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Effect of Hydrocortisone Administration on Erythropoiesis in the Adrenalectomized Dog 

I n  p r e v i o u s  e x p e r i m e n t s  i t  h a s  been  s h o w n  t h a t  a d r e n a -  
l e c t o m y  has  t h e  effect  of r e d u c i n g  t h e  h e m o g l o b i n  fo rma-  
t i on  in t h e  dogL Th i s  a n d  o t h e r  r e p o r t e d  s tud ie s  2-5 
de f in i t e ly  i nd i ca t e  t h a t  t h e  a d r e n a l  g l a n d  inf luences  
e ry thropoies i s ,  However ,  t h e r e  is l i t t l e  d i r ec t  ev idence  
t h a t  t he  ad r ena l  cor t ica l  s te ro ids  a re  c apab l e  of exe r t i ng  
a s ign i f i can t  inf luence  on  red  cell p r o d u c t i o n  in  t h i s  
an imal .  Therefore ,  t h e  p r e s e n t  s t u d y  was  des igned  to  
i n v e s t i g a t e  t he  inf luence  of p ro longed  da i ly  in j ec t ions  of 
h y d r o e o r t i s o n e  o n  e ry th ropo ie s i s  in a d r e n a l e c t o m i z e d  
dogs. 

F ive  a d u l t  mongre l  dogs  of b o t h  sexes  were  s t u d i e d  for  
8 m o n t h s  d iv ided  i n to  4 per iods .  D u r i n g  a n  in i t i a l  con t ro l  
pe r iod  of 2 m o n t h s  a Cr 51 t o t a l  r ed  cell v o l u m e  a n d  
Fe  59 p l a s m a  a n d  red  cell i ron  t u r n o v e r s  6 were ob t a ined .  
The  a n i m a l s  were  t h e n  b i l a t e r a l l y  a d r e n a l e c t o m i z e d  a n d  
m a i n t a i n e d  in a p p a r e n t l y  n o r m a l  h e a l t h  a n d  v i g o u r  b y  
i n j ec t i ng  5 m g  of DC A i.m. weekly.  The  a b o v e  d e t e r m i n a -  
t ions  were  r e p e a t e d  4 m o n t h s  s u b s e q u e n t  to  t he  o p e r a t i o n  
(per iod II) .  As can  be  seen  in  t he  Table ,  D C A - m a i n t a i n e d  
a d r e n a l e c t o m i z e d  dogs  showed  a 4 0 %  decrease  in  t h e  
t o t a l  c i r cu la t ing  red  cell v o l u m e  a n d  a c o n c o m i t a n t  27%  
r e d u c t i o n  in  t h e  p l a s m a  vo lume .  T h e  h e m a t o c r i t  v a l u e  
a n d  h e m o g l o b i n  c o n c e n t r a t i o n  were s l igh t ly  decreased.  
T h e  m e a n  r ad io i ron  d i s a p p e a r a n c e  half- l i fe  d e t e r m i n e d  
before  a d r e n a l e c t o m y  was 71 ra in  c o m p a r e d  to  133 m i n  
4 m o n t h s  a f t e r  a d r e n a l e c t o m y ,  T h e  m e a n  p l a s m a  i ron  
t u r n o v e r  a n d  t he  red  cell i ron  t u r n o v e r  r a t e s  were 68 a n d  
82% be low con t ro l  values,  respec t ive ly .  Therefore ,  a n e m i a  
in t he  a d r e n a l e c t o m i z e d  dog  a p p e a r s  to  r e su l t  f r om a 
d i m i n i s h e d  r a t e  of e ry th ropo ies i s  ~. 

Fo l lowing  pe r iod  I I ,  t h e  a n i m a l s  were  g iven  2 m g  of 
h y d r o c o r t i s o n e  a c e t a t e / k g  (Merck, S h a r p  a n d  D o h m e ,  
A r g e n t i n a )  b o d y  w e i g h t  for  40 days  (per iod I I I ) ,  b u t  DCA 
was no  longer  in jec ted .  Th i s  dosage  m a i n t a i n e d  n o r m a l  
a c t i v i t y  a n d  v igour  of t he  an imals .  I n  c o m p a r i s o n  w i t h  
pe r iod  I I  values ,  t h e r e  was  a s ign i f i can t  r e d u c t i o n  in  t he  
p l a s m a  i ron  d i s a p p e a r a n c e  half- l i fe  a n d  a m a r k e d  increase  
in t h e  r a t e  of e ry thropoies i s ,  as j u d g e d  b y  red  cell i ron  
t u r n o v e r  r a t e  (see Table) .  "this  pe r iod  of m a r k e d  increase  
in r ed  cell syn thes i s  co r r e sponds  to  t h e  pe r iod  of e x p a n s i o n  
of t h e  t o t a l  red  cell vo lume,  w h i c h  inc reased  4 3 %  f rom 
t h e  pe r iod  I I -va lue .  T h e  effect,  a l t h o u g h  clear,  is some-  
w h a t  m a s k e d  b y  t h e  f ac t  t h a t  t h e  a n i m a l s  ga ined  w e i g h t  
a n d  p r e s u m a b l y  f a t t y  t i ssue  w i t h  low b lood  c o n t e n t  d u r i n g  
t h i s  per iod.  These  d a t a  are  in  a g r e e m e n t  w i t h  a n u m b e r  of 
r epo r t s  b y  o t h e r  i n v e s t i g a t o r s  7-0 who  h a v e  s h o w n  t h e  
s t i m u l a t o r y  effect  of oxycor t i cos t e ro ids  on  e ry thropoies i s ,  

T r e a t m e n t  w i t h  h y d r o c o r t i s o n e  a t  a dosage of 4 m g / k g  
da i ly  d u r i n g  t h e  n e x t  40 days  (per iod IV) r e su l t ed  in a n  
inc reased  e r y t h r o i d  m a r r o w  ac t iv i ty ,  if we a c c e p t  t h a t  
p l a s m a  i ron  t u r n o v e r  r a t e  is a m e a s u r e  of t h e  e r y t h r o i d  

a c t i v i t y  of t h e  bone  m a r r o w  ~0. A t  th i s  m o m e n t  t h i s  pa ra -  
m e t e r  was  w i t h i n  n o r m a l  va lues  (see Tab le )  a n d  2.6 t i m e s  
t h a t  of t h e  4 m o n t h s  a d r e n a l e c t o m i z e d  dog. Th i s  inc reased  
a c t i v i t y  of t h e  b o n e  m a r r o w  was  n o t  re f lec ted  in t h e  r ed  
cell u t i l i z a t i on  of rad io i ron ,  i n d i c a t i n g  a d i s c r e p a n c y  be-  
t w e e n  t o t a l  a n d  ef fec t ive  e ry thropoies i s .  T h e  av e rag e  t o t a l  
e ry th ropo ies i s  was  0.9 t i m e s  normal ,  whi le  t h e  av e r ag e  
ef fec t ive  e ry th ropo ies i s  was  a b o u t  0.4 t i m e s  n o r m a l .  
Therefore ,  t h e  ave rage  eff ic iency of t h e  bone  m a r r o w  was 
44%,  w h i c h  m e a n s  t h a t ,  of all  h e m o g l o b i n  p r o d u c e d  in  
t h e  b g n e  mar row,  less t h a n  ha l f  was  de l ive red  e f fec t ive ly  
to  t h e  p e r i p h e r a l  c i rcu la t ion .  Th i s  c a n  be  cons ide red  as  a 
d i s fu n c t i o n  of e ry th ropoies i s ,  wh ich  i nd i ca t e s  t h a t  t h e  
a c t i v i t y  of t h e  b o n e  m a r r o w  is l a rge ly  inef fec t ive  insofa r  
as t h e  de l ive ry  of v iab le  e r y t h r o c y t e s  to  t h e  c i r cu la t ion  
is conce rned .  Th i s  is s u p p o r t e d  b y  t h e  fac t  t h a t  i nd i r ec t  
b i l i r ub in  was s l igh t ly  e l eva t ed  in t h e  dogs rece iv ing  h y d r o -  
cor t i sone  a t  t h i s  dosage c o m p a r e d  w i t h  n o r m a l  dogs. 

T h e  ' ine f fec t ive  e ry th ropo ie s i s '  r e su l t ed  in  a decrease  
in  t h e  t o t a l  red  cell  v o l u m e  b a c k  to  t h e  level  found  
4 m o n t h s  a f t e r  a d r e n a l e c t o m y .  T h e  h e m o g l o b i n  c o n c e n t r a -  
t i o n  a n d  t h e  h e m a t o c r i t  v a l u e  r each ed  t h e i r  lowes t  va lues .  
T h e  p l a s m a  v o l u m e  of t h e  dogs r ece iv ing  t h e  inc reased  
dosages  of h y d r o c o r t i s o n e  increased,  r e a c h i n g  M m o s t  
n o r m a l  values,  w h i c h  would  a c c o u n t  for  t h e  g r e a t  fall in  
h e m o g l o b i n  c o n c e n t r a t i o n  a n d  h e m a t o c r i t  obse rved  a t  t h e  
end  of pe r iod  IV. 

T h e  resu l t s  p r e s e n t e d  he re  r ega rd ing  t h e  e r y t h r o p o i e t i c  
effects  of h y d r o c o r t i s o n e  are  v e r y  di f f icul t  to  exp la in  in  
t h e  l igh t  of p r e s e n t  knowledge .  A d r e n a l  s te ro ids  are  
k n o w n  to  increase  ca lor igenes is  T M  a n d  to  i n h i b i t  p r o t e i n  
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Hematolo~e data from dogs. Normal~ adrenalectomized, adrenalectomized injected with hydrocortisone 

Period I Period II Period III Period IV 

Hemoglobin concentration, g/100 ml 
Hematocrit, % 
Red cell volume, mllkg 
Plasma volume, ml/kg 
Plasma iron, l~glml 
Plasma Fe 5s half life, rain 
Plasma iron turnover rate, mg[kg/ray 
Red cell iron utilization, % 
Red celliron turnover rate, mg]kg/day 

14.6 i 0.38 12.1 ~ 0.34 13.1 :JZ 0.31 10.5 :JZ 0.30 
43.0 4- 1.35 41.0 i 1.12 40.0 -V 1.19 34.0 t 1.17 
31.5 ~ 1.14 18.8 i 1.01 27.0 i 1.08 18.2 q- 1.36 
47.6 i 2,94 34.0 4- 1.18 40.0 4- 2.01 45.6 4- 2,27 
1.35 4- 0.08 1.05 ~ 0.06 0.97 ~ 0.04 1.25 ~ 0.09 
71 i 7.60 133 4- 8.24 70 4- 5.23 55 -!-4.99 
0.88 :~: 0.13 0.28 ::~ 0.09 0.56 4- 0.11 0,74 q- 0.19 
74 :JZ 3.40 37 -4- 1.28 70 4- 2.97 35 4- 1.17 
0,65 ~ 0.15 0,11 ± 0.05 0,39 d- 0.09 0.26 + 0.11 



15. 8. 1968 Speciatia 801 

synthesis  1~1, and  bo th  effects are  known to  influence 
erythropoies is  in opposi te  ways.  By  combina t ion  of bo th  
a t  t h e  h ighes t  dosage, t he  bone mar row could be s t imu-  
la ted  in t h e  presence of an  i m p a i r m e n t  of its funct ion  
wi th  the  resul t ing  deve lopmen t  of non-viable  red cells. A 
suppress ive  effect  of adrenal  cort ical  s teroids on e ry thro-  
poiesis has  a l ready  been repor ted  x3,1~. Thus,  GORDON 
et  a I :  4 have  shown t h a t  h igh doses of m e t h y l  prednisolone 
depresses erythropoiesis  in normal  mice as t he  resul t  of a 
decreased e ry th ro id  responsiveness to  e ry th ropoie t in  and 
a depression of e ry th ropoie t in  format ion .  However ,  these 
mechan i sms  do no t  appear  to be s imilar  to  those  which are  
responsible for the  results  r epor ted  here  i s  

Resumen. La adminis t rac i6n  de 2 mg/kg /d la  de hidro- 
cor t isona du ran te  40 dias ell perros adrena iec tomizados  
4 meses antes  produjo  elevaci6n del vo lum en  de la masa  
ro ja  c i rculante  y de la slntesis de hemoglobina .  E l  t r a t a -  
mien to  con la ho rmona  en la dosis de 4 mg/kg /d ia  duran te  
los siguientes 40 dias p rodujo  mAs aumen to  de la ac t iv idad  
er i t ropoydt ica  de la mddula  6sea, una  gran proporci6n de 
la cuA1 fue inefec t iva  en tdrminos de producci6n de er i t ro-  

citos, produci6ndose  un descenso de la masa  .roja circu- 
lante.  
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The Effect of Conflicting Uncondit ioned Reflexes o n  S e r u m  C h o l e s t e r o l  Level in the R a t  

P l a sma  lipids, par t icu la r ly  cholesterol,  are t h o u g h t  to  
be  invo lved  in numerous  pa thologica l  condit ions,  hence, 
the i r  regula t ion  in the  body  m a y  bear  some clinical im- 
por tance .  T h a t  the  funct ional  s ta te  of the  cent ra l  nervous  
sys tem (CNS) affects se rum cholesterol  level  has  been 
d emo n s t r a t ed  by  m a n y  invest igators .  Some have  found 
an  increase in se rum cholesterol  fol lowing augmen ted  
s t ra in  on the  cen t ra l  nervous  sys tem ~,~, whereas  o thers  
have  revea led  a d iminu t ion  s or  phasic  changes 4 in the  
cholesterol  concen t ra t ion  of blood plasma.  There  is reason 
to  bel ieve t h a t  t he  d iscrepancy  be tween  these  resul ts  was 
due to  t he  differences in the  m e t h o d  employed,  species, 
and  in prev ious  condi t ion  of the  nervous  system. The  
p resen t  work  was u n d e r t a k e n  to  c lar i fy  whe the r  and to 
w h a t  e x t e n t  t he  ac t i v i t y  level  of t he  CNS interferes  wi th  
the  response in se rum cholesterol  level  to  a ne rvous  s t ra in  
if o the r  var iables ,  i.e. species and  exper imenta l  condit ions,  
a re  k e p t  cons tant .  Also, several  endocr ine  aspects  of the  
p rob lem h a v e  been inves t iga ted .  

Methods. E x p e r i m e n t s  were  m a d e  on a to t a l  of 538 
XVistar inbred  male  ra ts  weighing 180-220 g. The  ra ts  
were  fed a s tandard ized  semisyn the t i c  diet,  15 g /day.  
Confl ict ing of t he  th i r s t  and escape reflexes was  under-  
t a k e n  af te r  wa t e r  depr iva t ion  for 40 h, in a special cage 
shown in F igure  1, over  per iods of 45 rain. W h e n  the  
an imals  a t t e m p t e d  to  drink,  t h e y  received an electr ic  
shock, 40-50 V s. Af te r  45 min  of conflicting, t he  ra ts  
were  t ransfer red  into the i r  boxes,  where  t h e y  were g iven 
wa te r  ad l ibi tum.  Spontaneous  in take  of wa te r  was ob- 
se rved  for per iods  of 15-30 min.  90 rain af ter  confl ict ing 
of t he  reflexes had  been s tar ted ,  the  animals  were de- 
capi ta ted ,  and to ta l  cholesterol  in blood se rum was deter-  
m ined  according to  the  m e t h o d  of BLOOR 6, using a 
B e c k m a n  D U - G  2400 spec t rophotomete r .  A b o u t  half  of 
the  animals  served as controls  in each group;  these were 
t r ea t ed  similarly,  excep t  t h a t  t h e y  were  no t  subjec ted  to 
the  confl ic t  s i tuat ion.  

I n  some of the  animals,  the  above  t r e a t m e n t  was pre- 
ceded by  similar  confl ic t ing for i week, 2 or 3 weeks, 3 

t imes  every  week. Ano the r  group of ra ts  was subjec ted  
only to 1 confl ic t  s i tuat ion,  b u t  me th imazo l  (1-methyl-  
5-mercaptoimidazol)  was g iven  for 5 days before decapi ta-  
t ion, in dai ly  doses of 2.5 rag/100 g body  weight ,  dissolved 
in 0.5 ml of physiological  sal ine;  the  controls  were g iven 
the  same a m o u n t  of 0 .9% saline, s.c. 

The  effect  of 40-50 V electric shocks alone was checked 
also in a group of ra ts  no t  sub jec ted  to wa te r  depr iva t ion  
and confl ict  s i tuat ion.  The  shocks were appl ied as m a n y  
t imes  as the  n u m b e r  of v o l u n t a r y  dr ink ing  a t t e m p t s  had  
been  observed  in t he  expe r imen ta l  group.  

I n  some of t he  rats,  a t t e m p t s  were made  by  a pape r  
ch roma tog raph ic  m e t h o d  7 to  establ ish whe the r  the  factors  
causing s ta t i s t ica l ly  s ignif icant  changes in blood chol- 
esterol  levels also affected cor t icos terone in the  serum. 

Sta t i s t ica l  analysis  of t he  results  was unde r t aken  by  
using S tuden t ' s  t-test.  

Results. (1) Single conf l ic t ing resulted in a s ta t i s t ica l ly  
s ignif icant  reduc t ion  of serum cholesterol  by  15 m g %  
(column C in t he  Table).  Previous  admin i s t r a t ion  of t he  
t hy ro id  inhib i t ing  agen t  p reven ted  this  d iminu t ion  to  
occur  (E), while  physiological  saline in jec t ion  did no t  (D). 
Elec t r ic  shocks, in the  absence of confl ict ing,  failed to  
affect  se rum cholesterol  level (B). 

(2) I f  conf l ic t ing was preceded  b y  s imilar  confl ict  
s i tuat ions  for 3 weeks, 3 t imes  a week, s e rum cholesterol  
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