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was ca lcu la ted  f rom t he  f low r a t e  a n d  t he  difference 
b e t w e e n  in le t  a n d  ou t l e t  t e m p e r a t u r e ,  a m o u n t e d  to 
0.005 w a t t / k g  for 1~ di f ference b e t w e e n  rec ta l  t e m p e r a -  
t u r e  a n d  per fus ion  t e m p e r a t u r e .  A t  t he  m o s t  i n t ense  
levels of s t imu la t i on ,  t h i s  could  increase  m e a n  b o d y  
t e m p e r a t u r e  a t  a r a t e  of 0 .008~ The  e x p e r i m e n t s  
were pe r fo rmed  in t he  conscious an ima l s  3 to  6 days  a f t e r  
surgery.  

The  F igure  shows a n  e x p e r i m e n t  in  dog 1 a t  a n  a i r  
t e m p e r a t u r e  of + 30 ~ 3 per iods  of sp ina l  cord  w a r m i n g  
were p e r f o r m e d  b y  per fus ing  t he  t h e r m o d e  w i t h  w a t e r  of 
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Selective warming of the peripherally denervated spinal cord in a 
conscious dog and its effect on respiratory rate (above). Filled circles : 
Rectal temperature. Open circles: Temperature in the vertebrate 
canal at the level of the lowest intact segment. Bars and numbers: 
Stimulation periods and temperature of the water used to perfuse 
the thermodes. 

46-47 ~ I n  all  w a r m i n g  periods,  c lear  increases  of re-  
s p i r a t o r y  r a t e  u p  to  a p e a k  va lue  of 195 rain  -1 were found .  
Since r ec ta l  t e m p e r a t u r e  a n d  pe r idu ra l  space t e m p e r a t u r e  
a t  t h e  level  of t h e  lowes t  i n t a c t  s e g m e n t  (Th 10) c h a n g e d  
ins igni f ican t ly% th i s  p a n t i n g  response  was  el ici ted b y  
s ignals  o r i g ina t i ng  in  t he  pe r iphe ra l l y  d e n e r v a t e d  p a r t  of 
t he  sp ina l  cord. The  rap id  r a t e  of r e sp i r a t ion  was ac- 
c o m p a n i e d  b y  all t h e  cha rac t e r i s t i c  signs of p a n t i n g  w h i c h  
occur  in t h e  i n t a c t  a n i m a l  w h e n  i t  is exposed  to  a n  ex te r -  
na l  or i n t e r n a l  h e a t  load : i.e. increased sa l iva t ion ,  opened  
m o u t h  a n d  p r o t r u s i o n  of t h e  tongue .  However ,  in  con-  
t r a s t  to  t he  t yp i ca l  p a t t e r n  of response  to  sp ina l  cord  
w a r m i n g  in i n t a c t  dogs 4, t he  h i g h e s t  levels of r e s p i r a t o r y  
r a t e  were found  t o w a r d s  t he  ends  of t he  s h m u l a t i o n  
periods.  Th i s  m a y  h a v e  been  caused  b y  t he  para lys i s  of 
t h e  lower  p a r t  of t h e  body ,  wh ich  genera l ly  r endered  
p a n t i n g  di f f icul t  a n d  seemed to  oppose  t h e  t h e r m a l  dr ive,  
when higher respiratory rats were expected. 

The  Tab le  compr ises  t h e  resu l t s  of 14 per iods  of w a r m -  
ing t h e  d e n e r v a t e d  p a r t  of t h e  sp ina l  cord in t he  3 animals .  
I n  2 of t h e  3 an imals ,  t he  r e s p i r a t o r y  r a t e  d u r i n g  t he  
con t ro l  per iods  was h ighe r  t h a n  t h e  n o r m a l  res t ing  va lues  
in conscious  dogs 5. Th i s  was  due  to t he  e l eva ted  a i r  t e m -  
pe ra tu re ,  w h i c h  was chosen  to  fac i l i t a te  responses.  How-  
ever,  in  all  cases r e s p i r a t o r y  r a t e  inc reased  du r ing  sp ina l  
w a r m i n g  a n d  decl ined a f t e r  sp ina l  w a r m i n g  h a d  been  
f inished.  Th i s  effect  was leas t  p r o n o u n c e d  in a n i m a l  2, in  
wh ich  t he  spinaI  roots  were cu t  i n t r adu ra l l y .  

I n  conclusion,  t h e  e x p e r i m e n t s  h a v e  shown  t h a t  t h e  
l u m b a r  a n d  sacra l  sp ina l  cord, a f t e r  be ing  dep r ived  of 
all  i n p u t s  v ia  dorsa l  or poss ib ly  v e n t r a l  ~ roots ,  can  sti l l  
gene ra t e  t e m p e r a t u r e  s ignals  a n d  c o n v e y  t h e m  to 
sup ra sp ina l  cen ters  to  p roduce  pan t ing .  These  f indings  
e x t e n d  ear l ier  resu l t s  a b o u t  t he  gene ra t i on  of t h e r m o -  
r e g u l a t o r y  cold defence  responses  in dogs ~ and  p igeons  s 
with dorsal roots cut. 

4 C. JESSEN, Pflfigers Arch. ges. Physiol. 297, 53 (1967). 
50.  HALLWAe~S, Pfliigers Arch. ges. Physiol. 271, 748 (1960). 
6 R. E. COGGESHALL, J. D. COULTER and W. D. WILLIS JR., Brain 

Res. 57, 229 (1973). 
7 K.-A. MEURER, C. JESSEN and M. IRIKI, Pflfigers Arch. ges. 

Physiol. 293, 236 (1967). 
8 R. NECKER and W. RAUTENBERG, Pfliigers Arch. ges. Physiol. 

360, 287 (1975). 

F e r m e n t a t i v e  D i g e s t i o n  o f  F o o d  i n  t h e  C o l o b u s  M o n k e y ,  Colobus polykomos 

R. N. B. KAY I, P. HOPPE and G. M. O. MAL01Y ~ 

Department o /An ima l  Physiology, University o[ Nairobi, P.O. Box 30197, Nairobi (Kenya), 21 October 1975. 

Summary. F e r m e n t a t i o n  of leafy  food occurs  in  t h e  en la rged  saccus gas t r icus  of t he  colobus  m o n k e y  w i t h  t he  fo rma-  
t ion  of vola t i le  f a t t y  acid, as in  t he  r u m e n  of r u m i n a n t  an imals .  A b o u t  ha l f  of t h e  diges t ib le  organic  m a t t e r  and  cellulose 
of t he  d ie t  is d iges ted in t h i s  way.  

A l t h o u g h  h e r b i v o r o u s  m a m m a l s  do no t  secrete  cellulo- 
ly t ic  enzymes ,  t h e y  are ab le  to  d iges t  cellulose in t h e i r  
food b y  s u b j e c t i n g  i t  to  mic rob ia l  f e r m e n t a t i o n .  The  
mic robes  are  a c c o m m o d a t e d  e i t h e r  in a n  en la rged  com- 
p a r t m e n t  of t h e  s t omach ,  as in  r u m i n a n t  an imals ,  or in 
a n  en la rged  c a e c u m  and  colon, as in horses.  Whi l e  t he re  
are  m a n y  he rb ivo re s  t h a t  e m p l o y  gas t r ic  f e r m e n t a t i o n ,  
a m o n g  t h e  p r i m a t e s  on ly  t h e  colobus,  l angur  a n d  pro-  
boscis  monkeys ,  t he  Colobinae,  a p p e a r  to  h a v e  a d o p t e d  
th i s  mode  of d iges t ion  a, 4. Th i s  s u b f a m i l y  lead a n  a rbo rea l  
life, feeding m a i n l y  on  leaves,  f ru i t  a n d  seeds. T he  f i rs t  
p a r t  of t h e  s t omach ,  t h e  saccus gastr icus,  is g r e a t l y  

en la rged  5 a n d  i t  is here  t h a t  food is f e r m e n t e d  y ie ld ing  
gases a n d  vola t i le  f a t t y  acids s imi la r  to  those  p roduced  

1 Present address: Rowett Research Institute, Physiology Depart- 
merit, Bueksburn, Aberdeen AB2 9SB, Scotland. 

2 We wish to thank the Inter-University Council, the Nuffield 
Foundation and the Welleome Trust for financial support. Mr 
P. J. S. DEWEY kindly made the determinations of cellulose and 
lignin. 
R. J. MOlR, Handbook o] Physiology (Ed. C. F. CODE; American 
Physiological Society: Washington, D.C. 1968), sect. 6, p. 2673. 

4 T. B.~UCHOP, A. Rev. Mierobiol. 25, 429 (1971). 
W. C. D. HILL, Proc. zool. Soc. Lond. 122, 127 {1952). 
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Table I. Weights of animals and of their digestive tracts and salivary 
glands 

Colobus A Colobus B 

Body weight (kg) 6.2 3.4 

Gut weights (g) 
Stomach 197 114 
Small intestine 69 68 
Large intestine 66 35 

Salivary gland weights (g) 
Both parotids 8.0 7.6 
Both submaxillaries 4.6 2.7 
Both sublinguals 1.6 1.0 

in the  r u m e n  of sheep and  cattle6-S. The con ten t s  of t he  
saccus then  pass  to  the  second p a r t  of the  s tomach,  t he  
tubus  gastricus,  where  t h e y  are acidified. 

Whi le  i t  is clear t h a t  th is  f e rmen ta t ion  in the  saccus is 
qua l i t a t ive ly  similar  to  t h a t  seen in t he  rumen,  i t  is no t  
known how i m p o r t a n t  i t  is quan t i t a t ive ly .  I t  was, there-  
fore, decided to s t u d y  the  d i sappearance  of food f rom the  
various c o m p a r t m e n t s  of the  gu t  of s laughtered  colobus 
monkeys  by  use of tile l ignin ra t io  technique .  

Two young  male  colobus monkeys  were provided  for 
s tudy.  They  were housed  separa te ly  in smal l  cages. We 
wished  to  feed t h e m  on a single species of p l a n t  to  avoid 
the re  being any  u n c e r t a i n t y  concerning the  food eaten.  
The only  p l an t  available locally t h a t  these  monkeys  
would  ea t  in any  q u a n t i t y  was C o m m e l i n u m  benghalense,  
an exot ic  succulent  p lant ,  which  was offered fresh each 
day. E v e n  so, the  monkeys ,  who were no t  accus tomed to 
conf inement ,  a te  only  abou t  400 g fresh weigh t  dai ly and  
were in a r a the r  emac ia ted  condi t ion  when  s laughtered  
af ter  receiving th is  diet  for 3 weeks. 

Each  m o n k e y  in t u rn  was anaes the t i sed  by  an i.p. 
in ject ion of p e n t o b a r b i t o n e  sodium. The abdomina l  
cav i ty  was opened and c lamps  were placed at  t he  junc t ion  
be tween  the  saccus and  the  tubus ,  a t  the  pylorus  and  a t  
the  ileo-caecal junct ion.  The gas t ro- in tes t ina l  t r ac t  was 
then  excised and the  m o n k e y  was killed. The con ten t s  of 
each c o m p a r t m e n t  of the  gu t  were rap id ly  removed,  
weighed and mixed.  A sample  was t aken  wi th in  5 min  of 
excision for de t e rmina t i on  of p H ;  th is  was t h e n  acidified 
and frozen for subsequen t  analysis  of volat i le  f a t t y  acids 
(VFA) by  M arkham disti l lat ion,  and  of to ta l  n i t rogen by  
a IKjeldahl procedure .  The r ema inde r  of the  con ten t s  

was dried a t  105~ for d ry  m a t t e r  de te rmina t ion .  One 
por t ion  of the  d ry  sample  was ashed at  500~ for 16 h to  
measure  organic  m a t t e r  by  loss of weight ,  and  ano the r  
was analyzed for cellulose 9 and  ac id-de te rgen t  l ignin 10. 

Some ana tomica l  m e a s u r e m e n t s  are given in Table I. 
Table I I  shows the  compos i t ion  of the  food and  of tile 
digesta.  Large amo u n t s  of ep i the l ium had  been shed in to  
t he  con ten t s  of the  small  in tes t ine  and  so th is  sample  was 
excluded f rom fur ther  considerat ion.  The con ten t s  of the  
large in tes t ine  were d iv ided into a fluid por t ion  (caecum 
plus f i rs t  20 cm of colon) and a p a s t y  por t ion  ( remainder  
of colon and  rectum).  A 24-hour faeces collection was  
avai lable f rom Colobus B. I t  can be seen t h a t  a fair ly 
h igh  concen t ra t ion  of V F A  was found  in b o t h  tile saccus 
gastr icus  and  the  caecum-colon.  The p H  remained  near  
neut ra l i ty .  Higher  concen t ra t ions  of V F A  were found in 
the  saccus of 2 colobus monkeys  sho t  in the  wild by 
OHWAKI e t a l .  s. The in te rva l  be tween  d e a t h  and  p repara -  
t ion of samples  for V F A  de t e rmina t i on  in t he  wild mon-  
keys, 35 and  41 min,  was grea te r  t h a n  the  10 rain t h a t  
elapsed in our  monkeys .  This m a y  p a r t l y  explain  t he  
grea ter  ac id i ty  of the  s t o mach  con ten t s  of t he  former,  
t h o u g h  the i r  r ich die t  of frui t  and  seeds will no d o u b t  have  
led to  a more  rapid  f e rmen ta t ion  t h a n  t h a t  of our  r a the r  
i n a p p e t a n t  leaf-eat ing monkeys .  

Most  of the  V F A  produced  in the  r u m e n  of sheep and  
cat t le  is absorbed  d i rec t ly  and  l i t t le  flows to  the  aboma-  
sum and intes t ine .  The V F A  produced  in the  saccus of the  
colobus m o n k e y  was also largely absorbed  f rom the  s to-  
mach,  t h o u g h  i t  is no t  possible f rom our resul ts  to  deter-  
mine w h e t h e r  the  saccus or the  t ubus  was the  mos t  im- 
p o r t a n t  site of absorpt ion .  The con ten t s  of t he  t u b u s  
w e r e  suff ic ient ly  acid (pH 2.2 and 2.4) to  a r res t  fu r the r  
fe rmenta t ion .  The high concen t ra t ion  of V F A  in the  
caecum-colon indica tes  t h a t  f e rmen ta t i on  was  proceeding 
ac t ive ly  in th is  organ as well, t h o u g h  the  re la t ive ly  small  
d ry  weigh t  of con ten t s  suggests  t h a t  digest ion in th is  
c o m p a r t m e n t  is of subs id ia ry  impor tance .  

In  sheep and ca t t le  normal  rumina l  f e rmen ta t ion  is 
p r e v e n t e d  if the  rumen  con ten t s  become too acid. I t  is 
therefore  i m p o r t a n t  t h a t  a f rac t ion of the  volat i le  f a t t y  
acids p roduced  are neut ra l ized  to  provide  a well buffered 

6 H.-J. KUHN, Folia primatol. 2, 193 (1964). 
T. BAUCHOP and R. W. MARTUCCI, Science 161,698 (1968). 

s K. OHWAKI, R. E. HUNOATE, L. LOTTER, R. R. HOFF~Aa and 
G. MALOI% Appl. Microbiol. 27, 713 (1974). 

9 K. NEHRIN~, Arch. Tierern~ihr. 19, 453 (1969). 
10 H. K. GOERING and P. VAN SOES% Agricultural Handbook (U.S, 

Department of Agriculture, 1970), No. 379. 

Table II. The composition of the food and the contents of the digestive tract 

Wet weight Dry matter (DM) Lignin Cellulose Total N Volatile fatty acids pH 
(g) (g/100 g wet weight) (g/100 g DM) (g/100 g DM) (g/100 g DM) (mM/1) 

Commdinum benghalense -- 9 9 15 3.7 -- -- 
Colobus A 
Saeeus gastrieus 426 5 10 14 3.1 65 6.5 
Tubus gastricus 36 4 11 -- 4.0 4 2.4 
Caecum + proximal colon 100 10 11 11 2.4 80 7.2 
Distalcolon + rectum 78 20 15 15 2.6 -- -- 

Colobus B 
Saeeus gastrieus 130 9 14 11 4.0 53 7.0 
Tubus gastrieus 47 11 17 13 3.1 3 2.2 
Caecum + proximal colon 34 21 15 -- 2.7 47 7.2 
Distalcolon + rectum 22 31 12 -- 3.1 -- -- 
Faeces 105 28 18 12 2.4 -- -- 
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Table III.  Progressive disappearance of food constituents during 
passage through the digestive tract. 

Dry Organic Cellulose Total N 
matter matter 

100 100 100 100 

90 86 82 76 
85 72 -- 90 
80 66 56 52 
60 55 60 41 

Commelinum benghaleme 
Colobus A 
Saecus gastricus 
Tubus gastricus 
Caecum + proximal colon 
Distal colon + rectum 

Colobus B 
Saccus gastricus 
Tubus gastricus 
Caecum + proximal colon 
Distal colon + rectum 
Faeces 

62 59 46 67 
54 51 46 45 
62 51 -- 45 
74 64 -- 62 
48 40 39 31 

The concentration relative to lignin in the gut contents is given as a 
percentage of that in the food. 

m e d i u m  a t  a b o u t  p H  6. T h e  R u m i n a n t i a  do th i s  m a i n l y  
b y  secre t ing  large  vo l um es  of a lka l ine  sa l iva  n .  The  
c o n t e n t s  of b o t h  saccus  a n d  caecum-co lon  of our  colobus  
m o n k e y s  were  qu i t e  well  buffered,  10 m l  of s u p e r n a t a n t  
f luid f rom t h e  saccus  r equ i r ing  0.7 ml  N - H 2 S O  ~ to  reduce  
t h e  p H  below a va lue  of 3, a n d  an  equa l  v o l u m e  f rom t h e  
caecum-co lon  requ i r ing  1.5 m l  N - H 2 S O  ~. I t  is n o t  c lear  

h o w  t h e  colobus  m a i n t a i n s  t h e  buf fe red  n a t u r e  of t h e  
c o n t e n t s  of i t s  saccus. Th i s  c o m p a r t m e n t ,  like t h e  
camel ' s  r u m e n  ~2, ha s  a g l a n d u l a r  e p i t h e l i u m  w h i c h  m a y  
secrete  a n  a lka l ine  fluid, b u t  t h e  colobus  also ha s  well- 
deve loped  sa l iva ry  g lands  (Table  I) t h o u g h  n o t h i n g  is 
k n o w n  of t h e  vo lume  or compos i t i on  of t he  sa l iva  secreted.  

B y  a s suming  t h a t  l ign in  is who l ly  indigest ib le ,  t he  
a p p a r e n t  d iges t ib i l i ty  of t h e  d i e t a r y  c o n s t i t u e n t s  s h o w n  
in TabIe  I I  m a y  be  e s t ima ted .  The  a m o u n t  of each  com- 
p o n e n t  r e m a i n i n g  und iges t ed  in successive c o m p a r t m e n t s  
of t h e  g u t  is g iven  b y  i ts  c o n c e n t r a t i o n  pe r  g l ignin  in t he  
d iges ta  d iv ided  b y  i ts  c o n c e n t r a t i o n  pe r  g l ign in  in t h e  
food. Tab le  I I I  gives t h e  va lues  ob ta ined ,  expressed  as 
pe rcen tages  of t h e  a m o u n t s  ea ten .  A b o u t  4 0 - 5 0 %  of d ry  
m a t t e r ,  o rganic  m a t t e r  a n d  cellulose h a d  d i s appea red  b y  
t he  t i m e  t he  d is ta l  colon was reached,  a n d  some f u r t h e r  loss 
a p p e a r e d  to  t a k e  place before  t h e  faeces were v o i d e d  in 
Colobus B. B o t h  t h e  saccus a n d  t i le  large i n t e s t i ne  seemed 
to  be  i m p o r t a n t  si tes of digest ion.  T o t a l  n i t r ogen  showed a 
r a t h e r  g rea te r  a p p a r e n t  d iges t ib i l i ty .  

The  absence  of cel lulolyt ic  a c t i v i t y  in  colobus  s t o m a c h  
c o n t e n t s  r epo r t ed  b y  KUHIq s a n d  b y  OHWAI~I e t  al. s was 
p r o b a b l y  due  to  t h e  d ie t s  of f ru i t  a n d  seeds be ing  ea ten  b y  
t h e i r  an imals .  Foods  r i ch  in  s t a r c h  a n d  suga r  a re  asso- 
c ia ted  w i t h  suppress ion  of celluIolysis in  ca t t l e  a n d  sheep. 
Our  obse rva t i ons  ind ica te  t h a t  mic rob ia l  f e r m e n t a t i o n  of 
food, inc lud ing  e x t e n s i v e  cellulolysis,  c an  occur  in t h e  
colobus  m o n k e y  rece iv ing  a leafy  diet .  

n R. N. B. KAY, WId Rev. Nutr. Diet. 6, 292 (1966). 
13 R. H. ECKERLIN and C. E. STEVENS, Cornell Vet. 63, 436 (1973). 

Increased Plasma Creatine Kinase ActiVity in Rabbits:  Effect of Systematical ly  Repeated Blood 
Sampl ing 1 

F. BACOU and C. BRESSOT 

StaHon de Physiologic Animale, [nstitut National de la Recherche agronomique, E.N.S.A. ,  Place Viala, 34060 Montpellier 
Cddex (France), 9 June 7975. 

Summary. Var ious  physical ,  c h e m i c a l  a n d  biological  fac tors  are i nvo lved  in a n  increased  p l a s m a  c rea t ine  k inase  ac t iv i ty .  
R e p e a t e d  b lood  s ampl ing  induced  in all  r a b b i t s  s tud ied  a r eac t ion  of s imi la r  p a t t e r n  b u t  of d i f fe ren t  in t ens i ty ,  expressed  
b y  a m a x i m u m  of p l a s m a  C P K  ac t iv i ty .  T he  physio logica l  origins of t h i s  v a r i a t i o n  of C P K  a c t i v i t y  seems to be, as 
seen  in  con t ro l  an imals ,  t h e  consequence  of e m o t i o n a l  s t ress  due  to  h a n d l i n g  a n d  poss ib ly  an  a d d i t i o n a l  s t ress  due  to  t h e  
venepunc tu r e s .  

Inc reased  p l a s m a  or s e rum c rea t ine  kirtase a c t i v i t y  
(E.C.: 2-7-3-2; CPK)  is genera l ly  used  in p a t h o l o g y  to  
d e t e c t  card iac  (myoca rd ia l  in fa rc t ion)  or m u s c u l a r  
anomal ie s  ( d y s t r o p h y  or h y p e r t r o p h y ) 3 ;  i t  would  also 
enab le  t he  d e t e r m i n a t i o n  of t h e  degree of s t ress  suscept i -  
b i l i ty  w h i c h  p a r t i a l l y  cond i t ions  ce r t a in  pa tho log ica l  
fo rms  of muscu l a r  h y p e r t r o p h y  in pigsa-S. 

I n t e r p r e t a t i o n  of a s ign i f ican t  increase  in th i s  e n z y m a t i c  
a c t i v i t y  m a y  be  compl i ca t ed  b y  m a n y  factors ,  such  as 
inges t ion  of alcohol,  s t r e n n u o u s  exerciseT, S, h y p o t h y -  
ro id i sm 9-n,  c e r eb rovascu l a r  disease,  burns ,  a d a p t a t i o n  
to  cold ~2, i .m. in jec t ions  in, or, as in  man ,  e m o t i o n a l  
s t ress  2,14. 

D u r i n g  e x p e r i m e n t s  on  severa l  b reeds  of r abb i t s ,  we 
observed ,  as h a v e  m a n y  scient is ts ,  a cons iderab le  va r i a -  
b i l i ty  in  t h e  resu l t s ;  t h i s  led us to  exam i ne  t he  i m p o r t a n c e  
of a n o t h e r  fac to r  w h i c h  could af fec t  t he  p l a s m a  C P K  
ac t iv i ty ,  t h a t  is sy s t ema t i ca l l y  r epea t ed  b lood sampl ing .  

Material and methods. I n  a p r e l i m i n a r y  s t u d y  on  b o t h  
anes the t i z ed  and  n o n - a n e s t h e t i z e d  r abb i t s ,  we ver i f ied  
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