
T I S S U E  S E R O T O N I N  L E V E L S  I N  A C U T E  H Y P O X I A  

(A D E S C R I P T I O N  O F  T H E  P H E N O M E N O N  A N D  I T S  

P O S S I B L E  I M P O R T A N C E )  

V .  I .  K u l i n S k i i  a n d  V .  V .  N e f e d o v a  UDC 616-008.922.1.04-036.11- 
092.9-07:616- 008.937.56-047 

The serotonin  (5-HT) concentra t ion in the bone m a r r o w  and kidney cor t ex  fell immed ia t e ly  
af ter  hypoxia las t ing 1 h, but the 5-HT blood level  rose .  After  hypoxia for  6 h a fall  in the 
5-HT level also was obse rved  in the kidney medul la ,  sp leen,  and thymus .  In the posthypoxic  
per iod phas ic  changes in 5-HT took place .  Hypoxia evidently mobi l izes  5--HT and s t imula tes  
its b iosynthes i s .  The poss ib le  ro le  of 5-HT in the regulat ion of  hema topo ie s i s  at  the kidney 
level  and actually in the cel ls  of the hematopoie t ic  t i s sues  is  d i scussed .  
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On the b a s i s  of  the marked  e ry th ropo ie t i c  effect  of  exogeneous serotonin (5-HT) [7, 12, 14] and the 
high concentra t ions  of endogenous 5-HT in hematopoie t ic  t i s sue  [3, 6] the authors  postula ted a ro le  of the 
l a t t e r  in the regulat ion of hematopo ies i s  [3, 6]. 

To  tes t  this hypothes is  it was n e c e s s a r y  to d i scover  whether  hypoxia induces  changes in the 5-HT 
concentra t ion p r i m a r i l y  in o rgans  par t ic ipa t ing  in or  regulat ing hematopoies i s .  

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

Expe r imen t s  were  c a r r i e d  out on 62 female  CBA mice  aged 2-4 months.  Hypoxia was produced in a 
p r e s s u r e  chambe r  by lowering the p r e s s u r e  to 230 m m  Hg, equivalent  to an altitude of  9 km.  5-HT was 
de te rmined  by the ninhydrin method [4, 5]. Sta t is t ical  ana lys i s  was ca r r i ed  out with the aid of the S tuden t -  
F i she r  c r i t e r ion  [1]. 

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

The resu l t s  a r e  i l lus t ra ted  in Fig.  1. After  hypoxia for  1 h a hype r se ro ton inemia  developed and it 
continued dur ing a s tay of 6 h in the p r e s s u r e  chamber .  The  p e r s i s t e n t  c h a r a c t e r  of this phenomenon s h o w s  
that 5-HT is constantly being mobi l ized f r o m  the t i ssue  depots  and enter ing the b lood  s t r e a m .  Limitat ion 
of monoamine  oxidase  (MAO) activi ty by the oxygen def ic iency could be  a cont r ibutory  fac to r .  

It is well known that the gas t ro in tes t ina l  t r ac t  is a lmos t  the only source  of  c i rcu la t ing  5-HT [10, 11]. 
Maintenance of the no rm a l  5-HT concentra t ion during hypoxia in both por t ions  of the intest ine was evidently 
the resu l t  of pa ra l l e l  s t imulat ion of i t s  b iosyn thes i s ,  to compensa te  fo r  mobi l izat ion of 5-HT.  T h i s  is  also 
conf i rmed by the fact  that during hypoxia fo r  6 h a significant (P < 0.025) d e c r e a s e  in 5-HT was obse rved  
in five of the six o rgans  incapable of fo rming  5-HT [10, 11] (the r ight  half  of F igure  1) and it was  not found 
in all the four  o rgans  which synthes ize  5-HT (left half  of F igure  1). 

Hype r se ro ton inemia  usual ly  leads to marked  5-HT accumulat ion in the bone m a r r o w ,  spleen,  lymph 
glands,  and thymus [6l. The development  of  the opposi te  phenomenon,  a fal l  of the 5-HT leve l ,  dur ing hy-  
poxia  shows that 5-HT is mobi l ized in the hematopoie t ic  t i s sue  in an intensi ty g r e a t e r  than that of the supply 
of 5-HT f rom the blood s t r e a m .  The a l te rna t ive  explanation - act ivat ion of me tabo l i sm - s e e m s  unlikely 

Depar tmen t  of  B i o c h e m i s t r y ,  K r a s n o y a r s k  Medical Inst i tute.  (Presented  by Academic ian  V. N. 
Chernigovskii .)  T r a n s l a t e d  f r o m  Byulle ten '  Ekspe r imen ta l ' no i  Biologii  i Meditsiny,  Vol. 81, No. 2, pp. 
175-177, F e b r u a r y ,  1976. Original  a r t i c le  submit ted F e b r u a r y  20, 1975. 

�9 76 Plenum Publishi~zg Corporation, 22 7 [Vest 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by ally means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without writtelz permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

179 



Cerebral 
1' hemispheres 

Brain stem 
7"| I 2 8 

Small intestine 
%: 

2 f 
- 2 0  . . . . . .  -oo[ 

Large intestine 

Blood 

+ 4 0  ' t 

§  

+20 +70 ~+ 
o l 6 h '  

. Kidney cortex 

- l o ~  " " h 

- 2 o  . 

Kidney medulla 
V. . 6 

, . ,  

Bone marrow 

+ aO ""..,,Z 
§ 
'-;-70 I ,~2 "''~ " 

o J l J  ' lh" 
-10 : 
-20 

7 -ao i -~ 

N 

§ 10 R 

0 ' " "~ h =+I 
Lymph glands 

% | r  2 e 
0 I ' 1 

- lo " ' ~ h 

- 2 0  
- 3 o  
-4,0 

Y" / T Thymus 
+,o L k + - .  . 

- 70  

- 2 0  

"-30 

Fig. 1. Changes in t i ssue  serotonin  concen t ra -  
tion in acute hypoxic hypoxta: I) during hypoxia; 
2) a f t e r  end of hypoxia for 1 h; P < 0.05 for  va lues  
>_ 4- 25%. Absc i s sa ,  t ime  f rom beginning of hy- 
poxia (in h); ord ina te ,  changes in 5-HT concen t ra -  
tion (in % of control) .  

because  MAC activi ty in hematopoie t ie  t i s sues  is 
tow [11], and in hypoxia the act ivi ty  of  this enzyme 
must  also be reduced.  

After  the end of hypoxia l a s t ing  1 h the 5-HT 
concentra t ion in mos t  t i s sues  fell gradual ly .  The  
p rev ious ly  act ivated mobi l izat ion p r o c e s s e s  evident-  
ly continued into the posthypoxic  per iod ,  and in mos t  
t i s sues  they p redomina ted  over  the fo rmat ion  and 
accumulat ion of 5-HT. On the whole,  however ,  5-HT 
mobil izat ion in the body also fell ,  as shown con-  
c lus ively  by the rapid d i sappea rance  of the hype r -  
se ro ton inemia .  The t e m p o r a r y  {1 h a f t e r  hypoxia) 
accumulat ion of 5-HT in the bone m a r r o w  suppor ts  
this conclusion.  Mobilization of 5-HT in the bone 
m a r r o w  probably  ceased  mos t  quickly of all ,  
whereas  accumulat ion sti l l  continued. 

To  de t e rmine  the causes  of the d e c r e a s e  in 
the 5-HT concentrat ion in the t i s sues  specia l  
invest igat ions  a r e  n e c e s s a r y .  A d e c r e a s e  in act ive 
5-HT t r a n s p o r t  into the depots  because  of ATP 
def ic iency or  the l iberat ing action of H + ions can 
na tura l ly  be  suggested~ However ,  the se lec t iv i ty  
of this phenomenon {after hypoxia for  1 h the 
d e c r e a s e  in 5-HT took place  only in the kidney 
co r t ex  and bone marrow)  and, in p a r t i c u l a r ,  i t s  
g r e a t e r  intensi ty in the posthypoxic  per iod ,  when 
the changes  in me tabo l i sm  had a l ready  been c o r -  
rec ted ,  r a the r  than during hypoxia i t se l f  ag rees  
b e t t e r  with a physiological  m e c h a n i s m  of mobi l i za -  
tion. 

The r e su l t s  conf i rm the hypothesis  of a 
poss ib le  role  of endogenous 5-HT in hematopo ies i s  
[3, 6]. The p r e s e n c e  of e a r l y  {immediately af ter  
hypoxia for 1 h) and marked  changes in 5-HT in 
o rgans  which actually par t i c ipa te  in e ry th ropo ies i s  
(bone mar row)  o r  i t s  regulat ion {kidney) is p a r -  
t icu lar ly  in te res t ing  f r o m  this standpoint.  In the 

o ther  eight o rgans  studied the fall  in the 5-HT level took p lace  l a te r .  Its absence  in the ear ly  per iod  in the 
b ra in ,  smal l  in tes t ine ,  and spleen is in a g r e e m e n t  with data in the l i t e r a tu re  [2]. 

The  authors  cons ider  that there  may be two dif ferent  points  of applicat ion of the action of 5-HT: at 
the dis tant  regulat ion level  and actually at the level  of the hematopo ie t i c  cel ls .  Support  for  the f i r s t  m e c h -  
an i sm is  shown by the much  e a r l i e r  development  of changes in the content of erythropoie t in  in the kidney 
cor t ex  than i ts  accumulat ion in the blood: Under s i m i l a r  conditions {267 m m  Hg) such accumulat ion began 
only 1 h a f t e r  hypoxia lasting 1.5 h [13]. The  max ima l  e ry thropoie t in  concentrat ion was reached 4.5 h [13] 
or ,  according to other  data,  18-24 h a f t e r  the beginning of acute hypoxia [8, 16]: Judging f r o m  the intensi ty 
of the changes in the 5-HT concentrat ion in those t i s sues  that may par t ic ipa te  in the control  of hematopoi -  
es i s  [9] the pe r iphe ra l  component  (k idneys)responds e a r i i e r a n d  more  s t rongly than the cent ra l  component 
{the bra in  s t em and, in pa r t i cu l a r ,  the c e r e b r a l  h e m i s p h e r e s ) .  The  much e a r l i e r  r e s p o n s e  of the kidney 
cor t ex  than of i ts  medulla  will a lso be noted. 

Mobilization of the endogenous 5-HT of the bone m a r r o w  and the supply of new molecules  f rom the 
blood s t r e a m  both play an impor tan t  role  in the second hypothetical  m e c h a n i s m .  It will be noted that of the 
11 t i s sues  it was only in the bone m a r r o w  and blood that the dynamics  of 5-HT during hypoxia differed 
c lea r ly  f r o m t h o s e  during thepos thypoxic  per iod .  The  action of 5-HT at both levels  may  be mediated by 
cycl ic  3 ' ,  5 ' -AMP [3], for 5-HT i n c r e a s e s  i ts  concentrat ion in the kidneys [I5]. The  marked  changes in the 
5--HT concentrat ion in the bone m a r r o w  and blood during acute hypoxia may be respons ib le  for  the inc reased  
r ad io r e s i s t ance  cha rac t e r i s t i c  of that s ta te .  
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Changes in 5-HT exchange between the organs can take place in widely d i f ferent  fo rms  of hypoxia 
(for example,  high-alt i tude sicknes s, blood loss ,  ca rd iovascula r  fa i lure ,asphyxia  neonatorum) and, because  
of the high physiological  activity of  5-HT [10, 11], this may be ref lec ted  in the functions of var ious sys tems ,  
especia l ly  of the bra in ,  the gas t ro in tes t ina l  t ract ,  the exc re to ry  sys tem,  and the sys tem of immunity,  in 
all 0f which c~anges in the 5-HT concentration were demonstrated in the investigation described above. 
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