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DEMETHYLATION OF METHINDIONE 

V. N. Kiseleva, A. P. Gilev, 
V. Ya. Parinov, V. D. Shatts, 
and S. K. Germane 

UDC 615.213.011.5 

Demethylation of methindione was shown to take place in vivo in rats .  The process  involves the 
participation of the mic rosomal  NADPH-dependent electron t ranspor t  system, in experiments 
in vivo demethylation of methindione takes place rapidly and is accompanied by the part ial  loss 
of its anticonvulsant proper t ies .  
KEY WORDS: methindione; demethylation; inactivation; mierosomes .  

To understand the special  pharmacological  proper t ies  of the new anticonvulsant drug methindione (2- 
methylamino-2-ethyl indanedione- l ,3  hydrochloride) [1, 2], information on its metabolism is necessary .  

The object of this investigation was to study one of the pathways of methindione metabolism, namely its 
demethylation, and to est imate the velocity of this process .  

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on noninbred male albino ra ts  weighing 150-230 g. The following p repa ra -  
tions of methindione were used : 1) 14C-labeled in the keto group, 2) 14C-labeled in the second position of the 
indanedione ring, 3) t4C-labeled in the methyl group, and 4) nonradioactive.  The preparat ions were given by 
mouth. The urine from the experimental  animals was collected for 28 h. The level of labeled products was 
measured with a scintil lation counter.  To compare  the levels of excretion of labeled preparat ions 1 and 3 with 
the urine, they were injected in doses of equal radioactivi ty (14 pCi/kg). Fractionation and determination of 
methindione and its metabolites were  car r ied  out by paper (in a sys tem of n-butanol : glacial acetic acid : water,  
4 : 1 : 5), th in- layer  (silica gel adsorbent;  system of isopropanol : n-butanol : 25% ammonia solution : water,  
5 : 10 : 0.3 : 2.5), and gas chromatography,  using standards and analytical reagents .  In the f i rs t  case  radioactive 
preparat ions were used (0.13-0.9 pCi/kg), in the res t  unlabeled methindione (300 mg/kg). Methindione and its 
metabolites were isolated f rom the urine after its p re l iminary  hydrolysis  by/3-glucuronidase [9]. The activity 
of the demethylation enzyme sys tem in the postmitochondrial  supernatant and in the microsomes  of the liver 
was determined in vitro f rom the amount of formaldehyde formed [4]. The mic rosomal  fraction was isolated by 
the method of Cinti et al. [5]. Protein was determined by Lowry ' s  method [6]. To study the kinetics of the 
demethylation process  the values of Km and Vma x were analyzed [3]. The binding of cytochrome 1-450 with 
rnethindione was recorded  on the Specord UV VIS spectrophotometer  by the method of Schenkman et al. [7]. In 
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Fig. i. Radiochromatographic  analysis of 24-h urine of rats  receiving meth-  
indione. 1, 2, 3) Preparat ions  1, 2, and 3, respect ively;  4) methindione (con- 
trol).  Abscissa ,  Rf value; ordinate,  radioactivity (in cpm per total volume of 
urine x 103). 

Fig. 2. Gas-chromatographic  fractionation of methindione metabolites iso- 
lated from rat  urine. Peaks:  2) methindione, 3) 2-amino-2-ethyl indanedione-  
1,3; 1, 4) not identified. Conditions of fractionation: Hewlet t -Packard 7620 
chromatograph;  size of column 2.2 minx  300 em; solid phase Carbowax 20M 
(5%) on Chromosorb  W-AW-DMCS; c a r r i e r  gas helium; rate of flow of c a r -  
r i e r  gas 50 ml/min. Tempera tu re  of column and vapor izer  200~ 

a separate series of experiments the formaldehyde content was determined in the postmitochondrial supernatant 
of the rats' livers and inthe blood serum in vivo after oral administration of methindione (300 and 800 mg/kg, 
respectively). Anticonvulsant activity was studied in experiments on C57BL/6 mice by the maximal electric 
shock method [8]. The EDs0 value was estimated 30 min after intraperitoneal injection of methindione. 

E X P E R I M E N T A L  R E S U L T S  

After administrat ion of preparat ions 1 and 3 the quantity of radioact ive products excreted with the urine 
was 92.5% and 85.%, respect ively ,  of the in jec ted  d o s e  Since preparat ion 1 is labeled in the stable part  of the 
methindione molecule and preparat ion 3 in the methyl group, it can only be suggested that removal  of the methyl 
group takes place in vivo in the rat ,  followed by i t s  oxidation to carbon dioxide, which is eliminated through the 
lungs. That is evidently why negligible radioactivity was found in the urine after administration of preparation 
3. 

To confirm the suspected demethylation of methindione a radiochromatographie analysis was made of the 
24-h sample of urine from rats receiving preparations 1-3 (Fig. 1). It will be seen in Fig. 1 that the highest 
radioactivity on the chromatogram in experiments with preparations 1 and 2 was found in the region of Rf 
values close to that of methindione itself. Preparation 3 had no marked radioactivity at any Rf value, indicating 
removal of the 14C-methyl group. 

Analysis of the urine by thin-layer chromatography revealed the structure of one compound with Rf = 0.78. 
The spot discovered corresponded to the spot containing the standard compound 2-amino-2-ethylindanedione-l,3. 
Both the standard itself and the compound with Rf= 0.78 gave the characteristic reaction with ninhydrin for a 
primary amino group. 

To obtain direct evidence of demethylation of methindione gas-chromatographic analysis of the urine was 
carried out (Fig. 2). Four compounds were found in the urine, one of which was methindione (peak 2), another 
2-amino-2-ethylindanedione-l,3 (peak 3), whereas the other two (peaks 1 and 4) were unidentified metabolites. 
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TABLE 1. Activity of Methindione Demethyl -  
ase  in v i t ro  

J o 12 Enzyme activity (in /~ moles o CH/O/g protein'/20 rain) Test ~ ':~ 
object o v o5~ in presence in absence of 

~" ~ *~ of NADPH NADPH 
I U ' ~  ~.I 

Postmitochon- 0,25 I 1,61:L0,11 (7) 
drial 0,75 [ 3,60-----0,11 (8) -- 
supernatant 1,25 4,38• (5) 0,55--+0,08 (5) 

2,5 5,60--+0,31 (5) 

Microsomal 
fraction 1,25 5,17--+0,25 (5) 0 (3) 

Legend. Number  of exper imen t s  in pa ren -  
theses .  

To de t e rmine  the enzyme s y s t e m s  par t ic ipat ing  in the demethylat ion of methindione in v i t ro  its spec t rum 
f r o m  the l iver  m i c r o s o m e s  was invest igated.  The r e su l t s  showed that methindione binds with cy tochrome 
P-450 to fo rm a type 1 di f ferent ia l  spec t rum.  The format ion  of demethylat ion products  takes  place in the m i c r o -  
somal  f rac t ion  just  as in the pos tmi tochondr ia l  supernatant  on the addition of methindione and NADPH (Table 1). 
This fact ,  together  with the abil i ty of methindione to fo rm a complex with cy tochrome P-450,  is evidence that 
demethylat ion is brought about by the NADPH-dependent  e lec t ron t r anspo r t  s y s t e m  of the m i e r o s o m e s .  

The degree  of demethylat ion of methindione in the pos tmi tochondr ia l  supernatant  of the ra t  l iver  r i s e s  
propor t iona l ly  with the inc rease  in concentra t ion of the p repara t ion .  The M i c h a e l i s - M e n t e n  constant  was 
2 �9 10 -s M, indicating re la t ive ly  high affinity of methindione for the enzyme.  The Vma x value under the expe r i -  
menta l  conditions used was 11.1 pmoles  CH20/g protein/20 min. 

Invest igat ions of the demethylat ion of methindione in vivo showed that the p roces s  takes place at re la t ive ly  
high velocity.  If the veloci ty  of this p roce s s  is deduced f rom formaldehyde format ion,  both in the l iver  and in 
the blood s e r u m  it must  take place  within 3 h. In rea l i ty ,  however,  the veloci ty  of demethylat ion is evidently a 
little higher,  for  the formaldehyde revea led  by analys is  in biological  media may be due par t ly  to a methyl  group 
migra t ing  f rom methindione to the endogenous accep to r s .  

To a s s e s s  the role  of demethylat ion of methindione in its anticonvulsant  effect  the EDs0 values were com-  
pared  by the max ima l  e lec t r ic  shock tes t  for  methindione and 2 -amino-2-e thy l indaned ione- l ,3 .  For  the f i r s t  
substance  EDs0 was found to be 24 (19-30.2) mg/kg ,  and 60 (47.2-76.2) mg /kg  for the second. Demethylat ion of 
methindione can thus be regarded  as one of its inactivation p r o c e s s e s ,  which de te rmine  the duration of action of 
the compound in the body. 
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