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Abstract-N-Acetyl,4-0-methyldopa was identitied as a major urinary mctabolite of L-4-0-methyldopa, 
both in man and in the rat. The urinary metabolites were examined in man after oral and in rat 
after inlraperitoneal administration of L-4-0-methyldopa. L-3-0-methyldopa. L-dopa and N-acetyl.4-O- 
methyldopa. 4-Mdopa was found to be conlcrted mainly to N-acetyl.4-Mdopa and iso-HVA and very 
little to the corresponding pyruvic and lactic acids, whereas 3-Mdopa was metabolized to its pyruvic. 
lactic and acetic (HVA) derlbatives and practically not acetylated. It is suggested therefore that the 
3-hydroxy,4-methoxy group (the Iso-vanyl structure) prevents transamination and that N-acetylation 
represents an alternative metabolic pathway. The lack of N-acetyl.4~0.methyldopa after the L-dopa 
loads shows that L-dopa is not 4-0.methylated and therefore that 4-0-methyldopa is not. or onl) 
in a minute amount if any. an in riro mctabolite of r,-dopa. N-Acetyl.4-Mdopa administration to 
rats resulted in excretion of the compound almost unchanged. These results agree with a previous 
suggestion by the authors of par111 distinct metabolic routes fOT the 0.mclhll catecholamines according 
to whether the methyl group is bound on the WIU or on the portr posltion and raises the question 
as to what extent iso-HVA levels in body fluid5 arc representative of a ptrrtr-O-meth~lation of dopamine. 
implicated in neuropsychiatric disorders. 

Recently, Mathieu et trl. studied the urinary vanql 

(3-methoxy,4-hydroxyphenyl-) and iso-vanyl (4-meth- 
oxy,3-hydroxyphenyl-) carboxylic acids in rats after 
intraperitoneal loads with dopamine and related pre- 
cursors and derivatives [I]. Following I -4-O-methyl- 
dopa administration. homo-iso-vanillic acid (iso- 
HVA) was found to be the most prominently elevated 
urinary metabolite, but two other compounds were 
present, corresponding to iso-vanyllactic acid and to 
an unknown iso-vanyl compound. This unknown 
compound disappeared completely after hydrolysis of 
the urine with HCI at pH I, for 10 min. Following 
the intraperitoneal administration of L-3-O-methyldo- 
pa, and in agreement with other reports [2.3.4]. the 
levels of homovanillic and vanyllactic acids appeared 
to be elevated but only traces of the vanyl counterpart 
of the unknown spot after 4-Mdopa were seen. 

These observations led us to suggest the existence 
of partly distinct metabolic routes for the 0-methyl 
catecholamines according to whether the methyl 
group was bound on the ri~rtrr or on the ptrrtr position. 

Confirming this suggestion. we now report the 
identification of this unknown iso-vanyl urinary meta- 
bolite of 4-Mdopa and present some different aspects 

Abbreviations: 3-Mdopa. 4-Mdopa = L-3- and I -4-O- 
methyldopa; HVA = 4-hydroxyJmethoxyphenqlacetic 
acid, homovanillic acid: iso-HVA = 3.hydroxy,4_methoxy- 
phenylacetic acid. homo-iso-vanillic acid: N-Ac,CMdo- 
pa = N-acetyl,4-0-methyldopa: VLA, iso-VLA = \an>l- 
and iso-vanyllactic acid: 4-MDA = 4-0-meth?ldopnmine. 

t From the Dipartement de spectromktrie de masse et 
de spectroscopic infra-rouge. Laboratoire de chimic analy- 
tique, Facultt de Mi-decine ct Pharmacie. Lyon, France. 

of the excretion of vanyl and iso-vanyl compounds 
in man and rats. 

EXPERIMEWAL 

Rr~cycwt.s. L-3- and L-4-0-methyldopa were the 
generous gifts of Hoffmann-LaRoche, Basle (Switzer- 
land) and Weiders Farmasiiytiske a/s, Oslo (Norway). 
Homo-iso-vanillic acid was synthesized according to 
a previously described procedure [6]. The prep- 
aration of N-acetyl,4-0-methyldopa was carried out 
by Ri-acetylation of 4-Mdopa. according to Kemp 
171: 4-Mdopa (50mg) was dissolved in a mixture of 
acetic anhydride and glacial acetic acid (2 ml of each) 
and refluxed for 10min. The reaction mixture was 
then added to dilute sodium hydroxide and extracted, 
at pH I, with ethyl acetate. The dried residue after 
evaporation of the solvent was purified by preparative 
chromatography on Whatman 3MM paper. pre- 
viously washed with acetic acid using isopropanok 
ammonia-water (8 : I : 1) as solvent. N-Ac,4-Mdopa 
was eluted from the paper with ethyl acetate and re- 
crystallized from the cooled concentrated solution. All 
other compounds were obtained from commercial 
sources. 

A.s.~q~ on TUGS. Assays were performed according 
to the procedure previously described in detail by the 
authors [t]. Briefly. the 24 hr urines following intra- 
peritoneal injection of 4-Mdopa, 3-Mdopa, L-dopa or 
N-Ac.4-Mdopa (each at a dose of 1 mg/lOO g body 
wt) to albino. Sprague-Dawley strain, rats of both 
sexes. were collected in HCI (l,ON. 2 ml) in glass 
metabolic cages. The phenolic acids were extracted 
with ethyl acetate and separated by bi-dimensional 
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In order 10 gY ;I wllicicn~ amount of the unknown 
tirinar) metabolitc following 4-Mdopa administ- 
ration. the 24 hr urine of Ihrce rats loxhi with 
4Mdopa M;IX p~wled. cxtractcd and xubmittcd lo prc- 

paratiw chromatography on Whatman 3 MM paper. 
pre\iotisl) 14 ashed Irith acetic acid. using: isopr-o- 

panol acclic acid \\:itcr (X: I : I I as wlvznt. wxncling 

dewlopment. The compound wa’r elutcd from the 

paper lcith ethyl acclate and. after evaporation of the 

solwnl. submitted 10 nia\s spcctronictr! (AEI .MS 902 
mass spcctromctcr) and infrared yxctroscop> (Pdiin 

Elmer instrunxnt. modd 452). Mas5 and infrared 

spectra of the parcnr compound l-\;ldop:i I\ crc lir\t 

recorded for comparison. 
Ilw~r~ t,.bwj‘,j. t:a5ting healthy adult \oluntcers rc- 

cci\ed orally either -I-Yldopa (500 mg. three assa!,s). 

3-Mdopa (SO0 mg. three xaaqs) or I.-dopa (3 g. three 
au\ s). The 2-I-hr tit-incs wcrc ~ollcctctl (in one C;I\C 

after I.-dopa. at dilkxnt lime intcr\als: 0 3 hr. 3 6 
hr. 6 9 hr. 9 12 hr and 12 24 hr) and anal!& b! 

paper chromatopr~lphc as ou~lincd above. 
Enzymatic hydrol> SIS of the urlnc (from mm and 

rats) was done with ;l preparation of /(-~lucuronlda~~ 

arylsulfatase from He/i\- pc~/~rc~//tr (Industric Hiologi- 

que Franc;ais\e. P-Gennr\ illicr\. F~rancc). IO ml of 
urine was ad.justcd at pH 5 5.2 aith ;I lo”,, KHC‘O., 

aqueous solulion. rhcn I ml of I.0 M accta(c bulfer. 
pH 5.2 and 0.1 ml of the cwymc preparation were 

added. The mixture was incubared at 37 fol- 24 hr. 
Absence of catccholamine mctabolites in the enq me 
preparation wii’r checked by paper chrotnatojiraph~. 

The mctabolite\ HVA. iw-HVA. L’L.4 and .2’-.4c.4- 

Mdopa wrc eslimated cluanUati\cI! as prcwuslq 
deacribcd [I]. I~! \ iwal comp;wiwn with standards 

(from 005 to 20 /fg) ~hromatoprapll~~i in the wmc 
way ;15 the biological extracts. Aliquots of the urinx! 

extracts wc‘rc mcasuwd within Ihc standard ran?c. 

It/~,fl/;flc~cftiof1 of r/w 1/11/\110\1~/1 1ff’f/1~/1’\’ frf~~rh~lir~~ of 

1.-4-0-r,1~,ll~~~/t/o/llc. Mass speclra \+el-c recorded a( an 

electron energy of 70 CV. an accelerating \ ~>lI;i~c 01 

X kV and an ionizing current of lOO@.. The sxmplc 
temperature \v;ls I50 The maz\ spectrum of +XldO- 
pa shows the presence of ;I molccuIa~- ion peak at 
wc 21 1 and fragment ion peaks at +CJ 166. 137. 127. 
94, corresponding to the fragmentation pattern shown 
in the upper part of Fig. 2. The mas\ spectrum of 
the unknown melabolile shows the presence of a mo- 
lecular ion peak at 1t1.0 253 and fragment ion peahx 
at w:e 236, 20X. 194. 179. 166. 137. 122. 94. The fin& 

ing of an increase of 4_ ’ ;i.m.u in Ihc value of the 
molecular ion in relation to 4-Mdopa. RS well as the 
occurrence of fragment ions at v! (1 43 and 111 1’ I94 

(corresponding (0 M ’ -59) wax2 consistent with the 
hypothesis that the unknown metaholite M’CIX (hc 

:\‘-acetylattxi dcri\ativc of -I-Mdopa. This was cow 

lirmed b! high resolution mass determinations 01 

the I’ragment ions at 111 P 3?. 193. I70 and 166. the 
\alues 01 which were 253.095794. I94.05x303. 
I70.034520 and 166.0X7 194 rcspectivolc. correspond- 

ing to the &xncntary Ibrmula C‘,2H,sNOi. 
(‘,,,H,,,O+ C,H-0, and CUH,,NO,. Identical mas 
spectromelric data were obtained with authentic 
N-Ac.4-Mdopa. The fragmentation pattern of .V-Ac.4. 

Mdopa i\ presented in the lower part of Fig. 1. 
Infrared cpec(roscop! ofthe unkno\vn mctabolitc and 

of authentic !L’-Ac.-L~ldopa ~onlirnicd the identit! of 
1hc Lb\0 conipotinds. It can bc concltidcd. (hercfore. 

that spot No. I9 on the ~hro~n~lt~~pr~Im lollo\\ ~ng I -4 
Cl-iiictli! Id~>pa adiiiini\tr~iti~,ll (<> irali (Fig. I I 15 Ihc 

.Y-acct! I dcrl\ativc of the ;imino ad. 
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Fig. 2. Fragmentation patterns proposed for 4-0-methyl- 
dopa (upper part) and for N-acctrl.4.0-mcthyldopa (Iowct 
part). Asterisks indicate mctastablc peaks. The appcaranco 
of the M- -59 ion by loss of a neutral fragment 
NHzmCO -C‘H, results from a MacLalTerty fragmentation 

process with a proton rearrangement. 

amino acid (3.Mdopa). vanylpyruvic acid. VLA and 
HVA, traces of a compound having the same chroma- 
tographic characteristics (RJ values) as N-Ac,4-Mdo- 
pa, except for the colour with diazotized prrrtr-ni- 
troaniline. which was blue. was observed. This minor 
urinary metabolite of 3-Mdopa is most probably h’- 
acetyl.3-0-methyldopa. 

N-Acetyl.4~O-methyldopa was also found in human 
urine after administration of 4-Mdopa (500 mg. or- 
ally). It was excreted in relatively larger amounts than 
in the rat. This is probably due to the difierent routes 
of administration. oral administration favourinp an 
increased formation in the liver. rather than to a spe- 
cies difference. Tyce [14] noted, in liver perfusion ex- 
periments, a si@icant production of N-acetyl deriva- 
tives of dopamme. Enzymatic hydrolysis of the urine. 
with P-glucuronidase~ar41sul~~~dse from Hcli.u po,~u- 
ticl. resulted in an increase in the N-Ac.4-Mdopa le\cl 

giving evidence of partial conjugation of the com- 
pound on the Shydroxy group. The ratio of frec:total 
N-Ac.4-Mdopa in urine was about 3:4. Ver!, mall 
amounts of iso-VLA. but no iso-vanylpqruvlc acid 
was detected. The amino acid (4-Mdopa) however \\as 
seen on the chromatoprams. Followinq I-Mdopa ad- 

ministration to man the results were snnilar lo those 
from rats. with poor excretion of the mctabolitcx. 
compared with the elimination after the -I-Mdopa and 
the I -dopa loads. Traces of ,Y-Ac.3-Mdopa wcrc al- 
ways found after 3-Mdopa administration in human 
subjects. 

Thus. the main ditfercnce between 3-Mdopa and 
3-Mdopa metabolism is that 4-Mdopa is mainly con- 
kerted to N-Ac,4-Mdopa and iso-HVA with \cry little 
to the corresponding pyruvic and lactic acids whereas. 
3-Mdopa is metabolized to its pyruvic. lactic and xe- 

tic derivatives and almost not acetylated. Since it is 
generally accepted that the slow metabolism 01 
3-Mdopa is a consequence of being a poor substrate 
for dopa decarboxylase 115, 161, the formation of 
VLA takes place after transamination to vanqlpyru\ ic 
acid [16. 171. Our results suggest, in addltmn. that 
the 3-hydroxy.4~methoxy group (the iso-canyl struc- 
ture) prehcnts transaminatlon alid therefore that N- 
acctylntion represents an alternative mctaholic palh- 
\I a). 

We sugcsted pre\iously [l] that. due to the lack 
of any iso-hanyllactic acid on our chronl~~togranis fol- 
lowing intrapcritoneal administration of I &pa to 

rats, both I.-dopa and its catabolic derivati\,es leading 
to VLA (i.e. 3.4-dihqdroxyphenylpyruvic and 3.4~di- 
hydroxqphenyllactic acids) do not undergo /INO-O- 
mcthylation. and thercforc that it \\as unlikeI> that 
4-Mdopa would be an irk riro mctabolitc of I.-dopa. 
From the present results. which show that iso-VLA 
is only a very minor whereas ,V-Ac.4-Mdopa is a 

ma_ior derlvativc of 4-Mdopa. it appears that our prc- 
vious discussion was erroneous but that its conclusion 
remains true. due to the absence of V-Ac.4.Mdopa 
on the chromarograms from rat\ $\cn I -ctop~~. Al\o 
in man !Y-Ac.-l-Mdopa was not detected in 23-ht- ur- 

T;lblc I. i_;rinarq metaholitcs of I -4-O-methyldopa. I -3.U-meth> Idopa. I.-dopa and ,Y-acct~l.4-O-mc~~~~ Idopa 1n man 
and in rat 

- 

9\Y.,)\ <‘II 1,115 

-l-hl<l<~p.i ,I + ill ,I a II/ + ilhl /, / , 
1-Lld,,p,, i ( I + j 151 I? / 1 / 0 , I , 
I -L>,l,~d I+! 0 , 1 , / - b,hi (0 il I.1 
~-2~.4-ml<y ,, + _ 1111 0 I/ I I”1 0 

ll,ll11:,11 .IQr.,,k 
4-l\1ili>,‘:’ A / - * ,x5,* I, + ,115, ,+/ + lhi 0 I I 
.3-\Id,p, c-1 ,751 1 iii, // 0 
I -Ihpd + Oi 1+1 / +I 4 T + ,lil ,251 1 , 

Assays on rats. All compounda were gilen by Intraperitoncal injection. at ii dox of I mg IWf bodl \\1. Each 
;I~;w) was done in duplicate. 

Human assays. All compounds were given orally: 4-Mdopa and 3-Mdopa at a dose of 500 mg, I dopa at ;L dose 
of 3 g. Three assays were done with each compound. 

The metabolites were estimated in the 24 hr urines following the loads. using paper chromatography: 0 = not dclocted: 
(+) = traces; + = present to + + + = larger amounts. Number:, in parcnthescs indicate I-ecotcry Icvcl\ 01‘ \omc of 
the main metabolites. in per cent of the compound giLen. 

* Total recovery: free t conjugated. 
t In one assay ~L’-~~cet~l.4-O-methq’ldopa and N-;lcec~l.3-O-methyl~i~~p~~ were detected in ul-inc 6 9 hr Ibllo\\ing the 

inpcstion. The total level of hoth compounds \~;Is less than 0.1 per cent of (he yi\en I -dopn. 
z ‘-Acct!l.4-0-methqldopamine: standard in court of synthesis. 



inc samples following I.-dopa administration. When 

urine was collected at \ariwb time inter\al~. )V-AL- 

Mdopa + N-Ac.4.Mdopa. both at a \ury IOU Icvel 
(XC Table 1) wet-c dctec~erl in the 6 9 hi- pozt-ingcz- 

(ion urine. This observation. which lncticatcs possible 
formation in man of ;I minute amount of 4-Mdopu 

from I.-dopa. M hen gilen orally. ib to be compared 

dh the finding of Karoum ct c/l. that the L’LA w- 

put after r.-dopa administration reachc5 its maximum 

in tk same 6-L) hr urine sample. due to the !Jow me- 

kibolism of .i-Mdopa formod from I.-dopa L I S]. 

,l;-Acdylalion of normally occurrinr aromatic 

amino acid5 (phenqlalanine. t?rosine. hi&k) as well 
as foreign aromalic amino acids ia ;I well known path- 

wav in manimiils [ 19. 20. 211. but ewn aliphatic 

amino acids. like cqslathioninc in cqstathioninLiria. 
can be acetylated [ZZ]. Ditkrcnt ,Y-acetylatecl aminea 

ha\c also been detected in urine from patient\ u ith 

pheochrc~mac~toma. nL’Llrc~bla~toi11;1 :md carcinoid tu- 
mot-\ as well as after mescaline and dopa loads or 

monoamine oxidasc inhibitor5 (3. 291. Ho\+\c\er. WC 

do not kno\\ ~hcthcr the h’-auctylakd amino acids 

can hc decarboxylatrd or the !l’-acetylatcd aminus can 

be deaminated before :V-deacet~ lat ion. 

In this stud), (SW Table 1). :t’-acec?I.~-O-m~th~ldo- 
pa aciministr~ition 10 the rat rcwl~cci in an excretion 

of the compo~~nd mostly ~mchanpcd. being almost 
four time5 greater Ghan that of N-HVA: iso-VLA \%a\ 

not dctectcd on the chrom~it~)~rams. This indicate5 

that the !Y-acetyla~cd amino acid i\ not transaminated 
and is. in addition. ;I pwrcl- substrak for dope dccar- 

boxylaw than the O-mcthylated compound. With ru- 
spect to the increase in IW-HVA. it is not poshiblc 

to state whether it accounts for ;I partial dccarbouyla- 

tion and further !V-cicacct) lation of :L’-Ac.4MJopa 
to ci\r 4.0-melhqldopaminc (3-MD.41 and ISO-HVA. 

or k the :Y-acet~lated amine (i.c. :V-a~e(~l,4-O-lnelhq I- 

dopaminc formed through decarbouylation of ,Y- 

Ac.4.Mciopa) itself may be deaminatcd. bcinf :I sub- 

stralc for some of the amine ouidacs. 

E\ idence has alrud> been gi\cn th:~t -I-MD:\ ma! 

bc formed io ritiw from ciopaminc with purified c‘;lW 

chol-O-iiicthyltr~iiisf~r~is~ [30] ;I\ well ah i/l rif-o in 
man 13 I]. In similituic with 4-Mdopa. ;I pohsiblc 

pathway of 4-MDI mu\ bc through R:-acrtylation. 
If ~ch ~21s the c;w. il wo~~ltl be important to tat 

to what extent N-acetj I.4O-meth~ Idopaminc i\ ‘I sub- 

strate for amine ouida\c and tIiu\ for thr: fat-mation 

af iso-HVA (dicta\ 3-O-mcth) Idop;m~inc almost u\- 

clusi\cly leads to HV.Al. Thus is of inkrest as UC know 

that iso-HVA is prcsen( in brain [9] and in body 

fluids such its urine md ccrcbrozpinal Iluid 

16, 8. 9. 311 and that ~~~/~.~f-O-mc.(h~lation of ciopamine 

may be implicated 111 wmc ncuropz!chia~ri~ dis- 

orders. It has been claimed tb;il \+ bile 3.4~dimcthoxy- 

phenylcthylaminc produces hypohincsis in rat< and 
has pharmacological ell’ccts in dhcr speck. its !Y- 

acetylated deri\ati\c ih ten tmws more potent than 
the amine in prodwin these etl’ccts 132. 331: ccuitr:tr- 

ily in man .v-acct! latcci mcscalinc and ,Y-acctyI.Ji- 

methox4phen~lethqlamine arc non-hallucinogcrli~ and 

inactive. rospecti\elj. cumpai-ed with mescaline and 

diiiiethox~phcii~l~t11~l~i~minc 134. 351. 
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