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Abstracts: The vascular endothelium produces a large number of vasodilator and vasoconstrictor compounds
which regulate vascular tone. Nitric Oxide (NO) is recognised to be the most important and best characterised
mediator; its intrinsic vasodilator function is commonly used as a surrogate index of endothelial function.
Various studies have demonstrated that exercise training improves endothelium-dependent vasodilator
function. Yoga is a group of physical, mental, and spiritual practices or disciplines which originated in ancient
India. The poses and stretches are thought to have physical and mental health benefits. Optimum exercise
training schedules in the form of Yogasanas & pranayam may result in possible sequential changes in the
endovascular milieu. Yoga exercise mediated improvement in endothelial function may provides plausible
cardio protective benefits of exercise training. We evaluated the impact of exercise in the form of yoga v/s
sedentary life on serum Nitric Oxide (NO). This prospective study consisted of 70 volunteer subjects in the age
range of 18 to 73 years, mean age 33 yrs, from a small locality in the north of Bangalore. Serum Nitric Oxide
levels was measured using Cadmium reduction method. The subject’s history of regular exercise, type &
duration of exercise was evaluated; those who did not perform regular exercise of at least 2 days a week were
classified as sedentary. 40 subjects who performed regular exercise in the form of Yoga and 30 subjects who
did not perform regular exercises were classified as sedentary. Sedentary group was significantly younger with
a mean age of 18.5 yrs compared to the exercise group whose mean age was 44yrs. 22% of the subjects in the
exercise group had some coexisting disease with 70% requiring medication, compared to no coexisting disease
in sedentary group who were much younger. BMI & Waist Hip ratio was significantly higher in exercise group.
The exercise group had been performing Yoga for a mean duration of 3.6445.40 years. Comparison of subject
who practiced yoga for and those who were sedentary revealed a stastically significant higher serum Nitric
Oxide. Serum Nitric Oxide (NO pmol/l) was 77.26%37.71 in those who performed regular yoga exercise
compared to 23.5745.83 in Sedentary subjects <0.001**. It also showed a significant correlation with age.
Hence our observation in this study was even though Subjects in the exercise group was were two Decades
older with higher BMI and FBS and Co-morbidities the serum Nitric Oxide levels were comparatively higher
compared to younger sedentary subjects. The presence of significantly higher levels of Nitric Oxide NO can be
attributed to the continued regular exercise in the form of Yoga practices.
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Introduction:

In the last two decades, it has been well recognised
that a normal endothelial function is integral to
vascular health. The wvascular endothelium
produces a large number of vasodilator and
vasoconstrictor compounds which regulate
vascular tone. It is recognised that the vasodilator,
nitric oxide (NO) also has additional anti-
atherogenic properties. Nitric Oxide (NO) is
recognised to be the most important and best
characterised mediator, its intrinsic vasodilator

function is commonly used as a surrogate index of
endothelial function (14,17).

Many age related conditions, including those
commonly associated as risk factors for
atherosclerosis such as hypertension,
hypercholesterolemia, smoking, diabetes mellitus
and heart failure are associated with diminished
release of nitric oxide into the arterial wall either
because of impaired synthesis or excessive
oxidative degradation, which, in turn, correlates
with increased cardiovascular mortality. The
decreased production of NO in these
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pathophysiological states results in serious
impairment of endothelial equilibrium.

It is well recognised clinically that improved
endothelial function tend to be associated in
response to interventions. Numerous therapies
have been investigated to assess the possibility of
reversing endothelial dysfunction by enhancing the
release of nitric oxide from the endothelium
Furthermore (11,16).

It has now been recognised that stress on
endothelial cells is a potent stimulus for NO
production. Though the role of endothelium-
derived NO in acute exercise has not been fully
resolved, exercise training involving repetitive
bouts of exercise over weeks or months up-
regulates endothelial NO bioactivity. Increase in
blood flow, resulting in change in hemodynamic
which occur during acute exercise may, provide a
stimulus for both acute and chronic changes in
vascular function (15,18).

Various studies have demonstrated that exercise
training improves endothelium-dependent
vasodilator function, not only as a localised
phenomenon in the active muscle group, but also
as a systemic response when a relatively large
mass of muscle is activated regularly during an
exercise training programme. Individuals with
initially impaired endothelial function at baseline
appear to be more responsive to exercise training
than healthy individuals. While improvement is
reflected in increased NO bioactivity, the detail of
mechanisms, the relative importance of up-
regulation of mediators and antioxidant effects, is
unclear (2,9,12,13).

Yoga is a group of physical, mental,
and spiritual practices or  disciplines  which
originated inancient India. Yogaasana gained
attention of the west the mid-19th century along
with  other topics of Indian philosophy.
Asana’s collectively constitute the physical aspect
of worship in ancient Yoga and various stretches
and meditative poses of modern Yoga. The poses
and stretches are thought to have physical and
mental health benefits

Optimum exercise training schedules in the form of
Yogasanas & pranayam will result in possible
sequential changes in the endovascular milieu.
Yoga exercise mediated improvement in

endothelial function may provides plausible cardio
protective benefits of exercise training.

Objective of study was To evaluate the impact of
exercise in the form of yoga v/s sedentary life on
serum Nitric Oxide (NO)

Material and Methods:

The study was approved by Scientific Review and
Intuitional Ethics Committee. With informed
consent as per ICH GCP Guidelines, 70 normal
volunteer subjects from a small locality in the north
of Bangalore were enrolled for the study. All the
subjects were clinically evaluated, medical history
recorded and their blood Serum collected and
stored for further evaluation. Serum Nitric Oxide
levels was measured using Cadmium reduction
method. The subject’s history of regular exercise,
type & duration of exercise was evaluated; those
who did not perform regular exercise of at least 2
days a week were classified as sedentary. The Data
was analysed using SPSS .

Result:

This prospective study consisted of 70 volunteer
subjects in the age range of 18 to 73 years, mean
age 33 yrs, Males 49: Female 31. In the study
subjects there were 40 who performed regular
exercise in the form of Yoga and 30 subjects who
did not perform regular exercises and were
classified as sedentary.

Subjects in the Sedentary group were significantly
in the younger age mean age 18.5 yrs compared to
the exercise group whose mean age was 44yrs. M:F
ratio was balanced between the two group. Of the
exercise group had a family history of 1 degree
relative with T2DM and Hypertension in 37 % &
32% respectively. A significant number (87%) of
Sedentary subjects consumed non vegetarian diet
regularly (Table 1). 22% of the subjects in the
exercise group had some coexisting disease with
70% requiring medication, compared to no
coexisting disease in sedentary group who were
much younger (Table 2). BMI & Waist Hip ratio
was significantly higher in exercise group.

It was observed that in the exercise group had
been performing Yoga for a mean duration of
3.6415.40 years. 70% of these subjects were less
than 50 years of age. 45% of the subjects were
Vegetarians. 60% of the subjects were practicing
Yoga for more than lyear.
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Comparison of subject who practiced yoga for and
those who were sedentary revealed a stastically
significant higher serum Nitric Oxide. Serum Nitric
Oxide (NO umol/l) was 77.26+37.71 in those who
performed regular yoga exercise compared to
23.5715.83 in Sedentary subjects <0.001**. It also
showed a significant correlation with age (Table 4
& 5).

Discussion: Regular physical exercise has been
shown to improve endothelium-dependent
vasodilatation in both experimental models and
humans. One of the most important molecular
consequences of exercise is the absolute increase
of vascular nitric oxide (NO) concentration (4).
Impairment in NO production can contribute to
limitations in exercise capacity through inadequate
coronary or peripheral perfusion or via its
metabolic effects. Exercise training in individuals
with elevated cardiovascular risk or established
disease can increase NO bioavailability and may
represent an important mechanism by which
exercise training conveys benefit in the setting of
secondary prevention (8). Our study demonstrated
the effect of long term exercise in the form of yoga
promotes serum NO.

The production of NO is catalyzed by NOS. Three
isoforms of NOS, termed neuronal NOS (nNOS),
inducible NOS (iNOS) and endothelial NOS (eNOS)
have been recognized. A large number of studies
demonstrated that the presence of iNOS is minimal
under physiological conditions. Increase in the
production of NO by iNOS is observed in response
to the inflammation. Inflammation-induced iNOS
expression in the endothelium may contribute to
vascular dysfunction by limiting the availability of
tetrahydrobiopterin (BH, for eNOS (4).

Tanaka et al. examined the regulation of NO on
acute adaptations to exercise. It was found that
acute exercise improved endothelium-dependent
vasodilatation in rat aorta by increased eNOS
activation. These results shows that one bout of
moderate aerobic exercise improves endothelial
function by increasing NO bioavailability (Tanaka,
Bechara et al. 2015). Roque et al. demonstrated
that 12 weeks of aerobic exercise improved
endothelial function and vascular stiffness in
coronary and mesenteric arteries in spontaneously
hypertensive rats (Roque, Briones et al. 2013) (2).

Li-Wei Chien et al investigated the effect of 12
weeks yoga training on headache frequency,
severity, duration and blood nitric oxide levels as
well as headache impacts on female migraineurs'
lives. Thirty-two female patients with migraine
were randomly divided into two groups. The
control group (n = 14) received medication and the
yoga group (n = 18) participated in 12 weeks yoga
training in addition to receiving the same
medication as that of the control group. the
metabolite of NO also was measured. After 3
months intervention, in the yoga group, there was
a significant reduction in the impact of headache
on patients' lives, headache frequency, and
severity and a non-significant reduction in
headache duration in the yoga group. There was no
significant difference in the plasma levels of NO
between yoga and control groups before and after
the study (3). In our study a significantly higher NO
levels were recorded in Exercise group compared
to sedentary subject.

Li-Wei Chien et al, explored the effect of yoga on
the serum nitric oxide (NO) in subjects with
primary dysmenorrhoea and normal healthy
controls. Yoga intervention was found to be
associated with reductions in severity of
dysmenorrhoea and may be effective in lowering
serum homocysteine levels after an intervention
period of 8 weeks. These observations suggest that
yoga may have therapeutic effects in women by
restoring endothelial function there were no
statistically significant differences in NO levels
between the two groups at baseline and after
intervention(3).

Conclusion:

Hence our observation in this study was even
though Subjects in the exercise group was were
two Decades older with higher BMI and FBS and
Co-morbidities the serum Nitric Oxide levels were
comparatively higher compared to younger
sedentary subjects. The presence of significantly
higher levels of Nitric Oxide NO can be attributed
to the continued regular exercise in the form of
Yoga practices.

In conclusion, the current study provides some
evidence that a simple and regular exercise in the
form of Yoga increases the basal production of NO.
Such effects may have contributed to the lower
blood pressure observed in this study.
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Tables Captions
Table 1: Study design: A Comparative two group
study those who performed regular exercise in the
form of Yoga v/s Sedentary subjects

Regular P
Exercise Sedentary | value
Group Group
(Yoga (n=30)
(n=40))
Age in years
<20 0(0%) 30(100%)
21-30 7(17.5%) 0(0%)
31-40 9(22.5%) 0(0%)
41-50 12(30%) 0(0%)
51-60 6(15%) 0(0%)
61-70 6(15%) 0(0%)
Mean + SD | 44.33+13.78 | 18.500.51 P;?;fo
Gender
Female 18(45%) 13(43.3%)
Male 22(55%) 17(56.7%)
Family History of Diabetes Mellitus
1* degree 15(37.5%) | 8(26.7%)
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1* degree 13(32.5%) 0(0%)
2" Degree 1(2.5%) 0(0%)
Diet
Non o o
Vegetarian 22(55%) 26(86.7%)
P=0.00
Vegetarian 18(45%) 4(13.3%) | 5**

Table 2: Associated Disease in two groups studied

Regular
Exercise
Group - | Sedent
ary P value
Yoga (n=30)
Exercise
(n=40)
Associated Disease
Nil 31(77.5 | 30(100
%) %)
22.59
Yes A )5/3 0(0%)
0,
) I-!yperten 7(17.5% 0(0%)
sion )
e Respirato 1(2.5%) 0(0%)
ry
e Thyroid 1(2.5%) 0(0%)
Medications for associated disease
30(100
[0)
No 28(70%) %)
P=0.001
Yes 12(30%) | 0(0%) | **

Table 3: Comparison of Clinical risk factors BMI
(kg/m?) & WHR in two groups studied
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Table 4: Duration of Yoga (years) in two groups
studied and its impact on serum Nitric Oxide

Regular

Exercise

Group-
Yoga

Sedentary

P value

Duration
of Yoga

(years)
Regular
Exercise Sedentary <1.5 17(42.5%) 30(100%)
P value
Group- Group
Yoga 1.5-25 7(17.5%) 0(0%)
BMI 2.5-5 11(27.5%) 0(0%)
(kg/m’)
<185 2(5%) 3(10%) >> >(12.5%) 0(0%)
Mean + + + o
18525 | 18(45%) | 20(66.7%) 5 3.64:5.40 | 0.00£0.00 | P<0.001
25-30 16(40%) 7(23.3%)
Serum
>30 4(10%) 0(0%) Nitric
Oxide 77.26137.71 | 23.57+5.83 | <0.001**
Mean + P=0.001*
D 25.39+£3.95 22.3313.63 N (NO)
pmol/I
Waist
hip Table 5: Correlation serum nitric oxide with other
ratio variables
. . Correlation serum nitric r value P value
<0.8 2(5%) 15(50%) oxide with other variables
0.8-1 36(90%) 15(50%) Serum Nitric Oxide (NO) )
umol/I v/s FBS in mg/dI 0.257 0.109
>1 2(5% 0(0% itri i
(5%) (0%) Serum Nitric Oxide (.NO) 0.251 0.119
P<0.001* pumol/l v/s BP systolic
Mean * I -
0.91+0.07 | 0.80+0.07 | * Serum Nitric Oxide (NO) i
SD umol/I v/s BP diastolic 0.111 0.497
Serum Nitric O.X|de'(NO) 0.039 0.810
Blood pmol/l v/s Waist Hip
Pressur Serum Nitric Oxide (NO)
e umol/I v/s BMI (kg/m?) 0.074 0.652
SBP Serum Nitric Oxide (NO)
e R + pmol/1 v/s Duration of Yoga -0. .
(mm 125.40£12.9 | 1208064 | o /I v/s Duration of Y 0142 | 0382
Hg) 7 0 (yrs)
DBP Serum Nitric Oxide (NO) -0.362 0.022*
(mm 81.0049.69 | 72.87+4.89 | <0.001** pmol/l v/s Age in years ' )
Hg)
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