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Inhibition of tyrosine-3-monooxygenase by benserazide 
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One procedure frequently used to estimate catecholamine 
synthesis in vivo is to measure the accumulation of 3,4- 
dihydroxyphenylalanine (DOPA) after inhibition of L-aro- 
matic amino acid decarboxylase (3,4-dihydroxy-L-phenyl- 
alanine carboxy-lyase; EC 4.1.1.26; AAAD) [l]. In this 
procedure, the linear accumulation of DOPA in tissues, 
following a single, large dose of an inhibitor of AAAD, is 
considered to be a measure of the rate of tyrosine hydroxy- 
lation. The method makes at least three major assumptions: 
(1) AAAD is completely and immediately inhibited; (2) 
the DOPA formed is not metabolized further and does not 
diffuse out of the tissue; and (3) the inhibitor of AAAD 
does not change, directly or indirectly, the hydroxylation 
of tyrosine. The two most commonly used inhibitors of 
AAAD, for the in uioo estimation of catecholamine syn- 
thesis. are 3-hvdroxvbenzvl hvdrazine (NSD-1015) and 
benserazide (do4-4602; &-serine, 2-[(2,3,4_trihydroxy- 
phenyl)methyl]hydrazide). The structures of these com- 
pounds are presented in Fig. 1. Examination of the 
structure of benserazide reveals a catechol (trihydroxy- 
phenyl) structure. Since catechols have been known to 
inhibit tvrosine-3-monooxvaenase (L-trvosine, tetrahyd- 
ropteridine: oxygen oxidoreductase ]3-hydroxylating]; EC 
1.14.16.2: TH) 121. we examined NSD-1015 and benser- 
azide as inhibitors of TH. We now report that benserazide, 
but not NSD-1015, is an inhibitor of TH, complicating its 
use for determining tyrosine hydroxylation in vivo. 

Materials and methods 

Benserazide was furnished by Hoffmann-LaRoche (Nut- 
ley, NJ), while 3-hydroxybenzyl hydrazine was purchased 
from the Aldrich Chemical Co. (Milwaukee, WI). The 
6(R)-L-erythro-5,6,7,8_tetrahydrobiopterin (BH,) was 
obtained from Dr B. Schircks (Jona, Switzerland). All 
other chemicals were obtained from the Sigma Chemical 
Co. (St Louis, MO). 

The TH, used in these studies, was purified in its native 
form from bovine adrenal medulla by modifications to the 
method of Togari et al. [3]. The modifications were: (1) 

addition of 10 pg/mL of leupeptin and pepstatin-A to all 
of the buffers, except the homogenization buffer which 
additionally contained 0.1 mg/mL of aprotinin, soybean 
trypsin inhibitor and 1 mM diisopropylfluorophosphate; (2) 
replacement of the ion exchange column step with a 30- 
40% ammonium sulfate fractionation; (3) replacing the 
Biogel A-l.5 M column with a Sephacryl S-400 column 
(Pharmacia, Piscataway NJ); and (4) washing the heparin 
agarose affinity column at a flow rate of 3 mL/min. The 
enzyme, using BH4 as cofactor, had a pterin K,,, of 
112?11pM,atyrosineK,of6.4?2.2~M,apHoptimum 
of 6.55, and a specific activity of 37.45 units/mg protein. 
One unit is presently defined as the amount of enzyme 
which forms 1 nmol of product in 1 min. 

The TH assay was performed using a recent modification 
of the 3HOH release assay, where the unreacted isotopic 
substrate is adsorbed and precipitated with charcoal [4]. 
Each assay tube contained, in a final volume of 0.1 mL: 
NaPO,, pH 6.55, 10 pmol; catalase, 30 ,ug; superoxide dis- 
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Fig. 1. Structures of benserazide and 3-hydroxybenzyl 
hydrazine 



1490 Short communications 

(BENSERAZIDE] 

A. 0.4 
r / 

. 300 rM 

r _ 0.2 

0.1 

, o.dl I , I 1 

-0.25 0.00 0.25 0.50 0.75 1.00 

l/(BHn] (JlM x10-2) 

8. 2.5 r [SENSERAZIDE] 

2.0 
t 

” 

200 PM 

I 
100 PM 

50 (rM 

y> CONTROL 

, 0.01 8 1 1 I 

-0.1 0.0 0.1 0.2 0.3 0.4 

v[TYROSINEI (mM) 

Fig. 2. Tyrosine-3-monooxygenase inhibition by benser- 
azide. (A) The plot was obtained at a fixed tyrosine con- 
centration of 30 PM, while varying the BH4 (B) The BH, 
concentration was fixed at 0.1 mM, while the tyrosine con- 

centration was varied. 

mutase, 0.1 yg; dithiothreitol, 500 nmol; L-[3,5-‘Hltyro- 
sine, 3.0nmol (1-2&i); BH4, 10 nmol, or as otherwise 
indicated; and 15 mUnits of the TH preparation. Incu- 
bations were for 10 min at 37”. Blanks were prepared by 
omitting the BHJ and were found to equal those blanks 
resulting from the deletion of enzyme. 

The activity of AAAD was measured on cell-free extracts 
of rat striatum using a ‘JCOZ trapping method [5]. 

Enzyme kinetic data were analyzed by the method of 
Cleland [6], with statistical comparisons by the F-test, as 
described by Spector and Hajian [7]. A probability of 0.05 
was considered as significant. 

The in uiuo accumulation of DOPA was measured 30 min 
after either benserazide (8OOmgjkg, i.p.). or NSD-1015 
(100 mg/kg, i.p.). Tissues were assayed for DOPA usmg 
liquid chromatography with electrochemical detection [Sl, 
as modified [9]. 

Results 

Benserazide was found to be an inhibitor of TH of moderate 
potency (Fig. 2). The mechanism of TH inhibition by 
benserazide was examined at a fixed tyrosine concentration 
of 30 PM, while varying the BHJ. The data in Fig. 2A reveal 
a competitive mechanism with the pterin cofactor, and a 
K, of 75.0 ? 8.8 FM. In contrast. when tyrosine was varied 
at a fixed BH, concentration of 0. I mM. an uncompetitive 
pattern of inhibition was observed with an apparent K, of 
68.6 + 7.2,uM (Fig. 2B). In contrast to benserazide. the 
non-catechol NSD-1015 was ineffective at concentrations 
as high as 0.3 mM (data not shown). 

Lastly, the accumulation of DOPA in rat striata following 
injections of either benserazide or NSD-1015 revealed a 
significant difference in DOPA levels. the NSD-1015 value 
being 34% higher than that obtained with benserazide 
(Table 1). We also assessed the degree of inhibition of 
AAAD produced by these two decarboxylase inhibitors 
and found essentially complete inhibition by either com- 
pound (Table 1). 

The present results showing inhibition of TH by benser- 
azide are not surprismg since many catechols Inhibit TH 
(21 and benserazide possesses a catechol withm its structure. 
Again. the lack of inhibition of TH by the non-catechol, 
NSD-1015, is consistent with these structural requirements 
for TH inhibitors. Earlier studies had shown that the kinetic 
pattern of inhibition of TH by catechols was competitive 
with the pterin cofactor and non-competitive with the tyro- 
sine substrate [lo. 11). The present studies are in agreement 
with the earlier findings. In uiuo, NSD-1015 promoted 
a higher accumulation of DOPA than did benscrazide. 
Alternatively, these in oiuo results might be attributed to 
incomplete inhibition of cerebral AAAD by benserazide. 
However, we measured striatal AAAD activity in rats 
following the i.p. injection of either compound and 
observed complete inhibition by benserazide and nearly 
complete inhibition by NSD-1015 (Table l), consistent with 
an earlier report [12]. Additionally NSD-1015, but not 
benserazide. inhibits monoamine oxidase (MAO) at the 
lOOmg/kg dose used 113. 141. If the inhibition of MAO 
were to reduce DOPA formation we would, in the present 
study, underestimare the differences between NSD-1015 
and benserazide. However, inhibition of MAO by pargyline 
did not affect the accumulation of DOPA following NSD- 
1034, an AAAD inhibitor with much lower effects on MAO 
[ 131. The effects of six different inhibitors of AAAD were 

Table I. Effects of NSD-1015 and benserazide on tyrosine hydroxylation in rat 
striata in uiru 

Inhibitor 
DOPA 

[nmol.(g.30 min) -‘I 
AAAD activity 

[nmol~(min.mg protein) ‘1 
__~_~ 

Control 
NSD-1015 
Benserazide 

NS* 0.244 + 0.032 
8.67 + 0.89t O.tlS5 f 0.046 
6.43 f 0.12 ND” 

_~- 

Data are the means t SE of five animals per group. The inhibitors were 
administered at doses described in the text in injection volumes of 5 ml-/kg; 
animals were killed 30 min later. 

* NA denotes that the tissue was not assayed. 
t The groups differ significantly (t = 2.21. 8 df. P < 0.05). 
$ ND denotes that the activity was too low to be detected. 



Short communications 1491 

compared recently for their effects on DOPA accumu- 
lation. However, in that study. no direct comparisons were 
made between the two inhibitors used here [13]. 

Earlier studies had shown benserazide to be a potent 
inhibitor of AAAD which, in uivo, inhibits brain AAAD 
at doses higher than NSD-1015 [12, 141. From a comparison 
of the doses of benserazide required to inhibit brain and 
heart AAAD, we can estimate the brain penetration of 
benserazide to be only 5.6% [ 151. Assuming the 2.71 mmol/ 
kg dose to equilibrate with body water (approximately 75% 
of body mass) and brain entry of 5.68, we calculate that 
the levels of benserazide in the brain would be about 
200 FM. In uitro, these concentrations of benserazide can 
inhibit TH by greater than the 26% reduction in DOPA 
formation which we observed. Several possibilities can 
account for this difference. First, the inhibition of TH 
by benserazide was competitive with tetrahydrobiopterin. 
whose leveis in the dopamine neuronal cytosol are 
unknown. High levels of the endogenous cofactor would 
reduce the efficacy of an inhibitor which was competitive 
at this site. A second possibility is that catechol inhibitors 
of TH are less effective against the high-affinity, phospho- 
rylated form of the enzyme [16] which is thought to be the 
form responsible for catecholamine biosynthesis [ 171. Thus, 
the potency of benserazide on activated TH in uiuo may 
have been less than on the tow-affinity form used in the 
present studies. Nevertheless, the difference in DOPA 
formation between NSD-1015 and benserazide suggests 
that functional inhibition of TH does occur at the doses of 
benserazide used to promote DOPA accumulation. 

The data demonstrate that benserazide is an inhibitor of 
TH. Consequently, a major assumption of AAAD inhibitor 
specificity is not met with benserazide and in oiuo estimates 
of catecholamine synthesis may be inaccurate. Since NSD- 
1015 did not inhibit TH, it is a better choice for studies on 
DOPA formation. 
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