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Summary 

I A A - i n d u c e d  a c t i v a t i o n  of  pur i f i ed  acid  p h o s p h a t a s e  
is r e p o r t e d  and  shown to  d e t e r m i n e  an acce le ra t ion  of 
phosphoro lys i s  of s tarch.  

S o m e  Re la t ionsh ips  B e t w e e n  the  Pancreat i c  
f l-Cells  and the  M e t a b o l i s m  of the E p i p h y s e a l  

Cart i lage  

I. Cartilage A T P  Concentration o/ Young Alloxan 
Diabetic Rats 

DE MOOR 1 and MARTINETTI, and ANDREANI ~ d e m o n -  
s t r a t ed  t h a t  insul in  def ic iency p r o v o k e d  b y  a l l oxan  
d iabe tes  produces ,  besides o the r  b iochemica l  and  
physiologica l  a l te ra t ions ,  a d i m i n u t i o n  of t he  b o d y  
weight  a n d  of ske le ta l  growth .  

As the  ep iphysea l  car t i lage  pa r t i c ipa t e s  to  t he  g r o w t h  
of t h e  bone  in length ,  and  as in enchondra l  oss i f ica t ion  
t h e  p a r t i c i pa t i on  of t he  energe t ic  phosphor ic  bonds  is 
cons iderable  (i.e. A T P ,  see CARTIERa}, the  a u t h o r  wishes  
to  s t u d y  whe the r  t he  d imin i shed  g r o w t h  obse rved  in 
a l loxan  d iabe t ic  ra t s  is a ccompan ied  in e p i p h y s e a l  
ca r t i l age  by  a r educed  c o n c e n t r a t i o n  of A T P .  

Alb ino  male  rats ,  I t a l i cus  s train,  50 days  old, were  
d iv ided  in to  two  groups.  I n  t he  first  group,  a f t e r  12 h 
fast ing,  a l loxan  d iabe tes  was p r o v o k e d  (Merck a l l oxa n  
200 m g / k g  in t raper i tonea l ty )  ; t he  second,  which  was the  
cont ro l  group,  was  n o t  t r ea t ed .  T e n  days  a f te r  a t l oxan  
t r e a t m e n t ,  and a f te r  12 h fas t ing,  b lood  sugar  was  
measu red  according  to  NELSON 4, and in t h e  d iabe t ic  
ra t s  (blood sugar  2-8-4-9 g/1000 cm3), anMogous ly  to  
those  of t h e  cont ro l  group,  b o d y  we igh t  and  blood suga r  
were  cont ro l led  e v e r y  5th d a y  for 20 days.  T h i r t y  days  
a f te r  the  a l loxan  in jec t ion ,  h a v i n g  cont ro l led  b o d y  we igh t  
and  blood sugar,  all  d i abe t i c  and  n o r m a l  ra ts ,  12 h 
fasted, were anes thes ized  w i t h  N e m b u t a l  (5 mg/100 g 
b o d y  weight)  and  t h e n  k i l l e d  b y  decap i t a t ion .  T h e  
an te r io r  and  pos te r io r  l imbs  were  r e m o v e d  as r ap id ly  as 
possible, and  placed in a b e a k e r  con t a in ing  ace tone  and  
dry  ice:  t he  ep iphysea l  ca r t i l ages  were  weighed,  h o m o -  
genized wi th  q u a r t z  sand and  CC1,COOH 10% a t  0°C. 
Af ter  cen t r i fuga t ion ,  to  t he  s u p e r n a t a n t  fluid,  neu t ra l i z -  
ed to  p H  8.2, b a r i u m  ace t a t e  was added.  I n  the  precipi-  
t a t e  (bar ium insoluble f rac t ion)  A T P  was measured  a f te r  
L E  PAGE s. P w a s  dosed accord ing  to  t he  BEREMBLUM 
and C~rAIN m e t h o d  ~. I t  is necessary  to  e m p h a s i z e  t he  
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i m p o r t a n c e  in such e x p e r i m e n t s  of choosing ra ts  of the 
same  age:  as a m a t t e r  of fact ,  in a p r e l im ina ry  research, 
I observed  t h a t  t he  A T P  concen t r a t i on  of t he  epiphyseal 
car t i lage  shows, even  for dif ference in the i r  ages of 15-20 
days,  s t a t i s t i ca l ly  s igni f icant  va r ia t ions .  The  decrease 
wi th  age in A T P  concen t r a t i on  in ossif iable cartilage 
is to  be a t t r i b u t e d  to  a progress ive  decrease  during the 
g r o w t h  of the  in t ens i ty  of t he  os teogenic  power.  Ana- 
logous observa t ions ,  r e l a t ive  to  t he  enchondra l  ossifica- 
t ion,  were  m a d e  b y  ZAMBOTTI 7 on the  behav iou r  of the 
coca rboxy lase  and  f l-glucuronidase,  and  by  LORENZI on 
t h e  b e h a v i o u r  of concen t r a t i on  of  p y r u v i c  acid s. 

The  resul ts  ob ta ined  can be  s u m m a r i z e d  as follows: 
(1) The  a l loxan  d iabe t ic  ra t s  showed a remarkable 

d iminu t i on  of t he  b o d y  we igh t  w i t h  a check of growth 
(mean b o d y  weights  a t  t i le  s t a r t  = 60 g; 30 days after 
a l l oxan  t r e a t m e n t  = 30 g. I n  t he  n o r m a l  rats ,  the  body 
we igh t  increased  f rom 60 g to  160 g in 30 days).  

(2) The  A T P  c o n c e n t r a t i o n  in ep iphysea l  cartilage of 
a I loxan  d iabe t ic  ra t s  decreased  b y  a b o u t  40% relative 
to  n o r m a l  ra t s  (epiphyseaI  ca r t i l age  of normal  rats = 
20 mg  P / A T P / 1 0 0  g of we t  t i ssue;  ep iphysea t  cartilage of 
d iabe t i c  ra t s  = 12 mg  P / A T P / 1 0 0  g of we t  weight).  

Such resul ts  c lear ly  show t h a t  in a l loxan  diabetes the 
inh ib i t ion  of skele ta l  g rowth  is a c c o m p a n i e d  with a di- 
m i n u t i o n  of the  A T P  concen t r a t i on  in the  epiphyseal 
car t i lage.  

To con t ro l  whe the r  t he  decreased  A T P  concentration 
in ep iphysea l  ca r t i l age  of a l l oxan  d iabe t ic  rats  can be 
a t t r i b u t e d  exc lus ive ly  to  t he  insul in  def ic iency,  a group 
of a lb ino maic  ra t s  (of age and  s t ra in  iden t ica l  to those 
used in p rev ious  exper iments )  were  t r e a t e d  wi th  insulin 
(Zn-insul in p r o t a m i n a t e  4 U . I . / kg  da i ly  subcutaneously), 
t en  days  a f te r  a l loxan  t r e a t m e n t  (blood glucose 2.8-4.8 
g/1000 cma). The  resul ts  showed t h a t  in insulin-treated 
d iabe t ic  rats,  h y p e r g l y c e m i a  was m u c h  less intense than 
in u n t r e a t e d  d iabe t ic  rats .  I n  addi t ion ,  30 days  after all0- 
x a n  in ject ion,  t he  b o d y  we igh t  was seen to  be the same 
as t h a t  of t he  no rma l  ra t s  (i.e. 160 g) as was also the 
A T P  c o n c e n t r a t i o n  in ep iphysea l  ca r t i l age  (rag 20 P/ 
A T P / 1 0 0  g w e t  weight) .  

Therefore ,  in a l Ioxan  d iabe t ic  ra ts ,  b o t h  t he  decreased 
A T P  c o n c e n t r a t i o n  and  the  d imin i shed  osteogenic 
power  of t he  ep iphysea l  car t i lage ,  are  to  be referred ex- 
c lus ive ly  to  t he  insul in  def ic iency.  

I t  m a y  also be  sugges ted  t h a t  insul in  plays an im- 
p o r t a n t  role in r egu la t i ng  enchondra l  ossification, es- 
pec ia l ly  t h rough  its m a r k e d  cont ro l  of the  multienzyme 
s y s t e m  which  per ta ins  in A T P  me tabo l i sm  and conse- 
q u e n t l y  in all b iochemica l  react ions  which  are  dependent 
on A T P  (i.e. b iosynthes is  of g lycogen  f rom glucose; 
b iosynthes i s  of coca rboxy tase  and chondro i t i n  sulphate, 
etc.).  H o w e v e r ,  th is  hypo thes i s  requi res  fu r the r  evidence. 

These  e x p e r i m e n t a l  results ,  besides  expla in ing  one of 
t he  mechan i sms  by  which insul in  inf luences  enehondral 
ossif icat ion,  are  in good a g r e e m e n t  wi th  CARTI~m'S in 
vitro f indings :  t he  p r i m a r y  impor t ance  of A T P  for nor- 
mal b e h a v i o u r  in t he  os teogenic  process s. 
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Riassun to 

s ta to  s tud ia to  il c o n t e n u t o  di A T P  nel la  car t i lag ine  
epifisaria di g iovan i  r a t t i  d iabe t ic i  per  allossana.  I1 de-  
ficit insul inico da  d iabe te  al lossanico p rovoca ,  o l t re  ad  
arresto de l l ' a cc re sc imen to  scheletr ico,  una  d iminuz ione  
della concen t raz ione  di A T P  nella  car t i lag ine  di coniu-  
gazione. I1 s ignif icato  biologico di ques to  r i su l t a to  
messo in re laz ione  col meccan i smo  d ' az ione  de l l ' insu l ina  
e con l ' i m p o r t a n z a  d e l l ' A T P  nel  processo di ossif icazione 
encondrale. 

S o m e  R e l a t i o n s h i p s  B e t w e e n  the  P a n c r e a t i c  
f l - C e l l s  and the  M e t a b o l i s m  of the  E p i p h y s e a l  

C a r t i l a g e  

II. Cartilage Cocarboxylase Activi ty  o[ Young Alloxan 
Diabetic Rats 

ZAMI30"ITTI 1 f irs t  d i scovered  the  presence  of coca rboxy l -  
ase in t he  ep iphysea l  car t i lage.  I t  was also es tabl i shed 
by ZAMBOTTI t h a t  th is  e n z y m e  is s t r i c t ly  re la ted  to the  
intensity of the  os teogenic  process:  in fac t  he  showed  
that t he  coca rboxy lase  a c t i v i t y  in the  ep iphysea l  
cartilage of y o u n g  rabb i t s  is inverse ly  p ropor t i ona l  to  
their age. I have  reached  iden t ica l  conclusions  in m y  
researches in wh ich  the  pa r t i c ipa t i on  of coca rboxy lase  
in var ious  phases  of evo lu t ion  of the  n o r m a l  f rac tu re  
callus ~ and also the  b e h a v i o u r  of t he  car t i lage  cocar-  
boxylase dur ing  g rowth  in condi t ions  (av i taminos i s  C) of  
reduced os teogenic  power  were  s tud ied  ~. These  re la t ion-  
ships, shown first  by  ZAMBOTTI, exp la in  the  h is to logica l  
and h i s tochemica l  a l t e ra t ions  of t he  ep iphysea l  car t i lage  
demonstra ted by  ROASI~:NDA and CAMURATTI 3 in de- 
ficiency of  a pa r t i cu l a r  v i t a m i n  which  has  the  coca rboxy-  
lase as its ac t ive  form,  i.e. v i t a m i n  B v 

I have  s tud ied  the  b e h a v i o u r  of t he  coca rboxy lase  in 
the ep iphysea l  car t i lage  of a l loxan  d iabe t ic  ra t s  for t h e  
following reasons :  

(1) Insu l in  def ic iency  is a c c o m p a n i e d  by  an ar res t  of 
growth and  a l t e ra t ions  of os teogenic  power  of ossif iable 
cartilage 4. 

(2) There  is a s t r i c t  re la t ionsh ip  b e t w e e n  the  i n t e n s i t y  
0f the os teogenic  process and t h e  a m o u n t  of coca rboxy -  
lase a c t i v i t y  ~. 

(3) The  d i m i n u t i o n  of the  os teogenic  power  p r o v o k e d  
by insul in def ic iency  is a ccompan ied  b y  a r educed  
concentrat ion of  A T P  in t he  ep iphysea l  ca r t i l age  ~ in t h e  
alloxan d iabe t ic  rats .  I t  is known  t h a t  A T P  is in large 
measure syn thes ized  by  means  of the  o x i d a t i o n  of two  
e-ketoacids (pyruv ic  and a -ke tog lu ta r ic )  v for t h e  oxi -  
dative u t i l i za t ion  of wh ich  the  coca rboxy lase  is essent ial .  

(4) The re  is also a s t r ic t  r e l a t ionsh ip  be tween  A T P  
and coca rboxy lase  r ega rd ing  the i r  me tabo l i sm.  I n  fact ,  
the b iosynthes is  of coca rboxy lase  f rom v i t a m i n  Bt 
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comes abou t  b y  means  of the  reac t ion  (B I + A T P + c o -  
carboxylase  + AMP)  8 ca t a lyzed  by  the  th i amink inase ,  
an  endoergonie  r eac t ion  which,  since i t  receives  the  
energy  l ibera ted  by  the  demol i t i on  of A T P ,  should  occur  
wi th  minor  in t ens i ty  w h e n  the  c o n c e n t r a t i o n  of  A T P  is 
d iminished.  

Albino male  rats,  of I t a l i cus  s t ra in ,  50 days  old, were  
d iv ided  in to  two  groups.  I n  one  of these  groups  a l l o x a n  
d iabe tes  was p rovoked  (200 m g  of Merck  a l loxan,  in t r a -  
per i toneal ly) .  The  cont ro l  g roup  was no t  t r ea ted .  T e n  
days  a f te r  the  a l loxan  t r e a tmen t ,  the  b o d y  we igh t  and  
blood sugar  were  contro l led  and t h e n  the  d iabe t i c  ra t s  
(blood glucose a f te r  12 h of fas t ing = 2 .8-4 .9  g/1000 c m  3) 
were  con t ro l l ed  for ano the r  20 days,  w i t h  pe r iod ica l  
e x a m i n a t i o n s  (control  of body  weight  and of b lood suga r  
e v e r y  5th day).  30 days  a f te r  the  a l loxan  t r e a t m e n t  al l  
t he  ra ts ,  d iabe t ic  a n d  no rma l  were killed, t he i r  b o d y  
we igh t  and  blood sugar  be ing  control led .  The  l imbs  were  
r e m o v e d  and p laced  in ice water .  The  coca rboxy lase  of 
the  ep iphysea l  car t i lages  was e x t r a c t e d  and measu red  
accord ing  to the  OCItOA and PETER'S method% as modi -  
fied by  SILIPRAND110. 

In  t he  ep iphysea l  car t i lages  of the  d iabe t i c  ra t s  (which 
p resen ted  an a r res t  of ske le ta l  g rowth  iden t ica l  to t h a t  
p r ev ious ly  descr ibed ~) the  coca rboxy lase  a c t i v i t y  was 
reduced  in respec t  to  t h a t  in t he  con t ro l  g roup  (normal  
ra t s  = 7 6, 2/g we t  we igh t ;  a l loxan  d iabe t ic  ra t s  ---- ~ 3.45/g 
we t  weight) .  Resul t s  iden t ica l  to  those  ob ta ined  in t he  
no rma l  ra t s  were also d e m o n s t r a t e d  in d iabe t ic  ra t s  
t r e a t ed  wi th  insul in (daily subcu taneous  in jec t ion  of Zn- 
insul in  p r o t a m i n a t e ,  4 U. I . /kg) ,  f rom the  10th to  t he  13th 
d a y  a f te r  t he  a l loxan  in jec t ion .  I t  is there fore  conc luded  
t h a t  t he  coca rboxy lase  c o n t e n t  decrease  in t he  epi-  
physea l  ca r t i l age  a c c o m p a n y i n g  the  ar res t  of the  ske le ta l  
g rowth  can  be a t t r i b u t e d  in t he  a l loxan  d iabe t ic  ra t s  
to  t he  insul in  def ic iency.  

Coord ina t ing  m y  resul ts  on A T P  and  cocarboxy lase  
wi th  those  ob t a ined  by  o the r  au tho r s  11, i t  seems logical  
to  deduce  t h a t  a de f i c i en t  p roduc t i on  of insul in induces  
an  a r res t  of  os teogenes is  p r o v o k i n g  a r educed  syn thes i s  
of A T P  b y  d a m a g i n g  those  reac t ions  in which  coca rboxy-  
lase is in teres ted .  On the  o the r  hand,  the  analogous  be- 
h a v i o u r  of A T P  and cocarboxy lase  in insul in  def ic iency  
leads us to  suppose  t h a t  in ep iphysea l  ca r t i l age  t h e  
m e t a b o l i s m  of these  two  subs tance  is i n t e r d e p e n d e n t :  
the  insul in  by  means  of t he  energy  furnished b y  the  A T P  
suppor t s  the  t r a n s f o r m a t i o n  of t h i a m i n  in to  diphos-  
p h o t h i a m i n ;  the  la t ter ,  in i ts  turn ,  pa r t i c ipa tes  in t he  
fo rma t ion  of A T P  b y  means  of t he  p y r u v a t e  and  a-keto-  
g l u t a r a t e  o x i d a t i v e  deca rboxy la t i on .  Th i s  hypothes i s  on 
the  m e c h a n i s m  of the  pa r t i c i pa t i on  of the  insul in in t he  
os teogenic  process by  means  of A T P  and coca rboxy la se  
is v e r y  p robab le ,  o the r  t h a n  for m y  p resen t  resu l t s  (osteo- 
genesis no rma l i za t i on  in t he  d iabe t ic  ra t s  s i m u l t a n e o u s l y  
wi th  no rma l i za t i on  of the  a m o u n t  of A T P  and  of co-  
ca rboxy la se  in the  ep iphysea l  car t i lage,  a f t e r  insul in  
t r e a t m e n t )  also for m y  o ther  e x p e r i m e n t a l  d a t a :  
a l loxan  d iabe tes  induces  in t he  ep iphysea t  ca r t i l age  a 
d imin i shed  p y r u v a t e  and a - k e t o g l u t a r a t e  o x i d a t i o n ;  th is  
process which is in s t r ic t  r e la t ionsh ip  w i t h  t he  A T P  
synthes i s  7, is also normal ized  by  insul in  t r e a t m e n t .  
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