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Metabolism in ritro of potenliai apomorphine prodrugs 

tRec¢'iccd 23 .]onuarv 1976; u~'pt~'d ~ Uar~h l'l~nl 

Numerous  anaJogs of apomorphine* {ll have been tested 
for dopaminergie activity. Lal e ta/ .  [1] and Saari ~,~ a/. [2] 
reported that apocodeine (1II exerted weak apomorphinc-  
like effects in rats and mice respecti\ely. I1 elicits a mi ld 
emetic response in pigeons [3] which is nol obscr,.ed for 
isoapocodeme Illl) [4]. 

N-n-propylnorapomorphinc (IVi is reported [5] to be 
th i r ty- l ive times more potent than I in p rovok ing  stere+ 
typed behavior m rats. The monohydroxy aim]og of iV, 
10-hydroxy-N-n-propylnoraporphme {V I, is a considerably 
less potent dopaminergic agcnt, yet is at least ti~rec times 
as active as 10-hydroxyaporphine (VI! [5, 6]. By analogy. 
i! ix cxpecled that the apomorphinc-like actixit} of 
lO-mcthoxyaporphmc (VIIi would bc poor. 
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Since a catechol moiety  is generally considered to bc 
t-equired for dopamincrg ic  act i ' , i l ) ,  it has been suggesl0d 
that the act ions of  I I .  i l l ,  V and V I  are related It) ihcir  
metaboiic conversions to apomorph ine  or N-n-propy lnora-  
pomorphine via appropriate O-dealkylation or aromatic 
IDdrox}lation reactions [ I .6  8]. These possible biotrans- 
li~rmations have been investigated with a rat liver microso- 
real prcpnrat ion and cll'c su'c'tiects Of this report. 

Apomorph inc  hvdroch lor ide hemihydratc  \~as obtained 
commerc ia l ly  IMc tck .  Rcih~,\a_~. N.J.I. Litcraluru' m¢lht~ds 
~0tc used m the s_~nthesis o f  11 [9 ] ,  I11 14], 1\" I! f 1-1L xd- 
ro iod id¢]  l [0] .  V [I +_ vhyd ro iod idc ]  [ l [J ,  V l  Ih)drol~ro-  

midcl ll2]. and V I I  Ih>drochloridclll2i: homogcncit> tff 
these COlll['+t)tllld> \\LIS cSltll',lishcd b\ thill-la'+cr ch lOl l l t l | o -  
graph_\ (ll.m.) { Ii  [ prior to unc All noh, cnl,+ :rod rcugcnin 
~wrc atoll\Ileal lUage]lt <.z'rt~dc. 

Male Spraguc I)awlc,, rats (2511 3()()gl ( , \RS Spraguo 
I)ualc~,. Madisou. g in . ) t~c lc  decapitated, cx,,anguinaled. 
and hcpatectoll/i/cd f\Hloaing indudion with .4oditll/1 
phenobarl+ital [14 I. Li\crs v,,crc blotted dt',+ and homo- 
gcnizcd @ass  tube tctlun pestle) at 1) in 2 ",el. of 0.25 M 
sucrose. The ]lonll)g¢llate \\as c'u'tHl+il'ugcd at I().li()i)!/ tci~l 
~lt I) for [5 rain al/d the stlpcFIlalatlt [ 'faction retained. In- 
eulbalioils ¢ontamecl I ml ot"0.2 M "[l-is bull i:r I p t l  7.4. ~7 ): 
I ra ]  oF l(i,(lO0!/ stipt.'rllal:.liH I 0.5 ~ l i~cll:  I ml Tri>-bul L- 
IL'rcd cod)actor solut ion contain ing 2Hmolen N I \ I ) P  
(Sigma. St. Louis. Mo.L II)]+mo[cs glucose 6-phosphate 
l~iglllLil arid "5/lillO1CS I'Vlg(']2 ; LIIld 2/zlllcl[Cs StlbSll'alo coil 
tah/cd it1 (i.5 ml o[" (1(11 N H( ' I .  II]',inks clc~oid o i  suh,,hatc 
alld prcpar~:d ~ i t l l  N, i led ¢11/\111c.' '¢~c1c similarl~ IreHicd. 
Dupl icate CXpCFilllt'lli~, ",,bc+'tC HJSt) pcrl ])rnlcd il/ the pl'c~t211c.'c 
of  0.(i5"<, sodiun/ bisulf i l¢ t<, complete[)  prc',oiH air-oxida- 
l ion e l l  and IV 113 1. Incul+ation> v, olu perfolmccl in tt+c 
presence o1 ah lo t  I_'i into <it ]47 in ~i I )ubnolT metabol ic  
shaker+ Protein t+rcc'Jpilcitiol~ ~+as ¢llL'¢led b_~ adding (1+5 ml 
of  I N t t( '1:  al'lor c¢ll lr i l ' t igalion at 2(l(lii:! IOF 5 thin. the 
rcsuhing ,qlpcrt+ataiH,, ~cr¢ ncui ra l i /cd ~itl~ 1 . ( I M [ r i - ,  
t p t l  7.2. 22 t and uxt iuctcd Iixo thnc~ ~ i lh  (> ml port i tm> 
o[  t i i t rogcnalcd cth~l ato/ate, l l le  c \ l tac ls  wolt: Fcducctl 
to di-}llCSs ils re/clio and rc'conqihlloct ~+ith I -ml  '+iliquois 
o f  nilrc+gt.'natcd chloroJi+rm methanol  ( l : l l  l\)r I.[.c. tl-,iug 
the sol\ u'nl s)'4lt_'ll+,, de',cribcct pi+e~ iousl} I 13 ] F or anal\ st..,, 
b\ ga~, chromatograph_~, (g.c.L rc<,iduo-; tel" thu combined 
¢tl~yl tiCOlatC extract', woi+¢ spiked \ \ i th 4.1)/m+olc,, t+oldinc 
(2 .9 -d ih }d rox } - I . l ( i -d imo lhoxyaporph inc :  Nut r i t iona l  Bio- 
chemicals. ( ' lo \c land.  ()hiol .  reacted \+ith t).+ ml of  \ . ( )  
bis-ltr imcih}lsi l$11 acctamidc It-ISA) b> shaking ;11 )-nl i l i  
intct ' \a[s for 3()i/ l l i l . lind 4-!+1 aliquot> c:J/ronlatl+Traphcd 
ti l / t [cl condit ion,,  reported cartier I [~ l ;  ~,,, (';t)]'~c'llt 
I ront)  : 6.(l[)min ( iponlorphit~c). hNq ln in  f ll!-h',chox~<a- 
porphillC). 7._~d rain I ai')ococl¢i nc and i<,~a pocodetl/¢ } 
7.4, <',rain !lti-mctt~ox3:il~Orl~hinc) and 17.2 mil~ II~oldincl. 
(ia<; chromalograph ic  c lolc i in inat ions ,H 4@ portion~, ~>1 
I~tSi\ solut ions conla in ing (+ 7. ~ ]4. I+?. (IS;. it.4 ailcl 0.2/im<~ 
les nil of ~lpOlllOlphit/c pltl>, I i.~ !nnolcs i111 i l l  boldinc gu\c 
a standald cur \c  (pt.'ak height la l io .  ~lponl<>i['lhinc boldmc 
\s CtillCi1 e l  ai'~onlorpJlil/C) \ \ i th  till i" 2r (1. t)tjQ 

('OlllpOttl/dS I1. I11. V VI  tllld V I I  ~c tc  iilc'ttbah_'d \xhh 
rat [ ixcr illJCl+l)SOl/ltll l'ractionh (['rolll phcilo[~al+bitlil-illt[ticet.I 
i-als) Iort i [ icd with an "4<\ ] )P t l -genc i t t th /g  syslcm. IMolabo- 
Iia, s o1" these COIl lpt) t l l / I ]>,  i i lC l isted il/ Table I. l-he IllCla- 
bel ie producl ' ,  lndicaicd ~ute charnctcrJ/ecl b', idcnticul 
17,/ taltn_',4 ai/d color rcaclJOllS rising dia/oti lCd ntlJl{itlilic 
acid Ul/d ( i ibb'~ Ic.':.tgCllt in ;tl 10an( throe /.I.e. ,,}slcllls I I.~ I 
and b) L-'.c. ic'tcnlioll times l i r imcih) ls i l31 dcr i~athcsl  t~.hcn 
COlllpaFc'd to tltllhcl/lic' rt:[~2rc'llCC Ct)lllpouilds. 

In ULI'4L'S ~,\hOi'C apomorph inc  \\a>, detected as a IIletit['lo - 
lifo+ di [ l icu[ t \  ~a', mi l ia l [v  ¢n¢oull tcrcd in deicrmining per 
cci/t con\cr,4Jon-, hccmi',¢ of  iupid a i l -o\ idat iot~ e l  [. Nuc:ll 
dcCOml'~O<,illt+n Ciill bo retai l) [+tC\Clllod h\ the tl~,¢ t)l (It t q'' . 
sodium bisull i lc in the incubat ion n~cctmm I I  I I. Ih is lu\cl 
el" bisullitc \~',ls cHllil_"i n l l t ) \ t l l  It+ bc omH~atihlc \\ ith ii/icl<l- 

. . . . . . . . . . . . . . . . . . . . . . .  >onml \ -dCa lk~ la lam.  f~-dcalk3[: l lhm HI1d :tI(+11/~111C h\ 
* Al l  aporphincs rufcrrcd to in tilts papcr possess lhc droQ, lal ion reacli~ms :> lcstu'd \\Hh Im>dcl ~,tlb~ll~lt0s [ I(, j 

R-conJ]gLIratJoI1 ~lt pOSJ|lOI1 (]it alld atc Icvorota lor~ tlllless \~,:hcn apomorphh lc  per ,~, \~:ln II/CLlhHIcd (HI the pl+C~,cIICC 
otherwise indicated, o1 bi<,tll[]tc)%+, it}/ taI I]~.cl Illic.'lOst)nlL'%+ 1/~1 IllCIH[~I)iiC pt,,d 
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Table 1. Metabolites m Htro of aporphine derivatives 

Substrate 

Metabolite identified* 
(Average per cent 

conversionl 

Apocodeine (1I) 
lsoapocodeinc (1111 
10-ftydroxy-N-i> 

propylnoraporphinc (V) 
10-Hydroxyaporphine (Vl) 
lO-Methoxyaporphine (VII) 

Apomorphine (15) 
Apomorpbine (21 
Noncf  

10-Hydroxyaporphine (75) 

* Results of three experiments performed in duplicate; 
quantitative estimations by g.c. 

+ Examined by t.hc, only. 
{ See text. 

ucts were detected by t.l.c, or g.c. and greater than 95 per 
cent of the substrate was recovered as determined by g.c. 

The O-methylated aporphines, 11 and 111, were both con- 
vertcd to apomorphine ip~ vitro; however, there was an ap- 
proximate 10-fold difference in the extent to which this 
transformation occurred. The greater O-dealkylation of I1 
may be due to the less sterically hindered methoxyl group 
in this compound compared to 1II. Daly [17] noted similar 
findings with a series of substituted anisole derivatives. The 
extensive O-dealkylation of VII leading to 10-hydroxyapor- 
phine (see Table 11 reinforces the notion that O-dealkyla- 
tion m aporphines may be markedly influenced by steric 
effects. This phenomenon has also been described in 
studies of the microbial O-dealkylation of 10,11-dimethox- 
yaporphmc [I 8]. 

The reported dopamincrgic activity of 11 [I 3] may be 
duc to its conversion to apomorphine. This is supported 
as well by work m viro reported earlier [7]. The fact that 
isoapocodcinc (1111 is less active than apocodeine (1I) as 
a dopaminergic agent [4] is interesting in light of the 
poorer conversion i~1 Htro of III to apomorphine. 

No evidence was found for the microsomal hydroxyl- 
ation of V1 and V to apomorphine and N-n-propylnora- 
porphine respectively*. Thus, the demonstrable dopa- 
minergic action of V may support the contention that this 
compound can behave as a direct (albeit weak) agonist 
[6]. This suggestion is very interesting in terms of the cur- 
rent thoughts on structure activity relationships of dopa- 
minergic agonists [1,6 8, I 1], and the selective dopamincr- 
gic (antinociceplivel activity recently described for V [11]. 

With compounds 11, I11 and VI (but not V), more polar 
metabolites (other than those indicated in Table 1) were 
detected b~ t.l.c. The identity of these substances and corn- 

* Hydroxylation of V and/or VI to their corresponding 
9,10-dihydroxylated anologs was not specifically investi- 
gated: however, the t.l.c, systems [13] utilized are capable 
of distinguishing monophenols from catecholic substances, 
and there was no evidence that the latter materials were 
formed. 

plete metabolic studies of compounds I through V1 will 
be described in future reports. 
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