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 Abstract 

Aim:  To assess the effect of berberine (BBR) on blood glucose, insulin, lipid profile, oxidative 

stress and kidney functions in diabetic adult male rats and detect its mechanism(s) of action. 

Methods: Eighty adult male rats were divided into ten groups. Three experiments were carried 

out. Experiment I included control group, diabetic control and BBR treated groups (300 

mg/kg/day) orally for 1, 2, 4 and 6 weeks. The glucose level, insulin, lipid profile, MDA, TAC, 

urea and creatinine were measured. Samples from pancreas, liver and kidney were histologically 

examined. Experiment II: BBR effect after pretreatment with 10% glucose to tongue on vagal 

nerve activity was recorded. Experiment III: The vagal and sympathetic nerve activity of BBR 

after administration of atropine, reserpine and propranolol were investigated. Results: Berberine 

led to significantly decreased glucose level, TC, TG, LDL, MDA, urea and creatinine and 

significantly increased insulin, HDL and TAC levels after 2 and 4 weeks compared to diabetic 

control. The histological results confirmed the blood results. Berberine after 10% glucose on the 

tongue significantly decreased the rate of vagal nerve activity when compared with control and 

10% glucose alone. Berberine significantly increased the rate of vagal and sympathetic nerve 

activity but this rate decreased significantly in pre-treated rats with atropine, prazocine and 

propranolol when compared to berberine level. Conclusion: Berberine may have antidiabetic 

effect. Berberine may exert its action on glucose level through inhibition of sweet taste receptors. 

It can act by activation of the cholinergic receptor, α and β adrenoceptors.  
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INTROUCTION 

Diabetes mellitus is a growing public 

health affecting people worldwide both in 

developing and developed countries, and possess a 

major socio-economic challenge (1). It is also a 

complex disorder with profound consequences 

both acute and chronic. Genetic and environmental 

factors play a role in the development of the 

disease (2). Type 1 diabetes mellitus is 

characterized by loss of the insulin-producing beta 

cells of the islets of Langerhans in the pancreas, 

leading to insulin deficiency. This type can be 

further classified as immune-mediated or 

idiopathic. The majority of type 1 diabetes is of the 

immune-mediated nature, in which beta cell loss is 

a T-cell-mediated autoimmune attack (3).The use 

of natural products for the treatment of metabolic 

diseases has not been explored in depth despite the 

fact that a number of modern oral hypoglycemic 

agents such as metformin are derivatives of natural 

plant products (4).  

Berberine is a natural isoquinoline 

alkaloid isolated from the Chinese herb Rhizoma 

coptidis, which has been widely used in Chinese 

herbal medicine. Berberine has gained much 

attention in recent years owing to its multiple 

biochemical and pharmacological effects, 

including anticancer, antiviral, and antibacterial 

activities (5). It was found by accident that 

berberine had effect on the decrease of blood 

glucose when the authors used berberine to treat 

diarrhea in patient who suffer from diabetes (6). 

        Berberine (BBR) is demonstrated to have 

hypoglycemic effect in vitro and in vivo. It also 

has anti-obesity and anti-dyslipidemia activities 

(7). A large number of clinical trials and animal 

experiments about berberine improving insulin 

resistance and lowering hyperglycemia were 

reported. However, the underlying mechanisms 

remain uncertain (8). Thus, this study aims to 

assess the effect of BBR on blood glucose, insulin, 

lipid profile, oxidative stress and kidney functions 

in diabetic adult male rats. Also, evaluate the 

possible interaction between BBR and sweet taste 

receptors and the relationship between BBR and 

neural control of blood glucose concentration in 

attempt to detect its mechanism(s) of action.  

 

MATERIALS AND METHODS 

Experimental animals: 

          The present study was carried out on eighty 

adult male albino rats weighing 220 to 250g. Rats 

were brought from animal house, Faculty of 

Medicine, Assiut University, Assiut, Egypt, and 

were maintained on a balanced diet with water 

supply freely in clean containers. The 

experimental procedures were carried out 

according to “Guidelines of Experiments on 

Animals” at Faculty of Medicine, Assiut 

University, Egypt. 

Chemicals and kits  

 Streptozotocin (STZ) was purchased from 

MP Biomedicals, France. Berberine chloride 

hydrate and Propranolol (β-adrenoreceptor 

blocker) were purchased from Alfa Aesar, 

Germany. Urethane was purchased from Aldrich 

chemical company, Inc. Wis., USA. Atropine 

sulfate was purchased from Sigma Chemical 

Company, St., Lousis, MO, USA. Prazocin (α-

http://en.wikipedia.org/wiki/Beta_cell
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http://en.wikipedia.org/wiki/Islets_of_Langerhans
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adrenoreceptor blocker) was purchased from 

Sigma-Aldrich, Germany. 

Blood glucose, serum total cholesterol 

(TC), serum triglycerides (TG), serum high density 

lipoprotein (HDL) and blood urea kits were 

purchased from Egyptian company for 

biotechnology, Egypt. Insulin kit was purchased 

from Immunospec Corporation, Canoga Park, CA.  

Serum malonaldhyde (MDA) and total antioxidant 

capacity (TAC) kits were purchased from 

Biodiagnostic Company, Egypt. Serum creatinine 

kit was purchased from BIOLABO SA, France.  

Induction of diabetes:  

          Diabetes was induced in rats by single 

intrapertonial injection of freshly streptozotocin 50 

mg /kg body weight (9). The animals were fasted 

for overnight 12 hours before STZ injection. After 

injection, the rats were kept for next 48 hours on 

oral 10% glucose solution on top of their chaw. 

Administration of glucose is to prevent 

hypoglycemia as STZ is capable of producing fatal 

hypoglycemia due to destruction of β cells which 

in turn results in to massive pancreatic insulin 

release (10). 

After 3 days, diabetes was confirmed by 

glucometer (Bionime, Taiwan). The rats with 

fasting blood glucose level over 250 mg/dl were 

considered diabetic and selected for use (11). 

Experimental design:  

Experiment I:  

      This experiment was designed to assess the 

effect of berberine on blood glucose, insulin, lipid 

profile, oxidative stress and kidney functions in 

diabetic adult male rats. In this experiment, 6 

groups (8 animals each) were used.  

Group (1) consisted of 8 rats and served as control 

group. They received distilled water orally. They 

were sacrificed at the end of the six weeks. 

Group (2) consisted of 8 diabetic rats and served 

as diabetic control group. They received distilled 

water orally. They were sacrificed at the end of the 

six weeks.  

Groups (3-6) consisted of 8 diabetic rats were 

treated with BBR dissolved in boiling water (300 

mg/kg/day) orally (12) for 1, 2, 4 and 6 week. 

Biochemical estimations: 

The levels of  glucose, insulin, total 

cholesterol (TC), triacylglycerols (TAG), high-

density lipoprotein-cholesterol (HDL-C), 

malonaldhyde (MDA), total antioxidants capacity 

(TAC), blood urea and serum creatinine were 

measured using enzymatic colorimetric assay kits, 

while low-density lipoprotein-cholesterol (LDL) 

using Friedewald’s formula (13):-  LDL in mg/dl= 

TC– (HDL -TG/5) was calculated. 

 

Experiment II: 

This experiment was designed to elicit the 

possible interaction between BBR and sweet taste 

receptors. One group of rats (Group 7, consisted of 

8 animals) was used. 

Experimental protocol: 

The rats were prepared for recording of 

vagal nerve activity. Following surgical 

preparation, the animals allowed to reach steady 

state conditions which was achieved within 15 min 
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then a baseline period (control) was performed. 

10% glucose solution was applied on the tongue 

with a syringe for 5 minutes and the tongue was 

flushed away with distilled water at the end of 

taste stimulation (14). A rest period of 30 min was 

achieved then the same animals received BBR 

(300 mg/kg/day) orally after application of 10% 

glucose solution on the tongue which flushed away 

with distilled water 5 minutes later. 

Operative procedure 

 Rats were anaesthetized with ip injection of 

urethane (600 mg/kg) (15). 

Preparation of the vagus nerve (16) 

         To expose the right vagus nerve, make a 

midline incision in the full length of the neck. This 

will expose the trachea and underneath it the 

esophagus. Alongside these structures run the 

carotid arteries with the vagus nerves. Locate the 

right carotid artery and vagus nerve but do not 

attempt to separate the two, since this might 

damage the nerve. The vagus nerve removed from 

the trunk by making a longitudinal cut through the 

sheath and then gently lifting or rolling the nerve 

out of the sheath. It was unnecessary to separate 

the vagal trunk from the common carotid artery.  

 

Experiment III:  

The purpose of this experiment was to 

evaluate the relationship between BBR and neural 

control of blood glucose concentration through 

efferent vagal (parasympathetic) and sciatic nerve 

(sympathetic) activity to the pancreas. In this 

experiment 3 groups (Groups 8, 9 and 10), 8 

animals each were used. 

Experimental protocol: 

Group (8): All rats of this group were prepared for 

recording of efferent vagal (parasympathetic) 

nerve activity. When the steady state was reached, 

a baseline period (control) was performed. 

Animals received berberine (300 mg/kg/day) 

orally. After reaching the baseline, the same 

animals received BBR (300 mg/kg/day) orally 

following previous administration of atropine 

(1mg/kg, i.v) (17) as a cholinergic receptor 

blocker. 

Group (9): All rats of this group were prepared for 

recording of efferent sciatic (sympathetic) nerve 

activity. When the steady state was reached, a 

baseline period (control) was performed. The 

animals received BBR (300 mg/kg/day) orally. 

After reaching the baseline, the same animals 

received BBR (300 mg/kg/day) orally following 

previous administration of prazocin (3 mg/kg, i.p) 

(18) as an α-adrenergic receptor blocker. 

 

Group (10): All rats of this group were prepared 

for recording of efferent sciatic (sympathetic) 

nerve activity. When the steady state was reached, 

a baseline period (control) was performed. The 

animals received BBR (300 mg/kg/day) orally. 

After reaching the baseline, the same animals 

received BBR (300 mg/kg/day) orally following 

previous administration of propranolol (1mg/kg, 

s.c) (18) as a β-adrenergic receptor blocker. 

 

Operative procedure 

         Rats were anaesthetized with ip injection of 

urethane (600 mg/kg) (15). 
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Preparation of the vagus nerve (16) 

        The vagus nerve was prepared as mentioned 

previously. 

Preparation of the sciatic nerve (19) 

       The rump and the whole of the right leg are 

shaved. The skin from the protuberance of the 

ischial tuberosity on the buttock is cut with sharp 

scissors almost to the back of the ankle, so as to 

obtain access to the popliteal space. This opened 

with the fingers to expose the sciatic nerve. Which 

is seen as a large trunk dividing into the medial 

and lateral popliteal nerves and protected with 

cotton and soaked in liquid paraffin.    

Nerve recording 

        The vagal and sciatic nerve traffics were 

recorded after their stimulation with 

microelectrode connected to the stimulator cable 

(electronic stimulator). Set the stimulator 

frequency at 25/sec, the duration to 2 m sec and 

the strength to 3-5 volts. The vagal and sciatic 

signals were magnified with Washington coupler. 

The nerve responses were recorded on the 

physiograph. The rate was expressed as burst/min. 

 

Collection of blood samples:  

       After 12 hours over night fasting, morning 

blood samples were collected from retro-orbital 

venous plexus before scarification. The blood was 

collected into a dry clean graduated glass 

centrifuge tube and serum was separated by 

centrifugation at 5000 r.p.m for 10 minutes. The 

separated serum was aliquotted and stored frozen 

in Eppindorffs tube at -20c until use. 

      After scarifying animals, the pancreas, liver 

and kidney were taken for histopathology. 

Statistical analysis 

 Statistical analysis was done using the 

computer program (SPSS). The quantitative data 

were presented in the form of mean ± standard 

error (S.E). Statistical analysis of the difference 

between groups was performed by using One–way 

analysis of variance (ANOVA) followed by 

Tukey-Kramer test for differences between means. 

A value of P<0.05 were used as the limit for 

statistical significance.  

 

RESULTS 

Experiment I: 

         Table (1) summarizes the effect of berberine 

on biochemical parameters in adult male diabetic 

rats. Intrapertonial injection of STZ (50 mg/kg 

BW) to diabetic control rats caused a significant 

increase in fasting blood glucose, TC, TG and 

LDL, MDA, blood urea and serum creatinine 

levels and significant decrease in serum insulin, 

HDL and TAC levels in comparison with the 

control level. Berberine decreases the blood 

glucose, TC, TG and LDL, MDA, blood urea and 

serum creatinine levels and increases insulin, HDL 

and TAC levels in comparison to diabetic control. 

The effect appeared at 2 weeks and approached the 

control level on the 4 weeks. There were 

significant increased levels of glucose, TC, TG, 

LDL, MDA, blood urea and serum creatinine and 

significant decreased levels of insulin, HDL and 

TAC after administration of berberine for 6 weeks 

when compared with normal control. 
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Histopathological examination: 

The histopathological examination of HE-

stained sections of the pancreas of normal control 

rats showed normal appearance of the pancreas. The 

acinar cells are arranged in lobules with prominent 

nuclei. The islet cells are seen embedded within the 

acinar cells and surrounded by a fine capsule (Fig. 1 

A). The pancreas of diabetic control rats showed 

vascular and parenchymal changes. The vascular 

changes were in the form of hemorrhage, 

congestion, and edema (Fig. 1 B).  

 

Table (1): Effect of berberine on biochemical parameters in adult male diabetic rats 

  

Control  

 

Diabetic 

control 

BBR treated 

1
st
 week 2

nd
 week 4

th
 week 6

th 
week 

 

Glucose (mg/dl) 80.6 ± 2.1 

 

255.0 ± 3.5 
a***

 

 

253.0± 3.5 
a***

 

190.8±4.1 
a*** 

b**
 

85.7 ±1.9 
 

b**
 

107.0 ±1.4 
a** 

b**
 

Insulin (mg/dl) 3.7±0.7 1.3±0.2
 

a**
 

 

1.4±0.2
 

a**
 

 

2.4 ±0.3
 

a** 

b**
 

3.5 ±0.9 

 
b***

 

2.8 ±0.2 
a** 

b***
 

TC (mg/dl) 99.1±2.2 199±1.9 
a***

 

 

198.4 ±2.2 
a***

 

 

177.6 ±2.4 
a**

 
b*

 

105.6 ±2.2 

 
b**

 

120.5 ±0.3 
a* 

b**
 

TG (mg/dl) 71.5 ±1.6 167.6 ±3.0 
a***

 

 

165.5 ±1.4 
a***

 

 

146.7 ±3.9 
a*** 

b*
 

76.7 ±2.0 

 
b**

 

85.5 ±2.7 
a*

 
b**

 

HDL (mg/dl) 95.6 ±1.3 56.9 ±1.7 
a***

 

 

61.9 ±2.6 
a***

 

 

73.9 ±1.9 
a** 

b**
 

92.3±2.1 

 
b***

 

81.5 ±1.9 
a* 

b***
 

LDL (mg/dl) 99.8 ±1.4 172.6 ±6.7 
a***

 

 

166.1±1.7 
a***

 

 

149.1 ±7.3 
a*** 

b*
 

102.1 ±2.6 

 
b**

 

115.6 ±2.8 
a* 

b**
 

MDA  (mg/dl) 1.9±0.08 4.8±0.4 
a***

 

 

4.5 ±0.4 
a***

 

 

3.4±0.3 
a***

 
b**

 

2.0 ±0.1 
 

b**
 

2.8 ±0.3 
a**

 
b**

 

TAC (mmol/L) 334.3±7.4 237±8.1 
a**

 

 

243.1 ±6.2 
a**

 

 

267.1 ±4.8 
a** 

b*
 

330.6±6.3 

 
b**

 

303.8 ±4.8 
a* 

b**
 

Urea  (mg/dl) 41.1±1.6 205.6 ±4.1 
a***

 

 

201.0±2.8 
a***

 

 

148.9±2.8 
a***

 
b*

 

43.5±0.9 

 
b**

 

55.0±2.5 
a*

 
b**

 

Creatinine (mg/dl) 0.8 ±0.04 2.1 ±0.1 
a***

 

 

1.9 ±0.3 
a***

 

 

1.3 ±0.03 
a**

 
b**

 

0.87 ±0.05 
 

b**
 

1.1±0.06 
a**

 
b**

 

Data are the mean ± SD for eight animals in each group. a = p-value (* = <0.05; ** = <0.01; and *** = <0.001): all 

groups vs. control; b = p-value (* = <0.05; ** = <0.01; and *** = <0.001): all groups vs. diabetic control. Unlabelled 

comparisons are non-significant. BBR: Berberine (300 mg/kg, orally). TC: total cholesterol, TG: triglycerides, HDL: 

high-density lipoprotein-cholesterol, LDL: low-density lipoprotein cholesterol, MDA: malonaldhyde and TAC: total 

antioxidant capacity. 
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Fig 1: Representative micrograph of rat’s pancreas. A) Normal control rats showed normal appearance of pancreas. B) 

Diabetic control rats showed hemorrhage (H), congestion of the blood vessel (arrow) and edema of the interstitium 

(asterisk), C) Fibrosis in the interstitium and mononuclear infiltration (arrows) and D) Degeneration of islet cells 

(asterisk). E) and F) Berberine treated rats for 1 and 2 weeks showed pancreas with degeneration of the islet (asterisk) 

and mononulear infiltration (arrows). G) Berberine treated rats for 4 weeks showed normal appearance. H) Berberine 

treated rats for 6 weeks showed pancreas with degeneration of the islet, HE stain. Bar= 50μm. 

 

Fibrosis in the interstitium and infiltration of 

mononuclear cells such as lymphocytes were seen 

(Fig. 1 C). The parenchymal changes were observed 

in the islet of Langerhan's in the form of degeneration 

(Fig. 1 D). The pancreas of berberine treated rats for 

one and two weeks revealed degeneration of the islet 

of Langerhan's and heavy infiltration of lymphocytes 

around the blood vessels (Fig. 1 E and F). Pancreas of 

berberine treated rats for 4 weeks revealed normal 

appearance (Fig. 1 G). The pancreas of berberine 

treated rats for six weeks revealed degeneration of the 

islet of Langerhan's (Fig. 1 H).  

Examination of the Liver of a control rats 

showed that it is composed of hexagonadal or 

pentagonadal lobules with central veins and 

peripheral hepatic triads or tetrads embedded in 

connective tissue. Hepatocytes are arranged in 

trabecules running radiantly from the central vein and 
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are separated by sinusoids containing Kupffer cells. 

They are regular and contain a large spheroidal 

nucleus with a distinctly marked nucleolus and 

peripheral chromatin distribution. Some cells have 

two nuclei (Fig.2 A). The liver of diabetic control rats 

revealed glycogen depletion in the hepatocytes, 

pyknosis of the nucleus and focal hemorrhages in 

some areas (Fig.2 B).  

The liver of rats examined after one and two 

weeks of berberine treatment showed focal necrosis of 

the hepatocytes associated with mononuclear 

infiltration. In addition, the portal area showed 

congestion of the portal blood vessels with heavy 

infiltration of mononuclear cells (Fig. 2 C and D). 

Liver of berberine treated rats for 4 weeks revealed 

normal appearance (Fig. E). The liver of berberine 

treated rats for six weeks showed focal necrosis of the 

hepatocytes associated with mononuclear infiltration. 

In addition, the hepatocytes showed depletion of the 

glycogen (Fig. 2 F).  

Fig 2: Representative micrograph of rat’s liver. A) Normal control rats showed normal appearance of liver. B) Diabetic 

control rats showed glycogen depletion from the Hepatocytes (arrows) and focal hemorrhagic area (asterisk). C) and D) 

Berberine treated rats for 1 and 2 weeks showed Liver with focal area of necrosis (arrow) and infiltration of mononuclear 

cells in the portal area (asterisk). E) Berberine treated rats for 4 weeks showed normal appearance. F) Berberine treated 

rats for 6 weeks showed glycogen depletion and focal area of mononuclear cells HE stain. Bar= 50μm. 

 

 

    The kidney of the control rats showed normal 

renal tissue. The glomeruli were lined with flattened 

endothelial cells and Bowman's space was clear. The 

vasculature was normal and the renal tubules were 

lined with cuboidal epithelium (Fig. 3 A). The 

kidney of diabetic rats revealed vascular and 

parenchymal changes. The vascular changes were in 

the form glomerular swelling due to congestion and 

congestion of the blood vessels (Fig. 3 B). 
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Proliferation of the mesangial cells was also seen 

(Fig. 3 C). Renal tubules showed vacuolar 

degeneration was seen (Fig. 3 D).  Heavy 

infiltrations with lymphocytes were noticed in the 

interstitium (Fig. 3 E). The kidney of berberine 

treated rats for one and two weeks revealed 

glomerular swelling due to proliferation of the 

mesangial cells and vacuolar degeneration of the 

renal tubules was seen (Figs. 3 F and G). The kidney 

of berberine treated rats for 4 weeks revealed normal 

appearance (Fig. 3 H). The kidney of berberine 

treated rats for six weeks revealed glomerular 

swelling due to both congestion of the glomerulous 

and proliferation of the mesangial cells. The 

interstitial tissue were infiltrated with mononuclear 

cells especially lymphocytes (Fig. 3 I and J). 

 

 
Fig 3: Representative micrograph of rat’s kidney. A) Normal control rats showed normal appearance of kidney. B) 

Diabetic control rats showed glomerular swelling (arrows), C) Proliferation of mesangial cells (arrows), D) Vacuolar 

degeneration of the renal tubular epithelium (arrows) and E) Mononuclear infiltration (arrows). F) and G) Berberine 

treated rats for 1 and 2 weeks showed vacuolar degeneration (arrow) and proliferation of the mesangial cell (asterisk). H) 

Berberine treated rats for 4 weeks showed normal appearance of the kidney. I) and J) Berberine treated rats for 6 weeks 

showed kidney with glomerular swelling and mononuclear infiltration in the interstitium. HE stain. Bar= 50μm.

 

Experiment II: 

  Application of 10% glucose to the tongue  

 

of rats of group (7) showed significant increase in 

the mean levels of the rate of vagal nerve activity 

compared with control level (23.0 ± 0.5 vs 8.6 ± 
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0.4 bursts/min, P<0.001).  

Oral BBR administration (300 mg/kg) 

after 10% glucose to the tongue decreased  

 

significantly the mean level of the rate of vagal 

nerve activity when compared with that of the 

control (3.9 ± 0.5 vs 8.6 ± 0.4 bursts/min, P<0.01) 

and when compared with that of the 10% glucose 

(3.9 ± 0.5 vs 23.0 ± 0.5 bursts/min, P<0.01) (Fig 4 

A, B). 

Experiment III: 

Berberine treatment (300 mg/kg/orally) in 

group (8) showed a significant increase in the 

mean level of the rate of vagal nerve activity when 

compared with that of the control level (17.4 ± 0.3 

vs 9.1 ± 0.3 bursts/min, P<0.01). In pretreated rats 

with atropine, BBR caused a significant decrease 

in the mean level of the rate of vagal nerve activity 

compared to the control level (4.1± 0.3 vs 9.1 ± 0. 

3 bursts/min, P<0.01) and BBR alone (4.1± 0.3 vs 

17.4 ± 0.3 bursts/min, P<0.01) (Fig 4 C, D). 

  

Fig 4: Graphic representation and recording of the of vagal activity of oral berberine (300 mg/kg) in adult male rats after 

pretreatment with 10% glucose to the tongue (A, B), pretreatment with cholinergic receptor blocker (atropine) (C, D). 

Graphic representation and recording of sympathetic nerve activity of oral berberine in adult male rats after pretreatment 

with α adrenergic receptor blocker (prazocin) (E, F) and β adrenergic receptor blocker (propranolol) (G, H). a = p-value 

(** = <0.01; and *** = <0.001): versus control; b = p-value (*** = <0.001): versus 10 % glucose; c= p-value (** = 

<0.01) versus berberine 
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Berberine treatment (300 mg/kg/orally) in 

group (9) showed a significant increase in the 

mean level of the rate of sympathetic nerve 

activity when compared with the control level 

(17.5 ± 0.3 vs 9.3 ± 0.4 bursts/min, P<0.01). In 

pretreated rats with prazocin, BBR caused a 

significant decrease in the mean level of the rate of 

sympathetic nerve activity compared to the control 

level (5.1± 0.3 vs 9.0 ± 0.4 bursts/min, P<0.01) 

and BBR alone (5.1 ± 0.3 vs 17.1 ± 0.3 bursts/min, 

P<0.01) (Fig 4 E, F).  

Berberine treatment in (300 mg/kg/orally) 

in group (10) showed a significant increase in the 

mean level of the rate of sympathetic nerve 

activity when compared with that of the control 

level (17.1 ± 0.3 vs 9.0 ± 0.4 bursts/min, P<0.01). 

In pretreated rats with propranolol, BBR caused a 

significant decrease in the mean level of the rate of 

sympathetic nerve activity compared to the control 

level (4.8 ± 0.3 vs 9.0 ± 0.4 bursts/min, P<0.01) 

and BBR alone (4.8 ± 0.3 vs 17.1 ± 0.3 bursts/min, 

P<0.01) (Fig 4 G, H). 

 

DISCUSSION 

Glucose and insulin   

            In the present study, intrapertonial 

injection of STZ (50 mg/kg BW) to diabetic 

control rats caused a significant increase in 

fasting blood glucose level and significant 

decrease in serum insulin level in comparison 

with the control level. The histopathological 

examination of the pancreas of diabetic rats 

showed vascular and parenchymal changes. 

In accordance with the present results, Riad et 

al. (20) showed that streptozotocin-induced 

diabetic rats had low production of insulin 

and high levels of blood circulating glucose. 

Changes in blood glucose and insulin levels 

reflect abnormalities in β cells function or 

structure. Also, Fukudome et al. (21) reported 

that streptozotocin generates reactive oxygen 

species, which contribute to DNA 

fragmentation and evoke other deleterious 

changes in β cells.  

In the present study, the 

administration of BBR to diabetic rats 

decreases the blood glucose level and 

increases insulin level in comparison to 

diabetic control. The effect appeared at 2 

weeks and approached the control level on 

the 4 weeks. The histopathological 

examination of the pancreas of BBR treated 

rats for 4 weeks showed normal appearance. 

Our results are in the same line with other 

results obtained by other investigators as; Ko 

et al. (22) suggested that treatment with BBR 

prevented the insulin expression and β cells 

number to decrease, and improved them to 

near the control level. The findings suggest 

that BBR may regenerate β cells and has 

protective effect on β cells from glucose 

toxicity through insulin secretion from the 

remnant β cells and insulin sensitivity. Also, 

Zhou et al. (23) added that treatment with 

BBR took the increased blood glucose in 

diabetic rats back to the control. Berberine 

regulated insulin secretion partly through the 

cAMP signaling pathway. Moreover, Xia et 

al. (24) showed that BBR may reduce fasting 

blood glucose through an insulin-independent 

signaling pathway, such as adenosine 
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monophosphate activated protein kinase 

(AMPK) activation, insulin receptor 

expression and inhibit mitochondrial 

production of ATP. AMPK regulates several 

intracellular systems, including the cellular 

uptake of glucose, the beta-oxidation of fatty 

acids, and the biogenesis of GLUT4 (25). 

However, Chen et al. (26) suggested 

that BBR does not increase insulin release 

and synthesis. Also, Zhou et al. (27) showed 

that BBR partially inhibits insulin release 

from β-cells and directly counteracts 

glucolipotoxicity In addition to its effects on 

peripheral metabolism, BBR also exerts 

direct actions on β-cells. Moreover, Al-masri 

et al. (28) reported that berberine inhibited 

dipeptidyl peptidase-IV which degrades 

glucagons like peptide-1 (GLP-1). GLP-1 

plays a critical role in insulin secretion and 

signaling (29). 

Lipid Profile 

 Diabetes mellitus is one of the most 

common chronic diseases that are associated 

with dyslipidemia. Diabetic dyslipidemia 

refers to the combination of abnormalities of 

plasma lipids and lipoprotein concentrations 

namely elevated blood levels of TG, LDL and 

low levels of HDL (30). 

The current study showed significant 

increase in the level of TC, TG and LDL and 

significant decrease in the level of HDL in 

STZ-induced rats when compared with 

normal control and the histological 

examination of the diabetic rat’s liver 

revealed glycogen depletion in the 

hepatocytes, pyknosis of the nucleus and 

focal hemorrhages in some areas. This is in 

accordance with Zhou et al. (23) who showed 

that TC, TG and LDL levels of diabetic rats 

were significantly higher than those of the 

control ones, while HDL was remarkably 

lower than those of the control ones. Also, 

Wasan et al. (31) reported that diabetes 

increases TC, LDL, and TG as well as 

decreases HDL concentrations. The 

mechanism is possibly due to reduction in 

lipoprotein lipase activity secondary to 

reduced plasma insulin levels. The present 

study showed that administration of berberine 

to diabetic rats decreases serum TC, TG and 

LDL levels and increase HDL level in 

comparison to diabetic control. The effect 

appeared at 2 weeks and approached the 

control level on the 4 weeks. Our histological 

results confirm the blood results. In 

accordance, Zhou et al. (23) found that BBR 

restored the increased blood glucose, TC, TG, 

LDL and the decreased HDL levels in 

diabetic rats to near the control ones. 

Berberine alleviated the pathological 

progression of liver and reverted the 

increased hepatic glycogen and TG to near 

the control levels. Also, Li et al. (32) reported 

that BBR reduces LDL by up regulating LDL 

receptor mRNA expression post 

transcriptionally. Moreover, Cao et al. (33) 

suggested that the TG-lowering effects of 

BBR might be partially mediated by the up-

regulation of lipolysis gene expressions and 

down-regulation of lipogenesis gene 

expressions through activation of the AMPK 

signaling pathway. 
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Oxidative stress 

The present study demonstrated a 

significant high level of MDA and a significant 

low level of TAC in diabetic control rats as 

compared with normal control. This effect is in 

agreement of Ilhan et al. (34) who reported that 

MDA reflects the degree of lipid peroxidation that 

plays an important role in diabetic pancreas 

damage. Also, Fukudome et al. (21) found that 

increased blood glucose and lipid levels in diabetic 

rats can mediate pancreatic beta-cell toxicity by 

generating ROS. Salem et al. (35) suggested that 

increased oxidative stress in diabetes contributes to 

the development of diabetic complications. 

Oxygen derived free radicals and reactive oxygen 

species interact with the lipid bilayer of the cell 

membrane resulting in lipid peroxidation.  

The results of the present study showed 

that administration of BBR to diabetic rats 

decreases serum MDA level and increases TAC in 

comparison to diabetic control. The effect 

appeared at 2 weeks and approached the control 

level on the 4 weeks. 

          Our results are in the same line with other 

results obtained by other investigators as; Coskun 

et al. (36) found that BBR brought the increased 

MDA content in diabetic pancreas back to near the 

control one, which suggests that BBR had 

defensive nature of oxidative damage of cellular 

membranes and changes in the structure and 

function. Also, Zhu and Qian (37) reported that 

BBR decreases lipid peroxidation acting as a free 

radical scavenger, prevents accumulation of 

reactive oxygen species. Arulselvan and 

Subramanian (38) showed that relatively low 

content of antioxidant enzymes in pancreas may 

cause it more vulnerable to oxidative stress. 

However, BBR almost restored the pancreatic 

superoxide dismutase activity to near control level. 

Further, Abd El-Wahab et al. (39) found that BBR 

showed a significant reductive ability and radicals 

scavenging effects, especially on hydroxyl 

radicals.  

Kidney functions  

This study showed significant higher 

levels of blood urea and serum creatinine in 

diabetic control rats as compared with normal 

controls. The histopathological examination of the 

kidney of diabetic rats revealed vascular changes 

and vacuolar degeneration of renal tubules. In 

accordance with these results, Montero et al. (40) 

showed that oxidative stress in diabetic kidney is 

usually associated with tissue damage that 

interferes with proper organ function, causing an 

increase in urinary protein excretion and blood 

urea nitrogen. Heidland et al. (41) found that 

hyperglycemia enhances oxidative stress and 

directly affects mesangial cells to develop 

glomerulopathy. Also, Su et al. (42) revealed that 

increased oxidative stress play significant roles in 

the pathogenesis of diabetic nephropathy (DN).  

        The present study results showed BBR to 

diabetic rats decreases blood urea level and serum 

creatinin to the control level on the 4 weeks. Our 

histological results of the kidney confirm the blood 

results. This is in agreement with Wu et al. (43) 

who found that BBR ameliorates renal injury and 

proteinuria in rats with diabetes by inhibiting 

advanced glycation end products formation or 

accumulation and improving antioxidation. 

Moreover, Xi et al. (44) revealed that BBR 

treatment at the beginning of diabetes significantly 
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delay the pathogenesis of DN and the 

renoprotective effect of BBR on renal 

inflammation DN partly depends on the inhibition 

of RhoA/ ROCK (rho kinase) signaling in diabetic 

rat kidneys and glomerular mesangial cells. The 

underlying molecular mechanism is closely related 

to its anti-oxidative stress effect. 

In the present study we noticed significant 

increased levels of glucose, TC, TG, LDL, MDA, 

blood urea and serum creatinine and significant 

decreased levels of insulin, HDL and TAC after 

administration of berberine for 6 weeks when 

compared with normal control. The histological 

examination of the pancreas, liver and kidney 

confirm the blood results. These results may 

reflect a degree of toxicity of berberine or the 

receptors may become desensitized for long term 

usage. 

Sweet taste receptors 

In the current study BBR after 10 % 

glucose application on the tongue of rats of group 

(7) decreased significantly the mean level of the 

rate of vagal nerve activity when compared with 

control and 10 % glucose levels. The present data 

indicate that BBR may act through inhibition of 

sweet taste receptors. 

In agreement with this result, Niijima (45) 

suggested that sweet taste stimulation with 5 % 

glucose or 10 % sucrose increased efferent activity 

of pancreatic branch of the vagus nerve. Jeong et 

al. (46) found that addition of bitter compounds to 

sucrose suppressed feeding behavior and 

attenuated nerve firings in sugar-activated 

gustatory receptor neurons. Moreover, Kessler et 

al. (47) showed that berberine had the ability to 

inhibit the sucrose receptor cells.  

Neural control of blood glucose 

Berberine interactions with 

parasympathetic and sympathetic nervous system 

have been studied in this work in attempt to detect 

its mechanism of action. 

The present study showed that BBR 

increased significantly the mean level of the rate of 

vagal nerve activity in group (8) when compared 

with control level. While, pre-treated rats with 

atropine (cholinergic receptor blocker) decreased 

significantly the mean level of the rate of vagal 

nerve activity when compared with BBR level. 

These results indicate that BBR may exert its 

action by activation of vagus nerve. In accordance, 

Campfield et al. (48) demonstrated that a vagally 

mediated increase in plasma insulin concentrations 

resulted in a transient decrease in blood glucose 

that then induced spontaneous feeding in rats. 

Also, a study done by Pocai et al. (49) showed 

decreased hepatic glucose production involving 

parasympathetic circuits (vagal efferents). 

Salehi and Filtz (50) hypothesized that 

some of berberine's effects are mediated through 

activation of M2 muscarinic cholinergic receptors. 

Moreover, Ji and Shen (51) added that BBR 

possesses inhibitory activity against acetyl choline 

estrase enzyme (AChE). Further, Abd El-Wahab et 

al. (39) reasoned that BBR binds AChE active site 

as it is acts as competitive inhibitor. 

Berberine administration into animals of 

groups (9 and 10) increased significantly the mean 

level of the rate of sciatic sympathetic activity 

when compared with control level. While, pre-
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treated rats with prazocine (α-adrenergic receptor 

blocker) and propranolol (β-adrenergic receptor 

blocker) decreased significantly the mean level of 

the rate of sciatic sympathetic nerve activity when 

compared with berberine level. These results 

suggest that berberine actions are mediated by 

activation of α and β adrenoceptors.  

In accordance, Olmez and Ilhan (52) 

demonstrated that BBR appears to have relatively 

more affinity for post-synaptic alpha-1-adrenergic 

receptors than presynaptic alpha-2-adrenergic 

receptors. Zhao et al. [53] suggested that BBR has 

been found to interact with a binding site on the 

Beta-2-adrenergic receptor. Ji and Shen [51] added 

that berberine possesses inhibitory activity against 

MAO-A and MAO-B. Furthermore, Kulkarni and 

Dhir [54] found that acute administration of BBR 

at 5 mg/kg injections can raise neural 

norepinephrine by 31% in mice.  

Conclusions  

Berberine may have antidiabetic effect by 

which is evidenced by decreased glucose level, 

improvement of oxidative stress, dyslipidemia and 

kidney functions. Berberine may exert its action on 

glucose level through inhibition of sweet taste 

receptors. Also, It can act by activation of the 

cholinergic receptor, α and β adrenoceptors. So, it 

may serve as a drug for the treatment of diabetes 

mellitus. However, BBR in long term use may 

cause a degree of toxicity or decreased sensitivity 

of the receptors. Thus, further studies are needed 

to examine different doses and time periods to 

clarify its mechanism of action and safety in 

longer periods. 
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 العربىالملخص 

الاكسذح ٔكزنك ٔظبئف انكهٗ فٙ ركٕس انفئشاٌ ظغػ   ،انذٌْٕ ثبنذوالاَسٕنٍٛ، صٕسح  يسزٕٖ انسكش فٙ انذو، عهٗثشثٛشٍٚ  رقٛٛى رأثٛش :الهذف

  .آنّٛ عًهّ ٔكشفسكش٘ انًصبثخ ثًشض ال حانجبنغ

انًجًٕعخ  شًهذ الأنٗ انزجشثخ .ثلاس رجبسة أجشٚذ عهٛٓى .إنٗ عشش يجًٕعبد رى رقسًٛٓى ثًبٌَٕ فبسركش ثبنغ ٔ  اسزخذو: المىاد والطرق

ٔ  1نًذح عٍ غشٚق انفى ٕٚو/ كغ  / يهغ 300  ثبنجٛشثٛشٍٚحنجاعونسكش٘ ٔاثخ ةانًصب فئشاٌال ٔيجًٕعبد انعبثطخ ٔ يجًٕعخ انسكش٘ انعبثطخ

 ، يعبداد الأكسذح انكهٛخ ٔانٕٛسٚب فٙ انذو ٔ يبنَٕبنذْبٚذ قٛبس انجهٕكٕص فٙ انذو ، ٔيسزٕٖ الأَسٕنٍٛ ، صٕسح انذٌْٕ ، رى .أسبثٛع 6ٔ  4 ٔ 2

 انًعبنجخ ثعذثشثٛشٍٚ  رأثٛش انثبَٛخ سجم فٛٓب انزجشثخ. رى اخز عُٛبد يٍ انجُكشٚبس ، انكجذ ٔانكهٗ نهفحص انُسٛجٙ. انكشٚبرٍُٛٛ فٙ انًصم

فٛٓب َشبغ انعصت انحبئش ٔانعصت انسًٛجبثبٔ٘ نهجشثٛشٍٚ ثعذ   انثبنثخ سجم انزجشثخ ..انحبئش َشبغ انعصت عهٗ انهسبٌ ٪ عه10ٗثبنجهٕكٕص 

 . ثشٔثشإَنٕل اعطبء  الأرشٔثٍٛ ٔ  ثشاصٔسٍٛ ٔ 

كٕنٛسزشٔل انذٌْٕ ،   ، انذٌْٕ انثلاثٛخ انكهٙيسزٕٖ انجهٕكٕص ، انكٕنٛسزٛشٔلفٙ رٔ دلانخ احصبئٛخ انٗ َقص أدٖ اسزخذاو انجشثٛشٍٚ : النتائج

كٕنٛسزشٔل انذٌْٕ عبنٛخ  ،الاَسٕنٍٛ فٗ  راد دلانخ احصبئٛخكًب ادٖ انٗ صٚبدح  ، يبنَٕبنذْبٚذ، انٕٛسٚب ٔ انكشٚبرٍُٛٛ فٙ انذو يُخفعخ انكثبفخ

 ثذا ٔقذ يع يجًٕعخ انسكش٘ انعبثطخ يقبسَخ فٙ انفئشاٌ انًعبنجخ ثبنجٛشثٛشٍٚ نًذِ أسجٕعٍٛ ٔأسثعخ أسبثٛع يعبداد الأكسذح انكهٛخ  ٔانكثبفخ

 .انُسٛجٙانفحص  أكذكًب . ٔايزذ رنك نٛصم لأعهٗ يعذلارّ ٔانزٙ اقزشثذ يٍ انطجٛعٙ فٙ الأسجٕع انشاثعْزا انزأثٛش ٔاظحب فٙ الأسجٕع انثبَٙ 

 ٪ جهٕكٕص10  يع انًجًٕعخ انعبثطخ ٔ ثبنًقبسَخ انحبئش َشبغ انعصت يعذل ثشكم يهحٕظ عهٗ انهسبٌ ٪10 انجهٕكٕص خفط انجشثٛشٍٚ ثعذ

انفئشاٌ  ثشكم يهحٕظ فٙ ْزا انًعذل اَخفط ٔانعصت انسًٛجبثبٔ٘ ٔنكٍ َشبغ انعصت انحبئش يعذل صاد انجشثٛشٍٚ صٚبدح كجٛشح فٙ  .ٔحذِ

.  انجشثٛشٍٚ ٔحذِٔثشٔثشإَنٕل ثبنًقبسَخ يع الأرشٔثٍٛ ٔ ثشاصٔسٍٛ  يع انًسجقخ انًعبنجخ

قذ ٚعًم ثشثٛشٍٚ عهٗ يسزٕٖ انجهٕكٕص عٍ غشٚق رثجٛػ يسزقجلاد انطعى . ثشثٛشٍٚ رأثٛش يعبد نًشض انسكشٖل قذ ٚكٌٕ :الاستخلاص ا

 .(انفب ٔثٛزب)سًجثبٖٔ ٔانسًجثبٖٔ نجبساانعصت اكًب ًٚكٍ أٌ ٚعًم عٍ غشٚق رُشٛػ يسزقجلاد  .انحهٕ

 


