ISSN 2278-4292

7
k.
Universily

International Journal of
Health & Allied Sciences

www.ijhas.in

Volume 5/ Issue 1/ January-March 2016

Official Publication of JSS University, Mysore

-

Medknow @. Wolters Kluwer




Original Article

Anti-diabetic activity of Shilajatvadi Lauha, an
Ayurvedic traditional herbo-mineral formulation

Thakur Rakesh Singh, Laxmi Narayan Gupta', Neeraj Kumar', Vikas Kumar?

Department of Rasa Shastra and Bhaishajya Kalpana Including Drug Research, Institute for Post Graduate Teaching and Research in
Ayurveda, Gujarat Ayurved University, Jamnagar, Gujarat, 'Department of Rasa Shastra, Faculty of Ayurveda, Institute of Medical
Sciences, Banaras Hindu University, 2Department of Pharmaceutics, Neuropharmacology Research Laboratory, Indian Institute of

Technology, Banaras Hindu University, Varanasi, Uttar Pradesh, India

ABSTRACT

Context: Shilajatvadi Lauha (SL) is used in Ayurveda
as Indian traditional medicine for treating diabetes
mellitus. Aims: To explore the anti-diabetic potential of
SL in nicotinamide-streptozotocin induced diabetic rats.
Materials and Methods: SL (10, 30, and 100 mg/kg) and
glibenclamide (10 mg/kg) were orally administered once
daily to diabetic rats for 14 days. Blood glucose, plasma
insulin, total cholesterol (TC), triglycerides (TGs),
low-density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-C), and
very LDL-C (VLDL-C) were examined. Results: SL
significantly lowered the blood glucose without any
hypoglycemic effect on their control counterparts, which
was comparable to that of the standard anti-diabetic
drug, glibenclamide. SL also showed reduction in the
levels of TC, TGs, LDL-C, VLDL-C, but it increases
the levels of plasma insulin and HDL-C in diabetic
rats. Conclusions: SL possesses anti-diabetic and
anti-hyperlipidemic activities in Type 2DM rats, which
seems to scientifically validate its traditional uses and
might be a promising drug in the therapy of diabetes
mellitus and its hyperlipidemic complications.
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INTRODUCTION

Diabetes mellitus is associated with impaired glucose
metabolism that leads to an increase in free radical
production and increase in triglycerides (TGs) and
lipoprotein levels with an increased risk of vascular
and renal diseases.!!! Therefore, among the various
therapeutic strategies, combination of anti-hyperglycemic,
anti-hyperlipidemic, and antioxidant activity can be
beneficial in the prevention of diabetes mellitus and its
complications. Unfortunately, besides having a number
of side effects, none of the oral hypoglycemic agents have
been successful in maintaining euglycemia and controlling
long-term macro and microvascular complications.”! As a
result, there is a growing need for new oral anti-diabetic
drugs from traditional medicines as an effective and safe
alternative therapy in the management of Type 2DM.
Recently, herbo-mineral formulations are preferred as
effective oral hypoglycemic agents as they are safe for
long-term use, wide range of therapeutics, easily accessible,
and cost effective.
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Herbo-mineral formulations are prepared by addition of
bhasmas (ashes)/rasayogas (mineral preparations)/purified
minerals and herbal drugs, and finally they get triturated
in khalva yantra i.e. mortar and pestle. They are popular for
quick action, low dosage, good palatability, and long-lasting
stability.™ All these qualities of herbo-mineral preparations
show significant importance from other dosage forms.
Shilajatvadi Lauha (SL)is one of the herbo-mineral formulations
which is used in Indian System of Medicine since ancient
times for treating diabetes mellitus and other disorders.?
It contains pure Shilajit, Swarna makshika bhasma (ash of
chalcopyrite), Shunthi (Zingiber officinale Roscoe), and
Marich (Piper nigrum L). Moreover, Pippali (Piper longum L)
in equal quantity and Lauha bhasma (ash of iron-turning)
are 6 times to other ingredients.[! Ancient scholars suggest
use of SL in Kshaya/ Rajayakshama (tuberculosis) as primary
indication. Kshaya and Madhumeha (diabetes mellitus) are
debilitating diseases which are mainly caused by degeneration
of the body components (dhatu kshaya); hence, patients need
rasayana (Rejuvenation) treatment which balances the body
components. SL contains Skilajit and Swarna makshika bhasma
which has already proved anti-diabetic effect,”® Lauha bhasma
is famous for its rasayana activity,¥! and Trikatu (shunthi,
marich, and pippali) regulate indigestion (Agnimandya) which
is pioneer cause for imbalances in body components.”! In
our clinical practice, SL was used to treat diabetes mellitus,
but there was no scientific data to prove its efficacy. By
considering all this points, the present study was 1% time
undertaken to evaluate the anti-diabetic potential of SL
and its effect on plasma insulin and lipid profile level in
nicotinamide-streptozotocin (STZ) induced diabetic rats.

MATERIALS AND METHODS

Animals

Adult Charles Foster male albino rats (150 £ 10 g) were
housed in groups of six in polypropylene cages at an ambient
temperature of 25 * 1°C and 45-55% relative humidity,
with a 12:12 h light/dark cycle. Animals were provided with
commercial food pellets and water ad /ibitum. Experiments
were conducted between 09.00 and 14.00 h. Principles of
laboratory animal care (NIH publication number 85-23,
revised 1985) guidelines were followed. Protocol of the study
was approved by Central Animal Ethics Committee (letter
number: Dean/13-14/CAEC/327 dated November 20,
2013). Rats were equally divided into groups of six animals
each except for control in which 12 rats were taken.

Preparation of Shilajatvadi Lauha

SL comes under formulation of Churna Lauha kalpas (powder
mixtures) in which Lauha bhasma as major ingredients along
with other herbal/mineral ingredients.!'" It was prepared by

pure Shilajit, Swarna makshik bhasma, powder of rhizomes
of Shunthi (Zingiber officinale Roscoe), fruits of Marich (Piper
nigrum L.), and Pippali (Piper longum L) were taken in equal
quantity in mortar and pestle, and 6 times of Lauha bhasma
was added in it and triturated until it becomes fine powder
and homogenously mixed.® The test drug was prepared in
the Laboratory of Department of Rasa Shastra, Institute
of Medical Sciences, Banaras Hindu University, Varanasi.

Drug treatments

Alldrugs were suspended in 0.3% w/v carboxymethylcellulose
(CMC) for oral administration in animals. All doses
were administered 1 h before the start of experiments.
Applications volume in all cases was 10 ml/kg, and the
control animals were treated accordingly with 10 ml/kg of
0.3% w/v CMC. Graded doses of SL were selected based
on pilot study to establish dose-response relationship.!!

Anti-diabetic activity

Type 2DM was induced in overnight-fasted rats by a single
intraperitoneal (i.p.) injection of 65 mg/kg STZ, 15 min
after the i.p. administration of 120 mg/kg nicotinamide.['>!%
Hyperglycemia was confirmed by the elevated glucose level
in the blood, determined at 72 h and then on the day 7 after
injection.['¥

On the experimental day 1, all the rats were fasted overnight
prior to nicotinamide-STZ treatment. Normal drinking
water was provided. Immediately prior to injection, STZ
was dissolved into 50 mM of sodium citrate buffer (pH 4.5)
to a final concentration of 10 mg/ml. The STZ solution
was freshly prepared for each rat and was injected within
5 min after being dissolved. STZ solution was injected
intraperitoneally using 3 ml syringe and 23 gauge needle, at
65 mg/kg, 15 min after the i.p. administration of 120 mg/kg
nicotinamide. Equal volume of citrate buffer (pH 4.5) was
injected intraperitoneally for the control group. Rats were
returned to their cages and were provide normal food and
10% sucrose water to minimize hypoglycemic shock. On
the experimental day 2, 10% sucrose water was replaced
with normal drinking water. On the experimental day 7, rats
fasted overnight, and blood samples were collected. Blood
glucose level was estimated. The animals with blood glucose
concentration more than 200 mg/dl were used for the study.

The six groups used in this experiment were:

*  Group I — Normal control (vehicle-treated)

*  Group IT - Diabetic control (vehicle-treated)

*  Group III — Diabetic rats + SL 10 mg/kg/day

*  Group IV — Diabetic rats + SL 30 mg/kg/day

*  Group V — Diabetic rats + SL 100 mg/kg/day, and

*  Group VI-Diabeticrats + glibenclamide 10 mg/kg/day.
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Drug treatment was started on the 7" day after induction of
diabetes (day 1 of the treatment). All the drugs were orally
administered in the form of suspension in 0.3% CMC,
once daily for 14 consecutive days. Body weight of rats was
recorded periodically. Plasma glucose was measured on
the 7" (day 1 of the treatment) and 14" day posttreatment.
All other biochemical parameters were measured on the
14™ day posttreatment.

Biochemical investigations

On the 14% day after overnight fasting, blood samples
were collected from the retro-orbital venous plexus under
light ether anesthesia using a glass capillary tube. Plasma
was separated, and various biochemical parameters were
analyzed as follows:

Estimation of blood glucose and plasma insulin
Glucose was estimated by glucose oxidase/peroxidase
method using glucose estimation kit (Span Diagnostics
Ltd., Surat, Gujarat, India).[*¥ Plasma insulin was measured
by Enzyme Linked Immunosorbent Assay kit (DiaMetra
Company, Segrate, Italy) using Bio-Rad micro-plate
reader.[™

Estimation of lipid profile

The levels of total cholesterol (TC), TGs, low-density
lipoprotein-cholesterol (LDL-C), and high-density
lipoprotein-cholesterol (HDL-C) were analyzed using a
biochemical kit (Span Diagnostics Ltd., Surat, Gujarat,
India). The serum level of very LDL-C (VLDL-C) was
calculated by using Friedewald formula.!'®

Statistical analysis

Data of all the experiments were expressed as
mean * standard error of mean of animals in each group
(n = 6). Differences among different treatment groups
were determined by one-way analysis of variance followed
by Student-Newman—Keuls tests. GraphPad Prism
(version 5.03, GraphPad Software, USA) was used for
statistical analysis.

RESULTS

Effect on fasting blood glucose

Fasting blood glucose levels of animals challenged with
nicotinamide-STZ were significantly higher as compared
to the normal control animals (P < 0.001). In the diabetic
control group, blood glucose level remained elevated until
the 14" day of the experiment. Oral administration of
SL (10, 30, 100 mg/kg/day) to diabetic rats significantly
reduced fasting blood glucose as compared to vehicle treated

diabetic control rats (P < 0.001) on the 14* day. On the
last 14" day of the experiment, there was no statistically
significant difference between the blood glucose levels of
the SL 100 mg/kg treated diabetic group and the normal
control group, such was also the case for the 10 mg/kg/day
glibenclamide treated diabetic group. SL in 100 mg/kg dose
almost normalizes the blood glucose level in 14 days of the
study [Table 1].

Effect on plasma insulin

Plasma insulin level of rats subjected to nicotinamide-STZ
challenge was significantly reduced (P < 0.001) compared
to normal rats. All the doses of SL significantly increased
plasma insulin level compared to diabetic control group
(P < 0.001), but they did not normalize the reduced
insulin level of diabetic rats in the treatment of 14 days.
Glibenclamide treated diabetic rats also show a significant
increase (P < 0.001) in plasma insulin level compared to
vehicle treated diabetic control rats [Table 1].

Effect on lipid profile

On the 14" day of the study, nicotinamide-STZ challenged
rats (diabetic control group) showed a significant elevation
(P<0.001) in plasma TC, TGs, LDL-C, and VLDL-C while
the plasma HDL-C level decreased significantly (P < 0.001).
Although the repeated dose administration of SL to
diabetic rats significantly reversed, these changes to near
normal levels (P < 0.001). The effect of SL (100 mg/kg)
was comparable with that of glibenclamide at 10 mg/kg
[Table 1].

DISCUSSION

Diabetes mellitus greatly influences utilization of
carbohydrates, which in turn leads to imbalance in
metabolism of lipids. Therefore, in management of diabetes,
decreasing abnormally elevated blood glucose concentration
to normal limits is of utmost importance. Among many
forms of Type 2DM occurs predominantly and affects
major population, i.e. 90% of diabetic patients. Alloxan
and STZ both are widely used to induce experimental
diabetes in animals. Alloxan causes rapid destruction of
beta cells because of formation of superoxide radicals, and
even in slight overdose, there is chances of higher mortality
rate of animals because of renal failure, whereas STZ
selectively destroys insulin-producing pancreatic beta cells
by inducing DNA-strand break in these cells via glucose
transporter 2 which seems more specific.'”? This causes
activation of poly (ADP-ribose) polymerase, resulting in
reduction of cellular NAD*, and cell death. Nicotinamide
partially protects the beta cells against the STZ mediated
cytotoxic damage. Nicotinamide was found to preserve the
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Table 1: Effect of Shilajatvadi Lauha on plasma glucose, serum insulin, and lipid profile of diabetic rats

Groups Fasting blood glucose Plasma insulin TC (mg/dl) TG (mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl)
level (mg/dl) level (uIU/ml)
Day 1 Day 14
1 94.16+3.52 95.16+2.35 18.33+0.48 79.5+0.76 51.16+0.61 40.5+0.76 28.36+0.96 10.66+0.48
2 266.00+3.28* 268.33+2.74 8.16+0.61* 141.67+0.88* 114.33+0.72*% 24.5+0.77* 94.3+1.33* 22.86+0.14*
3 269.83+2.30 168.17+1.14¥ 10.66+0.44" 123.67+0.71* 105.83+0.95¥ 26.16+0.61* 76.33+1.01* 21.16+0.19¥
4 264.50+1.74 144.33+1.29¥ 11.41+0.30" 106.1+1.21¥ 94.66+0.88* 28.66+0.67* 58.4+1.29¥ 18.93+0.18¥
5 268.50+2.95 120.83+0.48"  12.08+0.37 88.33+0.66" 77.1+0.82¥ 31.16+0.87¥ 41.76+0.99" 15.4+0.16"
6 268.83+1.58 114.00+0.58*  12.41+0.30" 82.1+0.73" 68.83+0.91¥  33.66+0.49" 34.23%+0.22* 14.1+0.31"

Value are mean=SEM, (n=6). *¥Statistically significant difference relative to normal control (¥*2<0.001) and diabetic control (¥P<0.001), respectively. SEM: Standard
error of mean, TC: Total cholesterol, TG: Triglyceride, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, VLDL: Very low-density lipoprotein

intracellular pool of NAD* either by acting as a precursor
of NAD" or by inhibiting the ADP-ribose polymerase.!'8!
Therefore, co-administration of nicotinamide (NA) and
STZ produces stable moderate hyperglycemia suitable for
chronic diabetes study, and it produces abnormal levels of
blood glucose, plasma insulin, and serum metabolites such
as cholesterol and TGs. Hence, these major parameters were
taken into consideration while investigating hypoglycemic
effect of SL.

Oral hypoglycemic agents and insulin have been used in
the treatment of noninsulin and insulin dependent diabetes
mellitus. While these drugs reduced blood sugar levels for
24 h and prevention of diabetic complications have not
been so far achieved. Long-term use of oral hypoglycemic
agents can also have toxic effects on various organs of the
body.!""]

Medicinal uses of SL for treatment of diabetes have been
known to Indian systems of medicines since ancient
times.!>20211 Several reports have also revealed broad
spectrums of therapeutically interesting bioactivities of
Shilajit compound formulation.®?? However, literature
search did not reveal any systematic dose finding study
necessary for properly defining the therapy relevant
pharmacological activity profile of SL. Consequently, based
on our pilot study to establish dose-response relationship,
three graded doses, i.e. 10, 30, and 100 mg/kg/day were
selected for anti-diabetic study of SL.!!

Rats subjected to nicotinamide-STZ challenge showed
significant increase in plasma glucose level. Two weeks
repeated oral administration of SL and glibenclamide
had resulted significant reduction in plasma glucose level
of diabetic rats. It is well-established that glibenclamide
produces hypoglycemia by increasing the secretion of
insulin from the existing pancreatic -cells.”® In a study,
treatment of moderate diabetic rats with some medicinal
herbal drugs resulted in the stimulation of B-cells of islets
of Langerhans, showing an insulinotropic effect.?42¢ In

the present study, though all the doses of SL significantly
lowered, the fasting blood glucose level and plasma insulin
level in nicotinamide-STZ induced diabetic rats. These
observations strongly suggest that like many therapeutically
used anti-diabetic drugs;?¥ stimulation of insulin increase
from remnant beta cells is involved in the observed effects
of SL in diabetic rats.

Among the various ingredients of herbo-mineral
formulation SL have been reported for hypoglycemic
effect; Shilajit increases the number of B-cells of pancreas,
i.e., pancreatotrophic action, which may result in
better sensitivity of pancreatic B-cells with prompt
secretion of a large quantity of insulin in response to
hyperglycemia. It contains flavonoids and polyphenols
which are natural antioxidants and significantly increases
superoxide dismutase, glutathione, and catalase activities
which are first-line defensive enzymes against free
radicals.?™% Rasayana effect of Lauha bhasma reduces
the degree of oxidative stress signaling pathways and, by
that, preventing insulin resistance and B-cells dysfunction
and, ultimately, controlling the blood sugar level, and its
Medohara (hypolipidemic) effect decreases the high lipid
level.BY Copper (Cu) is one of the major constituents
of Swarna makshik bhasma which is responsible for
cholesterol and glucose metabolism in the body, % Trikatu;
Shunthi (Zingiber officinale Roscoe), Marich (Piper nigrum L),
and Pippali (Piper longum L) increase bioavailability by
promoting rapid absorption from the gastrointestinal
tract, or preventing metabolism/oxidation during the
first passage through the liver after being absorbed, or a
combination of these mechanisms, helping improve most
drugs therapeutic activity, and it possess anti-glycation and
antioxidants properties too which reduces the blood sugar
level 33334 During preparation of Lauha bhasma (iron
ash) huge amount of Triphla, Haritaki (Terminalia chebula
Retz.), Bibhitaki (Terminalia bellerica [Gaertn.] Roxb.), and
Amalaki (Emblica officinalis Gaertn) in equal proportions
were used. It significantly reduced the blood sugar level
in diabetic rats and decreased the effect of inflammatory
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cytokine release in diabetics, which in turn might reduce
the insulin resistance.! It possesses significant anti-diabetic
and antioxidant property, because it increases superoxide
dismutase, glutathione, and catalase activities in the blood
and liver of experimental animals.?*>3% It has been shown
that SL markedly improved the glucose tolerance and
renormalizing the serum lipid and cholesterol level in
nicotinamide-STZ induced diabetic rats; it may because
of synergistic action of ingredients of SL which possess
anti-diabetic, antioxidant, bioenhancer, rejuvenator, and
free radical scavenging activity. It has been demonstrated
through a validated and systematic study that traditionally
used Ayurvedic formulation SL exerts significant
anti-diabetic activity in rodents.

CONCLUSION

On the basis of the study, it can be concluded that
Shilajatvadi Lauha has significant anti-diabetic activity in
rats. It also showed good anti-hyperlipidemic property
which can be attributed to synergistic effect of multiple
herbo-mineral ingredients of formulation. Further studies
should be undertaken to elucidate the mechanism of action
of the observed anti-diabetic effect of Shilajatvadi Lauha,
and clinical study is warranted for establishing therapeutic
effectiveness.
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