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Neuroprotective Effects of Herbal Ethanol Extracts from
Gynostemma pentaphyllum on L-DOPA Therapy in
6-hydroxydopamine-lesioned Rat Model of Parkinson’s Disease

Kwang Hoon Suh, Hyun Sook Choi, Keon Seong Shin, Bang Yeon Hwang and Myung Koo Lee*
College of Pharmacy, Chungbuk National University, 52, Naesudong-ro, Heungduk-gu, Cheongju 361-763, Korea

Abstract — The neuroprotective effects of herbal ethanol extracts from Gynostemma pentaphyllum (GP-EX) in 6-hydrox-
ydopamine (6-OHDA )-lesioned rat model of Parkinson's disease treated with L-DOPA were investigated. Rats were prepared
for the Parkinson's disease model by 6-OHDA-lesioning for 14 days. The rats were then treated with L-DOPA (10 and 20 mg/
kg) with or without the oral administration of GP-EX (30 mg/kg, daily) for 28 days. L-DOPA (20 mg/kg) treatment for 28 days
enhanced dopaminergic neuronal cell death in 6-OHDA-lesioned rat groups, but L-DOPA (10 mg/kg) did not. However, the
oral administration of GP-EX (30 mg/kg) for 28 days ameliorated the enhanced neurotoxic effects induced by chronic L-DOPA
treatment in 6-OHDA-lesioned rat groups by increasing tyrosine hydroxylase (TH)-immunohistochemical staining and the
number of TH-immunopositive cells surviving in the substantia nigra. In addition, GP-EX administration (30 mg/kg) for 28
days recovered the levels of dopamine and norepinephrine of the striatum in 6-OHDA-lesioned rat groups, which were mark-
edly reduced by L-DOPA treatment (20 mg/kg). GP-EX (30 mg/kg) did not produce any signs of toxicity, such as weight loss,
diarrhea, or vomiting in rats during the 28-day treatment period. These results suggest that GP-EX has protective functions
against chronic L-DOPA-induced neurotoxic reactions in dopaminergic neurons in the 6-OHDA-lesioned rat model of Par-
kinson's disease. Therefore, GP-EX may be beneficial in the prevention of adverse symptoms in parkisonian patients.

Key words — Gynostemma pentaphyllum, Dopamine, Tyrosine hydroxylase, 6-Hydroxydopamine-lesioned rats, L-DOPA

therapy

9}71<=4 (Parkinson's disease)y 714 )] X124 (striatum)-
5% (substantia nigra) 12| dopamine 41737 (dopaminergic
neuron)-% Eefof ofste] FAdo] e, 8 SA4S=R
A7, AE, 32 o 57l Aol X 73
AAlol 4, Bl 55, =94 Al 59 S5 e
2737 "ol F8 Ul EE FHAA
(a-synuclein, parkin, PINK1 5) 2 SHIAHAI7E =4 =4)
o] ¢]3F dopamine A 7AAM ZA} So] B E L glom P
dopamine 217 M AL ]3] dopamine TFEFF 7FA-of

dopamine AJ$Hd 4~ tyrosine hydroxylase(TH, EC 1.14.16.2)

L

R

[e]
T+

Wt} Dopamine

*WAIZ 2} (E-mail) : myklee@chungbuk.ac.kr
(Tel): +82-43-276-2754

341

2 aromatic L-amino acid decarboxylase®] &4 7+47) &

kgl

o] S/deksl B X F= dopamine2] A
¢l L-DOPA £Ho] 74 Ho] ey it z2ev} A7)

7kl L-DOPA g¥el ¢fste] uZ1Ey 2aks €9 2 =
% 9] L-DOPA, dopamine, norepinephrine % dopamine T
A (DOPAC, HVA) So] Z7}alw, shzFe] L-DOPA,
gAHA o] &2 & g4 4F A (reactive oxygen
species, ROS) ¥ quinone 3F3HE-S A8l Y AlslAEd)
Z2~(oxidative stress)-f-= 4173 54 /2174 Al EEAHapoptosis) &
ot aYue sgley X 8A 9] NS 96
NZAAL] 23t 9 BTt = AlA, kst

o

=i

dopamine %

dopamine 4



A, FASA, ARBFAF= AA T A7 HaE 9l
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= 2| (Gynostemma pentaphyllum Makino, Gynostemmae
Herba, GP)= thdA &2 Sl & oprJo} Aol +x
o] At} GPY FAE-LS gypenosides 3=, flavonoids
59 383t k'Y GPE o X (ethanol B 3 o)
9 oypenosidesE ARE-sIe] THFSH A do] A= om
FoNE ZHzEHE Ast 28 AA R A= ok
FZ AREL GPY ethanol ¥2~(GP-EXY} FE=49<
o]-g&to] T AEg 2o o3t AlFA s, Hr]s Als
Boh-9-& S 5ol e MAFEe Busig =
3k, GP-EXE WA 21o)|9] 6-hydroxydopamine(6-OHDA)
Folo) o]ak MZA|-52 2] dopamine A AHE FAJof o]
3 ol ahg-g VR AL 93-S Btk ol GP-EX
7} Akl E | -8 dopamine A17FA 2] E|FYS- oWS
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o HE WA D MelH 07 dopamine A7 EA}
£ ke AASEEEE2A, IIEH e A5 (A
2 ) wde] 2ol S-45 et
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&M A5 HES] flste], 6-OHDA-f= w1
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DOPA @58 2 L-DOPAS} GP-EX$}e] HE Folg
& Adsted, L-DOPA 299l oet X885 3 542
of thgt GP-EX2] M54 Wo] 852 HESIAIT

ME @ we
HEME - GP= P3AFEE A &) o
A Felete] FE5 ERISKATHETSE B SHHshL oF
shjjst AeFstaal). GPe $(leaves, 10 kg) F-21E ANF sl
S8 & ARG T ethanol(80%)= T3l S 553t
o] A|E2 ARSIATHGP-EX, 0.96 kg). L-DOPA, dopamine,
isoproterenol, 6-ODHA, apomorphine hydrochloride, bovine
serum albumin, thiobarbituric acid, EDTA-Na, ascorbic acid
59 Aeke Sigma(St Louis, MO, USA)ZHE 7451
TH 3|= Chemicon International(Temecula, CA, USA)°l
A, anti-rabbit IgG, vectastain(avidin/biotin complex)(ABC)
7]1E 9 vectastain diaminobenzidine(DAB) 7] E = Vector
Laboratories(Burlingame, CA, USAYIA 3] AM83151
T} 1 ge] Ajeke 55 9 HPLC & 532 ARSIt
25552 WA (Sprague-Dawley, 34, 250-280 g, Samtaco
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6-OHDA-RE mMZI=H S22 MY - 1S 5
Erde Ao 6-OHDAS Folsle] 24 aket.'”
7¥eFe] 71eshd, AEEES rHT v (Zoletil 50 AR
100 mg/kg, i.p., Vibac, Carros, France), = ¢ %71+
(Stereotaxic apparatus, KOPF instrument, ¥|=1)& AFH8-3}
FTES T &, I 919 52 ALH-$e 6-OHDA
(8 ug/2 ul, 1 pl/min)E FASFATHSIA: bregmac Al &k
53 mm, FHIA +1.9mm &, A=A 7.5 mm Zle)).”
A o] &2l (hemi-parkinsonism)y 6-OHDA Fof 2 5
%o apomorphine(0.5 mg/kg, s.c.)S Folte] 34 LES
Hrrslh(15e] 4 3] o] 3 2%)."Y

S E2| GP-EX 0] - 6-OHDA-f%= I 5
Erdo] th3 L-DOPA ¥ GP-EX?| Fole =24l 24 (6-
OHDA %o 2 3 F) $of| 14 13], 4 F B £ 319
t}. L-DOPA(10 mgkg 2 20 mg/kg, ip.)= benserazide
(15 mgkg, i.p)2t B-E& Foetiom A AFEE 25
£ g3 7} 2§ A, ascorbic acid(0.1%)-$H+ el
I T IF B, 6-OHDA Fo)(6-OHDA-= 371
W F25d), 28 C, 6-OHDA-F = 3FIsH SE5rd +
L-DOPA(10 mg/kg) FoI3; 2& D, 6-OHDA-f-&= T
W FE5249 + L-DOPAQ0 mgkg) F9; L& E, 6-
OHDA-f-%= 371 $E%4 + L-DOPA(10 mgkg) ¥
o + GP-EX(30 mgkg) T 1+ F, 6-OHDA-f=
H71EH FE524Y + L-DOPAQ20 mgkg) £l + GP-
EX(30 mg/kg) F<.
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HPLC "PHS ol &ale] Z43lich " A gell trichloroacetic
acid(3.0 M, 100 ul) 2 isoproterenol(1 nmol/ml, 100 ul, 1}
TR 7 v YA 2kt s & Toyopak
SP 7FE2]A](Toso, Tokyo, Japan)E& AFHE-3le] A 2]el &,
E2 oISEES 0.6 M KCl-acetonitrile(1:1, v/v, 2 ml)
EFNE ALgale] BEAFTH & DPE A9k 718t
< WS HPLCY| Y31
574, acetonitrile-
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methanol-0.1 M NaOAc ¢+59(pH 5.0) (50:5:45, v/v); -
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Em. 475 nm, Shimadzu, Kyoto, Japan).
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£2o08 AZEAY THHAFE 3= 54
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o] 534 (substantia nigra reticulata) F-$]ollA] Tzl H]
sle] TH-HQZZ3518H4] GaAJo] 8] 7431 th(Fig.
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2
EaE
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FERYY 5
¥ 4 YRSl o] A= 6-OHDA Foio] 2J3t
dopamine 41734 329] w72 Qlete] TH-LE AZA X

Photomicrographs of TH immunoreactivity on substantia
tissue sections from representative rats of each group.

Fig. 1.
Normal groups (A), 6-OHDA-lesioned groups (B), 6-OHDA-
lesioned groups + L-DOPA (10 mg/kg) (C), 6-OHDA-lesioned

groups + L-DOPA (20 mg/kg) (D), 6-OHDA-lesioned groups
+ L-DOPA (10 mgkg) + GP-EX (30 mg/kg) (E), 6-OHDA-

lesioned groups + L-DOPA (20 mg/kg) + GP-EX (30 mg/kg)

(F). Rats were treated with L-DOPA (10 and 20 mg/kg/day,
The data were

ip.) and GP-EX (30 mg/kg/day, p.o.) or vehicle (0.9% saline,
p.0.) in 6-OHDA-lesioned rat groups.
representative of 7-10 animals per group. The arrow indicates
saline-treated side (A) and 6-OHDA-lesioned sides (B-F).
Brain tissues were cut and each three serial section was
selected and processed for TH-immunohistochemical staining
using TH antibody. The pictures were visualized under the

light microscope with a magnification of 100x and scale bar is

9] 100 pm.
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Fig. 2. The numbers of surviving TH-immunopositive cells in
the left substantia nigra (SN) (6-OHDA-lesioned side) analyzed
as a percentage of that in the right contralateral side (intact
side). Normal groups (A), 6-OHDA-lesioned groups (B), 6-
OHDA-lesioned groups + L-DOPA (10 mg/kg) (C), 6-OHDA-
lesioned groups + L-DOPA (20 mg/kg) (D), 6-OHDA-lesioned
groups + L-DOPA (10 mg/kg) + GP-EX (30 mg/kg) (E), 6-
OHDA-lesioned groups + L-DOPA (20 mg/kg) + GP-EX (30
mg/kg) (F). Rats were treated with L-DOPA (10 and 20 mg/
kg/day, ip.), and GP-EX (30 mg/kg/day, p.o.) in 6-OHDA-
lesioned rat groups. These data were representative of 7-10
animals per group. TH-immunopositive cells were analyzed as
a percentage of each intact side. *p<0.05, **p<0.01 compared
to normal groups (ANOVA followed by Tukey’s test).

E£3] GP-EX(30 mg/kg) 2 L-DOPA(20 mg/kg)e] -85
oA TH-HS S A E257F EA4 3] S718F] dopamine
AAA ] B ARE-S YERAITH3E2.9% S7t, p<0.05)(Fig.
IF ¥ 2F).

webd vzl FERU)X L-DOPA I&HS A7)
7k Folgh £ THERAAM 2] GAgo] folHoR a

=] S ERlskiTt. 4717k L-DOPA 89S Aldiel=
739, @ 9 53Fof dopamine 2 norepinephrine®] I,
dopamine2] THAFAIQl DOPAC ¥ HVA2] o] F7)sh,
L-DOPA/dopamine == thARA] 57ke] Sevk-gol st
o] tetrahydropapaveroline 2 salsolinol} 732 isoquinoline
FEA7E A=Y E3] L-DOPA 2 isoquinoline 3+t
B AsinEd 2 o7 AA5E e ek
84y GP-EXE 6-OHDA-%= 371 FERdoA L-
DOPA 8ol ¢Jste] Uehhs AAMIE S/ gk Wy
285 YERHAL 9loH, o= GP-EX9] HISEd| 2 %)
gol &3 Aog AlggtY

THr2® 6-OHDA-fr= 1 FERdelx 4717 L-
DOPA 2%l 23t TH-H =2 35}st G214 2 dopamine
AARA|E o] 7, ool gk GP-EX®| AZAAME B35zt
&S AMsl7] st dxA-=4 7919 dopamine B
norepinephrine®] &S Z43159th 6-OHDA-F%= 1<
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Fig. 3. Effects of GP-EX on the levels of dopamine in the
striatum of brain in 6-OHDA-lesioned rats. Normal groups
(A), 6-OHDA-lesioned groups (B), 6-OHDA-lesioned groups +
L-DOPA (10 mgkg) (C), 6-OHDA-lesioned groups + L-
DOPA (20 mg/kg) (D), 6-OHDA-lesioned groups + L-DOPA
(10 mgkg) + GP-EX (30 mgkg) (E), 6-OHDA-lesioned
groups + L-DOPA (20 mg/kg) + GP-EX (30 mg/kg) (F) Rats
were treated with L-DOPA (10 and 20 mg/kg/day, i.p.) and
GP-EX (30 mg/kg/day, p.o.) or vehicle (0.9% saline, p.o.) in 6-
OHDA-lesioned rat groups. After 4 weeks, the brains were
removed and the levels of dopamine were determined by an
HPLC method. Results represent means+S.EM. for 7-10
animals per group. *p<0.05, **p<0.01 compared to normal
groups (ANOVA followed by Tukey’s test).

W sERY e MxA-54d 99 dopamine &
OHDA-AA] F-2](&F F-91)elA thxtell Blste] §435]
AR THN 2T2] 44.2% $HdF 74, p<0.01)(Fig. 3B).
3 6-OHDA-fr% 371EH FERrdo] tiste] L-
DOPA(10 mg/kg) FtollX= dopamine $Ho] 7=
A YeERIAN0™ (5.8% T 57T, p>0.05)(Fig. 3C), L-
DOPA(20 mg/kg) 512 dopamine EHfo] foldoz 7t
28 tH21.3% 744, p<0.05)(Fig. 3D). °]& &% L-
DOPA Foi7} TH-2E QA ZARS fFEste 202 A}
S¥IchFig. 1D % 2D). 284 6-OHDA-f-= HZIEH -5
Erdo]x L-DOPA(10 2 20 mg/kg) F1717F Foll GP-
EX(30 mg/keg)S WE&FAst= A5, A2A-SHF9] 9]
dopamine &% o8 o2 F7kstAThA7t 21.7% 2
32.3% &% 7}, p<0.05)(Fig. 3E ¥ F).

6-OHDA-F= 1< sERde] AxA-5d F9d
232] norepinephrine $F-S Tzl H]sle] 7HAElg o
(44.5% $FF 712, p<0.01)(Fig. 4B), 717+ L-DOPA(10 2
20 mg/kg)®] FoIolME 21 Zfol= HolA] Ut
(Fig. 4C 2 D). 221} L-DOPA(10 2 20 mg/kg)2} GP-
EX(30 mgkg)S W-E&FAste 734, A2A-54 799
norepinephrine $H#-2 214 02 Z7lslAvhzhzt 23.1%
2 16.5% &%F 571, p<0.05)(Fig. 3E Z F).
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Fig. 4. Effects of GP-EX on the levels of norepinephrine in
the striatum of 6-OHDA-lesioned rats. Normal groups (A), 6-
OHDA-lesioned groups (B), 6-OHDA-lesioned groups + L-
DOPA (10 mg/kg) (C), 6-OHDA-lesioned groups + L-DOPA
(20 mg/kg) (D), 6-OHDA-lesioned groups + L-DOPA (10 mg/
kg) + GP-EX (30 mg/kg) (E), 6-OHDA-lesioned groups + L-
DOPA (20 mg/kg) + GP-EX (30 mg/kg) (F) Rats were treated
with L-DOPA (10 and 20 mg/kg/day, i.p.) and GP-EX (30 mg/
kg/day, p.o.) or vehicle (0.9% saline, p.o.) in 6-OHDA-lesioned
rat groups. After 4 weeks, the brains were removed and the
levels of norepinephrine were determined by an HPLC
method. Results represent means+S.E.M. for 7-10 animals per
group. *p<0.05, **p<0.01 compared to normal groups (ANOVA
followed by Tukey’s test).

MPTP-f= 9711 55 oA % 6-OHDAE 4+s}
A(Fe™, H,0,)¢] A atol] B &84 uh-2-0 2 dopamine
S ZHE A =W AelHo=F dopamine 217 AIL] Al E
AV frEste A7 SAERE Agsty ok wd
6-OHDA-f= 710 FERIDA 471220 L-DOPA
WS A3t A4 oldF 2 dopamine 4173 A 3o
3 SAZES YR glgo] BaEw gk
6-OHDAE WA 5ol Foslal EAlol GP-EXE 2 F
b B8 Fojshs A, AxA-5d 2014 6-OHDAC
3l dopamine A177A1¢] = @A Fasieh B
TNME= GP-EXE 6-OHDA-f= 371 FE2rdd
7717k L-DOPA 85l |8t dopamine 417371 €] A3
Aol thgh Wolxh8-5 UEhlAT). 31, GP-EXe WA &
Eg 2o o5t fFEe B9 AT, WYV Ua
ol tha AN 24 yehha ok agjes Gp-
EX= 3151 9] o3t 4717F L-DOPA &9 A%
HEXOWMAIZ 82 T UaS AL Ut

GP= 4521 gypenosidesd®} flavonoid 313 52 $F
H3t3L 2t Gypenosides-3H- £3(25-400 pg/ml) =
] 1) 2wl A 3 (cortical cells)oll 4] glutamate-f+5= 2173 5
Aol 3 B5 28-S JehHom ) gypenosides-3-fr £

r\l

X e o

2] dopamine 21 AM E R & 28-S YERY ™, GP-EX
2 butanol FE O ZHE FF9| gypenoside I} E
(gynosaponin TN-1, gynosaponin TN-2, gypenoside XLV,
gypenoside LXXIV) 5 #2]3}3 222 gypenosides 7l
a sheHEo] T8 g =4olgtal AIEETHEEE 2}
2).% 28} 6-OHDA-F% BERIAE GP-EXe &
o-§-7(30-50 mgkgy> &2 A& &5
Efom, o] AAE GPY| YAl e AjolE e}
tZH= gypenosides 313 o] 9ol o} A€ =2 o]
HAT F ASS AASIAL o oo} A#T A7t 7
sY=lojol & ZoF Als T

GP E5ZE9] LDy(mice) > 2.86(x0.3) g/kg(i.p.) ©]
3L, 6-750 mg/kg(MA, 24 F7F 73] WHLlolA AF7
4, 713t 271%s 5o SRS YRRl o, &
A5 B 7YY 5SS A5k Sv AeR B
E T Yk EE GP-EXS] AAIES Alxsle] 2~Ed
2ol o]gk FHERF NAAE-S 913 A PN FoI 8=
(400 mg/day, 74 717+ 6 Fhe] HelelA Soldt F2h&-
< YehiA bkt

AAEYPA HAFAMEe] B el HA
GP o]€]ll, black tea FEE, HAES o] &3 Er}
(yeoldahanso-tang) 5] K ¥ St} szisw s} 74
< AZAESA Ak S W oFE gl 7|7
Ax XY BR X 8AA Fol olgh HEde g, A=
4 Go] HFEoloF & Aog AlRH

o] Azl 23l GP-EXE 6-OHDA-f= 31
=1 sExddX 4717k L-DOPA 2E Aldshs 45
L-DOPA®] 2]+ AZA]-52 dopamine A173AE2] 41745
ol oS BEAHE- LRl ek Wb GPEXE
2159 BEtel] gk 574 &5 L-DOPA 899 #A)
e e 7]1ede o g AlgETh
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