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INTRODUCTION 
Diabetes Mellitus (DM) disrupts protein, fat, and carbohydrate metabolism, increasing blood sugar 

levels because of either impaired insulin action (type-2) or insufficient insulin production (type-1). ( 

Mohammed & Tajuddeen, 2022) Although type 2 diabetes and dysfunctional beta cells are related, 

type 1 diabetes is characterised by immune-mediated death of pancreatic beta cells and is often linked 
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Abstract: The study focused on conducting a comparative analysis of the impact of selected 

medicinal plants on intestinal flora during diabetes management in rats induced with 

streptozotocin. Thirty male albino rats were utilised for the experiment, with 36 rats subjected to 

the induction of diabetes using streptozotocin. By injecting streptozotocin intraperitoneally at a 

dose of 75 mg/kg body weight dissolved in normal saline, diabetes type 2 was induced. Following 

the induction, the rats were administered a 5% glucose solution to prevent hypoglycemic shock. 

Blood glucose levels were monitored regularly, and rats above 200 mg/dl were deemed diabetic 

and added to the study. Glibenclamide 45 mg/kg b.w., Bitter melon, Okra, and akuamma leaves. 

200 mg/kg b.w., and leaves were administered daily for 28 days in diabetic rats. Some intestinal 

taxa changed as a result of streptozotocin-induced diabetes. The percentage of Enterobacteriaceae 

increased versus Control. Pseudomonas aeruginosa, influenced the quantitative proportion of 

some intestinal species (Bacillus subtilis, proteus mirabilis, E. coli, shigella flauor). Glibenclamide 

stimulates the growth of Lactobacilli and Eubacterium spp. But suppresses the G+/G- ratio in small 

intestinal samples. The results indicated that administering plant extracts significantly reduced 

blood glucose and a notable presence of microbes suitable for insulin secretion and sugar 

fermentation. Additionally, the study highlighted the potential of plant extracts to positively impact 

intestinal flora, suggesting a promising avenue for managing diabetes in streptozotocin-induced 

rats. 
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 to obesity and sedentary lifestyles. Globally, diabetes prevalence is rising, especially in developing 

nations. (Mohammed & Tajuddeen, 2022)Seeking new treatments, medicinal plants are being 

explored due to their historical use in traditional medicine and demonstrated anti-diabetic properties, 

although their exact mechanisms are still being researched.(Muralidharan & Linnemann, 2021) The 

gut microbiota, comprising various microorganisms, influences diabetes development by regulating 

glucose levels. Changes in gut microbiota can affect insulin sensitivity and glucose metabolism. 

Medicinal plant extracts have shown potential in modulating gut microbiota composition, but their 

specific impact on the intestinal flora of diabetic rats remains unclear, necessitating further 

investigation through comparative studies.(Gonzalez-Rellan et al., 2023; Erez-Burillo et al., 2017; Wan 

et al., 2022a) 

Medicinal plants are increasingly sought after for managing diabetes globally, especially in regions 

where traditional medicine prevails.(Alam et al., 2022; Milutinović et al., 2021; Wan et al., 2022a, 

2022b) While insulin-dependent diabetes relies on medical intervention, non-insulin-dependent cases 

can be partially managed with herbal products, reflecting a widespread practice.(Awuchi & Kate 

Echeta, 2020; Lyngbaek et al., 2021) Plants offer potential as dietary supplements and sources for new 

therapeutic agents. Despite many plants claiming anti-glycemic properties, only a fraction has been 

thoroughly studied, with even fewer having their active components identified. In Nigeria. (Ezeako et 

al., 2023) Limited information exists on traditional medicinal plants for diabetes management, 

highlighting the need for further research. 

Around 500–1000 gut microorganisms inhabit the human body, outnumbering human cells 

tenfold(Ghiamati et al., 2022; Wei et al., 2024). These bacteria possess genes crucial for metabolising 

carbohydrates, including those indigestible by the host. This metabolic activity is implicated in 

diabetes development. (Cunningham et al., 2021)Moreover, gut microbes help sustain the function of 

the barrier in the intestines by supporting the structural integrity of the stomach's lining.(Stolfi et al., 

2022) Changes in intestinal permeability, molecular mimicry, and modulation of immune systems are 

connected to T2DM (Type 2 Diabetes Mellitus). Metabolites produced by gut microbes that affect 

immunological and metabolic functions include bile acids after amino acid short-chain fatty acids and 

derivatives—potentially influencing diabetes development.(Salinas et al., 2021) Reduced levels of 

specific metabolites like fatty acids with a short chain The balance of metabolism can be upset by 

SCFAs.(Blaak et al., 2020; Portincasa et al., 2022) Furthermore, dysregulated bile acid metabolism 

affects glucose metabolism pathways. Additionally, innate immunity contributes to how the gut 

microbiota interacts with diabetes, highlighting the intimate connection between gut flora and 

diabetes mellitus. 

The high prevalence of diabetes poses challenges in healthcare, mainly due to the limitations and side 

effects of conventional medications.(Choudhury & Devi Rajeswari, 2021) Medicinal plant extracts offer 

a promising alternative with fewer side effects, affordability, and availability.(Jan et al., 2020) Research 

indicates that these extracts may modulate microorganisms, potentially impacting insulin secretion. 

This study compares the effects of medicinal plant extracts and commercial medications on diabetes 

treatment using animal models. The adoption of these new medicinal plants in diabetes treatment 

will help to reduce morbidity and mortality and coexisting diseases caused by diabetes. The identified 

associated microflora will be determined and introduced into the diabetic’s environment to modulate 

the organisms responsible for sugar breakdown. Wistar rats will be induced with streptozotocin, and 
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 the diabetic rats will be treated with selected remedial plant extracts. The effect of these extracts on 

the microbiota will be examined. 

METHODOLOGY 

Materials and Procedures Obtaining Plant Resources 

The newly cut leaves of Bitter melon (Momordica charantia), Akuamma (Picralima nitida), and Okra 

(Abelmoschus esculentu)s were collected randomly from Federal Polytechnic Ede South Campus 

forests and open fields in the Ede South Osun State of Nigeria. The plants were identified at Moore 

Plantation Research Institute Ibadan. Oyo State Nigeria. Streptozotocin chemical was imported. The 

Redeemer's University Animal House is where the wistar rats were bought. Other equipment was 

obtained from the Microbiology laboratory at Redeemer’s University Ede. 

 

Animals used in experiments and the study protocol.  

Male Wistar albino rats in a lab setting (245 -255) grams, 6 weeks of age, were obtained from 

Redeemer’s University the Animal House. The Department of Biological Sciences approved all 

procedures involving experimental animals, and all adhere to the requirements specified under the 

committee's rules for using and maintaining animals used in experiments and managing the oversight 

of animal experiments. Ethical Approval was obtained from the Ministry of Health and Public Health 

Department of Osogbo, Osun state. Nigeria No. OSHRC/PRS/569T/240.  The rats were kept in a 

regulated environment in a wire cage measuring 30 by 13 by 15 centimetres, with a weekly 

replacement of sawdust substrate and a 12/12 cycle of light and dark with a temperature of (25±2)0C. 

As the experiment continued, the rats were given water at will and a typical commercial pellet diet at 

a dose of (100–150) gm/kg, per the Animal House manager's recommendation. 

 

Preparation of Aqueous Plant Extract. 

Preparation of extract:  

Bitter melon, Okra and Akuama fruits are dried powdered according to the method described by 

(Abebe et al., 2022; Afolabi et al., 2021). Each of the three plants' 200 grammes of leaves was air-dried 

in the lab before being blended with an electric blender until a powder. The plants' powdered leaves 

were taken separately and soaked in water for 72 hours at a ratio of 1:10g/v of distilled water in a 

bowl, which was sieved with muslin cloth. A rotary evaporator filtered and concentrated the extracts 

under low pressure at 100°C until solid crude extracts were produced. The extracts were then oven-

dried to eliminate all traces of solvent. Some extracts were suspended in a 0.5% water solution for the 

trials.  
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Figure 1 The pictorial representation of the fresh medicinal plant, Source: Samsung A22 snapshot 

Diabetes Induction with Streptozotocin  

The (Azad & Sulaiman, 2020a). The technique was to dissolve streptozotocin in a 4.5 pH citrate buffer 

at 0.1 M concentration. Next, each Group B, C, D, E, and F rat received a 120 mg/kg intraperitoneal 

dose (body weight) of streptozotocin to develop diabetes as described. by (Azad & Sulaiman, 2020a). 

Following a 72-hour infusion of streptozotocin, blood glucose levels were assessed (Hernandez et al., 

2021), (Min et al., 2021). From day one to day 28, The rats had unrestricted access to drinking water 

and were fed a regular diet. An Accucheck glucose meter was utilised to confirm if the patient was 

hyperglycemic or diabetic. 

 

Figure 2. Intraperitoneal injection of STZ, Source: Samsung A22 snapshot 

 
Experimental Design 

Design of Experiment 42 male Wistar albino rats was used to carry out this evaluation. Six equal groups 

of six rats each were created from these rats: A group was the conventional control group, while Group 

B was given glibenclamide treatment. 100% bitter melon, okra, and akuamma extracts found in 

Groups C, D, and E. were retained for research.  

 
Administration of Plant Extracts to Albino Rats 



                               
 

 https://doi.org/10.53272/icrrd.v5i3.7                                                                                                                  www.icrrd.com 

 

189  

 
ICRRD Journal 

 

article 

 The administration of Bitter melon, Okra, and Akuamma extract was re-constituted. Using a 

micropipette, the extract was given orally (75mg/kg b/w) to the various treatment groups of 

experimental rats. The administration of the required amount, determined by each rat's body weight, 

was guaranteed when using a micropipette.(Munyati, 2020) 

 

Figure 3. Administration of plant extract through oral gavage, Source: Samsung A22 snapshot 

 
Testing Blood Glucose Levels  

After a 72-hour fast, animals whose blood glucose levels were higher than 200 mg/dl were 

categorised. as rats with diabetes and enrolled in the study. At intervals of three days, blood samples 

were obtained from the tip of the tail. A glucometer was used to check blood glucose levels, and the 

tail vein was cut off without sacrificing the animals (Mechchate et al., 2021), (Azeez et al., 2021). 

Blood Glucose Concentration Measurement 

Using the strip method, the Accu-Chek glucose counter was used to measure the amounts of glucose 

in the blood of albino rats (Q. Wei et al., 2019), (Hernandez et al., 2021). The glucometer code and 

strip were placed inside with an indicator showing it was ready for use. A droplet of blood was 

extracted after taking a pair of scissors to the tip of the rats' tails. Next, the blood was poured onto 

one end of the glucometer strip. The reading was taken ten seconds later. 

Determination of gut microbes 

Rat sacrifice and dissection: The intestines are harvested from the rat using a humane dissection and 

sacrifice. The intestinal contents, particularly the big and small intestines, were sliced, preserved in a 

sterile container of saline water, and then brought to the laboratory. After slicing the intestines into 

smaller pieces, the contents were homogenised. They were then serially diluted for culturing onto 

agar medium and incubated at 37 °C for a whole day. 

Isolation of gut microbes 

For isolation determination, various methods were used; the bacteria were sub-cultured to obtain 

pure colonies, and the listed steps were observed: Gram staining, Biochemical tests (mobility test, 
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 tests for catalase, oxidase, indole, citrate utilisation, and sugar fermentation all these tests were 

employed to determine the specific microbes present the gut. 

 

Colony count method 

Colonial Morphological Examination: Following a 24-hour incubation period at 37°C, the isolated 

microorganism colonies on agar are examined and described based on their colonial morphological 

features, which include size, shape, colour, opacity, margin, elevation, and texture, among other 

things. This procedure is significant and offers insightful information on microbe identification. The 

colonies were counted using a "Labochema colony counter” machine to count all of the colonies on 

the agar. The number of viable cells in the sample was determined using the computation of colony-

forming units, or CFU. 

Statistical Analysis 

The One-way analysis of variance was used to evaluate the data (ANOVA) statistically. For tests 

deemed significant, the least significant difference (LSD) was used next. The means for the five animals 

in each group were used to express all results. 

 

RESULTS AND DISCUSSION 

Blood glucose result 

Table 1 Comparative test on blood glucose level of diabetes treatments.  

Treatment week 1   week2    week3    week4 

Neg Cntrl 99.1±0.01a  96.2±0.01a  97.0±0.00a  97.0±0.00a

          

Pos Cntrl 90.2±0.02a  78.1±0.02b  54.1±0.04c  37.0±0.00d 

  

TMEo  74.0±0.01a  51.0±0.01b  34.0±0.03c  21.0±0.00d

           

TMEa  66.0±0.00a  47.0±0.01b  26.0±0.02c  24.0±0.01d 

  

TMEb  92.1±0.00a  68.0±0.01b  46.0±0.00c  23.0±0.02d 

-ve cntrl = Negative control, +ve cntrl = Positive control, TMEo = Treated medicinal extract 

 of Okro, TMEa = Treated medicinal extract Akuamma, TMEb = Treated medicinal extract Bitter 

 melon. According to Duncan's multiple range test, mean and std (n = 6) with the same letter in a  

column within the same treatment regime are statistically similar at p< 0.05. 
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Figure 4. Graphical representation of medicinal plant and drug on diabetic-induced rats 

 

Colony count 

Table 2 Comparative test of gut microflora colony counts of diabetes treatments.  

Treatment week 1   week2    week3    week4 

Neg Cntrl 79.1±0.20a  80.2±0.43a  78.0±0.43a  70.0±0.21a

          

Pos Cntrl 83.2±0.23d  72.1±0.85c  58.1±0.85b  41.0±0.11a 

  

TMEo  86.0±0.43d  70.0±0.43c  61.0±0.34b  32.0±0.14a

           

TMEa  91.0±0.78d  82.0±0.32c  75.0±0.21b  43.0±0.01a 

  

TMEb  67.1±0.32d  50.0±0.21c  42.0±0.32b  38.0±0.03a 

 

-ve cntrl = Negative control, +ve cntrl = Positive control, TMEo = Treated medicinal extract 

 of Okro, TMEa = Treated medicinal extract Akuamma, TMEb = Treated medicinal extract Bitter 

 melon. According to Duncan's multiple range test, mean and std (n = 6) with the same letter in a  

column within the same treatment regime are statistically similar at p< 0.05. 
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Figure 5 Graphical representation of colony count in the gut microflora of treated diabetes 

 

Table 3 Percentage reduction of intestinal microflora in diabetes-induced rat treatment day1- 28 

Intestinal microbes  Day1   Day28   % reduction 

-ve cntrl   79   70   13 

+ve cntrl   83   41   42 

TMEo    86   32   62 

TMEa    91   42   53 

TMEb    63   38   40 

 

 

Figure 6 Percentage reduction in the microflora of diabetes-treated rats using plant extracts. 
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 Table 4 Different isolation of gut microorganisms identified from diabetes treatments. 

Treatments primary organisms identified. 

-ve Cntrl Pseudomonas aeruginosa, Bacillus subtilis, Proteus mirabilis, Proteus 

mirabilis, Escherichia coli, Staphylococcus aureus,  

+ve Cntrl   Proteus mirabilis, Pseudomonas aeruginosa, Escherichia coli 

TMEo   Pseudomonas aeruginosa, Escherichia coli, Enterococcus faecalis,   

TMEa Pseudomonas aeruginosa, Staphylococcus aureus, Proteus mirabilis 

TMEb Shigella flexneri, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus 

subtilis, Streptpcoccus spp 

Note: -ve cntrl = Negative control, +ve cntrl = Positive control, TMEo = Treated medicinal extract 

 of Okro, TMEa = Treated medicinal extract Akuamma, TMEb = Treated medicinal extract Bitter 

melon. 

 

DISCUSSIONS 

Rats in the trials did not show any overt indicators of poisoning, and no fatalities occurred Due to 

medicinal plant extracts and glibenclamide administration. The blood level of blood sugar reduction: 

The week that the experiment begins shows insignificant blood sugar reduction compared to other 

weeks that show a high level of reduction.  There is no significant difference in the negative control 

across the experimental weeks; this aligns with the findings of (Azeez et al., 2021) and (Mechchate et 

al., 2021). Also, the other treatment indicates a higher level of sugar reduction across the experimental 

period, which is also in line with the research of (Hernandez et al., 2021; Min et al., 2021). This was in 

consonant with a study by (Alema et al., 2020; Bari et al., 2020). After the groups' microflora was 

counted, all five treated groups in this study showed greater mean and standard deviation analyses 

(compared to Day 1); the week 1 final mean colony counts were higher than the weeks 2, 3, and 4. 

This result is following (Azad & Sulaiman, 2020b; Buddhakala & Talubmook, 2020) 

The findings indicate that when the medicinal plant extract was given to the experimental rats, there 

was a greater degree of intestinal microbiota reduction. This is consistent with research by (Nikolic et 

al., 2022) as well. Also, there was a significant decrease in the antibiotic medication used to treat 

diabetes. This ranges from week 1 to week 4 of the experimental period. (83.20±0.23 – 41.0±0.11) 

table1. The percentage reduction is higher by 42% in Table 2 than the work done by (Tu et al., 2020) 

Following the study's 28-day medicinal plant extracts administration, total intestinal microflora was 

reduced in all three colon sample analyses (86.00 and 61.00 reductions) (Table 1) in Okro extract 

treatment, and Akuamma treatments also showed a significant level of reduction from 91.01 – 43.00) 

similar result was obtained in the treatment of Bitter melon treatment with the range of 67.10 – 38.00) 

The high microflora counts observed on week 1 of the experiment from the colon samples might have 

been contaminated with coliform by the animals or the cage floor. Cecal contents showed the most 

significant reduction in intestinal microbiota (63%) following okro therapy. 
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 Table 3 reveals the results of the microorganisms identified in the guts of the experimental rats. The 

group without streptozotocin has the same group of organisms from week 1 to the last week 4. Bacillus 

subtilis, Proteus mirabilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa. 

While the group with glibenclamide, Okro extract, Akuamma extracts, and bitter melon extract has a 

fluctuation in the species of microorganisms in the guts, Escherichia coli, Proteus mirabilis, 

Pseudomonas aeruginosa were found at the last week of the experiment in the glibenclamide 

treatment. Pseudomonas aeruginosa, Enterococcus faecalis, and Escherichia coli were found in the 

treatment of okro. Pseudomonas aeruginosa, Proteus mirabilis, Staphylococcus aureus. It was found 

in the intestines of rats treated with Akuamma, and Staphylococcus aureus, Bacillus subtilis, 

Pseudomonas aeruginosa, Shigella flexneri, and Streptococcus spp. was found in the treatment of 

bitter melon. These results support the research work of (A et al., 2021).(Aabed et al., 2021) 

Okro, Spondias mombin, and bitter melon are traditionally used plant extracts with anti-diabetic 

properties. Recent studies have also investigated their effects on the gut microbiota and the potential 

for this to play a role in diabetes treatment. (Malongane et al., 2024) examined how bitter melon and 

okro affected the gut microbiome in streptozotocin-induced diabetic rats. The study found that both 

plant extracts improved glucose tolerance and reduced blood glucose levels. Additionally, both Okro 

and bitter melon increased the quantity of good bacteria, such as Bifidobacterium and Lactobacillus, 

while reducing the amount of harmful bacteria, including Clostridium and Escherichia coli. However, 

compared to bitter melon, okro was more successful in modifying the bacteria in the gut, leading to a 

more significant rise in advantageous bacteria and a more considerable drop in harmful bacteria. 

(Agboola et al., 2021) 

Another study compared the effects of Spondias mombin and bitter melon on the gut microbiota in 

rats given alloxan to develop diabetes. According to the survey, both plant extracts decreased blood 

glucose levels and enhanced glucose tolerance. Furthermore, Spondias mombin and bitter melon 

reduced the amounts of harmful bacteria like Enterococcus and Staphylococcus while boosting the 

population of beneficial bacteria such as Lactobacillus and Bifidobacterium. However, Spondias 

mombin was more effective in modulating the gut microbiota, with a tremendous increase in 

beneficial bacteria and a more significant decrease in harmful bacteria than bitter melon (Jacob et al., 

2021.; JvS, 2020) 

The remedial plant extract shows the microbes that can promote insulin secretion and stabilise blood 

glucose, as suggested by (Nikolic et al., 2022; Q. Wei et al., 2019) Also, all three plant extracts have 

been demonstrated to have anti-diabetic qualities. The available information points to Okro and 

Spondias mombin as more beneficial than bitter melon. However, more research is needed to fully 

understand how these plant extracts modulate the gut microbiota and their potential for use in 

diabetes management. 

CONCLUSION 

The study's findings indicate that local plant extracts can be used as an alternative treatment for 

diabetes instead of expensive drugs. The study found that the gut microflora In all of them, there was 

no apparent difference between any of the therapy groups. They indicated that the natural plant 

extracts did not negatively impact the gut microbiome. 

These findings are significant as they suggest that natural plant extracts help stabilize the gram-

positive microbes in the guts. These helps ferment and increase insulin production and can be used to 
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 manage diabetes without causing any harm to the microbiome of the gut, which is essential for 

preserving general health.  

Based on the research, it can be concluded that okra extracts, akuamma extracts, and bitter melon 

extracts can potentially be medicinal plants for treating diabetes. These extracts have been found to 

exhibit anti-diabetic properties, which may make them effective in managing blood glucose levels in 

individuals with diabetes. 

Furthermore, the study has revealed that these plant extracts have potential, such as Glipalamide, a 

commonly used antibiotic in diabetes treatment. The microbes in the gut of diabetes rats using 

glipalamide are also present in the remedial plant extracts. This indicates that these organic plant 

extracts can serve as a substitute for synthetic drugs to treat diabetes. 

These medicinal plants are available locally and can be afforded by low-income people for diabetes 

treatments. 
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