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f o r m a t i o n  was  obse rved  on  a d d i t i o n  of a m m o n i a ,  n i t r a t e ,  
u r e a  or  a m i n o  acid.  T h e y  sugges ted  t h a t  t h e  a m i n e  
ox idase  m i g h t  be  a d a p t i v e  a n d  t h a t  i t  was  r e spons ib l e  
for  g r o w t h  of t h e  fungus  w i t h  a m i n e s  as  t h e  sole n i t r o g e n  
source.  N a m e l y ,  as desc r ibed  b y  o t h e r s  also n-13, t h e  
a m i n e  ox idase  was  on ly  found  in some  m i c r o - o r gan i sms  
w h i c h  were  cu l t u r ed  in m e d i u m  w i t h  amine .  These  
r e su l t s  show t h a t  t he  e n z y m e  is geno typ i c  i n  these  
o r g a n i s m s  a n d  t h a t  e n z y m e  syn thes i s  beg ins  in  a d a p t a -  
t i o n  to  amines .  However ,  i t  is u n k n o w n  w h e t h e r  these  
o rgan i sms  h a v e  b io logica l ly  ac t ive  amines .  

I n  T. pyri[ormis, t h e  o p t i m a l  p H  of t h e  e n z y m e  was  
7.4 w i t h  N A  as s u b s t r a t e .  Th i s  va lue  is s imi l a r  to  t h a t  
of t h e  m o n o a m i n e  ox idase  of m a m m a l s .  U n l i k e  t h e  
m a m m a l i a n  e n z y m e  ~*, N A  a n d  n o r m e t a n e p h r i n e  were  
b e t t e r  s u b s t r a t e s  for  t h e  e n z y m e  of Tetrahymena t h a n  
t y r a m i n e .  Recen t ly ,  YOUDIM e t  al.  ~5 obse rved  t h a t  
mu l t i p l e  fo rms  of m o n o a m i n e  ox idase  ex i s t  in  r a t  b ra in ,  
d i f fe r ing  in  p H  o p t i m a  a n d  s u b s t r a t e  specificit ies.  There -  
fore, i t  is u n c e r t a i n  w h e t h e r  t h e  d i f fe rence  b e t w e e n  t h e  
e n z y m e  in Tetrahymena a n d  in m a m m a l s  is a p h y l u m  
difference.  L ike  t h e  m a m m a l i a n  enzyme,  w i t h  m o n o -  
a m i n e  as subs t r a t e ,  d e a m i n a t i o n  b y  Tetrahymena e n z y m e  
was depressed  b y  m o n o a m i n e  ox idase  i n h i b i t o r s  b u t  n o t  
b y  d i a m i n e  ox idase  inh ib i to r s ,  whi le  t h e  reverse  was  
f o u n d  w i t h  h i s t a m i n e  as  subs t r a t e .  

These  r e su l t s  sugges t  t h a t  T. pyri[ormis has  b o t h  
m o n o a m i n e -  a n d  d i a m i n e -  oxidase .  W h e n  Tetrahymena 
was c u l t u r e d  in m e d i u m  w i t h o u t  a m i n e ,  t h e  e n z y m e s  
were expressed  as p h e n o t y p e s .  T h u s  t h e  s ign i f icance  of 

a m i n e  ox idase  differs  c o m p l e t e l y  in  T. pyriformis a n d  
C. fasciculata, f rom in  o t h e r  mic ro -o rgan i sms .  I n  t h i s  con-  
nec t ion ,  i t  should  be  m e n t i o n e d  t h a t  we h a v e  r e c e n t l y  
obse rved  t h a t  m o n o a m i n e  ox idase  a c t i v i t y  is c losely 
r e l a t e d  to  t h e  g r o w t h  c o n d i t i o n s  or  t he  cell cycle  of 
Tetrahymena. Resu l t s  will  be  p u b l i s h e d  elsewhere.  

ZusammenJassung. Nachwe i s  e iner  A m i n o o x y d a s e -  
A k t i v i t ~ t  b e i m  Ci l i a ten  Tetrahymena pyri/ormis, die  
de r j en igen  der  S~tugetiere Xhnlich ist. 
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F r o n t a l  G a n g l i o n  a n d  W a t e r  B a l a n c e  in  Periplaneta americana L. 

CLARKE and  LANGLEY 1,2 o b s e r v e d  t h a t  t h e  r e m o v a l  
of t h e  f r o n t a l  gang l ion  in t h i r d - i n s t a r  l a r v a e  of locus ts  
' r e su l t s  in  a n  i m m e d i a t e  cessa t ion  of g rowth ,  no  m a t t e r  
a t  w h a t  t i m e  d u r i n g  a n  i n s t a r  t h e  o p e r a t i o n  is per-  
fo rmed ' .  T h e  w e i g h t  of t h e  o p e r a t e d  a n i m a l s  r e m a i n s  
c o n s t a n t  u n t i l  t h e y  die. T he  a u t h o r s  conc luded  t h a t  t h e  
fa i lure  of g r o w t h  is due  to  a genera l  fa i lure  of p r o t e i n  
syn thes i s  fo l lowing f r o n t a l  gang l ionec tomy .  T h e  gang l ion  
is supposed  to  be  a r e l ay  c e n t r e  for  t h e  t r a n s m i s s i o n  of 
n e r v o u s  impu l se s  f rom s t r e t c h  r ecep to r s  of t h e  p h a r y n x  
to  t h e  neu rosec r e to ry  s y s t e m  in  t h e  b ra in ,  w h i c h  con t ro l s  
t h e  p r o t e i n  syn thes i s .  I n t e r r u p t i o n  of t h i s  p a t h w a y  
resu l t s  in  a cessa t ion  of t h e  p r o d u c t i o n  a n d / o r  re lease  
of n e u r o s e c r e t o r y  m a t e r i a l  in  t h e  b r a i n  3,4. I n  c o n t r a s t  
to  CLARKE e t  al., HIGHNAM ~ cons iders  t he  i n h i b i t i o n  of 
g r o w t h  w h i c h  follows t h e  r e m o v a l  of t he  f r o n t a l  gang l ion  
to  be  t h e  r e su l t  of ' s e m i - s t a r v a t i o n ' .  

I n  ou r  e x p e r i m e n t s  w i t h  l a r v a e  of t he  cockroach  Peri- 
planeta americana, we found  qu i t e  n o r m a l  r e g e n e r a t i o n  
of t h e  m e t a t h o r a c i c  legs a f t e r  g a n g l i o n e c t o m y  e W e  the re -  
fore conc lude  t h a t  t h e  p r o t e i n  syn thes i s  c a n n o t  b e  b locked  
in a n i m a l s  w i t h o u t  t he  f r o n t a l  gangl ion.  Gang l ionec to -  
mized  l a r v a e  die w i t h i n  some days ,  if t h e y  ge t  n e i t h e r  
food n o r  wate r .  T h e y  lose c o n s i d e r a b l y  in  weight .  T h e  
decrease  in  b o d y  w e i g h t  occurs  t h e  more  s lowly a n d  t h e  
a n i m a l s  su rv ive  t h e  longer,  t h e  h i g h e r  t h e  r e l a t i ve  h u m i -  
d i t y  of t h e  su r round ings .  T h e  loss of b o d y  w e i g h t  d u r i n g  
24 h in s t a r v i n g  gang t ionec tomized  a n i m a l s  a t  a r e l a t i ve  
h u m i d i t y  of a b o u t  0 %  co r r e sponds  to  t he  loss in  d e a d  
a n i m a l s  u n d e r  t h e  same  condi t ions .  W i t h  s h a m - o p e r a t e d  
an ima l s  t h e  loss in  we igh t  is s ign i f i can t ly  lower (Table  I). 

The  n o r m a l  an imals ,  in  c o n t r a s t  w i t h  gang l ionec tomized  
or dead  an imals ,  are  obv ious ly  ab le  to  r educe  t h e i r  loss 

in  b o d y  weight .  T h e  decrease  in  b o d y  we igh t  co r r e sponds  
to  a n  increase  in o s m o l a r i t y  of t h e  h e m o l y m p h .  L a r v a e  
of a b o u t  t h e  s a m e  size were  he ld  u n d e r  t h e  s a m e  con-  
t i ons  a n d  e x a m i n e d  6 d a y s  a f t e r  t h e i r  l as t  m o l t  (Tab le  I I ) .  
T h e  c u t t i n g  of on ly  one  of t h e  f r o n t a l  connec t ive s  ha s  
no  s ign i f i can t  effect  u p o n  t he  f reez ing  p o i n t  of t h e  h e m o -  
l y m p h .  I n  c o n t r a s t  w i t h  this ,  a l r e ady  2 d a y s  a f t e r  c u t t i n g  

Table I. Loss in body weight in % of the initial weight during 24 h 
in an exsiccator above CaCI~ 

No. of Mean value 
obser- of the loss 
vations in body weight 

± s ;  

Level of significance 

Sham-operated 10 6.6% -4- 0.50 } p<0.01~ 
Ganglio- 12 11.4% -4- 0.75 p > 0 . 5  / p<~0"02 
nectomized } 
Dead 16 10.9% ~ 1.23 

Temperature 28 ~: 0.5 °C. 
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Table II. Osmolarity (depression of the freezing point /x °C) in the hemolymph of larvae of about the same size 6 days after the last molt 

No. of observations Mean value of /x °C 4- sT Level of significance 

Normal animals 
One frontal connective cut (2 days before) 
Both frontal connectives cut (2 days before) 
Both frontal connectives cut (3 days before) 

35 0.66 4- 0.014 } p > 0.05 ) 
21 0.60 i 0.033 
35 0.75 4- 0.017 } p < o . o o l  #<0.001 
12 0.86 4- 0.043 } p < 0.01 

Temperature 28 4- 0.5 °C; about 100 % RH. 

b o t h  of t h e  f r o n t a l  connec t ive s  a s ign i f i can t ly  (p < 0.001) 
h ighe r  depress ion  of the  f reez ing  p o i n t  t h a n  in n o r m a l  
a n i m a l s  is to  be  obse rved .  Th i s  o p e r a t i o n  ha s  t h e  s ame  
effec t  as t h e  r e m o v a l  of t h e  e n t i r e  f r on t a l  gangl ion .  3 d a y s  
a f t e r  c u t t i n g  b o t h  t h e  f r o n t a l  connec t ives ,  t h e  depress ion  
of t h e  f reezing p o i n t  c o n t i n u e d  to  increase .  I t  is signifi-  
c a n t l y  h i g h e r  t h a n  t h a t  a f t e r  2 days  (p < 0 . 0 1 ) .  T h e  
di f ference in osmot ic  p ressure  of t he  h e m o l y m p h  b e t w e e n  
n o r m a l  a n i m a l s  a n d  those  w i t h  cu t  f r o n t a l  connec t ive s  
days  a f t e r  o p e r a t i o n  a m o u n t s  to  2.4 a t m o s p h e r e .  

T h e  inc reas ing  depress ion  of t h e  f reezing p o i n t  cor- 
r e sponds  to a decrease  in h e m o l y m p h  vo lume.  3 days  
a f t e r  c u t t i n g  b o t h  t h e  f r on t a l  connec t ives ,  i t  is a l r e ady  
d i f f icu l t  to  ge t  s amp l e s  of b lood ;  l a t e r  on  i t  is qu i t e  
imposs ib le :  no  b lood  can  be  w i t h d r a w n  f rom t h e  f resh  
wounds .  

These  r e su l t s  show t h a t  s t a r v i n g  a n i m a l s  lose m u c h  
w a t e r  w h e n  t h e  f r o n t a l  gang l ion  is r e m o v e d  or  b o t h  t h e  
f r o n t a l  connec t ive s  are  cut .  T h e  loss in  b o d y  w e i g h t  is 
as large  as w i t h  dead  l a r v a e  u n d e r  the  same  condi t ions .  
T h e  a n i m a l s  w i t h  i n t a c t  c o n n e c t i o n  b e t w e e n  t he  f r on t a l  
gang l ion  a n d  t h e  t r i t o c e r e b r u m  can  reduce  th i s  w a t e r  
loss. A d iu re t i c  fac to r  is loca ted  in t he  neu r os ec r e t o ry  
cen t res  of t he  pa r s  i n t e r ce reb ra l i s  T-9. I t  is poss ible  t h a t  
t he  f ron ta l  gang l ion  rece iv ing  impul ses  f rom osmorecep-  

to rs  exe r t s  a n  i n h i b i t o r y  in f luence  u p o n  these  neuro-  
s ec re to ry  cent res .  C u t t i n g  t he  c o n n e c t i v e s  resu l t s  in  a 
loss of i n h i b i t i o n  a n d  c o n s e q u e n t l y  in  a n  inc reas ing  re lease  
of t h e  d iu re t i c  f ac to r  f rom t h e  b ra in .  

Zusammen[assung. Der  G e w i e h t s v e r l u s t  be i  f ron ta l -  
g a n g l i o n e k t o m i e r t e n  S c h a b e n  i n n e r h a l b  v o n  2 4 h  im 
E x s i k k a t o r  i s t  wesen t l i ch  gr6sser  als de r j en ige  bei  schein-  
ope r i e r t en  Tieren .  E r  e r re i ch t  Wer t e ,  wie sic be i  t o t e n  
T ie ren  au f t r e t en .  Der  Gewich t sve r l u s t  i s t  m i t  e ine r  signi-  
f i k a n t e n  Z u n a h m e  de r  G e f r i e r p u n k t s e r n i e d r i g u n g  in de r  
H i i m o l y m p h e  v e r b u n d e n .  D u r c h t r e n n u n g  b e i d e r  F r o n -  
t a l k o n n e k t i v e  h a t  d iese lbe  W i r k u n g  wie G a n g l i o n e k t o m i c .  
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T h e  R e s i s t a n c e  of in s i tu  P e r f u s e d  L y m p h  T r u n k s  

D u r i n g  ac t ive  or  pass ive  m o v e m e n t s  of a h i n d l i m b ,  
t h e  p ressure  in  i t s  l y m p h a t i c s  increases  1 W h e n  t h e  f low 
Of l y m p h  is s u b s t a n t i a l l y  inc reased  b y  p la smapheres i s ,  
pe r inodaI  o e d e m a  deve lops  ~. T he  two  p h e n o m e n a  pre-  
s u m a b l y  h a v e  a c o m m o n  cause  : o b s t r u c t i o n  to  t h e  l y m p h  
f low b y  t h e  l y m p h  nodes .  To  see w h e t h e r  t h e  nodes  
r ea l ly  o b s t r u c t  t h e  flow, we s tud ied  t h e  r e l a t i o n  o b t a i n i n g  
b e t w e e n  f low a n d  p ressu re  before  a n d  b e h i n d  t h e  nodes  
in t h e  l y m p h a t i c  sys tem.  

Dogs  of e i t h e r  sex, we igh ing  14-20 kg, were a n a e s t h e -  
t i zed  w i t h  chloralose.  I n  a g roup  of 20 dogs  t he  t h o r a c i c  
d u c t  t h r o u g h  t h e  i n t e s t i n a l  l y m p h a t i c  t r u n k ,  a n d  in one  
of 27 a n i m a l s  t h e  l y m p h  nodes  in va r i ous  b o d y  regions,  
t h r o u g h  t h e i r  a f f e r en t  l y m p h  vessels,  were  pe r fused  in 
si tu.  T h e  p o l y e t h y l e n e  c a n n u l a  for pe r fus ion  of t h e  
t h o r a c i c  d u c t  was  i n se r t ed  t h r o u g h  a 5 cm long  c e n t r a l  
s t u m p  of t he  i n t e s t i n a l  l y m p h a t i c  t r u n k .  F o r  r eco rd ing  
pressure ,  a l a t e r a l  b r a n c h  of t h e  i n t e s t i n a l  l y m p h  t r u n k  
a n d  t h e  c e n t r a l  s t u m p  of t h e  lef t  ce rv ica l  l y m p h a t i c  
t r u n k  were  c a n n u l a t e d .  A f ine  d o u b l e - b a r r e l l e d  poly-  
e t h y l e n e  c a n n u l a  was  i n t r o d u c e d  i n to  a n  a f f e r en t  l ym-  
p h a t i c  to  w i t h i n  5 -10  m m  of t he  l y m p h  n o d e ;  one  b a r r e l  
was  used for per fus ion ,  t h e  o t h e r  for  p ressure  recording.  
A Schwarze r  t r a n s d u c e r  a n d  p o l y g r a p h  (Phys iosc r ip t )  

and L y m p h  N o d e s  to F l o w  

were  used.  W e  pe r fused  t h e  t ho rac i c  d u c t  w i t h  a 1 :1  
m i x t u r e  of dog  p l a s m a  a n d  phys io logica l  sal ine ( H a r v a r d  
Pe r i s t a l t i c  P u m p :  Model  500-1200),  and  t he  l y m p h  
nodes  w i t h  phys io log ica l  sal ine a lone  ( H a r v a r d  C o m p a c t  
I n fus ion  P u m p :  Model  No. 975). The  per fus ion  f lu id  was  
s t a i n e d  w i t h  E v a n s '  b lue  to  d e t e c t  poss ible  r u p t u r e s .  
Pe r fu s ion  was  s t a r t e d  w i t h  2.5 m l / m i n  for  l y m p h  t r u n k s ,  
a n d  m o s t l y  0.005 m l / m i n  for  l y m p h  nodes ,  a n d  d o u b l e d  
e v e r y  2 rain.  Thorac i c  d u c t  pe r fus ion  r e a c h e d  va lues  
occas iona l ly  exceed ing  20 ml /min ,  a n d  t h a t  of t h e  l y m p h  
node  0.1-0.3 ml /min .  

I n  t he  m a t h e m a t i c a l  t r e a t m e n t  of f low (F) a n d  pres-  
sure  (P) we proceeded  f rom t h e  e q u a t i o n  P = b (F)-  
where  F = per fus ion  r a t e  a n d  P = p ressu re  i n c r e m e n t  
(be longing  to  F) a b o v e  base l ine  for  t h o r a c i c  d u c t  per-  
fusion,  or  F = pe r fus ion  r a t e  less F 1 a n d  P = pressure  
less P1 for  l y m p h  node  pe r fus ion ;  P l  is t h e  p ressure  
be long ing  to  t h e  lowes t  v a l u e  of pe r fus ion  r a t e  F 1. 
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