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INTRODUCTON 

Diabetes mellitus (DM) is distinguished by the 

increase of blood glucose levels and inadequacy of 

insulin secretion or action. Such background causes 

the impairment of glucose uptake in the peripheral 

tissues and reduces the glucose consumption for 

energy purposes1-3. India has been categorized as 

second in the world in diabetes prevalence, after 

China4. Plants have long been the origin of different 

medicines for the Indian traditional system of 

medicine like ayurveda and siddha5. Berberine 

hydrochloride (BC) is a plant alkaloid, present in 

numerous medicinal plants, which have countless 
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pharmacology activities. Many Previous studies 

have reported that Berberine hydrochloride has a 

broad range of pharmacological and biological 

activities including anti- protozoal functions6. Dkhil7 

also reported the anti-malarial and antischistosomal 

activities of Berberine hydrochloride as well as its 

ameliorative outcome on the induced liver injury 

inflicted by Schistosoma mansoni infection8. In 

addition9,10 reported the amelioration of synaptic 

plasticity and decreased blood glucose by Berberine 

hydrochloride treatment in Streptozotocin (STZ) 

induced diabetic rats. Many oral antidiabetic agents 

are available in markets, which are present 

withsome side effects11. Hence, this study was 

aimed to investigate the antidiabetic activity of 

Berberine hydrochloride in streptozotocin induced 

diabeticrats. 

 

MATERIAL AND METHODS 

Animals 

Healthy, adult albino Wistar rats of both sexes (150-

220g) were obtained from Sainath enterprises, 

Hyderabad, India. The animals were kept in a well 

ventilated room and the animals were exposed to 12 

hrs day and night cycle with a temperature between 

20±3ºC. The animals were housed in large spacious, 

hygienic polypropylene cages during the course of 

the experimental period. The animals were fed with 

water and rat feed ad libitum, supplied by this 

laboratory. The maintenance and the handling of 

animals were performed according to the rules and 

regulations of this experiment was approved by the 

Institutional Animal Ethics Committee (IAEC) 

(627/02/a/CPCSEA) and the experiments were 

carried out in accordance with IAEC guidelines on 

animal experimentation. 

Materials 

Berberine hydrochloride(assembled as a gift sample 

from PRS info tech and engineers (herbal division), 

Adarsh Nagar BLB FBD 121004 (Haryana)), 

Streptozotocinand Glipizide were purchased from 

Sigma - Aldrich (St. Louis, MO, USA), GOD-POD 

diagnostic kit was purchased from Coral diagnostics 

Ltd., Mumbai and other chemicals were obtained 

from E. Merck, Himedia (Mumbai, India) and S. D 

Fine Chemicals (Mumbai, India). All of the 

chemicals and reagents used in these experiments 

were analytical grade. 

Method Development 
Berberine and Glipizide dissolved in PBS buffer 

(Phosphate buffer saline). 

Preparation for Phosphate Buffer Saline (PBS) 

Buffer 
Weigh 8gms of sodium chloride (NaCl) and added 

to 800ml of distilled water, then add 0.2g of 

potassium chloride (KCl), 1.44g of disodium 

phosphate, 0.24gms of potassium dihydrogen 

phosphate and adjust the Ph to 7.4 with HCl and 

make up to 1litre with distilled water. Sterile by 

autoclaving at 121oC for 20mins and store at room 

temperature. 

Preparation For Krebs Ringer Bi carbonate Solution 

(KRPB): Weigh 5.6gms of Potassium chloride 

(KCl) (mol.wt: 74.56) and dissolved on 500ml of 

distilled water, 3.7gms of magnesium sulphate and 

add 100ml distilled water, then 1.62gms of calcium 

chloride and add 100ml distilled water, finally make 

up to 1litre with 1.5M Sodium chloride. 

Preparation of 1.5m of Sodium Chloride: Weigh 

58.44gms of Sodium chloride and dissolve on 

500ml of distilled water, finally make up to 1000ml 

of distilled water 5.6.2. Induction and assessment of 

diabetes. 

Induction of Diabetes 

Diabetes was induced in rats by intraperitonial 

injection of a freshly prepared solution of 

streptozotocin (40mg/kg b.w) in citrate buffer 

(0.1M; pH 4.5). After the three days streptozotocin 

induced rats were having fasting blood glucose 

above 230mg/dl were considered as diabetic that 

animals were used for further study. 

Assessment of Diabetes 

Diabetes was confirmed after 48 hr of 

streptozotocin injection, the blood samples were 

collected through retro-orbital puncture and serum 

glucose levels were estimated by enzymatic GOD-

POD diagnostic kit method. The rats having fasting 

plasma glucose levels more than 250mg/dL were 

selected and used for the present study. 

Experimental Design 

A total of 36 rats were used in this experiment and 

divided into six groups, each group consists of 6 
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rats. Group 1 is Normal Control rats, Group 2 is 

Diabetic Control rats, Group 3 is Diabetic + 

Berberine chloride (25 mg/kg b.w), Group 4 is 

Diabetic + Berberine chloride (50 mg/kg b.w), 

Group 5 is Diabetic + Berberine chloride (100 

mg/kg b.w) and Group 6 is Diabetic + Glipizide (6 

mg/kg b.w) Diabetic rats were treated with various 

doses of berberine hydrochloride (25, 50 and 100 

mg/kg b.w) and Glipizide whereas normal and 

diabetic control rats were fed with distilled water 

alone. Blood samples were collected on 0, 22nd and 

45th day from the tail veins of all rats for blood 

glucose estimation by the method of Trinder. 

Parameters (Serum glucose estimation (initial and 

final) and Body weight of the animals (initial and 

final)) were observed. 

Blood sampling and serum separation: Un- 

haemolysed sample of blood was collected from the 

clean tail tips/ orbital sinus in eppendroff tubes from 

the anaesthetized animals. The blood was allowed 

to clot at room temperature 37ºC and centrifuge at 

3000 rpm for 10 min. To separate the serum and 

subjected to biochemical estimation. Biochemical 

parameters (Plasma insulin, Blood hemoglobin, 

Glycolated Hemoglobin, Urea, Uric Acid, 

Creatinine) were studied using Merck Micro lab 

200 Auto analyzer. 

Statistical analysis 

Values are given as means ± S.D for six rats in each 

group. Data were analyzed by one-way analysis of 

variance followed by Duncan's Multiple Range Test 

(DMRT) using SPSS version 15 (SPSS, Chicago, 

IL). The limit of statistical significance was set at p 

<0.05. 

RESULTS 

Effect on berberine hydrochloride on body 

weight 
Reductions in the body weight of diabetic rats were 

observed, whereas increases in the body weight 

were observed in normal control rats. The treatment 

with three doses of Berberine hydrochloride and 

glipizide significantly (p < 0.05) increased the body 

weight of diabetic rats, whereas the body weight of 

diabetic control rats were decreased. Among the 

three doses of Berberine hydrochloride 50mg/kg 

b.w was found to be better in comparison with other 

two doses (25 and 100 mg/kg B.w) (Figure No.1). 

Effect on berberine hydrochloride on fasting 

blood glucose 

Table No.1 depicts the level of blood glucose in 

normal and experimental animals. The level of 

plasma glucose was observed in normal and 

experimental animals in 0, 22nd and 45th days of 

treatment. The blood glucose levels were also 

significantly (p < 0.05) declined in berberine 

hydrochloride treated diabetic rats when compared 

with diabetic control rats and berberine 

hydrochloride 50 and 100 mg/kg b.w produced a 

conspicuous effect. 

Effect of berberine hydrochloride on plasma 

insulin, blood hemoglobin and glycolated 

hemoglobin 

Plasma insulin and hemoglobin levels were 

significantly declined, whereas glycolated 

hemoglobin level was increased in streptozotocin 

induced diabetic control rats. Berberine 

hydrochloride and glipizide treated groups exhibited 

significant (p < 0.05) elevation of plasma insulin, 

hemoglobin and decline of glycolated hemoglobin. 

Berberine hydrochloride 50 and 100 mg/kg b.w 

dosage reverted the levels back to normal 

comparable with glipizide (Table No.2). 

Effect of berberine hydrochloride on kidney 

functional markers 

Figure No.2 show the levels of urea, uric acid and 

creatinine, which were significantly, elevated in 

diabetic control rats. Berberine hydrochloride at and 

glipizide treated rats exhibited significantly (p < 

0.05) lesser levels of urea, uric acid and creatinine. 

Based on our observations, 50 and 100 mg/kg b.w 

were found to be better effective. 

 

DISCUSSION 

In the present study, streptozotocin was used for 

induction of diabetes because the cytotoxic action 

of streptozotocin selectively destroys β-cells of the 

pancreas without affecting other cells by generating 

excess rosand carbonium ion (ch3+) leading to dna 

breaks by alkylation dna bases causing oxidative 

damage16. Dose of 40 mg /kg b.wof streptozotocin 

have the ability to incomplete destruction of β-cells 
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of pancreas, which considered as type 2 diabetes17. 

Streptozotocin induced diabetic rat showed 

increased the blood glucose level due to impaired 

carbohydrate, lipid and protein metabolism, which 

caused by insufficient insulin secretion from 

pancreas. Berberine hydrochloride treated diabetic 

rats showed notably declined the levels of blood 

glucose and also increased levels of plasma insulin 

levels. These results clearly demonstrate the 

antidiabetic activity of Berberine hydrochloride. 

In streptozotocin induced diabetic rats, body weight 

has been decreased due to lipolysis, muscle 

destruction or degeneration of structural proteins as 

a consequence of insulin insufficiency18,19. 

Treatment of berberine hydrochloride and glipizide 

significantly improved body weight of 

streptozotocin induced diabetic rats, which could be 

due to increased insulin secretion. Glycolated 

hemoglobin is a very reliable index to monitor 

glucose lowering therapy and also for long-term 

blood sugar control20. In persistent hyperglycemia, 

there is a raise in non-enzymatic glycolation, which 

is formed between glucose and the n-end of the beta 

chain of hb, forming glycolated hemoglobin. 

Further, glucose and dicarbonyl compounds can 

also react with hemoglobin, forming advanced 

glycolation end products, which can contribute to 

the additional development of complicationsin 

diabetes. The extent of increased glycolated 

hemoglobin levels is found to be directly 

proportional to the fasting bloodglucose levels in 

diabetic patients21.  

In the current study, an elevated level of glycolated 

hemoglobin was observed in streptozotocin induced 

diabetic rats due to the increased formations of 

glycated hemoglobin. Administration of berberine 

hydrochloride and glipizide notably decreased the 

level of glycolated hemoglobin as a result of 

decreased blood glucose level and increased insulin 

secretion. 

Renal maintains optimal chemical composition of 

body fluid by acidification of urine and removal of 

metabolic wastes such as urea, uric acid, creatinine 

and ions. During renal diseases, the concentration of 

these metabolites increases in blood22. In the present 

study it was observed that, administration of 

berberine hydrochloride inhibited increased 

concentration of urea and creatinine, which were 

comparable to the effect observed with glipizide. 

This signifies the prevention of any considerable 

kidney change, which may be possible in 

diabeticrats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table No.1: The level of blood glucose (mg/dl) in control and experimental rats 

S.No Groups 0 Day 22 Day 45 Day 

1 Normal control 83.61 ± 6.37 85.91 ± 6.54 89.81 ± 6.84 

2 Diabetic normal 246.46 ± 18.87 262.73 ± 20.11 291.87 ± 22.34 

3 Diabetic + BC (25mg/kg bw) 248.02 ±18.89 190.63 ± 14.52 162.05 ± 12.34 

4 Diabetic + BC (50mg/kg bw) 248.32 ± 19.01 171.71 ± 13.14 120.37 ± 9.21 

5 Diabetic + BC (100mg/kg bw) 244.84 ± 18.64 170.04 ± 12.95 119.86 ± 9.13 

6 Diabetic + glipizide (6mg/kg bw) 253.19 ± 19.38 162.14 ± 12.41 102.51 ± 8.38 

All the data are expressed as the mean ± S.D for 6 rats. The results with different superscripts (a, b, c.) in each 

experiment are significantly different at p < 0.05. 
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Table No.2: The level of plasma insulin hemoglobin and Glycolated hemoglobinin control and 

experimental rats 

S.No Groups Insulin (µu/ml) Hemoglobin (mg/ml) HB ALC (Ng/ml 

1 Normal control 16.08 ± 1.22a 13.26 ± 1.01a 042 ± 0.03a 

2 Diabetic normal 6.86 ± 0.53o 6.26 ± 0.48o 1.12 ± 0.09o 

3 Diabetic + BC (25mg/kg bw) 9.91 ± 0.75c 8.72 ± 0.66c 0.82 ± 0.06c 

4 Diabetic + BC (50mg/kg bw) 13.09 ± 1.00a 11.47 ± 0.88a 0.61 ± 0.05a 

5 Diabetic + BC (100mg/kg bw) 13.22 ± 1.01a 11.68 ± 0.89a 0.60 ± 0.05a 

6 Diabetic + glipizide (6mg/kg bw) 14.92 ± 1.14a 12.57 ± 0.96ad 0.48 ± 0.04a 

All the data are expressed as the mean ± S.D for 6 rats. The results with different superscripts (a, b, c.) in each 

experiment are significantly different at p < 0.05. 

 

 
Figure No.1: The level of body weight in control and experimental rats 

All the data are expressed as the mean ± S.D for 6 rats. The results with different superscripts (a, b, c.) in each 

experiment are significantly different at p < 0.05. 

 
Figure No.2: A), B) and C). Effect of berberine hydrochloride instreptozotocin induced alteration on 

renal markers of control and experimental rats in each groups.  

All the data are expressed as the mean ± s.d for 6 rats. The results with different superscripts (a, b, c.) In each 

experiment are significantly different at p < 0.05. 
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CONCLUSION 

In this experiment, we analyzed the antidiabetic 

potential of different doses (25, 50 and 100mg/kg 

b.w) of Berberine hydrochloride instreptozotocin 

induced diabetic rats. Berberine hydrochloride (50 

and 100mg/kg b.w) treatment remarkably increasing 

the insulin secretion, hemoglobin as well as reduced 

blood glucose, glycolated hemoglobin and renal 

markers levels as compared to glipizide. Berberine 

hydrochloride 50mg/kg b.w considered as optimal 

dose for further research, because there is no 

significant changes between 50 and 100 mg/kg b.w. 
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