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 Abstract 

Background: Diabetes Mellitus is the most common endocrine disorder. It is a pathological state 

which leads to long term complications causing damage of different tissue and organs as heart 

and blood vessels. Beetroot have pharmacological activities, including antioxidant, anti-

inflammatory, antitumor, blood pressure-lowering, neuroprotective and immunomodulatory. 

Objective: Evaluating beetroot on diabetes induced experimentally in adult male albino rats. 

Materials and Methods: Sixty adult male albino rats (Rattus norvegicus) were divided into equal 

four groups as follow: Group I: served as control group, Group II: diabetic group, Group III: 

normal plus beetroot group and Group IV: Diabetic-beetroot treated group. At the end of 

experimental period, blood samples were obtained for determination of glycated hemoglobin, 

blood glucose, serum insulin, aspartate amino transferase (AST), alanine amino transferase 

(ALT), serum lipid profile (total cholesterol, low density lipoprotein (LDL), high density 

lipoprotein (HDL) and triglyceride (TG)), malondialdehyde  (MDA), catalase, tumor necrosis 

factor alpha (TNFα), lactate dehydrogenase, nuclear factor kapp, interleukin 1(IL1) and IL6. 

Also, pancreas and hepatic samples were obtained for histopathology study.  Results: 

Streptozotocin (STZ) led to significant increase in blood glucose, glycated hemoglobin, 

cholesterol, TG, LDL, AST, ALT, MDA, TNF, lactate dehydrogenase, nuclear factor kappa, IL-1 

and IL-6 associated with significant decrease in serum insulin and catalase levels. Beetroot 

treatment led to significant improvement of all levels. Conclusion: Beetroot has a protective 

effect in diabetic rats due to its antioxidant properties. 
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INTRODUCTION 

         Diabetes mellitus (DM) is a complex chronic 

disease characterized by presence of a state of 

persistent hyperglycemia that occurs from 

deficiencies in insulin action, secretion or both and 

accompanied by greater or lesser impairment in the 

metabolism of lipids, carbohydrates and proteins 

(1). 

DM induces pathological changes in the 

microvasculature, by increasing the capillary 

basement membrane thickness, leading to the 

development of diabetic micro-angiopathy (2). 

Beta vulgaris is a plant in the 

Chenopodiaceae family. It is characterized by its 

multiple cultivated types, the most well-known 

type is the purple root vegetable that known as 

beetroot or table garden beet. Beetroot may be 

eaten raw, baked, boiled or used for juice 

extraction. Red beets are delicious roasted, 

pickled, that eaten in salads, or made into soup, 

which is popular in many Eastern and Central 

European countries (3).  

Beta vulgaris (beetroot) is one of the most 

important vegetable consumed worldwide. 

Beetroot can be used to increase exercise stamina 

and increases running performance (4), it is also 

used in management of hypertension (5), 

antiradical, antimicrobial and cytotoxic activities 

(6). So it has hepatoprotective and antidiabetic 

potential effects (7). 

The present study was designed to 

evaluate the effect of beetroot on diabetes induced 

experimentally in adult male albino rats. 

 

 

 

MATERIALS AND METHODS 

Animals and experimental design: 

Sixty adult male albino rats (Rattus 

norvegicus) weighing 125 - 165 gm were brought 

from Nile Pharmaceuticals Company, Cairo, Egypt 

and chosen to be the model of the present study. 

They were housed in stainless steel cages (20 × 30 

× 20 cm for every five rats) at room temperature, 

good ventilation and received water and 

commissural rat chow diet. They were left for two 

weeks in the laboratory room before the onset of 

the experiment for acclimatization. Rats were 

divided into equal 4 groups (15 rats each) as 

follow;  

Group I (Control group): Normal rats fed on 

commissural rat chow diet and received 0.5 ml 

distilled water for four weeks. 

Group II (Diabetic group): Rats of this group 

subjected to induction of diabetes by I.P. injection 

of single dose of 60 mg /kg body weight of 

streptozotocin (8) followed by feeding of 

commissural rat chow diet and all rats received 0.5 

ml distilled water for four weeks. 

Group III (Control group plus beetroot): 

Normal rats received oral dose of 250 mg /Kg 

body weight of beetroot dissolved in 0.5ml 

distilled water for four week (9). 

Group IV (Diabetic beetroot-treated group): 

Diabetes was induced as group II, followed by oral 

dose of 250 mg /Kg body weight of beetroot 

dissolved in 0.5ml distilled water for four week 

(9). 

Induction of diabetes: STZ was purchased from 

Sigma Pharmaceuticals Company in the form of 

vial contain 100 mg STZ powder and dissolved in 

10ml saline to prepare 10 ml STZ solution and 

given in a dose of 60 mg/kg, body weight in 50 



Mohamed Mahmoud Abbas Ali                                                                          272 

mM citrate buffer (8), then the animals were 

allowed to drink 5% glucose solution overnight. 

After 72 hours these animals were tested for 

diabetes using a glucometer (Aquo-Check, Roche). 

The animals with fasting blood glucose level more 

than 190 mg/dl selected for further study (10). 

Beetroot leaves were purchased from a local 

herbal market in Damietta, Damietta governorate, 

Egypt, in December 2019. The leaves were washed 

with tap water and crushed for extraction at 

pharmacology department lab, faculty of 

pharmacy, Mansoura University. The juice was 

extracted from the beetroot using a muslin cloth 

and distilled water and the shaft discarded. The 

juice obtained was stored in an airtight container 

(5 kg of beetroot yielded approximately 1.5 L of 

juice after extraction) and allowed to settle for 20–

30 min. The juice obtained was freeze dried and 

ready for use. The freeze dried sample was stored 

at 0°C until ready for use (9). 

Ethyl Ether (Analar, Nile Pharmaceutical): For 

anesthesia. 

Blood sample: At the end of experimental period, 

all rats were fasted overnight and anesthetized by 

placing in an anesthetic box filled with ether 

vapor. Ether vapor was maintained by periodically 

applying liquid ether to a cotton wool on the base 

of the box. Blood was withdrawn from the retro-

orbital plexus using heparinized capillary tube for 

determination of blood glucose (11), and glycated 

hemoglobin levels (12). To obtain serum, blood 

was left to clot and centrifuged at 5000 rate per 

minute for 10 minutes. Serum was sucked out into 

Eppendorf tubes and stored frozen at -20ºC (13) 

until assayed for determination of determination of 

aspartate amino transferase (AST) (14), alanine 

amino transferase (ALT) (14),  total cholesterol 

(15), Triglyceride (TG) (16), high density lipo-

protein (HDL) (15), low density lipo-protein 

(LDL) (17), serum insulin level (18), 

malondialdehyde  (MDA) (19), catalase (20), 

tumor necrosis factor alpha (TNFα) (21), lactate 

dehydrogenase (22), nuclear factor kappa (23) and 

interleukin 1(IL1) (24) and IL6 (25). 

Pancreas and liver were excised for 

histopathological examination which preserved in 

10% formalin solution. Paraffin blocks were made 

for the tissue samples and different sections were 

obtained and slides were stained with 

hematoxyline and eosin (Hx and E) stains and 

examined using a light microscope (at General 

pathology department, faculty of medicine, Al-

Azhar University, Damietta). 

Statistical analysis: Data input and analysis were 

done using Statistical Package for the Social 

Sciences (SPSS) version "24" computer program. 

All results were expressed as mean ± standard 

deviation. Mean values of the different groups 

were compared. Least significant difference (LSD) 

post hoc analysis was used to identify significantly 

different mean values. P value < 0.05 was accepted 

to denote a significant difference. 

 

RESULTS 

Results of the present study showed that 

induction of diabetes led to significant increase in 

the mean value of blood glucose level, glycated 

hemoglobin level, AST, ALT, serum cholesterol 

level, serum triglyceride level, serum LDL level, 

serum MDA, TNF alpha, lactate dehydrogenase, 

nuclear factor kappa, IL1 and IL6 level in diabetic 

group (Group II) associated with significant 

decrease in the mean value of body weight, serum 

HDL, insulin and catalase level. Administration of 
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beetroot to normal rats led to insignificant changes 

in all sample levels (Table 1). 

Administration of beetroot to diabetic rats 

led to significant decrease in the mean value of 

blood glucose level, glycated hemoglobin level, 

AST, ALT, serum cholesterol level, serum 

triglyceride level, serum LDL level, serum MDA, 

TNF alpha, lactate dehydrogenase, nuclear factor 

kappa, IL1 and IL6 level, associated with 

significant increase in the mean value of body 

weight, serum HDL, insulin and catalase level 

(Table 2). 
Table (1): Effects of STZ on studied groups (Mean ± SD). 

 Groups 
Parameters Group I Group II Group III 

Body weight 220.87±8.71 106.07±9.08* 222.1±8.27 
Blood  Glucose (mg/dl) 99.0±10.72 333.27±24.48* 100.07±9.02 
Serum  insulin (µIU/L) 10.14±0.62 3.9±0.37* 10.06±0.31 

Glycated hemoglobin (%) 5.08±0.38 10.7±0.42* 4.72±0.62 
Cholesterol (mg/dl) 99.6±6.78 130.0±4.42* 98.07±5.52 

TGs (mg/dl) 90.13±4.1 115.87±5.9* 91.0±4.63 
HDL (mg/dl) 41.13±2.41 31.27±2.4* 39.53±1.85 
LDL (mg/dl) 40.44±6.81 75.56±6.15* 40.33±5.89 
AST (U/L) 25.4±2.29 67.33±5.16* 25.13±2.56 
ALT (U/L) 21.47±2.26 49.07±4.36* 21.8±3.03 

MDA (nmol/l)  21.2±3.17 45.6±3.6* 22.93±1.98 
Catalase (mg/dl) 36.47±4.59 26.13±1.95* 34.13±2.59 

TNF (Pg/ml) 53.27±3.19 96.67±4.59* 52.67±5.15 
Lactate dehydrogenase (U/L) 148.4±6.89 253.2±7.58* 145.47±7.16 

Nuclear factor kappa 0.87±0.17 2.21±0.23* 0.86±0.15 
IL-1 (Pg/ml) 2.39±0.24 5.47±0.39* 2.31±0.202 
IL-6 (Pg/ml) 3.46±0.32 7.04±0.48* 3.68±0.34 

 

* indicate significance compared to group I Group I: control group. 
Group II: Diabetic group. Group III: Control- beetroot group. 
 

 

Table (2): Effects of beetroot on diabetic groups (Mean ± SD). 

 Groups 
Parameters Group II Group IV 

Body weight 106.07±9.08 145.53±7.33* 
Blood  Glucose (mg/dl) 333.27±24.48 222.13±17.71* 
Serum  insulin (µIU/L) 3.9±0.37 6.28±0.38* 

Glycated hemoglobin (%) 10.7±0.42 6.94±0.66* 
Cholesterol (mg/dl) 130.0±4.42 112.47±5.89* 

TGs (mg/dl) 115.87±5.9 95.27±5.0* 
HDL (mg/dl) 31.27±2.4 34.8±2.34* 
LDL (mg/dl) 75.56±6.15 58.49±6.73* 
AST (U/L) 67.33±5.16 47.73±3.59* 
ALT (U/L) 49.07±4.36 39.4±1.99* 

MDA (nmol/l)  45.6±3.6 30.53±4.05* 
Catalase (mg/dl) 26.13±1.95 29.73±1.39* 

TNF (Pg/ml) 96.67±4.59 76.33±5.27* 
Lactate dehydrogenase (U/L) 253.2±7.58 200.8±8.8* 

Nuclear factor kappa 2.21±0.23 1.66±0.15* 
IL-1 (Pg/ml) 5.47±0.39 3.97±0.48* 
IL-6 (Pg/ml) 7.04±0.48 6.18±0.59* 

 

Group II: Diabetic group Group IV: Diabetic- beetroot treated group. 
* indicate significance compared to group II.  
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Figure (1): section of the pancreas shows normal 
pancreatic islets (black arrow), normal pancreatic acini 
(white arrow) and normal blood vessels (yellow arrow) 
of the control group (H&E- ×400). 

 
Figure (2): Section in the pancreas shows 
distortion and atrophy of pancreatic islets (red 
arrow), normal pancreatic acini (black arrow) and 
normal pancreatic blood vessels (green arrow) of 
the diabetic group (H&E- ×400). 

  
Figure (3): section of the pancreas shows normal 
pancreatic islets (black arrow), normal pancreatic acini 
(yellow arrow) and normal blood vessels (green arrow) 
of the control plus beetroot group (H&E- ×400) 

 
Figure (4): section of the pancreas shows 
improved atrophied pancreatic islets (black 
arrow), normal pancreatic acini (red arrow) 
and normal blood vessels (white arrow) of the 
diabetic beetroot treated group (H&E- ×400) 

 
Figure (5): Cross section of the liver shows normal 
hepatocytes (white arrow), normal blood sinusoids in between 
cords of hepatocytes (black arrow) and normal central vein 
(yellow arrow) of the control group (H&E- ×400). 

 
Figure (6): Section of the liver shows marked 
vaculations of hepatocytes (black arrow) with 
congested blood vessels (yellow arrow) of the 
diabetic group (H&E- ×400). 

 
Figure (7): Cross section of the liver shows normal 
hepatocytes (white arrow), normal blood sinusoids in between 
cords of hepatocytes (black arrow) and normal central vein 
(yellow arrow) of the control beetroot  group (H&E- ×400). 

 
Figure (8): Section of the liver shows few 
vaculations of hepatocytes (black arrow) with 
congested blood vessels (yellow arrow) of the 
diabetic- beetroot treated group (H&E- ×400). 
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DISCUSSION 

The present work was designed to evaluate the 

effect of beetroot on diabetes induced 

experimentally in adult male albino rats. 

Results of the present work showed that 

STZ injection led to significant decreased body 

weight in diabetic rats when compared with 

normal. These results were in agreement with the 

findings of Yang and Hyung-Sub (26) who 

observed that marked decrease body weight in 

streptozotocin induced diabetic rats, due to 

absolute or relative deficiency of insulin or due to 

decreased protein synthesis production in all 

tissues (27). 

Soliman (28) reported that severe body 

weight loss in untreated diabetic rats. This loss 

may be due to fats and proteins degradation or 

catabolism. So, muscle wasting resulted from 

increased catabolic reactions which act the 

important cause for weight loss in diabetic rats.  

Results of the present work showed that 

STZ injection led to significant increase of blood 

glucose level and glycated hemoglobin associated 

with significant decrease in insulin level in 

diabetic group comparing to the control group. 

These results were in agreement with Sekkin et al. 

(29) who noticed that single injection of STZ leads 

to DM development that diagnosed by elevated 

blood glucose, glycated hemoglobin (HbA1c) and 

decreased serum insulin levels. This occurred due 

to the damage of islets cells , β cells destruction 

within twenty four hour and also, triggering of 

inflammatory process leading to macrophage and 

subsequent lymphocyte infiltration caused by STZ. 

Oxidative damage induced by STZ in rats is 

closely associated with chronic inflammation 

leading to potential tissue damage (30).  

In the present study, there were significant 

increases in cholesterol, triglyceride (TG) and low 

density lipoprotein (LDL), associated with 

significant decrease in high density lipoprotein 

(HDL) in diabetic rats comparing to the control 

rats. These results were compatible with Saleh & 

maged (31) who found that significant elevations 

of cholesterol, LDL and TGs levels in diabetic rats 

when compared with normal one.  

The present study showed that AST and ALT 

level increased significantly in diabetic rats when 

compare with normal rats. These results were 

compatible with the findings of Makena et al. (32) 

which reported that ALT and AST increase in 

diabetic group than normal group 

Diabetes mellitus can be induced hepatic 

injury, that leading to glucogenesis and elevation 

of the concentrations of protein. ALT and AST in 

DM are associated with the conversion of amino 

acids to keto acids (33).  

In the present study, MDA, lactate 

dehydrogenase, TNF, IL-1 and IL-6 increased 

significantly in diabetic rats comparing to normal 

associated with significant decreased of catalase. 

These results agreed with Elsawy and Emara (34) 

who reported that increased proinflammatory 

cytokines such as IL-1, IL-6, MDA and TNF-α, 

due to increased oxidative stress status or a 

decrease in antioxidant defense systems in DM.  

Also, the present study was in agreement 

with Edrees et al. (35) who reported that diabetic 

rats associated with increased TNF-α due to 

oxidative stress leading to abnormal cytokine 

production as TNF-α that produced by the liver in 

response to inflammation. El‐Komy and Mouafi 

(36) found that oxidative damages associated with 

increased production of TNF‐α that stimulate 
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nuclear factor kappa B (NF‐kB) production and 

neutrophil infiltration. TNF‐α plays a important 

role in the activation of caspases which cause cell 

apoptosis induction (37).  

Diabetic rats had highest level of TNF-α. 

This was due to inflammatory reaction of TNF-α 

led to apoptosis of β-cell. High concentration of 

inflammatory cells may lead to β-cell apoptosis 

which may lead to either lowering in number of 

cells of insulin-producer or insulin decrease (38). 

In the present study, diabetic rats 

associated with significant increase of MDA, 

lactate dehydrogenase, in addition to significant 

decreased of catalase level. These results were in-

agreement with Elbe et al. (39) and Lo et al. (40) 

who reported a decreased catalase level and 

elevated level of MDA in diabetic rats. The 

decrease in the activity of these antioxidants can 

lead to increase superoxide anion and hydrogen 

peroxide in biological systems, which in turn 

generate hydroxyl radicals resulting in lipid 

peroxidation. Catalase is responsible for the 

reduction of H2O2 for protecting cells against 

highly reactive OH radicals. Oxidative stress in 

diabetes is caused by hyperglycemia inducing 

increased free radical formation (27). 

In the present study, beetroot led to 

significant increase of body weight. The results 

agreed with Choi et al. (41) who reported that B. 

vulgaris leaves extract led to significant increase in 

bodyweight in the diabetic rats due to positive 

anabolic effect of B. vulgaris through improving 

lipid and glucose metabolism.  

In the present study, beetroot led to 

significant decreased of blood glucose, glycated 

hemoglobin associated with significant decreased 

insulin level. Ninfali and Angelino (42) noticed the 

administrated extract of Beta vulgaris to DM 

reduced blood glucose levels due to the pancreatic 

beta-cells regeneration.  

Accordingly, Kumar et al. (43) concluded 

that the ethanolic extract of beetroot possessed a 

potential anti-diabetic activity against streptozocin 

induced diabetic rats. According to Olumese and 

Oboh (44) beetroot juice administration for six 

weeks led to lowering blood glucose level by 

inhibition of carbohydrate digestion and glucose 

absorption in the intestine, and the modulation of 

glucose release from the liver.  

Results of the present study showed that 

beetroot administration led to significant decreased 

of ALT and AST, lipid levels and these results 

compatible with Abdul Bari et al. (45) andAmnah 

and Alushaibani (46) who noticed that cholesterol, 

total lipids and liver enzymes decreased 

significantly in diabetic rats with consumption of 

beetroot powder. Nouri et al. (47) found that liver 

enzymes decreased in diabetic rats treated with 

beetroot. 

In addition, Iahtisham et al. (48) reported 

that the hepatoprotective effect of beetroot due to 

antiradical scavenging activity of the extract. The 

antiradical activity of beetroot may be due to its 

high source of polyphenols and flavonoids, such as 

betalains. Further evidence supports the ability of 

polyphenols to enhance detoxifying/antioxidant 

enzymes of Phase II, exerting hepatoprotective 

effect (49). 

Similarly, Singh et al. (50) reported that 

the beetroot juice consumption lowered the lipid 

profile i.e. total cholesterol, LDL, triglycerides 

levels and also significantly increased HDL levels. 

Beetroot has a hepatoprotective effect due to the 
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presence of active compound betaine in it that 

having antioxidant properties. 

In the same context, Clifford et al. (51) 

reported that beetroot had protective effects on 

vascular system and manage cardiovascular 

disease by reducing the cholesterol and oxidized 

LDL cholesterol. According to Ninfali and 

Angelino (42) beetroot ingestion has a beneficial 

physiological effect for atherosclerosis disease. 

This effect was due to its high concentration of 

betalains that reduced the homocysteine 

concentration and regulated the vascular 

homeostasis (52).  

In the present study, beetroot 

administration led to significant decreased of 

MDA. These results agreed with Fustinoni-Reis et 

al. (53) who noticed that MDA decreased 

significantly in beetroot treated diabetes. This 

effect may be due to the antioxidant activity of 

polyphenols present in beetroot. 

Also, Albalawi et al. (54) showed that 

administration of beetroot extract led to significant 

decrease in the level of liver tissue NF-kB and 

TNF-α. El Gamal et al. (55) reported oral 

administration of beetroot ethanol extract for four 

weeks led to significant decreased of several pro-

inflammatory mediators as MDA, Il-6, TNF-α and 

NF-κB and also led to significant increased 

catalase level due to anti-inflammatory protection 

effect. 

The consumption of beetroot has been 

associated with the prevention of oxidative 

reactions, through the inhibition of pro-oxidants 

and the activation of the endogenous antioxidant 

system (51). The increased levels of antioxidant 

enzymes after beetroot administration are due to its 

ability to activate nuclear factor (erythroid-derived 

2)-like 2 which further activates the gene 

expression of antioxidant enzymes (56). 

In the present study, the histo-pathological 

examination revealed that induction of diabetes led 

to distortion and atrophy of pancreatic islets and 

beetroot administration led to improved atrophied 

pancreatic islets. My results agreed with Indumathi 

et al. (57) and Han et al. (58) who reported that 

STZ induced diabetes led to necrotic changes and 

degranulation of pancreatic islets and beetroots 

administration restore the islet cells histology in 

pancreas. Streptozotocin attacks the pancreatic β-

cells via glucose transporter (GLUT 2) led to 

damaged β-cells by DNA alkylation. The 

production of superoxide radicals with free 

radicals associated with β-cells damage. Free 

radicals play an important role in the development 

of diabetes mellitus by causing the partial 

destruction of β-cells (59). 

In the present study, induction of diabetes 

led to marked vaculations of hepatocytes with 

congested blood vessels and beetroot 

administration led to decreased vaculations of 

hepatocytes. These results compatible with 

Olumese and Oboh (9) and Indumathi et al. (57) 

who reported that STZ induced diabetes led to 

vaculations of hepatocytes with dilated sinusoids 

and beetroots administration decrease the 

pathological changes of liver and improved hepatic 

architecture. 

Beetroot prevented liver damage through 

its dual ability to scavenge reactive oxygen species 

and activate nuclear factor erythroid 2-related 

factor 2. The antioxidant efficacy of beetroot has 

been confirmed through its ability to scavenge 2, 

2-Diphenyl-1-picrylhydrazyl radicals in vitro (56). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/streptozocin
https://www.sciencedirect.com/topics/medicine-and-dentistry/glucose-transporter-2
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-alkylation
https://www.sciencedirect.com/topics/medicine-and-dentistry/superoxide
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Conclusion: Beetroat has a marked enhancing 

effects on blood glucose, insulin, blood urea, 

creatinine, lipid profile adult male albino rats. This 

might be due to hepatoprotective, hypoglycemic 

and lipid-lowering effect. These effects of Beetroot 

could improve diabetic mortality and morbidity. 
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