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Fig. 2. Spectra in phosphate buffer pH 6.8: , enzyme; . . . .  , 
enzyme plus 7.10 5 M seryl-trihydroxy-benzyl hydrazine; �9  en- 
zyme plus 21-10 -~ M seryl-trihydroxy-benzyl-hydrazine. The spectra 
are corrected for the absorption of the compound added. In the inset : 
absorbance at 420 nin of the enzyme plus seryI-trihydroxy-benzyl- 
hydrazine as a function of its varying concentrations presented as 
double reciprocal plot. 
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be in te res t ing  to  check the  b ind ing  si tes specif ici ty and 
the i r  funct ionai  proper t ies .  
The o the r  possibi l i ty  m i g h t  involve only  one subs t r a t e  
b ind ing  site and  a second in te rmedia te ,  in addi t ion  to the  
Michaelis complex.  The re la t ive magn i tudes  of ra te  con- 
s t an t s  of 2 i n t e rmed ia t e s  could be qu i te  d i f ferent ,  de- 
pend ing  on the  subs t r a t e s  used. As sugges ted  by  K r u p k a  
and  Laidler  9, an a p p a r e n t  non-compe t i t i ve  inhibi t ion 
m a y  be a t  p lay  in the  sense t h a t  the  inhib i tor  becomes 
a t t a ch ed  to t he  second in t e rmed ia t e  and no t  to the  
Michaelis complex.  I t  m u s t  be po in t ed  out  in th is  con- 
nect ion  tha t ,  for Dopa  decarboxylase ,  some in t e rmed ia te  
subs t r a t e - enzyme  complexes  have  a l ready  been charac-  
te r ized  and the i r  p roper t ies  have  been  connec ted  wi th  
the  s t ruc tura l  var ia t ions  of subs t r a t e  10. 
Besides these  hypo theses ,  the  resul ts  show t h a t  t he  tr i-  
h y d r o x y b e n z y l h y d r a z i d e  seryl der iva t ive  is no t  a power-  
ful inhib i tor  of the  a romat ic  amino acid decarboxylase  
in vi tro.  Owing to  a large subs t i t uen t  in 1 posi t ion of the  
a romat ic  r ing and  the  lack of a free hydraz in ic  group,  the  
r equ i remen t s  for a good in te rac t ion  a t  the  act ive site are 
p ro b ab l y  no t  met .  The powerful  inhib i t ion  observed  in 
vivo therefore  p ro b ab l y  reflects  the  in terac t ion  be tween  
the  per iphera l  decarboxylase  and  the  compound  formed 
b y  hydro lys is  of the  seryl  hydraz ine  linkage. 
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Summary. The fa t  b o d y  of the  cockroach,  Blaberus  cranifera,  and  the  s i lkmoth,  Hya lophora  gloveri,  has been tes ted  
for some enzymes  of the  urea  cycle. Whi le  orn i th ine  t r ansca rbamoy lase  and  argininosuccinase act ivi t ies  could no t  be 
de tec ted ,  arginase is p resen t  in the  fa t  b o d y  of these  insects.  These  results  expla in  the  essent ia l i ty  of arginine in the  
die t  of insects.  

The arginine b iosyn the t i c  pa thway ,  bel ieved to be pre- 
sent  in whole or in p a r t  in all organisms,  has  been  success- 
fully exploi ted  for ammon ia  de toxi f ica t ion  dur ing  the  
evolut ion of ureote l ism associa ted wi th  the  invasion of 
the  te r res t r ia l  h a b i t a t  by  animals  ~. Terres t r ia l  insects,  
which  are uricotelic, seem to have  lost  the  abi l i ty  to  
synthes ize  arginine, and  thus  t he  po ten t i a l  for forming  
urea as an excre to ry  product .  This is ind ica ted  by  the  
nu t r i t iona l  r equ i r emen t  for arginine by  m a n y  insects  5. 
However ,  in some species of insects,  arginine in the  die t  
can be replaced by  ci trul l ine bu t  no t  by  orn i th ine  6, 7. 
These f indings suggest  t h a t  insects,  like birds  S, 9, can 
form arginine f rom citrulline,  bu t  are unable  to syn- 
thesize citrull ine f rom CO 2, N H  3 and orni th ine .  To find 
ou t  tile b iochemical  basis for these nu t r i t i ona l  results,  
we have  s tudied  the  d i s t r ibu t ion  of some of t he  urea 
cycle enzymes  in the  fa t  b o d y  of the  cockroach,  Blaberus  
cranifera,  and  the  s i lkmoth,  H y a l o p h o r a  gloveri. These 
resul ts  are r epor ted  here. 
Material and methods. The p r o c u r e m e n t  and  ma in t enance  
of t he  insects,  Blaberus  cranifera  and Hya lophora  gloveri, 
and  the  m e thods  of arginase assay (L-arginine amidino-  
hydrolase ,  E.C.  3.5.3.1) and pro te in  de t e rmina t i on  have  
been  descr ibed earlier 1~ Orni th ine  t r ansca rbamoy lase  
(Carbamoylphospha te  : L-orn i th ine  carbamoyl t ransferase ,  
E .C .  2.1.3.3) and  argininosuccinase  (L-argininosuccinate  
arginine-lyase,  E .C.  4.3.2.1) assays were pe r fo rmed  in 
10% (w/v) fa t  b o d y  ex t rac t s  essent ia l ly  by  the  me t h o d s  
descr ibed by  Campbel l  and  Speeg n.  

Results and discussion. The d i s t r ibu t ion  of the  3 urea 
cycle enzymes  in the  fa t  body  of the  cockroach and  silk- 
m o t h  is shown in the  table.  Orni th ine  t r ansca rbamoylase  
(OTCase) and argininosuccinase (ASase) act ivi t ies  could 
no t  be de t ec t ed  in the  fa t  b o d y  of these  insects.  The re- 
covery  of ci t rul l ine added  to  t he  OTCase assay sys t em 
was  104%. There  is no inh ib i to r  of OTCase in fa t  body  
t issue of Blaberus  cranifera,  as de t e rmined  by  experi-  
m e n t s  in which  a pur i f ied bacter ia l  OTCase was mixed 
wi th  fa t  body  ex t rac t s  of th is  insect  and  assayed.  Fur the r ,  
the  me t h o d s  used for the  assay of these  enzymes  are 
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Species Stage in development OTCase ASase Arginase* 
~moles urea formed per h per 
g tissue mg protein 

B. eranifera 2nd instar nymphs  B . L . D .  - - - 
6th instar nymphs  B . L . D .  -- 63 1.8 

47 1.2 
9th instar nymphs  13. L .D.  B . L . D .  66 0.9 

75 1.5 
l l t h  instar nymphs B . L . D .  88 -L 22 (3) 2.0 ~ 0.4 (3) 
Adults B . L . D .  B . L . D .  126 ~_ 27 (10) 2.3 • 0.6 (10) 

H. gloveri Diapause pupae B . L . D .  B . L . D .  112 • 34 (9) 1.0 • 0.1 (8) 
Adult moths B . L . D .  B . L . D .  2453 -L 907 (9) 24.5 • 5.1 (9) 

* Wherever 3 or more assays were done, the mean values and the s tandard deviations are given with the number  of assays in the parentheses. 
Otherwise individual observations are given. B. L. D. : Below the level of detection, 

q u i t e  s e n s i t i v e  a n d  h a v e  b e e n  s u c c e s s f u l l y  e m p l o y e d  to  
d e m o n s t r a t e  t h e s e  a c t i v i t i e s  in  t h e  t i s s u e s  of  v e r t r e b r a t e s ,  
a s  well  a s  i n v e r t e b r a t e s  l ike sna i l s ,  f l a t w o r m s  a n d  a n n e -  
l ids  n ,  12 
T h e s e  r e s u l t s  a re  c o n s i s t e n t  w i t h  t h o s e  of  P o r e m b s k a  a n d  
M o c h n a c k a  la, w h o  fa i l ed  to  d e t e c t  t h e  s y n t h e s i s  of  
c i t r u l l i n e  a n d  a r g i n i n e  in  t h e  f a t  b o d y  a n d  m u s c l e  ex -  
t r a c t s  of  Celer io  e u p h o r b i a e ,  a n d  K a m e y a m a  a n d  M i u r a  14, 
w h o  c o u l d  n o t  d e t e c t  t h e  N H 4 - d e p e n d e n t  c a r b a m o y l -  
p h o s p h a t e  s y n t h e t a s e  a n d  O T C a s e  in  A l d r i c h i n a  g r a h a m i .  
T h u s  i t  w o u l d  a p p e a r  t h a t  t h e  i n s e c t s  s t u d i e d  b y  us ,  a s  
well  a s  Celer io  e u p h o r b i a e  la, a re  n o t  o n l y  i n c a p a b l e  of  
s y n t h e s i z i n g  c i t r u l l i n e  f r o m  N H  a, CO 2 a n d  o r n i t h i n e ,  b u t  
a lso  c a n n o t  a f f e c t  t h e  c o n v e r s i o n  of  c i t r u l l i n e  to  a r g i n i n e .  
H o w e v e r ,  t h e  n u t r i t i o n a l  s t u d i e s  of  H i n t o n  6 on  D r o s o -  
ph i l a ,  a n d  D a v i s  7 on  O r y z a e p h i l u s  s u r i n a m e n s i s ,  as  wel l  
as  t h e  i so top i c  s t u d i e s  of  I n o k u c h i ,  H o r i e  a n d  [ to  15 on  
B o m b y x  m o r i ,  s u g g e s t  t h a t  s o m e  i n s e c t s  a t  l e a s t  a re  
c a p a b l e  of  c o n v e r t i n g  c i t r u l l i n e  to  a r g i n i n e .  T h e  p o s -  
s i b i l i t y  r e m a i n s  t h a t  s o m e  i n s e c t s  h a v e  los t  t h e  e n t i r e  
a r g i n i n e  b i o s y n t h e t i c  p a t h w a y  m a k i n g  a r g i n i n e  i r re-  
p l a c e a b l e  in  t h e i r  d ie t ,  w h e r e a s  o t h e r s  h a v e  r e t a i n e d  a 
p a r t  of  t h e  p a t h w a y  e n a b l i n g  t h e m  to  s u b s t i t u t e  d i e t a r y  
c i t r u l l i n e  for  a r g i n i n e .  

A r g i n a s e  is t h e  o n l y  e n z y m e  of  t h e  u r e a  cyc l e  p r e s e n t  in  
t h e  f a t  b o d y  of  t h e  c o c k r o a c h  a n d  s i l k m o t h  ( tab le) .  T h e  
a r g i n a s e  a c t i v i t y  i n c r e a s e s  20- to  30fold  d u r i n g  t h e  m e t a -  
m o r p h o s i s  of  s i l k m o t h  p u p a e  i n t o  a d u l t s  ( tab le ) ,  a n d  t h i s  
i n c r e a s e d  a r g i n a s e  a c t i v i t y  h a s  b e e n  s h o w n  to  p l a y  a ro le  
in  t h e  c o n v e r s i o n  of  e x o g e n o u s  a r g i n i n e  to  p ro l ine ,  w h i c h  
is n e c e s s a r y  in  t h e  f l i g h t  m u s c l e  m e t a b o l i s m  of  t h e  a d u l t  
m o t h  xs. T h e r e  is no  s u c h  d r a m a t i c  i n c r e a s e  in  t h e  f a t  
b o d y  a r g i n a s e  a c t i v i t y  d u r i n g  d e v e l o p m e n t  of  t h e  coc k -  
r o a c h  ( table)  c o n s i s t e n t  w i t h  t h e  l i m i t e d  c a p a c i t y  of  t h i s  
i n s e c t  to  f ly .  
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Enterohepat ic  cyc l ing  of O- ( i 3 -hydroxye thy l  ) rutos ides  and their  bi l iary metabo l i t e s  in the rat 
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Summary. O - ( f i - H y d r o x y e t h y l ) r u t o s i d e s  a re  s h o w n  to  u n d e r g o  r e a b s o r p t i o n  f r o m  t h e  i n t e s t i n e  f o l l o w i n g  t h e i r  s e c r e t i o n  
in  bile. 

A l t h o u g h  b i l i a r y  e x c r e t i o n  h a s  b e e n  e s t a b l i s h e d  as  a m a j o r  
r o u t e  of  e x c r e t i o n  of  O - ( f i - h y d r o x y e t h y l )  r u t o s i d e s  fol- 
l o w i n g  a b s o r p t i o n  f r o m  t h e  g u t  or  p a r e n t e r a l  a d m i n i s t r a -  
t i o n  to  t h e  r a t a ,  4 t h e p o s s i b i l i t y  of  r e - a b s o r p t i o n  of  bi l i -  
a r y  m e t a b o l i t e s  of  t h e s e  c o m p o u n d s  f r o m  t h e  l u m e n  of 
t h e  i n t e s t i n e  a n d  s u b s e q u e n t  e n t e r o h e p a t i c  c y c l i n g  d o e s  
n o t  a p p e a r  p r e v i o u s l y  to  h a v e  b e e n  e x a m i n e d ,  a l t h o u g h  
e v i d e n c e  h a s  b e e n  P r e s e n t e d  t h a t  t h e s e  g l y c o s i d e s  a re  
u l t i m a t e l y  e x c r e t e d  l a r g e l y  as  t h e i r  a g l y c o n e s  in  f a ece s  a, 4. 
U s e  of  a n  i n t e r c a n n u l a t e d  r a t  p r e p a r a t i o n  h a s  n o w  pe r -  
m i t t e d  s o m e  a s s e s s m e n t  to  be  m a d e  o f  t h e  e x t e n t  o f  re-  
a b s o r p t i o n  of  e a c h  of  t h e  h y d r o x y e t h y l r u t o s i d e s  a n d / o r  
t h e i r  c o n j u g a t e s  f o l l o w i n g  t h e i r  s e c r e t i o n  in  bile.  

Materials and methods. 3 ' , 4 ' ,  5, 7 - T e t r a - O - ( f l - h y d r o x y -  
e t h y l ) r u t o s i d e ,  ( t e t r a - H R )  3' ,  4 ' ,  7 - t r i - O ( f l - h y d r o x y e t h y l ) -  
r u t o s i d e  ( t r i - H R )  ( c o n s t i t u e n t s  of  t h e  t h e r a p e u t i c  a g e n t  
P a r o v e n ,  Z y m a  S .A. ,  N y o n ,  S w i t z e r l a n d )  a n d  7 - m o n o - O -  
( / % h y d r o x y e t h y l ) r u t o s i d e  ( 7 - m o n o - H R )  ( the  t h e r a p e u t i c  
v a l u e  of w h i c h  is c u r r e n t l y  u n d e r  i n v e s t i g a t i o n )  w e r e  
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