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Pressor effect of L-threo-3 ,4-dihydroxyphenylserine in 
rats 
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The pressor effect of L-threo-3,4-dihydroxyphenylserine (L-threo-DOPS) in rats and its 
decarboxylation in vivo have been examined. On i.v. administration, it produces a 
slow-onset and long-lasting ressor response, but no significant change in heart rate or e.c.g. 
The pressor effect was mar&dl reduced by inhibition of peripheral decarboxylax and by 
blockade of a-adrenoceptors. d e  slow-onset and long-acting pressor effect was also evident 
when the drug was given orally, while intracerebroventricular administration produced a 
long-lastin decrease in blood ressure. Noradrenaline (NA) concentrations in the plasma 
were signifcantly increased by poth i.v. and oral administration of L-threo-DOPS. Elevation 
of plasma NA concentration by L-threo-DOPS given i.v. was suppressed by inhibition of 
decarboxylase. The plasma concentration of the drug was highest immediately after its i.v. 
administration. Its pressor effect was enhanced in rats made hypotensive by chemical 
s mpathectomy with 6-hydroxydopamine (6-OHDA), compared w~th control rats, never- 
t { eless, L-threo-DOPS produced the same increase in plasma NA concentrations in 
sym athectomized rats as in the controls. These results indicate that L-threo-DOPS is a gra ually converted to NA by L-aromatic amino acid decarboxylase in vivo. These findings 
suggest that L-threo-DOPS may be clinically useful as an oral pressor agent for the treatment 
of certain disorders related to hypotension. 

That noradrenaline (NA) is formed from 3,4- 
dihydroxyphenylserine (DOPS) in various mammal- 
ian tissues has long been known (Blaschko et al1950; 
Schmiterlijw 1951; Creveling et al 1968; Puig et al 
1974; Bartholini et al 1975). Recently, the isomers, 
L-threo-, D-threo-, L-erythro- and D-erythro-DOPS 
have been separated and purified and their enzymic 
decarboxylation demonstrated (Bartholini et al 
1975; Fujiwara et al 1976; Inagaki et al 1976; 
Ohmura et a1 1978). L-threo-DOPS was suggested to 
be an effective precursor of (-)-NA (Inagaki et al 
1976) and the D-isomer an antagonist in the conver- 
sion of L-isomer to NA (Inagaki et a1 1976; Ohmura 
et a1 1978). We also found L-threo-DOPS, but 
not D-threo-DOPS, to be converted to NA by 
decarboxylase in rat isolated atrium and to increase 
the atrial rate (Araki et al 1978). Using racemic 
threo-DOPS, Redmond et al(1975) found no signifi- 
cant effect on heart rate, e.c.g. or blood pressure. 
We have attempted to demonstrate the effect of 
L-threo- DOPS on blood pressure as well as in vivo 
formation of NA from it in rats. 

Present address: National Institute of H gienic 
Sc$nces. Osaka Branch, Department of ~harmaco!& 

Research Laboratories, Nippon Merck-Banyu ro.. 
Ltd. 

t Correspondence. 

M A T E R I A L S  A N D  METHODS 

Male Wistar rats, 280-380 g, were anaesthetized with 
urethane (800 mg kg1 i.p.) which was also used at 
100 mg kg1 every 60 min to maintain anaesthesia. 
The right femoral artery was cannulated for the 
direct measurement of blood pressure. For the oral 
administration of drugs, a polyethylene tube and 
gavage wereused. Forintracerebroventricular (i.c.v.) 
administration of drugs, solutions were stereo- 
taxically injected using a microlitre syringe. Arterial 
blood pressure was recorded through a pressure- 
displacement transducer (Nihonkohden Kogyo CO. 
Ltd., SB-IT) on an ink-writing oscillograph (Nihon- 
kohden Kogyo Co. Ltd., RJG-3018) and calibrated 
with a mercury manometer. (-)-NA (1.0 pg kg1 i.v. 
or 1.0 pgtanimal i.c.v.) was given about 1 h before 
L-threo-DOPS to verify that the monitoring appa- 
ratus was functioning and that a pressor response 
could be evoked in each rat. With i.v. and oral doses, 
an e.c.g. was simultaneously recorded and the heart 
rate calculated from it. 

Drugs 
L-threo-DOPS (Kyowa Hakko Kogyo Co. Ltd., 
[a]% = -42.6 (c = 1; M HCI), purity 99.5%) and 
(-)-NA bitartrate (Sigma) were dissolved in sterile 
0.9% NaCl (saline) immediately before use, except 
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for oral administration. In saline, L-threo-DOPS was 
insoluble over 2 mg ml-1 at room temperature 
(23 "C). Drug solutions in a volume of 1.0 ml kg1 
(i.v.) and 20.0 pVanimal (i.c.v.) were administered 
at the rates of 0.1 ml s-1 and 2.0 p1 min-1, respec- 
tively. In the oral administration, L-threo-DOPS was 
suspended at a concentration of 30 mg ml-1 in 0.5% 
carboxymethylcellulose (CMC) solution. The con- 
tamination of L-threo-DOPS by NA was less than 
0.001 pg mgl. Benserazide hydrochloride 
(Hoffman-La Roche Co.) 50 mgkgl  dissolved in 
saline was given i.p. 1 h before administration of 
L-threo-DOPS. Tolazoline hydrochloride (Yaman- 
ouchi Co. Ltd.) 20 mg kg1 i.p. was given 10 min 
before the L-threo-DOPS. 6-Hydroxydopamine (6- 
OHDA) hydrobromide (Sigma) was dissolved in 
saline containing 0.5% (wlv) ascorbic acid to give a 
100 mg ml-1 solution (calculated as the free base). 
The solution was prepared just before use and given 
i.p. in a volume of 1.0 ml kg1 on the fifth and fourth 
days before the experiments. The dose of each drug 
is expressed as a base. 

Chemical assays for NA and L-threo-DOPS 
NA and L-threo-DOPS contents in rat plasma were 
measured at various periods after administration of 
the drug. Five ml of blood was withdrawn from the 
abdominal aorta of rats anaesthetized with urethane. 
One sample was taken from each animal. Hepari- 
nized blood was centrifuged, the plasma was made 
0.4 M with 0.8 M perchloric acid and 10 mg sodium 
metabisulphite and 0.5 ml 100 mM EDTA were 
added. The mixture was shaken and then centrifuged 
at 8000 g for 15 min at 4" C. The supernatant was 
transferred to a glass beaker containing 10 mg 
sodium metabisulphite and 1.0 ml of 100 mM 
EDTA-Tris HCI buffer (pH 4.2) and the pH of the 
mixture adjusted to 4.0-4-2 with 2 M NaOH. The 
mixture was passed through the column of Dowex 
50 x 4 in the Na+-form. After the column had been 
washed with distilled water, NA was eluted with 
10 ml of 1.0 M HCI. The solution that had been 
passed through the column, and the washings, were 
used for the determination of L-threo-DOPS. The 
resulting eluates were subjected to the alumina 
absorption procedure of Anton & Sayre (1962). NA 
and L-threo-DOPS in the alumina eluates were 
measured using a high performance liquid chromato- 
graph (Yanaco, L-2000) equipped with an electro- 
chemical detector (Yanaco, VMD-101). The mean 
recoveries were 93% for NA and 78% for L-threo- 
DOPS. 

Statistical analysis 
The measures of blood pressure were converted to 
an approximation of mean blood pressure using 
'diastolic + (systolic-diastolic)/3'. The statistical sig- 
nificance of differences between the means was 
determined by the unpaired Student's t-test. 

RESULTS 

Pressor effect of intravenous administration of L- 

threo-DOPS 
Intravenous administration of L-threo-DOPS pro- 
duced a dose-related pressor effect in rats anaesthe- 
tized with urethane. The pressor response to 
2.0 mg kg1 L-threo-DOPS occurred at approxi- 
mately 11 s, reached the maximum about 10 min 
after the injection and remained elevated for 3 h 
(Table 1). The mean rise in blood pressure within 3 h 
was 16.3 f 1.4 mmHg, compared with blood pres- 
sure in control rats, given 1.0 ml kg1 saline, which 
gradually subsided during 2 to 3 h post injection 
(Fig. 1). The heart rate was not significantly 
increased and no change in e.c.g. was observed. On 
the other hand, the pressor effect of (-)-NA 
1.0 pg kg1 was fast in onset, fast-rising and short- 
lasting although the maximum rise was greater than 
that caused by L-threo-DOPS at 2 mg kg1 (Table 1). 
(-)-NA, 0.2 pg kg1 had no effect on the blood 
pressure. 

FIG. 1. Effect of i.v. administration of L-fhreo-DOPS on 
blood pressure and heart rate in rats. Each point represents 
the mean f s.e. of the values from 5-8 animals treated with 
saline (a, control) and L-fhreo-DOPS in doses of 1.0 (0) 
and 2.0 (0) rng kg'. Figures on the abscissa rersent time 
after i.v. admln~stratiotn of L-rhreo-DOPS or sa me, 0 1s just 
before the injection. Significantly different from control 
( P  < 0.05). 
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Table 1. Maximum increase, time up to onset and maximum r e s .  and duration of pressor effect of L-rhreo-DOPS and 
I-NA in control, benserazide-, tolazoline- and 6-OHDA-treate rats. 

Time up to 
Maximum increase Duration of 
in blood ressure onset of response maximum response response 

Drug Route (mm&) (s) (min) (min) 
Control rats 

L-threo-DOPS 
i.v. 18.4 + 1.9 11.63 + 1.02 9.93 f 0.70 180 

oral 15.0 f 1.4 2406.4 + 222.7 84.3 f 7.8 200 
(-)-NA - 

1.0 l!g kkgl i.v. 22.9 f 2.4 0.38 f 0.21 0.22 + 0.02 4.75 + 0.32 
Benseraz~de-treated rats 

L-rhreo-DOPS 
2.0 mg k g 1  i.v. 5.9 + 0.7"' 18.52 f 2-43 10.55 +- 1-04 12.46 f 1-78*** 

Tolazoline-treated rats 
L-threo-DOPS 

2-0 mg k g 1  i.v. 5.3 + 0,6*** 12.74 + 1.57 10.09 f 0.98 9.88 + 1.14." 
(-)$A 

PI3 kkgl i.v. 3.5 + 0.6." 0.48 + 0.18 0-28 f 0.06 1.05 + 0.26*** 
6-OHDA-treated rats 

L-threo-DOPS 
2.0 mg k g 1  i.v. 26.8 + 2.6. 17.00 + 2.55. 10.14 + 0.63 180 

(-)-NA 
1-0 pg k g 1  i.v. 63.8 f 5.2*** 0.10 f 0.10 0.20 + 0.03 6.70 f 0.54.. 

Each value represents the mean f s.e. 
4-8 rats were used. 
Significantly different from control animals, *: P < 0.05, **:  P < 0.01, *** P < 0.005. 

Inhibition of peripheral L-aromatic amino acid 
decarboxylase with benserazide (50 mg k g '  i.p.) 
abolished the pressor response to L-threo-DOPS 
(2-0 mg k g '  i.v.) (Table 1) and blockade of a- 
adrenoceptors with tolazoline (20 mg kg1 i.p.) 
markedly inhibited the response as well as that to 
(-)-NA (1.0 pg kg1)  (Table 1). 

Pressor effect of oral administration of L-threo- 
DOPS 
Oral administration of L-threo-DOPS 20 mg kg-' 
prevented the slight fall in blood pressure in rats 
given 0.5% CMC solution 1.7 ml kg1 orally. At 
50 mg kg1 the drug produced a significant elevation 
in blood pressure that developed gradually 40 min 
after dosing and continued for up to about 200 min 
(Table 1). The mean rise in blood pressure from 1 to 
4 h after drug administration was 15.9 _+ 1.0 mmHg, 
compared with that of rats given CMC solution 
1-7 ml kg1. There was no significant change in the 
heart rate or e.c.g. of rats given 50 mg kg ' .  

Depressor effect of intracerebroventricular adminis- 
tration of L-threo-DOPS and NA . 

-80 0 60 
,A ,i0 ,; Intracerebroventricular (i.c.v.) administration of 

L-threo-DOPS 40 pdanimal produced a significant 
Timecmin) depressor effect in anaesthetized rats. At 20 C(W' . - 

FIG. 2. Effect of oral administration of L-threo-DOPS on animal there was no significant change, compared 
blood pressure in rats. Each int represents the mean 
+ s.e. of the values from Janimals treated with the with the controls given 20 saline similarly (Fig. 3). 
vehicle (a, control) and L-rhreo-DOPS in doses of 20 (0) The depressor effect to the drug had a slow onset and 
and 50 (0) mg k g 1 .  Figures on the abscissa represent time was prolonged for over 2 h, while that to (-)-NA after oral administration of L-rhreo-DOPS yr the vehicle, 
and 0 is just before the administration. :Significantly 1.0 @animal occurred immediately and lasted for 
different from control (P < 0.05). 7-8 min. 
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DOPS (Fig. 4). The  mean rise in blood pressure 
within 3 h following the i.v. administration of 2.0 mg 
k g 1  was 24.3 + 1-6 mmHg compared with that of 

140 b 

I - 
80.  w x 

, E 
-60 0 30 60 90 120 E " 

Tlmermlnl 

FIG. 3. Effect of i.c.v. administration of L-rhreo-DOPS on 
blood pressure in rats. Each point represents the mean u 
f s.e. of the values from 5-8 animals treated with saline 

, control) and L-threo-DOPS in doses of 20 (0) and 40 
0) &animal. Figures on abscissa represent time after P 100. ---I .----. L .-..,- 

i.c.v. administration of L-rhreo-DOPS or saline, and 0 is just 
before the in'ection. *:Significantly different from the 
control (P < d.05). 

80 .- 

Effect of chemical sympathectomy with 6- o 30 80 1 2 0  180 

hydroxydopamine on the pressor effect of L-threo- Time (rnin) 

DOPS and ( - ) -NA FIG. 4. Effect of chemical s m athectomy with 6-OHDA on 
The loss of adrenergic function induced by chemical ~~~~~ , " h ' ~ n : e o a ~ ~ l ~ - ~ &  ~ I ~ ~ i ~ ~ ~ ~ ~ i ~ $ ;  
sympathectomy was confirmed by testing the Pressor injected with saline (0) and L-rhreo-DOPS in dose of 
response to  tyramine. Blood pressure in rats treated 2.0 mg kfl  (02. Broken and solid lines re resent the 
ulth bOHDA (lW mg kgl ,  i.p., twice) was lower, change o bloo pressure in normal and 6-OHLA-treated 

rats respectively. Figures on the abscissa represent time 
compared with the controls and the pressor response after i.v. admin~strat~on of L-threo-DOPS or saline, and 0 is 
to tyramine was markedly reduced. However, peri- just before the injection. *:Rise in blood pressure after 

L-threo-DOPS as compared with blood pressure in rats 
~ h e r a l  adrenergic denervation with 6-OHDA signifi- given saline differed significantly from that in control 
cantly augmented the pressor response t o  L-threo- animals (P < 0.05). 

Table 2. L-rhreo-DOPS and NA concentrations in plasma after administration of L-rhreo-DOPS in non-, benserazide- and 
6-OHDA-treated rats. 

Oral L-rhreo-DOPS 
Intravenous L-rhreo-DOPS (2.0 mg kg1) (50 mg kg1) or CMC 

or saline (1.0 ml kg') solution (1.7 ml kg1) 
Time 
after Plasma concn of Plasma concn of 

&?$ L-rhreo-DOPS (pg ml-I) NA (pg litre-') NA (pg litre-1) 

Non-treated rats 
Vehicle (control) 
L-threo-DOPS 

Benserazide-treated rats 
Saline 30 
L-threo-DOPS 30 

6-OHDA-treated rats 
Saline 30 
L-threo-DOPS 30 
- --- - - - - 

Each value represents the mean f s.e. of the values from 5-7 animals. 
-: Not measured. 
Significantly different from control (* :  P < 0.05, ":P < 0.02, ***: P < 0.005). 
Significantly different from 6-OHDA + saline (t: P < 0.005). 
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rats given saline. The maximum rise in blood 
pressure after i.v. administration of (-)-NA (1.0 pg 
kgl) was also markedly augmented by denervation 
with 6-OHDA (Table 1). 

Plasma L-threo-DOPS and NA concentrations after 
L-threo-DOPS 
L-threo-DOPS concentration in the plasma was 
highest 2 min after i.v. administration of 2.0 mg kg1 
and fell to below 0.2 pg ml-12 h later (Table 2). On 
the other hand, plasma NA concentrations rapidly 
increased with i.v. administration of L-threo-DOPS, 
2.0 mg kg',  reaching a maximum of about 1.8 times 
the value before administration of the drug, there- 
after gradually declining but remaining slightly 
elevated some 40-60 min later. 

Oral administration of the drug also produced an 
elevation in plasma NA concentration which reached 
a maximum of about 1.5 times the value before 
administration. About 3 h later, a reversion to the 
original concentrations had occurred (Table 2). 
Inhibition of peripheral decarboxylase with benser- 
azide 50 mg kg '  i.p. all but completely suppressed 
the increase in the plasma NA concentration induced 
by L-threo-DOPS, 2.0 mg kg1 i.v., compared with 
the plasma NA values in rats treated with benser- 
azide plus saline 1.0 ml kg1 (Table 2). 

Chemical sympathectomy with 6-OHDA 
(100 mg kg1 i.p., twice) significantly decreased 
plasma NA concentrations in rats given saline. 
However, elevation in plasma NA concentrations 
was apparent after i.v. administration of L-threo- 
DOPS (2.0 mg kg'), both in sympathectomized and 
control rats. 

DISCUSSION 

In anaesthetized rats, the i.v. and oral administra- 
tions of L-threo-DOPS produced pressor responses 
which were of a slow-onset and long-acting, but 
without significant change in heart rate and e.c.g. 
The pressor effect was markedly reduced by inhibi- 
tion of peripheral L-aromatic amino acid decarboxy- 
lase and by blockade of a-adrenoceptors. Contami- 
nation of L-threo-DOPS by NA was less than 
0.001 pg mgl so its pressor effect was considered to 
be negligible, because even at 0.2 pg kgl ,  (-)-NA 
produced no detectable change in the blood pres- 
sure. These findings suggest that the pressor effect of 
L-threo-DOPS is the result of its gradual conversion 
to NA in vivo. 

Significant elevations in plasma NA concentra- 
tions were evident after 2.0 mg kg1  (i.v.) and 

50 mg kg1 (oral) L-threo-DOPS and ran parallel 
with the pressor response it induced. The increased 
NA concentrations in the plasma after L-threo-DOPS 
2.0 mg kg1 i . ~ .  were almost completely suppressed 
by the inhibition of peripheral decarboxylase. In 
addition, the concentration of L-threo-DOPS in the 
plasma decreased with time immediately post injec- 
tion. Such evidence supports the concept that the 
pressor effect of L-threo-DOPS is the result of the 
formation of NA from it by L-aromatic amino acid 
decarboxylase in vivo and is not due to L-threo- 
DOPS itself. 

We also found that the i.c.v. administration of 
L-threo-DOPS as well as of (-)-NA produced a 
prolonged depressor response in rats. A small 
amount of L-threo-DOPS penetrates the brain 
through the blood brain barrier and is decarboxy- 
lated to NA (Bartholini et a1 1975). However, as 
L-threo-DOPS administered peripherally produced 
only the pressor response, the central depressor 
effect of this drug appears to be masked by its 
peripheral pressor effect. 

Intravenous administration of L-threo-DOPS pro- 
duced an increase in plasma NA in chemically 
sympathectomized rats in which the drug appears to 
be converted to NA, mainly by extraneuronal 
decarboxylase, as the peripheral adrenergic nerve 
terminals had been destroyed by 6-OHDA. Never- 
theless, L-threo-DOPS produced the same increase 
in plasma NA concentrations in 6-OHDA-treated 
rats as in the controls and its pressor effect was 
enhanced after 6-OHDA. This so-called 'super- 
sensitivity' is likely to be due to loss of neuronal 
reuptake sites. 

Although the pressor potency of L-threo-DOPS 
was less than reported for earlier drugs (metarami- 
nol, Siegmund et a1 1948, Livesay et a1 1954; 
noradrenaline, Kaczmarek & Puppe 1953; etilefrine, 
Unna 1951), the response lasted much longer and it 
was effective by both parenteral and oral routes. Our 
data suggest that L-threo-DOPS may be clinically 
effective as an exogenous precursor amino acid of 
NA for the treatment of disorders related to 
hypotension. 
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