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Abstract  :  A l t e rna te  nos t r i l  b rea th ing  (ANB)  may  modula te  ca rd io -
respiratory and autonomic functions.  However,  the studies are scarce and
resu l t s  h igh ly  conf l i c t ing .  The  presen t  s tudy  was  conduc ted  in  hea l thy
young volunteers comprising of males (n=20) and females (n=20) in range
of 17–22 years. In both groups respiratory rate (RR/min), heart rate (HR/
min), systolic blood pressure (SBP; mm Hg), diastolic blood pressure (DBP;
mm Hg) ,  peak  exp i ra to ry  f low ra te  (PEFR;  L /min)  and  ga lvan ic  sk in
resistance (GSR; µV) were recorded thrice; once as control and then after
15 min (acute exposure) and following 8 wks of training in ANB (15 min
dai ly) .

In  ma les  the  con t ro l  RR was  16 .60 ± 2 .01 ,  HR 75 .75 ± 11 .07 ,  SBP-
115.9 ± 7.33,  DBP 70.4 ± 6.28 and PEFR 550.00 ± 51.50.  After  15 min of
ANB – RR (14.75 ± 1.41,  P<0.001),  HR (68.45 ± 12.41,  P<0.01) and SBP
(113.6 ± 6.04, P<0.05) fell  significantly. After 8 wks of ANB training RR
(12.35 ± 1.35,  P<0.0001),  HR (63.20 ± 11.11,  P<0.001),  SBP (109.5 ± 5.61,
P<0 .001) ,  dec l ined  to  much  g rea te r  ex ten t  and  PEFR (571 .50 ± 46 .26 ,
P<0.01)  rose  s ignif icant ly .

In  females  the  cont ro l  RR was  17 .25 ± 1.89 ,  HR-74.90 ± 12.85 ,  SBP-
106.70 ± 6.91 ,  DBP-68.70 ± 5.52  and  PEFR-394.50 ± 44.89 .  Af te r  15  min
of ANB RR (15.05 ± 1.54, P<0.001) and HR (64.75 ± 9.80, P<0.001) showed
significant decline with concomitant rise in PEFR (407.00 ± 2.31, P<0.05).
Fol lowing 8  wks t ra in ing the  decrement  in  RR (12.60 ± 1.50,  P<0.0001)
and  HR (63 .30 ± 8 .65 ,  P<0 .001)  was  ma in ta ined .  SBP (103 .10 ± 4 .92 ,
P<0 .001)  and  DBP (65 .8 ± 5 .54 ,  P<0 .001)  dec reased  fu r the r  and  PEFR
(421.00 ± 38.51 P<0.001) rose, GSR was unaffected by ANB in both males
and  females .

These  re su l t s  sugges t  tha t  in  genera l  the re  i s  a  t i l t  t owards
parasympathet ic  dominance by al ternate  nostr i l  breathing.  This  breathing
may be a useful  adjuvant to medical  therapy of hypertension and COPD.
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INTRODUCTION

Empirical  observations by ancient  sages
had  a l ready  es tab l i shed  tha t  bo th  nos t r i l s
do not work simultaneously,  but al ternately
in a cyclic manner. According to yoga, this
phenomenon i s  a  consequence  of  the
al ternat ion of  the f low of  subtle  energy in
the  Ida  and  Pingala  (1) .  Presumably ,  th i s
fac t  was  incorpora ted  in  deve lopment  o f
pranayama technique where one deliberately
prac t ices  these  b rea th ing  pa t te rns .  Kayser
(2) defined nasal cycle as a phenomenon of
the  a l t e rna t ing  conges t ion ,  deconges t ion
response of erectile tissue of nasal turbinate
and septum of two nostrils, which effectively
a l te red  the  un i la te ra l  nasa l  res i s tance  and
was  ex i s ten t  on  account  o f  p reva i l ing
sympathe t ic  o r  parasympathe t ic  tone .
Sympathet ic  vasocons t r ic t ion  wi l l  decrease
a i r  res i s tance  a l lowing  grea te r  passage  of
a i r  whi le  parasympathe t ic  vasodi la ta t ion
wi l l  inc rease  nasa l  res i s tance  and  wi l l
decrease the airf low. Thus,  al ternation may
reach a transition point where air flow may
be  t rans ien t ly  equa l  b i l a te ra l ly .  The
observation gains strength from the fact that
in Horner’s syndrome nasal  cycle is  absent
on denervated side (3, 4).  Using mask flow
technique of active posterior rhinometry and
other  techniques ,  the  percent  inc idence  of
nostril dominance was 72% (5) to 80% (6, 7)
and  cyc le  l eng th  has  been  var ious ly
described as ranging from 30 minutes (6) to
2-7 hours (3).

Alternate  nostr i l  breathing (ANB) is  an
in tegra l  par t  o f  p ranayama.  I t  has  been
known to  a l t e r  ca rd io  resp i ra to ry  and
autonomic parameters .  However  the reports
on inf luence of  ANB on hear t  ra te  (8 ,  9) ,
systol ic and diastol ic blood pressure (8,  9)

and galvanic skin resistance (8, 10) are very
conf l ic t ing  wi th  inves t iga tors  descr ib ing
either a decline, increment or no change in
indiv idual  var iab les .

The  presen t  s tudy  was ,  the re fore ,
under taken  to  inves t iga te  the  e f fec t s  o f
a l t e rna te  nos t r i l  b rea th ing  on  ca rd io-
resp i ra to ry  and  au tonomic  parameters  in
young hea l thy  medica l  s tudents .

MATERIAL AND METHODS

Subjec t  Populat ion  :  The  presen t  s tudy  was
conduc ted  on  40  hea l thy  medica l  s tudent
vo lun teers  o f  f i r s t  year  MBBS of  bo th
sexes. These comprised of 20 males and 20
females  in  age  range  of  17–22 years .  The
experimental protocol was explained to them
and wr i t t en  consen t  ob ta ined .  Al l  the
procedures were non-invasive and the study
plan was approved by the Ethics Committee
of Himalayan Institute of Medical Sciences.
All the subjects were healthy and free from
any cardio-respiratory ailments and were not
on any medicat ion.  Smokers were excluded
from the study.  The subjects  were of  same
socio-economic and nutritional status as they
ha i led  f rom upper  middle  c lass  and  upper
c lass  o f  soc ie ty  shar ing  common hos te l
accommodation and food.

Experimental  Protocol  :  Three s tudents  (males
or females) reported daily in the laboratory.
Heigh t ,  we igh t ,  age ,  d ie ta ry  hab i t s  were
recorded  and  body  sur face  a rea  (BSA)
calcu la ted  by  ‘Dubois  Nomogram’  (11) .  A
baseline record (which also served as control)
of respiratory rate (RR/min), heart rate (RR/
min), systolic blood pressure (SBP; mm Hg),
diastolic blood pressure (DBP; mm Hg), peak
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expi ra tory  f low ra te  (PEFR;  L/min)  and
ga lvan ic  sk in  res i s tance  (GSR;  µv)  was
obta ined.  Then they pract iced ANB for  15
min (acute  exposure)  and a l l  the  var iables
were again recorded. By end of two wks all
20 males  and 20 females  had their  control
and acute  effects  (15 min)  recorded.  After
th is  schedule  a l l  20 males  and 20 females
started practicing ANB (15 min daily) for 8
wks .  Var iab les  were  aga in  recorded  a f te r
complet ing their  8  wks t ra ining ( fol lowing
15 min  ANB) .  BP,  ECG and  GSR were
recorded as quickly as possible followed by
other  var iab les .  On  an  average  a l l  the
var iab les  were  recorded  wi th in  15  min  of
cessa t ion  of  ANB.  Resp i ra tory  Rate  was
recorded  by  observ ing  the  movement  o f
abdominal wall in lying down position. Heart
Ra te  was  ca lcu la ted  f rom R-R in te rva l  o f
EGG in lead II. From 20 complexes of Lead
II, four R-R intervals were sampled at three
places. Mean of these 12 R-R intervals was
ca lcu la ted .  E lec t rocard iogram–This  was
recorded  by  ECG Machine  (T-108 ,  BPL,
Banglore )  in  ly ing  down pos i t ion .  Blood
pressure was recorded by digital BP monitor
AND model ,  No.  DA-767 (Vatsalya trading
Co., Dehradun) in lying down position. Peak
Expiratory Flow Rate recorded by Wright’s
peak flow meter (INCO, Ambala) in standing
position. Best of the three values was noted.
Galvanic  Skin  Res is tance  was  recorded by
EDG machine ,  J  & J  model  No.  T-68
(Medica id  sys tem,  Chandigarh)  in  ly ing
down pos i t ion  in  a i r  condi t ioned  room by
tying electrodes on the index and ring finger
of  r ight  hand.

Alternate Nostri l  Breathing (1)

This  was  done  in  s i t t ing  pos ture  and
subject followed the instructions given below.

• Sit in a calm, quiet, airy place in an easy
and s teady posture  with the head,  neck
and  t runk  e rec t  and  in  a  s t ra igh t  l ine
and to keep the body sti l l .

• Bring the right hand upto the nose; fold
the index and middle fingers so that the
r ight  thumb can  c lose  the  r ight  nos t r i l
and  the  r ing  f inger  can  c lose  the  l e f t
nost r i l  (Vishnu Mudra) .

• With the right nostril closed by the right
thumb,  exha le  comple te ly  th rough  the
le f t  nos t r i l .  The  exha la t ion  should  be ,
con t ro l led  and  f ree  f rom exer t ion  and
je rk ines s .

• At  the  end of  the  exhala t ion  c lose  the
left nostril with the ring finger, open the
r igh t  nos t r i l  and  inha le  s lowly  and
completely. Inhalation should be smooth,
control led  and of  the  same dura t ion as
exha l a t i on .

• Repeat  this  cycle  of  exhalat ion through
the  le f t  nos t r i l  and  inha la t ion  th rough
right  nostr i l ,  exhale completely through
the same nostri l  keeping the left  nostri l
closed with r ing finger.

• At  the end of  this  exhalat ion close the
right nostri l  and inhale through the left
nos t r i l  and  repea t  th i s  fo r  two more
t imes .  In  summary ,  one  exerc i se
cons i s ted  of  3  cyc les  o f  exha la t ion
through  the  l e f t  nos t r i l  and  inha la t ion
through the r ight  nostr i l  fol lowed by 3
cyc les  o f  exha la t ion  th rough  the  r igh t
nos t r i l  and  inha la t ion  th rough  the  l e f t
nostr i l  and this  was repeated for  about
15 min.
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Analys i s  o f  data  :  Mean  and  s tandard
devia t ion  (±SD)  of  a l l  observa t ions  were
ca lcu la ted  and  compar i sons  were  done
between values of  control  (mean and ±SD)
wi th  tha t  o f  15  min  (acu te  exposure)  and
cont ro l  wi th  8  wks  t ra in ing  by  app ly ing
paired Student’s ‘t’ test. Statistical significance
was assigned at  P<0.05.

R E S U L T S

The resul ts  are  summarized in Tables  I
and  I I .  In  the  males ,  the  he igh t  was  –
173.5 ± 6.2 cm,  weight  –  62.9 ± 7.4 kg and
BSA 1 .6 ± 0.1 m 2 and  in  the  females  the
height was 157.5 ± 4.5 cm, weight 51.5 ± 6.3
kg and BSA 1.4 ± 0.1 m2.

In males, after 15 min of alternate nostril
breathing RR (P<0.01) and SBP (P<0.05) fell
s ignif icant ly,  DBP, PEFR and GSR showed
insignificant change. After 8 wks of training
RR (P<0.0001) ,  HR (P<0.001)  and  SBP
(P<0.0001)  dec l ined  to  much  grea te r
extent and PEFR rose significantly (P<0.01),
(Table-I) .

In  females  af ter  15 min-RR (P<0.0001)
and HR (P<0.001) showed significant decline
wi th  concomi tan t  r i se  in  PEFR;  DBP and
GSR did not change significantly. Following
8  wks  t ra in ing  the  decrement  in  RR
(P<0.0001) and HR (P<0.0001) was maintained,
SBP (P<0.01) and DBP (P<0.001) decreased
further and PEFR rose (P<0.001) while GSR
was again unal tered (Table  I I ) .

TABLE I : Effect  of  ANB on different  var iables  in  males  (n = 20) .

Parameters H R / m i n SBP mm Hg DBP mm Hg R R / m i n PEFR L/min GSR µV

C o n t r o l 75 .75± 11 .07 115 .90± 7 .33 70 .4± 6 .28 16 .6± 2 .01 550 .00± 51 .50 12 .51± 5 .73

After  15 min 68 .45± 12.41** 113 .60± 6.04* 70 .80± 6.30 14 .75± 1.41*** 547 .50± 43.99 12 .69± 3.80

After  8  wks 63 .20± 11.11*** 109 .50± 5.61**** 68 .00± 6.19 12 .35± 1.35**** 571 .50± 46.26** 13 .05± 5.54

Values  a re  expressed  as  mean ± SD.
*P<0.05,  **P<0.01,  ***P<0.001,  ****P<0.0001,  P>0.05.
P value is  comparison of  control  with af ter  15 min and control  with af ter  8  wks.

TABLE II : Effect  of  ANB on different  var iables  in  females  (n = 20) .

Parameters H R / m i n SBP mm Hg DBP mm Hg R R / m i n PEFR L/min GSR µV

C o n t r o l 74 .90± 12 .85 106 .70± 6 .91 68 .70± 5 .52 17 .25± 1 .89 394 .50± 44 .89 10 .82± 6 .37

After  15 min 64 .75± 9.80*** 106 .20± 5.39 68 .30± 5.24 15 .05± 1.54**** 407 .00± 42.31* 10 .86± 5.82

After  8  wks 63 .20± 8.65*** 103 .10± 4.92** 65 .80± 5 .54 12 .60± 1.50**** 421 .00± 38.51*** 10 .80± 6.33

Values  a re  expressed  as  mean ± SD.
*P<0.05,  **P<0.01,  ***P<0.001,  ****P<0.0001,  P>0.05.
P value is  comparison of  control  with af ter  15 min and control  with af ter  8  wks.
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D I S C U S S I O N

The resu l t s  o f  ANB could  a l so  be
compared to reports  avai lable  on pranayam
as  bo th  a re  fa i r ly  s imi la r .  We found  tha t
there was a significant reduction in HR and
SBP both after acute and 8 wks ANB in both
sexes and significant reduction in DBP only
after  8 wks in females.  The earl ier  s tudies
have described no change (12), decline (8, 9,
13–16)  and  increment  (17)  in  HR.  Our
observa t ions  a re  thus  in  conformi ty  wi th
few (8 ,  9 ,  13–16)  and  cont ra ry  to  o thers
(17) .  The  ind iv idua ls  d i f fe r  in  re la t ion  to
the i r  pa rasympathe t ic  (vaga l )  tone  and
sympathe t ic  ac t iv i ty  l eve l s  as  ev iden t
f rom grea t  var ia t ion  in  res t ing  hear t  ra te
from 60–90 /min (18). The HR responses will
therefore depend on the algebraic summation
of sympathetic and parasympathetic activation
further modulated by hypocapnoea and lung
s t re tch  recep tor  responses  (19 ,  20) .  Both
tachycardia (20, 21) and bradycardia (22, 23)
occur  fo l lowing pulmof la t ion  which  would
account  for  bradycardia  responses  of  ANB
in our  s tudy.

The  dec l ine  in  SBP both  in  males  and
females  and  DBP in  females  compares
well with few earlier studies (8, 10, 14, 24)
bu t  con t rad ic ted  by  ano ther  who observed
no  change  in  th i s  parameter  (25) .  SBP
is  de te rmined  by  venous  re tu rn  and
sympathe t ic  and  parasympathe t ic  d r ive .
Pulmof la t ion  produces  wide  spread
vasodilatation in skeletal muscle vasculature
due to withdrawal of sympathetic tone (26).
This  would lead to  less  venous re turn and
consequently SBP declined in both sexes.

The significant decline in DBP following
8  wks  in  females  cou ld  be  expla ined  by

following mechanisms – a) DBP depends on
peripheral  resistance and lung inflat ion has
been  known to  decrease  sys temic  vascular
resistance (27). This response is initiated by
pulmonary  s t re tch  receptors    which  br ing
about  wi thdrawal   o f  sympathe t ic  tone  in
skeletal muscle blood vessels leading to wide
spread  vasodi la ta t ion  thus  decreas ing
per iphera l  res i s tance  (26) .  b )  Female
hormone oestrogen lowers plasma cholesterol
s ign i f ican t ly  and  produces  a  rap id
vasodi la t ion  by  increas ing  the  loca l
production of Endothelium Derived Relaxing
Factor  (EDRF) i .e .  Ni t r ic  Oxide (NO; 28) .
When f low to  t i ssue  is  suddenly increased
by  a r te r io la r  d i l a ta t ion ,  the  l a rge  a r te r ies
to the tissues also dilate,  this flow induced
dilation is due to local release of NO (29).
Hypocholes te ro lemia  de lays  onse t  and
severity of atheroslerosis and hence relaxing
ef fec t s  a re  augmented .  The  absence  of
oes t rogen  in  males  renders  them more
prone to atherosclerosis  which denudes the
endothe l ium and  reduces  p roduc t ion  of
EDRF (30).  Further ,  a therosclerot ic  vessels
respond more vigorously to  vasoconstr ic tor
NE re leased  a t  sympathe t ic  e f fe ren t
nervendings. These variables will  eventually
produce less vasodilatat ion in the males as
compared to females,  this  explains absence
of  decl ine  in  DBP in  males .  The DBP did
not  change  in  females  fo l lowing  an  acu te
exposure  of  ANB (15  min)  p resumably
because  the  vasodi la to r  e f fec t  o f  lung
inf la t ion was  balanced by sympathet ic  and
parasympathet ic  in terac t ions  of  ANB.

The  d i ss imi la r i t i es  be tween  our
observa t ions  on  HR,  SBP and  DBP wi th
those of others could emanate from the fact
tha t  o thers  have  no t  s tud ied  the  e f fec t  o f
ANB per -se  bu t  on ly  as  a  par t  o f  many
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Prev ious  au thors  have  repor ted  tha t
yogic  type  exerc i se  wi l l  inc rease  PEFR
through  fo l lowing  changes  in  resp i ra to ry
dynamics  (39) .  1 )  Increased  resp i ra to ry
musc le  s t reng th  by  brea th ing  exerc i se
2) cleansing of airways secretions, 3) yogic
breathing exercise strain practitioners to use
the  d iaphragmat ic  and  abdomina l  musc les
more  e f f ic ien t ly ,  thereby  empty ing  and
f i l l ing  the  resp i ra to ry  appara tus  more
eff ic ient ly  and complete ly ,  4)  the  re laxing
effect of yoga inhibiting the constrictor tone
to bronchial  smooth muscles .

Earlier investigators have suggested that
pranayam k ind  of  b rea th ing  wi l l  enhance
musc les  e f f ic iency  and  compl iance  by
reduc ing  e las t i c  and  v i scous  res i s tance  of
lung present during inspiration (40) and by
offering physiological stimulation for release
of  lung  sur fac tan t  and  pros tag landins  in to
a lveo la r  spaces  which  increase  lung
compliance (33).

Unal te red  GSR of  our  s tudy  i s  in
agreement with reports describing no change
in GSR with ANB (8,  10) .  Presumably the
right and left nostril alternation cancel each
others  effect .

Al though  we  have  ana lysed  the  da ta
for  acu te  exposure  a l so  due  to  l ack  of
compara t ive  s tud ies  these  resu l t s  wi l l  no t
be  d i scussed  in  de ta i l .  Whi le  changes  in
d i f fe ren t  parameters  by  acu te  exposure  o f
ANB could  be  a t t r ibu ted  to  a  ba lance
be tween  sympathe t ic  and  parasympathe t ic
activation and certain amount of hypocapnea
which one expects once the breathing becomes
volun ta ry  and  grea te r  resp i ra to ry  musc le
efforts needed to inspire and expire through

var iab les .  Fur ther ,  the  t ime  dura t ion  of
exposure was also at  variance,  for example
our 8 wks versus immediate (12). In addition
our subject population was more homogeneous
and from a very narrow age range.

We observed decrement  in  RR and r ise
in PEFR in both sexes. The decline in RR in
the present study is substantiated by certain
workers (31–34 )  but  contradicted by other
authors who found no change in RR (10, 24)
The  dec l ine  in  RR in  our  s tudy  can  be
expla ined  by  the  in f luence  of  a  p robable
hypocapnoea  on  medul la ry  resp i ra to ry
center  (35)  and pers is tent  voluntary  ef for t
of breathing (ANB), producing inhibition of
rhy thmic  spontaneous  brea th ing  by  a
phenomenon akin to over drive suppression.

The control PEFR value of 550 L/min in
males  (Ht  173.3  cms)  is  surpr is ingly  same
as  550 L/min  (mean age  22  yrs ,  Ht  171.6
cms) and close to 587 L/min (mean age 18.3
yrs)  in  hea l thy  medica l  s tudents  descr ibed
ear l i e r  (36 ,  37) ,  s imi la r ly  in  females  the
control  PEFR 394 L/min (Ht 157.5 cms) is
aga in  in  the  reg ion  of  320–470 L/min  for
young females (38). Akin to our observation
of increases in PEFR in both sexes,  others
have also reported rise in PEFR (10, 33, 39)
and FEV1 (32, 40) while some observed no
change  in  PEFR (10) .  In  our  s tudy  PEFR
rose significantly only after  8 wks because
by that  t ime thoraco-pulmonary compliance
had  r i sen  wel l  above  basa l  l eve l  due  to
training in ANB. St imulat ion of  pulmonary
s t re tch  recep tors  by  in f la t ion  of  the  lung
ref lex ly  re laxes  smooth  musc les  of  l a rynx
and  t racheobronchia l  t r ee  p robably  th i s
modulates airway caliber and reduces airway
resis tance (41) .
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a  s ing le  nos t r i l ,  the  changes  fo l lowing
t ra in ing  could  presumably  occur  f rom
greater  muscular  eff iciency and compliance
of  the  thorac ic  wal l  and  lung  in te rac t ing
wi th  sympathe t ic  and  parasympathe t ic
ac t iva t ing  leve l s .  I t  wi l l  be  i l log ica l  to
explain the results purely from viewpoint of
sympathet ic  and parasympathet ic  act ivat ion
per - se .  The  fu ture  s tud ies  invo lv ing
a l te rna te  nos t r i l  b rea th ing  mus t  t ake  in to
cognizance ,  the  t remendous  var ia t ions  in
result reported by other workers and present
s tudy  and  i t  would  necess i ta te  moni to r ing
of  –  a )  the  d i f fe rence  in  eupnoe ic  t ida l
volume,  and  t ida l  vo lume dur ing  a l te rna te
nos t r i l  b rea th ing ,  b )  measurement  o f
c i rcu la t ing  ca techolamines  wi th  th i s
brea th ing  pa t te rn ,  c )  ana lys i s  o f  b lood
gases for PO2 and PCO2 measurement during
th i s  maneuver ,  d )  sympathe t ic  and
parasympathe t ic  in -v ivo  ac t ion  po ten t ia l
recording from thoracic sympathetic ganglia
and  thorac ic  vagus  as  GSR i s  on ly  an
ind i rec t  method  of  assess ing  sympathe t ic
ac t iva t ion  and  in  our  s tudy  i t  was  to ta l ly
inconclusive.

The general  decrement in RR, HR, SBP
and DBP by ANB in both groups of  males

R E F E R E N C E S

and females  i s  in  concer t  wi th  ea r l i e r
propos i t ion  tha t  these  exerc i ses  t i l t  the
au tonomic  ba lance  to  parasympathe t ic
dominance .

C o n c l u s i o n

In the present study, both in males and
females ,  the  two ou ts tand ing  e f fec t s  o f
al ternate nostr i l  breathing were — a) there
was  fa l l  in  b lood  pressure  and  b)  r i se  in
PEFR.  Therefore ,  th i s  s imple  exerc ise  can
be prescribed to hypertensive patients as an
adjuvant  to  medica l  therapy.  This  prac t ice
a t tended  by  r i se  in  PEFR obvious ly
of fe rs  an  increment  in  ca rd io- resp i ra to ry
ef f ic iency ,  and  may be  usefu l  in  COPD
pat ien t s  a l so .

ACKNOWLEDGEMENTS

Authors  a re  g ra te fu l  to  Himalyan
Inst i tute of  Medical  Sciences for  providing
facil i t ies  to conduct  this  s tudy.  Thanks are
also due to SRMS-IMS Bareilly, and Medical
Director  Prof .  S.D.  Pandey for  the help in
prepara t ion  of  manuscr ip t .  Secre ta r ia l
ass i s tance  by  Shash i  Kant  Sr ivas tava  and
Ram Mohan Prajapat i  i s  a lso  apprecia ted .

1 . Swami  Rama,  Ba l l en t ine  R ,  Hymes  A.  The
Sciences of Prana: Science of breath : A practical
guide .  Himalayan In terna t ional  Ins t i tu te  of  Yoga
Science  and  Phi losophy  of  the  USA.  Honesdale ,
Pennsy lvania  1979;  91–115.

2 . Kayse r  R .  1895 .  C i t ed  by  :  Hasegawa  M,  Kern
EB.  The  Human  Nasa l  Cyc le .  Mayo  Cl in  Proc
1977; 52: 28–34.

3 . Keuning J .  On the  nasal  cycle .  In t  Rhinol  1968;
99–136 .

4 . Eccles R, Maynard RL. Studies on the nasal cycle
in  the  immobi l i zed  p ig .  P roceed ing  o f  the
Physiological Society Middlesex Hospital  Meeting
1975; 1–2,  17–18.

5 . Hasegawa M, Kern EB.  The Human Nasal  Cycle .
Mayo Clin Proc 1977; 52: 28–34.

6 . Hee tde rks  DR.  Observa t ions  on  the  reac t ion  o f
normal  nasa l  mucous  membrane .  Am J  Med  Sc i
1927; 174: 231–244.

7 . Williams HL. A reconsideration of the relation of



482 Srivastava  et  al Indian J Physiol Pharmacol 2005; 49(4)

the mechanics of nasal  airf low to the function of
the nose in respiration. Rhinology  1972; 10: 145–
161 .

8 . Bhargava  R ,  Goga te  MG,  Masca renhas  JF .
Automat ic  r e sponses  to  b rea th  ho ld ing  and  i t s
var ia t ions  fo l lowing  Pranayam.  Ind ian  J  Phys io l
Pharmacol  1988;  32:  257–264.

9 . Khanam AA, Sachdeva U, Guleria R, Deepak KK.
Study  o f  pu lmonary  and  au tonomic  func t ions  o f
as thma  pa t i en t s  a f t e r  yoga  t r a in ing .  Ind ian  J
Physiol  Pharmacol  1996;  40:  318–324.

1 0 . Tel les  S,  Nagarathna R,  Nagendra  HR.  Breathing
through a  par t icular  nos t r i l  can  a l ter  metabol ism
and  au tonomic  ac t iv i t i e s .  Ind ian  J  Phys io l
Pharmacol  1994;  38:  133–137.

1 1 . Dubois  D,  Dubois  DF. A formula to est imate the
approximate surface area i f  height  and weight  be
known.  Arch Int  Med  1916;  17:  863–871.

1 2 . Raghura j  P ,  Ramakr i shan  AG,  Nagendra  HR,
Tel les  S .  Effec t  of  two se lec ted  yogic  brea th ing
techn iques  on  hea r t  r a t e  va r i ab i l i ty .  Ind ian  J
Physiol  Pharmacol  1998;  42:  467–472.

1 3 . Udupa  KN,  S ingh  RH,  Se t t iwar  RM.  S tud ies  on
the  e f fec t  o f  some  yog ic  b rea th ing  exerc i ses
(Pranayams) in normal persons. Indian J Med Res
1975; 63:  1062–1065.

1 4 . Joseph S,  Sr idharan K,  Pat i l  SKB,  Kumaria  ML,
Selvamurthy W, Joseph NT et  a l .  Study of  some
phys io log ica l  and  b iochemica l  pa ramete r s  in
subjects  undergoing yogic t ra ining.  Indian J  Med
Res  1981; 74:  120–124.

1 5 . Selvamurthy W, Nayar HS, Joseph NT, Joseph S.
Physiological  effects  of  yogic practice.  NIMHANS
Journal  1983;  1:  71–80.

1 6 . Bera TK, Gore MM, Oak JP. Recovery from stress
in  two  d i f fe ren t  pos tures  and  in  Shavasana  –  A
yogic  r e l axa t ion  pos tu re .  Ind ian  J  Phys io l
Pharmacol  1998;  42:  473–478.

1 7 . Madan  Mohan ,  Sa ravanane  C ,  Surange  SG,
Thombre DP, Chakrabarty AS. Effect of yoga type
breathing on heart rate and cardiac axis of normal
sub jec t .  Ind ian  J  Phys io l  Pharmaco l  1986 ;  30 :
334–340 .

1 8 . Ganong  WF.  Card iovascu la r  r egu la to ry
mechan i sm.  In :  Rev iew of  Medica l  Phys io logy .
Edi t ion  20 ,  McGraw-Hi l l ,  New York  2001;  579–
580 .

1 9 . Kontos  HA,  Mauck  HP J r . ,  R icha rdson  DW,
Pa t t e r son  JL  J r .  C i rcu la to ry  responses  to
hypocapnoea  in  anaes the t i sed  dog.  Am J  Phys io l
1965; 208: 139.

2 0 . Hayash i  KD.  Responses  o f  sys temic  a r t e r i a l
p ressure  and  hea r t  r a t e  to  inc reased  in t ra
pulmonary pressure in anaesthetized dog. Proc Soc
Exptl  Biol  Med  1969; 131: 426.

2 1 . Tandon HC, Varma P, Vyas S, Rizvi SAH, Pandey
RC,  Sr ivas tava  RD,  Mishra  RK,   Mishra  MLB.
Evidence  fo r  a r rhy thmoly t i c  e f fec t s  o f  lung
inflation in anaesthetized coronary occluded dogs.
Gems Int  J Cl Res  1988; 1(3):  91–95.

2 2 . Salisbury PF, Gallet t i  PM, Lewin RJ,  Reiben PA.
S t re tch  re f l exes  f rom the  dog’s  lung  to  the
systemic circulation.  Circulation Res  1959; 5:  62.

2 3 . Gl ick  G,  Wechs le r  AS,  Eps te in  SE .  Ref lex
cardiovascular  depression produced by st imulation
of pulmonary stretch receptors in the dog. J Clin
Invest  1969; 48:  467.

2 4 . Udupa KN, Singh RH, Settiwar RM. Physiological
and Biochemical studies on the effect of yogic and
cer ta in  o ther  exerc i ses .  Ind ian  J  Med Res  1975;
63:  620–624.

2 5 . Udupa KN, Singh RH, Settiwar RM. A comparative
s tudy  on  the  e f fec t  o f  some  ind iv idua l  yog ic
prac t i ces  in  normal  pe r sons .  Ind ian  J  Med  Res
1975; 63:  1066–1071.

2 6 . Daly M, De B,  Robinson BH. An analysis  of  the
re f l ex  sys temic  vasod i l a to r  r e sponse  e l i c i t ed  by
lung inflation in dog. J Physiol London 1968; 195:
387 .

2 7 . Ha inswor th  R .  C i rcu la to ry  responses  f rom lung
in f l a t ion  in  anaes the t i sed  dogs .  Am J  Phys io l
1974; 226: 247.

2 8 . Ganong WF. The gonads : Development & function
of  the  r ep roduc t ive  sys tem.  Ed  Ganong  WF In :
Review of  Medical Physiology edition 21, McGraw
Hill  New- Delhi  2003 P 446.

2 9 . Ganong  WF.  Card iovascu la r   r egu la to ry
mechanism, chapter 31 Ed Ganong WF. In Review
of Medical Physiology edt. 21, McGraw Hill, New-
Delhi  PP 600–601.

3 0 . Thomas G, Ram well PW. Nitric Oxide donors and
inhibitors.  Ed Katzung BG In : Basic and Clinical
Pharmacology ,  ed t  9 th ,  McGraw-Hi l l ,  New-Delh i
2004,  P 317.



Indian J Physiol Pharmacol 2005; 49(4) Al te rna te  Nos t r i l  Brea th ing 483

3 1 . Madan Mohan, Rai DC, Balavittal V, Thombre DP,
Swami  Gi tananda .  Card io - resp i ra to ry  changes
during Savi t r i  Pranayam and Shavasan.  The Yoga
Review  1983;  111:  25–34.

3 2 . Makwana K,  Khirwadkar  N,  Gupta  HC. Effect  of
shor t  t e rm yoga  prac t ice  on  vent i la tory  func t ion
tests.  Indian J Physiol  Pharmacol  1988; 32: 202–
208 .

3 3 . Joshi LN, Joshi VD, Gokhale LV. Effect  of short
t e rm pranayam prac t i ce  on  b rea th ing  ra te  and ,
ven t i l a to ry  func t ions  o f  lung .  Ind ian  J  Phys io l
Pharmacol  1992;  36:  105–108.

3 4 . Bharshankar  JR ,  Bharshankar  RN,  Deshpandey
VN, Kaore SB, Gosavi GB. Effect of yoga on cardio-
vascular system in subject above 40 years.  Indian
J Physiol  Pharmacol  2003;  47:  202–206.

3 5 . Keele  CA,  Nei l  Er ik ,  Joe l  Noman.  Par t  I I I .  The
chemical  regulat ion of respirat ion.  In :  Keele CA,
Nei l  Er ik ,  Joe l  Noman  eds .  Samson  Wr igh t ’ s
app l i ed  phys io logy .  ed t  13 th ,  Oxford  Univers i t y
Press,  New Delhi  2003;  p. 209.

3 6 . Agarwal MJ, Jain DS, Dikshit  MB, Raje S.  PEFR

da ta  on  hea l thy  young  male  med ica l  s tuden t s .
Unpub l i shed  obse rva t ions .  I J  PP  2005 ;  49 : (1 )
8–18 .

3 7 . Dikshit MB, Prasad BAK, Jog NV. Peak expiratory
f low ra tes  in  e lde r ly  Ind ians .  Ind ian  J  Phys io l
Pharmacol  1991;  35:  39–43.

3 8 . S ingh  HD,  Per i  S .  Peak  exp i ra to ry  f low ra te  in
South  Indian adul ts .  Indian J  Physiol  Pharmacol
1979; 23:  315–320.

3 9 . Yadav  RK,  Das  S .  Ef fec t  o f  yog ic  p rac t i ce  on
pulmonary  func t ions  in  young  females .  Ind ian  J
Physiol  Pharmacol  2001;  45:  493–496.

4 0 . Gopa l  KS,  Anan tha raman  V,  Ba lachander  S ,
Nish i th  SD.  The  ca rd io - resp i ra to ry  ad jus tment s
in  ‘P ranayam’  wi th  and  wi thou t  ‘Bandhas ’  in
‘Va j rasana’ .  The  Ind ian  Journa l  o f  Medica l
Sciences  1973; 27:  686–692.

4 1 . Kee le  CA,  Ne i l  Er ik ,  Joe l  Norman .  Ro le  o f
Pulmonary s t re tch  receptors .  In :  Keele  CA,  Nei l
Er ik ,  Joe l  Norman eds  Samson  Wrigh t ’ s  app l ied
physiology, edt 13th. Oxford University Press New
Delhi  2003;  pp. 170–171.


