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Protective Effects of Chongmyunggongjin-dan on H0-.-induced C6 Glial Cell Death

Gyu-sang Hwang, Yong-jeen Shin
Dept. of Internal Medicine, College of Korean Medicine, Wonkwang University

ABSTRACT
Objectives: This study was conducted to identify the protective effects of Chongmyungeongiin-dan (CMGJD) on

Hydrogen peroxide (Hy0,)-induced apoptosis mechanisms in C6 glial cells.

Method: We used CMGJD after distilled water extraction. filtration, and lyophilization. The ROS scavenging effect was

examined by fluorescence microscopy. Expression levels of proteins related to ROS generation were investigated by western
blotting. Functional changes in organelles related to Reactive oxygen species (ROS) generation were investigated by
immunoblotting and by verifying expression level of relevant enzymes.

Results: The CMGJD extract protected the cells against HyO:-induced morphological changes and DNA fragmentation,

inhibited the increase of Heme_ oxygenase-1(HO™) and the decrease in catalase, protected against the loss of mitochondrial
membrane potential, inhibited disturbances of lysosomal function, and induced an increase in peroxisomes.

Conclusion: CMGJD was confirmed to have a protective effect on HyOo-induced C6 glial cell death possibly by blocking

the pathways causing damage to subcellular organelles, such as mitochondria, lysosomes, and peroxisomes. We assume that

CMGJD will be effective for the prevention and treatment of ischemic stroke in a clinical environment.
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Table 1. The Prescription of CMGJD

Herbal Dosage
medicine Scientific name (g)
name
B OH Cervus elaphus Linne 160
O Angelica gigas Nakai 160
LR Cornus 0f§icinali§ .Siebold et 160
uccarini
B #&F  Moschus moschiferus Linne 6
#L % Panax ginseng C.A. Meyer 160
S Rehmannia glutinosa Liboschitz 160
ex Steudel
F fhi Pornia cocus Wolf 80
FEE Acorus gramineus Solander 80
& & Polygala tenuifolia Willdenow 80
BERRIA Dimocarpus longan Loreiro 80
. #&F  Aquilaria agallocha Roxburgh 14
Total amount 1140

Alef gl 7]7]

Dulbecco's modified eagle’s medium(DMEM),
glucose-free DMEM, Fetal bovine serum(FBS),
Phosphate buffered saline(PBS, pH7.4), Al %
trypsine= GIBCO BRL Co.(Grand Island, NY,
USA)2RE F438te] ARS8-3t%it. Methylthiazol
-2-yl-2. 5-diphenyl, tetrazolium bromide(MTT),
Sodium dodecyl sulfate(SDS), Hy0, Dimethyl
sulfoxide(DMSO), 2,7-dichlorofluorescein diacetate
(DCF-DA), 4, 6-diamidino-2-phenylindole(D API),
JC-1 2 lysotracker+= Sigma Co.(St. Louis, Missouri,
USA) 2HE F438te] AHg-3191 o™, ELISA reader
+ Molecular Devices Co.(Sunnyvale, CA, USA)el
A F43te] AH2-sksiY). Bradford assay kit
Bio-Rad Co.(Berkeley, CA, USA)elA, enhanced
chemiluminescence kit(ECL kit)& Thermo fisher
Co.(Waltham. Massachusetts, USA)ell A T} 3}te]
AHEslede}h, anti-LC3-1/11%  Cell signaling Co.
(Danvers, Massachusetts, USA)ol|A] F9)3}e] AL&-
319l om, Lamp-1. PMP70, Catalase, HO-1, Cathepsin
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B, Cathepsin L, ACOX-1¢] 34+ Santa Cruz Co.
(Santa cruz, CA, USA)ellA F4)sled Alg-3tsdHt

2. &

) Alge] Az

AAE deRE FHF4E FE2 5 AT
Table 18] CMGJD ¢FA 100 g= A3l SHS5
1000 ml= ‘%-Vw 715 HAg SAFeaT A 34
7F 729 & AZE o748t 1, 3200 rpmlE 20—.~
’%:‘—E‘E] %27)(Rotary evaporater)® %
C(Deep Freezer ol A 12A17F ]’E}
7é7d§.7]i K3 AxAA 238 g(FLE4E
)9 AEE ﬁ%iﬁ}. A2E 500 mg/mle] =
== phosphate-buffered saline(PBS, pH 7.4)°2=Z
o] 4 ColM B8ty Ad Alddl= DMEMel 3
AMaf A A8kl

2) MEF ok

Co AATMEE= 10% FBS7F 8% DMEM
(Glucose high, 4.5 g/L) AZ sk oz 5% CO..
%% N71%7] 2 37 T Az F7]olA 10 cm Al
E ufokatel] wiokslel 24A17F HH o2 0.05%-
trypsin/EDTAE AHE-3te] AeueF stlom, wl
ool & WA g F log phased] Adx HEE A3}
Adct. 24 Af Ao wet HOps HlE vl
31X 8te] Aeletsl . CMGJID-> H.0.5 A3}
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MTT #A4ez Az PE&E A0
C6 AATHEZ vkt 1x10° cells/mle] A=
WFd s A7 —‘i‘—zr }°4 12"]7} wf oFate] FAA|
i eF7] ghell A %l
A Azt HH‘*'H’i‘:} CMGJD 9 H,0.5 30+
A F APE APt on, i s A7 X*
of MTT £ (5 mg/ml in PBS)< wiofey 39
1/10°] H =% 100 pl¥ A7kst ‘:]'—* A7 F A
ZNS A Azt vpge] RAR ELA formazan
S hA3 Azseeh E44 formazane DMSO
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SHoz 03] L93 o, +33=A ELISA
readerE °]-&-3te] 545 nm PN FIFEE A
} F, 27 Bkl ME-E(%) 2 EAEH.
4) Az GAF(ROS) A4 34 - DCF-DA

6:].\4-0:1 1\11

AE W FAHALZF(R09)Y XS A5
98 3% probed! DCF-DASH wH-A17] 3 33}
ooz sl 74 Aoks Mgt £ A2
7] Aell 5 uM F=°] DCF-DAE A&lsle 37 C
o A} 3027t vl eFsted 3333 m] 7 (IX71, Olympus,
Tokyo. Japan) &2 333 A|7]& ¥|x, #2330

5) Western blot analysis

A g2 T 06 AR EZ £A3Le], A7t
PBSZ 23] Az % RIPA £9(50 mM HEPES
pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1 mM
EDTA, 1 mM PMSF, 1 pg/ml aprotinin) 2.2 4 C
ol A 3087 wbSAI AT S8 AlE BHHdo] 2 X
sample buffer® 4o 98 TeolM 587k #el %
10%. 12% 2 15% SDS-PAGEE Al3sldc) 7]
5ol Bt gele] =hA S nitrocellulose membrane
©2 50 V, 2217 transfer ¥ blocking(5% skim
milk)3te] Adoll A 1AIZF WHS-3le] B 5o]A 3
A Ags Ausiseh 42 A S-S Antibody
solution(TBST with 3% skim milk)ell 1:30002.%
34 3}o] nitrocellulose membranest Aol A 24]
7t vESAIF e o] % 23 3HAl (Antibody solution
1:50002.2 3]4) 9} AR2ellA 1A17F k3313l
Nitrocellulose membrane-= TBS-T\(tris-buffered saline
+ Tween 20)2 33] Al 3 enhanced chemiluminescence
kit(Thermo fisher Co.) & AH-3Fed Chemidoc system
(Bio Rad.) oz aie] W3ls SA4s5.

6) n|EZ=g o} 7]% Ao 24 : JC-1 FFIA
A E9 wEZ=E ol 7% Aol JRE 3
71 918 JC-1 A £ 33} wistE 333l
HAsT. 7 A M & AEE 7] A
559 JC-1& Alzel st 37 CellM 3087k
ujoFgt = PBS(pH 7.4)2 MHslz, 3§33wA
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%Z 7% Aol &4 : Lysotracker 33334
A BaF 7% Holl FRE SA] 914
lysotracker 94 % 3
HAsA. 7 Al M FAEE 947 A 1M
=9 lysotrackers Azl 3dte] 37 TellM 3027
ujokst & PBS(pH 7.4)Z MAsla, §3dn|7o
z 3 7&6}934

8) ™ 833994 (Immunofluorescence staining)
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As7] & WA FINE AT A E=
wofgtel 1x10° cells/mle] A E wjoFel & 7t} &
FaAHA 24X7 wheF F RAA TR A 273 vt

o A=) Flgase 7 Adel 223 F A
< PBSE 23] A& 33, 4% paraformaldehyde®
158§ AN wHAIA AEE 1A,
blocking(5% BSA with Triton X-100)3Fe] Ap=ol
A IAZE HESAIA v 5ol A Al AdE «Hsta]
o}, Lamp-1 9 Cathepsin B 5ol =3 A=
Antibody solution(PBST with 3% BSA)el 1:200
o7 77} 3|M3te] uh339l L, o]ofA] 23} Sk ¢}
A& A 1A 7E uhg-stsith. PBSTR 33] A% +
antifade prolong mounting solution(Molecular Probe)
° 2 mountdte] HFFdn| Aoz FAs.

9) AAHAA Wk 2AF ¢ GC-MS

e AR & EAE] H8 AEE E
#5137, Heneicosanoic acidE AH8-sled Al W =u}
A FEsd. Ak KOHZ %<9 3 HOIS
A7¥ske] F34A17]31, 60 CollA 30£7F BCl,-MeOH
2 Hke3 & GC-MS(Shimadzu) & A3 3kar, 7890A
/5975A (Agilent) & F-As}ic}.

3. EAXE

ZAE A= 33 o]k E3A-< AgdAg=
A EAABE One-way ANOVA testZS o] &3}
A28t oH, p-valueZk WA 0.05 v]Rke] A%
£ RO 7oz AAsH.
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1. H0:7t C
H,0,7} C6 ﬂ%ﬂ*ﬂi‘ﬁl A 5A4E Golr
71 S8 H.0, M2 + oEi ‘3‘! /‘]71}01] o= ‘E%—
T2 SANAY gkt 5 .
2T A)ete] AEES JJ} 754. 25, 50, 100,
200 2 400 pM F=9 H.0.5 12417 A& A,
839, 73.9, 47.6, 22.0 2 22.6%% AN EAEES
qom, T3 F=9 H0.5 247 A7 Al
72.1, 485, 20.6, 10.7 ¥ 115%S MEAEES 7
7t el 2 3 AZE JEHOE AEE
s }‘ﬁﬁ‘r Fig. 1A).
29 H0.5 12417 A= Al o
Zol H]EM NE 5] Ftael 3 et
THkE = A EAPE o] HAF o, 200 uM T
H,0.5 12217 2] Al M ZAEES] 343 Ashe}
A Azzdo] A &A= ATk Fig. 1B).
mEtA o] £ g ZE AFES 100 uM F
=9 Hi008 AF &40 wet 44 g2 Azte
2 A3t At

6 AIHINES| M=80| O[7= Bt

2. CMGIDO| H0.0f 2fst C6 AlA M=
of OjxXl= g
CMGJD o] HEYEEo A=
7] ﬂ?‘fﬂ C6 A7 A Zel o) fﬂ =9 CMGJD
< 308 A A2 3 100 uM 5 H.0.5 12417+
1"45@ NEAEEES AT 734 H,0, 100 uM
of oJaf 32.6%% AP A EAYEE] CMGID
TEHEE A AR Afele A o
7Vsb7] AlRbsted CMGJD 0.25, 0.5 % 1 mg/ml
ToME 27 761, 980 H 99.5%5 e
= &Aooz AMEAEE] FU e H(Fig. 2).
CMGJD 025, 05 ¥ 1 mg/ml =5 C6 217
IAF] FEOR 1247 A LM A7
1090*344 98.5+3.11 281 108.0+.34%2 MEARE
& Hof o3t MESAS FEHA dskokFig. 2).
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CeII V|ab|l|ty on HzOz treated C6 g||a| cells.

A : Cells were treated with various concentration
of HyO, for several times. Cell viability was
measured by MTT assay. Results were represented
as the means £ S.D. of three independent
experiments. * p<0.05, ** p<0.01 compared to
control cells. B : Morphological changes in
HyOotreated cells. Images were taken using

contrast microscopy.
H l (,\[GJII (mg/ml)
D

1] 0 D 5 U‘«
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CMGID attenuates H.0»-induced cytotoxicity
in C6 glial cells.

Cells were pretreated with various concentration
of CMGJD for 30 min and followed by the
addition of 100 uM Hy0, for 12 hrs. Then. the
viability was measured by MTT assay. Results
represented as the mean (%) + S.D. of three
independent experiments. * p<0.01, # p<0.05 by
One-way ANOVA test, compared to treated group.
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Fig. 3. CMGJID protects H,O,-induced morphological
change and DNA fragmentation of C6 glial
cells.

Cells were pretreated with CMGJD (1 mg/ml)
and added H,0, (100 uM) for 12 hrs. Cells
were stained with DAPI (5 uM) and cells were
observed under microscopy (A) or fluorescent
microscopy (B).
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3ted DCF-DA ¥393AE a8 ST &
= gz s C6 Al ojl/‘ﬂ_-‘TM]
100 M =2 H.0.5 6A17F A2l A &
£ 33| Zrsled o), 1 mg/mle] CMGIDE 30%
A A F 543 29 HO0E 6A7F A=e &
M e 25 o] A FaHe dxL3
FARE N E el S Bgom, 1 mg/ml®] CMGJID
6A17F &5 MM E 25 o] #FHA
okekoh(Fig. 4).

o
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Fig. 4. CMGID has a scavenger effect on H.0,-
treated C6 glial cells.

Cells were pretreated with 1 mg/ml CMGJD
for 30 min and added 100 uM H0, in C6 glial
cells for 6 hrs. Then cells were stained with 5
uM DCF-DA for 30 min and observed under
fluorescent microscopy. Scale bar=20 pm.
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5. CMGJDO[ H00f 2fet Co AlBmAME AFHEO|A
HO-1 % Catalase 481 tH |X=
CMGJDO FAAAS i?é 7S ZAR

918 HO-1 % Catalas

blot analysisZ ﬂ"]f‘?}"ﬂﬁ} kst 529 H.0.5

C6 A17AA E 10A17F A7l F HO-19] =

S ZARE A3 25, 50 2 100 uM FEelA =

Zol vl L 7 ZA gskedt 200 uM

TEAAE A WEFFe] ek (Fig. 5A).

=3}, 100 uM H0.8 A AlZHE voFaiA 3 4

3, Catalase®] L& A7t GJEAH0ZE 7H4s

AcH(Fig. 5B).

=

-

74 AI2A

7384 1 mg/mle] CMGIDE 308 A A 3+
100 uM =9 H,0.5 10417 2] A, 71"
HO-1¢] Wralgke] 24459y, 243 Catalase®]
Wy Y27 o502 35 YH(Fig 50).
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‘ A W — — ‘ﬁ—aclm

Fig. 5. Effect of CMGJD on HO-1 and Catalase
protein in H0,-induced C6 glial cell death.

Cells were treated with 1 mg/ml CMGJD for
30 min and added 100 uM H:0, in C6 glial
cells for 6 hrs. Cell lysate was separated by
SDS-PAGE, and immunoblotted for HO-1,
Catalase, and B-actin.

6. CMGIDO| H001 2[gt C6 AlZmMIZE AFEOI|A
DEZE=2(0F 7|S Zojol| 0|xl= H&
Al o BT A it e vE

Zxgote] 7% Ao ARE | EZE=Eo} 5o
Aol JC-122 ZAFSIATE 100 UM 5%
9] Hy005 C6 Al A 2ol 6417 53k AEst 2
&, 22 (Fig. 6A)ol wlgte] 25 5 34 33

o] Z7}3t%vH(Fig. 6B).
I3y 1 mg/ml %

= F9s 1"“:«] H,0,2 A dt ZolMe o
3 v)5gt E2A 3ke] {2 (Fig. 6D),
mg/ml 559 CMGID 6A17F &5 Aol A
o 23} w58t B2 3338 Weloh(Fig 6C).

=9 CMGJD= 30 A A

iﬂ’_‘l-Nj‘i
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CMGID (1 mg/ml)

Fig. 6. Effect of CMGJD on mitochondrial membrane
potential loss in H0.-induced C6 glial cell
death.

Cells were treated with 1 mg/ml CMGJD for 30
min and added 100 uM H.0, in C6 glial cells
for 6 hrs. Then cells were incubated with b pM
JC-1 for 30 min and observed under fluorescent
microscopy. The data was one of the three independent
experiments through each group.

A : control, B © HyO, only, C : CMGJD only and
D : CMGJD + H0, treated group.

1. CMGJD0| H.0.01 2I8t C6 AMALMIE AFHO|A

2|AE 7S &ojof 0[xl= Het

ﬂiﬁ"ﬂ Ll P Rl o= i o D B o s B Ea
Eo] &% dAzel Lysotrackers AHE-s}g o,
Cathepsin-B, -L % Lamp-19] & $]x|9} oA
W3ts W33 3l western blot analysis®
APk WA gekst =9 H0.5 C6 417
A el BAIZF FoF A F 7 whiiale] iy W
32 geld 43 100 uM 29 H0, A8 A
Cathepsin Be] W& o| F71st9] om (Fig. 7A, B),
Lysotrackere} 4] 94 A] 2]Aaol| £a1814 puncta
form®] Cathepsin B7} Al£A 2 Hu|g& 3als}
Ak (Fig. 7A).

I8 1 mg/ml F
g ¥ T4t i’:/] Hy0p8 8417

‘
=

=9 CMGID= 30+ A =
T Az

50

4322 (Cathepsin
Be] o] 3uHgoH, 24E Wl puncta
AR e 29l
H(Fig. 7A. B). =3 1 mg/ml $=¢ CMGJD+
8AIZE 5 A gt FellAME 2T vd F
] puncta form¥ LaFE A (Fig. 7 A, B).
Cathepsin L# Lamp-19] #d W3S xAsh
A, g w29 H0.5 8412 59 A Al
Cathepsin Lo &> wW3brt gl ot Lamp-1
o W Z7kekl ovk(Fig. 8 A, B), 1 mg/ml
59 CMGIDE 30 A A= ¥ 100 uM ¥
o] H,0-5 A3t FellAe 23 visdt %
©2 Lamp-1¢] Wdleke] ZtAH%om, | mg/ml
TE9 CMGIDE 87 &5 A3t Foll M= o
273 8] 4528 FAHS E‘ﬁ‘;} Fig. 8C).

8. CMGJDO| H,0.01 2fet C6 Al AWAMIZ AFEHOIAM

REIX|Of O0xl= I&

Hy0,7F £ 2542 =26l WA= ek CMGID
o] B3 &35 2AsE7] $18l] western blot analysis
2 3 iAo e wstE ghlsleh 25, 50,
100 % 200 uM ¥=9 H.0.5 12217 A Al
100 uM F=°] H,0, Aol A LC3 119 el
7kt em, 200 uM FE=] H0, HEFellM+
LC3 118 & o] #A3HA F71=9eh NBRIZ H0,
TEo oEA o W] FAaEeH, p62e] I
& sk 3EEA Ao (Fig. 9A).

=3 1 mg/ml 558 CMGIDE 30 A A
F 100 uM F=9 H0:5 12417t A2Jdk FellA
= W2 v #2502 LC3 I/IL ph2 ¥
NBR1¢] w&lzFe] fo31A 5= A & °L°‘°U1
(Fig. 9B). 1 mg/ml 5%2] CMGJD 12412+ 9
A7l Al, LC3 1/11, p62 9 NBRI19| #& ‘%i:‘e}f
A=k (Fig. 90).



:& = - 1 1 CMGJD (mg/ml)
= 100 100 - H,0, (pA)

- - 1 1 CMGJD (mg/ml)
B - 100 100 - H0: (M)

Cathepsin B

- an s e o

g7 - SH

Fig. 7. Effect of CMGJD on the expression and localization of Lysosomal Cathepsin B protein in H.0.-induced

Co6 glial cell death.

22 Cells were treated with 1 mg/ml CMGJD for 30 min and added 100 uM H,0, in C6 glial cells for 6 hrs.
Then cells were immunostained for lysotracker (red) and anti-Cathepsin B (green) and observed under fluorescent
microscopy (A) and analyzed by Western blotting with anti-Cathepsin B and B-actin antibody (B).

A

H,0; (uh)

[] 1k ED 100 200 400
o ------
TJI-”:‘.I ------

HyOn (uM
o e N : - 1 1 CMGID (mgmi)
0 25 50 100 200 400 H:O; (M)

- 100 100 -
CECTL LI

| m | f-actin | ----| f-actin

Fig. 8. Effect of CMGJD on the expression and localization of Lysosomal Cathepsin L and Lamp-1 protein

in H.O,-induced C6 glial cell death.

Cells were treated with 1 mg/ml CMGJD for 30 min and added 100 uM H,0, in C6 glial cells for 6 hrs. Then
cells were immunostained for Cathepsin L (green) and Lamp-1 (red) and observed under fluorescent microscopy

(A) and analyzed by Western blotting with anti-Lamp-1 and B-actin antibody (B and C).
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Fig. 9. Effect of CMGJID on autophagy-related protein
expression in HO,-induced C6 glial cell death.

A Cells were treated various concentration of
H,0, in C6 glial cells for 12 hrs. B @ Cells were
treated with 1 mg/ml CMGJD for 30 min and
added 100 uM H,0O, in C6 glial cells for 12 hrs.
Then cells were immunoblotted for LC3T/1I,
p62, NBR1 and B-actin.
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9] ALY A G 2T FFLE FAEH.
oldl 1 mg/ml ¥=9 CMGJIDS 1047 ©H5A 2]
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Fig. 10. Effect of CMGUD on peroxisome-related protein
expression in HOx-induced C6 glial cell death.

A : Cells were treated various concentration of
Hy0, in C6 glial cells for 10 hrs. B : Cells were
treated with 1 mg/ml CMGJD for 30 min and
added 100 pM H,0, in C6 glial cells for 10 hrs.
C * Cells were treated various concentration of
CMGJD in Cb glial cells for 10 hrs. Then cells were
immunoblotted for PMP70, ACOX1 and Catalase.
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Fig. 11. Effect of CMGJD on amount of VLCFA in
H.0--induced C6 glial cell death.

A Cells were treated with various concentrations
of H,0, in C6 glial cells for 10 hrs. B : Cells
were treated with 1 mg/ml CMGJD for 30 min
and added 100 uM H>0, in C6 glial cells for
10 hrs. Relative Lipid amounts were analyzed
by GC-MS and normalized with control.
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