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I N T R O D U C T I O N

While oxidation of nutrients is essential
for  l i fe ,  one of  the adverse s ide-effects  of
oxidat ion  i s  genera t ion  of  reac t ive  oxygen

species (ROS). The oxidative stress imposed
by ROS contributes to the process of aging
as well as a variety of chronic degenerative
diseases (1–3).  The impact of the oxidative
s t ress  i s  min imized  by  a  l a rge  number  o f
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Abstract :  Oxidative stress contributes to the process of aging as well as
a  va r i e ty  o f  ch ron ic  degenera t ive  d i seases .  There  a re  ind ica t ions  tha t
psychological stress increases oxidative stress whereas relaxation decreases
i t .  We have  measured  the  concen t ra t ion  o f  th iobarb i tu r ic  ac id  reac t ive
substances  (TBARS) in  b lood as  an  indica tor  of  oxidat ive  s t ress  a t  the
beg inn ing  and  a t  the  end  o f  a  comprehens ive  yoga-based  l i f e s ty le
modification program (YLMP). The data was collected from 104 subjects
(59 male,  45 female),  19–71 years of age (mean ± SD, 41.2 ± 14.6 years).
The YLMP consisted of a nine-day educational  out-patient  course on the
theory and practice of yoga and included, besides a daily one-hour practice
of physical postures (asanas) and breathing exercises (pranayama), lecture
and films on yoga, stress management and nutrition, practice of meditation
and shavasana (a relaxation technique), and individual counseling. Venous
blood samples were collected on the first and last day of the course. The
serum concent ra t ion  of  TBARS decreased  s igni f icant ly  f rom 1 .72 ± 0.72
nmoles/ml on day 1 to 1.57 ± 0.72 nmoles/ml on day 10 (P<0.05). The study
suggests that a brief low cost lifestyle intervention based on yoga reduces
oxida t ive  s t ress .
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endogenous as well  as dietary antioxidants.
The level of oxidative stress depends on the
ba lance  be tween  produc t ion  of  ROS and
their  quenching by antioxidant mechanisms.
Psychosoc ia l  s t ress  inc reases  ox ida t ive
s t ress  (4 ) ,  poss ib ly  by  increas ing  the
production of ROS. Correspondingly,  a few
recen t  s tud ies  have  shown tha t  re laxa t ion
techniques  reduce  ox ida t ive  s t ress  (5–7) .
S ince  on ly  a  few s tud ies  o f  th i s  type  a re
ava i lab le ,  more  s tud ies  a re  needed  to
es tab l i sh  the  p lace  o f  var ious  re laxa t ion
techniques  in  mi t iga t ing  the  b iochemica l
effects of psychosocial  stress.  Our study is
an  a t t empt  in  tha t  d i rec t ion .  One  of  the
indicators  of  oxidat ive s tress  is  the degree
of l ipid peroxidation.  Lipid peroxidation is
thought to be a major factor in pathogenesis
of  many human d iseases  (8 ) .  L ip id
peroxidation may be assessed from the blood
concent ra t ion  of  l ip id  perox ida t ion
products as measured by thiobarbituric acid
reac t ive  subs tances  (TBARS) ,  o f  which
malondia ldehyde  (MDA) i s  a  p r inc ipa l
cons t i tuen t .  We have  measured  the
concent ra t ion  of  TBARS in  the  b lood  of
pat ients  undergoing a  comprehensive yoga-
based l i festyle modificat ion program at  the
beginning and end of  the  program.

M E T H O D S

The study is the result of data collected
on patients at tending a yoga-based l ifestyle
modi f ica t ion  program (YLMP)  a t  the
In tegra l  Hea l th  Cl in ic  ( IHC)  of  Al l  Ind ia
Inst i tute  of  Medical  Sciences,  New Delhi .

S u b j e c t s

The data was col lected on 104 subjects
(59 male ,  45 female)  who at tended one of

the YLMPs conducted between January and
October  2003.  The subjects  included those
having  hyper tens ion ,  coronary  a r te ry
d isease ,  d iabe tes ,  b ronchia l  as thma,
headache ,  backache ,  anx ie ty ,  s t ress ,
p remens t rua l  syndrome,  i r r i t ab le  bowel
syndrome,  pep t ic  u lce r ,  and  a  var ie ty  o f
o ther  condi t ions ;  a  few sub jec t s  went
through the intervention also for prevention
of disease although they had no significant
hea l th  p rob lem.

Study  des ign

The s tudy  was  based  on  a  before-af te r
design.  Fast ing venous blood samples were
collected between 8.15 and 8.45 a.m. at the
beginning (day 1)  and end (day 10) of  the
YLMP for estimation of TBARS.

The intervent ion

Each  YLMP cons i s t s  o f  a  9 -day
educational out-patient course on the theory
and pract ice of  yoga.  About  8 pat ients  are
enrolled for each course,  and a new course
begins  every  a l t e rna te  week .  The  pa t ien t s
spend 3–4 hours each day on the course. A
typical  day in  the  course  s tar ts  wi th  a  set
of asanas and pranayama for one hour. After
a  shor t  b reak  for  b reakfas t ,  the re  i s  a
lec ture  o r  a  f i lm,  fo l lowing  which  the
pa t ien t s  re lax  in  shavasana  or  medi ta t ion
for about 20 min. Two of the patients stay
back each day for individualized counseling,
so  tha t  by  the  end  of  the  course ,  each
pa t ien t  has  had  a t  l eas t  one  sess ion  on  a
one-to-one basis with the doctor. An outline
of  the  p ro toco l ,  and  the  l i s t  o f  asanas
included in the course,  have been given in
appendices  1  and  2  respec t ive ly .  The
pro toco l  o f  the  in te rven t ion  has  been
described in detai l  ear l ier  (9) .
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Appendix  1

Protoco l  o f  the  Course  at  IHC

Day 0 History

Day 1: Wednesday Fasting blood sample
Introduction to one another
Lecture: Introduction to yoga
Practice:  Shavasana

Day 2: Thursday Practice: Asanas & Pranayama*
B r e a k
Lecture: Meditation
Practice: Meditation
Individualized advice (2 patients)

Day 3: Friday Practice: Asanas & Pranayama
B r e a k
Lecture: Fundamentals in nutrition
Practice: Meditation
Individualized advice (2 patients)

Day 4: Saturday Practice: Asanas & Pranayama

Day 5: Sunday Off

Day 6: Monday Practice: Asanas & Pranayama
B r e a k
Film: Samattvam (Equanimity)
Practice:  Meditation/Shavasana

Day 7: Tuesday Practice: Asanas & Pranayama
B r e a k
Film: Stress management
Practice:  Meditation/Shavasana

Day 8: Wednesday Practice: Asanas & Pranayama
B r e a k
Lecture: About your illness
Practice:  Meditation/Shavasana
Individualized advice (2 patients)

Day 9: Thursday Practice: Asanas & Pranayama
B r e a k
Lecture: Yogic attitude in daily life
Practice: Meditation / Shavasana
Individualized advice (2 patients)

Day 10: Friday Fasting blood sample
Practice: Asanas & Pranayama
B r e a k
Lecture:  Stress management
Practice:  Meditation/Shavasana
Closing session

*Details in Appendix 2

Appendix  2

The set of asanas and pranayama
included in the course

I . Humming  in  medi ta t ive  pos tu re -Vaj rasana
(Thunderbo l t  Pose ) /Padmasana  (Lo tus  Pose ) /
Sukhasana  (Easy  Pose)

I I . BREATHING TECHNIQUES
1. Dog brea th ing
2. T ige r  b rea th ing
3. Hands  in  and out  brea th ing
4. Hands interlocked, kept on chest,  stretching,

in  three  pos i t ions
5. Ankle  s t r e t ch  b rea th ing

I I I . LOOSENING EXERCISES
Warm ups :  s t a r t ing  f rom the  head ,  work ing
towards  the  toes .
1 . Neck rol ls
2 . Shou lde r  ro ta t ion
3. Arm ro ta t ion
4. Elbow movements
5 . Wr is t  movements
6 . F inger  movements
7 . Wais t  movements
8 . Knee  ro ta t ion
9. Ankle  ro ta t ion
10. Toe  movements

IV. QUICK RELAXATION IN SHAVASANA
(CORPSE POSE)

V. ASANAS
(a) S t a n d i n g

1. Ardhaka t i chakrasana  ( l a te ra l  a rc  pose )
2 . Padahas tasana  ( forward  bend  pose)
3 . Ardhachakrasana  (backward  bend  pose)
4 . Vr ikshasana  ( t ree  pose)

(b) S i t t i n g
1. Ardhamatsyendrasana  (ha l f - sp ina l  twis t

pose)
2 . Pasch imatanasana  (back  s t re tch  pose)
3 . Konasana  (angular  pose)

(c) Lying on stomach (prone)
1. Makarasana (crocodi le  pose)
2 . Bhujangasana  (cobra  pose)
3 . Dhanurasana  (bow pose)
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M e a s u r e m e n t s

Serum was  separa ted  f rom the  b lood
samples  wi th in  2  hours  and  was  s tored  a t
–16°C t i l l  analysis .  Samples were analyzed
within a week after blood collection. TBARS
were  measured by the  color imetr ic  method
at 535 nm (10). Calibration was done using
1 ,1 ,3 ,3 - te t rae thyoxypropane  (S igma)  as
s tandard .  The in ter -assay var iabi l i ty  (same
sample  run  in  10  d i f fe ren t  assays  on
di f fe ren t  days)  and  in t ra -assay  var iab i l i ty
(same sample  run  10  t imes  in  same assay
on same day) in our laboratory was checked.
The inter assay coefficient of variation was
7.8% and intra assay coefficient of variation
was  1 .8%.  Al l  the  samples  were  run  in
dup l i ca t e s .

Stat i s t i ca l  ana lys i s

The  mean  va lues  on  day  1  and  day  9
were  compared  us ing  S tudent ’ s  t - t es t  fo r
pa i red  observa t ions .  The  d i f fe rences  were
considered s ignif icant  i f  P<0.05.

(d) Lying on back (supine)
1 . Ut t i t apadasana  ( s t ra igh t  l eg  ra i s ing)
2 . Sarvangasana  ( shoulder  s tand  pose)
3. Matsyasana ( f ish  pose)
4 . Pavanmuktasana  (wind  re l iev ing  pose)
5 . Se tubandhasana  (b r idge  pose)

VI. DEEP RELAXATION IN SHAVASANA (CORPSE
P O S E )

VII. PRANAYAMA (BREATHING PRACTICES)
1. Bhas t r ika  ( rap id  b rea th ing)
2 . Nadi  shuddhi  (a l te rna te  nos t r i l  b rea th ing)
3 . Bhramari (honeybee sound during expiration)

VIII. QUICK RELAXATION IN SHAVASANA (CORPSE
P O S E )

IX. Humming  in  medi ta t ive  pos tu re -Vaj rasana
(Thunderbo l t  Pose ) /Padmasana  (Lo tus  Pose ) /
Sukhasana  (Easy  Pose)

RESULTS & DISCUSSION

The phys ica l  charac te r i s t i cs  o f  the
subjects  have been summarized in Table I .
The serum concentra t ion  of  TBARS at  the
beginning of the intervention was 1.72 ± 0.72
nmoles /ml  and  a t  the  end  was  1 .57 ± 0.72
nmoles/ml (P<0.05).

TABLE I : Physical  character is t ics  of  subjects .

M e a n± S D R a n g e

Age (years) 41.24± 14.61 19 – 71

Weight  (kg) 66.13± 11.97 45 – 114

Height  (cm) 163.33± 9.15 143 – 184

BMI (kg/m2) 24.81± 4.13 16.30 – 38.39

We have earlier demonstrated the efficacy
of  the  in te rven t ion  in  reduc ing  fas t ing
plasma glucose and improving l ipid profi le
(11), and also in reducing anxiety levels (12)
and improving subject ive well-being (13) .

The  presen t  s tudy  now sugges ts  tha t  a
yoga-based shor t - te rm in tervent ion  reduces
oxida t ive  s t ress  in  a  sample  tha t  inc ludes
heal thy subjects  as  wel l  as  those having a
variety of chronic diseases. It thus confirms
the resul ts  of  the  very few similar  s tudies
already available (5–7).  The significance of
the study lies in the brief duration and low
cost of the intervention. After attending the
structured program at  IHC, the pat ient  can
cont inue  the  phys ica l  p rac t ices ,  re laxa t ion
techniques ,  d ie tary  regula t ion  and pos i t ive
th ink ing  in  h i s  everyday  l i fe  wi thout
spending  anyth ing .  On the  con t ra ry ,
reduction in the expenditure on medication,
hosp i ta l  v i s i t s ,  h igh  fa t  o r  non-vege ta r ian
foods ,  c igare t tes  and  a lcohol ,  i s  l ike ly  to
save  the  pa t ien t  some money.



362 Yadav  et  al Indian J Physiol Pharmacol 2005; 49(3)

R E F E R E N C E S

1. Hal l iwe l l  B .  F ree  rad ica l s ,  an t iox idan t s  and
disease:  curiosi ty,  cause,  or  consequence ?  Lancet
1994; 344: 721–724.

2 . Gutteridge JMC. Free radicals in disease processes:
A complication of cause and consequence. Free Rad
Res 1993; 19: 141–158.

3 . Ha l l iwe l l  B ,  Gut t e r idge  JM,  Cross  CE.  F ree
rad ica l s ,  an t iox idan t s  and  human  d i sease :  where
are we now ? J Clin Med 1992; 119: 598–620.

4 . Sivonova M, Zitnanova I,  Hlincikova L, Skodacek
I,  Trebat icka J ,  Durackova Z.  Oxidat ive s tress  in
un ive r s i ty  s tuden t s  dur ing  examina t ions .  Stress
2004 Sep.; 7(3): 183–188.

5 . Schneider RH, Nidich SI, Salerno JW, Sharma HM,
Robinson  CE,  Nid ich  RJ  and  Alexander  CN.
Lower l ipid peroxide levels  in  pract ioners  of  the
Transcenden ta l  Medi ta t ion  p rogram.  Pschosom
Med 1998; 60(1): 38-41.

6 . Bha t t acha rya  S ,  Pandey  LJS ,  Verma  NS.
Improvement  in  ox ida t ive  s t a tus  wi th  yog ic
breathing in young healthy males. Indian J Physiol
Pharmacol 2002; 46(3): 349–354.

7 . Ja tuporn  S ,  Sangwatanaro j  S ,  Saengs i r i  AO,
Ra t t anapruks  S ,  S r imahacho ta  S ,  Uthayacha le rm
W,  Kuanoon  W,  Panpakdee  O,  Tangk i jvan ich
P ,  Tosukhowong  P .  Shor t - t e rm e f fec t s  o f  an
intensive l i fe-s tyle  modif icat ion program on l ipid
perox ida t ion  and  an t iox idan t  sys tems  inpa t i en t s

wi th  co ronary  a r t e ry  d i sease .  Cl in  Hemorheo l
Microcirc 2003; 29(3–4): 429–436.

8 . Ha l l iwe l l  B ,  Ch i r i co  S .  L ip id  pe rox ida t ion :  I t s
mechanism,  measurement  and  s ign i f icance .  Am J
Clin Nutr 1993; 57: 715S–725S.

9 . Bi j l an i  RL.  Body-mind  medic ine  in  ac t ion :  the
In tegra l  Hea l th  Cl in ic  o f  Al l  Ind ia  Ins t i tu te  o f
Medical Sciences. New Approaches to Medicine and
Health (NAMAH) 2004; 12(2): 37–48.

10. Cha tu rved i  V ,  Handa  R ,  Rao  DM,  Wal i  JP .
Estimation and significance of serum and synovial
f lu id  malond ia ldehyde  l eve l s  in  rheumato id
arthrit is .  Indian J Med  Res 1999; 109: 170–174.

11. Bijlani RL, Vempati  RP, Yadav RK, Basu Ray R,
Gupta V, Sharma R, Mehta N, and Mahapatra SC.
A br ie f  bu t  comprehens ive  l i f e s ty le  educa t ion
program based  on  yoga  reduces  r i sk  fac to r s  fo r
ca rd iovascu la r  d i sease  and  d iabe tes  mel l i tus .
J Altern Complement Med 2005; 11(2) (ln Press).

12. Singh Y, Vempati RP, Sharma R, Yadav RK, Bijlani
RL. Effect of a short term yoga based intervention
on  anx ie ty .  14 th  In te rna t iona l  Confe rence  on
Frontiers in Yoga Research and Applications. 18–21
Dec. 2003, Swami Vivekananda Yoga Anusandhana
Samasthana ,  Bangalore .  Abs t rac ts ,  p . 97 .

13. Sharma R, Manjunatha S, Bijlani RL. Effect of yoga
on subjective well being. Indian J Physiol Pharmacol
2004; 48(5, Suppl): 238 (Abstract No. P. 214).


