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Abstract
Nardostachys jatamansi (Family:Valerianaceae) is a perennial herb found in Alpine Himalayas.
N. jatamansi used for long period in various chronic diseases therapeutically. The species has
very long history of use as medicine in Ayurveda. Family of Solanaseace consisting the nicotine
in the number of plants. However, Nicotiana tobacco consisting more range of nicotine in the
Solanaseace family. Nicotine it is harmful to the human beings. Pathogen free, wistar strain
male albino rats were used in the present study. Wistar strain male albino rats were used in the
present study. Rats were divided into 4 groups of six in each group, i) Normal Control (NC)
(Control rats received 0.9% saline) ; ii) Nicotine treated (Nt) (at a dose of 0.6 mg/ kg body
weight by subcutaneous injection for a period of 2 months ); iii) Nardostachys Jatamansi extract
treated (NJEt) (N.Jatamansi extract 50mg/kg body weight via orogastric tube for a period of 2
months.); IV)) Nicotine+Nardostachys Jatamansi extract treated (Nt+NJEt)) (Rats were received
the nicotine as mentioned in Group II and Nardostachys Jatamansi as mentioned in Group III.
The animals were sacrificed after 24 hrs after the last treatment by cervical dislocation and
isolated the skeletal muscle tissue. The Succinate dehydrogenase (SDH) activity was
decreased in nicotine treated,increased in NJEt and combination treatment rats. Malate
dehydrogenase (MDH) activity was decreased in nicotine treated rats and increase was
observed in the Nardostachys Jatamansi extract treated (NJEt) and combination treatment
(Nt+NJEt) rats. The activity levels of LDH was increased in all treatment.In this study we have
found out N.Jatamansi extract beneficial for the nicotine subject.
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INTRODUCTION

N

ardostachys jatamansi (DC) is a small, perennial,
rhizomatous, herb which grows in steep, moist, rocky,
undisturbed grassy slopes of India, Nepal, China, Tibet
and Bhutan from 2200 m to 5000 m above sea level (1).
It is commonly known as jatamansi, Indian nard, balchar
or spikenard. Its rhizomes are used in traditional
medicines in different medicinal system (2). Jatamansi
has been widely used for medicine and in perfumery for
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centuries in India. It is valuyed for many medicinal
properties such as anti-lipid peroxidative hypolipidemic,
antioxidant, hepatoprotective, sedative, tranquilizing,
antihypertensive, anti-inflammatory ,antidepressant-like
activity, anticonvulsant activity and hypotensive
properties, anti-asthmatic and anti-estrogenic activity (3).
Apart from this it is also used for the treatment of hair
loss, growth and luster (4), and several nervous
disorders such as epilepsy, neurosis, insomnia,
excitation, alzheimers disease, learning and memory
disorders (5,3).
Their
extracts also possess
antispasmodic and stimulant properties which are useful
in the treatment of fits and heart palpitations and it can
also be used to regulate constipation, urination,
menstruation and digestion (6).Due to several medicinal
properties, overexploitation has been carried out
continuously and now the plant has entered in
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endangered status. Conservation Assessment and
Management Plan (CAMP) workshops in India reported
that observed population declines of 75-80% and
classified jatamansi in different threatened categories.
Hence such a multitude utility medicinal herb needs
conservation; of biodiversity to maintain their population.
Jatamansi is known for several medicinal properties.
It is most commonly used as a nervine sedative in the
treatment of insomnia and also to treat chronic irritability
and nervousness, with exhaustion and debility.
Jatamansi primarily acts upon the nervous system,
inducing a natural sleep, without any adverse effect
upon awakening, and appears to lack the stimulating
effects. Rhizome of jatamansi have also been used in
traditional medicines as bitter tonic, stimulants,
antipyretic,
antispasmodic,
antiseptic,
anti-lipid
peroxidative (7), anti-malarial (8), anti-rhythmic, sedative
(9) antidepressant (10), diuretic, cardiac tonic
tranquilizer, laxative, somachic, improve learning &
memory (5) and also shows cytotoxic property (11).
Extract of jatamansi is used in preparation of hair tonic,
hair oils, promoting hair blackness, growth and luster (4).
It is also used in oils and pasts that improve complexion
and general health of the skin.
Nicotine is a naturally occurring alkaloid found
primarily in the members of the Solanaceae family,which
includes tobacco, potato, tomato, green pepper, and
eggplant. Nicotine was first isolated and determined to
be the major constituent of tobacco in 1828(12). In
commercial tobaccos, the major alkaloid is nicotine,
accounting for about 95 % of the total alkaloid content
(13). Tobacco use is the leading cause of death in the
world today. With 4.9 million tobacco-related deaths per
year, no other consumer product is as dangerous or kills
as many people as tobacco (14).
Nicotine, as most biologically active chemical in
tobacco smoke, has been the subject of intense
scientific scrutiny. Among the most well characterized
chemicals found in tobacco and tobacco smoke, are
polycyclic aromatic hydrocarbons (PAHs) and the highly
addictive alkaloid, nicotine and its metabolites (15). To
further complicate the picture, nicotine is converted,
during the production of cigarette and chewing tobacco,
into two highly mutagenic nitrosamine, N_-nitrosonor
nicotine (NNN) and 4-(methylnitrosamine)-1-(3-pyridyl)1-butanone (NNK) and is metabolized into cotinine.
These chemicals derivatives also exhibit a wide
spectrum of biological activity as compared to parent
compound (15). Nicotine has been reported to induce
oxidative stress both in vivo and in vitro (16). The
mechanism of generation of free radicals by nicotine is
not clear. But oxidative stress occurs when there are
excess free radicals and/or low antioxidant defense, and
result in chemical alteration of biomolecules causing
structural and functional modification. Oxygen free
radicals (OFR) production has been directly linked to
oxidation of cellular macromolecules, which may induce
a variety of cellular responses through generation of
secondary metabolic reactive species (17). Medicinal

180 | T h e A m e J S c i & M e d R e s , 2 0 1 5 , 1 ( 2 )

© 2016 Global Science Publishing Group USA

plants and their active principles have received greater
attention as anti-peroxidative agent (18).
Skeletal muscle is a form of striated muscle
tissue which is under the voluntary control of the somatic
nervous system. It is one of three major muscle types,
the others being cardiac muscle and smooth muscle.
Most skeletal muscles are attached to bones by bundles
of collagen fibers known as tendons. Skeletal muscle is
made up of individual muscle cells or myocytes, known
as muscle fibers. They are formed from the fusion of
developmental myoblasts (a type of embryonic
progenitor cell that gives rise to a muscle cell) in a
process
known
as myogenesis.
Muscle
fibres
are cylindrical, and multinucleated. Therefore, it is not
only important for investigators studying skeletal muscle
to have an appreciation for the diverse characteristics of
muscle fibers but also to know the fiber composition of
specific muscles, muscle groups, or the entire body
musculature. This study was designed to investigate the
effects of nardostachys Jatamansi extract on nicotine
induced oxidative stress in the skeletal muscle tissue of
male albino rat.

MATERIALS AND METHODS
Animals:
Male pathogenic free wistar albino rats were obtained
from the Department of Zoology, Animal House, S.V.
University, Tirupati and Andhra Pradesh, India. The
animals were housed six to each polypropylene cage
and provided with food and water add libitum. The
animals were maintained under standard conditions of
temperature and humidity with an alternating 12hr
light/dark. Animals were fed standard pellet diet [Agro
Corporation Pvt. Ltd., Bangalore, India] and maintained
in accordance with the guidelines of the National
Institute of Nutrition and Indian Council of Medical
Research, Hyderabad, India.

Chemicals:
Nicotine and other fine chemical were obtained from
Sigma chemical company, St. Louis, USA. All other
chemicals and reagent used were of analytical grade.

Preparation of the [N.J] extract and mode of
administration:
100 grams of Jatamansi
root powder (Indian
Remedies, India) in 90 % ethanol (1L) at 50°C to 60°C in
a Soxhlet extractor for 72 hours. The cooled liquid
extract was concentrated by evaporating its liquid
contents in rotary evaporator, with an approximate yield
of 20%. The dried jatamansi ethanol extract was
suspended in distilled water,and used for the present
study.

Experimental design:
Age matched rats were divided into 4 groups of six in
each groups.
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Group I – Normal Control:
The rats were treated with normal saline (0.9%) orally
via orogastic tube for a period of 2 months.

Group II – Nicotine treatment (Nt):
Rats were received the nicotine at a dose of 0.6
mg/kg body weight (0.5ml) by subcutaneous injection for
a period of 2 months.

Group III – Nardostachys Jatamansi extract
treated (NJEt):
Rats were received N. jatamansi extract 50mg/kg
body weight via
orogastric tube for a period of 2
months.

Group IV – Nicotine + Nardostachys Jatamansi
extract treated (Nt+NJEt):
These Rats were received the both nicotine (at a
dose of 0.6 mg/kg body weight (0.5ml) by subcutaneous
injection) and N.jatamansi extract was 50mg/kg body
weight via orogastric tube for a period of 2 months.
The animals were sacrificed after 24 hrs after the last
treatment session by cervical dislocation and the kidney
tissue were isolated at -40, washed with ice-cold saline,
immediately immersed in liquid nitrogen and stored at 800 for enzymatic assays. Before assay, the tissues
were thawed, sliced and homogenized under ice-cold
conditions. Selected parameters were estimated such
as SDH,MDH and LDH by employing standard methods.

Biochemical Investigations
1. Succinate Dehydrogenase (SDH):
The specific activity of SDH was assayed by the
method of Nachlas et al.,(19) as suggested by
Prameelamma and Swami (20) with slight modifications.
10% homogenates of the skeletal muscle tissues were
prepared in ice cold 0.25 M sucrose solution and
centrifuged at 1000g for 15 minutes at 40C. The
supernatant fraction was used for enzyme assay. The
reaction mixture in a final volume of 2 ml contained 40 μ
moles of sodium succinate, and 100 μ moles of
phosphate buffer (pH 7.0) and 4 μ moles of INT. The
reaction was initiated by adding 0.2 ml of homogenate
containing 20 mg of tissue. The incubation was carried
out for 15 minutes at 370C and the reaction was stopped
by the addition of 5 ml of glacial acetic acid. The
subsequent steps were followed same as described for
LDH. The activity was expressed in μ moles of formazan
formed / mg protein / hour.
2. Malate Dehydrogenase (MDH):
The specific activity of MDH was measured by the
method of Nachlas et al.,(19) as suggested by
Prameelamma and Swami (20) with slight modifications.
10% homogenates of the skeletal muscle tissues were
prepared in ice cold 0.25 M sucrose solution and
centrifuged at 1000g for 15 minutes at 40C. The
supernatant fraction was used for enzyme assay. The
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total volume 2 ml of reaction mixture contained 100 μ
moles of phosphate buffer (pH 7.0) 40 μ moles of
sodium malate, 0.1 μ mole of NAD and 4 μ moles of INT.
The reaction was initiated by the addition of 0.2 ml of
homogenate containing 20 mg of tissue. The incubation
was carried out at 370C for 30 minutes and the reaction
was arrested by adding 5 ml of glacial acetic acid. The
rest of the procedure was same as described earlier for
LDH. The activity was expressed in μ moles of formazan
formed / mg protein / hour.
3. Lactate Dehydrogenase (LDH):
Lactate Dehydrogenase activity was determined by
the method described by Nachlas et al.,(19) as
suggested by Prameelamma and Swami (20) with slight
modifications. 10% homogenates of the skeletal muscle
tissues were prepared in ice cold 0.25 M sucrose
solution and centrifuged at 1000g for 15 minutes at 40C.
The supernatant fraction was used for enzyme assay.
The reaction mixture in a final volume of 2 ml contained
40 μ moles of sodium lactate, 100 μ moles of phosphate
buffer (pH 7.4), 0.1 μ mole of NAD and 4 μ moles of INT.
The reaction was initiated by the addition of 0.2 ml of
homogenate containing 20 mg of tissue and incubated
for 30 minutes at 37oC and the reaction was stopped by
the addition of 5 ml of glacial acetic acid. Zero time
controls (ZTC) were maintained by addition of 5 ml of
glacial acetic acid prior to the addition of the enzyme
source to the incubation mixture. The formazan formed
was extracted over night into 5 ml of toluene at 50C. The
color developed was measured at 495 nm in a
Spectrophotometer against the toluene blank. The
enzyme activity was expressed in μ moles of formazan
formed / mg protein / hour.
Statistical Analysis:
Statistical analysis has been carried out using
INSTAT software. The data was analyzed for the
significance and the results were presented with the Pvalue.

RESULTS & DISCUSSION
SDH is a key enzyme of Kreb’s cycle which catalyses
the reversible oxidation of succinate to fumarate. This
enzyme is a flavoprotein with four iron atoms and four
organic sulfides in addition to the flavin moiety. It is the
only dehydrogenase in the TCA cycle which involves in
the direct transfer of hydrogen atoms from the substrates
to a flavoprotein without the participation of NAD. SDH is
tightly bound to inner mitochondrial membrane. It serves
as a link between electron transport system and
oxidative phosphorylation.
The decrease(-23.45%)in SDH activity (Table-1) due
to the nicotine stress condition indicates reduction in the
conversion of succinate to fumarate resulting in
decreased oxidative metabolism. During stress
conditions diversion of phosphoenolpyruvate leads to
increased formation of fumarate resulting in product
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Table–1. Changes in Succinate Dehydrogenase (SDH) activity due to Nicotine treatment (Nt), Nardostachys
jatamansi extract treated (NJEt) and interaction of the both (Nt+NJEt) for a period of 2 months over the control in
the Skeletal Muscle tissue of male albino rats. Values are expressed as  moles of formazan formed/mg
protein/hour.
S.No

Name of the
tissue

Control

Nt

NJEt

Nt+ NJEt

1.

Skeletal Muscle

27.29
±2.02

20.89*
±5.35
(-23.45%)

42.04*
±7.68
(+54.04%)

32.52**
±4.73
(+19.16%)

± SD of six individual observations.
Values in parentheses denote percent change over respective control.
*Values are significant at P < 0.001
** Values are significant at P < 0.01
Table–2. Changes in Malate dehydrogenase (MDH) activity due to Nicotine treatment (Nt), Nardostachys
jatamansi extract treated (NJEt) and interaction of the both (Nt+NJEt) for a period of 2 months over the control in
the Skeletal muscle of male albino rats. Values are expressed as  moles of farmazan formed/mg protein/hour.
S.No

Name of the
tissue

Control

Nt

NJEt

Nt+ NJEt

1.

Skeletal Muscle

53.45
±5.40

44.12 *
±3.8
(-17.45%)

62.8*
±1.27
(+17.49%)

58.44@
±1.33
(+9.33%)

± SD of six individual observations.
Values in parentheses denote percent change over respective control.
*Values are significant at P < 0.001
@Values are non significant at P < 0.05
Table–3. Changes in Lactate Dehydrogenase (LDH) activity due to Nicotine treatment (Nt), Nardostachys
jatamansi extract treated (NJEt) and interaction of the both (Nt+NJEt) for a period of 2 months over the control in
the Skeletal Muscle tissue of male albino rats. Values are expressed as  moles of formazan formed/mg
protein/hour.
S.No

Name of the
tissue

Control

Nt

NJEt

Nt+ NJEt

1.

Skeletal Muscle

41.99
±7.61

70.05 *
±1.57
(+66.82%)

45.46@
±3.54
(+8.26%)

66.54*
±7.43
(+58.46%)

± SD of six individual observations.
Values in parentheses denote percent change over respective control.
*Values are significant at P < 0.001
@Values are non significant at P < 0.05
inhibition of SDH (21). Chennaiah et al., (22) reported
the decreased SDH activity was observed in all skeletal
muscle fibers of rats treated with nicotine, indicating
depressed oxidative metabolism in mitochondria. Since
the activity of SDH is reduced, it is evident that this might
affect the conversion of malate to oxaloacetate by MDH
because of low succinate oxidation. A decrease in
oxygen consumption in stress condition also leads to
inhibition of mitochondrial oxido-reductases (23,24). The
reduced availability of oxidized form of flavoproteins
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needed for succinate oxidation results in decreased
activity of SDH (25).
In the present study an increase(+54.04%) was
observed in the NJEt (Table-1) rats. The increase in
specific activity of SDH in rats with response to NJEt
suggests the increased mitochondrial oxidative potential
and energy synthesis utilizing carbohydrates and fats as
substrates function of mitochondria is energy production,
isolated mitochondria generate reactive oxygen species
during oxidative phosphorylation. Release of such
intermediates accounts for an estimated 1 to 5% of the
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oxygen consumed during respiration, depending on the
substrate and respiration state. However, most studies
used isolated mitochondria and the flux of oxidants was
often estimated indirectly.In the combination treatment
(Nt+NJEt) upregulation (+19.16%)was observed in the
skeletal muscle tissue of rats. Thus differential response
of SDH activity was observed in the skeletal muscle
tissue of rats in the present study.
MDH catalyses the oxidation of L-malate to
oxaloacetic acid using NAD as Cofactor and the reaction
is reversible. Although the reaction is endergonic, it
goes in the forward direction very rapidaly in the cell,
because of the rapid removal of reaction products,
oxaloacetate and NADH in subsequent steps. The
activity of MDH depends on the rates of formation of
oxaloacetate and phosphoenol pyruvate from malate.
Any change in the mitochondrial structure inhibits the
activity of MDH. The cytosolic and mitochondrial forms of
malate dehydrogenases are key enzymes in the malate
asparate shuttle (26).
The decrease (-17.45%) in specific activity of MDH
(Table-2) in the skeletal muscle tissue due to nicotine
treatment suggests decreased utilization of malate. The
reduced levels of TCA cycle intermediates may also be
due to the decrease in MDH activity during nicotinetreatment. Concisely, the decreased MDH activity could
be attributed to 1) low availability of substrate, 2) lesser
conversion of succinate-fumarate-malate, and 3) the
changes in the structural integrity of mitochondria. An
increase in proteolytic activity during nicotine intoxication
may also be responsible for the decreased MDH activity.
A similar study, Chennaiah et al., (22) reported a
decrease in specific activity of MDH was observed in the
muscle fibers of rats treated with nicotine. The
decreased MDH activity could be attributed to low
availability of substrate, lesser conversion of succinatefumarate-malate, and the changes in the structural
integrity of mitochondria. Inhibition of MDH activity was
observed in the present study suggests the prevalence
of hypoxic condition in tissues and reduction in
mitochondrial oxidative metabolism in tissues of rat
administered with nicotine. The activity of MDH depends
on the rats of formation of oxaloacetate and
phosphoenolpyruvate from malate the reduced oxidation
of malate evidenced by decreased MDH activity
indicates the possible divertion of malate through Woodworkman reaction undergoing decarboxylation leading to
the formation of phosphoenolpyruvate. Alterations in the
activities of TCA cycle enzymes cause mitochondrial
dysfunction and integrity ultimately leading to energy
crisis during induced nicotine toxicity.
From the data it was observed, the activity levels of
MDH were increased(+17.49%) in the skelatel muscle
tissue in the NJEt rats. The increased MDH activity in
response to N.Jatamansi suggests that higher utilization
of malate. The elevation in MDH activity reflects the
upturn of oxidative metabolism and the turnover of
carbohydrates and energy output that is required during
development (27). In the present study we report that
the combination treatment (Nt+NJEt)
exhibits a
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beneficial recovery(+9.33%) of MDH activity in the
skeletal muscle tissue. This suggests that nardostachys
jatamansi extract treated (NJEt) is very much useful for
the nicotine subjects to upregulate the decreased
oxidative metabolism (Table-2).
Lactate dehydrogenase is a key enzyme of anaerobic
glycolysis and catalyses the reversible oxidation of
lactate to pyruvate in the terminal step of glycolysis. The
reaction catalysed by LDH interlinks anaerobic and
aerobic oxidations of glucose. Any alteration in LDH
activity indicates change in the production of pyruvate to
lactate under anaerobic conditions favouring the
reoxidation of NADH. This allows glycolysis to proceed
in the absence of O2 by generating sufficient NAD. In
view of its role in glucose oxidation, NAD dependent
LDH activity levels were assayed to assess the
metabolic significance of this enzyme in compensatory
mechanism operating in the tissues of rat during nicotine
treatment, NJE treatment and combination treatment of
Nt and NJEt.
In the present study rats witch received nicotine
showed a elevation(+66.82%) of LDH activity in the
skeletal muscle tissue. Chennaiah et al., (22) reported a
decrease in specific activity of LDH was observed in the
muscle fibers of rats treated with nicotine. According to
Yildiz et al., (28) LDH activity was increased due to
nicotine induced oxidative stress. In our present
investigations, the increased levels of LDH activity in
nicotine treatments. This is due to the increased
generation of ROS (Reactive oxygen species) by
nicotine that leads to cell damage and also indicated the
low capacity to combat against ROS.
The
muscle
tissue
LDH
activity
was
increased(+8.26%) in jatamansi treated
rats when
compared to control rats. This reports suggesting
enhanced oxidative metabolism in NJEt rats to meet the
increased energy demands of the animal. An increase in
NAD dependent LDH activity in the skeletal muscle
tissue of rat subjected to NJEt, indicate the possible shift
in the metabolic profile from the anaerobiosis to
aerobiosis i.e., the NAD-LDH activity helps in the
efficient conversion of lactate to pyruvate and its
subsequent utilization in TCA cycle oxidative reactions.
The lactate taken up by the tissue may be oxidized to
carbon dioxide and water or used for glycogenesis. In
both cases pyruvate is the first product (29). Due to
increased lactate levels in the skeletal muscle tissue, the
LDH activity may also increase to convert the high
amount of lactate to pyruvate during N. jatamansi extract
treated rats (Table-3).
The lactate dehyclrogenase activity was elevated
(+58.46%) in the combination treatrnent (Nt+NJEt) rats.
According to Stuewe et al., (30) increased
glyceraldehyde dehydrogenase' may increase glycolysis
and thereby elevated levels of lactic acid. The formation
of pyruvate from lactate is catalyzed by lactate
dehydrogenase, which is present in the sacroplasm at
very high levels (29).This has lead to the proposal of an
intracellular lactate shuttle, which involves transport of
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lactate into mitochondrial matrix followed by oxidation to
pyruvate, catalyzed by LDH (31).

Conclusion
This investigation draw a conclusion stating that this
much of Nardostachys jatamansi extracts may be
beneficial, especially for the nicotine subjects to improve
the health status and life span.
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