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Abstract 
Diabetes mellitus (DM), especially Type 2, is a worldwide health issue marked by 

elevated insulin and blood glucose levels. The study aims to explore the impact of 

Moringa oleifera (MLE) and/or Neem leaves (NLE) ethanolic extract on streptozotocin 

(STZ) induced diabetes rats. Fifty-Six adult male albino rats were utilized in the study. 

The rats were split into seven groups as follow: group (1) served as normal, non-

diabetic control (ND), while groups two to seven were induced into a diabetic state by 

intraperitoneal (ip) injection of STZ (40 mg/kg BW). Group two was diabetic rats with 

no treatment as positive control (D); group three and four received oral MLE at 

concentrations 250 and 500 mg/Kg, respectively. Groups five and six were given oral 

NLE at concentrations 250 and 500 mg/Kg, respectively. Finally, group seven 

comprised diabetic rats administered with a combination of MLE and NLE at 

concentration 250 mg/kg from each extract. After four experimental weeks, body 

weight, feed consumed were recorded, fasting serum insulin, glucose, lipid profile and 

endogenous antioxidant markers were determined. Results showed remarkable 

(P≤0.05) reduction in Feed Efficiency ratio (FER) and percentage of body weight gain 

(BWG %) in group D rats in comparison to ND rats. Additionally, findings revealed 

that diabetic rats in group (D) exhibited a considerable (P<0.05) reduction in serum 

insulin, endogenous antioxidants markers and HDL, while showed notable (P<0.05) 

increment in serum glucose, malondialdehyde and lipid profile parameters except HDL 

contrasted with ND rats. Oral administration of MLE, NLE and their combination led 

to remarkable (P<0.05) enhancement on all mentioned parameters. Furthermore, oral 

administration of MLE and NLE attenuated and ameliorated the histopathological 

adverse alteration that markedly detected in liver and pancreas tissues in D rats 

compared to ND rats. Conclusion: The moringa and Neem leaves ethanolic extract 

exhibited a hypoglycemic effect in STZ-induced diabetic rats.   
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INTRODUCTION 

The DM is one of the most prevalent noncommunicable diseases all over the 

world.  The International Diabetes Federation (IDF), prophesied that the DM 

incidence will rise to 629 million by 2045 among age adults (20-79 y), with 

increase 48% compared to 425 million in 2017. (IDF, 2023). The World Health 

Organization (WHO) has stated that DM was the seventh of the tenth top causes 

of death in 2021 (WHO, 2024). The DM was more prevalent in low- and 

middle-income communities, such as African countries (IDF, 2019). The WHO 

defines DM status as having two consecutive instances of fasting plasma 

glucose levels greater than higher than 126 mg/dl (American Diabetes 

Association, 2021).  

According to a study, medicinal herbs are crucial for managing diabetes 

(Frimpong et al., 2024). These medicinal plants' phytochemical components, 

which function as anti-hyperglycemic agents and include flavonoids, 

glycosides, and carotenoids, make them beneficial in the treatment of diabetes 

(Govindappa, 2015). According to available research, the phytochemical 

components in medicinal plants may have anti-diabetic properties because they 

stimulate glycogenesis, reduce glucose absorption, and activate β cells, which 

release insulin to help patients use glucose (Shewasinad et al., 2018). 

Moreover, these components of phytochemistry can help repair damaged β cells 

(Kifle et al., 2020). 

Moringa oleifera L. is a member of the Moringaeceae family (Pareek et 

al., 2023). It is referred to as the "miracle tree" because of the great nutritional 

value of its leaves, which can be used as a supply of vitamins, minerals, 

proteins, and calories. Researches have shown that compared to fresh leaves, 

dried M. oleifera leaves have higher levels of calories, carbs, protein, dietary 

fiber, some of vitamin B complex, Minerals (Ca, P, K, Mg, and Fe) (Amin et 

al., 2024). Because Moringa leaves contain bioactive components including 

phenolic acid and flavonoids, they have a diversity of pharmacological features, 

such as antibacterial, antioxidant, antifungal, inflammation reducing, diabetic- 

and cancer-fighting benefits (Mwamatope et al., 2020 and Abidin et al., 2021). 

The well-known plant neem (Azadirachta indica) is a member of the 

Meliaceae family (Latif et al., 2020). Because of its anti-inflammatory, 

immune-stimulating, and anti-ulcer qualities, this huge evergreen tree with 

fragrant foliage and tasty fruits has been utilized widely for a variety of 

purposes (Kaur et al., 2020 and Ibrahim et al., 2022). Additionally, every part 

of neem tree possesses a wide range of antioxidants, antifungal, antibacterial, 

and antiviral properties (Islas et al., 2020). Neem medicines have been 

shown to have antidiabetic properties in the past (Mohammed et al., 
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2023 and Abduallah et al., 2023). By a number of methods, the usage of 

these plants and phytoconstituents may enhance insulin secretion, postpone the 

onset of diabetic complications, and control metabolic abnormalities (Umar et 

al., 2024). Therefore, this research evaluated the impact of Moringa, Neem 

leaves ethanolic extract and their mixing on STZ-induced diabetic rats. 

MATERIALS AND METHODS 

Material: 

Plants: 

Moringa oleifera and Azadirachta indica (Neem) leaves were procured from 

Abazeer Trading Establishment (Souk Al Mussadia No. 3), Jeddah, Saudi 

Arabia. 

Chemicals and Kits: 

 Streptozotocin (STZ) was provided by Sigma-Aldrich Chemical Co., Missouri, 

USA. Pharmacy Solutions Industry Ltd., Jeddah provided the glucose solution 

(5%). Rat Insulin enzyme-linked immunosorbent assay kits (ELISA) and 

Glucose oxidase Kit from ALPCO Diagnostics. The measurement of lipid 

parameters, Total cholesterol (TC), Triglycerides (TGs), and High-density 

lipoprotein cholesterol (HDL) were made using enzymatic colorimetric kits that 

procured from Human Gesellschaft for Biochemical in Germany. The reagents 

and chemicals consumed in this study were all of excellent analytical quality. 

Animals  
Fifty-Six male adult albino rats (200–250 g) were procured from animal facility 

of King Fahd Center for Medical Research, Jeddah, Saudi Arabia. Throughout 

the study, animal were houses in standard plastic cages environmentally 

maintained at 24°C ± 2°C in temperature, and clamminess (50% ± 5%), having 

a daily rhythm of 12 hours of light and 12 hours of darkness for at least one 

week to adapt. The Unit of Biomedical Ethics, Research Ethics Committee at 

Faculty of Medicine, KAU, Saudi Arabia, approved the protocol ethically (ethical 

approval number: Reference No: 103-34) 

METHODS: 

Preparation of Moringa and Neem: 

After 500 grams of fresh Moringa and Neem leaves were cleaned well, 

dried on air, then macerated in 500 milliliters of ethanol/water (80:20 v/v), the 

leaves on ethanol were left at room temperature for 48 hours. The filtrates were 

insert on a water bath to concentrate at 36°C after being evaporated in a rotary 

evaporator. For every extract, a paste with a green tint was obtained. Before 
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being employed, the derived Moringa leaves extract (MLE) and Neem leaves 

extract (NLE) were preserved in storage at < 4°C (Efiong et al., 2013). 

Induction of DM state: 

The development of DM was brought on by a sole ip injection of recently 

prepared STZ (75 mg STZ / 10 ml citrate buffer) at a dosage of 40 mg/kg rat 

body weight, which was covered with light-sensitive aluminum foil. The citrate 

buffer was made by mixing 0.59 g of sodium citrate with 20 milliliters of 

distilled water, then adjusted pH to 4.5 (Al-Hariri, 2012). Following ip 

injection, to avoid hypoglycemia shock-related death, a 5% glucose was given 

to the rats to consume overnight. Seventy-two hours later, diabetes was 

identified when blood glucose reading exceeded 200 mg/dl, diabetes was 

established, and the non-diabetic rats were eliminated from the study. Blood 

were withdrawl from the orbital plexus vein of each STZ treated rat, and the 

value of blood glucose was detected to affirm incidence of diabetic state 

(Somani and Singha, 2008). 

 

Experimental protocol: 

Male Wister albino rats (n = 56), eight weeks old and weighing 200–250 g, 

were utilized in this animal model. Throughout the four weeks of the study 

period, all rats were fed nutritionally balanced standard diet in accordance with 

Reeves et al., (1993) and were given unlimited access to water.  

At the end of acclimation week, rat split into seven groups, as follow:    

(1) ND: Normal non-diabetic rats (n=8), as negative control received a sole i.p. 

injection of 0.2 ml (0.05 M citrate buffer pH 4.5). 

The remaining 48 Wistar rats were treated with STZ to induce DM state as 

mentioned above, then divided equally into groups as follow: 

(2) D: Untreated diabetic rats as positive control.  

(3) D-MLE250: Rats with diabetes given MLE (250 mg/kg/d). 

(4) D-MLE500: Rats with diabetes given MLE (500 mg/kg/day). 

(5) D-NLE250: Rats with diabetes given NLE (250 mg/kg/day). 

(6 ) D-NLE500: Rats with diabetes given NLE (500 mg/kg/day). 

 (7) D-Comb-500: Rats with diabetes given both MLE and ALE (250  

                        mg/kg/day) from each extract.  

 

Biological evaluation: 

  Feed consumed (FC) was noted for each group every other day during the 

experimental weeks, and each group's rats had twice-weekly weight checks. At 

the conclusion of the experimentation, the percentage of body weight gain 

(BWG%) was computed using the following equation: 
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BWG % =   X 100      

 In addition to, calculation of feed efficiency ratio (FER) parameter based on  

(Chapman et al.1959), utilizing the subsequent formula: 

 FER = (BWG (g)/ FC (g)) x 100. 

 

Collection of blood and separation of serum:  

   The rats were starved overnight before scarification at the conclusion of the 4-

week study period. Each rat's retro-orbital plexus was used to obtain blood 

samples using a heparinized capillary tube while it was sedated with diethyl 

ether. The serum was detached by centrifugation at 3000 rpm and kept at -80° C 

until subsequent biochemical analyses. Animals were slaughtered as soon as 

blood was drawn, and each animal's liver and pancreas were removed before 

being maintained for histological examinations in 10% formalin. 

 

Biochemical analysis: 

The diabetic state markers:  

Fasting serum glucose by enzymatic kits according to Asatoor and King, 

(1954)., Insulin by ELISA technique (Clark and Hales, 1994).  

Lipid profile parameters:  

The TC, TGs, and HDL were assessed by colorimetric enzymatic kits as per the 

instructions of Allian et al. (1974), Fossati and Prenape (1982) and Albers et 

al. (1983). Low-density lipoprotein cholesterol (LDL) and very low-density 

lipoprotein cholesterol (VLDL) were computed based on the formula of 

Fruchart, (1982) as follows:  

LDL = TC - (HDL + VLDL) 

VLDL = TGs / 5.  
Antioxidant indices:  

The serum Superoxide dismutase (SOD), and Catalase (CAT) activities, in 

addition to reduced glutathione (GSH) were assessed based on Spitz and 

Oberley (1989), Aebi, (1984) and Beutler et al., (1963), respectively. 

Moreover, malondialdehyde (MDA) was evaluated in accordance with Draper 

and Hadley (1990), as lipid peroxidation`s primary byproduct.   

Histopathological examination: 

Specimens of pancreas and liver were laid in 10% neutrally buffered formalin. 

Following trimming, the preserved tissues were dehydrated using increasing 

concentrations of isopropyl alcohol, treated with xylene for cleaning, and 
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washed with cold saline solution. The tissues impregnated with wax of identical 

grade were encased in paraffin blocks, which were then thinned out to 3-5µ by 

a rotary microtome. The sections were positioned on glass slides and placed in a 

tissue floatation bath at 40 ℃. After melting the portions in an incubator set at 

60°C for five minutes, which were permitted to be cold before being 

microscopically inspected and treated with hematoxylin and eosin staining in 

accordance with Pashapoor et al., (2020). 
 

Statistical analysis:  

All statistical analyses were conducting using SPSS for Windows, version 20.0 

(SPSS Inc., Chicago, IL, USA). The data was shown as the mean ±Standard 

deviation (SD). The Analysis of Variance (ANOVA) was utilized to identify the 

significances among the various groups (Armitage and Berry, 1987). For 

every comparison, p≤0.05 was set as the threshold for statistical significance. 

 

RESULTS AND DISCUSSION 

           Table (1) displays the amount of FC, FER and BWG% of diabetic rats 

administered with MLE and/or NLE.  The FC was increased in the diabetic (D) 

group contrasted to normal ND group by 45.23%. Giving diabetic rats oral 

administration of MLE and NLE in concentration of 250 or 500 mg/ kg body 

weight, as well mixture of both, resulted in reduced FC contrasted to the 

diabetic untreated (D) group.  The FER in D rats decreased by 50% contrasted 

to ND rats with a considerable difference (P≤ 0.05). Rats in groups D-MLE and 

D-NLE at both concentrations, and D-Comb rats showed considerable (P≤ 0.05) 

increases in FER contrasted to D rats. In terms of BWG%, the D rats showed a 

notable decrease of 58.23% compared to ND rats. These observations aligned 

with studies by Negm (2020) and de Castro Neto et al. (2021) who found a 

notable inverse relationship between BWG and FC in STZ treated rats. Kota et 

al. (2012) attributed these observed changes to the rise in the neuropeptides Y 

mRNA that resulted from the increment in dietary intake of diabetic rats; as a 

result, weight gain was decreased in those rats even though their feed 

consumption is increased. Moreover, Perry and colleagues (2016) revealed 

that the decreased of BWG in DM patients may have resulted from an increase 

in muscle atrophy and tissue protein loss. It is important to acknowledge that 

DM is a wasting disease with a variety of subsequences resulting from the 

disease. The weight reduction that observed in diabetic rats could perhaps be 

attributed to the production of free radicals. (Adedapo et al., 2020). 

   The groups receiving MLE and/or NLE showed notable (p<0.05) increases in 

FER compared to D group, while group D-MLE-500 and D-NLE-500 along 
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with Comb group exhibited FER values comparable to those of the normal ND 

rats. Although all treated groups showed improvement in BWG% with 

considerable differences (p<0.05) contrasted to the D rats, there were no 

distinctions among the treated groups themselves (Table 1). Moringa and Neem 

leaves are abundant in natural antioxidants and are traditionally utilized in 

medicine for managing and treating various diseases, particularly DM 

(Vongsak et al., 2013, de Castro Neto et al., 2021). The positive effect in 

body weight of groups treated with MLE are aligned with Villarruel-Lopez et 

al., (2018), and Aljazzaf et al., (2023) who revealed that MLE at 

concentrations 100, 250, 300, 500 mg/kg experienced increases in BWG in 

comparison to the diabetic rats. The ability of M. oleifera to suppress 

angiogenesis in adipose tissue and reduce preadipocyte development could 

explain some of the observed impacts (Negm, 2023). These studies suggest that 

the observed weight gain in D-MLE250 or 500  groups might be attributed to 

the existence of phyto-chemicals, including necessary amino acids and fat 

soluble vitamins. In addition to, antioxidant components like phenols, 

coumarins and tannins are known to support growth (Adedapo et al., 2020). 

The NLE positive effects on body weight was consistent with that of de Castro 

Neto et al., (2021), who discovered that certain components of NLE may have 

imitated or replicated the impacts of growth factor, resulting in a rise in weight 

gain in D-NLE250 or 500 when compared to ND group. While, Isdadiyanto et 

al. (2021) found that NLE on concentration 57, 100, 125 mg/200 g BW didn`t 

influence on FC or BWG in Wistar rats given high-fat diet. Neem leaves has 

capability to restore the injured pancreatic tissue, also play a role in this 

outcome (Negm, 2023a). 

Data in Table (2) displayed that there were no considerable differences in liver 

and Pancreas indexes (LI) (RI) in D rats contrasted with the ND rats and also 

between all treated groups contrasted to the D rats. These findings were agreed 

with Zafar and Nagvi (2010) who found slight non-significant increase on 

liver weight and unaffected pancreatic weight in STZ-induced diabetic adult 

albino rats after 12 weeks period. Aldahmash et al. (2016) Revealed no 

changes in liver weight and index in STZ treated Swiss albino mice.  On the 

contrary, Al-Malki and El Rabey (2015) study found notable elevation on Li 

and PI value in STZ treated rats, when Moringa powder at concentration 50 or 

100 mg/kg were given to diabetic rats, the LI and PI dropped and eventually 

approached normal. 

 

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phytochemical


                                        Home Econ. J. Vol. (40), No. (2), June 2024 104 

 

Table (1).  Impact of Moringa and Neem leaves ethanolic extract (MLE)  

         (NLE) and their combination (Comb) on feed consumed (FC), feed   

         efficiency ratio (FER) and body weight gain percentage (BWG%) in  

          diabetic rats 

        Data are expressed as means ± SD, with 8 rats for group. 

         Means not sharing a common superscript letter are dramatically differ at P ≤ 0.05. 
         Superscripts that are alike or partially alike indicate nonsignificant differences. 

 

 

   
Table (2). Impact of Moringa and Neem leaves ethanolic extract (MLE) 

(NLE) and their combination (Comb) on liver and pancreas indexes (LI) 

(PI) in diabetic rats 

 

   

 

 

 

 

 

 

 

 

 

                Data are expressed as means ± SD, with 8 rats for group. 

               Means not sharing a common superscript letter are dramatically differ at P ≤ 0.05. 

               Superscripts that are alike or partially alike indicate nonsignificant differences 

Experimental 

groups 

FC 

(g/d) 

FER 

BWG% 

ND 20.43 0.122 ± 0.034 a 85.54±5.34 a 

D 29.67 0.061 ± 0.003 c 35.73±2.67c 

D-MLE250 23.11 0.078 ± 0.009b 63.43±4.87b 

D-MLE500 22.65 0.095± 0.001a 60.22±4.66b 

D-NLE250  25.89 0.074± 0.002b 64.34±5.76b 

D-MLE500 23.77 0.089± 0.004a 62.23±4.87b 

D-Comb-500 21.98 0.093± 0.003a 61.22±4.76b 

Experimental 

groups 

LI 

(g/100g BW) 

PI 

(g/100g BW) 

ND 2.86± 0.65a 0.27± 0.08a 

D 3.45± 0.72a 0.30± 0.02a 

D-MLE250 3.21 ± 0.67a 0.33± 0.03a 

D-MLE500 3.76± 0.28a 0.27± 0.05a 

D-NLE250  3.37 ± 0.52a 0.31 ± 0.02a 

D-MLE500 3.54± 0.63a 0.34± 0.01a 

D-Comb-500 3.73± 0.67a 0.32± 0.03a 
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         Table (3) demonstrated the impact of MLE and/or NLE on the values of 

serum insulin and glucose in male rats with STZ-induced diabetes. One of the 

most frequently used diabetogenic drugs in animal studies is STZ (Ghasemi 

and Jeddi, 2023). The ways in which STZ triggers diabetes involve causing the 

death of pancreatic beta-cells through apoptosis and necrosis and inhibiting 

insulin excretion (Ghasemi and Jeddi, 2023). An established method for 

inducing diabetic state in rat models involving giving STZ via injection at doses 

35-100 mg/kg (Gupta et al., 2017). Our findings showed notable elevation on 

serum glucose and considerable reduction at (p≤ 0.05) on insulin value in the D 

group when contrasted to the ND group. These findings align with former 

research, confirming that utilizing STZ in Wistar rats is a well-established 

model for inducing diabetic state (Negm, 2020). Diabetes syndromes are 

defined by elevated blood sugar, changed fat and carbohydrate levels, and a 

higher chance of developing complications from the disease (American 

Diabetes Association, 2021).  

      

Table (3). Impact of Moringa and Neem leaves ethanolic extract (MLE)  

         (NLE) and their combination (Comb) on fasting serum glucose  

         (FSG) and serum insulin levels of diabetic rats. 

Data are expressed as means ± SD, with 8 rats for group. 

  Means not sharing a common superscript letter are dramatically differ at P ≤ 0.05. 

             Superscripts that are alike or partially alike indicate nonsignificant differences  

 

Treating diabetic rats with MLE and/or NLE considerably alleviated the 

glucose increment on serum in proportion to dose when contrasted to D rats. 

Although all groups given MLE and/or NLE showed remarkable refinement in 

serum insulin and glucose values compared to the D rats, but Combined group 

exhibited the best improvement in diabetic markers similar to normal ND rats.  

Experimental 

Groups 

FSG 

(mg\dl) 

Insulin 

(mg\ml) 

ND 70.94±6.11d 3.22± 0.36a 

D 450.06±40.36a 0.73± 0.02c 

D-MLE250 129.76±8.24cd 2.35± 0.24a 

D-MLE500 79.13±6.53d 2.89± 0.26a 

D-NLE250 185.38±14.42bc 1.88±0.17ab 

D-NLE500 88.76±9.36d 2.48±0.23a 

D-Comb-500 73.82±6.82d 3.05±0.29a 
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These conclusions were harmonized with Mohamed et al., (2019), who 

reported that moringa leaves aqueous extract (300 mg/kg BW) can reversed 

insulin resistance, while Adawiyah et al., (2024) found that moringa extract at 

concentration 800 mg/kg BW showed more pronounced hypoglycemic effect. 

There are various possible explanations for MLE hypoglycemic action. By 

boosting the activity of glucose transporters, such as GLUT4 (Mohamed et al., 

2019), it may improve peripheral glucose absorption, raise insulin secretion, 

and improve pancreatic β-cell task (Anthanont et al., 2016). The moringa 

leaves antioxidant qualities are shown to disrupt insulin signaling pathways 

(Mthiyane et al., 2022). This comprehensive strategy for controlling glucose 

affirms the persistence of moringa usage in the handling of diabetes and its 

aftereffects. The suppression of insulin release from the pancreatic islet of 

Langerhans β cells, inhibition of glucose uptake from the gastrointestinal tract 

(as observed in α-glucosidase or pancreatic amylase enzyme inhibitors), and 

inhibition of gluconeogenesis and glycogenolysis were the methods used to 

achieve hypoglycemic activity (Bouyahya et al., 2024).  

On the other hand, our findings exhibited that NLE has comparable impact in 

reducing blood glucose levels, which align with former studies conclusion, Jani 

and Goswami (2017), and Yarmohammadi et al., (2021) discovered the 

hypoglycemic capability of NLE in alloxan treated rats. Also study of Ezeigwe 

and Francis (2020) demonstrated the same impact of NLE but in STZ-induced 

diabetic rats. According to former reports, neem is excellent in preventing and 

postponing the onset of diabetes and is also very effective at maintaining blood 

glucose levels (Yarmohammadi et al., 2021). The NLE antidiabetic qualities 

might be associated with its capacity to encourage the pancreas to produce 

enough insulin, which would help the cells use glucose in a peripheral manner. 

Another possibility is that the extract could help the cells regenerate so they can 

resume their normal functions (Jelodar et al., 2005). Moreover, Pingali et al., 

(2020) revealed that neem extract lowers insulin resistance and boosts 

peripheral glucose consumption. One explanation could be because adrenaline 

inhibits glucose metabolism, leading to a greater use of peripheral glucose. 

   Impact of MLE and/or NLE on lipid profile indices (TC, TGs, HDL -C, LDL 

-C and VLDL -C) in diabetic rats were shown in Table (4). The findings 

detected that group D rats had a considerable (P≤0.05) increment in all lipid 

profile indices except HDL-C showed notable decrement by 35.8% when 

contrasted with group ND rats. This could be due to fat breakdown process in 

adipocytes, leading to hyperlipidemia (Liu et al., 2019). These results 

proportionate with Kianbakht and Dabaghian (2013), Negm, (2020) and 

Youssef et al., (2024), who conducted a link between diabetic complications 

and fat metabolism impairment, as the raised blood TGs and TC levels in STZ-

diabetes rats. However, in normal conditions, insulin triggers the enzyme 
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lipoprotein lipase that breaks down TGs. The loss of beta cells in rats given 

STZ resulted in lower plasma insulin levels, leading to the development of 

hyperlipidemia and hypercholesterolemia, which disrupting metabolic 

processes (Pratiwi et al., 2021). Furthermore, the higher quantities of lipids 

may be the consequence of free fatty acid inflow stimulating the formation of 

TGs in liver (Ugbaja, 2016).  

      Current study findings illustrated that given MLE and/or NLE in both 

concentrations and in mixture considerably (p ≤ 0.05) improved dyslipidemia 

that caused by STZ injection when compared to group D rats. These 

observations were aligned with Metwally et al., (2017) and El-Shehawi et al. 

(2021), who found that MLE administration to obese male or female albino rats 

can notably improving visceral fat mass, obesity and dyslipidemia. El-Gindy et 

al., (2017) found that supplementing rabbits exposed to moderate heat stress 

with MLE notably increased HDL-C levels. The drooping in TC, TGs, and 

LDL-C with simultaneous increasing in HDL-C levels, suggests that moringa 

leaves possess worthy hypolipidemic property by regulating lipid elimination 

mechanisms in the body (Negm, 2019). The existence of flavonoids and 

saponins in moringa resulted in the enhancement of HDL-C and lessening of 

LDL and VLDL in rats had hypercholesterolemia (Negm et al., 2020). 

 On the other hand, observed hypolipidemic property that shown in 

administered groups with NLE were aligns with Shradha and Sisodia (2010), 

Ezeigwe et al., (2020) and Umar et al., (2024), who detected a considerable 

rise in HDL-C and substantial decreases in TC, TGs, and LDL in diabetic rats 

administered with NLE. In a research conducted by Abdel Moaty and 

colleagues (2022), it was noted that the ability of NLE to reduce blood 

cholesterol levels might have the potential to prevent the progression of 

atherosclerosis. The lipid-lowering effect of Neem leaves could be clarified by a 

recent study that explain the chemical composition of NLE, which includes 

components like quercetin, myricetin and kaempferol, wholly or partly 

responsible for its hypolipidemic property (Vidhya Rekha et al. 2022). 

Moreover, the existence of Nimbidin in Neem is known to notably reduce 

serum cholesterol levels, aiding in the prevention of blood clot formation.  

Impact of MLE and/or NLE on enzymatic and non-enzymatic antioxidant 

markers and lipid peroxidation in rats with diabetes were shown in Table (5). 

The findings indicated that antioxidant enzymes CAT and SOD along with non-

enzymatic GSH were considerably (p ≤ 0.05) declined, while the main product 

of lipid peroxidation MDA was notably (p ≤ 0.05) heightened in D rats   

contrasted to ND rats. Many studies have highlighted the involvement of 

oxidative stress in the advancement of diabetic state, which perform a 

substantial role in the disease incidence, including impairment of insulin 

function and increasing the rate of complications (Asmat et al., 2016). 
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Hyperglycemia and lipid peroxidation are strongly correlated. Individuals with 

high blood glucose are unable to secrete insulin due to dysfunctional beta-cells 

in the pancreas, while in diabetic animal tissue, there is a shift towards utilizing 

fatty acids and acetyl CoA (Udofia et al., 2024).   

 

Table (4). Impact of Moringa and Neem leaves ethanolic extract (MLE) 

(NLE) and their combinations (Comb) on lipid profile indices of diabetic 

rats 

Experimental 

groups 

TC 

(mg\dl) 

TGs 

(mg\dl) 

HDL -C 

(mg\dl) 

LDL -C 

(mg\dl) 

VLDL -C 

(mg\dl) 

ND 144.65±8.62b 95.63±7.96c 46.60±4.48a 78.84±6.33c 19.12±1.82c 

D 171. 64±9.42a 155.54±13.34a 29. 90±1.96c 110.46±9.30a 31.10±2.99a 

D-MLE250 146.94±10.67b 105.84±9.98c 41.38±3.82a 84.56±7.22c 21.00±1.69c 

D-MLE500 148.22±8.74b 99.82±7.26c 47.74±4.20a 80.66±7.36c 19.80±1.83c 

D-NLE250 150.15±12.34b 125.29±11.19b 32.62±2.97b 92.53±8.26b 25.00±2.37b 

D-NLE500 151.94±11.24b 103.69±9.42c 46.51±3.88a 84.63±6.53c 20.60±1.77c 

D-Comb-500 145.63±8.93b 97.76±9.10c 46.30±4.11a 79.93±5.39c 19.40±1.80c 

 Data are expressed as means ± SD, with  8 rats for group. 

 Means not sharing a common superscript letter are dramatically differ at P ≤ 0.05. 

 Superscripts that are alike or partially alike indicate nonsignificant differences  
TC: total cholesterol, TGs: Triglycerides, LDL-C: low density lipoprotein cholesterol, HDL-

C: high density lipoprotein cholesterol, VLDL-C: very low density lipoprotein cholesterol. 

           

Acting as an antioxidant enzyme, SOD is one of the key enzymes responsible 

for instantly eliminating of reactive oxygen species (ROS), that may abundantly 

arise within onset of diabetes. By scavenging O2 from H2O2, this essential 

defense enzyme decreases the adverse effects of ROS damage through 

secondary reactions (Dachana et al., 2010).  

Previous research has demonstrated the capability of antioxidants in the 

handling of both types of diabetes, indicating that oxidative stress is particularly 

concerning in metabolic disorders including diabetes (Ceriello et al., 2016). 

Udofia et al., (2024) stated that the decreased levels of SOD in rats with 

diabetes were due to deactivation brought on by ROS produced by STZ. 
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Glutathione use in diabetes may result in glutathione depletion (Deka et al., 

2021). Conversely, this study demonstrated that the groups given MLE and/or 

NLE and their combinations at the tested concentrations appreciably (P<0.05) 

raised the antioxidants enzymes (CAT, SOD) and non-enzymatic GSH, while 

considerably reduced MDA contrasted to group D. The findings clearly imply 

that MLE and NLE can potentially lowering lipid peroxidation and improve the 

endogenous antioxidant system.  It has been previously documented that all 

types of moringa leaf extracts have the ability to neutralize peroxyl and 

superoxyl radicals (Anzano et al., 2021). Former study indicated that moringa-

containing products can protect liver tissue from damage and reduce lipid 

peroxidation (Verma et al., 2009). Furthermore, non-enzymatic glycosylation 

and oxidation are the mechanisms by which SOD prevents diabetes mellitus. 

The abundant presence of vitamin C in MLE may have contributed to the 

animal's level of the measure (Eid et al., 2025). 

The findings of our study about NLE effect on antioxidant status is aligns with 

Hossain et al. (2023) and Andersa et al. (2024), who reported the NLE 

antioxidant capability in alloxan treated mice, which is regarded as a rich 

natural antioxidants source (flavonoids, phenols and tannins) that gives it an 

ability to scavenge free radicals. Our findings of NLE effect on lipid 

peroxidation process are aligns with Ezeigwe et al., (2020), Mohammed et al., 

(2023) and Umar et al., (2024), who found that given aqueous NLE to STZ-

diabetic rats led to dramatically reduction their MDA in STZ treated rats.  

 
Table (5). Impact of Moringa and Neem leaves ethanolic extract (NLE) (NLE) and 

their combinations (Comb) on antioxidants status of diabetic rats 
 

Data are expressed as means ± SD, with  8 rats for group.  Means not sharing a common 

superscript letter are dramatically differ at P ≤ 0.05. Superscripts that are alike or partially alike 

indicate nonsignificant differences.   MDA: malondialdehyde, SOD: Superoxide dismutase, 

CAT: catalase, GSH: reduced glutathione.. 

. 

GSH 

µmol/mL 

CAT 

Pg/mL 

SOD 

U/Ml 

MDA 

ng/mL 

 

Groups 

71.50±0.44a 19.17±0.37a 0.77±0.007a 111.83±1.52f ND 

52.58±0.68e 7.60±0.21e 0.54±0.005e 355.98±1.72a D 

56.87±0.50d 8.16±0.27e 0.57±0.004d 341.81±1.48b D-MLE250 

59.21±0.31d 13.75±0.29c 0.60±0.006d 324.41±1.60c D-MLE500 

58.13±0.48d 10.96±0.46d 0.58±0.005d 340.04±1.48b D-NLE250 

63.24±0.55c 14.64±0.35c 0.64±0.003c 302.19±1.74d D-NLE500 

67.51±0.70b 16.65±0.34b 0.68±0.005b 287.34±1.71e D-Comb-500 
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Histopathological Examination 
Liver :  
           Under a microscope, the livers of the D and ND groups displayed 

different histological structures, including the normal hepatic lobule and portal 

vein (Fig. 1, ND), hyperplasia of the bile duct's epithelial lining and fibrosis of 

its wall (Fig. 1, D-A), congestion of the central vein and hepatic sinusoids (Fig. 

1, D-B), and Kupffer cell activation and hepatocytes apoptosis (Fig. 1, D-C).  

The central vein and hepatic sinusoids of the diabetic rat were enlarged in the 

liver tissues after it was fed 250 mg/kg/d of Moringa extract orally (Fig. 2, D-

MLE250). The diabetic rat was given 500 mg/kg/d of MLE orally, and the liver 

tissues of the rat appeared to have a normal histological structure (Fig. 2, D-

MLE500). Conversely, the liver tissues of the rats with diabetes given 250 

mg/kg/d of NLE orally demonstrated activation of Kupfer cells (Fig. 2, D-

NLE250-A) and mild congestion of hepatic sinusoids with hepatocyte 

binucleation (Fig. 2, D-NLE250-B). The rats in the oral Neem extract group 

(500 mg/kg/d) showed normal histological structure (Fig. 2, D-NLE500). 

Conversely, liver sections from diabetic rats given oral doses of both neem and 

moringa extracts did exhibit normal histological structure (Fig. 2, D-Comb). 

 

 

 

 

 

 

 

 

 
Fig (1) Photomicrographs of Liver tissue. (ND) non-diabetic rat liver shows normal structure of 

hepatic lobule, (D- A) diabetic untreated rats shows hyperplasia of epithelial lining bile duct 

and fibrosis of its wall, (D-B) shows hepatic sinusoids and congestion of central vein. (D – C) 

same group shows kupffer cells activation and hepatocytes apoptosis (H and E, X400).  
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Fig (2): Photomicrographs of Liver tissue. (D-MLE250) diabetic rats given moringa extract 250 

mg shows congestion of central vein and hepatic sinusoids. (D-MLE500) diabetic rats given 

moringa 500 mg shows no histological changes. (D-NLE250)-A, diabetic rats given neem 

extract 250 mg shows Kupffer cells activation, (D-NLE250)-B shows slight congestion of 

hepatic sinusoids (black arrow). While (D-NLE500) diabetic rats given neem 500 mg shows no 

histological alteration. (D-Comb) diabetic rat given both moringa and neem 250 mg for each, 

shows normal structure of hepatic lobule. (H and E- X400).  

 

The histopathogical findings of liver tissue supported the resulted biochemical 

indices values, which showing recovery of liver tissue structure. Our results 

were harmonious with Adedapo and colleagues (2020) who detected the same 

deteriorations in Wistar rat liver`s tissue resulted from STZ dose, and the mild 

improvement resulted from given 100 mg/kg lyophilized moringa leaf aqueous 

extract for 14 days.  Same results were detected in Wistar rats fed high fat diet 

and moringa leaf powder at 2 and 4%, which showed remarkable reduction of 

macro- and microvesicular fat and in liver vessel congestion (Asgari-Kafrani 

et al., 2020). On the other hand, Seriana et al. (2021) stated that NLE on 

concentrations 100, 200, and 300 mg/kg BW for 48 days showed no abnormal 

changes in male rat liver organ tissue.  

 

Pancreas: 
Normal control rats' pancreatic islet cells displayed no histopathological 

alterations in their histological appearance (Fig. 3, ND). Microscopic analysis 

of the pancreatic portions from the rats with diabetes and no treatment (D) 
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group showed vacuolation of the epithelium lining the pancreatic acini (Fig. 3, 

D-A) as well as showed necrosis and vacuolation of the islets of Langerhans 

cells (Fig. 3, D-B).  The activity of STZ in β-cells, which is associated with 

distinct changes in blood insulin and glucose concentrations, could potentially 

account for the current findings and cause pancreatic damage (Koksal, 2015). 

Nonetheless, pancreatic sections of diabetic rats administered 250 mg/kg/d of 

Moringa extract exhibited mild vacuolation of sporadic islets of Langerhans 

cells (Fig. 4, D-MLE250). Examined sections of diabetic rats administered 500 

mg/kg/d oral Moringa extract did not exhibit any histological alterations (Fig. 

4, D-MLE500). Conversely, pancreatic islet tissues from rats with diabetes that 

given orally 250 mg/kg/d of neem extract displayed a small amount of 

vacuolation in sporadic islets of Langerhans cells (Fig. 4, D-NLE250). 

Examined sections of diabetic rats administered 500 mg/kg/d oral Neem extract 

did not exhibit any histological alterations (Fig. 4, D-NLE500). After given 

orally 500 mg/kg/d of MLE and NLE mixture to diabetic rats, no histological 

alterations were observed in the pancreatic sections studied (Fig. 4, D-Comb).  
Histologically, The MLE and NLE on concentration 500 mg/kg/d alone or in 

combination for 4 weeks can effectively protect pancreatic cell integrity. Our 

observations were in line with Al-Malki and El Rabey's (2015) and Helmy et 

al. (2017), who stated that moringa seed powder (50 or 100 mg/kg) and 

moringa leaf powder (200 or 400 mg/kg/d) can returned the pancreatic 

histology to normal structure. Moreover, was in line with Mc Calla et al. 

(2016) who found that 0.8% of NLE shows the potential to regenerate beta cell.  

    

 

 

 

 

 

 
 

 

 

 

Fig (3). Photomicrographs of Pancreas tissue. (ND) normal rats show normal 

histological structure. (D)- A diabetic untreated rats show vacuolation of epithelial 

lining pancreatic acini, and (D)-B shows vacuolation and necrosis of cells of islets of 

Langerhans.   
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Fig (4). Photomicrographs of Pancreatic tissue (D-MLE250) diabetic rats given 

Moringa extract 250 mg shows slight vacuolation of sporadic cells of islets of 

Langerhans. (D-MLE500) rats given Moringa 500 mg shows no histological changes. 

(D-NLE250) diabetic rats given Neem extract 250 mg shows slight vacuolation of 

sporadic cells of islets of Langerhans., (D-NLE500) diabetic rats given Neem 500 mg 

shows no histological alteration. (D-Comb) diabetic rat Given both Moringa and Neem 

250 mg for each, shows normal structure of tissue architecture. (H and E- X400).  

 

Conclusion:  

Treated STZ-induced diabetic rats with varying concentration of Moringa and 

Neem leaf extract demonstrated a safe and excellent antidiabetic activity. The 

combined Moringa/Neem leaves extract at concentration 500 mg/kg was much 

more effectively than if each extract administered alone at the same 

concentration. This combination nearly restoring the diabetic rats to their 

normal state on biochemical and tissue structure levels. Moringa and Neem leaf 

are recognized as wealthy sources of phytoconstituents that are necessary for 

nutrition, with the potential to create nutraceuticals and functional foods.  This 

work is one of few studies that applied a mixture of Moringa and Neem leaves 

extract. Our results point to a possible avenue for advancing the development of 

a potent antidiabetic remedy derived from M. oleifera and Azadirachta 

indica leaves for the treatment and handling of diabetes, although additional 

clinical studies are required. 
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 الملخص العربي

مستوى   على  الصحية  المشاكل  أهم  أحد  من  يعتبر  الثانى,  النوع  من  السكرى  ,وبالأخص  السكرى  داء 
 العالم، يتميز داء السكرى بارتفاع مستويات الجلوكوز أو الأنسولين في الدم.  

و  أوليفيرا  المورينجا  لأوراق  المائى  الايثانولى  المستخلص  تأثير  استكشاف  إلى  الدراسة  هذه  تهدف 
بمادة  الحقن  عن  الناتج  السكري  بمرض  المصابة  البالغة  الفئران  على  النيم  أوراق  مستخلص 

 الستربتوزوتوسين.  
إلى سبع   الفئران  تقسيم  تم  الحيوية. حيث  الدراسة  في  بالغ  ذكر  ألبينو  فئران  استخدام ستة وخمسين  تم 

 ( المجموعة  التالي:  النحو  ( عملت كمجموعة ضابطة طبيعية غير مصابة  1مجموعات على 
(، بينما تم إدخال المجموعات الثانية إلى السابعة في حالة مرض السكرى  NDبداء السكري )

( الستربتوزوتوسين  بمادة  الصفاق  داخل  الحقن  طريق  الجسم(.    40عن  وزن  كجم   / مللجم 
( )2المجموعة  إيجابية  ضابطة  كمجموعة  علاج  بدون  بالسكري  مصابة  تركت   )D  ؛)

( ) 3المجموعتين  و  لأوراق  4(  الايثانول  بالمستخلص  معاملتها  تم  بالسكرى  مصابة  فئران   )
مللجم / كجم وزن الجسم، على    500و    250يزى  المورينجا عن طريق الأنبوب المعدى بترك 

 ( المجموعتين  حين  في  )5التوالي.  و  بالمستخلص 6(  معاملتها  تم  بالسكرى  مصابة  فئران   )
بتركيزى   المعدى  بالأنبوب  النيم  التوالي.    500و    250الايثانول لأوراق  على  / كجم،  مللجم 

( المجموعة  الايثانولى 7أخيرًا،  المستخلص  من  بمزيج  معاملتها  تم  بالسكري  مصابة  فئران   )
بتركيز   والنيم  المورينجا  أسابيع    250لأوراق  أربعة  بعد  مستخلص.  كل  من  كجم   / مللجم 

تجريبية، تم تسجيل وزن الجسم والعلف المستهلك وتقدير مستويات الجلوكوز والأنسولين ونمط  
النتائج   الذاتية في مصل الدم. أظهرت  انخفاضًا ملحوظًا  الدهون ومؤشرات مضادات الأكسدة 
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(P ≤ 0.05( في نسبة كفاءة التغذية )FER( ونسبة زيادة وزن الجسم )BWG    في فئران )%
 (.  1مجموعة )ND( مقارنة بفئران 2المجموعة )

( المجموعة  في  السكري  بمرض  المصابة  الفئران  أن  النتائج  كشفت  )2و  كبيرًا  انخفاضًا  أظهرت   )P 
وكوليسترول  0.05> الذاتية  الأكسدة  ومؤشرات مضادات  المصل  في  الأنسولين  مستوى  في   )

( في مستوى جلوكوز مصل  P <0.05ليبوبروتين عالى الكثافة، بينما أظهرت زيادة ملحوظة )
ومستوى مركب المالونداىألدهيد وأنواع نمط الدهون باستثناء الكوليستروا ليبوبروتين عالى الكثافة  

التي عوملت مزيج من مستخلصى أوراق  7(. وجد أن مجموعة )1مقارنة بفئران مجموعة )   )
( في جميع المؤشرات السابق ذكرها. علاوة P <0.05المورينجا والنيم أظهرت تحسن ملحوظ )

( تحسن واضح في التغيرات المرضية الضارة التي تم اكتشافها  7وعة )على ذلك، أظهرت مجم
( والتحسن في تلك المجموعة  2بشكل ملحوظ في أنسجة الكبد والبنكرياس في فئران مجموعة )

 (.  1وصل الى الحد المماثل لمجموعة )
ملحوظا  خافضًا  تأثيرًا  النيم  ونبات  المورينجا  نبات  أوراق  من  الإيثانولى  المستخلص  أظهر  الاستنتاج: 
الدهون   الداخلية ونمط  الاكسدة  الانسولين ومضادات  الجلوكوز وتحسن في مستويات  لمستوى 
وتحسن في النسيج الكبدى والبنكرياسى في مصل الفئران المصابة بمرض السكري الناجم عن  

 الحقن بمادة الستربتوزوتوسين.
 

 الكلمات المفتاحية 
 القدرة على خفض جلوكوز الدم  –داء السكرى   –نبات النييم  –نبات المورينجا 

 


