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Effect of immune serum on C1402 production from glucose-l-C ~4 by polymorphonuclear leucocytes (PMNL). Each vessel contained 2 • 107 
cells in calcium-free Krebs-Ringer phosphate and 1 [xc of glucose-l-C 14 in 5.55 ~tmoles of 1-C 14 glucose (radioactivity 8.5 • 104 counts]min/ 
1 [xmole) ; 0.1 ml serum or 10.5 mg y-globulins when indicated. The values are given for 2 X 107 ceils and for 20 min of incubation. 

PMNL control PMNL + normal PMNL + immune PMNL + normal PMNL + immune 
serum serum y-globulins y-globulins 

C1402 from glucose-l-C 14 1,690 2,370 15,529 1,740 8,150 
(eounts/min) 
Glucose equivalents (nmoles) 19.9 27.9 182.6 20.5 95.8 

The experiment reported in this table is a typical one and has been selected from nearly 20 experiments. 6 different immune sera, each of 
them at several stages of immunization, were tested. The stimulation of 14CO 2 production induced by immune serum relative to that induced 
by normal serum ranged from 4 to 12 times, using different sera under the experimental conditions indicated in this table. 

no t  be  ru led  out .  However ,  i t  h a s  b e e n  found  t h a t  an t i -  
s e r u m  to  leucocyte  g ranu le  m e m b r a n e s  ha s  a s t ab i l i z ing  
ac t ion  on  i so la ted  granules  20 

I t  is k n o w n  t h a t  leucocytes  are able  to  p inocy tose  
m a c r o m o l e c u l a r  subs tances ,  inc lud ing  p ro t e in s  21, 23. The  
effect  of p inocy tos i s  on  t he  a c t i v i t y  of some dehydro -  
genase  in gu inea-p ig  p o l y m o r p h o n u c l e a r  leucocytes  has  
been  repor ted2L On th i s  l ine i t  is poss ible  t h a t  t he  
specific b i n d i n g  of i m m u n e  g a m m a - g l o b u l i n e  to an t igen ic  
d e t e r m i n a n t s  of t h e  p l a s m a  m e m b r a n e  of P M N  leuco- 
cy tes  fac i l i t a tes  t h e  p inocy tos i s  u p t a k e  of t he  globul ine.  
I n  t h i s  case, i t  r e m a i n s  to  be  a sce r t a ined  w h e t h e r  t he  
p l a s m a  m e m b r a n e  modi f i ca t ions  i nduced  b y  t he  specific 
b i n d i n g  of an t ibod ie s  r ep re sen t  pe r  se t h e  t r igger  m e c h a n -  
i sm for t h e  s t i m u l a t i o n  of r e sp i r a t ion  of P M N  leucocytes  
or w h e t h e r  a n  increased  p inocy tos i s  m u s t  occur  as a n  
i n t e r m e d i a t e  s tep.  

S tud ies  are  now in progress  on  t he  effect  of an t i leuco-  
cy te  a n t i b o d i e s  on  t he  glycolyt ic  ac t iv i ty ,  on  the  ox ida t ive  
e n z y m e s  i nvo lved  in t h e  s t i m u l a t e d  oxygen  up take ,  a n d  
on  t h e  morpho log ica l  modi f i ca t ions  of t he  p l a s m a  
m e m b r a n e  a n d  of t he  g ranu les  23. 

Riassunto. Gli an t i co rp i  an t i l eucoc i t i  p rovocano  u n a  
m a r c a t a  s t imolaz ione  del la  respi raz ione,  ro tenone ,  Ant i -  
m i c i n a  A e c i anuro  insensibi le ,  ed u n a  a u m e n t a t a  a t t i v i t g  
del ciclo degli  e sosomonofos fa t i  nei  leucoci t i  di  cavia.  
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T h e  M e t a b o l i s m  of T r i - A l k y l  P h o s p h a t e s  1 

Tr i -a lky l  p h o s p h a t e s  (1) are r eac t ive  t o w a r d s  nucleo- 
phi les  a n d  h a v e  b e e n  used to a lky la t e  a v a r i e t y  of func-  
t i o n a l  g roupsL  The  d i -a lky l  p h o s p h a t e  e n t i t y  (usual ly 
d i m e t h y l  or d ie thy l )  fo rms  a n  in t eg ra l  p a r t  of a n u m b e r  of 
o r g a n o p h o s p h o r u s  insect ic ides  and  r ecen t l y  t r i m e t h y l -  
p h o s p h a t e  (TMP, I R = CH3) ha s  been  s h o w n  to possess a 
' f u n c t i o n a l '  s ter i l iz ing ac t ion  in ma le  r oden t s  3. The  me ta -  
bo l i sm of o r g a n o p h o s p h o r u s  insect ic ides  and  t r i - a ry l  
p h o s p h a t e s  is well  d o c u m e n t e d  b u t  l i t t l e  is k n o w n  a b o u t  
t he  fa te  of t h e  s imple  t r i - a lky l  phospha t e s ,  even  t h o u g h  
t h e y  are  k n o w n  to r eac t  chemica l ly  b y  a n  a l k y l a t i n g  
m e c h a n i s m .  

C h r o m a t o g r a m s  of r a t  a n d  mouse  ur ine  f rom e i the r  oral  
or i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of 3~P-TMP (100 m g / k g  
a n d  1 g /kg respect ive ly)  revea led  one r ad ioac t ive  a rea  
co r r e spond ing  to  3 2 p - d i m e t h y l p h o s p h a t e  (II,  R = C H s ) .  
A t  s imi la r  dose levels a2p - t r i e thy lphospha t e  (TEP,  I 1R = 
CH~CH3) was excre ted  b y  b o t h  species as 82P-diethyl- 
p h o s p h a t e  (II, R = C H 2 C H 3 ) .  A p a r t  f r om t races  of t r i -  
m e t h y l p h o s p h a t e  in  r a t  u r ine  w i t h i n  6 h of i.p. adm i n i s t r a -  
t ion,  in  n e i t h e r  case was t h e  t r i - a lky l  p h o s p h a t e  excre ted  
u n c h a n g e d  a n d  mouse  b l adde r s  c a n n u l a t e d  1 h a f t e r  ora l  
dos ing  (1 g/kg) c o n t a i n e d  on ly  t he  co r re spond ing  32p_ 
me tabo l i t e .  32p-TMP a n d  3~P-TEP are  r a p i d l y  excre ted  
as t h e i r  me t abo l i t e s  b y  b o t h  r a t  a n d  mouse  w i t h  90% 
recove ry  of r ad ioac t ive  m a t e r i a l  in  u r ine  w i t h i n  16 h a n d  
n e a r l y  comple t e  r ecovery  over  96 h. 

B o t h  3 2 p - d i m e t h y l p h o s p h a t e  4 a n d  a~P-diethylphos~ 
p h a t e  are excre ted  unchanged ,  t h e r e  be ing  no mono-a lky l  
p h o s p h a t e  or phosphor i c  acid p roduced  in e i the r  case. 
Th i s  c o n t r a s t s  w i t h  p rev ious  work  in which  di -Mkyl  
p h o s p h a t e s  5, p a r t i c u l a r l y  d i m e t h y l p h o s p h a t e e ,  7 a n d  di- 
e t h y l p h o s p h a t e  s, h a v e  been  r epo r t ed  to  be me tabo l i zed  
to  t he  m o n o - a l k y l  p h o s p h a t e  a n d  phosphor i c  acid. How-  
ever, as these  p r o d u c t s  were o b t a i n e d  f rom d ia lky l -a ry l  
phospha te s ,  t h e y  would  be  p roduced  b y  de -a ry l a t i on  of 
in i t i a l ly  de -a lky l a t ed  metabo l i t e s .  The  o r g a n o p h o s p h o r u s  
c o m p o u n d s "  trans-phosdrin 1~ cis- and  t r ans -bomyl  1~ a n d  
t ro l ine  4, for example ,  a re  me tabo l i zed  b y  de -a ry la t ion  
solely to  d i m e t h y l p h o s p h a t e  whereas  t r i - a ry l  phospha te s ,  
such  as t r i -o-cresyl  p h o s p h a t e  n,  are  degraded  t h r o u g h  
t h e i r  di- a n d  m o n o - a r y l  de r iva t i ve s  to  phosphor ic  acid.  
The  biological  m o n o  dea l l - ) i a t i on  of T M P  and  TEP ,  the re -  
fore, appea r s  ana logous  to  t h e i r  chemica l  r e a c t i v i t y  in  
wh ich  f u r t h e r  de - a lky l a t i on  occurs  on ly  u n d e r  e x t r e m e l y  
severe cond i t ions  13,13. 

W i t h  un i fo rmly- l abe l l ed  14C-TMP, 2 f u r t h e r  u r i n a r y  
me tabo l i t e s  were  de t ec t ed  and  ident i f ied  as S - m e t h y l  
cys te ine  ( I I I ,  R = CH3) a n d  i ts  N - a c e t a t e  i nd ica t ing  t h a t  
TMP,  a t  l eas t  as far  as i ts  de tox i f i ca t ion  is concerned,  
ac t s  in  an  a l k y l a t i n g  capac i ty .  S imi lar ly  t r ie thyl - ,  t r i -n-  
propyl ,  tri-iso-propyl- a n d  t r i - n - b u t y l - p h o s p h a t e s ,  a p a r t  
f rom be ing  exc re ted  as t h e  d i -a lky l  p h o s p h a t e  (II), gave  
rise to  t h e  co r r e spond ing  S-a lkyl  cys te ine  (III)  so t h a t  
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m o n o  d e a l k y l a t i o n  (F igu re  1) a p p e a r s  to  be  g e n e r a l  in  t h e  
m e t a b o l i s m  of  t h i s  c lass  of  c o m p o u n d .  

T h e  loss of  t h e  a lky l  g r o u p  in  t r i - a l k y l  p h o s p h a t e s  is 
u n d o u b t e d l y  d u e  b o t h  to  e n z y m i c  hydrolysis14!15 (P-O 
c leavage)  a n d  d e - O - a l k y l a t i o n  (C-O c leavage) ,  t h e  l a t t e r  
b e i n g  k n o w n  x~ to  i n v o l v e  r e d u c e d  g l u t a t h i o n e  as  a 
m e t h y l  a c c e p t o r .  ~4C-TMP r e a c t s  a l m o s t  q u a n t i t a t i v e l y  
w i t h  g l u t a t h i o n e  to  p r o d u c e  S - m e t h y l  g l u t a t h i o n e  a n d  
d i m e t h y l p h o s p h a t e  a n d  b o t h  c a n  be  d e t e c t e d  in r a t  l ive r  
h o m o g e n a t e s  i n c u b a t e d  w i t h  T M P  (1 h a t  37 ~ in  M/15 
p h o s p h a t e  buffer ) .  A n a l o g o u s  d e m e t h y l a t i o n s  o c c u r  w i t h  
m e t h y l - p a r a t h i o n  1~, s u m i t h i o n  17, d i m e t h y l - d i c h l o r o v i n y l -  
p h o s p h a t e  18 a n d  cis-phosdrin lO, all  r e q u i r i n g  g l u t a t h i o n e -  
d e p e n d a n t  p r e p a r a t i o n s .  As  S - m e t h y l  g l u t a t h i o n e  is t h e  
in v i v o  p r e c u r s o r  of  S - m e t h y l  c y s t e i n e  ~9 i t  s e e m s  t h a t  t r i -  
a lky l  p h o s p h a t e s  in  gene ra l  a re  d e t o x i f i e d  b y  s i m i l a r  
p roces se s  to  g ive  u l t i m a t e l y  t h e  S -a lky l  cys t e ine ,  

T r i e t h y l t h i o p h o s p h a t e  (IV) p r o d u c e d  o n l y  one  p h o s -  
p h o r u s - c o n t a i n i n g  m e t a b o l i t e ,  d i e t h y l p h o s p h a t e  (VI),  
w h i c h  cou ld  h a v e  a r i s en  f r o m  2 p a t h w a y s  (F igure  2); 
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Rf values for tri-alkyl phosphate metabolites 

S-alkyl cysteine TLC ~ Paper �9 

Methyl- 0.38 0.45 
Ethyl- 0.44 0.54 
n-Propyl- 0.53 0.65 
iso-Propyl- 0.54 0.73 
n-Butyl- 0.52 0.72 
S-methyl glutathione 0.21 0.27 

Phosphate Paper b 
Dimethyl- 0.46 
Diethyl- 0.54 
Di-n-propyl- 0.74 
Di-iso-prop yl- 0.50 
Di-n-butyl- 0.79 
Diethyl-thio- 22 0.65 

Rf values for metabolites are on Whatlnan's No. 17 papers, from 
which the phosphate metabolites were isolated from untreated urine 
and the eysteine conjugates from acid-hydrolyzed urine, and 250[x 
silica gel G plates. Ascending chromatograms were developed in 
a) n-butanol: glacial acetic acid : water 4:2 : 1, and b) iso-propanol: 
880 ammonia : water 8 : 1 : 120, detection being by ninhydrin and molyb- 
date 24 reagents respectively. Di-alkyl phosphates were synthesized 
by the method of I:[ARLAY 25 and from the tri-alkyl phospimtes by 
controlled hydrolysis. S-alkyl eysteines were prepared from eysteine 
and the appropriate alkyl iodide 26. 

r o u t e  A r e q u i r i n g  in i t i a l  d e s u l p h u r i z a t i o n ,  a n d  r o u t e  B in  
w h i c h  a l k y l a t i o n  o r  h y d r o l y s i s  h a s  p r i m a r i l y  o c c u r r e d .  
As d i e t h y l t h i o p h o s p h a t e  (V) is e x c r e t e d  u n c h a n g e d  a n d  
was  n o t  a u r i n a r y  m e t a b o l i t e ,  o n l y  r o u t e  A c a n  be  o p e r a t -  
ing.  T h i s  d i f fe r s  t o  t h e  m e t a b o l i s m  of  h e x a m e t h y l t h i o -  
p h o s p h o r a m i d e  w h i c h  is d e t o x i f i e d  b y  2 s i m i l a r  p a t h w a y s  
i n d e p e n d e n t l y ,  b o t h  b y  d e s u l p h u r i z a t i o n  a n d  loss  of  a 
m e t h y l  g r o u p  =0. 

T r i m e t h y l p h o s p h a t e  is t h e  o n l y  m e m b e r  of  t h i s  ser ies  
p o s s e s s i n g  a n t i - f e r t i l i t y  a c t i v i t y  in  m a l e  r o d e n t s  21 a n d  n o t  
e x h i b i t i n g  a n y  of  t h e  a n t i c h o l i n e s t e r a s e  a c t i v i t y  n o r m a l l y  
a s s o c i a t e d  w i t h  o r g a n o p h o s p h o r u s  c o m p o u n d s .  As t h i s  
s t e r i l i z ing  a c t i v i t y  m a y  be  a s s o c i a t e d  w i t h  in v i v o  a l k y l a -  
t ion ,  t h e  i n c o r p o r a t i o n  of  x4C-TMP i n t o  ce l lu lar  m a t e r i a l  
is a t  p r e s e n t  b e i n g  i n v e s t i g a t e d .  

Rdsumd. Les  t r i - a l k y l  p h o s p h a t e s  (I) s o n t  m e t a b o l i s 6 e s  
p a r  l n o n o - d e a l k y l a t i o n  p r o d u i s a n t  des  d i - a l k y l  p h o s -  
p h a t e s  (II) e t l e s  S - a l k y l  c y s t e i n e s  (III) r e l a t i v e s  c h e z  le 
r a t  e t  la souri .  
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