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c e n t r a t i o n  of n e r v e  ceils in vivo a n d  a b o u t  doub le s  t h e  
n o r m a l  r e sp i r a t ion  of b r a i n  slices in  t he  p resence  of 
glucose, O t h e r  i n c u b a t i o n  f lasks con ta ined ,  in  add i t ion ,  
12.5 m g  e thano l ,  25 ~zg ace t a ldehyde ,  a n d  250 ~g ace t a t e .  
w h i c h  co r respond  to levels of t he se  s u b s t a n c e s  p r e s en t  in  
b lood  a f t e r  a n  acu te  dose of e thano l .  F l a sks  were  s w e p t  
w i t h  95% O~-5~/o CO 2 before closing a n d  i n c u b a t e d  w i th  
s h a k i n g  a t  37°C for  90 rain.  T h e n  0.5 ml  30% KOI-I was  
i n j ec t ed  in to  t he  c e n t e r  wel t  w h i c h  c o n t a i n e d  a sma l l  role 
of f i l ter  paper ,  a n d  0.2 m l  1 0 N  H2SO 4 was  t i p p e d  i n t o  t h e  
m a i n  b o d y  of t h e  f lask f rom t h e  side a rm .  Af te r  s h a k i n g  
t he  f lask a n d  i ts  c o n t e n t s  for  a n  a d d i t i o n a l  h o u r  t h e  f i l ter  
p a p e r  and  c o n t e n t s  of t he  c e n t e r  well  were q u a n t i t a t i v e l y  
r e m o v e d  and  d i lu ted  to  10 ml.  T he  c a p p e d  t u b e s  were  
al lowed to s t a n d  for  16 h w i t h  occas ional  s h a k i n g  a t  r oom 
t e m p e r a t u r e  to  assure  c o m p l e t e  e lu t ion  of c a r b o n a t e  f rom 
the  paper .  A l iquo t s  were p r e c i p i t a t e d  w i t h  BaC12 con-  
t a i n i n g  NH4C1 in  t i le  p re sence  of  ca r r i e r  K2CO 3 a n d  ' in-  
f in i t e ly  t h i c k '  l ayers  of 13aC14Oa were  m o u n t e d  a n d  a s sayed  
for  r a d i o a c t i v i t y  in  a mic romi l  w i n d o w - e q u i p p e d  f low 
coun te r .  Suf f ic ien t  c o u n t s  were t o t a l e d  so t h a t  t he  coun t -  
ing e r ror  was  less t h a n  4 %  a t  t he  0.05 level  of s ignif icance.  
The  a c t i v i t y  of t h e  g lueose- l -C 14 a n d  glucose-6-C ~4 used in 
these  e x p e r i m e n t s  was  d e t e r m i n e d  a f t e r  comple t e  o x i d a t i o n  
to  Cx*O~ b y  p o t a s s i u m  pe r su l f a t e  ~. 

I n c u b a t i o n s  of on ly  90 ra in  were used in o rde r  to  min i -  
mize  a n y  effects  due  to  recyc l ing  a n d  r a n d o m i z a t i o n  of 
t h e  c a r b o n  a t o m s  of glucose,  s ince  i t  h a s  b e e n  s h o w n  t h a t  
in  m a m m a r y  t i s sue  t he  r a t i o  of C1402 f r o m  gl t icose- l -C I~ to  
C~402 f rom glucose-6-C ~* is m u c h  h i g h e r  a f t e r  1 h incu-  
b a t i o n  t h a n  a f t e r  2 a n d  3 h pe r iodsL  Th i s  p r ecau t ion ,  plus  
t h e  use of K+ s t i m u l a t e d  b r a i n  slices, p r o d u c e d  more  va l id  
e x p e r i m e n t a l  cond i t ions  t h a n  those  ex i s t ing  in ear l ie r  in-  
ves t iga t ions .  

The  T a b l e  shows  t h a t  t he  r a t io  of c~aoa f rom t he  oxi-  
d a t i o n  of  g lucose- l -C  xa to  t h a t  f r om glucose-6-C ~* was 
close to  u n i t y  for  slices f rom b r a i n  c o r t e x  in  e i t h e r  t he  
p resence  or  ab sence  of  e t h a n o l  a n d  i ts  me tabo l i t e s ,  a n d  
h e n c e  no  ev idence  for a f u n c t i o n i n g  hexose  p h o s p h a t e  
ox ida t i ve  p a t h w a y  could  be  d e m o n s t r a t e d .  KATZ a n d  
WOOD s h a v e  p o i n t e d  o u t  t h e  dif f icul t ies  t h a t  ar ise  w h e n  
a n  a t t e m p t  is m a d e  to  ca lcu la te  f rom t r a c e r  s tud ies  t h e  
percentage of glucose t h a t  is m e t a b o l i z e d  via t h e  g lyco ly t ic  
p a t h w a y  as c o m p a r e d  w i t h  t h a t  via t h e  hexose  m o n o -  
p h o s p h a t e  p a t h w a y .  No s u c h  a t t e m p t  was  m a d e  in  t h i s  
s tudy .  The  ques t i on  t h e s e  e x p e r i m e n t s  were  des igned  to  
a n s w e r  was  w h e t h e r  t h e r e  is a n y  ev idence  t h a t  g lucose  
can be m e t a b o h z e d  b y  b r a i n  via t h e  hexose  m o n o p h o s p h a t e  
s h u n t  u n d e r  n o r m a l  cond i t ions  or  d u r i n g  e t h a n o l  i n tox -  

Oxidation of glucose-I-C 14 and glucose-6-C I4 by rat  brain slices 

No. % Conversion of labeled C1402 fromgl-l-O 4 
of glucose to Ca~O2 C1402 from gl-6-C 14 
rats Glucose-l-C x4 Glucose-6-C 14 

Controls 5 1,79 :t: 0.28 1.60 ~ 0.06 1.12 
Ethanol- 4 2.54 ~_ 0,47 2,08 :J: 0.32 1.2~ 
treated 

Slices of cerebral cortex (350 nag) incubated with shaking at 37°C for 
90 rain in presence of 20 mg glucose containing 0.2 ~xC of either 
glucose-l-C 14 or glucose-6-C a4 in 5 ml Krebs-Ringer bicarbonate con- 
taining 0.1M KCI. 'Ethanol-treated' preparations contained in 
addition 12.5 mg ethanol, 25 [zg acetaldehyde and 250 ~g acetate. 
Gas phase, 95% 0 : - 5 %  CO2. Results are expressed as means 
:i_ standard error. 

ica t ion.  The  resu l t s  show t h e  a n s w e r  to  be  nega t ive ,  and  
t h i s  reposes  t h e  ques t ion  of t h e  s igni f icance  of t he  ob- 
s e rvab le  ac t iv i t i e s  of t h e  g lueose -6 -phospha te  a n d  6-phos- 
p h o g l u c o n a t e  dehyd rogenase s  in  brain', One  possible  ex- 
p l a n a t i o n  would  i n v o k e  a ca r ry  over  of t he se  t w o  enzymes  
f rom an  embryo log iea l l y  f u n c t i o n a l  p h o s p h o g l u c o n a t e  
p a t h w a y  o p e r a t i n g  a t  low oxygen  tens ion .  T h e  young ,  bu t  
n o t  adu l t ,  b r a i n  syn thes i zes  i t s  o w n  cho les t e ro l  a n d  o ther  
l ipids  in situ a n d  t h i s  would  p e r m i t  ef f ic ient  r e o x i d a t i o n  of 
T P N H  f o r m e d  b y  t h e  d e h y d r o g e n a s e s  of t h e  phospho-  
g lueona te  p a t h w a y  w i t h o u t  a r e q u i r e m e n t  for  oxygen .  

Rdsumd. L ' a u t e u r  a repr i s  la  ques t i on  de l ' ex is tence  
d ' u n e  voie o x y d a t i v e  fonc t ionne l l e  d i rec te  p o u r  la glucose 
d a n s  le ce rveau  a d u l t e  e t  cons t a t6  qu 'e l l e  ne  p e u t  8tre 
d6cel6e ni  d a n s  des cond i t ions  n o r m a l e s  ni  lors d ' u n e  in- 
t o x i c a t i o n  du  s u j e t  p a r  I '~ tanol .  
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T h e  S h o r t - t e r m  Ef f ec t s  
of  a S i n g l e  D o s e  of  E r y t h r o p o i e t i n  

u p o n  R e t i c u l o c y t e s  i n  S t a r v e d  R a t s  1 

Desp i t e  t he  v o l u m i n o u s  l i t e r a t u r e  desc r ib ing  t h e  effects  
of e r y t h r o p o i e t i n  2-4, i ts  s i te  of ac t ion  ha s  n o t  been  c lear ly  
es tab l i shed .  Some  a u t h o r s  h a v e  sugges ted  t h a t  e r y t h r o -  
po ie t in  ac t s  exc lus ive ly  u p o n  t h e  s t e m  cell w i t h  t he  re- 
s u l t a n t  p r o d u c t i o n  of inc reased  n u m b e r s  of e r y t h r o c y t i c  
p recursors  ~,8, whi le  o t h e r s  h a v e  c o n t e n d e d  t h a t  t h i s  
m a t e r i a l  m a y  also exe r t  i t s  a c t i o n  b y  inc reas ing  cel lu lar  
d iv i s ion  a m o n g  n u c l e a t e d  e r y t h r o c y t e s  t h a t  h a v e  ad -  
v a n c e d  well  b e y o n d  t he  s t e m  cell s t age  3,7. M e a s u r e m e n t  of 
t h e  r a p i d i t y  of t h e  re t i cu locy te  r e sponse  shou ld  fu rn i sh  
some i n f o r m a t i o n  as to  w h i c h  of t he se  v iews  is correct .  
I f  e r y t h r o p o i e t i n  ac ts  exclus ive ly  u p o n  t he  s t e m  cell, 

fo l lowing i ts  i n j ec t ion  a t  leas t  one  e n t i r e  m a t u r a t i o n  cycle 
of n u c l e a t e d  r ed  Mood cells wou ld  h a v e  to  b e  comple ted  
before  t h e r e  would  be  a n y  ev idence  of  t h e  de l ive ry  of 
newly - fo rmed  re t i cu locy tes  i n t o  t h e  b lood.  Th i s  would 

1 Supported by Grant No. CY-3071 from the U.S.P.H.S. 
2 A. S. GORDON, Physiol. Rev. 39, 1 (1959). 
a j .  W. LINMAN and F. H. BETHELL, Factors Controlling Erythro- 

poiesis (C. C. TttOMAS, Springfield, Ill. 1960), p. 82. 
4 Ciba Foundation Symposium on HaemopoieMs (Little, Brown, and 

Co., Boston, Mass. 1960). 
5 E. L. ALPEN and D. CRANMOR~, TheKinetieso]CdluIar Proliferation 

(Grune & Stratton, Inc., New York 1959), p. 290. 
e A. J. EgsLEv, Blood 14, 386 (1959). 
7 F. SI"OnLMAN, Jr., The Kinetics o/Cellular Proli]eration (Grune & 

Stratton, hm., New York 1959), p. 327. 
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enta i l  a re la t ive ly  slow response  t h a t  would  be expec ted  
to t ake  a b o u t  48 h s, a s suming  t h a t  prol i fera t ion  of  
e ry th rocy t e  precursors  would not ,  in itself, furn ish  a 
s t i lnulus for t h e  release of re t iculocytes .  On the  o the r  
hand ,  a d e m o n s t r a t i o n  of t he  rapid  appea rance  of young  
re t icu locytes  in t h e  per iphera l  c i rculat ion would indicate  
t h a t  t h e  ac t ion  of e ry th ropo ie t in  is n o t  res t r ic ted  to  t h e  
s t em cells. This  r epor t  is concerned  wi th  morphologic  a n d  
q u a n t i t a t i v e  changes  in c i rculat ing re t icu locytes  dur ing  
the  f irs t  24 h following t h e  in t r ape r i tonea l  in jec t ion  of 
e ry th ropo ie t in  in to  s t a rved  rats .  I t  p r e sen t s  ev idence  to  
s u p p o r t  t he  hypo thes i s  t h a t  e ry th ropo ie t i n  can act ,  a t  
least  in par t ,  upon  loci o the r  t h a n  s t em cells. 

M e t h o d s .  Male ra ts  of the  Sprague-Dawley  s t ra in  
(Hol t zman  Co.) weighing 160-175 g were s t a rved  for 72 h 
in o rde r  to  depress  e ry thropoies is  and  were  t h e n  given an 
in t r ape r i tonea l  in jec t ion  of an  e ry th ropo ie t in  p repara t ion .  
These an imals  received no food b u t  were al lowed w a t e r  
ad l i b i t u m  dur ing  the  r ema inde r  of the  expe r imen t .  
Re t icu locy te  counts  were  made  a t  6, 12, and  24 h a f t e r  t he  
in jec t ion  of e ry th ropo ie t in .  The  e ry th ropo ie t i n  p r e p a r a t i o n  
t e s t ed  consis ted  of a sheep  p l a sma  e x t r a c t  (Armour  Lo t  
No. K103124)  ob ta ined  f rom animals  rendered  severe ly  
anaemic  b y  p h e n y l h y d r a z ine  inject ions.  The ex t r ac t  was 
dissolved in 0.9% pyrogen- f ree  saline solut ion shor t ly  
before being in jec ted;  t he  dose admin i s t e r ed  has  been  ex-  
pressed  in cobal t  un i t s  D,l°. Re t icu locy tes  were s t a ined  
wi th  new me thy l ene  blue H and  were  coun ted  r a n d o m l y  
using a Miller opt ical  disc ,2. Because  of t he  smal l  n u m b e r s  
of re t icn locytes  p re sen t  in s t a rved  animals ,  t he  equ iva len t  
of 20000 to 50000 e r y t h r o c y t e s  was examined  on each 
p repara t ion .  

Resu l t s .  Table  I summar izes  the  re t icu locy te  response  
to a single in ject ion of  e ry th ropo ie t in .  A l though  no de tec t -  
able differences in re t ieu locy te  pe rcen tages  were seen a f te r  
6 h, a f te r  12 h t he  e x p e r i m e n t a l  ra t s  h a d  s igni f icant ly  
h igher  pe rcen tages  of re t icu locytes  t h a n  did the i r  cont ro ls  
( P  < 0.05), a n d  th is  increase was  even  more  a p p a r e n t  
a f te r  24 h ( P  <: 0.01). In  addi t ion ,  t h e  slides were  e x a m -  
ined for the  presence  of  young  re t icu locy tes  wh ich  are 
charac te r ized  b y  a large a m o u n t  of c lumped ,  s ta inab le  
r e t i cn lum in the i r  cy top lasm.  Such cells h a v e  been de-  
s igna ted  as 'g rade  I '  re t icu locytes  b y  HEILMEYER a n d  
BEGEMANN 13. These  cells, v i r tua l ly  n o n - e x i s t e n t  in the  

Tab. L Reticulocyte response to a single injection of 30 cobalt units 
sheep plasma erythropoietin in starved rats 

Treatment, h after % Retics Young, grade I reties 
injection (Means positive response• 

4- standard total No. of rats 
errors) 

Erythropoietin (6) 6 0.35 4- 0.10 0/6 
Control (5) 6 0.26 ± 0.03 015 
Erythropoietin (6) 12 0.30 4- 0.06 b 216 
Control (6) 12 0.12 4- 0.01 0/6 
Erythropoietin {4) 24 0.79 -4- 0.07 ¢ 4]4 
Control (5) 24 0.17 4- 0.07 0]5 

Prepared by Armour Pharmaceutical Co. in cooperation with the 
University of Chicago for distribution by the U.S.P.H.S. under 
Research Grant H 5393 and kindly furnished by.Drs. L, O. JACOB- 
son and E. GOLDWASSER. This extract appears to be a glyco- 
protein; its preparation and characterization have been de- 
seribedg, ~°. - No. of animals in parentheses. Control groups re- 
ceived equal amounts of heat-inactivated erythropoietin (dissolved 
in 0.9% pyrogen-free saline and kept at 95°C for 15 rain). Each rat 
was used for only a single determination. 

b p ~ 0.05. 

o p < 0.01. 

b lood of con t ro l  animals ,  were  seen in two  of t he  exper i -  
m e n t a l  an imals  as ear ly  as 12 h a f t e r  in jec t ion  and  in  all of 
t he  e x p e r i m e n t a l  an imal s  a f t e r  24 h. The  spa r s i ty  of these  
cells makes  the i r  precise quan t i f i ca t ion  techn ica l ly  diffi-  
cu l t ;  in these  e x p e r i m e n t s  t h e y  neve r  exceeded  0.1% of 
t h e  t o t a l  e r y t h r o c y t e  popula t ion .  In  a n o t h e r  e x p e r i m e n t  
(Table II)  each  an ima l  was  t e s t ed  th ree  t imes  for  re t iculo-  
cytes ,  a single d rop  of tai l  ve in  b lood be ing  used for each  

Tab. II. Reticulocyte response to a single injection of 30 cobalt units 
sheep plasma erythropoietin in starved rats 

Treatment* h after % Retics Young, grade I retics 
injection (Means positive response] 

4- standard total No. of rats 
errors) 

Erythropoietin (6) 6 0.78 4- 0.06 0]6 
Control (6) 6 0.50 4- 0.07 0/6 
Erythropoietin (6) 12 0.60 4- 0.11 2[6 
Control (6) 12 0.38 ± 0.07 0[6 
Erythropoietin (6) 24 0.76 4- 0.08 b 6/6 
Control (6) 24 0.18 4- 0.02 0]6 

No. of animals in parentheses. Control group received equal volume 
of pyrogen-free saline. A total of 12 rats were used and each rat was 
sampled three times. 

b p <2 0.01. 

de t e rmina t ion .  Whi le  the  contro l  group exh ib i t ed  a 
s ignif icant  d rop  in t he  pe rcen tages  of c i rcula t ing  ret iculo-  
cy tes  as a ref lect ion of the  s t a r v a t i o n  t r e a t m e n t ,  t h e  
c r y t h r o p o i e t i n - t r e a t e d  animals  m a i n t a i n e d  the i r  ret iculo- 
cy t e  level so t h a t  12 h following inject ion,  t he  exper i -  
m e n t a l  an imals  d i sp layed  s igni f icant ly  h igher  re t icu locyte  
va lues  t h a n  did the  controls  ( P  < 0.01). F u r t h e r m o r e ,  t he  
a p p e a r a n c e  of young  re t icu locytes  of t he  'g rade  I '  t y p e  
aga in  were seen as ear ly  as 12 h a f t e r  in ject ion,  and  all of 
t he  an imals  of th is  g roup  r e sponded  pos i t ive ly  in th i s  
regard  a f t e r  24 h. Red  blood cell coun t s  done  a t  the  con-  
clusion of t he  e x p e r i m e n t  revea led  no s igni f icant  differ-  
ences  b e t w e e n  e x p e r i m e n t a l  and  con t ro l  groups.  

D i s c u s s i o n .  12-24 h following a single in jcc t ion  of  
e ry th ropo ie t i n  ra t s  h a v e  h igher  re t icu locyte  pe rcen tages  
in the i r  c i rcula t ing  blood t h a n  do con t ro l  an imals  as well 
as s igni f icant  n u m b e r s  of re t i cu locy tes  bear ing  the  s t a m p  
of morphologic  i m m a t u r i t y .  These  effects  were  n o t  ob-  
se rved  in ra t s  rece iv ing e i the r  h e a t - i n a c t i v a t e d  e ry th ro -  
poie t in  e x t r a c t s  or  sal ine inject ions .  However ,  def in i t ive  
proof  of specif ic i ty  of ac t ion  awa i t s  t h e  ava i lab i l i ty  of pure  
e ry th ropo ie t in .  A rev iew of the  l i t e ra ture  reveals  t h a t  the  
ear l ies t  r e t i cu locy te  changes  r epo r t ed  are  usual ly  w i th  
48 h 14-'8 or 72 h 1' a f t e r  an  in jec t ion  of e ry th ropo ie t in .  
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The  p r e s e n t  resul ts  lend suppor t  to  the  hypo thes i s  t h a t  
e r y t h r o p o i e t i n  has  some ac t ion  upon  e ry th roey t i c  pre-  
cursors  in t he  bone  m a r r o w  t h a t  are a d v a n c e d  welt b e y o n d  
the  s t e m  cell s tage  as deduced  by  the  rap id  appea rance  of 
re t icu loeyte  changes  in the  c i rcula t ing  blood.  The  large 
pool  of ra t  bone mar row re t iculocytes  can  be released in to  
the  c i rculat ing under  cer ta in  condi t ions  x8, and  e ry th ro -  
poiet in  m a y  play a role in such phenomena .  Thus,  e ry th ro -  
poiet in  will cause a release of isotopical ly  labelled ret iculo-  
cytes  f rom the  isolated perfused  leg of a r a t  as ear ly  as 
10 min af ter  admin i s t r a t ion  ~. Final ly ,  it  is p e r t i n e n t  t h a t  
in a series of paral lel  e x p e r i m e n t s  pe r fo rmed  a t  the  same 
t ime  and using Fe59 as a t racer ,  a s igni f icant  increase  in  
i ron incorpora t ion  in to  c i rcu la t ing  e r y t h r o c y t e s  was  d e m -  
ons t r a t ed  12, 18, and  24 h following a single in jec t ion  of 
e ry th ropo ie t in~°  P re sumab ly ,  these  increases  are re la ted  
to  the  re t icu locyte  changes  t h a t  h a v e  been  no ted .  

Zusammen/assung. N a c h  e iner  In~ektion von  Erythro-  
po ie t in  in h u n g e r n d e  R a t t e n  b e o b a c h t e t e n  wir eine Er- 
hOhung der  Re t icu locy ten .  Junge  F o r m c n  yon Reticulo- 
c y t e n  e rsch ienen  berei ts  12 h nach  der  Behand tung .  Dieser 
Be fund  d e u t e t  viel leicht  d a r a u f  h in ,  dass  Ery th ropo ie t in  
n i ch t  nur  die S t ammze l l en  angrei f t .  
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E i n  n e u e s  V e r f a h r e n  z u r  H e r s t e l l u n g  

y o n  1 9 - N o r s t e r o i d e n  ~ 

Fiir  die Gewinnung  y o n  19-Nors tero iden wi rd  bis  h e u t e  
fas t  ausschl iessl ich die  R e d u k t i o n  y o n  V e r b i n d u n g e n  m i t  
a r o m a t i s c h e m  Ring A ( insbesondere  yon  Oes t ronder i -  
vaten)  2a.b nach  B~RCH mi t  e inem Alkal imeta l l  in fliissigem 
A m m o n i a k  ve rwende t .  I n  l e tz te r  Zeit  s ind n u n  eine Reihe  
yon Reak t ionen  b e k a n n t  geworden,  die eine Oxigen ie rung  
der  angul~ren M e t h y l g r u p p e  C-19 bewi rken  und  d a m i t  
eine d i rek te  E l imin ie rung  dieser  Gruppe  ohne  Aromat i -  
s ierung des Rings  A m6gl ich  e rsche inen  lassen a. 
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Wir  be r i ch ten  im fo lgenden  fiber eine in den  le tz ten 
zwei J a h r e n  4 in unse rn  L a b o r a t o r i e n  bea rbe i t e t e ,  all- 
gemein  a n w e n d b a r e  u n d  e infache Methode  zur Gewinnung 
yon  19-Nors teroiden.  D u r c h  Anlagerung  unterchlor iger  ~ 
oder  u n t e r b r o m i g e r  6 S~iure an  AS-3fl-Acetoxy-steroide I 
e rhg l t  m a n  die t t a t o g e n h y d r i n e  II .  \Vie die in 5-Stellung 
unsubs t i tu ie r t en ,  s ekund / i r en  6 f l -Hydroxy - s t e ro ide  7,8 
lassen sich auch  die H a l o g e n h y d r i n e  I I  g in die 6fl, 19- 
)kther I I I  umwande ln .  ~Vir benf i t z t en  dazu  sowohl  die 
H y p o j o d i t r e a k t i o n  ~a° als auch die R e a k t i o n  m i t  Blei- 
t e t r a a c e t a t  7 (in Cyclohexan) n ,  wobei  im ers ten  Falle (ins- 
besondere  bei  V e r w e n d u n g  von  B l e i t e t r a a c e t a t  und  Jod  in 
s i edendem Cyclohexan) A u s b e u t e n  bis zu 85% erha l ten  
werden .  Die 5e-Halogen-6fl ,  19-)kther s ind ausserordent -  
lich s tabi l :  m i t  M e t h y t m a g n e s i u m j o d i d  k a n n  z, B eine 17- 
Oxogruppe  in eine 17e-Methyl -17f l -hydroxy-Gruppierung  
u m g e w a n d e t t  und  eine 20-Oxogruppe  k a n n  in b e k a n n t e r  
-Weise ins A~7(2°)-Enolacetat i ibergeff ihr t  werden ,  was die 
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