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fect  is c lear-cut .  The  p l a s m a  used  was  p u r p o s e l y  n o t  
d i l u t ed  b y  t he  reca lc i f ica t ion  t e c h n i q u e  u s e d L  

S y n t h e t i c  organic  c o m p o u n d s  w h i c h  e x h i b i t  b o t h  
f ib r ino ly t i c  a n d  a n t i c o a g u l a n t  a c t i v i t y  are b o u n d  to  h a v e  
t h e r a p e u t i c  po ten t i a l i t i e s  a n d  call  for  f u r t h e r  i nves t iga -  
t ion.  T h e i r  m e c h a n i s m  of ac t ion  is u n k n o w n  e x c e p t  to  s ay  
t h a t  i t  c a n n o t  be  d e m o n s t r a t e d  t h a t  t h e  c o m p o u n d s  
d i rec t ly  a c t i v a t e  pur i f i ed  h u m a n  p l a sminogen ,  a n d  y e t  a n  
a c t i v a t i o n  of t he  f ib r ino ly t i c  s y s t e m  of h u m a n  p l a s m a  

Table II. Anticoagulant and clot-dissolving properties of 0-thymotic 
acid sodium salt 

mg compound Mol Recalcification Clot dis- 
per ml plasma time (rain) solution 

after 24 h 
incuba- 
tion 

4.3 0.02 65 complete 
3.87 0.018 19 complete 
3.44 0.016 10 complete 
3.01 0,014 6 complete 
2.58 0.012 4.30 partial 
2.15 0.1 4 none 
1.72 0.008 4 none 

occurs.  The  c o m p o u n d s  are  poor ly  ac t ive  or  n o n - a c t i v e  
in bov ine ,  cat ,  dog, r abb i t ,  or  r a t  p l a sma .  As a work ing  
hypo thes i s ,  i t  is a s s u m e d  t h a t  t h e  f ib r ino lys i s - induc ing  
s y n t h e t i c  c o m p o u n d s  i n h i b i t  (or neu t ra l i ze )  a n  a n t i a c t i -  
v a t o r  of t h e  p l a s m i n o g e n  sys tem.  T h e y  are f u r t h e r m o r e  
capab l e  of i n h i b i t i n g  t h e  c lo t t i ng  process  a t  a ye t  un -  
d e t e r m i n e d  level  s . 

Zusammen/assung. D e r i v a t e  v o n  Sal icylsgure  a k t i v i e r e n  
i m  Reagenzg las  das  f ib r ino ly t i sche  S y s t e m  des menseh l i -  
chert  P l a s m a s  u n d  i iben  e ine  g e r i n n u n g s h e m m e n d e  Wir -  
k u n g  aus.  D u r c h  p lanm~ss ige  V e r ~ n d e r u n g e n  de r  Sub-  
s t i t u e n t e n  des  Salicyls~.uremolekii ls  ge lang  es, in  z u n e h -  
m e n d e m  Masse V e r b i n d u n g e n  m i t  s t e igende r  f ibr inoly-  
t i s che r  A k t i v i t ~ t  au fzuf inden .  Die g e r i n n n n g s h e m m e n d e  
u n d  f ib r ino ly t i sche  ~Virkung wi rd  a m  Beispie l  dee 
ortho-ThymotinsAure er lAuter t .  
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Cardiac Mitochondrial NADH2-Cytochrome c 
Reductase and Cytochrome Oxidase after 

Cardiopulmonary By-Pass  in D o g  1 

D u r i n g  a n d  a f t e r  e x t r a c o r p o r e a l  c i r cu l a t i on  procedures ,  
ca rd iac  m i t o c h o n d r i a l  succ ina te  d e h y d r o g e n a s e  a c t i v i t y  2, 
a n d  o x y g e n  c o n s u m p t i o n  r a t e  m e a s u r e d  b y  the  di f ferences  
b e t w e e n  c o r o n a r y  a r t e r i a l  a n d  v e n o u s  o x y g e n  c o n t e n t  of 
b lood  3 are  decreased.  Also, c e r t a i n  changes  in t h e  phys ico-  
chemica l  p rope r t i e s  of t he  a c t i n - m y o s i n  s y s t e m  are  ob-  
se rved  fol lowing h e a r t - l u n g  by -pas s  p rocedures  4 in  t h e  
dog. Howeve r ,  t h e  poss ibi l i t ies  of  m e t a b o l i c  d e r a n g e m e n t s  
in  ca rd i ac  sa rcosomes  are  n u m e r o u s L  Thus ,  i t  is necessa ry  
to  i n v e s t i g a t e  t h e  possible  changes  of m i t o c h o n d r i a l  func-  
t i on  a t  t he  N A D - N A D H ,  to  c y t o c h r o m e  c, a n d  a t  cy to-  
c h r o m e  c to  oxygen .  T h e  ca rd i ac  m i t o c h o n d r i a t  NADH~-  
c y t o c h r o m e  c r educ t a se  a n d  c y t o c h r o m e  ox idase  ac t iv i t i e s  
are s tud ied  s,7 a f t e r  pa r t i a l  h e a r t - l u n g  by-pass .  

Methods. A m e t h o d  of ca rd iac  m i t o c h o n d r i a l  e x t r a c t i o n  
is r epo r t ed  e l sewhere  s. T h e  de ta i l s  of i sovolemic  a n d  nor -  
m o t h e r m i c  p a r t i a l  c a r d i o p u l m o n a r y  by - pas s  pe r fus ion  
p rocedures  h a v e  also b e e n  r e p o r t e d  p rev ious ly  4. A t o t a l  of 
15 dogs of b o t h  sexes,  we igh ing  14 to  20 kg each,  are  
a n e s t h e t i z e d  w i t h  ch lora lose  (80 mg/kg) .  Of these ,  10 dogs 
are used as t he  e x p e r i m e n t a l  group.  Card iac  m i t o c h o n d r i a l  
c y t o c h r o m e  ox idase  is m e a s u r e d  accord ing  to  a modi f i ed  
m e t h o d  of SMITHL T he  r a t e  of o x i d a t i o n  of N A D H  2 b y  
c y t o c h r o m e  c ( p r o b a b l y  m e d i a t e d  b y  t h e  N A D H 2 - c y t o -  
c h r o m e  c r educ ta se  of MAHLER e t  al. 6) is s tud ied  b y  a 
m a c r o - o x y g e n  e lec t rode  (Clark type) ,  a spec ia l ly  des igned  
m a g n e t i c  s t i r r ing  r eac t i on  c h a m b e r  c o n t a i n e d  w i t h i n  a 

t e m p e r a t u r e - c o n t r o l l e d  w a t e r  b a t h  (a t o t a l  c a p a c i t y  of 
300 ml),  a n d  r eco rded  on  a B e c k m a n  160 Phys io log ica l  
Gas  Ana lyze r  (Palo Alto,  Calif. USA) .  T h e  w a t e r  in  t h e  
b a t h  is c i r cu la t ed  b y  a H a a k e  t h e r m o r e g u l a t o r  a n d  p u m p .  
T h e  r eac t i on  c h a m b e r  c o n t a i n s  O.05M p h o s p h a t e  buffer ,  
p H  7.4, 2 • 1 0 - S M  c y t o c h r o m e  c, a n d  1 .2-  1 0 - 3 M  
N A D H ~  in  a f ina l  v o l u m e  of 4.4 ml,  e q u i l i b r a t e d  for  10 
ra in  a t  25°C. The  r eac t i on  is s t a r t e d  b y  a d d i n g  0.1 ml  of 
m i t o c h o n d r i a l  su spens ion  (p ro te in  c o n c e n t r a t i o n  of  2.08 
to 3.4 m g  pe r  ml,  p H  7.4, in  0 . 1 7 M  p h o s p h a t e  bu f f e r  a n d  
0.25M sucrose  solut ions) ,  a n d  t he  o x i d a t i o n  r a t e  of 
N A D H z  is m e a s u r e d  for  10 m i n L  

Results and discussion. T h e  p r e s e n t  s t u d y  sugges t s  t h a t  
t h e  ca rd iac  m i t o c h o n d r i a l  c y t o c h r o m e  ox idase  a n d  t h e  
r a t e  of N A D H ~  o x i d a t i o n  b y  c y t o c h r o m e  c ( p r o b a b l y  
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The oxidation rate of DPNH and cytochrome oxidase activity 
(Mean -t- S.D.) 

Experiment Oxidation rate Cytoehrome 
of DPNH oxidase 
(l,M O~]ml[10 rain) 

Control 6.40 4- 2.102 46,91 i 0.459 
By-pass 3.47 4- 0.667 18.57 :~: 6.320 
'p" (control p < 0.02 p < 0.001 
and by-pass) 

PDvmmHg 
Z30 ~ C-3- 6Z,% 

o f  - -  220 o 
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The oxidation of DPNH (or NADH~) TM. Th pO~-reaetion chamber 
contains 2 • 10-5M cytochrome c, 1.2 • 10-~M DPNH, and O.05M 
phosphate buffer, pH 7.4, in a final volume of 4.4 mL After 10 min, 
0.l nfl of mitoehondria (2.08 to 3.4 mg per rnl) is added, and pO 2 
changes are recorded by a Beckman 160 Physiological Gas Analyzer 

and Recorder, at 25°C for 10 nfin. 

m e d i a t e d  b y  N A D H 2 - c y t o c h r o me  c reductase)  are  de- 
c reased  a f t e r  the  par t ia l  ex t racorporea l  c i rculat ion for 3 h. 
The  exac t  m e c h a n i s m  of mi tochondr i a l  ox ida t ion  and  
c y t o c h r o m e  ox ida t ion  are n o t  k n o w n ;  however ,  in all 
p robab i l i ty ,  th i s  cardiac  mi tochondr i a l  func t ion  m a y  be  
invo lved  wi th  MAHLER e t  a l . ' s  N A D H , - c y t o c h r o m e  c 
r educ ta se  s y s t e m ~, and  p r o b a b l y  the  mi tochondr i a t  cy to -  
c h r o me  oxidase  a0, respect ively .  Thus ,  i t  m a y  be conc luded  
t h a t  all the  cardiac  r e sp i r a to ry  enzymes ,  e.g. succ ina te  
dehydrogenase ,  N A D H 2 - c y t o c h r o m e  c reduc tase ,  and  
c y t o c h r o m e  oxidase,  m a y  be depressed  b y  cardiopul -  
m o n a r y  by-pass  p rocedures  n.  Also, our  earl ier  s t u d y  sug- 
gests  t h a t  the  mi tochondr ion  has  lost  its ab i l i ty  to con t ro l  
resp i ra t ion  in t he  presence  of glucose and  hexok inase  
a f te r  t he  per fus ion  procedures  n 

Zusammen/assung. Nach  kurzff is t iger  ex t r ako rpo ra l e r  
Zi rkula t ion  be im H u n d  w u r d e n  C y t o c h r o m - O x y d a s e -  
Aktivit~it und  NADH~-Oxyda t ions r a t e  in den  M i t o -  
chondr i en  des Herzmuske l s  im Vergleich zu Kont ro l l -  
t ieren v e r m i n d e r t  gefunden.  

Y. W. CHO 

Research Physiology Section, Division o[ Cardiology, 
Philadelphia General Hospital; and Department o/ 
Pharmacology, University o/Pennsylvania School 
o/Medicine, Philadelphia (Pennsylvania USA), 
2]/Iarch 30, 1965. 
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x2 NADH 2 (nicotineamJde-adenine dinucleotide, reduced) was for- 

merly DI'NH (diphosphopyridine nuclcotide, reduced) (1962). 

I m m u n o l o g i c a l  R e s p o n s e  B e t w e e n  P r o t o z o a  

S y m b i o t i c  t o  a R o a c h  a n d  a T e r m i t e  

Immunolog ica l  reac t ions  and  biochemical  s tudies  have  
p roved  to  be va luable  cr i ter ia  for  showing  resemblances  
in s t ra ins  or  species of Pro tozoa .  Specific m e t h o d s  have  
been employed  b y  NOGUCHI ~'2, TALIAFERRO 3'4, ]3ERN- 
HEIMER and  HARRISON 5, SOLTYS 8, SONNEBORN 7, SEED 8, 
and  m o s t  r ecen t ly  b y  SAMUELS 9, to d e m o n s t r a t e  the  
va l id i ty  of  p roposed  species (somet imes  s trains)  of Para- 
mecium, Leishmania, Trypanosorna, and  Trichomonas 
where  morphologica l  cha rac te r s  are morphologica l ly  non- 
specific in d i f fe ren t  species of the  genus.  

According  to  CLEVELAND 10 a t  least  7 families, 14 
genera,  and  more  t h a n  30 species of f lagellate p ro tozoa  
inhab i t  the  h i n d - g u t  of the  wood-feed ing  roach  Crypto- 
cereus punctulatus. These  flagellates have  been r epo r t ed  
by  CLEVELAND 10 to be closely r e l a t ed  to  those  of t e rmi tes ,  
some being species of genera  and  o thers  genera  of families 
l iving in Cryptocercus. Othe r  f lagel late  genera  of t e rm i t e  
species, however ,  are  no t  i m m e d i a t e l y  recognizable  as 
hav ing  a Cryptocercus r ep resen ta t ive .  The ques t ion  t h e n  
arises, w h e t h e r  species of f lagellate pro tozoa ,  e.g. Tri- 
chonympha in Cryptocercus, a n d  flagellate pro tozoa ,  e.g. 
Trichonympha, found  in t e rmi tes ,  in sp i te  of accep tab le  
and  s t rong  morphologica l  resemblances ,  in fact ,  arose in- 

d e p e n d e n t l y  in the i r  s imilar  env i ronmen t s ,  or were carr ied  
over  f rom a p rogen i to r  c o m m o n  to  bo th ,  

Var ious  impl ica t ions  are found  in t he  l i t e ra ture  wh ich  
sugges t  t h a t  roaches  and  t e r m i t e s  are  of f -shoots  of t he  
p r imi t ive  group,  t he  P r o t o b t a t t o i d a e  (IMMs n and  HOLM- 
GREN~), or t h a t  t e rmi t e s  are an  of f -shoot  f rom roaches  
(CLEVELAND 10). 

I t  is imposs ible  a t  p re sen t  to  make  a de ta i led  compar i -  
son of the  p ro tozoa  of Cryptocercus wi th  those  f rom 
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