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Effects of Red Ginseng Extracts on Response to Environmental Stress, Lifespan, and
Parkinson’s Disease in Caenorhabditis elegans
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cules have been studied for their anti-aging and lifespan-extending effects in various model
organisms ranging from yeast to mice.
Methods and Results: This study examined the effects of red ginseng extract on the stress
This is an open access article ~ T€Sponse, lifespan, and ag.e—rellated dise;a;es using Caenorhabditis e{egans as a model system. Red
distributed under the terms of the ~ ginseng extract shows anti-oxidant activity iz vifro and in vivo. Resistance to heat stress and ultra-
Creative Commons Attribution  violet irradiation was also significantly enhanced by red ginseng extract. Treatment with a 1/10
Non-Commercial License (http:// dilution of red ginseng extracts increased the mean and maximum lifespans without reducing fertil-
creativecommons.org/licenses/ ity which is frequently observed in many lifespan-extending interventions. In a genetic model of
by=nc/3.0) which permits unrestricted  pa i o disease, red ginseng extract completely blocked the degeneration of dopaminergic neu-
non-commercial use, distribution, . .

S ) rons and decreased alpha-synuclein expression.
and reproduction in any medium, lusions: Red oi h . d lif di - d d
provided the original work is properly Con_c usions: Red ginseng extracts have anti-stress and lifespan-extending effects, and can reduce
cited. the risk of Parkinson’s disease. These findings suggested that red ginseng is a strong candidate for
the development of novel nutriceuticals against aging and Parkinson’s disease.
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M A 5o Asts zHgitt o] AN FaF TS sk EA

7%* 28l F syt viE 2Tl thEAQl S44ka

AL AoA sk A 7159 HRIH o)A 27t Zo2 IETEAE (H,0,), THSAIE Lol (0,), 3t
zZ =

A A ddeR 5AE F 3om, Agke]l g meEt o]=54 it (OH), dAsHE A (NO) 5ol Slth
AR FRAF 2 BAE wislel thekst 34 8RlEC] GAATE Al Q] tiAL HFoA FAEE A
dszbgslo] BAlshs B39k AR Fgolth (Lopez-Otin et =M, AE o] F23F ks F=a)gic), < Aol <3}
al.,, 2013). o IR 2E A, At E@ %ﬂ%‘— el o
=ste] F9 AEE= DNA &4, AlE A5 A AAS] o odst AS A Holld STl a3 24 <l
Y, ©E Wy Fol o, olzjgh wislEe g4 7] 2t 7158 gl BHaE A ME} (Finkel, 2011). 3FA|E,
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AT g A2 AX | Ask 2EgAE T 82 F IS AR

sto] A2 &4 95 W8S doFlth (Schieber and 24t (Red ginsengy> 23 AIZF B2t 5] X% ogtolA
Chandel, 2014). o]2|gt &/34H40F2 DNA, @A, Ad 5 AR&Eo] & o= itst B a5 azfol] sk A7 %
of AbshA] s fEetar, A2 75S AAA TF4 whs] Y] ik 84k F8 & Al Aol =
o= w3ls VIEselal oy AW Wy TRsAS %ﬂ’\]ﬂ ikl G40 BE-S Fxlste] AlslE REHAE %011, °§‘
th ATl ofgk AkshA] 2Ed| 28} wslote] Al F vhe-S oAlgti deA] Utk (Hong and Lyu, 2011).

= o] A3 SEIA AFEo] sit) dEnepdEE Z—L‘r A Aol E AHEARI= Rblo] A1AA 4 3 217
1’49} 2 FAFEFEAAME S 2Ef AT JNAY NS 6k 23S Hislele A7 Heo] a3E Bl

Ak T8 QARle] FHEASY, TRRddME 25
dHEAC] B d¥E AARE BHAFA Heial O]‘:}
(Golden et al., 2002). HZoll& 4512 2EH 29} =3k 9l
F BAR o= AE Yol 35 9FS Tt §714
AR BE JMEE FET )t} (Santos e al., 2024).
akst B4 AE W SARTS AASAY AR
S BM L ZEHARNE AZE
ste] JPS AANE 5 ke Holld Fa%
o} (Liguori et al, 2018). E3| v|EZ=golr}t
< ol AlEe] o] /‘3 }% Io=m
st A A ol F T 913
(Ristow and Schmeisser, 2011) nEIZE=go} &4
Q1 =3} # Al A3l OLZO}OIUW*«] Lkl
2ol= g} vl w1y il iR <
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ef al, 2015). 3 vEZE= o} Lo
DNAS| Ednle] S7P} Stk Wi 9% a3t
o] BAEAT (Guo et al, 2011; Varanas1 et al, 1999).

wehr] ke 2gof tigh olsl= g}g} HE Thorer 2
AE olallslal sl dshs tl A Fok= X}El Far Sl

AZAME (quercetiny 2 L&3 T%“Jﬁr 42, 72 3
I A LolA WhEE SehEieo|=o|th T8 kst §4)
- 2FEHA| (superoxide dismutase

THSA|E T AREA] ide di <} Fheretol

A (catalase)2] E4E S7HIA AEZ U SA4EFTE AASH
3L 2Bl e Eole il B2 Tk Bk v EFZ=go}
9] 75 IAA A8 J3 9 AP A3 ot
B3 g2 alehe Aoz A vk (Nyarko, 2024).

olflo= ZEg gilsl EFQ] of2F 2 HAE (ascorbic
acidy SANETS AASIL FAks) Giet s akgsted]
2kl 2B 2AE o] WY AE] 75S FRFYL dHA
T} (Carr and Ma gini, 2017).

opr|=At frE A ARSI NoREAZEIRD (V-
acetylcysteine)2] —‘?— o AT ppA Zol| A 2o] Ast FAF St
£ doA I TS AL, oFE Rl HEF =4
S ¢SAFHY (Oh et al, 2015; Oh and Park, 2017). ©]&
g A2 st Edo] k35t 9 AW Y-S A A=
t F83 4TS o, Azl SHME e s &
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the 237 B EATE (Gong et al, 2022). ©]2} A,
A=Al = Rglo] gzsdto]Hy vl BEoX interleukin
(IL)-1B % tumor necrosis factor (TNF)-09} 722 95 #&
o] WS- A5k, Beclinl ¥ microtubule-associated
protein 1 light chain 3 (LC3) I/LC3 1&} 722 A7t E2)54
J}@rs]— D}Bu;q,] maq 27}_ E—O—H amleIdB ( AB) =7 er }\] 7:]
Fo 712A7)1E FHE welo] WA (Li e al, 2023).
gk A Lol = Rg37F GAIES] S, o] % F Al
AR e} AE 2Kt f 71KS B3 Y 23 JERt
AT Ade BRIFJY Xia et al, 2022). ©]21d A+
2 Aol theket AWeM ek XsAR 284 7
AABaL ATt
:lai‘/} Zato] AAL] i A%
A3k} 72 A7E S A3l o J3ks
o] Z7] TAlolt). ol#gl A2 8
LU V‘%Z% oFAR] AT HEA &g A
frzp 249 “QOVJ, a2l Q17ke] =3}
-Hu: H wAUE el &
ok = c’q:rLO}** o Agst A% 2md=

ul

(i
ot

4
]o

¢
il

m
PR

o rr ox

[e=Ro1 XN
1_.

29 )
=]

= F

o~

l

E},QN
2

B
o~
-

_1

=
o
;.7#

:10

rx oM S

i‘%mx.

4 ey

g op

re i %I of

—‘é b 22

0w 5
?“r;

N

ﬂ

i
(%]
f &

o, o,

AC)

=

ol
ﬂ?
i)
il

£

o &
od ) offl

{0

]
PI]

OH
o

1. OiERopd=s

2 Aol AR
(dopamine) &H] 21
(eglsl [dat—]p..GFP]) (a-synuclem) o
RLES R L NL5901 (pkls2386 [unc-54p: :alphasynuclein: :
YFP + unc-119(H)])°1™, E5 C. elegans Genetics Center
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Anti-stress and Anti-aging Effects of Red Ginseng Extracts

(Minneapolis, MN, USA)IA] +3Att.

of WA E -2 20T wjg7]ollA Bld= o, vk vix =
£ NGM (nematode growth medium) ®j=]7} AF&= 9]t}
NGMe| A4E-2 25 mM NaCl, 2.5 mg peptone/mé, 50 mM
KH,POy, 5 1 cholesterol/mf, 1 mM CaCl,, 1 mM MgSO,,
1.7% agaro|t}. o ¥AnPAS0] Hol2= tdt OPS07}F ARS-
HA}. T 222 @EE#A (Geumsan, Korea)ll A 6
a2 3aRsEd @AARlE 2936 mg/e)S Fsle] Abgat
ek Bl 7lsshs 1710 v 314 24F FEE2 IAAL

°|= 2936 mg/g T FEES YHOE 7|F0E S w, o]
o] 1710 ¥} F=E gt} wEhr] A=A = 2,936 mg/g

i F4 FEEoIth 17100 ¥ 34 4k FE=2 A=A
°|= 0.2936 mg/g Tt F4 FE=0°IH, 1/1000 ¥ 34 Z4F
FEEL AAxAlel= 0.02036 mg/g T 4 FEEo|th
2. DPPH (2,2-diphenyl-1-picrylhydrazyl) assay

M2 96-well plate (SPL, Pocheon, Korea)ol| =¥ 4+
S5 (@9, 1710 ¥ 324, 1/100 ¥} 324, 1/1000 ¥ 3]
Aoy L= kA <) ofAFEZHAL (Sigma-Aldrich, St.
Louis, MO, USA) (2 mg/mé)yS 100 (2 718t the,
99% ol &k =<2l 02 mM 22-diphenyl-1-picrylhydrazyl
(DPPH) (Alfa aesar, Seoul, Korea) €< 100 /4 & Z} well
o H7Faldtt. 37C wi¥7] (Jeio Tech., Daejeon, Korea)ol
A 30 B7F wkgAIZl F, 517 nm 2 H (Biotek, Incheon,
Korea)s AMg-ste] S35 S5
3. AN ~EP |~ ASHM

Uo7} U3 3 A 2} JWAnpAZE (n = 30)S T4 F=
= 9 = 7} 34 FEE 34 (1710 B 34, 1/100 B
34, 1/1000 ¥ 3]4]) 100 0 ©] H7FE NGM HiA] (5 mb)l]
$AF 2 20T ¥l¥7] (Jeio Tech., Daejeon, Korea)oll ]
24 AIZF ASAIATE 1 F, 2 mM IASEEAE E3eleE
96-well plate (SPL, Pocheon, Korea)oll 3 well F 3t vl

# ST 8 A7 F aumedEe] ALY Z1ZsT
2142 9L 7K W SHoA Qe A9, A Ao
2313t
4. K3

Uol7h Qe 3 Q3 aRmnlAE (n = 60)S A 5%

h=

E 99 = 72 3 FEE 349 (1710 ¥ 4, 1/100
v 8]4, 171000 =] &4]) 100 L] F7FE 5 mé NGM Hj
Aol %7 20CAA 24 AIZF AR 5, 35C A 8 AlZF &
Qb et E 2EHEE Fiesit). o1F 20C wjYg7] (Jeio
Tech., Dagjeon, Korea)Z =4 e AEEES 71S53INTh
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5. KM ~Ep|~ KGHd
vol7b U3t 3 U} QYRS (n = 60)S A =
A = 4 4 FEE MY (1/10 ¥ 34, 17100
341, 1/1000 vl 3]4]) 100 7} 22" 5 m¢ NGM Hl
HiR] oA 24 A7 AGAIZL $, AL ZAR] (Vilber
Lourmat, Collegien, France)oll4] 20 J/cni/min®] A}e]Xel 1
70 =2A A o]F 20C viY¥7] (Jeio Tech., Daejeon,
Korea)@ &7 oMAnpXZo] =8-S Felslitt

o
=
Hj

%

6. 4 o1z =t
AL Fol) R} QWHPAF YA (0 = 60)F 7 F

2 FE2= 34 (1710 ¥ 34, 17100 ¥ 3]4]) 100 7}
Z2]¥ 5 mL NGM ¥ix]oll &7 A3l AR A7}
AP W7l o Aokle JRAl ok AR A 7]
ST A WA ] Fskz Qlgh AbgS WAsl] fls)
DNA &4 9AIA 5-fluoro-2’-deoxyuridine (Sigma-Aldrich,
St. Louis, MO, USA)S HjF Hix]o] FH7}slict.

=
=

7. B

7t 4k FEE 49 (110 v 4, 17100 v 84
100 45 ADE 5 e NGM #AIA 7)€ dol7h §9 2
GA RAAAE (n = 122 & whE] A AZE NGM v
Aol 7 24 A B L& A S 24 AT F F

Qe Aol AZE NGM IR $7 24 3L 0871z
o] e wr wEaiATh. WA WA B F AL

St g A 4 e

FE ¥

8. =12l (dopamine) #H| LIBMIEZ 244

yol7} U3 2 U} BZ555 (Minneapolis, MN, USA)
A 6-OHDA (6-hydroxydopamine) (Sigma-Aldrich, St.
Louis, MO, USA)E *]g|sle] =391 (dopamine) #H] A7
Azl Bold &35 fFesislth 2 5, 8 tixasl gE
=3} (levodopa) (Sigma-Aldrich, St. Louis, MO, USA)<}
A FEE (110 ¥ 34 H)S 100 0 A A sRe 20T
%71 (Jeio Tech., Daejeon, Korea)ollxl 72 AJ7F vkt o
438v|A (Invitrogen, waltham, MA, USA)3} Image-J

T (version 1.54)2 3] =3 (dopamine) #H] 217
7 AEE BEIiTh

K oo Z o

O:

9. LTLAIFZIQ! (a-synuclein) ZE

3 A7k wjFsE NL5901 (CGC, Minneapolis, MN, USA)
wF vl FHAE A2jste] dAle AAsL &
Zatank. 288 &5 20C wi¥7] (Jeio Tech., Daejeon,
Korea)oll Al 24 A|ZF wiFate] F3tAZ] &, Z4F F5=(1/10
vl 84y 100 L 7F F7FE 5 me NGM BRIl &4 72 A
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Zsfel - el
7F viFsiaY. ol % &3¥n|7 (Invitrogen, Waltham, MA,
USA)Z Image-] ZZ13 (version 1.54)S 53l LA+
A2l (o-synuclein) L J=& A1)

10. SHEA

A7 A A BAole v A B A ALY 2
A9 Ao tial] the standard student t-tests 2-8-3151
B2 A7} povalueZt 0.05 ©]8ke1 7390 §9A <1
= AR 7Sl
T A W7 A Al i 2w 7
Mol = logrank test 71HS E-83190Th (Peto
1972). % 9% B7} A¥ =5 U 53
AP A Fe sk 49 =5 AR AdlE
oA Al efsiiet.

=8

X

s

=
25

@
Ni
NI
0
10
ol

bokst =}

AelsS Hr1sh7] 918 DPPH assayS

Skt okAFE2HAE 2 mgmlE A2 gk Fd tixtol A
izt (100%)01 H8] 278 AbiwFo] 3.6 + 0.59%

EFLAHE ZASIATE (p < 0.05).

FEug o == sk A A, 34 F

A3} 1710 v 3 4k FEES A 27N &

saapo] Zhzb 121 £ 630% (p < 0.05), 27.1 + 2.46%

0.05)% fFrejdo= 7HAsith 34 FEES 1/1000
v =2 1/100 B FAsle] Xt 1gdME 54 tiEa
HwS o &4 Akl folZQl Zol= IATt [1/1000
vl 34 252 1000 + 17.83% (p = 0.998), 1/100 #} 3
A 5L 893 + 5.01% (p = 0.077)] (Fig. 1A).

24 FEEC] A el sl ZEH 2 A3 g v
e JES 7] fa 24 FEES Ay FEE 34
stod XEet ok Aksl 2EFAE QIS AEES HrHesith

Frksla (2 mMypel 9gh 2bsld e A {3 S04

A o

% g

pre]

8 A MR T TS 2 A, T F2EL Az
B e o

:rQ
e 773 £ 3.66%2] BEES UE

P FEES 1/10 v A5t Xz 1
oM E AEE0] 900 + 236%7HA F7H8tA T (p
0.027). 3HAITE, &4k =& 99 23S tE 4 HiE
Al 2gAe sl ZEFAZE Qe AEE Fo42

Halrt §lSlth (Fig. 1B).

d
Wt 2ol Bls) 4
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2. 8UN ~ERA SloIke] MER 2D}
T 2] Agha 2EA S 9] The B4H 22
o AFHE FHH JFL A Pk 8 2
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acid dilution dilution dilution
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¥ o
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3 20 1
0
0
Control 1/1000 1/100 1/10  Undiluted

dilution dilution dilution

Fig. 1. Anti-oxidant activity of red ginseng extracts. (A) in vitro
ROS scavenging activity of red ginsen% extracts was examined
using 2,2-diphenyl-1-picrylhydrazyl (DPPH). 100 pd of
Ascorbic acid (2 mg/m{), a positive control, and each red
ginseng extracts were tested in a 96-well plate. After
incubating in the dark for 30 min, the absorbance was
measured with 517 nm filter. (B) Oxidative stress was
induced in vivo with 2 mM hydrogen peroxide (H,O,) for
8 h, to age-synchronized aJult worms pre-treated with
each concentrations of red ginseng extracts (undiluted, 1/
10 dilution, 1/100 dilution, and 1/1000 dilution). The
survival of worms was monitored. Both experiments were
repeated three times. The Error bar indicates standard
error. For statistical analysis, the standard student t-test was
employed. Statistically significant difference compared to
control (p < 0.05).

T
o
=
)

o -

A o MampdFol 35T & 2 7V A, %
A FEE AP 2+ B2elM 24 dizdel s {149 A
=8 S7FE BRIt 3 FEES A &2 24 Uz
M= AEEC] 50%7H] sl b AEles AlZke] 3.0
Ao wlgl, T4 F=E 9N, 1710 5 g4, 1/100 v 3]
A1, 171000 ¥ 34 Z2FX= 22t 44, 6.5, 103, 79 4

2 folHoz 7RI (p < 0.05). F 3 39 vk A
o tigt H#4kS Fig. 249 YAt

AR A F, QA S] S Wlwg A3, A
glzol] ek A2 @ 2EH S g AP 2
1710 ¥ 34 4 F2E& AT aFAATE FAHA T
7Fe Btk 54 tiz2olA 6.0 Loldd AEE 50%e] ©]
B AR 110 W 3 4 FE= A asolME 66
A2 F7FAITH (p = 0.049). WHHo] 24t A/
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Anti-stress and Anti-aging Effects of Red Ginseng Extracts

(A)

0=+ Control
—&—1/1000 dilution
8- 1/100 dilution
—®—1/10 dilution
& Undiluted

Survival after heat stress (%)

6 10 12 14 16 18 20 22 24

Time after heat stress (d)

(B)

g 100 % =0 Control

s 707 —e—1/1000 dilution

L2 80 4 -

= =8+ 1/100 dilution

T 707 —=—1/10 dilution

£ 60 A .

; ==& Undiluted

3 50

G 40 T

&

® 30 A

2 207

2

S 10

(2]
0 ——
0 1 2 3 4 5 6 7 8 9 10

Time after UV irradiation (d)
Fig. 2. Increased resistance to environmental stresses by red

ﬁinseng extracts. (A) Effect of red ﬁinseng extracts on
eat stress was examined. Age-synchronized 3-day-old
adult worms were treated with 100 pQ of each red
ginseng extracts (undiluted, 1/10 dilution, 1/100 dilution,
and 1/1000 dilution) for 24 h, then incubated at 35°C for
8 h. The survival of worms was monitored daily after heat
stress. (B) The same red ginseng extracts-treated adult
worms were irradiated with 20 J/cm/min of ultraviolet
(UV) for 1 min, then survival of worms was recorded
every day until all worms were dead.

100 ¥ 34, 1/1000 ¥} 34 ZFolAE 50%] AEgol o]
2E A7kl ZHzF 56 4 (p = 0233), 58 L (p = 0.648),
58 ¢ (p = 04992 2 2po|& HolA] Xt} (Fig. 2B).

3. 28 FE20 25t ooz fHHHsL

s} o] F AFEZ o] AlZke] Al Al
of FH %= At o7k Ashd &L =319
o8 Wi, olE & F e s EFY
3t} (Harman, 1956).

i FEE0 84 A AASH 84
7t B viEo R oAl il &58
L 1710 i 34 Ht 17100 v B elfol whsl 3-4F
MA ] ol vl IdFS Hrlsiith 48tz
a FEES AYsA & aFe] Hd FHe

(Eopuy

H
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100
80 -
S
= 60 A
©
2
2 40 |
5 40 -+0- Control
(%)
20 - —e— 1/100 dilution
-0+ 1/10 dilution
D'!:A
0+———F——TT T T T T T T T T T T T T T T T T T e -0
13 5 7 9 111315 17 19 21 23 25 27 29 31
Age (d)
Fig. 3. Lifespan-extending effect of red ginseng in C. elegans.

Sixty age-synchronized adult worms were randomly
selected and treated with 1/10 or 1/100 dilution of red
ginseng extracts (100 nd of diluted red ginseng extracts
on 5md of NGM plates). Number of live/dead worms
were counted every day until all worms were dead.
Worms lost, killed, or internally hatched were excluded
from analysis. Worms not responding to mechanical
stimuli were regarded as dead.

ERd w1, 1/10 w34 4 FEES A 2edMe
it 7o) 237 42 A= FIRIAT (p = 0.016).
24 FEES 17100 vi s]Asie] AE|g 250 Wi THe
22,1 92 4tz Zel7t IATH (p = 0.220).

HAd 9 =3 24 2T 27 Qpel e 4 FEE
1710 ¥ 8] Z2FellMe= 30 U2 78I, 5 =55 1/
100 ¥ 34 ZFoME 27 42 W37} ATt (Fig. 3).

% 3 3¢ RiE APoM= mF FUskAl 1710 v 34
4 FEES AYS 2594 oAl Y S BEE

= URAT} (Table 1).

<

4. JHxI2] HA=o)

Oxl= b
old ATE B3l Wzl dWEAnbdFdA FHE
7= Ao=2 4l FAA 2Zolg kst £ A
T B AFolA AR givtkE g e At
H 2T} (Gruber et al., 2007; Hughes et al., 2007).
B AN HEE 34 FEE oS 7R A%

o) g

o5k 1)

Al ¥
FHel=A] dopr ] Q) o AL Ee] 2}
TE HAL BT 24 FEES AEsH] 42 24
ZoAe WA7] B FkE F A e 2768
9.56010t}F. T4 =55 1710 Hl, 1/100 ® 3]&}ste] A g
g 259 AF, T A U A4 2537 + 1130 (p =
0.133), 264.8 + 9.04 (p = 0372022 A 77 23
Ql Zpo|7F AT} (Fig. 4A).

H27] Fke] ERpE 2 5 M= 4 Uiz
w3 B4k FEE 110 ¥ 34, 17100 W) 34 25 7
AR o] @R Fare| xjolzh $iSlth (Fig. 4B).
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Table 1. Effect of red ginseng extracts on lifespan of C. elegans.

Red ginseng extracts’ Mean lifespan (d) Maximum lifespan (d) P value”

1 experiment untreated 22.4 27

1/100 dilution 22.1 27 0.220

1/10 dilution 23.7 30 0.016
2"d experiment untreated 21.7 29

1/100 dilution 21.0 28 0.478

1/10 dilution 23.2 30 0.002
3" experiment untreated 22.8 28

1/100 dilution 22.5 30 0.852

1/10 dilution 23.8 31 0.030

110019 of each diluted red ginseng extracts were added to 5md of NGM plate. ?P value was calculated using the log-rank test by comparing the
survival of the untreated control group to that of red ginseng extracts-treated group.

(A)

Fig. 4.

€ 300 1
= ——
o —I
3 250 4 1
>
S
o 200 A
o
-
o
S 150 1
.
g 100 A
£
2
— 50 A
S
'2 0
Control 1/100 1/10
dilution  dilution
=0~ Control

~8+1/100 dilution
—*—1/10 dilution

Time after hatching (d)

Effect of red ginseng extracts on fertility. Number of
progeny produced during a gravid period produced was
recorded. Worms were Erown on 5 md NGM plate
containing 100 pQ of each diluted red ginseng extracts.
Number of progeny produced by each worm was counted
during a gravid period. Total number of progeny (A) and
daily distribution of progeny (B) were compared between
untreated control and red ginseng extracts-treated groups.
The experiment was repeated three times. The Error bar
indicates standard error. For statistical analysis, the standard
student t-test was employed.
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Fig. 5. Inhibitory effect of red ginseng extracts on degeneration of

dopaminergic neurons. (A) Fluorescent dopaminergic
neurons in BZ555 untreated control and worms treated
with 6-OHDA only, 6-OHDA/levodopa, and 6-OHDA/
levodopa/red ginseng extracts were monitored using a
fluorescence microscope. (B) Quantification of fluorescence
of dopaminergic neurons was compared between untreated
control and each experimenta CFroups using Image-J
program. Error bar indicates standard error. The experiment
repeated three times. For statistical analysis, the standard
student t-test was employed. Statistically significant difference
compared to untreated control (p < 0.05). Statistically
significant difference compared to 6-OHDA-treated group
("p < 0.05).
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Fig. 6. Decreased expression of alpha-synuclein by red ginseng extracts. (A) Protein level of alpha-synuclein was monitored under a
fluorescence microscope using worms genetically modified to express fluorescent alpha-synuclein, NL5901. (B) Expression of

alpha-synuclein in head region was quantitatively analyzed in untreated control and red ginseng extract-treated
Image-J program. Error bar indicates standard error. The experiment repeated three times. For statistical analysis, t

student t-test was employed. Statistically significant difference compared to untreated control (p < 0.05).
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