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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 .  
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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  

1 Supported by Grant No. 73.7.1654 of the D6Mgation g6n6rale k la 
Recherche seientifique et technique. 
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t h a t  the  enzyme ac t iv i ty  did no t  v a r y  signif icantly 
according to the  origin of the  p lasma studied (heart, 
external  saphene vein, jugular  vein, carot id  ar tery,  
por ta l  vein  and inferior vena  cava).  Finally,  we took 
the  blood samples from the  external  saphene vein  (v. 
tarsea recurrens) because of its accessibility, and were 
thus  able to keep manipula t ions  to a min imum.  

The exper imenta t ion  was carried out  under  ident ical  
condi t ions  on 7 male  New-Zealand  rabbits ,  weighing 
about  3.5 kg;  the  blood samples (about 1.5 ml) were 
collected wi th  heparinized syringes, every  3 h for 36 h, 
then  a t  longer in tervals  f rom the  36th to the  81st h;  
all exper iments  were s tar ted  a t  09.00 h of the  day.  The 
plasma was separated in an Eppendor f  3200 centrifuge, 
and the C P K  ac t iv i ty  determined immedia te ly  using a 
Gilford Model 240 recording spec t rophotometer  by  a 
me thod  a l ready described 15; we verif ied t h a t  the hepar in  
did not  interfere wi th  the  enzymat ic  assay. 3 similar  
exper imenta t ions  on sham-opera ted  animals  were then  
carried out.  In  the  first  control  series, the  rabbi ts  were 
manipu la ted  eve ry  3 h w i thou t  punc ture  to ver i fy  the  

800 

70O 

60C 

500 

40~ 

=a 30c 
E 

o 200 

100 

6' 12'4s  4'3'o' e 48 s7 72 81, 
Time 

Fig. 1. Evolution of plasma CPK activity in 7 rabbits submitted to 
systematic blood sampling. 

influence of emot ional  stress on C P K  act ivi ty .  In  the  2nd 
control  series, animals  were manipu la ted  and submi t ted  
to repea ted  venepunctures  (every 3 h) wi thou t  blood 
sampling to ver i fy  the  consequence of physical  stress on 
the  enzymat ic  act ivi ty .  In  the  last  control  series, the  
rabbi ts  were not  manipula ted.  In  the  3 control  series, the 
blood was sampled a t  the  init ial  exper imenta l  hour, a t  
the  24th h and a t  the  end of the  81st h of manipula t ion  
The C P K  ac t iv i ty  was then  de te rmined  as previous ly  
described. 

Results  and discussion. Sys temat ica l ly  repeated blood 
sampling induces in the  rabbi t  a qui te  considerable  
increase in C P K  ac t iv i ty  (more t h a n  54 t imes  in one of the  
animals  studied), wi th  a m a x i m u m  of ac t iv i ty  appear ing 
ve ry  regular ly  be tween the 21st and the  24th exper imenta l  
hour. 

The  enzymat ic  ac t iv i ty  pa t t e rn  in Figure  1 can be 
divided into 2 successive phases:  1. Sys temat ic  C P K  
ac t iv i ty  increase, reaching a m a x i m u m  between  the  21st 
and the  24th exper imenta l  h. 2. Decrease in ac t iv i ty  unt i l  
the  end of the  81 h of manipula t ion ,  inspire of cont inued 
blood sampling. The C P K  ac t iv i ty  increase observed 
varies wi th  the  animal,  which m a y  correspond to dif- 
ferences in stress susceptibil i ty,  as migh t  have  been 
expected.  Therefore,  there  is no t  conclusive evidence 
whether  the  increase of the  enzyme ac t iv i ty  is due to the  
blood loss itself (18 ml  in the  first 36 h), to the  repea ted  
venepunctures  (physical stress), or to emot ional  stress. 
Control  animals  pe rmi t t ed  us to compare  the  effects of 
physical  or emot ional  stress and to tes t  the i r  re la t ive  
importance.  The  results of the  3 control  series (see 
details in mater ia l  and methods) p lo t ted  in F igure  2 
shows, on the  one hand,  t h a t  t he  evolu t ive  pa t t e rn  of 
p lasma C P K  ac t iv i ty  dur ing the  81 exper imenta l  h is 
similar to t h a t  previous ly  ment ioned;  on the  o ther  hand 
t h a t  this evolu t ive  pa t te rn  differs in in tens i ty  according 
to the  different  types  of manipulat ions .  

The  ac t iv i ty  increase described on Figure  ! is essential ly 
due to stress dur ing the  exper iments  and no t  to the  blood 
loss itself. If  we compare  the  impor tance  of the  factors 
inducing this stress (Figure 2, a, b and c), i t  mus t  be 
concluded tha t  emot ional  stress alone, at  least  in rabbits ,  
can cause a substant ia l  increase in C P K  ac t iv i ty ;  the  
emot ional  effect seems more impor t an t  t han  the  physical  
effect, which seems to appear  (Figure 2, b and c) only  
in addi t ion to emotional  stress. 

15 F. BACOU, Annls. Biol. anita. Biochim. Biophys. 12, 581 (1972). 
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Fig. 2. Plasma CPK activity in control rabbits. A) No manipulated. B) Manipulated every 3 h without vencpuncture. C) Repeated vene- 
punctures without blood sampling. 
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The  b iochemica l  or igins  of t h e  e n z y m a t i c  a c t i v i t y  in- 
crease itself, w h e t h e r  ill ou r  p a r t i c u l a r  case, or in  those  
m e n t i o n e d  in t h e  i n t r o d u c t a r y  p a r a g r a p h ,  r e m a i n s  pro-  
b l e m a t i c :  severa l  au thors ,  a l r eady  cited,  a d v a n c e  t h e  
h y p o t h e s i s  t h a t  such  increases  in a c t i v i t y  resu l t  f rom a n  
increase  in m e m b r a n e  p e r m e a b i l i t y  ( p r e s um ab l y  due  to  
a n  inf luence  of corticosteroids~",~v), w i t h o u t  h o w e v e r  
p r o d u c i n g  s u p p o r t i n g  evidence.  Likewise,  t he  l igh t  
decrease  in h e m a t o c r i t  obse rved  d u r i n g  the  e x p e r i m e n t s  
does no t  exp la in  t he  p a t t e r n  of p l a s m a  C P K  ac t iv i ty ,  a n d  
p a r t i c u l a r l y  t h e  ex is tence  of a p e a k  of ac t iv i ty .  

The  a p p e a r a n c e  of a m a x i m u m  be t w een  t he  21st a n d  
t h e  24 th  e x p e r i m e n t a l  h m i g h t  co r re spond  to  an  inh-ad ian  
r h y t h m  of s t ress - suscep t ib i l i ty  ~s, i nduc ing  a s imi la r  
r h y t h m  of p l a s m a  C P K  a c t i v i t y ;  however ,  as t h i s  
p h e n o m e n o n  did  n o t  recur  d u r i n g  t he  81 e x p e r i m e n t a l  h, 
such  a h y p o t h e s i s  can  scarce ly  be  re ta ined .  I t  seems more  
logical  t h a t  such  an  a c t i v i t y  p a t t e r n  r ep resen t s  an  a d a p t a -  
t ion  b y  t he  an ima l s  to  e x p e r i m e n t a l  condi t ions ,  causing,  
a f te r  a n  increase,  a decrease  in t he  release of t he  enzyme,  
since a p h e n o m e n o n  as r ap id  c a n n o t  be exp la ined  b y  t he  
m o d u l a t i o n  of t he  m e c h a n i s m  of syn thes i s  and  u t i l i za t ion  
of t he  C P K  a t  o rgan i sm level. 

Therefore ,  a l t h o u g h  these  resu l t s  are p e r t i n e n t  on ly  for 
r abb i t s ,  t h e  in te r fe rence  of n u m e r o u s  fac tors  w i t h  se rum 
or  p l a s m a  C P K  a c t i v i t y  (and p a r t i c u l a r l y  t he  s t ress  ac- 
c o m p a n y i n g  b lood sampl ing  in rabbi t s )  would  seem to 
ind ica te  t h a t  a ce r t a in  care is necessa ry  in t he  i n t e r p r e t a -  
t i on  of resu l t s  in  phys io logy  and  e x p e r i m e n t a l  p a t h o l o g y  ~9, 
or of ce r t a in  cl inical  cases ~~ 21 concerned  w i t h  th i s  en- 
zyme  ~, as 

16 F. SctfAem•, C. r. Soc. Biol., Paris 148, 1997 (1954). 
sT F. SCHAPIRA, personal communication (1975). 
is F. HALBERO and A. REINBERG, J. Physiol., Paris 59, 117 (1967). 
19 p. D. ALTLAND, 13. HIGH,AN and R. G. SELLtCER, Cryobiology 71, 

296 (1974). 
20 j .  ROGET, A. BEA~JDOIbrG, J. JOBERT and M. BosT, P6diatrie 24, 

163 (1969). 
21 K. $. PHORNPHUTKUL, S. ANURAS, R. S. KO~'F, L. B. SEEF, D. L. 

MAHLER and M. J. ZIMMERMAN, Clin. Chem. 20, 340 (1974). 
22 R. S. GALE~ and S. R. GAMBINO, Clin. Chem. 21, 272 (1975). 
~6 j .  C. TURPIN, Ann. Pediat. 22, 107 (1975). 

Effect  of  6 - H y d r o x y d o p a m i n e  P r e t r e a t m e n t  on  S p o n t a n e o u s  C o n v u l s i o n s  I n d u c e d  b y  B a r b i t a I  
W i t h d r a w a l  1 

W . W .  MORGAN 2 

University o/ Texas, Health Sciences Center at San Antonio, Department o/Anatomy, 7703 Floyd Curl Drive, San Antonio 
(Texas 78284, USA), 76 October 7975. 

Summary. Fol lowing w i t h d r a w a l  f rom chronic  b a r b i t a l  a d m i n i s t r a t i o n ,  6 - h y d r o x y d o p a m i n e  p r e t r e a t e d  r a t s  show a 
g rea t e r  n u m b e r  a n d  a n  ear l ier  onse t  of s p o n t a n e o u s  convu l s ive  seizures t h a n  do r a t s  p r e t r e a t e d  w i t h  t h e  sa l ine-ascorbic  
acid vehicle.  

A b r u p t  w i t h d r a w a l  fol lowing t h e  long t e r m  i n t a k e  of 
b a r b i t u r a t e s  resul t s  in a n  a b s t i n e n c e  s y n d r o m e  cha rac -  
te r ized  b y  t he  occur rence  of s p o n t a n e o u s  convu l s ive  
seizures in m a n  (ISBELL e t  al. a) a n d  in r a t s  (EsslG4). The  
b iochemica l  m e c h a n i s m  u n d e r l y i n g  t he  a p p e a r a n c e  of 
these  s p o n t a n e o u s  convu l s ions  ha s  been  on ly  m i n i m a l l y  
inves t iga ted .  Acu te  t r e a t m e n t  w i t h  a n e s t h e t i c  dosages  of 
of p e n t o b a r b i t a l  has  been  s h o w n  to decrease  t he  t u r n o v e r  
of n o r a d r e n a l i n e  a n d  d o p a m i n e  (CoRRODI, FUXE a n d  
H6tCFELT 5, PERSSON a n d  WALDECIr Changes  in t h e  
a c t i v i t y  of n o r a d r e n a l i n e  a n d / o r  d o p a m i n e  c o n t a i n i n g  
n e u r o n s  fol lowing t he  long t e r m  a d m i n i s t r a t i o n  of bar -  
b i t u r a t e s  could be r e l a t ed  to  some of t h e  s y m p t o m s  of t he  
abs t i nence  syndrome ,  i.e. s p o n t a n e o u s  convuls ions .  T h u s  
i t  was of i n t e r e s t  to  d e t e r m i n e  t he  effect  t h a t  t h e  chemica l  
Iesioning of b r a i n  n o r a d r e n a l i n e  a n d  to  a lesser e x t e n t  
b r a i n  d o p a m i n e  n e r v e  end ing  w i t h  6 - h y d r o x y d o p a m i n e  
would  h a v e  on  t he  onse t  and  inc idence  of s p o n t a n e o u s  
convu l s ions  in  r a t s  w i t h d r a w n  fol lowing chron ic  b a r b i t a l  
t r e a t m e n t .  

Materials and methods. A smal l  p o l y e t h y l e n e  c a n n u l a  
(PE10) was i m p l a n t e d  in to  each  l a t e ra l  ven t r i c l e  of a d u l t  
male  Sp rague -Dawley  ra ts .  The  c a n n u l a e  were secured  
in place w i t h  d e n t a l  c e m e n t  a n d  2 s ta in less  s teel  screws 
i m p l a n t e d  in to  t he  skull.  E a c h  c a n n u l a  was k e p t  p a t e n t  b y  
t h e  use of a s ta in less  s teel  s ty le r  of t h e  exac t  l e n g t h  to 
e x t e n d  j u s t  to  t h e  t ip  of t he  cannu la .  40 r a t s  s u b s e q u e n t l y  
referred to  as 6 - h y d r o x y d o p a m i n e  p r e t r e a t e d  were 
anes the t i z ed  w i t h  e the r  a n d  g iven  100 ~g of 6 -hydroxy-  
d o p a m i n e  h y d r o b r o m i d e  (6-HODA) (Sigma) in 20 ~zl of 

sal ine (1 m g  ascorbic  ac id  pe r  ml) in each  la te ra l  vent r ic le .  
40 r a t s  s u b s e q u e n t l y  refer red  to  as sal ine t r e a t e d  were  
also a n e s t h e t i z e d  a n d  received on ly  t h e  sal ine vehicle.  
The  t r e a t m e n t  was r epea t ed  on a l t e r n a t e  days  for a t o t a l  
of 3 in ject ions .  Af t e r  t h e  3rd in jec t ion ,  t he  s ty le t s  were  
r emoved ,  t h e  c a n n u l a e  were c l ipped off n e x t  to  t he  skul l  
a n d  t h e n  p lugged  w i t h  d e n t a l  cement .  The  an ima l s  were 
housed  4 pe r  cage a n d  exposed to  a 14:10  l igh t  d a r k  
l i gh t ing  reginle  ( l ights on  06.00-20.00 h). 1 week  l a t e r  
32 of t h e  6 - H O D A  p r e t r e a t e d  a n d  23 of t h e  sal ine pre-  
t r e a t e d  con t ro l  r a t s  were s t a r t e d  on  a dosage r eg imen  of 
inc reas ing  c o n c e n t r a t i o n s  of b a r b i t a l  in  t h e  d r i n k i n g  
water .  The  lower  sample  sizes r epo r t ed  in t he  resu l t s  
sec t ion  ref lect  t he  loss of an ima l s  d u r i n g  the  6 weeks of 
t h e  b a r b i t a l  reg imen.  The  in i t i a l  c o n c e n t r a t i o n  of b a r b i t a l  
(no t  sod ium salt)  was  i m g / m l  wh ich  was  g iven  for  3 days.  
The  b i t t e r  t a s t e  of b a r b i t a l  was  disguised w i t h  sacchar ine  
(20 rag/l).  The  con t ro l  or n o n - b a r b i t a l  t r e a t e d  r a t s  were 
g iven  t h e  s ame  c o n c e n t r a t i o n  of sacchar ine  in t h e i r  
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