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Type 2 diabetes is associated with bad health consequences. The current 

study focused on the effect of Moringa olifera (MO) extract on some 

metabolic and biochemical parameters in induced type 2 diabetic albino 

rats. Twenty-eight albino male rats were selected and randomly divided 

into 4 groups. The control rats fed on a standard balanced diet and the 

second group fed standard balanced diet and gavaged with MO extract 50 

mg/kg b.wt. The third group was a diabetic group that was induced to 

type 2 diabetes by high dietary fat for 8 weeks followed by streptozotocin 

(STZ) 25 mg/kg intraperitoneal (i.p.) while the fourth group was induced 

to type 2 diabetes and gavaged with MO extract 50 mg/kg b.wt. 

Treatment was continued for 4 weeks and, final body weight was 

recorded. Serum Lipid Profile, insulin resistance, super oxide dismutase 

(SOD), tumor necrosis factor alpha (TNF-α), resistin and liver enzymes 

were determined. Histopathology to hepatic tissue was also done. Results 

revealed a significant reduction in final body weights of diabetic rats than 

control. Serum lipid profile was deteriorated in the diabetic group. Insulin 

resistance, TNF-α, resistin and liver enzymes were significantly 

upregulated (P<0.05) in the diabetic rats than control while SOD was 

significantly reduced (P<0.05). Liver histopathology showed diffuse hazy 

vacuolation with leukocytic infiltration in the diabetic group and estrogen 

receptor (ER) immunostaining was significantly declined in diabetic 

group. All these changes were ameliorated with MO extract 

administration to diabetic rats. MO extract has a potential preventive 

effect against metabolic and biochemical alterations of type 2 diabetes. 

http://www.eajbsd.journals.ekb.eg/
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INTRODUCTION  
       Type 2 diabetes is widely spread 

worldwide disease (Shaw et al., 2010). 

It is closely associated with insulin 

resistance and obesity (Guilherme et 

al., 2008).  This disease is 

characterized by impairments in 

physiological body processes such as 

altering pancreatic function  and 

secretion as well as metabolic 

disorders including glucose, protein 

and lipid (Tabak et al., 2009). This 

disease is characterized by 

hyperglycemia and dyslipidemia (Guo 

et al., 2018; Vinson and Zhang, 2005). 

       It usually associated with 

disturbed insulin function and activity 

those results in prolonged 

hyperglycemia that promotes oxidative 

stress. The later causes dramatic 

perturbations in the liver (Loria et al., 

2013), eyes (Lutty, 2013), kidneys, 

bone tissue (Moseley, 2012), immune 

system (Wright et al., 2006), nervous 

tissue (Lue et al., 2012), and other 

parts of the body (King and Rosenthal, 

2015). 

      Animal models are good 

instruments for studying anti-diabetic 

therapeutic agents (Luo et al., 1998). A 

novel Type 2 diabetes model has 

gained popularity in the last few years. 

It developed by feeding laboratory 

animals with a high-fat diet to produce 

insulin resistance, then low -dose 

streptozotocin (STZ) was injected (25 

mg/kg i.p.) to result in slight pancreatic 

β-cells dysfunction without impairing 

insulin secretion completely. This 

animal model resembles closely the 

development of the natural Type 2 

diabetes including its metabolic criteria 

(Watts et al., 2005), Therefore, this 

model has been used for researching 

the mechanisms involved in Type 2 

diabetes and assessing its potential 

therapies (Shatwan et al., 2013). 

       Antioxidants have been used as a 

strategy for the treatment of diabetes. 

Many herbal plants, as well as their 

extract or derivatives, are useful for the 

treatment of metabolic syndrome and 

diabetes with high antioxidant activity  

(Abdelrazek et al., 2018; Kasetti et al., 

2010; Ramesh et al., 2012; Ramesh et 

al., 2015).They also overcome the 

adverse effects of pharmacological 

chemical agents (Ramesh et al., 2012). 

       Moringa oleifera (MO) is a 

traditional herbal plant that has been 

used for a long time as a food 

ingredient or in traditional folk 

medicine (Thurber and Fahey, 2009). 

There is a wide range of MO 

pharmacological actions like thyroid 

hormone regulator, antihypertensive, 

laxatives, anti-diabetic and antibiotics 

(Anwar et al., 2007; Fahey, 2005; 

Taweerutchana et al., 2017). The 

administration of MO has been 

associated with glucose homeostasis 

inside the body (Kar et al., 2003; 

Makonnen et al., 1997; Ndong et al., 

2007). In addition, MO is well known 

to have estrogenic ingredients that 

could exert estrogen-like action on its 

receptors (Bose, 2007; Shukla et al., 

1988). Estrogen and its receptors have 

a dramatic role in fat deposition and 

metabolism (Cooke and Naaz, 2004) 

ER are potentially expressed in 

adipocytes where it performs 

regulatory functions (AbdelRazek et 

al., 2013).  

        The aim of this study is to 

investigate the effect of Moringa 

olifera leaves extract on some 

metabolic and biochemical parameters 

(lipid profile, tumor necrosis factor 

alpha (TNF-α) and resistin production, 

oxidative stress in relation to insulin 

resistance as well as liver enzymes) in 

induced type 2 diabetic albino rats. 

 

MATERIALS AND METHODS 

Animals and Animals Care: 

          A total of 28 adult male albino 

rats weighing 120-135 g were bought 
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from the National Research Centre 

Laboratory Animal House, Giza, 

Egypt. They were left to be 

acclimatized for 10 days before the 

beginning of the experiment. Animals 

were maintained at room temperature 

around (25±2 °C). They were allowed 

to free access for water and standard 

rodent diet. The protocols of this study 

were approved and conducted 

according to the ethical guidelines for 

the use of animals in laboratory 

experiments of the Faculty of 

Veterinary Medicine, Suez Canal 

University, Egypt. 
Moringa oleifera Extract Preparation: 

Moringa oleifera aqueous extract 

was prepared according to Tuorkey 

(2016) by mixing 10 g of dried 

powdered leaves of MO with 100 mL 

of distilled water for 24 h and then 

stored at 4 °C. Afterward, the mixture 

was filtered two times by using a 2-μm 

pore filter paper. The stock solution of 

this aqueous extract (100 mg/mL) was 

kept prepared as a fresh solution for 

each set of experiment. 

Induction of Diabetes: 

         Diabetes type 2  was induced to 

rats according to Guo et al. (2018). 

Rats were given high-fat diet for 8 

weeks to induce insulin resistance then 

they were administered 25 mg STZ / 

kg i.p. in cold citrate buffer PH 7.4 

after 16 h fasting. The composition of 

experimental diets was followed as 

mentioned by Guo et al. (2018). 

Experimental Design: 
         Rats were grouped randomly into 

4 groups (7 rats each). The control rats 

fed on a standard balanced diet, the 

second group controlled MO group 

that fed standard balanced diet and 

given MO extract 50 mg/kg via 

gavage. The third group was a diabetic 

group that was induced to type 2 

diabetes while the fourth group was 

diabetic MO group, they were induced 

to type 2 diabetes and given MO 

extract 50 mg/kg via gavage the 

treatment was continued for 4 weeks.  

Final Body Weight:  

       Final body weights were recorded 

at the end of the experimental period to 

all rats.  

Blood Sampling:  

          After 4 weeks of 

experimentation, fasted overnight rats 

were anaesthetized and euthanized. 

Blood samples were collected in plain 

tubes. Samples were left for 15 min. to 

clot and kept in the fridge for 3 hrs 

then centrifuged at 3000 rpm for 20 

min. The obtained sera were stored at - 

30 ºC for liver enzyme and lipid profile 

assays. 

Serum Lipid Profile: 

           Kits were obtained from 

Biodiagnostic Co., Egypt, estimated 

serum levels of total cholesterol (TC), 

triglycerides (TG) and high-density 

lipoprotein cholesterol (HDL) 

calorimetrically. Low-density 

lipoproteins were calculated according 

to Davidson and Rosenson (2009) as 

follow: LDL-C = Total Cholesterol- 

(Triglycerides/5 +HDL-Cholesterol). 

Homeostasis Model Assessment-

Estimated Insulin Resistance 

(HOMA-IR):  

         After overnight fasting, blood 

glucose levels of the experimental rats 

were determined via glucometer 

(Accu-Chek Active, Germany).          

Serum insulin levels were estimated 

using commercial rat specific ELISA 

kits (Abnova, Germany) according to 

the manufacturer's instructions.         

According to Matthews et al. (1985), 

HOMA-IR was calculated by the 

following formula: 

HOMA-IR = fasting insulin (U/L) × 

fasting glucose (mg/dL)/405. 

Super Oxide Dismutase (SOD) and 

Tumor Necrosis Factor Alpha (TNF-

α): 

         Serum level of SOD was 

determined using a commercial kit 

(Oxis Research, USA). Serum level of 
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TNF-α was determined using a 

commercial ELISA kit (Code No. 

27194, IBL Co., and Japan). Both 

measured according to the enclosed 

manufacturer's instructions.          

Serum Resistin and Liver Enzymes: 

          Resistin levels were determined 

using commercial specific ELISA kit 

(BioVendor Co., Czech) according to 

enclosed pamphlet protocol. The 

activity of liver enzymes as aspartate 

aminotransferase (AST) and alanine 

aminotransferase (ALT) were 

measured by a colorimetric method 

using Diamond Diagnostic Kits 

(Egypt). 

Histopathology and 

immunohistochemistry: 

           Livers and epididymal fat were 

excised then immersed in 10% 

formalin solution for 24 hours. They 

were processed for routine 

histopathological protocol mentioned 

by Drury and Wallington (1980). 

Livers sections were stained with 

hematoxylin and eosin (H&E) and 

examined under a light microscope.  

The paraffin-embedded fat tissues 

were cut into 5 μm sections on 

positively charged slides for ER 

immunohistochemistry. Dewaxing and 

antigen retrieval were done by boiling 

with citrate buffer (PH 6)10 Mm. the 

procedures were followed according to 

AbdelRazek et al. (2013) using ER 

primary  monoclonal antibody (# MS-

750-R7-A, Thermo Fisher Scientific, 

USA). Image analysis for 

immunohistochemistry stained parts 

was done via image J program. Six 

random fields were selected for each 

rat / group and subjected to image 

analysis to calculate 

immunohistochemistry stained area % 

(IHCSA%). 

Statistical Analysis: 

         All values were expressed as the 

mean ± standard error (SE) of the 

mean. The differences among groups 

were analyzed using Graph Pad Prism 

(Version 5.01, Graph Pad Software, 

San Diego, USA) using one-way 

analysis of variance (ANOVA) 

followed by post hoc which is Tukey’s 

test for inter-group comparisons 

A probability < 0.05 is considered 

significantly differed. 

RESULTS 

Final Body Weight: 

The final body weights of 

experimental rats were shown in Fig. 

1. The diabetic rats exhibited 

significantly (P<0.05) reduced final 

body weights than control. Control 

MO group and MO treated diabetic 

one showed significant (P<0.05) 

decline in final body weight of rats 

than control however both were 

significantly (P<0.05) promoted than a 

diabetic group. 

 

 
Fig. 1: Effect MO leaves extract on final body weights of type 2 induced diabetic 

male Albino rats. 

Different superscripts between bars are considered significant at P<0.05. 
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Lipid Profile: 

          The levels of TG, TC and LDL 

were significantly (P<0.05) increased 

in the diabetic group than control. The 

administration of MO extract to 

diabetic rats significantly declined 

(P<0.05) the levels of the later 

parameters than the diabetic group to a 

level comparable to control. The HDL 

level was significantly decreased 

(P<0.05) in the diabetic group than 

control. The treatment of diabetic rats 

with MO significantly (P<0.05) 

promoted the HDL levels than the 

diabetic group (Table 1).  

HOMA-IR: 

         Table 1 demonstrated that insulin 

resistance was significantly promoted 

(P<0.05) in the diabetic group than 

control. MO extract treatment to 

diabetic rats significantly (P<0.05) 

ameliorated (P<0.05) the elevated 

insulin resistance in the diabetic group.  

Super Oxide Dismutase (SOD) and 

Tumor Necrosis Factor Alpha (TNF-α): 

The diabetic group revealed 

significantly (P<0.05) reduced the 

serum level of SOD than control. The 

treatment of the diabetic group with 

MO extract significantly restored the 

SOD reduction. On the other side, 

TNF- α was significantly (P<0.05) 

elevated in the diabetic group than 

control one. The administration of MO 

to diabetic group reduced the elevated 

TNF- α levels caused by diabetes 

(Table 2).  

Serum Resistin and Liver Enzymes: 

Table 2 revealed that diabetic 

rats had elevated liver enzymes (ALT 

and AST) as well as resistin levels 

(P<0.05) than control. The MO extract 

administration significantly 

ameliorated the elevated values of 

AST, ALT and resistin levels than the 

diabetic group. 

 

Table 1: Effect of MO extract on lipid profile, HOMA-IR and TNF-α level in Type 2 

induced diabetic male Albino rats 

 
Different superscripts between columns are considered significant at P<0.05. 

 

Table 2: Effect of MO extract on serum ALT, AST, resistin and TNF-α, levels in 

Type 2 induced diabetic male Albino rats 

Different superscripts between columns are considered significant at P<0.05. 
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Histopathology:  

The hepatic architecture of both 

control and Moringa olifera (MO) 

extract treated control groups were 

showing normal hepatic lobules with 

eosinophilic hepatocytes which 

arranged in cords around the central 

vein. The hepatic cords separated 

from each other by blood sinusoids, 

which contained kupffer cells. The 

blood sinusoids showed moderate 

dilatation in MO group (Figs. 2a&b). 

Diabetic group was showing 

histopathological changes represented 

by, diffuse hazy vacuolation in the 

hepatocytes and marked dilatation in 

the blood sinusoids with hyperplasia in 

the kupffer cells. Also, the focal area 

of leukocytic aggregation was 

observed with thin early fibrous tissue 

proliferation. The portal triad showed 

marked enlarged portal vein with parts 

of desquamation in the endothelium. 

Thickening and hyalinization in the 

wall of the portal vein and the bile duct 

were also observed (Fig. 2c,d&e). The 

diabetic group treated with MO extract 

displayed dramatic amelioration to 

diabetes, appeared as mild vacuolar 

degeneration, slight congestion in the 

central vein without fibrosis or 

leukocytic infiltration (Fig. 2f). 

Immunohistochemistry:  

           Immunohistochemistry for ER 

demonstrated higher (P<0.05) 

IHCSA% in MO control followed by 

control group than the diabetic ones. 

Treatment of experimentally induced 

diabetic rats with MO extract 

significantly promoted IHCSA% than 

the diabetic group (Fig. 3). 
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Fig. 2 Photomicrographs of liver stained with H&E. Control rats (a) and Moringa 

olifera (MO) extract 50mg/kg treated liver (b): showed the normal structure of the 

liver represented by normal hepatic cords and eosinophilic hepatocytes (H), blood 

sinusoids (straight black arrow) and kupffer cells (tailed arrow). Diabetic group (c,d) 

showed diffuse hazy vacuolation in the hepatocytes (V), dilatation in the blood 

sinusoids (straight black arrow), hyperplasia in the kupffer cells (tailed white arrow) 

along with focal leukocytic aggregation (head black arrow) and thin early fibrous 

tissue proliferation (straight yellow arrow). (e): marked enlarged portal vein (PV), 

desquamation in the endothelium (head white arrow), Thickening, and hyalinization 

in the wall of the portal vein and the bile duct (HY). The diabetic group treated with 

MO extract group (f): showed mild vacuolar degeneration (VD) and slight congestion 

in the central vein (CV). 
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Fig. 3 showed the effect of MO extract on the expression of ER in epididymal fat. The control 

(a)  and MO control  fats (b) exhibited higher immunostaining affinity than diabetic rats (C). 

the administration of Mo extract to diabetic rats elevated the immunostaining affinity in this 

group (d) than diabetic group. The IHCSA% was decreased in diabetic rats than control and 

MO while administration of MO significantly improved IHCSA% than the diabetic group (e). 

Different superscripts between bars are considered significant at P<0.05. 
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DISCUSSION 

        The present study investigated the 

therapeutic potential of MO in 

counteracting the adverse consequences 

of Type 2 diabetes in Albino rats. As 

observed in this study, diabetes 

significantly reduced the final body 

weight of animals, meanwhile, the 

initial weights for all groups are non-

significant,  that concord with results of 

Villarruel-López et al. (2018) and 

Abdelrazek et al. (2018). The reduction 

of final body weight was attributed to 

muscle wastages due to lack of glucose 

entry to cells as well as amino acids 

thus creating a biosynthetic deficit in 

muscles(Wong and Tzeng, 1993).The 

administration of MO extract 50 mg/kg 

to diabetic rats significantly promoted 

this weight loss. This was in agreement 

with Olayaki et al. (2015) and 

Villarruel-López et al. (2018). The 

weight increment in this group may be 

due to blood glucose lowering the effect 

of Mo explained by reduced insulin 

resistance in such group(Olayaki et al., 

2015; Villarruel-López et al., 2018). 

This allows biosynthetic ability of 

muscles. Also, MO leaves shown 

nutritive values as they contain 

vitamins, minerals and amino acids 

(Olayaki et al., 2015). 

         Diabetes caused lipid profile 

perturbations where TG, TC and LDL 

were significantly elevated while HDL 

was declined. These results concord 

with Doğan and Çelik (2016) and Guo 

et al. (2018).Observed dyslipidemia due 

to excessive lipolysis caused via 

hypoglycemia that increased lipid 

parameters level in blood with abnormal 

metabolism (Horrobin, 1988). MO 

showed hypolipidemic effect in diabetic 

rats that was parallel to previous results 

of Tété-Bénissan et al. (2013). MO is 

well known to have polyphenols, a 

potent natural antioxidants that could 

ameliorate dyslipidemia (Rajanandh et 

al., 2012). Moreover, MO contains 

plant sterols that are able to reduce 

blood cholesterol level through LDL 

lowering effect via inhibiting the 

reabsorption of cholesterol as well as 

increasing its excretion in the form of 

neutral steroids through feces(Ghasi et 

al., 2000).  

        The induction of type 2 diabetes 

resulted in increased insulin resistance 

that agreed with (Dupas et al., 2016). 

HOMA0-IR is a good indicator for 

tissues sensitivity especially the liver to 

produce insulin (Carnevale Schianca et 

al., 2006). MO extract potentially 

decreased diabetic insulin resistance. 

Our data was in harmony with those of 

Tuorkey (2016), who attributed this 

effect to the antioxidant and anti-

hyperglycemic capabilities of MO 

extract leaves that enable it to recover 

insulin resistance. 

         The activity of SOD was 

significantly depleted in the diabetic 

group than control while TNF- α was 

significantly increased, these effects 

were ameliorated by giving MO extract 

to diabetic rats. These results were in 

accordance with those of Omodanisi et 

al. (2017b). SOD is an enzymatic 

antioxidant that considered the first line 

of defense against oxygen-derived free 

radicals where it makes dismutation of 

superoxide radicals to water (McCune 

and Johns, 2002). It is logic that 

diabetes depleted the SOD level due to 

increased ROS resulted from 

hyperglycemia. The amelioration of 

SOD level in the diabetic group by MO  

may be related to the active ingredient 

of this extract like phenols and 

terpenoids (Vergara-Jimenez et al., 

2017). TNF-α is very important 

cytokine that recognized as a mediator 

for tissue defense, pro-inflammation and 

injury that is mediated by macrophages. 

Also, it has a role in cell proliferation 

and apoptosis (Pober and Min, 2006). 

This pro-inflammatory cytokine has role 

in impeding insulin signaling and 
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implicated in insulin resistance 

(Grimble, 2002). Moreover, it is closely 

linked  to the presence of diabetes-

induced oxidative stress (Sudharshana 

Murthy et al., 2018) thus ameliorated by 

the antioxidant ingredients of MO 

extract.  

        Resistin hormone is produced from 

adipose tissue and implements a crucial 

role in the induction of insulin 

resistance (Rajala et al., 2003). The 

induction of type 2 diabetes in this 

study promoted a higher level of serum 

resistin that reduced by MO 

administration. Our results were in 

harmony with (Metwally et al., 2017). 

This can explain the ability of Mo to 

reduce adipocytes power to produce 

resistin through its active ingredients 

especially estrogenic compounds as 

well as β-sitosterol (Makkar and 

Becker, 1996). 

        Serum levels of AST and ALT 

were significantly elevated in the 

diabetic group than control that was 

ameliorated by MO. These results were 

partially consistent with Omodanisi et 

al. (2017a). The liver is a central organ 

that is involved in glucose homeostasis 

and supplies glucose as an energy 

source to other organs. Induction of 

diabetes that produced hyperglycemia 

and insulin resistance are a causal factor 

for hepatic damage that reflected by 

increased hepatocellular injury markers 

ALT and AST. These enzymes are 

usually found in hepatocytes. Elevation 

of their levels is an indicator for hepatic 

membrane injury caused by diabetic 

oxidative stress (Harper, 1979). This is 

clear in the histopathological picture 

where diffuse hepatocytes vacuolation 

along with focal leucocytes and thin 

early fibrous tissue proliferation. The 

administration of MO extract that is 

known for its hypolipidemic and  

hypoglycemic  as well as anti-oxidant 

effect  is responsible for amelioration of 

the hepatic injury to mild vacuolar 

degeneration with a reduction in ALT 

and AST (Omodanisi et al., 2017a). 

        This IHCSA% of ER in the 

diabetic group showed significant 

decrease than control. This result is 

consistent with the lipid profile 

abnormalities and elevated insulin 

resistance observed in such a group. 

Estrogen through interplay with ER 

exerts a substantial role in lipid 

metabolism, glucose uptake and 

deposition of fat (Blüher, 2009; Blüher, 

2013). MO seems to have an estrogenic 

effect by promoting ER in epididymal 

fat of diabetic rats thus ameliorated 

diabetic dyslipidemia and insulin 

resistance.  

         In conclusion, the induction of 

type 2 diabetes resulted in serious 

changes in body weight, lipid profile, 

insulin resistance, oxidative stress and 

liver tissue. Administration of MO to 

diabetic rats ameliorated all the adverse 

effects of diabetes via modulation of 

insulin resistance, oxidative stress and 

TNF-α.  
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ARABIC SUMMARY 

 

سكري من على التغيرات األيضية والكيميائية الحيوية الناجمة عن مرض ال االمور ينجتأثير مستخلص أوراق 

 النوع الثاني المستحدث في ذكور الجرذان البيضاء

 
 داليا وحيد زيدان 1 ،محمد طلعت سليمان2، سهام عباس حلمي 4،3 هالة محمد عبيد5،هبة محمد عبد الرازق6

 3قسم االقتصاد المنزلي تخصص التغذية وعلوم األطعمة-كلية التربية -جامعة قناة السويس – مصر

 5كلية العلوم الطبية التطبيقية، قسم علوم المختبرات الطبية، بيشة، جامعة بيشة، المملكة العربية السعودية

 1 قسم الخلية و األنسجة-كلية الطب البيطرى - جامعة قناة السويس- مصر

 4كلية العلوم الطبية التطبيقية ، قسم التمريض، بيشة، جامعة بيشة ، المملكة العربية السعودية

 2قسم علم الحيوان – كلية العلوم-جامعة قناة السويس - اإلسماعيلية  -مصر

 9قسم الفيسيولوجيا-كلية الطب البيطري -جامعة قناة السويس -اإلسماعيلية  -مصر

 

يئة. ركزت الدراسة الحالية على تأثير بية صحية سجان بآثار الثانييرتبط داء السكري من النوع  

 منمستخلص المورينجا أوليفيرا كمضاد لداء السكر في الجرذان البيضاء. تم تقسيم ثمانية وعشرون ذكرا 

تغذت على نظام غذائي متوازن.  التيمجموعات. المجموعة الضابطة  4الجرذان البيضاء عشوائيا إلى 

ملغ  20على نظام غذائي متوازن مع اعطائها مستخلص اوراق المورينجا بجرعة  والتي تغذتالمجموعة الثانية 

التغذية  استحداث داء السكرى من النوع الثاني بها عن طريق والتي تم/ كغ من وزن الجسم. المجموعة الثالثة 

استحداث داء ملغ / كغ. تم  52أسابيع يليها حقن الستبتوستوزين بجرعة  2الدهون الغذائية المرتفعة لمدة ب

الطريقة السابقة مع اعطاء مستخلص اوراق المورينجا  الرابعة بنفسالسكري من النوع الثاني بالمجموعة 

 أسابيع. تم تسجيل وزن الجسم النهائي. تم قياس 4/ كغم من وزن الجسم. استمر العالج لمدة  ملغم 20بجرعة

و الريزيستين وعامل نخر الورم ألفا  ديسميوتاز  األنسولين وفوق أكسيدومقاومة  الدم،الدهون في  مستويات

جومناعية لمستقبالت يوكذلك قطااعات نسنسيجومرضية لألنسجة الكبدية  عمل قطاعاتتم وإنزيمات الكبد. كما 

دهون البربخ. كشفت النتائج انخفاض كبير في أوزان الجسم النهائية من الجرذان  هرمون االستروجين فى

المصابة  المجموعة عن المجموعة الضابطة. تدهورت صورة الدهون في مصل الدم فيالسكرى  المصابة بداء

الكبد و  السكرى عن المجموعة الضابطة. زادت مقاومة األنسولين و عامل نخر الورم ألفا وانزيمات بداء

 بينما انخفض فوق أكسيد ديسميوتاز بشكل معنوى في الجرذانالريزيستين بشكل معنوى 
 جومرضية للكبد فراغيلسكري عن المجموعة الضابطة. وأظهرت القطاعت النسالمصابة بداء ا

 في مجموعة السكري. انخفض التعبير الجينى لمسقبالت اءالبيض خالياضبابي منتشر مع تسلل ال
تم تحسين كل هذه  يجومناعية فى المجموعة المصابة بداء السكريهرمون االستروجين فى القطاعات النس

ان لمستخلص  ء الجرذان المصابة بالسكرى مستخلص اوراق المورينجا. يتضح من الدراسةالتغييرات باعطا

الناجم عن داء السكري من النوع  والكيميائي الحيوي ياأليض اوراق المورينجا تأثير وقائي محتمل ضد الخلل

 .الثاني

 

 

 

 

 

 


