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these  cells. This a s sumpt ion  is, however ,  con t r a ry  to a 
previous  suggest ion t h a t  re t ieuloeytes  have  2 ,3 -DPG 
concen t ra t ions  lower t h a n  those  of ma tu r e  red blood 
ceils ~a. 
W h a t  is the  significance of the  6- to 8fold rise in 2, 3-DPG 
in the  red blood cells of sheep dur ing anaemia  ? The 
answer  to th is  ques t ion  is obscure, a l though  Professor  
G. J. Brewer  (personal communica t ion)  argues t h a t  while 
2, 3-DPG levels m a y  be low and  the  aff ini ty  of the  haemo-  
globin for 2, 3-DPG be reduced  in animals  such as sheep, 
the  aff ini ty  is not zero and an increase in 2, 3-DPG will have  
some effect  on oxygen affinity.  His a rgumen t  seems to be 
s t r eng thened  by  the  in vi t ro  observat ions  of B u n n  et  aLL 
Despi te  a mul t i tude  of s tudies  there  is, as yet ,  no com- 
plete unde r s t and ing  of the  impor tance  of high concen-  
t ra t ion  of 2, 3-DPG in the  red blood cells of some species. 

I t  is known to affect  p H  and  the  D o n n a n  equi l ibr ium 
be tween  the  red cell and p lasma  4, 5. Some workers  have  
pos tu la ted  t h a t  red cell 2, 3-DPG plays  a role in po tas s ium 
t ranspor t ,  possibly by  way  of 2, 3-d iphosphoglycera te  
phosphatase14,15. I t  is of in te res t  to  note  t h a t  the  im- 
ma tu re  red cells in the  blood of anaemic  sheep have  m a n y  
t imes  higher  concen t ra t ions  of po ta s s ium and a m u c h  
grea te r  ac t iv i ty  of sodium po ta s s ium ac t iva ted  adenosine  
t r i phospha ta se  enzyme t h a n  the  ma t u r e  (low potass ium) 
red cells 9. I t  is a p p a r e n t  t h a t  fu r the r  eva lua t ion  of the  
possible mechan i sms  rela t ing hypoxia ,  red blood cell 
glycolytic ra te  and concen t ra t ion  of 2 ,3 -DPG is re- 
quired.  

14 G. Gardos, Experientia 23, 19 (1967). 
15 J.C. Parker, J. Clin. Invest. 48, 117 (1969). 
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Summary. In jec t ion  of c a d m i u m  chloride in toad  increased Leydig  cell size (area) and As-3/%hydroxysteroid dehydro-  
genase ac t iv i ty  in t he  test is .  

Spermatogenic  a r res t  due  to c a d m i u m  injec t ion  in rat" ,  
micea, bird ~ and toad5 has been noted  by  m a n y  inves- 
t igators .  Gunn  et  al 6, 7 have  repor ted  t h a t  c a d m i u m  ad- 
min i s t ra t ion  in ra ts  and mice developes in ters t i t ia l  cell 
t u m o r  (ICT) in test is .  A single subcu taneous  inject ion of 
c admium  sal t  also causes h y p e r t r o p h y  of the  Leydig cells 
in pigeon 8. To the  bes t  of our knowledge,  the  effect  of 
c a d m i u m  on the  Leydig  cells of h ibe rna t ing  amph ib ians  
has no t  ye t  been s tudied.  
The presen t  work has been  t aken  up to s t u d y  the  his to logy 
of the  Leydig ceils and  the  ac t iv i ty  of enzyme A5-3/3 - 
hyd roxys t e ro id  dehydrogenase  (Js-3f i -HSD) in cadmium-  
t r ea t ed  toad  testis .  
15 male toads  (Bufo melanost ic tus)  of average weights  
f rom 55 to 60 g were used in the  p resen t  expe r imen t s  
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Fig. 1. As-3fl-hydroxysteroid dehydrogenase in the testis of normal Fig. 2.~ls-3/~-hydroxysteroid dehydrogenase in the testis of cadmium- 
toad. • 96. treated toad. • 96. 
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d u r i n g  n o n - h i b e r n a t i o n .  The  an ima l s  were d iv ided  equa l ly  
in to  3 groups.  A single s u b c u t a n e o u s  in j ec t ion  of 0.5 mg  
of c a d m i u m  chlor ide  was g iven  to  2 g roups  of an ima l s  
a n d  t he  con t ro l  g roup  received 0.2 ml  of a m p h i b i a n  
saline.  The  an ima l s  of one t r e a t e d  group  w e r e  kil led 
a f t e r  7 days,  s imu l t aneous l y  w i t h  the  an i m a l s  of o the r  
t r e a t e d  g roup  a f te r  3 days  of c a d m i u m  in j ec t ion  and  
cont ro l s  a f t e r  7 days  of sal ine in jec t ion .  One tes t i s  f rom 
each  a n i m a l  was  f ixed in B o u i n ' s  f luid for h is to logica l  
s t u d y  whi le  o t h e r  tes t i s  was used for h i s t ochemica l  
loca l iza t ion  of As-3fl-HSD. The  m e a s u r e m e n t  of Leydig  
cells a n d  i ts  nuc lea r  area  was  p e r f o r m e d  on t h e  slides 
s t a ined  w i t h  h e m a t o x y l i n  a n d  eosin accord ing  to  t he  
m e t h o d  of Deb  e t  al.% For  h i s tochemica l  d e m o n s t r a t i o n  
of As-3/%HSD fresh f rozen sect ions  were cu t  in to  20 tzm 
on a Cryos ta t .  A~-3fl-HSD a c t i v i t y  in t he  sect ions  of 
tes t i s  was d e t e r m i n e d  in a s u b s t r a t e  m e d i u m  (dehydro  
ep iandros te rone )  as descr ibed  b y  Deane  e t  al. 1~ Para l l e l  
sect ions  i n c u b a t e d  ill a subs t ra t e - f r ee  m e d i u m  served  as 
controls .  Af te r  60 m i n  i n c u b a t i o n  a t  37 ~ all  t h e  sect ions  
were f ixed a n d  m o u n t e d  in glycer ine jelly. 
H i s tochemica l  r eac t ions  showed  As-3f l -HSD a c t i v i t y  in  
b o t h  t h e  t u b u l a r  a n d  Leydig  ceils of t h e  con t r o l  t o a d  
tes t i s  (figure 1). The  a rea  of the  Leydig  cells inc lud ing  
t h e i r  nuclei  ( table) and  t he  a c t i v i t y  of t he  e n z y m e  A5-3/~ - 

Eifect of cadmium on the Leydig cell and nuclear area 

Group Leydig cell area* Leydig cell No. of toads 
nuclear area * 

(cm 2) (cln ~) 

Control 0.85 • 0.04** 
3 days 0.88 -t- 0.11 
7 days 1.26 ~- 0.04 
p-value ; 
control vs 3 days NS NS 
p-value; 
control vs 7 days <0.001 %0.001 
p-value; 
3 days vs 7 days %0.02 <0.001 

0.32 -~= 0.01 5 
0.33 ~ 0.03 5 
0.47 ~ 0.01 5 

* Camera Lucida, • 500. ** Mean -c SE. NS indicates statistically 
not significant. 

H S D  (figure 2) in  t he  tes t i s  of c a d m i u m - t r e a t e d  t o a d  
sacr if iced a f t e r  7 days,  appea red  to  be  increased  signifi- 
c a n t l y  c o m p a r e d  w i t h  t h a t  of con t ro l s  and  t he  t r e a t e d  
an ima l s  t h a t  rece ived  c a d m i u m  3 days  before  sacrifice. 
The  semini fe rous  t u b u l u s  of t he  t r e a t e d  an ima l s  in jec ted  
w i t h  c a d m i u m  7 days  before  showed  no a c t i v i t y  of t h e  
enzyme.  The  area  of t he  Leydig  ceils a n d  the  a c t i v i t y  of 
As-3/%HSD in t he  tes t i s  of t o a d  sacrif iced 3 days  a f te r  
c a d m i u m  in j ec t ion  revea led  no  s ign i f ican t  change  as 
c o m p a r e d  w i t h  t h a t  of controls .  
The  p r e sen t  s t u d y  shows t h a t  t he  ex tens ion  of pe r iod  
f rom 3 to 7 days,  a f t e r  c a d m i u m  in jec t ion  in toad ,  resul t s  
in  Leyd ig  cells h y p e r t r o p h y  a n d  s t i m u l a t i o n  of As-3fi- 
H S D  a c t i v i t y  in t he  test is .  P resence  of As-3f l -HSD in 
b o t h  t he  t u b u l a r  a n d  Leydig  ceils in  t he  t o a d  tes t i s  ha s  
been  r epo r t ed  p rev ious ly  n,  12. Since the  e n z y m e  As-3fl- 
H S D  plays  an  i m p o r t a n t  role in  s tero id  h o r m o n e  syn-  
thesis ,  t h e  p r e sen t  o b s e r v a t i o n s  ind ica te  t h a t  t e s t i cu la r  
h o r m o n e  syn thes i s  is poss ib ly  increased  in Leydig  cells 
while  decreased  in t u b u l a r  cells a f te r  c a d m i u m  in jec t ion  
in toad .  G u n n e t  alY h a v e  d e m o n s t r a t e d  Leydig  cell 
p ro l i fe ra t ion  and  t u m o r  in tile tes t i s  of r a t  t r e a t e d  w i th  
c a d m i u m .  T h e y  h a v e  sugges ted  t h a t  t h e  t u m o r s  are 
capab le  of secre t ing  suff ic ient  es t rogen.  Leydig  cells 
h y p e r t r o p h y  has  also been  n o t e d  in t he  c a d m i u m - t r e a t e d  
p igeon  s . B u t  t he  m e c h a n i s m  t h r o u g h  wh ich  c a d m i u m  
s t imu la t e s  Leydig  cell a c t i v i t y  ha s  n o t  been  e lucidated .  
Repo r t s  of a h igh  I C S H - a c t i v i t y  of t he  an t e r i o r  p i t u i t a r y  
ha s  b e e n  r epo r t ed  b y  K a r  et  al. in  t he  c a d m i u m - t r e a t e d  
mice a, 1~. Recent ly ,  h is to logica l  s tud ies  on  t he  an t e r i o r  
p i t u i t a r y  revea ls  t h a t  L H  secre t ing  g o n a d o t r o p h s  are 
increased  in t he  c a d m i u m - t r e a t e d  t o a d  14. The  above  
evidence,  therefore ,  suggests  t h a t  c a d m i u m  chlor ide 
s t imu la t e s  Leydig  cells'  ac t iv i ty ,  poss ib ly  b y  increas ing  
g o n a d o t r o p i n  synthes is .  
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Summary. P a r a t h y r o i d  h o r m o n e  a d m i n i s t r a t i o n  to t h y r o p a r a t h y r o i d e c t o m i z e d  r a t s  resu l ted  in a s igni f icant  r educ t i on  
in i n o r g a n i c . p h o s p h a t e  c o n t e n t  of a v a r i e t y  of s t r i a t ed  muscles.  Most  o the r  o rgans  were unaf fec ted .  Much  of t he  ex t r a  
u r i n a r y  p h o s p h a t e  p r e s en t  a f t e r  p a r a t h y r o i d  h o r m o n e  s t i m u l a t i o n  m a y  be re leased f rom the  muscles.  

Introduction. W e  h a v e  proposed  t h a t  t he  p h o s p h a t u r i c  
effect  of p a r a t h y r o i d  h o r m o n e  (PTH)  invo lves  more  t h a n  
t he  r ena l  ac t ion  of t h e  h o r m o n e  wh ich  t r ans f e r s  p h o s p h a t e  
f rom the  ex t race l lu la r  f luid (ECF) in to  t he  ur ine.  W e  h a v e  
sugges ted  t h a t  t he re  is also s igni f icant  release of phos-  
p h a t e  f rom ce r t a in  sof t  t issues,  especial ly  muscle,  du r ing  
t he  p h o s p h a t u r i a  and  t h a t  th i s  muscle  p h o s p h a t e  m a y  be  
t he  source of mos t  of t he  e x t r a  p h o s p h a t e  a p p e a r i n g  in 
the  ur ine  3. Th i s  concep t  is s u p p o r t e d  b y  inferences  m a d e  
f rom u r i n a r y  p h o s p h a t e  da ta ,  a l t h o u g h  nega t ive  and  

oppos i te  u r i n a r y  resu l t s  h a v e  also been  presented3.  Our  
f i rs t  d a t a  were l imi ted  to t he  t e s t i ng  of one muscle,  and  
our  inorgan ic  p h o s p h a t e  assay  gave  s o m e w h a t  h igher  
va lues  t h a n  those  of H a n s e n  e t  a l ) ,  sugges t ing  some con- 
t a m i n a t i o n  w i t h  ester i f ied p h o s p h a t e .  The  purpose  of th i s  
s t u d y  was to e x a m i n e  o the r  muscles  and  organs  in the  
r a t  to  more  comple t e ly  descr ibe t he  origins of t h e  P T H  
induced  p h o s p h a t u r i a .  I n  add i t ion ,  t he  inorganic  phos-  
p h a t e  assay  was i m p r o v e d  to m o t e  accu ra t e ly  s epa ra t e  
changes  in inorganic  f rom changes  in ester-ified p h o s p h a t e .  


