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The decarboxylase inhibitor Ro 4-4602 [N1-(~~-seryl)-N2-(2,3,4- 
trihydroxybenzyl)hydrazine] in doses of 34-34.0 pmol/kg (1-10 
mg/kg) progressively enhances the increase of dopa and 3-O-methyl- 
dopa and diminishes the rise of phenolcarboxylic acids in human 
plasma induced by administration of L-dopa. A dose of 3-4 pmollkg 
Ro 4-4602 is approximately equipotent to 17.0 pmol/kg MK 485 
[~-(3,4-dihydroxyphenyl)-~-hydrazino-~-methyl-~~-propioni~ acid]. 
Ro 4-4602, combined with 2 mg/kg L-dopa, causes a higher increase 
of catecholamines than 20 mg/kg L-dopa alone in the striatum and 
probably in the hypothalamus of rat brain, whereas in the other 
brain areas the amine rise is equal after both treatments. MK 485 
in doses equimolar to Ro 4-4602 has a less marked effect in all brain 
areas. Either inhibitor (10.2 pmollkg) combined with 2 mg/kg 
L-dopa causes markedly less increase of catecholamines than 20 
mg/kg L-dopa alone in the rat heart. Ro 4-4602, in small single 
doses, used at present in the treatment of Parkinson's syndrome, 
markedly inhibits the extracerebral decarboxylation of L-dopa in man 
and rats and is more potent than MK 485. 

The increase of cerebral dopamine induced in animals by ~-3~4-dihydroxyphenyl- 
alanine (L-dopa) is markedly enhanced by inhibitors of decarboxylase of aromatic 
amino-acids such as Ro 4-4602" and MK 4857. This effect was shown to be due 
to a preferential inhibition of the decarboxylase in extracerebral tissues as a con- 
sequence of poor penetration of the drugs into the brain. Inhibition of the de- 
carboxylation of L-dopa in extracerebral organs including the brain capillaries 
(Constantinidis, Bartholini & others, 1968) raises the concentration of this amino- 
acid in the blood plasma and thus increases the supply of L-dopa to the brain. Since 
in this organ the decarboxylase remains active, major amounts of cerebral 
dopamine are formed, particularly in the striatuni (Bartholini, Bates & others, 1967; 
Bartholini & Pletscher, 1968, 1969; Bartholini, Tissot & Pletscher, 1969). 

From results in animals, it has been suggested that Ro 4-4602 in combination 
with L-dopa exerts a beneficial effect in Parkinson's syndrome (Bartholini & others, 
1967; Bartholini & Pletscher, 1968). In fact, repeated administration of Ro 4-4602 
enhanced the L-dopa-induced increase of this amino-acid in the blood plasma of man 
(Bartholini & others, 1969; Tissot, Bartholini & Pletscher, 1969a); MK 485 had an 
effect similar to Ro 4-4602 (Goodwin, Brodie & others, 1970). In addition, extensive 
clinical trials in patients with Parkinson's syndrome have shown that when RO 
4-4602 is given with L-dopa, the dose of L-dopa can be reduced 5-10 times whilst its 
therapeutic effect is maintained (Birkmayer & Mentasti, 1969; Birkmayer, 

* [N1-(~~-seryl)-N2-(2,3,4-trihydroxybenzyl)hydrazine].HCI : synthesized by Dr B. Hegedus, 
Department of Chemistry, F. Hoffmann-La Roche & Co. Ltd, Basel. 

f ~-(3,4-Dihydroxyphenyl)-cc-hydraz~no-cc-methyl-~~-propionic acid. 
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Linauer & Mentasti, 1971 ; Siegfried, 1971 ; Tissot, Gaillard & others, 1969b; Tissot 
& Gauthier, 1971). An L-dopa-sparing effect (reduction to 1/2-1/5 of the dose) 
has also been reported for MK 486, the L-isomer of MK 485 (Hsu, Bianchine & 
Mesiha, 1971; Calne, Reid & others, 1971). 

Previous experiments in rats indicate that low and medium doses of Ro 4-4602 (up 
to 200 mg/kg) are more potent than equimolar amounts of MK 485 in enhancing the 
L-dopa-induced rise of dopamine in the brain (Bartholini & Pletscher, 1969). With 
very high doses (500 mg/kg) of Ro 4-4602, however, the dopamine increase is atten- 
uated, probably because the drug then causes a partial inhibition of cerebral de- 
carboxylase as well (Bartholini & Pletscher, 1968; Bartholini & others, 1969). In 
contrast, MK 485, even in high doses, does not seem to inhibit the brain enzyme 
(Bartholini & Pletscher, 1969; Lotti & Porter, 1970). 

In earlier investigations in man (Tissot & others, 1969a), relatively high doses of 
Ro 4-4602 (16-24 mg/kg) were given. We now describe the action of the inhibitor 
in small single doses, used at present in the treatment of Parkinson’s syndrome. Its 
effect has also been compared with that of MK 485 on the concentrations of exo- 
genous L-dopa in the plasma of man as well as the distribution of dopamine in the 
rat brain. 

MATERIALS A N D  METHODS 

Hospitalized mental patients, whose illness was not in an active stage, were 
administered 3 mg/kg ~-[2J~C]3,4-dihydroxyphenylalanine (~-[l~C]dopa) (specific 
activity = 1.66 pCi/mg) by mouth. One to two weeks later, some of these 
patients received the same amount of ~-[l~C]dopa by mouth 2 h after oral doses of 
3.4, 10.2 or 34.0 pmol/kg Ro 4-4602 (1.3 or 10 mg/kg of the hydrochloride). 
Other subjects were treated with 17.0 pmollkg MK 485 (3.85 mg/kg), 2 h before 
~-[l~C]dopa. The blood was collected from a cubital vein at several intervals 
after ~-[l~C]dopa administration. 

Male or female rats of Wistar origin (Fullinsdorf), fasted for 16 h, were adminis- 
tered 20 mg/kg ~-[l~C]dopa (specific activity = 69 pCi/mg) by stomach tube. Other 
rats received 10-2 pmollkg of either Ro 4-4602 (3 mg/kg of hydrochloride) or of MK 
485 (2.31 mg/kg) by stomach tube followed after 30 min by 2 mg/kg ~-P~C]dopa  
by the same route. The animals were decapitated 2 h after ~-[l~C]dopa. 

The blood plasma of man as well as the heart and the various brain regions of rat 
were examined for their content in labelled amino-acids, catecholamines and phenol- 
carboxylic acids according to a chromatographic procedure using Dowex 50 X 4 as 
previously described (Bartholini & Pletscher, 1968). The dissection of the rat brains 
was made on ice. 

For the calculations of significance, Student’s t-test was used. 

RESULTS 
Human blood plasma 

In the blood plasma of man, doses as low as 3.4 pmol/kg Ro 4-4602 (1 mg/kg of the 
hydrochloride) much enhanced the ~-P~C]dopa-induced increase in the fraction of 
labelled amino-acids and diminished that of [14C]phenolcarboxylic acids. These 
effects were progressively more pronounced with rising doses of the inhibitor (Fig. 1). 

The fraction of labelled amino-acids consisted of [14C]dopa and [14C]O-methyldopa. 
The concentration of both amino-acids in the plasma was enhanced by Ro 4-4602, 
that of [14C]dopa reaching its maximum after 3 h and then progressively declining. 
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In contrast, [14C]O-methyldopa rose more slowly, attaining a plateau between 2 and 
4 h (Figs 2 and 3). No radioactivity was detected in the amine fraction. Seventeen 
pmol/kg MK 485 (3.85 mg/kg) did not significantly differ from 3.4 pmollkg Ro 4-4602 
(P > 0.05) in the enhancement of the ~-[~~C]dopa-induced increase of [14C]dopa and 
[14C]O-methyldopa in plasma. Thus, the maximal rise and the time course of the 
concentrations of the amino-acids were similar with both inhibitors in the doses 
mentioned (Figs 2 and 3). 
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FIG. Effect of different doses of Ro 4-4602 on the L-[~~CC] dopa-inuced increase of labelled 
amino-acids (AA) and phenolcarboxylic acids (PCA) in the blood plasma of man. L-['~C] Dopa 
(3 mg/kg) was administered by mouth alone or 3/4 h after various doses of Ro 4-4602 orally. 
Blood was collected 1 h after ~-[ l~C]dopa administration. The values are expressed in % of the 
administered radioactivity per g weight and represent averages with s.e. of experiments with 
different individuals. The number of experiments is indicated by the small figures. The values 
corresponding to point 0 on the abscissa have been obtained from patients treated with ~-[ l~C]dopa 
alone. The AA and PCA values after 1 and 10 mg/kg Ro 4-4602 plus L-dopa are significantly 
different from those after L-dopa alone (P <0.01). 

01/21 2 L 01/21 2 L 
Time after ~-[l~C]dopa (h) 

FIG. 2. Effect of (A) Ro 4-4602 and (B) MK 485 on the ~-[~~C]dopa-induced increase of labelled 
dopa in the blood plasma of man. Two groups of 4 individuals each received ~- [ l~C]dopa  (3 mg/kg) 
by mouth and one to two weeks later the same groups were given the same amount of ~-[ l~C]dopa 
after oral pretreatment with either 3.4 pmol/kg Ro 4-4602 (1 mg/kg of the hydrochloride) or 
17 pmol/kg MK 485 (3.85 mg/kg). The blood was collected at different times after ~-[l~C]dopa 
administration. The values are expressed in % of the administered radioactivity per g weight 
and represent averages with s.e. of 4 individuals. Values obtained with Ro 4-4602 and MK 485 
are not significantly different (P> 0.05). 0- -0 ~-[ l~C]dopa .---. Inhibitor + L-['~C] 
dopa. 
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FIG. 3. 
methyldopa in the blood plasma of man. 

Effect of Ro 4-4602 and MK 485 on the ~-[*~C]dopa-induced increase of labelled 3-0- 
For key see Fig. 2. 

Brain and heart of rats 
Figs 4 and 5 show that in the striatum and the hypothalamus of rats, doses as 

low as 2 mg/kg ~-[ l~C]dopa in combination with 10.2 pmol/kg Ro 4-4602 (3 mg/kg) 
caused a more marked increase of labelled catecholamines (about 130 and 120% 
respectively) than 20 mg/kg L-dopa alone (100%). In the other brain regions, the 
[14C]catecholamine rise due to the combination (96-103 %) was not significantly 
different from that induced by the 10 times higher doses of [14C]dopa alone (P > 0.05). 
Two mg/kg [14C]dopa combined with 10.2 pmol/kg MK 485 (2.31 mg/kg) increased 
in all the brain regions the ~-[~~C]catecholamines less than 20 mg/kg of ~ - [ ~ ~ C ] d o p a  
alone. Thereby, the percentage rise of [14C]catecholamines due to the combination 
(related to that induced by 20 mg/kg ~-[~~CC]dopa alone) was the same (about 50%) 
in all brain areas including the striatum and the hypothalamus. In the heart of rats, 
2 mg/kg ~ - [ ~ ~ C ] d o p a  combined with 10.2 pmol/kg of either Ro 4-4602 or MK 485 
was much less effective than 20 mg/kg ~ - [ ~ T ] d o p a  in increasing catecholamines. The 

FIG. 4. Effect of Ro 4-4602 and MK 485 on the L-['~C] dopa-induced increase of labelled catechol- 
arnines in various brain parts as well as in the heart of rats. White bars: 20 mg/kg ~- [ lT]dopa  
by stomach tube. Striped bars: 2 rng/kg ~-[ l~C]dopa 30 min after 10.2 pmol/kg MK 485 (2.31 
mg/kg), both by stomach tube. Black bars: 2 mg/kg ~-['~C]dopa 30 min after 10.2 pmol/kg Ro 
4-4602 (3 mg/kg of the hydrochloride), both by stomach tube. The animals were killed 2 h after 
~-['~C]dopa. Averages with s.e. of 2-3 experiments each made with a pool of brain parts from 
6 rats or of 3 hearts. In the brain, the difference between black and white bars is significant 
(P<O.Ol) only in the striatum; that between black and striped bars as well as between white and 
striped bars is significant (P<O.Ol) for each region. In the heart, the difference between each bar is 
significant (P<O.Ol). 
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FIG. 5.  Percentage increase of labelled catecholaniines in various brain areas of rat a h r  oral 
administration of 2 mg/kg ~ - [ l~C]dopa  combined with 10.2 pmol of either Ro 4-4602 or M K  485. 
The percentage calculation was based on the absolute values used for Fig. 4. The values obtained 
after the combinations of 2 mg/kg L-dopa plus inhibitor were expressed in % of those obtained 
after oral administration of 20 mg/kg ~ - [ '~C]dopa  alone (= loo%,). The values of Fig. 5 represent 
averages with s.e. of 2-3 individual percentages. Each individual percentage was calculated from 
experiments made on the same day. In those with Ro 4-4602, only the values of the striatuni 
and hypothalamus are significantly higher than 100% (P<O.Ol). With MK 485, all values are 
significantly below 100% (P <0.01), but not significantly different (P> 0.05) from each other. 

combination with Ro 4-4602 induced a rise in the [W]amines significantly less than 
that seen with MK 485 (P < 0.01). 

D I S C U S S I O N  

As previously shown, Ro 4-4602 enhances the L-dopa-induced rise in the fraction 
of amino-acids (L-dopa and 3-O-methyldopa) in the blood plasma of man (Bartholini 
& Pletscher, 1968) and diminishes that of phenolcarboxylic acids (mainly homovanillic 
acid and 3,4-dihydroxyphenylacetic acid) (Bartholini & Pletscher, 1968; Bartholini 
& others, 1969; Tissot & others, 1969a). This effect of Ro 4-4602 is probably due to 
inhibition of the decarboxylation of L-dopa in extracerebral tissues (see above). 
The present results demonstrate that Ro 4-4602 in a dose range as low as 3.4-34.0 
pmol/kg (1-10 mg/kg) is an effective inhibitor of decarboxylase in man. MK 485 
has a similar action to Ro 4-4602 (Goodwin & others, 1970); but doses several times 
higher than those of Ro 4-4602 are needed to obtain the same enhancement of the 
plasma concentrations of either dopa or 3-0-methyldopa. These results confirm 
earlier findings with the two inhibitors in the whole brain of rats (Bartholini & 
Pletscher, 1969). 

In animals, the ~-['~C]dopa-induced [14C]catecholamine increase is more marked 
in the striatum and hypothalamus [mainly dopamine and noradrenaline (Bartholini 
& Pletscher, 1968)] than in other brain regions (Pletscher & Gey, 1962; Pletscher, 
Bartholini & others, 1970) (Fig. 4). According to the present results in rats, Ro 
4-4602 further enhances this difference. Thus, the [14C]catecholamine rise due to  
10.2 pmollkg Ro 4-4602 plus 2 mg/kg ~ - [ ~ ~ C ] d o p a  does not significantly differ 
(P > 0.05) in most brain areas from that due to 20 mg/kg ~-[ l~C]dopa alone. InThe 
striatum and the hypothalamus, however, the increase of the amines is more marked 
(128 f 1% and 121 f 1% respectively) after the combination than after L-dopa 
alone (100%) (Fig. 5). This enhanced electivity of the [14C]catecholamine rise is 
possibly due to a preferential decarboxylase inhibition in the brain capillaries of 
these areas. In fact, it has been demonstrated by a histofluorimetric method that 
Ro 4-4602 inhibits the decarboxylation of L-dopa more markedly in the capillaries 
of the striatum and the hypothalamus than in those of other brain regions like the 
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cortex (Constantinidis & others, 1970). It remains to be elucidated whether the use 
of Ro 4-4602 reduces the appearance of central side effects of L-dopa in Parkinson’s 
syndrome as claimed by some authors (Birkmayer & Mentasti, 1969; Birkmayer & 
others, 1971 ; Tissot & others, 1969b; Tissot & Gauthier, 1971 ; Siegfried, 1971). 

The combination of L-dopa with a dose of MK 485 equimolar to that of Ro 4-4602 
causes in all brain regions of rats a less marked rise of catecholamines than the high 
dose of L-dopa alone. This is probably due to a relatively weak inhibition of extra- 
cerebral decarboxylase by MK 485 in the dose used. Experiments with the heart, 
in which the combination of L-dopa with Ro 4-4602 increases the catecholamine 
content less markedly than that with MK 485, confirm this view. A relatively weak 
effect of 10-2 pmollkg MK 485 on extracerebral decarboxylase is also indicated by 
the finding that the percentage of catecholamine increase induced by the combination 
of this inhibitor with L-dopa is the same in all the brain regions. This may be due to 
the fact that the decarboxylase of the brain capillaries has not been inhibited to  a 
marked extent. It should, however, be pointed out that the mentioned differences 
in potency alone are not sufficient to  establish the clinical usefulness of the two in- 
hibitors, since the present data give no information on possible differences in efficacy 
and specificity. On the other hand, the results in animals together with those in 
man may be helpful in establishing the dosage schedule of the two drugs in Parkinson’s 
syndrome. 

In conclusion, these results provide experimental evidence that the use of the 
decarboxylase inhibitor Ro 4-4602 in therapeutic doses allows a considerable reduction 
of the L-dopa dose in Parkinson’s syndrome. Ro 4-4602 seems to be more potent 
than MK 485. Furthermore, the combination of L-dopa with Ro 4-4602 may 
cause a more selective increase of catecholamines in the striatum and hypothalamus 
than L-dopa alone. 
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