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u n d e r  cond i t i ons  in  w h i c h  t he  gu t  a p p e a r s  r e l a t i ve ly  
qu i e scen t  v iz :  I n  vivo,  in a n i m a l s  u n d e r  deep  e t h e r  
anaes thes i a ,  w h e n  t h e  g u t  appea r s  to  be  r e l axed ;  a n d  
in v i t ro ,  in  buf fe r  a t  25 °C w h e n  t h e  g u t  appea r s  p a r t i a l l y  
con t r ac t ed .  The  fo l lowing e x p e r i m e n t  was  done  to  de te r -  
m i n e  t h e  v a r i a b i l i t y  a n d  r e l a t i on  of l eng t h s  m e a s u r e d  in 
vivo a n d  in v i t r o  b y  c o m p a r i n g  these  to  t h e  l eng t h s  of 
t h e  s ame  s e g m e n t s  w h e n  r e l axed  c o m p l e t e l y  b y  inh ib i to r s .  

IgIethods. 20 ma le  S p r a g u e - D a w l e y  r a t s  (175-200 g) 
were  a n a e s t h e t i z e d  w i t h  a n  O~ : e t h e r  v a p o u r  m i x t u r e  to  
deep  surg ica l  a n a e s t h e s i a  a n d  t h e  a b d o m e n s  opened .  B y  
m e a n s  of a piece of f lexible,  f ine,  r u b b e r  t u b i n g ,  8.0 c m  
l e n g t h s  of t h e  d u o d e n u m ,  p r o x i m a l  j e j u n u m ,  m i d d l e  of 
t h e  s m a l l  gut ,  d i s t a l  i l eum a n d  colon  were  m e a s u r e d  off 
a n d  excised.  T h e  g u t  c o n t e n t s  were  f lushed  o u t  a n d  t h e  
m e s e n t e r y  was  d i ssec ted  away .  T he  s e g m e n t s  were  p u t  
i n to  K r e b s - H e n s e l e i t  buf fe r  3 c o n t a i n i n g  0 .3% glucose a n d  
gassed w i t h  O2:CO 2 (95:5) ,  a t  25°C. Af te r  5 ra in  t he  
l eng th s  of t h e  g u t  s e g m e n t s  were m e a s u r e d  in t h e  buf fe r  
whi le  s t r e t c h i n g  t h e m  j u s t  suf f ic ien t ly  to  s t r a i g h t e n  ou t  
a n y  curves .  T h e  buf fe r  was  t h e n  w a r m e d  to  37°C a n d  
a f t e r  10 n l in  t he  l eng th s  were t a k e n  again .  T he  s e g m e n t s  
were t h e n  re laxed  b y  a d d i n g  to  t h e  buf fe r  f i r s t ly  a m i x t u r e  
c o n t a i n i n g  t h e  fo l lowing i n h i b i t o r s :  Me thyse rg ide  20 ~tg, 
Hyosc ine  10 ~tg, P r o m e t h a z i n e  10 leg, H e x a m e t h o n i u m  

Ratios of gut lengths measured in vivo and in vitro to relaxed lengths 

In vivo length 25 °C length 37 °C length 
(=  8.0 em) 
Relaxed Relaxed Relaxed 
length length length 

2 m g  a n d  L ignoca ine  200 ~g;  a n d  secondly,  a f t e r  10 rain,  
E D T A  p H  7.4, 5 m M  (all f ina l  concen t ra t ions / l ) .  Af te r  a 
f u r t h e r  10 m i n  t h e  gu t  s e g m e n t s  were m e a s u r e d  aga in .  
The  r a t i o s  of t he  l eng th s  of each  s e g m e n t  u n d e r  t h e  f i r s t  
3 c o n d i t i o n s  to  t he  re laxed  l e n g t h  were i n d i v i d u a l l y  worked  
o u t  a n d  t h e  geomet r i c  m e a n s  a n d  S.D. for  t he  va r ious  
g u t  regions  a n d  for  e a c h  e x p e r i m e n t a l  c o n d i t i o n  were  
d e t e r m i n e d  f rom these.  

T h e  re su l t s  s h o w n  in t h e  T a b l e  i nd i ca t e  t h a t  as far  as 
t h e  r e l axed  l e n g t h s  m a y  b e  cons ide red  as  a n  a b s o l u t e  
measu re  of g u t  l eng th s  t h e n  t h e  l e n g t h s  m e a s u r e d  a t  
25°C were  f a i r ly  c o n s t a n t l y  a b o u t  0.80 or  80% of  t h i s  
l eng th ,  a n d  t h e  in v i v o  l eng th s  (i.e. 8 . 0 c m ) ,  t h o u g h  
v a r y i n g  s l i gh t ly  more  b e t w e e n  g u t  regions ,  were  a b o u t  
0.94 or  94% of t h e  r e l axed  leng ths .  L e n g t h  m e a s u r e m e n t  
u n d e r  one  or  o t h e r  of t he se  c o n d i t i o n s  would  a p p e a r  to  
be  c o n s t a n t  e n o u g h  for s t a n d a r d i z a t i o n  in m o s t  t r anspor~  
s tudies .  T h e  l e n g t h  v a r i a t i o n  of g u t  s e g m e n t s  in  v i t ro  
a t  37°C h o w e v e r  was m u c h  g rea t e r  a n d  sugges ts  t h a t  
such m e a s u r e m e n t s  would  be  less useful  4. 

Rdsume. La  longueu r  des  s egmen t s  d ' i n t e s t i n  de ra t ,  
mesur~e  in v ivo  sous une  anes th~s ie  p ro fonde  A l ' e t h e r  
et  in  v i t ro ,  d a n s  une  so lu t ion  t a m p o n  ~ 25°C, a t t e i n t  
env i ron  le 94°,0 e t  le 80% de la l ongueu r  des s e g m e n t s  
t o t a l e m e n t  reh~ch6s. L ' u n e  ou l ' a u t r e  de ces mesu res  
semble  assez c o n s t a n t e  p o u r  ~tre employ6e  d a n s  la  
s t a n d a r d i s a t i o n  des m 6 t h o d e s  en usage d a n s  la p l u p a r t  
des 6 tudes  su r  le t r a n s p o r t  mucosal .  

D. D 'A.  V~rEBLING 

Biochemistry Department, University o~ Western Ontario, 
London (Ontario, Canada), 19 November t970. 

Duodenum 0.97 ~ 0.02 0.78 zt= 0.02 0.72 ~ 0.06 
Jejunum 0.93 4- 0.04 0.81 4- 0.02 0.74 ± 0.05 
Mid gut 0.92 ~: 0.03 0.79 4- 0.04 0.80 4- 0.09 
Ileum 0.91 :~ 0.04 0.79 4- 0.03 0.84 ~ 0.07 
Colon 0.98 4- 0.02 0.82 4- 0.04 0.68 4- 0.07 
Overall ratios 0.94 ± 0.03 0.80 ± 0.03 0.75 q- 0.06 

Values for each gut region are geometric means =~z S.D. for segments 
from 20 rats. 
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A Histochemical  Study of the P e c t o r a l i s  M u s c l e  o f  

The  v e r t e b r a t e  ske le ta l  musc le  h a s  been  t h e  m a t e r i a l  
for ca re fu l  i n v e s t i g a t i o n  b y  severa l  workers .  These  
musc les  in  d i f f e ren t  v e r t e b r a t e s ,  a p a r t  f r om h a v i n g  
morpho log ica l  differences,  v a r y  also in  t h e  phys io log ica l  
a n d  b iochemica l  cha rac te r i s t i c s .  T h e y  are  o f ten  re fe r red  
to  as t he  'red" a n d  ' w h i t e '  muscles .  T h e  ex i s t ence  of  a 
m i x e d  W p e  of musc le  c o m p o s e d  of na r row,  r ed  a n d  
b road ,  w h i t e  f ibres  is w e l l - k n o w n  a m o n g  v e r t e b r a t e s .  
These  2 morpho log ica l l y  d i f f e ren t  f ibres  v a r y  in  t h e i r  
m e t a b o l i t e  u t i l i z a t i on  as well. GEORGE et  al. ~ a t t r i b u t e d  
t h e  d i f fe rence  in nmsc le  f ibres  to  t h e i r  f u n c t i o n a l  a d a p t a -  
t i o n  a t  t h e  molecu la r  level.  GRINYER a n d  GEORGE 2 
sugges t ed  t h a t  t h e  red  f ibres  are  ' s low t w i t c h '  f ibres  
a n d  t he  wh i t e  ' f a s t  t w i t c h '  f ibres.  T h e  h i s t ochemica l  
s tud ies  on  t h e  pec to ra l i s  musc le  of t h e  S o u t h  I n d i a n  
F l y i n g  Lizard ,  Draco dussumieri, r evea led  a n u m b e r  of 
i n t e r e s t i ng  pecu l i a r i t i e s  a n d  t h e  resu l t s  of t h a t  s t u d y  are 
r e p o r t e d  in  t h i s  s h o r t  c o m m u n i c a t i o n .  

the South Indian Flying Lizard, Draco dussura ie r i  

T h e  pec to ra l i s  muscle  of Draco is a m i x e d  musc le  con-  
s i s t ing  of na r row,  i n t e r m e d i a t e  a n d  b r o a d  fibres.  Dia-  
m e t e r  r anges  f rom 35-45 ~ m  in t h e  na r row,  50-65 t±m 
in t h e  i n t e r m e d i a t e  a n d  75-100 txm in t h e  b r o a d  fibres.  
T h e r e  is a sma l l  b a n d  of n a r r o w  f ibres  t o w a r d s  t he  c e n t r e  
of t he  muscle ,  s u r r o u n d e d  b y  b r o a d  a n d  i n t e r m e d i a t e  
ones.  Some  n a r r o w  f ibres  a re  f o u n d  s c a t t e r e d  a t  r a n d o m  
t o w a r d s  t h e  pe r iphe ry .  T h e  n u m b e r  of n a r r o w  f ibres  is 
cons ide rab ly  less pe r  u n i t  area .  

Since m y o g l o b i n  c o n t e n t  was  v e r y  poor,  d i s t i n c t i o n  
of f ibres  in to  red  a n d  w h i t e  was  diff icul t .  T h e  c e n t r a l  
n a r r o w  f ibres  possessed  lesser a m o u n t  of f a t  t h a n  t h e  
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b r o a d  ones. T h e  overa l l  a c t i v i t y  of succinic  d e h y d r o -  
genase  was  r a t h e r  poor.  The  c e n t r a l  g roup  of n a r r o w  
f ibres  d id  n o t  show a n y  app rec i ab l e  e n z y m e  a c t i v i t y ;  
whe reas  i t  was  h i g h e r  in  t h e  b r o a d  fol lowed b y  t h e  i n t e r -  
m e d i a t e  (F igure  I). These  n a r r o w  fibres,  on  t h e  o t h e r  
h a n d ,  possessed a h ighe r  g lycogen  c o n t e n t  t h a n  t h e  
b r o a d  a n d  i n t e r m e d i a t e  ones.  S imi l a r ly  t h e y  showed  
m a x i m u m  p h o s p h o r y t a s e  a n d  u r id ine  d i p h o s p h a t e  glucose 
g lycogen  t r ansg lucosy la se  ac t iv i t ies ,  c o n t r a r y  to  t h e  
cond i t i on  in t h e  a v i a n  pec to ra l i s  (F igures  2 a n d  3). B u t  
a few n a r r o w  f ibres  d id  no t  show a n y  a c t i v i t y  a t  all. 
The  p e r i p h e r a l  b r o a d  f ibres  in  t h e  m a j o r i t y  of cases 
s t a i n e d  ye l low;  a few, however ,  s t a i n e d  blue ,  e x h i b i t i n g  
a h e t e r o g e n e i t y  in  t h e  a c t i v i t y  of these  enzymes .  

The  p r e s e n t  s t u d y  revea led  t h e  p resence  of 2 t y p e s  of 
f ibres  w i t h  d i f f e ren t  m e t a b o l i s m  in t h e  pec to ra l i s  of 
Draco. T h e  n a r r o w  f ibres  showed  h i g h e r  g lycogen  c o n t e n t  
a n d  e n z y m e s  c o n c e r n e d  w i t h  i t s  m e t a b o l i s m  (glycogen 
s y n t h e t a s e  a n d  phosphory lase ) ,  b u t  lesser fat ,  succinic  
d e h y d r o g e n a s e  a n d  myog lob in .  B r o a d  ones,  on  t h e  o t h e r  

h a n d ,  showed  t h e  oppos i t e  resul ts .  T h u s  i n d i c a t i n g  t h a t  
t h e  n a r r o w  f ibres  a re  a d a p t e d  for  a g lyco ly t ic  a n d  b r o a d  
ones  for  a low l ipoly t ic  m e t a b o l i s m ,  c o n t r a r y  to  w h a t  
h a s  been  o b s e r v e d  in t h e  mixed  pec to ra l  musc le  of o t h e r  
v e r t e b r a t e s ,  e spec ia l ly  of b i rds ,  whe re  t h e  n a r r o w  red  
f ibres  u t i l ize  f a t  a n d  t h e  b r o a d  w h i t e  ones  ut i l ize  g lycogen 
as t h e  ene rgy  source  1. 

T h e  b i o c h e m i c a l  d i f f e r e n t i a t i o n  of t h e  pec to ra l i s  musc l e  
of Draco could  be  co r r e l a t ed  w i t h  i t s  func t ion .  D u e  to  t h e  
c h a n g e  in t h e  t r u n k  m u s c u l a t u r e  caused  b y  t h e  g l id ing  
a d a p t a t i o n ,  t h e  r e s p i r a t o r y  f u n c t i o n  of t h e  a b d o m i n a l  
musc les  is s h i f t ed  to  t h e  pectora l i s .  Therefore ,  t h e  pec to-  
ra l is  is s u b j e c t e d  t o  g r ea t e r  a c t i v i t y  a n d  c o n s e q u e n t l y  i t  
h a s  u n d e r g o n e  t h i s  pecu l i a r  m e t a b o l i c  a d a p t a t i o n .  

Since t h e  n a r r o w  f ibres  of t h e  pec to ra l i s  of Draco 
possess  h i g h e r  glycogen,  p h o s p h o r y l a s e  a n d  U D P G G T ,  
t h e y  could  be  b r o a d l y  c o m p a r e d  h i s t o c h e m i c a l l y  w i t h  
t h e  r ed  f ibres  of  t h e  a p p e n d i c u l a r  musc le  of  p igeon  a n d  
fowl, a n d  t h e  b r o a d  f ibres  of t h e  p igeon  pectora l i s .  T h e  
presence  of b o t h  p h o s p h o r y l a s e  a n d  U D P G G T  in t h e  

Fig. 1. Photomicrograph of the transverse section of the peetoralis 
muscle showing mitochondrial localization of succinie dehydrogenase 
activity by the improved method of GEOR6E and TALESXRA e. 
Narrow fibres show less of the enzyme while broad ones show more 
of the enzyme. × 184. 

Fig. 3. Photomicrograph of the transverse section of the peetoralis 
muscle to demonstrate UDPGGT activity by the method of TA- 
K E U C H |  $. Narrow fibres show maximum activity. × 306. 

n a r r o w  f ibres  i nd i ca t e  t h e  occur rence  of t h e  c o m p l e t e  
g lycoly t ic  m a c h i n e r y  w i t h  i ts  e n z y m a t i c  p a t h w a y s  for  
t h e  syn thes i s  as  wel l  as t h e  b r e a k - d o w n  of glycogen.  

I t  is genera l ly  supposed  t h a t  musc le  f ibres  wh ich  lie 
t o w a r d s  t h e  p e r i p h e r y  a re  more  a c t i v e  t h a n  t h o s e  in  t h e  
in te r ior .  Consequen t ly ,  t h e y  increase  in d i a m e t e r .  NERVE 
a n d  G~OR~E 3 sugges ted  t h a t  t h e  la rge  d i a m e t e r  of t h e  
f ibres  of t h e  a p p e n d i c u l a r  musc les  in  t h e  fowl was d u e  
to  h y p e r t r o p h y  as  a r e su l t  of t e t a n i c  a c t i v i t y  of t h e  
f ibres  a t  a low o x i d a t i v e  m e t a b o l i s m .  T h i s  seems  to  b e  
t h e  case  in  t h e  pec to ra l i s  of Draco also. T h e  la rger  f ibres  
in  i t s  pec to ra l i s  a re  l ike  t h e  w h i t e  f ibres  of t h e  p igeon  
pec to ra l i s  as  fa r  as  on ly  t h e  d i a m e t e r  is conce rned .  B u t  
as  r ega rds  t h e  m e t a b o l i t e  u t i l i za t ion ,  t h e y  a re  s i m i l a r  
to  t h e  n a r r o w  r ed  f ibres.  Therefore ,  these  b r o a d  f ibres  
in  t h e  pec to ra l i s  of Draco could be  cons idered  as h y p e r -  

Fig. 2. Photomicrograph of the transverse section of the pectoralis 
muscle to demonstrate phosphorylase activity by the method of 
ERANKO and PALKXMA 7. Narrow fibres with greater activity and 
broad ones with less activity. × 306, 8 R.V. NE~E and J. C. GgORG~, Pavo 3, 35 (1965). 
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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.  

K. O. JOHN 
Department o/ Zoology, Mar Ivanios College, 
Trivandrum-15 (India), 23 September 1970. 

4 K. O. JOHN, J. Anita. Morphol. Physiol. 13, 126 (1966). 
5 K. O. JOHN, Ph. D. Thesis, Kerala University (1968). 
6 j .  C. GEORGE and C. J. TALESARA, Q. J. microsc. Sci. 102, 131 

(1961). 
7 0 .  ERANKO and A. I'ALKAMA, J. Histochem. Cytoehem. 9, 585 

(1961). 
s T. TAKEUCm, Proe. 2nd Ann. Gem Meeting., Jap. Histochem. 

Ass. (1960), p. 98. 
0 Grateful acknowledgment is made to Prof. J. C. GEORGE, Uni- 

versity of Guelph, Ontario (Canada), and to Prof. A. P. MATHEW, 
Mar IvaniosCollege, Trivandrum, for guidance and encouragement: 

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. 


