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Abstract : The self-control study on thirty normal subjects of both genders
(mean age 25.83±3.41 years) were taken in a self control study group and
were  t e s t ed  fo r  th ree  types  o f  Nos t r i l  b rea th ing  p rac t i ces  and  Brea th
Awareness  (BA) effects .  Namely verbal  recal l  performance of  numerical
data such as Digit Span Forward (DSF) and Digit Span Backward (DSB) as
wel l  associa te  learning memory funct ion us ing Wechsler  Memory Scale .
The  in tervent ions  inc luded Right  Nost r i l  Brea th ing  (RNB),  Lef t  Nost r i l
Breathing (LNB), Alternate Nostril Breathing (ANB) and Breathe Awareness
for  dura t ion  of  30  minutes  da i ly ,  four  consecut ive  days .  The  Repea ted
Measure ANOVA analysis revealed a significant increase in both DSF and
DSB recall  performance due to RNB at P<0.001 level and increased DSB
score due to ANB at P<0.014 level with a non- significant increase due to
LNB suggests that the RNB facilitates both DSF and DBF recall performance.
However,  the LNB effect on left  hemisphere helps to restore the memory
function of right hemisphere. This study concludes that the RNB enhances
numerical  data retr ieval  mostly as a result  of  left  brain activation.
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INTRODUCTION

The nasa l  cyc le  i s  phenomenon of
a l te rna te  per iod ic  b rea the  func t ions  and
i t s  va r ia t ions  a re  charac te r ized  by  the
alternating patency of the nostrils for every
two to eight hours (1). Studies of performance
on  hemispheres  spec i f ic  t asks  re la ted  to

un i la te ra l  fo rced  nos t r i l  b rea th ing  suppor t
the  idea  o f  hemispher ic  ac t iva t ion  con t ra
la te ra l  to  the  dominant  nos t r i l  (2 ) .  Th is
re la t ion  of  nasa l  cyc le  per formance  wi th
hemispheric activity on few mental functions
i s  es tab l i shed  based  on  prev ious  repor t s
sugges t s  (3 )  tha t  b rea th ing  th rough  a
par t icu lar  nos t r i l  enhances  spa t ia l  memory
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performance on school children (3), similarly
another study indicated that immediate effect
of r ight  and left  nostr i l  breathing enhances
verbal  and  spa t ia l  scores  cor responding to
the cerebral hemisphere contra lateral to the
patent nostril (4). However, there are scanty
reports  upon effect  of  uni-nostr i l  breathing
on  memory  func t ion  which  revea led  tha t
le f t  nos t r i l  b rea th ing  enhanced  the
r igh t  hemisphere  re la ted  spec i f ic  task  (5) .
Therefore, there has been no study in regard
to  the  e f fec t  o f  un i -nos t r i l  and  a l t e rna te
nostril breathing on left hemisphere function
dur ing  memory  per formance .

METHODS

The subjec t s  o f  th i s  s tudy  was  car r ied
out on DYEd (Diploma in Yoga Education)
students of both genders selected from G.S.
Col lege  of  yoga  and  Cul tu ra l  syn thes i s ,
Kaiva lyadhama,  Lonavla ,  Pune  d i s t r i c t
includes 18 males and 12 female. This study
was  conduc ted  on  th i r ty  s tuden ts  o f  bo th
genders ,  whose ages ranged from 20 to 34
years (group mean±S.D.,  25.83±3.41 years).
The  inc lus ion  c r i t e r ia  inc lude  hea l thy
students without any medical complications.
The  s tuden ts  hav ing  lea rn ing  prob lem are
exc luded  f rom the  s tudy .  The  gender
differences are ruled out as both the genders
are in the same age group and same class.
The study was executed with duly obtained
informed consent as per the research ethics
ru les .  They  were  impar ted  th ree  d i f fe ren t
types  o f  nos t r i l  b rea th ing  such  as  Righ t
Nos t r i l  Brea th ing  (RNB) ,  Lef t  Nos t r i l
Breathing (LNB), Alternate Nostril Breathing
(ANB and  Brea th  Awareness  (BA)  in  a
randomized  sequence  manner  was  in i t i a l ly
demons t ra ted  and  prac t iced  for  two weeks
and later practiced for four consecutive days.

They  were  tes ted  for  immedia te  e f fec t  o f
nostril breathing before and after 30 minutes
of  in te rven t ion  on  memory  per formance
using Wechsler  Memory Scale .

Memory  tasks  per formance  tes ted  by
Wechs le r  memory  sca le  which  has  been
s tandard ized  for  Ind ian  popula t ion .  The
components of WMS includes (i)  digit  span
forward and ii) digit span backward, and (iii)
Pa i red  assoc ia te  l ea rn ing  (easy  and  hard) ,
with 10 items each. The digit  span forward
includes six pairs for the numerical items of
easy task and four  pairs  for  the  numerical
items of hard task. Each correct answer was
scored  as  ‘1 ’ .  The  sequence  of  reca l l  o f
numerical items in digit span backward is in
the  reverse  o rder  un l ike  in  d ig i t  span
forward .  The  las t  t e s t  inc ludes  pa i red
assoc ia te  l ea rn ing  verba l  t ask  which
compr i ses  the  p resen ta t ion  of  t en  pa i r s
of  unre la ted  words  in  th ree  t r i a l s .  Af te r
the  comple t ion  of  the  th ree  t r i a l s  the
investigator provides the first  word in each
pa i r  and  subsequent ly  the  sub jec t  has  to
supply  the  appropr ia te  assoc ia t ing  second
word .  Out  o f  the  t en  pa i r s  o f  assoc ia te
lea rn ing  i t ems ,  the  s ix  pa i r s  were
semant ica l ly  eas ie r  to  remember  (e .g . ,
Paper-Pen) it is scored as 1 and if no relevant
association exists it  considered as hard task
and is  scored as 2.  This  was based on the
convent ional  scor ing for  Wechsler  memory
scale (6 & 7).

There were four yogic aspect  of  nostr i l
brea th ing  prac t ice  sess ions  tha t  wi l l  cover
arbitrary number of breath cycles as per the
capacity of the subject performing breathing
cycles for total of 30 minutes duration. The
four  p rac t ices  were  ( i )  R igh t  nos t r i l  yoga
brea th ing  or  surya  anuloma v i loma  which
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digit span backward (P<0.001) and alternate
nos t r i l  b rea th ing  a l so  showed s ign i f ican t
increase  in  d ig i t  span  backward  task
(P<0.014). Other practices did not show any
significant change. Also there is significant
change in between groups of LNB versus BA
of digit span backward (P<0.05).

DISCUSSION

The memory is one of the ability of the
bra in  to  s to re  and  re t r i eve  in format ion  of
bo th  verba l  and  non  verba l  na ture .  Th is
re t r i eva l  p rocess  invo lves  genera t ion  of  a
sequence  of  en t i t i e s  in  the  response  se t
which corresponds to the entities of stimulus
se t .  Th is  dec ides  the  na ture  o f  reca l l
func t ion .  For  example  reca l l  o f  t e lephone
numbers, etc. The left hemisphere (LH) lobe
of  cerebral  cor tex is  the seat  for  recal l  of
numer ica l ,  descr ip t ive  and  ana ly t ica l  da ta .
This involves temporal  lobe to register and
encode  the  incoming  s t imulus  in format ion
in the parietal lobe for information storage.
The display of recall would be a motor output
such as  the  verbal  recal l  involving speech
motor  pa thways .  This  cor t i ca l  aspec t  o f
retrieval function is also co-related with the
regional cerebral circulation (8). Further, few
s tud ies  revea l  the  re la t ion  be tween  the

involves  a l t e rna te  cyc le  o f  inha la t ion  and
exha la t ion  exc lus ive ly  th rough  the  r igh t
nos t r i l  whi le  the  l e f t  nos t r i l  i s  gen t ly
occluded, (ii) Left nostril  yoga breathing or
chandra  anuloma v i loma  invo lves  s imi la r
brea th  cyc le  th rough  the  l e f t  nos t r i l
b rea th ing  whi le  the  r igh t  nos t r i l  i s  gen t ly
occluded, (iii) Alternate nostril  breathing or
anuloma viloma  involves inhalation through
one nostril while other is occluded and vice-
a versa for next breath cycle and (iv) Breath
awareness ,  fo r  which  the  sub jec t s  were
ins t ruc ted  to  keep  a  watch  on  the  b rea th
pa t te rn  whi le  remained  in  normal  s ta te  o f
b r e a t h i n g .

The data were analyzed applying Repeated
Measure  ANOVA tes t  us ing  s ta t i s t i ca l
software package SPSS (version 10.0).

RESULTS

The resul ts  of  the memory performance
for  the  three  intervent ions  types  of  nostr i l
breathings’ and breath awareness are shown
in the Table I .

The following results showed right nostril
yoga breathing (surya anuloma viloma), there
was an increase in  Digi t  span forward and

TABLE I : Ef fec t  o f  th ree  yog ic  b rea th ing  and  Brea th  awareness  on
immedia te  d ig i t  and  assoc ia te  memory  pe r fo rmance .

Digi t  span  forward Dig i t  span  backward Assoc ia te  l earn ing
G r o u p s

B e f o r e A f t e r B e f o r e A f t e r B e f o r e A f t e r

Righ t  nos t r i l 6 . 0± 2 .0 7 .3± 1 .6 5 .0± 1 .6 6 . 1 3± 1 .4** 1 2 . 7± 4 .5 12 .63± 3 .8
Lef t  nos t r i l 6 . 4 6± 2 .1 7 . 0 3± 1 .7 5 . 2 6± 2 .3 5 .7± 1.9@ 12 .53± 4 .2 13 .76± 4 .2
Al te rna te  nos t r i l  b rea th ing 6 .6± 1 .8 6 . 8 6± 1 .8 5 .0± 2 .2 5 .8± 1 . 8 * 1 3 . 8± 4 .3 14 .31± 4 .0
Brea th  Awareness 7 .1± 1 .6 6 . 7 6± 1 .7 5 .3± 2 .3 5 . 5 6± 2 .2 12 .75± 4 .7 11 .73± 4 .4

* * P<0 .001 ,  Repea ted  measure  ANOVA compared  to  be fo re .
* P<0 .014 ,  Repea ted  measure  ANOVA compared  to  be fo re .
@P<0 .05 ,  Repea ted  measure  ANOVA compared  to  a f t e r  (be tween  g roup) .
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Therefore ,  the  manner  o f  in format ion
retrieved in the DFM recall  function would
be in the order of the first in- first out (FIFO)
or  las t  in-  las t  out  (LILO) recal l  sequence
(9). Thus, the first element of stimulus would
be retrieved earlier. The DFM type of recall
function is  common in any typical  learning
process .  But  the  sequence  order  o f  reca l l
mechanism in the DBM  response set could
be proposed as f irst  in-  last  out  (FILO) or
last  in-  f i rs t  out  (LIFO) order  of  sequence
(9) due to the “swap” function operation (10).
This suggests that  there exist  two different
un ique  LH neura l  mechanisms  which
ini t ia tes  the  DFM recal l  funct ion and a lso
t r iggers  DBM reca l l  func t ion  involv ing
another  k ind  of  neura l  mechanism through
Swap operation in generating DBM response
set. Therefore, as a result of Swap function,
the response of first stimulus will be assigned
in the last segment of neural space or “bin”
which  could  represent  the  neura l  space  of
memory  s tack .  Thus ,  the  response  en t i t i es
corresponding to  the  f i rs t  s t imulus  ent i t ies
would  be  re t r i eved  a t  the  fag  end  of  the
t ime window of  reca l l  funct ion .  S imi lar ly ,
response entities of the corresponding lastly
arrived st imulus wil l  be retr ieved at  ini t ial
epoch of the time window of recall function.
This  sugges t s  tha t  the  RNB induces  swap
func t ion  to  genera te  spec i f ic  sequence  of
response set entities in the reverse order of
DBM recall  function.

However,  the results  of the ANB which
shows  the  spec i f ic  reduc t ion  of  Swapping
effects of RNB on DBM performance may be
inferred from the resul ts  of  “ t”  s ignif icant
value at P<0.014 level would clearly suggest
tha t  the  shor t  t e rm of  e f fec t  RNB on  the
low BDM per formance  in  compar i son  to
memory  per formance  of  RNB a lone  a t

b rea th ing  techniques  such  as  un i -nos t r i l
(right and left nostril ) and alternate nostril
b rea th ing  on  enhanced  spa t ia l  memory
per formance ,  e tc  (2 ) .  However ,  the
under ly ing  mechanism of  e f fec t iveness  o f
nos t r i l  b rea th ing  on  reca l l  func t ion  in
Backward Digit  Memory (BDM) test is sti l l
unc lear .  There fore ,  f ind ings  o f  th i s  s tudy
revea l ing  the  e f fec t iveness  o f  b rea th ing
techniques on two out  of  three components
of Wechsler Memory Scale (WMS), such as
recall of Digit Span Forward Memory (DFM),
Dig i t  Span  Backward  Memory  (BDM) and
assoc ia te  memory ,  ind ica ted  a  s ign i f ican t
increase  in  bo th  DFM and  BDM memory
performance upon r ight  nostr i l  breathing at
P=0 .001  leve l  and  re la t ive ly  l esse r  d ig i t
backward memory (DFM) performance upon
alternate nostri l  breathing at  P=0.014 level.
The possible mechanism behind the cerebral
aspec t  o f  reca l l  func t ion  based  on  the
obtained differences in DFM and BDM scores
could be interpreted as shift in direction and
sequence  of  encoded  response  en t i t i es
in  par t i cu la r  response  se t ,  where in ,  the
sequence of stimulus entities of the response
set  in BDM is opposite to the st imulus set
unlike DFM type of recall  function.

This  aspec t  o f  reca l l  r esponse  may  be
well  explained on the basis  of  the memory
stack model of Digital Computer. The recall
funct ion in DFB would be proposed as the
sequence  of  s t imulus  se t  a r r iv ing  th rough
sensory pathways which might be placed in
the  ass igned  neura l  space  or  “b in”  would
be  s imi la r  to  the  memory  s tack  model
of retrieval mechanism of a digital  memory
(9) .  Here ,  the  s tudy  proposes  tha t  the
response  se t  en t i t i e s  may  d i s t r ibu ted  in  a
neura l  space  or  “bin”  which  cou ld  be  the
ass igned  neura l  space  of  memory  s tack .
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P<0.001  leve l  cou ld  be  due  to  the  wash
-out effect of LNB on LH as inferred from
the  bo th  LNB a lone  and  LNB of  ANB
intervent ion .  Thus ,  the  wash–out  e f fec t  of
un i -nos t r i l  LNB i s  to  res tore  the  func t ion
of  RH through  LH ac t ion .  This  p revent
habituation component as confirmed from the
no-significant changes followed by LNB on
recal l  funct ions.

There fore ,  th i s  sugges t s  tha t  the
transient effects of LNB alone or as alternate
breathing would enhance refresh rate of LH
through ips i - la te ra l  nos t r i l  b rea th ing .  This
may enhance the contra- lateral RNB effect
on LH efficiency in order to facilitate faster
a l tera t ions  in  the  under lying neural  c i rcui t
of  LH.  Therefore  the  resu l t  o f  ips i - la te ra l
nos t r i l  b rea th ing  enab les  to  per form the
Swapping function. However, results of non

s ign i f ican t  changes  in  the  assoc ia t ive
learning response  ref lec ts  non involvement
of  l a te ra l i za t ion  of  hemisphere  in  long
te rm memory  (LTM) func t ions  of  the
h ippocampus .  This  i s  i r respec t ive  o f  any
in te rven t ion .  This  sugges t s  a  wide  spread
non-specif ic  cort ical  process and hence the
breath awareness functions of the cortex as
a whole may not strengthen the lateralization
of  cerebra l  hemispheres .

The study concludes that the right nostril
b rea th ing  would  fac i l i t a te  be t te r  inheren t
d ig i t  backward  and  d ig i t  fo rward  span
memory  per formance  of  l e f t  hemisphere .
However ,  a l t e rna te  nos t r i l  b rea th ing  may
only  re f resh  the  l e f t  hemispher ic  ac t iv i ty
dur ing  reca l l  func t ion  and  the  assoc ia t ive
learn ing  i s  no t  a f fec ted  by  any  of  such
in t e rven t ions .
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