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A single  a scen t  to an aI t i tude of 3900 m leads  to an i nc r ea se  in the hemoglobin concent ra t ion  and r e t i c u -  
locyte  count in the  blood and to an i nc rea se  in the e ry th ropo ie t i c  ac t iv i ty  of the p l a sma .  However ,  24 h a f t e r  
descent ,  a fac tor  a p p e a r s  in the p l a s m a  which inhibits m i t o s i s  in ce l Is  of the erjyChrobtastic s e r i e s .  "Uais 
f ac to r  p a s s e s  through the kidneys and is found in the u r ine .  

An i nc r ea se  in the fo rmat ion  of e ry f i l ropo ies i s  inhibi tors  has been found a f te r  expe r imen ta l  divis ion 
of va r ious  n e r v e s  [1-3, 10], in po lycy themia  produced in sheep  by  repeated  t rans fus ions  of homogeneous  
e r y t h r o c y t e s  [121, in r abb i t s  with the s a m e  po lycy themia  [151, in diffuse kidney les ions  in man and an ima l s  
[5, 11, 141, in rad ia t ion  s i ckness ,  pern ic ious  anemia ,  e tc .  [41. C a r m e n a  and c o - w o r k e r s  [91 desc r ibed  the 
deve lopment  of ap l a s i a  of m e d u l l a r y  e r y t h r o p o i e s i s  in mountain dwel le r s  230 h a f t e r  coming down to sea  
l eve l .  It has  a lso  been  shown that  the p l a s m a  of mountain dwel le r s  obtained 24 h a f t e r  descent  to sea  level ,  
if injected into r a t s ,  inhibits  incorpora t ion  of Fe s9 into er)~k~rocytes [131. 

The fac t  that  inhibi tors  of e r f i h r o p o i e s i s  a r e  f o rmed  in man in r e sponse  to r e m o v a l  of hypoxic i,,fflu- 
enees  is in te res t ing  f r o m  s e v e r a l  points of view.  Its ana lys i s  m a y  prove  valuable as  an aid to unde r s t and -  
ing the m e c h a n i s m s  of adaptat ion to changing oxygen condi t ions,  and in connection with the study of the r o l e  
of e r y t h r o p o l e s i s  inhibi tors  in the s y s t e m  of contro l  of e ry th ropo ie t i c  function. We the re fo re  decided to 
s tudy e r y t h r o p o i e s i s  inhibi tors  in moun ta inee r s  a f t e r  c l imbs  of d i f ferent  durat ions  and di f f icul t ies .  

In the p r e se n t  invest igat ion we studied the effect  of p l a s m a  and ur ine  of moun ta inee r s  who had c o m -  
ple ted one c l imb  to a r e I a t i v e l y  low aI t i tude on a bone m a r r o w  cu l tu re ,  

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

Obse rva t ions  were  made  on 17 hea l thy  t ra ined moun ta inee r s  (14 men  and 3 women) aged f r o m  19 to 
26 y e a r s .  T h e  moun ta inee r s  we re  based  at the "Uzon-Kol"  Camp s i tua ted  in the Wes te rn  Caucasus  a t  an 
al t i tude of 2000 m above sea  leveI .  They made the i r  f i r s t  c l imb to an alt i tude of 3900 m a few days  a f t e r  
the i r  a r r i v a l .  The clin~b and the s tay  at  the high alt i tude took about 3.5 days ,  but they came  down quickly,  
within 1.5-2 h. Blood and ur ine  were  taken for  invest igat ion the day before  the f i r s t  c I imb,  on the day of 
descen t ,  and on the next two days .  The hemoglobin concent ra t ion  was studied by Sahl i ' s  method,  r e t t cu lo -  
cy tes  were  counted (after s ta ining with br i l l i an t  c r e s y l  blue), and the effect  of the p l a s m a  and ur ine  on 
mi to t ic  ac t iv i ty  of ce l l s  of the e ry th ro id  s e r i e s  was studied in a bone m a r r g w  cu l tu re .  P l a s m a  in a volume 
of 3-5  ml  and ur ine  in a volume of 10 ml  were  t r ea t ed  with ion-exchange r e s in s  of the IR-120 type.  We used  
th is  type of r e s i n  p rev ious ly  to s tudy inhibi tors  of e r y t h r o p o i c s i s  and e ry th ropoie t in  [6, 7]. The resu l t ing  
e lua tes  were  s t e r i l i z e d  tb.rough a Seitz bac t e r i a l  f i l t e r  and added to a suspension of rabbi t  bone m a r r o w .  In-  
cubat ion took place  fo r  20 h at  37 ~ in an incubation medium containing colehtcine in a concen t ra t ion  of 
1 : 500,000. At the end of incubation, f i lms  were  p r e p a r e d  f rom the bone m a r r o w  res idue  ann s tained by 
P a p p e n h e i m ' s  method.  In the s ta ined f ihns  200 ce l l s  of the e ry th rob ta s t i c  s e r i e s  capable  of divis ion were  
counted and the pe rcen tage  of ce l l s  in me taphase  ca lcula ted .  The r e su l t s  were  compa red  with those obtaincd 
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dur ing control  cultivation, when I l anks ' s  isotonic salt  soluticm was added to the bone m a r r o w  suspension in- 
s tead of the tes t  s am p l e .  The method of cult ivation of the born. m a r r o w  was fully desc r ibed  elsewhet:e [7, 8]. 

E X P E R I M E N T A L  RESULTS 

The hemoglobin concentra t ion in the blood of thc mounta ince r s  inc reased  during the per iod of o b se rv a -  
t ion.  Before  c l imbing its mean  valuc was 1.4.2 • 0.2 g%, on the day of descending f rom ~.he high altitude it 
was  I4.6 �9 0.17 g~,  and on the ne:~ two days  it was 15.2 • 0.18 (P < 0.002) and 15.5 :., 0.16 g a  (p < 0.001). 

The re t icu locyte  count  inc reased  cons iderab ly .  Before  the c l imb its mean  value was 0.8 �9 0.07c~,, but 
on the day  of descent  and on the following day its value was 4.8 �9 0.8 and 8.8 �9 2.7~,  r e spec t i ve ly .  By the 
th i rd  day the rc t icu locyte  count began to fall (to 4.6 ~ 1.350, but it was stil l  much higher than or ig ina l ly .  
The i nc r ea se  in the r e t i c u l o c ~ e  count was highly significant  (P < 0.001). P l a s m a  obtained f rom the moun-  
t a i n e e r s  before  start~.ng the i r  c l imb,  when added to bone m a r r o w  cul tures  caused only a slight dec r ea se  in 
the percen tage  of ce l l s  Of the e r3 lhro id  s e r i e s  in mc tapbase  (by 1.2 • 0.9), and the d e c r e a s e  was not s t a -  
t i s t i ca l ly  s ignif icant .  P I a s m a  obtained on the day of descent  f r o m  the high alt i tude caused  a sl ight,  but s t a -  
t i s t i ca l ly  significant  inc rease  in the pe rcen tage  of ce l l s  in me taphase  c o m p a r e d  with the control  {by 4.2 • 
1,0; P < 0.001). P l a s m a  obtained on the following day, on the other  hand, caused a sig-aificant dec r ea se  in 
the percen tage  of e ry th rob l a s t s  in me taphase  (by 3.2 • 1, P < 0.01). This  d e c r e a s e  was m o r e  marke d  on 
the th i rd  day (5,5 + 1%; P < 0.001). Urine obtained f r o m  the moun ta inee r s  before  the c l imb,  when added to 
a cul ture  of bone m a r r o w ,  caused  a sl ight  but s ig~if icant  d e c r e a s e  in the percen tage  of e r3 thro id  cel ls  in 
me taphase  {by 2.7 ~ 1.03; p < 0.02). Urine obtained on the day of descent  had lost  its abi l i ty  to inhibit 
mi to t ic  diviMon and it caused only a s l ight  i nc rease ,  which was not s ignif icant ,  in the percen tage  of dividing 
ce l l s  (by 0.7 �9 1.12}. Urine collected on the second day a f t e r  descent  caused a dec r ea se  in the percentage  
of e ry th ro id  cei ls  in me taphase  by 6.9 • 1.55 (P < 0.05). Urine obtained on the th i rd  day a f te r  descent  caused 
only a sl ight d e c r e a s e ,  which was not s ignif icant ,  in the pe rcen tage  of ce l l s  in me taphase  (by 1.6 _~ 0.78). 

Severa l  invest igat ions have now shown that under  the influence of any type of hypoxia,  e ry lh ropo ie s i s  
In man and an imals  is s t imula ted ,  As a r e s u l t  of t h i s  s t imula t ion  the indices of the e ry th rocy te  composi t ion 
of the blood a re  inc reased .  Activation of the e ry thropoie t ie  s y s t e m  in r e sponse  to hypoxia takes  place with 
the par t ic ipa t ion  of er~r fo rmat ion  of which is intensif ied in hypoxic s t a tes .  Some of the r e su l t s  
obta ined in the p resen t  investigation a r e  fully compat iMe with this poin~ of v~ew. An inc rease  in hemoglobin 
concentra t ion  and in the  re t icu locyte  count in the blood was obse rved  in all  the mounta inee r s  even though 
they had made only a r e l a t ive ly  shor t  c l imb - f rom 2000 m above sea  level to 3900 m,  and p l a s m a  tal~en 
f r o m  them immedia te ly  a f t e r  descent  caused an i n c r e a s e  in the percen tage  of e ry th rob la s t i c  ce l l s  undergoing 
mi to t ic  divis ion,  demons t ra t ing  e ry thropoie t ic  ac t iv i ty  of the p l a s m a .  

A di f ferent  p ic ture  was seen  when p l a s m a  taken on the second and thi rd  days a f te r  descen t  was. invest i -  
gated.  When added to the bone m a r r o w  cul ture  not only did it not inc rease  the number  of mi to scs  in the 
e rykhrob las t i c  s e r i e s ,  but d e c r e a s e d  it s ignif icant ly  by compar i son  both with the control  and with r e su l t s  ob- 
tained during investigution of p l a sma  taken before  the c l imb.  These r e su l t s  sugges t  that 21 h a f te r  the end 
of hypoxia,  subs tances  inhibiting e ry th ropo ie s i s  m a y  appear  in human blood. The e ry th ropo ies i s - inh ib i t ing  
act ion of the p l a s m a  r eached  its m a x i m u m  (48 h a f t e r  descent)  at  the s ame  t ime as the re t icu loeyte  count 
began to fal l .  

I t  could b e  a s s u m e d  that  the e ry th ropo ies i s - inh ib i t ing  act ion of p l a sma  is r e l a t ive  and is a s soc ia ted  
with t e rmina t ion  of inc reased  ers~hropoiet in  fo rmat ion  a f te r  descending f r o m  high a l t i tudes .  However ,  this  
a s sumpt ion  is contradic ted  by the fact  that the inhibition obse rved  ,after descen t  was g r e a t e r  than that b e -  
fore  the c l imb.  It  is evident that the normal iza t ion  of the blood e t 'y throcyte  composi t ion which takes  place 
after the end of exposure to hypoxia is not a passive process but an active one in which the formation of 
e r y t h r o p o i e s i s  inhib[tors pa r t i c ipa t e s .  

When studying the action of the m o u n t a i n e e r s '  urine cn the bone m a r r o w  cul ture  we obtained r e su l t s  
r epea t ing  in pr inciple  those for  the effect  of p l a sma ,  but quant i ta t ively l e s s  ma rked ,  t towever ,  it is difficult 
in such c a s e s  to make  quanti tat ive c o m p a r i s o n s  because  the amounts  tes ted  were  hard ly  comparab le :  5 ml 
p l a s m a  and 10 ml  u r ine .  At the same  t ime ,  the d i s c o v e r y  that  ur ine  taken f rom mounta inee r s  on the second 
day a f t e r  the descent  p o s s e s s e s  an inhibi tory action on er3<hropoiesis  is evidence that this inhibitor passes  
through the rena l  f i l te r  and is lost  to some extent  in the u r ine ,  
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