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Abstract

Parkinson’s disease is the second most commorodegenerative disease, primarily affecting peablages over 45-55
years, although young adults and even childrenatsm be affected. The gold standard drug for thattnent of Parkinson’s
disease is L-DOPA, but various studies have prothed the treatment with L-DOPA leads to the deathsurviving
dopaminergic neurons in the CNSHence we have approached to counteract the tiesicdf L-DOPA therapy by co-
administration ofTinospora cordifoliacrude powder. On the zero day each animals wemengiith an intraperitoneal (ip)
injection of 1-Methyl-4-phenyl-1, 2, 3, 6-tetrahggyridine (MPTP) (20mg/kg) and after 48 hours thé@rels were treated
with L-DOPA or L-DOPA plusTinospora cordifoliacrude powder upto 30 days. At the end of the squeljod we were
evaluated the level of anxiety, grip strength andochondrial complex-I activity. The results revedlthat the co-
administration ofTinospora cordifoliacrude powder protected the dopaminergic neuronsiwbenpared with Sham operated
control group. In conclusion, we would like to stdlhat the treatment withinospora cordifoliacrude powder could reduce
the toxicities of L-DOPA therapy for Parkinson'séase.
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1. Introduction

Parkinson’s disease (PD) is the most commamahagically based movement disorder, clinically
diagnosed by the presence of bradykinesia, poshstdbility, resting tremor and rigidftyPD occurs
when a group of cells in an area of the brain datlfe substantia nigra (SN) begin to malfunctiod an

die’”.

*For Correspondence: shanishantony@yahoo.com

Contact: +91 934321803
© 2010 Hygeia journal for drugs and medicines.
All rights reserved. 0975 6221

28



Shanish Antony A et al, Hygeia.J.D.Med, vol.2 @)@ 28-38

These cells in the SN produce a chemical callepamine. Dopamine is a neurotransmitter, or
chemical messenger, that sends information to #irés pof the brain that control movement and
coordination. When a person has Parkinson's diséasie dopamine-producing cells begin to die and
the amount of dopamine produced in the brain deegaAs we enter the new century, Parkinson's
disease ranks among the most common late life degemerative diseases, affecting approximately
1.5% to 2.0% of the population older than agé 60

The causes are still largely unknown. Curréantking is that major gene mutations cause only a
small proportion of all cases and that in most gas®n-genetic factors play a part, probably in
interaction with susceptibility genes. Numerousdepiiological studies have been done to identify
such non-genetic risk factors, but most were saradl methodologically limite'd®

Medications can help manage problems with wglkimovement and tremor by increasing the brain's
supply of dopamine. The most effective Parkinsanigy is L-DOPA, it passes into the brain and is
converted to dopamine. L-DOPA is combined with @opa to create the combination drug Sineimet
Europe and L-DOPA is combined with a similar subsia benserazife

In prolonged L-DOPA therapy, the apparent éxirfig capacity is lost and the patient’'s motorestat
may fluctuate dramatically with each dose of thagdra common problem is the development of
wearing off phenomenon: each dose of L-DOPA affett improves mobility for a period of time,
about 1 or 2 hours, but rigidity and akinesia netapidly at the end of dosing inter¥ahcreasing the
dose and frequency of administration can improvs #ituation, but this often is limited by the
development of dyskinesias, excessive and abnoimalluntary movemenfs Dyskinesias are
observed most often when the plasma L-DOPA conagoitr is high although in some individuals
dyskinesia or dystonia may be triggered when thellis rising or falling. These movements can be as
uncomfortable and disabling as the rigidity anchakia of PD.

In the later stages of PD, patients may fluetuapidly between being "off", having no beneficia
effects from their medications and being "on" buthvdisabling dyskinesias, a situation called oh/of
phenomench In addition to motor fluctuations, several othmdverse effects are observed after
prolonged L-DOPA treatment. A common one is theuattbn of hallucinations and confusion,
particularly common in the elderly. Conventionaltigosychotic agents such as phenothiazines are
effective in L-DOPA induced psychosis but may cawsesening of Parkinsonism through their actions
at the dopamine Dreceptor ® ° Facial tics, grimacing and mild anxiety, nightemretc. to severe
depression, mania these are also some commonfidesef L-DOPA therapy

L-DOPA can generate free radicals during its1axidation as well as during oxidative metabolism
of its product, dopamine. Thus, it appears ratiengdropose that an excessive quantity of freecedsli
is generated, and this may be one of the factorghwvbontribute to the side-effects of L-DOPA
therapy. Therefore, it is possible that supplementatiothvéppropriate multiple antioxidants may
improve the efficacy of L-DOPA therapyith these supporting evidences it is clear thatL-DOPA
toxicity can be attenuated by co-administratioroné good antioxidant or a drug which can facilitate
the actions and activities of mitochondrial complexhich is an integral component in Parkinson’s
disease’. Tinospora cordifolia (TC), family: Menispermaceae, has been extensiwtdied and
reported to have potent antioxidant actitityiteratures report that, if taken regularly ighidoses; it
has no major side effect and toxi¢hgnd it seems TC may bear a potential use in negesgeative
disease affecting the cerebral neutans
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The active adaptogenic constituents presemd are diterpene compounds including tinosporone,

tinosporic acid, cordifolisides A to E, syringehetyellow alkaloid, berberine, giloin, crude gilmand,

a glucosidal bitter principle as well as polysacithes, including arabinogalactan polysacchdfide
Among these berberine ameliorated renal dysfundtiostreptozotocin-induced diabetic rats, which
was accompanied by inhibition of renal aldose réaecand reduction of oxidative strésénti-tumor
promoting action of berberine is attributed todtgioxidant property. In the view of above points, we
selectedTinospora cordifoliacrude powder (TCCP) which is wide reported foreapotantioxidart and
free radical scavenging activities for reducingtirdcities of L-DOPA therapy in experimental PD.

2. Materials and methods
Plant material

Tinospora cordifolia(TC), family: Menispermaceae, were collected frimtal areas of Coimbatore
district, Tamilnadu. The collected areal parts 6f Were authenticated from Botanical survey of India
Agriculture University, Coimbatore, Tamilnadu, ladiFor further reference a voucher specimen has
been deposited at J. S. S. College of Pharmacyatien, ootacamund, Indiélerbarium accession no
JSSCP/ P Cog/ 137.

Chemicals

The chemicals which were used for the present sivete procured from Sd-Fine Chemicals Mumbai,
Sigma Aldrich USA, Loba chemicals Mumbai, Merk cheas Mumbai.

Preparation of plant material®

Aerial parts were cut in to small pieces and drredun light. Then they were powdered carefully by
using mechanical blender. The powdered drug waslyfisieved and kept in air tight container. A
further unique advantage ®fnospora cordifoliais that it is effective when given oralfy So we have

selected oral route for the administration of TG@kh 0.3% w/v of carboxy methyl cellulose (CMC)
solution as solvent through oral gavage tube.

HPTLC Standardization of Tinospora cordifolia using Tinosporaside'’

Around 20g of air dried sample was groungdss through 20 mesh SS sieve and 5g from it was
accurately weiged and refluxed with 50ml of metHaadmout 2h. The resulting solution was filtered,
concentrated under vaccum, redissolved in methamslthe final volume was made up to 50 ml. This
solution was used for HPTLC analysis.

A camag HPTLC system equipped with a sampleliagpr Linomat IV, twin rough plate
development chamber, TLC scanner Ill and integnasioftware CATS 4.0 was used. An aluminum
plate (10X10 cm) precoated with silica gel 60F Z&4 Merck) was used as an adsorbent, toluene,
acetone and water in the ratio of 5: 15: 1 werel @sea mobile phase. The solvent was allowed to run
up to 80 mm and the chromatograms were scannezDatr®. A 0.5 mg/ml solution of Tinosporaside —
reference standard was prepared in methanol axla stlution. The test solution was shaken well and
15 pl was applied on a TLC plate along with 1, 284nd 16 ul of standard Tinosporaside, likewise
three such plates were prepared.
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The plates were developed up to 80 mm undambler saturation condition. After air drying the
solvent, the plates were scanned at 220 nm in UMatance mode. The amount of Tinosporaside
present was determined using the calibration cplotted between concentration and area of standard.
The regression equation was found to be, Y = 7.087X7.744 with correlation coefficient of 0.9911.
The content of Tinosporaside were quantified andepegage recoveries were calculated (Table 1). By
this method the Rf of Tinosporaside was about 0T%& content of Tinosporaside was found to be
0.05% wi/w in sample.

3. Acutetoxicity study of TCCP (OECD guide line: 423)™®

Female Wister rats of weight (180-220g) were takerthe study and kept for overnight fasting. Next
day, body weight was taken and TCCP was admintsterally at a dose of 2000 mg/kg in 0.3% CMC.
Then the animals were observed for mortality andomdy at 0, 1/2, 1, 2, 4, 6, 8, 12, and 24hours.
Feed was given to the animals after 4 hours ofngpand body weight was checked 6 hours after
dosing. Morbidity like convulsions, tremors, grtrength and pupil dilatation were observed. The
animals were observed twice daily for 14 days amtiylweight was taken. The same experiment was
repeated once again on 3 female rats (preferabiglf) as there was no observable clinical toxity
the animals on the phase 1 study. From acute tgxgtiidy, 200 mg/kg (1/10 of tested dose) of TCCP
was selected as ddse

Animals

Healthy, adult Wister rats of both sexes (180-220gje obtained from central animal house facility
from J. S. S. College of pharmacy, Tamilnadu, Indiaimals were cared for in accordance with
guiding principles for the care and use of Animatproved by committee for purpose and control for
the supervision and experimentation on animals laatitutional Animal Ethics CommitteEPCSEA
approval numberJSSCP/ IAEC/ M. PHARM/ PH. COLOGY/ 09/ 2008-09.

Animals were divided into four groups of three maihel three female rats in each group.
Group I: Control (normal) group

Group II: Sham operated control (MPTP treated) grou

Group lll: MPTP + L- DOPA (9 mg/kg) treated group

Group IV: MPTP + L — DOPA + TCCP (200mg /kg) trehtgroup

Induction of Parkinsonism by M PTP 22!

On zero day each animal were given an intraperdo(ip) injection of MPTP (20 mg/kg) in normal
saline. MPTP (1-Methyl-4-phenyl-1,2,3,6-tertahydnogine) is a neurotoxin, which after absorption
converted to MPPradical which specifically degenerate dopaminedpoing neurons in the SN a part
of a mid brain. Due to degeneration of dopaminengiarons the amount of dopamine production will
reduce and leads to Parkinsonism. Then forty-elghirs after the induction of Parkinsonism the
animals were treated orally with L- DOPA or L-DORAs TCCP at 09.00 hours up to 30 days, 0.3%
wi/v of carboxy methyl cellulose (CMC) solution wased as vehicle.
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4. Pharmacological Evaluation
4.1.Anti-anxiety activity®

The elevated plus maze was used to evaluateatii-anxiety effect in animals. The apparatus
consists of four compartments, two open and twoosed compartments. After placing animals
individually in the centre of the maze, head fadimgards the open arm, the stop watch was starteéd a
noted down the following parameters for 5 min facle animal. First preference of animal to open or
enclosed arm (An arm entry defined as the entrfjoof paws in to arm). Average time each animal
spend in each arm was calculated as, total duraitiom in arm divided by number of entries. Then
compared the percentage preference of animal to melose arm, average time spent in open arm
and number of entries in open arm for each group.

4.2.Muscle grip strength study?

The main symptom of the Parkinson’s diseaseuscle rigidity. The loss of muscle grip is an
indication of muscle rigidity. This effect can basdy studied in animals by using rotarod apparatus
Twenty rpm was selected as an appropriate speedaiiimal was placed individually one by one on
the rotating rod. Noted the ‘fall off time’ wheniaral falls from the rotating rod. Then the fall difhe
of animal in control and all treated group was careg.

5. Molecular phar macological evaluation

5.1.1solation of mitochondria from rat mid brain®

Tissue was homogenized with a Dounce tissirelgr in mitochondrial isolation buffer (70 mM
sucrose, 210 mM mannitol, 5 mM Tris HCI, 1 mM EDT@Y 7.4) and suspensions were centrifuged at
800 g, 4C, for 10 min. The supernatant fluids were cengdftl at 13000 g,°€, for 10 min, and the
pellets were washed with mitochondrial isolatiotiféuand centrifuged at 13000 ¢,@& for 10 min to
obtain the crude mitochondrial fraction.

5.2.Estimation of Complex-| activity®

NADH: ubiquinone oxidoreducase (Complex-l)idtt was measured in the SN as described in the
literature. Brain mitochondria, isolated as abavete lysed by freeze—thawing in hypotonic buffes (2
mM KH,PQ,, 5 mM MgCh, pH 7.4). The reaction was initiated by the additof 50 pg mitochondria
to the assay buffer (hypotonic buffer containing®8 ubiquinone, 130 uM NADH, 2 pg/ml antimycin
A and 2.5 mg/ml defatted bovine serum albumin). Th&dation of NADH by Complex-l was
monitored spectrophotometrically at 340 nm for 2 ai 30C. The activity was monitored for a further
2 min following the addition of rotenone (2 pug/mihe difference between the rate of oxidation keefor
and after the addition of rotenone was used tatatie Complex-1 activity.

6. Statistical analysis
The collected datas were subjected to approprietistcal tests, one-way ANOVA (Analysis of
Variance) followed by Bonferroni multiple companisotest, nonparametric repeated measiikEzsvA

followed by Dunnet's multiple comparisons test. &ues of less than 0.001 were considered highly
significant. The analysis was carried using Gragth instat software of version 3.
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7. Results
7.1 Effect of L-DOPA and L-DOPA plus TCCP on anxiety behavior

When compared with control group, the MPTPtadaroup showed more preference to open arm.
But, when compared with MPTP treated group, the@F3 and L-DOPA plus TCCP treated groups
showed less preference to open arm and it indicdtat] the treatment with TCCP did not alter the
activities or functions of Dopaminergic neurons aodld have maintained the dopamine concentration
in CNS. The more preference to open arm showsalesiety, dopamine levels and anxiety are directly
proportional.

7.2.Effect of L-DOPA and L-DOPA plus TCCP on muscle grip strength

When compared with control group the retentiore was significantly reduced for MPTP treated
group. But when compared with MPTP treated grobp, lt-DOPA and L-DOPA plus TCCP treated
groups showed more retention time. The resultsestgd that retention time or muscle co-ordination
was improved by either L-DOPA or L-DOPA plus TCQPRated groups. The data indicated that the
treatment with TCCP can facilitate the muscle comibn with some actions on dopaminergic
neurons.

7.3.Effect of L-DOPA and L-DOPA plus TCCP on Complex-I activity

The Complex-I activity were estimated from eohiondrial fractions isolated from brain tissue
homogenate. When compared with control animalsritechondrial activity was significantly reduced
for MPTP and L-DOPA treated group. But the conaurrgeatment with TCCP had significantly
retained the Complex-I activity.

8. Discussion

There is growing evidence that oxidative str@sd mitochondrial respiratory failures with attenda
decrease in energy output are implicated in nigealronal death in PDHowever it is not known,
which cellular elements (neurons or glial cell®) arajor targets of oxygen-mediated damage. L-DOPA
therapy is one of the common therapies for advaiigdBut, the severe side-effects of this therapy
appear in about five yedrsThe reasons for this are not known; however, LPBQan generate free
radicals during its own oxidation as well as duringgative metabolism of it product, dopanfihé® 2’
Thus, it appears rational to propose that an ekeegsiantity of free radicals is generated, and thay
be one of the factors which contribute to the gffeets of L-DOPA therapy. Selegiline used in
combination with

L-DOPA may reduce free radical levels by redgcithe oxidative metabolism of dopamine;
however, it would not affect the level of free i@l generated by the oxidation of L-DOPA. Earlier
studies suggested that supplementation with apigtepmultiple antioxidants may improve the efficacy
or reduce the toxicity of L-DOPA therafly’"

With these supporting evidences it is clear it L-DOPA toxicity can be attenuated by co-
administration of one good anti-oxidant or a drulgick can facilitate or unaffected the activities of
mitochondrial complex-l which deteriorate duringDIOPA therapy. With this concern we have
evaluated the effect of TCCP for reducing the titieis of L-DOPA.
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We could evaluate the parameters such as ¢éagixiety, grip strength and mitochondrial Complex
| activity. The level of anxiety was comparably eofor L-DOPA or L-DOPA plus TCCP treated
groups. The MPTP treated groups, showed less gramet it was comparably reduced when compared
with normal control. These findings indicate ththe TCCP treatment did not alter the role or actibn
L-DOPA in experimental animals. The concept of -amixiety test was introduced to assess whether
TCCP treatment have any interference with L-DOP#fe@$ action to regain dopamine level in
dopamine depleted animals.

From the results of muscle grip strength, itlesar that L-DOPA and L-DOPA plus TCCP did not
alter muscle co-ordination. This study suggestatifarther supports that TCCP treatment did notr alte
the affects of L-DOPA therapy in experimental PRurlEr reports evidenced that L-DOPA therapy
leads to mitochondrial degeneration and leads toomal cell death. At last we estimated the midrbra
mitochondrial Complex-I activity and the activityas unaffected by TCCP treatment.

The Complex-1 activity in L-DOPA treated growyas drastically reduced and it is the valuable
finding that L-DOPA treatment could lead to furthdegenerative effect in surviving dopaminergic
neurons. Two consistent biochemical ‘signatureghim SN of idiopathic PD cases are a deficiency of
mitochondrial Complex-1 and abnormally high levelsfree-radical damade These two events are
thought to be interrelated, because inhibition ofplex-I activity can increase free radical product
and increased free radical production impairs Cemyplactivity. Studies that have attempted to mpdif
the disease course in PD by reducing free-radarahdtion have shown relatively modest effects on
PD’. This is valuable information in this researchttthe protection of mitochondria by TCCP could
solve the toxicity of L-DOPA therapy. From the ritsut may be clear that the co-administration of
TCCP can reduce the toxicities of L-DOPA which godd standard drug for Parkinson’s treatment.

Apart from this, a different plant Mucuna pta, family: Fabaceae, seeds contain high
concentrations of L-DOPA, it has long been usedraditional ayurvedic Indian medicine for the
treatment of Parkinson's disease, but the seedcenae birth defects and has uterine stimulantigctiv
during pregnancy, contraindicated in combinatiorthwM AQ inhibitors, potentiate androgenic
medications, potentiate insulin and antidiabetidication and prolonged use lead to neurotoxicity as
conventional L-DOPA treatmefit

9. Conclusion

In the conclusion, we would like to state ttieg treatment with TCCP can reduce the toxicity.-of
DOPA therapy for Parkinson’s disease. The mitochiahdactivity retained by TCCP showed a
promising way for the usefulness of TCCP for tleatment of clinical Parkinson’s disease. The furthe
pharmacological and clinical investigations aredeekto implement it for clinical use.
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Table 1. Recovery of Tinosporaside fr@imospora cordifolia

Sample Amount Fortified Observed Value Calculated value Average Recovery
(mg/mi) (mg/ml) (%) (%)
TC 0.5 0.997 0.089 0.098 5.10
TC 0.5 0.451 0.484 0.493 4.65 95%
TC 0.5 0.981 0.933 0.942 2.68
']
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Fig. 2: HPTLC chromatogram Bhospora cordifoliatest sample (Rf = 0.58).
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Table 2. Effect of L-DOPA and L-DOPA plus TCCP anxeety behavior

Group Aver age time spent in ar m(sec) % Preferenceto
open arm

Openarm Enclosed arm
Control 7.220 +1.800 58.1122+3.224 10.4524+2.0018
Only MPTP treated 14.80002R 30.7781+2.929 48.220+4.5221***
MPTP + L-dopa 9.8131 59.1195+3.288 12.4187+0.113
MPTP + L-dopa + TCCP 8.552+1.770 60.296+3.1102 11.224+1.3890

Values are mean +SEM; n=6 in each group, ***P<0.08ten compared to normal contrd?>0.05 when compared to normal control (one-
way ANOVA followed by Bonferroni multiple comparise test)

Table 3. Effect of L-DOPA and L-DOPA plus TCCP onsule grip strength activity

Group Retention time(sec)
Control 120.442+1.437
Only MPTP treated 10.56+1.678"
MPTP + L-dopa 65.974+1.531**
MPTP + L-dopa + TCCP 4.823£1.098***

Values are mean +SEM; n=6 in each group, *P<0.@0En compared to MPTP treated group, **P<0.01 wtmmpared to MPTP treated
group, "P<0.001 when compared to control grotR<0.05 when compared to contgobup. (one-way ANOVA followed by Bonferroni
multiple comparisons test)

Table 4. Effect of L-DOPA and L-DOPA plus TCCP amplex-1 activity

Group Concentration(nmol/min/mg protein)
Control 1.6055+1.796

Only MPTP treated 39.569268™*

MPTP + L-dopa 24.94254350

MPTP + L-dopa + TCCP 89.5217+1.6254*

Values are mean +SEM; n=6 in each group, ***P<0.@0ien compared to MPTP treated group, **P<0.0&mbompared to MPTP treated
group,”P<0.001 when compared to contfdR<0.01 when compared to control grouf®ne-way ANOVA followed by Bonferroni multiple
comparisons test)
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