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t r o p h i e d  f ibres  due  to  the  g rea te r  t e t an ic  con t rac t ions  
accompan ied  b y  grea te r  u t i l iza t ion  of f a t  t h a n  glycogen.  

JOHN*, 5 found  t h a t  b o t h  the  specific ace ty lchol in-  
es terase  and  the  non-specif ic  bu ty ry l cho l ines t e r a se  are  
p r e s e n t  in t he  na r row and  b road  f ibres of t he  pec tora l i s  
of Draco, and  t h a t  ace ty lchol ines te rase  is s l ight ly  h igher  
t h a n  bu ty ry lcho l ines te rase .  I t  was  also observed  t h a t  
each  f ibre con ta ins  n umerous  closely spaced  'en p l aque '  
t y p e  ne rve  endings ,  sugges t ing  t h a t  pec tora l i s  of th is  
l izard is phys io logica l ly  more  ac t ive  and  a fas t  muscle  9. 

Rdsumd. Le muscle  pec to ra l  du Draco dussumieri com- 
p r e n d  des f ibres  d e  t ro is  sor tes :  minces,  in te rm6dia i res  
e t  6paisses. Les f ibres  minces  son t  adap t6es  h u n  m6ta-  
bol isme g lycoly t ique  et  les f ibres 6paisses au l ipolyt ique.  

L ' ac t iv i t6  des f ibres minces  r6v~le la pr6sence de phospho-  
rylase e t  de syn th6 tase  glycog6nique.  
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I n f l u e n c e  of  E x t r a  S u c r o s e ,  F a t s ,  P r o t e i n  a n d  of  C y c l a m a t e  in  t h e  D a i l y  F o o d  o n  t h e  L i f e - S p a n  of  R a t s  

S t u d y i n g  the  l i fe-span of Wis t a r  s t ra in  a lbino rats ,  it  
has  been  found  t h a t  male  an imals  w i th  30 Cal/100 Cal 
sugar  in the i r  food l ived shor te r  t h a n  cont ro ls  receiving 
14.5 Cal]100 Cal, whereas  t he  l i fe-span of the  females  
was  no t  a f fec ted  1. The  s t u d y  has  been  r epea t ed  w i t h  
weanl ing  male  animals ,  and  groups  were  a d d e d  receiving 
bu t t e r ,  sunf lower  oil or d r ied  lean m e a t  ex t ra ,  whereas  
a 6 th  group rece ived 0.43/100 g cyc lamate .  A h u m a n  t y p e  
d ie t  was  given, composed  according  to  t he  ac tua l  com- 
pos i t ion  d a t a  of t he  D u t c h  popu la t ion  in 1961, in dr ied  
and  g round  fo rm *-*. The va r i a t ions  of th is  Ran-1961 
d i e t  were  m a d e  by  s u b s t i t u t i n g  b read  and  p o t a t o  s t a rch  
in p r o p o r t i o n a t e  a m o u n t s  isocalorical ly by  the  var ious  
compounds .  The  p ro te in  lost  by  replac ing  p o t a t o  and  
b read  was  resuppl ied  by  cooked p o t a t o  p ro t e in  and  
w h e a t  gluten.  Sodium cyc l ama te  was  g iven ins tead  of 3/a 
of t h e  sugar  in t he  original  r a t ion  and  in such a way  
t h a t  t he  swee ten ing  effect  was  the  same,  wh ich  means  x/a 0 

of the  we igh t  of the  sugar.  The sugar  c o n t e n t  of the  Ran-  
1961 ra t ion  is 14.5 Cal/100 Cal. The  compos i t ion  of t he  
ra t ions  is g iven in Table  I. The  an imals  were kep t  - in 
ind iv idua l  cages - un t i l  ' s pon t aneous '  dea th .  Body  
weigh ts  were  recorded  every  2 weeks.  Food and  w a t e r  
were a lways  g iven ad l ib i tum.  Kidneys ,  liver, adrenals ,  
pancreas  and  tes tes  were e x a mi n e d  histological ly.  U r i n a r y  
b ladders  of the  contro l  and  cyc l ama te  groups  have  been  
e x a m i n e d  a f te r  t he  f i rs t  rumours  came  a b o u t  cyc l ama te  
p roduc ing  b ladder  tumorsS-L  Ro u t i n e  s t a in ing  was  done  
wi th  haematox i l in -eos in  and  w i t h  sudan  ( I I I + I V ) -  
Ehr l ich .  WILCOXON'S tes t  s has  been  used for the  s ta t i s t i ca l  
eva lua t ion  of the  da ta .  

Effect o/ the diets. The  an imal s  receiving cyc l ama te  
showed a s igni f icant  h igher  we igh t  gain and  had  a b e t t e r  
food eff ic iency t h a n  the  controls ,  a l ready  in t he  f i rs t  
weeks. The  o the r  g roups  did no t  show d i s t inc t  differ-  
ences, excep t  for a re la t ive  low food c o n s u m p t i o n  and  

Table I. Protein and fat content of the diets and fat composition • 

I If III IV V VI 
Control Sugar Butter Sunflower Dried Sodimn 
Ran-1961 extra extra oil extra meat cyclamate 

extra food 

Protein of dry matter (%) 12.8 12.6 13.7 13.7 23.4 14.7 
Fat of dry matter (%) 21.6 21.2 30.6 31.2 23.8 24.9 
Fatty acids of total 
fatty acids (%) 
C12 4.2 4.75 3.6 3.8 4.0 4.35 
C 14 6.0 5.6 7.05 4.5 5.2 5.8 
C 16 21.5 21.2 22.6 17.8 21.65 21.85 
C 16:1 2.5 2.25 2.2 1.75 2.45 2.2 
C 17 0.7 0.7 0.75 0.5 0.75 0.7 
C 17 : 1 0.3 0.3 0.35 0.2 0.3 0.3 
C 18 12.2 11.95 12.8 9.5 13.15 12.05 
C 18 : 1 29.85 30.55 30.6 28.0 30.0 29.85 
C 18:2 14.0 14.35 12.05 27.25 14.4 14.1 
C 18: 3/20 0.65 0.65 0.55 0.5 0.65 0.65 
C 20:1 3.0 2.9 2.65 2.25 2.85 2.9 
C 22 0.45 0.35 0.55 0.5 0.35 0.4 
C 22: i 1.6 1.45 1.2 1.4 1.5 1.55 

Averages of duplicate measurements in each of samples taken with an interval of one year; protein and fat content were controlled in 
twice as many batches. 
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Table II. Average weights during the period of study" 

Specialia EXPERIENTIA 27/5 

I II  I I I  IV V VI 
Control Sugar Butter Sunflower Dried meat Sodium 

extra extra oil extra extra cyclamate 
extra 

Initial (23-day-old) 48.6 (17) 48.5 (17) 48.6 (17) 48.5 (17) 49.1 (16) 48.2 (17) 
After: 6 weeks 158.6 (17) 158.5 (17) 147.0 (17) 148.5 (17) 145.3 (16) 188.2 (17) 

12 weeks 232.3 (17) 225.6 (17) 206.7 (17) 217.9 (17) 226.1 (15) 264.2 (17) 
26 weeks 326.3 (16) 328.0 (16) 322.3 (17) 321.9 (17) 338.2 (14) 343.6 (17) 
39 weeks 362.9 (16) 343.5 (16) b 342.3 (16) 358.6 (17) 368.5 (13) 369.6 (17) 
52weeks 349.1 (15) 356.1 (13) 328.6 (12) 361.1 (14) 352.8 (16) 350.6 (17) 
65 weeks 298.4 (8) 367.9 (8) 328.1 (7) 358.4 (8) 300.7 (3) 309.8 (12) 
78weeks 290.0 (3) 342.6 (5) 344.0 (1) 323.2 (5) 326.2 (6) 
91 weeks 365.5 (1) 366.0 (2) 371.5 (1) 221.5 (2) 

No. of animals between brackets, b Average without the animal that died a few days after weighing the group. 

Table III .  Maximum weights, age at maximum weight, life-span, body weight at death and weight of organs (averages and ranges) 

I II  I I I  IV V~ VIb 
Control Sugar Butter Sun- Dried Food with 

extra extra flower meat sodium 
oil extra extra cyclamate 

1)2 ~VILcOXON e 

Maximum 396 378 373 387 376 395 
weight (g) 249M64 277-517 285-510 226-484 255-461 310-461 
Age at maximum 304 318 290 312 273 325 
weight (days) 163-394 191-646 191-394 205-394 163-380 177-478 
Life-span (days) a 481 472 433 485 405 528 

177-815 201-711 289-597 320-677 148-535 415-723 
No. dead before 4 6 6 5 10 0 
415 days old 
Body weight at 233 248 241 247 232 241 
death (g) 147-336 183-338 167-368 172-357 175-323 180-388 
Liver weight (g) 16.8 17.1 18.7 16.2 18.6 16.7 

7.5-23.6 12.4-24.1 11.2-25.7 10.0-24.2 12.1-27.5 8.8-21.4 
Weight of 3.30 3.54 3.20 3.22 4.12 3.30 
kidneys (g) 2.00-4.64 2.24-5.21 1.77-4.87 1.94--8.66 2.10-5.70 1.89-4.92 
Weight of 1.20 1.30 1.20 1.32 1.31 1.12 
testes (g) 0.61-2.25 0.57-2.50 0.63-2.08 0.70-2.10 0.61-2.31 0.47-2.49 
Weight of 55.0 58.8 53.1 50.7 59.7 48.3 
adrenals (mg) 35.5-79.0 16.0-87.2 43.9-72.7 35.9-76.5 39.9-93.0 32.8-80.0 
Weight of 0.49 0.48 0.46 0.53 0.44 0.47 
pancreas (g) 0.14~).84 0.20-0.85 0.17-0.74 0.24-1.04 0.26-0.66 0.15-0.82 

(i + i i  + i v + v i ) - ( i i i  +v ) :  n.s. 

( I + I I + I V ) - ( I I I + V ) :  0.05 
( I + I I + I V ) - V I :  n.s. 
I - I I I :  0.18; I -V:  0.016; I -VI :  0.12; 
( I + I I + I V ) - ( I I I + V ) :  0.004; ( i + i i + i v ) - v i :  0.05 

l-V: 0.01 

I -VI :  n.s. 

Two animals died at age 51 and 83 days respectively. Their data are discarded, u The organ weights of the cyclohexylamine producing 
animals were not different from those of the other animals. Only 1 produced seizable amounts of cyclohexylaminc - at least 5 m g a  day - ;  
it survived for 433 days. ¢ Pc, bilateral tail error, a The second last animals survived for 594, 659, 514, 636, 519 and 641 days respectively. 

h i g h  food  ef f ic iency  of t h o s e  r e c e i v i n g  m e a t  ex t r a ,  a l t h o u g h  
t h e  l a t t e r  w a s  n o t  as  h i g h  as  in t h e  c y c l a m a t e  g r o u p  3. 

T a b l e  I I  g ives  t h e  in i t ia l  w e i g h t s  of  t h e  a n i m a l s  a n d  
w e i g h t  c h a n g e s  d u r i n g  t h e  s t u d y .  T h e  c y c l a m a t e  g r o u p  
k e p t  t h e  h i g h e s t  a v e r a g e  w e i g h t  t i l l  a b o u t  t h e  80 th  week ,  
a l t h o u g h  t h e  d i f f e rences  w i t h  t h e  o t h e r  g r o u p s  b e c a m e  
smal le r .  B e t t e r  g r o w t h  w i t h  c y c l a m a t e  h a s  a lso  b e e n  seen  
b y  SABRI et  a12 d e p e n d e n t  o n  t h e  ba s i c  food  g iven .  T h e  
food c o n s u m p t i o n  of  t h e  a d u l t  a n i m a l s  s h o w e d  o n l y  
m i n o r  d i f fe rences  b e t w e e n  t h e  g r o u p s ,  w h i c h  were  c a u s e d  
m a i n l y  b y  d i f f e rences  in a v e r a g e  b o d y  w e i g h t s .  T h e  
ca lor ie  i n t a k e  in t h e  4 0 t h  a n d  41s t  w e e k s  p e r  g b o d y  
w e i g h t  a t  w e e k  41 (310-day-old)  w a s  in t h e  g r o u p s  I 
t h r o u g h  V I  r e s p e c t i v e l y :  2.40, 2.43, 2.49, 2.59, 2.29 a n d  
2.50 w i t h  a v e r a g e  w e i g h t  c h a n g e s  in t h i s  pe r i od  of  + 4.0, 
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+ 5.5, - -1 .9 ,  + 5 . 4 ,  - - 7 . 0  a n d  + 8 , 1  g. L i fe - span  was  
s h o r t e s t  in  t he  g roups  showing  ea r ly  ave rage  w e i g h t  
decrease,  t h a t  is in  t hose  rece iv ing  b u t t e r  or  m e a t  e x t r a  
(groups I I I  a n d  V). 

The  c y c l a m a t e  g roup  h a d  t h e  longes t  ave r age  life- 
span ,  n o t  so m u c h  because  of  a n i m a l s  s u r v i v i n g  v e r y  
long,  b u t  owing  to  a m u c h  h i g h e r  age a t  w h i c h  t he  f i r s t  
d e a t h  occur red  (Table  III). T h e  l a t t e r  m i g h t  be  con-  
n e c t e d  w i t h  a w e a k  su l fa -d rug  l ike  a c t i v i t y  of t h e  cycla-  
m a t e  x0. T h e  ave rage  t o t a l  a m o u n t  of c y c l a m a t e  c o n s u m e d  
d u r i n g  life is e s t i m a t e d  to  be  a b o u t  40 g. 

E x t r a  sugar  in  t h e  food d id  n o t  s h o r t e n  l i f e - span  as 
c o n t r a s t e d  w i t h  t h e  ear l ie r  f indings .  I n  fact ,  con t ro l s  
h a d  a sho r t e r  l i f e - span  t h a n  those  in t he  p r ev ious  exper i -  
m e n t .  The  ave rage  age a t  d e a t h  was t h e n  486 days  in 
t h e  e x t r a  sugar  g roup  a n d  566 days  in t he  con t ro l  group,  
whereas  in  t h e  p r e s e n t  s t u d y  472 a n d  481 d a y s  were  
f o u n d  respec t ive ly .  A n  e x p l a n a t i o n  c a n n o t  be  g iven,  b u t  
i t  is c lea r  t h a t  o t h e r  fac to rs  t h a n  t he  suga r  c o n s u m p t i o n  
a lone  p l a y  a role.  

Autopsy. Macroscop ica l ly  changes  were  seen  - a p a r t  
f r om chron ic  r e s p i r a t o r y  disease  - especia l ly  in  l iver  a n d  
k idneys .  A p a r t  f r o m  k i d n e y  t u m o r s  no  t u m o r s  were 
a p p a r e n t .  Some  o r g a n  w e i gh t s  are g iven  in T a b l e  I I I .  

I n  55% of all  a n i m a l s  t he  l iver  showed  a superf ic ia l  
necrosis ,  w h i c h  on ly  se ldom reached  in to  t h e  more  cen t r a l  
pa r t s ,  Conges t ion  was  f r e q u e n t  in  al l  g roups  ( a b o u t  65% 
of t h e  an imal s )  e x c e p t  for t he  ea r ly  d y i n g  g roup  w i t h  
e x t r a  m e a t  (V), whe reas  in  t he  g roup  w i t h  e x t r a  b u t t e r  
( I I I )  i t  was  seen espec ia l ly  in  t h e  longes t  su rv ivors .  
Necros is  a n d  f a t t y  d e g e n e r a t i o n  were  seen in  o v e r  
9 0 % ;  o e d e m a t o u s  gall  capi l la r ies  were  found  in  a b o u t  
15%. 

T h e  k i d n e y s  were  en la rged  to  2 -3  t i m e s  t h e  n o r m a l  
size in  a l m o s t  al l  an imals ,  were g rey i sh  a n d  h a d  p i t t e d  
surfaces.  T h e y  were  nea r ly  w h i t e  in 9 of t h e  15 a n i m a l s  
on  t he  e x t r a  m e a t  food (exc lud ing  t h e  two  a n i m a l s  t h a t  
d ied  in t he  f i rs t  e x p e r i m e n t a l  weeks),  T he  h igh  k i d n e y  
w e i g h t  of t h i s  g roup  is also in a g r e e m e n t  w i t h  a v e r y  
acu t e  course  of t he  g l o m e r u l o n e p h r i t i s  in  these  an imal s ,  
w h i c h  was  o b v i o u s l y  t h e  cause  of d e a t h .  

Microscopica l ly  t h e  a v e r a g e  g l o m e r u l o n e p h r i t i s  score 
- us ing  a 0 - 4  scale - was  3 a n d  necro t ic  a reas  were p r e s e n t  
in  100%,  whe rea s  t h a t  in  t h e  o t h e r  g roups  v a r i e d  b e t w e e n  
1.5 a n d  2.6 w i t h  necro t ic  a reas  in  60%.  T h e  l a t t e r  
a n i m a l s  were  on  a n  ave r age  o lder  t h a n  t h e  former .  
S imi la r ly  t h e  score for  g lomeru lus  s u d a n o p h i l i a  - on  a 
0-3  scale - was  3 a g a i n s t  1.1-1.7 for  t h e  o thers .  Al l  h a d  
s u d a n o p h i l i a  of t he  h i lus  vessels,  w h i c h  was  t r u e  for 
on ly  a b o u t  20% of t he  a n i m a l s  in  t he  o t h e r  groups.  

F i v e  large  k i d n e y  t u m o r s  ('~Vilms t um or s )  were  f o u n d  
d i s t r i b u t e d  ove r  t he  g roups  I - I V ;  2 of a few m m  d i a m e t e r  
e scaped  f u r t h e r  i n v e s t i g a t i o n  because  t h e y  fell o u t  of t he  
slides.  T h e r e  m i g h t  h a v e  b e e n  more  of t h e  l a t t e r ,  s ince  
on ly  1 k i d n e y  pe r  a n i m a l  was  s tud ied .  3 a n i m a l s  h a d  a 
la rge  h a e m o r r h a g e / i n f a r c t i o n  (?) of a k i d n e y  pole  a n d  1 
(group I I I )  h a d  a t h i c k  s t r a t i f i e d  e p i t h e l i u m  cove r ing  
t h e  pap i l l a  up  to  far  i n to  t h e  ang le  b e t w e e n  pap i l l a  a n d  
co r t ex  r e s e m b l i n g  t h e  p i c t u r e  p r eced ing  f o r m a t i o n  of 
k i d n e y  s tones  on  h i g h  ca l c ium c a r b o n a t e  f o o d n .  K i d n e y  
s tones  were  n o t  found.  A few calcif ied g lomeru l i  were  seen 
in a b o u t  8 %  of t he  an imal s .  

Tes t i s  a t r o p h y  was  o f t en  c lear ly  seen mac roscop ica l ly ;  
mic roscopica l ly  i t  was  de f in i t e  in  85%,  A b o u t  20% 
showed  a n  o rch i t i s  p r e s u m a b l y  of v i r a l  or ig in  of a t y p e  
f o u n d  for  a t  l eas t  20 yea r s  in  t h i s  s t r a i n  of an ia l sm.  
Signs  of pe r i a r t e r i t i s  were  seen  in a b o u t  30%.  

T h e  a d r e n a l s  showed  h a e m o r r h a g e s  a n d  necros i s  in  
a b o u t  35% ; conges t ion  in 25%.  G r o u p  V I  h a d  a t e n d e n c y  
to  lower  a d r e n a l  we igh t s  t h a n  t h e  o t h e r  groups.  

In  a n i m a l s  of all  ages t he  p a n c r e a s  h a d  e x t r e m e l y  h i g h  
necros is  scores - in  a scale of 0 -4  t he  ave rage  was 2.4. 
Of t en  no  is lets  of L a n g e r h a n s  were seen, b u t  g lucosur ia  
was  n e v e r  found.  Pe r i a r t e r i t i s  was found  in a b o u t  30%.  
The  p a n c r e a s  changes  show m u c h  r e s e m b l a n c e  to those  
desc r ibed  b y  KENDREY a n d  RO~ 1~. 

No u r i n a r y  b l a d d e r  t u m o r s  were  found  in t h e  cycla-  
m a t e  a n d  con t ro l  a n i m a l s  t h a t  cou ld  be  s t u d i e d  ( a b o u t  
1/~ of t h e  groups) .  T h e  d a i l y  dose, however ,  was  o n l y  
a b o u t  1/10 of t h e  ca rc inogenic  dose of PRICE e t  al. ~ a n d  
m o r e o v e r  no  c y c l o h e x y l a m i n e  was a d m i n i s t e r e d  in t he  
p r e sen t  s tudy .  On ly  1 a n i m a l  ( the  3rd one t h a t  died) 
of t he  g roup  p r o v e d  to  be  a r e a s o n a b l y  good conve r t e r .  

There  were  no  d i f ferences  b e t w e e n  t he  g roups  excep t  
for t he  more  severe  k i d n e y  changes  in t h e  e x t r a  m e a t  
g roup  t h a n  in t he  o t h e r  g roups  ~. Age t r e n d s  in t he  
pa tho log i ca l  f ind ings  were n o t  c lear .  E v e n  tes t i s  a t r o p h y  
was  n o t  o b v i o u s l y  more  severe  in  those  s u r v i v i n g  longest .  

I n  conclus ion ,  i t  c an  be  sa id  t h a t  a n i m a l s  r ece iv ing  
dr ied  m e a t  or  b u t t e r  e x t r a  s u b s t i t u t e d  for  s t a r c h  in a 
h u m a n  t y p e  food l ived  less long  t h a n  con t ro l  an ima l s ,  
a n i m a l s  w i t h  e x t r a  suga r  or a n i m a l s  w i t h  e x t r a  sunf lower  
oil  in t h e i r  food. B e t w e e n  t h e  l a t t e r  3 g roups  no  dif-  
ference in l o n g e v i t y  was  found.  A 6 th  g roup  r ece iv ing  
c y c l a m a t e  i n s t e a d  of ~/3 of t h e  suga r  n o r m a l l y  p r e s e n t  
in  t h i s  food, a n d  g iven  in t h e  a p p r o p r i a t e  swee t en ing  
a m o u n t ,  r e ached  a h ighe r  b o d y  w e i g h t  a n d  h a d  a t en -  
dency  to  l ive  longer  on  a n  average .  I { e m a r k a b l e  was  t h a t  
t h e  f i rs t  a n i m a l s  of th i s  g roup  t h a t  d ied  d id  so in a 
fa r  l a t e r  s t age  of t he  e x p e r i m e n t  t h a n  t he  f i r s t  t h a t  d i ed  
in t h e  o t h e r  groups .  

R e g a r d i n g  ear l ie r  f indings ,  i t  m u s t  be  conc luded  t h a t  
l i fe -span  is de f in i t e ly  in f luenced  b y  o t h e r  f ac to r s  t h a n  
d ie t  a lone.  T h e i r  n a t u r e  is s t i l l  u n k n o w n ,  b u t  m i g h t  be  
c o n n e c t e d  w i t h  in fec t ious  diseases  occur r ing  a m o n g  t he  
an imal s .  

Def in i t e  d i f ferences  in  causes  of d e a t h  b e t w e e n  t he  
g roups  were  no t  seen, e x c e p t  for  a t e n d e n c y  to  ear l ie r  
a n d  more  severe  g l o m e r u l o n e p h r i t i s  in  t he  g roup  re- 
ce iv ing  e x t r a  m e a t  ~*. 

Rdsumd. U n e  q u a n t i t 6  s u p p l 6 m e n t a i r e  de  15 Cal /100 Cal  
de v i a n d e  m a i g r e  s~ch6e ou de  b e u r r e  d a n s  u n  r6gime 
h u m a i n  t y p i q u e  d i m i n u e  la  dur6e  de  vie  d u  r a t  V¢istar 
p a r  c o m p a r a i s o n  avec  des  t 6mo ins  e t  des  a n i m a u x  qui  
a v a i e n t  regu d a n s  teur  r6gime une  q u a n t i t 6  suppI6men-  
t a i r e  de  sucre ou d ' h u i l e  de tourneso l ,  L a  durde de vie  
de  ces de rn i e r s  g roupes  f a t  la m a n e .  U n  a u t r e  g roupe  
qui  a v a i t  re~u d a n s  son r6gime de c y c l a m a t e  de s o d i u m  
au lieu de 2/3 de la q u a n t i t 6  no rma le  de sucre  p r 6 s e n t a  
u n  po ids  p lus  61ev6 e t  une  dur6e de vie p lus  longue  que  
les a u t r e s  groupes .  
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