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Abstract—N- Acelyl 4-0-methyldopa was identified as a major urmdry mclabolne of L-4-O-methyldopa,

ed in man after oral and

The atahalite re in rat
1 g uuualv metaoonies were examined i man ane

UU\ll lll mdan dlll_l in th ldl
after intraperitoneal administration of L-4-0-methyldopa, L-3-O-methyldopa, 1-dopa and N-acetyl.4-O-
methyldopa. 4-Mdopa was found to be converted mainly to N-acetyl4-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) derivatives 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-acetyl4-O-methyldopa after the i-dopa
loads shows that L-dopa is not 4-O-methylated and therefore that 4-O-methyldopa is not, or only
in a minute amount if any. an in rvivo metabolite of L-dopa. N-Acetyl4-Mdopa administration to
rats resulted in excrction of the compound almost unchanged. These results agree with a previous
suggestion by the authors of partly distinct metabolic routes for the O-methyl catecholamines according
to whether the methyl group is bound on the meta or on the pura position and raises the guestion
as to wWhat extent iso-HVA levels in body fluids are representative of a para-O-methylation of dopamine,

implicated in neuropsychiatric disorders,

Recently, Mathieu et al. studied the urinary vanyl
(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 [1]. Following 1-4-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 1, 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 appeuared
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 O-methyl
catecholamines according to whether the methyl
group was bound on the meta or on the para position.
Confirming this suggestion. we now report the
identification of this unknown iso-vany! urinary meta-
bolite of 4-Mdopa and present some different aspects

Abbreviations: 3-Mdopa. 4-Mdopa = t-3- and 1-4-0O-
methyldopa; HVA = 4-hydroxy.3-methoxyphenylacetic
acid, homovanillic acid: iso-HVA = 3-hydroxy.4-methoxy-
phenylacetic acid, homo-iso-vanillic acid; N-Ac4-Mdo-
pa = N-acetyl4-O-methyldopa: VLA, iso-VLA = vanyl-
and iso-vanyllactic acid: 4-MDA = 4-O-methyldopamine.

+ From the Département de spectrométric de masse et
de spectroscopie infra-rouge. Laboratoire de chimie analy-
tique, Faculté de Médecine ¢t Pharmacie. Lyon, France.
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of the excretion of vanyl and iso-vanyl compounds
in man and rats.

EXPERIMENTAL

Reugents. 1-3- and L-4-O-methyldopa were the
generous gifts of Hoffmann-LaRoche, Basle (Switzer-
land) and Weiders Farmasoytiske a/s, Oslo (Norway).
Homo-iso-vanillic acid was synthesized according to
a previously described procedure [6]. The prep-
aration of N-acetyl4-O-methyldopa was carried out
by N-acetylation of 4-Mdopa. according to Kemp
[7]: 4-Mdopa (50 mg) 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 1, 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 (8:1:1) as solvent. N-Ac4-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.

Assays on rats. Assays were performed according
to the procedure previously described in detail by the
authors [1]. 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/100 g body
wt) to albino. Sprague-Dawley strain, rats of both
sexes. were collected in HCl (I'ON, 2ml) in glass
metabolic cages. The phenolic acids were extracted
with ethyl acetate and separated by bi-dimensional
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paper chromatography (see Fig. 1). The spots were
detected by u.v. light (230 nm) and diazotized para-
nitroaniline. As the vanyl and iso-vanyl isomers exhi-
bit identical chromatographic mobilities (R, values).
elution and re-chromatography of their azo-deriva-
tives. according to Mathieu er ol [8.9], was useful
for their sepuration and identification. The amines
were determined according to Kakimoto and Arm-
strong [10].

In order to get a sufficient amount of the unknown
urtnary metabolite  following 4-Mdopa  administ-
ration. the 24 hr urine of three rats loaded with
4-Mdopa was pooled, extracted and submitted to pre-
parative chromatography on Whatman 3 MM paper.
previously wuashed with acetic acid. using: isopro-
panol-acetic acid water (8:1:1) as solvent. ascending
development. The compound was cluted from the
paper with cthyl acctate and. after evaporation of the
solvent, submitted to mass spectrometry (AET MS 902
mass spectrometer) and infrared spectroscopy (Perkin
Flmer instrument, model 452). Mass and infrared
spectra of the parent compound 4-Mdopa were first
recorded for comparison.

Human assavs. Fasting healthy adult volunteers re-
ceived orally either 4-Mdopa (500 mg, three assays),
3-Mdopa (500 mg. three assays) or L-dopa (3 g, three
assays). The 24-hr urines were collected (in one case
after 1-dopa. at different time intervals: 0-3 hr, 3 6
hr. 6 9 hr. 9-12 hr and 12 24 hr) and analyzed by
paper chromatography as outlined above.

Enzymatic hydrolysis of the urine (from man and
rats) was done with a preparation of f-glucuronidase
arylsulfatase from Helix pomatia (Industric Biologi-
que Francaise. 92-Gennevilliers. France). 10 ml of
urine was adjusted at pH 5 52 with a 10", KHCO,
aqueous solution. then 1 ml of 1-0 M acctate bufler.
pH 52 and (-1 ml of the enzyme preparation were
added. The mixture was incubated at 37 for 24 hr.
Absence of catecholamine metabolites in the enzyme
preparation was checked by paper chromatography.

The metabolites HVA, iso-HVA, VLA and N-Ac4-
Mdopa were estimated quantitatively as previously
described [1]. by visual comparison with standards
(from 0-05 to 20 pug) chromatographed in the same
way as the biological extracts. Aliquots of the urinary
extracts were measured within the standard range.

RESULTS AND DISCUSSION

Identification of the unknown urinary metabolite: of
L-4-O-methyldopa. Mass spectra were recorded at an
electron energy of 70¢V, an accelerating voltage of
8 kV and an ionizing current of 100 gA. The sample
temperature was 150 . The mass spectrum of 4-Mdo-
pa shows the presence of 4 molecular ion peak at
mse 211 and fragment ion peaks at nyje 166, 137, 122,
94, corresponding to the fragmentation pattern shown
in the upper part of Fig. 2. The mass spectrum of
the unknown metabolite shows the presence of a mo-
lecular ion peak at m/e 253 and fragment ion peaks
at mie 236, 208, 194, 179, 166, 137, 122, 94. The find-
ing of an increasc of 42 am.u. in the value of the
molecular ion in relation to 4-Mdopa. as well as the
occurrence of fragment ions at m'e 43 and m'c 194
(corresponding to M* —59) were consistent with the
hypothesis that the unknown metabolite was the
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Fig. 1. Chromatographic location of the main phenolic
acids with vanyl and isovanyl structures following intraper-
itoncal administration to the rat of L-3-methvldopa and
of r-d4-methyvldopa.  Bidimensional  chromatogram  on
Whatman No. 20 paper: solvent 1. isopropanol ammonia
water (8:1:1. by voly descending development: solvent 2.
benzene propionic acid water (100:70:4. by voly ascend-
g development. Spots were detected under v light
(254 nm) and with diazotized p-nitroaniline. 8 = vanillic
acid (violet) after 3-Mdopa load: 9 = homovanillic acid
{grev-blue) and homo-iso-vanillic acid (violet): 10 = vanyl-
tactic acid (greyv-blue) alter 3-Mdopa load and iso-vanylluc-
tic acid (violet). traces after 4-Mdopa load: 13 = vanyvi-
mandelic acid (violet) after 3-Mdepa load and iso-vanyl-
mandelic (violet), traces after 4-Mdopa load: 19 = un-
known iso-vanyl compound (violet) after 4-Mdopa foad.
traces of the vanyl counterpart (grev-blue) after 3-Mdopa
load. Outlined spots and corresponding numbers = usual
frec phenolic acids in rat urine. as previously deseribed
and listed by the authors [1 5]

N-acetylated derivative of 4-Mdopa. This was con-
firmed by high resolution mass determinations of
the fragment ions at mie 253, 194, 179 and 166, the

values of which were 253.095794.  194.058203.
179.034529 and 166.087194 respectively. correspond-
ing to the clementary formulas C,H;sNOs,

C,0H [4O4. CyH-0, and CoH{,NO,. Identical mass
spectrometric data were obtained with authentic
N-Ac4-Mdopa. The fragmentation pattern of N-Ac4-
Mdopa is presented in the lower part of Fig. 2.

Infrared spectroscopy of the unknown metabolite and
of authentic N-Ac4-Mdopu conlirmed the identity of
the two compounds. It can be concluded. therefore.
that spot No. 19 on the chromatogram following 1.-4-
O-methyldopa administration to rats (Fig. 1) is the
N-acetyl derivative of the amino acid.

Urinary iso-vanyl metabolites following 1.-4-O-meth-
Vidopa, 1-3-O-methyldopa. 1-dopa and N-ucetyl4-0-
methyvldopa loads in man and in rats. The urinary pat-
terns of the metabolites found after the different loads
to man and rats are presented in Table 1. In rat
following intruperitoneal administration of 4-Mdopa.
the urinary output of N-Ac4-Mdopa. excreted wholly
unconjugated. was about t 4 of that of 1so-HVA.
while 1s0-VLA wus estimated to be less than 110 of
iso-HVA. Neither iso-vanylpyruvic acid. nor the
amino acid (4-Mdeopa) itself was detected. Following
the 3-Mdopa loads. the relatively poor excretion pat-
tern of the drug and its metabolites is in agreement
with other reports [ 11, 12.13]. In addition 1o the’
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Fig. 2. Fragmentation patterns proposed for 4-O-methyl-

dopa (upper part) and for N-acetyl.4-O-methyldopa (lower

part). Asterisks indicate metastable peaks. The appearance

of the M™"-539 ion by loss of a ncutral fragment

NH,-CO -CHj results from a MacLafferty fragmentation
process with @ proton rearrangement.

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

N-Acetyl4-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 different routes
of administration. oral administration favouring an
increased formation in the liver, rather than to a spe-
cies difference. Tyce [14] noted, in liver perfusion ex-
periments, a significant production of N-acety! deriva-
tives of dopamine. Enzymatic hydrolysis of the urine.
with f-glucuronidase-arylsulfatase from Helix poma-
tia, resulted in an increase in the N-Ac4-Mdopa level
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giving evidence of partial conjugation of the com-
pound on the 3-hydroxy group. The ratio of free:total
N-Ac4-Mdopa in urine was about 3:4. Very small
amounts of iso-VLA. but no iso-vanylpyruvic acid
was detected. The amino acid (4-Mdopa) however was
seen on the chromatograms. Following 3-Mdopa ad-
ministration to man the results were similar to those
from rats, with poor excretion of the metabolites,
compared with the elimination after the 4-Mdopa and
the 1-dopa loads. Traces of N-Ac.3-Mdopa were al-
ways found after 3-Mdopa administration in human
subjects.

Thus. the main difference between 4-Mdopa and
3-Mdopa metabolism is that 4-Mdopa is mainly con-
verted to N-Ac4-Mdopa and iso-HVA with very little
to the corresponding pyruvic and lactic acids whereas,
3-Mdopa is metabolized 1o its pyruvic, lactic and ace-
tic derivatives and almost not acetylated. Since 1t is
gencrally accepted that the slow metabolism of
3-Mdopa is a consequence of being a poor substrate
for dopa decarboxylase [15,16]. the formation of
VLA takes place after transamination to vanylpyruvic
acid [16,17]. Our results suggest, in addition. that
the 3-hydroxy.4-methoxy group (the iso-vanyl struc-
ture) prevents transamination and therelore that N-
acetylation represents an alternative metabolic path-
way.

We suggested previously {17 that, due to the lack
of any iso-vanyllactic acid on our chromatograms flol-
lowing intraperitoneal administration of 1-dopa to
rats, both L-dopa and its catabolic derivatives leading
to VLA (ic. 34-dihydroxyphenylpyruvic and 3.4-di-
hydroxyphenyllactic ucids) do not undergo pura-O-
methylation, and thercfore that it was unlikely that
4-Mdopa would be an in rivo metabolite of 1-dopa.
From the present results, which show that iso-VLA
is only a very minor whereas N-Ac4-Mdopa is a
major derivative of 4-Mdopa. it appears that our pre-
vious discussion was erroneous but that its conclusion
remains true. due to the absence of N-Ac4-Mdopa
on the chromatograms from rats given L-dopa. Also
in man N-Ac.4-Mdopa was not detected in 24-hr ur-

Table 1. Urinary metabolites of L-4-O-methyldopa. 1-3-O-methyldopa, 1-dopa and N-acetyl4-O-methyldopa in man
and in rat

Amine Noacetylated Corresponding — Corresponding Homovanitlic Homuo-iso- Corresponding
Substance acid amine acid pyruvic acid lactic avid acid vanillic avd Dopuc amine
Assuys on rats
4-Mdopa 8] + - (4 Q <y o e 0 il
3-Mdopa + - i s BRI [ 0 [
1-Dopa (4 0 (BN i — e IR S S - - (]
N-Acd-Mdopa ) - (2h 0 i} [N 1l :
Human assays
4-Mdopa + 1o (ReS)F 0 + (05 (R BN [§] t
3-Mdopa - (-2 + EEE RN PSS 0 0 =
L-Dopa + v (+) (-1 toror 20 -2 - AR

Assays on rats. All compounds were given by intraperitoneal injection, at a dose of 1 mg100¢ body wt. Each

assay was done in duplicate,

Human assays. All compounds were given orally: 4-Mdopa and 3-Mdopa at a dose of 500 mg. 1-dopa at a 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 detected:
(+) = traces: + = present to + + -+ = larger amounts. Numbers in parentheses indicate recovery levels of some of

the main metabolites, in per cent of the compound given.
* Total recovery: free + conjugated.

A ‘rlq one assay N-acetyl4-O-methyldopa and N-acetyl3-O-methyldopa were detected in urine 69 hr following the
ingestion. The total level of both compounds was less than 0-1 per cent of the given 1.-dopa.
I N-Acetyl4-O-methyldopamine: standard in course of synthesis.
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ine samples following L-dopa administration. When
urine was collected at various time intervals, N-Ac.3-
Mdopa + N-Ac4-Mdopa. both at a very low level
(sec Table 1) were detected in the 6-9 hr post-inges-
tion urine. This observation. which indicates possible
formation in man of a minute amount of 4-Mdopa
from L-dopa, when given orally. is to be compared
with the finding of Karoum ¢ al. that the VLA out-
put after L-dopa administration reaches its maximum
in the same 6-9 hr urine sample. due to the slow me-
tabolism of 3-Mdopa formed from r-dopa [18].

N-Acetylation of normally occurring  aromatic
amino acids (phenylalanine. tyrosine, histidine) as well
as foreign aromatic amino acids is a well known path-
way in mammals [19.20.217. but even aliphatic
amino acids, like cystathionine in cystathioninuria,
can be acetylated [22]. Different N-acetylated amines
have also been detected in urine from patients with
pheochromacytoma. neuroblastoma and carcinoid tu-
mors as well as after mescaline and dopa loads or
monoamine oxidase inhibitors [23,29]. However. we
do not know whether the N-acetylated amino acids
can be decarboxylated or the N-acetylated amines can
be deaminated before N-deacetylation.

In this study (see Table 1), N-acetyl4-O-methyldo-
pa administration to the rat resulted in an excretion
of the compound mostly unchanged, being almost
four times greater than that of iso-HVA T iso-VLA was
not detected on the chromatograms. This indicates
that the N-acetytated amino acid is not transaminated
and 1s, in addition, a poorer substrate for dopa decar-
boxylase than the O-methylated compound. With re-
spect to the increase in iso-HVAL it is not possible
to state whether it accounts for a partial decarboxyla-
tion and further N-deacctylution of N-Ac4-Mdopa
to give 4-O-methyldopamine (4-MDA) and iso-HVA,
or if the N-acetylated amine (i.c. N-acetyl4-O-methyl-
dopamine formed through decarboxylation of V-
Ac4-Mdopa) itself may be deaminated. being a sub-
strate for somce of the amine oxidases.

Evidence has alrcady been given that 4-MDA may
be formed in rvitro from dopamine with purified cate-
chol-O-methyltransferase [30] as well as in vivo in
man [31]. In similitude with 4-Mdopa. a possible
pathway of 4-MDA may be through N-acetylation,
If such was the case. it would be important to test
to what extent N-acetyl4-O-methyldopamine is a sub-
strate for amine oxidase and thus for the formation
of iso-HVA (whereas 3-O-methyldopamine almost ex-
clusively leads to HVA). This is of interest as we know
that iso-HVA is present in brain [9] and in body
fluids such as urine and cerebrospinal  fluid
[6.8.9.317 and that para-O-methylation of dopamine
may be implicated in some neuropsychiatric  dis-
orders. It has been claimed that while 3.4-dimethoxy-
phenylethylamine produces hypokinesis in rats and
has pharmacological eflfects in other species. its N-
acetylated derivative is ten times more potent than
the amine in producing these effects [32, 33]: contrar-
ily in man N-acetylated mescaline and N-acetyldi-
methoxyphenylethylamine arc non-hallucinogenic and
inactive. respectively, compared with mescaline and
dimethoxyphenylethylamine [34. 35].
Acknowledgement s
Miss G. Girard. Miss A, Alix and Miss R. Langscth is
gratefully acknowledged. This work was partly financed

The excellent technical assistance of

by the Institut National de la Santé et de la Recherche
Mcdicale. Paris, Contract No. 72-4-105-%.

REFERENCES

1. P. Mathieu. J. C. Charvet and 1. Grefle, Biochem. Phar-
mac. 24, 43 (1975),
2. I Kuruma. G. Bartholini. R. Tissot and A. Pletscher,
Clin Pharmae, Ther. 12, 687 11971).
. G. Bartholini, I. Kuruma and A. Pletscher. J. Pharmac.
exp. Ther. 183, 65 (1972).
4. M. Sandler, Scinveiz. med. Wsche, 100, 526 (1970

[

5. O. Borud. T. Midtvedt and L. R, Giessing, Acta phar-
mac. tox. 30, 185 (1971).
6. . Mathicu and 1. Revol. Bull. Soc. Chim. hiol. 52,

1039 (1970).

7. W. Kemp, in Practical Organic Chemistry, p. 36, Me-
Graw-Hill, London (1967).

% P. Mathieu. L. Revol and P. Trouillas, J. Neurochem.
19, 81 (19721

9. P. Mathieu. J. C. Charvet. G6. Chazot and P, Trouillas,
Clin. chim. Acta 4105 (1972).

10. Y. Kakimoto and M. D. Armstrong. J. hiol. Chem. 237,
208 (1962).

11. A. Pletscher, G. Bartholint and R. Tissot, Brain Res.
4, 106 (1967).

12. G. Bartholini and A. Pletscher. J. Pharmac. exp. Ther.
161, 14 (196X).

13, M. Sandler. in Catecholamines (Eds. H. Blaschko and
[. Muscholl) p. 876. Springer-Verlag. Berlin (1972).

14. G. M. Tyce. Biochem. Pharmac. 20, 3447 (1971).

. R. Ferrini and A. Glasser, Biochem. Pharmac. 13, 798

(1964).
16. M. Sandler. in Cutecholamines, op. cit., p. 877.
17. G. Bartholini. I. Kuruma and A. Pletscher, Br. J. Phar-
mac. 40, 461 (1970).
I8, F. Karoum. S. Poliakoft, €. R. J. Ruthven and M.
Sandler (1971) quoted in M. Sandler. Catecholamines,
op. cit. p. 876.
19. 1. Knoop and 1. G. Blance. Z. Physiol. Chenm. 146,
267 (1925

. 1. Smith. ). W T, Scakins and J. Daymann. in Chromu-
tographic and Electrophoretic Technigues (Ed. 1. Smith)
Vol. L pp. 364 389, W. Heinemann Lid.. London
(1969).

21, R, T, Willtams. in Detoxication Mechanisms. 2nd Ed.,
Chapman and Hall. London (1959).

22 H. L. Levy. S. H. Mudd. B. W. Uhlendorf and P. M.,
Madigan. Clin. chim. Acta S8, 51 (1975).

23, . F. Sckeris and P Herrlich, 7. phvsiol. Chem. 331,
289, (19630

24, 0. Borud and 1. R, Gjessing. Scand. J. clin. Lab. In-
rest. 250 251 (1970).

250, Borud and 1. R, Giyessing. Clin. chim.
S32 (19700

26, V. E. Davis. . L. Cashaw. 1. A, Huft und H. Brown,
Proc. Soc. exp. Biol. N.Y. 122, 890 (1966).

27. V. L. Davis, H. Brown, J. A, Hull and J. L. Cashaw,
J.oLab. clin. Med. 69, 132 (1967).

28, N. Seiler and 1. Demisch. Biochem. Pharmac. 23, 273
11974).

29, L. I. Riceberg, M. Simon. H. Van Vunakis and R, H.
Abeles. Biochem. Pharmac. 24, 119 (1975).

30. ). Axclrod, Pharmac. Rer. 18, 95 (1965).

31, L. P. O'Gorman, O. Borud. I A, Kahn and L. R.
Gjessing. Clin. chim. Acta 29, 111 (1970).

32 1 W. Schwettzer and A. J. Friedhoft. Biochem. Phar-
mac. 15, 2097 (1966).

33. A. 1 Friedhofl and 1. W. Schweitzer, Dis. nert. Svst.
29, 455 {1968,

34. N. Seiler and L. Demisch. Biochem. Pharmac. 23, 273
(1974).

35, L. J. Riceberg. M. Simon. H. Van Vunakis and R. H.
Abcles. Biochem. Pharmac. 24, 119 (1975).

2

deta 27,



