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The Antilipolytic Effects of 3 ,5 -Dimethyl l soxa-  
Zole and Possible  Carboxylic Acid Metabolites 

I t  has  prev ious ly  been repor ted  t h a t  3 ,5 -d imethy l -  
isoxazole (3, 5-DMI) reduced  the  fas t ing levels of  p lasma-  
free f a t t y  acids (FFA)  in the  ra t  i. T h a t  this r educ t ion  in 
plasma F F A  was due to reduced F F A  release f rom adipose 
tissue was ev idenced  by  the  observa t ion  t h a t  t he  specific 
ac t iv i ty  of p la sma  F F A  af te r  tabeled p a l m i t a t e  adminis -  
t ra t ion  was increased by  3, 5-DMI. 

Considerable ev idence  has been amassed to suppor t  the  
hypothesis  t h a t  t he  hypoglycemie  effects of a re la ted  
heterocyclic compound,  3, 5-dimethylpyrazole ,  are  due to 
an ac t ive  metabol i te ,  3 -methylpyrazole-5-carboxyl ic  acid *, 
a l though t h e  m a j o r  me tabo l i t e  is con juga t ed  4 -hydroxy-  
3, 5-d imethylpyrazole  ~. The  corresponding isoxazole carb-  
Oxylic acid, 3-methyl isoxazole-5-carboxyl ic  acid, has 
been suggested as an  ac t ive  metabo l i t e  t h a t  accounts  for 
the ant i l ipotyt ie  and  hypog lycemic  ac t i v i t y  of  3, 5-DMI 4. 
This repor t  describes t h e  effects  of 3, 5-DMI and  its 
possible carboxyl ic  acid metabo l i t es  on adipose t issue 
lipolysis in v i t ro  and p lasma :FFA levels  in dogs. The  
results indicate  tha t ,  of the  compounds  studied,  only  
3-methyl isoxazole-5-carboxyl ic  acid (3-MIC) is ac t ive  
enough to  exp la in  t he  p ronounced  effects of 3, 5-DMI on 
fat  metabo l i sm in i n t ac t  ra ts  and dogs. 

The  inhibi t ion  of norep inephr ine- induced  lipolysis was 
Studied wi th  ep id idymal  adipose t issue t a k e n  f rom 
Sprague-Dawley  rats,  160-200 g, fed" ad  l ib i tum.  The  
tissue was placed freshly ae ra ted  (95% Oz to 5% CO~) 
.Krebs-Ringer  b ica rbona te  buffer,  p H  7.4, and minced  
into pieces weighing a p p r o x i m a t e l y  10 m g  each. E a c h  
exper imenta l  flask con ta ined  3 ml  of ae ra ted  K r e b s -  
Ringer  b icarbona te  buffer  and  200 ~ 3 m g  of adipose 
tissue. Bov ine  p lasma  a lbumin  a t  a f inal  concen t ra t ion  
of 1% was added  to the  buffer  system. Sufficient  nor- 
epinephrine (20-30 ng/ml) was added to  the  incuba t ion  
mixture  to cause a 50% of m a x i m u m  release of F F A  into  
the  medium.  The  flasks were  s toppered,  ae ra ted  and 
shaken for 3 h on a Dubnof f  metabol ic  shaker  a t  37 °C. 
Aliquots  of the  incuba t ion  m e d i u m  were r emoved  for 
I~FA. analysis by  the  DOLE procedure  5 and the  effects of 
lnhibi tors  expressed as % inhibi t ion  of the  F F A  release 
caused by  norepinephr ine .  

Adul t ,  mongre l  dogs (8-14 kg) of b o t h  sexes were g iven  
i.v. doses (10 mg/kg) of the  expe r imen ta l  compounds  and 
changes in p lasma F F A  were mon i to red  over  an  8-h 
period. All solutions were adminis te red  a t  p H  7.0. Blood 
Samples were  w i t h d r a w n  f rom the  jugu la r  ve in  and p lasma 

F F A  concent ra t ions  were de te rmined  by  the  me thods  of 
DoLE s. 

The  following compounds  were s tudied:  

/ n ,  

R x R~ 

3, 5-DMI ~ CH z CH z 
3-MIC b COOH CH~ 
5-MIC~ CH~ COOH 
IDC a COOH COOH 
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The  effects of 3, 5-DMI  and a series of po ten t i a l  m e t a b -  
olites on the  norepinephr ine- induced  lipolysis in isolated 
adipose t issue were examined  (Table). The  p a r e n t  com-  
pound,  3, 5-DMI, was inac t ive  as an  inh ib i to r  of l ipolysis 
in this  sys tem.  A possible metabol i te ,  3-MIC, was  ex-  
t r eme ly  effective, causing a s ignif icant  inhibi t ion  a t  con- 
cent ra t ions  as low as 10-eM.  5-Methyl isoxazole-3-carb-  
oxylie  acid (5-MIC) was less ac t ive  t h a n  3-MIC by  a 
factor  of a p p r o x i m a t e l y  1000. Isoxazole-3,  5-dicarboxyl ic  
acid  (IDC), a c o m p o u n d  in which b o t h  m e t h y l  groups of 
3, 5-DMI are  oxidized to ca rboxy l  groups,  was w i thou t  
effect. 

The  same series of compounds  was admin i s t e red  to  
adu l t  mongre l  dogs and  the i r  effects on fast ing p lasma  
F F A  were mon i to red  (Figure).  B o t h  3, 5-DMI and  3-MIC 
were ex t r eme ly  effect ive in depressing p lasma F F A  levels. 
A 75-80% decrease in p la sma  F F A  values  was observed  
and  af ter  8 Ix these values  were  still  depressed by  50%.  
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Time course of the effects of i.v. doses of 10 mg]kg of 3,5- 
dimethylisoxazole (3,5-DMI), 3-methylisoxazole-5-earbo- 
xylic acid (3-MIC), 5-methylisoxazole-3-carboxylic acid 
(5-MIC), and isoxazole-3,5-diearboxylic acid (IDC) on the 
plasma FFA of fasting dogs. Each curve represents the 
mean response of 4 dogs. 
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T h e  effects  of 3 ,5 -DMI  a n d  3-MIC a p p e a r  to  be  indis-  
t i n g u i s h a b l e  f rom each  o ther .  On  t h e  o t h e r  h a n d ,  t h e  
effects  of 5-MIC of p l a s m a  F F A  were  m u c h  less i n t ense  
(50% reduc t ion )  a n d  m u c h  less p ro longed  (no rma l  in 
2-3 h). As in t h e  i so la ted  ad ipose  t i ssue  sys tem,  IDC 
was inef fec t ive  in lower ing  p l a s m a  F F A  values.  

T h e  l ack  of a n y  ef fec t  of d ime thy l i soxazo l e  on  F F A  
release in  a n  i so la ted  ad ipose  t i ssue  s y s t e m  is d e m o n -  
s t r a t e d  in  t h i s  r e p o r t  a n d  con f i rms  t he  f ind ings  of o the r s  4 
Th i s  o b s e r v a t i o n  t o g e t h e r  w i t h  t h e  d e m o n s t r a t e d  effect ive-  
ness  of 3, 5-DMI in r educ ing  p l a s m a  F F A  levels  in  i n t a c t  

Percent inhibition of the norepinephrine-induced FFA release from 
isotated adipose tissue by 3, 5-dimethylisoxazole, 3-methyl isoxazole- 
5-earboxylie acid, 5-methyl isoxazole-3-earboxylic acid and isoxazote- 

3, 5-diearboxylie acid 

Molar concentration 

10-8 10 .4 10 -~ 10-e 10-v 

3, 5-dimethyl- 0 0 0 0 0 
isoxazote 

3-methylisoxazole- a81 q- 6 65 4- 6 62 4- 7 29 ~ 3 0 
5-carboxylie acid 

5-methylisoxazolc- 23 ~ 5 8 4- 3 0 0 0 
3-earboxylic acid 

isoxazole-3, 5-di- 0 0 0 0 0 
carboxylic acid 

a Mean 4- S.D. ; n = 6 experimental flasks. 

r a t s "  a n d  dogs (Figure)  suggests  t h a t  m e t a b o l i s m  to  an  
ac t ive  a g e n t  is requi red .  However ,  t h e  u n e x p e c t e d  f ind ing  
t h a t  3, 5-DMI depresses  p l a s m a  F F A  in  t h e  ev i sce ra ted  
r a t  ~ ind ica t e s  t h a t  t he  l iver  is p r o b a b l y  no t  t h e  s i te  of t he  
necessa ry  me tabo l i c  s tep.  

T h e  f ind ings  r e p o r t e d  here  d e m o n s t r a t e  t h a t  on ly  1 of 
t h e  3 poss ible  ca rboxy l i c  ac id  me tabo l i t e s ,  3-MIC, is 
p o t e n t  e n o u g h  in t h e  i so la ted  ad ipose  t i ssue  s y s t e m  and  
t h e  i n t a c t  dog  to  exp la in  t he  effects  of 3, 5 -DMI in  vivo.  
T h e  close s imi l a r i t y  in  t i m e  course  of p l a s m a  F F A  effects 
of b o t h  3-MIC a n d  3, 5-DMI p rov ides  a d d i t i o n a l  ev idence  
t h a t  3-MIC is t h e  ac t ive  species and,  fu r the r ,  suggests  
t h a t  t h e  conve r s ion  of 3, 5 -DMI to  3-MIC is r e la t ive ly  
eff icient .  

T h e  l ack  of e f fec t iveness  of 5-MIC a n d  I D C  in b o t h  t he  
ad ipose  t i s sue  s y s t e m  a n d  t h e  i n t a c t  dog  ru les  o u t  these  
c o m p o u n d s  as  p o t e n t i a l  a c t i v e  m e t a b o l i t e s  of 3, 5-DMI.  

Zusammen/assung. Von  a l len  mSgl ichen  I soxazo l ca rbon -  
s ~ u r e n s t o f f w e c h s e l p r o d u k t e n  y o n  3 ,5 -D ime thy l i soxazo l  
(3, 5-DMI),  die u n t e r s u c h t  wurden ,  wa r  n u r  die 3-Methyl -  
i soxazo l -5 -ca rbons£ure  w i r k s a m  genug,  u m  die auf fa l l ende  
W i r k u n g  y o n  3, 5 -DMI auf  u n v e r e s t e r t e  Fet ts i~urespiegel  
in  n o r m a l e n  H u n d e n  zu erk lgren .  
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F l u o r e s c e n c e  of  Indo le  D e r i v a t i v e s  

The  iden t i f i ca t ion  a n d  e s t i m a t i o n  of indol ic  c o m p o u n d s  
in b iological  m a t e r i a l  is of cons iderab le  in te res t .  Due  to  
t he  e x t r e m e l y  low q u a n t i t i e s  in wh ich  severa l  of these  
c o m p o u n d s  occur  in  va r ious  t issues,  f luorescence reac-  
t ions  are  genera l ly  used. I n  th i s  p a p e r  are desc r ibed  t h e  
d i f fe ren t  f luorescence p rope r t i e s  of 5 - m e t hoxy i ndo l e s  
c o m p a r e d  w i th  o t h e r  indol ic  c o m p o u n d s ,  us ing  su i t ab l e  
so lven t  sys tems .  

E a r l y  i n v e s t i g a t i o n s  of BOWMAN et  al. i desc r ibed  a 
n a t i v e  f luorescence m a x i m u m  a t  330-360 n m  in  aqueous  
so lu t ion  for  m a n y  indoles  a f t e r  e x c i t a t i o n  a t  275-296 nm.  
Us ing  3 N  HC1 as a so lvent ,  t he  5 -hydroxy indo te s  ~ a n d  
t h e  5 - m e t h o x y i n d o l e s  8 showed  a n  add i t i onM f luorescence  
m a x i m u m  a t  550 nm.  A s y s t e m a t i c  s t u d y  of  indole  
f luorescence a t  va r ious  p H  va lues  was  m a d e  b y  
WILLIAMS*. F o r  a n u m b e r  of n a t u r a l l y  occur r ing  indoles  
a g rea t e r  s ens i t i v i t y  could  b e  r e a c h e d  b y  a chemica l  
r eac t i on  r e su l t i ng  in  a f luorescen t  p roduc t .  T h e  condensa -  
t i on  of f o r m a l d e h y d e  w i t h  i n d o l e a l k y l a m i n e s  is used  in  
h i s t o c h e m i s t r y  for t h e  f luorescence  microscopic  local iza-  
t i on  of t he se  c o m p o u n d s  s. S e r o t o n i n  6,~ as  well  as i t s  
N , N - d i m e t h y l  de r iva t i ve ,  b u f o t e n i n e  s, c a n  b e  de te r -  
m i n e d  w i t h  g r e a t  s e n s i t i v i t y  a f t e r  r e a c t i o n  w i t h  n in-  
h y d r i n .  Recen t ly ,  MAICKEL a n d  MILLER 9 desc r ibed  t he  
f luorescen t  p rope r t i e s  of a n u m b e r  of indole  d e r i v a t i v e s  

a f t e r  r e ac t i on  w i t h  o - p h t h a l a l d e h y d e .  U p  to n o w  no 
re l iable  t e c h n i q u e  ex i s ted  for a n a l y t i c a l  d i f f e r en t i a t i on  
b e t w e e n  se ro ton in  a n d  m e l a t o n i n .  

Accord ing  to  LERNER 1° a n d  McIsAAc ~x m a m m a l i a n  
p inea l  g l ands  a p p e a r  to  b e  a r ich  source of va r ious  in- 
doles. D u r i n g  i nves t i ga t i ons  on  t h e  p resence  of m e l a t o n i n  
in p inea l  o rgans  of lower  ve r t eb ra t e s l~ ,  t he  necess i ty  was 
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