
I ~  4 P R E L I M I N A R Y  NOTES 

T A B L E  [ 

R A T E  OF P H O S P H O R Y L A T I O N  OF T H Y M I D I N E  B Y  E X T R A C T S  OF I r I / D R - S E N S I T I V P ;  

A N D  F U D R - R E S I S T A N T  MAST C E L L S  

0.25 m l  of  s u p e r n a t a n t  ( i o o , o o o  x g fo r  t h) was added t o  i . o  m l  of  a m i x t u r e  c o m p o u n d e d  s u c h  
that  these  final concentrat ions  were obtained:  8.  lo  ~ M [ a H ~ t h y m i d i n e  (9 / lC/ /21nole) ,  4-2" lO a 3 i  
A T P ,  6 . 1 o  a 3 I  3 - p h o s p h o g l y c e r a t e ,  4 . 8 . 1 o  a 3 I  Mg~ i a n d  ~.25 . l o  ~1 :U t r i s (hydroxymethy l ) -  
aminomethane ,  p H  8.o.  incubat ions  were carried out at 360 and terminated by  chill ing and 
addit ion of o. i m l  7 ° °/o H C I O  4. I (C104  was  precipitated p r i o r  t o  the separat ion of phosphorylated  
c o m p o u n d s  f r o m  t h y m i d i n e  u s i n g  D o w e x  i / l o formate 6. Act iv i ty  is expressed as moles  p r o d u c t /  

m i n / m g  protein.  

Nensitive (t'8~ 5 ~ ? Resistant (l'Sz 5 Y FUI)R) 
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phosphate, since a strain of PSI5Y selected for high resistance to F U D R  9, which is 
apparently deficient in thymidine kinase activity (Table I), is not inhibited by 
thymidine ~. The results suggest that in sensitive cells a phosphorylated derivative of 
thymidine inhibits the conversion oi cytidine 5'-phosphate to 2'-deoxycytidine 5'- 
phosphate, thereby limiting DNA synthesis and cell division. 
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Biological oxidation of N,N-dialkyl carbamates 

N-Alkyl and N,N-dialkyl carbamates are widely used as insecticides 1, ,2 and medicinals 
for the relief of myasthenia gravis and other disorders 3. The ultimate mode of action 
appears, in both cases, to be the competitive inhibition of cholinesterase. Cholin- 
esterase 4 and plasma albumin s, ~ have been implicated in the biological degradation 
of N-alkyl carbamates. N,N-dimethyl  carbamoyl fluoride is hydrolyzed by the 
plasma A-esterase and certain other esterases in the rabbit 6. The N,N-dialkyl carba- 

Abbreviat ions:  DpNC,  N , N - d i m e t h y l  p-nitrophenyl  carbamate;  T P N ,  T P N H ,  oxidized and 
reduced tr iphosphopyridine  nucleot ide;  S K F  5 2 5 - A ,  f l -diethylaminoethyl  d iphenylpropylacetate .  
The chemical  des ignat ions  for insect ic ides  and synergis ts  are given in p a p e r s  c i te (P ,  2,1",11. 
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mates derived from aromatic and heterocvlie enols are not degraded by these mecha- 
nisms 2. I t  appeared of interest to examine alternate pathways for metabolism of 
these compounds. 

DpNC was used for preliminary studies because of the ease of analysis for de- 
gradation products. The p-nitrophenate ion was determined directly at 4oo m/~ 
and formaldehyde by the chromotropic acid metho&. I t  was found that  DpNC was 
attacked by an enzyme system in rat-liver inicrosomes requiring T P N H  and oxygen. 
If the liver soluble fraction was present, TPN could be substituted for T P N H  (Table I). 

T A B L E  I 

L O C A L I Z A T I O N  O F  D p ~ N ~ C - D E G R A D I N G  A C T I V I T Y  I N  S U B C E L L U L A R  F R A C T I O N S  

F R O M  R A T  L I V E R  

Microsomes  + soluble  was  the  s u p e r n a t a n t  f rac t ion  (S15 000) a f t e r  cen t r i fuga t ion  of a 2o ~o 
ra t - l ive r  homogena t e  in p o t a s s i u m  p h o s p h a t e  buffer (pH 7.o, o.o5 M) a t  15,ooo X g for 3o min.  
Microsomes  were the  residue,  and  soluble  the  s u p e r n a t a n t  a f t e r  cen t r i fuga t ion  of Sxa,000 a t  
lO5,Ooo x g for I h. Microsomes were resuspended  in phospha t e  buffer. B p N C  was  added  first 
to  the  flasks in e thano l  so lu t ion  and  the  e thano l  evapora ted .  F la sks  con ta ined  l .o  nag DpNC, 
3.7 mg co-factor,  1.5 nil  enzyme  p repa ra t ion ,  I.O ml  buffer and  d is t i l l ed  wa te r  to  a t o t a l  vo lume  
of 5.o ml. After  2-h i ncuba t ion  a t  37 ° w i th  s ha k ing  in air, the  p -n i t rophenol  from subsequen t  

deg rada t ion  of the  me tabo l i t e  a t  p H I  I .o was  measured.  

l ,rm tion 

Microsonles  + soluble 
Microsomes 
Soluble 
R e c o n s t i t u t e d  mic rosomes  + soluble 

p-nitrophenol with cofactor indicated 

None T P N  T P N H  

15 94 12o 
o 16 12o 
5 t i  I I  
7 1 2 0  1 2 0  

This resembles the N-dealkylation systems which have been described for several 
drngs s, hut differs in that  the methyl group is not liberated as free formaldehyde 
under the conditions of incubation. A material is formed, however, which yields 
formaldehyde under strong acid conditions and can be completely extracted into 
ether from aqueous solution. Free formaldehyde cannot be extracted in this manner. 
During enzymic oxidation no free p-nitrophenol is formed. The metabolite has a 
hydrolytic half-life of 37 rain at pH 8.o based on liberation of p-nitrophenol, which 
differentiates it from DpNC and N-methyl p-nitrophenyl carbamate which have 
half-lives of over one year and less than I rain respectively under the same conditions. 

The product from DpNC, as analyzed with or without ether extraction, yielded 
a I : I  ratio of formaldehyde: p-nitrophenol on degradation. A similar product from 
N-methyl N-ethyl p-nitrophenyl carbamate also yielded a I : I  ratio indicating that  
only one methyl group is attacked. This same metabolite was demonstrated in the 
liw~'r of rats 4 h after oral administration of DpNC. By analogy with the mechanism 
proposed for N,N-dimethyl t ryptophane metabolism 9, it appears that  the metabolite 
might be N-methyl N-methylol p-nitrophenyl carbamate.  The microsome preparation 
also degraded tile higher N,N-dialkyl p-nitrophenyl carbamates, the activity de- 
creasing with increasing chain length (N,N-dimethyl > N,N-diethyl > N,N-di-n- 
propyl > N,N-di-isopropyl z N,N-dibutyl). The metabolites formed were less stable 
to alkaline hydrolysis than that  from the dimethyl compound, even though the 
original compounds are more stable 2. 
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The microsomal oxidation of DpNC and its N,N-diethyl analog were inhibited 
by I . IO  4 M SKF 525-A, piperonyl butoxide and sesamex. Determination of the 
effective inhibitor levels was dii~icult owing to the insolubility of the substrates and 
the methylene dioxyphenyl compounds (piperonyl butoxide and sesamex). I t  is 
interesting to note that  the two methylene dioxyphenyl compounds are effective 
synergists of the toxicity to house flies for certain N,N-dimethyl carbamates *°, and 
that  toxicity studies with other insecticides and house flies have led to the hypothesis 
that  these synergists may inhibit oxidative detoxification mechanisms al. Administra- 
tion of DpNC to house flies yielded a metabolite which appeared to be the same as 
that  formed in rats or by isolated liver microsomes. 

45 N,N-dimethyl carbamates or closely related compounds were incubated with 
the liver soluble plus microsome fraction with or without TPN fortification to deter- 
mine the structural specificity for oxidation. Many carbamates including the in- 
secticides Dimetan, Dimetilan, Isolan, Pyramat  and Pyrolan and the parasympatho-  
mimetic agents neostigmine and physostigmine were metabolized to formaldehyde- 
yielding derivatives. The formaldehyde yield was markedly increased by the addition 
ot TPN. When the change in anticholinesterase activity during incubation was 
followed, it was found that  Isolan and certain other compounds were rapidly de- 
stroyed. However, the loss of anticholinesterase activity did not always correspond 
with the ability to yield fornmldehyde, indicating that  certain of the intermediates 
may themselves be anticholinesterase agents. 

This paper is approved for publication by the Director of the Wisconsin Agri- 
cultural Experiment Station. The study was supported in part  by a Post-Doctoral 
Fellowship from the Graduate School to E. H. and by grants from the U.S. Public 
Health Service, National Institutes of Health (Contract RG-53o4) and Regional 
Research Project N.C. 33 on Pesticide Residues. The skilled technical assistance of 
Miss ANDREA WOODWARD and Miss J U D I T H  ENGEL is gratefully acknowledged. 
The carbamates stndied were kindly supplied by Dr. H. GVSIN of J. R. Geigy, Basle, 
Switzerland, Dr. J. A. AESCHLIMANX of Hoffmann-La Roche Inc., Nutley, New 
Jersey, U.S.A. and others. 

Department of Entomology, University of Wisconsin, 
Madison, Wisconsin (U.S.A.) 

ERNEST HODGSON 
JOHN E. CASIDA 

1 R.  L. METCALF, Organic Inseclicidcs; Their Chemistry and 3lode o/ Action, I n t e r s c i e n c e  P u b l .  
l nc . ,  N .Y. ,  I955, p. 392. 

2 j .  12. CASlDA, K-B.  AUGUSTINSSON AND G. JONSSON, J. Econ. Enlomol., 53 (196°) 2°5.  
3 A. STEMPEL AND J.  A. AESCttLIMANN, S y n t h e t i c  a n a l o g s  of p h y s o s t i g m i n e ,  in  F. F. t3LICKE 

AND R. H .  COX, Medicinal Chemistry, Vol.  I I I  (1956), Chap .  4, PP. 238, J o h n  W i l e y  & Sons  
Inc . ,  N .Y.  

4 A. GOLDSTEIN AND R. E .  HAMLISCH, Arch. I3iochem. Biophys., 35 (1952) I2.  
J .  E .  CASIDA AND K-B.  AUGUSTINSSON, Biochim. Biophys. Acta, 36 (1939) 411. 

6 K-B.  AUGUSTINSSON a n d  J.  E .  CASIDA, I3iochem. Pharmacol., 3 (1959) 6o. 
7 W. t .  FRISELL, L. A..XIEECH AND C. G. MACKENZIE, J. Biol. Chem., 2o 7 (1954) 7o9. 
s B. B. BRODIE, J.  R. GILLETXV: AND B. N. LA DU, Ann. _Rev. Biochem., 27 (I958) 427. 

M. S. FISH, C. C. SWEELEY, N. M. JO~NSON, E .  P.  LAWRENCE AND E.  C. HORNING, Biochim. 
I3iophys. Acta, 21 (1950) 196. 

10 M. E .  ELDEFRAWI, R. MISKUS AND V. SUXCH~R, J. Econ. Enlomol., 53 ( i96o)  231. 
11 y _ p .  SUN AND E.  R.  JOHNSON, J. Agr. Food Chem., 8 (196o) in  t h e  p ress .  

Received May 27th, 196o 

Biochim. Biophys. ,4 ctu, 42 (~ 960) 18~ 18(~ 


