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Effect of  H y p o t h a l a m t c  L e s i o n s  o n  E r y t h r o p o i e t i n  
P r o d u c t i o n  in  W e a n l i n g  a n d  A d u l t  R a t s  

R e c e n t  i n v e s t i g a t i o n s  1,~. i n d i c a t e  t h a t  t h e  h y p o t h a l a m u s  
m a y  p a r t i c i p a t e  in  t h e  r e g u l a t i o n  of e ry th ropo ie s i s  in  
r abb i t s ,  whi le  work  in  t h e  r a t  shows  t h a t  l o n g - t e r m  
h y p o x i a  h a s  no  effect  o n  t h e  e r y t h r o p o i e t i c  response  of 
les ioned r a t s L  T h e  p r e s e n t  c o m m u n i c a t i o n  r epo r t s  on  t h e  
ab i l i ty  of wean l ing  a n d  a d u l t  r a t s  w i t h  h y p o t h a l a m i c  
les ions to  p r o d u c e  e r y t h r o p o i e t i n  u n d e r  h y p o x i c  h y p o x i a .  

W e a n l i n g  m a l e  S p r a g u e - D a w l e y  ra ts ,  we igh ing  b e t w e e n  
66 a n d  83 g, rece ived  b i l a t e r a l  e lec t ro ly t ic  les ions  in  t h e  
sup raop t i c ,  v e n t r o m e d i a l ,  do r s om ed i a l  a n d  m a m m i l l a r y  
h y p o t h a l a m i c  nuclei .  S h a m - o p e r a t e d  r a t s  se rved  as 
con t ro l s  (Tab le  I). A d u l t  r a t s  of t h e  s a m e  s t r a i n  a n d  sex 
b u t  we igh ing  b e t w e e n  268 a n d  337 g were  g r ouped  a n d  
t r e a t e d  s imi la r ly  (Tab le  I I ) .  T h e  h y p o t h a l a m i c  les ions 
were  p l aced  w i t h  a s t e r eo t ax i c  i n s t r u m e n t  ( B a l t i m o r e  
I n s t r u m e n t  Co.), u s ing  a spa r  v a r n i s h - c o a t e d  s ta in less  
s teel  e lec t rode  of  0.25 m m  d i ame te r ,  f r om t h e  b a r e d  t i p  
of w h i c h  a n  a n o d a l  c u r r e n t  of 1.5 m A  was  a l lowed to  
flow for  10 sec. T h e  coo r d i na t e s  for  t h e  p l a c e m e n t  of t he  
lesions h a d  b e e n  e s t ab l i s hed  p r e v i o u s l y L  T he  s h a m -  
o p e r a t e d  a n i m a l s  were  t r e a t e d  s imi lar ly ,  e x c e p t  for  t h e  
flow of t he  e lect r ica l  cu r r en t .  T h e  r a t s  were  a c c o m m o -  
d a t e d  in  s ingle cages  in  a r o o m  k e p t  a t  74 °F a n d  g iven  
t a p  w a t e r  a n d  l ab  c h o w  a d  l i b i t u m .  2 weeks  fo l lowing t h e  
h y p o t h a l a m i c  o p e r a t i o n  t h e y  were  s u b j e c t e d  t o  low 
o x y g e n  a t m o s p h e r e  (10%) for  36 h,  a f t e r  w h i c h  t h e y  
were  a n e s t h e t i z e d  w i t h  e ther ,  e x s a n g u i n a t e d  a n d  t he  
p l a s m a  col lected for a s say  of e r y t h r o p o i e t i n  in  h y p e r -  
t r a n s f u s e d  p o l y c y t h e m i c  m i c e L  T h e  b r a i n s  were  t r e a t e d  
in  t h e  usua l  m a n n e r  s a n d  t h e  loca l iza t ion  of  t h e  h y p o t h a l -  
a m i c  les ions was  d e t e r m i n e d  acco rd ing  to  t h e  a t l a s  of 
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(A) Weanling rats. T a b l e  I shows t h a t  w e a n l i n g  r a t s  
w i t h  les ions in  t he  do r s om ed i a l  a n d  m a m m i l t a r y  h y p o -  
t h a l a m i c  nucle i  d id  n o t  p roduce  d e t e c t a b l e  a m o u n t s  of 
e r y t h r o p o i e t i n  u n d e r  h y p o x i a  whereas  r a t s  w i t h  lesions 
in t h e  s u p r a o p t i c  a n d  v e n t r o m e d i a l  nuc le i  did.  

(B) Adult rats. T a b l e  I I  i nd i ca t e s  t h a t  a d u l t  r a t s  w i t h  
lesions in t h e  m a m m i l l a r y  nucle i  d i d  n o t  p r o d u c e  e r y t h r o -  
po i e t i n  u n d e r  h y p o x i c  h y p o x i a .  Un l ike  t h e  wean l ing  ra t s ,  
however ,  a d u l t  a n i m a l s  w i t h  les ions  in  t h e  s u p r a o p t i c  a n d  
v e n t r o m e d i a l  nucle i  showed  some  decrease  in  t h e i r  a b i l i t y  
to  p roduce  e r y t h r o p o i e t i n  in  low o x y g e n  a t m o s p h e r e .  

S tud ies  on  t h e  role of t he  c e n t r a l  n e r v o u s  s y s t e m  in t h e  
r e g u l a t i o n  of e ry th ropo ies i s  a re  d i f f icul t  to  i n t e r p r e t  
since s t i m u l a t i o n  or  d e s t r u c t i o n  of h y p o t h a l a m i c  a reas  
m a y  elici t  b o t h  a u t o n o m i c - n e r v o u s  or  n e u r o e n d o c r i n e  
responses .  Thus ,  t h e  h y p o t h a l a m u s  m a y  a f fec t  e r y t h r o -  
poiesis  v i a  re leas ing  fac to r s  for  p i t u i t a r y  t r o p h i c  h o r m o n e  
secret ion,  i.e. t e s t o s t e r o n e  v i a  L H ,  t h y r o i d  ho rmone ( s )  
v i a  T S H  a n d  a d r e n o c o r t i c o t r o p h i c  h o r m o n e  v i a  C R F  s. 
T h e  a b o v e  h o r m o n e s  a re  k n o w n  to  in f luence  i nd i r ec t l y  
e ry thropoies i s .  Second,  t h e  h y p o t h a l a m u s  m a y  do so v i a  
t h e  a u t o n o m i c  s y s t e m  b y  a f fec t ing  c a r d i o p u l m o n a r y  
changes  p r o d u c i n g  a l t e r a t i o n s  in  b lood  f low wh ich  in t u r n  
m a y  i n d u c e  t h e  k i d n e y  or  o t h e r  e r y t h r o p o i e t i n - p r o d u c i n g  
o r g a n s  to  re lease  or  b lock  e r y t h r o p o i e t i n  5. 

I t  is n o t e w o r t h y  t h a t  t he re  appea r s  to  be  a n  age 
d i f ference  in t h e  e r y t h r o p o i e t i c  r e sponse  to  h y p o t h a l a m i c  
lesions.  Th i s  m a y  well  be  due  to  a d i f ference  in repre-  
s e n t a t i o n  of f u n c t i o n  in  a p a r t i c u l a r  n e u r o n a l  a s s e m b l y  
in  t h e  r a t  h y p o t h a l a m u s  a t  d i f f e ren t  ages, or  to  a d i f f e ren t  
s e n s i t i v i t y  d e p e n d i n g  o n  age. Thus ,  i t  h a s  been  s h o w n  9 
t h a t  v e n t r o m e d i a l  h y p o t h a l a m i c  lesions p l aced  in  wean -  
l ing  r a t s  r e s u l t  in  a g r ea t e r  g r o w t h  r e d u c t i o n  t h a n  place-  
m e n t  of such  lesions in  older  ra ts .  A s imi la r  p a t t e r n  h a s  
b e e n  d e m o n s t r a t e d  for  t h e  sys tol ic  b lood pressure  ~0. 

T h e  p r e s e n t  d a t a  d e m o n s t r a t e  t h a t  t h e  ra t ,  l ike t h e  
r a b b i t *  a n d  m o n k e y  n,  shows  c h a n g e s  in  e r y t h r o p o i e t i n  
levels  fo l lowing s t i m u l a t i o n  or  t h e  p l a c e m e n t  of les ions  
in  t h e  h y p o t h a l a m u s .  FELDMAN e t  8.t. 1~, in  s t u d y i n g  t h e  
effects  of  c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a t i o n  in  r a t s  w i t h  
ch ron ica l l y  i m p l a n t e d  e lect rodes ,  were  able  to  obse rve  
e ry th ropo ie s i s  b u t  were n o t  able  to  d e t e c t  e r y t h r o p o i e t i n  
in t he  p l a s m a  of such  ra ts .  To reso lve  a n y  d i f ferences  in  
t h e  r e su l t s  o b t a i n e d  f rom d i f fe ren t  l abo ra to r i e s  on  t h e  
role  of t h e  h y p o t h a l a m u s  in e ry th ropo ie s i s  a n d  e r y t h r o -  

Table 1. Effects of low oxygen atmosphere (10%) upon erythropoietin 
levels in hypothalamic-lesioned and sham-operated young rats 

Pooled plasmas from rats 
with lesions at the site of: 

% 24 h blood Fe 59 
uptake in poly- 
cythemic mice 

(A) (1) Supraoptic nucleus~ 
(2) Ventromedial nucleus 
(3) Dorsomedial nucleus 
(4) Mammillary nucleus 

(B) Sham controls 

4.03 4- 1.5 b 
3,05 4- 1.5 
0.77 
0.50 4- 0.20 

1.45 4- 0.72 

Approximately in the vicinity, b 4_ standard deviation. 

Table II. Effects of low oxygen atmosphere (10%) upon plasma 
erythropoietin levels in hypothalamic-lesioned and sham-operated 

adult rats 

Pooled plasmas from rats 
with lesions at the site of: 

% 24 h blood Fe sg 
uptake in poly- 
cythemic mice 

(A) (1) Supraoptic nucleus 
(2) Supraoptic nucleus 
(3) Ventromedial nucleus 
(4) Ventromedial nucleus * 
(5) Mammillary nucleus 
(6) MammiUary nucleus ~ 

{B) Sham controls 

(C) Non-sham controls 

1.18 4- 0.23 b 
0.50 4- 0.13 
1.80 q- 0.39 
1.01 -4- 0.04 
0.64 4- 0.12 
0.18 4- 0.09 

4.14 4- 0.55 

3.98 4- 0.24 

Approximately in the vicinity, b 4- standard deviation. 
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poietin production, it appears impor tant  tha t  the length 
of stimulation, the size and place of the lesion, age 
difference, species, etc. be as nearly comparable as 
possible before any ult imate evaluation can be made ls,14. 
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ZusammenJassung. Es wards die Wirkung von ktinst- 
lichen, bilateralen, elektrolytiseh gesetzten L~sionen in 
verschiedenen Bezirken des Hypothalamus auf die 
Bildung von Erythropoietin untersucht  : Jugendliche 
(entw6hnte) Rat ten  reagieren nicht gleich wie erwachsene 
Ratten,  und die verschiedenen Kerne des Hypothalamus 
beeinflussen die Erythropoietin-]3~idung verschieden. 
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Variation of the Fine Structure  in Granulocytes  
of  Great Apes  

As part  of a continuous study on comparative primate 
hematology, the leucocyte ultrastructure of the Great 
Apes was investigated with the electron microscope. The 
studies were performed on peripheral blood obtained from 
chimpanzees, gorillas and orangutans, Investigations by 
light microscopy have shown that  white cell morphology 
of the Great Apes is very similar to, and almost indistin- 
guishable from, morphology of human  leucocytes, al- 
though certain typical morphological characteristics have 
been found I. On the other hand, different histochemical 
properties have been demonstrated in neutrophilic leuco- 
cytes of man, gorilla, chimpanzee and orangutan *. The 
present s tudy showed the presence of characteristic differ- 
ences in the ultrastructure of gorilla and orangutan granu- 
locytes. 

Blood was obtained from 3 animals of each species 
(Gorilla gorilla, Pan troglodytes, Pongo pygmaeus) from 
the femoral vein by free flow through plastic tubing into 
a heparinized, siliconized centrifuge tube. Cells were pre- 
pared for electron microscopic s tudy by routine methods 3 
with some modifications. Osmium tetroxide or gtutaralde- 
hyde were used for fixation and sections were stained in 
saturated uranyl  acetate solution in 20% alcohol and lead 
citrate. Examinat ion of sections was made in a Siemens 
Elmiscop I, electron microscope. 

At least 1000 cells were examined from each species, 
and the following number  of pictures were taken for 
further examination: gorilla, 109 pictures from 105 differ- 
ent cells; chimpanzee, 242 pictures from 200 different 
cells; orangutan, 106 pictures from 95 different cells. The 
final magnifications varied from × 4000 to × 45,000. 

The neutrophilic leucocytes from gorilla and chimpanzee 
were indistinguishable from each other and similar to 
human neutrophils, as described by Low and FREEMAN a 
and others 4. The cytoplasm was well filled with specific 
granules which had a limiting membrane. 2 kinds of 
granules were consistently present: larger, round or ovoid 
granules with a very dense content  and smaller, elongated 
rod-like granules of somewhat lower density. The orang- 
Utan neutrophils showed the same characteristics. How- 
ever, in addition to the 2 kinds of specific granules, a 
third type of granule was consistently present. These 
granules measured up to 0.7 tx were rod-like or spindle 
Shaped and were surrounded by a membrane. Character- 

istically, their content  was not  homogenous; as in the 
other types of specific granules, but  consisted of numerous 
fibers or needles running parallel to each other from end 
to end in the long axis of the granules. Occasionally these 
fibers were densely packed, forming crystal-like densities 
located centrally in the granule (Figure 1). This type of 
granulat ion seems to be a morphological characteristic of 
the orangutan neutrophil, as it  has not  been found in 
neutrophils of other Great Apes, nor has it been found in 
neutrophils of selected Old World monkeys (Cercopithe- 
cideae) or in neutrophils of New World monkeys (Ce- 
boideae) ~. The granules can also be demonstrated after 
glutaraldehyde fixation; On morphological grounds alone 
it  can be said tha t  they are distinctly different from the 
oval azurophilic and the specific elongated granules 
characterized in neutrophils by previous authors s -s  Since 
these 2 types of granules are equally present in orangutan 
neutrophils further histochemical studies may reveal 
additional differences and characteristics. 

The eosinophilic leucocytes of the orangutan were in- 
distinguishable from human  eosinophils. In  addition, how- 
ever, the cells of this species usually showed one or more 
dark inclusions of irregular shape with lipid-like staining 
characteristics. In  light microscopy, the orangutan eosino- 
phils show characteristic vacuoles if fixed in methanol 
and stained with Wright-Giemsa stain. These vacuoles 
are conceivably lipid, and identical or related to the lipid- 
like bodies found in electron microscopy. These structures 
are not seen in human  eosinophils nor are they commonly 
present in eosinophils from other primate species. The 
gorilla eosinophil differs from all other eosinophils in  the 
structure of the specific eosinophilic granules. The matrix 
of the granules is darker than in eosinophilic granules of 
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