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bonnie reabsorbed per  l i ter  of glomerular  filtrate*. In  
contras t  to  this,  our  dogs in hypochloremic alkalosis 
showed b ica rbona te  threshold values  rising parallel to the 
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Fig. 3.--The ratio of excreted K/filtered K in relation to blood pH 
in hypochloremic alkalosis. 

crease in bicarbonate  rcabsorpt ion was obscrvcd when a 
6% NaHCO 3 solution was infuse:l dur ing NOn-induced 
hypochloremia.  

These findings demonst ra te  a definite compet i t ion  be- 
tween bicarbonate  and chloride in tubular  reabsorpt ion.  
This  phenonemon was first described by PITTS and 
LOTSPEICR 4 and more recent ly  by 1-fILTON et al. 9 who 
studied the effect of increased p lasma chloride concen- 
t ra t ion on bicarbonate  reabsorption.  

Ctt. TOUSSAINT, M. TELERMAN, 
and P. VFA~I~.t~RGTRAETEN 

Laboratoim de Mddecb, e expdrimentale, Universitd Libre 
de Bruxelles et Fondation M&licale Reine Elisabelh, 
Bruxelles (Belgium), June  30, 1958. 

Rdsumd 

La chlor6mie du chien a 6t5 abaissde h l 'a ide d ' lm  rein 
artificiel en uti l isant des liquides de dialyse off une cer- 
taine quant i t6  de chlore 6tait  remplac6e par  du bicar- 
bonate ou du nitrate, l)ans ces cimditions, l 'hypochlord-  
mie s 'accompagne : 

1 ° d 'une  conservati tm de la f i l tration glom6rulaire;  

20 d 'un  accroissement de l 'excr6tion du sodium, du po- 
tassium et  du chlore; 

3 o d 'une 616nation du scull d 'excrdt ion du bicarbonate .  

J. G. t'hLTON, N. E, Chm,.'c b G, T,  Kms, O, R, Kt~t~t~.sl, V. V. 
GLAVIANO, arid If. ~Vf~:GRIA, J. din. Invest..'~.~, .181 (1956). 

plasma b ica rbona te  concent ra t ion  (Fig. 4). such as has 
been observed  by RELMAN el al. ~, BRAZEAU and GILMAN a, 
and DORMAN and SULLIVAN ? in respiratory acidosis and 
by ROBERTS et al.S in potass ium depletion. A similar in- 
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Fig. 4.--Bicarbonate reabsorption during hypochlorenfic alkalosis 
(black circles) and during 6% NaHCO a infusion (open circles). The 
values under ~25 mEq]l represent data obtained during the control 

periods. 

4 R. F. PITTS and W. D. LOTSPEICH, Amer. J. Physiol. 147, .181 
(m46). 

b A. S. RELMAN, B. ETSTEN, and W. B. SCUWARrZ, J. olin. Invest. 
32~ 972 (1953). 

P. BRAZEAV and A. G~LMAN, Fed. Proc. 1- °, 19 (1953). 
7 p. j .  DORMAN and W. J. SnLHVAN, Fed. Proc. 12, 34 (195:~), 
s K. E. ROBERTS, H. T. RANDALL, ]-a L. SANDERS, and M. HooD, 

J. clin. Invest. 34, 666 (1955). 

On the Participation of the Zona Glomeruloaa 
on the Adrenal Response to Stress 

The adrenal  glomerulosa is considered to be the site of 
mineraloeortieoid production,  as was recent ly  proved by  
MARTROFT and EIS~.:NSTV.'IN I However ,  the physiological  
mechanism by which its function is regulated still remains  
obscure. The conception of the high independence of glo- 
merulosa on pi tui tary  control  = disagrees with the obser- 
vat ion of glomcrulosa reaction taking place only in the 
presence of hypophysis  a or the glomerulosa react ion on 
ACTH in hypophysectomizcd animals  4. The exper imen-  
tal results, here presented,  cont r ibute  to the  closer eluci- 
dation of this problem. 

White  Wis tar  rats, males about  5 mouths  old and 2(10 
to 250 g in weight,  were tim object.  The rats wcrc stressed 
by a single in t ramuscular  injection of 4% formaldehyde  
in the quan t i ty  of 0.3 ml/100 g, and were killed at  inter-  
vals of 1 h and 3 h after  the injcctiim. The adrenals  wcrc 
fixed by 4% formaldehyde with 1% CaCl v The lipids of 

t p. M. HARTROFT and A. B. EISF.NSTEIN, End()erinoh)gy 6o, 6.ti 
{1957). 

2 H. \V. 1)EANI': and R. O. (h~u|.:P, Amer. J. Anat. 79, ll7 (19.1(;). 
- H. W. I)V.A~E, J. H. SUAW, and R. O. GREI:P, Endocrinology 43, 
lq:1 (1948).- F.. IqNOmL, A. MoRsE, and bLO. GREEP, Anat. Rcc. I ° I ,  
,~24 (1955). 

a K. Kovhcs, l~. t io rvh t th  B. M. Kovhcs, G. S. Kovhcs, and 
G. PETRI, Arch. int. Pharmacodyn. l o s ,  170 (1956). - I<, Kovgcs, 
B. M. Kovhcs, G.S. b:ovAcs, and G. PET~, Naturwi.~enschaften 
44, 2,ii (P.~57). - A. NAt.v, A. OLAU, mid S. KARADY, Nature 180, 
1.18l (1:~57). 

a B. C. WI..'XLER, A. I'. I¢.tUl~'lcgv, A.C. GmVVtN, and H. L. RI- 
CIIARDSON, I.'.ndocrin[flogy ,~fi, IOO (1955). - J. l). LEVER, l:ndocriuo- 
h)gy 58, lti3 (1951;). 
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Fig. 1-3.--Series A. The adrenal cortex of the non-stressed rat (Fig. 1) and 1 h (Fig. 2) and 3 h (Fig. 3} after the formaldehyde injection. The 
progressive lipid depletion from the fascicutar as well as glomerular layer can be observed. Sudan black B. x 80. 

Fig. 4-5.--Series B. The adrenalcortex of the non-stressed rat (Fig.4) and 3 h after the formaldehyde injection (Fig. 5). Zona fasciculata of 
non-stressed rat of this series contained less lipids than those of series A. In the third hour after the formaldehyde injection, 
the lipids disappeared from deeper layers of the fascicuiata; zona glomerulosa remains non-influenced. Sudan black B. × 80. 

Fig. 6-7.--The centre of spleen lymphatic nodule of the rat of series A (Fig. 6) and series B (Fig. 7) in the third hour after the beginning 
of stress. The swelling of lymphoid tissue and a marked lymphocyte disintegration took place only in the nodules of series B (Fig. 7). 

The nodules of series A were moderately penetrated by erythrocytes (~). Azur II-Eosin. × 295. 

t h e  f rozen sec t ions  (15 [~) were s t a i n e d  w i t h  S u d a n  b l a c k  B 
a n d  w i t h  Oil r ed  O. Moreover ,  t he  n u m b e r  of leucocytes ,  
t h e i r  d i f fe ren t ia l  count ,  a n d  t he  abso lu t e  n u m b e r  of eosi- 
noph i l s  were d e t e r m i n e d .  The  spleen a n d  t he  t h y m u s  were  
m a d e  u p  b y  h is to logica l  t echn ique .  P a r a f f i n  sec t ions  (5 lz) 
of these  o rgans  were s t a ined  w i t h  Azur  I I - E o s i n  5. 

Series A, used on  J u l y  l l t h ,  c o n t a i n i n g  15 ra ts ,  was  
d iv ided  i n to  t r ios  i n j ec t ed  b y  f o r m a l d e h y d e  success ive ly  
b e t w e e n  9 a .m.  a n d  5 p .m.  One  r a t  of each  t r io  was t he  
n o n - i n j e c t e d  control .  In  series B, t r e a t e d  on  O c t o b e r  8th,  
t h e  f o r m a l d e h y d e  in j ec t ion  in 10 r a t s  was  ca r r ied  o u t  a t  
9 a .m.  Twelve  con t ro l  r a t s  were  killed, p a r t l y  a t  t he  be-  
g inn ing  of th i s  e x p e r i m e n t ,  p a r t l y  t o g e t h e r  w i t h  s t ressed  
ra ts .  

Series A:  As ea r ly  as 1 h a f t e r  f o r m a l d e h y d e  in jec t ion ,  
t he  l ipids of t he  fasc icu la ta  as well as of t he  g lomeru losa  
b e c a m e  m a r k e d l y  r educed  (Fig. 2). The  dep le t ion  of l ipids 
a f fec ted  t he  cell d i s t r i c t s  of f a sc icu la ta  b e t w e e n  w h i c h  
t h e r e  could  be  found  single cells or  g roups  of cells c o n t a i n -  
ing t h e  full a m o u n t  of l ipid d rop le t s  in t h e i r  cy top l a sm.  
I n  t he  g lomerulosa ,  t he  l ipids g r adua l l y  d i sappeared ,  espe- 
c ia l ly  f rom t h e  c y t o p l a s m  of s u b c a p s u l a r  cells. 3 h a f t e r  
f o r m a l d e h y d e  in jec t ion ,  t he  l ipid d i scha rge  in t he  a d r e n a l  
co r t ex  was sti l l  more  a d v a n c e d  (Fig. 3). Cells of t he  fasci- 
c u l a t a  p r e s e r v i n g  t h e  or ig ina l  r a n g e  of l ip id  d rop le t s  were  
scarce.  I n  t h e  g lomeru losa  t h e  S u d a n - p o s i t i v e  m a t e r i a l  of 
s u b c a p s u l a r l y  localized cells comple t e ly  d i s a p p e a r e d ;  how-  
ever,  in deepe r  layers  of th i s  zone, some was p r e se rved  in 
smal l  a m o u n t s  here  a n d  there .  

Series B : The  ad rena l s  of non-s t r e s sed  r a t s  of th i s  series 
di f fered f rom those  of series A b y  less l ipid c o n t e n t  in  t h e  
f a sc i cu la t a  (Fig. 4). T h e  l ipid dep le t ion  i n v o l v i n g  exclu-  
s ive ly  t he  fasc icu la r  l ayer  was  d iscern ib le  as  la te  as  3 h 
a f t e r  s t ress  s t imu lus  (Fig. 5). I t  is n o t e w o r t h y  t h a t  t he  
g lomeru la r  layer  r e m a i n s  una f f ec t ed  a t  t h e  s ame  t ime .  
F u r t h e r m o r e ,  in  d i s t i nc t i on  to  t h e  en t i r e ly  dep le t ed  ad re -  
na l  co r t ex  in the  series A, t h e  d i s a p p e a r i n g  of l ipids was 

s M. BLOCK, V. SMALLER, and J. BROWN, J. Lab. clin. Med. 42, 
145 (1953). 

ca r r i ed  o u t  on ly  in t h e  deeper  layers  of fasc icula ta .  There -  
fore t h e  zona  f a sc i cu la t a  of t h e  s t ressed  r a t s  of series B 
b e c a m e  re l a t ive ly  more  a b u n d a n t  in l ipids t h a n  those  of 
series A a t  c o r r e s p o n d i n g  in te rva l s .  

R e g a r d i n g  t h e  s t r u c t u r e  of l ipid inc lus ions ,  i t  is w o r t h y  
of no te  t h a t  in  ad rena l s  of non-s t ressed ,  as well  as of 
s t ressed  r a t s  of series A, t h e  l ipids  were  depos i t ed  in cells 
b o t h  of g lomeru losa  a n d  f a sc i cu la t a  in  t h e  fo rm of v e r y  
fine d rop le t s ;  on  t h e  o t h e r  h a n d ,  in  series B in t h e  form 
of coarse  vacuoles .  

B o t h  series of r a t s  d i f fered in  t h e i r  in i t i a l  level  of leuco- 
cy tes  w h i c h  a m o u n t e d  to  12,900 :h 4,205 in series A a n d  
to 7,750 4- 1,600 in series B. T h e  di f ference was s t a t i s t i -  
ca l ly  s igni f icant ,  p < 0.01. S imi la r ly  t h e  d i f ference  in the  
in i t i a l  l y m p h o c y t e  level  a m o u n t i n g  to  10,404 ~ 3,252 in 
series A, whereas  on ly  to  5,717 :[: 1,845 in series B, was 
s t a t i s t i ca l ly  s igni f icant ,  p < 0.002. T h e  di f ferences  in 
va lues  of n e u t r o p h i l s  a n d  eos inophi l s  were  n o t  s igni f icant .  
U p  to  t h e  t h i r d  h o u r  a f t e r  f o r m a l d e h y d e  in jec t ion ,  t h e  
lower ing  of l y m p h o c y t e s  a n d  eosinophi ls ,  a n d  t h e  dis in te-  
g r a t i o n  of l y m p h o c y t e s  in  t h e  t h y m u s  co r t ex  was no t iced  
in  b o t h  series w i t h o u t  a n y  a p p a r e n t  difference.  Di f fe ren t  
resu l t s  were  ga ined  w h e n  qua l i fy ing  t h e  s t ress  c h a n g e s  in 
t h e  l igh t  cen t res  of t h e  l y m p h a t i c  nodu les  of t h e  spleens.  
I n  series A, t h e  d i s i n t e g r a t i o n  of l y m p h o c y t e s  was  nea r ly  
a b s e n t  (Fig. 6). On  t h e  o t h e r  h a n d ,  in  ser ies  B, swell ing 
of t h e  n o d u l a r  l y m p h o i d  t issue,  l ack ing  in series A, an d  
m a r k e d  d i s i n t eg ra t i o n  of l y m p h o c y t e s ,  was  found  (Fig. 7). 
I n  t h e  cen t r e s  of sp leen  nodu les  of non - s t r e s sed  r a t s  in 
series A, t h e  r e t i cu la r  cells p r e d o m i n a t e d  ove r  large  an d  
med i u m-s i zed  l y m p h o c y t e s ;  on  t h e  o t h e r  h a n d ,  t h e  cen- 
t r e s  in series B c o n t a i n e d  a wel l - formed zone of large  an d  
med i u m-s i zed  l y m p h o c y t e s  a n d  a zone of r e t i cu la r  cells. 

Discussion. Stress  r e sponse  of t h e  a d r e n a l  co r t ex  dif- 
fered in  b o t h  series of ra ts .  H o w e v e r ,  even  t h e  s t a r t i n g  
s t a t e  of t h e  r a t s  of b o t h  series was  d i f f e ren t  as j u d g e d  b y  
t h e  b lood l y m p h o c y t e s  level,  b y  t h e  a c t i v i t y  of cen t res  of 
spleen l y m p h a t i c  nodu les  a n d  b y  t h e  l ipid c o n t e n t  of the  
zona  fasc icula ta .  R e g a r d i n g  t h e  low l ipid c o n t e n t  of fasci- 
cu la ta ,  we m a y  suppose  a h i g h  i n i t i a l p e r i p h e r a l  glucocort i -  
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coid level  in  r a t s  of series B. Therefore  the  fasc icula ta  of 
t he i r  ad rena l s  m i g h t  r e spond  to s t ress  in a less in tens ive  
way  t h a n  those  of series A, where,  on  the  con t ra ry ,  a 
lower in i t i a l  g lucocor t ico id  level could be supposed.  The  
l ipid dep l e t i on  of g lomeru losa  t ook  place only  in the  case 
of i n t e n s i v e  s t ress  r eac t i on  of fasciculata .  Deducing  f rom 
SELYE'S e c o n c e p t i o n  of rec iprocal  func t ion  of gluco- and  
minera locor t ico ids ,  we m a y  suppose  t he  reac t ion  of glo- 
meru losa  in series A to  c o m p e n s a t e  t he  overshoo t ing  stress  
r eac t ion  of t he  fascicula ta .  The  s t imulus  to  the  minera lo-  
cor t icoid  secre t ion  p r o b a b l y  came  f rom the  t issue changes,  
especial ly  f rom the  changes  in t he i r  phys ica l  chemical  
s ta te ,  caused  b y  glucocort icoids .  Our  view is suppor t ed  
b y  a n  o b s e r v a t i o n  of a m a r k e d  swell ing of spleen lymphoid  
t i ssue  a f t e r  t h e  h y d r o c o r t i s o n e  in jec t ion  in adrenalec to-  
mized  r a t s  7, wh ich  was far  more  developed t h a n  the  
l y m p h o i d  t i ssue  swell ing in series B. This  would be ex- 
pec ted  because  t he  supposed  abo l i sh ing  ac t ion  of minera lo-  
cor t icoids  d id  no t  en t i r e ly  t ake  place in adrena lec tomized  
ones. 

T h e  fac to rs  d e t e r m i n i n g  t he  n e u r o h u m o r a l  s t a t e  of b o t h  
series of r a t s  could  no t  be  def ined more  precisely. We  con- 
s ider  t h e  in f luence  of t he  d iu rna l  cycle itself to  be a lmos t  
improbab le .  Beside  it, b o t h  the  season and  the  t empera -  
t u r e  of t he  s u r r o u n d i n g s  m u s t  exercise some influence.  

M. HILL, M. PosPf~IL, and  K. Dvo~.g,K 

Fig. l.--Longitudinal sections through femora of 6-day chick em- 
bryos, cultivated for 8 days : A - on horse serum-ascitie fluid medium 
and B - on a similar medium with cortisone added. H.-E. x 900, 

0 = osteoblasts; b = bone material. 

Department o/ Histology and Embryology, Faculty o/ 
Medicine, University o/ Brno and Biophysical Institute o/ 
the Academy o/Sciences in Brno (Czechoslovakia), June 3, 
1958. 

Zusammenlassung 
Zwei Ser ien R a t t e n  w u r d e n  d u r c h  F o r m a l i n i n j e k t i o n  

be las te t .  Die Zona  g lomeru losa  de r  Nebenn ie ren r inde  re- 
ag ie r te  d u r c h  L i p o i d a u s s c h e i d u n g  n u r  in j ener  Serie, die 
d u r c h  h o h e  L y m p h o z y t e n z a h l  des Blutes ,  hohen  Lipoid-  
geha l t  de r  Fasc icu la ta ,  k l e ine re  Aktivi t~t t  der  L y m p h k n 6 t -  
chen  de r  Milz u n d  auf fa l l end  in tens ive  S t ress reak t ion  der  
F a s c i c u l a t a  c h a r a k t e r i s i e r t  war.  Bei R a t t e n ,  deren  Glome- 
ru losa  ihre  Lipoide  ausgesch ieden  h a t t e ,  t r a t  weder  
Schwe l lung  n o c h  D e s i n t e g r a t i o n  des l y m p h a t i s c h e n  Ge- 
webes  de r  Milz auf.  

s H. SELYE and G. HEUSER, A n n u a l  report on stress 1955-1956 
(New York 1956). 

7 M. HILL, unpublished observation. 

T h e  Act ion  of Cort i sone  on the 
E m b r y o n i c  Cart i lage  and M u s c l e  in ~,itro 

Cor t i sone  exe r t s  a n  i n h i b i t o r y  ac t ion  on  the  g rowth  of 
r a t s  I a n d  p roduces  m a r k e d  abnorma l i t i e s  in the  newly 
fo rmed  ca r t i l age  a n d  bone  ~. These  effects of the  h o r m o n e  
could be  der ived  f rom its k n o w n  suppress ing  ac t ion  on  
the  d e v e l o p m e n t  of all  t he  e l emen t s  of m a m m a l i a n  con-  
nec t ive  t i ssues  3. I n h i b i t i o n  of g r o w t h  b y  cor t isone has  
also been  s h o w n  in t he  chick  e m b r y o  4 and  its an t i -  

I B. B. WELLS and E. KENDALL, Proc. Staff Meet. Mayo Clin. 15, 
324 (1940). 

2 R. H. FOLLIS, jr., Proc. Soc. exp. Biol. Med. 76, 722 (1951). 
3 CH. RAGAN, Connective tissues (First Conference, J. MACY, jr. 

1950). 
4 D. A. KARNOFSKY, L.P. RIDGEWAY, and P. A. PATTERSON, En- 

docrinology 48, 596 (1951). - G. L. SAMES and J. H. LEATHEI, Proc. 
Soc. exp. Biol. Med. 78, 231 (1951). - H. SOBEL, Proc. Soc. exp. Biol. 
Med. 97, 495 (1958). 

i n f l a m m a t o r y  effect on  chor io -a l l an to ic  g ra f t s  s, T h e  
ques t ion  has,  therefore,  been  raised w h e t h e r  such  effects  
could be  a t t r i b u t e d  to a d i rec t  ac t ion  of t h e  h o r m o n e  on  
bone g rowth  or else are i n t e r m e d i a t e  t h r o u g h  some o t h e r  
endocr ines  or the  general  me tabo l i sm.  

In  the  exper imen t s  r epo r t ed  here,  t h e  effect  of cor t i -  
sone on femora  from 6-day  ch ick  e m b r y o s  c u l t i v a t e d  b y  
the  l iquid medium-cel lulose  m e m b r a n e  p rocedure  on  a 
heterologous  m e d i u m  s were s tudied .  

Cortisone* in the  a m o u n t  of 0.02 m g / m l  was a d d e d  to  t h e  
l iquid cul ture  medium.  T h u s  the  ac t ion  of t h e  h o r m o n e  
was d i rec t  upon  the  ca r t i l ageneous  r u d i m e n t  of t h e  femur ,  
prec luding  in t e r j acen t  factors.  In  t o t a l  32 cu l tu re s  were 
grown, 16 on  media  con ta in ing  cor t i sone  t h r o u g h o u t  t h e  
whole per iod of e x p e r i m e n t a t i o n  a n d  16 w i t h o u t  t h e  
hormone ,  as controls .  B o t h  femora  of one  e m b r y o  were  
cu l t iva ted  in the  d i f fe rent  media ,  t h u s  possible  ind iv i -  
dua l  differences were excluded.  

Results. The  effects of cor t i sone  were m a n i f e s t e d  in t h e  
r e t a r d a t i o n  of g rowth  of the  whole  r u d i m e n t ,  a n d  in t h e  
bend ing  of the  exp l an t s  which  occur red  more  of ten  in t h e  
t r ea t ed  cul tures  t h a n  in t h e  controls .  His to log ica l ly  t h e  
u n t r e a t e d  exp l an t s  showed  t h e  typ ica l  d e v e l o p m e n t a l  
changes  of the  embryon ic  car t i l age  in vitro m o s t  exac t -  
ingly descr ibed by  Fel lL Af ter  the  8 th  d a y  of c u l t i v a t i o n  
the  d iaphysea l  car t i lage  showed  a m a r k e d  h y p e r t r o p h y  
(Fig. 1 A), cha rac te r i s t i c  of the  s tage  p reced ing  t h e  pene-  
t r a t i o n  of the  car t i lage  b y  the  connec t ive  t i ssue  of t h e  
pe r ios t eum in vivo. The  cells were swollen in to  vesicles  
an d  the  in te r s t i t i a l  s u b s t a n c e  be tween  t h e m  b e c a m e  t h i n  
a n d  calcified. On t h e  surface of the  d iaphys i s  a c o n t i n u o u s  
layer  of cells appea red  sugges t ing  a row of o s t eob la s t s  
associa ted wi th  the  f o r m a t i o n  of osseous t issue (Fig. 1 A, 
o). A t h i n  b u t  d i s t inc t  b a n d  of bone  ma te r i a l  was fo rmed  
a r o u n d  t h e  d iaphys i s  (Fig. 1 A, b). 
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