extract of Manihot esculenta) for 3-

weeks. 

Group C received 1000 mg/kg of MSME (methanolic seed extract of Manihot esculenta) for 

3-weeks. 

Group D received a single dose of 120 mg/kg of Alloxan monohydrate (AMH) 

intraperitoneally once.  

Group E received a single dose of 120 mg/kg of Alloxan monohydrate (AMH) and treated 

immediately with 100 mg/kg of MSME (methanolic seed extract of Manihot esculenta) for 3-

weeks  

Group F received a single dose of 120 mg/kg of Alloxan monohydrate (AMH) and treated 

immediately with 1000 mg/kg of MSME for 3-weeks  

Group G received 1000 mg/kg of MSME (methanolic seed extract of Manihot esculenta) for 

2-weeks and induced with a single dose of 120mg/kg of Alloxan monohydrate (AMH) 

Group H received a single dose of 120 mg/kg of Alloxan monohydrate AMH and treated 

immediately with 500 mg/kg of metformin (MET) for 3-weeks. 

 

Administration of the MSME was done through oral route and alloxan monohydrate which 

was given once and done through intraperitoneal route.  
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INDUCTION OF DIABETES MELLITUS 

Induction of diabetes was done intra peritoneally according to Farshid et al., (2015) with 

slight modification. The animals were fasted for 12-16 hours prior to the experiment to 

prevent hypoglycemia. 120 mg/kg of alloxan monohydrate (Sigma-Aldrich, USA) was 

dissolved in 0.9% of 10 mls of normal saline to obtain a concentration of 100 mg/ml. The 

solution was then injected into the peritoneal cavity of rats using 1 Ml syringe. The injection 

was given slowly to avoid any injury to the organs. The animals were then monitored for any 

adverse reactions such as breathing difficulties, bleeding or swelling at the injection site, or 

changes in behavior. After injection, the animals were provided with food and water ad 

libitum. Blood glucose levels was measured after 24 hours, and animals with blood glucose 

levels greater than 250 mg/Dl was considered diabetic. 

 

Termination of Experiment and Sample Collection 

Administration of substrates lasted for 21 days. Twenty-four hours after the last 

administration, the animals were anesthetized using chloroform in an enclosed container. 

Tissue (pancreas) was immediately harvested and was fixed in 10% formal saline for 

histopathological studies. 

 

Determination of Body Weight of Animals 

The body weight of the experimental animals in all groups were measured twice weekly 

using the animal weighing balance and recorded in grams. Their final weight was done prior 

to sacrificing. 

 

Determination of The Relative Organ Weight  

The relative organ weight was estimated as described by Al-Quadi et al., (2016), by 

expressing the absolute organ weight to animal’s body weight multiply by 100.  

 

 

Histopathological Examination 

Tissue (pancreas) was fixed in 10% formal saline and were dehydrated in four (4) 

concentrations of Isopropyl alcohol, i.e., 70%, 80%, 90%, 100% for 1hour each and then 

cleared in xylene before embedding in molten paraffin wax to remove the isopropyl alcohol. 

Micro sections of 5micrometer using Leica RM 212 Rt. Rotary Microtome, tissues were 

stained using Haematoxylin and Eosin (H&E) to demonstrate general tissue structure. Tissues 
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sectioned was examined and interpreted using Leica DM 750 binocular microscope with 

photomicrographic facilities and then photomicrographed by a histopathologist (Ahmed, 

2016). This was carried out in the department of Anatomy Histology Laboratory, Nnamdi 

Azikwe University. Nnewi Campus, Anambra state. 

 

STATISTICAL ANALYSIS 

Data was analyzed using SPSS version 25 and results were expressed in mean ± SEM. Body 

weight was analyzed using paired T-test relative organ weight was analyzed using ANOVA 

followed by post Hoc LSD (least square significant difference) multiple comparison to 

ascertain the level of significance between control and treated groups. Values were 

considered significant at P ≤ 0.05.  

 

RESULTS 

Table 1.0: Effect of Methanolic seed extract of Manihot esculenta on body weight in 

alloxan diabetic rats. 

 Initial weight (g) Final weight (g) P-value T-value 

 MEAN±SEM MEAN±SEM   

Group A (control) 154.33±4.70 227.33±2.19 0.001* -27.591 

Group B (100 mg/kg of MSME) 156.00±7.64 195.67±9.13 0.002* -21.373 

Group C (1000 mg/kg of MSME) 159.67±4.70 205.33±3.93 0.024* -6.286 

Group D (120mg/kg of AMH) 159.67±4.70 137.33±1.45 0.005
 *
 3.716 

Group E (120mg/kg of AMH + 100 

mg/kg of MSME) 
139.33±10.84 158.00±15.95 0.085

 a
 -3.212 

Group F (120mg/kg of AMH + 1000 

mg/kg of MSME) 
148.00±4.04 165.67±6.33 0.049* -4.357 

Group G (1000 mg/kg of MSME + 

120mg/kg of AMH) 
151.00±7.00 204.00±9.5.29 0.044* -4.596 

Group H (120mg/kg of AMH + 500 

mg/kg of MET) 
153.67±4,48 175.00±7.00 0.015* -8.194 

Data was analysed using T-paired test and values were considered significant at p≤0.05. 

SEM: Standard error of mean, AMH: Alloxan monohydrate, MET: metformin, MSME: 

methanolic seed extract of Manihot esculenta, *: significant, 
a
: not significant.  

 

Table 1.0 result showed a significant increase in the body weight in groups A, B, C, F, G, and 

H and group D had a significant decrease when initial weight was compared to final weight 

while group E did not show statistical difference when the initial weight was compared to the 

final weight.  
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Table 2.0: Effect of Methanolic seed extract of Manihot esculenta on the relative kidney 

weight and relative pancreas weight in alloxan diabetic rats. 

 Relative pancreas weight (g) 

 MEAN±SEM 

Group A (control) 0.44±0.52
b, c 

Group B (100 mg/kg of MSME) 0.39±0.10
a, b, c 

Group C (1000 mg/kg of MSME) 0.35±0.05
a, b, c 

Group D (120mg/kg of AMH) 0.54±0.05
a, c

 

Group E (120mg/kg of AMH + 100 mg/kg of MSME) 0.51±0.14
a, b, c 

Group F (120mg/kg of AMH + 1000 mg/kg of MSME) 0.45±0.07
a, b, c 

Group G (1000 mg/kg of MSME + 120mg/kg of AMH) 0.48±0.16
a, b, c 

Group H (120mg/kg of AMH + 500 mg/kg of MET) 0.37±0.08
a, b 

F-Ratio 0.49 

Data was analysed using ANOVA followed by post Hoc LSD multiple comparison and 

values were considered significant at p≤0.05.  

 

SEM: Standard error of mean, AMH: Alloxan monohydrate, MET: metformin, MSME: 

methanolic seed extract of Manihot esculenta, 
*
: significant when compared with group A 

(control group), 
a
: not significant when compared with group A(control group), 

#
: significant 

when compared with group D(diabetic group), 
b
: not significant when compared with group 

D(diabetic group), 
@

: significant when compared with group H(metformin group), 
c
: not 

significant when compared with group D(metformin group). 

 

The mean relative pancreas weight of the study was shown on table 2.0 

 

On Relative pancreas weight, analysis showed that there was no statistically significant 

difference when compared with groups A (control), D (diabetic), and H (metformin). 

 

Histological Findings  

 

Plate 1.0 Photomicrograph of 1A and 1B control section of pancreas (x400) (H/E) shows   

normal pancreatic tissue with active islets of Langerhans (IL) and pancreatic acini (PA). 
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Plate 2.0 Photomicrograph of Group 2A and 2B  section of  pancreas administered with 

100 mg/kg of MSME (x400)(H/E) shows active pancreatic tissue with islets of 

Langerhans (IL) surrounded by  pancreatic acini (PA) and  acini cell (AC).  

 

 

Plate 3.0 Photomicrograph of group 3A and 3B section of pancreas administered with 

1000 mg/kg of MSME (x400) (H/E) shows pancreatic tissue with well perfused acini (A) 

and active islets (I) and acini cell (AC).  

 

 

Plate 4.0 Photomicrograph of Group 4A and 4B section of pancreas  induced with  120 

mg/kg of AMH (x400)(H/E) shows moderate to severe degeneration with moderate area 

of hemorrhage (H) and severe necrotic acini and acini cell (N) in r2 with clumped islets 

of Langerhans.  
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Plate 5.0 Photomicrograph of  5A and 5B section of pancreas  induced with 120 mg/kg 

of AMH and treated with 100mg/kg of MSME (x400)(H/E) shows mild to moderate 

healing with moderate area of necrosis (N) in r2 and well outlined  islet  with non 

distinct  pancreatic  cell outline.  

 

 

Plate 6.0 Photomicrograph of  group 6A and 6B section of pancreas induced with 120 

mg/kg of AMH and treated with 1000 mg/kg of MSME (x400)(H/E) shows moderate 

healing with  mild area of hemorrhage (H) and  necrotic acini (NA) in F2 

 

 

Plate 7.0 Photomicrograph of group 7A and 7B section of pancreas administered with 

100 mg/kg of MSME and then received 120 mg/kg of AMH (x400)(H/E) shows moderate 

protection with mild area of necrotic acini (NA) and atrophy (A) of some islets cell. 
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Plate 8.0 Photomicrograph of group 8A and 8B section of pancreas administered with 

120mg/kg of AMH and treated with 500 mg/kg of Metformin (x400) (H/E) shows 

moderately protected with mild area of necrotic acini (NA) and atrophy (A) of 

pancreatic acini in H-1 and active islets cell (IC) in H-2. 

 

DISCUSSION 

Diabetes mellitus has shown to be linked to pancreatic cancer and it is a risk factor for the 

onset of acute and chronic cancer of the pancreas (Andersen et al., 2017). Type II diabetes is 

caused by insulin resistance, resulting in impaired peripheral glucose utilization. However, 

the use of medicinal plants in the management of pancreatic function in diabetics have gained 

ground, resulting from the various secondary metabolites present (Solikhah et al., 2023) 

 

Findings from this study showed that alloxan monohydrate caused a decrease in the body 

weight gain as indicated in group D when initial was compared to final, while the intake of 

methanolic seed extract of Manihot esculenta alone at 100 and 1000 mg/kg caused a 

significant increase in the body weight as shown in groups B and C when initial was 

compared to final. Following the induction of diabetes and the subsequent treatment with 100 

and 1000 mg/kg of methanolic seed extract of Manihot esculenta as shown in groups E and F, 

a significant increase was indicated in group F, and E had no significance when initial was 

compared to final. The intake of metformin demonstrated a significant increase in the body 

weight after diabetic induction, as shown in group H and group G revealed a significant 

increase in the body weight following intake of alloxan monohydrate after administration of 

1000 mg/kg of methanolic seed extract of Manihot esculenta. The increase in weight gain (p 

0.05) could be physiological. 

 

In addition, the significant increase in the weight in the treatment groups in both diabetic and 

non-diabetic rats as indicated in groups B, C, F, and G could also be linked to the presence of 
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phenol and alkaloids, which plays a role in the alteration of body metabolism in a metabolic 

pathway although not fully elucidated. However, these secondary metabolites could help 

improve the energy homeostasis in the hypothalamus axis regulating feed intake and 

metabolism (Akapo et al., 2014). The study is in agreement with the report of Akapo et al., 

(2014) revealing a significant increase in the body weight gain following intake of Manihot 

esculenta root meal in birds. Palupi, Lubis, and Pratama, (2022) also demonstrated a 

significant body weight following the intake of M. esculenta root tuber in broiler, which is in 

line with the study outcome. Juan, (2023) in addition revealed a significant weight gain in the 

rabbit’s following intake of 10% Manihot esculenta leaf extracts, which has consistency with 

the study findings. Also, the physiology linked to the increase body weight gain following 

metformin administration could be attributed to the regulation of brown adipose tissue, which 

is responsible for energy homeostasis (Naik et al., 2022). Naik et al., (2022) reported a 

significant weight in diabetic rats administered with metformin, which is in line with the 

study report. Al Za’Abi et al., (2021) reported a significant increase in the percentage gain 

weight following the administration of metformin in alloxan-diabetic rats, which is in line 

with the study findings. Li et al., (2019) and Jiang et al., (2017) reported a significant 

reduction in the body weight gain following metformin in diabetic rats, which contradict the 

study findings.  

 

The loss of body weight seen in untreated diabetic group could be attributed to the decrease 

in the rate of metabolism following alloxan toxicity, which inhibits the neurotransmitters 

controlling feed intake and metabolism in the satiety centers in the hypothalamus. The study 

finding is in line with Opara et al., (2021), Woldekidan et al., (2021), Naik et al., (2022). 

They reported a significant decline in the body weight following alloxan toxicity in diabetic 

rats compared to non-diabetic rats. Al-Qudah, Haddad, and El-Qudah, (2016) showed a 

decrease in percentage weight in diabetic rats following alloxan toxicity, which disagrees 

with the study findings.   

 

The study findings showed that in diabetic rats, the pancreas indicates moderate to severe 

degeneration with   moderate area of hemorrhage and severe necrotic acini   and acini cell 

with clumped islets of Langerhans. The observed distortion of the pancreatic islet could be 

attributed to the effect of hydroxyl radicals generated from alloxan metabolism in the 

pancreatic beta-cells, which probably causes disruption of pancreatic tissue following 

oxidative stress(through the release of free oxygen from the hydroxyl radical combining with 
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pancreatic catalase enzyme (Osasenaga, Abiola and Oluseyi, 2017). The report of Ba and 

Ayuba, (2022), Prasetyo, Ghalib, Ahsani, and Fidianingsih (2023), Usman et al., (2021) and 

Zhang et al., (2003) showed similarity to the study findings as indicated in the pancreatic 

tissue following alloxan induction demonstrating pancreatic distortion. Following post-

treatment with methanolic seed extract of Manihot esculenta after induction of diabetes, the 

pancreatic tissue showed tissue regeneration with mild to moderate healing in a dose 

dependent manner. However, methanolic seed extract of Manihot esculenta treatment alone 

at low and high dose indicated a well perfused acini cells and an active pancreatic tissue. The 

recuperating effect demonstrated by methanolic seed extract of Manihot esculenta following 

post-treatment in diabetes results from the presence of alkaloids and phenols, which have the 

tendency to combat ROS formation linked with increased lipid peroxidation. Prasetyo et al., 

(2023) demonstrated that the ethanolic extract of the M. esculenta root showed recuperation 

of the pancreatic tissue following treatment win diabetic rats, which is similar to the study 

findings, which was linked to the high phenol content. Also, treatment with metformin 

indicated a significant recuperation of the pancreatic tissue after treatment in diabetic rats, 

which is linked to combating of ROS formation in the pancreas. The findings of  Usman et 

al., (2021), Moosavi et al., (2020), Prasetyo et al., (2023), Almuttairi, (2023) showed 

similarity to the study findings in diabetic rats. Yanti, Sucindra, and Jawi (2019) revealed that 

metformin had no effect on the pancreas histoarchitectural features, which disagree with the 

study findings.  

 

CONCLUSION 

In finding alternative ways to manage diabetes, this study delved into the effects of Manihot 

esculenta's methanolic seed extract (MSME) on diabetic rats. In the study, some exciting 

findings that hint at the potential of MSME as a natural remedy for diabetes and its 

complications was uncovered. One standout discovery was the significant weight gain 

observed in rats treated with MSME, especially in those receiving higher doses. This suggests 

that MSME might play a role in regulating metabolism and energy balance in diabetic 

individuals, offering hope for improved health outcomes.  

 

Moreover, when looked into the pancreatic tissue of these rats, we found signs of healing and 

regeneration. This hints at MSME's ability to protect the pancreas from damage caused by 

diabetes-related factors, potentially preserving its function and overall health. The findings 
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underscore the importance of exploring natural remedies like MSME in the fight against 

diabetes.  

 

While there's still much to learn about how MSME works and its safety in humans, this study 

lays a solid foundation for future research and clinical trials. Ultimately, our hope is that 

MSME, with further investigation and validation, could emerge as a safe and effective option 

for individuals struggling with diabetes. By harnessing the power of nature, there may be new 

possibilities for managing this challenging condition and improving lives. 

 

REFERENCES 

1. Abd Rashed A, Rathi DG. Bioactive Components of Salvia and Their Potential 

Antidiabetic Properties: A Review. Molecules, 2021; 26(10): 3042. doi: 

10.3390/molecules26103042. PMID: 34065175; PMCID: PMC8161164. 

2. Ahmed, M. Steps of tissue processing in histopathology laboratory, Review Report. 

Health Digest, 2016; 1: 26–27. 

3. Akapo, A. O., Oso, A. O., Bamgbose, A. M., Sanwo, K. A., Jegede, A. V., Sobayo, R. A., 

Idowu, O. M., Fan, J., Li, L., & Olorunsola, R. A. Effect of feeding cassava (Manihot 

esculenta Crantz) root meal on growth performance, hydrocyanide intake and 

haematological parameters of broiler chicks. Tropical Animal Health and Production, 

2014; 46(7): 1167–1172. https://doi.org/10.1007/s11250-014-0622-5 

4. Akinpelu, A.O. Amamgbo, L. E.F., Olojede, A.O., and Oyekale, A.S. Health implications 

of cassava production and consumption. Journal of Agriculture and Social Research, 

2011; 11(1): 118-125. 

5. Al Za’Abi, M., Ali, B. H., Al Suleimani, Y., Adham, S. A., Ali, H., Manoj, P., Ashique, 

M., & Nemmar, A. The effect of metformin in diabetic and non-diabetic rats with 

experimentally-induced chronic kidney disease. Biomolecules, 2021; 11(6): 84. 

https://doi.org/10.3390/biom11060814 

6. Al-Attar, A. M., and Abu Zeid, I. M. Effect of tea (camellia sinensis) and olive (olea 

europaea L.) leaves extracts on male mice exposed to diazinon. BioMedical Research 

International, 2013; 2013: 1–6. https://doi.org/10.1155/2013/461415 

7. Almuttairi, R. S. The Effects of Metformin Treatment on Diabetic Albino Rats’ Pancreas, 

Liver, and Kidney Histology. Archives of Razi Institute, 2023; 78(1): 459–463. 

https://doi.org/10.22092/ari.2022.359289.2394 



Muorah et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 13, Issue 6, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

14 

8. Al-Qudah, M. M. A., Haddad, M. A., & El-Qudah, J. M. F.  The effects of aqueous ginger 

extract on pancreas histology and on blood glucose in normal and alloxan monohydrate-

induced diabetic rats. Biomedical Research (India), 2016; 27(2): 350–356. 

9. Al-Qudah, M. M. A., Haddad, M. A., & El-Qudah, J. M. F. The effects of aqueous ginger 

extract on pancreas histology and on blood glucose in normal and alloxan monohydrate-

induced diabetic rats. Biomedical Research (India), 2016; 27(2): 350–356. 

10. American Diabetes Association. Diagnosis and classification of diabetes mellitus. 

Diabetes Care, 2014; 27(1): 1-10.  

11. Andersson, M.S., and de Vicente, M.C. Cassava, manioc, yuca, Chapter 6, in: Andersson, 

M.S.and M.C. de Vicente (eds.), 'Gene flow between crops and their wild relatives'. 

Baltimore, Maryland: Johns Hopkins University Press, 2010; 125-146. ISBN: 978-0-

8018-9314-8 

12. Anjana RM, Unnikrishnan R, Mugilan P, Jagdish PS, Parthasarathy B, Deepa M, 

Loganathan G, Kumar RA, Rahulashankiruthiyayan T, Uma Sankari G, Venkatesan U, 

Mohan V, Shanthi Rani CS. Causes and predictors of mortality in Asian Indians with and 

without diabetes-10 year follow-up of the Chennai Urban Rural Epidemiology Study 

(CURES - 150). PLoS One, 2018; 13(7): e0197376. doi: 10.1371/journal.pone.0197376. 

PMID: 29985959; PMCID: PMC6037346. 

13. Ba, H., & Ayuba, Y. Aqueous Root Extract on the Histology of Pancreas in Alloxan-

Induced Diabetic Rats. Scholars International Journal of Anatomy and Physiology, 2022; 

5(3): 59–64. https://doi.org/10.36348/sijap.2022.v05i03.002 

14. Bello-Ovosi BO, Asuke S, Abdulrahman SO, Ibrahim MS, Ovosi JO, Ogunsina MA, 

Anumah FO. Prevalence and correlates of hypertension and diabetes mellitus in an urban 

community in North-Western Nigeria. Pan African Medical Journal, 2018; 97(21). doi: 

10.11604/pamj. 29.97.14191. PMID: 29875978; PMCID: PMC5987122. 

15. Bhat GM. Status of stem cell therapy in Type 1 diabetes. International Journal of herbo-

chromium supplement in Type 2 diabetes: A randomized clinical trial of Dioscorea 

dumetorum in normal and alloxan diabetic rabbits. Planta Medica, 2010; 56: 264-267. 

16. Biswas, T.K., Polley, G., Pandit, S., Pratip, D.K., Somoresh, M., Biswajit, A., Banerjee, 

D., Bhattacharyya, S., Debasish, P., and Ghosal, S. Effect of adjunct therapy of a 

proprietary. International Journal of Diabetes in Developing Countries, 2010; 30(3):   

153-161. 



Muorah et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 13, Issue 6, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

15 

17. Dilworth, L.; Facey, A.; Omoruyi, F. Diabetes Mellitus and Its Metabolic Complications: 

The Role of Adipose Tissues. International journal of molecular sciences, 2021; 22: 

7644. https://doi.org/10.3390/ijms22147644 

18. Dunn, J. S., and McLetchie N. G. Experimental alloxan diabetes in the rat. Lancet, 1943; 

242(6265): 384–387. 

19. Egesi, C., Mbanaso, E., Ogbe, F., Okogbenin, E. and Fregene, M. Development of 

cassava varieties with high value root quality through induced mutations and marker-

aided breeding.  NRCRI, Umudike Annual Report., 2006; 2-6. 

20. Ezeigbo, I.I. The antidiabetic activities of the methanolic leaf extract of hymenocardia 

acida. Journal of pharmacology and toxicology, 2010; 3(5): 112-116. 

21. Farshid, A. A., Tamaddonfard, E., Ranjbar, S., Eghdami, K., and Samadi, N. Lipid 

lowering and antioxidant effects of aqueous extract of Terminalia arjuna in alloxan-

induced diabetic rats. Journal of physiology and pharmacology, 2015; 66(1): 65-71. 

22. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, 

Ostolaza H, Martín C. Pathophysiology of Type 2 Diabetes Mellitus. International 

Journal of Molecular Science, 2020; 21(17): 6275. doi: 10.3390/ijms21176275. PMID: 

32872570; PMCID: PMC7503727. 

23. Gomori, G., and Goldner, M. G. Acute nature of alloxan damage. Proceedings of the 

Society for Experimental Biology and Medicine, 1945; 58(3): 232–233. 

24. International Diabetes Federation. IDF Diabetes Atlas - 7th edition, Brussel, Belgium. 

International Diabetes Federation, 2015. 

25. Jiang, G. J., Han, X., Tao, Y. L., Deng, Y. P., Yu, J. W., Cai, J., Ren, G. F., & Sun, Y. N. 

Metformin ameliorates insulitis in STZ-induced diabetic mice. PeerJ, 2017; 2017(4):      

1–13. https://doi.org/10.7717/peerj.3155 

26. Juan, S. D. I. Pelletized cassava (Manihot esculenta) leaf meal based diets on the 

performance of New Zealand white rabbits. International Journal of Biosciences, 2023; 

22(2): 224–230. https://doi.org/10.12692/ijb/22.2.224-230 

27. Kaviarasan, S., Muniandy, S., Qvist, R., Chinna, K. and Ismail, I.S. Is F2-Isoprostane a 

Biological Marker for the Early Onset of Type 2 Diabetes Mellitus?. International 

Journal of Diabetes in Developing Countries, 2010; 30: 167-170. 

28. Lenzen, S. The mechanisms of alloxan- and streptozotocin-induced diabetes. 

Diabetologia, 2008; 51(2): 216-226. 

https://doi.org/10.3390/ijms22147644


Muorah et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 13, Issue 6, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

16 

29. Li, M., Hu, X., Xu, Y., Hu, X., Zhang, C., & Pang, S. (2019). A Possible Mechanism of 

Metformin in Improving Insulin Resistance in Diabetic Rat Models. International Journal 

of Endocrinology, 2019; 3248527. https://doi.org/10.1155/2019/3248527 

30. Moosavi, L., Mazloom, Z., Mokhtari, M., Mohammadi Sartang, M., & Mahmoodi, M. 

Comparison of the Effects of Combination of Turmeric, Ginger and Cinnamon 

Hydroalcoholic Extracts with Metformin on Body Weight, Glycemic Control, 

Inflammation, Oxidative Stress and Pancreatic Histopatalogical Changes in Diabetic Rat. 

International Journal of Nutrition Sciences, 2020; 5(2): 57–64. 

https://doi.org/10.30476/ijns.2020.86516.1069 

31. Naik, A., Adeyemi, S. B., Vyas, B., & Krishnamurthy, R. Effect of co-administration of 

metformin and extracts of Costus pictus D.Don leaves on alloxan-induced diabetes in rats. 

Journal of Traditional and Complementary Medicine, 2022; 12(3): 269–280. 

https://doi.org/https://doi.org/10.1016/j.jtcme.2021.08.007 

32. Opara, P. O., Enemor, V. H. A., Eneh, F. U., & Emengaha, F. C. Blood Glucose – 

Lowering Potentials of Annona muricata Leaf Extract in Alloxan–Induced Diabetic Rats. 

European Journal of Biology and Biotechnology, 2021; 2(2SE): 106–113. 

https://doi.org/10.24018/ejbio.2021.2.2.178 

33. Osasenaga, M. I., Abiola M, A., and Oluseyi, A. A. Alloxan-induced diabetes, a common 

model for evaluating the glycemic-control potential of therapeutic compounds and plants 

extracts in experimental studies. Medicina, 2017; 53(6): 365-374. 

34. Palupi, R., Lubis, F. N. L., & Pratama, A. N. T. The effect of the use of cassava tuber 

(Manihot esculenta) and Indigofera zollingeriana leaf flour combination as a source of 

energy supplemented with citric acid in ration on broiler small intestine characteristics 

and productivity. Journal of Advanced Veterinary and Animal Research, 2022; 9(3):    

471–480. https://doi.org/10.5455/JAVAR.2022.I616 

35. Popoola, T.O.S., and Yangomodou. O.D. Extraction, Properties and Utilization Potentials 

of Cassava Seed Oil. Biotechnology, 2006; 5(l): 38-41. 

36. Prasetyo, M. R. A., Ghalib, Q. M. A., Ahsani, D. N., & Fidianingsih, I. Consumption of 

Cassava Extract (Manihot esculenta) Improves Pancreatic Histology and Seminiferous 

Tubules in Wistar Rats Induced Diabetes Mellitus with Streptozotocin. Jurnal Aisyah : 

Jurnal Ilmu Kesehatan, 2023; 8(2): 563–568. https://doi.org/10.30604/JIKA.V8I2.1929 

37. Rawal LB, Biswas T, Khandker NN, Saha SR, Bidat Chowdhury MM, Khan ANS, 

Chowdhury EH, Renzaho A. Non-communicable disease (NCD) risk factors and diabetes 

among adults living in slum areas of Dhaka, Bangladesh. PLoS One., 2017; 12(10): 



Muorah et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 13, Issue 6, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

17 

e0184967. doi: 10.1371/journal.pone.0184967. PMID: 28972972; PMCID: 

PMC5626026. 

38. Sierra-Campos E, Valdez-Solana M, Avitia-Domínguez C, Campos-Almazán M, Flores-

Molina I, García-Arenas G, Téllez-Valencia A. Effects of Moringa oleifera Leaf Extract 

on Diabetes-Induced Alterations in Paraoxonase 1 and Catalase in Rats Analyzed through 

Progress Kinetic and Blind Docking. Antioxidants (Basel), 2020; 9(9): 840. doi: 

10.3390/antiox9090840. PMID: 32911700; PMCID: PMC7555439. 

39. Solikhah, T. I., Setiawan, B., and Ismukada, D. R. ntidiabetic Activity of Papaya Leaf 

Extract (Carica Papaya L.) Isolated with Maceration Method in Alloxan-Induces Diabetic 

Mice. Science research publishers, 2020; 11(9): 774-778. 

40. Szkudelski T. The mechanism of alloxan and streptozotocin action in B cells of the rat 

pancreas. Physiological research, 2001; 50(6): 537–546. 

41. Usman, U. Z., Mainasara, A. S., Abbas, A. Y., Sadiq, M. U. E., & Mohamed, M. 

Metformin on Insulin, Glucagon, Oxidative Stress Markers and Pancreatic Tissue 

Histology in Streptozotocin-Induced Diabetic Rats. Sokoto Journal of Medical 

Laboratory Science, 2021; 6(3): 24–29. https://doi.org/10.4314/SOKJMLS.V6I3.4 

42. Usman, U. Z., Mainasara, A. S., Abbas, A. Y., Sadiq, M. U. E., & Mohamed, M. 

Metformin on Insulin, Glucagon, Oxidative Stress Markers and Pancreatic Tissue 

Histology in Streptozotocin-Induced Diabetic Rats. Sokoto Journal of Medical 

Laboratory Science, 2021; 6(3): 24–29. https://doi.org/10.4314/SOKJMLS.V6I3.4 

43. Woldekidan, S., Mulu, A., Ergetie, W., Teka, F., Meressa, A., Tadele, A., Abebe, A., 

Gemechu, W., Gemeda, N., Ashebir, R., Sileshi, M., & Tolcha, Y. Evaluation of 

Antihyperglycemic Effect of Extract of Moringa stenopetala (Baker f.) Aqueous Leaves 

on Alloxan-Induced Diabetic Rats. Diabetes, Metabolic Syndrome and Obesity, 2021; 14: 

185–192. https://doi.org/10.2147/DMSO.S266794 

44. Yanti, E. D., Sucindra, D. N. W., & Jawi, I. M. Kombinasi ekstrak sambiloto dengan 

metformin lebih baik dalam memperbaiki sel beta pulau langerhans dari pada metformin 

tunggal pada tikus diabetes. E-Jurnal Medika Udayana, 2019; 8(2): 1–5. 

https://ojs.unud.ac.id/index.php/eum/article/view/48562 

45. Yau M, Maclaren NK, Sperling MA. Etiology and Pathogenesis of Diabetes Mellitus in 

Children and Adolescents. [Updated 2021 Jun 19]. In: Feingold KR, Anawalt B, 

Blackman MR, et al., editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, 

Inc., 2000-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK498653/ 

https://www.ncbi.nlm.nih.gov/books/NBK498653/


Muorah et al.                                                                      World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 13, Issue 6, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

18 

46. Zhang, H.-N., He, J.-H., Yuan, L., & Lin, Z.-B. In vitro and in vivo protective effect of 

Ganoderma lucidum polysaccharides on alloxan-induced pancreatic islets damage. Life 

Sciences, 2003; 73(18): 2307–2319. https://doi.org/https://doi.org/10.1016/S0024-

3205(03)00594-0 

https://doi.org/https:/doi.org/10.1016/S0024-3205(03)00594-0
https://doi.org/https:/doi.org/10.1016/S0024-3205(03)00594-0

