
2 4 8  Specialia 15.3.  1969 

H y p e r t r i g l y c e r i d e m i a  in Rats  at S i m u l a t e d  H i g h  

S o m e  e a r l y  o b s e r v a t i o n s  i n d i c a t e  t h a t  l i p e m i a  o c c u r s  
in  r a b b i t s  e x p o s e d  for  s o m e  d a y s  t o  l ow  a t m o s p h e r i c  
p r e s s u r e  1-5. O n  t h e  o t h e r  h a n d ,  s h o r t  e x p o s u r e s  o f  a 
f ew  h o u r s '  d u r a t i o n  h a v e  b e e n  s h o w n  t o  h a v e  n o  i n c r e a s i n g  
e f f e c t  o n  b l o o d  l i p i d s  in  c a t s ,  dogs ,  a n d  r a b b i t s  6. T o  t h e  
a u t h o r ' s  k n o w l e d g e ,  t h e r e  a r e  no  r e p o r t s  of  t h e  e f f ec t  
o f  p r o l o n g e d  a t m o s p h e r i c  h y p o x i a  o n  b l o o d  l ip id  l eve l s  
o f  h u m a n s ,  o r  a n i m a l s  o t h e r  t h a n  t h e  r a b b i t .  T h e  l a c k  
o f  t h i s  r a t h e r  f u n d a m e n t a l  k n o w l e d g e  b e c a m e  a p p a r e n t  
d u r i n g  r e c e n t  s t u d i e s  o n  t h e  p a t h o g e n e t i c  m e c h a n i s m s  
of  t h e  h e m o r r h a g i c  l i p e m i a  7,8, t h e  m a i n  e t i o l og i ca l  f a c t o r  
o f  w h i c h  is m o s t  p r o b a b l y  t h e  a n a e m i c  h y p o x i a .  A s t u d y  
o n  s e r u m  l i p id s  in  t h e  r a t  a t  l ow  a m b i e n t  p r e s s u r e s  w a s  
t h u s  u n d e r t a k e n .  

Methods.  S i x t y  m a l e  r a t s  of  t h e  S p r a g u e - D a w l e y  
s t r a i n ,  w e i g h i n g  i n i t i a l l y  1 8 5 - 2 4 0 g ,  w e r e  u s e d .  T h e  
a n i m a l s  w e r e  d i v i d e d  i n t o  10 g r o u p s  o f  6 r a t s  in  e ach ,  
S i m u l a t e d  a l t i t u d e s  o f  3000,  5000 a n d  7000 m w e r e  
o b t a i n e d  b y  r e d u c i n g  t h e  p r e s s u r e  b y  235, 355 a n d  
450 n l m  H g ,  r e s p e c t i v e l y ,  in  a low p r e s s u r e  c h a m b e r .  
T h e  c h a m b e r  w a s  o p e n e d  d a i l y  fo r  f e e d i n g  "and c l e a n i n g  
p r o c e d u r e s ,  w h i c h  t o o k  a b o u t  ~/2 h .  T h e  d e c o m p r e s s i o n  
as  we l l  a s  t h e  ' d e s c e n t '  t o  s e a  l eve l  w a s  a c c o m p l i s h e d  in  
5 - 1 0  ra in .  

T h e  r a t s  w e r e  a l l o w e d  t o  e a t  a n d  d r i n k  a d  l i b i t u m .  
T h e  f o o d  c o n s u m p t i o n  w a s  n i l  d u r i n g  t h e  f i r s t  d a y  o f  
e x p e r i m e n t  a n d  m i n i m a l  u p  t i l l  t h e  f o u r t h  o r  f i f t h  d a y ,  
i n c r e a s i n g  t h e r e a f t e r  t o  n o r m a l  l eve l  in  a l l  l ow  p r e s s u r e  
g r o u p s .  T h e  c o n t r o l  r a t s  k e p t  a t  s e a  l eve l  p r e s s u r e ,  w e r e  
g i v e n  o n l y  t h e  s a m e  a m o u n t  o f  f ood  as  t h e  r a t s  a t  5000 m 
a l t i t u d e  a c t u a l l y  a t e .  A t  t h e  e n d  o f  e a c h  e x p e r i m e n t ,  t h e  
r a t s  w e r e  k i l l ed  u n d e r  r a p i d l y  i n d u c e d  e t h e r  a n a e s t h e s i a  
b y  w i t h d r a w i n g  a s  m u c h  b l o o d  as  p o s s i b l e  b y  c u t t i n g  
t h e  a b d o m i n a l  a o r t a .  T h i s  w a s  d o n e  w i t h i n  1 - 2  h a f t e r  
b r i n g i n g  t h e  a n i m a l s  to  s e a  l eve l  p r e s s u r e .  T h e  p r e v i o u s l y  
d e s c r i b e d  7 a n a l y t i c a l  m e t h o d s  w e r e  u s e d  e x c e p t  fo r  
s e r u m  f ree  f a t t y  a c i d s  w h i c h  w e r e  d e t e r m i n e d  b y  t h e  
m e t h o d  of  NOVXK 9 

Results  and  discussion. T h e  r a t s  t o l e r a t e d  t h e  e x p e r i -  
m e n t ,  i n c l u d i n g  t h e  r a p i d  d e c o m p r e s s i o n s ,  q u i t e  wel l .  
O n l y  o n e  r a t  d i ed  a t  7000 m s i m u l a t e d  a l t i t u d e  o n  t h e  

A l t i t u d e s  

e l e v e n t h  d a y  o f  t h e  e x p e r i m e n t .  T h e  m o s t  i m p o r t a n t  
r e s u l t s  a p p e a r  in  t h e  T a b l e .  

A s i g n i f i c a n t  i n c r e a s e  in  s e r u m  t r i g l y c e r i d e  c o n c e n -  
t r a t i o n s  w a s  o b s e r v e d  a t  a l l  a l t i t u d e s  u s e d .  N o  c o n s i s t e n t  
c h a n g e s  o c c u r r e d ,  h o w e v e r ,  in  s e r u m  p h o s p h o l i p i d s  or  
t o t a l  c h o l e s t e r o l .  A t e n d e n c y  t o  h i g h e r  l i ve r  t r i g l y c e r i d e  
c o n c e n t r a t i o n s  a f t e r  6 - 1 2  d a y s ,  a s  c o m p a r e d  w i t h  t h e  
c o r r e s p o n d i n g  c o n t r o l  g r o u p s ,  w a s  o b s e r v e d  a t  3000 a n d  
5000 m .  T h i s  w a s  n o t  s e e n  a t  7000 m w h e r e  a l so  s e r u m  
t r i g l y c e r i d e s  t e n d e d  t o  be  less  m a r k e d l y  e l e v a t e d .  7000 m 
is i n d e e d  t h e  u p p e r  l i m i t  of  a l t i t u d e  t h a t  n o n - a c c l i m a t i z e d  
r a t s  c a n  t o l e r a t e  10. 

N o  s i g n i f i c a n t  i n c r e a s e s  o c c u r r e d  in  s e r u m  f ree  f a t t y  
a c i d  ( F F A )  c o n c e n t r a t i o n s  in  t h e  l ow  p r e s s u r e  r a t s  a s  
c o m p a r e d  w i t h  t h e  c o r r e s p o n d i n g  c o n t r o l s .  T h i s  w a s  a lso  
t r u e  for  s e r u m  t o t a l  k e t o n e  b o d i e s .  T h i s  a r g u e s  a g a i n s t  
i n c r e a s e d  p e r i p h e r a l  l ip id  m o b i l i z a t i o n ,  e .g.  c a u s e d  b y  
c a t e c h o l a m i n e s ,  a s  b e i n g  t h e  c a u s e  o f  h y p e r t r i g l y c e r i -  
d e m i a  in  h y p o x i a .  T h e r e  a r e  no  p r e v i o u s  r e p o r t s  o n  s e r u m  
F F A  c o n c e n t r a t i o n s  in  p r o l o n g e d  h y p o x i a .  T h e  r e p o r t s  
of  t h e  e f f ec t  o f  a c u t e  h y p o x i a  o n  t h e  F F A  leve ls ,  o n  t h e  
o t h e r  h a n d ,  a r e  c o n t r a d i c t o r y  n-~4.  
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Results of experiments in rats at simulated high altitudes 

Sea level 3000 m 5000 m 7000 m 
3 days 6 days 12 days 12 days 3 days 6 days 12 days 3 days 6 days 12 days 
n = 6  n = 6  n = 6  n = 6  n = 6  n - 6  n = 6  n - 6  n = 6  n = 5  

Serum triglycerides 
mg/100 ml 32.3 16.8 14.0 63.5 b 52.5 81.4 b 94.0 b 53.3 ~ 74.0 b 52.0 b 
S.E. 5.2 1.5 2.0 8.9 9.1 5.1 14.6 5.9 9.8 7.9 

Liver triglycerides 
mg/g of wet weight 16.1 5.9 5.9 8.9 b 10.6 10.4 b 7.9 �9 11,6 7.9 6.8 
S.E. 2.4 1.1 0.4 0.6 1,1 0.8 0.8 1.4 1.2 1.5 

Serum free fat ty  acids 
[zEq/1 485 463 570 255 b 595 352 475 560 453 254 b 
S.E. 68 41 50 27 22 36 26 47 58 34 

Blood hemoglobin 
g/100 ml 15.2 13.7 13.9 15.1 b 16.1~ 17.2 b 19.2 ~ 16.5 b 17.8 b 20.2 b 
S.E. 0.15 0.27 0.24 0.11 0.33 0.13 0.36 0.13 0.32 0.37 

Weight loss 
% from initial weight 9.4 4.5 2.7 0.4 16.3 �9 10.3 �9 8.6 19.1b 23:3 b 21.7 b 

S.E. 2.2 1.7 1.9 2.3 1.2 1.1 2.7 1.0 1.2 1.0 

Results are mean values of the groups. S.E., s tandard error; n, number  of animals in the group. ~ p ~ 0.05, b p < 0.01 as compared with 
the respective control group kept at sea level pressure on equal amount  of food as the rats at 5000 m simulated altitude actually ate. 
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I t  is well  k n o w n  t h a t ,  in  hypox ia ,  a p p e t i t e  is in i t i a l ly  
lost  and  b o d y  we igh t  goes down  ~5. The  we igh t  loss can-  
not ,  however ,  whol ly  be  exp la ined  b y  t he  r e d u c t i o n  in 
food in take ,  because  t h e  p r e s en t  h igh  a l t i t ude  groups  
lost  more  we igh t  t h a n  t he  con t ro l  groups  in sp i te  of 
equa l  food consum pt i on .  A n  a d d i t i o n a l  m e c h a n i s m  
leading  to we igh t  loss is d e h y d r a t i o n  15. P l a s m a  v o l u m e  
decreases  of up  to  26% h a v e  been  found  in r a t s  a f t e r  
a t  leas t  10 days  of acc l ima t i za t i on  to  2400-6100 m 1~ 
Thus  t he  obse rved  increases  of b lood h e m o g l o b i n  a n d  
hema toc r i t ,  changes  in t he  l a t t e r  r u n n i n g  qu i te  para l le l  
to  t he  former,  m u s t  be  p a r t l y  due to d e h y d r a t i o n  a n d  
p a r t l y  to  a r ap id  increase  of e ry th ropo ies i s  in hypoxia lS .  

The  h y p e r l i p i d e m i a  of h y p o x i a  in  r a b b i t s  r esembles  
t h a t  caused  b y  r epea t ed  b leed ings  3,~, all  s e r m n  l ipid 
classes be ing  e leva ted .  I n  t he  p r e s en t  rats ,  on ly  s e rum 
t r ig lycer ides  showed  a n  increase.  This  is in  c o n t r a s t  to  
t he  f ind ing  in h e m o r r h a g i c  hype r l i p i dem i a  in rats ,  in  
wh ich  se rum phospt lo l ip ids  a n d  choles terol  increase  as 
well 7. This  increase  of s e rum phospho l ip ids  a n d  choles- 
te ro l  is, however ,  p r o b a b l y  a s econda ry  p h e n o m e n  to  
the  hype r t r ig lyce r idemia .  T h u s  t he  lack of increase  of 
s e rum phospho l ip ids  a n d  choles terol  in t he  r a t s  exposed  
to s imu la t ed  h igh  a l t i tudes  m a y  be  exp la ined  b y  t he  
fac t  t h a t  the  h y p e r t r i g l y c e r i d e m i a  was m u c h  less m a r k e d  
t h a n  t h a t  seen in severe b leed ing  anaemia .  T he  lack of 
increase  of t he  s e rum F F A  and  ke tone  b o d y  concen-  
t r a t ions ,  as well  as t he  s l ight  t e n d e n c y  for t r ig lycer ide  
to a c c u m u l a t e  in  t h e  liver,  are in accordance  to f ind ings  
in h e m o r r h a g i c  a n a e m i a  v. 

I t  is genera l ly  cons idered  t h a t  d i m i n i s h e d  p a r t i a l  
pressure  of oxygen  p roduces  t h e  phys io logica l  effects  
obse rved  a t  h igh  a l t i t u d e s  15. I t  is i n t e r e s t i ng  to  no te  
t h a t  cobal t ,  wh ich  is a depressor  of cell resp i ra t ion ,  also 
causes m a r k e d  h y p e r l i p i d e m i a  17. Thus  a n y  t y p e  of hy -  
poxia,  w h e t h e r  hypoxic ,  hemic  or h i s to toxic ,  seems to  
be  connec t ed  w i t h  hype r l i p idemia .  W h e t h e r  th i s  a lways  
arises b y  t he  same  m e c h a n i s m  r ema ins  to  be  s tud ied  ~s. 

Zusammen/assung. R a t t e n ,  die 3-12 Tage  in e iner  Luf t -  
v e r d t i n n u n g  e n t s p r e c h e n d  e iner  H 6 h e  yon  3000, 5000 
u n d  7000 m geha l t en  wurden ,  h a t t e n  eine s ign i f ikan te  
H y p e r t r i g l y c e r i d ~ m i e  u n d  eine le ichte  T e n d e n z  zu e rh6h-  
t en  L e b e r t r i g l y c e r i d k o n z e n t r a t i o n e n .  Die f re ien F e t t -  
sSmren des Se rums  waren  n i c h t  e rh6h t .  
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Action of S o m e  C o m p o u n d s  on the Adenos ine  Tr iphos phatas e  Act iv i ty  of Streptococcus]aecalis 

W e  h a v e  p rev ious ly  r epo r t ed  the  ac t ion  of some 
c o m p o u n d s  on t he  me tabo l i c  swell ing a n d  glycolyt ic  
a c t i v i t y  1 and  on  the  adenos ine  t r i p h o s p h a t e  (ATP) pool2 
in p ro top l a s t s  a n d / o r  whole cells of Streptococcus/aecalis. 

The  p e r m e a b i l i t y  changes  respons ib le  for the  me tabo l i c  
swell ing seem to be  pa r t i a l ly  d e p e n d e n t  of a m e m b r a n e -  
b o u n d  A T P a s e  a-5 whose  Mg++ dependence  6 and  s u b - u n i t  
s~ructure  v h a v e  recen t ly  received special  a t t e n t i o n .  In  an  
a t t e m p t  f u r t h e r  to  c lar i fy  t h e  m e c h a n i s m  of ac t ion  of 
those  compounds ,  t he  p re sen t  i nves t iga t ion  was des igned  
to s t u d y  the i r  ac t ion  on  t he  A T P a s e  a c t i v i t y  of lysed 
p r o t o p l a s t  suspens ions  of S./aecalis. 

1VIaterial and methods. S. /aecalis ATCC 9790 was g rown 
as r epor t ed  1. The  cells were h a r v e s t e d  b y  cen t r i fuga t ion ,  
washed  3 t imes  w i t h  redis t i l led  w a t e r  a n d  twice  w i t h  
0 . 0 7 5 M  p o t a s s i u m  p h o s p h a t e  p H  6.2, aga in  cen t r i fuged  
a n d  resuspended  in 0 . 0 7 5 M  p o t a s s i u m  p h o s p h a t e  p H  
6 . 2 - 0 . 4 M  sucrose. M u r a m i d a s e  (200 ~g/ml)  was  added,  
a n d  tile m i x t u r e  i n c u b a t e d  a t  38 ~ in a w a t e r  b a t h  for 
120 min.  The  re su l t ing  p r o t op l a s t s  were h a r v e s t e d  b y  
cen t r i fuga t ion ,  r e suspended  in a c o n v e n i e n t  v o l u m e  of 
redis t i l led w a t e r  to  give a p r o t e i n  c o n t e n t  be tween  
2.0-2.6 mg/ml ,  and  v igorous ly  s t i r red.  R a p i d  lysis due  
to osmot ic  shock  followed. T he  lysa te  was d i lu ted  2-fold 
w i t h  MgC12 O.O1M-Tris(hydroxymethyl)aminomethane 
0.20M, p H  7.2, and  t he  m i x t u r e  p laced  in a w a t e r - b a t h  
a t  38~ Add i t i ons  and  s amp l ing  were as descr ibed  
before  2, excep t  t h a t  glucose was replaced  b y  A T P  
2.5 • 10-aM.  Fol lowing add i t i on  of 50 V1 of 70% perchlor ic  
ac id/ml ,  t he  samples  were assayed  for p h o s p h o r u s  b y  
t he  m e t h o d  of SUMNER 8. 

Results and discussion. A T P a s e  ac t i v i t y  was an  expo-  
n e n t i a l  process  a f fec ted  b y  t he  c o m p o u n d s  t e s t ed  as 
r ep resen ted  in t h e  Table .  The  m o s t  p r o n o u n c e d  effect  
was t he  i n h i b i t o r y  one  obse rved  w i t h  g ramic id in  and  
sod ium azide, b o t h  of which  h a d  a n  oppos i te  ac t ion  on t he  
p rev ious ly  s tud ied  r a t e  of decay  of t he  A T P  in t he  A T P  
pool of whole  cells m e t a b o l i z i n g  glucoseL A l t h o u g h  t he  
2 processes  do no t  necessar i ly  r u n  para l le l  s ince A T P a s e  
a c t i v i t y  is p a r t  b u t  no t  all  of t h e  A T P  decay  process, 
i t  is also i m p o r t a n t  to  r e m e m b e r  t h a t  t h e y  were s tud ied  
in qu i te  d i f fe ren t  condi t ions .  

A l t h o u g h  me tabo l i c  di f ferences  b e t w e e n  whole  cells 
a n d  p ro top l a s t s  c a n n o t  be  excluded,  i t  seems now of 
i n t e r e s t  to  re la te  t he  effect  of t h e  t e s t ed  c o m p o u n d s  on  
t he  m e t a b o l i c  swelling, g lycolyt ic  ac t iv i ty ,  A T P  pool  1,~ 
a n d  A T P a s e  ac t iv i ty .  

The  i n h i b i t o r y  ac t ion  of sod ium azide on  t he  me tabo l i c  
swell ing could r ep re sen t  b o t h  a slower glycolysis  and  a 
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