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Introduction 

Diabetes, commonly known as diabetes, is a group of endocrine diseases caused by persistent blo

od sugar (Lartey et al., 2021). Diabetes occurs when the pancreas does not produce enough insuli

n or the body cells do not respond to the hormone. There are generally two types of DM; type I a

nd type II. Type I diabetes is also known as insulindependent diabetes, which means lack of insul

in; Type II diabetes is also known as noninsulindependent diabetes because insulin does not secr

ete or work on insulin. 1 Diabetes is the leading cause of disease and death worldwide; Accordin

g to the World Health Organization, the prevalence of diabetes in adults was estimated at 346 mil

Abstract 

Aim:Therefore, this study evaluated Manihotesculenta 

treatment in the control of diabetes damage and pancreatic complicati

ons using animal models.Method:Diabetes was induced in mice after 

overnight fast with 150 mg/kg alloxan intraperitoneally. After 72 h, 

those with plasma glucose levels >200 mg/dl were classified as 

diabetic. Five  diabetic rats in each group were treated daily for 

14 days orally with 100, 250, and 500 mg/kg of the extract, and 

metformin (100 mg/kg) while another group was untreated. Result: 

The two doses, (250 and 500 mg/kg) of the methanol leaf extract of 

Manihot esculenta Crantz as well as Metformin produced significant 

(P<0.05) reduction in the fasting blood glucose levels when 

compared with the untreated control from day 3 to 14th day of 

treatment. The fasting blood glucose reduction was dose dependent. 

500mg/kg of the extract had the highest reduction in fasting glucose 

level on the 4th day (101.3 ± 4.91, 77.91%) The reduction was 

consistent, as the extracts gradually reduce blood glucose level on 

daily bases. Conclusion: Analysis of the obtained data indicates the 

effect of S. striata in improving the complications of diabetes in rats 

and can be considered for therapeutic purposes. 
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lion (6.1%) in 2011. 2 This number is expected to increase to approximately 439 million (7.7%) 

by 2030 (Babaiedarzi et al., 2018). The World Health Organization predicts that deaths from dia

betes will increase by two-

thirds between 2008 and 2030.2 In Diabetes Mellitus, changes in defense mechanisms that scave

nge endogenous free radicals lead to negative inhibition of oxygenreactive species, causing oxida

tive damage and tissue damage. (Jonathan et al., 2018; Simeon et al., 2023). Research shows that

 streptozotocin may help treat diabetes because it has the ability to destroy pancreatic beta cells, 

possibly through a free radical process. At the same time, diabetic patients with poor glycemic co

ntrol will develop microvascular and macrovascular complications such as nephropathy, retinopa

thy, neuropathy, and cardiovascular disease (Palanisamy et al., 2020). These problems increase t

he poverty of the patient, constitute a significant part of the costs of individuals with diabetes, an

d lead to economic poverty in the country (Spaeth 2017). Besides insulin, other treatments for ty

pe 1 diabetes include total pancreas and islet transplantation, but this depends on the individual's 

pancreatic disease, depending on its deficiency and effectiveness (Fujitani 2017). However, most

 of the drugs currently used to treat type 2 diabetes are effective and longlasting (Vaeli et al., 202

1). The main goal of diabetes care is to reduce the risk of microvascular and macrovascular comp

lications by normalizing blood pressure, lipid profile and glycemic status. The specific goal of gl

ycemic control is to achieve a certain glycemic hemoglobin (HbA1c) level, as good glycemic co

ntrol is important to reduce the risk of longterm microvascular complications in type 1 and type 2

 diabetes (Tehrani et al., 2011). HbA1c can be measured at any time of the day, regardless of fast

ing time or the contents of the previous meal. Screening can also be done using portable devices 

and small blood samples (Meier 2008). Analysis of glycated hemoglobin (HbA1c) in the blood, c

alled red blood cell (RBC) halflife, can provide a person's blood sugar level over the past 2-
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3 months (Meier 2008). 

Many African medicinal plants such as bitter melon, cyclops and periwinkle are effective against

 many diseases such as diabetes (2018). Manihot 

esculenta,commmonly known as cassava, is a type of plant used to treat diabetes and other condi

tions such as menorrhagia, abdominal pain, and wound healing. Cassava is an important crop in t

ropical countries because its roots are rich in carbohydrates. As a summer crop, Manihotesculent

a are grown as a staple food in many African countries and many southern provinces of China ( 

Ravi and Aked., 1996 ; Christer et al. et al., 2009 ). In addition to the main nutrients in cassava le

aves, recent research has focused on some bioactive compounds (e.g. flavonoids, carotenes, anth

ocyanins) that may help protect human health (Kubo et al., 2006; Almeida Siqueira et al., 2007; 

Byamukama et al., 2009). It has been reported that the leaves contain many flavonoids (such as q

uercetin, regularin, kaempferol, etc.) and most of the flavonoids act as antioxidants in the body (

Kubo et al., 2006). As an important antioxidant bioactive compound, flavonoids can kill oxygen 

anions, hydroxyl radicals, and singlet oxygen (Hollman et al., 1999; Montoro et al., 2005). 

Many studies have confirmed that Manihot 

esculenta have antibacterial, antifungal and antiviral properties. (Haruna et al., 2020). However, t

here is some information that Manihot esculenta are used to treat diabetes.Therefore, this study 

aimed to evaluate antidiabetic effects of methanol leaf extract of Manihot esculenta in alloxan-

induced diabetic mice and its potential use in the treatment of diabetes mellitus. 

Material and Method 

This study was conducted at the Nnamdi Azikiwe University, Awka, Anambra State, Nigeria 

between August 11, 2023 and November 29, 2023.Awka, Nigeria is in the Nigerian National 

Urban Areas category with GPS coordinates of Latitude : 5.033 

https://unizik.edu.ng/
https://unizik.edu.ng/
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and Longitude  7.167. Awka has a summer season, a rainy season, and a hot, dry climate; Annual 

temperatures range from 69°F to 87°F13. 

Plant collection 

Fresh leaf of Manihot esculenta were acquired in a conservative medicinal garden in Awka, 

Nigeria, from a medicinal store. The plants were verified by the Department of Botany at the in 

Nnamdi Azikiwe University Anambra State, Nigeria. The voucher specimens were stored in the 

herbarium department  (No:NAU/919).   

Preparation of methanol leaf extract of Manihot esculenta 

The method described by Trono et al, (2018) was adopted. The leaves were cleaned; air dried at 

room temperature for three (3) weeks and were pulverised using blender (Super Master Co., Ltd, 

Osaka, Japan). The methanol extract of Manihot esculenta was prepared using 279g of the 

powdered leaves mixed in 831 ml (1:3 w/v) of 80% methanol for 72 hours while it was stirred 

intermittently. The combined extract was filtered through a vacuum filter using Whatman No.1 

filter paper. The resulting solution was evaporated using water bath heater at 55°C to yield 52.1g 

of the crude extract corresponding to a percentage yield of 18%. The extracts were stored at -4C 

until used. 

Animals 

male mice (21-31 g) were obtained from the Animal House of Nnamdi Azikiwe University. They 

were fed standard animal pellets and given unlimited amounts of water. The Nnamdi Azikiwe 

University College of Health 

Sciences Animal Ethics Committee granted approval and consent were obtained for 

animal experiments (NAU/2023/124). Rats (n=6) were randomly assigned to different 

treatment groups. Animal experiments were carried out under the same conditions. The care and 
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handling of animals followed established public health guidelines in the Guide for the Care and 

Use of Laboratory Animals (2011). 

Procedure for LD50 determination of Manihot esculenta  Extract 

The median lethal dose (LD50) for Manihot esculenta  was determined using modified Lorke’s 

method14. Sixteen (16) rats were used for the determination of the median lethal dose. The 

sixteen rats were randomized into seven groups; four groups of three rats each were used for the 

first phase and were given 10, 100, 200 and 400 ml/kg bodyweight respectively. Subsequently, 

four groups of one rat each were used for the second phase and given 500, 1000, 1500 and 2000 

ml/kg bodyweight. The animals were monitored for changes in behaviour and mortality within 2 

hrs, 24 hrs and 14 days after a single administration of the extracts. LD50 values were calculated 

using the formular below:  

LD50 =(D0 D100) 

Where:  D0 = Highest dose that gave no mortality 

             D100 = Lowest dose that produced mortality 

 

Phytochemical screening Procedure for Manihot esculenta   

Qualitative phytochemical screening 

Qualitative phytochemical tests were performed on Manihot esculenta  to determine the presence 

of  secondary metabolites such as alkaloids, flavonoids, saponins, cyanogenic glycosides, 

reducing sugars, phenolic substances, and triterpenes  according to standard protocols. For each 

test, a small amount (1–2 g) of Manihot esculenta  was reconstituted in distilled water/another 

solvent before use.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/phytochemical
https://www.sciencedirect.com/topics/medicine-and-dentistry/flavonoid
https://www.sciencedirect.com/topics/medicine-and-dentistry/saponin
https://www.sciencedirect.com/topics/medicine-and-dentistry/glycoside
https://www.sciencedirect.com/topics/medicine-and-dentistry/triterpene
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Quantitative phytochemical analysis 

Total phenolic content 

The total phenolic content of the Manihot esculenta  was determined by the Folin-Ciocalteau 

method. A volume of 100 μl of 5% Folin-Ciocalteau reagent was added to 20 μl of 0–5 mg/ml of 

the Manihot esculenta  followed by 80 μl of 7.5% Na2CO3 in a well plate and mixed. The 

mixture was then incubated at room temperature in the dark for 1 h and the absorbance measured 

at 765 nm using the Infinite M200Pro microtiter plate reader (Tecan, Austria). Gallic acid at a 

concentration range of 0–5 mg/ml was used to plot the standard calibration curve from which the 

concentration of phenol in each Manihot esculenta  concentration was estimated. The total 

phenolic content of the extract was expressed in mg of Gallic acid equivalents (GAE)/g of 

Manihot esculenta  for triplicate determinations. 

Determination of total flavonoids 

The total flavonoid content of the Manihot esculenta  was determined by the slightly 

modified aluminium chloride colourimetric method. Various concentrations of Manihot 

esculenta  in distilled water were prepared by serial dilution; (10, 5, 2.5, 1.25, 0.625, 0.3125, 

0.1563, 0.0781, 0.0391 mg/ml). Briefly, a volume (100 μl) of 2 % AlCl3 was added to 100 μl of 

the Manihot esculenta  (0.0391–5 mg/ml), followed by incubation in the dark for 10 minutes at 

room temperature. The absorbance of the solution was measured at a wavelength of 415 nm 

using the Infinite microtiter M200Pro plate reader. Quercetin (0–5 mg/ml) was used as a 

standard while distilled water was used as a blank. A calibration curve for quercetin was plotted 

from which the unknown concentration of flavonoids in each Manihot esculenta  concentration 

was estimated. The total flavonoid content of Manihot esculenta  was expressed in mg of 

quercetin equivalents (QE)/g of APE for triplicate determinations. 

Estimation of Lipid Peroxidation 

The method developed using the evaluation of lipid peroxidation by malondialdehyde (MDA) 

measurement7. Malondialdehyde (MDA) is the end product of lipid peroxidation and is a good 

marker of free radical-mediated damage and oxidative stress. The principle of this method is that 

MDA reacts with thiobarbituric acid (TBA) under acidic conditions and at high temperature (90-

100 °C) to form a red MDA-(TBA )2 complex, which can transmit light photometric 

measurement at 530 nm. In this procedure, 0.5 mL of 20% TCA was added to 0.5 mL of tissue 

https://www.sciencedirect.com/topics/medicine-and-dentistry/gallic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/aluminum-chloride
https://www.sciencedirect.com/topics/medicine-and-dentistry/serial-dilution
https://www.sciencedirect.com/topics/medicine-and-dentistry/quercetin
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homogenate, followed by 1 mL of 0.67% TBA. The mixture was incubated in a 100°C water 

bath for 15 min, cooled, then 4 mL n-butanol was added and centrifuged at 3000 rpm for 15 min. 

The absorbance of the pure red supernatant is then read spectrophotometrically at 532 nm against 

a blank. MDA concentration is expressed in nmol/g tissue. 

Determination of Reduced Glutathione (GSH) 

Reduced Glutathione was determined using the DHHS method9. This test is based on the 

oxidation of GSH by 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB). DTNB reacts with glutathione 

(GSH) to form yellow 2-nitro-5-nitrobenzoic acid. . Thus, GSH concentration can be determined 

by measuring the absorbance at 412 nm. For this measurement, 50 μL of tissue homogenate is 

diluted in 10 mL of phosphate buffer (0.1 M, pH 8). Add 20 µL of DTNB (0.01 M) to 3 mL of 

the dilute mixture. The absorbance was read at 0.1412 nm based on the blank prepared during the 

same period. 

Estimation of Catalase (CAT) Activity. 

Chalase activity in plasma was determined using the modified method described by Atawodi12. 

The method is briefly as follows: Blood (10 μL) is added to a test tube containing 2.80 mL of 50 

mM potassium phosphate buffer (pH 7.0). The reaction was initiated by adding 0.1 mL of fresh 

30 mM hydrogen peroxide, and the decomposition rate of hydrogen peroxide was measured on a 

spectrophotometer at 240 nm for 5 min. Catalase activity was calculated using a molar extinction 

coefficient of 0.041 mM-1 cm-1. 

Induction of diabetic state in mice 

The diabetic state was induced in normoglycaemic ICR mice by a single intraperitoneal 

injection of alloxan monohydrate (150 mg/kg). The alloxan was first weighed individually for 

each animal according to the body weight and then dissolved in 0.5 ml saline (0.9 % NaCl) just 

before administration to the animal. Two days after alloxan administration, the fasting blood 

glucose (FBG) of mice was determined, and those with FBG ≥ 200 mg/dl were classified as 

diabetic and, therefore, included in the study. Treatment with Manihot esculenta  commenced 

48 h after establishing the diabetic state of animals. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/intraperitoneal-drug-administration
https://www.sciencedirect.com/topics/medicine-and-dentistry/intraperitoneal-drug-administration
https://www.sciencedirect.com/topics/medicine-and-dentistry/alloxan
https://www.sciencedirect.com/topics/medicine-and-dentistry/blood-glucose
https://www.sciencedirect.com/topics/medicine-and-dentistry/blood-glucose
https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure
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Treatment of animals 

The alloxan-induced diabetic mice were divided into six (6) treatment groups of five (5) animals 

each. The first two groups were treated daily with normal saline (10 ml/kg) and metformin (100 

mg/kg). the last three groups received Manihot esculenta  of increasing dosage (100, 250 and 

500 mg/kg). Five normoglycaemic littermates were put in a 6th group, which received an equal 

volume of water (0.5 ml) and represented the non-diabetic control. The animals were 

administered with/without Manihot esculenta  or drug for four weeks by oral gavage. Manihot 

esculenta  or standard drugs were reconstituted in sterilised distilled water before administration 

to the animals. The body weights of the animals in each group were determined weekly. 

Blood sampling 

At baseline, and the end of weeks 1, 2, 3 and 4, blood samples were collected by tail bleeding of 

the animals after an overnight fast (8 h) into serum separator tubes and centrifuged at 4500×g for 

5 min to obtain serum The serum was transferred into fresh tubes and stored at −80 °C until use. 

Serum glucose determination 

Plasma glucose concentration was determined by the glucose oxidase method by following the 

manufacturer’s protocol in assay kits (ELI Tech, Puteaux, France).), and measuring absorbance 

by the Biosystems A25 Chemistry Analyzer (Biosystems S.A, Barcelona, Spain). 

. 

Histological Studies 

At the end of the experiment, the animals were sacrificed, and vital organs including the 

pancreas were harvested and fixed in 10% buffered formalin. The pancreatic tissue was 

processed using standard procedures as described by Grizzle et al. (2012). The tissue section was 

observed with a light microscope at a high magnification for histological changes and 

photomicrographs taken. 

Statistical analysis 

The data were expressed using the mean and standard error of the mean (SEM). Before Dunnett's 

post hoc test for multiple comparisons between the control and treated groups, one-way ANOVA 

was performed to statistically examine the data. P≤0.05 was considered significant. 

Result 

https://www.sciencedirect.com/topics/medicine-and-dentistry/glucose-oxidase
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Acute Toxicity Test (LD50) 

No deaths were recorded after 24 hours of administration of the various doses (10, 100, 200 and 

400 ml/kg body weight) of the ethanol extract of Manihot esculenta. In the second stage, four 

dose ranges were also used 500, 1000, 1500 and 2000 ml/kg body weight and there was no death 

after 24 hours. Therefore, the LD50 is estimated at LD50 ≥ 2000 ml/kg b.wt. in mice. It is 

therefore considered as safe (table 1). 

 

Phytochemical screening of Manihot esculenta  plant part (leaf extract) 

The phytochemical screening of the Manihot esculenta  showed the presence in different 

fractionated medium has listed in table 2. The result detected the presence of secondary 

metabolite such as flavonoids, phenols, tannins, terpenoids, steroids, carbohydrates and 

glycosides. (table 2). 

Phytochemical screening of Manihot esculenta  

Phytochemical analysis of Manihot esculenta  revealed that flavanoid (2.58%) highest proportion 

in the extract. This is followed by alkaloid (1.14%and saponin (6.20%) (table 3). 

Effect of Manihot esculenta  stem bark on activities of MDA, GSH, SOD and CAT  

Changes in rat biochemical enzyme are shown in Table 4. Antioxidant enzyme status of rats in 

the control group and rats treated with zinc phosphide or combined with citrus juice is shown in 

Table 1. There was significant difference in the activity of CAT, SOD and GSH levels compared 

to rats administered Manihot esculenta . Control group. Zinc phosphide treatment alone caused a 

decrease in CAT, SOD and GSH activity levels compared to the control group (p˂0.05). 

Pretreatment with citrus juice reversed the decrease in play by increasing play to near control 

levels in rats pretreated with citrus juice. MDA activity only increased significantly in zinc 

phosphide-treated rats compared to the control group (p˂0.05). MDA activity in rats given L. 

citrus juice returned to normal compared to the control group (p˂0.05). (table 4) 
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Effect of Manihot Esculenta Crantz on fasting blood glucose 

The two doses, (250 and 500 mg/kg) of the methanol leaf extract of Manihot Esculenta Crantz as 

well as Metformin produced significant (P<0.05) reduction in the fasting blood glucose levels 

when compared with the untreated control from day 3 to 14th day of treatment (Fig 2,3 and Table 

5). The fasting blood glucose reduction was dose dependent. 500mg/kg of the extract had the 

highest reduction in fasting glucose level on the 4th day (101.3 ± 4.91, 77.91%) The reduction 

was consistent, as the extracts gradually reduce blood glucose level on daily bases (table 1 and 

figure 1 and 2). 

Histopathology of pancreas 

Histological observation of the pancreas at the termination of treatment of diabetic mice with 

Manihot esculenta  and standard drugs showed the destruction of the beta cells, while the 

normoglycemic control group showed intact pancreatic beta cells. Treatment with metformin and 

Manihot Esculenta encouraged the restoration of the morphology of the beta cells of the pancreas 

in the diabetic mice (figure 3). 

 

Table 1: Acute toxicity 

PHASES DOSE (ML/KG) MORTALITY 

PHASE 1 10 0/3 

 100 0/3 

 200 0/3 

 400 0/3 

PHASE 2 500 0/1 

 1000 0/1 

 1500 0/1 

 2000 0/1 

 

Table 2: Qualitative Phytochemical  
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Test Observation Inference  

Alkaloid Reddish brown + 

Saponin Persistent frothing  + 

Tannin  Blue black + 

Flavonoid  Yellow + 

Steroid No blue or green _ 

Terpenoid  Reddish brown   + 

Cardiac glycosides  Reddish brown   + 

Carbohydrate  Deep violet colour + 

Protein White ppt + 

Reducing sugar Yellow ppt + 

 

 

Phytoconstituent  Percentage 

Flavonoid  2.58% 

Alkaloid 1.14% 

Saponin 6.20% 

 

Table 3:  Proximate analysis of Manihot esculenta Crantz leaves 

Sample Total 

ash (%) 

Moisture 

content 

(%) 

Sulfated 

ash (%) 

Acid 

insoluble 

ash (%) 

Water 

soluble ash 

(%) 

Acid 

soluble 

extractive 

yield (%) 

Water 

soluble 

extractive 

yield (%) 
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Manihot 

esculenta 

leaves 

0.885 2.149 3.921 2.646 0.199 3.753 2.238 

 

Table 4: Effect of Manihot esculenta  leaf extract on activities of MDA, GSH, SOD and CAT  

GROU

P 

 

 

TREATMENT SOD  

(U/mg) 

CAT  

(ug/mg) 

MDA 

(μg/mg) 

GSH  

(ug/mg) 

1 Normal Control 7.45±0.45* 84.19±0.73* 41.31±0.42* 1.87 ± 0.22* 

2 ZnP 26.20±0.04 115.94±0.34 21.27±0.27 0.34 ± 1.28 

3 Vit.C 50 mg/kg 7.30±0.11* 83.08±0.11* 43.28±0.47* 1.68 ± 1.45* 

4 Manihot esculenta  

100 mg/kg 

7.34±0.13* 88.03±0.70* 45.15±0.42* 1.55 ± 0.02* 

5 Manihot esculenta  

250 mg/kg 

7.43±0.98* 87.32±0.19* 47.50±0.12* 1.90 ± 0.20* 

6 Manihot esculenta  

500 mg/kg 

7.65±0.18* 81.12±0.27* 50.45±1.25* 1.54 ± 0.03* 

All the values are expressed as mean ±SEM n=5. Data analyzed by ONE WAY ANOVA followed 

by Tukey’s test). *P<0.05 is statistically significant  

 

Table 5: Effect of Manihot Esculenta Crantz on fasting blood glucose 

Group Basal Day 3 Day 7 Day 14 
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Distilled water 

10ml/kg 

(Diabetic 

induced group) 

239.5 ± 9.50 

 

293.50 ± 12.50 

(-22.54%) 

371.0 ± 7.77 

(-54.90%) 

373.7 ± 8.99 

(-56.03%) 

Metformin 

100 mg/kg 

367.7± 11.89 221.3 ± 10.91 

(39.81%) 

185.0 ± 8.14* 

(49.68%) 

76.0 ± 5.68* 

(79.33%) 

100mg/kg extract 585.7 ± 14.33 559.3 ± 5.36 

(4.50%) 

540.3± 8.37 

(7.75%) 

391.0 ± 9.29 

(33.24%)  

250mg/kg extract 467.3± 14.08  408.7 ± 11.26 

(12.54%)  

335.7 ± 4.48 

(28.16%)  

210.7 ± 8.41 

(54.91%)  

500mg/kg extract 458.7 ± 26.23 385.0 ± 18.77 

(16.06%) 

293.3 ± 10.48 

(36.05%) 

101.3 ± 4.91* 

(77.91%) 

Distilled water 

10 mg/kg (non-

diabetic induced 

group) 

77.0 ± 4.11 77.3 ± 4.76* 76.9.0 ± 7.55* 77.4 ± 4.35* 

 

Values presented as Mean ± SEM, versus control (repeated measures ANOVA followed by post 

hoc turkey’s test). 
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Fig 1: A barchart of mean FBGL against doses 
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Fig 2: A bar chart of % glucose reduction against doses 
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Figure 3: Powder microscopy showing the medullary rays taken at X100 magnification with the 

light  Celestron Labs CB2000C Compound 

Discussion 

The LD50 of Manihotesculenta is more than 2000 ml/kg. No animal deaths were recorded within 

24 hours. This indicates that the plant is safe. For pharmacological studies of new drugs, importa

nt information about drug composition is often provided by phytochemical analysis of plant extra

cts. In this study, many bioactive molecules such as phenols and alkaloids were found in the qual

itative analysis of different Vitex. This study aims to evaluate the anti-diabetic effect of methanol 

extract of cassava leaf extract on alloxan-

induced diabetic rats and evaluate its application in human diabetes (DM). Alloxan-

induced hyperglycemia is considered to be a suitable experimental model to study the hypoglyce

mic effects of antidiabetic agents in type II diabetes. In alloxan-

induced diabetes, free radicals produced by alloxan can damage β cells, causing pancreatic malfu

nction and decreased insulin secretion, resulting in hyperglycemia (Joseph et al., 2024). 

In this study, male ICR mice were developed diabetes via intraperitoneal injection of alloxan (15
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0 mg/kg body weight) and then treated with cassava and standard metformin for 4 days on the w

eekend. Throughout this study, the extract was used to treat alloxan-

induced diabetes and lower blood sugar levels in rats. The fact that blood sugar is close to normo

glycemia at the end of treatment shows that the extract has hypoglycemic activity. The hypoglyc

emic activity of this extract was compared to the highest concentration of metformin. Metformin 

works by increasing blood sugar in peripheral tissues. The hypoglycemic effect of potato may be 

due to the improvement of pancreatic β-

cell morphology, thereby improving pancreatic function in diabetic rats (Figure 3). This improve

ment is dose dependent. The presence of alkaloids and phenolic compounds (especially flavonoi

ds) in the extract may be responsible for the observed hypoglycemic effects of the extract (Risbu

d and Bhonde 2002; Wazis et al. 2020). Blood sugar tests also showed that potatoes improved th

e ability of diabetic mice to control oral intake, similar to metformin. 

Phytochemical studies on cassava have shown that it contains substances such as flavonoids, cin

namic acid, phenylpropanoids, flavonoids and glycosides (Hasim et al., 2016). Flavonoids are a g

roup of secondary plant phenolics with powerful antioxidant properties. Independent studies hav

e shown that flavonoids have anti-diabetic properties (Haruna et al., 2020). Therefore, the anti-

diabetic and antioxidant properties of cassava may be related to flavonoids, a group of similar co

mpounds. These results indicate that cassava methanol extract can induce insulin secretion in rats

. The hypoglycemic effect of this extract may be due to the presence of insulin-

like substances in the plant that stimulate B cells to produce more insulin, the high fiber content i

n the plant inhibits carbohydrate absorption, or the plants' ability to affect reproduction. pancreati

c cells (Harborne 2008). Hypoglycemic agents are theorized to work through multiple mechanis

ms, including altering insulin secretion, increasing glucose-

dependent insulin secretion, and promoting islet regeneration in the STZ pancreas of diabetic rats

. Additionally, many scientific studies have reported the role of antioxidants in the prevention an

d treatment of diabetes. For example, treatment of STZ-severe diabetic animals with N-acetyl-

L cysteine (NAC), a known antioxidant, suppressed hyperglycemia and restored β-

cell function by reducing oxidative stress (Tonchaiyaphum et al. 2013). On the other hand, STZ 

has been shown to damage pancreatic β cells ( Baiubon et al., 2016 ). Accordingly, β-

cell insulin content decreased in untreated diabetic rats, but pancreatic insulin content increased i

n treated rats. 

The antioxidant effects of flavonoids may be the reason why they prevent glycation. Studies hav

e shown that flavonoids are good scavengers of most oxidizing molecules (e.g. singlets), oxygen 

and many free radicals36 and are associated with many diseases (Campbell et al., 2016 Haruna et

 al. et al., 2020). Antioxidant studies show that the antioxidant properties of the extract will affect

 the elimination of free radicals (Bahram et al., 2020), thus protecting cells from free radical dam

age and harmful substances. The antioxidant activity of the product can also be measured by its r

eduction in donating hydrogen atoms that help break free radical chains and therefore destroy the

m. 

 Conclusion 
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Result from this study indicates that Manihot esculenta  

methanol leaf extract exhibits significant antidiabetic activity due to its hypoglycemic and antiox

idant effects. This antidiabetic effect may be due to its ability to stimulate the reproduction 

and/or 

reactivation of pancreatic beta cells and therefore improve pancreatic function. The extract has si

gnificant antioxidant activity that neutralizes ROS and helps overcome some late complications o

f DM. The presence of alkaloids and phenolics (mainly flavonoids) may be responsible for the hy

poglycemic activity and antioxidant effect of Manihot 

esculenta . These findings support the use of traditional herbs and antibiotics in the treatment of 

diabetes. 
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