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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) 
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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.  
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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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Photographs of Ouchterlony plates (after 
18 day course of immunization). - Fig. I. 
[~pot  a, containing roach-protozoa anti- 
gen; b, anti-roach rabbit serum. - Fig. 2. 
Same as in Figure 1, only c depot added 
containing termite-protozoa an t i gen . -  
Fig. 3. Control. 

k n o w n  t e rmi tes ,  because  m a n y  of t he  p r o t o z o a  of t e r m i t e s  
h a v e  n o t  been  a d e q u a t e l y  iden t i f i ed  (CLEVELAND'0). 
Thus ,  some o t h e r  m e a n s  m u s t  be  e m p l o y e d  to  a t t e m p t  to  
show th i s  r e l a t i onsh ip  (if t h e r e  ex is t s  such  a re la t ionship}.  

T h i s  s t u d y  was u n d e r t a k e n  in a n  a t t e m p t  to  e s t ab l i sh  
a m e t h o d  w h e r e b y  i m m u n o l o g i c a l  responses  b e t w e e n  pro-  
t ozoa  s y m b i o t i c  to  a r o a c h  a n d  a t e r m i t e  m i g h t  be  em- 
p loyed  to  p rov ide  chemica l  ev idence  to  s u p p o r t  ex i s t ing  
morpho log ica l  ev idence  for p r o t o z o a n  r e l a t i onsh ip  in the  
d i ss imi la r  hosts .  

As p a r t  of th i s  i nves t iga t ion ,  a n i m a l  sens i t i za t ion  to 
h i n d - g u t  p r o t o z o a  of t he  r o a c h  Cryptocercus was con-  
d u c t e d  in  r a b b i t s  acco rd ing  to  ' s t a n d a r d  i m m u n o l o g i c a l  
p ro toco l ' .  A n t i - r o a c h  r a b b i t  s e r u m  resu l t ed  in in te r fac ia l  
r ing  a n d  f loccula t ion  tes t s  i n d i c a t i n g  a n  a n t i b o d y  t i t e r  
of 1/1024. Resu l t s  of a g a r  d i f fus ion  accord ing  to  O u c h t e r -  
lony  (Figures  1-3) i n d i c a t e d  a s imi la r  a n t i b o d y  response  
b e t w e e n  p r o t o z o a  s y m b i o t i c  to  t he  r o a c h  Cryptocercus 
a n d  t h e  t e r m i t e  Zootermopsis. S u b s e q u e n t  a g g l u t i n a t i o n  
t e s t s  revea led  i n d i v i d u a l  c l u m p i n g  of two  d i f f e ren t  gene ra  
of p r o t o z o a  (Trichonympha a n d  Monocercomonoides) of 
wh ich  Trichonympha is c o m m o n  to  b o t h  r o a c h  a n d  te r -  

mi te .  Resu l t s  a t  p r e s e n t  i n d i c a t e  close chemica l  a f f in i ty  
b e t w e e n  p r o t o z o a  of t h e  r o a c h  Cryptocercus punctulatus 
a n d  t h e  t e r m i t e  Zootermopsis nevadensis ~a. 

Rdsumd. L ' a n a l y s e  des responsab i l i tds  i m m u n o l o g i q u e s  
apr&s i m m u n i s a t i o n  d ' a n i m a u x  e x p 6 r i m e n t a u x  avec  les 
p ro tozoa i res  s y m b i o t i q u e s  du  ' r o ach ' ,  Cryptocercus et  du  
t e r m i t e  Zootermopsis i nd ique  une  6 t ro i te  aff ini t6  c h i m i q u e  
en t r e  les p ro tozoas  de ces h6tes .  Les  r6su l t a t s  s e m b l e n t  
con f i rmer  i n d i r e c t e m e n t  la t a x o n o m i c  m o r p h o l o g i q u e  
c o u r a n t e  des h6tes .  
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A s p e r m a t o g e n i c  A n t i g e n  f r o m  B r a i n  

I t  has  been  k n o w n  for m a n y  years  t h a t  b r a i n  a n d  tes-  
t icle sha re  some an t igen ic  s imi lar i t ies  in t h a t  a n t i s e r a  to  
these  two  o rgans  c ross - reac t  1 The  n a t u r e  of t he  c o m m o n  
an t igen(s )  is u n k n o w n .  I t  h a s  been  r e p o r t e d  t h a t  homolo-  
gous  b r a i n  h o m o g e n a t e  c an  induce  t e s t i cu l a r  d a m a g e  in 
gu inea-p igs  z. Since homologous  t e s t i cu l a r  h o m o g e n a t e  
also causes  t e s t i cu l a r  lesions,  t he  in fe rence  is t h a t  an t i gen i c  
s imi l a r i t y  of t h e  b r a i n  a n d  tes t ic le  inc ludes  a n  a s p e r m a t o -  
genie  f ac to r  (ASF) .  However ,  i n a s m u c h  as in j ec t ion  of 
b r a i n  h o m o g e n a t e  c a n  i n d u c e  a c u t e  d i s s e m i n a t i n g  ence-  
pha lomye l i t i s ,  t h e  t e s t i cu l a r  dysc ras i a  o b s e r v e d  in such  
an ima l s  could  r e su l t  f rom a genera l  d e b i l i t a t i n g  cond i t ion .  
The  c u r r e n t  e x p e r i m e n t s  were des igned  to  d e t e r m i n e  t h e  
immuno log i c  spec i f ic i ty  of t h e  b r a i n  a n t i g e n  caus i n g  
tes t iculax damage .  

T h e  e x p e r i m e n t a l  des ign  is i n d i c a t e d  in  t h e  Tab le .  T h e  
genera l  p rocedu re  for  p r e p a r i n g  t he  a d j u v a n t - a n t i g e n  
emuls ions  a n d  t he  i n j ec t i on  rou t i ne  h a v e  been  desc r ibed  
in de ta i l  e lsewhere  3,4. The  e x t r a c t i o n  m e t h o d s  t h a t  h a v e  
been  appl ied  to  t es tes  s were also app l ied  to  b ra in .  B r a i n s  
were o b t a i n e d  f rom 50 e x s a n g u i n a t e d  ma le  a n d  50 ex- 
s a n g u i n a t e d  female  guinea-pigs .  T h e  b ra ins  were k e p t  a t  

- - 2 0 ° C  u n t i l  used.  F o r  f u r t h e r  pu r i f i ca t ion  of t h e  ex-  
t r a c t e d  an t igens ,  mod i f i ca t ions  of t h e  e x t r a c t i o n  were  
e m p l o y e d :  these  inc luded  r e - p r e c i p i t a t i o n  w i t h  t r i ch lo r -  
acet ic  acid,  ex t ens ive  dia lys is  ag a i n s t  r u n n i n g  t a p  w a t e r  
(72 h),  a n d  p a r t i t i o n i n g  b e t w e e n  ch lo ro fo rm a n d  b u t a n o l  
us ing  t h e  aq u eo u s  phase  w h i c h  was  lyophi l ized  a f t e r  
f u r t h e r  dialysis .  

F r o m  t h e  Table ,  i t  c a n  be seen t h a t  b r a i n  e x t r a c t s  were 
p o t e n t  in  i n d u c i n g  dep l e t i on  oI s p e r m a t o g e n i c  t i ssue  as  
i n d i c a t e d  b y  t h e  t e s t i cu l a r  d a m a g e  r a t i n g  in  w h i c h  in-  
c reas ing  n u m e r a l s  (+  1 to  + 4) d e n o t e  inc reased  d a m a g O .  
A cur ious  f ind ing  w h i c h  requ i res  f u r t h e r  work  for  sub-  
s t a n t i a t i o n  was  t h a t  e x t r a c t  of f emale  b ra in  was  more  
p o t e n t  in  i n d u c i n g  h y p o s p e r m a t o g e n e s i s  or  a s p e r m a t o -  
genesis  t h a n  was  t h e  e x t r a c t  of ma le  b ra in .  

I n  v iew of these  resu l t s  in  wh ich  t e s t i cu l a r  d a m a g e  was 
el ici ted b y  b r a i n  e x t r a c t s  w i t h o u t  a c c o m p a n y i n g  neuro -  
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