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SUMMARY

WATERHOUSE, MARILYN J., CHIA, YUET CHING, & LEES, G. J. (1979) Inhibition of
human and rat hepatic aminotransferase activity with Dopa by inhibitors of periph-
eral aromatic amino acid decarboxylase. Mob. Pharmacol. 15, 108-114.

Dopa aminotransferase activity in homogenates of human or rat liver was inhibited in

vitro by MK 486. With the enzyme from rat, inhibition was more marked when a-
ketoglutarate was used as the amino group acceptor rather than phenylpyruvate. In
concentrations up to 30 /LM, NSD 1055 but not Ro 4-4602 also inhibited Dopa aminotrans-
ferase. All three drugs inhibited aromatic amino acid decarboxylase more effectively than
Dopa aminotransferase. The degree of inhibition of Dopa aminotransferase activity by

MK 486 was not affected by the pH of the assay. The inhibition could be overcome by
high concentrations of pyridoxal phosphate. In vivo, Ro 4-4602, but not MK 486 caused
an increase in the hepatic levels of Dopa-a-ketoglutarate and tyrosine-a-ketoglutarate
aminotransferase activities in male rats. These drugs had little effect on the corresponding
activities in female rats and no significant increase in the aminotransferase activities
occurred when phenylpyruvate was used as the amino group acceptor.

INTRODUCTION

In mammalian tissues alternative path-
ways exist for the metabolism of L-3,4-di-
hydroxyphenylalanine (Dopa). These in-
dude 0-methylation, transamination and
decarboxylation. Of these pathways, decar-
boxylation of Dopa by aromatic amino acid
decarboxylase (EC 4.1.1.26) is the most im-
portant, even after administration of large
amounts of additional L-Dopa during the
treatment of Parkinsonism (1, 2). More re-
cently Parkinsonism has been treated by a

combination of L-Dopa and peripheral de-
carboxylase inhibitors such as MK 486
(Carbidopa, a-methyl-a- hydrazino -3,4-
dihydroxyphenylpropionic acid monohy-
drate) or Ro 4-4602 (Benserazide, N1.[DL-
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seryl]-N2-[2,3,4]trihydroxybenzylhydra-
zine). Under these conditions a large pro-
portion of Dopa is metabolized by trans-

amination in man (3) and monkey (4).
Transaminations between Dopa and keto

acids in liver have not been studied in great

detail, although tyrosine aminotransferase
(EC 2.6.1.5) can catalyze such reactions (5).
The purpose of this study was to evaluate
the effects of peripheral decarboxylase in-
hibitors on the transamination of keto acids
by Dopa in vitro and to compare the re-
sulting inhibition with that of aromatic
amino acid decarboxylase.
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MATERIALS AND METHODS

Preparation of homogenates. Sprague-
Dawley rats (160-260 g, Middlemore Hos-
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pita!, Auckland, New Zealand), were decap-

itated, and a portion of the liver excised,
weighed and homogenized in 9 volumes of
glass-distilled water in a ground glass ho-
mogenizer. Where indicated 1 ml of liver

homogenate was dialyzed overnight at 4#{176}
against 1 litre of 0.1 M sodium phosphate
buffer (pH 7.0), with and without cysteine

(50 mi�i) and 2-mercaptoethanol (20 m’vi).

When homogenates were dialyzed over-
night, rats were killed between 1500 hr and
1700 hr. Otherwise, killing occurred be-
tween 1000 hr and 1100 hr. Samples of
human liver were obtained by biopsy and
immediately placed on ice. The samples

were then either stored for 16 hr at -20#{176}or
were homogenized in a microhomogenizer
and assayed immediately.

Enzyme assays. Aminotransferase activ-
ity with Dopa was assayed by measuring
the production of [‘4C]dihydroxyphenyl-
pyruvate from L-[3-’4C]Dopa. The reaction
mixture contained (unless otherwise mdi-
cated) 0.76 �tmole N-tris (hydroxymethyl)
methylglycine (tricine) (pH 8.5), 32.4 nmole
L-[3-’4CJDopa (0.69 �tCi/�zmole), 5 nmole

sodium phenylpyruvate, 0.76 nmole pyri-
doxal phosphate, and 7 nmole pargyline in

a volume of 7 �tl. Where indicated sodium
phenylpyruvate was replaced by 50 nmole

disodium a-ketoglutarate. The enzyme was
preincubated for 5 mm at 37#{176}with varying
concentrations of inhibitor (in a ratio of 1
vol enzyme to 3 vol inhibitor) and 4 p1 of
this mixture was added to the reaction mix-
ture. (1 �tl of liver homogenate contained 20
�g protein.) The reaction was assayed and
products analyzed as described previously

(6). The assays for Dopa aminotransferase
activity (using either a-ketoglutarate or
phenylpyruvate) showed linear increases
with increasing protein concentration and

times of incubation up to 30 mm. Thus
oxidation of Dopa at the relatively high pH

employed is not a problem. MK 486 is also
a catechol and could be oxidized at pH 8.5.
However, the effectiveness of MK 486 as an
inhibitor was the same in assays incubated
for 15 mm instead of 30 mm. All inhibitors
were made up in boiled distilled water on

the day of use. Inhibition of Dopa amino-
transferase activity was markedly reduced
with aged solutions of MK 486.

Tyrosine aminotransferase was assayed

as described previously (6) using either 50
zmole sodium a-ketoglutarate or 20 .tmole

sodium phenylpyruvate.
For the assay of aromatic amino acid

decarboxylase, the reaction mixture ordi-
narily contained 1.25 �.tmole imidazole ace-
tate (pH 6.6), 6.25 nmole ethylenediamine
tetraacetic acid (pH 7.0), 1.25 nmole pyri-
doxal phosphate and 12.5 nmole L-

[1-’4C]Dopa (5.9 �tCi/j.tmole) in a volume of
7 p1. When the enzyme was preincubated
with pyridoxal phosphate (5 mm at 37#{176})no
additional pyridoxal phosphate was added
to the reaction mixtures. Assay tubes were

cooled on ice during the addition of 4 �il of
the enzyme/inhibitor mixture described
above. The tubes were sealed with rubber

serum caps through which was suspended
a nickel-chromium wire attached to a glass
well containing a piece of filter paper
soaked in 10 �.d Protosol. After incubation
at 37#{176}for 20 mm, the tubes were returned
to the ice bath while 25 jd of 20% TCA were
added through the cap by a Hamilton sy-
ringe. The decarboxylase assay was linear
with increasing protein concentration and
time of incubation up to 20 mm. The CO2
released by the acid was trapped in the
Protosol during a further incubation of 3 hr

at 37#{176},or overnight at 4#{176}.A 98% recovery
of ‘4CO2 was obtained. The glass wells were
removed and placed in 10 ml scintillation

fluid containing 5 g 2,5-diphenyloxazole, 0.1
g 1,4-bis[2(5-phenyloxazolyl)Jbenzene and
5 ml absolute ethanol per litre of toluene.
Radioactivity was determined by counting
the vials for 10 mm in a Packard Tri-carb

Liquid Scintillation Spectrometer, Model
3320, with a window setting of 60 to 1000

and a gain of 5%. The counting efficiency
for ‘4C was 83%. All determinations were

done in triplicate. The protein concentra-
tions in homogenates of liver were mea-
sured by the method of Lowry et al. (7). In
studies in vivo, rats were injected intraper-
itoneally with 0.9% saline (for the controls)
or with drugs at the appropriate concentra-
tion in 0.9% saline.

Materials. L-[1-’4C]Dopa and L-[3- ‘4C]-
Dopa were obtained from The Radiochem-
ical Centre, Amersham, Bucks., England.

Protosol was obtained from Consolidated
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FIG. 1. Inhibition of Dopa aminotransferase ac-

tivity and aromatic amino acid decarboxylase in

homogenates of human and rat liver by inhibitors of

aromatic amino acid decarboxylase.

The reactions were carried out as described in

METHODS. The final concentrations of inhibitors in the

reaction mixtures are plotted on the abscissa (concen-

trations of inhibitors in the preincubation mixtures

were 2.75 times higher). Initial activity was determined

using homogenates preincubated with water in place

of inhibitor. Error bars give the SEM of 3-5 determi-

nations. (A) Inhibition of enzymic activities by MK

486. Dopa aminotransferase activity with undialyzed

homogenates of rat liver at pH 8.2 using phenylpyru-

Nucleonics Pty. Ltd., Waterloo, N.S.W.,
Australia. All other compounds were of the

highest purity commercially available. The

inhibitors MK 486 (Carbidopa) and Ro 4-
4602 (Benserazide) were kindly donated by
Frosst, Merck, Sharp & Dohme (New Zea-.
land) Ltd., Auckland, and Roche Products
Pty. Ltd., Auckland, New Zealand, respec-
tively. 3-Hydroxy-4-bromobenzyloxyamine
dihydrogen phosphate (NSD 1055) was
purchased from Smith & Nephews (Herts.,
England).

RESULTS

Inhibition ofDopa aminotransferase ac-

tivity and aromatic amino acid decarbox-

ylase by MK 486. The inhibition of amino-
transferase activity with Dopa and aro-
matic amino acid decarboxylase by MK 486
in vitro was examined at pH values at
which the enzymes showed optimum activ-
ity (8.2 and 6.6 respectively) (Fig. la), and
also at a common pH of 7.1. Although en-
zymic activities were lower at the common
pH, the relative effectiveness of MK 486 as
an inhibitor of the two enzymes was un-
changed. Over the concentration range

used MK 486 was a stronger inhibitor of
the decarboxylase than the aminotrans-
ferase. At a final concentration of MK 486
of 0.27 � Dopa-phenylpyruvate amino-
transferase activity from rat liver was not
inhibited while aromatic amino acid decar-
boxylase was inhibited by approximately
80%. A higher concentration of MK 486 of
27 /LM resulted in a 70% inhibition of this
aminotransferase.

MK 486 was 7-fold more effective (EDse
= 2.1 ± 0.5 /.LM, n = 4) as an inhibitor of rat

liver Dopa aminotransferase activity when
a-ketoglutarate (50 nmole) replaced phen-
ylpyruvate (5 nmole) as the keto acid (Fig.

vate (0), or a-ketoglutarate (#{149})as acceptors, or human

liver homogenates using a-ketoglutarate as acceptor

(Li). Aromatic amino acid decarboxylase activity at pH

6.6 in undialyzed homogenates of rat liver (0). (B)

Inhibition of enzymic activities by Ro 4-4602 or NSD

1055. Dopa-phenylpyruvate aminotransferase activity

after preincubation with Ro 4-4602 (0) or NSD 1055

(#{149}).Dopa-a-ketoglutarate aminotransferase activity

after preincubation with Ro 4-4602 (�) or NSD 1055

(A). Aromatic amino acid decarboxylase activity after

preincubation with Ro 4-4602 (0) or NSD 1055 (U).
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* p <0.01 vs. controls (two-tailed Student’s t).

p < 0.001 vs. controls (two-tailed Student’s t).

la). The difference in effectiveness of MK

486 as an inhibitor was not due to a pref-
erential reaction of MK 486 with either of
the keto acids. Preincubation of MK 486

with the keto acids (30 mm at 37#{176})did not
alter the inhibitory properties of MK 486.
However activity with a-ketoglutarate was
only about half that obtained with phenyl-
pyruvate (Table 1). On the other hand,

Dopa aminotransferase activity in human
liver was about 8-fold more active with a-
ketoglutarate (197 ± 39 nmole x hr1 x mg

protein’, n = 5) than with phenylpyruvate
(22.8 ± 6.4 nmole x hr� x mg proteiif’, n

= 4). It was also more sensitive to inhibition

by MK 486 than the enzyme from rat liver
(ED� = 0.40 ± 0.10 /AM, n = 3; Fig. la).
Dopa-a-ketoglutarate aminotransferase ac-

tivity in homogenates of human liver was
unstable at 0#{176}.Between 36% and 46% of its
initial activity was lost within 1 hr at 0#{176}.
Dopa aminotransferase activity in rat liver
was comparatively stable over this period
when assayed with either phenylpyruvate
(99.4 ± 4.5%, n = 6, of initial activity) or
with a-ketoglutarate (85.0 ± 8.3%, n = 6, of
initial activity).

The inhibition of aminotransferase activ-

ity by MK 486 did not appear to be due to

a reaction between MK 486 and pyridoxal
phosphate. Dialysis of homogenates of rat
liver against phosphate buffer, or against

phosphate-cysteine buffer, did not alter the
effectiveness of MK 486 as an inhibitor of
Dopa-phenylpyruvate aminotransferase ac-

tivity. Its effectiveness was also unaltered
if pyridoxal phosphate was eliminated from
the reaction mixtures. On the other hand,
at high concentrations of pyridoxal phos-
phate (0.35 mM) the inhibition caused by 27
�LM MK 486 could largely be reversed (from
72% to 14% inhibition).

Kinetics of the inhibition of Dopa ami-

notransferase activity by MK 486. Dopa
aminotransferase activity in homogenates
of rat liver exhibited Km values for Dopa of

4.6 ± 0.4 mM (n = 5) and 1.7 ± 0.4 mr�i (n
= 5) when assayed in the presence of 0.4
mM phenylpyruvate or 2 nmi a-ketogluta-
rate respectively (Fig. 2). Inhibition by MK
486 was competitive with Dopa when the
aminotransferase was assayed with phen-
ylpyruvate (K1 = 5.3 �.tM) (Fig. 3). Homoge-
nates of rat liver pretreated with 75 �zM MK
486 recovered 99% and 86% of the Dopa-
phenylpyruvate and Dopa-a-ketoglutarate

TABLE 1

Effect ofMK 486 and Ro 4-4602 in vivo on DOPA and tyrosine aminotransferase in male and female rats

Rats were injected intraperitoneally with 0.9% saline, MK 486 (50 mg/kg), or Ro 4-4602 (50 mg/kg) at 0900

to 1000 hr and sacuificed 5 hr later. The activity of the aminotransferases was assayed as described in Methods

except that the reaction volume was 13 .tl. Values represent means ± SEM for the number of determinations

given in parentheses.

Aminotransferase activity

Drug injected Female Male
Keto acid
acceptor: a-Ketoglutarate Phenylpyruvate a-Ketoglutarate Phenylpyruvate

nmole x hr x rng protein’

DOPA aminotrans-

ferase activity

Saline (control) 35.3 ± 4.2 (22) 142 ± 10 (15) 59 ± 11(15) 132 ± 10 (12)

MK 486 43.3 ± 8.6 (8) 139 ± 6 (4) - 155 ± 12 (4)

Ro 4-4602 62.5 ± 6.8 (12)* 140 ± 7 (6) 165 ± 25 (14)** 131 ± 2 (13)

Tyrosine amino-

transferase

activity

Saline (control) 268 ± 21(20) 119 ± 8 (15) 414 ± 30 (14) 106 ± 5 (14)

MK486 291± 34(8) 139±6(4) 263±24(8)** 74±3(4)**

Ro 4-4602 283 ± 36 (8) 111 ± 4 (6) 725 ± 72 (14)’ 121 ± 6 (14)
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FIG. 2. Dopa aminotransferase activity in homogenates of rat liver plotted as a function of Dopa concen-

tration.

The reactions were carried out as described in METHODS. Activity in the presence of 2 mM a-ketoglutarate

(0) or 0.4 mM phenylpyruvate (#{149}).Inset: Lineweaver-Burk plot of the results. Lines of best-fit were drawn after

linear regression analysis.

‘/DOPA (mM1)

FIG. 3. Inhibition of Dopa aminotransferase activity by MK 486 plotted as a function of Dopa concentration.

Results are plotted according to the method of Lineweaver and Burk. Lines of best-fit were drawn after

linear regression analysis. The reactions were carried out as described in METHODS except that MK 486 was not

preincubated with rat homogenates. Activity with 0.4 mM phenylpyruvate (0) and 0.4 nmi phenylpyruvate with

1.5 �LM (#{149})and 3 �M (�) MK 486.
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aminotransferase activities respectively
when dialyzed against 0.1 M sodium phos-

phate buffer (pH 7).
Effect of Ro 4-4602 and NSD 1055 on

enzymic activity. Two other inhibitors of
aromatic amino acid decarboxylase were
tested as inhibitors of rat liver Dopa ami-
notransferase activity. The enzyme was lit-

tle affected by Ro 4-4602 at concentrations
up to 30 ,�M, whereas NSD 1055 was as
effective as MK 486 (Fig. lb). Both drugs
were equally effective as MK 486 as inhib-
itors of aromatic amino acid decarboxylase.

Ro 4-4602 was also a poor inhibitor of hu-
man liver Dopa-a-ketoglutarate amino-
transferase activity (15% inhibition by 27

�LM Ro 4-4602).
Effects of MK 486 and Ro 4-4602 on

enzyme levels in vivo. The effects of MK
486 and Ro 4-4602 in vivo on Dopa amino-
transferase activity also were determined.
Within 5 hr after injection, Ro 4-4602 in-

creased the levels of Dopa-a-ketoglutarate
aminotransferase activity nearly 3-fold in
male rats. A smaller effect was observed in

female rats (Table 1). Activity with phen-
ylpyruvate did not show a corresponding

increase. MK 486 had little effect on either
activity in male or female rats. The pattern
of the changes induced by Ro 4-4602 and
MK 486 also was similar when tyrosine
aminotransferase activities were assayed in
the presence of a-ketoglutarate or phenyl-
pyruvate except that a small but significant
MK 486-induced decrease was observed in
male rats (Table 1). The lack of an effect of
MK 486 or Ro 4-4602 on Dopa-phenylpy-
ruvate aminotransferase activity was not
due to a slower response in vivo. Over a 24
hr period MK 486 or Ro 4-4602 had little
effect on this activity in male rats.

DISCUSSION

Metabolism of Dopa by transamination
is a potential fate of Dopa administered

orally during the treatment of Parkinson-
ism. However, this does not appear to occur
substantially in humans (1, 2), unless con-

comitantly treated with peripheral decar-
boxylase inhibitors (3).

Hepatic transaminations by Dopa are
poorly characterized. At least part of the
activity would appear to be due to tyrosine

aminotransferase activity since purified ty-

rosine aminotransferase from rat liver cat-

alyzes transaminations by both Dopa and
tyrosine (5, 8). The tyrosine aminotrans-

ferase has an apparent Km value for Dopa
of 2.6 mM, using a-ketoglutarate as the
amino group acceptor (8). A similar result
was obtained in this investigation but with
phenylpyruvate the Km value for Dopa was
approximately doubled. In comparison ar-
omatic amino acid decarboxylase has a Km

value for Dopa of 0.4 mi�i (9). On the basis

of the relative Km values for Dopa, decar-

boxylation rather than transamination
would be favored. This may be why
transaminations by Dopa are significant

only in the presence of decarboxylase inhib-
itors in vivo.

In this study MK 486 was tested as an
inhibitor of the transamination of both
phenylpyruvate and a-ketoglutarate by
Dopa. Absolute activity in homogenates

from rat liver was lower with a-ketoglutar-
ate and was more sensitive to inhibition by
MK 486. However, transamination of either
keto acid by Dopa was less sensitive to
inhibition than was aromatic amino acid

decarboxylase. Dopa-a-ketoglutarate ami-
notransferase activity in homogenates of
human liver was more sensitive to inhibi-

tion by MK 486 than the corresponding
activity in homogenates of rat liver.

It is difficult to reconcile this inhibition

of human and rat Dopa-a-ketoglutarate
aminotransferase by MK 486 with the ob-
servation that in vivo, transamination of
Dopa does not occur to a significant extent
in the absence of MK 486 in humans (1-3)
or rats (10). A possible explanation is that
the inhibition of the aminotransferase is
transitory, leading to a subsequent shunting
of Dopa through this pathway while the
decarboxylase is stifi inhibited.

MK 486 appears to be a reversible inhib-
itor of Dopa aminotransferase. In contrast
inhibition of aromatic amino acid decarbox-
ylase appears to be pseudo-irreversible (11)
due to potent binding of the inhibitor to the
enzyme (12).

The lower inhibition of Dopa amino-
transferase activity by Ro 4-4602 may be
due partially to a masking of the hydrazino
group by a seryl residue in this compound.
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Fellman et al. (13) have shown that higher
concentrations of Ro 4-4602 than used in

this investigation (170 ELM) inhibited tyro-
sine-a-ketoglutarate aminotransferase by
50%.

The differential effects of Ro 4-4602 in
vivo on Dopa and tyrosine aminotrans-
ferase activities assayed with a-ketogluta-
rate or phenylpyruvate raises the possibil-

ity that at least two aminotransferases exist
in rat liver which have differing specificities

for the keto acid acceptor. This hypothesis
is supported by the species difference in the

ability of human and rat aminotransferases
to use a-ketoglutarate or phenylpyruvate
as acceptors of the amino group of Dopa.

The effects of Ro 4-4602 and MK 486 in

vivo on tyrosine-a-ketoglutarate amino-
transferase activity are in general agree-
ment with other workers. Thus, David et
al. (14) found that Ro 4-4602 increased the
levels of tyrosine aminotransferase by up to
180% in the liver of the rat. However, De-

guchi and Barchas (15) failed to find any
change in the levels of this enzyme after

treatment of mice with MK 486 or Ro 4-
4602.
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