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The ef fec t  of an inc rease  in the oxygen p r e s s u r e  (6 atm) on the content  of the po lyamines  
spe rmine  and spe rmid ine  in the r a t  bra in  and l iver  was invest igated.  Dur ing the per iod  of oxy-  
gen convuls ions and 4 h af ter  d e c o m p r e s s i o n  the spermid ine  concentra t ion in the bra in  and l iver  
was reduced.  The spe rmine  concentra t ion in the brain  a lso  was reduced  during the per iod of 
convulsions,  but 4 h af ter  d e c o m p r e s s i o n  it was s ignif icant ly increased ,  although st i l l  below the 
control  level .  The spe rmine  level  in the l iver  was unchanged dur ing oxygen convulsions,  but 
r o s e  sharp ly  dur ing the next  4 h. The ro le  of po lyamines  in the regula t ion of prote in  b iosyn-  
fl~esis dur ing hype rox ia  is d i scussed .  
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Exposure  of an imals  to a r a i s e d  oxygen p r e s s u r e  causes  profound d i s tu rbances  of m e t a b o l i s m  and the 
functions of the body. Prolonged exposure  may  lead to death. Meanwhile the p rac t i ca l  use of hyperox ia  is in-  
c r ea s ing  and a close study of the m e c h a n i s m  of i ts  toxic action is accordingly  n e c e s s a r y .  

In oxygen poisoning d i s tu rbances  in the s y s t e m  of prote in  synthes is  a re  observed .  In the course  of ex-  
posure  for  1 h daily for  10 days to a p r e s s u r e  of 2 a tm oxygen, on the third day the prote in  turnover  (as 
[35S]methionine) was found to be inc reased  in the brain,  l iver ,  and kidneys [1] .  A d is turbance  of the p rope r t i e s  
of DNA [5] and of the content and s t ruc tu re  of RNA [4] has  a lso  been demons t r a t ed  in the bra in  dur ing oxygen 
convulsions.  One of the caus e s  of development  of changes  in the nucleic acids  dur ing hyperox ia  is a d is turbance  
of the pe rmeab i l i t y  of the ly sosomal  m e m b r a n e s  and act ivat ion of acid deoxyr ibo-  and r ibonuc leases  of the bra in  
[5] .  A substant ia l  d e c r e a s e  in the RNA content in motoneurons  and the sur rounding  gl ia  of the c e r e b r a l  cor tex  
and spinal  cord  during oxygen convulsions has  been r evea l ed  by spec t ropho tome t ry  [6] .  

Po lyamines  play an impor tan t ,  although insuff icient ly studied, ro le  in the p ro t e in - syn thes i z ing  sys t em.  
Incorpora t ion  of labeled leucine or phenylalanine into pro te ins  of isola ted cel l  nuclei  of the ce rebe l lum or 
c e r e b r a l  h e m i s p h e r e s  in v i t ro  was intensif ied af ter  the addition of spe rmine  or spermid ine .  With an inc rease  
in the concentra t ion of the la t ter ,  the s t imula t ing  effect  was r ep l aced  by inhibition [8] .  Depending on their  con- 
cent ra t ions ,  the po lyamines  s t imula te  or inhibit DNA synthes is  ca ta lyzed  by D N A - p o l y m e r a s e  [ 14]. The au-  
thors  ci ted sugges t  that  the s t imula t ing  e f fec t  of po lyamines  is due to thei r  in te rac t ion  with the DNA templa te .  
In e x p e r i m e n t s  in v i t ro  spermid ine  and spe rmine  par t i c ipa te  in the r eac t ion  ca ta lyzed  by DNA-dependent  RNA- 
p o l y m e r a s e  [7] .  

The object  of this invest igat ion was to study the e f fec t  of a r a i s e d  oxygen p r e s s u r e  on the spe rmine  and 
spe rmid ine  concentra t ion  in the brain  and l iver  of r a t s .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on ma le  albino r a t s  weighing 120-150 g. The r a t s  were  kept  in a p r e s s u r e  
chambe r  into which pure  oxygen was pumped at  a constant  speed  of 2 a t m / m i n  up to 6 arm. Under these  condi-  
tions the r a t s  developed convuls ions on average  a f te r  25 ~- 10 min.  The following groups  were  invest igated:  
1) intact  an imals  (control);  2) an ima l s  in a convulsive s ta te;  3) an imals  which had developed convuls ions and 
were  tes ted  4 h af ter  decom pres s i on  (a f te r -e f fec t ) .  
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The concentra t ion  of the po lyamines  was de te rmined  by the method of Russe l l  e t  al. [10] with ce r ta in  
modif ica t ions .  Bra in  t issue (4.5 g) f r o m  three  an imals  or l iver  t i ssue (1.5 g) was homogenized in the cold in a 
Pot ter '  s homogen ize r  with Teflon pest le  in 2 volumes  of dis t i l led  water .  Pro te in  was prec ip i ta ted  by boiling 
and by centr i fugat ion for  10 rain at 10,000 g. The superna tan t  Was alkal if ied with NaOH solution to pH 9.5-10, 
af ter  which the po lyamines  were  ex t r ac t ed  with n-butanol  for  1 h with constant  s t i r r ing .  The butanol phase  was 
r e m o v e d  by suction and evapora ted  to d r y n e s s  on a w a t e r b a t h  at 80~ T h e  dry  res idue  was d isso lved  in 0.1 ml  
0.1N HC1 and applied to s t r i p s  of m a r k  "C" ch roma tog raphy  paper  m e a s u r i n g  30 • 2 cm at a dis tance of 20 cm 
f r o m  the cathode. E l e c t r o p h o r e s i s  was c a r r i e d  out in c i t ra te  buffer ,  pH 3.4, for  3.5 h with a c u r r e n t  of 
1.5 m A / c m .  The s t r ips  were  dr ied and stained for  5 min at 100~ with a 2% solution of ninhydrin in acetone,  
acidif ied with acet ic  acid. The stained f r ac t ions  of spe rmine  and spe rmid ine  were  cut out, eluted with 5 ml  10% 
acetone for  30 rain in da rkness ,  and then examined c o l o r i m e t r i c a l l y  at 540 nm. Spermidine t r ihydroch lor ide  
and spe rmine  t e t r ahydroeh lo r ide  ( f rom Merck ,  West  Germany)  were  used as the s tandard .  The s tandard  solu-  
tions were  put through the same  s tages  of p r o c e s s i n g  as the t i ssue samples .  

E X P E R I M E N T A L  R E S U L T S  

The spe rmid ine  concentra t ion  in the bra in  of the contro l  an imals  in the p re sen t  e x p e r i m e n t s  was 
119 n m o l e s / g  and the spe rmine  concentra t ion 48 n m o l e s / g  (Table 1). The concent ra t ions  of the po lyamines  in 
the bra in  as de te rmined  by different  w o r k e r s  do not agree .  According to Shaskan e t a l . ,  the spermid ine  con-  
cent ra t ion  in the r a t  bra in  is 186 n m o l e s / g  [12], whe reas  the spe rmine  concentrat ion,  accord ing  to Shaw [13] 
is 88 n m o l e s / g .  The concent ra t ions  of spe rmine  and spe rmid ine  in the p re sen t  e x p e r i m e n t s  were  fa i r ly  c lose  
to these values .  

According to other w o r k e r s  [9, 11], the concent ra t ions  of spe rmid ine  and spe rmine  in the r a t  bra in  are  
343-480 and 270-280 n m o l e s / g  r e spec t ive ly .  The spermid ine  and spe rmine  concentra t ions  in the l iver  of the 
contro l  r a t s  were  535 and 215 n m o l e s / g  r e s p e c t i v e l y  (Table 1). This  is s ignif icant ly  below the f igures  given 
by Raina  (890 n m o l e s / g  for  spermidirm and 700 n m o l e s / g  for  spermine)  [9].  The d i s a g r e e m e n t  could pe rhaps  
be due to the use of d i f ferent  methods  of invest igat ion.  E l e e t r o p h o r e s i s  on paper  gave r e s u l t s  c l o se r  to those 
now obtained. The higher  r e s u l t s  were  obse rved  dur ing f l uo r ime t r i e  es t imat ion  of dansyl  de r iva t ives  of the 
po lyamines  f rac t iona ted  by th in- layer  ch romatography .  

The spe rmid ine  concentra t ion  in the bra in  of the r a t s  during convulsions was found to be s ignif icant ly  
and sharp ly  reduced  (by 43%, Table  1). It  had not r e tu rned  to n o r m a l  4 h af ter  decompres s ion .  The spe rmine  
concentra t ion  in the bra in  of the an imals  was r educed  by 46% in the convulsive phase,  but dur ing the next  4 h 
the concentra t ion i nc rea sed  again, although not up to the control  level .  

The spe rmid ine  concentra t ion in the l iver  dur ing the per iod of convuls ions showed a tendency to d e c r e a s e  
(Table 1). Dur ing the next  4 h i ts  concent ra t ion  continued to fal l  and r eached  26% of the control  value (P < 0.02). 
The changes in the spe rmine  concentra t ion  were  in the other direct ion.  During the per iod of convulsions the 
spe rmine  level  r ema i ned  unchanged, but af ter  4 h it had r i s e n  by 76%. P r e s u m a b l y  this i nc rease  was due to 
act ivat ion of spe rmine  synthetase ,  using spermid ine  as the p r e c u r s o r .  However ,  the d e c r e a s e  in the s p e r m i -  
dine level  as obse rved  could not have caused  such a sha rp  i nc rea se  in the spe rmine  concentra t ion.  Poss ib ly  
another  m e c h a n i s m  of spe rmine  fo rma t ion  unconnected with the addition of an aminopropyl  group to the ava i l -  
able spe rmid ine  ex is t s .  A s imi l a r  conclusion was drawn by Shaskan [ 12], who studied the dis t r ibut ion of 
r ad ioac t ive  label  in spe rmid ine  and spe rmine  following admin is t ra t ion  of labeled pu t resc ine .  

The d e c r e a s e  in the spermid ine  concentra t ion  in the bra in  and l iver and the spe rmine  concentra t ion  in 
the bra in  of an imals  dur ing hyperox ia  cannot be explained pure ly  by inhibition of the enzymes  of their  b iosyn-  
thesis .  The ha l f - r enewa l  t ime of spermid ine  in the l iver  is 4 days  and in the bra in  5 days  [10]. This  means  
that even if i ts  b iosynthes is  is comple te ly  stopped for  4 h, i ts  concentra t ion could not fall  so sharply .  It  can 
the re fo re  be tentat ively sugges ted  that bes ides  the inhibition of b iosynthes is  of spermid ine  in the l iver  and 
bra in  and of spe rmine  in the bra in  dur ing hyperoxic  convulsions,  sha rp  act ivat ion of the enzymes  of their  
ca tabo l i sm,  e spec ia l ly  diamine oxidases ,  takes place.  Dur ing hyperoxia ,  degradat ion of the po lyamines  may  
p e r h a p s  take place through the in tervent ion of monoamine  oxidase (MAO). During hype rox ia  the production of 
l ipoperoxides  in the t i s sues  is  i nc reased  [5] .  According  to Gorkin,  l ipoperoxides  a re  a fac tor  which can br ing 
about the t r ans fo rma t ion  of NIAO, i .e. ,  can modify  i ts  subs t ra t e  speci f ic i ty  [21 . Such a t r ans fo rmat ion  of MAO 
can take place  in the bra in  during hype rox ia  [3] ,  and under  these c i r c u m s t a n c e s  MAO becomes  capable  of de -  
aminat ing put resc ine ,  AMP, and g lucosamine .  

Another  poss ib le  cause  of the dec r ea s e  in the polyamine concentra t ion m a y  be a change in pe rmeab i l i ty  
of the blood--tissue b a r r i e r s .  Under n o r m a l  conditions the b lood-bra in  b a r r i e r  p reven t s  the outflow of poly-  
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TABLE 1. Concentra t ion (in n m o l e s / g  t issue) of Spermidine and Spermine in Brain  and 
Liver  of Ra ts  during Hyperoxia  (M ~- m) 

Experimental Brain Liver 
conditions spermidine spermine spermidine spermine 

Control 
Convulsions. 
After-effect (4 h) 

119+8 (9) 
68• (7) 
51+__7" (7) 

48___2 (6) 
264-2* (9) 
344-3* (7) 

535___43 (14) 
473-1-21 (16) 
394-1-43" (8) 

215+_13 (15) 
213-H6 (17) 
379 .~__.29" (t2) 

* P  < 0.05 com pared  with the control .  
Legend. Number  of expe r imen t s  given in  pa ren theses .  

amines  f r o m  the bra in .  In hyperox ia  i nc rea sed  pe rmeab i l i t y  of the blood--brain b a r r i e r  is  obse rved  and 
spe rmid ine  and spe rm i ne  can e scape  into the blood s t r e a m ,  where  their  concentra t ion is much lower.  

Many w o r k e r s  who have studied changes  in the concentra t ion of po lyamines  during development  of the 
brain  and af ter  ce r ta in  p r o c e d u r e s  (hepatectomy) have obse rved  co r re l a t ion  between the polyamine concen t r a -  
tion and the nucleic acid concentrat ion.  Changes in the spermid ine  level c o r r e l a t e  with changes in the RNA 
concentrat ion,  whe reas  changes  in the s p e r m i n e  concentra t ion  c o r r e l a t e  with DNA [11].  Compar i son  of the 
polyamine concent ra t ions  in the bra in  and the nucleic acid concent ra t ions  dur ing hype rox ia  in the p r e sen t  ex-  
p e r i m e n t s  showed that changes in the spe rmid ine  level  in the bra in  c o r r e l a t e  c lose ly  with changes in the RNA 
concentra t ion  during hyperoxia .  

During exposure  to an e x t r e m a l  f ac to r  such as hyperox ia  the prote in  concent ra t ion  in the brain cel ls  fa l ls  
and des t ruc t ion  of the ce l l s  is intensif ied [5, 6] .  At that m o m e n t  t~ere is a sha rp  d e c r e a s e  in the spe rmid ine  
concentra t ion  in the bra in  and l iver .  P r o c e s s e s  of des t ruc t ion  of the pro te ins  of the bra in  and other t i s sues  a re  
intensif ied Still fu r the r  4 h af ter  exposure  to hyperoxia ,  and this is  accompanied  by a fu r the r  d e c r e a s e  in the 
spe rmid ine  concentra t ion .  

It  can be postulated that the spermid ine  concentra t ion  is one of the m e c h a n i s m s  of regula t ion  of prote in  
b iosynthes is  at the RNA level .  The inc rease  in the spe rmine  concentra t ion in the bra in  and l iver  4 h af ter  ex-  
posure  to hyperox ia  is evident ly  connected with i ts  ro le  in r e p a i r  p r o c e s s e s  at  the level  of DNA and RNA. 
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