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There have been seve ra l  p a s t  a t t empt s  t o  a i d  
a l t i t u d e  accommodation through t h e  use  of  meta- 
b o l i c  a c i d i f y i n g  agen t s  (1). 
zolamide h a s  been s h m n  t o  r a i s e  e f f e c t i v e l y  t h e  
a r t e r i a l  P of men pre t r ea t ed  wi th  t h e  drug 
p r i o r  t o  g 3 n g  t o  a l t i t u d e  ( 2 ) .  Accordingly, it 
was decided t o  explore  f u r t h e r  t h e  use fu lness  of 
acetazolamide i n  s i d i n g  accommodation t o  a l t i t u d e  
and t o  examine t h e  mechanisms of  i t n  a c t i o n  
through a s tudy  of blood and ce reb rosp ina l  f l u i d  
ac id-base  balance.  

Recent ly ,  a c e t a -  

ODS AND PRCCEDllRES 

For each experiment, four  s u b j e c t s  were 
placed in a low pressure  chamber a t  e i t h e r  3.000 
f t .  (681 t o r r )  o r  14,000 f t .  (447 t o r r ) .  Each 
s u b j e c t  consumed e i t h e r  500 mg. o f  acetazolamide 
o r  a l a c t a s e  placebo in t h e  farm of hm 250 mg. 
g e l a t i n  c a p s u l e s  12 hours  p r i o r  t o  e n t e r i n g  t h e  
chamber. An a d d i t i o n a l  250 mg. capsu le  was taken 
j u s t  be fo re  going t o  a l t i t u d e .  The capsu le s  were 
adminis te red  i n  s double-blind f a sh ion  and t h e  . 
order  of p re sen ta t ion  of t h e  drug and placebo was 
random. A t o t a l  o f  44 experimental  s u b j e c t s  were 
used. With one except ion,  no s u b j e c t  was run 
more than  once.  

End- t ida l  P c q  sampling was done on each sub-  
ject us ing  a nasa l  c a t h e t e r  a s  soon a s  t h e  cham- 
b e r  had s t a b i l i z e d  a t  i t s  des igna ted  a l t i t u d e  and 
every two hours  t h e r e a f t e r ,  except  dur ing  s l e e p .  
A f t e r  20 hours  a t  a l t i t u d e ,  a s i n g l e  sample of 
a r t e r i a l  blood was obtained f r rm t h e  b rach ia l  
a r t e r y .  The sub jec t  wan then placed i n  t h e  l e f t  
l a t e r a l  decubi tua  p o s i t i o n  and a lumbar puncture  
done. A 20-hour u r i n e  sample was c o l l e c t e d  f r m  
each s u b j e c t  wh i l e  he was a t  a l t i t u d e .  

l a c t a t e ,  pH, P c q ,  P 4 ,  Hct ,  HCO,-, s t d  HCG-. 
C q .  4 a a t ,  and Qq were e i t h e r  determined 
d i r e c t l y  o r  ca l cu la t ed  on t h e  blood and CSP 
aamples. The u r i n e  specimens were analyzed f o r  
volume. Na', K', and 17-hydroxycorticasteraidn. 

Each s u b j e c t  a t  14,000 f t .  was observed and 
gue i t ioned  by t h e  au thors .  A t  t h e  conclus ion  of 
a r u n  t h e  s u b j e c t s  were numerical ly  ranked a s  t o  
t h e i r  s t a t e  of wel l -being aga ins t  t h e  t h r e e  
o t h e r s  who where wi th  them, wi th  a rank  of 4 
being l e a s t  s i c k  and 1 being most s i c k .  I n  add i -  
t i o n ,  each s u b j e c t  f i l l e d  out a 26-item quea t ion-  
m i r e  designed t o  eva lua te  t h e i r  s u b j e c t i v e  r e -  
sponsea t o  t h e  experiment. Before going t o  s l e e p  
a t  n ight  each sub jec t  had e l ec t rodes  appl ied  f o r  
t h e  cont inuous monitor ing of t h e i r  r e s p i r a t o r y  
p a t t e r n  by impedance pneumogram and L W .  

The r e s u l t s  of t h e  b io log ica l  f l u i d  da ta  are 

1arered .both  blood under a11  condi-  
given i n  Table  I. s i g n i f i c a n t l y  

! t i c n a .  In t h e  caae  o f ' u r t e r i a l  blood, Pc , pH 
and s t d  E O s -  were a l a 0  lowered s i g n i f i c a % l y .  
A r t e r i a l  P q  a t  10,000 f t .  warn increased  by t h e  

drug, but  only a t  a borde r l ine  l e v e l  of s i g n i f i -  
cance (p < . lo).  The a r t e r i a l  0, s a t u r a t i o n  and 

%oth a l t i t u d e s  (P < ,001 in both cases ) .  CSP 
l a c t a t e  was a l s o  increased  s i g n i f i c a n t l y  a t  
14,000 f t .  

were s i g n i f i c a n t l y  r a i sed  by acetazolamide 

Table  I. 

Values a r e  means + 1 S.D. Denotes proba- 
b i l i t y  l e v e l s  f o r  S ign i f i can t  d i f f e rences  between 
acetazolamide and placebo:  
P < .01. t Denotes t h a t  a s i g n i f i c a n t  d i f f e rence  
(P < .001) W B L ~  present  between a l t i t u d e s  but  not  
between acetazolamide and placebo. 

- P C .05; f* - 
The combination8 of a l t i t u d e  and drug 

divided t h e  end- t ida l  P c q  de termina t ions  i n t o  
four  d i s t i n c t  groups ( f i g .  1 ) .  End- t ida l  P c q  
decreased a i g n i f i c a n t l y  m e r  time in both t h e  
t r ea t ed  and unt rea ted  groups a t  14,000 f t . .  but  
r a i n e d  r e l a t i v e l y  cons tan t  a t  t h e  3.000-ft. 
e leva t ion .  The apparent  r i s e  in t h e  end- t ida l  
P E ~  l e v e l s  i n  t h r e e  of t h e  f o u r  groups a t  t h e  
aeventh hour could not  be r e l a t e d  t D  any s i n g l e  
event ,  such a 8  food in t ake  or i n i t i a t i o n  of an 
experimental  procedure.  It was not  found t o  be 
a ta  t i  st i c a l  ly  s i g n i f i c a n t .  

I 

F igure  1. End-t idal  Pc de termina t ions  a 6  
a func t ion  of time a t  a l t i t u k .  
r ep resen t s  s mean va lue  ? 1 S.E.M. 

Each poin t  

A s  was expected,  acetazolamide produced a 
s i g n i f i c a n t  d i u r e s i s  and k e l u r e s i s  a t  both 3,000 
I t .  and 14,000 f t .  The drug d id  not  a f f e c t  
sodium exc re t ion .  17-OHCS exc re t ion  wns higher  
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,e .ititude. buc shared no d i f f e r e n c e  between 
and unt rea ted  group8. 

me incidence  of p r t t e r n  b r e r t h i n g  a8 
recorded by means of t h e  fmpedsnce pneumogram was 
i i g n i f i c a e t l y  h igher  (P < ,001) a t  14,000 than u t  
3.000 f t ;  however no d i f f e r e n c d  van found between 
t r e s t e d  and unt reared  subjects. The 14,000-f t .  
group reported more ayaptorns auggeat lve of a l t i -  
tude r icknera  on t h e i r  q u e s t i o n n a i r e r ,  but no 
d i f f e r e n c e  YSS noted between a c e t a ~ o l s m i d e  and 
placebo.  m o a e  who received acetazolamide a t  
1&,000 f t ,  s lep t  mure on t h e  average than t h e  
control .? ,  but t h l r  uas not a t a t i a t i c a l l y  a ian i -  
t l c a n t .  The results of t h e  c l l n i c a l  renkinga i n  
t h e  14,000-ft. runs are s u m a r i e e d  i n  f i g u r e  2. 

Figure  2 .  C l i n i c a l  rankings of oubfeorr a t  
14,000 € t .  

p1scussrm 
The present  s tudy has a y i n  demonstrated t h e  

ebil i ty  of low doses of acetazolamide t o  lover 
r igntf icant ly  blood pH and HC4':  blood and a l v e -  
alar Pc The d a t a  on ESP and 
pls,sss %&- t ends to support t h e  concept ad- 
vanced by Severinghaus and h t a  co-worker9 (3) 
t h 8 t  t h e  reduct ion  i n  C9p IC%' is accomplished 
t o  a large e x t e n t  by means of an a c t i v e  t r a n a -  
p o r t  medunism ( f i g .  3). A high c o e f f i c i e n t  of 
c o r r e l a t i o n  was found between CSF Hc4- and 

. and CSP E O 3 - .  

- 4 L; I; n r; A n A 
an I-il-IoYvL 

Figure  b .  CSF Nco,' vs.  elueolar pcq. ' 

The subjec ts  reeeivin$ dcetazolemide fa l led  
t o  rhw a c leer -cu t  advantxge m e r  t h e  controls 
88 f a r  as t h e i r  o b j e c t i v s  and s u b j e c t i v e  t e n t i n g  
vas a b l e  t o  determine. Unfortunately,  coaaLdar- 
able i n d i v i d u a l  variation was encountered and, 
a l though 8 definite trend ua8 e a t a b l i r h e d  in 
favor  of t h e  drug, t h i s  f a i l e d  t o  a t t a i n  any st8- 
t i s t l c a l  s i g n l f i c r n c e .  For example, the differ-  
ence between rankings of '2 and 3 on t h e  c l i n i c a l  
ranking scale ws8 q u i t e  a r b i t r a r y  a t  bcEt. 
l n d l v i d u r l  subjec t  might chenge frm a 2 t o  3 
and back again E w e r s 1  times du r ing  t h e  f l i g h t .  
If Jua t  t h e  I an6 4 groupr are coni ldcred ,  a c e t a -  
zolamide does d o m n 6 t r a t e  8 r t 8 t i s t i c a l  advantage 

An 

e < .01). 

In api te  o f  t h e  f a c t  that t h e  present  s tudy 
h e 6  f a i l e d  t o  ea teb l t8h  scetaeolamide aa provld- 
i n s  d e f i n i t i v e  pro tec t ion  e g a i n s t  a l t i t u d e  s i c k -  
near ,  ue reccvnend i t s  uae p r i o r  t o  a l t i t u d e  
exposure. I f  one considers t h a t  even a modest 
amel lor lac ion  of tyqtorsa might mmke t h e  d i f f e r -  
ence betveen being p r o s t r a t e  u i t h  vomltlng and 
being a b l e  t o  funct ion i n  a rs~sanable fashion.  
anyth ing  t h a t  can achieve t h l a  d i f f e r e n c e  f a  
probrbly worthwhile. When t h i a  mull but defl-  
nitr b e n e f l t  i r  coupled uith t h e  f a c t  t h a t  a c e t d -  
zoldmidt i 6  n a n t m i c  and had v i r t u a l l y  no eide 
e f f e c t s  i n  the  doaege alvcn, t h e r e  seems t o  be no 
reaaon for withhalding the drug.  
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