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Abstract 
Diabetes mellitus (DM) is one of the most commonly diagnosed condition all over the world. Fish is a 
typical delicacy and one of the most nutritious foods available. Fresh fish bile, according to various 
indigenous healthcare professionals in Bangladesh, has anti-diabetic effects and its importance in the 
treatment or management of diabetes and cardiovascular illnesses has also been documented in few 
recent studies. The goal of this work was to test the hypoglycemic potential of Labeo rohita bile content 
in order to objectively validate this folklore claim. In this study, in-vivo investigation of the 
hypoglycemic and hypolipidemic activities of L. rohita bile was performed against a streptozotocin-
induced diabetic rat model. Rats were given bile extract at doses of 0.08 ml/kg body weight and 0.16 
ml/kg body weight for one week. Here, metformin HCl (100 mg/kg body weight) was used as reference 
standard. Both the doses of bile extract exhibited significant hypoglycemic effect (p<0.05) compared to 
control as well as untreated diabetic control rats. Total cholesterol (TC), triglyceride (TG), low density 
lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels were also 
investigated from blood samples followed by 7 days of therapy. The results revealed that both doses of 
L. rohita bile bear a significant hypolipidemic effect. This study could be beneficial in diabetic and 
hyperlipidemia conditions.  
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Introduction 
 Diabetes mellitus is a metabolic condition 
defined by an increase in blood glucose levels due to 
a lack of insulin release or impaired insulin activity, 
or sometimes both (Mitra, 2008). Diabetes mellitus is 
a primary health issue worldwide affecting 382 
million people, while responsible for 5.3 million 
deaths per year (Han Cho, 2014; Danaei et al., 2011). 
This numbers are predicted to rise approximately 592 
million over the world within 2035 (Mendis et al., 
2011; Guariguata et al., 2014). Diabetes is the 7th 
distinguishable risk factor among burden of disease 
in south Asian nations (Lim et al., 2012). 

 
 In Bangladesh, current meta-analysis observed 
that the prevalence in male and female adults had 
risen to 149.8 million people in 2011. The number of 
impacted people had gradually increased from 1995 
to 2010 (Saquib et al., 2012). Based on the 
International Diabetes Federation (IDF), the 
prevalence will be increasing to around 13% by 2030 
(International Diabetes Federation 6th edition, 2012).   
 Lipid dysfunction is defined to have a high or 
low blood lipid level, which is considered as a 
significant risk element for atherosclerosis 
progression. Hypertension and dyslipidemia are key 
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risk factors for cardiovascular disease, with the 
Bangladeshi population suffering from the highest 
rates of morbidity and mortality (Choudhury et al., 
2014).  
 Most of our rural people are poor; they can’t 
afford costly synthetic drugs and depend on cheap 
and effective natural sources for the treatment of 
diabetes. Traditional remedy is an alternate way for 
treating diabetes because of its perceptions, 
tolerability, and it has less adverse effects in clinical 
trials and is reasonably inexpensive. 
 Insulin and several oral hypoglycemic 
medications are now accessible treatments for 
diabetes, but they have been linked to major side 
effects such as liver problems, lactic acidosis, and 
other complications. Besides, various types of 
alternative medicines also possess anti-diabetic 
properties and are used to treat diabetes and most of 
the people are very much interested in those types of 
medicines for their treatment rather than synthetic 
medicine.  
 Liver of most vertebrates produces bile or gall, 
which assists in the breakdown of lipids when 
secreted in the small intestine. Bile is a crucial aspect 
for absorbing fat-soluble components, such as 
vitamin A, D, E and K. Bile salts also work as 
bactericides, killing a wide range of microorganisms 
that may be found in foodstuffs. Bile alcohol, bile 
acids, sterols, phenolics, and traces of steroidal 
hormones make up L. rohita bile (Hofmann et al., 
2010). 
 A few traditional medical practitioners in India's 
tribal groups (locally known as auchai or kabiraj) 
stated that other elements of the fish, such as bile 
from fresh water fish, had therapeutic effects in 
diabetes. They prepare it by cooking with chilies and 
onions (Deb et al., 2012). There are few reported data 
on fish bile that it is capable of managing 
hyperglycemia, hyperlipidemia and associated 
complications in diabetes (Ahmad et al., 2017). 
 As our country is called land of rivers and 
different varieties of fishes are very much available 
in Bangladesh. Keeping this in view, the present 
research was conducted to assess the hypoglycemic 

and hypolipidemic actions of the bile of the 
Bangladeshi L. rohita fish. 
 
Materials and Methods 
 Collection of L. rohita and preparation of bile 
solution: Bile was collected from the gall bladder of 
L. rohita. Bile extract was liquid and water soluble. 
The dosage was made in a water-based solution. The 
required amount of bile extract was calculated in 
order to deliver the bile extract with the doses amount 
of 0.08 ml/kg b.w. and 0.16 ml/kg b.w. of rats. The 
diabetic and non-diabetic control groups of animals 
were given drinking water. For 7 days, all rats were 
kept in the above-mentioned experimental conditions. 
 Chemicals and reagents: Metformin HCl and 
streptozotocin (STZ) were purchased from Chadwell 
Health Essex, England. Wet reagent diagnostic kits 
were used to analyze plasma triglycerides, total 
cholesterol, low density lipoprotein cholesterol and 
high-density lipoprotein cholesterol concentrations 
(Linear Chemicals, Spain). Both the blood glucose 
test strip and glucose monitoring system were 
collected from Tyson Bioresearch, Based Industrial 
Park, Chu-Nan, Taiwan. The fish (L. rohita) 
weighing between 1-2 Kg were obtained from a local 
fish market at Karwan Bazar, Dhaka-1215, 
Bangladesh. 
 Animals: Adult Long Evan Rats (body weight 
range 120-140 g), 8-9 weeks of age were purchased 
from ICDDR, B. Animals were housed in cages, 
which were available with enough food and water 
under regular surroundings (humidity 40-60%, 22-
25°C, 12 h dark: 12 h light rotation). Animals were 
accommodated in standard cages with continuous 
food supply in a well-ventilated room. These 
activities were performed in compliance with the 
animal experimental guidelines of our organization. 
 Induction of diabetes: To develop diabetes, a 
single dose of 70 mg/kg STZ was administered by 
intraperitoneal injection immediately after 
preparation in distilled water. Before that, the animals 
were fasted for overnight. The animals in the control 
group were given 0.9 percent sterile saline. Blood 
glucose level in the vein of rat tail was checked with 
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a glucose monitoring equipment three days after 
injection, hyperglycemia was confirmed (Match 2, 
originated from China). The rats chosen for the study 
had a blood glucose level of greater than 7 mmol/l. 
 Experimental design: To find out the 
hypoglycemic activity, rats were allocated into five 
groups randomly as I-V, each group consists of four 
rats, all of which received a one-week medication 
except the normal control group, for determining 
the blood glucose and lipid profile. Group I was 
termed as control group (Non diabetic); group II was 
named as untreated diabetic control group; group III 
was treated with metformin HCl at a dose of 100 
mg/kg b.w.; group IV with 0.08 ml/kg b.w. bile 
extract and group V was treated with 0.16 ml/kg b.w. 
bile extract. 
 Diabetes was generated via intraperitoneal 
injection of streptozotocin to groups II to V. Regular 
food and water were provided to group I.  Group 
II was given streptozotocin (70 mg/kg) using normal 
saline water subcutaneously and this group was 
utilized as diabetic control. Group III was given 
metformin HCl throughout 7 days, and group IV-V 
were given the test medication of bile over 7 days 
orally. Then blood glucose level was measured after 
3 days, 5 days and 7 days of the treatment period 
with the standard and test drugs. The percentage 
inhibition of blood glucose level was calculated from 
the formula: 

( % Inhibition) =
BO − BT

BO
× 100%) 

 Where, BO: Blood glucose level of diabetic rats 
without treatment, BT: Blood glucose level of treated 
diabetic rats  
 Biochemical parameters: Following one week of 
therapy, blood samples were collected from each rat 
for further investigation of the lipid profile. Blood 
was typically withdrawn very slowly from the heart 
possibly from the ventricle. The plasma portion was 
frozen at -4oC until biochemical analysis, and the 
blood sample was centrifuged for 20 min at 4000 
rpm. TC, TG, LDL-C, and HDL-C concentrations 
were determined colorimetrically using commercially 

available wet reagent diagnostic kits on a blood 
analyzer (HUMAN GmbH, Germany). 
 Statistical analysis: Each of the characteristics 
was statistically examined utilizing SPSS software. 
One-way ANOVA was performed for determining 
the statistical significance between the groups. The 
results were reported as mean ± SEM for four 
animals, with p values less than 0.05 suggesting 
statistical significance. 
 
Result and Discussion 
 Effect of bile on blood glucose level: Following 
sequential seven days treatment with bile at two 
different doses, the effect of bile on blood glucose 
levels in Long Evan rats is shown in Figure 1. When 
contrasted the blood glucose level of the control with 
STZ stimulated rats, there is a considerable increase 
in blood glucose concentration of all those groups of 
rats that were given 70 mg/kg STZ. For non-diabetic 
rats, the blood glucose concentrations remained 
constant throughout the study, while for untreated 
diabetic group the blood glucose level increased 
significantly. But oral administration of bile extracts 
(0.08 ml/kg & 0.16 ml/kg) and metformin HCl (100 
mg/kg) to diabetic rats reduced blood glucose 
concentrations significantly. At the 7th day of 
treatment, metformin HCl and bile extracts of 0.08 
ml/kg and 0.16 ml/kg reduced blood glucose levels 
by 65.43%, 58.88% and 63.50% (Table 1). All these 
values were statistically significant. 
 

Effect of bile on lipid profile 
 The effect of the bile on TC, TG, LDL-C and 
HDL-C in diabetic rats is presented in Figure 2. After 
7 days treatment with two different doses of bile as 
well as standard, the blood samples were tested for 
the lipid profile. For the treatment groups HDL-C 
level in blood was increased while TG and LDL-C 
level in blood were decreased compared to both the 
control and untreated diabetic groups. The 
administration of bile extracts (0.08 ml/kg & 0.16 
ml/kg) and metformin HCl (100 mg/kg) significantly 
decreased (p<0.05) the TG and LDL-C, while 
increased HDL-C level in the blood.  
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 The percent inhibition for serum TG level was 
found to be decreased by 36.80% when treated with 
100 mg/kg of metformin HCl and 31.60 % and 34.36 
% for the administration of 0.08 ml/kg and 0.16 
ml/kg of bile extract, respectively as compared to 
untreated diabetic rats. The percent inhibition of 
serum TC levels for 100 mg/kg of metformin HCl, 

0.08 ml/kg and 0.16 ml/kg bile extracts were found as 
15.92%, 17.71% and 20.90%, respectively related to 
untreated diabetic rats. The percent inhibition of 
serum LDL-C for 0.08 ml/kg and 0.16 ml/kg bile 
extracts were observed as 61.07 % and 84.73%, while 
for metformin HCl, it was 58.06% compared to 
untreated diabetic group rats.  

 

 
Figure 1. Effect on BDG (blood glucose) level in diabetic rats after bile administration; Data are represented as mean ± 

SEM; Animal number per group is 4 (n=4); the significance of the result was expressed as *p<0.05, where * indicates 
comparison with control. 

 

 
Figure 2. Effect on lipid profile in diabetic rats after bile administration; Data are represented as mean ± SEM; Animal 

number per group is 4 (n=4); the significance of the result was expressed as *p<0.05, where * indicates comparison 
with control.  
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 Besides, treatment with metformin HCl 
increased 58.31% serum HDL-whereas bile extracts 
at both the doses of 0.08 ml/kg and 0.16 ml/kg 
increased 36.97% and 40.67%, respectively                 
(Table 1). 
 Hyperglycemia causes a rise in free radical 
production due to glucose auto-oxidation, which 

deteriorates the antioxidant defense system's capacity 
and encourages the formation of new free radicals, 
which can cause liver cell impairment. In STZ-
treated rats, there was a significant increase in LPO, 
resulting in cellular damage and breakdown of the 
endogenous antioxidant protection systems for 
avoiding excessive free radical generation. 

 
Table 1. Percent inhibition of blood glucose level and lipid profile in diabetic rats (STZ induced) after treatment with 

100 mg/kg metformin HCl, 0.08 ml/kg and 0.16 ml/kg bile extract from L. rohita.  
 

Treatment group Doses 
% Inhibition 

TG TC LDL-C HDL-C BDG 
Metformin HCl  100 mg/kg 36.80 15.92 58.06 58.32 65.43 
Bile_1 0.08 ml/kg 31.60 17.71 61.07 36.97 58.88 
Bile_2 0.16 ml/kg 34.36 20.90 84.73 40.67 63.50 

Here, TG = triglyceride, TC = total cholesterol, LDL-C = low density lipoprotein cholesterol, HDL-C = high density 
lipoprotein cholesterol, BDG = blood glucose level. 
 
 In diabetic rats, triglyceride (TG), cholesterol, 
and HDL levels all increased, whereas HDL levels 
decreased. This could have happened in diabetic rats 
due to a shortage of insulin, which triggers lipase 
enzymes, hydrolyzing stored TG and releasing huge 
quantities of fatty acids and glycerol into the 
bloodstream. As a result, an increase of fatty acids in 
the plasma may enhance hepatic transformation of 
fatty acids to phospholipids and cholesterol, the 
primary end product of lipid metabolism. Diabetic 
rats' blood contains higher levels of TG and 
cholesterol, which could develop into cardiovascular 
disease. Bile acids help to break down and absorb 
monoacylglycerols, fatty acids, other fatty products 
and vitamins (fat-soluble) by acting as potent 
detergents or emulsifying agents in the intestines. 
They promote lipolysis by making it easier for 
pancreatic lipase to adhere to its co-lipase. 
 Bile acids serve as signaling molecules as well as 
aiding to absorb dietary lipid substances and 
maintaining cholesterol homeostasis. These bind with 
a nucleus receptor (FXR) that controls the expression 
of several genes associated with triacylglycerol, 
sterol & carbohydrate metabolism, and they trigger a 
particular G-protein-coupled receptor. Such two 
receptors have varied selective sensitivities for 

distinct bile acids and their expression patterns relate 
to different signaling activities in different tissues. 
Bile acids govern their own production and 
enterohepatic circulation, as well as lipid and glucose 
metabolism, through a variety of signaling 
mechanisms. They control biosynthesis of 
triacylglycerol and very-low-density lipoproteins 
(VLDL) generation in liver, reduce triacylglycerol 
level in plasma. Optimization of the metabolism of 
bile acid may be a beneficial strategy to manage 
metabolic disorders as well as type 2 diabetes 
reported by Prawitt et al. (2011). The possible 
mechanism by which bile brings about its 
antihyperglycemic activity may be by increasing the 
pancreatic secretion of insulin from the existing beta 
cells or facilitating its release from the bound insulin 
(Supriya et al., 2010). 
 In contrast to untreated diabetic rats, fish bile 
greatly reduced blood glucose levels and boosted 
HDL-C, while dropping LDL-C, TG, TC level 
following 7 days of therapy. Metformin HCl 100 
mg/kg b.w. (40.38 percent) and bile extract 0.08 
ml/kg b.w. and 0.16 ml/kg (57.35 percent and 68.48 
percent) both reduced blood glucose concentrations. 
Bile's anti-hyperglycemic function could be due to 
its potentiating the insulin impact of plasma by 
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enhancing either insulin release from prevailing β 
cells of pancreas or its discharge from bound insulin. 
As a result, it was found to be helpful in reducing 
diabetes symptoms and optimizing lipid metabolism. 
 

Conclusion 
 The bile extract of L. rohita was found to have a 
hypoglycemic effect on STZ-induced diabetic rats in 
this experiment. The lipid profile of this extract was 
also improved. This research will pave the road for a 
natural diabetic treatment that avoids the side effects 
of manmade medicines. As a result, the L. rohita bile 
could be studied further for its clinical utility in the 
treatment of diabetes and its effects. Characterizing 
the chemicals present in bile that are mainly 
accountable for their therapeutic benefits, as well as 
determining their mode of action, will require more 
research. 
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