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Abstract--Administration of amlodarone hydrochlorlde (50-150mg/kg 1.p dally) to rats, mtce or 
hamsters resulted in the m vtvo formation of a cytochrome P-450Fe(II)-amlodarone metabohte complex 
absorbing at 453 rim, unable to bind CO and blologacally inactive In rats, the amount of complex 
present in hepatic microsomes was small 24 hr after administration of a single dose of amlodarone 
(100mg/kg l p ) but was increased 2 5-times by pretreatment with phenobarbital and 8-times by 
pretreatment with dexamethasone phosphate In addmon, the complex increased hnearly with t~me as 
the doses of am~odarone were repeated daffy When both enhancing factors were combined (treatment 
for 3 days with both dexamethasone and amlodarone), the amount of complex present in liver mlcrosomes 
reached 0 78 nmol/mg protean or 40% of total cytochrome P-450 in rats In these rats, tn vitro disruption 
of the complex with potassium ferrlcyamde suppressed its Soret peak at 453 rim, Increased by 70% the 
CO-binding spectrum of dlthlomte-reduced mlcrosomes, and restored several monooxygenase actlvlttes 
The 453 nm-absorbing complex was also formed m vttro upon incubation of amaodarone or N-des- 
ethylamlodarone w~th NADPH, EDTA and mlcrosomes from dexamethasone-treated rats The for- 
matron of the complex was smaller with microsomes from phenobarbital-treated rats and was not 
detected with maerosomes from control rats We conclude that amaodarone forms an inactive cytochrome 
P-450Fe(II)-metabohte complex in rats, mice and hamsters 

Amiodarone has been widely used in Europe for 
the last two decades [1]. Imtlally employed in the 
treatment of angina pectons [1], the drug was soon 
found to have potent antiarrhythmlc properties, 
being effective against a variety of supraventrlcular 
or ventrlcular cardiac arrhythmlas [2, 3]. Adverse 
reactions include various types of thyroid dysfunction 
[4], a bluish discoloration of the skin [5], corneal 
deposits [6], perlpheral neuropathy [7], pulmonary 
fibrosis [8] and laver lesions [9]. 

Recently, several drug anteractaons have been 
reported in patients receiving amiodarone con- 
comltantly with other drugs [10]  Amaodarone 
potentaated the anticoagulant effect of warfarin, 
probably by lnterferang with the metabohsm of this 
compound [11-15]. Co-admlmstratlon of amiod- 
arone also increases the serum concentrations of 
digoxln [16-20], qulnldlne [21, 22], procalnamide 
[22] and aprlndlne [23] In rats, administration of 
amaodarone depresses several monooxygenase 
actavltles [24]; the mechanism of this effect was not 
determined [24] 

Amlodarone contains a dlethylamlno group Sev- 
eral tertiary amines are transformed by cytochrome 
P-450 into metabolites, probably nltrosoalkanes 
(R--N~---O), which form stable complexes with the 
lron(II) of cytochrome P-450 [25, 26] Such cyto- 
chrome P-450Fe(II)-metabolite complexes exhibit a 
Soret peak around 455 nm, are unable to bind CO 
and are biologically inactive. Addatlon of potassium 
ferrlcyanlde to the mlcrosomes, however, oxidizes 
the heine iron to the ferric state, th~s disrupts the 
complex and liberates uncomplexed cytochrome P- 

450 which, once reduced, as again able to bind CO 
or oxygen and to oxidize substrates We report here 
the formation of such an inactive cytochrome P-450- 
metabohte complex after administration of aml- 
odarone in rats, mice and hamsters 

MATERIALS AND METHODS 

A m m a l s  a n d  t rea tments .  Male Sprague-Dawley 
rats, Crl' CD®(SD)BR, weighing 180-220 g and male 
Swass mice, Crl: CD-I(ICR)BR, weighing 32-35 g 
were purchased from Charles River France (Samt- 
Aubin-16s-Elbeuf, France). Male Golden Syrian 
hamsters, weighing 90-110 g were purchased from 
Flchet (Ormesson, France) Animals were fed nor- 
mal standard diets given ad  h b l t u m  (Autoclav6 113, 
UAR, France for rats and M-25 biscuits, Extralabo, 
Provms, France for mace and hamsters). 

Amiodarone hydrochloride and N-desethylaml- 
odarone were generous gifts from Chn Mldy, 
Montpelher, France. Dexamethasone phosphate was 
kindly provided by Merck, Sharp & Dohme, Paris, 
France Pregnenolone-16 o:-carbonltrlle was gen- 
erously given by the Upjohn Company, Kalamazoo, 
M~chlgan Some anamals were treated with pheno- 
barbital (100mg/kg 1.p.), 3-methylcholanthrene 
(20 mg/kg l.p.), dexamethasone phosphate (50 rag/ 
kg 1 p.) or pregnenolone-16 o:-carbonltrlle (50 rag/ 
kg l p.), dally for 3 days, and were killed 24hr 
after the last dose. Amlodarone hydrochlorlde (50- 
150 mg/kg), dissolved in water (1 ml for 50 mg), was 
administered i p for 1-7 days In some experiments, 
the drug was given alone for 1-7 days. In other 
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cxperunen t s ,  a stogie dose of am~odarone hydro-  
ch londc  was admm~stered to animals  p r e t r ea t ed  for 
3 days \~ th  various reducers  In stdl o the r  experi-  
ments ,  bo th  the reducer  and  am~odarone hydro-  
chloride were admin i s t e red  concomi tan t ly  for 3 days 

Prepa~anon of" rmcrosomes Anima l s  were killed 
by Cm\lcal d~slocanon and the  hver  was r em oved  
L~\cJ h a g m e m s  were h o m o g e m z e d  m 3vo l  of 
() 15 M KCI () t)l M s o d m m - p o t a s s m m  phospha te  
bu t le r  (pH 7 4) The  hver  h o m o g e n a t e  was centr i -  
fuged at l{I.(I~l(Ig for 10ram The 10,000g super-  
na tan t  was cent r i fuged at 100,000 g for 6(1 m m  Some 
nllcrosolnal pellets  were r e suspended  m buffer  and  
again c e n t n t u g e d  at 100.00(/g (washed  mlcrosomes)  

{,'no omple red, (ompleved and total cvtochrome P- 
450 The a m o u n t  of uncomplexed ,  complexed ,  and  
total  cy tochrome P-450 was d e t e r m i n e d  as previously 
repor ted  m a stud}, with t r o l e a n d o m y c m  [27] Wi th  
a hrst  batch ol  mlcrosomes ,  we d e t e r m m e d  cyto- 
ch rome  P-450 accordmg to O m u r a  and  Sate  [28]. 
Bcc,tuse complexed  cy tochrome  P-450 canno t  brad 
CO [27 l, th~s t echn ique  measures  uncomplexed  cyto- 
chrome P-450 onh '  [27] With  a second ba tch  of 
mlclos(imes.  ~ e  looked for the  p r e t ence  of a cyto- 
chrome P-45(I F e ( l I ) - m e t a b o h t e  complex  absorb ing  
a round  455 nm We added  50,uM po ta s smm f e m -  
c , . tmde in tile reference  cuvet te  to dest roy the 
complex.  Jt a n \ .  m th~s cuvet te  The  dif ference spec- 
t rum a round  455 nm (in this case. 453 nm)  m e a s u r e d  
the Sorer peak of the  complex  m the sample  cuvet te  
, t l ld v, as used to calculate complexed  cy tochrome  
P-4511 \~ th  a mola~ e x t m c h o n  coetficmnt of 
75 mM ~ cm ~. previously ~eported for similar com- 
plexes I25 271 To d e t e r m m e  total  cy tochrome  P- 
450, ~ e  now added  potass ium f e r n c y a m d e  to the 
sample cu\ et te  also. so tha t  the complex ,  ff any, was 
no\~ d e s t r m e d  in bo th  cuvet tes  We then  repea ted  
the p r o c c d m e  ot O m u r a  and  Sate  [28] Because  
complexcd  c3 tochrome  P-450. when  presen t ,  had  
bccn  con\  cr tcd to uncom pl exed  cy tochrome  P-450. 
this t echnique  no\~ m e a s u r e d  total  c~ tochrome P- 
45o 1271 

()[hd] l?ll(rosomal enzvme~ and monooxygenase 
attH,llles N A D P H - c y t o c h r o m e  c reductase  activity 
was m e a s m e d  as pre,dousl? r epo r t ed  [29] Micro-  
SOllla[ p l O t e l n  concen t r a t ion  was measu red  bx the 
technique  of kowr}, et a/ [3(I] [2-14C] Hexoba rb l t a l  
hvdroxv law activity was m e a s u r e d  bv the m e t h o d  of 
l~uple~ and Rosenfe ld  [31] A m m o p y r m e  or tro- 
l e a n d o m v c m  N-demethy lase  acnvl tv  was deter-  
nuned  a,, previously r epo r t ed  by Mazel  [29] 
Benzo (a )py rene  hydrox}.lase achvt tv  was measu red  
a', descI~bed b\  K u n t z m a n  et al "[32] 7-Ethoxy-  
Cotlrnarltl dee thv lasc  actl\  its, ~a s  n leasured  accord- 
mg to G~eenlce  and Poland [33) Unless  otherwise  
indicated,  the c o n c e n t r a h o n  of the subs t ra te  was 
l) 2 c, mM for hexobarb~tal ,  (I 5 m M  for a m m o p y n n e .  
0 ~ mM tOl t r o l e a n d o m } c m .  0 2 mM for 
benzo(a)p}~enc  and 0 5 mM to t  7 - e t h o x ~ c o u m a n n  
In some tests 50,uM potass ium ferr icyanlde  was 
a d d e d  to  t i l e  mtcrosomes  be /ore  thmr  addi t ion to the 
uwubat [on  nuxtu tcs ,  accordlngl},  tile final con- 
c e n t l d t l O l l  o t  po tasMt l J l ]  fe r r lc}amde  m the mcu- 
bat l tm m~Xttl~es \~,> (I 5-12 5 ,aM 

111 \ l t l  o lc?l I l l t l t l O t l  O[ a 45fl HtH-aI3s¢.)? hlHg comple.~ 
l h c  m ~'~t~ tolnldtlOn el a complex absorb ing  at 
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Fig 1 Presence ofa  cytochromc P-J~H-mc[,th~dl[L ~ ~ill[~lt_S 
in a rat treated with amlodaronc ahmL IOl ~ tt,i~ ,, I°,.,li> 
were treated V, lth amlodaronc h\dtochI,H~d< {1t111 RI~ kE 
daffy) for 3 days and u.ere killed 24 h~ ,dtcl the I,~,/ (i,,,,., 
A mlerosomal s u s p e n b l o n  gontAIl ln l£  llllkl(}SOl]]C v, [[,111/ 
62mg of hver per ml was prepared ,rod ¢ll~ldvd U/IH ] 
cuvettes The lower curw ,hm~s the bo~ct pc,~ ,,~ d~< 
complex, as obserxed alter addmon el c,~ .M plqa' .slttni 
ferrlcyanJde in the reference cu\cIlc Oll[X / and  dlMilptlon 
of the complex in this cuvette) ~1 he 2 t~ppc~ CUl\ c..h,~x~ Hx 
CO-d i f f e rence  spec t rum el  d l lh lon l lc - t  c duc~ d nucl oSOillC-, 
m e a s u r e d  e i the r  Wlthoul ,  or all~_l tddlliE -,l) t/Nl i~olas,,tum 
fe r r lcyan lde  to the mlcrosot l ld l  "~d\~'lcnM, ip, \ TC[~II,NLll. 

tdtlVC expcr lmc t l l  t~ ~ho',~, p 

453 n m  w a s  measured  w i t h  d st tspcl l '~l tqJ ,+1 \ ~ a s h c d  
hepatic m l c r o s o m e s  c o n t a n l l l l g  4 111~ e l  Illlt_I(~st)l]ld] 

pro tem per  ml. 4 m M  N A D P H  and 1 5 n l \ l  t l 'rl ,\ 
Cuvet tes  dlxqded rote 2 compal tnqenls  \~eIv_ used 
The mlcrosomal  suspension x~,~s placed m one com- 
pa r tmen t ,  while e thanol  \~as plaLcd in the o ther  
c o m p a r t m e n t  Both  cu lo t t e s  x~c~c hea ted  ~l~ ~v Fhc 
base-hne  was recorded  al to i l lenl( ,r l /c¢t  \ [llH/t.}dt Otl£' 
hyd roch londe  or N-deseth\lamlod,l l~m~ {'J I ,~ 
0 25 mM)  was then  added  m 2(1 ul ,it cth,ii~oi /~ the 
mlcrosoma[  suspens ion in the ",;Alllp!c t_tl\ CIlc dlld [O 
e thanol  in the re ference  c u \ c t t c  %W:LC',xl\k ,pC~tla 
were repeatedl.,, r e c m d e d  loi !5 mu~ h , ,m '-qtt Io 
480 nm.  on an A m m c o  DW-2(  " p c c t I ( I p h t q l m ~ c t C l  

R F M I  I ~, 

I n v l v o  for?llallotl ot ~a ( ~to~]II~mh' /LJqH[  e , [ I~  ~nlh 
odarone metabohte  ( omnlc~, 

A d m i n i s t r a t i o n  o t  d l l ] l od , t l t ) I ]C  I~.~-II[tL0 Iq [i/U t,*l 

r i ve  fo rmat ion  of a cvtochJ omu P-45c It c( [ [ ~ metal~ 
ohte  complex m rats The c o m p l c \  ¢ xhd~[Wd ,l So~ct 
peak at 453 nm (Fig 1) x~h~ch &s,wr, c ,  .li~_d tlp¢ql 
addi t ion of po tassmm toltec\ anldc  I h s rup l lon  ot l h c  
complex with po ta s smm telrlcsanl~h, m<lc,t,.cd )he 
CO-blndJ ' .g  spec t rum ot mlCTOSom,, "~c~op, d d l l l \  
reduced w~th sodl tnYi  d l I h l O i J l l e  t l ld  INLI/ L \ l~ ,~ .c t l  IA, 

carbon  monoMde (Fig 1) 
In rats  t l e a t ed  lOl 3 d,l\ ' ,  ~slth \ dtlt,tl-~ It,Ill', dtl'~L'" 

of a m l o d a r o n e  hxd lochIo lak .  ~1 ~e _ t . , , q q q c \ c d  
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formation of a cytochrome P-450-metabohte complex in 
rats Rats were treated for 3 days with various daily doses 
of amlodarone hydrochlorlde (50.100 or 150 mg/kg daily) 
and were killed 24 hr after the last dose The amount of 
complexed eytochrone P-450 present in liver m~crosomes 
was determmed from its Soret peat at 453 nm Results are 

m e a n s - + S E M  for8ra ts  

cytochrome P-450 present  In hepatic mlcrosomes 
increased with the dose, reaching an apparent  maxi- 
mum for a dose of 100 mg/kg  of amlodarone  hydro- 
chloride (150gmol /kg  of amlodarone) .  This dose 
was selected for further studms 

When this dose of amtodarone  was repeated for 
seven days in rats, the amount  of complexed cyto- 
chrome P-450 increased linearly with time, reaching 
0 15 nmol per  mg of mlcrosomal  protean after 7 days 
of t reatment  (Fig. 3), it then slowly decreased after 
cessation of the administrat ion of amlodarone  (Fig 
3). 

The amount  of complexed cytochrome P-450 
recovered in mlcrosomes from rats killed 24 hr after 
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Am=odarone 

Fig 3 T~me-course for the appearance and disappearance 
of a cytochrome P-450-metabohte complex after adminis- 
tration of a m l o d a r o n e  In rats Rats received amlodarone 
hydrochlorlde (100 mg/kg daily) for 7 days and were killed 
either during this treatment (24 hr alter the preceding dose) 
or 5 or 9 days after the last dosc ot amlodarone The amount 
ot hepatic mlcrosomal c~tochrome P-450-metabohte com- 
plex was determined from its Sorer peak at 453 nm Results 

arc mean~-  S E M for 8 rats 
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Fig 4 Effects of various inducers on the m w v o  formation 
of a cytochrome P-450-metabohte complex after a single 
dose of amlodarone in rats Rats were pretreated for 3 
days with various inducers 3-methylcholanthrene (3-MC) 
20 mg/kg i p daily, pregnenolone 16 oL-carbonltrlle (PCN). 
50 mg/kg i p dally, phenobarbital (Pheno). 100 mg/kg i p 
dally, or dexamethasone phosphate (Dexa), 50 mg/kg i p 
dally, 24 hr after the last dose of the inducer, rats received 
amlodarone hydrochlorlde (100 mg/kg i p ) and were killed 
24 hr later The amount of complexed cytochrome P-450 
present in liver m~crosomes was measured from its Soret 
peak at 453nm Results are m e a n s - + S E M  for 6 rats, 
The asterisks indicate a significant difference from values in 
non pretreated rats (t-test for independent data). P < 0 05 

a single dose of amlodarone was decreased by pre- 
t reatment  of the animals with 3-methylcholanthrene 
(Fig 4); it was not modified by pre t reatment  
with pregnenolone-16o:-carbonltrl le,  was shghtly 
increased by pre t rea tment  with phenobarbi tal  and 
was markedly mcreased by pre t rea tment  with 
dexamethasone (Fig. 4) Even in the latter rats, 
however ,  the amount  of complexed cytochrome P- 
,150 present after such a single dose of amlodarone 
remained quite small, being only 0 2 n m o l / m g  of 
mlcrosomal protein (Fig 4) 

If, however ,  both amlodarone and the inducer 
were now given concomitant ly for 3 days, the amount  
o fcy tochrome P-450 complexed m w v o  became quite 
noticeable (Table 1) Dexamethasone  had the most 
potent  effect, enhancing 10-fold the formation of the 
complex (Table 1). In rats receiving both dex- 
amethasone and amlodarone for 3 days, complexed 
cytochrome P-450 reached 0 78nmol  per mg of 
mlcrosomal protein,  or 40% of total cytochrome P- 
450 (Table 1) In contrast,  concomitant  adminis- 
tration of 3-methylcholanthrene decreased the for- 
marion of the complex;  pregnenolone-16ct-carbo- 
nltrlle had no effect while phenobarbi tal  slightly 
increased the formation of the complex (Table 1) 

The formation of the complex appeared strikingly 
different in several rodent  species (Fig 5) After  
administration of amlodarone given alone for 3 days. 
the complex was similar in rats and in mice. but 2 5- 
times greater  m hamsters,  reaching 0 17 nmol per mg 
of mlcrosomal protein or 13% of total cytochrome P- 
450 in the latter species (Fig 5) However ,  whereas 
the concomitant  administrat ion of dexamethasone 
markedly increased the formation of the complex m 
rats and in mice, It did not modify it in hamsters 
(Fig, 5) It is noteworthy that the effect of dex- 
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amiodarone 

a m i o d a r o n e  + 
dexamethasone 

RAT MOUSE HAMSTER 

Fig 5 Comparison of the m vwo formation of a cytochrome P-450--amlodarone metabohte complex in 
various rodent species Animals were treated for 3 days with amlodarone hydrochlorlde (100 mg/kg i p 
daffy), given alone or in combination with dexamethasone (50 mg/kg i p dally) Animals were killed 
24hr after the last dose(s). The amount of cytochrome P-450-metabohte complex present in liver 
microsomes was determined from its Soret peak at 453 nm Results are means m S E M for 8 animals 

amethasone phosphate given alone (50mg/kg i.p. 
daily for 3 days) on microsomal cytochrome P-450 
vaned in different species: cytochrome P-450 was 
slightly increased in rats (Table 1) and in mice (from 
0 70 -+ 0 05 nmol/mg microsomal protem to 
1.08 - 0.07, mean -+S.E M. for 8 mice); in contrast, 
it was decreased in hamsters (from 0.94 - 0.05 nmol/  
mg mlcrosomal protein to 0.52 + 0.04, mean -+ 
S.E.M. for 8 hamsters). 

In vitro formatton o f  a cytochrome P-450Fe(II ) -  
amtodarone metabohte complex 

Incubation of microsomes from dexamethasone- 
treated rats with 1.5 mM EDTA, 4 mM NADPH and 
0 1 mM amiodarone at 37 ° resulted in the slight 
formation of a cytochrome P-450Fe(II)-metabohte 
complex absorbing at 453 nm: 37 - 8 pmol/5 mln/  
mg mlcrosomal protein, mean - S.E.M. for 6 experi- 
ments The 453 nm-peak was usually fully developed 
after 5 rain of incubation and appeared stable for the 
next 10 min. This peak disappeared, however, upon 
addition of 100/~M potassium ferricyanxde to the 
microsomes. The 453 nm-absorblng peak was not 
formed when either NADPH or amlodarone was 
omitted or when plperonyl butoxide (4mM) was 
added to the mlcrosomal suspension in both cuvettes. 
Increasing the concentration of amlodarone to 
0.25 mM did not significantly enhance the in vttro 
formation of the 453 nm-absorbing complex (not 
shown) 

The in uttro formation of the 453 nm-absorbing 
complex was even smaller with microsomes from 
phenobarbital rats 17 +-- 2pmol /5mln /mg micro- 
somal protein, mean --- S E.M for 6 experiments, it 
was not detectable with mlcrosomes from control 
rats. 

Similar observations were made when mlcrosomes 
were mcubated with the secondary amine, N-des- 
ethylamiodarone, the amount of formed cytochrome 
P-450-metabohte complex was 40-+ 9 pmol/5 mln/  
mg protean with mlcrosomes from rats pretreated by 

dexamethasone, and 26 -+ 4 with microsomes from 
rats pretreated with phenobarbital, mean -+ S E.M 
for 6 experiments. No complex was found with micro- 
somes from untreated rats 

Effects o f  amlodarone on monooxygenase actwtttes 
In vivo and in vitro 

The liver weight/body weight ratio, mlcrosomal 
protein content, NADPH-cytochrome c reductase 
activity, and total cytochrome P-450 levels were not 
significantly modified after administration of ami- 
odarone given alone for 3 days (Table 1). This treat- 
ment, however, slightly decreased some mono- 
oxygenase activities (Table 2). In these rats, in which 
complexed cytochrome P-450 represented only 10% 
of total cytochrome P-450 (Table 1), the addition of 
potassium ferrlcyanlde to the mlcrosomes did not 
significantly enhance monooxygenase actIvmes 
(Table 2). In contrast, in rats receiving both aml- 
odarone and dexamethasone, in which complexed 
cytochrome P-450 represented 40% of total cyto- 
chrome P-450 (Table 1), the addition of potassium 
ferncyanlde selectively increased some monooxy- 
genase activities (Table 2). While hexobarbltal 
hydroxylase and aminopyrlne or troleandomycin 
demethylase actlvmes were not modified, benzo(a)- 
pyrene hydroxylase activity, 7-ethoxycoumarln 
deethylase activity and the tn vttro formation of 
the cytochrome P-450Fe(II)-amlodarone metabollte 
complex in the presence of 0.1 mM N-desethyl- 
amlodarone were increased by 30, 40 and 270%, 
respectively (Table 2). Addition of potassmm fer- 
rlcyanlde also tended to increase the m wtro for- 
matlon of the complex m the presence of 0 1 mM 
amlodarone, the difference, however, was not stat- 
istically significant (Table 2). 

In vttro, ammdarone (0 15 mM) inhibited by 20- 
70% monooxygenase activities in mIcrosomes from 
dexamethasone-treated rats (Table 3) An almost 
similar mhlbmon was observed m mlcrosomes from 
control rats (Table 3) 
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DISCUSSION 

Our results show that amlodarone is transformed 
by cytochrome P-450 Into a metabohte which forms 
a 453-nm absorbing complex with the lron(II) of 
cytochrome P-450 in rats. Indeed, administration 
of amlodarone m v t v o ,  or incubation with hepatic 
mlcrosomes, NADPH and amlodarone m v t t r o  

resulted in the appearance of a Soret peak at 453 nm 
(Fig 1, Tables 1 and 2). Disruption of this inactive 
cytochrome P-450 Fe(II)-amlodarone metabohte 
complex, by addition of potassium ferrlcyanlde to 
the microsomes, restored the ability of cytochrome 
P-450 to brad carbon monoxide or molecular oxygen, 
and to oxidize substrates (Fig. 1, Table 2). As a 
consequence, addition of potassium ferrlcyanlde 
increased several monooxygenase activities in mlcro- 
somes from rats treated with amlodarone and dex- 
amethasone (Table 2) 

The very low formation of complex m v w o  after 
admimstratlon of a single dose amlodarone (Fig. 4) 
and its absence m t~ttro with mlcrosomes from control 
rats show that cytochrome P-450 lsozymes present in 
untreated rats have probably a low ablhty to form this 
complex Two factors, however, markedly increased 
the amount of cytochrome P-450-metabohte 
complex A first factor was the induction of cyto- 
chrome P-450 lsozymes more apt to form the 
complex The formation of the complex m v t t r o  

and in v~vo  was increased shghtly by phenobarbital- 
pretreatment and markedly by dexamethasone-pre- 
treatment, but was not modified by pretreatment 
with pregnenolone-16o:-carbonltrlle (Table 2, Fig 
4) This may Indicate that the lsozyme(s) involved in 
the formation of the cytochrome P-450-amlodarone 
metabohte complex may yet differ from that purified 
cytochrome P-450 lsozyme which is induced by both 
dexamethasone and pregnenolone-16cv-carbonitrile 
[34, 35] 

A second factor which dramatically enhanced the 
amount of complex present in the liver was the 
repetltlOn of amiodarone administration (Fig. 3) 
Unlike previous findings with macrohdes [36-42], 
there was no clear-cut evidence for an inducing effect 
of amlodarone, as judged by activities of hepatic 
mlcrosomal enzymes (Table 1) The progressive 
increase in the amount of complexed cytochrome P- 
450 observed upon repeated administration of aml- 
odarone (Fig 3) may be mainly related to the long 
survival of complexed cytochrome P-450, leading to 
its progressive accumulation in the hver This would 
also explain the slo~v disappearance of complexed 
cytochrome P-450 upon cessation of amlodarone 
administration (Fig 3) Indeed, a slow disap- 
pearance rate has been previously suspected for 
other cytochrome P-450Fe(II)-metabohte com- 
plexes /42] or in the presence of other heine iron 
hgands [43]. However, the lysosomal storage of aml- 
odarone (a cationic amphlphlhc drug) and Its conse- 
quent slow elimination from the body [441 may have 
been contributory 

Interestingly. induction of some cytocbrome P-450 
lsozyme(s) by the administration of some inducers 
and the repetition of amiodarone administration had 
multiplying effects on the amount of complex present 
in the liver Indeed, in rats receiving both aml- 

odarone and dexamethasone for 3 days (Table 1), 
the amount of complexed cytochrome P-450 was 
much higher than in rats pretreated with dex- 
amethasone but receiving only a single dose of aml- 
odarone (Fig 4), or in rats receiving only aml- 
odarone for 3 days (Table 1). 

It is clear that the formation of the inactive cyto- 
chrome P-450-metabohte complex is but one of the 
several mechanisms decreasing the activity of cyto- 
chrome P-450 This is well apparent m v i t ro  where 
amiodarone markedly inhibited monooxygenase 
activities in control microsomes (Table 3), although 
no cytochrome P-450-metabohte complex could be 
detected with such mlcrosomes (see results) As a 
general rule, drugs forming cytochrome P-450-- 
metabohte complexes are thought to inhibit cyto- 
chrome P-450 in at least two ways: first by competing 
with other substrates for reversibly binding to cyto- 
chrome P-450 and, eventually, by forming the mac- 
tlve cytochrome P-450-metabohte complex [25, 45]. 
Other mechanisms may contribute to cytochrome P- 
450 hypoactlvlty. For example, it is conceivable, 
albeit stall unproven, that the presumed nltroso- 
alkane metabohte, unless stabilized through the for- 
mation of an lron(II)-metabohte complex, may react 
with, and covalently bind to, the apoproteln itself 
[46] Indeed, conjugation with glutathlone and/or 
covalent binding to the SH-groups of proteins is 
known to occur with several nltrosoarenes [47-49] 
and might also occur with the nitrosoalkanes (or their 
nltrone precursors) formed during the metabolism of 
macrolldes [50, 51]. 

So far, all species tested (rats, mice and hamsters) 
did form the cytochrome P-450-metabohte complex 
m v t v o  (Fig 5), albeit in variable amounts, and with 
different responses to dexamethasone. In the case of 
macrohde antibiotics, the initial findings in rats 
[36-39] have been subsequently corroborated by 
similar results in humans [27, 52]. It is therefore 
tempting to speculate that amlodarone may hkewlse 
form a cytochrome P-450-metabolite complex in 
humans, which may contribute to the many drug 
interactions known to occur with this antiarrhythmlc 
agent [10-23]. Studies in humans are now under- 
taken to dehneate the clinical significance of the 
present findings. 

We conclude that amiodarone is transformed by 
cytochrome P-450 into a metabollte which forms an 
inactive cytochrome P-450Fe(II)-metabohte com- 
plex in rats, mice, and hamsters. In rats, the amount 
of complex present in the liver is small after a single 
dose of amiodarone but is markedly Increased when 
the doses of amiodarone are repeated or when dex- 
amethasone is added, reaching 40% of total cyto- 
chrome P-450 when both enhancing factors are 
combined 
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