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Type 2 Diabetes Mellitus (T2DM) is a metabolic condition involving high blood 

sugar and increased oxidative stress, with the pancreas being a primary target 

of the disease. This study aimed to investigate the significant changes in 

pancreatic antioxidant activities in diabetic rats treated with ethanol extract of 

Abelmonschus esculentum. Forty adult male Wistar rats were randomly divided 

into non-diabetic and diabetic units, each having four groups. Diabetes was 

induced in rats by a single intraperitoneal injection of streptozotocin (STZ) 

(600mg/kg). While Group 1 of both units was not treated, Group 2 received A. 

esculentum ethanol (300mg/kg) extract, Group 3 received N-acetyl Cysteine 

(NAC) (300mg/kg) and Group 4 received A. esculentum + NAC (300mg/kg). After 

21 days of treatment, rats were euthanized and the pancreas were excised for 

biochemical analysis. Generated data were analyzed using GraphPad prism 

version 8.0, and results were expressed as Standard Error of Mean (SEM). The 

mean variations between groups were compared using a two-way analysis of 

variance (ANOVA), followed by the Turkey post hoc test, with p-values of 0.05 

considered statistically significant. Results obtained showed a significantly 

decreased body weight, blood glucose, Xanthine oxidoreductase (XOR) and 

Malondialdehyde (MDA) levels with significantly increased Glutathione reductase 

(GR) and Nitric Oxide (NO) levels in treated groups indicating a positive 

mechanism in the management of oxidative stress induced by STZ. These 

findings suggest that A. esculentum extract has antioxidant properties that can 

mitigate oxidative stress in the diabetic pancreas, indicating its potential 

therapeutic value in management of T2DM. 

Keywords: Diabetes mellitus, Glutathione reductase, Malondialdehyde, Nitric 

Oxide, Xanthine oxidoreductase. 
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1.0 INTRODUCTION 

The American Diabetes Association [1] defines diabetes 

mellitus (DM) as a long-term metabolic condition 

characterized by high blood glucose levels or 

hyperglycemia due to abnormalities in insulin 

secretion, insulin action, or both. DM can lead to death 

or disability and affect the quality of life of Diabetics.  

Diabetes requires attention and awareness as it is a 

prevalent global health concern which has caused 1.5 

million deaths per year [2, 3, 4], and an elevated blood 

glucose level, higher than optimal, has also led to an 

additional 2.2 million deaths globally by increasing the 

likelihood of cardiovascular and other diseases with 

forty-three percent of cases occurring before the age of 

70 years [5, 6]. A report from the International Diabetes 

Federation confirms that the number of people affected  

by diabetes is expected to rise significantly in 2035 [7]. 

 

Therefore, these statistics serve as a wake-up call to 

take preventive measures and promote a healthier 

lifestyle. Raising awareness and implementing effective 

strategies can reduce the prevalence of diabetes and 

improve global health [8]. Since DM poses a significant 

global health challenge as a chronic metabolic disorder 

[9] because of insufficient insulin secretion and/or 

function resulting in extended periods of high blood 

sugar levels and disturbances in the metabolism of 

carbohydrates, lipids, and proteins [3, 10], these 

metabolic disruptions in diabetes play a role in the 

emergence of various complications, affecting both 

major and minor blood vessels [11, 12, 13]. DM is 

majorly classified into Type 1 (T1DM) and Type 2 

(T2DM) [13].  People with T1DM need an external 

insulin, which is a condition where the body or tissues 
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do not respond effectively to insulin [13, 15, 16, 17, 18, 

19]. Disruption of insulin production and/ or function 

caused by DM increases blood sugar levels 

(hyperglycemia) and consequently increases blood 

pressure [20]. Prolonged hyperglycemia will result in 

arteriosclerosis, namely the accumulation of fat, 

cholesterol, and other substances in the arteries, 

thickening of the basement membrane, and changes in 

peripheral nerves that block blood flow [16, 20]. This 

impacts every organ in the body and generates a wide 

range of symptoms, hence DM is known as the silent 

killer [21]. Diabetes can also lead to a number of 

conditions, such as poor vision, cataracts, heart disease, 

kidney disease, erectile dysfunction, non-healing 

wounds, lung infections, blood vessel problems, stroke, 

and more [13]. Polyphagia (eating a lot), polydipsia 

(drinking a lot), polyuria (frequent nighttime urination), 

increased hunger yet rapid weight loss of up to 5-10 kg 

in 2-4 weeks, and fatigue are the most prevalent 

symptoms of diabetes mellitus [22, 23]. Numerous 

studies have shown a connection between diabetes and 

increased oxidative stress, which leads to damage to 

important cell components [17, 24, 25, 26]. This occurs 

when there is an imbalance between the production of 

oxygen-derived radicals and the body's ability to 

counteract them with antioxidants [27, 28]. The 

connection between oxidative stress and diabetes has 

been the subject of various studies, but the findings 

have been inconsistent. F2-isoprostanes, compounds 

similar to prostaglandins formed during the 

peroxidation of arachidonic acid, have shown potential 

as markers of oxidative stress [29].  In diabetes, 

oxidative stress levels rise due to autoxidation of 

glucose, which generates free radicals [30].  

Additionally, there are imbalances in cellular 

oxidation/reduction processes and a decrease in 

antioxidant defenses [31]. This includes lower levels of 

cellular antioxidants and reduced activity of enzymes 

responsible for neutralizing free radicals [32]. 

Elevated levels of F2-isoprostanes have also been 

observed in the plasma of individuals with T2DM and 

the urine of both T1DM and T2DM diabetic patients [33]. 

Some studies suggest a possible association between 

poor glycemic control and increased lipid peroxidation 

[17, 34]. However, other research has found no 

correlation between glycemic control and levels of 8-

iso-PGF2α or MDA [35, 36]. Diets high in antioxidants 

are crucial for maintaining general health and lowering 

the risk of oxidative stress-related chronic diseases 

such as cancer, dementia, and cardiovascular disease 

[37]. The therapeutic potential of natural products or 

plant extracts in the treatment of T2DM has gained 

significant attention globally [3, 16, 19, 38 39, 40, 41]. A. 

esculentum, (Okra) also known as ladyfinger has been 

extensively studied for its anti-diabetic properties. 

Bioactive compounds found in this plant (Okra) include 

polyphenols, flavonoids, polysaccharides, and other 

antioxidants, anti-inflammatory, and anti-glycemic 

properties [42]. A. esculentum ethanol extract has been 

shown to improve glucose metabolism and improve 

insulin sensitivity in diabetes experimental models [43]. 

While there is a growing interest in ethanol extract of A. 

esculentum for T2DM due to its potential therapeutic 

benefits [44], its effect on pancreatic function remains 

largely unknown, therefore this study was aimed to 

investigate the Pancreatic antioxidants biomarkers 

activities in T2DM diabetic rats treated with A. 

esculentum ethanol extract. 

 

2.0 MATERIALS AND METHODS  

 

Chemicals and drug 

Streptozotocin (Batch no: 1378) was purchased from 

Aldrich sigma company, Spruce Street, St Louis U.S.A, 

N-acetyl cysteine (Batch no: 37188) was purchased from 

Wonder Laboratories, White House, U.S.A, Sodium 

Citrate (C3H4 (OH) (COONa)3 2H2O) (Batch no: 

5425/18/58) was purchased from BDH chemicals LTD 

Pools England. 

 

Phytochemical Study 

 

Plant Material 

Fresh A. esculentum (Okra) fruits were purchased from 

Obinomba local Market in Ukwuani Local Government 

of Delta State, Nigeria. The plant was identified and 

authenticated with a voucher specimen number 

DELSU/FOS/BOT 510430 at the Department of Botany, 

Faculty of Science, Delta State University, Abraka, 

Nigeria. Thereafter, the plant was transported to the 

Faculty of Pharmacy, Delta State University, Abraka for 

the extraction process. 

 

Plant Extraction Process 

The ethanol extraction of A. esculentum was carried out 

according to the method adopted by Ossai and others 

[3]. The extract was allowed to air dry into fine paste 

which was then stored in a universal bottle and kept in 

the fridge to be used for the experiment. 

 

Experimental Animal 

 

Handling of Animals 

Forty (40) Adult male Wistar rats weighing between 

118-180 g were purchased from Adewuyi Research 

Animal Foundation Ibadan, Oyo State, and transported 

to Delta State University, Abraka, Nigeria. The Wistar 

rats were housed in a clean and well-ventilated cage at 

the animal house in the Faculty of Basic Medical Science, 

Delta State University, Abraka and were acclimatized for 

a period of seven (7) days. 

 

Ethical Consideration 

The experiment protocol in this study was sorted and 

examined for approval by the Research, Ethics and 

Grant Committee of the Faculty of Basic Medical 

Sciences, Delta State University, Abraka, Nigeria 

(RBC/FBMC/DELSU/24/369). The research was 

performed following the ethical standard on the care 

and use of animals as laid down by Helsinki [19].  
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Preparation of Chemicals and Drugs 

 

Sodium Citrate 

Two grams (2.0g) of Sodium Citrate was dissolved in 

100ml of water to yield 2% of citrate buffer. 

 

Streptozotocin (STZ) 

Streptozotocin (0.6g) was dissolved in 10ml of citrate 

buffer to give a stock solution (diabetic agent). 

 

N-acetyl cysteine (NAC) 

NAC (0.6g) was dissolved in 10 ml of water to give a 

stock solution (anti-oxidant drug). 

 

Induction of Diabetes 

Diabetes was induced in rats by a single intraperitoneal 

(IP) injection using the freshly prepared solution of the 

diabetic agent (Streptozotocin) at a dose of 60mg/kg 

body weight. 

 

Confirmation of Diabetes Mellitus (DM)  

The onset of diabetes was checked by collecting blood 

from the tail of the rats and measuring blood glucose 

level after 72 hours of diabetic injection with a 

glucometer (Accu-check active, Amazon, Inc. 1996, 

Germany). DM was confirmed by elevated fasting blood 

glucose of 200mg/dl and above [3, 19].  

 

Determination of Blood Glucose Level  

Weekly blood glucose level assessments were carried 

out using an accku check glucometer (Accu Check 

active German) and Accu Check active strip. Blood was 

collected from the tip of the rat's tail. Values obtained 

were rerecorded and expressed in mg/dl [3, 18, 19]. 

 

Experimental Design 

The experimental study (Table 1) was conducted over 

21 days to evaluate the effects of different treatments on 

non-diabetic and diabetic Wistar rats. The groups and 

treatments were as follows: 

 

Table 1: Experimental Grouping of Non-Diabetic and 

Diabetic Rats Based on Treatments 

 Group Non-diabetic Rat Diabetic Rat 

1 RC RC 

2 RC+AE RC+AE 

3 RC+NAC RC+NAC 

4 RC+AE+NAC RC+AE+NAC 

RC: Rat Chow (control diet). 

AE: Abelmoschus esculentus extract (administered at 

300 mg/kg body weight). 

NAC: N-Acetylcysteine (administered at 300 mg/kg 

body weight). 

 

Determination of Body Weight 

The rats' body weight was checked weekly during 

bench work with a digital weighing balance (2674ER, 

Duack, Germany) until the last day before sacrifice. 

 
 

𝐏𝐞𝐫𝐜𝐞𝐧𝐭𝐚𝐠𝐞 𝐰𝐞𝐢𝐠𝐡𝐭 𝐜𝐡𝐚𝐧𝐠𝐞 (%) =
𝒇𝒊𝒏𝒂𝒍 − 𝒊𝒏𝒕𝒊𝒂𝒍𝒃𝒐𝒅𝒚𝒘𝒆𝒊𝒈𝒉𝒕 (𝒈)

𝒊𝒏𝒕𝒊𝒂𝒍𝒃𝒐𝒅𝒚𝒘𝒆𝒊𝒈𝒉𝒕 (𝒈)
𝑿

𝟏𝟎𝟎

𝟏
 

Euthanizing of Animals and Sample Collection 
Wistar rats were euthanized via cervical dislocation. 

Blood samples were collected through cardiac puncture 

into a plain sample bottle and centrifuged at 12,000 rpm 

for 10 minutes. A laparotomy was done and the pancreas 

was excised for histology examination. 

 

Biochemical Analysis 

 

Determination of Nitric Oxide 

The Nitric Oxide level was determined by a microplate 

reader by a method described by Ossai and Ojieh [16] 

 

Determination of Glutathione reductase (GR) 

To estimate glutathione reductase (GR) activity, the 

harvested cells were lysed, and the measurements were 

recorded as adopted by Ossai and Ojieh [19], using 

NADPH as a cofactor for the enzymatic reaction 

 

Determination of Xanthine oxidoreductase (XOR) 

The activity of Xanthine oxidoreductase was determined 

in the tissue homogenates by the method adopted by 

Ossai and Ojieh [19] 

 

Determination of Lipid Peroxidation 

Lipid peroxidation was estimated in terms of 

thiobarbituric acid reactive species (TBARS), using 

Malondialdehyde (MDA) as standard by the method of 

Ossai and Ojieh [19]; Odeghe and others [41] 

 

Statistical Analysis 

The collected data were expressed using the Standard 

Error of Mean. GraphPad Prism version 8.0 (GraphPad 

Software, San Diego, CA, U.S.A) was used to analyze the 

data. A Turkish post hoc test was used after a two-way 

analysis of variance (ANOVA) to compare mean 

differences across groups. A p-value of less than 0.05 

was deemed statistically significant for every test.    

 

3.0 RESULTS AND DISCUSSIONS 

Diabetes mellitus (DM) is a complex condition 

characterized by chronic hyperglycemia due to issues 

with insulin production, utilization, or both [19, 45]. 

Type 2 diabetes mellitus (T2DM), the most prevalent 

form globally, is associated with overweight, physical 

inactivity, and a family history of the disease [46]. 

Chronic hyperglycemia in diabetes leads to increased 

oxidative stress and the production of reactive oxygen 

species (ROS), contributing to complications such as 

pancreatic dysfunction, cardiovascular disease, 

nephropathy, neuropathy, and retinopathy. 

Abelmoschus esculentus (okra) is a medicinal plant 

known for its potential to manage hyperglycemia, a 

hallmark of diabetes [47]. Its extract, rich in flavonoids 

and polyphenols, exhibits antioxidant properties that 

help mitigate oxidative stress and may aid in managing 

diabetes and its complications [48, 49]. 
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Diabetes also impacts body weight and metabolism 

[50]. Weight fluctuations are common in diabetes, with 

overweight being a significant risk factor for T2DM [51].  

 

3.1 Effect of Okra Ethanol Extract Alone and in 

Combination with N-Acetyl Cysteine on Body 

Weight in Non-Diabetic and Streptozotocin-Induced 

Diabetic Male Wistar Rats. 

Our findings (Figure 1) demonstrate a significant 

decrease in body weight in both diabetic and non-

diabetic rats treated with Okra ethanol extract, N-

acetylcysteine (NAC), or their combination compared to 

diabetic controls. This weight reduction may be 

attributed to the hypoglycemic properties of Okra and 

NAC, which can enhance insulin sensitivity and glucose 

utilization. By improving glucose metabolism and 

reducing oxidative stress, as noted by Khanum et al. 

[52], these treatments likely shift the body's energy 

balance from fat storage to glucose utilization, 

contributing to weight loss in both diabetic and non-

diabetic rats. 
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Figure 1: Effect of Abelmoschus esculentum ethanol extract alone and in combination with NAC on body weight (BW) 

in (a) non-diabetic and (b) diabetic male Wistar rats. 

Bars represent Mean ± S.E.M. (n = 5). Statistical analysis was performed using one-way ANOVA followed by Tukey's 

post hoc test. *p < 0.05 relative to controls; ap < 0.05. 

 

3.2 Effect of Abelmoschus esculentum Ethanol 

Extract Alone and in Combination with N-Acetyl 

Cysteine on Blood Glucose in Non-Diabetic and 

Streptozotocin-Induced Diabetic Male Wistar Rats 

Monitoring blood glucose levels is essential for 

diabetes management, as elevated levels indicate poor 

glycemic control [53]. Weekly assessments of blood 

glucose levels evaluated the effects of A. esculentum 

ethanol extract alone and in combination with NAC. 

The results showed a significant reduction in blood 

glucose levels in both non-diabetic and diabetic rats 

treated with A. esculentum, NAC, or their combination 

compared to controls. Notably, the combination of A. 

esculentum and NAC produced greater hypoglycemic 

effects than either treatment alone (Figure 2). This may 

be attributed to mechanisms such as improved insulin 

sensitivity, reduced oxidative stress, regulation of 

glycogen metabolism, inhibition of carbohydrate-

digesting enzymes [3], and decreased inflammation. 

Previous studies have shown that A. esculentum and 

NAC lower fasting blood glucose in diabetic rats by 

enhancing glucose tolerance, delaying glucose 

absorption due to high fibre content, and protecting 

insulin-producing cells from oxidative stress [54, 55]. 

Our findings align with those of Sharma et al. [56], who 

reported reductions in oxidative stress and 

improvements in pancreatic histology with A. 

esculentum extract. However, including NAC in our 

study enhanced the observed hypoglycemic effects. 

While earlier research supports the role of A. 

esculentum in managing diabetes and its complications, 

our study highlights its enhanced efficacy when 

combined with NAC, reinforcing its antioxidant and 

pancreatic protective properties. 
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Figure 2: Effect of Abelmoschus esculentum ethanol extract on blood glucose levels in (a) non-diabetic and (b) 

diabetic male Wistar rats co-treated with N-Acetyl Cysteine. 

Bars represent Mean ± S.E.M. (n = 5). Statistical analysis was performed using one-way ANOVA followed by Tukey's 

post hoc test. *p < 0.05 relative to controls; ap < 0.05. 

Blood glucose levels in both non-diabetic and diabetic rats treated with A. esculentum, NAC, and the combination of 

A. esculentum + NAC were significantly reduced compared to the respective control groups. 

 

3.3 Effect of Abelmoschus esculentum on Pancreatic 

Antioxidant Biomarkers in Non-Diabetic and 

Streptozotocin-Induced Diabetic Male Wistar Rats 

Co-Treated with N-Acetyl Cysteine 

Antioxidant biomarkers are crucial for countering 

oxidative stress and protecting cellular components. 

Key antioxidants such as GSH, thioredoxin, ascorbic 

acid, SOD, GPx, and CAT play vital roles in neutralizing 

ROS and preventing cellular damage [19, 26, 57]. In 

diabetes, excessive ROS production increases oxidative 

stress, exacerbating the condition [3, 16, 17, 26]. 

Monitoring these biomarkers can help assess oxidative 

damage and the effectiveness of treatments to reduce 

oxidative stress [58, 59]. MDA is a marker of lipid 

peroxidation and oxidative stress, while NO is essential 

for pancreatic health and insulin secretion [60]. 

Elevated MDA levels in diabetes indicate increased 

oxidative stress and lipid breakdown, contributing to 

pancreatic dysfunction [26]. 

As shown in Figure 3, this study observed a significant 

decrease in pancreatic MDA levels in both non-diabetic 

and diabetic rats treated with A. esculentum, NAC, or 

their combination compared to their respective control 

groups, which showed significantly higher MDA levels. 

The combination of A. esculentum and NAC further 

reduced MDA levels compared to treatment with A. 

esculentum alone. This suggests that A. esculentum 

contains bioactive compounds, such as flavonoids and 

phenolic substances, that neutralize free radicals and 

prevent lipid oxidation [61]. 

The reduction in MDA levels indicates a protective 

mechanism by A. esculentum and NAC, which shields 

pancreatic cells from oxidative stress, preserving their 

function and health. The elevated MDA levels observed 

in the diabetic control group align with previous 

findings, emphasizing the role of oxidative stress in 

pancreatic dysfunction in diabetes. The decrease in 

MDA levels following A. esculentum treatment further 

supports its antioxidant potential in protecting the 

pancreas from oxidative damage.
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Figure 3: Effect of Abelmoschus esculentum ethanol extract on pancreatic MDA levels in (a) non-diabetic and (b) 

streptozotocin-induced diabetic male Wistar rats co-treated with N-Acetyl Cysteine, and (c) combined analysis of 

non-diabetic and diabetic rats. 

Bars represent Mean ± S.E.M. (n = 5). Statistical analysis was performed using one-way ANOVA followed by Tukey's 

post hoc test. *p < 0.05 relative to controls; ap < 0.05. 

 

3.4 Effect of Abelmoschus esculentum Ethanol 

Extract Alone and in Combination with N-Acetyl 

Cysteine (NAC) on Pancreatic Nitric Oxide (NO) 

Nitric oxide (NO) is a key signalling molecule for 

pancreatic function and insulin release [62]. As shown in 

Figure 4, this study observed a significant increase in 

pancreatic NO levels in both non-diabetic and diabetic 

rats treated with A. esculentum or NAC compared to 

their respective control groups. The combination of A. 

esculentum and NAC further elevated NO levels 

compared to treatment with A. esculentum alone in both 

non-diabetic and diabetic rats. 

The increase in NO levels induced by A. esculentum may 

enhance pancreatic β-cell function, leading to improved 

insulin production and release, which helps regulate 

blood sugar levels in type 2 diabetes. This suggests that 

A. esculentum extract could stimulate NO production in 

a manner beneficial to pancreatic health. 

Higher pancreatic NO levels indicate that A. esculentum 

may influence NO-regulated pathways critical for 

pancreatic function and insulin secretion. NO is vital for 

various processes, including pancreatic blood flow, β-

cell growth, and insulin release, while impaired NO 

production is linked to diabetes development [63]. 

These findings highlight the potential of A. esculentum in 

modulating NO levels to support normal pancreatic 

function, warranting further investigation. 
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Figure 4: Effect of Abelmoschus esculentum ethanol extract alone and in combination with N-Acetyl Cysteine (NAC) 

on pancreatic Nitric Oxide (NO) levels in (a) non-diabetic male Wistar rats, (b) streptozotocin-induced diabetic male 

Wistar rats, and (c) combined analysis across groups. 

Bars represent Mean ± S.E.M. (n = 5). Statistical analysis was performed using one-way ANOVA followed by Tukey's 

post hoc test. *p < 0.05 relative to controls; ap < 0.05. 

 

3.5 Effect of Abelmoschus esculentum Ethanol 

Extract Alone and in Combination with N-Acetyl 

Cysteine (NAC) on Pancreatic GR Levels 

Figure 5 highlights the effects of A. esculentum, NAC, 

and their combination on pancreatic GR levels in non-

diabetic and diabetic rats. Both A. esculentum and NAC 

treatments independently increased pancreatic GR 

levels in non-diabetic and diabetic rats compared to 

their respective controls. The combination of A. 

esculentum and NAC further elevated GR levels beyond 

those observed with A. esculentum alone. 

In diabetic control rats, pancreatic GR levels were 

significantly reduced compared to non-diabetic 

controls. Treatment with either A. esculentum or its 

combination with NAC significantly restored GR levels 

in both groups. These findings align with previous 

studies by Alblihb et al. [64] and Hamed et al. [66, 67]. 
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Figure 5: Effect of Abelmoschus esculentum ethanol extract alone and in combination with N-Acetyl Cysteine (NAC) 

on pancreatic GR levels in (a) non-diabetic male Wistar rats, (b) streptozotocin-induced diabetic male Wistar rats, 

and (c) combined analysis across groups. 

Bars represent Mean ± S.E.M. (n = 5). Statistical analysis was performed using one-way ANOVA followed by Tukey's 

post hoc test. *p < 0.05 relative to controls; ap < 0.05. 

 

3.6 Effect of Abelmoschus esculentum Ethanol 

Extract Alone and in Combination with N-Acetyl 

Cysteine (NAC) on Pancreatic XOR Levels 

Figure 6 highlights the effects of A. esculentum, NAC, 

and their combination on pancreatic XOR levels in non-

diabetic and diabetic Wistar rats. Treatment with A. 

esculentum or NAC alone significantly decreased 

pancreatic XOR levels, which were elevated in both 

non-diabetic and diabetic control rats, demonstrating 

their antioxidant properties. The combination of A. 

esculentum and NAC further reduced XOR levels in both 

groups, indicating enhanced therapeutic efficacy in 

managing diabetes. 

Diabetic rats exhibited significantly higher pancreatic 

XOR levels compared to non-diabetic controls (Figure 

3.6c). However, treatment with A. esculentum, either 

alone or in combination with NAC, significantly 

decreased XOR levels in diabetic rats. Similarly, in non-

diabetic rats, treatment with A. esculentum, NAC, or 

their combination significantly reduced XOR levels, 

with the combination therapy showing the greatest 

reduction. 

Overall, these findings confirm the potential of A. 

esculentum, particularly when combined with NAC, to 

mitigate oxidative stress through reductions in 

pancreatic XOR levels in diabetic and non-diabetic 

conditions. 
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Figure 6: Effect of Abelmoschus esculentum Ethanol Extract Alone and in Combination with N-Acetyl Cysteine (NAC) 

on Pancreatic XOR Levels in (a) Non-Diabetic Male Wistar Rats, (b) Streptozotocin-Induced Diabetic Male Wistar Rats, 

and (c) Across Both Groups 

Bars represent Mean ± S.E.M. (n = 5) (One-way ANOVA followed by Tukey’s post hoc test). *p < 0.05, relative to 

controls; ap < 0.05. 

 

4.0 Conclusion 

This study demonstrated that A. esculentum ethanol 

extract significantly reduced body weight and blood 

glucose levels in both non-diabetic and diabetic rats 

compared to their respective controls. It also decreased 

MDA and XOR levels while increasing pancreatic NO 

and GR levels in diabetic rats. These findings confirm A. 

esculentum as a hypoglycemic agent and a potent 

antioxidant, capable of mitigating oxidative stress 

induced by STZ. Its ability to modulate oxidative 

biomarkers highlights its potential as a therapeutic 

option for managing diabetes mellitus and its 

complications. 

 

Acknowledgements 

We sincerely thank everyone who contributed to the 

success of this study. Your support and efforts have 

been invaluable, and we are eternally grateful to you all. 

 

REFERENCES  

[1] American Diabetes Association. (2022). 

Pharmacologic Approaches to Glycemic Treatment: 

Standards of Medical Care in Diabetes—2022. 

Diabetes Care, 45(1): S111-S124. 

https://pubmed.ncbi.nlm.nih.gov › 

[2] Onuigwe, F. U., Ambi, H., Uchechukwu, N. J., & 

Obeagu, E. I. (2024). Platelet Dysfunction in 

Diabetes Mellitus. Elite Journal of Medicine, 2(2), 1-

7. https://www.researchgate.net › publication › 

37870554. 

[3] Ossai, N.R., Ojieh, A.E., Nwogueze, BC., Olowe, GT. & 

Ajayi, ER. (2021). Ameliorative Potentials of 

Methanolic Leaf Extract of Nephrolepis undulate in 

Streptozotocin-induced Diabetic Wistar rats. Plant 

Cell Biotechnology and Molecular Biology 

22(15&16):41-53. 

www.researchgate.net/publication/349865903 

[4] El-Kebbi, I.M., Bidikian, N.H., Hneiny, L. & Nasrallah, 

M.P. (2021). Epidemiology of type 2 diabetes in the 

Middle East and North Africa: Challenges and call 

for action. World journal of diabetes, 12(9):1401. 

DOI: 10.4239/wjd.v12.i9.1401 

[5] Pandey, JM. & Mishra, P. (2018). Diabetes Mellitus 

and Aging. In Handbook of Research on Geriatric 

Health, Treatment, and Care, 269-287. DOI: 

10.4018/978-1-5225-3480-8 

http://www.researchgate.net/publication/349865903
http://dx.doi.org/10.4239/wjd.v12.i9.1401
http://dx.doi.org/10.4018/978-1-5225-3480-8


Ossai et al                                            Trop. J. Chem., Jan. 2025; 1(1): 37 – 49 

46 
 

[6] Roglic, G.  (2016). WHO Global report on diabetes: 

A summary. International Journal of 

Noncommunicable Diseases, 1(1): 3-8. DOI: 

10.4103/2468-8827.184853 

[7] International Diabetes Federation, (2019). IDF 

Diabetes Atlas, 9th ed.; IDF: Brussels, Belgium. 

http://diabetesatlas.org › resources › material › 2... 

[8] Saeedi, P., Salpea, P., Karuranga, S., Petersohn, I., 

Malanda, B., Gregg, E.W., Unwin, N., Wild, S.H. & 

Williams, R., (2020). Mortality attributable to 

diabetes in 20–79 years old adults, 2019 estimates: 

Results from the International Diabetes Federation 

Diabetes Atlas. Diabetes research and clinical 

practice, 162, 108086. 

DOI:10.1016/j.diabres.2020.108086 

[9] Arokiasamy, P., Salvi, S. & Selvamani, Y. (2021). 

Global burden of diabetes mellitus. In Handbook of 

Global Health. 1-44. DOI: 10.1007/978-3-030-05325-

3_28-1 

[10] ElSayed, NA., Aleppo, G., Aroda, VR., Bannuru, RR., 

Brown, FM., Bruemmer, D., Collins, BS., Hilliard, 

ME., Isaacs, D., Johnson, EL., Kahan, S., Khunti, K., 

Leon, J., Lyons, SK., Perry, ML., Prahalad, P., 

Pratley, RE., Seley, JJ., Stanton, RC., Gabbay, RA, 

(2023). on behalf of the American Diabetes 

Association. 6. Glycemic Targets: Standards of Care 

in Diabetes-2023. Diabetes Care. 46(Suppl 1):S97-

S110. doi: 10.2337/dc23-S006. PMID: 36507646; 

PMCID: PMC9810469. 

[11] Abdel-Wahab, WM., Moussa, FI. (2019). 

Neuroprotective effect of N-acetylcysteine against 

cisplatin-induced toxicity in rat brain by 

modulation of oxidative stress and inflammation. 

Drug Des Devel Ther. 13:1155-1162. doi: 

10.2147/DDDT.S191240. PMID: 31043768; PMCID: 

PMC6469471. 

[12] Singh, N., Kesherwani, R., Tiwari, A.K. & Patel, D.K., 

(2016). A review on diabetes mellitus. The Pharma 

Innovation, 5(7, Part A) .36. 

https://www.researchgate.net › ... ›  

[13] Sembulingam, K. & Sembulingam, P. (2019). 

Essential of Medical Physiology (5th Ed) Jaypee 

Brothers Medical Publishers Ltd, St. Louis, U.S.A.  

https://www.jaypeedigital.com › book 

[14] Zuhair, V., Obaid, M. A., Mustafa, M. S., Shafique, M. 

A., Rangwala, B. S., Shakil, A., & Obaid, M. I. (2024). 

Evaluating the efficacy and safety of weekly Insulin 

Icodec vs. Daily Insulin Glargine in type 2 Diabetes 

Mellitus: a systematic review and meta-

analysis. Journal of Diabetes and Metabolic 

Disorders, 1-13. DOI: 10.1007/s40200-024-01431-5 

[15] Roden, M., Petersen, K. F., & Shulman, G. I. (2024). 

Insulin resistance in type 2 diabetes. Textbook of 

diabetes, 238-249. https:// 

doi.org/10.1002/9781119697473.ch17  

[16] Ossai, NR & Ojieh, AE. (2023). Ameliorative 

Potentials and Tissue-Protective Effects of 

Methanolic Extract of Persea americana Seeds on 

Renal Function in Alloxan-Induced Diabetic Wistar 

Rats. Asian Journal of Research in Nephrology 6(1): 

33-48 https://journalajrn.com › AJRN › article › view 

[17] Ossai, NR; Ojieh, AE; Nwangwa, EK; Nwogueze, BC. 

(2024). Effect of Modified Diets Pancreatic 

Oxidative Markers in Streptozotocin-Induced 

Diabetic Wistar rats Following the Administration of 

Alpha Lipoic Acid. J. Appl. Sci. Environ. Manage. 28 

(4) 1007-1051 DOI:10.4314/jasem.v28i4.10 

[18] Ossai, NR; Ojieh, AE; Nwangwa, EK; Nwogueze, BC 

(2024). Attenuating Potential of Modified Diets on 

Testicular Inflammatory Biomarkers in 

Streptozotocin-Induced Diabetic Wistar Rats. Pak 

Heart J 57(01):297-318   

www.pkheartjournal.com › journal › article › view 

[19] Ossai, NR. & Ojieh, AE. (2024) Assessment of 

Selected Antioxidants Biomarkers Activity of 

Cissampelos owariensis Fractions in Streptozotocin-

induced Diabetic Wistar Rats. Mal J Med Health Sci 

20(5): 191-200 DOI:  10.47836/mjmhs20.5.25 

[20] Niedowicz, DM, Daleke DL. (2005). The role of 

oxidative stress in diabetic complications. Cell 

Biochem Biophys. 43(2):289-330. doi: 

10.1385/CBB:43:2:289. PMID: 16049352 

[21] Mukhtar, Y., Galalain, A., &  Yunusa, U. (2020). A 

modern overview on diabetes mellitus: a chronic 

endocrine disorder. European Journal of 

Biology, 5(2), 1-14. DOI:10.47672/ejb.409 

[22] Tekir, O., Çevik, C., Kaymak, G. Ö., & Kaya, A. (2021). 

The effect of diabetes symptoms on quality of life in 

individuals with type 2 diabetes. Acta 

Endocrinologica (Bucharest), 17(2), 186.-193. doi: 

10.4183/aeb.2021.186. PMID: 34925566; PMCID: 

PMC8665249. 

[23] Halliwell, B. (2023). Understanding mechanisms of 

antioxidant action in health and disease. Nature 

Reviews Molecular Cell Biology, 25(1), 13-33. doi: 

10.1038/s41580-023-00645-4. Epub 2023 Sep 15. 

PMID: 37714962. 

[24] Mustapha, B.O., Ademoyegun, O.T. & Ahmed, R.S. 

(2023). Horticultural crops as natural therapeutic 

plants for the therapy of diabetes mellitus. Egyptian 

Journal of Basic and Applied Sciences, 10(1): 380-

395. DOI: 10.1080/2314808X.2023.2217387 

[25] Yadav, A., Kumari, R., Yadav, A., Mishra, J. P., Srivatva, 

S., & Prabha, S. (2016). Antioxidants and it’s functions 

in human body-A Review. Res. Environ. Life Sci, 9(11), 

1328-133 https://www.researchgate.net › ... › 

Antioxidants 

[26] Ojieh A.E. (2020). Evaluation of Antidiabetic and 

Antioxidant potential of Nephrolepis unduranta leaf 

extract in Streptozotocin Induced Diabetic Wistar 

Rats; Int. J of Forensic Med Invest., 5 (1): 34-41. 

https://ijfmi.org/index.php/JSD/article/ 

download/102/62/https://ijfmi.org/index.php/JSD/ 

article/download/102/62/ 

[27] Rahimi, R., Nikfar, S., Larijani, B. & Abdollahi, M. 

(2005). A review on the role of antioxidants in the 

management of diabetes and its 

complications. Biomedicine and 

Pharmacotherapy, 59(7):365-373. 

doi:10.1016/j.biopha.2005.07.002. PMID: 16081237. 

[28] Adwas, AA., Elsayed, A., Azab, A.E. & Quwaydir, FA. 

(2019). Oxidative stress and antioxidant 

http://dx.doi.org/10.4103/2468-8827.184853
http://dx.doi.org/10.1016/j.diabres.2020.108086
http://dx.doi.org/10.1007/978-3-030-05325-3_28-1
http://dx.doi.org/10.1007/978-3-030-05325-3_28-1
http://dx.doi.org/10.1007/s40200-024-01431-5
https://doi.org/10.1002/9781119697473.ch17
https://doi.org/10.1002/9781119697473.ch17
https://doi.org/10.4314/jasem.v28i4.10
http://dx.doi.org/10.47836/mjmhs20.5.25
http://dx.doi.org/10.47672/ejb.409
http://dx.doi.org/10.1080/2314808X.2023.2217387
https://ijfmi.org/index.php/JSD/article/
https://ijfmi.org/index.php/JSD/


Ossai et al                                            Trop. J. Chem., Jan. 2025; 1(1): 37 – 49 

47 
 

mechanisms in human body. J. Appl. Biotechnol. 

Bioeng, 6(1):43-47. DOI: 

10.15406/jabb.2019.06.00173 

[29] Ayepola, O.R., Brooks, N.L. & Oguntibeju, O.O., 

(2014). Oxidative stress and diabetic complications: 

the role of antioxidant vitamins and 

flavonoids. Antioxidant-antidiabetic agents and 

human health, 923-931. DOI: 10.5772/57282 

[30] Asmat, U., Abad, K. & Ismail, K., (2016). Diabetes 

mellitus and oxidative stress. A concise 

review. Saudi pharmaceutical journal, 24(5): 547-

553. doi: 10.1016/j.jsps.2015.03.013. Epub 2015 

Mar 21. PMID: 27752226; PMCID: PMC5059829. 

[31] Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., 

Mannino, F., Arcoraci, V., Squadrito, F., Altavilla, D. & 

Bitto, A., (2017). Oxidative stress: harms and benefits 

for human health. Oxidative medicine and cellular 

longevity, 2017(1): 8416763. doi: 

10.1155/2017/8416763. Epub 2017 Jul 27. PMID: 

28819546; PMCID: PMC5551541. 

[32] Jebur, A.B., Mokhamer, M.H. & El-Demerdash, F.M. 

(2016). A review on oxidative stress and role of 

antioxidants in diabetes mellitus. Austin Endocrinol 

Diabetes Case Rep, 1(1):1006-1011. 

https://austinpublishinggroup.com › fulltext › diab... 

[33] Kaviarasan, S., Muniandy, S., Qvist, R. & Ismail, I.S., 

(2009). F2-isoprostanes as novel biomarkers for 

type 2 diabetes: a review. Journal of clinical 

biochemistry and nutrition, 45(1): 1-8. doi: 

10.3164/jcbn.08-266. Epub 2009 Jun 30. PMID: 

19590700; PMCID: PMC2704321. 

[34] Fatani, S.H., Babakr, A.T., NourEldin, E.M. & 

Almarzouki, A.A., (2016). Lipid peroxidation is 

associated with poor control of type-2 diabetes 

mellitus. Diabetes & Metabolic Syndrome: Clinical 

Research & Reviews, 10(2): S64-S67. doi: 

10.1016/j.dsx.2016.01.028. Epub 2016 Jan 14. PMID: 

26806326. 

[35] Nakhjavani, M., Ghazizadeh, Z., Nargesi, A.A., 

Mokhtari, A., Asgarani, F., Imani, M., Davoudi, Z. & 

Esteghamati, A., (2014). Prostaglandin F2 alpha 

plasma concentration predicts glycemic control and 

oxidation status in patients with type 2 diabetes 

mellitus. Clin Lab, 60(12): 2073-2080. doi: 

10.7754/clin.lab.2014.140405. PMID: 25651743. 

[36] Fathi, S., Borzouei, S., Goodarzi, M.T., Poorolajal, J. & 

Ahmadi-Motamayel, F., (2020). Evaluation of salivary 

antioxidants and oxidative stress markers in type 2 

diabetes mellitus: a retrospective cohort 

study. Endocrine, Metabolic & Immune Disorders-

Drug Targets (Formerly Current Drug Targets-

Immune, Endocrine & Metabolic Disorders), 20(4): 

584-590. doi: 

10.2174/1871530319666191016103222. PMID: 

31622212. 

[37] Maharjan, K. (2023). Practices and Importance of 

Dietary Antioxidant Rich Foods in Nepal. Journey for 

Sustainable Development and Peace Journal. 1(1), 

36-51. DOI:  

https://doi.org/10.3126/jsdpj.v1i1.52598  

[38] Ojieh, AE; Ugorji AE; Ovuakporaye IS; Ewhre OL; 

Ossai NR. (2016). “Comparative Evaluation of 

Hypoglycemic Properties of Raw and Boiled Allium 

cepa in Alloxan- Induced Diabetes Mellitus Rats. UK 

Journal of Pharmaceutical and Biosciences, 4(3), 38-

44.https://pharmabiosciencejournal. 

com/index.php/pbj/article/view/2052 

[39] Wilson, JI., Ojieh, AE., Nwogueze, BC., Ossai, NR., & 

Okolocha, C. (2022). Histomorphorlogical and 

biochemical evaluation of oral administration of 

datura metel stramonium on the kidneys of adult 

male wistar rats. International Journal of Health 

Sciences, 6(S7), 2948–2962. 

https://doi.org/10.53730/ijhs.v6nS6.12610Inter 

[40] Dinda, B., & Dinda, M. (2022). Natural products, a 

potential source of new drugs discovery to combat 

obesity and diabetes: their efficacy and multi-

targets actions in treatment of these diseases. 

In Natural Products in Obesity and Diabetes: 

Therapeutic Potential and Role in Prevention and 

Treatment (101-275).DOI:10.1007/978-3-030-92196-

5_4 

[41] Odeghe, HE., Ojieh, AE., Ossai, NR & Enaohwo, TM. 

(2023). Ameliorative Potentials of Methanol Bark 

Extract of Detarium senegalense (Tallow Tree) in 

Streptozotocin Induced Diabetic Male Wistar Rats. 

Plant Cell Biotechnology and Molecular Biology. 

24(1-2)64-80. DOI: 10.56557/pcbmb/2023/v24i1-

28197 

[42] Cui, M., Cheng, L., Shen, Y., Liu, K., & Liu, K. (2023). 

Structural characterization, hypoglycemic and 

immune-enhancing activities of a polysaccharide 

from Oenanthe javanica. Journal of Food 

Measurement and Characterization. 17(6): 6318-

6329. DOI: 10.1007/s11694-023-02121-1 

[43] Esmaeilzadeh, D., Razavi, B. M., & Hosseinzadeh, H. 

(2020). Effect of Abelmoschus esculentus (okra) on 

metabolic syndrome: A review. Phytotherapy 

Research, 34(9), 2192-2202..doi: 10.1002/ptr.6679. 

Epub 2020 Mar 27. PMID: 32222004. 

[44] Gammatantrawet, N., Nguyễ n, C. T., Susawaengsup, 

C., Ramli, A. N. M., Tongkoom, K., Chatsungnoen, T., 

& Bhuyar, P. (2024). Phytochemistry of Medicinal 

Herbs Belongs to Asclepiadaceae Family for 

Therapeutic Applications: A Critical 

Review. Molecular Biotechnology. 1-25. doi: 

10.1007/s12033-024-01122-9. Epub ahead of print. 

PMID: 38507018. 

[45] Aronson, D., & Edelman, ER. (2016). Coronary 

Artery Disease and Diabetes Mellitus. Heart Fail 

Clin. 12(1):117-33. doi: 10.1016/j.hfc.2015.08.010. 

PMID: 26567979. 

[46] Ferreira, P. L., Morais, C., Pimenta, R., Ribeiro, I., 

Amorim, I., Alves, S. M., & Santiago, L. (2024). 

Knowledge about type 2 diabetes: its impact for 

future management. Frontiers in Public Health, 12, 

1328001. doi: 10.3389/fpubh.2024.1328001. PMID: 

38525337; PMCID: PMC10957559. 

[47] Kalaskar, M., Redasani, V., Ayyanar, M., Ghante, 

M., Firke, S., Agrawal, K., Ghawate, V., Surana, S., 

Alarifi, S., Chikhale, R., Gurav, S.(2023). Isolation 

http://dx.doi.org/10.15406/jabb.2019.06.00173
https://doi.org/10.3126/jsdpj.v1i1.52598
https://pharmabiosciencejournal/
https://doi.org/10.53730/ijhs.v6nS6.12610Inter
http://dx.doi.org/10.1007/978-3-030-92196-5_4
http://dx.doi.org/10.1007/978-3-030-92196-5_4
http://dx.doi.org/10.56557/pcbmb/2023/v24i1-28197
http://dx.doi.org/10.56557/pcbmb/2023/v24i1-28197
http://dx.doi.org/10.1007/s11694-023-02121-1


Ossai et al                                            Trop. J. Chem., Jan. 2025; 1(1): 37 – 49 

48 
 

and Characterization of Anti-Inflammatory 

Compounds from Ficus microcarpa L.f. Stem Bark. 

Plants (Basel). 12(18):3248. doi: 

10.3390/plants12183248. PMID: 37765413; PMCID: 

PMC10538222. 

[48] Arapoc, D. J., Adam, Z., Razali, R., Suliman, N. A., & 

Bakar, N. A. A. (2022). Phytochemical Screening, In 

vitro Antioxidant Activities and Zebrafish 

Embryotoxicity of Abelmoschus esculentus Extracts. 

Pharmacognosy Journal, 14(3): 690-701. DOI: 

10.5530/pj.2022.14.88 

[49] Adheena, P., Namboodiri, R. V., Bastian, D., Anitha, P., 

& Rashmi, C. R. (2024). Optimizing Pre-Sowing 

Treatments for the Enhanced Growth, Fruit Yield, 

and Seed Quality in Abelmoschus esculentus L. 

Moench. International Journal of Plant & Soil Science, 

36(2), 53-62. DOI:10.9734/ijpss/2024/v36i24363 

[50] Lone S, Lone K, Khan S, Dampori RA. (2017). 

Assessment if metabolic syndrome in kashimi 

population with type 2 diabetes employing the 

standard criteria’s given by WHO, NCEPATP III, and 

IDF. Journal of Epidemiology Global Health. 7: 235-

239. doi: 10.1016/j.jegh.2017.07.004. Epub 2017 

Aug 9. PMID: 29110863; PMCID: PMC7384570. 

[51] Polidori, D., Sanghvi, A., Seeley, R. J., & Hall, K. D. 

(2016). How strongly does appetite counter weight 

loss? Quantification of the feedback control of 

human energy intake. Obesity. 24(11): 2289-2295. 

doi: 10.1002/oby.21653. PMID: 27804272; PMCID: 

PMC5108589. 

[52] Khanum, F. (2021). Therapeutic Foods: An 

Overview. Advances in Processing Technology, 31-

70. https://www.taylorfrancis.com › chapters › edit › 

therape... 

[53] Sachmechi, I., Salam, S., Amini, M., Khan, R., 

Spitznogle, A., & Belen, T. (2023). Frequent 

Monitoring of Blood Glucose Levels via a Remote 

Patient Monitoring System Helps Improve Glycemic 

Control. Endocrine Practice 29(6): 441-447. doi: 

10.1016/j.eprac.2023.03.270. Epub 2023 Mar 23. 

PMID: 36965657. 

[54] Schuurman, M., Wallace, M., Sahi, G., Barillaro, M., 

Zhang, S., Rahman, M., Sawyez, C., Borradaile, N., 

Wang, R. (2022). N-acetyl-L-cysteine treatment 

reduces beta-cell oxidative stress and pancreatic 

stellate cell activity in a high fat diet-induced 

diabetic mouse model. Front Endocrinol (Lausanne). 

25;13:938680. doi: 10.3389/fendo.2022.938680. 

PMID: 36093092; PMCID: PMC9452715. 

[55] Mustafa, YF. (2023). Harmful Free Radicals in Aging: 

A Narrative Review of Their Detrimental Effects on 

Health. Indian Journal of Clinical Biochemistry 

39(2):154-167. doi: 10.1007/s12291-023-01147-y. 

Epub 2023 Aug 1. PMID: 38577147; PMCID: 

PMC10987461. 

[56] Sharma, M., Chan, H.K., Lavilla Jr, C. A., Uy, M.M., 

Froemming, G.R.A., & Okechukwu, P.N. (2023). 

Induction of a single dose of streptozotocin (50 mg) 

in rat model causes insulin resistance with type 2 

diabetes mellitus. Fundamental & clinical 

pharmacology, 37(4): 769-778. doi: 

10.1111/fcp.12892. Epub 2023 Mar 17. PMID: 

36905079. 

[57] Ali, S.S., Ahsan, H., Zia, M.K., Siddiqui, T. & Khan, F.H. 

(2020). Understanding oxidants and antioxidants: 

Classical team with new players. Journal of food 

biochemistry, 44(3): 13145. doi: 10.1111/jfbc.13145. 

Epub 2020 Jan 20. PMID: 31960481. 

[58] Rajlic, S., Treede, H., Münzel, T., Daiber, A. & Duerr, 

G.D. (2023). Early detection is the best prevention—

Characterization of oxidative stress in diabetes 

mellitus and its consequences on the cardiovascular 

system. Cells, 12(4): 583. doi: 

10.3390/cells12040583. PMID: 36831253; PMCID: 

PMC9954643. 

[59] Demirci-Cekic, S., Özkan, G., Avan, A.N., Uzunboy, S., 

Çapanoğ lu, E. & Apak, R. (2022). Biomarkers of 

oxidative stress and antioxidant defense. Journal of 

pharmaceutical and biomedical analysis, 209: 

114477. doi: 10.1016/j.jpba.2021.114477. Epub 

2021 Nov 28. PMID: 34920302. 

[60] Saucedo, R., Ortega-Camarillo, C., Ferreira-

Hermosillo, A., Díaz-Velázquez, M. F., Meixueiro-

Calderón, C., & Valencia-Ortega, J. (2023). Role of 

oxidative stress and inflammation in gestational 

diabetes mellitus. Antioxidants, 12(10): 1812. doi: 

10.3390/antiox12101812. PMID: 37891891; PMCID: 

PMC10604289. 

[61] Pathak, A., Haq, S., Meena, N., Dwivedi, P., Kothari, 

S.L., & Kachhwaha, S. (2023). Multifaceted Role of 

Nanomaterials in Modulating In Vitro Seed 

Germination, Plant Morphogenesis, Metabolism 

and Genetic Engineering. Plants, 12(17): 3126. doi: 

10.3390/plants12173126. PMID: 37687372; PMCID: 

PMC10490111. 

[62] De la Cruz-Concepción, B., Flores-Cortez, Y. A., 

Barragán-Bonilla, M. I., Mendoza-Bello, J. M., & 

Espinoza-Rojo, M. (2023). Insulin: A connection 

between pancreatic β cells and the 

hypothalamus. World Journal of Diabetes, 14(2), 76-

91. doi: 10.4239/wjd.v14.i2.76. PMID: 36926659; 

PMCID: PMC10011898. 

[63] Slak, M., & Hara, M. (2024). Local dialogues between 

the endocrine and exocrine cells in the 

pancreas. Diabetes, 73(4), 533-541.doi: 

10.2337/db23-0760. PMID: 38215069; PMCID: 

PMC10958587. 

[64] Alblihd, M.A., Alsharif, K.F., Hamad, A.A., Ali, F.A.Z., 

Hussein, M.T., Alhegaili, A.S., Hassan, M.A., Al-Amer, 

O.M., Albezrah, N.K.A., Almalki, A.A. & Albarakati, 

A.J.A., (2023). Okra [Abelmoschus esculentus (L.) 

Moench] improved blood glucose and restored 

histopathological alterations in splenic tissues in a 

rat model with streptozotocin-induced type 1 

diabetes through CD8+ T cells and NF-kβ 

expression. Frontiers in Veterinary Science, 10: 11-

29. DOI: 10.3389/fvets.2023.1268968 

[65] Hamed, T.A., Ibrahim, M.E. & Salem, H.A. (2023). 

Possible Ameliorating Effect of N-acetyl Cysteine 

on Type II Diabetic Nephropathy: Clinical 

Trial. Azhar International Journal of Pharmaceutical 

http://dx.doi.org/10.5530/pj.2022.14.88
http://dx.doi.org/10.9734/ijpss/2024/v36i24363
http://dx.doi.org/10.3389/fvets.2023.1268968


Ossai et al                                            Trop. J. Chem., Jan. 2025; 1(1): 37 – 49 

49 
 

and Medical Sciences, 3(2):61-69. DOI: 

10.21608/aijpms.2023.155638.1159 

[66] Hamad, A., Elshahawy, M., Negm, A. & Mansour, F. 

(2019) Analytical methods for determination of 

glutathione and glutathione disulfide in 

pharmaceuticals and biological fluids. Reviews in 

Analytical Chemistry, 38 (4): 20190019. DOI: 

10.1515/revac-2019-0019 

[67] Hamed, T.A., Ibrahim, M.E. & Salem, H.A. (2023). 

Possible Ameliorating Effect of N-acetyl Cysteine 

on Type II Diabetic Nephropathy: Clinical 

Trial. Azhar International Journal of Pharmaceutical 

and Medical Sciences, 3(2):61-69. DOI: 

10.21608/aijpms.2023.155638.1159 

 

 

 

 

 

 

 

http://dx.doi.org/10.21608/aijpms.2023.155638.1159
http://dx.doi.org/10.1515/revac-2019-0019
http://dx.doi.org/10.21608/aijpms.2023.155638.1159

