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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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Excretion of ~* C (expressed as a percentage of the administered dose) 
over 48 h from rats of series 2 following administration of specific 
hydroxyethylrutoside to rats of series 1 

Mono-HR Tri-HR Tetra-HR 

Bile 8.05 (~- 1.02) 4.08 (+  0.47) 0.31, 0.29 
Urine 1.56 (=[_ 0.41) 1.02 (~  0.01) 1.10, 2.04 
Faeces 45.27 ( •  4.86) 37.33 (4- 3.60) 24.53, 20.07 
Recovered fronl 
intestine 5.28 (4- 0.9) 11.09 (4- 3.09) 2.53, 3.27 

Total 64.03 ( •  6.42) 54.18 ( •  4.88) 28.47, 25.67 

"['he values in colmnns i and 2 are the means of 3 experiments; those 
in column 3 are the values of duplicate experiments. 

suppl ied  b y  Z y m a  S.A., Nyon ,  Swi tzer land ,  label led in 
C2 of t he  h y d r o x y e t h y l  side cha ins  w i t h  14C. The  p u r i t y  
of these  p r e p a r a t i o n s  was checked  b y  m e t h o d s  p rev ious ly  
descr ibed  a, S. The  specific ac t iv i t i es  of t he  h y d r o x y e t h y l  
ru tos ides  (HRs) were a d j u s t e d  to o p t i m a l  levels b y  t he  
a d d i t i o n  of cold car r ie r  such  t h a t  w h e n  a d m i n i s t e r e d  a t  
a dosage level  of 7.5 m g / k g  b o d y  weight ,  t he  t o t a l  rad io-  
a c t i v i t y  g iven  to  each  pa i r  of r a t s  in  respec t  of 3', 4', 5, 7- 
tetra-O-(f l-hydroxyethyl-[14C~) ru tos ide  and  3", 4', 7-tr i-O- 
( /~-hydroxyethyl@*C]) ru tos ide  was 0.5 ~Ci and  in t he  case 
of 7 -mono-O-( f i -hydroxye thy l@4Cl)  ru tos ide  0.3 ~zCi. 
I n  s epa ra t e  expe r imen t s ,  t h e  3 h y d r o x y e t h y l  ru tos ides  
were a d m i n i s t e r e d  b y  in j ec t ion  of t he  a p p r o p r i a t e  ru tos ide  
d issolved in physio logica l  sa l ine  in to  the  c a u d a l  ve in  of 
r a t s  of series 1. ~4Carbon in bile and  u r ine  samples  of r a t s  
of series 2 was d e t e r m i n e d  b y  a d d i t i o n  of a l iquo ts  of 
these  fluids to  a to luene  based  P P O / P O P O P  sc in t i l l a t ion  
f luid mixed  2 :1  v / v  w i t h  T r i t o n  X100 6. ~4Carbon in 
faeces a n d  i n t e s t i n a l  c o n t e n t s  was m e a s u r e d  b y  com- 
b u s t i o n  of a po r t i on  of freeze dr ied m a t e r i a l  in a H a r v e y  
Biological  Mate r ia l  Oxidizer  ( ICN-Tracer lab ,  H e r s h a m ,  
Surrey) .  The  p e r c e n t a g e  of 14C assoc ia ted  w i t h  each  
m e t a b o l i t e  on  p a p e r  c h r o m a t o g r a m s  was d e t e r m i n e d  b y  
d i rec t  l iquid sc in t i l l a t ion  c o u n t i n g  of c h r o m a t o g r a m  
segmen t s  6 or b y  c o m b u s t i o n  of r e l e v a n t  a reas  of chro-  
m a t o g r a m s  us ing  a H a r v e y  Biological  Mate r i a l  Oxidizer  
(ICN, H e r s h a m ,  Surrey) ,  t h e  c o m b u s t i o n  p r o d u c t s  be ing  
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The cumulative excretiolt of 14C in the bile of rats o~ series 2 fol 
lowing i. v. administration of rutosides to rats of series 1. 

t r a p p e d  in H a r v e y  Sc in t i l l a t ion  Cocktai l  ( I .C.N. ,  Her -  
sham,  Surrey) .  R e c o v e r y  of 14CO~ b y  these  means  was 
checked  b y  c o m b u s t i o n  of k n o w n  a m o u n t s  of 14C-man- 
n i to l  (Rad iochemica l  Centre,  A m e r s h a m ,  Bucks.)  appl ied 
to  W h a t m a n  3MM c h r o m a t o g r a p h y  p a p e r  a n d  was found  
to  be  > 95% w i t h  negl igible  m e m o r y  effect. 
Metabo l i t e s  in  u r ine  and  bile were s epa ra t ed  on  W h a t m a n  
3MM p a p e r  emp loy ing  bu tan-2 -o l -ace t i c  ac id -wa te r  5-1-2 
(by vol.). Metabo l i t e s  t h u s  s e p a r a t e d  were c o m p a r e d  w i th  
p rev ious ly  cha rac t e r i zed  me tabo l i t e s  de r ived  f rom t h e  
bi le  of single r a t  p r e p a r a t i o n s  3 dosed w i t h  t he  same 
rutos ide ,  in respec t  of R~ va lues  and  reac t ions  fol lowing 
sp ray ing  w i t h  1% m e t h a n o l i c  AICI3, d iazot i sed  p -n i t ro -  
ani l ine  a n d  2% n a p h t h o r e s o r c i n o l  in  33% t r ich loroace t ic  
acid. R~ values and reactions with spray reagents for 
rutosides and conjugates were as previously published 3, 4, 6 
Cannulation procedure. Plas t i c  c a n n u l a e  were i m p l a n t e d  
in t h e  c o m m o n  bile duc t s  of 2 male  W i s t a r  r a t s  u n d e r  
n e m b u t a l  anae s the s i a  as follows: A c a n n u l a  was in t ro-  
duced  in to  the  c o m m o n  bile d u c t  of the  f i rs t  a n i m a l  
( ra t  1). The  u n a t t a c h e d  end  of th i s  c a n n u l a  was t h e n  
i m p l a n t e d  in t he  d i s ta l  po r t i on  of t he  c o m m o n  bile d u c t  
of t he  second a n i m a l  ( ra t  2) such  t h a t  bile f rom r a t  1 was 
de l ivered  in to  t he  d u o d e n u m  o5 r a t  2. A second cannu l a  
was t h e n  es t ab l i shed  in the  p r o x i m a l  end  of t he  bile d u c t  
of r a t  2, such  t h a t  bi le  f rom th i s  a n i m a l  could  be col- 
lected,  t h e  bi le  d u c t  be ing  l iga ted  b e t w e e n  t he  two can-  
nu lae  7. U n d e r  these  cond i t ions  b i l i a ry  me tabo l i t e s  ar is ing 
in t he  l iver  of r a t s  of series 1 f rom the  a d m i n i s t e r e d  
h y d r o x y e t h u l r u t o s i d e  are t r a n s f e r r e d  to t he  in tes t ine  of 
r a t s  of series 2. D e t e r m i n a t i o n  of these  me tabo l i t e s  in  t he  
bi le  and  ur ine  of r a t s  of series 2 p rov ides  a measure  of  
t h e i r  r e - abso rp t i on  in a f i rs t  e n t e r o h e p a t i c  cycle. 
Results and discussion. The  t o t a l  va lues  of 14C recovered  
f rom bile, u r ine  a n d  faeces of r a t s  of series 2 (table) 
ind ica te  t h a t  b i l i a ry  me tabo l i t e s  r ep re sen t ing  min ima l  
m e a n  va lues  of 64% , 54% a n d  27% of t h e  m o n o - H R ,  
t r i - H R  a n d  t e t r a - H R  a d m i n i s t e r e d  to r a t s  of series 1 
were e l imina t ed  in t he  bile of those  an ima l s  and  sub-  
s equen t ly  t r a n s f e r r e d  b y  t h e  i m p a n t e d  c a n n u l a e  to t he  
i n t e s t i na l  l u m e n  of t he  l inked  a n i m a l s  (series 2). S u m m a -  
t ion  of the  14C bile and  ur ine  levels in respec t  of each r a t  
of the  second series ind ica tes  t h a t  9.61%, 5.10% and  
1 .87% of t h e  a d m i n i s t e r e d  m o n o - H R ,  t r i - H R  and  t e t r a -  
H R  were recovered,  wh ich  rep resen t s  a r eabsorp t ion  
f rom the  in t e s t ine  of 14.8%, 9.2% a n d  7.4% of t he  t o t a l  
b i l i a ry  excre ted  me tabo l i t e s  of m o n o - H R ,  t r i - H R  and  
t e t r a - H R  respect ively .  
E x a m i n a t i o n  of pooled bile and  ur ine  samples  over  the  
48-h-per iod  showed  t he  m a j o r  m e t a b o l i t e  of m o n o - H R  
in b o t h  u r ine  a n d  bile was  c h r o m a t o g r a p h i c a l l y  ident ica l  
w i t h  a c o m p o u n d  a l r eady  s h o w n  to be  t he  3'  or 4 '-glu- 
curon ide  of m o n o - H R  a. This  r ep resen ted  82-92~ of the  
14C a c t i v i t y  in  bile and  72 -77% of t h a t  in ur ine .  A second 
m e t a b o l i t e  poss ib ly  a 5-glucuronide  of m o n o - H R  repre-  
sen ted  3 - 9 %  a c t i v i t y  in bi le  and  1-10~ in urine.  The  
r e m a i n i n g  a c t i v i t y  in bile a n d  ur ine  was associa ted  w i th  
u n c h a n g e d  m o n o - H R .  Fol lowing dosage of t r i -HR,  t he  
u n c h a n g e d  glycoside was found  to  r ep re sen t  4 5 - 6 4 %  of 
14C a c t i v i t y  in  t he  bi le  a n d  3-5o/o of t h a t  in  t he  urine.  
The  res idua l  a c t i v i t y  in b o t h  cases cons is ted  largely  of a 
5-glucuronide  of t r i - H R .  R a d i o a c t i v i t y  recovered  f rom 

5 A.M. Hackett, L. A. Griffiths, A. S. Luyckx and H. Van Cauwen- 
berge, Arzneimittelforsch. 26, 925 (1976). 
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7 D.V. Parke, Kh. M. Quddusur Rahman and R. Walker, Biochem. 

Soe. Trails. 2, 612 (1974). 
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faeces a n d  in t e s t i na l  c o n t e n t s  of r a t s  of series 2 cons is ted  
mos t ly  of t h e  co r re spond ing  aglycones,  b u t  sma l l  a m o u n t s  
( <  8%) of the  glycosides were also de tec ted .  
These  resul t s  ind ica te  t h a t  a s igni f icant  level  of reab-  
so rp t ion  of [laC] label led h y d r o x y e t h y l r u t o s i d e s  occurs  
a f t e r  b i l i a ry  excre t ion .  I t  is n o t  possible,  on  t he  ev idence  
ob ta ined ,  to  s t a t e  w h e t h e r  me tabo l i c  hydro lys i s  of t he  
h y d r o x y e t h u l r u t o s i d e  g lucuronides  b y  t he  i n t e s t i na l  
microf lora  precedes  r e a b s o r p t i o n  a l t h o u g h  th i s  appea r s  
p robable .  Ev idence  t h a t  h y d r o x y e t h y l r u t o s i d e  glucuro-  
nides are suscept ib le  to  bac te r i a l  g lucuron idase  has  been  
p resen ted  earl ier  a, 8 and  the  **C a c t i v i t y  of r a t  faeces %l- 
lowing H R  a d m i n i s t r a t i o n  has  p rev ious ly  been  shown  to 
be m a i n l y  a t t r i b u t a b l e  to u n a b s o r b e d  h y d r o x y e t h y l -  
que rce t ins  a, 4. 

The  d e m o n s t r a t i o n  t h a t  free a n d  c o n j u g a t e d  h y d r o x y -  
e thy l ru to s ide s  c a n  be  recovered  f rom t h e  bile a n d  u r ine  
of each  second a n i m a l  fol lowing r e a b s o r p t i o n  of t h e  
b i l i a ry  me tabo l i t e s  ind ica tes  t h a t  a s igni f icant  level  of 
e n t e r o h e p a t i c  cycl ing is ope ra t i ng  in an ima l s  rece iv ing  
h y d r o x y e t h y l r u t o s i d e s .  These  f ind ings  m a y  be of signifi- 
cance  in  r e l a t i on  to  t h e  m a i n t e n a n c e  of t h e r a p e u t i c  levels  
of t he  d rugs  in m a n  b u t  t he  poss ib i l i ty  of species differ- 
ences should  n o t  be  excluded.  

8 L. A. Griff i ths ,  in :  Topies  in F l a v o n o i d  C h e m i s t r y  a n d  Bio- 
chemis t ry ,  p. 201. Ed .  L. Fa rka s ,  M. G a b o r  a n d  F. Ka l l ay .  Else- 
vier ,  A m s t e r d a m  a n d  New Y o r k  1976. 
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Summary. A m e t h o d  is descr ibed  for t he  pur i f i ca t ion  of p ig  l iver  m o n o a m i n e  oxidase  b y  a f f in i ty  c h r o m a t o g r a p h y ,  
us ing  a co lumn  wi th  cova l en t ly  b o u n d  pargyl ine .  

L ive r  m i t o c h o n d r i a l  m o n o a m i n e  oxidase  (MAO) has  been 
isola ted f rom a v a r i e t y  of m a m m a l i a n  sources  inc lud ing  
the  r a t  2 5, h u m a n  6, beefT--9 and  pig l~ This  h igh  
molecu la r  we igh t  p r o t e i n  ca ta lyzes  t he  ox ida t ive  de- 
a m i n a t i o n  of p r imary ,  secondary ,  and  t e r t i a r y  amines  
wi th  a m e t h y l e n e  group  a d j a c e n t  to  the  n i t r ogen  as fol- 
lows : 

R C H e N H R '  + O z ~ ILa() -~ R C H O  t R'NFle + H~O2. 

We recen t ly  r epor t ed  the  successful  s u b s t i t u t i o n  of var i -  
ous d i v a l e n t  me ta l s  for copper ( I I )  in pig l iver  MAO 1.. 
The  p r e p a r a t i o n  of such  pseudo-MAOs requi res  essent ia l ly  
pure  enzyme,  which  p r o m p t e d  the  d e v e l o p m e n t  of t he  
a f f in i ty  c h r o m a t o g r a p h y  sys t em descr ibed herein.  
M o n o a m i n e  oxidase  is i nh ib i t ed  b y  a v a r i e t y  of basic 
subs tances ,  m a n y  of which  were  inc luded  in a r ecen t  
s t r u c t u r e - a c t i v i t y  s t u d y  1'~. U n f o r t u n a t e l y ,  the  mode  of 
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l : lu t ion  of MAO f rom pa rgy l ine  a f f in i ty  eo lunm in the  d a r k  a t  4 ~ 
A b s o r b a n c e  a t  280 n m  (@) a n d  re la t ive  a c t i v i t y  (O) us ing benzyl-  
amine  as s u b s t r a t e  a t  30 ~ 

ac t ion  of the  i nh ib i t o r s  are n o t  comple t e ly  unders tood ,  
even  w i t h  r ega rd  to revers ib i l i ty .  Pa rgy l ine  (N-methy l -  
N - p r o p a r g y l b e n z y l a m i n e )  is k n o w n  to r eac t  s to ichio-  
me t r i ca l ly  and  i r revers ib ly  w i t h  bov ine  k i d n e y  mono-  
amine  oxidase  ~" and  the  s t ruc tu re s  of p h o t o a d d i t i o n  prod-  
uces of pa rgy l ine  and  f l avoqu inone  mode l  c o m p o u n d s  
h a v e  been  de terminedlT.  Never the less ,  t he  i n h i b i t i o n  of 
p ig  l iver  m o n o a m i n c  oxidase  b y  pa rgy l ine  appea r s  to  ac t  
in i t ia l ly  in a revers ib le  m a n n e r  ~a. Therefore, we a i -  
t e m p t e d  to use the  pa rgy l ine  i n h i b i t o r  for pur i f i ca t ion  b y  
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