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Abstract : Ascent to extreme High Altitude (HA) is in steps and it entails
accl imat izat ion at  moderately  HA locat ions .  In  terms of  accl imat izat ion,
i t  i s  per t inent  to  unders tand the  physiological  changes ,  which occur  on
immediate ascent to moderate HA. The study aimed to evaluate the effect
of  ascent  to  3500 m on  neuro-endocr ine  responses  in  the  f i r s t  hour  of
induction. The plasma levels of catecholamines and cortisol were measured
before and after one hour of ascent to high altitude. The peripheral oxygen
saturation (SpO2),  Galvanic Skin Resistance (GSR),  Heart  Rate (HR) and
Blood  Pressure  (BP)  were  s imul taneous ly  moni to red .  The  p lasma
epinephr ine ,  norepinephr ine ,  dopamine and cor t i sol  were  increased af ter
one-hour  exposure  to  3500 m a l t i tude  as  compared  to  before  exposure .
The  SpO 2 showed  a  s ign i f i can t  dec rease  dur ing  & a f t e r  h igh  a l t i tude
induct ion.  The heart  ra te  and diastol ic  BP increased at  3500 m whereas
the  GSR d id  no t  show s ign i f i can t  changes .  There  a re  changes  in
neuroendocr ine  responses ,  which  re f lec t  a  sympathe t ic  over  ac t iv i ty  in
the f irst  hour of  exposure to 3500 m.
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INTRODUCTION

Ascent to high altitude causes alterations
in neuro-endocrine responses in unacclimatized
lowlanders .  However ,  there is  a  pauci ty of
information available on the changes in the
f i r s t  hour  o f  ascen t  to  modera te  h igh
altitude. Only one recent study (1) observed
the effect on autonomic response in the first
one  hour  o f  exposure  to  4850  m and  i t s
cor re la t ion  wi th  acu te  mounta in  s ickness .
Another  s tudy on this  aspect  evaluated the

effect of normobaric (not hypobaric) hypoxia
using gas  mixtures  containing 11% oxygen
(2) in the first  15 minutes of exposure.

The  neuro-endocr ine  responses  have  a
s ign i f ican t  ro le  in  the  phys io log ica l
ad jus tments  to  h igh  a l t i tude  hypoxia .  The
altered levels of catecholamines helps in the
regula t ion  of  v i ta l  phys io log ica l  func t ions
like blood pressure (BP) and heart rate (HR).
High  a l t i tude  hypoxia  ac t iva tes  the
adrenerg ic  sys tem somet imes  caus ing  an
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increase in the levels norepinephrine (3) and
dopamine  (4) .  Hypoxia  a t  h igh  a l t i tude
s t imula tes  the  adrena l  cor tex .  (5 ) .  I t  i s
sugges ted  tha t  b lun t ing  of  adrenocor t ica l
response  to  a l t i tude  s t ress  may  cont r ibu te
to the occurrence of high altitude pulmonary
edema (6) .  There  i s  no  in format ion  on
Galvan ic  Sk in  Res i s tance  (GSR) ,  an
important measure of autonomic function at
high a l t i tude.  Only one previous  s tudy (7)
has evaluated the effect of hypobaric hypoxia
on GSR.

In  te rms  of  acc l imat iza t ion ,  i t  i s
per t inen t  to  unders tand  the  phys io log ica l
changes ,  which occur  on immedia te  ascent
to moderate high altitude. The present study
a imed to  eva lua te  the  neuro-endocr ine
changes during the first  one hour of ascent
to  3500  m.  S t ress  hormone  changes
are  assayed  in  respec t  o f  ep inephr ine ,
norep inephr ine ,  dopamine  and  cor t i so l  by
the i r  es t imat ion  before  and  a f te r  the
exposure .

MATERIAL AND METHODS

Subjects :  The s tudy  was  car r ied  ou t  on  17
normal  hea l thy  male  par t ic ipants  f rom the
Indian Army. They were of age 27.18 ± 3.283
yrs ,  he igh t  170 .06 ± 4.892  cm and  weigh t
67.06 ± 6.398 kg (Mean ± SD). The guidelines
of  the Helsinki  Declarat ion (1975) and the
Ethics Committee on Human Experimentation
of the Institute were followed in conducting
the  t r ia ls .  The par t ic ipants  were  expla ined
the  pro toco l  o f  the  exper iment ,  and  an
informed consent was obtained from each of
t h e m .

The  par t i c ipan ts  were  examined  by  a
phys ic ian .  Al l  o f  them were  non-smokers

with no history of neurological, cardiovascular
or respiratory involvement. They were native
lowlanders ,  wi th  no  exposure  to  h igh
altitude in the last two years. The intake of
a lcohol ,  n ico t ine ,  ca f fe ine  and  medica t ion
was res t r ic ted  dur ing the  s tudy per iod.

Protoco l .  Base l ine  recording :  The  sub jec t s
reported at 10 am to the laboratory. A single
subjec t  was  s tud ied  in  a  sess ion .  The  sea
level  (SL)  recordings  for  a l l  physiological
parameters  were  ca r r ied  ou t  ins ide  the
Decompression Chamber. The decompression
chamber  offered the  advantage of  s tudying
the  e f fec t  o f  hypoxia  under  con t ro l led
condi t ions  o f  t empera ture  and  re la t ive
humidi ty  wi thout  the  d i scomfor t  and  the
vagaries of the field conditions.

High a l t i tude  recordings :  The  sub jec t s  were
inducted,  one per  sess ion,  to  h igh a l t i tude
(HA) at a fixed rate of 152.4 m.min–1, with
a pause of  5 min at  1830 m. The subjects
were finally inducted to 3500 m and exposed
for  one  hour .  Then  they  were  de induc ted
(re turned)  to  sea  level  (RSL) subsequent ly
at  the same rate  as  ascent .  The recordings
were carried out at SL and during induction
(DI)  fo r  30  min  each ,  a t  HA for  60  min ,
during deinduction (DDI) and on RSL for 30
min each .

The  exper iments  were  car r ied  out  wi th
the participants resting in comfortable supine
pos ture .  To  ensure  the i r  sa fe ty  and  wel l
being, a physician (a classified physiologist
o f  the  Army Medica l  Core)  was  presen t
during the experiments in the Decompression
Chamber .  Two scient is ts  were  a lso  present
to  record  the  observa t ions .  Dur ing  the
experiments, the Barometric pressure for SL
(260  m)  was  745  mm Hg & for  3500  m
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al t i tude i t  was 483.3 mm Hg.  The ambient
tempera ture  was  22–23°C and  re la t ive
humidi ty  was 65%.

Parameters .  The  fo l lowing  parameters  were
inves t i ga t ed :

Neuro-endocrinology : The blood sample was
drawn before induction to high altitude (SL)
and  on  re tu rn  to  sea  l eve l  (RSL) .  The
sampling took place at the same time of the
day for  every  par t ic ipant .  The plasma was
isolated for the estimation of catecholamines
and cort isol .

The  ca techolamines  (Epinephr ine ,
Norepinephrine & Dopamine) in plasma were
measured  us ing  Radio immunoassay  (8)
following extraction and then acylation using
combi-ca t  k i t ,  OLD,  Hamburg,  GbBH.  The
sensitivity of the assay was 30 pg.mL–1, 50
pg .mL –1 and  750  pg .mL –1 fo r  Ep inephr ine
(EPI) ,  Norep inephr ine  (NE)  & Dopamine
(DA) respect ive ly ;  whereas  the  in t ra-assay
prec i s ion  were  4 .6%,  4 .6% and  6 .1%
respect ively  and inter-assay precis ion were
8.2%, 6.1% and 13.4% respectively.

P lasma cor t i so l  was  measured  us ing
Radio immunoassay  (9) .  The  quant i t a t ive
measurement of cortisol in plasma was done
us ing  Immunotech  RIA k i t ,  Marse i l l e ,
France. The sensitivity of the assay was 10
nM.L –1,  the  in t ra -assay  co-e f f ic ien t  o f
variation was less than 5.8%; the inter-assay
co-ef f ic ien t  o f  var ia t ion  was  found  to  be
9.2%.

Autonomic Functions :  For  each parameter ,
5  min  in te rva l  read ings  were  t aken  and
averaged for every individual condition viz.

SL,  DI ,  HA,  DDI  and  RSL.  Sys to l ic  and
Dias to l ic  Blood  Pressure  (SBP & DBP
respec t ive ly)  and  Hear t  Ra te  (HR)  were
recorded  on  an  au tomated  Dig i ta l  BP
Monitor (Model – UA 767-AND, A & D Co.
Ltd . ,  Japan)  us ing  the  osc i l l a to ry  method .
The  GSR was  measured  wi th  the  he lp  of
Biofeedback  Ins t rument  (Medica id ,  GBI  –
2000 ,  Ind ia ) ,  by  p lac ing  the  sur face
e lec t rodes  on  pa lmer  aspect  of  the  middle
and  index  f ingers .  Per iphera l  Oxygen
Satura t ion  (SpO 2)  was  recorded  wi th  the
help of  a  Pulse Oximeter  (BCI Capnochek,
USA) continuously by placing the probe on
the t ip of the index finger.

Stat i s t i ca l  ana lys i s

The  da ta  were  sub jec ted  to  repea ted
measure Analysis of Variance with different
envi ronmenta l  condi t ions  as  one  of  the
fac tors  wi th  f ive  l eve l s .  Af te r  ge t t ing  the
s ign i f ican t  resu l t s  f rom ANOVA,  S tudent
Newman Keuls  mul t ip le  range  tes t  was
performed to test the pair wise significance
in  d i f fe ren t  env i ronmenta l  condi t ions .
The paired t - test  was done to compare sea
leve l  vs .  a f te r  h igh  a l t i tude  exposure  fo r
epinephr ine ,  norepinephr ine ,  dopamine  and
cortisol. The minimum significance level was
fixed at 5%.

R E S U L T S

Neuroendocr ino logy :  Fig .  1  dep ic t s  the
changes  in  p lasma ca techolamines  and
cortisol  at  sea level vs.  following one-hour
hypoxic  exposure  a t  3500  m a l t i tude .  As
compared to sea level, there were significant
increases  in  ep inephr ine  l eve l s  (P<0 .001) ,
nor  ep inephr ine  leve ls  (P<.001) ,  dopamine
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phase  and  i t s  pa i r -wise  compar i son .  As
shown,  there  was  a  s igni f icant  increase  a t
HA as compared to SL (P<0.01). The values
were  a l so  s ign i f ican t ly  h igher  a t  HA as
compared to DI heart  rate values (P<0.01).
The values decreased on DDI and decreased
fur ther  on  RSL.  The  hear t  ra te  was
signif icantly lower during DDI (P<0.05) as
compared to HA. The heart rate values were
further reduced at RSL as compared to DDI
va lues  (P<0 .01) .  There  was  no  s ign i f ican t
effect of high alti tude on the GSR.

The  SpO 2 leve l s  showed s ign i f ican t
increase  in  ascen t  to  3500  m a l t i tude
(P<0.001). The average value in each phase
and i ts  comparison is  depic ted in  Table  I .
As  compared  to  SL,  the  l eve l s  were
significantly lower during DI (P<0.01) at HA

levels  (P<0.001) and plasma cort isol  levels
(P<0.001) following exposure.

Autonomic  funct ions : The ef fec t  o f  one  hour
of simulated ascent to 3500 m high altitude
on  au tonomic  func t ions  i s  de ta i l ed  in
Table I .  There was no significant  effect  of
h igh  a l t i tude  on  sys to l ic  BP.  There  was  a
significant overall effect of high altitude on
diastolic BP (P<0.001). As compared to SL,
the values were elevated at HA although not
statistically significant.  However,  they were
signif icant ly higher  during deinduct ion and
on RSL as compared to SL values (P<0.05
and P<0.01 respect ively) .

There was a significant overall  increase
in heart rate on ascent to 3500 m (P<0.001).
Table  I  shows  the  average  va lues  in  each

Fig.  1 :  Effect  of  s imulated ascent  to  3500 m for  1 hour  on Epinephrine
(EPI) ,  Norepinephr ine  (NE),  Dopamine (DA) and Cort isol .
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(P<0 .001) ,  DDI  (P<0.001) .  There  was  no
significant difference in SL and RSL values.
The  SpO 2 leve l s  a t  HA were  s ign i f ican t ly
lower than DI (P<0.001), DDI (P<0.001) and
(P<0.001).

D I S C U S S I O N

The s tudy  a imed  to  eva lua te  the
neuroendocrine responses on acute induction
(one  hr . )  to  s imula ted  h igh  a l t i tude  (3500
m) .  The  a l t e ra t ions  re f lec t  a  sympathe t ic
over activity. The SpO2 showed the expected
decl ine at  high al t i tude.  Heart  rate  showed
a  s ign i f ican t  inc rease .  The  sys to l ic  BP
showed a  marg ina l  (bu t  non  s ign i f ican t )
increase  a t  3500  m.  The  d ias to l ic  BP
increased  a t  3500  m,  dur ing  DDI  and  on
RSL.  The  leve l s  o f  p lasma ep inephr ine ,
norepinephrine,  dopamine and cort isol  were
e leva ted  fo l lowing  exposure .  The  GSR
remained  una l te red  upon  ascen t  to  h igh
a l t i t u d e .

The  presen t  s tudy  demons t ra ted  an
increase in HR in the first hour of ascent to
3500 m altitude. The finding is in agreement
wi th  the  p rev ious  repor t s ,  which  have
observed that  hypoxic exposure reduces the
baroreflex responses causing an increase in
HR but no significant change in systolic BP
(2).  The finding of an increase in diastolic
BP i s  in  agreement  wi th  a  recen t  s tudy
in  dogs  (10) .  The  increased  leve l s  o f
ca techolamines  a t  h igh  a l t i tudes  a re
linked to increase in HR, BP arteriolar and
venous tones (11, 12).  In the present study
too,  the  increased HR can be a t t r ibuted to
the  r i se  in  l eve l s  o f  ep inephr ine  and
n o r e p i n e p h r i n e .
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The increase in catecholamines especially
norepinephrine levels is l ikely to be due to
an activation of the alpha-adrenergic system
by hypoxia (3).  In addition there may be a
desensi t izat ion of  beta-adrenergic  receptors
(13).  The findings of the present  study are
a l so  in  l ine  wi th  the  repor ted  increase  in
dopamine levels at high altitude (4). A recent
study (14) however, has reported a transient
reduc t ion  in  bo th  parasympathe t ic  and
sympathe t ic  ac t iv i ty  dur ing  s tepwise-
simulated ascent  to  4500 m.

Hypoxic  exposure  increased the  p lasma
cor t i so l  leve ls  in  the  present  s tudy.  There
may be a st imulat ion of  the adrenal  cortex
by  hypoxia ,  caus ing  a  r i se  in  ACTH and
cor t i so l .  Hypoxia  a t  h igh  a l t i tude  may
increase the release of cortisol by influencing
the pO2 and blood flow to the adrenal glands.
(15). The cortisol response to hypoxia could
be  media ted  by  a  re f lex  ac t ion  f rom
the  caro t id  bodies  and  a l so  by  non-
chemoreceptors  mechanisms (16,  17) .

The present study revealed no significant

change  in  GSR.  A prev ious  s tudy  has
observed a  decrease in  GSR. However ,  the
pro toco l  o f  the  ment ioned  s tudy  was
d i f fe ren t  f rom ours  in  tha t  the  da ta  was
recorded 15 days before and 1 month after
return from Antarctica and was in response
to a  cognit ive s tress .  In the present  s tudy,
the resting GSR was monitored at sea level,
dur ing  ascen t ,  a t  h igh  a l t i tude ,  dur ing
descen t  and  a f te r  re tu rn  to  sea  l eve l  in
s imula ted  condi t ions .

To conclude, the study clearly demonstrates
a  sympathe t ic  over -ac t iv i ty  in  the  f i r s t
hour  to  s imula ted  ascen t  to  3500  m as
evidenced by increases in DBP, HR, plasma
epinephrine,  nor epinephrine,  dopamine and
cort isol .
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