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Effects of Berberine on L-DOPA Therapy in 6-Hydroxydopamine-induced
Rat Models of Parkinsonism

Kun Seong Shin, Ik Hyun Kwon, Hyun Sook Choi, Sung Cil Lim, Bang Yeon Hwang and Myung Koo Lee”
College of Pharmacy, Chungbuk National University, Cheongjiu 361-763, Korea

Abstract — Isoquinoline compounds including berberine enhance L-DOPA-induced cytotoxicity in PC12 cells. In this study,
the effects of berberine on L-DOPA therapy in unilateral 6-hydroxydopamine (6-OHDA)-induced rat models of parkinsonism
were investigated. Rats were prepared for the models of Parkinson's disease by 6-OHDA-lesioning for 14 days and then
treated with L-DOPA (10 mg/kg) with or without berberine (5 and 30 mg/kg, i.p.) for 21 days. Treatment with berberine (5
and 30 mg/kg, i.p.) showed a dopaminergic cell loss in substantia nigra of 6-OHDA-lesioned rats treated with L-DOPA:
30 mg/kg berberine was more intensive neurotoxic. The levels of dopamine were also decreased by berberine (5 and 30 mg/
kg) in striatum-substantia nigra of 6-OHDA-lesioned rats treated with L-DOPA. These results suggest that berberine aggra-
vates cell death of dopaminergic neurons in L-DOPA-treated 6-OHDA-lesioned rat models of Parkinson's disease. There-
fore, the long-term L-DOPA therapeutic patients with isoquinoline compounds including berberine may need to be checked

for the adverse symptoms.
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9] A4S Yehdit}. Dopamine A734|3E2) E382] 9
= 0K o-synuclein), 2735 E4 9 E94H (reactive
oxygen species, ROS)-f-%= 4Fs} AE 7| A (oxidative stress)©l]
25 dopamine AZAMZAL So] HaE 1 ek
&R 0] F¢s) = X mellE L-3,4-dihydroxyphenyl-
alanine(L-DOPA) &5 (&5 =5 HTAAe] 71 Ho] ey
3 9len, Fol¥l L-DOPAT 5O o]dfslo] Wk Lop|
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LA &g A (aromatic L-amino acid decarboxylase, AADC,
EC 4.1.1.28)°]l 2J&19] dopamine® 2 Wgx|o] oka|2-8-S vIE}

W ot 28y @714¢1 L-DOPA W9 31&H b=
dopamine, norepinephrine % dopamine THAF|(DOPAC, HVA)
9] o] Z7)sb, ko] L-DOPA/dopamine 2 1.2] thAlA]
T AR AEw 2| et A7 %4S eI B8, L-DOPA
Yl dopamine®| F3A| e tlAHA Adwzke] SERES] o8t
o] A% isoquinoline f-=AQ1 tetrahydropapaveroline %
salsolinole AAAE =4S el 9lgo] Husy grp?

s}ghE-2- 8l Tzel whel el tlekst Al

Isoquinoline 3}31&=+
A4S YeRfa 9t 3] isoquinoline 3F3HE-2 dopamine A8

@73 9 tixl, L-DOPA-FE AlE5d7 #A-Ish A7 Eloly
2} dopamine Ay FAQ tyrosine F4FsF & A (tyrosine
hydroxylase, TH, EC 1.14.16.2)%] &4 A3|2-%, dopamine T]
AlgEA¢l B o}l Akl & A~ (monoamine oxidase, MAO, EC
1.4.3.4)2] Aafzkgo] glgo] Baw et 4® tjekst isoquinoline
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3}e5 3o protoberberine Y 33 (berberine) =
tetrahydropapaveroline 5 PC12 A|3¥%2] L-DOPA-f% A3
=7 2ol tig ST ~EIA e 28l gt AlE
A= 571 e 9lom 4919 jsoquinoline M-S 73T &
Sl A9 QA 2 FEAFANA AH532E-S HERT Q)
LMY ol NAR S A TS el 94 9 mok)
d7d1elAl isoquinoline AlE 3}FES A7IZF BE(1~2 3
ok A5 AAE=AL] TFsAdol s YERAL Qi

Berberine> & (Copis japonica M., Ranunculaceae)®] <7
of &-fE FATCE, 34, FudY, FFYA ZHE- Fol &
24 9lom M1 Ajpgel Al 5o Aol FfEo] k.
3, berberine 6-hydroxydopamine(6-OHDA)-f-= 311
=524 dopamine AZAAE] thet HAAE-S YERY 1L
go] BuE kY 6-OHDA: AkshAl (Fe?*, H,0,)2] EA41s}
of] B]E A8 (non enzymatic) %2 dopamineclA] A A
B2 02 dopamine A7AAIEAHcell deathys F-58R= AEAEA
EZloln, wAFojo)] g3to] AT -FE sEELS 2/
AREE| T QIR 1S 6.0HDAE PC12 AlEZo] Folsh= 7
9 AESA 28-S ehfa 9ok®

£ AFelME isoquinoline AlE 3}5HE FollA QoA 2k

AREE 3L Sl berberines AEIste], =2 Al E A A3k
)

TP 2 FFAPEY DS 7 wokRpe] okE e
3 P#Este] wokRloll Al isoquinoline 3THE-S F 35S
EAAES IR Folsks A
T, 3 SFAGA Agke] 7E 2 oS 280 oA

Al ¥ =

L-DOPA, dopamine, berberine sulfate, 6-ODHA, apomorphine
hydrochloride, bovine serum albumin, thiobarbituric acid,
EDTA-Na, ascorbic acid 5 Sigma Chemical Co.(St. Louis,
Mo, USA)°A 93159t} TH &A= Chemicon International
(Temecula, CA, USA)°ll A, biotinylated anti-rabbit IgG,
vectastain(avidin/biotin complex)(ABC) 7]E % vectastain
diaminobenzidine(DAB) 7]E+= Vector Laboratories(Burlingame,
CAllA T3ttt A3 552 WA (Sprague-Dawley, male,
200~250 g, Samtako, T-U)& AREIIA I FoF 7] 1223, &
5= 23+2°Co] zstellr] ARBlglon, Fa-ae] 9l 93] (E 5T
shu)e] dell wEt 3sielt. 1 vkl Alek 5+ 2 HPLC

& oHe ARSIt
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6-OHDA-R mZIEH SE2H XY

& 2o 2/de wR-9le] 6-OHDAE Folsto] 2
BlIeh 19 A&%5(3A) | Sprague-Dawley rat, 250~300 gy 1t
F 3t 3 (Zoletil 50 A2, 100 mg/kg, i.p.; Vibac, Carros, 3%
), A9 4717 (Stereotaxic apparatus, KOPF instrument,
USAE AMEsle] B85 st &, 3 5919 52 di-$
ol 6-OHDA(8 ug/2 W, 1 p/min)= $38+3 I =]: bregma°l
4 oF 53 mm, TN +1.9mm &, AUl -7.5mm 2
0]).19 mezkry ] 8121 (hemi-parkinsonism)S- 6-OHDA $o] 14
U5-ol| apomorphine(0.5 mg/kg, i.p.)& FoIgh Uk 35
S7435to] H71slIth3003] /417E ol de] 31A %).

L-DOPA % berberine 50§

6-OHDA-F%= 31 FE5 9o thét L-DOPA(10 mg/kg)
2 berberine(5 2 30 mgkg)?] T+ 6-OHDA-Fo| 144 &
1, 21 YiHip., 19 13]) AlBsiSion], tixae Aejdas
(0.9% NaChE 535131t} L-DOPA £ Alelli= AADC A8l
ARl benserazide(15 mg/kg/day, i.p.)5 B85k Fo313tth.

Dopamine MZMZo| FifiAl

6-OHDA-% 52592 6-OHDA Foi 4F 3o #aas
&3 #7318 (4% paraformaldehyde/50 mM phosphate $H&-&
MG AJ3Y3F TFS WS AE3E10] 4% paraformaldehyde &)
A 2403F 317 SRl g ¥ 242 30% sucrose/PBS &
/isobutane E3H-8-N-5 o]g-sto] FARHE A|Fxsto] Ao
R 39 tH 7 35 um; Cryostat, Leica, Nuolch, Germany).
Ao diet TH WYL mouse anti-TH( : 200),
biotinylated anti-rabbit IgG % ABC 7]|EE Alg3lo] A|315)5]
o, DAB 7|EE ARgsto] "DAAIZTE S0 Ad5-9] TH
o] A FL Fsren] (x1004, Zeiss Axiolab, Jena,
Germany)e ARE3IGLoH], GAtAH el SJsto] SdelA 43
w2 U] QAHEFE Asio] At e Ak 6-
OHDA-F-% 9] (ipsilateral side, T=5-2))oll thgt gk} vt
(contralateral side, intact side)ell T3t ZkS W|wslo] WE-&2
HeERA STt

Dopamine &2 £H

A Z %9 dopamine 3 Mitsui 52 U Lee 59 1t
Hof F3}o] A}E-38F T Al 8o trichloroacetic acid(3.0 M,
100 w) ! isoproterenol(1 nmol/ml, 100 w, W% 718t o
= €4 FYskalth s 5 Toyopak I-CP 7+E 2] %] (Toso,
Tokyo, Japan)& A&kl AAest 5, F29 oflghgta&
0.6 M KCl-acetonitrile(1 : 1, v/v) &3 2 mls AREslo] §5
A7l T, £%d0)| DPE Aok 7ste] 3% fexlsksta, #
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& kg5 HPLCE AH8-8t] dopamine -5 =7dak3itt.
HPLC?] ZHA: column, TSK gel ODS 120T( pum, 0.45X
25cm, Toso, Tokyo); ©]&7}, acetonitrile-methanol-sodium
acetate 9-54(0.1M, pH 5.0)(50 : 5 : 45, v/v); 25, 1 m//min;
AZ7], F1000 3337%7](Ex. 350 nm, Em. 475 nm, Hitachi,

Tokyo).
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Berberine PC12 M2l BS54 5%=(10~30 uM)elX] 6-
OHDA(20~50 uM)3} -8 A x|5k= 3¢, AlE54d 282 6-
OHDA w5 Ax|ah= 7ol nlasle] S718l3Ieh!) w3, 6-
OHDA-7-% o1& EERus 245k 79-(6-OHDA, 8 ug/
2w, 21971), berberine(5 2! 30 mg/kg, 21U7H7}Fe] HE-Fo
= )\1645‘1/1 5;]/] __xu-?,‘r]‘/l TH lesﬂ/q]i U% doparmne &
o] fo)7 0w 7haaiith? uheha, B A= 6-OHDA-F
T Iy E%E'_%]% ARE310], L-DOPA 2 (10 mg/kg, i.p.,
2147HS Al&sk= 79 berberine®] W-8591(5 2 30 mg/kg,
219700l W ] dopamine A EA ] B3| JEkS
HAESSTh o1&y BdS 6-0HDA Fo 149 5o
apomorphine(0.5 mg/kg, i.p.) FoIol 23t 3|eF o2 FRls}
Rom, A EGA ADH-91)2] dopamine AEAEAR= TH &
A& o] &3t x84 G o HAalekqict. L-DOPA
(10 mg/ke)®] 8] AL I1EW SERDNA A5 A-S-
Ha glen, L-DOPA 21 ¥7te] Fol= uxisy FEREe
52| dopamine A1I7FAIES] gt S22 LERJA] 43ke
], ol5te]] whel L-DOPAS] Foi+= dopamine A7ZA|E2] ¢+
3ot HEAE-S vERar QIok? 2 Aol 6-OHDA-f=
T FERES A4 Fol, L-DOPA(10 mgkg, 2141H2
FolE= % dopamine A173AIES] TH WA x 2] &S] tf
Zrel vlste] ghslet S7HE-S LFERISIcHFig. 1B 2 E). B
gt berberine®] -85 3! 30 mgkg)> T=AY 82 Ve
2 3] Ak

6-OHDA-F-5 9171¢= EE5 24 Fol|(6-OHDA 50 5
14%), berberine(5 mg/kg 21027})-4 TR g2 v
sto] SF-2lolx 7-24Q1 dopamine AVBAETE] FHAE L
BRIl o™ (Fig. 1C 2 2C), dopamine A &A91 TH-H

AZAAE= 6-OHDA-F] H-¢](ipsilateral side) W HIhS H-9]
(contralateral side)oll= AAsAvh @2t 11.7% X 7.1% 732,

R: Contralateral (intact) side
L: Ipsilateral (6-OHDA-lesioned) side

AE

®)

OF

Fig. 1 — Photomicrographs of tyrosine hydroxylase (TH) immunore-
activity on substantia nigra tissue sections from represen-
tative rats of each group in the intact (contralateral) (R) and
6-hydroxydopamine (6-OHDA)-lesioned (ipsilateral) (L)
sides. Normal rat groups (A), 6-OHDA-lesioned rat groups
(B), 6-OHDA-lesioned rat groups with berberine (5 mg/kg)
(C), 6-OHDA-lesioned rat groups with berberine (30 mg/
kg) (D), L-DOPA-treated 6-OHDA-lesioned rat groups (E),
L-DOPA-treated 6-OHDA-lesioned rat groups with
berberine (5 mg/kg) (F), L-DOPA-treated 6-OHDA-lesioned
rat groups with berberine (30 mg/kg) (G). Rats were
treated with L-DOPA (10 mg/kg/day) with or without
berberine (5 and 30 mg/kg/day), or vehicle (0.9% saline).
Brain tissues were cut and every three serial section was
immunohistochemically stained with antibody against TH.
These data are representative of 5-7 animals per group, and
the arrow indicates the 6-OHDA-lesioned side. Scale bar is
100 pm.

n=>5-7). &gk, olef gk MAAE 7HA2E-> 3185 berberine
(30 mg/kg, 377H 2] Fofel &Jsto] AA|stA YEbRk T2t
285% 2 30.6% 72, n=5-7)(Fig. 1D = 2D). o] A3}:= 6-
OHDA-fr= 311 SERE 2MdS 91810, 6-OHDAS| 4
FoJAlel berberines EA] Folak= -9-9F fAA S22
] dopamine A7FAIETY] 722R8-S el o 10 w71
W EEwd 24 Sof|(L-DOPA 7|59]) berberines Foidh=
A&l of|A] dopamine AZAAET-S O] ks S UER]
AT}

w8k 6-OHDA-f- &= 31 sardl
F 3o L-DOPAS] F0J(10 mg/kg, 1297H= 349 dopamine

WAL AEES A3t %7}0}ME}(6.8% <7}, p>0.05,
n=6)Fig. 1IE ¥ 2E). o]+= A &%2] L-DOPA+= dopamine !
ARz HeAkgo] Qle-s veRfaL gk 12yt 6-OHDA-f-
71 FER oA L-DOPAS} berberine(5 X 30 mg/kg,
2197hS tg& Eo% = 739, dopamine AN AAZETE T H
-2 % berberine &

& olEHoR ¢
nﬁRiD}. 6-OHDA-F0] FEREe] 5559 4 vi)

W I S

L
a
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Fig. 2 - The number of surviving TH-immunopositive neuronal
cells in substantia nigra of the intact (R) and 6-OHDA-
lesioned (L) sides. Normal rat groups (A), 6-OHDA-
lesioned rat groups (B), 6-OHDA-lesioned rat groups with
berberine (5 mg/kg) (C), 6-OHDA-lesioned rat groups with
berberine (30 mg/kg) (D), L-DOPA treated 6-OHDA-
lesioned rat groups (E), L-DOPA-treated 6-OHDA-lesioned
rat groups with berberine (5 mg/kg) (F), L-DOPA-treated
6-OHDA-lesioned rat groups with berberine (30 mg/kg)
(G). TH-immunopositive neuronal cells were analyzed as a
percentage of intact side. Results represent means=
S.EM. for 5-7 animals per group. *p<0.05, **p<0.01
compared with 6-OHDA-lesioned rat groups; #p<0.05,
##p<0.01 compared with L-DOPA-treated 6-OHDA-
lesioned rat groups (ANOVA followed by Tukey's test).

= F oM THHFE AlFAM| ¥4 5mg berberine oI
Z+7} 20.7%(p<0.05) 2 8.1%(p>0.05) 7238+ ©. ™ (n=5-7),
30 mg berberien T2 27} 47.3%(p<0.01) ¥ 37.5%(p<
0.01) 743519k n=5-7)Fig. 1F 2 G, 2F ¥ G).

TH WS Z284 daAste|| oshd, H s 52 xdH-
£](shustantia nigra compacta)2} % 2]55-9](substantia nigra
reticulata)ollX] AAE A7 T2AH FAUANLL, AIEA]
7F 94d s 3lE ko g v QItk(Fig. 1A). 18
1 6-OHDA-f= 3150 Bl el nlste] 217
AEEE] A RIZBAIEA )R] FHA3IS 01, berberine WO
9 L-DOPA(10 mg/kg)$t -8 Folgt 739 dopamine A7 A3
o] fAdo] dAs] 1HAsltkFig. 1C~G).

15 Aol A dopamine A AA|FE 0] HEA 02 E|
gEo] vehs 5ol gttt 18R berberine &
Folof] o3t B4 MEA Q] NAAETL] 7o) W dopamine
A sls HEsIQit). 6-OHDA-F= 9718 S5 6-
OHDA X798 -2l 25l dopamine o] 714
SFATHON TS 38.7% 7+4, p<0.01, n=5)(Fig. 3B). &3, 6-
OHDA-fr= 315 s= R dl 2Mdwtell ot berberine(5 mg/
kg, 357H9 TS T (Fig. 3B)l ulste] w39

¢
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Dopaminelevels
(ng/mg tissue)

SO o W ot O~ @O

RL RL RL RL RL RL RL

A B C D E F G

Fig. 3 — Effects of berberine on dopamine levels in striatum of the
intact (R) and 6-OHDA-lesioned (L) sides. Normal rat
groups (A), 6-OHDA-lesioned rat groups (B), 6-OHDA-
lesioned rat groups with berberine (5 mg/kg) (C), 6-OHDA-
lesioned rat groups with berberine (30 mg/kg) (D), L-
DOPA-treated 6-OHDA-lesioned rat groups (E), L-DOPA-
treated 6-OHDA-lesioned rat groups with berberine (5 mg/
kg) (F), L-DOPA-treated 6-OHDA-lesioned rat groups with
berberine (30 mg/kg) (G). After 21 days, the brains were
removed and dopamine levels were determined by an
HPLC method. Results represent means+S.E.M. for 5-7
animals per group. *p<0.01 compared with 6-OHDA-
lesioned rat groups; #p<0.05, ##p<0.01 compared with
L-DOPA-treated 6-OHDA-lesioned rat groups (ANOVA
followed by Tukey's test).

dopamine ko] 7kAsg oW (272 8.8% 74, p>0.05,
n=7)(Fig. 3C), berberine(30 mg/kg, 377He] Folr-& v & 7
2288 VR IITHO =] 24.3% 74, p<0.05, n=5-7)(Fig.
3B, C, D).

6-OHDA- % 37151 S5 w4 24 $of L-DOPA(10 mg/
kg, 377hH2] Foli= 6-OHDA Fof = §-9] 9 WS §-9]ef
A, tlzt(Fig. 3B)ell vlste] ¥%2] dopamine o] +-2]4]
¢l M3}E Yeh)A] 23tthFig. 3B W E). 184 6-OHDA-F-
T 9IEy FERE AAdrre] diste] L-DOPA(10 mg/ke)$t
berberine(5 mg/kg, 357°7H2] W T2 tlF7 (Fig. 3E)°
13l H%2] dopamine 0| A3 oM (ESHS, 2Tt
2] 20.8% 24, p<0.05, n=7)Fig. 3F), berberine(30 mg/kg,
3FH] HE T ¥ & aFg-S et s ST
9], thx9] 33.6% 7+, p<0.01, n=7)(Fig. 3G).

w2k isoquinoline 3F5&<! berberine®] 717 Fo= 6-
OHDA 4 ol 93t sz Skl (2 2 X18)ag)l0
4 X529 (L-DOPA 251l =25-912] dopamine 217343
ol gt 542 RIFAEADS skl oo, SIS
oFgiA I 4= S-S AASkL it

2 Aol A= 6-OHDA-f+ = 1= = dlof|A 9] L-DOPA
Fol= Agapolld AAAE B8-S YRyl oy, L-DOPA
9} berberine¥}] WE Foi= dopamine AFAHFALE 28}
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STt Z717F L-DOPA @& Alsfehs d1sH S g
Z°] dopamine $r%°] %7}5lH, isoquinoline -FFEA|<!
tetrahydropapaveroline¥} salsolinol 5-¢] EZolx HE% L 9l
t} 9229 Teterhydrosioquinoline 2 isoquinoline 3}355-&
PC12 A4 L-DOPA-f+= A4 54 289 7t 485
ERfa glom 12 wdh 6-0HDA 2 L-DOPAE= PC12 Al
oA 2714k auto-oxidation)oll 2] 5k quinine, quinone,
semiquinone 52 3}FHE-S AL A7 (free radicals)E A
o] atsl 2w A 9F AEZEA ZE-S Ehdt?
Isoquinoline 3}3+E-2 X821 dopamine A173712] MEARE &
Eohs 2175820 1-methyl-4-phenyl-1,2,3,6-tetrahydropy-
ridine¥}2] s}e734 FAPIOE Q18ke], dopamine AFFA A
a2, A 9 thAFEA(TH 2 MAO) €4 A 4h&,
dopamine A7 A|1¢] AlxE=/d 2H8- Sol dish A7 RuEn
QJtt. o] ZFollA berberines 33t protoberberine U7}zEo|=
(palmatine, coptisine)= dopamine &4 A a|2+8, TH W
MAO 24 A 28-S e ar 9ok %9 &3t berberines
PC12 A2 ZFollA] B4 =M 912] HAX|el|A] 6-OHDA-r
= AEEAAE-S 7M7) 3L Al EAHapoptosis)E sk 10
A F5 (50 uM)ellHE 6-OHDA-G-& A|ZEAS 48] 7}
A7)e Aoz YepdthlY 72|22 berberine] AEEA A&
2 AEY Ak} AEZ A9 #H3E M| 3EANapoptosis) = -
o &gt Zlojm, o]ef gt A=A 8-> L-DOPA 2XF<] 6-
OHDA-FE 915 EER dojlA] dopamine A 7AAMETS] A
IAE sk e AoE AlEH

A Al#E21 berberine AA2] €L 100~300 mg/day(’d
Ql 7lEelH, Sdel wt 153t oY E-83F 7ksAdo] Stk 1
HEZ Ak} AEHA-FE isoquinoline 3FE52 wokA W
AFE AL gl Al A7IRME A 1573 o)) B8/ E e

B9 fA80) s ANG S e,

= i e

4 =

B o) A= protoberberine &7}FZ 0] =<1 berberine- 6-
OHDA-+1= 37151 FE 5 oA, L-DOPASIS] HE Fofol
°J5}o] dopamine A7FAIETS] H492H-S LER™ dopamine
FF 7aAg-5 vEh|aL itk o] Z3=2 L-DOPA &
1< Sk} 9 -9k l= berberineE X313t isoquinoline 3}
%=, dopamine B3 A28 9l Abst AEHAE ffEshe
=4 Foll A7 B3t Fo s AS A 5948
| 71 & o, 58 833 7|31l wet 27 =Ao] s
2 5 ASE HERN AL Qlth webA] 7 AT AP E A g
A} 9 pokxte| tjste] MAETS] okt A, 4] 5
gk AAARD A7 xleE oo & Z19)S AAlSkaL itk
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