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Summary. An N-glucuronide metabol i t e  of ca rbamazep ine  was ident i f ied in the  bile of the  isolated perfused  r a t  liver 
by  means  of pe rme thy la t ion ,  gas c h r o m a t o g r a p h y  and mass  spec t romet ry .  

Carbamazep ine  (5H-dibenz [b, / ]azepine-5-carboxa-  
mide) is cur ren t ly  used in clinical medic ine  as an anti-  
epi lept ic  agent  and  for the  t r e a t m e n t  of t r igeminal  and 
g lossopharyngea l  neuralgia.  The metabol ic  fate  of the  
drug  has  been s tudied  in m a n  and  the  ra t .  The disposi t ion 
of t he  ent i re  dose of ca rbamazepine ,  however ,  r emains  to  
be es tabl ished in b o t h  species. The b io t r ans fo rma t ion  
p roduc t s  of ca rbamazep ine  which  have  been  ident i f ied in 
urine account  for < 50% of the  admin is te red  dose. Carba- 
mazepine-10,  11-epoxide was ident i f ied as a u r inary  meta -  
boli te of the  drug in 19723. Subsequen t ly  i t  was repor ted  
t h a t  10, 11-dihydro-10, 11-d ihydroxy-5H-dibenz  [b, /]- 
azepine-5-carboxamide  was a u r inary  metabol i t e  of car- 
bamazep ine  in man  and the  ra t  4. The la t te r  workers  also 
p rov ided  evidence t h a t  10, 11-d ihydro-10-hydroxy-5H-  
d ibenz  [b, /] azep ine-5-carboxamide  m a y  be a metabol i t e  
of the  drug. They  admin i s t e red  14C-carbamazepine to  
ra t s  and repor ted  t h a t  27% of t he  radiolabel  appeared  in 
the  urine in 48 h. Iminos t i lbene  was also repor ted  as a 
minor  (2% of the  dose) u r inary  metabol i t e  of carba-  
mazepine  in the  ra t  5. Recent ly ,  i t  was r epor ted  t h a t  when  
ra ts  were given carbamazepine-10,  l l - epox ide ,  i.p., 
iminost i lbene-10,  l l - e p o x i d e  and iminosti lbene-10,  11- 
d ihydrodio l  were excre ted  in the  u r i n e t  The la t t e r  
workers  therefore  inferred t h a t  these  iminos t i lbene  meta -  
boli tes were also metabo l i t es  of ca rbamazepine .  

Methods. The isolated perfused  ra t  l iver was  p repared  
as prev ious ly  descr ibedL Control  bile was collected for 
abou t  15 min  and  then  50 mg of ca rbamazep ine  was added  
to  the  perfusate .  The perfus ion was con t inued  for abou t  
2 h unt i l  a p p i o x i m a t e l y  1 ml  of bile had  been  collected. A 
50 ~zl a l iquot  of bile was evapora t ed  to  dryness  under  a 
s t r e am  of n i t rogen  and  the  residue p e r m e t h y l a t e d  wi th  
D M S O -  (sodium salt) and  m e t h y l  iodide as previously  
descr ibed s. The p e r m e t h y l a t e d  mix tu re  was dissolved in 

25 ~1 of ch loroform for gas c h r o m a t o g r a p h y  and  mass  
spec t romet ry .  Gas c h r o m a t o g r a p h y  was carried ou t  on a 
Var ian  2700 i n s t r u m e n t  equ ipped  wi th  a 5 ' •  1/8" s ta in-  
less steel  co lumn packed  wi th  3% OV 210 on Chromosorb  
W (HP),  80/100 mesh.  The co lumn oven t e m p e r a t u r e  was 
p r o g r a m m e d  f rom 150 ~ to  275 ~ a t  6~ The  in jec tor  
and de tec to r  t e m p e r a t u r e s  were 240 ~ and  270~ re- 
spect ively,  and  the  n i t rogen flow ra te  was  30 ml/min.  At  
275 ~ the  i n s t r u m e n t  was run i so thermal ly  for 5 min.  

The mass  spec t ra  were ob ta ined  on a Dup0nt ,  Model 
21-491 B, gas c h r o m a t o g r a p h / m a s s  spec t romete r  under  
t he  following condi t ions :  accelerat ing potent ia l ,  1,8 kV, 
ionizing potent ia l ,  70 eV, t r ap  cu r ren t  = 300 aA, source 
t empera tu re ,  200 ~ A 6 'X  2 m m  (internal  diameter)  glass 
co lumn packed  as descr ibed above was  used for the  gas 
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A) The ehromatogram of an ex- 
tract of bile which was perme- 
thylated shows the N-glueuronide 
of carbamazepine. B) The mass 
spectrmn and fragmentation pat- 
tern of the N-glucuronide of car- 
bamazepine after permethylation. 
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ch roma tog raphy .  The oven t e m p e r a t u r e  was p r o g r a m m e d  
f rom 150 ~ to  280~ at  10~ and the  run i so thermal ly  
for 5 rain. 

Results. Figure  A shows the  gas c h r o m a t o g r a m  of a 
sample  of bile which  was p e r m e t h y l a t e d  and indicates  the  
N-glucuronide metabo l i t e  of carbamazepine .  I t  is the  
largest  peak  in the  c h r o m a t o g r a m  and appeared  a t  the  
end of the  p r o g r a m m e d  run  wi th  the  i n s t r u m e n t  main-  
t a ined  a t  275 ~ for 5 mill. Figure B is the  s t ruc tu re  and  
mass  spec t rum  of the  p e r m e t h y l a t e d  N-glucuronide  of 
carbamazepine .  The molecular  ion is at  m/e 482 and  there  
are ions a t  m/e 451, 425, 394, 306, 278, 249, 233, 220, 201, 
192, 173, 169, 157, 141 and  101. The ions a t  m/e 233, 201, 
169, 141 and 101 are caused by  f ragmenta t ion  of the  per-  
m e t h y l a t e d  glucuronic acid moie ty  s. The ion a t  m/e 425 
is caused by  loss of C H 3 - N - C - - 0  (57 a tomic  mass  units) 
and a molecular  r ea r rangement .  

Discussion. Previous  s tudies  have  shown t h a t  in t ac t  
glucuronide metabol i tes  of drugs can be p e r m e t h y l a t e d  
and ident i f ied by  gas c h r o m a t o g r a p h y  and mass  spectro-  
met r ic  analysis  s. Glucuronide metabol i tes  of menad ione  9 
5 ,5 -d ipheny lhydan to in  ~~ p h e n y r a m i d o N  ~, me thoca rba -  
tool ~2 and  o the r  drugs have  been ident i f ied by  this  
technique .  The presen t  observa t ions  establ ish t h a t  carba-  
mazepine  is metabol ized  to an N-glucuronide by  the  liver 

of the  rat .  This me tabo l i t e  is excre ted  in the  bile and is 
l ikely to be hydro lyzed  by  glucuronidases  in the  gast ro-  
in tes t ina l  t rac t l  This would release the  p a r en t  drug  which  
could therefore  be reabsorbed  and undergo ex tens ive  
en te rohepa t i c  recirculat ion.  Carbamazepine  occasionally 
produces  serious and somet imes  fa ta l  side effects in the  
blood including agranulocytos is  and  aplast ic  anemia.  
These abnormal i t ies  m a y  be caused by  the  p a r en t  com- 
pound  or a toxic metabo l i t e  p roduced  in the  liver. In-  
t es t ina l  bac te r ia  m a y  also modi fy  the  drug  during entero-  
hepa t ic  recirculat ion ~a and lead to the  format ion  of toxic 
b io t r ans fo rma t ion  products .  I t  is therefore  necessary  to 
s t u d y  the  metabol ic  profile of ca rbamazep ine  in normal  
subjec ts  and those  who develop adverse  react ions in order  
t h a t  the  la t t e r  m a y  be pred ic ted  or avoided.  
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Summary. In  ra t s  3 -hydroxy-3-methy lg lu ta r i c  acid effect ively counte rac t s  the  l ipemic and  a therosclerot ic  response  
of mass ive  doses of v i t amin  D 2. I t  regressed the  fo rmat ion  of a the roma tous  ar ter ial  lesions. F u r t h e r m o r e  the  significant  
decrease in se rum fi-l ipoprotein levels on HMG t r e a t m e n t  could be due to decrease in V L D L  tr iglyceride and cholesterol  
levels. 

Hypo l ip idemic  proper t ies  of 3 -hydroxy-3-methy lg lu -  
tar ic  acid (HMG) have  been shown in ra ts  3, 4, r abb i t s  5, ,, 
and  m a n  ~, s. The expe r imen t s  in r abb i t s  ind ica ted  t h a t  
HMG decreased lipid levels in serum, liver and  aor ta  and  
also p r even t ed  the  a the roma tous  plaque format ion ,  when  
t h e y  were fed a therogenic  diet  9. More recent ly ,  a thero-  
sclerosis has  been p roduced  in ra t s  supposed to be highly  
r e s i s t an t  to atherosclerosis  by  i n tuba t i ng  a mix tu re  con- 
t a in ing  olive oil, v i t amin  D e and  cholesteroN0,~L Ill 
v iew of these  findings,  and also of the  fact  t h a t  no de- 
f ini te  in fo rmat ion  is avai lable abou t  the  hypol ip idemic  
compounds  and sever i ty  of a therosclerosis  in rats,  we 
r epo r t  now t h a t  HMG preven t s  the  sever i ty  of a thero-  
sclerosis in ra t s  also. 

Materials and methods. 15 male  albino ra ts  (stock 
colony of Ind ian  Ve te r ina ry  Research  Ins t i tu te ,  India) 
weighing abou t  160 g were d iv ided into 3 equal  groups.  
They  were ma in t a ined  on Hind  Lever  basal  d ie t  (Hin- 
dus t an  Lever  Co., India) and received by  gast r ic  in- 
t u b a t i o n  1.5 ml  olive oil m ix tu r e  conta in ing  per  ml:  
8 mg v i t am in  D 2 320,000 I .U.  (E. Merck, Germany)  and  
40 mg choles terol /kg b o d y  we igh t  for 5 consecut ive  
days  as descr ibed by  ALTMAN 10. The 1st group receiving 
1 ml  saline i.p. se rved  as contro l  group. E a c h  animal  of 
the  2nd and  3rd groups received i.p. HMG a t  t he  con- 
cen t ra t ion  of 25 and  50 mg/kg  b o d y  weight  respec t ive ly  
in 1 ml  saline. Af te r  5 days  t r e a t m e n t ,  the  animals  were 
fas ted  overnight ,  e ther  anaes the t ized ,  blood was wi th-  

d rawn  by  cardiac punc tu re  and serum ob ta ined  by  centr i -  
fugat ion.  The me t h o d s  of ex t rac t ion  and  tissue lipid 
analysis  were as descr ibed in a previous  publ ica t ion  ~. 
Serum fl-lipoproteins were e s t ima ted  by  the  me t h o d  of 
VO~LKER 1~. A t h e r o m a t o u s  ar ter ia l  lesions were visual ly 
g raded  on 0-4 scale. 

Results. The d a t a  shown in the  Table  conf i rm the  
f indings of ALTMAN10 t h a t  a mix tu re  of v i t amin  D e and 
cholesterol  dissolved in olive oil was no t  only able to 
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