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ABSTRACT

Objective: Parkinson's disease (PD) is the second most common neurodegenerative disease after Alzheimer's disease.
Antioxidant stress and inflammatory reactions are important causes of neurodegenerative diseases and are major causes of PD.
Many animal experiments have been aimed at treating PD using the antioxidant effects of various traditional medicines and
dietary supplements. This review reports the research investigating the antioxidant effects of herbs in in vivo PD models.

Methods: The study consisted of a database search for articles related to PD and herbal treatments using the OASIS,
NDSL., KTKP, Korean KISS, PubMed, Science Direct, CNKI, Wanfang, and J-STAGE databases. The search period was
limited from the start of the search engine application to November 14, 2019. Studies were selected to confirm the antioxidant
effects of herbal medicines in an in vivo PD model.

Results: Eighty-two studies were summarized for plant species. extracts (or compounds), animal models, neurotoxins, and
functional results. The most frequently used herbal materials were Bacopa monnieri, Camellia sinensis, Centella asiatica, and
Withania somnifera. MPTP and 6-OHDA were the most commonly used neurotoxins for inducing PD. Most studies confirmed
an increased expression and activation of antioxidant enzymes and a decrease in oxidative stress. Herbal materials showed their
antioxidant effects regardless of the order of treatment and confirmed their possible use as treatments for the prevention and
treatment of neurodegeneration.

Conclusion: Many herbal medicines have antioxidant effects and are likely to be effective in delaying neurodegenerative
damage by inhibiting or reducing oxidative stress by expression of antioxidant enzymes.

Key words: Parkinson’s disease, antioxidant effect, neurodegenerative disease, Chinese herbal drugs, medicinal plants, herb
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Fig. 1. Flow chart of study selection process.

2) AR

& 715l dgete vi=

(ex vivo) QAT

(2) S92 RPN (N E) $2E == T 4
29 P4 HLE AT 24T 97

(3) AF Azl P LS HelT AT

DECHE

ohe 712d s 2AE 97 A A

v

Paper excluded (n=488)
Not relevant (n=160)
Human experiment (n=4)
In vitro experiment (n=162)

Review and others (n=162)

o\

2 Az Hel
A% 149 QA2 A7F 23] AL T



EJPN

in vivo 2EOA SR R 715d AES

bl (42), ww AANE(FE W A2,
AR AUAL PD RekE B4 717 &4

Table 1. The Experimental Studies about Parkinson’s Disease Treated with Herbal Materials

Extracts ’T‘Ieatment ﬁunctional outcome
Plant species Model ~ Neurotoxin  period Dose References
/compounds (@) Increase Decrease
Mitochondrial beta-oxidantion of Li Xz
Ethanol ex. Mice MPTP 20 45.5 mg/kg  long chain saturated fatty acids
Acanthopanax . . (2013)
senticosus and fatty acid metabolism
() . MDA ROS. pjy e
Ex. Mice MPTP 20 45.5 mg/kg OXPHOS | (2018)
(p<0.05)
CAT, SOD 1
.. MDA |
Albizia (150: p<0.0001, . 13
adianthifolia Aqueous ex. Rat  6-0HDA 21 030 e Sooon, (190 00 X000 Beppe GJ
mg/kg/day Protein carbonyl | (2015)
(flat-crown) GSH, GPX 1 (300 p<0.001)
(p<0.0001) F PR
. GPx, MDA
Apium 125, 250, A .
graveolens Methanol ex. Mice MPTP 21 375% MAO A’, ChOIlIﬁthOII]plkLlIﬂeI‘t
(A22) me/ke/day MAO-B, 02" | P* (2018)
= (p<0.05)
Arthrospira . 15
. Powder-mixed . 9 SOD | (p<0.001)  Kumar A
( gﬁgﬁli}) food Drosophila. Paraquat 5, 10% CAT| (01) (2017)
Aspidosperma L 16
pyrifolium Aqueous ex. Rat 6-OHDA 14 100, /iOO LPO | (p<0.05) de A(r;g{g)DP
(Pereiro) e/ ke
Astragalus -
~ CAT, GPx, SODT MDA, ROS| Li H
menzgﬁiceus Astragalan C. elegans 6-OHDA 2 mg/mL (p€0.05) (p<0.05) (2016)
GSH, GST
* 0% TBARS (LPO) | 18
Aleoholic s Rat  60mDA 21 2040 GPR GRT ot g, Shobana C
mg/kg (20: p<0.05, 40: p¢0.01) (2012)
40: p<0.01) P
0.1%
. (unit media:  CAT, GSH, Subramanian P
Ethanol ex. Drosophila.  Rotenone 7 1 unit GST. SOD 1 TBARS | (2014)
=300 ml)
Bacopa . 40 CAT, SOD 1 MDA (LPO). Singh BY
vomnieri hanolex. - Miee  MPTP 30 a0 T (q005) DL (<005)  (2016)
(C=E) . 40 CAT. GR. GPx. LPO, MDA Singh B
Bthanol ex. - Mice  MPTP 30 o /a00 SOD T (p<0.00D)  (p0.05) 2017)
. 200 Krishna G*
Ex. Mice  Paraquat 21 ma/ke/day SDH1 (2019)
. GSH 1 MDA | o
% 23
Sandatdied O ophin, Rotenone 7 Gy U (019 p005) (019 o) oA R
P greap CAT. GST. SOD -
. . 200 HP, MDA, Hosamani R*
Standardized ex. Mice Paraquat 28 mg/ke/day ROS | (p0.05) (2016)
Buddleja ]
cordata Methanol ex. Rat MPP+ 14 80, 100 LPO protection (p<0.05) Gabriela
mg/kg/day (2015)
(Tepozan)

996



0|5t - HAKS - KOIX - ZIS 3 - &l

—o [=k=]

1.5%
(1.5g of BT

(Black tea) ~ leaves were  CAT. GSH. Chaturvedi RK”
Aqueous ex. Rat 6-0HDA 2 suspended in SOD 1 (p<0.05) LPO | (»00D) (2006)
100 ml of
Camellia hot water)
sinensis . . 0.25, 0.50, Siddique YH
ENT EG Drosophila. (transgenic) 24 L0F ng/ml LPO| (p<0.05) (2014)
P 0

(#k. #LK)) EGCG Mice MPTP 7 25 mg/kg protein carbonyl (p»0.05) >((2u()1%

. 2. 10 CAT. SOD * Levites Y%
EGCG Mice  MPTP ey (p¢005) (2001
Green tea ) 150, 450 TBARS, LPO | Guo ¥
polyphenols Rat 6-0HDA 7 mg/kg/day (p<0.05) (2007)

CAT. GPx LFO. X0 Haleagrahara N°!
Aqueous ex. Rat MPTP 21 300 mg/kg  SOD, TA1 (p<0.01), (2010)
(p<0.01) PCC | (p<0.05)
" MDA | 32
Astaticoside Rat  MPTP 14 Ifg' /iog /giy GSH 1 (30: p<0.05. X(go%
Centella 45: p<0.01)
asiatica Margabandhu
C 50 CAT, GPx .

) = ’ y 3
(HE) Asiaticoside Rat Rotenone 14 mg/ke/day  GSH. SOD 1 LPO | ((}2%1;17 :

. 40 CAT, GPx. Bhatnagar M*
Ethanol ex. Mice MPTP 21 ma/ke/day  GSH. SOD 1 LPO} (2017)
. 15 .30, 60* GSH1 MDA | Xu CL®
Madecassoside — Rat - MPTP 7 oo day (30, 60 p<0.05) (30, 60: p005)  (2013)
Chondrus 05. 1 2 oxidative stress Liu J*
crispus Methanol ex. . elegans (transgenic) 9 m /rﬁL tolerance 1 (2015)

(oFol2] 41 22) i (p<0.05)

Chrysanthemum LPO, MAO . 5
boreale Water ex. Mice MPTP 28 13?’ /iOO SO%AE ’ (G>lz)x(.)5) activity | K?;OISSI;I
(1L1%) 8 b (p0.05)

Coftea arabica  Eicosanoyl-H- . 12, 120 GSH/GSSG Lee KW®
(A=) hydroxytryptamide Mice MPTP 28 mg/kg/day ratio | (p<0.05) (2013)

ex. (0.05,
Crocus sativus ~ Methanol ex. , 0.1%). GST, SOD 1 Rao SV¥
(AFz=h) crocin Drosophila.Rotenone 7 crocin (p<0.05) CAT | (p<0.05) (2016)
(10, 25 uM)
: 40
Curcuminoids ~ mice ~ MPTP 14 150 mg/ke MAO-B (p0.05) O
Curcuma longa GSH 1 R
(Turmeric, ~ Aqueous ex. ~ Mice ~ MPTP 90 16533 g/kg (L65: p<0.05. Myt 5
Hi) 3.3: p<0.001)
. ] GSH-Px, SOD 1 He YY*
Curcumin Rat 6-OHDA 56 100 mg/kg (p<0.05) MDA | (p<0.05) (2012)
Datura metel : 0.009, 0.018. GSH, GSH-Px, JIN Ze®
(2593 Powder b GOHDA 21 puaee kg 50D 1 (pcogs) MPAY (X0 C g
Delphinium
denudatum ~ 200, 400, 600 CAT. SOD *  TBARS (LPO) |  Ahmad M*
(Jadwar, ~ thanol ex. at - 6OHDA 2L ke (p<0.05) (p<0.001) (2006)
43 %)
Dimocarpus : 45
longan Water ex. rat MPP+ 8 50102*5' 25%’{ LPO | (p<0.05) Ll(rlzol?%\;l
(RERRTA) merke
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%gggs)]f Essentioal oil. Mice  Reservine 40 5 ma/k TBARS | Jose LA
(Broad B-cyclodextrin P 8/kg (p=0.05) (2019)
rosemary)
Eucalyptus e 47
citriodora Acetone ex. Drosophila. (transgenic) 21 0'25'19'5{)’ 1 LPO( 2154(%?) l Sldd(l%gfg;fH
(F2RED) H/m PR
CAT, GSH,
GST. GR 1
(50: p<0.05, TBARS | "
~ 50, 100, 150 100 p<0.01. (50: p<0.05, Ahmad M
EGb 761 Rat  6-OHDA 21 " oe™  150: pC0.000)  100: pdO0L, (2005)
SOD 1 150: p<0.001)
Ginkgo biote 60 et
p [} hd
. 100 GSH. GST 1 El-Chazaly MA®
EGb 761 Rat Reserpine 21 me/ke/day (p<0.05) MDA (p<0.05) (2015)
50
Fgb 761 Mie (nmsgnio 21 -0 SODT (005 MDAL (005 KUK S
5T
Bilobalide Rat  6-OHDA 14 6 12me/ke SODT (005 MDAl (005  B2%H
Hyoscyamus - 5
niger Methanol ex. Rat MPTP 2 125}n25/(1)£ 500 MAO(%S%%‘)MN Sen(gZu(g){;f) T
(A1 E) 8/Ks PR
CAT, GPx. Mohanasundari
Ethanol ex. Mice MPTP 7 300 mg/kg  GSH. SOD T LPO| (p<0.05) M
Hypericum (p<0.05) (2006)
perforatum - Mohanagsundari
(Moky>bE,  Methanol ex. ~ Mice  MPTP 7 300 mg/ke MA%B&%‘)”W M
St. Johnswort) LS (2007)
. . 55
Hydoaloohol ex. ~ Rat  6-0HDA 14 /ig(} fay  CAT. GSH Kiasalarl Z
Juglans sinensis C L o
; Diet rich in . diet rich in ~ GSH. GPx 1 CAT, SOD | Essa MM
Juslars st walnut Mice  MPTP 28 woiue (6%)  (p<0.05) (p<0.05) (2015)
Ligusticum * 57
" Tetramethylpy . 20, 40, 80 GSH, SOD 1 Guo B
oiaizele “razine Mice  MPTP 14 "0 (p<0.05) (2014)
CAT,<SOD 1
Monascus ¢ (p<0.05) 58
purpureus  Ethanol ex. Rat  6-OHDA 28 5'%;%{2* Gl (p00D MDAL (pcopn TS AT
(F=1) GR
i (11.0: p<0.00),
Morinda

HP, MDA, NO, : 59
citrifolia Ethyl acetate ex. Rat Rotenone 30 150 mg/kg .(S}(P))])S TGP({b <(O}SOI5_I) protein carbonyls | Naras%rznélla(?) KK

(x4) (p<0.05)
mitochondrial
complex-TI
activity 6
Cotyledon 2.5, 5.0 Manyam BV
Rat 6-OHDA 28 (p<0.05)
powder g/kg/day total MAQ = (2004)
Mucuna NADH and coenzyme Q-10 were
pruriens present in signifiant amounts
(4 ¥al) . 48 CAT, SOD 1 CD. MDA Singh BY
Ethanol ex. Mice  MPTP 30 \one/day  (p)0.05) (p0.05) (2016)
61
Ethanol ex. Mice ~ MPTP 7 100 mg/kg GSH?T (p<0.001) MDA (p<0.001) Ya?;a’MS)K
62
Ethanol ex. Mice  Paraquat 36 100 mg/ke MDAL (pooop YR K
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Ocimum 0.0428x10°%,
-4 S 63
sanctum Water ex. Drosophila. (transgenic) 21 28875?1%4 LPO | (p<0.05) Sldd(lggf JH
(EgniA) 'g ml
Olea europaea  Hydro-alcoholic 75, 150, 300  CAT, SOD, Sarbishegi M*
(£2n) ex. Rat  Rotenone 30"\ any GPet (pcooon MDAY (XQOD 00
Paeonia ¢ 65
suffruticosa Paeonol Mice MPTP 21 20 mg/kg GS%INTT ’ (Si)é) 61 ) S(};)l)é)
(St P
Panax ginseng . 37.5. 75, 150%  Nrf2 protein Choi JH®
(NZ) s Mice MFTP mg/kg expression | (2018)
- H202 content, 67
‘D]”e{/fig”m Total alkaloid ~ Rat  6-OHDA 60 2 5/0' I{OO Gs&%)l? " MDA TAPT) Df;?lzlf
Herm P (p<0.01)
Pinus maritime . GSH. GPx, GR. Khan MM®
i) Pycnogenol Mice MPTP 7 20 mg/kg SOD 1 (p<0.05) TBARS | (£0.05) (2013)
30, 60%, 120
mg/kg/day
Piper longum Alkaloids . (PLA) GSH, SOD T LPO(MDA) | Bi Y%
(i) piperine Mice  MPTP 49 60 (p<0.05) (p<0.05) (2015)
mg/kg/day
(piperine)
Polygonum Wang Y"'
cuspidatum Resveratrol Rat 6-OHDA 14 20 mg/kg ROS | (p<0.01) 011
(JERLAR)
Rheum : 7
palmatum Water ex. Rat MPTP 15 13?’ /iOO MDA (p0.05) K?;O(;EE]
(K#) #%8 " T7p0, MAO-B (no significant)
20 mg/kg
- : (3 times Wu CR”
, Carnosic acid Rat 6-OHDA 21 each week GSHT (p<0.05) LPOJ (p<0.05) (2015)
Hoszlngrm'u g for 3 weeks)
(gffﬁfﬁ) 20 meg/ke GST family of .
- - - (3 times proteins Lin CY"
Camosic acid Rat 6-OHDA 2l each week GSTP protein | (2014)
for 3 weeks) (p<0.05)
LPO = 74
Scutellaria Baicalein Rat Rotenone 22 me /IZS /day (Baicalin could not inhibit lipid 0?56108%
baicalensis ) peroxidation generation of brain.)
2 = T
(=) Baicalein Mice ~ MPTP 15 100 mg/kg GSHT (p<0.01) GSH(E% é\g?“ 0?56107))(
CAT, GR, GSH, 6
Selaginella Aqueous ex.  Drosophila. Rotenone 7 O.é) g* 9/;1’ GST, SOD 1 HP, (E<Co OPS{)OSl Gl(r%%l}zg
delicatula ’ (p<0.05) ’
A7) g n
(=71 Aqueous ex. Mice Rotenone 21 100 mg/kg GSH1T (p0.05) g(I;S 5/[])(?@}(’)?) Cha(n;orf;) G
Sesame indicum Sesame seed oil Mice  6-OHDA 15 mi)2((e);/o ir?ﬂfat CAT, 80D 1 LPO, GSH | Ahmad §7
() free diet (p<0.05) (p<0.01) (2012)
Sida cordifolia Aqueous ex. " 7
~ 50, 100, 250 CAT., GSH 1 TBARS | Khurana N
(A= n-hexane ex. Rat Rotenone 35 me/ke (p<0.00D) (p<0.000) (013)
F2v]Zgo})  Chloroform ex.
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GSH. GPx,
Sophora . CATT (p<0.05) %
tomentosa Water ex. Mice MPTP 15 ZO,H?O,/kl(JO MDA T (p<0.01) Ch?gglgc
(#%) grke SOD. GR 1
(p<0.001)

Stereospermum 125, 250, 500° (CéJ%l)SO(]})sTH Shalavadi MH"
suaveolens  Methanol ex. Rat  6-OHDA 42 o b Lihiols 1 LPOL (p000D) “&%lg)
(Patala) mg/kg total thiols

(p<0.001)
Tinospora complex I "
cordifolis Bthanol ex. Rat  6-OHDA 30 22?' /ioo activity?  LPO | (p<0.001) KOS(;B%J
(F54) srke (p<0.01)
Tribulus " Q83
terrestris Ex. Mice Rotenone 17 1511 }i SO%A%P ' (G%_I 65) MDA | (p<0.05) AlZ?%?g; S
(F1£30) s P

Uncaria sinensis . ~ 30 Wang XM™
(&3 Rhynchophylline Rat 6-OHD A 30 ma/ke/day SOD T (p<0.05) MDA (p<0.05) (2014)
Valeriana , SOD, CAT mRNAs was Sudati JH®

wallichii Aqueous ex.  Drosophila. Rotenone 7 10 mg/mL normalized (p<0.05) (2013)
Valeriana .
oL . 50, 100, 200* GPx. GR. LPO. ROS| Sridharan S*
officinalis Ex. Mice  MPTP M " ke GSTT (00D (p00D) (2015)
SR
. 40 SOD, CAT., Bhatnagar M*
Ethanol ex. Mice MPTP 21 mg/ke/day  GPx. GSH 1 LPO | (2017)
CAT, SOD, &
Ethanol ex. Mice ~ MPTP 28 100 me/ke TBARS | San(};%g?S)R
Withania (p<0.05)
somnifera LPO} o
(chrbztet,  Ethanol ex. Rat  6-0HDA 21 100}5%‘ 300 GggVTGEqE'o(o}SX‘ (100: p<0.05, Ahg;&)}“
3l =4t srke P 900, 3000 p<0.01)
. 7 GSH T (p<0.001) RajaSankar S¥
Bx. Mice  MPTP oo 100 ms/ke “np s (1001 (2009)
. 400 HP. MDA,  Manjunath MJ%
Powder Mice Rotenone 28 me/ke/day GSH levels 1 ROS | (2013)
CAT, GSH, . al
Aqueous ex.  Drosophila. Rotenone 7 0.1, 02%  GST, PC, SOD HP. ROS| Krishna G
(p<0.05), (2016)
T (p0.05)
Hippocampus
GSH, MDA,
SOD 1 (p<0.05)
Tomato GPx 1
. 50, 100*  (100: p<0.05) Gokul K*
Aqueous ex. Mice Rotenone 21 me/ke Striatum (2014)
GSH, MDA,
SOD 1

(100: p<0.05)
GPx 1 (p>0.05)

CAT : catalase, C. elegans : Caenorhabditis elegans, Drosophila. - Drosophila melanogaster, EG - epicatechin gallate,
EGCG : epigallocatechin-3-gallate (EGCG), ex. : extract, GPx(GHS-Px) : glutathioneperoidase, GR : glutathione
reductase, GSH : glutathione, GSSG : oxidized glutathione, GST : glutathione-S-transferase, HP : hydroperoxide, LPO
lipid peroxidation, MDA malondialdehyde, MPTP 1-methyl-4-phenyl-1,2.3,6-tetrahydropyridine, MPP+

1-methyl-4-phenylpyridinium, OXPHOS : oxidative phosphorylation, PCC : protein-carbonyl-content, SDH : succinate
dehydrogenase, SOD : superoxide dismuase, TBARS : thiobarbituric acid reactive substances, XO : xanthine oxidase,
6-OHDA : 6-hydroxydopamine

* * Dose of significant effect
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Table 2. Classification of Herbal Materials

078t - FAFS - XIOIX - 2.

Tt
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Classification

Herbal materials

Herbal medicines ZLigusticum officinale, Pinellia ternate, FPiper longum Rheum palmatum, Sophora tomentosa,

(N=7) Tribulus terrestris, Uncaria sinensis

Apium graveolens, Arthrospira platensis, Centella asiatica, Chondrus crispus, Coffea arabica,
Food (N=14)  Crocus sativus, Hypericum perforatum, Morinda citrifolia, Mucuna pruriens, Ocimum
sanctum, Olea europaes, Fosemarinus officinalis, Sesame indicum, Tomato

Acanthopanax senticosus, Astragalus membranaceus, Camellia sinensis, Chrysanthemum
Food and medicine boreale. Curcuma longa, Dimocarpus longan, Ginkgo biloba, Juglans sinensis, Paeonia
(N=14) suffruticosa, Panax ginseng, Pinus maritime, Polygonum cuspidatum, Scutellaria baicalensis,

Valeriana wallichii

Albizia adianthifolia, Aspidosperma pyrifolium, Bacopa monnieri, Buddleja cordata, Datura

Others (N=15)

Tinospora cordifolia, Withania somnifera

metel. Delphinium denudatum, Eplingiella fruticosa, Eucalyptus citriodora, Hyoscyamus
niger, Monascus purpureus, Selaginella delicatula, Sida cordifolia, Stereospermum suaveolens,

2. X A2 o w2 27 (Table 3)
AYF A a3t 237} e S FE
AU i AES AHEste] B85 sl

L 2T o8t FET AFe 13RS
), d&E FEE T G2 03(15%), Hw2
F22 65(68)9 A7E AL I el 7HRE
ol AHgstAY 71Es Hel 583 A+= s
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Table 3. Herb Extraction Method or Compounds

Herbs Studies
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