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Abstract 
     Overweight and obesity are one of the main lifestyle illnesses that lead to 
further health concerns and contribute to numerous chronic diseases. Diabetes 
mellitus is the collective term for heterogeneous metabolic disorders whose 
main finding is chronic hyperglycemia. The present study was carried out to 
investigate the effects of chard leaves on controlling body weight and 
hypoglycemia in obese-diabetic rats. Thirty-five male albino rats were used. 
Obesity was induced by feeding 28 rats a high-fat caloric diet (HFCD) for 4 
weeks. Then, obese rats were injected with were subcutaneously injected by 
streptozotocin (STZ) at the dose of 60 mg/kg of b wt to induce-diabetes in rats. 
Healthy rats (7 rats) were injected with an equivalent amount of saline solution 
and kept as a negative control group. Obese-diabetic rats were divided into 4 
groups. Group 2, the untreated obesity-diabetic group (ODRs), was kept as a 
positive control group. While the other 3 obesity-diabetic groups were treated 
by feeding on the supplemented HFCD with 5, 7.5, and 10% of chard leaves 
powdered in proportion to the diet. The quantitative estimate revealed that TPs 
and TFs content of chard leaves were 41.00±2.01mg GAE/g and 3.26±1.05 
QE/g, respectively. The results discovered that untreated obese-diabetic rats had 
a significant decline in the mean values of FI, serum levels of HDL-c, and 
serum activity of SOD and GSH enzymes. While there is a significant rise in 
the mean values of FBW, BWG, BWG %, VFW, and AI, and levels of blood 
glucose, serum insulin, leptin, TC, TG, TL, LDL-c, VLDL-c, MDA, and   
activities of AST, ALT and ALP enzymes, compared to healthy control rats. 
Further, histopathological examination of pancreases of obese-diabetic rats 
from the positive control group showed hypertrophy and hyperplasia of β-cells 
of islets of langerhans associated with pyknosis of their nuclei. As well, liver 
sections have fatty changes of hepatocytes and congestion of hepatic sinusoids, 
vacuolization of hepatocytes, and necrosis of sporadic hepatocytes. 
Interestingly, obese-diabetic rats from treated groups fed on the supplemented 
diet with chard leaves at levels of 5, 7.5, and 10% had improvement in all the 
tested biological and biochemical parameters, as well as histological study of 
pancreas and liver. The efficiency of chard leaves in the treating of obese-
diabetic rats was significantly augmented as the supplemental levels of chard 
leaves to HFCD were increasing. Finally, it was concluded that chard leaves 
have beneficial effects on obese-diabetic rats fed HFCD through the reduction 
of relative body weight gain, fat deposit tissue and serum lipids, liver function, 
and lipid peroxidation. 
Keywords: Chard; Obesity; Diabetes Mellitus; HFCD, Streptozotocin 
Antioxidant enzymes. 
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INTRODUCTION 

   Obesity is defined as an unhealthy excess of body fat, which increases the 

risk of medical illness and premature mortality (Saltzman, 2019). The World 

Health Organization defines obesity as an abnormal or excessive fat 

accumulation that may impair health, further clarifying that the fundamental 

cause of obesity and overweight is an energy imbalance between calories 

consumed and calories expended (WHO, 2022). 

    The increasing prevalence of obesity, the adverse effects on human life are 

becoming more significant, and it has become a worldwide health problem. As 

well the prevalence of severe obesity will be increased by 130% (Yao et al., 

2024). Raised obesity is a major risk factor for diseases as cardiovascular 

diseases, diabetes , musculoskeletal disorders (especially osteoarthritis) and 

cancers (endometrial, breast, ovarian, prostate, liver, gallbladder, kidney, and 

colon) (WHO, 2024). 

    Diabetes mellitus (DM) is the common term for heterogeneous metabolic 

disorders whose main finding is chronic hyperglycemia. The cause is either a 

disturbed insulin secretion or a disturbed insulin effect, or usually both 

(Petersmann et al., 2019 and Shaik et al., 2022). It is associated with 

complications affecting the retina, nerves, heart and kidney functions 

(Papatheodorou et al., 2018).  

    Obesity and blood glucose levels are closely related, with obesity 

significantly increasing the risk of developing type 2 diabetes and other 

metabolic disorders. Excess body fat, particularly abdominal fat, can lead to 

insulin resistance, where cells become less responsive to insulin, causing blood 

glucose levels to rise. This can overwhelm the pancreas, leading to further 

complications and potentially type 2 diabetes (Klein et al., 2022). 

    Synthetic antidiabetic drugs can produce undesirable side effects such as a 

common side effect hypoglycemia, weight gain, and gastrointestinal adverse 

effects (El-Sayed, 2011). Natural plant materials which are being used as 

traditional medicine of functional foods are considered one of the good sources 

for a new drug or a lead to making a new drug. Nowadays, global interest in 

using plant medicines or functional foods and their main components in 

developing novel, effective medications with fewer adverse effects is rising 

and has potential advantageous applications for several disorders. Swiss chard 

is one of these nature plants which can be used as a traditional medicine of 

functional foods. Chard leaves are popular vegetables in the Mediterranean 

diet, which represent plentiful and inexpensive sources. 
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    Chard plant (Beta vulgaris L. var. cicla) or (flavescens, Chenopodiaceae). It 

has a thick, crunchy stalk that can be white or colorful and wide fanlike green 

leaves (Rana, 2016). Chard extract had been reported to have hypoglycemic 

activity due to its flavonoids content (Mohammed et al., 2019 and Mzoughi et 

al., 2019). Chard has nutritional and functional therapeutic effects according to 

folk medicine due to its natural antioxidant and anticancer agents.  

(Alsuhaibani and Alshawi, 2022). 

Aim of the Study 

The present study was conducted to examine the effectiveness of chard 

(Beta vulgaris var. Cicla) leaves on the controlling of body weight and blood 

glucose levels in obese-diabetic rats. 

MATERIALS AND METHODS 

 

Materials: 

  Chard Leaves:  
   Fresh whole chard (Beta vulgaris var. cicla) plant (Photo 1) were purchased 

from local vegetable markets and were identified at the National Center for 

Agricultural Research, Cairo, Egypt. 

  Rats:  
    Thirty-Five adult male rats (Sprague Dawley Strain), weighing about 180±5g, 

were obtained from the Laboratory Animal Colony, Helwan, Egypt. 
 

  Basal Diet Components:  
     Casein, cellulose, choline chloride, D-L methionine, vitamins, minerals, and 

other components were purchased from Al-Gomhoriya Pharmaceutical 

Company, Cairo, Egypt. While, starch, soybean oil, and sucrose were obtained 

from the local market. 

 

  Chemicals and Kits:  

     Streptozotocin (STZ), kits for biochemical analysis and the other chemicals 

were purchased from the Gamma Trade Company for Pharmaceutical and 

Chemicals, Dokki, Egypt. 
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  Methods: 
 

  Identification of Chard Plant:  
    Fresh whole chard plants were identified at the agriculture research center, 

Egypt. 
 

  Preparation of Chard Plant: 
     Fresh whole chard plants were cleaned from dust with flowing water to get 

free of any dirt or external bodies. As well, roots, stems and all invalid parts 

removed. Then, the leaves were dried in a drying oven vacuum at 50ºC. 

Afterward, a grinder mill and sieves were used to obtain a powder particle size 

of less than 0.4mm for all plant. The final powder was packaged in a closed bag 

and stored in the refrigerator at 5ºC until use. 
 

  Determination of Total Phenolic and Flavonoids Content:  

    The total phenol content of the plant leaves were determined 

using the Folin-Ciocaleau method (Chun et al., 2003). A grading 

curve of gallic acid was prepared and the results were determined 

from the regression equation of the calibration curve and expressed 

as mg gallic acid equivalents per kg of the plant (mgGAE/g). The 

total flavonoids content of the plant was determined by the 

aluminium chloride test (Kim et al., 2016) using quercetin as 

standard and the results were calculated as mg quercetin 

equivalent/Kg of plant (mgQE/g). 
 

  Preparation of Basal Diet (AIN-93M) and High Fat Caloric 

Diet:  
     All components of the basal diet were mixed together to fulfil the desirable 

adequate dietary intake for keeping the health state of rats as confirmed by 

Reeves et al., (1993). It consisting of protein (14%), soybean oil (5%), mineral 

mixture (3.5%), vitamin mixture (1%), fiber (5%), sucrose (10%), choline 

chloride (0.25%) and the remainder have corn starch (up to 100%). 

     A high-fat caloric diet (HFCD) was prepared as described by (Bhatt et al., 

2006). Briefly, the basal diet was supplied with 59% calories based on sheep fat 

and soybean oil, 21% calories from 25 carbohydrate and 20% calories from 

protein. After that, the high-fat diet was divided into four parts. The first part 

was a diet high in fat only, while the second, the third and the fourth parts were 

supplemented with the chard leaves powder at levels of 5, 7.5 and 10%, 
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respectively. Then diets are packaged in an enclosed bag and stored in the 

refrigerator at 5ºC for use. 

  

  Experimental Design and Grouping of Rats: 
    Thirty-five of rats were housed in the animal house at the Faculty of Home 

Economics, Helwan University in wire cages under adjustment environmental 

conditions of the temperature (22±4°C), relative humidity (45% to 50%) and 

light/dark cycle (12/12 hr). The food and water supplies were uninterrupted 

during the experimental period. Prior to the trial study, rats were kept for a week 

to acclimatize. The experiment was conducted in two stages, each lasting 4 

weeks, as follows: 

- First Stage (induction of obesity): In this stage, rats were divided into two 

main groups; the normal group (7 rats) fed on the basal diet, while the second 

main group (28 rats) fed on HFCD for four weeks to induce obesity. 
 - Second Stage (induction of diabetes): All of the obese rats (28) were 

subcutaneously injected by streptozotocin (STZ) at the dose of 60 mg/kg of the 

body weight as described by Akbarzadeh et al., (2007).  Non-diabetic control 

rats were injected with an equivalent amount of slain solution. Subsequently, 

rats were kept for the next 24 hours on 10% glucose solution to prevent 

hypoglycemia. Seventy-two hours after injection with STZ, the diabetic rats are 

confirmed by measuring the 4-h fasting blood glucose level from the tail vein. 

Animals with a blood glucose level above 300 mg/dl were considered obese-

diabetic an included in the experiment. 

Then, healthy and obese-diabetic rats were divided into 5 groups (7 each) as 

follows:  

Group 1: kept as a negative control group rats (- ve group) fed on basal diet 

alone. 

Group 2: untreated obese-diabetic rats which kept as positive control group (- 

ve group) were fed on HFCD alone. 

Group 3: Treating obese-diabetic rats with feeding on HFCD with added chard 

leaves in proportions of 5% of the diet. 

Group 4: Treating obese-diabetic rats with feeding on HFCD with added chard 

leaves in proportions of 7.5% of the diet. 

Group 5: Treating obese-diabetic rats with feeding on HFCD with added chard 

leaves in proportions of 10% of the diet. 
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  Estimation of Feed Intake, Body Weight Gain and Percent 

Change in Body Weight Gain:  
     Feed intake (FI) was calculated every day during the second stage of the 

experimental period. The changes in body weight were determined by weighing 

the animals on a balance scale prior to the second stage of the experiment 

(IBW) and at the end of the experimental period (FBW). The biological value of 

the diet was assessed by the determination of its effect on body weight gain 

(BWG) and the percent change of body weight gain was calculated using the 

following formula:  

BWG = FBW – IBW 

% Change of body weight gain = BWG/IBW X 100 

  
  Determination of Visceral Fat Weight and Adiposity Index:  

   Visceral fat weight (g) and adiposity index were determined as described by 

Taylor and Phillips, (1996) using the following formulas:  

Visceral Fat Weight (g) = epididymis fat + retroperitoneal fat + abdominal 

fat 

Adiposity index % = total pad fat weights/final body weight ×100. 
 

  Blood Collection and Serum Separation:  
    At the end of the second stage of the experiment period, animals were fasted 

for 12-hr., except of water. Then rats were anaesthetized with diethyl ether and 

scarified. Blood samples were collected from the posterior vena cava into dry 

clean centrifuge tubes. Blood samples were left at room temperature to clot, and 

then centrifuged for 15 minutes at 4000 rpm for serum separation. Serum 

samples were carefully aspirated using a needle, transfers into dry, clean test 

tubes and frozen at -20°C for biochemical analysis. Visceral fat was separated 

and weighed to estimate the adiposity index. Pancreas and liver from all animals 

were removed immediately, washed with saline solution, dried, and immersed in 

10% buffered formalin for histopathology examination. 
 

 Biochemical Assay: 

  Estimation Levels of Blood glucose, Insulin and Leptin 

Hormones: 
    At the end of experimental period and after the rats had been fasted for 12 

hrs., blood samples were collected by tail vein of the rats and blood glucose 

levels were measured immediately by using a single touch Glucometer 

(Ascensia ENTRUST, Bayer).       
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    Serum concentrations of insulin was estimated by using a specific antibody 

radioimmunoassay (RIA) kits according to the described methods by Posario, 

(2010). Serum level of leptin hormone was determined using Enzyme-linked 

immunosorbent assays (ELISA) as described by Xiong et al., (2005). 
 

  Estimation of Serum Levels of lipid profile: 
     Serum levels of total cholesterol (TC), triglycerides (TG), total lipid (TL), 

low density lipoprotein cholesterol (LDL-c) and high density lipoprotein 

cholesterol (HDL-c) were estimated using commercial reagent kits (Biomed 

diagnostic, Egypt) as described by Zollner and kirsch (1962), Friadwald et 

al., (1972), Vassault et al., (1986), Hostmark et al., (1991) and Young, 

(2001), respectively.  While, respectively. Very low density lipoprotein 

cholesterol (VLDL-C) was calculated using Friedewald's formula.  

VLDL-c (mg/ dL) = TG/5 
 

  Estimation of Liver Functions:  
         The serum activity of Aspartate aminotransferase (AST), Alanine 

transaminase (ALT) and Alkaline phosphatase (ALP) enzymes were 

colorimeters quantified utilizing kits (Diamond Co, Hanover, Germany) in line 

with the instructions of Young (2001) for AST and ALT assay, Young, (2001) 

for ALP assay. The biometrics were quantified using a spectrophotometer (Hum 

star 200, automatic biochemistry analyzer, Germany) adjusted at 505 for AST, 

ALT and ALP. 
 

  Estimation of Serum Oxidative Stress Marker: 

    Malondialdehyde (MDA) as an oxidative stress marker was 

assayed quantitatively in serum using the MDA assay kit by a 

spectrophotometric method (ABCAM, UK). The MDA in the 

sample reacts with thiobarbituric acid (TBA) to generate a MDA-

TBA adduct. The MDA-TBA adduct is quantified colorimetrically 

(OD = 532 nm). This assay detects MDA levels as low as 1 nmol 

/well colorimetrically Ohkawa et al., (1979). 
 

  Estimation of Serum Activity of Antioxidant Enzymes: 
    The procedure that is used for the evaluation of catalase (CAT) activity 

depends on the reaction of the enzyme with methanol in the presence of an 

optimal concentration of H2O2. The formaldehyde produced is measured 

spectrophotometrically at 540 nm as described by Wheeler et al., (1990). 
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    The standard technique to assay the activity of SOD is that the kits used use 

an enzyme linked immunosorbent assaydouble antibody principle. The color 

change is measured spectrophotometrically at 450 nm as described by Wheeler 

et al., (1990). The serum activity of GSH was assayed according to the kit's 

instructions as described by (Ceballos-Picot et al., 1992) using 

spectrophotometrically at 340nm. 
 

 Histopathological Examination: 
    Pancreas and liver of all the scarified rats were cleaned, dried and immersed 

in 10% formalin solution. Then, sections of both pancreas and liver were 

trimmed, washed and dehydrated in ascending grades of alcohol. Specimens 

was being then cleared in xylol, embedded in paraffin, sectioned at 4-6 microns' 

thickness, and stained with Heamtoxylin and Eosin stain for examination as 

described by Carleton, (1979). 
 

  Statistical Analysis: 
    Data was evaluated statistically using computerized SPSS package program 

(SPSS 22.00 software for Windows) by one-way analysis of variance 

(ANOVA). The obtained data was expressed as Mean ± SD and the significant 

difference among means was estimated at p˂0.05. 

 

RESULTS AND DISCUSSIONS  
 

  Total Phenols and Flavonoids Content:  
    The total phenols (TPs) and flavonoids (TFs) content of chard leaves. The 

quantitative estimate revealed that TPs and TFs content were41.00±2.01mg 

GAE/g and 3.26±1.05 QE/g, respectively. In the same context Hamdiken and 

Kechrid, (2017) showed that TPC and TFC of 80% methanolic extract of chard 

leaf were 31.23 mg GAE/g DE and 6.85 mg QE/g DE, respectively. On the 

other hand, TPC of 50% methanolic extract of chard leaf was 11.04 mg GAE/g 

DW as reported by (Moyo et al., 2018). As well as, Zein et al., (2015) stated 

that TPC and TFC of chard leaf varied according to the type of solvent used in 

extraction, which were 1.26 mg GAE/g FW, 0.29 mg QE/g FW and 1.92 mg 

GAE/g FW, 0.19 mg QE/g FW in aqueous and methanolic extracts, respectively.  

The variation in phenolic and flavonoid content may be related to several 

factors that influence the total phenolic such as environmental factors, harvest 

period, variety, chemical composition, maturity stage, growing condition, soil 

state and type of solvents used for extraction, as reported by Siwak et al., 

(2013). Additionally, several factors affect the bio-accessibility of polyphenols 

including the chemical state of the compound, its release from the food matrix, 
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possible interactions with other food components and the presence of 

suppressors or cofactors (Parada and Aguilera, 2007). 

 
Table (1):Total phenols and total flavonoids of chard leaves.   

                       sample  (100g)    

Parameters 

Chard leaves.   

 

Total phenols 41.00±2.01mg GAE/g   

Total  flavonoids 3.26±1.05 QE/g  

 GAE/g: Gallic Acid Equivalent per gram, QE/g :Quercetin Equivalents per 

gram. 
 

The Effect of Supplemented Diet with Chard Leaves on FI and BW in 

Obese-Diabetic Rats: 

     The effect of supplemented diet with chard leaves on feed intake (FI), final 

body weight (FBW), body weight gain (BWG) and body weight gain % 

(BWG%) in obese-diabetic rats results are recorded in Table (2) . The obtained 

results showed that the positive control group had a significant decrease 

(p˂0.05) in the mean value of FI and significant (p<0.05) increase in the mean 

values of in FBW, BWG and BWG %, compared to the negative control group. 

The current results was compatible with Rezq and Elgazar, (2017) who 

recorded that rats fed on HFCD had a significant increase in body weight gain, 

compared to normal rats fed on the normal basal diet. Additionally, Ogungbemi 

et al., (2017) reported that a high-fat diet caused a significant increase in FBW 

and Feed efficiency ratio (FER) with a significant decrease in FI, compared to 

the rats fed on normal diets. Also, Abdel-Rahman et al., (2020) and Mabrouk, 

et al., (2020)  showed significant higher FBW of rats fed on an HFD compared 

to that of fed rats on a normal basal diet. Also Ibrahim et al., (2022) revealed 

feeding rats on HFCD caused significant increased (P<0.05) in FBW, BWG and 

RWG and decreased (P<0.05) in FI. This noticing provides that the increase in 

body weight is independent of the amount of food consumed by the rats, but its 

caloric content. 

    Interestingly, obese-diabetic groups (treated groups) fed on the supplemented 

diet with chard leaves at levels of 5, 7.5, and 10% had no significant changes 

(p˂0.05) in the mean values of FI. While there had been a significant decrease 

(p˂0.05) in the mean values of FBW, BWG and BWG %, compared to the 

untreated obese-diabetic rats (+ ve control group) fed on the HFCD alone. 

     So, the obtained results showed that the effectiveness of chard leaves on the 

improvement of FI and BWG in obese-diabetic rats was increased with 

increasing the added levels of chard leaves. 

     This results are compatible with Bakry, (2006) who found that feeding rats 

with diets containing chard leaves caused a relative reduction in body weight 
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gains and adipose tissue compared with those fed control diet. According to the 

results of Gamba et al., (2021) who reported that the chard leaves are rich in all 

kinds of flavonoids. Dietary flavonoids can reduce fat and carbohydrate intake 

by regulating their hydrolysis and absorption in the gastrointestinal tract 

(Oteiza et al., 2018). Additionally, Franzoni et al., (2024) revealed that chard 

higher content of fiber. Dietary fiber affects all parts of digestive tract. Dietary 

fiber in foods requires chewing so eating high fiber foods may slow down the 

entire digestive process. Results with isolated fibers vary with not all fibers 

slowing gastric emptying. Once fiber gets to the stomach it slows gastric 

emptying and enhances satiety (Willis et al., 2011). Also, epidemiologic studies 

support that dietary fiber (plant leaves) intake strongly prevents obesity and is 

inversely associated with body fat and body mass index at all levels of fat 

intake (Cruz-Bravo et al., 2011). High-fiber foods have much less energy 

density compared with high-fat diet and can displace energy. Eating equal 

weight of high-fiber food increases satiety. The bulking and viscosity properties 

of dietary fiber are mainly responsible for the influencing satiety (Slavin, 

2005). 

 

Table (2): The effect of supplemented-HFCD with chard leaves on FI, 

FBW, BWG and BWG% in obese diabetic-rats.  

                       Parameters 

Groups 

FI (g) BW after 

induction of 

obesity  (g) 

FBW (g) BWG (g) BWG (%) 

Normal control group a13.00±0.82 c220.29±1.25 d 250.30±2.75 d30.01±3.65 d13.62±1.13 

Positive control group b11.00±0.82 a334.86±3.29 a403.57±2.94 a68.71±2.82 a20.52±1.63 

Treated obese-diabetic 

groups with chard at 

levels of: 

5.00% b11.28±0.75 ab332.86±1.77 b365.57±2.07 b32.86±2.73 b9.87±0.86 

7.50% b11.42±0.79 ab332.71±2.14 c344.00±2.65 c11.29±2.42 c3.39±1.28 

10.0% b11.57±0.53 ab332.57±3.05 c342.71±2.14 c8.71±2.11 c2.62±1.25 

Results are expressed as mean ± SD; Means with different superscript letters in 

the same column are significantly different at (P<0.05). FI: Feed Intake; IBW: 

Initial body weight; FBW: Final Body Weight, BWG: Body Weight Gain; 

HFCD: High Fat and Calories Diet 

The Effect of Supplemented Diet with Chard Leaves on VFW and AI in 

Obese-Diabetic Rats: 

Tableted results in Table (3)  illustrated the effect of HFCD alone and 

supplemented HFCD with chard leaves on visceral fat weight (VFW) and 

adiposity index (AI) in obese-diabetic rats. The recorded results showed that the 

positive control group fed on HFCD had a significant increase (P˂0.05) in the 

mean value of VFW and AI levels, compared to the negative control group fed 

on basal diet. The obtained results agreed with Ibrahim et al., (2022) who 
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showed that rats fed on HFCD had a significant (P<0.05) increase in VFW (g) 

and AI, compared to that of the fed rats on a normal basal diet. As well, Rezq et 

al., (2024) showed that NASH rats fed on HFCD had a significant (P<0.05) 

increase in VFW g and AI, compared to rats fed on the basal diet. In addition, 

obesity as showed in the present results is characterized by increased adipose 

tissue mass that results from both increased fat cell number and increased fat 

cell size (Lafontan and Langin, 2009). Abiogenesis is a part of the adipocyte 

differentiation process from pre-adipocyte precursors into mature adipocytes 

with the formation and enlargement of intracellular lipid droplets (Ali et al., 

2013). This process is associated with the development of obesity. Excess 

energy intake and reduced energy expenditure results in abnormal excessive 

growth of white adipose tissue, which can lead to the development of obesity in 

rats (Jo et al., 2009). These results were confirmed by the significant (P˂0.05) 

increase in visceral fat weight (VFW), relative weight of visceral fat % and 

adiposity Index (AI), compared to that of the fed rats on a normal basal diet 

(normal rats) in the current study. 

   On the other hand, feeding obese-diabetic rats the HFCD with added the three 

different levels of chard leaves caused a significant decrease (P˂0.05) in the 

mean value of VFW and AI levels, compared to the positive control group fed 

on HFCD only. The lowest of VFW and AI values were more detected in obese-

diabetic rats with increasing added levels of chard leaves. 

Bakry, (2006) showed that adding dry Swiss chard leaves can reduce the 

harmful effects of high lipid diet on weight gain and deposit fat in rats model. 

As well indirect evidence from both epidemiologic and short-term 

experimental studies suggested a beneficial role of a high fiber diet in weight 

control (Liu, 2002). Dietary patterns play an important role in the control of 

body weight. Such specific eating patterns could help in reducing the rate of 

weight gain (Drapeau et al., 2004). 

  Additionally, study on rats fed a high-fat diet and supplemented with chard 

leaves (Beta vulgaris L. var. cicla) have shown potential benefits in reducing 

body fat and improving related metabolic markers. Specifically, chard extract 

has been linked to decreased fat accumulation. These findings suggest that 

chard could be a valuable dietary component for mitigating the adverse effects 

of obesity and high-fat diets (Zeineb et al., 2018). Flavonoids might 

downregulate the synergistic interaction between insulin and leptin signaling in 

the inflammatory processes (Araújo et al., 2015). Particularly, considering the 

anorectic activity of leptin, propolis has potential to attenuate feeding and 

subsequently prevent obesity (Washio et al., 2015). 
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Table (3): The effect of supplemented-HFCD with chard leaves on VFW 

and AI in obese diabetic-rats 

Values expressed as means ± SD; Means with different letters in each column 

are significantly differs at p< 0.05. VFW: Visceral fat Weight; AI: Adiposity 

Index; HFCD: High Fat and Calories Diet.  

The Effect of Supplemented Diet with Chard Leaves on the Levels of Blood 

Glucose and Serum Insulin and Leptin hormones in Obese-Diabetic Rats: 

     The effect of HFCD and the chard leaves at levels 5, 7.5, and 10% on blood 

glucose levels as well as serum insulin and leptin hormone levels in obese-

diabetic rats is recorded in Table 4. The presented results revealed that the 

positive control group had a significant increase (P˂0.05) in the mean values of 

blood glucose levels and serum insulin and leptin hormone levels compared to 

the negative control group. This result agreed with Kusunoki et al., (2000) who 

showed hyperglycaemia, dyslipidaemia and hyperinsulinaemia in rodents fed a 

high-fat diet. Srinivasan et al., (2004) revealed that the feeding on high-fat diet 

for a period of 30 days increased levels of serum insulin and insulin resistance. 

Some previous studies revealed that hyperinsulinemia and insulin resistance are 

common features of obesity in experimental animals (Amin and Nagy, 2009). 

As well Unger and Scherer, (2010) demonstrated that insulin resistance in 

humans can be linked to lifestyle and can be notice more as a cause of lipid 

deposition in a caloric excess.  

      Saravanan et al., (2014) showed that rats fed on a high-fat diet had high 

serum leptin hormone levels when compared with those fed on a normal basal 

diet. Disruption of leptin/leptin receptor signaling results in morbid obesity and 

severe metabolic disease (Zhang and Chua, 2011). Handjieva-Darlenska and 

Boyadjieva, (2009) revealed that the diet consisting of more fat might have 

accounted for the elevated levels of leptin. Leptin is a common protein 

produced by the adipose tissue and highly correlates with body fat, suggesting 

that obese persons are insensitive to endogenous leptin production. It is a key 

fat-derived regulator of food intake and energy expenditure and its secretion 

                                    Parameters 

     Groups 

VFW (g) AI (%) 

Normal control group c9.29±0.49 c2.54±0.13 

Positive control group a14.01±0.82 a3.48±0.21 

Treated obese-diabetic 

groups with chard at 

levels of: 

5.0% b12.02±0.82 b3.29±0.18 

7.5% b11.45±0.53 b3.33±0.16 

10.0% c 10.01±0.82 bc2.92±0.22 
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levels were usually positively correlated with the extent of the triglyceride 

stores in adipocytes (Staiger and Haring, 2005). 

In comparison to the positive control group, obese-diabetic groups fed the 

supplemented HFCD with the three different levels of chard leaves (5, 7.5 and 

10%) have significant (p<0.05) decrease in blood glucose levels and serum 

insulin and leptin hormone levels. The lowest in blood glucose levels and serum 

insulin and leptin hormone levels were better noticeable with increasing the 

added levels of chard leaves as shown in Table 4.  These findings at the same 

line with Bolkent et al., (2000) showed that administration of chard aqueous 

extract caused an increase in the number of ẞ- cells of Langerhans cells and in 

the secretory granules, together with many hypertrophic Golgi apparatus and 

granules of low densities. The extract reduced the blood glucose value in 

streptozotocin-induced hyperglycemic animals and significantly increased body 

weight in comparison to the diabetic group. They reported that chards may 

decrease blood sugar by increasing insulin secretion from B-cells of the 

pancreas. As a result, it can be assumed that plant therapy can provide blood 

glucose homeostasis and can cause regeneration of B-cells of endocrine 

pancreas. Additionally, Gezginci-Oktayoglu et al., (2014) reported that chard 

extract at 2 g/kg bw/daily caused a significant reduction in blood glucose and 

increased glycogen levels in the liver of the rats. Kabir et al., (2015) showed 

that aqueous fraction of beta vulgaris ameliorates hyperglycemia in diabetic 

mice due to enhanced glucose stimulated insulin secretion, mediated by 

acetylcholine and Glucagon like Peptide-1 and elevated glucose uptake via 

increased membrane bound GLUT4 transporters. Also, Hamdiken and 

Kechrid, (2017) revealed that oral administration of Beta vulgaris extract at 

500 mg/kg bw to diabetic rats significantly decreased serum glucose. Chard has 

antioxidant activity due to its high phenolics, flavonoids, and proline, that 

protective effects of chard against pancreatic complications (Trifunovic et al., 

2015). Several dietary flavonoids improve insulin sensitivity, inhibit obesity-

related oxidative stress, improve the redox balance in affected individuals and 

thus improve macronutrient metabolism (Gentile et al., 2018). Research and 

clinical studies have provided evidence for the health benefits of flavonoids in 

treating and preventing diabetes due to their strong antioxidant and anti-

inflammatory properties (Oliveira et al., 2022). 

      Dietary fiber intake are linked to less type 2 diabetes risk (Reynolds et al., 

2020). It is generally accepted that an important mechanism is that fiber will 

slow glucose absorption and improve other risk factors with adults with 

prediabetes or diabetes. The role of the gut microbiota and gut microbial 

metabolites may be an important mechanism for fiber’s ability to prevent 

obesity (Canfora et al., 2019). The chard is main edible sources of betalains in 

nature (Kugler, et al., 2004). Dhananjayan et al., (2017) reported that oral 
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treatment with betalains in diabetic rats was able to restore blood glucose and 

insulin levels to normal ranges. This effect is a consequence of the activation 

induced by betalains on liver glycolytic enzymes. In addition, there was a 

significant reduction in the activity of gluconeogenic enzymes. Similary, 

conducted study by Indumathi et al., (2018) reaffirmed the antihyperglycemic 

capabilities of betalains. Treatment with betalains managed to restore normal 

blood glucose and insulin values. 
 

Table (4): The Effect of Supplemented Diet with Chard Leaves on the 

Levels of Blood Glucose and Serum Insulin and Leptin 

hormones in Obese-Diabetic Rats 

 
                       Parameters 

   Groups 

Blood Glucose 

(mg/dl) 

Insulin 

(mg/dl) 

Leptin 

(ng/ml) 

Normal control group e64.43±1.62 e12.50±0.12 e3.95±0.08 

Positive control group a127.00±3.37 a21.3±0.81 a11.51±0.21 

Treated obese-

diabetic groups with 

chard at levels of: 

5% b110.86±1.35 b18.61±0.13 b8.32±0.12 

7.5% c94.14±2.79 c16.44±0.15 c6.01±0.38 

10% d71.43±1.99 d14.56±0.24 d4.23±0.12 

Results are expressed as mean ± SD; Means with different superscript letters in 

the column are significantly different at (P<0.05). 

The Effect of Supplemented Diet with Chard Leaves on Lipid 

Profile in Obese-Diabetic Rats: 
    Results in Table 5  exhibit the effect of feeding obese-diabetic group on the 

HFCD alone and HFCD- supplemented with chard leaves on the serum levels 

of total cholesterol (TC), triglycerides (TG), total lipids (TL), low density 

lipoprotein cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c) 

and very low density lipoprotein cholesterol (VLDL-c). In comparison to the 

negative control group fed on the basal diet, positive control group (obese-

diabetic rats) fed on the HFCD alone have a significant (P < 0.05) increase in 

serum concentrations of TC, TG, TL, LDL-c and VLDL-c, and decreased serum 

HDL-c. 

    Dyslipidemia is another important lineament in the manner of development 

of obesity which characterized by hyperlipidemia, hypertriglyceridemia with 

increased level of LDL-c and VLDL-c. Hypercholesterolemia is one of the risk 

factors for the emergence of atherosclerosis, which is an inflammatory disorder 

in artery walls characterized by the formation of atheroma (Newby et al., 2014). 

This outcome were in alignment with Kusunoki et al., (2000) who proved the 

incidence of dyslipidemia in rodents fed on a high-fat diet. Also, these 

consequence confirmed by the results of Sumiyoshi et al., (2006) who reported 
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that HFD admission bring to the induction of hyperlipidemia, hypertension, 

glucose intolerance and atherosclerosis. As well as, the obtained results was 

compatible with Ani et al., (2020) who revealed that diabetes caused an 

increase in the lipid profile of the rats. Also, the present results were in 

accordance with Rezq and El-Khamisy, (2011) who showed that high-fat diet 

results in dyslipidaemic changes by increase serum TG, VLDL, TC and LDL-c 

and decrease serum HDL-c levels. Additionally, Rezq et al., (2024) showed 

that the parameters of serum TL, TC, TG, LDL-c, and VLDL-c levels were 

significantly increased in NASH rats fed HFCD, while HDL-c levels were 

decreased, compared to that of the normal rats fed on a normal basal diet. 

    In comparison to the positive control group, combination of HFCD with the 

three different levels of chard leaves resulted in significantly (P < 0.05) lower 

serum levels of TC, TG, TL, LDL-c and VLDL-c, and a raise in serum HDL-c. 

The preferable improvement in serum levels of lipid profiles was discovered 

with feeding obese-diabetic groups HFCD-supplemented with the higher levels 

of chard leaves as shown in Table 5. These findings were in the same line with 

Bakry, (2006), which showed that adding dry form of chard leaves can reduce 

the harmful effects of a high lipid diet on weight gain and deposit fat, as well as 

total lipids, total cholesterol, triglycerides, HDL-cholesterol, and LDL-

cholesterol, which may be due to the effect of different components. Sener et 

al., (2002) reported that chard leaves, also known as Swiss chard, have shown 

potential in improving lipid profiles, particularly in reducing levels of harmful 

cholesterol and triglycerides, while potentially increasing beneficial HDL 

cholesterol. This effect is attributed to the antioxidant and anti-inflammatory 

properties of chard, which can help mitigate the negative impacts of high-fat 

diets and related metabolic issues. Shaaban et al., (2021) reported that 

supplementation of Gamma-irradiated Chard Leaves along with HFD resulted 

in remarkable protection against HFD-complications and that evidenced by 

reduction in total cholesterol (TC), triglycerides (TG),Low-density lipoprotein-

cholesterol (LDL-C) and very Low-density lipoprotein-cholesterol(VLDL-

C),remarkable increase in high-density lipoprotein cholesterol (HDL-C).  

Ustundag et al., (2016) revealed that chard leaves is rich in minerals, vitamins 

and phytochemicals and is one of the healthiest vegetables. Main identified 

secondary metabolites are flavonoids, flavonoid glycosides, betalains and 

saponins. Flavonoids have an important role in improving metabolic processes 

as reflected by higher body weight gain (Astrini, 2017). From the last few 

decades, Johnson et al., (2020) suggested that dietary polyphenols have 

exhibited the potential of reducing plasma LDL-C levels. Also, Sun et al., 

(2021) found that the flavonoids, can reduce the levels of total cholesterol (TC), 

triglycerides (TG), and LDL-c, and increase the level of HDL-c in the blood. 

Flavonoids inhibit cholesterol uptake through multiple mechanisms and inhibit 



                                        Home Econ. J. Vol. (41), No. (2), June 2025 202 

intestinal cholesterol absorption mediated by NPC1L1.This is a newly found 

polyphenol function (Nekohashi et al., 2014). Flavonoids have received 

considerable attention for their lipolytic activity in vitro and mammals 

(Alkhalidy et al., 2018). Additionally, Yahaghi et al., (2020) attempted to find 

out the molecular mechanisms underlying betalains action on mice with 

hepatosteatosis. The disease was induced through a hyperlipid diet, producing 

excessive fat, increased blood cholesterol and triglyceride levels. All these 

changes were effectively attenuated after the intake of betalains. 

Table (5): The Effect of Supplemented Diet with chard leaves on Serum 

TL, TC, TG, (HDL-c), (LDL-c) and (VLDL-c) Levels in Obese 

Diabetic Rats 

                    

Parameters 

    Groups 

TC 

(mg/dl) 

TG 

(mg/dl) 

TL 

(mg/dl) 

LDL-c 

(mg/dl) 

HDL-c 

(mg/dl) 

VDL-c 

(mg/dl) 

Normal control group e116.57±2.07 e84.57±1.35 e574.57±2.37 e54.37±2.04 a54.29±1.80 e17.03±0.44 

Positive control group a273.43±3.99 a186.14±1.35 a742.2±0.38 a202.63±3.86 e33.57±0.98 a37.23±0.27 

Treated obese-

diabetic groups 

with chard at 

levels of: 

5% b193.14±1.77 b155.29±2.29 b684.86±2.27 b124.80±1.73 d37.43±0.98 b31.06±0.46 

7.5% c162.57±1.62 c103.57±1.72 c655.00±2.77 c103±1.49 c38.86±0.90 c20.71±0.34 

10% 
d135.00±20 d96.29±2.50 d614.00±2.08 d75.60±1.45 b40.14±0.90 d19.26±0.50 

Results are expressed as mean ± SD; Means with different superscript letters in the 

column are significantly different at (P<0.05). HFCD: High Fat and Calories Diet; TC: 

Total cholesterol; TG: Triglyceride; TL: Total Lipid; HDL-c: High Density 

Lipoproteins Cholesterol; LDL-c: Low Density Lipoproteins Cholesterol and VLDL-

c: Very Low Density Lipoproteins Cholesterol. 

 The Effect of Supplemented Diet with Chard Leaves on activity of liver 

function enzymes AST, ALT and ALP in Obese-Diabetic Rats:   

Since, hepatic enzymes AST, ALT and ALP are the most specific intracellular 

enzymes that are associated with cell leakage and serve as a marker of 

hepatocellular injury with greater grades of hepatic steatosis and fibrosis. The 

elevation in the hepatic enzymes may be attributed to an increase in the 

production of free radicals that initiate lipid peroxidation of membrane leading 

to loss of integrity of cell membranes and damage of hepatic cells. The 

metabolic processes resulting from a high-fat diet (HFD) can cause oxidative 

stress in mitochondria and the endoplasmic reticulum, as well as induce de 

novo lipogenesis and inflammation in liver cells (Yang et al., 2019).  

     Table (6)  show the effect of feeding obese-diabetic groups of rats on chard 

leaves adding to HFCD at levels of 5, 7.5 and 10% on the serum activities of 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline 
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phosphates (ALP) enzymes. The present study revealed that HFCD alone 

caused a significant (P<0.05) increase in the serum activities of AST, ALT, and 

ALP enzymes in obese-diabetic rats, compared to that caused by normal basal 

diet in normal rats.  

 

   The current results agree with the results of Huang et al., (2022) who 

reported that the high-fat diet significantly elevated the serum activities of 

levels of AST and ALT enzymes in male rats. As well, the results of Sunmonu 

and Afolayan (2013) revealed that diabetes was also associated with a 

significant increase in serum ALT and AST activities. AST and ALT are well-

known hepatic enzymes that cause liver cell damage in case of elevated serum 

activity, as observed in diabetic rats. Also, the results of Ibrahim et al., (2022) 

showed that HFCD in obese rats caused a significant (P<0.05) increase in 

serum activity of AST, ALT, ALP enzymes, compared to rats fed on the basal 

diet. Meli et al., (2013) observed that Feeding rats HFD for long time led to 

increase expression of inflammatory factors mRNA such as IL-6 and TNF- due 

to increase liver tissue damage. Amin and Nagy, (2009) who postulated that 

presence of extra FFA’s in portal blood could cause inflammation within hepatic 

cells, and furthermore release pro-inflammatory cytokines, leading to more 

hepatocyte injury, and affecting the liver cell's permeability with over releasing 

of hepatic enzymes to the blood stream. Also, Tan et al., (2023) reported that 

obese-diabetic rats exhibit significant liver dysfunction. These changes are 

closely linked to insulin resistance and metabolic syndrome. 

 

    In contrast, the added of chard leaves at the three different levels (5, 7.5, and 

10%) to HFCD caused a significant decrease (P<0.05) in the serum activities of 

AST, ALT, and ALP enzymes in obese-diabetic rats as compared to those 

induced by HFCD alone. It was noticed that with increasing levels of the chard 

leaves added to HFCD, serum activities of AST, ALT, and ALP were lowered 

significantly. The obtained findings were in the same line with the results of 

Hashem et al., (2016) who found that the liver appearance and pathology of 

obese rats worsened; the levels of ALT and AST in serum were increased 

significantly. While in treated groups with chard leaves extract, the appearance 

and pathology of the liver were improved, and the levels of ALT and AST in 

serum were decreased significantly. Ozsoy-Sacan et al., (2004) have shown 

that chard extract can reduce levels of liver enzymes (ALT, AST, and ALP) and 

total lipid levels in diabetic rats, suggesting a protective effect on liver function. 

Also, Jain and Singhai (2012) mentioned that Chard could maintain the 

functional integrity of hepatocyte membrane, thus protecting the hepatocytes 

against ethanol toxicity and was also found to be effective in decreasing the 

leakage of ALT triggered by ethanol. Also, Ertik et al., (2021) reported that 
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Chard leaves extract has shown potential benefits for liver function in obese, 

diabetic rats. This is more likely attributed to the existence and joint activity of 

the phytocomponents of flavonoid and nonflavonoid origins, which have 

antioxidant properties (Yahyaa et al., 2015). 

 

Table (6): The Effect of Supplemented Diet with Chard Leaves 

on liver function enzymes AST, ALT and ALP in 

Obese-Diabetic Rats 
                         Parameters 

     Groups 

AST(U/L) ALT(U/L) ALP(U/L) 

Normal control group e22.86±1.57 d18.71±1.11 d582.86±2.19 

Positive control group a65.86±2.12 a47.29±2.29 a872.57±2.82 

Treated obese-

diabetic groups 

with chard at 

levels of: 

5% b44.43±1.72 b33.29±1.80 b615.57±2.86 

7.5% c 35.00±2.08 c25.43±1.40 c600.43±1.27 

10% d30.71±1.11 d19.86±1.35 e552.29±2.87 

Results are expressed as mean ± SD; Means with different superscript letters in 

the column are significantly different at (P<0.05). AST: Aspartate transaminase; 

ALT: Alanine transaminase; ALP: Alkaline phosphate; HFCD: High Fat and 

Calories Diet. 

The Effect of Supplemented Diet with Chard Leaves on serum 

levels of MDA, and activity of GSH and SOD enzymes in Obese-

Diabetic Rats: 

 
    Table 7 represents lipid peroxidation as indicated by serum level of 

malondialdehyde (MDA) and activity of reduced glutathione (GSH) and 

superoxide dismutase (SOD) enzymes in normal rats, non-treated obese-

diabetic group, and obese-diabetic groups which are treated by adding three 

different levels of chard leaves (5, 7.5, and 10%) to HFCD.  

 

    The present study provides a perfect correlation between serum lipid 

peroxidation products as indicator by MDA and the activity of antioxidant 

enzymes, which play an important role in the antioxidant system. Results 

showed that non-treated obese-diabetic rats (+ve group) have a significant 

increase at p<0.05 in the serum level of MDA and a decrease in the activity of 

SOD and GSH enzymes compared to normal rats (- ve group). 

     High-fat diets result in the release of free fatty acids by the action of 

lipoprotein lipase, which increases serum triglycerides and causes lipotoxicity, 
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which results in insulin receptor dysfunction. The release of excessive free fatty 

acids provokes lipotoxicity, as lipids and their metabolites create oxidative 

stress. As well, the decrease in serum activity of antioxidant enzymes, as seen in 

the serum of obese rats, can lead to the excessive availability of superoxide and 

peroxyl radicals, which in turn generate hydroxyl radicals, resulting in the 

initiation and propagation of more lipid peroxidation products (Zhang et al., 

2007). The existing result was agreed with the results of Amirkhizi et al., 

(2007) study that revealed that increasing the production of reactive oxygen 

species as well as reduced antioxidant defense mechanisms has been suggested 

to play a role in both humans and animal models of obesity. Furthermore, 

hypertriglyceridemia results in obese rats participating in the alteration of 

oxidant-antioxidant balance, suggesting an increase in the bioavailability of free 

fatty acids and lipid peroxidation. Also, hyperlipidemia induces oxidative stress 

and increases lipid peroxidation (Moussa, 2008). Therefore, lipid alterations 

have been considered as contributory factors to oxidative stress in obesity 

(Leopold and Loscalzo, 2008). Denisenko and Novgorodtseva (2013) 

showed that feeding animals on a high-fat diet inhibits the activity of blood 

antioxidant enzymes and elevates lipid peroxidation (MDA). In addition, the 

prooxidative effects have been documented as it decreases the activity of 

antioxidant enzymes such as SOD, CAT, and GPX and increases the 

concentration of malondialdehyde (MDA), which is the main marker of lipids 

peroxidation (Capatina et al., 2020). As well, elevated blood glucose levels can 

overcome the body's antioxidant defenses, such as SOD and CAT, leading to an 

accumulation of ROS (Alipour et al., 2012). It is well-known that 

hyperglycemia causes metabolic disorders since it triggers “aberrant” pathways 

that promote oxidative stress in human tissues (Lima et al., 2022). Additionally, 

high blood glucose in rats leads to increased oxidative stress. This occurs might 

be due to high blood glucose levels triggering the production of reactive oxygen 

species (ROS) through various pathways, including glucose auto-oxidation, the 

polyol pathway, and the formation of advanced glycation end products. These 

ROS can damage cellular components, contributing to the development of 

complications associated with diabetes (González et al., 2023). 

     Whilst feeding obese-diabetic groups of rats on complement HFCD with the 

three different levels of the chard leaves has a significant decrease at p<0.05 in 

the serum levels of MDA , and an increase in the activity of antioxidant enzymes 

(SOD and GSH), compared with the non-treated obese-diabetic group fed on 

HFCD only.  

    The improvement in the serum concentration of MDA and activity of 

antioxidant enzymes was shown in the treated group with increasing the levels 

of chard leaves added to HFCD. These outcomes hint that chard could be a 
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valuable dietary component for managing oxidative stress and potentially 

alleviate some of the harmful effects associated with obesity and diabetes. 

   Various studies identified the existence of numerous bioactive components of 

the chard leaves as phytopigments, flavonoids, and minerals with antioxidant 

and immunomodulating properties (Ivanović et al., 2019). Also, Ustundag et 

al., (2016) revealed that chard leaves are rich in minerals, vitamins, flavonoids, 

flavonoid glycosides, betalains and saponins. Therefore, chard (Beta vulgaris) is 

one of the functional foods that is considered a supplement of biologically 

active and phytochemical compounds that have phenolic acids, ascorbic acid, 

carotenoids, and flavonoids that have a high ability to scavenge free radicals 

(Hajihossein et al., 2017). Besides, it contains highly bioactive pigments 

known as betalains that are synthesized from the amino acid tyrosine into 2 

structural groups: yellow–orange beta-xanthins and also the red–violet beta-

xanthins (Al Nouri et al., 2017). Additionally, chard has been used in 

traditional medicine as a strong antioxidant, anti-diabetic, and hepato-protective 

agent because it contains various natural components, such as carotenoids, 

some fatty acids, phospholipids, glycolipids, polysaccharides, folic acid, 

vitamins C and E, and polyphenolic and thiol compounds (Ustundag et al., 

2016). 

    Yarat et al., (2011) concluded that chard leaves, when consumed by obese-

diabetic rats, have been shown to potentially decrease levels of MDA and 

increasing antioxidant activity. This suggests that chard could offer protective 

effects against the oxidative damage often associated with diabetes and obesity. 

These results agree with Hamdiken and Kechrid (2017), who concluded that 

chard performed a positive role in lowering MDA levels and rising the GSH 

levels in exposed rats to ethanolic toxicity. 

    On the other hand, Hajihossein et al., (2017) revealed that the anti-oxidant 

and free radical-scavenging activities of chard could be attributed to its active 

components such as phenolic contents, flavonoids, glycosides, and saponins. 

Also, the amino acid proline, one of the chard components, is considered one 

component of the intracellular defense system against oxidative stress caused 

by free radicals and ROS (Unsal et al., 2016). As mentioned by Gezginci-

Oktayoglu et al., (2014) admenistration of chard extract to hyperglycemic rats 

results in decreasing the oxidative stress (malondialdehyde formation) and 

increasing antioxidant defense (the activities of CAT, SOD and GSH). These 

findings suggest that chard extract might improve glucose response by 

increasing GLUT2 through Akt2 and antioxidant defense in the liver. 
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Table (7): The Effect of Supplemented Diet with Chard Leaves on serum 

levels of MDA, and activity of GSH and SOD enzymes in 

Obese-Diabetic Rats 

 
                       Parameters 

    Groups 

MDA 

(nmol/ml) 

GSH 

(mmol/ml) 

SOD 

(ng/ml) 

Normal control group e67.43±2.51 a4.53±0.20 a952.57±1.51 

Positive control group a192.71±1.83 e2.25±0.02 e414.86±2.54 

Treated obese-

diabetic groups 

with chard at 

levels of: 

5% b141.57±2.82 d2.98±0.05 d696.86±1.57 

7.5% c101.43±0.98 c3.93±0.05 c816.29±3.95 

10% d83.86±3.02 b4.41±0.01 b894.29±2.5 

Results are expressed as mean ± SD; Means with different superscript letters in the 

column are significantly different at (P<0.05). HFCD: High Fat and Calories Diet; 

MDA: malondialdehyde; GSH: reduced glutathione; SOD: superoxide dismutase. 

  Histopathological Examination:  
 1-Histopathological Examination of Pancreases:  
    Microscopic examination of pancreas sections from the normal group 

revealed no sign of histological structure variations as shown in Photo (1). 

Nevertheless, pancreas sections of non-treated obese-diabetic rats from the 

positive control group showed hypertrophy and hyperplasia of β-cells of islets 

of langerhans associated with pyknosis of their nuclei (Photo 2). This result 

agreed with the results of Laxmi et al., (2010), who showed that there was 

extensive damage of the langerhans in alloxan-induced diabetic rats. This effect 

may be attributed to the higher blood glucose levels, which cause a 

deterioration of pancreatic β cells resulting from oxidative stress. Also, Rezq, 

(2011) revealed that alloxan-induced diabetic rats had hypertrophy and 

hyperplasia of β- cells of islets of langerhans associated with pyknosis of their 

nuclei. Recently, Wickramasinghe et al., (2024) reported that the major 

histopathological changes in the pancreas of HFD-fed STZ-induced diabetic 

rats were loss of pancreatic islets, pancreatic islet hypertrophy, and mild fatty 

change in the exocrine pancreas. 

    In contrast, pancreas sections of the treated obese-diabetic rats by feeding on 

5% chard leaves added to HFCD had vaculations of acinar epithelial lining in 

the pancreas as shown in Photo (3). As well, slight hypertrophy of islets of 

langerhans was shown in pancreas sections of rats from treated obese-diabetic 

groups by feeding on 7.5 and 10% chard leaves added to HFCD as shown in 

Photo (4). 
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   As mentioned by Bolkent et al., (2000) plant therapy can provide blood 

glucose homeostasis and can cause regeneration of B-cells of endocrine 

pancreas. They also showed that administration of chard aqueous extract caused 

an increase in the number of ẞ- cells of Langerhans cells and in the secretory 

granules, together with many hypertrophic Golgi apparatus and granules of low 

densities. As well the extract reduced the blood glucose value in streptozotocin-

induced hyperglycemic animals. They reported that chards may decrease blood 

sugar by increasing insulin secretion from B-cells of the pancreas.  

    Chard has antioxidant activity due to its high phenolic, flavonoids, and 

proline, that protective effects of chard against pancreatic complications 

(Trifunovic et al., 2015). Therefore, antioxidants can have a beneficial effect on 

pancreatic β cells by neutralizing the oxidative stress. Normal β- cells 

compensate for insulin resistance by increasing glucose-stimulated insulin 

secretion or β -cell mass Kaneto et al., (2001). Additionally, Helmy et al., 

(2024) Reported that chard leaf extracts exhibit possible effects in protecting 

pancreatic tissue and promoting regeneration of pancreatic beta cells in diabetic 

models. These effects are commonly linked to chard antioxidant, hypoglycemic 

properties, reduce lipid peroxidation, and enhance antioxidant levels in diabetic 

rats. 

 

 

 

 

 

 

 

 

 

Photo (2): Photomicrograph of pancreas 

sections from obese-diabetic rats 

from positive control group 

showing hypertrophy and 

hyperplasia of β-cells of islets of 

langerhans associated with 

pyknosis of their nuclei (H and E 

X400). 

 

 

 

 

 

 

 

 

Photo (1): Photomicrograph of pancreas 

sections of rats from normal 

group showing no 

histological changes (H and 

E X400). 



Home Econ. J. Vol. (41), No. (2), June 2025 209 

209 

 2-Histopathological Examination of Liver:  

    Histopathological examination of liver sections of health rats from the 

negative group showed normal histological in liver structure as shown in Photo 

5. In comparison to the negative control group, examined liver sections of 

obese-diabetic rats from the positive control group revealed fatty change of 

hepatocytes and congestion of hepatic sinusoid, vacuolization of hepatocytes, 

and necrosis of sporadic hepatocytes as shown in Photos 6 . This result agreed 

with the results of Arkkila et al., (2001) revealed that histological changes of 

liver sections of diabetic rats, which showed congestion of hepatic sinusoids, 

vacuolization of hepatocytes, and necrosis of sporadic hepatocytes as well as 

fatty changes of hepatocytes. This observation was agreed with Rezq, (2011) 

which showed that alloxan-induced diabetic rats have a congestion of the 

hepatic sinusoid, vacuolization of hepatocytes, and necrosis that was shown in 

sporadic hepatocytes. In previous studies, HFD-fed STZ-induced rat models 

were reported to have fatty liver and histopathological changes including lipid 

accumulation and lobular inflammation (Guo et al., 2018, and Dwivedi and 

Jena, 2020). Also, Wickramasinghe et al., (2024) showed the major 

histopathological alteration observed in liver tissues of STZ-induced diabetic 

rats was hydropic degeneration of hepatocytes and mild lobular inflammation. 

     On the other hand examining liver sections of obese-diabetic rats from the 

treated group with added 5% of chard leaves to HFCD revealed fatty change of 

hepatocytes (Photo 7) in some sections. Likewise, examined liver sections of 

 

 

 

 

 

 

 

Photo (4): Photomicrograph of pancreas 

sections from obese-diabetic 

rats treated group with 7.5 

and 10% chard leaves 

showing vaculations of 

acinar epithelial lining (H 

and E X 400). 

 

 

 

 

 

 

 

Photo (3): Photomicrograph of pancreas 

sections from obese-

diabetic rats treated group 

with 5% chard leaves 

showing vaculations of 

acinar epithelial lining (H 

and E X 400). 
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obese-diabetic rats from the treated group with added 7.5% of chard leaves to 

HFCD revealed small vacuoles in the cytoplasm of hepatocytes as shown in 

Photo 8. Furthermore, examined liver sections of obese-diabetic rats from the 

treated group with added 10% of chard leaves to HFCD revealed small vacuoles 

in the cytoplasm of some hepatocytes (Photo 9). 

    Ozsoy-Sacan et al., (2004) concluded that the chard leaves extract has a 

protective effect on the liver in diabetes mellitus. The administration of chard 

extracts improved histopathological damage apart from necrosis and 

vacuolization. The antihyperglycemic effects and the prominent improvement in 

the tissues may be related to the flavonoid and saponin content of this plant. 

Gezginci-Oktayoglu et al., (2014) showing many hepatocytes have intense 

eosinophilic cytoplasm and pycnotic nuclei, rupturing the endothelium of 

central veins, sinusoidal dilatation and necrosis were determined in the liver of 

hyperglycemic animals. While the administration of chard extract improved 

histopathological damage apart from necrosis and vacuolization. They 

suggested that chard extract can improve liver damage in diabetic rats, 

potentially through antioxidant and anti-inflammatory mechanisms. Helmy et 

al., (2024) reported that the chard leaf powders displayed powerful positive 

hypoglycemic action compared to metformin, in addition to reversing the 

histological abnormalities in the liver and pancreas of diabetic rats to a state 

close to normal. 

 

 

 

 

 

Photo (6): Photomicrograph of liver sections 

of obese-diabetic rats from the 

positive control group showing 

fatty change of hepatocytes (H 

and E x 400). 

 

 

 

 

 

 

Photo (5): Photomicrograph of liver sections of health 

rats from the negative group showing 

normal histological structure of hepatic 

lobule (H and E x 400) 
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photo (8): Photomicrograph of liver sections of 

obese-diabetic rats from the treated group with 

added 7.5% of chard leaves to HFCD showing 

small vacuoles in the cytoplasm hepatocytes (H 

and E x 400). 

 

 

 

 

 

 

 

Photo (7): Photomicrograph of liver sections of 

obese-diabetic rats from the treated 

group with added 5% of chard leaves to 

HFCD showing fatty change of 

hepatocytes (H and E x 400). 

 

Photo (9): Photomicrograph of liver sections of obese-

diabetic rats from the treated group with added 10% of 

chard leaves to HFCD showing small vacuoles in the 

cytoplasm of some hepatocytes (H and E x 400). 

 
REFERENCES 

Abdel-Rahman, M., Khater, S., Hamed Arisha, A., Metwally, M., Mostafa-
Hedeab, G. and El-Shetry, E. (2020): Chitosan-stabilized selenium 
nanoparticles alleviate cardio-hepatic damage in type 2 diabetes mellitus 
model via regulation of caspase, Bax/Bcl-2, and Fas/FasL- pathway. Gene, 768 
(5): 145288. 

Akbarzadeh, A., Norouzian, D., Mehrabi, M., Jamshidi, S., Farhangi, A., Allah 
Verdi, A., Mofidian, S. and Lame Rad, B. (2007): Induction of diabetes by 
Streptozotocin in rats. Indian Journal of Clinical Biochemistry, 22 (2): 60-64. 



                                        Home Econ. J. Vol. (41), No. (2), June 2025 212 

Ali, A., Hochfeld, W., Myburgh, R. and Pepper, M. (2013): Adipocyte and 
adipogenesis. European journal of cell biology, 92(6-7): 229-236. 

Alipour, M., Salehi, I., and Soufi, F. (2012): Effect of exercise on diabetes-induced 
oxidative stress in the rat hippocampus. Iranian red crescent medical 
journal, 14(4), 222. 

Alkhalidy, H., Wang, Y. and Liu, D. (2018): Dietary Flavonoids in the Prevention of 
T2D: An Overview. Nutrients. 10(4):438. 

Al Nouri, D., Althalmawi, H.  and Faifi, L. (2017): Study on the growth factors and 
hepatoprotective effect of Beta vulgaris L. in male Wistar rat. Journal of 
Health Sciences and Nursing, 2(1): 18-27. 

Alsuhaibani, A. and Alshawi, A. (2022): Effect of the addition of different levels of 
chard on the dough properties and physicochemical and sensory characteristics 
of pan breads. Journal of Food Quality, (1): 2678302.  

Amirkhizi, F., Siassi, F., Minaie, S., Djalali, M., Rahimi, A. and Chamari, M. 
(2007): Is obesity associated with increased plasma lipid peroxidation and 
oxidative stress in women? ARYA Atherosclerosis Journal, 2(4):189-192. 

 Amin, K. and Nagy, M. (2009): Effect of Carnitine and herbal mixture extract on 
obesity induced by high fat diet in rats. Diabetology& Metabolic Syndrome 
1(1):17. 

Ani, O., Udedi, S., Akpata, E., Ezeigwe, O., Oguazu, C., Onyishi, C. and 
Nwakaudu, E. (2020): Effects of ethanol leaf extract of Justicia carnea on 
biochemical indices of alloxan-induced diabetic rats. IOSR Journal of 
Biotechnology and Biochemistry (IOSRJBB), 6(2): 39-46. 

Araújo, J., Keating, E. and Martel, F. (2015): Impact of gestational diabetes mellitus 
in the maternal-to-fetal transport of nutrients. Current diabetes reports, 15(2), 
1-10. 

Arkkila, P., Koskinen, P., Kantola, I. and Viikari, J. (2001): Diabetic complications 
are associated with liver enzyme activities in people with type 1 diabetes. 
Diabetes Research and Clinical Practice; 52(2): 113-118. 

Astrini, F. (2017): Pemberiantepungkayumani (cinnamomumbu 
rmannii)dalamransumterhadap status kesehatan dan organ imunitasayam 
broiler. 

Bakry, A. (2006): Effects of some vegetables on rats fed diet-inducing 
obesity. Egyptian Journal of Nutrition and Health, 1(1): 1-15. 

Bhatt, B., Dube, J., Dedousis, N., Reider, J. and O'Doherty, R. (2006): Diet-induced 
obesity and acute hyperlipidemia reduces Ik B at rat skeletalmuscle in a fiber- 
type level in rats. American Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology, 290 (N1): R233–R240. 

Bolkent, S., Yanardag, R., Tabakoglu-Oguz, A. and Ozsoy-Sacan, O. (2000): 
Effects of chard (Beta vulgaris L. var. cicla) extract on pancreatic B cells in 
streptozotocin-diabetic rats: a morphological and biochemical study. Journal of 
Ethnopharmacol, 73(1-2):251-259. 

Capatina, L., Todirascu-Ciornea, E., Napoli, E., Ruberto, G., Hritcu, L. and 
Dumitru, G. (2020): Thymus vulgaris Essential Oil Protects Zebrafish against 
Cognitive Dysfunction by Regulating Cholinergic and Antioxidants Systems. 
Antioxidants, 9(11):1083. 

Canfora, E., Meex, R., Venema, K. and Blaak, E. (2019): Gut microbial metabolites 
in obesity, NAFLD and T2DM. Nature Reviews Endocrinology, 15(5): 261-
273. 



Home Econ. J. Vol. (41), No. (2), June 2025 213 

213 
Carleton H. (1979): Histopathological technique 4th Edition, London, Oxford-

university press, UK: 40-53. 
Ceballos-Picot, I., Nicole, A., Clément, M., Bourre, J., and Sinet, P. (1992): Age-

related changes in antioxidant enzymes and lipid peroxidation in brains of 
control and transgenic mice overexpressing copper-zinc superoxide 
dismutase. Mutation Research/DNAging, 275(3-6): 281-293. 

Chun, O.K., Kim, D.O. and Lee, CY. (2003): Superoxide radical scavenging activity 
of the major polyphenols in fresh plums.  Journal of agricultural and food 
chemistry, 51(27):8067–8072. 

Cruz-Bravo, R. K.; Guevara-Gonzalez, R.; Ramos-Gomez, M.; GarciaGasca, T.; 
Campos-Vega, R. B.; Oomah, D. and Loarca-Piña, G. (2011): Fermented 
nondigestible fraction from common bean (Phaseolus vulgaris L.) cultivar 
Negro 8025 modulates HT-29 cell behavior. Journal of Food Sciences, 76(2): 
41–47. 

Denisenko, Y. and Novgorodtseva, P. (2013): Effect of prolonged high-fat diet on 
thiol-disulfide homeostasis in rats. International Journal of Bio Medicine, 3(3): 
197-200. 

Dhananjayan, I., Kathiroli, S., Subramani, S. and Veerasamy, V. (2017): 
Ameliorating effect of betanin, a natural chromoalkaloid by modulating 
hepatic carbohydrate metabolic enzyme activities and glycogen content in 
streptozotocin–nicotinamide induced experimental rats. Biomedicine & 
Pharmacotherapy, 88: 1069-1079. 

Drapeau, V., Depres, J., Bouchard, C., Allard, L., Fournier, G, Leblance, C. and 
Tremblay, A. (2004): Modifications in food group consumption are related to 
long-term body weight changes. The American journal of clinical nutrition, 
80(1):29-37. 

Dwivedi, D. and Jena, G. (2020): NLRP3 inhibitor glibenclamide attenuates high-fat 
diet and streptozotocin-induced non-alcoholic fatty liver disease in rat: studies 
on oxidative stress, inflammation, DNA damage and insulin signalling 
pathway. Naunyn- Schmiedeberg’s Archives of Pharmacology, 393(4): 705-
716. 

El-Sayed, M. (2011): Effects of Portulaca oleracea L. seeds in treatment of type-2 
diabetes mellitus patients as adjunctive and alternative therapy. Journal of 
ethnopharmacology, 137(1):643-651. 

Ertik, O., Sacan, O., Kabasakal, L., Şener, G. and Yanardağ, R. (2021): Protective 
effect of chard extract on glycoprotein compounds and advanced oxidation 
protein product levels in diabetic rat livers. Experimed, 11(1): 27-32. 

Franzoni, G., Guffanti, D., Ferrante, A., Cejudo-Bastante, M., Rodríguez-Pulido, 
F., Gordillo, B. and Cocetta, G. (2024): Evaluation of Swiss chard (Beta 
vulgaris L. ssp. cicla) physiological and qualitative responses to water deficit 
and salicylic acid treatment. Journal of Agriculture and Food Research, 18: 
101524. 

Friadwald, W., Levy, K. and Fredrickson, D. (1972): Estimation of the concentration 
of low-density lipoprotein cholesterol in plasma without use of the preparative 
ultracentrifuge. Clinical Chemistry, 18 (6):499-502. 

Gamba, M., Raguindin, P., Asllanaj, E., Merlo, F., Glisic, M., Minder, B. and 
Muka, T. (2021): Bioactive compounds and nutritional composition of Swiss 
chard (Beta vulgaris L. var. cicla and flavescens): a systematic review. Critical 
reviews in food science and nutrition, 61(20): 3465-3480. 



                                        Home Econ. J. Vol. (41), No. (2), June 2025 214 

Gentile, D., Fornai, M., Pellegrini, C., Colucci, R., Blandizzi, C. and Antonioli, L. 
(2018): Dietary flavonoids as a potential intervention to improve redox balance 
in obesity and related co-morbidities: a review. Nutrition research 
reviews, 31(2): 239-247. 

Gezginci-Oktayoglu, S., Sacan, O., Bolkent, S., Ipci, Y., Kabasakal, L., Sener, G. 
and Yanardag, R. (2014): Chard (Beta vulgaris L. var. cicla) extract 
ameliorates hyperglycemia by increasing GLUT2 through Akt2 and 
antioxidant defense in the liver of rats. Acta histochemica, 116:32-39. 

González, P., Lozano, P., Ros, G. and Solano, F. (2023): Hyperglycemia and 
oxidative stress: an integral, updated and critical overview of their metabolic 
interconnections. International journal of molecular sciences, 24(11): 9352. 

Guo, X., Wang, Y., Wang, K., Ji, B. and Zhou, F. (2018): Stability of a type 2 
diabetes rat model induced by high-fat diet feeding with low-dose 
streptozotocin injection. Journal of Zhejiang University. Science. B, 19(7): 
559-569. 

Hajihosseini, S., Setorki, M. and Hooshmandi, Z. (2017): The antioxidant activity of 
Beta vulgaris leaf extract in improving scopolamine-induced spatial memory 
disorders in rats. Avicenna Journal of Phytomedicine, 7(5): 417-425. 

Handjieva-Darlenska, T. and Boyadjieva, N. (2009): The effect of high-fat diet on 
plasma ghrelin and leptin levels in rats. Journal of physiology and 
biochemistry, 65(2): 157-164. 

Hamdiken, M. and Kechrid, Z. (2017): Chard (beta vulgaris var cicla) extract 
modulates zinc status, glucose level and antioxidant values in diabetic rats fed 
zinc deficiency diet. Int J Pharm Pharm Sci, 9, 297. 

Hashem, A., Soliman, M., Hamed, M., Swilam, N., Lindequist, U. and Nawwar, M. 
(2016): Beta vulgaris subspecies cicla var. flavescens (Swiss chard): 
flavonoids, hepatoprotective and hypolipidemic activities. Die Pharmazie-An 
international journal of pharmaceutical sciences, 71(4): 227-232. 

Helmy, S., Morsy, N., Elaby, S. and Ghaly, M. (2024): Antidiabetic Effect of Green 
Vegetable Leaf Powders in Diabetic Rats. Egyptian Journal of Chemistry, 
67(4): 93 – 104. 

Hostmark, A., Berg, J., Osland, A., Simonsen, S. and Vatne, K. (1991): 
Lipoprotein- related coronary risk factors in patients with angiographically 
defined coronary artery disease and controls: improved group separation by 
indexes reflecting the balance between low-and high-density lipoproteins. 
Coronary Artery Disease, 2(6): 679-84. 

Huang, W., Xu, J., Li, S., Er Ng, X. and Tung, Y. (2022): Effects of exercise on high-
fat diet–induced non-alcoholic fatty liver disease and lipid metabolism in ApoE 
knockout mice. Nutrition and Metabolism, 19 (10):1-13. 

Ibrahim, H., Rezq, A. and Ismail, B. (2022): Studying the Effect of Hawthorn 
(Crataegus Pinnatifida) and Bay (Laurus Nobilis) Leaves Mixture on Body 
Weight in Obese Rats. Journal of Pharmaceutical Negative Results, 13(9): 
5203-5224. 

Indumathi, D., Sujithra, K., Srinivasan, S. and Vinothkumar, V. (2018): Betanin 
exhibits significant potential as an antihyperglycemic and attenuating the 
glycoprotein components in streptozotocin–nicotinamide-induced experimental 
rats. Toxicology Mechanisms and Methods, 28(7): 547–554.   



Home Econ. J. Vol. (41), No. (2), June 2025 215 

215 
Jain, N. and Singhai, A. (2012): Protective role of Beta vulgaris l. leaves extract and 

fractions on ethanol-mediated hepatic toxicity. Acta Pol Pharm, 69(5): 945-50.  
Jo, J., Gavrilova, O., Pack, S., Jou, W., Mullen, S., Sumner, A. E. and Periwal, V. 

(2009): Hypertrophy and/or hyperplasia: dynamics of adipose tissue 
growth. PLOS computational biology, 5(3):e1000324. 

Johnson, S., Navaei, N., Pourafshar, S., Jaime, S., Akhavan, N., Alvarez-Alvarado, 
S. and Figueroa, A. (2020): Effects of montmorency tart cherry juice 
consumption on cardiometabolic biomarkers in adults with metabolic 
syndrome: a randomized controlled pilot trial. Journal of medicinal 
food, 23(12): 1238-1247. 

Kabir, A., Samad, M., Ahmed, A., Jahan, M., Akhter, F., Tasnim, J., Hasan, S., 
Sayfe, S. and Hannan, J. (2015) Aqueous fraction of Beta vulgaris 
ameliorates hyperglycemia in diabetic mice due to enhanced glucose 
stimulated insulin secretion, mediated by acetylcholine and GLP-1, and 
elevated glucose uptake via increased membrane bound GLUT4 transporters. 
PLOS One. 10(2):1-23. 

Kaneto, H., Xu, G., Song, K. H., Suxuma, K., Bonner-Weir, S., Sharma, A. and 
Weir, G. C. (2001): Activation of the hexosamine pathway leads to 
deterioration of pancreatic β-cell function through the induction of oxidative 
stress. Journal of Biological Chemistry,   276(33): 31099–31104. 

Kim, J. Baskar, T. and Park, S. (2016): Total Phenolic and Flavonoid Contents and 
Antioxidant Activities of Two Raphanus sativus L. cultivars (Cherry Belle and 
Valentine). Biosciences Biotechnology Research Asia, 13(1):31–36. 

Klein, S., Gastaldelli, A., Yki-Järvinen, H. and Scherer, P. (2022): Why Does 
Obesity Cause Diabetes? Cell Metabolic, 34(1):11–20.  

Kugler, F., Stintzing, F. and Carle, R. (2004): Identification of betalains from 
petioles of differently colored Swiss chard (Beta vulgaris L. ssp. cicla [L.] 
Alef. cv. Bright Lights) by high-performance liquid chromatography− 
Electrospray ionization mass spectrometry. Journal of Agricultural and Food 
Chemistry, 52(10): 2975-2981. 

Kusunoki, M., Hara, T., Tsutsumi, K., Nakamura, T., Miyata, Y. and Sakakibara, 
F. (2000): The lipoprotein lipase activator, NO-1886, suppresses fat 
accumulation and insulin resistance in rats fed a high fat diet. Diabetologia, 
43(7):875–880. 

Lafontan, M. and Langin, D. (2009): Lipolysis and lipid mobilization in human 
adipose tissue. Progress in Lipid Research, 48(5):275–297. 

Laxmi, V., Anirudh, K., Basant, K., Umesh, K. and Rajesh, S.  (2010): 
Antidiabetic activity of Cassia occidentalis (Linn) in normal and alloxan-
induced diabetic rats. Indian Journal of Pharmacology, 42 (4): 224-228. 

Leopold, J. and Loscalzo, J. (2008): Oxidative mechanisms and athero-thrombotic 
cardiovascular disease. Drug Discovery Today: Therapeutic Strategies, 5(1):5-
13. 

Lima, J., Moreira, N. and Sakamoto-Hojo, E. (2022):     Mechanisms underlying the 
pathophysiology of type 2 diabetes: From risk factors to oxidative stress, 
metabolic dysfunction, and hyperglycemia. Mutation Research/Genetic 
Toxicology and Environmental Mutagenesis, 874: 503437. 

Liu, S. (2002): Intake of refined carbohydrates and whole grain foods in relation to 
risk of type 2 diabetes mellitus and coronary heart disease. Journal of the 
American College of Nutrition, 21(4): 298-306. 



                                        Home Econ. J. Vol. (41), No. (2), June 2025 216 

Lovic, D., Piperidou, A., Zografou, I., Grassos, H., Pittaras, A. and Manolis, A. 
(2020): The growing epidemic of diabetes mellitus. Current vascular 
pharmacology, 18(2):104-109. 

Mabrouk, L., Rjeibi, I., Taleb, J. and Zourgui, L. (2020): Cardiac Ameliorative 
Effect of Moringa oleifera Leaf Extract in High-Fat Diet-Induced Obesity in 
Rat Model. BioMed Research International, 1: 6583603. 

Meli, R., Mattace Raso, G., Irace, C., Simeoli, R., Di Pascale, A., Paciello, O. and 
Santamaria, R. (2013): High fat diet induces liver steatosis and early 
dysregulation of iron metabolism in rats. PLOS One, 8(6): e66570. 

Mohammed, H., Abdel-Aziz, M., Abu-Baker, M., Saad, A., Mohamed, M. and 
Ghareeb, M. (2019): Antibacterial and potential antidiabetic activities of 
flavone C-glycosides isolated from Beta vulgaris subspecies cicla L. var. 
flavescens (Amaranthaceae) cultivated in Egypt. Current Pharmaceutical 
Biotechnology, 20(7):595-604. 

Moussa, S. (2008): Oxidative stress in diabetes mellitus. Romanian Journal 
Biophysics, 8 (3:225–236. 

Moyo, M., Amoo, S.O., Aremu, A.O., Gruz, J., Šubrtová, M., Jarošová, M., 
Tarkowski, P. and Doležal, K. (2018): Determination of mineral constituents, 
phytochemicals and antioxidant qualities of Cleome gynandra, compared to 
Brassica oleracea and Beta vulgaris. Frontiers in Chemistry, 5: 128-137.   

Mzoughi, Z., Chahdoura, H., Chakroun, Y., Cámara, M., Fernández-Ruiz, V., 
Morales, P. and Majdoub, H. (2019): Wild edible Swiss chard leaves (Beta 
vulgaris L. var. cicla): Nutritional, phytochemical composition and biological 
activities. Food Research International, 119: 612-621. 

 Nekohashi, M., Ogawa, M., Ogihara, T., Nakazawa, K., Kato, H., Misaka, T. and 
Kobayashi, S. (2014): Luteolin and quercetin affect the cholesterol absorption 
mediated by epithelial cholesterol transporter Niemann–Pick C1-Like 1 in 
caco-2 cells and rats. PlOS one, 9(5): e97901. 

Newby, D., Grubb, R. and Bradbury, A. (2014): Cardiovascular disease, In: Brian, 
N.R. and Walker, R., Eds., Davidson’s Principles and Practice of Medicine, 
22nd Edition, Elsevier, London, 546.    

Ogungbemi, K., Atawodi, S., Ishola, D., Ishola, O., Ilesanmi, F. and Arowora, K. 
(2017): Performance characteristics of male wistar rats fed graded levels of 
stored powdered Corchorus olitorius. International Journal of Scientific 
Reports, 3(2):28-32. 

Ohkawa, H., Ohishi, N. and Yagi, K. (1979): Assay for Lipid Peroxides in Animal 
Tissues by Thiobarbituric Acid Reaction. Analytical Biochemistry, 95(2):351-
358. 

Oliveira, A., de Oliveira e Silva, A., Pereira, R., Santos, A., Barbosa Junior, E., 
Bezerra, M. and Quintans, J. (2022): Anti-obesity properties and mechanism 
of action of flavonoids: A review. Critical Reviews in Food Science and 
Nutrition, 62(28): 7827-7848. 

Oteiza, P., Fraga, C., Mills, D. and Taft, D. (2018): Flavonoids and the 
gastrointestinal tract: Local and systemic effects. Molecular aspects of 
medicine, 61: 41-49. 

Ozsoy-Sacan, O., Karabulut-Bulan, O., Bolkent, S., Yanardag, R. and Ozgey, Y. 
(2004). Effects of chard (Beta vulgaris L. var cicla) on the liver of the diabetic 
rats: A morphological and biochemical study. Bioscience, biotechnology, and 
biochemistry, 68(8):1640- 1648. 



Home Econ. J. Vol. (41), No. (2), June 2025 217 

217 
Papatheodorou, K., Banach, M., Bekiari, E., Rizzo, M. and Edmonds, M. (2018): 

Complications of diabetes 2017. Journal of Diabetes Research, 3086167. 
Parada, J. and Aguilera, J. (2007): Food microstructure affects the bioavailability of 

several nutrients. Journal of food science, 72(2): R21-R32. 
Petersmann, A., Müller-Wieland, D., Müller, U., Landgraf, R., Nauck, M., 

Freckmann, G. and Schleicher, E. (2019): Definition, classification and 
diagnosis of diabetes mellitus. Experimental and Clinical Endocrinology and 
Diabetes, 127(S 01): S1-S7. 

Posario, P. (2010): Normal values of serum IGF-1 in adults: results from a Brazilian 
population. Arquivos Brasileiros de Endocrinologia and Metabologia, 54: 477-
481. 

Rana, M. (2016): "Salad Crops: Leaf-Type Crops." In Encyclopedia of Food and 
Health, edited by Benjamin Caballero, Paul M. Finglas and Fidel Toldrá, 
Oxford: Academic Press,673- 678. 

Reeves, P. Nielsen, F. and Fahmy, G. (1993): AIN-93. Purified diets for laboratory 
rodents: Final reports of the American Institute of Nutrition adhoe 9 wriling 
committee of reformulation of the AIN-76A Rodent Diet. The Journal of 
Nutrition, 123(11): 1939-1951. 

Reynolds, A. N., Akerman, A. and Mann, J. (2020): Dietary fibre and whole grains 
in diabetes management: Systematic review and meta-analyses. PLOS 
medicine, 17(3): e1003053. 

Rezq, A. and Elgazar, A. (2017): Antiobesity and Antihyperlipidemic Effect of Red 
and White Beans (Phaseolus vulgaris L.) against High Fat Diet-Induced 
Obesity in Rats. Middle- East Journal of Scientific Research, 25 (1): 01-16. 

Rezq, A. and El-Khamisy, E. (2011): Hypolipideimic and hypocholestermic effect of 
pine nuts in rats fed high fat, cholesterol-diet. World Applied Sciences Journal, 
15(12): 1667- 1677. 

Rezq, A., Abdel Kader, D., Aboraya, A. and Aaleh, A. (2024):    The Potential 
Effects of Egg White, Soybean Milk and Crestor (Rosuvastatin calcium) 
Medication on Nonalcoholic Steatohepatitis in Rats. Home Economic Journal, 
Vol. (40), (4): 111-140. 

Saltzman, E. (2019): Healthy aging nutrition matters: start early and screen often. 
Advances in Nutrition, 12(4) :1438-1448. 

Saravanan, G., Ponmurugan, P., Deepac, A. and Senthilkumard, B. (2014): Anti-
obesity action of gingerol: effect on lipid profile, insulin, leptin, amylase and 
lipase in male obese rats induced by a high-fat diet. Journal of the Science of 
Food and Agriculture, 94(14): 2972–2977. 

Sener, G., Saçan, O., Yanardağ, R. and Ayanoğlu-Dülger, G. (2002): Effects of 
chard (Beta vulgaris L. var. cicla) extract on oxidative injury in the aorta and 
heart of streptozotocin-diabetic rats. Journal of medicinal food, 5(1): 37-42. 

Shaaban, A., EL-Shahat, A., and Abdel-Azeem, A. (2021): The possible hypo-
lipidemic effect of aqueous extract of gamma-irradiated chard leaves in rats fed 
high fat diet. Arab Journal of Nuclear Sciences and Applications, 54(3):46-54. 

Siwak, J., Lewinska, A., Wnuk, M. and Bartosz, G. (2013): Protection of flavonoids 
against hypochlorite-induced protein modifications. Food chemistry, 141(2): 
1227-1241. 

Slavin, J.L., (2005): Dietary fiber and body weight. Nutrition, 21(3): 411-418. 



                                        Home Econ. J. Vol. (41), No. (2), June 2025 218 

Srinivasan, K., Patole, P., Kaul, C. and Ramarao, P. (2004): Reversal of glucose 
intolerance by pioglitazone in high fat diet-fed rats. Methods and findings in 
experimental and clinical pharmacology, 26(5): 327-333. 

Staiger, H. and Häring, H. (2005): Adipocytokines, fat-derived humoral mediators of 
metabolic homeostasis. Experimental and clinical endocrinology and 
diabetes, 113(02): 67-79. 

Sumiyoshi, M. Sakanaka, M. and Kimura, Y. (2006): Chronic intake of high-fat and 
high-sucrose diets differentially affects glucose intolerance in mice. Journal of 
Nutrition, 136(3): 582– 587. 

Sun, J., Wang, Z., Chen, L. and Sun, G. (2021): Hypolipidemic effects and 
preliminary mechanism of Chrysanthemum flavonoids, its main components 
luteolin and luteoloside in hyperlipidemia rats. Antioxidants, 10(8): 1309. 

Sunmonu, T. and Afolayan, A. (2013): Evaluation of antidiabetic activity and 
associated toxicity of Artemisia afra aqueous extract in wistar rats. Evidence-
Based Complementary and Alternative Medicine.1-8. 

Tan, T., Song, Z., Li, W., Wang, R., Zhu, M., Liang, Z. and Xing, Y. (2023): 
Modelling porcine NAFLD by deletion of leptin and defining the role of 
AMPK in hepatic fibrosis. Cell and Bioscience, 13(1): 169. 

Taylor, B. and Phillips, S. (1996): Detection of obesity QTLs on mouse chromosomes 
1 and 7 by selective DNA pooling. Genomics, 34 (3): 389-398. 

Trifunovic, S., Topalovic, A., Knezevic, M. and Vajs, V. (2015): Free radicals and 
antioxidants: antioxidative and other properties of Swiss chard (Beta vulgaris 
L. subsp. Cicla). Agriculture & Forestry , 61(2):73-92. 

Unger, R. and Scherer, P. (2010): Gluttony, sloth and the metabolic syndrome: a 
roadmap to lipotoxicity. Trends in Endocrinology & Metabolism , 21(6): 345-
352. 

Unsal, V., Sevim, T., Burcin, A. , Hazal, I. ,EbruEmekli-Alturfan , Tugba, T. , 
Refiye, Y. and Aysen, Y. (2016): Effectsof chard (Beta Vulgaris L. Var. Cicla) 
on cardiac damage in valpoic acid-induced toxicity., Journal of Food 
Biochemistry, 40 : 132–139. 

Ustundag, U., Tunali, S., Alev, B., Ipekci, H., Emekli‐Alturfan, E., Akbay, T. and 
Yarat, A. (2016): Effects of Chard (B eta Vulgaris L. Var. Cicla) on Cardiac 
Damage in Valproic Acid–Induced Toxicity. Journal of Food 
Biochemistry, 40(2): 132-139. 

Vassault, A., Grafmeyer, D., Naudin, C., Dumont, G., Bailly, M., Henny, J., 
Gerhardt, M. and Georges, P. (1986): Annales Biologie Clinique, 
44(N686):45. 

Washio, K., Shimamoto, Y. and Kitamura, H. (2015): Brazilian propolis extract 
increases leptin expression in mouse adipocytes. Biomedical Research, 36(5): 
343-346. 

Wheeler, C., Salzman, J., Elsayed, N., Omaye, S and Korte, A. (1990): Automated 
assays for superoxide dismutase, catalase, glutathione peroxidase, and 
glutathione reductase activity. Analytical Biochemistry, 184(2):193-9. 

Wickramasinghe, A., Attanayake, A., Wijesiri, T., Peiri, H. and Mudduwa, L. 
(2024): Pancreatic and hepatic histopathology of high-fat diet fed 
streptozotocin-induced Wistar rat model of type 2 diabetes mellitus. Ceylon 
Journal of Science 53 (2): 235-242. 



Home Econ. J. Vol. (41), No. (2), June 2025 219 

219 Willis, H., Thomas, W., Willis, D. and Slavin, J. (2011): Feasibility of measuring 
gastric emptying time, with a wireless motility device, after subjects consume 
fiber-matched liquid and solid breakfasts. Appetite, 57(1): 38-44. 

World Health Organization, (2022): Integrated management of adolescents in all 
their diversity with obesity. 
https://www.who.int/newsroom/events/detail/2022/12/08/default-
calendar/who-guideline-integrated-management-of-adolescent-in-all-their-
diversity-with-obesity. 

World Health Organization (WHO) (2024): Noncommunicable diseases. Available 
online at: https://www.who.int/news-room/fact-
sheets/detail/noncommunicable-diseases. 

 Xiong, Y., Shen, L., Liu, J., Tso, P., Xiong, Y., Wang, G., Woods, C. and Liu, K. 
(2005): Anti-obesity and anti-hyperglycemic effects of ginsenoside Rb1in rats. 
Diabetes, 59(10): 2505-2512. 

Yahaghi, L., Yaghmaei, P., Hayati-Roodbari, N., Irani, S. and Ebrahim-Habibi, A. 
(2020): Betanin effect on PPAR-α and SREBP-1c expression in NMRI mice 
model of steatohepatitis with fibrosis. Physiology International, 107(1): 67-81. 

Yahyaa, M., Berim, A., Isaacson, T., Marzouk, S., Bar, E., Davidovich-Rikanati, 
R., Efraim, L. and Mwafaq, I.  (2015): Isolation and Functional 
Characterization of Carotenoid Cleavage Dioxygenase-1 from Laurus nobilis 
L. (Bay Laurel) Fruits.  Journal of agricultural and food chemistry, 63 
(37):8275-82. 

Yang, X., Wang, X., Shi, T., Dong, J., Li, F., Zeng, L., Yang, M., Gu, W., Li, J. and 
Yu, J. (2019): Mitochondrial dysfunction in high-fat diet-induced nonalcoholic 
fatty liver disease: the alleviating effect and its mechanism of Polygonatum 
kingianum. Biomedicine and Pharmacotherapy, 117:109083. 

Yao, L., Zhang, L., Tai, Y., Jiang, R., Cui, J., Gang, X. and Liu, M. (2024):  Visual 
analysis of obesity and hypothyroidism: A bibliometric analysis. Medicine, 
103(1): e36841. 

Yarat, A., Özcelik, F., Yanardag, R., Tunali, T., Ozsoy, O. and Emekli, N. (2011): 
The Effect of Chard (Beta vulgaris L. var. cicla) on the Protein and 
Antioxidant Systems in Lenses of Streptozotocin‐induced Diabetic 
Rats. Pharmacy and Pharmacology Communications, 4(5): 271-274. 

Young, D. (2001): Effects of Disease on Clinical Laboratory Tests, 4th Edition 
Washington, DC: AACC Press. 

Zeineb, M., Chahdoura, H., Chakroun, Y. and Majdoub, H. (2018): Wild edible 
Swiss chard leaves (Beta vulgaris L. var. cicla): Nutritional, phytochemical 
composition and biological activities. Food Research International.119:   612-
621. 

Zein, H., Hashish, A. and Ismaiel, G. (2015): The antioxidant and anticancer 
activities of Swiss chard and red beetroot leaves. Current Science 
International, 4(4): 491-498. 

Zhang, Y. and Chua S. (2011): Leptin function and regulation. Comprehensive 
physiology, 8(1): 351-369. 

Zhang, Y., Guo, K., LeBlanc, E., Loh D., Schwartz J. and Yu Y. (2007): Increasing 
dietary leucine intake reduces dietinduced obesity and improves glucose and 
cholesterol metabolism in mice via multi mechanisms. Diabetes, 56 (6): 1647-
1654. 

Zollner, N. and Kirsch, K. (1962): Colorimetric Method for Determination of Total 
Lipids. Journal of Experimental Medicine, 135: 545-550. 

 

https://www.who.int/news-room/fact-
https://www.who.int/news-room/fact-


                                        Home Econ. J. Vol. (41), No. (2), June 2025 220 

فعالية اوراق السلق في التحكم في وزن الجسم ومستويات الجلوكوز في الدم في الفئران 

 البدينة المصابة بالسكر 

 هاجر صلاح مصطفي زهران -شفيقة محمود صبري  -عمرو عبد المرضى رزق 

 لخص العربي ستالم  

إلى  تعُدّ         تؤدي  والتي  الحديثة،  الحياة  أنماط  عن  الناتجة  الأمراض  أبرز  من  والسمنة  الوزن  زيادة 

السكر هو مصطلح شامل يطُلق مرض  في العديد من الأمراض المزمنة.    مشكلات صحية أخرى وتساهم

 في  سكرمستوى ال، والتي تتمثل أعراضها الرئيسية في ارتفاع  على اضطرابات التمثيل الغذائي المتنوعة

  وخفض مستوىوزن الجسم  في  تأثير أوراق السلق في التحكم    للتحقق منهذه الدراسة    وقد تم إجراء  الدم.

  حيث تم ذكرًا من فئران الألبينو.    فأرًا  35تم استخدام  .  البدينة المصابة بالسكرفئران  ال  في الدم  في  سكر  ال

الدهون والسعرات الحرارية لمدة   مرتفع  تغذيتهم على نظام غذائي  عن طريقفأرًا    28في  السمنة    إحداث

  60تحت الجلد بجرعة   الستربتوزوتوسين  تم حقن الفئران المصابة بالسمنة بمادةبعد ذلك،    أربعة أسابيع.

الجسم    جمك/جممل وزن  بمن  الإصابة  حقن.  السكرمرض  لإحداث  ال  تم  من  بدينة فئران  مجموعة  الغير 

مماثلة من محلول ملحي،    7)         السكر  بمرضمصابة  وغير بكمية  اعتبارهافئران(  كمجموعة   وتم 

تقسيم.  سالبةضابطة   إلى  بالمصابة    البدينةالفئران    تم  وهي   4السكر  الثانية،  المجموعة  مجموعات. 

المعالجة،    المصابةمجموعة  ال المجموعات   تم علاج بينما    .مُوجبةكمجموعة ضابطة    وتم اعتبارهاغير 

إليه   مضاف  الدهون  عالي  غذائي  نظام  على  بالتغذية  والسكر  بالسمنة  المصابة  الأخرى    % 5الثلاث 

أن    %10و  % 7.5و الكمي  التقدير  أظهر  الغذائي.  النظام  مع  متناسبة  بنسبة  السلق،  أوراق  مسحوق  من 

الكليةمحتوى   الجاليك/  2.01± 41.00كان   الفينولات  مكافئ حمض  الفلافونويدات  جم،  ملجم  ومحتوى 

أظهرت النتائج أن الفئران المصابة بالسمنة والسكر غير   .جممكافئ كيرسيتين/   1.05±3.26كان   الكلية

في   ملحوظً  انخفاضً  شهدت  المأخوذالمعالجة  الطعام  و كمية  مستويات    ،  قيم  الليبوبروتينات  متوسط 

. بينما  في الدم إنزيمات مضادات الأكسدة)الجلوتاثون والسوبر أكسيد ديسميوتيز(، ونشاط  المرتفعة الكثافة

ارتفاع   متوسط  معنوىلوحظ  الجسم   في  في وزن  والزيادة  النهائي،  الوزن  لكل من  القيم  نسبة ،  متوسط 

الجسم،  في وزن  السمنة  الزيادة  بالجسم، مؤشر  المخزنة  الدهون  الدم،    ،وزن  هرموني  ومستويات سكر 

الكلية،  و  الإنسولين الدهون  الثلاثية،  الدهون  الكلي،  الكوليسترول  المنخفضة  اللبتين،  والليبوبروتينات 

جداً  الكثافة   والمنخفضة  ونشاط  المالون،  في  ألدهيد،  الكبد  داي  ،  )  إنزيمات  أمينيز  ترانس  الأسبارتات 

فوسفاتيز ،والألكين  أمينيز  ترانس  وذلك  ألانين  الدم  في  الضابطة (  المجموعة  بفئران  مقارنةً 

ذلك.السالبة الى  لبنكرياس  بالاضافه  المرضي  النسيجي  الفحص  أظهر  المصابة ،  البدينة  الفئران 

الموجبة(   الضابطة  و بالسكر)المجموعة  لانتكاثراً  تضخمًا  جزر  في  بيتا  خلايا  مصحوبًا زهانجرفي   ،

في خلايا دهنية  تغيرات  الكبد  مقاطع  أظهرت  كما  أنويتها.  الكبدية،   بتضخم  الجيوب  في  واحتقانًا  الكبد، 

ومن المثير للاهتمام أن الفئران المصابة بالسمنة  في خلايا الكبد المتفرقة. ثقوبوتجويفًا في خلايا الكبد، و

  7.5و  5بأوراق السلق بمستويات    مدعموالسكر من المجموعات المعالجة التي تغذت على نظام غذائي  

% أظهرت تحسن في جميع المعايير البيولوجية والكيميائية الحيوية التي تم اختبارها، بالإضافة إلى  10و

والكبد. للبنكرياس  النسيجية  بالسمنة   الدراسة  المصابة  الفئران  علاج  في  السلق  أوراق  فعالية  ازدادت 

نظام   مع  السلق  أوراق  مستويات   زيادة  مع  ملحوظ  بشكل  والسعرات والسكر  الدهون  عالى  غذائي 

تأثيرات مفيدة  . وأخيرًا،  الحرارية لها  السلق  الدراسة أن أوراق  بالسمنة أوضحت  المصابة  الفئران  على 

تتغذى على نظام   التي  الحراريةوالسكر  الدهون والسعرات  الوزن  غذائي عالى  تقليل زيادة  ، من خلال 

 الدهون. وتقليل أكسدة وظائف الكبد، تحسين ، والدم، دهون والأنسجة الدهنيةالنسبية، 

المفتاحيةا السلقلكلمات  السكري  ،السمنة  ،:  ،  الظام  الن  ،داء  الدهون  عالي  ستربتوزوتوسين، الغذائي 

 إنزيمات مضادة للأكسدة.


