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Th e  lipid co m p o s i t i on  of e p i d i d y m a l  f a t  pad  in d i f fe ren t  
g roups  are s h o w n  in Tab le  II .  There  was  s ign i f i can t  re- 
d u c t i o n  of t o t a l  l ipids in t he  sa l ine - t r ea ted  d iabe t ic  g roup  
which  was  m a i n l y  due  to r educ t ion  in t r ig lycer ide  frac- 
t ion.  S ign i f ican t  decrease  in ester i f ied choles terol  a n d  
increase  in phospho l ip id  and  free f a t t y  acid ha s  been  
obse rved  in th i s  g roup .  "With insul in  t r e a t m e n t ,  t o t a l  

Table II. Adipose tissue lipids in various groups 

Lipids Saline Insulin Saline Insulin 
(mg/g) treated treated treated treated 

control cofftroI diabetic diabetic 

Total lipid 715~26.5 812zk7.6 595~4.6 718~_31 
p<0.005~ p<0.005 ~ p<0.001 b 

Neutral lipid 713-c24 8 1 0 ~ = 7 . 6  592i5.7 714~31.4 
p<0.005 �9 p<0.005 ~ p<0.001 b 

Phospholipid 2.49~0.2l 2.58• 3.66~0.15 3.92=~:0.39 
p~0.001 ~ p~0.01 ~ 

Triglyceride 452zc8.6 518-t-9.2 345~=9.4  471~c9.2 
p<0.001 �9 p<~0.001 �9 p<0.00P' 

Total 
cholesterol 6.38• 7.05~-0.1 4.28-c-0.48 4.44~0.48 

p<o.02~ p<o.05~ 

Free 
cholesterol 3.29~0.35 3.85-~=0.12 2.88~0.39 2.94++0.38 

Esterified 
cholesterol 3.09-}-0.38 3.14~0.07 1.35~0.05 1.35~0.13 

p<0.001 �9 p<0.01 �9 

Free fatty 3 ~0.15 2.3• 4.8~0.2 7.6 ~0.25 
acid p<0.005 ,~ p<0.001 ,~ p<0,001~ 

p<0.001 b 

Values were Mean • SF of 5 observations ill each group 
'~As compared to saline treated controls 
has compared to saline treated diabetics 

lipid, n e u t r a l  lipid a nd  t r ig lyeer ide  were res tored  to t he  
va lues  observed  in sal ine t r e a t e d  con t ro l  group.  The re  
was  no effect  of  insu l in  on ester i f ied cholesterol ,  while  
free f a t t y  acid increased  fu r the r .  In  t he  non-d iabe t i c  ani-  
mals ,  c o n t i n u e d  insu l in  t r e a t m e n t  caused  an  increase  in 
t he  to t a l  lipid w h ic h  was  m a i n l y  due  to increase  in tr i-  
g lycer ide  fract ion.  Sl ight  t h o u g h  s ign i f ican t  decrease  was  
also seen in free f a t t y  acid level in insu l in  t r e a t e d  non-  
d iabet ic  an imals .  

I t  h a s  been  r epo r t ed  t h a t  ad ipose  t i s sue  c lear ing l ipase 
is low in a l loxan  d iabe t ic  r a t s  ~, ~2. A t  t he  s a m e  t ime,  t he re  
is increased  mobi l i za t ion  of free f a t t y  acids  f r om the  adi-  
pose t i s sue  in d iabe tes  ~3. The se  fac tors  m i g h t  h a v e  con-  
t r i bu t e d  to t he  decreased  lipid c o n t e n t  of the  ad ipose  
t i ssue  in chronic  d iabe t ic  rats .  I n su l in  a d m i n i s t r a t i o n  
res tored  the  lipid c o n t e n t  of t he  adipose  t i ssue  of t he  
d iabet ic  an imal ,  poss ib ly  due  to e n h a n c e d  l ipogenic effect  
a nd  decreased l ipolyt ic  effect  of t he  hormone~4. H y p e r -  
i n su l in i sm h a s  been  invo lved  w i th  suc h  r isks  as obes i ty  ~5, 
wi th  or w i t h o u t  glucose in to le rance  ~6 a nd  hype r t r i -  
g lyce r idemia  ~7. The  l o n g - t e r m  in v ivo  effect of hype r -  
i n su l in i sm on adipose  t i s sue  lipid m e t a b o l i s m  in n o r m a l  
non-d iabe t i c  a n i m a l s  h a s  received re la t ive ly  l i t t le  a t t e n -  
t ion  in t he  pas t .  F r o m  the  resu l t s  of the  p r e se n t  inves-  
t iga t ion ,  it  is c lear ly  e v ide n t  t h a t  l o n g - t e r m  insul in  ad- 
m i n i s t r a t i o n  leads  to  increased  lipid a c c u m u l a t i o n  in the  
adipose t issue.  
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Summary .  Inh ib i t i on  c o n s t a n t s  of severa l  f o rmami d ine s ,  the i r  co r respond ing  fo rmani l ides  a nd  o the r  r e p r e s e n t a t i v e s  
of c o m p o u n d s  der ived  f rom aniline, such  as p h e n y l u r e a s ,  N - p h e n y l - c a r b a m a t e s  a nd  acylani l ides ,  were d e t e r m i n e d  for 
r a t  l iver m o n o a m i n e  oxidase .  The  r eve r sab i l i t y  of the  inh ib i t ion  and  t he  lack of cor re la t ion  be tw e e n  inh ib i t ion  po tenc ies  
and  toxic i t ies  of the  c o m p o u n d s  t e s t ed  add  to the  opinion t h a t  MAO inhib i t ion  is n o t  a p r o m i n e n t  fac tor  in ch lo rd ime-  
form poisoning.  

The  insec t ic ide /acar ic ide /ovic ide  ch lo rd imefo rm,  N'-(4-  
c h l o r o - o - t o l y l ) - N , N - d i m e t h y l f o r m a m i d i n e ,  and  its N- 
d e m e t h y l  de r iva t i ve  are k n o w n  to i nh ib i t  m o n o a m i n e  
ox idase  (MAO) in h o m o g e n a t e s  of r a t  liver1, 2, ca t t l e  
t icks  3, ~ an d  cockroach  h e a d s  5. W h e r e a s  t he  f i rs t  publ ica-  
t ions  1,2 a t t e m p t e d  to i l lus t ra te  t he  i m p o r t a n c e  of th i s  
inh ib i t ion  wi th  regard  to the  b iochemica l  mode  of ac t ion  
of ch lo rd imefo rm,  s u b s e q u e n t  pape r s  did on ly  express  
somea,  5 or  no p r i m a r y  i n v o l v e m e n t  ~ of MAO inh ib i t i on  
in t h e  l e tha l  ac t ion  of f o r m a m i d i n e s .  
All i nh ib i t i on  d a t a  pub l i shed  so far  are  Is0-values ob- 
t a ined  f rom p r e - i n c u b a t i o n  e x p e r i m e n t s .  The  t y p e  of 
inhib i t ion ,  however ,  as c o m p a r e d  to t h a t  of k n o w n  in- 

h ib i to r s  of pha rma c o log i c a l  i m p o r t a n c e  ha s  no t  ye t  been  
e v a l u a t e d  and,  w i t h  excep t ion  of the  N - d e m e t h y l  der iv-  
a t ive ,  no o the r  m e t a b o l i t e  of c h l o r d i m e f o r m  was  t e s t ed  
for i ts  inh ib i t ion  po tency .  In  addi t ion ,  t he  I s0-de te rmina-  
t ions  did  no t  cons ider  f u r t h e r  t y p e s  of pes t ic ides  con-  
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ta in ing  the  anil ine moiety ,  such as phenylureas ,  phenyl -  
c a rbama te s  and  acylanil ides.  Therefore,  our  objec t ive  
was to  ex t end  the  previous  inhib i t ion  s tudies  to  com- 
pounds  more  or less re la ted  to  fo rmamidines  in order  to  
gain some ins ight  in to  s t ruc tu ra l  r equ i remen t s  of MAO 
inhibi tors .  
Mater ials  and methods. The inhib i t ion  expe r imen t s  were 
carried o u t  w i th  a mi tochondr i a  conta in ing  f rac t ion  
(1000-10,000 • g) of r a t  l iver homogena te s  (~/15 M Soeren- 
sen p h o s p h a t e  buffer  p H  8.0). In  mos t  of the  tes t s  kynur -  
amine  was used as a subs t r a t e  6, bu t  K~-values for chlor- 
d imefo rm were also de t e rmined  in the  presence of sero- 
tonin,  ty ramine ,  t r y p t a m i n e ,  and ~-pheny le thy lamine  by  
means  of an oxygen  electrode.  The react ion was s t a r t ed  
b y  adding  the  enzyme to  t h e  subs t ra te - inh ib i to r  mix ture .  
Results.  The fo rmamid ines  and formanil ides  were found to  
be re la t ively  po ten t ,  bu t  reversible and  compet i t ive  in- 
h ib i tors  of r a t  l iver MAO. This  mode  of inhib i t ion  con- 

Table 1. Inhibition constants (K~-values) of various fornlamidines 
and formanilides determind for rat liver MAO catalyzed oxidation 
of kynuramine 

/ ~ \  x / -  

Y = X = -N=CH-N(CHa) 2 X' = NH-CH0 

H 18 37 
2-CH 3 7.7 4.0 
2, 4- diCH 2 3.1 3.5 
4-C1 7.4 2.5 
3,4-diCl 2.4 0.35 
2-CH3,4-C1 2.7 1.3 
2-C~H2, 4-C1 8.6 2.2 

Inhibition constants are expressed as [xM. 

Table 2. Inhibition constants (Kl-values) of 3,4-dichloro substituted 
formanilide, propionanilide, methyl-N-phenylearbamate, N-phenyl- 
N', N'-dimethylurea, and N-phenyl-N', N'-dimethylformamidine 

el/ 

X ~ Common name Kl-value ([zM ~, 

-NH-C(O)H 0.35 
-NH-C(O)CHoCH a Propanil 2.0 
-NH-C(O)OCH 2 Swep 0.85 
-NH-C(O)-N(CHa) 2 Diuron 3.4 
-N=CH-N(CHa) 2 2.4 

Table 3. Toxicities expressed as the acute oral LD20 for rats of chlor- 
dimeform, its formyl-metabolite, and the herbicides propanil, swep 
and diuron 

Compound LDo0 (mg/kg) Ref. 

Chlordimetorm 340, 400 13, n 
N-Formyl-4-chloro-o-toluidine 2900 it 
Propanil 1384 13 
Swep 552 12 
Diuron 3400 te 

t r a s t s  wi th  t h a t  of m a n y  drugs wi th  an  i r reversible  ant i -  
MAO act iv i ty ,  such  as pargyl ine ,  clorgyline,  iproniazid,  
t r any lcypromine ,  nialamide,  phenelz ine  and  others.  
Therefore,  ch lo rd imeform in its mode  of inh ib i t ion  m a y  
be more  comparab le  to  a reversible  i n h i b i t o r ,  such as 
procaine,  which  has been  charac te r ized  b y  an absence of 
severe adverse  react ions  t h a t  are t rad i t iona l ly  associated 
wi th  irreversible MAO-inhibi tors  7. 
The inhib i t ion  cons tan t s  (Kl-values) of seven formami-  
dines  and the i r  cor responding  formani l ides  (table 1) con- 
f i rm earlier f indings 1, 2 t h a t  the  4-chloro-o-tolyl  moie ty  
of ch lo rd imeform is associa ted wi th  a considerable  in- 
h ib i t ion  p o t en cy  in vi tro.  The Kl-values  of t he  3,4-di- 
chloro and the  2, 4 -d imethyl  der iva t ives  were in the  same 
range  as t h a t  of chlordimeform.  Surprisingly,  a lmos t  all 
fo rmyl  der iva t ives  t e s t ed  have  inhib i t ion  cons t an t s  t h a t  
are even lower t h a n  those  of the  p a r en t  compounds  but ,  
a t  t he  same t ime,  are known  to  be w i t h o u t  any  insecti-  

c ida l / aca r i c ida l /ov ic ida l  effect  s -n .  E v e n  4-chloro-o-tolu- 
idine, a minor  metabol i t e  of chlordimeform,  ac ted  as an 
ant i -MAO agen t  under  our t e s t  condi t ions ,  the  Ki-value 
being 9 aM. 
The de t e rmina t ion  of Ki-values  of ch lo rd imeform wi th  
several  MAO subs t ra tes  (Clark oxygen  electrode) resul ted  
in the  following cons tan t s :  wi th  k y n u r a m i n e  3.6, wi th  
sero tonin  3.0, w i th  t y r a m i n e  1.9, w i th  f l -phenylethyl-  
amine  3.9, and  wi th  t r y p t a m i n e  6.9 ~zM. Thus,  the  Kl- 
values  are only  poor ly  d e p e n d e n t  on the  subs t r a t e  used, 
and  ch lo rd imeform canno t  d i f ferent ia te  be tween  the  
types  A and B of MAO. 
The  low Ks-values,  i.e. the  h igh  inh ib i t ion  potencies  of 
the  formani l ides  made  us t h e n  inves t iga te  a n u m b e r  of 
addi t iona l  analogs in which  the  hydrogen  a t t a ch ed  to 
t he  ca rbonyl  group was  replaced by  an  alkyl (ethyl), an 
a lkoxy  (methoxy) ,  or a d ime thy l amino  moiety .  The re- 
sui t ing compounds  are an acylanilide,  a N-phenylcar -  
bama te ,  and  a phenylurea ,  respect ively .  W i t h  the  3, 4- 
dichloro subs t i tu t ion  in the  pheny l  por t ion  of t he  mole- 
cule the  well known  herbic ides  propanil ,  swep and  diuron 
are  obta ined.  The Kt-values  de t e rmined  for th is  series of 
compounds  are l isted in table  2. Again,  the  formani l ide 
was found to be the  bes t  inhibi tor ,  followed b y  swep, 
propanil ,  the  f romamid ine  and  f inal ly diuron. 
The above f indings clearly d e m o n s t r a t e  t h a t  the  in vi t ro  
inhib i t ion  of lV[AO b y  ch lo rd imeform is no t  a s t ruc ture-  
specific phenomenon .  Other  types  of pest ic idal  com- 
pounds  car ry ing  the  aniline mo ie ty  inh ib i t  r a t  l iver MAO 
as well, some of t h e m  even b e t t e r  t h a n  chlordimeform,  
a l though  the  m a m m a l i a n  and insect  toxic i t ies  of the  
herbic ides  men t ioned  are much  more  favorable  t h a n  the  
tox ic i ty  of t he  insect ic ide/acar icide/ovicide chlordime-  
form (table 3). This lack of correlat ion be tween  enzyme 
inhib i t ion  a n d  toxici t ies  appears  to  be an addi t iona l  
a r g u m e n t  aga ins t  the  MAO hypo thes i s  for b o t h  insects 
and  mammals .  Thus,  we agree wi th  Holden  and  Had-  
field 4 who,  on the  basis  of the i r  r ecen t  s tud ies  w i t h  in- 
sects  and ticks, concluded t h a t  MAO inhib i t ion  is no t  the  
cause of d e a t h  of ch lord imeform poisoning.  
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