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The present study envisages evaluation of the cardio-
protective efficacy of Ocimum sanctum (Os) (Tulsi) in
the experimental model of isoproterenol (ISP)-induced
myocardial necrosis. Wistar male albino mature rats
were randomly divided into four main groups: sham,
ISP-control, Os control and Os-treated. Os-control
and Os-treated groups were further divided into three
subgroups and administered with 25, 75 and 150 mg/kg
Os orally, once daily for a month. On the 29th and
30th day, animals of the ISP-control and Os-treated
groups received ISP (85 mg/kg) subcutaneously at an
interval of 24 h. On the 31st day, 24 h after the second
dose of ISP, the haemodynamic variables were recor-
ded and the animals were sacrificed for biochemical
and histopathological studies. Significant ventricular
dysfunction, myocardial necrosis and depletion of en-
dogenous antioxidants were observed in the ISP-
control group compared to sham. Os pre-treatment
augmented the basal endogenous antioxidants and re-
stored the antioxidant status of the heart. The myo-
cardial salvaging beneficial effects also translated into
functional recovery of the myocardium. Histopatho-
logical studies further confirm its myocardial salvag-
ing effects. Our study emphasizes the cardioprotective
effect of Os against ISP-induced myocardial necrosis.
The present study has demonstrated the cardioprotective
effects of Os, which likely result from improved ven-
tricular function, augmentation of endogenous antioxi-
dants and suppression of oxidative stress.

Keywords: Antioxidants, isoproterenol, medicinal herbs,
myocardial infarction, Ocimum sanctum.

HERBAL medicine is increasingly gaining greater accep-
tance from the public and medical profession due to greater
advances in the understanding of the mechanisms by which
herbs positively influence health and quality of life'.
Leading the way in the new understanding is the discovery
of herbs as potent free-radical scavengers; antioxidants”’.
Evidence for a role of deleterious effects of free radicals
in the pathophysiology of ischaemic heart disease (IHD)
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is clear and indisputable’. IHD is perhaps one of the human
conditions in which the role of oxidative stress has been
extensively investigated. The free radicals and consequent
expression of oxidative damage have been demonstrated
during post-ischaemic reperfusion injury in humans. The
protective role of antioxidants has been validated in several
experimental studies addressing the pathophysiology of
acute ischaemia®. The multitude of free radicals generated
during oxidative stress associated with isoproterenol (ISP)-
induced myocardial necrosis can damage every major cellular
component, including carbohydrate, membrane lipids, protein
and DNA”. The pathophysiological consequences of such
uncontrolled injury are widespread tissue damage and as-
sociated contractile dysfunction, arrhythmias, depletion
of endogenous antioxidant network and enhanced lipid
peroxidation resulting in increased myocardial malon-
aldialdehyde (MDA) content”.

The most active principles having antioxidant property
found in botanical products are not only vitamins but also
chemicals like phenols, polyphenols and flavanoids.
Ocimum sanctum (Os, commonly known as Tulsi in India)
is a local herb containing potent antioxidants, flavanoids
(orientin, vicenin) and phenolic compounds (eugenol, cir-
silineol, apigenin). The ancient systems of medicine, in-
cluding Ayurveda, Greek, Roman, Siddha and Unani,
have mentioned its therapeutic applications in cardiovascu-
lar disorders, diabetes and asthma’*®, However, its poten-
tial as a cardioprotective agent has not been extensively
studied. Besides its antioxidant properties, Os interacts by
various other mechanisms in a complex way to elicit its
therapeutic effects.

Our study is an effort in the same direction. The ISP-
induced myocardial necrosis model was used to evaluate
the cardioprotective potential of Os and to understand the
molecular mechanism of its therapeutic effects by evalu-
ating various biochemical and haemodynamic parameters.
Results were further confirmed by histopathological studies.

Hydro-alcoholic extract of Os leaves was a generous
gift from Dabur Research Foundation, India. The plant was
identified and authenticated by routine pharmacognostical
studies, including organoleptic tests, and macroscopic and
microscopic observations. The voucher specimen (0-02)
has been retained in our laboratory for further reference.

All chemicals were procured from standard companies
and were of analytical grade. Isoproterenol was obtained from
Sigma, USA. Double-distilled water was used for all bio-
chemical measurements.

Wistar male albino mature rats, weighing 150 to 200 g,
10 to 12 weeks old were used in the study. The study proto-
col was reviewed and approved by the Institutional Animal
Ethics Committee (IAEC) and conforms to the Indian Na-
tional Science Academy Guidelines for the Use and Care
of Experimental Animals in Research. Animals were ob-
tained from the Central Animal House Facility of All India
Institute of Medical Sciences, New Delhi, India and were
housed in polyacrylic cages (38 X 23 x 10 cm), with not
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more than four animals per cage. They were housed in an
air-conditioned room; kept in standard laboratory condi-
tions under natural light and dark cycles (approximately
12 h light/12 h dark) and maintained at humidity 50 + 5%
and an ambient temperature of 25 = 2°C. All experiments
were performed between 9.00 and 16.00 h. The animals
were allowed free access to standard pellet diet (Ashir-
wad Industries Ltd, Chandigarh, India) and tap water ad
libitum. The commercial pellet diet contains 24% protein,
5% fat, 4% fibre, 55% carbohydrates, 0.6% calcium, 0.3%
phosphorus, 10% moisture and 9% ash w/w. The animals
were allowed to acclimatize for one week before the experi-
ments.

The animals were randomly allocated into four main
groups comprising six animals each. Haemodynamically
unstable rats were excluded from the present study.

Group 1 — Saline control group — sham control: Rats were
administered 0.9% normal saline once daily for a month and
in addition received normal saline (0.5 ml, sc) on 29th
and 30th day at an interval of 24 h.

Group 2 — ISP-control group — ISP-control: The animals were
orally fed 0.9% normal saline once daily for a month and
in addition received ISP (85 mg/kg, sc) on the 29th and
30th day at an interval of 24 h.

Group 3 — Os-control group: This was divided into three
subgroups — Group 3a — 25 mg/kg Os (Os-25). Group 3b —
75 mg/kg Os (Os-75), and Group 3c — 150 mg/kg Os (Os-
150).

Hydro-alcoholic extract of Os was dissolved in normal
saline and orally fed once daily for a month.

Group 4 — ISP-challenged, Os-treated group: This was
divided into three subgroups — Group 4a — ISP + 25 mg/kg
Os (10s-25); Group 4b — ISP + 75 mg/kg (Os 10s-75),
and Group 4c — ISP + 150 mg/kg Os (I0s-150).

Animals were orally fed Os (25, 75, 150 mg/kg) once
daily for one month and in addition received ISP
(85 mg/kg, sc) on the 29th and 30th day.

On the 31st day, 24 h after second dose ISP administration,
animals were sacrificed under overdose of anaesthesia after
recording haemodynamic parameters. The hearts were
excised and immediately processed for histopathological
studies. For biochemical analysis, the hearts were stored
in liquid nitrogen.

All animals were anaesthetized intraperitoneally with
pentobarbitone sodium (60 mg/kg). Atropine (4 mg/kg) was
administered along with the anaesthetic to maintain the
heart rate, especially during surgery and to reduce tracheo-
bronchial secretions. Body temperature was monitored
and maintained at 37°C during the experimental protocol.
The neck was opened with a ventral midline incision to
perform tracheostomy and animals were ventilated with
room air from a positive pressure ventilator (Inco, Ambala,
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India) using compressed air at a rate of 90 strokes/min
and a tidal volume of 10 ml/kg. Ventilator setting and PO,
were adjusted as needed to maintain the arterial blood gas
parameters within the physiological range. The left jugular
vein was cannulated with polyethylene tube for continuous
infusion of 0.9% saline solution. The right carotid artery
was cannulated and the cannula was filled with heparinized
saline and connected with CARDIOSYS CO-101 (Experi-
mentria, Hungary) using a pressure transducer for the
measurement of mean arterial blood pressure (MAP) and
heart rate (HR). The left thoractomy was performed at the
fifth intercostal space and the heart was exposed. A sterile
metal cannula (1.5 mm bore) was introduced into the cavity
of the left ventricle from the posterior apical region of the
heart for measuring ventricular dynamics, left ventricular
end diastolic pressure (LVEDP), (+) LVdP/dt (rate of pressure
development) and (—) LVdP/dt (rate of pressure decline).
The cannula was connected to a pressure transducer (Gould
Statham P23ID, USA) through a pressure-recording catheter
on the Polygraph (Grass 7D, USA). The thoracic cavity
was then covered with saline-soaked gauze to prevent the
heart from drying. Animals were allowed to stabilize for
10 min before measuring the basal haemodynamic para-
meters.

Hearts stored in liquid nitrogen were brought to room
temperature and weighed. A 10% homogenate was pre-
pared in phosphate buffer (50 mM, pH 7.4) and an aliquot
was used for the assay of MDA according to the method
described by Ohkawa er al.”. The homogenate was centri-
fuged at 7000 rpm for 15 min and the supernatant was
used for estimation of the following biochemical parameters:
glutathione (GSH)', glutathione peroxidase (GSHPx)',
superoxide dismutase (SOD)IZ, catalase (CAT)13 and pro-
tein'*, Myocardial injury marker, creatine kinase-MB
(CK-MB) isoenzyme was estimated spectrophotometrically
using a kit from Randox Laboratories, USA*®,

Myocardial tissue at the end of the experiment was
immediately fixed in 10% buffered neutral formalin solu-
tion. The fixed tissues were embedded in paraffin and serial
sections were cut. Each section was stained with hema-
toxylin and eosin (H&E). The sections were examined
under a light microscope (Nikon, Japan) and photomicro-
graphs were taken.

Descriptive statistics such as mean and standard devia-
tion was calculated for all variables for each group. One-way
Analysis of Variance (ANOVA) was applied for statistical
analysis with post-hoc analysis (Bonferroni Multiple
Range Test) for the evaluation of haemodynamic variables
and Student’s ¢ test was used for biochemical analysis. A P
value <(0.05 has been considered as statistical signifi-
cance level.

We observed no significant change in the basal GSH and
MDA level as compared to sham in the Os-control group
(Table 1). However, Os at 75 and 150 mg/kg doses signi-
ficantly augmented basal endogenous antioxidant enzyme
activities of CAT and SOD (P < 0.05) compared to sham
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Table 1. Biochemical values in different experimental groups
Biochemical parameter Sham Os (25) Os (75) Os (150)
GSH (umol/g tissue) 1.86 £ 0.69 1.84£0.17 1.99£0.20 2.09+£0.32
MDA (1mol/g tissue) 63.00 £ 13.90 62.41 +13.90 59.70 £ 5.54 60.94 + 14.10
CAT (units/mg protein) 21.10£3.10 26.01 £5.62 34.87 £ 8.00% 30.30 £ 9.63*
SOD (units/mg protein) 7.94 £2.90 7.81 £1.80 12.53 £2.95% 14.53 £ 4.90*

CK-MB (units/mg protein) 162.40 + 27.30

154.00 £16.45

165.80 £12.60 177.67 £ 12.60

GSH, Reduced glutathione; SOD, Superoxide dismutase; CAT, Catalase; CK-MB, Creatine phosphokinase-MB;
MDA, Malonaldialdehyde. Values are expressed as mean = SD. Each value represents a mean of six readings.
*P < 0.05 vs sham. One unit of CK-MB transfers 1 jtmol of phosphate from phosphocreatine to ADP per min at
pH 7.4 and 30°C. One unit of SOD inhibits the rate of auto-oxidation of adrenaline by 50% and pH 7 at 25°C.
One unit of CAT activity represents amount of enzyme required to decompose 1 pimol of H,O,/min.

Table 2. Haemodynamic parameters in different experimental groups

Haemodynamic parameter Sham

Os (25 mg/kg)

Os (75 mg/kg) Os (150 mg/kg)

127.20 £ 21.20
350.30 £ 41.50
3150.00 + 113.60
3087.00 £ 72.17
4.10 £ 0.05

MAP (mmHg)

HR (beats/min)

(+) LVdP/dt (mmHg/s)
(=) LVdP/dt (mmHg/s)
LVEDP (mmHg)

111.00 +10.80
326.00 £17.00
2996.60 £ 437.50
2964.25 £ 268.40

3.62+65.00

122.00 £ 10.90 129.00 £ 17.70
361.00 £21.40 325.50 £ 19.40
3072.90 £ 257.50 2934.80 + 250.50
2923.62 £289.30 2897.58£317.10
3.73+£0.33 3.94+0.37

MAP, Mean arterial blood pressure, HR, Heart rate, (+) LVdP/d¢, Rate of change in left ventricular peak positive
pressure; (—) LVdP/ds, Rate of change in left ventricular peak negative pressure and LVEDP, Left ventricular
end-diastolic pressure. Values are expressed as mean + SD. Each value represents a mean of six readings.

0.4 <

units/mg protein

02 4

Sham Os-150

Os-25

*P < 0.05 vs Sham. Values are mean £ SD of six experiments.
One unit of GSHPx activity is defined as the amount of enzyme
required to utilize 1 nmol of NADPH/min at 25°C.

Figure 1. Myocardial glutathione peroxidase activity in different ex-
perimental groups.

(Table 1). In addition, Os also significantly increased basal
GSHPx activity (P <0.05) at all doses studied in refer-
ence to sham (Figure 1).

Oral feeding of Os per se did not adversely modulate
any of the haemodynamic parameters: MAP, HR, LVEDP,
(+) and (—) LVdP/dr as compared to sham (Table 2).

On histopathological examination, there was no evi-
dence of any cellular injury in any of the Os (25, 75 and
150 mg/kg)-control groups.

ISP-induced myocardial necrosis produced significant
depletion of antioxidant enzymes such as CAT (P < 0.05)
and SOD (P < 0.05) compared to sham control (Table 3).
Chronic Os 75 and 150 mg/kg treatment significantly re-
stored the activities of antioxidant enzymes CAT, SOD
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and GSHPx (P < 0.05) compared to ISP-control. Os only
at 25 mg/kg dose, significantly restored GSHPx activity
and failed to significantly increase the activities of other
antioxidants CAT and SOD as compared to ISP-control.
Significant decline in myocardial GSH (P <0.05) was
observed in ISP-control group and Os treatment failed to
restore its levels compared to ISP-control (Table 3).
MDA, the myocardial lipid peroxidation marker was
significantly elevated (P < 0.05) in the ISP-control group
in comparison to sham (Table 3). MDA levels generally
correlated inversely with myocardial CK-MB isoenzyme
activity. A fall in myocardial CK-MB isoenzyme activity
was observed in the ISP-control group compared to sham
(Figure 2). Os treatment at all the doses studied signifi-
cantly decreased MDA (P < (0.05) levels in reference to
ISP-control. However, Os only at 75 mg/kg dose restored
CK-MB isoenzyme activity of the myocardium (Table 3).
A significant fall in MAP (P < (0.05) and HR (P < 0.05)
was observed in ISP-control group compared to sham
(Table 4). In addition, ISP administration resulted in left
ventricular dysfunction, as indicated by a significant fall
in both (+) and (-) LVdP/dr (P <0.05) and a rise in
LVEDP (P < 0.05) compared to sham (Table 4). Os (25,
75 and 150 mg/kg) significantly improved HR (P < 0.05)
as compared to sham. However, only the 75 mg/kg dose
significantly restored MAP (P <0.05) in comparison to
ISP-control (Table 4). In addition, Os at all doses, failed
to improve both myocardial contractility (+LVdP/df) and
relaxation (-LVdP/dr) significantly compared to ISP-
control. Nonetheless, it markedly reduced LVEDP
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Table 3. Biochemical values in different experimental groups

Biochemical parameter Sham ISP control 10s (25) 10s (75) 10s (150)
GSH (umol/g tissue) 1.86 % 0.69 1.22 + 0.50 1.29+£0.17 1.31+£0.25 1.45 £0.18
MDA (nmol/g tissue) 63.00 £ 13.90 99,90 + 9.50 78.36 £ 8.71* 7327 +5.31* 71.93 £ 9.83*
CAT (units/mg protein) 21.10 £ 3.10 11.90 % 3.10* 19.58 £ 6.04 21.74 £ 4.13* 22.89 + 8.43%
SOD (units/mg protein) 7.94 +2.90 3.40 + 2.40" 473+ 1.05 6.47 £2,12% 6.20 £ 1.72%
GSHPx (units/mg protein) 0.33+0.12 0.19 + 0.08* 0.33 £ 0.05* 0.35 £ 0.06* 0.37 £ 0.05*

Values are expressed as mean * SD. Each value represents a mean of six readings. “P < 0.05 vs Sham; *P < 0.05 vs ISP-control.
One unit of SOD inhibits the rate of auto-oxidation of adrenaline by 50% and pH 7 at 25°C. One unit of GSHPx activity is defined
as the amount of enzyme required to utilize 1 nmol of NADPH/min at 25°C. One unit of CAT activity represents amount of en-

zyme required to decompose 1 pmol of H20»/min.

Table4. Haemodynamic values in different experimental groups

Haemodynamic parameter Sham 10s (25 mg/kg) 10s (75 mg/kg)  10s (150 mg/kg)
MAP (mm Hg) 127.2+£21.2 97.67 + 15.5 96.70 + 15.8 124.50 £ 10.9*
HR (beats/min) 3503 £415 224.70 £ 65.1" 305.30 + 14.6* 331.70 £ 19.4%
(+) LVdP/dr (mm Hg/s) 3350.0 £113.6 2850.0 + 104.6" 2854.20+£292.6  2933.30 £ 207.9
() LVdP/dt (mm Hg/s) 3187.0£72.1 2300.0 £ 259.2* 2427.50 £ 3473 2500.75 £ 168.5
LVEDP (mm Hg) 4,10 + 0.05 854 +1.8" 5.20 £ 0.6* 4.47 £ 0.4*

*P < 0.05 vs Sham; *P < 0.05 vs ISP-control. Values are expressed as mean + SD. Each value represents a mean
of six readings.

200 3
160
£
2 g 120 4
a
% E 7
5 80 1 o
e
40 4 :
[¢} ] = .
Sham ISP Control 10s-25 10s-75 10s-150

*P < 0.01 vs Sham; *P < 0.05 vs ISP-contral. Values are mean £
SD of six experiments. One unit of CK-MB will transfer 1 umol of
phosphate from phosphocreatine to ADP per min, at pH 7.4 and
30°C.

Figure 2. Myocardial creatine phosphokinase-MB (CK-MB) activity
in different experimental groups.

(P <0.05) as compared to ISP-control in the doses studied
(Table 4). '

ISP-treated animals exhibited significant myocardial
cell injury and infiltration of inflammatory cells com-
pared to sham control. In addition, significant myonecro-
sis with fibroblastic proliferation and presence of chronic
inflammatory cells were also observed in the ISP-control
group compared to sham. Os treatment at 75 mg/kg dose
showed significant improvement in the degree of myone-
crosis, infiltration of inflammatory cells, vacuolar changes
and oedema compared to the ISP-control, elucidating its
myocardial salvaging effects.

Rona et al.'® first described in rats, the production of
myocardial necrosis and hypertrophy by intermittent sub-
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cutanequs administration of ISP. The pathological fea-
tures observed in our experimental study agree with
earlier reports and consisted of myofibre degeneration,
interstitial oedema, subcutaneous congestion associated
with infiltration of both neutrophils and lymphocytes. The
extent of necrosis was also evaluated by measuring myo-
cardial CK-MB isoenzyme activity'". Histopathological ob-
servations and the enzymatic activity of CK-MB demonstrate
the co-relationship between the degree of CK-MB leak-
age from myocardium and the extent of myocardial injury.
Furthermore, our experimental protocol was used for the
evaluation of therapeutic or prophylactic intervention on the
extent and evolution of jeopardized myocardium in ISP-
treated rats. The observation that Os (75 mg/kg) treatment
significantly prevented leakage of CK-MB and thereby
preserved the myofibre architecture as compared to ISP-
control group, demonstrates its cardioprotective effect.

The major thrust of current research in cardiovascular
science is to elucidate the molecular mechanism of action
of cardioprotective agents. Our study is an effort in the
same direction and was designed to evaluate the cardio-
protective potential of Os and to elucidate the mechanism
of its cardioprotective effects in ISP-induced myocardial
necrosis. As described earlier, haemodynamic, antioxi-
dant and histopathological parameters were incorporated
in the study design to investigate the underlined mechanisms
of its myocardial salvaging effects.

Os is widely used in Ayurveda for the treatment of
several diseases”'®. It is discussed in the Vedas as a health
tonic. The flavanoid component of Os has antioxidant
properties and it is safe to use even in large doses. Various
studies have shown its characteristic ginseng-like adaptogenic
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property, which enhances myocardial tolerance subse-
quent to stress, a phenomenon known as adaptation'”. Al-
though the exact mechanism of the adaptation is not fully
understood, it may work through the induction of anti-
oxidant enzymes such as SOD, CAT, GSHPx and anti-
oxidants such as GSH and proteins like heat shock protein'.
We have also observed a concomitant increase in the acti-
vities of CAT, GSHPx and SOD in Os-treated animals.
Augmentation of endogenous antioxidants may enhance
the myocardial antioxidant reserve and strengthen myocar-
dial defence mechanisms operating in the myocardium.
Therefore myocardial adaptation seems to be one of the likely
mechanisms contributing to its cardioprotective activity.

Our data are consistent with the idea that the generation
of highly cytotoxic free radicals through the auto-oxidation
of catecholamines is one of the important causative factors
for ISP-induced myocardial necrosis®. ISP-induced myocar-
dial necrosis resulted in reduced GSH content as well as
antioxidant enzymes (SOD, CAT and GSHPx) in cardiac
tissue”"**. The fall in the activity of GSHPx in the ISP
group might be correlated to decreased availability of its
substrate, reduced GSH. Moreover, due to impairment in
both enzymatic and non-enzymatic antioxidant defence
mechanisms, it is quite likely that the free radicals are not
effectively neutralized and hence myocardium shows en-
hanced susceptibility to lipid peroxidation. Although the
antioxidant enzyme levels were significantly preserved
by Os treatment, it failed to prevent the loss of GSH con-
tent of the myocardium significantly. We observed en-
hanced lipid peroxidation, as indicated by elevated MDA
level in the ISP-control group and Os treatment signifi-
cantly decreased its levels by preventing the formation of
lipid peroxides from fatty acids.

In our heart model, the myocardial dysfunction was
observed following ISP administration, indicating its
myocardial deleterious effects. A significant fall in MAP,
HR, {(+) LVdP/dt}, {(-) LVdP/d¢} and an elevated LVEDP
was observed, which might be due to ISP-induced myo-
cardial necrosis. The fall in MAP normally increases HR
and myocardial contractility due to reflex sympathetic ac-
tion. However, none of these effects was observed in the
present study, suggesting impairment in the cardiac re-
flexes following ISP-induced myocardial injury. As outlined
above, administration of Os (75 mg/kg) significantly in-
creased both HR and MAP, an indirect measure of cardiac
oxygen consumption. In addition, the 25 and 150 mg/kg
doses also restored HR significantly compared to ISP-
control. Therefore, it is likely that the myocardial salvaging
effect demonstrated by Os (75 mg/kg) in the study, might
partly be the due to the reduction in myocardial oxygen
demand.

The (-)LVdP/dr was more markedly depressed indicating
a more diastolic ventricular dysfunction per se compared
to systolic function. Os at all the doses studied signifi-
cantly reduced surrogate preload marker LVEDP compa-
red to ISP-control. The major consequence of the
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reduction in LVEDP is to increase blood flow through the
sub-endocardial region of the ventricular muscle that
bears the maximum brunt of the ischaemia. There is dis-
proportionate reduction in blood flow to the subendocar-
dial regions of the heart, which is subjected to the greatest
extra-vascular compression during systole. However, it
failed to significantly improve both inotropic and lucitropic
functions of the heart.

In summary, our study demonstrated that Os (75 mg/kg)
significantly reduced ISP-induced myocardial injury. Histo-
pathological examination further confirmed its cardiopro-
tective effects. Most importantly, we have demonstrated
that chronic treatment with Os decreased myocardial necro-
sis, oedema and inflammation, and improved cardiac
functions by different mechanisms. Decreased myocardial
necrosis (as evidenced by reduced CK-MB release and
histopathological changes), reduction in myocardial oxy-
gen demand and preload as well as augmentation of endo-
genous antioxidants, i.e. myocardial adaptation and restored
antioxidant status, all contribute to its cardioprotective ef-
fects. In this context, it is important to mention that Os at
25 and 150 mg/kg doses failed to demonstrate any signi-
ficant myocardial salvaging effects.

The additional mechanisms by which Os may reduce
myocardial injury and potential clinical implications re-
quire further investigation. However, the present investiga-
tion provides a lead for exploring other mechanisms
contributing to its cardioprotective effect. Whether the con-
clusions dealing with our experimental data can be extrapo-
lated to the clinical scenario or not, remains to be defined
by well-controlled studies in humans. Nonetheless, the re-
sults of our study are rather encouraging, because they
could disclose a new therapeutic approach in the treatment
of ischaemic heart disease.

The present results clearly emphasize the beneficial ac-
tion of Os (75 mg/kg) as a cardioprotective agent. Our results
are consistent with earlier reports that generation of ROS
in myocardium subjected to ISP-induced injury and sub-
sequent oxidative stress induced cardiac deterioration. Al-
though the precise mechanism of its cardioprotective
effects in ISP-induced myocardial injury is not fully un-
derstood, we have proposed some of the likely mecha-
nisms for its myocardial salvaging effects. Favourable
modulation of the haemodynamics, which may decrease
myocardial oxygen demand and increase blood flow to the
subendocardial region of the myocardium, augmentation of
basal endogenous antioxidants and restored endogenous an-
tioxidant network are some of its proposed cardioprotec-
tive mechanisms. Preserved myocardial CK-MB activity
and histopathological study further confirm its myocar-
dial salvaging effects.
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Spatial variation of snow-cover
properties on small uniform mountain
slopes in the Greater Himalayan region
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Sector 37A, Chandigarh 160 036, India
2Snow and Avalanche Study Establishment, Manali 175 103, India

In the present study three small uniform mountain
slopes were selected carefully for snow-pit observation
in the Patsio bowl located in the higher latitudes of
Himachal Pradesh in the Great Himalayan region. To-
tally 27 snow-pit observations were taken, with nine
snow-pit observations in a study plot of each slope. At
each observation point, 19 snow-pack parameters
were recorded and analysed statistically. Analysis result
of the snow-pack parameters shows a large spatial varia-
tion (up to 59%) in the snow-cover properties. Snow-
pack parameters vary from one observation point to
another point within the same slope as well as from one
slope to another. The study reveals that in most cases,
the snow-cover properties taken from a single snow-pit
do not resemble the average snow-cover properties of
the entire study plot with significant confidence level.

Keywords: Great Himalayan region, Snow-pit observation,
spatial variation, uniform slopes.

SNow-cover characteristics are highly dependent on the
climatic as well as terrain conditions'. The snow-cover
properties” for different snow climatic zones are different
and vary spatially and temporally. Snow climate of Indian
Himalaya changes as one moves from the lower latitude
to the upper latitude region’. The Indian Himalaya has three
main parts: Western Himalaya, Central Himalaya and Eastern
Himalaya. Western Himalaya is further divided into three
main snow climatic zones, in which the Great Himalayan
region falls under the Middle Himalayan climatic zone or
Mid latitudinal climatic zone. This region has continental-
type winter climate characterized by lesser snow fall, colder
temperatures and shallow snow-cover. Snow pack of this
region is dominated by low-density temperature-gradient
grains having low ram resistance and higher temperature
gradient*. Significant studies have been undertaken in the
past on snow-cover properties and avalanche occurrences
of this region®'°, but few attempts have been made for the
spatial variation of snow-cover properties of this region.
Although substantial work has been done worldwide on
the spatial variation of snow-cover properties'''*, very few
attempts were made for such study in the Indian Hima-
laya'®. In the present work an attempt has been made to

*For correspondence. (e-mail: gusain_hs@yahoo.co.in)
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