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Abstract 

This study investigated the anti-diabetic effects of purslane (PS), chard (CA), and chicory (CI) leaf powders on streptozotocin 
(STZ)-induced type 2 diabetic rats. The total polyphenols, flavonoids and polyphenolic profiles were determined in the leaf 
powders. Thirty adult male albino rats were divided equally into six groups: untreated non-diabetic control was considered 
negative control. Other rat groups were rendered diabetic (fasting blood glucose (FBG) level >250 mg/dL) with a twice 
intraperitoneal injection of STZ (35 mg⁄kg). Diabetic rats were fed a basal diet. They were classified into five groups: a diabetic 
control group (positive control), a group receiving metformin (100 mg/kg body weight) as a medication, and other groups were 
fed a basal diet supplemented with either PS, CA, or CI leaf powder at a 1% level. The experiment lasted for 40 days. Blood 
samples were analyzed for FBG, insulin, fructosamine and oral glucose tolerance test (OGTT). Feeding diabetic rats basal diet 
containing the investigated leaf powders decreased insulin resistance (HOMA-IR,) significantly compared to diabetic rats. The 
CI and PS 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. Therefore, the investigated leaves 
may help reduce the metabolic syndrome associated with type 2 diabetes.  

Keywords: Purslane leaves ; chard leaves ; chicory leaves ; type 2 diabetes mellitus.  

1. Introduction 

Diabetes mellitus is recognized as a medical 
condition characterized by high levels of FBG in the 
bloodstream. It is a defect in insulin secretion or action 
[1]. Diabetes has long been a threat to human health 
[2]. Long-term therapy with chemical antidiabetic 
drugs has negative side effects [3]. Therefore, it is 
essential to find safe and natural resources against 
diabetes. Plant drugs are frequently considered less 
toxic and side effects free than synthetic ones [4]. 
Green leafy vegetables are widely used for nutritional 
and medicinal purposes [5]. Portulaca oleracea L. 
(purslane), Portulacaceae, is an annual herb. It is 
widely used as a green leaf in different dishes in the 
Mediterranean and Tropical Asian regions [6]. 
Treating STZ-induced C57BL/6J diabetic mice with 
freeze-dried juice extract of purslane at 400 mg/kg for 
21 days decreased the FBG levels by 31 %, and 

significantly improved the OGTT and increased 
insulin secretion [7]. Administering diabetic mice with 
purslane extract intragastrically at 100 and 200 mg/kg 
for 28 consecutive days significantly decreased blood 
glucose levels [2]. 

Beta vulgaris L. var. cicla (Swiss chard), 
Chenopodiaceae, is used in traditional medicine as an 
antidiabetic agent. Oral administration of chard leaf 
aqueous extract at 2 g/kg/day for 45 days caused a 
significant reduction in the FBG level of diabetic rats 
compared to that obtained by subcutaneous injection 
of insulin (6 U/kg/day) [8]. Administration of chard 
leaf aqueous extract to diabetic rats at 2 g/kg daily for 
42 days by gavage significantly decreased glucose 
level to the normal level [9]. On the other hand, the 
administration of chard leaf aqueous extract at 8 g/kg 
decreased blood glucose levels in diabetic rabbits by 
15.1% [10].  

Cichorium intybus L. (chicory) is a medicine and 
food plant in the Asteraceae family [11]. Oral 
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administration of chicory leaf extract at 200 mg/kg for 
21 days had a similar hypoglycemic effect on diabetic 
rats as that of the standard drug glibenclamide at 5 
mg/kg [12]. 

Phytochemical screening of purslane, chard and 
chicory revealed the presence of bioactive 
compounds which are reported to have hypoglycemic 
activity [13, 14]. 

Currently, STZ is utilized frequently to cause β-
cell damage to reproducibly create both insulin-
dependent and noninsulin-dependent diabetes 
mellitus. Multiple low-dose STZ has been reported to 
cause a modest impairment of insulin secretion, which 
is comparable to the feature of the latter stage of type 
2 diabetes, according to Zhang et al. [15]. Shehata et 
al. [16] induced diabetes in rats using STZ (in three 
divided i.p doses with 5-day interval). High doses of 
STZ have been shown to severely impair insulin 
secretion, simulating type 1 diabetes. Tehseen et al. 
[17] (2024) induced diabetes type 1 in rats by a single 
intraperitoneal injection of STZ at a dose of 75 mg/kg 
b.w.  

Although some investigations have been carried 
out to evaluate the anti-diabetic properties of the leaf 
extracts of the studied plants [18, 19, 20], only a few 
research papers used purslane and chicory leaf 
powders. Still, they did so at high levels (5-20%). To 
the best of our knowledge, no in vivo study regarding 
the anti-diabetic activity of chard leaf powder was 
carried out. The research aimed to evaluate the anti-
diabetic effects of the examined leaf powders at a low 
level (1% of the diet) in STZ-induced hyperglycemic 
rats compared with a reference drug, metformin [21]. 

  
2. Materials and methods 

 
Plant materials and Chemicals 

Fresh PS, CA, and CI leaves weighing ten 
kilograms each were procured from a private farm in 
Giza Governorate, Egypt. The purslane (Portulaca 
oleracea L.), chard (Beta vulgaris L.), and chicory 
(Cichorium intybus L.) voucher specimens were 136, 
FUPD-6, and M38, respectively, and were deposited 
in the herbariums of CAIM, the Department of 
Pharmacognosy, Faculty of Pharmacy, Fayoum 
University, Egypt, and the National Research Centre 
(NRC), Cairo, Egypt. Leaves were cleaned with tap 
water and dried at 40 °C. A fine powder was made 
from the dried leaves. The STZ, polyphenol and 
flavonoid standards were obtained from Sigma 
Chemical (St Louis, MO, USA). All other chemicals 
were of analytical grade. 

 
 

Leaf extract preparation 
An ethanolic extract of the leaf powder was 

obtained by extraction 10 g of powder with 200 mL of 
80 % ethanol for 30 min using a high-speed 
homogenizer. After filtration, the filtrate was 
concentrated under a vacuum and stored at -20 o C for 
further analysis. 

 
Determination of total polyphenols content  

Folin-Ciocalteu reagent was used to analyze total 
polyphenols content [22]. The absorbance was 
measured at 750 nm. Gallic acid was used as a 
standard. Total polyphenols content was expressed as 
mg gallic acid equivalents/g dried leaf. 

 
Determination of total flavonoids content 

The total flavonoid content was measured 
according to the method of Zhishen et al. [23]. The 
absorbance was determined at 510 nm. Quercetin was 
used as a standard. The total flavonoids content of the 
extract was expressed as mg quercetin equivalents/g 
dried leaf. 

  
HPLC analysis for identifying and quantifying 
phenolic compounds 

HPLC (Agilent, USA) was used to separate, 
identify and quantify the polyphenols of the extracts. 
According to Schneider [24] chromatographic 
separation was carried out on a Kinetex 5 µm EVO C18 
100 x 4.6 mm column (Phenomenex, USA) with a 
linear gradient mobile phase. Analyses were 
performed at a flow rate of 0.7 mL/min with a variable 
wavelength detector set at 284 nm and a sample 
injection volume of 20 μL. The phenolic compounds 
were identified by comparing their UV spectra and 
retention times with authentic standards. 
Quantification was carried out with calibration curves. 

 
Experimental animals 

Thirty adult male albino rats aged 13-14 weeks 
(261 g ± 11.2) were housed individually in cages at 
22±1 °C, 85±2 % relative humidity, and 12 h 
light/dark cycle. The Institutional Animal Care and 
Use Committee, CU-IACUC, Cairo University 
approved the protocol with approval number 
(CUIIF120). 

 
Experimental design 

After one week of adaptive feeding on a basal diet 
[25], five rats were selected and allocated to a negative 
control group, Group 1 (G1). Diabetes was induced in 
the rest of the rats by a twice injection with a freshly 
prepared STZ solution (35 mg/kg, i.p) after fasting for 
12 h, on alternate days 1 and 3 according to Luo et al. 
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[26].  The STZ solution was prepared according to 
Altındağ et al. [27]. Rats in the STZ-injected groups 
were allowed to drink glucose solution (5%) to prevent 
hypoglycemia. The animals with FBG levels >250 
mg/dL, after three days of the second STZ injection, 
were diagnosed as diabetic rats [28]. The animals were 
grouped (n=5) as follows: 
G1: Normal rats fed on the basal diet (negative 
control). 
G2: Diabetic rats fed on the basal diet (positive 
diabetic control). 
G3: Diabetic rats fed on the basal diet and treated with 
the drug metformin at 100 mg/Kg b.w [29]. 
G4: Diabetic rats fed on the basal diet supplemented 
with 1% PS powder. 
G5: Diabetic rats fed on the basal diet supplemented 
with 1% CA powder. 
G6: Diabetic rats fed on the basal diet supplemented 
with 1% CI powder. 

The experimental basal diet consisted of: casein 
12%, sunflower oil 8%, fiber 1%, salt mixture 5%, 
vitamin mixture 1%, corn starch 36%, sucrose 36% 
and the investigated leaf powder 1% [25]. The FBG 
was measured every ten days. At the end of the 
experiment (40 days), all the rats were fasted for 12 h 
and weighed. The blood was collected from the retro-
orbital vein and the serum was separated for analysis. 
The animals were anesthetized with diethyl ether, and 
sacrificed by cervical dislocation. The liver, kidney, 
spleen, and pancreas were removed and weighed 
immediately. 
 
Biochemical analyses 

The FBG was estimated using a glucometer 
(OneTouch Select, LifeScan, Inc., China). Serum 
insulin and serum fructosamine ELISA kits 
(SinoGeneclon Co., Ltd., China) were determined 
according to the instructions.  

The fructosamine test evaluates all blood proteins 
that glucose binds to.  In this test the nitroblue 
tetrazolium dye is reduced to formazan (a colored end-
product) which is directly proportional to the 
fructosamine concentration [30]. Determination of 
serum insulin is based on two monoclonal antibodies. 
During incubation, insulin in the sample reacts with 
anti-insulin antibodies attached to micro-titration 
wells and anti-insulin antibodies conjugated to 
horseradish peroxidase enzyme (HRP). The enzyme-
labeled antibody that is not bound is removed with a 
quick wash. The reaction with TMB substrate is used 
to identify the bound HRP complex [31].  

 
Homeostasis model assessment of insulin 

resistance (HOMA-IR) was calculated using the 
following formula according to Albareda et al. [32]. 

 

𝐻𝑂𝑀𝐴 − 𝐼𝑅 = [𝑓𝑎𝑠𝑡𝑖𝑛𝑔	𝑖𝑛𝑠𝑢𝑙𝑖𝑛	𝑙𝑒𝑣𝑒𝑙	𝑖𝑛	𝑚𝑈/
𝐿		𝑥		𝑓𝑎𝑠𝑡𝑖𝑛𝑔	𝑔𝑙𝑢𝑐𝑜𝑠𝑒	𝑙𝑒𝑣𝑒𝑙	𝑖𝑛	𝑚𝑚𝑜𝑙/𝐿]/22.5						  
 
Oral glucose tolerance test (OGTT) 

At the end of the experiment, and after a 12 h fast, 
the rats were administered orally with glucose solution 
(2 g glucose/kg b.w). Blood glucose was measured at 
0, 30, 60, 90, and 120 min after administration of 
glucose. Blood glucose was measured using the 
glucometer. The OGTT was calculated by the area 
under the curve (AUC) according to Zhao et al. [33] as 
follows: 
 

𝐴𝑈𝐶 =	 (𝐺0	 + 	𝐺0.5) 	× 	0.25	 +	(𝐺0.5	
+ 	𝐺1) 	× 	0.25	 +	(𝐺1	
+ 	𝐺2) 	× 	0.5	 

  
Where G0, G0.5, G1 and G2= blood glucose levels at 
zero time, and after 0.5, 1 and 2 h of glucose 
administration, respectively. 
  
Organs relative weight 

The relative weight of the liver, kidney, pancreas 
and spleen was calculated according to the following 
formula: 

Organ	relative	weight		%

=
Organ	weight	

Final	body	weight 	𝑥	100 

 
Histopathological assays 

The histopathological assays were performed 
according to Mbara et al. [34]. The pancreas and liver 
were washed with an ice-cold 0.9% saline solution and 
fixed in 10% formalin before dehydrating and 
embedding in paraffin. Sections cut into five μm were 
deparaffinized and hematoxylin and eosin (H & E) 
were stained before examining under a light 
microscope at 200 × magnification. 
 
Statistical analyses   

Total polyphenols, total flavonoids and 
biochemical determinations were carried out in 
triplicate. The data are reported as mean ± SD. 
Statistical analysis was performed by ANOVA and 
Tukey's test at p<0.05 using XLSTAT 2014.5.03 
Software (Addinsoft, New York, USA). 

  
3. Results and Discussion 
 
Total polyphenol and flavonoid contents  

The highest TPC content was recorded for the CA 
leaf powder (14.7±0.7 mg GAE/g DM) followed by 
that of CI (12.63±0.4 mg GAE/g DM) and PS 
(9.06±0.68 mg GAE/g DM). On the other hand, the 
TFC content of the CI, PS, and CA leaves was found 
to be 22.97±0.89, 17.09±0.98, and 10.25±1.34 mg 
QE/g DM, respectively. The TPC and TFC of purslane 
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leaves were 10.06± 0.26 mg GAE/g DM and 8.97± 
0.18 mg QE/g DM, respectively [35]. Meanwhile, the 
TPC and TFC of chard leaves were 11.12± 0.56 mg/g 
DM and 7.92± 0.39 mg/g DM, respectively [36]. 
These values were lower than the levels obtained in the 
current study. The TPC of chicory leaves was 16.7± 
1.8 mg/g DM [37]. Furthermore, the TPC and TFC of 
chicory leaves were 8.659 mg GAE/g DM and 1.123 
mg QE/g DM, respectively [38]. These values were 
much lower than the ones recorded in this 
investigation. These variations could be due to 
cultivar differences and climatic conditions. 

 
HPLC of polyphenols 

HPLC was used to find the concentration of 
polyphenolic components in the extracts under 
investigation (Figure 1).  

 

 
Fig. 1. HPLC chromatograms of purslane (a), chard (b) and 
chicory (c) leaf ethanolic extracts 
 

The major phenolic components in the investigated 
CI leaf extract were found to be o-coumaric acid, ρ-
hydroxybenzoic acid and chlorogenic acid. Their 
levels in CI extract exceeded their counterparts in PS 
and CA extracts. Chlorogenic acid, ρ-hydroxy benzoic 
acid, and vanillic acid were identified in chicory leaf 
extract obtained by 50% aqueous ethanol [38]. 
Although benzoic acid was the primary polyphenol in 
the PS extract, it was not identified in the other 
investigated extracts. Vanillic acid was found in the PS 

extract at a higher level than in different extracts. 
Meanwhile, CA extract was characterized by a high 
level of chlorogenic acid.  

Rosmarinic acid and resveratrol were the two main 
flavonoids found in the extracts under investigation. 
Quercetin was absent in the CA extract, whereas rutin 
was not found in the other extracts. Flavonoids possess 
antidiabetic properties [39]. 
 
Effect of the investigated leaf powders on blood 
glucose level  

In the normal control group (G1), FBG maintained 
normal during the study (Figure 2).  

 
Fig. 2.  Blood glucose level of diabetic rats fed, for 40 days, 
a basal diet supplemented with 1% leaf powder of purslane 
(G4), chard (G5) and chicory (G6) compared with the non-
diabetic control group (G1), diabetic non-treated group (G2), 
and diabetic rats treated with 100 mg drug (metformin)/Kg 
b.w (G3). Groups (1, 2 and 3) were fed a basal diet. Data are 
presented as the mean ±standard deviation of the mean (SD). 
Bars with different letters indicate significant difference (p 
< 0.05, n = 3) by Tukey's test. 
 

Since STZ is toxic to pancreatic islet cells, it has 
been used to induce hyperglycemia in lab animals 
[40]. The glucose level in diabetic rats (G2) increased 
significantly (p<0.05) to ˃300 mg/dL after ten days of 
feeding a basal diet, after which no significant 
(p<0.05) increase in this level was noted. Feeding 
diabetic rats a basal diet containing PS powder (G4) 
for ten days significantly (p<0.05) decreased glucose 
level to <220 mg/dL. Feeding diabetic rats diets 
supplemented with the investigated leaf powders (G4, 
G5, and G6) or treated with drug (G3) for 40 days 
decreased glucose levels not significantly (p<0.05) 
different from that of the control group (G1). PS 
polysaccharides showed anti-diabetic effects by 
reducing FBG in diabetic mice [41]. Feeding diabetic 
rats on a diet containing 20% chicory leaf powder for 
one month decreased glucose levels significantly to 
the normal state [42]. Previous studies indicated that 
the  identified polyphenols and flavonoids in the 
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current study have remarkable anti-diabetic activity 
[43, 44, 45]. 
 
Oral glucose tolerance test (OGTT) 

Figure 3a shows OGTT results. At zero time of the 
experiment, the blood glucose level in the control and 
diabetic treated groups ranged from 98.5 to 122.25 
mg/dL, while it was 308 mg/dL in the diabetic 
untreated group. 

 
Fig. 3. Oral glucose tolerance tests (OGTT) (a) and AUC (b) 
of diabetic rats fed, for 40 days, a basal diet supplemented 
with 1% leaf powder of purslane (G4), chard (G5) and 
chicory (G6) compared with the non-diabetic control group 
(G1), diabetic non-treated group (G2), and diabetic rats 
treated with 100 mg drug (metformin)/Kg b.w (G3). Groups 
(1, 2 and 3) were fed a basal diet. Data are presented as the 
mean± standard deviation of the mean. Bars with different 
letters indicate significant difference (p<0.05, n = 5) by 
Tukey's test. 
 

The blood glucose level of all groups increased 
sharply to a maximum at 30 min after glucose loading. 
Then the blood glucose level decreased gradually. The 
glucose levels of the normal control group and diabetic 
treated groups decreased to normal levels at 120 min 
after glucose loading, whereas the diabetic untreated 
group remained hyperglycaemic (300 mg/dL). As 
shown in Figure 3b, the AUC value of the diabetic 

untreated group was significantly (p<0.05) higher than 
those of the other investigated groups. The AUC value 
of the chard group (G5) was significantly (p<0.05) 
higher than those of the purslane group (G4) and drug 
group (G3). There is no significant (p>0.05) difference 
in AUC values between the treated diabetic groups and 
the normal control group (G1). In addition, the 
efficacy of the investigated leaf powders was 
comparable to that of the drug. 
 
Insulin 

In response to elevated blood glucose levels, 
pancreatic islet cells release insulin. Due to insulin 
insufficiency, diabetes induces serious malfunctions in 
the target tissues [46]. STZ stimulation increased 
blood glucose, decreased serum insulin levels, and 
caused selective destruction of pancreatic β-cells [2]. 
In the current study, the lowest level of insulin was 
noticed in non-treated diabetic rats (G2) that were fed 
a basal diet for 40 days, as shown in Figure 4a. 

  
Fig. 4. Insulin (a) and fructoseamine (b) levels of diabetic 
rats fed, for 40 days, a basal diet supplemented with 1% leaf 
powder of purslane (G4), chard (G5) and chicory (G6) 
compared with a non-diabetic control group (G1), diabetic 
non-treated group (G2), and diabetic rats treated with 100 
mg drug (metformin)/Kg b.w (G3).  Groups (1, 2 and 
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3) were fed a basal diet. Data are presented as the mean 
±standard deviation of the mean (SD). Bars with different 
letters indicate significant difference (p<0.05, n = 5) by 
Tukey's test 
 

Although none of the experimental diets (G4 – G6) 
increased insulin levels in the diabetic rats after 40 
days to the normal level (G1), these diets and the drug 
treatment (G3) increased significantly (p<0.05) insulin 
level of the diabetic rats compared to G2. The insulin 
level of diabetic rats treated with drug (G3) for 40 days 
was significantly (p<0.05) higher than that of those fed 
the experimental diets (G4-G6). PS improved insulin 
levels and boosted insulin secretion by restoring 
impaired pancreatic β-cells [2, 47]. No significant 
difference in the insulin level of diabetic rats was 
noticed between G5 and G6. 
 
Fructosamine 

Fructosamine is a marker of glucose control and an 
indicator of early glycation end products reflecting an 
increase in diabetes [48]. The fructosamine level in 
diabetic rats fed a basal diet (G2) for 40 days was 
significantly (p<0.05) higher than that of the control 
group (G1) as shown in Figure 4b. The increment in 
fructosamine level is directly proportional to FBG 
[49]. Meanwhile, the fructosamine level of diabetic 
rats treated with a drug (G3) or fed a basal diet 
containing CI powder (G6) for 40 days was not 
significantly (p<0.05) different from that of the control 
group (G1). However, the fructosamine level of 
diabetic rats fed PS powder (G4) was not significantly 
(p<0.05) different from that of the drug group (G3). 
Although the fructosamine level of diabetic rats fed a 
basal diet containing CA powder (G5) was 
significantly lower than that of G2, it was significantly 
higher than those of the other investigated groups (G1, 
G3, G4, G6). 
 
HOMA-IR level 

When the regular concentration of insulin cannot 
connect to the insulin receptors in the liver, muscles, 
and fat cells, it is known as insulin resistance [50]. The 
effect of the investigated leaf powders on insulin 
resistance (HOMA-IR) was calculated and indicated in 
Table 1. The HOMA-IR value of the untreated diabetic 
group (G2) was significantly (p<0.05) higher than that 
of the normal control group (G1). However, feeding 
the diabetic rats with the basal diet containing the 
investigated leaf powders reversed significantly 
(p<0.05) the increase in HOMA-IR. No significant 
(p˃0.05) variation in HOMA-IR level between treated 
diabetic groups and the normal control group (G1) was 
noticed suggesting an improvement in insulin 
sensitivity. These results are consistent with those 

reported by Jung et al. [51] who found that feeding 
mice on a high-fat diet containing Portulaca oleracea 
powder at 10% for 12 weeks kept serum insulin levels 
and HOMA-IR not significantly different from the 
normal control but significantly different from those 
of the high-fat diet group. 
 
Table 1: HOMA-IR of STZ-induced diabetic rats after 
40 days of feeding basal diet supplemented with either 
purslane, chard or chicory leaf powders 

Groups HOMA-IR 
G1 1.49b ± 0.10 
G2 2.31a ± 0.13 
G3 1.22b ± 0.09 
G4 1.41b ± 0.21 
G5 1.32b ± 0.05 
G6 1.37b ± 0.20 

-Values are presented as the means ± SD of 5 animals 
-Means with different superscript in the column differ 
significantly (p<0.05). 
G1: normal control group; G2: diabetic untreated group 
G3: diabetic rats fed a basal diet and treated with the drug 
metformin at 100 mg/Kg b.w  
G4: diabetic rats fed a basal diet supplemented with purslane 
leaf powder at 1% level 
G5: diabetic rats fed a basal diet supplemented with chard 
leaf powder at 1% level 
G6: diabetic rats fed a basal diet supplemented with chicory 
leaf powder at 1% level 
 

According to HPLC results resveratrol and 
rosmarinic acid were the main identified flavonoids in 
the investigated leaf powders. Both compounds have 
the potential to be useful adjuvants in the treatment of 
diabetes, since resveratrol improved peripheral insulin 
sensitivity [52] and rosmarinic acid preserved β-cells 
function against STZ-induced damage [53]. 

  
Body weight  

After 40 days of the experiment, there was a 
significant (p<0.05) increase in body weight in non-
diabetic rats (negative controls, G1), diabetic rats 
treated with metformin (G3) and diabetic rats fed a 
basal diet containing PS leaf powder (Table 2). The 
highest increment (24.99%) was recorded for the non-
diabetic rats (G1). 
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Table 2: Changes in body weight of STZ-induced 
diabetic rats after 40 days of feeding basal diet 
supplemented with either purslane, chard or chicory 
leaf powders  

Groups Initial 
Weight 

Final 
Weight % Change* 

G1 257.33 abA ±6.50 321.66 aB ±9.60 +24.99 
G2 257 abA ±6.24 195.33 dB ±5.03 -23.99 
G3 262.33 abA ±10.69 264 bA ±20.42 +0.63 
G4 248 bA ±1.73 255.66 bA ±4.61 +3.08 
G5 271 aA ±7.93 224 cB ±5.50 -17.43 
G6 270.66 aA ±10.01 255 bA ±9.16 -5.78 

-Data are the mean of triplicate with standard deviation. 
-Means with different superscript capital letters in each row 
are significantly different (p<0.05). Means with different 
superscript small letters in each column differ significantly 
(p<0.05).  
- % Change = [(Final weight- Initial weight)/(Initial weight)] 
x100 
-G1: normal control group; G2: diabetic untreated group; 
G3: diabetic rats fed a basal diet and treated with the drug 
metformin at 100 mg/Kg b.w; G4: diabetic rats fed a basal 
diet supplemented with purslane leaf powder at 1% level; 
G5: diabetic rats fed a basal diet supplemented with chard 
leaf powder at 1% level; G6: diabetic rats fed a basal diet 
supplemented with chicory leaf powder at 1% level 
 

On the other hand, a significant (p<0.05) decrease 
in body weight was noticed in non-treated diabetic rats 
(positive control group, G2), and diabetic rats fed a 
basal diet containing CA leaf powder (G5). The 
highest decrement (23.99%) was recorded for the non-
treated diabetic rats (G2) while the lowest decrement 
(5.78%) was noticed for the CI leaf powder group 
(G6). A significant (p<0.05) weight loss is linked to 
STZ-induced diabetes, which may be caused by the 
catabolic consequences of acute hyperglycemia and 
insulin insufficiency as well as the volume depletion 
brought on by osmotic diuresis [54]. 

 
Organs' relative weight 

The liver relative weight percentage in diabetic 
rats fed a basal diet (G2) for 40 days was significantly 
(p<0.05) higher than that of the other investigated 
groups (G1, and G3-G6) (Figure 5a).  

 
Fig. 5. The liver (a) and pancreas (b) relative weight (organ 
to body weight ratio) of diabetic rats after 40 days of feeding 
a basal diet supplemented with 1% leaf powder of purslane 
(G4), chard (G5) and chicory (G6) compared with a non-
diabetic control group (G1), diabetic non-treated group (G2), 
and diabetic rats treated with 100 mg drug (metformin)/Kg 
b.w (G3). Groups (1, 2 and 3) were fed a basal diet. Data are 
presented as the mean ±standard deviation of the mean (SD). 
Bars with different letters indicate significant difference 
(p<0.05, n = 5) by Tukey's test 
 

Diabetes is accompanied by an increase in liver-
relative weight [55]. There is no significant (p>0.05) 
difference in the liver relative weight between G1, G3, 
and G4. 

The lowest pancreatic relative weight was noticed 
in diabetic rats (G2) (Figure 5b). The highest pancreas 
relative weight was noticed in the normal group (G1) 
and drug group (G3), without significant difference, 
followed by diabetic rats fed a basal diet containing PS 
powder (G4). No significant (p>0.05) difference could 
be noticed in pancreas relative weight between CA 
powder (G5), and CI powder (G6) groups. 

The highest spleen-relative weight was found in 
diabetic rats (G2) (Figure 6a).  
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Fig. 6. The spleen (a) and kidney (b) relative weights (organ 
to body weight ratio) of diabetic rats after 40 days of feeding 
a basal diet supplemented with 1% leaf powder of purslane 
(G4), chard (G5) and chicory (G6) compared with a non-
diabetic control group (G1), diabetic non-treated group (G2), 
and diabetic rats treated with 100 mg drug (metformin)/Kg 
b.w (G3). Groups (1, 2 and 3) were fed a basal diet. Data are 
presented as the mean ±standard deviation of the mean (SD). 
Bars with different letters indicate significant difference 
(p<0.05, n = 5) by Tukey's test. 

 
On the other hand, the lowest spleen relative 

weight was recorded for the normal group (G1) and 
diabetic rats that were fed a basal diet containing PS 
powder (G4) without significant (p<0.05) difference 
between them followed by the drug group (G3). 
Though, there was no significant (p>0.05) difference 
in spleen relative weight between diabetic rats fed a 
basal diet containing either CA powder (G5) or CI 
powder (G6), both were significantly (p<0.05) lower 
than that of the diabetic group (G2).   
The highest level of kidney relative weight was 
recorded in diabetic rats (G2) (Figure 6b). No 
significant (p>0.05) difference could be observed 
between kidney relative weight of diabetic rats fed a 
basal diet containing CA powder (G5) or CI powder 
(G6). The kidney relative weight of diabetic rats fed a 
basal diet containing PS powder (G4) was not 

significantly (p>0.05) different from those of the 
control group (G1) and drug group (G3). 
 
Histopathological of liver sections 

The central vein and hepatocytes in the non-
diabetic rats' liver sections (control group, G1) were 
normal (Figure 7a). 

 
Fig. 7. Photomicrographs of the liver sections of : normal 
rats fed a basal diet (control negative group) (a), diabetic 
non-treated rats fed a basal diet (control positive group) (b), 
diabetic rats fed a basal diet and treated with 100 mg 
metformin/Kg b.w (c), diabetic rats fed a basal diet 
supplemented with 1% purslane leaf powder (d), diabetic 
rats fed a basal diet supplemented with 1% chard leaf powder 
(e) and diabetic rats fed a basal diet supplemented with 1% 
chicory leaf powder (f), for 40 days, (H&E x 200) 
 

The examined sections from the diabetic group 
(G2) revealed Kupffer cell activation, fibroplasia in 
the portal triad, and sinusoidal leukocytosis (Figure 
7b). 

Moreover, mild changes were noticed in liver 
sections from the PS group (G4) described as slight 
activation of Kupffer cells (Figure 7d). PS ethanol 
extract (100 mg/kg, orally) significantly lessened liver 
damage in STZ-induced diabetic mice [2]. However, 
the liver from the CA group (G5) showed slight 
dilatation of the hepatic sinusoids (Figure 7e).  

Chard aqueous extract (2 g/kg) ameliorated the 
liver injury caused by diabetes in female albino rats 
[56]. At the same time, other sections of the liver of 
diabetic rats of drug-treated group (G3) or CI group 
(G6) exhibited normal histology of the hepatic 
parenchyma with no histopathological alterations 
(Figures 7c and 7f). 

 
Histopathological of pancreas sections 

Figure 8 illustrates the pancreas' histopathological 
alterations. Normal pancreatic acini and Langerhans 
islets were observed in the pancreas of control animals 
(G1) (Figure 8a). 

On the other hand, the pancreas of diabetic rats 
(G2) displayed cystic dilatation of the pancreatic duct, 
damage of pancreatic acini, inflammatory cell 
infiltration, and vacuolation and death of the islets of 
Langerhans (Figure 8b). This result is in agreement 
with Mahmoud et al. [57]. STZ-induced pancreatic 
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injury [58]. Moreover, sections from G4 and sections 
from G5 exhibited slight vacuolations of some cells of 
islets of Langerhan's (Figures 8d and 8e). PS extract 
alleviated hyperglycemia, and the effects might be due 
to reduced oxidative stress and inflammation in rats 
[59]. 

Furthermore, the pancreas of rats from G6 or drug 
group (G3) showed no histopathological alterations 
(Figures 8c and 8f).  

 

 
Fig. 8. Photomicrographs of the pancreas sections of : 
normal rats fed a basal diet (control negative group) (a), 
diabetic non-treated rats fed a basal diet (control positive 
group) (b), diabetic rats fed a basal diet and treated with 100 
mg metformin/Kg b.w (c), diabetic rats fed a basal diet 
supplemented with 1% purslane leaf powder (d), diabetic 
rats fed a basal diet supplemented with 1% chard leaf powder 
(e) and diabetic rats fed a basal diet supplemented with 1% 
chicory leaf powder (f), for 40 days, (H&E x 200) 

 
3. Conclusion  
 

The present study demonstrated that dietary 
supplementation with CI or PS leaf powders was 
effective at suppressing and regulating blood glucose 
level, alleviated insulin resistance, body weight loss, 
and restoring histopathological changes in the liver 
and pancreas to a normal state or ameliorating these 
changes in streptozotocin-induced diabetic rats. 
Polyphenols were identified as the main contributor to 
the noticed bioactivity. 
 
Conflict of interest  
 

All authors declare no conflict of interest. 
 

Formatting of funding sources 
 

No competing financial interests exist. 
 

Acknowledgement 
 

There has been no significant financial support for 
this work that could have influenced its outcome. 
 
Ethics statement  
 

All national guidelines for laboratory animals were 
followed. The study protocol was approved by the 
Cairo University ethics committee (approval number 
CUIIF120). 

 
References  
 

[1] Riddle MC (2019). American Diabetes Association. 
Standards of Medical Care in Diabetes. 42:S1-193. 

[2] Zheng G, Mo F, Ling C, Peng H, Gu W, Li M. and 
Chen Z. (2018). Portulaca oleracea L. alleviates 
liver injury in streptozotocin-induced diabetic mice. 
Drug Des. Dev. Ther., 12:47–55.    

[3] Guo X, Yoshitomi H, Gao M, Qin L, Duan Y, Sun 
W, Xu T, Xie P, Zhou J, Huang L. and Liu T. 
(2013). Guava leaf extracts promote glucose 
metabolism in SHRSP.Z-Leprfa/Izm rats by 
improving insulin resistance in skeletal muscle. 
BMC Complement Altern Med., 1;13:52.  

[4]Pari L. and Umamaheswari J. (2000). 
Antihyperglycaemic activity of Musa sapientum 
flowers: effect on lipid peroxidation in alloxan 
diabetic rats. Phytoter. Res., 14:136–138.  

[5] Djibril Moussa MI, Alashi AM, Sossa-Vihotogbé 
CNA, Akponikpѐ PBI, Baco MN, Djѐnontin AJ, 
Aluko RE. and Akissoé NH. (2023). Developments 
in research on the nutritional health-promoting 
properties of three traditional leafy vegetables 
commonly consumed in sub-Saharan Africa. 
J. Herb. Med., 40:100668.  

[6] Jalali J. and Rahbardar MG. (2022). Ameliorative 
effects of Portulaca oleracea L. (purslane) on the 
metabolic syndrome: A review. J. 
Ethnopharmacol., 299:115672.  

[7] Gu JF, Zheng ZY, Yuan JR, Zhao BJ, Wang CF, 
Zhang L, Xu QY, Yin GW, Feng L. and Jia XB. 
(2015). Comparison On hypoglycemic and 
antioxidant activities of the fresh and dried 
Portulaca oleracea L. in insulin resistant HepG2 
cells and streptozotocin induced C57BL/6 J 
diabetic mice. J Ethnopharmacol., 161:214–223. 

[8] 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 Histochem., 116:32–39. 

[9] 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. J Med 
Food., 5:37–42.  

[10] Yanardag R. and Çolak H. (1998). Effect of chard 
(Beta vulgaris L. var. cicla) on blood glucose levels 
in normal and alloxan- induced diabetic rabbits. 
Pharm Pharmacol Commun., 4:309–311. 



 S.A.  Helmy et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 67, No. 4 (2024) 
 
 

102 

[11] Mohafrash SMM and Mossa AH. (2020). Herbal 
syrup from chicory and artichoke leaves ameliorate 
liver damage induced by deltamethrin in weanling 
male rats. Environ. Sci. Pollut. R., 27:7672-7682.  

[12] Meena H, Ballabh B, Arya S. and Bala M. (2022). 
Evaluation of phytochemicals, antioxidant property 
and effects of Cichorium intybus cultivated at 
foothilarea of Uttarakhand on hyperglycemic rats. 
IP Int J Compr Adv Pharmacol., 7:54–64. 

[13] 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. Biosci Biotechnol Biochem., 68:1640–1648. 

[14] Abbas ZK, Saggu S, Sakeran MI, Zidan N, 
Rehman H. and Ansari AA. (2015). Phytochemical, 
antioxidant and mineral composition of 
hydroalcoholic extract of chicory (Cichorium 
intybus L.) leaves. Saudi J Biol Sci., 22:322–326. 

[15] Zhang M, Lv X-Y, Li J, Xu Z-G. and Chen L. 
(2008). The characterization of high-fat diet and 
multiple low-dose streptozotocin induced type 2 
diabetes rat model. Exp Diabetes Res., 
2008:704045. 

[16] Shehata NI, Abo zeid S M, Abd El Aziz SA. and 
Abdelgawad HM. (2022). Mitigation of 
streptozotocin-induced alterations by natural agents 
via upregulation of PDX1 and Ins1 genes in male 
rats. J Food Biochem., 46:e14086. 

[17] Tehseen I, Haq TU, Ilahi I, Khan AA, Attaullah 
M, Zamani GY, Zaman S. and Ismail I. (2024).  
Antidiabetic and hepato-renal protective effects of 
medicinal plants in STZ induced diabetic rats. Braz 
J Biol., 84:e260189. 

[18] Lee JH, Park JE. and Han JS. (2020). Portulaca 
oleracea L. extract reduces hyperglycemia via 
PI3k/Akt and AMPK pathways in the skeletal 
muscles of C57BL/Ksj-db/db mice. J 
Ethnopharmacol., 260:112973. 

[19] Bolkent S, Yanardağ R, Tabakoğlu-Oğuz A. and 
Ozsoy-Sacan, O. (2000). Effects of chard (Beta 
vulgaris L. var. cicla) extract on pancreatic β cells 
in streptozotocin-diabetic rats: a morphological and 
biochemical study. J Ethnopharmacol., 73:251–
259. 

[20] Azgomi RND, Karimi A, Tutunchi H. and Jazan 
AM. (2021). A comprehensive mechanistic and 
therapeutic insight into the effect of chicory 
(Cichorium intybus) supplementation in diabetes 
mellitus: A systematic review of literature. Int J 
Clin Pract., 75:e14945. 

[21] Rana MK. (2016). Salad crops: Leaf-type crops. 
In: Encyclopedia of Food and Health. (Caballero B, 
Finglas PM, Toldrá eds.) Oxford, UK, Academic 
Press, pp. 673–678. 

[22] Chun OK, Kim DO. and Lee CY. (2003). 
Superoxide radical scavenging activity of the major 
polyphenols in fresh plums. J Agric Food 
Chem., 51:8067–8072. 

[23] Zhishen J, Mengcheng T. and Jianming W. (1999). 
The determination of flavonoid contents in 
mulberry and their scavenging effects on 
superoxide radicals. Food Chem., 64:555–559. 

[24] Schneider S. (2016). Quality Analysis of Extra 
Virgin Olive Oils—Part 6 Nutritive Benefits—
Phenolic Compounds in Virgin Olive Oil. Agil. 
Technol. Appl. Publication Number 5991-3801EN, 
1–8. 

[25] AOAC (2012). Official Methods of Analysis of 
AOAC International, 19th ed. Association of 
Official Analytical Chemists, Gaithersburg, 
Maryland 20877-2417, USA. 

[26] Luo YC, Huang SH, Pathak N, Chuang Y-H. and 
Yang J-M. (2021). An integrated systematic 
approach for investigating microcurrent electrical 
nerve stimulation (MENS) efficacy in STZ-induced 
diabetes mellitus. Life Sci., 279:119650 

[27] Altındağ F, Rağbetli MÇ, Özdek U, Koyun N, 
Ismael Alhalboosi JK. and Elasan S. (2021). 
Combined treatment of sinapic acid and ellagic acid 
attenuates hyperglycemia in streptozotocin-induced 
diabetic rats. Food Chem Toxicol., 156:112443. 

[28] Samarghandian S, Azimi-Nezhad M. and 
Farkhondeh T. (2017). Catechin treatment 
ameliorates diabetes and its complications in 
streptozotocin-induced diabetic rats. Dose-
Response, 15:1–7. 

[29] Ogunlana OO, Adetuyi BO, Rotimi M, Esalomi L, 
Adeyemi A, Akinyele J, Ogunlana OE, Adetuyi 
OA, Adebisi OA, Opata EK, Baty RS. and Batiha 
GE. (2021). Hypoglycemic and antioxidative 
activities of ethanol seed extract of Hunteria 
umbellate (Hallier F.) on streptozotocin induced 
diabetic rats. Clin Phytoscience, 7:55–63. 

[30] Chung H, Lees H. and Gutman SL. (1988). Effect 
of nitroblue tetrazolium concentration on the 
fructosamine assay for quantifying glycated 
protein. Clin. Chem., 34:2106–2111. 

[31] Kekow J, Ulrichs K, Muller-Ruchholtz W. and 
Gross WL. (1988). Measurement of rat insulin 
enzyme-linked immunosorbent assay with 
increased sensitivity, high accuracy, and greater 
practicability than established radioimmunoassay. 
Diabetes, 37:321–327. 

[32] Albareda M, Rodríguez-Espinosa J, Murugo M, de 
Leiva A. and Corcoy R. (2000). Assessment of 
insulin sensitivity and beta-cell function from 
measurements in the fasting state and during an oral 
glucose tolerance test. Diabetologia, 43:1507–
1511. 



ANTIDIABETIC EFFECT OF GREEN VEGETABLE LEAF POWDERS IN DIABETIC RATS 
__________________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 67, No. 4 (2024) 
 

103 

[33] Zhao J, Wang Z, Xu D. and Sun X. (2021). 
Identification of antidiabetic components from 
Cyclocarya paliurus. Food Biosci., 44:101429. 

[34] Mbara KC, Rambharose S, Baijnath H, Nlooto M. 
and Owira PM. (2022). Antidiabetic effects of 
Psidium x durbanensis Baijnath & Ramcharun ined. 
(Myrtaceae) leaf extract on streptozotocin-induced 
diabetes in rats. J Ethnopharmacol., 297:115542. 

[35]Santiago-Saenz YO, Hernandez-Fuentes AD, 
Monroy-Torres R, Carino-Cortes R. and Jimenez-
Alvarado R. (2018). Physicochemical, nutritional 
and antioxidant characterization of three vegetables 
(Amaranthus hybridus L., Chenopodium 
berlandieri L., Portulaca oleracea L.) as potential 
sources of phytochemicals and bioactive 
compounds. J Food Meas Charact., 12:2855–2864. 

[36] Ninfali P. and Angelino D. (2013). Nutritional and 
functional potential of Beta vulgaris cicla and 
rubra. Fitoterapia, 89:188-199. 

[37] Sinkovič L, Vidrih R, Abram V, Žnidarčič D, 
Grdiša M. and Treutter D. (2016). Leaf phenolic 
fingerprints of chicory cultivars (Cichorium intybus 
L.) hydroponically forced in different nutrient 
solutions. LWT – Food Sci Technol., 74:346–352.  

[38] Khalaf HA, El-Saadani RM, El-Desouky AI, 
Abdeldaiem MH. and Elmehy ME. (2018). 
Antioxidant and antimicrobial activity of gamma-
irradiated chicory (Cichorium intybus L.) leaves 
and roots. J Food Meas Charact., 12:1843–1851.  

[39] Al-Ishaq RK, Abotaleb M, Kubatka P, Kajo K. and 
Büsselberg D. (2019). Flavonoids and their anti-
diabetic effects: cellular mechanisms and effects to 
improve blood sugar levels. Biomolecules, 9:430.  

[40] Ly HT, Nguyen TTH, Tran TTL, Lam BT, Le VM. 
and Phung TTH. (2019). Hypoglycemic and 
antioxidant activities of Clerodendrum inerme leaf 
extract on streptozotocin-induced diabetic models 
in mice. Chin Herb Med., 11:387–393. 

[41] Li F, Li Q, Gao D, Peng Y. and Feng C. (2009). 
Preparation and antidiabetic activity of 
polysaccharide from Portulaca oleracea L. Afr J 
Biotechnol., 8:569–573. 

[42]Abdel-Rahim EA, Rashed MM, El-Hawary Z, 
Abdel-Kader MM, Kassem SS. and Mohamed RS. 
(2016). Anti-diabetic Effect of Cichorium intybus 
leaves and plantago ovate seeds in high fat diet-
streptozotocin induced diabetic rats. J. Food Nutr. 
Res., 4:276–281. 

[43]Peungvicha P, Thirawarapan SS. and Watanabe H. 
(1998). Possible mechanism of hypoglycemic 
effect of 4-hydroxybenzoic acid, a constituent of 
Pandanus odorus root. Japanese J Clin Pharmacol., 
78:395–398. 

[44] Mozafari M, Nekooeian AA, Panjeshahin MR. and 
Zare HR. (2015). The effects of resveratrol in rats 
with simultaneous type 2 diabetes and renal 

hypertension: a study of antihypertensive 
mechanisms. Iran J Med Sci., 40:152–160. 

[45] Runtuwene J, Cheng KC, Asakawa A, Amitani H, 
Amitani M, Morinaga A, Takimoto Y, Kairupan 
BHR. and Inui A. (2016). Rosmarinic acid 
ameliorates hyperglycemia and insulin sensitivity 
in diabetic rats, potentially by modulating the 
expression of PEPCK and GLUT4. Drug Des Devel 
Ther., 10:2193–2202. 

[46] Beardsall K, Yuen K, Williams R. and Dunger D. 
(2003). Applied physiology of glucose control. 
Curr. Paediatr., 13:543–548. 

[47]Gao D, Li Q. and Fan Y. (2010). Hypoglycemic 
effects and mechanisms of Portulaca oleracea L. in 
alloxan-induced diabetic rats. J. Med. Plants Res., 
4:1996–2003. 

[48]Soman S, Rajamanickam C, Rauf AA. and 
Madambath I. (2016). Molecular mechanisms of 
the antiglycative and cardioprotective activities of 
Psidium guajava leaves in the rat diabetic 
myocardium. Pharm Biol., 54: 3078–3085. 

[49]Gopal VR. and Indira M. (2010). Investigations on 
the correlation of advanced glycated end products 
(AGE) associated fluorescence with blood glucose 
and oxidative stress in ethanol-administered 
diabetic rats. Exp Toxicol Pathol., 62:157–162. 

[50]Ormazabal V, Nair S, Elfeky O, Aguayo C, 
Salomon C. and Zuñiga FA. (2018). Association 
between insulin resistance and the development of 
cardiovascular disease. Cardiovasc 
Diabetol., 17:122.   

[51]Jung J, Hwang S, Park H, Jin G-R. and Lee B. 
(2021). Antiobesity and antidiabetic effects of 
Portulaca oleracea powder intake in high-fat diet-
induced obese C57BL/6 mice. J Evid Based 
Complementary Altern Med., 2021:5587848. 

[52]González-Rodríguez Á, Santamaría B, Mas-
Gutierrez JA, Rada P, Fernández-Millán E, Pardo 
V, Álvarez C, Cuadrado A, Ros M, Serrano M. and 
Valverde ÁM. (2015). Resveratrol treatment 
restores peripheral insulin sensitivity in diabetic 
mice in a sirt1-independent manner. Mol Nutr Food 
Res., 59:1431–42. 

[53] El-Huneidi W, Anjum S, Mohammed, AK, Eshaq 
S, Abdrabh S, Bustanji Y, Soares N, Semreen M, 
Abu-Gharbieh E. and Taneera J. (2023). 
Rosemarinic acid protects β-cell from STZ-induced 
cell damage via modulating NF-κβ pathway. 
Heliyon, e19234. 

[54]Deeds M, Anderson J, Armstrong A, Gastineau D, 
Hiddinga H, Jahangir A, Eberhardt NL. and Kudva 
YC. (2011). Single dose streptozotocin-induced 
diabetes: considerations for study design in islet 
transplantation models. Lab Anim., 45:131–40. 

[55]Lee YJ. and Jeune KH. (2013). The effect of rutin 
on antioxidant and anti-inflammation in 



 S.A.  Helmy et.al. 
_____________________________________________________________________________________________________________ 

________________________________________________ 
Egypt. J. Chem. 67, No. 4 (2024) 
 
 

104 

streptozotocin-induced diabetic rats. Appl 
Microsc., 43:54–64.  

[56]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. Biosci Biotechnol Biochem., 68:1640–1648. 

[57]Mahmoud N, Sharaf A, El-Azab M. and Elhaw M. 
(2023). Biochemical and histopathological studies 
of the anti-hyperglycemic and anti-hyperlipidemic 
effects of some extracts of aerial flowering parts of 
Onopordum alexandrinum Boiss. in alloxan-
induced diabetic rats. Egypt. J. Chem., 66:129-142. 

[58]Guo Y, Dai R, Deng Y, Sun L, Meng S. and Xin N. 
(2019). Hypoglycemic activity of the extracts of 
Belamcanda chinensis leaves (BCLE) on KK-Ay 
mice. Biomed Pharmacother., 110:449–455. 

[59]Samarghandian S, Borji A. and Farkhondeh T. 
(2017). Attenuation of oxidative stress and 
inflammation by Portulaca oleracea in 
streptozotocin-induced diabetic rats. J Evid Based 
Complementary Altern Med., 22:562–566.  
 

 
 

 

 
 


