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Le 18 n o v e m b r e  1946, les 24 j anv ie r ,  17 f6vr ier  et  
4 mars  1947, ce t t e  lapine  a re~u 20 y d ' u n e  so lu t ion  
b icarbonat6e  d ' ac ide  f0 I iquO d u n s  les ve ines .  Chaque  
fois, ce t t e  in jec t ion  a p rovoqu6  un d6s6quil ibre sanguin  
dont l ' a m p l e u r  d6passe de beaucoup  la marge  des var ia -  
tions spontan6es .  Ce d6s6quil ibre int6resse au moins  
deux des 616ments du sang:  les dry throcy t e s  et  les 
leucocytes.  P o u r  ces derniers,  Fac t ion  est  par t icul i6re-  
ment  marqu6e ;  elle n ' e s t  en aucune  mani6re  sous la d6- 
pendanee des ph6nom~nes  digest i fs :  no t r e  lapine  6 ta i t  
rest6e ~ jeun  t o u t  te your de l ' in jec t ion .  Le l eucocy tose  
a t t e in t  c h a q n e  lois des va leurs  6tev6es;  qui  croissent  k 

l ' in jec t ion ,  appa ra i s s an t  i r r6gul i6rement  en t r e  la  2me 
e t  la 8me heure ,  il y a un p r emie r  ph6nom6ne  s o u v e n t  
discret ,  t o u j o u r s  tr6s fugace ,  la l eucocy tose  en par t i -  
cul ler  ne dure  pus plus de une  k d e u x  heures  e t  6chappe  
f ac i l emen t  b. l ' obse rva t ion ,  Ceci es t  i l lustr6 pa r  les deux  
pe t i t e s  courbes  encadr6es,  /x l '6chel le  horaire .  Ce ph6- 
nom6ne  est  suivi  d ' u n  deux i6me  qu i  est  souven t  plus 
in tense  ou t o u t  au moins  plus prolong6.  I1 a p p a r a i t  duns 
le c o u r a n t  de la 2me, de la 3me ou m6me  de la 4me 
journ6e.  Sur  ce t t e  r6ac t ion  v i e n n e n t  que lque  lois s 'en  
greffer  d ' a u t r e s :  pa r  leur  intensi t6 ,  elles ne semblen t  
pas  ~tre un re t iqua t  de la r6aet ion initiate,  mais  cons-  
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chaque in jec t ion .  Les m a x i m a  observ6s on t  6t6 succes- 
s ivement  de 23000, 35000, 70000 e t  84000 616ments 
par m m L  En ce qu i  concerne  les 6 ry th rocy tes ,  c ' e s t  
la charge en  h6moglobine ,  la v a l e u r  g tobula i re  qu i  varie .  
Lorsqu 'on  po r t e  en eourbe  ces va r i a t ions  de  la  v a l e u r  
globulaire on ob t i en t  des f igures qu i  d i f f6rent  d ' u n  
animal h l ' a u t r e  e t  chez le m 6 m e  an ima l  au cours  d 'es-  
sais successifs : ou bien la v a l e u r  g lobnla i re  a u g m e n t e  ou 
bien elle d i m i n u e ;  elle p e n t  aussi  baisser  apr6s avo i r  aug-  
ment6. Ce qu i  compte ,  c ' e s t  la v a l e u r  e t  la rap id i t6  de la 
d6nivellat ion,  A v a n t  de r e t o u r n e r  h la v a l e u r  ini t iale,  
ce qui  se fair  au b o u t  de 8 yours, envi ron ,  on observe  
une sui te  d 'osc i l la t ions  d ' a m p l i t u d e  d6croissante.  

Ces effets  s emb len t  a b s o l u m e n t  g6n6raux.  Nous  les 
avons observ6s sur  8 lapins & a g e  et  de sexe diff6rents  
que nous avons  t ra i t6s  avec  des doses d ' ac ide  fol ique 
var iant  de la dose seuil (10 1') h 130 y. Les for tes  doses, 
pas plus que  les doses r6p6t6es, ne semblen t  a u g m e n t e r  
ni la dur6e ni l ' in tens i t6  des r6ponses.  Donn6 par  voie  
buccale, l ' ac ide  fo l ique  semble  perdre  t o u t e  son ac t ion  
sur l ' h6matopoi6se  n o r m a l e :  a v e c  50 7 nous n ' a v o n s  
eu aucune  va r i a t i on  de la v a l e u r  g lobula i re  e t  les var ia -  
tions des l eucocy tes  6 ta ien t  tr6s peu  s ignif ica t ives  
(voir l 'essai  h d ro i t e  de la  figure).  

A ne consid6rer  que  le sang c i rcu lan t ,  l ' ac ide  fol ique 
parait  agir  d ' u n e  mani6re  complexe .  Duns  la journ6e  de  

1 Nous tenons A remereier encore une lois Monsieur le Professeur 
C. A. ELVEHJEM pour l'envoi d'un 6chantillon d'acide folique syn- 
th6tique. 

t i t u e r  un ph6nom6ne  ind6pendan t .  I1 est v ra i semblab le  
que  la  pers i s tance  de ce d6s6quil ibre sanguin  West  pas 
due  ~ l ' ac ide  fo l ique  lui m6me  mais  b. des corps  r6su l tan t  
de sa t r a n s f o r m a t i o n  dans  l ' o rgan i sme .  

1Vous nous pr6occupons  de  savo i r  si ees ph6nom6nes  
son t  li6s ~t des modi f i ca t ions  des organes  h6mopoi6 t iques  
ou ~ une  s imple  mobi l i sa t ion  des  616ments sangnins  d6j~ 
lib6r6s. M. LOURAU et  G. MARINONE 

I n s t i t u t  de biologic phys ico-ch imique ,  Serv ice  de phy-  
siologie, Paris ,  le 20 mars  1947. 

S u m m a r y  

Af te r  i n t r a v e n o u s  in jec t ions  of 10 7 or  more  of folic 
acid  to  no rma l  rabb i t s  t he  fol lowing p h e n o m e n a  are  
obse rved  in t he  b lood :  a rap id  va r i a t i on  of t h e  eolori-  
me t r i c  i ndex :  a m a r k e d  leucocytosis .  Tile f igure illus- 
t r a t e s  these  p h e n o m e n a  which are  v e r y  fugi t ive ,  par t ic -  
u lar ly  the  leucocytosis .  

Histochemical analysis by X-rays 
of long wavelengths 

In  a series of  works  LAMARQUE I a n d  co-workers  a n d  
o the r s  showed t h a t  i t  is possible  to  obta in ,  in r e l a t i ve ly  
cons iderab le  en la rgemen t ,  c lear  and  d is t inc t  mic rorad io-  

1 p. LAMARQI:E, J. Radiol. et Electr. 20, 325 (1936); J. Beige 
Radiol. '27, 109 (1938). 
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g r a m s  of t h i n  b io log ica l  t i s sue  sec t ions .  I n  1946 ENG- 
S'rR6M~, * s h o w e d  t h a t ,  b y  m e a n s  of X - r a y  a b s o r p t i o n  
s p e c t r o g r a p h y  c o m b i n e d  w i t h  m i c r o r a d i o g r a p h y ,  i t  is 
poss ib le  to  m a k e  a q u a n t i t a t i v e  e l e m e n t a r y  a n a l y s i s  of 
c e r t a i n  e l e m e n t s  w i t h i n  v e r y  s m a l i  p a r t s  of a b io log ica l  
t issue,  in  c e r t a i n  cases  of t h e  i n d i v i d u a l  cell. T h i s  a n a -  
ly t i ca l  p r o c e d u r e  is b a s e d  u p o n  t h e  m e a s u r e m e n t  of t h e  
a b s o r p t i o n  of m o n o c h r o m a t i c  X - r a y s  w i t h i n  a v e r y  sma l l  
su r face  of a n  ob jec t ,  e .g .  a m i c r o t o m e  sec t ion  of a t issue.  
B y  r e p e a t i n g  t h e  m e a s u r e m e n t  p r o c e d u r e  in a ser ies  of 
w a v e l e n g t h s  ly ing  on  d i f f e r e n t  s ides of a long  w a v e  
a b s o r p t i o n  edge for  t h e  s o u g h t - f o r  e l emen t ,  t h e  a m o u n t  
of t h e  l a t t e r  c a n  be  ca l cu l a t ed .  F o r  t h e  t h e o r e t i c a l  bas is  
of t h e  a n a l y s i s  r e fe rence  s h o u l d  be  m a d e  to  ENGSTR6M 2. 

O w i n g  to  t h e  f ac t  t h a t  t h e  b io log ica l ly  i n t e r e s t i n g  ele- 
n l e n t s  h a v e  low a t o m i c  n u m b e r s ,  t h e i r  c h a r a c t e r i s t i c  
a b s o r p t i o n  edges  lie w i t h i n  t h e  e x t r e m e l y  sof t  X - r a y  
reg ion ,  w h i c h  i n v o l v e s  t e c h n i c a l  d i f f icul t ies ,  as  t h e  
a p p a r a t u s  e m p l o y e d  for o b t a i n i n g  l ong  w a v e  m o n o -  
c h r o m a t i c  X - r a y s  is r a t h e r  c o m p l i c a t e d .  

F o r  m e a s u r e m e n t s  w h e r e  v e r y  g r e a t  a c c u r a c y  is n o t  
necessa ry ,  a n d  for  m i c r o r a d i o g r a p h y  w i t h  long  w a v e  
f i l t e red  p r i m a r y  r a d i a t i o n ,  t h e  s i m p l e  a p p a r a t u s  desc r ib -  
ed  be low is a p p r o p r i a t e .  Fig.  1A shows  a l o n g i t u d i n a l  
s ec t ion  t h r o u g h  t h e  a p p a r a t u s .  T h e  a n o d e  A, t h e  po-  
s i t i o n  of w h i c h  is a d j u s t a b l e  in  h i g h  v a c u u m ,  is i so l a t ed  
f r o m  t h e  r e s t  of t h e  X - r a y  t u b e  b y  m e a n s  of a po rce l a in  
t u b e  a n d  ha s  p o s i t i v e  vo l t age .  T h e  focus  is c o a t e d  w i t h  
p I a t i n u m .  T h e  f i l a m e n t ,  w h i c h  is ox ide -coa t ed ,  is ar-  
r a n g e d  to  g ive  a l ine  focus.  T h e  a n o d e  A, t h e  t u b e  b o d y  
B,  a n d  t h e  c a t h o d e  C, are  wa te r -coo led .  All  t h e  v a c u u m  
p a c k i n g s  a re  e f fec ted  w i t h  r u b b e r .  Fig.  1 B  shows  a 
cross  s ec t i on  t h r o u g h  t h e  t u b e  as  u sed  for  m i c r o r a d i o -  
g r a p h y  w i t h  p r i m a r y  r a d i a t i o n .  T h e  t u b e  is e v a c u a t e d  
t o  h i g h  v a c u u m  t h r o u g h  t h e  c h a n n e l  V (see Fig.  1C) 
a n d  is c losed  in  t h e  f r o n t  b y  t h e  a l u m i n i u m  foil  F ,  w h i c h  
se rves  a t  t h e  s a m e  t i m e  as a f i l ter .  T h e  p r i m a r y  r a d i a t i o n  
t h u s  passes  t h e  foil  a n d  i m p i n g e s  s u b s e q u e n t l y  on  t h e  
s p e c i m e n  a n d  t h e  f i lm,  w h i c h  a re  in  good  c o n t a c t  w i t h  
e a c h  o t h e r  a t  S. T h e  s p e c i m e n  c h a m b e r  is e v a c u a t e d  b y  
m e a n s  of a spec ia l  v a c u u m  s y s t e m  t h r o u g h  E.  W i t h  a 
r e a s o n a b l y  long  e x p o s u r e  t ime ,  i t  is poss ib le  to  o b t a i n  
good  m i c r o r a d i o g r a m s  in w a v e - l e n g t h s  u p  to  c. 30 A 
(c. 400 V) on  a f i n e - g r a i n e d  f i lm e .g .  I l fo rd  H i g h  Reso-  
l u t i o n  or  E a s t m a n  T y p e  548-0. 

W i t h  t h e  use  of c h a r a c t e r i s t i c  s e c o n d a r y  K - r a d i a t i o n  
t h e  t u b e  is e m p l o y e d  a c c o r d i n g  to  Fig.  1C. O p p o s i t e  
t h e  e m e r g e n c e  a p e r t u r e  for  t h e  p r i m a r y  r a d i a t i o n  is 
p l a c e d  a p l u g  H,  o n  w h i c h  is so lde red  t h e  m e t a l  or  
r u b b e d  in  t h e  e l e m e n t  w h o s e  c h a r a c t e r i s t i c  r a d i a t i o n  is 
des i red .  T h e  s p e c i m e n  a n d  t h e  f i lm a re  p l a c e d  a t  P, a n d  
t h e  e v a c u a t i o n  t a k e s  p lace  t h r o u g h  E .  

T h e  c h a r a c t e r i s t i c  r a d i a t i o n  is r e l a t i v e l y  m o n o c h r o -  
m a r i e  w h e n  K - r a d i a t i o n  is e m p l o y e d ,  a n d  L - - a n d  longe r  
w a v e  r a d i a t i o n  is f i l t e red  off. I n  t h e  fo l lowing t a b l e  is 
s h o w n  a ser ies  of a n a l y s i s  resu l t s ,  w h e n  s e c o n d a r y  ra-  
d i a t i o n  was  emp loyed .  I n  m i c r o - c u v e t t e s  h o l d i n g  1 m m  3 
w h i c h  a re  i n s e r t e d  a t  t h e  p lace  of t h e  s p e c i m e n  P in 
Fig.  1 C, t h e  a m o u n t  of i ron  in w a t e r  s o l u t i o n s  of k n o w n  
i r o n - c o n t e n t  was  d e t e r m i n e d .  T h e  ana ly s i s  was  m a d e  
a t  n o r m a l  p ressu re .  

S e c o n d a r y  r a d i a t i o n  f r o m  28 Ni  a n d  27 Co was  
e m p l o y e d .  T h e s e  K - r a d i a t i o n s  h a v e  w a v e - l e n g t h s  l y ing  
on  e i t h e r  s ide  of t h e  K - a b s o r p t i o n  edge  a n d  i ron,  1 .74  A. 
T h e  m a s s  a b s o r p t i o n  coef f ic ien t s  for  s e c o n d a r y  r a d i a t i o n  
f rom Ni  a n d  Co in i ron  a re  314 a n d  67 r e spec t i ve ly .  T h e  

1 A. ENGSTRON, Nature t,~8, 664 (1946). 
2 A. ENGSTROM, Acta Radiol. (Stockholm), Suppl. LXIII  (I946). 

a b s o r p t i o n  of t h e  X - r a y s  in  t h e  s p e c i m e n  was  m e a s u r e d  
p h o t o g r a p h i c a l l y - p h o t o m e t r i c a l l y ,  a n d  t h e  ca l cu la t ions  
m a d e  a c c o r d i n g  to  EIqCSTRSM ~. 
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A h i s to log ica l  a p p l i c a t i o n  is as fo l lows:  I n  Fig.  2 is 
s h o w n  a m i c r o r a d i o g r a m  of a sec t ion  of skin,  t a k e n  wi th  
f i l t e red  p r i m a r y  r a d i a t i o n ,  w i t h  a t u b e  v o l t a g e  of 800 V, 
c o r r e s p o n d i n g  t o  a n  e f fec t ive  w a v e - l e n g t h  of ~ 20 A.  The  
m a g n i f i c a t i o n  is 70 t imes ,  a n d  i t  a p p e a r s  f r o m  t h e  pho to -  
g r a p h  t h a t ,  w h e n  t h i s  e x t r e m e l y  sof t  r a d i a t i o n  is 
e m p l o y e d ,  in  r e s p e c t  to  X - r a y  a b s o r p t i o n  t h e  skin 

I 5 IOGM 

IA 
V C 

F,G,c \'i 

Fig. 1. X-ray tube for primary and secondary microradiography. 

1 A. ENOSTROM, Aeta Radiol. (Stockholm), Suppl. LXIII (19.16). 
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consists of layers sharply delimited from each other, 
one outer,  more strongly absorbing one, corresponding 
to the S t ra tum Corneum, and one inner, more weakly 
absorbing one, corresponding to the other  layers of the 
skin. The border between the skin and the underlying 
connective tissue appears clearly. If, instead, an ex- 
posure is made of this section with characteristic see- 
ondary radiat ion from 16 S and 17 C1 with K-radiat ion 

gp l000/~ ,  and the measurement  surface is shifted along 
the line A - B - C  in Fig. 2. The thickness of the section 
is I5/~. 

With  the filtered pr imary  radiation, measurements  
were also made in the region of the K-absorption edges 
of oxygen and nitrogen, but  these measurements  could 
not give quant i ta t ive  data  direct, as the breadth of the 
radiat ion band was too great. In the case of exposures 
with these extremely soft X-rays, very small amounts  
of high atomic elements also stand out in contrast  to, 
e.g., ordinary tissue. By allowing certain substances 
in the tissue to react with heavy elements, e.g. glycogen 
with iodine, nucleic acids with lan thanum ions, protein 
with phosphotungst ic  acid, etc., and then determining 
these heavy elements in the cell or a par t  of the tissue 
section with long wave pr imary  radiation, a kind of 
" X - r a y  s t a in ing"  is obtained.  Thus it  seems possible, a t  
least semi-quant i ta t ively ,  to determine in this manner  
certain groups of substances on a histo- and cytochemicat  
scale. 

The invest igation has been aided by a grant  from 
the Swedish Medical Research Council. 

A. ENGSTROM and B. LINDSTROM 

Depar tment  for Cell Research, Karolinska Ins t i tu te t ,  
Stockholm, April 6, 1947. 

Fig, ~. Mieroradiogram of a section of skin. 

5"36 and 4"72 A respectively,  the sulphur content  in 
different parts of the skin can be determined. The K- 
absorption edge for sulphur has the wave length 5.00 A. 
The results of such a sulphur determinat ion appear 
from Fig. 3. The absorption of the X-rays was measured 
by the photographic-photometr ic  method.  For  measure- 
ments of the photographic density which always takes 
place directly on the X-ray film, the technique and ap- 
paratus, worked out by CASPERSSON 1 for measuring the 
light absorption in individual  cell-details, was employed. 
The size of the measurement  surface was 1000/z*, owing 
to the fact tha t  even exposures a t  5-36 and 4.72 A 
respectively reyealed a division in homogeneous layers 
of the skin.  The amount  of Sulphur is given in 10 -~° 
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Fig. 3. Determination of sulphur in different layers in skin. 
Compare Fig. 2. 

1 T. CASPER$SON, J. Roy. Micr. Soc. 60, 8 (1940). 

Rdsumd 

Description d 'un  appareil  pour renreg is t rement  de 
microradiogrammes avec des rayons X extrSmement  
mous. I1 convient  aussi bien 5. l 'emploi  du rayonnement  
primaire filtr6 qu 'k  celui du rayonnement  secondalre 
caractdristique. Ce dernier rend possible une analyse 
cyto- et histochimique au moins semi-quant i ta t ive .  

Les effets de l'autotransplantation pr6portale 
de la thyro'fde chez la Rate 

Les recherches r6centes de GOLDEN et SEVERING- 
HAUS 1, de E N G E L  2, de LIPSCHOTZ 3, ont montr6 que les 
t ransplants  d 'ovaire  ont, che~ la Rate,  la Lapine ou 
Ia Cobaye, une action tr~s diffdrente sur l 'dquitibre 
endocrinien, suivant  qu' i ls  sont transplantds soit dans 
la rdgion axillaire ou les muscles du dos, soit dans le 
m~sent~re 0u dans ta rate. Dans ce dernier cas l 'animal  
prend le type ovarieetomisd, car les produits  s6crdt6s 
par le t ransplant  ovarien sont drain6s vers le paren- 
chyme h6patique qui a la propridtd de les inactiver,  tau t  
in vitro qu'in vivo (SILBERSTEIN 4, RONDONI ~ ZONDEK 6, 
ISRAEL v, BISKIND R, HELLER 9, SCHILLER10). 

Or, comme les hormones oestrog~nes naturelles, la 
thyroxine est plus act ive par vole parentdrale que per os. 
I1 nous a paru int6ressant de suivre le sort de thyroides 
transplantdes en amont  du tronc porte. MANLEY et 

1 GOLDEN, GEVERINGHAUS~ Inactivation of estrogenic hormone 
of the ovary by the liver, Proe. Soc. exp. Biol. Med. 89, 361 (1938). 

2 ENGEL, A study of inactivation of ovarian hormone by the 
liver, Endocrinology 38, 70 (1944). 

3 LtPSCII~)TZ, Study of the gonadotrophic activity of the hypo- 
physis in situ, Nature 1fi7, 551 (1946). 

4 S1LBERSTEIN, MOLN~R, ENGEL, l,~lin. Wschr. 12, 1694 (1933). 
5 RONDON1, CARMINATt, CORBELLIN1, Z. Physiol. 24, 171 (1934). 
6 ZONDEK, Skand. Arch. Physiol. 70, 1,33 (1934). 
7 ISRAEL, MERANZI, JOHNSTON, Am. J. rood. Sei. 194, 83,~ (1937). 
8 BISEIND, Endocrinology 28, 894 (19.4]). 

HELLER, Science .99, 145 (1944). 
l0 SCHILLER, Endocrinology 86, 715 (194~,). 

13 Exper. 


