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Mucuna pruriens Proves More Effective than
l-DOPA in Parkinson's Disease Animal Model

Ghazala Hussain and Bala V. Manyam*
Department of Neurology, Southern Illinois University School of Medicine, PO Box 19230, Springfield, Illinois, USA

Seeds of the Mucuna pruriens plant, now known to contain l-DOPA, have long been used for the treatment of
Parkinson's dissease patients in ancient Eastern Indian ethnotherapeutics. Following validation of the
intrastraital 6-OHDA injection with amphetamine in the parkinsonian rat model, the animals were fed synthetic
l-DOPA (125 or 250 mg/kg) or Mucuna pruriens endocarp (MPE, 2.5 or 5.0 g/kg) mixed with rat chow (n=6, for
each dose and drug). Controls received no drug. An additional dose of l-DOPA or MPE in the same doses plus
carbidopa (50 mg/kg) were administered via gavage (controls received only carbidopa 50 mg/kg) 1 h prior to
testing with rotometer. Contralateral rotation (to the side of the 6-OHDA lesion) (CLR) was recorded for 240 min
as a measure of antiparkinsonian activity. Results indicated that dose for dose, MPE showed twice the
antiparkinsonian activity compared with synthetic l-DOPA in inducing CLR in the parkinsonian animal model.
This study suggests that MPE may contain unidentified antiparkinsonian compounds in addition to l-DOPA, or
it may have adjuvants that enhance the efficacy of l-DOPA. © 1997 by John Wiley & Sons, Ltd.
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INTRODUCTION

Parkinson's disease (synonym - paralysis agitans), a
degenerative disease of the nervous system due to the
progressive loss of nigrostriatal dopaminergic neurons and
decrease in striatal dopamine, is characterized by the
presence of tremor, muscular rigidity, poverty of movement,
difficulty with balance and walking, depression and demen
tia. Most symptoms can be controlled through the use of
drugs,  but  no  single  drug  is  completely  effective.
3-(3,4-dihydroxyphenyl)-L-alanine (l-DOPA), a dopamine
precursor, either alone or in combination with an aromatic
amino acid decarboxylase inhibitor (carbidopa, benser-
azide) are the most effective drugs for the treatment of
Parkinson's disease. Additional drugs such as dopamine
agonists, anticholinergics, amantadine or selegiline, are
added as adjuvants. Hence, polypharmacy is not uncom
mon. All these drugs are available in the synthetic form. The
use of multiple drugs to control the symptoms of a single
disease is expensive (Harris et al., 1991).

The exploration of ethnopharmacologic treatments may
be a cost effective alternative, since naturally occurring
compounds have been used in the treatment of Parkinson's
disease. For example, the seeds of the datura plant have an
anticholinergic effect and have been employed for several
decades as an antiparkinsonian drug. The beans of the
Mucuna pruriens, other members of the Mucuna family
(Damodaran and Ramaswamy, 1937; Bell and Janzen, 1971;
Daxenbichler et al, 1971) and Viciafaba (Lattanzio et al,
1982) contain levodopa, a major drug used in the treatment
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of Parkinson's disease. The DA agonist, bromocriptine, is
extracted from the fungus — Claviceps purpura (ergot)
(Parkes, 1977). Mucuna pruriens may also have DA agonist
activity (Vaidya, R.A. et al, 1978). Monoamine oxidase
inhibitors are known to exist in plant sources such as
Banisteria Caapi (Banisterine) (Sanchez-Ramos, 1991) and
Nicotiana tabacum, the common tobacco plant (Norman et
al,  1982).  Beans from Mucuna pruriens  (Atmagupta,
Sanskrit) have been described as a useful therapeutic agent
in various diseases of the human nervous and reproductive
systems in the ancient eastern Indian medical system known
as Ayurveda (Nadkarni, 1908; Vaidya, N.D., 1925; Singhal
era/., 1979; Dutt, 1980). Indian scientists isolated l-DOPA
from the beans of the Mucuna pruriens (Damodaran and
Ramaswamy,  1937),  but  the  role  of  l-DOPA in  the
treatment of Parkinson's disease was not known until 30
years later. Our studies have shown the l-DOPA content
(dry weight) to be 4.02%Jnjhe _^o[eJAucuna_pmriens
bean, 0.09% in the pericarp, and 5,28%JinIiJiZ6naocarp3
(Mahajani et al., 1996). Vaidya A.B., et al, (1978) treated
Parkinson's disease patients with a powder made from the
beans of Mucuna pruriens. The results showed a decreased
incidence of adverse effects compared with those treated
with synthetic l-DOPA, which the patients were taking
prior to ingesting the Mucuna powder. In a more recent
clinical  trial,  utilizing  a  commercial  product  (HP-200)
derived from Mucuna pruriens endocarp (MPE) a sign
ificant improvement of symptoms occurred in 60 patients
with Parkinson's disease (HP-200 in Parkinson's Disease
Study Group, 1995).

The objective of this study was to compare MPE with
l-DOPA  at  two  different  dose  levels  utilizing  the
6-hydroxy-dopamine  (6-OHDA)  induced  parkinsonian
rodent model to test our hypothesis that with the same dose
of l-DOPA in the synthetic form or in the natural form, as
it exists in Mucuna pruriens endocarp, the latter may be a
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more effective antiparkinsonian drug possibly due to the
presence of additional unidentified antiparkinsonian com
pounds or adjuvants that enhance the efficacy of l-DOPA.
The quantitative recording of rotational behaviour in the rats
after 6-OHDA lesions of the nigrostraital dopamine system
will be used for testing the antiparkinsonian effect of the
two drugs (Ungerstedt and Arbuthnott, 1970).

METHODS  AND  MATERIALS

Male Sprague-Dawley rats (195-220 g) from Harlan Spra-
gue-Dawley (Indianapolis, IN) were used for the study.
Animals were housed, two per cage, at 25°±2°C on a 12 h
light/dark cycle with free access to food and water. Animal
procedures were conducted in strict accordance with The
Guide for the Care & Use of Laboratory Animals as
adopted by National Institutes of Health. All protocols were
approved by the institutional animal care committee.

Sources for drugs. L-3,4-dihydroxyphenylalanine methyl
ester, 6-OHDA hydrobromide, d-amphetamine sulphate,
and apomorphine hydrochloride from Sigma Chemical Co.,
St. Louis, MO; Mucuna pruriens endocarp from Zandu
Pharmaceutical Works, Bombay, India; carbidopa from Du
Pont Pharma, Wilmington, DE, ketamine from Henry
Schein, Port Washington, NY; xylazine from Miles Inc.,
Shawnee Mission, Kansas; and desimipramine from Sigma
Chemicals, St. Louis, MO.

Surgical procedures. The rats (w=71) were pretreated with
desimipramine (25 mg/kg sc) 45 min before surgery to
prevent the high affinity uptake of 6-OHDA into noradrena
line neurons. Animals were then anaesthetized with an
intraperitoneal injection of a cocktail of ketamine (40 mg/
kg) and xylazine (5 mg/kg), and placed in a stereotaxic
frame (David Kopf Instruments, Tujunga, CA) with a bite-
block 3.3 mm below the horizontal bar. A dental drill was
used to make a single burr hole at the appropriate site on the
right side of the skull. 6-OHDA [8 ^g hypobromide salt
dissolved in 4 pL of vehicle (sterile nitrogen bubbled 0.9%
saline containing 0.02% ascorbic acid) stored at -70°C]
injected at two separate sites into the corpus striatum as
follows: the initial injection was made with the needle bevel
directed rostrally at the following coordinates; AP+3.7 mm;
ML-2.3 mm; DV-7.1 mm, and the second injection was
made with the needle bevel  directed laterally  at  the
following  coordinates:  AP+3.7  mm;  ML-1.9mm;  DV-
7.4 mm, with respect to lambda and dura, based on Paxinos
and Watson Stereotaxic Atlas (1986). 6-OHDA was infused
at a rate of 1 /xL/min through a Hamilton 10 pL syringe.
After completion of each injection, the needle was left in
place for 3 min in order to allow for diffusion of the toxin
away from the needle tip. The incision site was cleaned with
Betadine solution and the skin closed with wound clips.

Amphetamine treatment. The efficacy of the 6-OHDA lesion
was tested with 2.5 mg/kg i.p. amphetamine 1 week after
surgery and 5 mg/kg i.p. during weeks 2-4 using an
automated rotometer for rotational behaviour (Ungerstedt
and Arbuthnott, 1970; Schultz and Ungerstedt, 1978; Walsh
and Silbergeld, 1979). Following administration of amphet
amine, rats (n=66) were placed in plastic buckets and
allowed to rotate. With the destruction of nigrostriatal
dopaminergic neurons on the right side, amphetamine
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induced the animals to turn ipsilaterally. The number of
complete rotations, ipsilateral and contralateral to the side
of  6-OHDA lesion were recorded.  Of  the 66 animals
lesioned, 40 completed seven or more ipsilateral rotations/
min over a 90 min period in response to amphetamine
satisfying the criteria for adequate damage to the nigros
triatal dopaminergic neurons by 6-OHDA.

Method of recording rottaional behaviour in a rotometer.
Rotations were measured using a 'rotometer' similar to that
described earlier (Ungerstedt and Arbuthnott, 1970; Schultz
and Ungerstedt, 1978; Walsh and Silbergeld, 1979) except
that we used a software programme to enter data directly
into the computer (Mac-Rotometer Processor, Maryland
Scientific & Machining, Inc., Kensington, MD). A 'harness'
consisting of a well fitting broad band was fastened around
the chest of the animal just behind the forelimbs. On the
dorsal surface of the rat, the band was hooked to the base of
a male lure-lock fitting which connected the animal to a
0.4  mm steel  wire  having  a  female  fitting.  The  wire
transferred the movements of the animal via ball-bearing
and cam to a microswitch that reacted to each full turn. Up
to six animals were tested simultaneously, one in each
bucket.  Each full  turn  was  registered  on  an  electro
mechanical counter which was turned off, zeroed and turned
on again by the Mac-Rotometer Processor. Each rat was
kept in a cylindrical-shaped plastic bucket with the ball
bearing positioned at the geometrical centre of the bucket.
This design restricted the movements of the animal to
within  the  confines  of  the  bucket  keeping  the  wire
connected to the machine from being stretched while
allowing  free  ipsilateral  rotation  (ILR)  to  the  side  of
6-OHDA lesion,  in  this  case the  right  side,  and free
contralateral rotation (CLR) to the side of 6-OHDA lesion.
Turns per minute were plotted against time. Rats were
monitored continuously during the experiments.

Sixty-one percent of the selectively lesioned rats met the
criteria of <7 ILR/min during the initial 90 min in response
to amphetamine injection (Perese et al, 1989) and were
included for testing the antiparkinsonian effect of MPE and
l-DOPA.

l-DOPA and Mucuna pruriens endocarp treatment. Following
8 weeks of recovery and completion of amphetamine
studies, 30 6-OHDA lesioned rats which met the criteria for
ipsilateral rotation with emphetamine (7 rotations/min) were
assigned to one of the following five drug treatment groups
(n=6 per group): (1) control, received no drug; (2) l-DOPA
(125mgkg body wt.); (3) l-DOPA (250 mg/kg); (4) MPE
(2.5 g/kg); (5) MPE (5 g/kg). Rats were fed ad libitum for 4
weeks with their respective doses mixed with rat chow
(Purina Mills Inc., Richmond, IN). From weeks 2 to 4 of the
treatment period, rats were orally treated either with their
respective treatment drug dose (l-DOPA 125 mg/kg, l-
DOPA 250 mg/kg, MPE 2.5 g/kg, MPE 5 g/kg) or their
treatment drug dose plus carbidopa (50 mg/kg). Rats were
tested (after 60 min of their oral administration) on the
rotometer for 240 min for their rotational behaviour. When
treatment drug dose plus carbidopa was given, rats were
pretreated with carbidopa (50 mg/kg) and after 60 min
treated with the combination drugs (treatment drug plus
carbidopa).

Statistical analysis. Statistical analysis was done using
Microsoft Excel 4.0 software. All values are reported as
group mean±SEM. Significance was accepted for values of
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Figure  1.  Mucuna  pruriens  endocarp  (plus  carbidopa)  compared  with  l-DOPA
(plus  carbidopa)  showing  a  significantly  higher  number  of  rotations  contralateral
to  the  side  of  the  lesion  in  intrastriatal  6-OHDA  rat  model  of  parkinsonism.  All
animals  received  carbidopa  (50  mg/kg)  orally  followed  by  a  combination  of
carbidopa  (50  mg/kg)  and  l-DOPA (125  mg/kg  or  250  mg/kg)  or  carbidopa  (50  mg/
kg)  and  Mucuna  pruriens  endocarp  (2.5  g/kg  or  5.0  g/kg).  Control  animals  received
carbidopa  only  (not  shown  due  to  very  low  no.  of  rotations).  All  values  mean  ±SE.
CLR,  contralateral  rotations  (to  the  side  of  6-OHDA  lesion).  Mucuna  pruriens
endocarp  (5.0  g/kg)  with  carbidopa  (50  mg/kg)  was  significant  (p=0.037)  by
ANOVA.

A large standard error  was noted in CLR (Fig.  1)
indicating variability in response by individual rats to the
antiparkinsonian effect of l-DOPA and Mucuna pruriens
endocarp despite the fact that all animals had adequate
degeneration (90%) of nigrostriatal dopaminergic neurons
by responding to amphetamine-induced circling behaviour.
This may suggest that the individual variation was due to
the behavioural nature of the study and a larger number of
animals need to be used in future experiments. We did not
undertake histopathological confirmation of the degree of
tissue damage, but instead we will be subjecting the
lesioned tissue to neurochemical analysis which will be
reported separately. Further, being placed in the rotometer
buckets for 240 min with the ability to move around, the rats
would not stand still and rotated to a maximum of 20 ±7.13,
in groups treated without carbidopa for both CLR and ILR,
and for the group treated with carbidopa for ILR. But, a
significant number of rotations in high double digits or triple
digits occurred only in the group treated with carbidopa for
CLR which is representative of antiparkinsonian activity.
Nevertheless, the experiments provided information that
l-DOPA, even at a dose of 500 mg/kg, may not produce
adequate response of contralateral rotations to the side of
the lesion unless carbidopa is added facilitating better the
availability of l-DOPA in the central nervous system. Such
an effect appears to be due to species variation. For
example, the reported oral  LD^ of l-DOPA in rats is
4000 mg/kg, in mice 3650 mg/kg and in rabbits 609 mg/kg
(Budavari, 1989). In humans, the dose of synthetic l-DOPA
needed to produce a clinical improvement in parkinsonian
signs is 2 to 3 g/day in divided doses of 20% to 25% of that
dose when combined with an aromatic L-amino acid
decarboxylase inhibitor (carbidopa, benserazide). A dose of
200 mg/kg of MPE is more than adequate to produce similar
effects in patients with Parkinson's disease (HP-200 IN
Parkinson's Disease Study Group, 1995). The high degree
of individual variation in the number of CLR under identical

the difference in species response to various drugs illus
trates the limitations of animal experiments to verify human
disease treatments. The 6-OHDA lesioned rat is a pharma
cological model of Parkinsonism and not a true Parkinson's
disease model as the aetiology of this neurodegenerative
disease remains unknown.

The usual method in drug development is to screen a
large number of drugs, or plant extracts for 'lead com
pounds' test in animal models for therapeutic activity, and
then, if effective, conduct acute and chronic toxicological
studies prior to conducting human clinical trials. This is an
expensive and time consuming approach. For example, in
1981 the cost was $54 million and the time involved was 10
years (Wardell and Shek, 1983). This expensive approach
may not be applicable in evaluating drugs from traditional
systems of medicine such as Ayurveda, North American
Indian Medicine, Chinese Medicine, etc. In these systems of
medicine, an extract of the whole plant or part of a plant
such as roots, leaves, seeds etc, are used. In addition to the
active ingredients, the product may contain hundreds of
other bioactive compounds which may act as either adjuvant
or antidotes for some of the adverse effects produced by the
lead compounds, or may aid metabolism or absorption. As
an example, reserpine, the main alkaloid of Rauwolfia
serpentina, administered for the treatment of depression,
causes extrapyramidal adverse effects such as parkinsonism
and tardive dyskinesia (Chase, 1972). The crude extract of
the root of Rawolfia serpentina, which contains reserpine
and a host of other unidentified alkaloids, has not been
reported to cause extrapyramidal adverse effects (Manyam,
1990). MPE has a pH of 6.3 possibly due to the presence of
ascorbic acid (0.12%, dry wt.) (Manyam etal., unpublished
data, 1994). It is well known that the solubility of l-DOPA
requires an acidic pH. Despite these recently discovered
facts, and the use of plant based products over centuries, the
therapeutic efficacy and safety of a product developed from
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ethriopharmacology cannot be taken for granted and must be
reevaluated by subjecting it to rigorous testing similar to
that for synthetic compounds prior to widespread use in
humans. Data included in this paper confirm the efficacy of
MPE as an antiparkinsonian agent in the intrastriatal
6-OHDA parkinsonian animal model. It also shows that
MPE is more effective than its synthetic counterpart (Fig.
1). Our previous study of MPE has shown a pharmacoki
netic effect similar to the combination of levodopa and
carbidopa (Mahajani et al, 1996). MPE has no significant
acute or chronic toxic effect in rats and rabbits at four
different doses (Manyam et al, 1996, unpublished data),
and a phase II clinical trial in humans has shown the product
to be highly effective in patients with Parkinson's disease

(HP-200 in Parkinson's Disease Study Group, 1995). These
studies confirm our hypothesis that MPE may contain more
than one antiparkinsonian compound in addition to l-DOPA
or it may have adjuvants that enhance the efficacy of l-
DOPA.
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