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Abstract

Aim: Present study was undertaken to validate folklore claims regarding
antidiabetic activity of the bile of ‘Rohu’ (Labeo rohita) fish.

Method: Diabetes was induced by single injection of Streptozotocin (50 mg/
kg) in Wistar rats. Diabetic rats were screened and treated with bile (0.08 and
0.16 ml/kg, p.o) daily for 14 days. Fasting blood glucose level was estimated at
specific intervals. Serum lipid profiles, serum biochemical parameters related to
diabetic pathophysiology and hepatic redox makers were estimated.

Result: Oral administration of bile to diabetic rats caused significant and
dose dependant hypoglycaemic activity with a maximum reduction of blood
glucose level (~77 %, p < 0.001) on day 15 at the dose of 0.16ml/kg. Bile
treatment also could significantly (p < 0.001) control hyperlipidemia and restore
serum biochemical parameters near to normal values. Diabetic control rats
showed a significant (p < 0.001) rise in lipid peroxidation and depletion (p <
0.001) of antioxidant enzymes in hepatic tissue of diabetic rats as compared
with normal rats. Bile treatment, however, could significantly (p < 0.05-0.01)

revert these changes near to the normal status.

Conclusion: The Labeo rohita fish bile is capable of managing
hyperglycaemia, hyperlipidemia and associated complications in diabetes.
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Introduction

Diabetes Mellitus (DM) is a metabolic disorder characterized by
elevated blood glucose level due to reduced insulin secretion and/or
resistance to insulin action [1]. There are two main forms of diabetes
namely type 1 and type 2. Among them later is more prevalent and
account for about 90% to 95% of all diagnosed cases of diabetes
[2]. According to the hottest postulation, the global population is
approaching to the diabetes endemic. Increasing evidence suggests
that, oxidative stress plays an important role in the onset and
progression of diabetic pathogenesis [3]. The persistent high glucose
level in blood leads to generation of reactive oxygen species and
consequent oxidative damages in critical organs [4,5]. Therefore, it
would be worthy to develop novel antidiabetic agent with substantial
antioxidant potential to combat against diabetes and associated
complications. Despite extensive research on diabetes and its related
complications over the last few decades the disease largely remains
unabated. Numerous synthetic oral hypoglycemics have been
introduced but the situation is only marginally improved. Moreover,
side effects of these synthetic molecules largely limit the scope of
anti-diabetic therapy. On the other hand, traditional remedies have
been serving mankind successfully over hundreds of years to control
diabetes and related complications without imparting any undesirable
side effects. Traditional medical healers of eastern India claimed that
bile content of fresh water fishes could be useful in the management of

diabetes. Therefore the present work was undertaken to scientifically
evaluate antidiabetic activity the bile content of Labeo rohita (Rohu
fish). L. rohita is one of the most popular fresh water fish in India.
The bile is known as Bakhwl by the ethnic community of eastern
India. It is often consumed by frying with chillies and onion [6].
Bile of L. Rohita consists of bile alcohol, bile acids, sterols, phenolics
and traces of steroidal hormones [7]. The present investigation was
undertaken to evaluate the effect of Rohu fish bile on hyperglycaemia,
hyperlipidemia and oxidative stress in experimental diabetic rats.

Materials and Methods

Drugs and chemicals

Streptozotocin (STZ) was obtained from Himedia Pvt. Ltd.
India and Glibenclamide (standard drug) from Sanofi India Ltd.
Trichloroacetic Acid (TCA) from Merck Ltd., Mumbai, India;
Thiobarbituric Acid (TBA), 5,5'- Dithiobis-2-Nitro Benzoic Acid
(DTNB), Phenazoniummethosulfate (PMS), Nicotinamide Adenine
Dinucleotide (NADH) and Reduced Glutathione (GSH) from Sisco
Research Laboratory, Mumbai, India; Potassium dichromate and
Glacial acetic acid from Ranbaxy, Mumbai, India; and all the other
biochemical reagents kits used were from Span Diagnostics Ltd. India.

Collection of samples

The fish, L. rohita (1-2 kg), were collected from the local water
body at Jadavpur, West Bengal, India. The bile was collected from the
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intact gall bladder of fish. The collected bile was then preserved at 0°C
for subsequent study.

Animals

Male wistar rats (2-3 months old) in the weight range of
180-200 g were used for this study. The rats were kept in standard
polypropylene cage (2 rats/cage). Animals were maintained under
standard laboratory conditions of temperature (25 + 2 °C), relative
humidity (50 + 15%), 12 h light-dark cycle, standard diet and water
ad libitum. The principles of Laboratory Animals care [8] and the
instructions given by our institutional animal ethical committee were
followed throughout the experiment. The animals were allowed to be
acclimatized for seven days prior to the experiment.

Acute toxicity study

Acute toxicity study (upstairs and downstairs method) was
performed as previously described [9,10]. Sub-toxicity study was
done with rat at the oral doses of 0.08 and 0.16 ml/kg b.w. for 14
days, and kept for another 14 days post-treatment according to the
OECD guidelines [11]. At the end of the 28 days experiment, the
animals were sacrificed by cervical dislocation under light ether
anesthesia. Before sacrificing the animals, blood samples were
collected from retro-orbital venous plexus in eppendrof tubes rinsed
with anticoagulant for hematological assays. The serum biochemical
analysis was performed by standard enzymatic assay methods.

Oral glucose tolerance test (OGTT)

OGTT was performed in 16 h fasted rats. Rats were divided into
three groups (n = 6). Group I serve as normal control and received
distilled water (5 ml/kg b.w., p.o.), and groups II and III received bile
at doses of 0.08 and 0.16 ml/kg b.w., p.o., respectively. After these
treatments, all groups received glucose (2 g/kg b.w., p.o.) orally. Blood
was withdrawn from the tail vein just prior to and 30, 60, 120 and 240
min after oral glucose administration [12]. Blood glucose levels in tail
blood were measured using a one touch glucometer (Contour TS,
Bayer Healthcare, USA).

Induction of diabetes and treatment schedule

Diabetes was induced by single dose (50mg/kg b.w., i.p.) of STZ
solution prepared in cold citrate buffer (0.1 M, pH 4.5). After 72
hours, Fasting Blood Glucose (FBG) level was measured. The animals
exhibiting FBG level > 250 mg/dl were screened for this study [13].
The rats were divided into five groups (n = 6) as follows:

Group I: Normal rats administered double distilled water (5.0 ml/
kg p.o.) daily for 14 days.

Group II: Diabetic rats administered distilled water (5.0 ml/kg
p-o.) daily for14 days.

Group III: Diabetic rats administered bile (0.08 ml/kg b.w. p.o.)
daily for14 days.

Group IV: Diabetic rats administered bile (0.16 ml/kg b.w. p.o.)
daily for14 days.

Group V: Diabetic rats administered standard drug glibenclamide
(0.5 mg/kg p.o.) daily for 14 days.

Biochemical analysis
FGB level was estimated on day 0, 1, 5, 10, 15 with the help of single

touch glucometer (Contour TS, Bayer Healthcare, USA). On day 15,
all the rats were anaesthetized and sacrificed by cervical dislocation.
Before sacrificing the animals, blood samples were collected
from retro-orbital venous plexus in eppendroff tubes rinsed with
anticoagulant for the estimation of serum biochemical parameters.
Livers were excised, washed and homogenized in 0.1 M Tris-HCl
buffer (pH 7.4). This tissue homogenate was used for the estimation of
antioxidant markers. From the collected blood, serum was separated
that was used for the estimation of serum biochemical parameters like
Total Cholesterol (TC), Triglyceride (TG), High Density Lipoprotein
(HDL), Serum Glutamic Oxaloacetic Transaminase (SGOT), Serum
Glutamic Pyruvic Transaminase (SGPT) and Serum Alkaline
Phosphatase (SALP). All tests were performed by using commercially
available Span Diagnostic kits.

Lipid Peroxidation (LPO) was assayed according to the method of
Ohkawa et al. [14]. Superoxide Dismutase (SOD) activity was assayed
according to the method of Murklund and Murklund [15]. SOD
activity was expressed as Units/mg protein/min. Catalase activity was
measured and expressed as moles of H,O, decomposed/min/mg of
tissue [16]. Non-enzymatic antioxidant, reduced Glutathione (GSH),
was determined by the method of Ellman [17].

Statistical analysis

All the data was statistically evaluated by one-way Analysis of
Variance (ANOVA) followed by post hoc Dunnett’s test with Graph
Pad Prism 5 software. All the results were expressed as Mean *
SEM for six animals in each group; p values of less than 0.05 were
considered to indicate statistical significance.

Results

Acute toxicity

LD50 of the bile was found to be 1.6 ml/kg b.w., p.o. In subacute
toxicity study, the rats received repeated oral doses of bile at 0.08 and
0.16g/kg b.w. for 14 days. No sign of toxicity was observed in their
physiological and behavioural pattern during the 14 days observation
period. No signs of toxicity and mortality were observed in the treated
group as compared to the control group. No significant alteration was
observed in body weight. Beside this, serum biochemical parameters
remained almost similar to that of control animals (data not shown).
Therefore, the results obtained suggest that bile is fairly nontoxic at
the selected doses.

Oral glucose tolerance test (OGTT)

The OGTT showed dose dependent anti-hyperglycaemic effect
of bile (0.08 and 0.16 ml/kg) in rats (p < 0.01, p < 0.001) at 60min,
while at 30 and 120 minute intervals the significant (p < 0.01) anti-
hyperglycaemic effect was only evident with higher dose of bile (0.16
ml/kg).

Effect of bile on hyperglycaemia

The bile at the doses of 0.08 and 0.16ml/kg b.w. significantly
lowered FBG level in diabetic rats and exhibited maximum reduction
0f 27% (p < 0.01) and 33% (p < 0.01) on day 15, with respect to initial
blood glucose concentration of respective groups. The results were
comparable with standard oral hypoglycaemic agent glibenclamide
(0.5 mg/kg b.w.) which exhibited maximum reduction of 45% (p <
0.01) on day 15 (Figure 1).
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Figure 1: Effect of fish bile on Fasting Blood Glucose (FBG) level in STZ
induced diabetic rats. All drugs were administered for 14 days post STZ
(50mg/kg, i.p) induced diabetes in rats. Data is represented as Mean + SEM
of 6 animals per group, *p < 0.05, #p < 0.01, **p < 0.001 (compared to normal
control). “p < 0.05, #p < 0.01, *p < 0.001 (compared to diabetic control)
Significant by one way ANOVA followed by Dunnett’s test.
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Serum biochemical parameters

After 14 days of treatment with bile (0.08 and 0.16 ml/kg b.w)
it was found that the Total Cholesterol (TC) and Triglyceride (TG)
levels were significantly (p < 0.001) restored towards normal with both
doses of bile. The said effects were almost similar to glibenclamide
(0.5mg/kg b.w). However bile (0.08 and 0.16ml/kg b.w) failed to
exhibit significant protection against depleted HDL levels in diabetic
rats (Table 1).

The increase in SGOT, SGPT and SALP levels in STZ induced
diabetic rats also substantiated the hepatic damage by STZ. Treatment
with bile (0.08 and 0.16 ml/kg b.w) significantly (p < 0.05, p < 0.01),
(p < 0.05, p < 0.01) and (p < 0.01, p < 0.001) restored all the above
mentioned hepatic biochemical parameters in a dose dependent
manner. The highest protective effect was observed with bile (0.16
ml/kg) on SALP levels, an effect comparable with glibenclamide, a
standard anti-diabetic drug was recorded. The hepatic damage was
reduced in bile treated diabetic rats as compared to the STZ control
rats (Figure 2).

Liver biochemical parameters and antioxidant status

Endogenous enzymatic antioxidant (CAT, SOD) and non-
enzymatic antioxidant (GSH) act as reducing agents and detoxify
highly reactive oxygen and nitrogen species. Induction of diabetes in

Table 1: Effect of fish bile on serum lipid profiles.

Grouns Triglyceride | Total cholesterol HDL
P (mg/dl) (mg/dl) (mg/dl)

Normal control 82.70 £ 1.52 49.25+1.69 69.95 + 2.56
Diabetic control 154.4+1.19""" 105.9+2.33""" | 31.93+3.44"""

STZ + Bile (0.08 ml/kg) | 106.7 £ 2.97### | 69.01 + 2.10%## 35.58 +1.89

STZ+ Bile (0.16 ml/kg) | 100.3 + 2.03### | 65.25 + 1.49### 39.14£2.72
Diabetic + Glibenclamide o o7, 5 51400 5619+ 2.19v%% | 57.75+2.11%%

(0.5 mg/kg)

Data is represented as Mean + SEM of 6 animals per group, *p < 0.05, #p <
0.01, *#p < 0.001. (Compared to normal control). *p < 0.05, #p < 0.01, #p <
0.001 (compared to diabetic control) Significant by one way ANOVA followed by
Dunnett’s test. All drugs were administered for 14 days post STZ (50 mg/kg, i.p)
induced diabetes in rats.
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Figure 2: Effect of fish bile on serum biochemical parameters; total protein
count (a), SGOT (b), SGPT (c) and SALP (d) in STZ induced diabetic rats.
All drugs were administered for 14 days post STZ (50mg/kg, i.p) induced
diabetes in rats. Data is represented as Mean + SEM of 6 animals per group,
“p < 0.05, #p < 0.01, #*p < 0.001 (compared to normal control). “p < 0.05,
#p < 0.01, ##p < 0.001 (compared to diabetic control) Significant by one way
ANOVA followed by Dunnett’s test.

rats culminated in significant (p < 0.001) rise in MDA levels. GSH,
SOD and Catalase exhibited a significant (p < 0.001) fall in levels
compared to levels in normal rats.

Treatment with bile (0.08 and 0.16 ml/kg b.w) significantly (p <
0.001) restored MDA levels. The effect obtained at both dose levels
was almost similar and comparable to glibenclamide. Significant
(p < 0.05, p < 0.01) and dose dependent increase in GSH levels was
obtained on treatment with bile (0.08 and 0.16 ml/kg b.w). However
lower dose of bile (0.08 ml/kg) exhibited insignificant elevation in
SOD and CAT levels, with significant (p < 0.05) elevation only at
higher dose of bile (0.16 ml/kg) (Table 2).

Discussion

It was observed that bile significantly decreased FBG level in
rats. The possible mechanism by which bile brings about its anti-
hyperglycaemic activity may be by increasing the pancreatic secretion
of insulin from the existing beta cells or facilitating its release from
the bound insulin [18].

Hyperglycaemia increase the generation of free radicals by glucose
auto-oxidation and depletes the activity of antioxidant defence system
hence de novo free radicals generation leads to liver cell damage [19].
A marked increase of LPO in STZ treated rats leading to tissue injury
and failure of the endogenous antioxidant defence mechanisms to
prevent over production of free radicals was observed.

There was an increase in the Triglyceride (TG), cholesterol and

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Pharmacol Ther 5(1): id1087 (2017) - Page - 03




Pottoo FH

Austin Publishing Group

Table 2: Effect of fish bile on liver biochemical parameters. Lipid peroxidation (mM of MDA/mg of tissue), GSH (ug/mg of tissue), SOD (U/mg of tissue) and Catalase

(mM of H,0, consumed/min/mg of tissue).

Groups MDA GSH SOD Catalase
Normal control 107.9+1.74 3.93£0.12 15.70£0.78 3.86 £0.12
Diabetic control 173.2+3.16""" 1.38+0.09""" 3.36£0.25"" 1.53+0.08"""
STZ + bile (0.08 mi/kg) 145.1+1.94### 2.03+0.12* 5.38 +0.87 1.75+0.13
STZ+ bile (0.16 ml/kg) 123.0 £ 2.91### 2.21+0.11## 7.89 £ 0.92* 2.02£0.11*
Diabetic + glibenclamide 111.1+1.64%## 273 %012 11.74 +0.97%%# 3.20%0.11%#*
(0.5 mg/kg)

(1 Normal Control (NS 5ml/kg b.w.)
Bile low dose
200 Bile high dose

150+

100+

7

FBG level (mg/dl)
(2

R T

3

HEEE

0-
120 min 240 min

60 min
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Figure 3: Effect of fish bile on oral glucose tolerance test (OGTT). Data is
represented as Mean + SEM of 6 animals per group, “p < 0.05, *p < 0.01,
##p < 0.001 (compared to normal control). #p < 0.05, #p < 0.01, #*p < 0.001
(compared to diabetic control). Significant by one way ANOVA followed by
Dunnett’s test.

decrease in the HDL levels in the diabetic rats. This might have
occurred in the diabetic rats as a result of lack of insulin which
activates the lipase enzymes. Lipase enzyme in turn hydrolyzes the
stored TG and releases large amounts of fatty acids and glycerol
in the circulating blood. Consequently, the excess of fatty acids in
the plasma may promote the hepatic conversion of fatty acids into
phospholipids and cholesterol, the main product of lipid metabolism
[20]. The increase level of TG and cholesterol in the blood of diabetic
rats leads to cardiovascular complications. The improvements in the
lipid profile of diabetic animals after treatment with bile could be
beneficial in preventing diabetic complications as well as improving
lipid metabolism [21]. Elevation of serum biomarker enzymes such
as SGOT, SGPT and SALP were observed in diabetic rats indicating
impaired liver function, which is obviously due to hepatocellular
necrosis. Diabetic complications such as increased gluconeogenesis
and ketogenesis may be due to elevated transaminase activities
[22]. Restoration of these biomarker enzymes towards normal level
indicates decreased diabetic complications in bile treated groups.

Enzymatic antioxidant mechanisms play an important role
in the elimination of free radicals. Catalase is a haem containing
enzyme catalyzing detoxification of H202 to water and oxygen

Data is represented as Mean + SEM of 6 animals per group, “p < 0.05, #p < 0.01, ##p < 0.001 (compared to normal control). “p < 0.05, #p < 0.01, *#p < 0.001 (compared
to diabetic control) Significant by one way ANOVA followed by Dunnett’s test. All drugs were administered for 14 days post STZ (50 mg/kg, i.p) induced diabetes in rats.

[23]. The inhibition of catalase activity as the result of STZ-induced
hyperglycaemia was reported earlier [24] and similar findings were
observed in the present study. LPO is usually measured in terms of
TBARS as a biomarker of oxidative stress [25]. The reduction in liver
antioxidant status during diabetes may be the result of counteraction
against increased formation of lipid peroxides [26]. A marked
increase in the concentration of TBARS in STZ induced diabetic rats
indicated enhanced lipid peroxidation leading to tissue injury and
failure of the endogenous antioxidant defense mechanisms to prevent
over production of free radicals. Treatment with bile inhibited hepatic
LPO and restored liver antioxidant parameters towards normal levels
that improved the pathologic complications of diabetes due to less
tissue injury [27].

Conclusion

Thus the present study indicated that the treatment with bile
has favourable effect not only on blood glucose levels but also on
serum lipids and biochemical parameters. These findings point out
the promising effect of fish (Labeo rohita) bile as a useful antidiabetic
agent.
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