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Protective Effects of Chongmyunggongjin-dan on H-Os-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 Chongmyunggongjin-dan (CMGJD) on
Hydrogen peroxide (H;0.)-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 HoOs-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 HoO:-induced C6 glial cell death possibly by blocking
the pathways causing damage to subcellular organelles, such as mitochondria, lysosomes, and peroxisomes. We assume that
CMGJID 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

medicine Scientific name D(()Sé;ge
name &
B B Cervus elaphus Linne 160
g Angelica gigas Nakai 160
L Cornus officinalis Siebold et 160

Zuccarini
B8 #&  Moschus moschiferus Linne 6
AN Panax ginseng C.A. Meyer 160

S Rehmannia glutinosa Liboschitz 160
ex Steudel

F R Pornia cocus Wolf 80
FETE  Acorus gramineus Solander 80
% & Polygala tenuifolia Willdenow 80
EEMRA Dimocarpus longan Loreiro 80
& & Aquilaria agallocha Roxburgh 14

Total amount 1140

) Al " 717]

Dulbecco’s modified eagle’s medium(DMEM),
glucose-free DMEM, Fetal bovine serum(FBS),
Phosphate buffered saline(PBS, pH7.4), 334 %
trypsine GIBCO BRL Co.(Grand Island, NY,
USA)ZHE F8lste] Al4-38ledel. Methylthiazol
-2-y1-2. 5-diphenyl, tetrazolium bromide(MTT),
Sodium dodecyl sulfate(SDS), Hs0: Dimethyl
sulfoxide(DMSO), 2.7-dichlorofluorescein diacetate
(DCF-DA), 4, 6-diamidino-2-phenylindole(DAPI),
JC-1 2 lysotracker= Sigma Co.(St. Louis, Missouri,
USA)2XRE] F98le] ARE-slgd on, ELISA reader
= Molecular Devices Co.(Sunnyvale, CA, USA)el
A Fske] Ab&sledtt. Bradford assay kit®
Bio-Rad Co.(Berkeley, CA, USA)ellA], enhanced
chemiluminescence kit(ECL kit)3& Thermo fisher
Co.(Waltham, Massachusetts, USA)ollA T4 3}ed
AFE-stdet, anti-LC3-1/11=  Cell signaling Co.
(Danvers, Massachusetts, USA)oll4 F413}ed A}4-
sl¢d.em, Lamp-1, PMP70, Catalase, HO-1, Cathepsin
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B. Cathepsin L, ACOX-1¢] 3= Santa Cruz Co.
(Santa cruz, CA, USA)elA Fsted A3}

)
AAE g SRSE F2 5 Ay
Table 1] CMGJD 2FAl 100 g= A=ste] F74
1000 ml2 ¥24715 FA% S ST A 34
7+ £ & AZRZ oFsl1, 3200 rpmlE 20
7+ 94 —“i'r?/l % 227](Rotary evaporater) & =
gt C(Deep Freezer)ell A 12A17F o] A}
TAAZRIE $HAE 73_57\]71 238 g(HHrE
AEE Aok A2 500 mg/mle] =
S = phosphate-buffered sahne(PBS, pH 74) 22
o] 4 ColA Bty A Aol DMEMe 3]
AMafA ARS8 e

2) MEF ek

C6 AATHEE 10% FBS7 %3l DMEM
(Glucose high, 4.5 g/L) M= vjckA o=z 59% CO,,
%% W77 " 37 T MEAE7)NA 10 ecm Al
E wfjckatel wioFslde). 2447 A2 = (0.05%-
trypsin/EDTAE AH&-3led AldiuliF shsiom, wy
ol & WAIg F log phaseell U= HEE A3}
Aok A AF 276l wet Hi0oE AlE ik ol
qﬂ%}oﬂ A28 3, CMGJDS H,0.5 A3

0% A A F APS $g3sn

3) NZAZE =4

MTT ®AHez Az AEEE AT

C6 AAIAEZS wekste] 1x10° cells/ml] AlE
o0& Zbzh BFasle] 12417 wioksle] HAA]

7]31, 7—} Z730] wet AEg §F wjekr] <olM 4
°k~]'3i‘7}. CMGJD % H,0-5 30% A
Zgsielon, wiek ks 4A7 A
o] MTT %"—‘1 5 mg/ml in PBS)S vjoFel Mo
100 W AR o, A7 & A
ZAS AAste vige] FA" 284 formazan
< k3] ZAzstgdeh B84 formazans DMSO

g0 238 £a)% 0L, 2FFEA ELISA

readerE ©]-&3led 545 nm IR FREE 24
5}93-1—, 273} v wste] WEE(%) 2 TS
4) Az FXAAZ(ROS) A 34 - DCF-DA

83719 A

AE W FALFR09) S FAE
$18l 3% probed! DCF-DASE wHEA]7l & 3%
Hu oz st 7 Aok AEd & AxE
7] Aol 5 uM ¥=°] DCF-DAE Heste] 37 C
ol Al 3037k wieFated 3333w 7 (IX71, Olympus,
Tokyo, Japan) 2.2 334 4|72 v, #2sigdot

5) Western blot analysis

AY g T 06 ARTNEES TH8, 27k
PBSZ 23] A4 %, RIPA £9(50 mM HEPES
pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1 mM
EDTA, 1 mM PMSF, 1 pg/ml aprotinin) &= 4 C
oA 3087t WHSAIFEE S8 AE el 2 X
sample bufferS 4le] 98 TellA HEZF 9 =
10%. 12% % 15% SDS-PAGEE Al&¥3aith #17]
50| Tt gel®] =hA-S- nitrocellulose membrane
02 50 V, 2217t transfer & blocking(5% skim
milk)3ked AF2ol A 1A7F ubg-3le] w]Eo]A 3
A Age et 92 A5 Antibody
solution(TBST with 3% skim milk)ell 1:30002.2
3]43}ed nitrocellulose membraned} Aol A 24]
7+ vkeA e o]= 22} 34 (Antibody solution
1:50002.2 3]A) ¢} AF2olA 1A7F uk-g-3let
Nitrocellulose membrane-= TBS-T(tris-buffered saline
+ Tween 20) 2 33] 13} % enhanced chemiluminescence
kit(Thermo fisher Co.) & AF-3ted Chemidoc system
(Bio Rad.) .2 w¥eke] W3S FA315iH

6) nEZE=o} 7% Aol A ¢ JC-1 FFHEA

A x| mEZEe ol 75 Ao ARE FA 3}
7] A8 JC-1 A ¥ 3% wistE JF3n|g o=

#AsA. 7 Aok A FAEZE A7) A 1 uM
TE JC-1& AlZzel AHeste] 37 TellA 3087
oF3t & PBS(pH 7.4)& A3z, 3Fsn]7
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(Olympus) 0.2 &s}i o},

7) BlaF 71% Aol 34  Lysotracker 3454
xS FaFE 7% Bl AR5 SA37] A
lysotracker A £ 3% wistE YPHn|HJo=
#Asth 7 Aok A F AEE 97 A 1 uM
559 lysotracker® A &|sled 37 TolA 30£7¢
vjek3t = PBS(pH 7.4) & M A3z, §33dn|A4e

o

3 3934 (Immunofluorescence staining)

dYFGA s A xS
wfektel] 1x10° cells/mle] M E wjoke}g zhzt &
FaA 24A1ZF vk F BAAT| T, 7 23] uh
gt A2 T wjeFaoict. 4 Ade] k59 ¥ A}
$ PBSE 23] MA3stY, 4% paraformaldehyde®
5% 9t AN wheAA AEES FAF T,
blocking(5% BSA with Triton X-100)38}e] AF2el]
A 1A BESAIA Bl Sol A Al Ak oWl
t}. Lamp-1 ¥ Cathepsin B 5] ©i3t A=
Antibody solution(PBST with 3% BSA)el 1:200
07 747k s|Xste] ubg-atgla, olelA] 23} A 9}
Aol A 1217 vkg-3kedel. PBSTE 33 A4 %
antifade prolong mounting solution(Molecular Probe)
° 2 mountdte] YFHn|FoE FAsI

9) AAAAA WstF 2AF 0 GC-MS

AAEA ALY k& SAE] H8 AEE E
#8}37, Heneicosanoic acidS AR&ste] Al W) =9}t
e FEsln”, Auake KOHZ %9 & HOIZ
A7lsted F3A17]13, 60 CollM 3082k BCl-MeOH
2 uhg3t & GC-MS(Shimadzu) S A1#§3}1, 7890A
/5975A (Agilent) & #4353 o},

3. EAIXME|

A E A3 33 o] FPA AYZAR=E
A EAA2E One-way ANOVA testE o] 83}
Aelstd om, p-valuert HeAA] 0.05 =]uke] A%
£ folg Aoz A

g - UEN

m. & =

1. HO:7t C6 A1Z M 22| MZESF0]| D|X|= Zet

Hy007F C6 A7 A 2ol vA = 5A44& dobr
71 918 Ho0p M2l £ 5= 3 A7kl o A&
+& FAAY dF Fx29 HO0.E 12417 ¥
A7 Asle] AEES 2ARE A3} 25, 50, 100,
200 2 400 pM ==x=°] H,0.= 12A17F Alg A,
83.9, 739, 476, 220 ¥ 226%% AETYEEES
gdor, T4 Fx H0,5 247 A A
72.1, 485, 206, 107 H 115%9] AzA=&E 7
7t depfe] Fx g A7E EX R AEL
7rastd ok (Fig. 1A).

=3t 100 M 559 H0.5 12417 A Al o
Z7ol vste] Alx 529 Rl P et
e Al EAbE o] fAFem, 200 uM FE2]
H0:5 12412 A] A M Z2AEES] FA3 #ste}
A M EEH | AR A A A (Fig. 1B).

wEhA] o] 39 o RE AYEL 100 uM F
=9 H)008 A FA- et 242 b3 At
2 Agste] Algasiet

2. CMGIDO| H 00l 2/t C6 AlZwh|ze| MEZ
of olxl= I

7] 918 C6 AR A Eol heFst H=°] CMGJD
< 308 A A F 100 uM F=2] H.0,5 12417
Aeste] NEAEES SAT A3 H0; 100 uM
of o3 32.6%2 AU MEAYEE] CMGJID
FEEE A Y} Aol Az s
Zz7}8}7] Al#sted CMGJID 0.25, 0.5 % 1 meg/ml
roAE 42 761, 8.0 2D 995%2 el o]
&Moo g AEYEEo| F7bsteleH(Fig. 2).

CMGJD 0.25, 05 ¥ 1 mg/ml =5 C6 217
FA Fol FEO7 1247 AHd FelME 47
109.0£3.44, 98.5¢3.11 2133 108.0+.34%2) A EAZ
&8 Hol fofgt A Z5AL A=A dstek(Fig 2).
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Cell V|ab|||ty on HzOz treated 06 gllal cells.

A Cells were treated with various concentration
of Hy0; 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
HyOo-treated cells. Images were taken using

Fig. 2.
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contrast microscopy.
0.2
D

0.5 1 CMGJD (mg/ml)
0 0 H0, (uM)

CMGID attenuates H.0.-induced cytotoxicity

in Co glial cells.

o 0.28
0 100 100

0.5

100 100

Cells were pretreated with various concentration
of CMGJD for 30 min and followed by the
addition of 100 uM H0; 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.

3. CMGJDO| H0.0f efst C
X iz} gl A1|£A+'£01|
CMGJDe] M =Z9 f%’ﬂlwd
ZAR87) $13ke] AEe g
Hasigio 06 A4 T EE 100 1
e 12A17F Al Al AZ 429] g A}
77} EoE o] B o, 1 mg/ml
MGIDE 0¥ A A F H0.-F 12417+ A
ZolME AE 59 a7} dAlEg e, o
A el 2 ®oloh(Fig. 3A).
& 274 Azl DAPIZ 3%
gdu]g oz st A3} H0, A
Al A 23 ¢] DNAZE &5 7y A E o] Al ZzAM
o] 2 F ot 1 mg/mle) CMGID 304 A 2z
A A EH & 1 BAo] B35 ES] o (Fig 3B).
1 mg/ml®] CMGJD 12417+ &5 23] FellA]
o5 Az 4] ) Fef) W3 9 A x
Zo|u} Ao FA=A] ¢ekeh(Fig. 3).
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Fig. 3. CMGID protects H0z-induced morphological
change and DNA fragmentation of C6 glial
cells.

Cells were pretreated with CMGJD (1 mg/ml)
and added H»0, (100 pM) 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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ste] DCF-DA 39AS Za SALFe]
< gFEnFez HAsT 06 AT ol
100 uM 5=9] H,0,Z 6417 2] Al AAeHA =
= 33o] Zrlstgl ot 1 mg/mle] CMGIDS 0%
A AY F L3 59 H0.5 6A7F A3 &+
AME 25 gFo| AAA FaHe] dHzey
SAsE Az Fe) S Bolor 1 mg/mlel CMGJD
6AIZ 5 A ZolME 25 o] HAHA
oksteh(Fig. 4).

[

B U0, (000 )

Fig. 4. CMGJD has a scavenger effect on Hz0.-
treated C6 glial cells.

Cells were pretreated with 1 mg/ml CMGJD
for 30 min and added 100 uM H:0, 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| H0:01 2|t C
HO-1 %! Catalase &8
CMGJDe] &AA LS

918 HO-1 ¥ Catalasee] & H3ZE western

blot analysis® elslsiet whofst =9 H,0. 5

C6 AA A Ze 10A17F M) ¥ HO-1¢] Lk

< AR A3 25,50 F 100 uM FEAlME o

Z7ol w3 wE FrbF 24 dskont, 200 uM

TEAME A A HEEFe] S8l Fig. 5A).

=3} 100 uM H:0.8] A=l Az HefsbA & 2

3, Catalase®] WdHFS A|E &Aooz 7H43)

s oH(Fig. 5B).
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2384 1 mg/mle] CMGIDS 308 A A8 &
100 uM =9 H0.Z 10A17F A A, 7489
HO-19] #3gko] 2rA9 3y, 743w Catalase®
g gz #3072 3EFHH(Fig 50).

A H,0; (pM)
235 H 2
e s | HO-1
| — —— — - | actin
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6 8 10 12 (hr)

B S 5 58 ] e
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‘ N — — — ‘ﬁ-artin

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 pM H0; in C6 glial
cells for 6 hrs. Cell lysate was separated by
SDS-PAGE, and immunoblotted for HO-I,
Catalase, and B-actin.

6. CMGJDO| Ha0.0f 2[5t C6 AMZAWMIZE AFZEOIA
0|E2E=2(0t 7|5 Zofjol 0X|l= He
AE W BARES] A ddte] e

Zrg ot 7% Foll ARE nEZ=go}

P el JC-102 Ak 100 uM

9] Ho0:2 C6 A1 A el 6A17F Bt #2) 3

&, H2L(Fig. 6A)l wste] 25 9 34

o] Z7}sksieh(Fig. 6B).

I8y 1 mg/ml =9 CMGIDE 30E A A
T T 29 H0.5 AHEs FLelME= o

Z73} w)sest F2A o] IE 90w (Fig. 6D),

1 mg/ml 59 CMGID 6417 w5 Aol A

= 23t B3 B2 332 Bodok(Fig. 60).

o ook g =
o In

ox:', i, I"n

49



H0.2 7L C6 LZuMZ Al g SESTH| B 23
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CMGID (1 mg/ml)

g. 6. Effect of CMGJD on mitochondrial membrane
potential loss in H0z-induced C6 glial cell
death.

Cells were treated with 1 mg/ml CMGJD for 30
min and added 100 yM H:0, in C6 glial cells
for 6 hrs. Then cells were incubated with 5 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 ¢ Ho0; only, C : CMGJD only and
D @ CMGJD + Hy0, treated group.
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7. CMGJDO| H0.0f 2I5t C6 AAWM|ZE AFEO A

2[AE 7| Zo{of 0[X= Het

g il vXE JFE 2AE] S8l Bad
Eo] 34 gMA|al LysotrackerS AHE-slod on,
Cathepsin-B, -L % Lamp-18] &3 9%} oA
W3lE HdgAdM 3l western blot analysis®
AR S. WA gkt w59 H08 C6 A1A
AAH Zol BAIZF B9 A F 7 sl Ao iy W
32 geld Az 100 uM =9 H0, 2z A
Cathepsin B] & e] 78kl 2™ (Fig. 7A, B),
Lysotracker2} EA] G A] g]laZol| Z2131 puncta
form®] Cathepsin B7} Al2A2 En|gS& 3Hals}
AoH(Fig. 7A).

I8v 1 mg/ml %8 CMGIDE 30%

A
g ¥ Y% Fx HO0E A7 5 A

=

50

A TN 2L v&dt 32

Be| o] 3EHGIoH, 2iF

fomo 2 EAjste] 273 fARE

H(Fig. 7A. B). =3 1 mg/ml =29 CMGJID &

SAIZE &= Aegt FolMe 2L B3 o
7

ot g,
)
Lo}
o
=
&

@)
Qo
=
=
D
ke
iz}
=
=
=3
=
QO
=]
ke
N
lo
(1)
el
222
Lot
]
BN
>
ot
ok

A3}, gofdt w529 H0.5 8417 S A Al
Cathepsin Lo Wz W3yl 9lglovt Lamp-1
o) walere Zsbste orh(Fig 8 A B). 1 mg/ml
59 CMGJDE 30 A A8 ¥ 100 uM 5=
9] H0,8 Aedt ZolME dx2est visd 5
22 Lamp-19] W3] ZHAE o, 1 mg/ml
559 CMGIDE 8AI7 &5 A3t Zell A+ o
273 ST S A (Fig. 80).

8. CMGJDO| H0.0f 2I5t C6 AlAWM|ZE AFEO A

QEWX|0| DXz F&

H,0,7F £ E31A] A= W& 93z CMGJD
ol B3 &3E A7) 818l western blot analysis
2 33 A iy WHIE galsledoh 25, 50,
100 2 200 uM ¥=9 H.0.-5 12417 Az A,
100 uM 5= H,0, MelelA LC3 11¢] & o
7kt e, 200 uM F=4] Ho0p A LelA =
LC3 11¢] W& o] #x3A $71=%0eh NBRI= Hy0,
TEo oEAoE Wy FHAFG o, p62e] W
& HEe wAE A Ak (Fig. 9A).

=3, 1 mg/ml $=9 CMGIDE 30& A A2
F 100 uM &= H0.5 12272 A=dt oA
= dz7H vsst 5202 103 /I ph2 ¥
NBR1¢] &3] o3/ 3 5EAE odskomn
(Fig. 9B), 1 mg/ml %2 CMGJD 12417+ =
A2l Al, LC3 I/IL, p62 % NBRI1¢] ¥ w3}
A=k (Fig. 9C).
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Fig. 7. Effect of CMGJD on the expression and localization of Lysosomal Cathepsin B protein in H0z-induced
C6 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

Hy0; (uA)

[] 5 &0 1040 00 400
i ------
e ------
J.l,"ge------
. ------

.l : - 1 1 CMGID(mgml)
0 25 S0 100 200 400 - 100 100 - HO, (M)

YT . Latipl
[ wmmae|, ., (- o
Fig. 8. Effect of CMGJD on the expression and localization of Lysosomal Cathepsin L and Lamp-1 protein
in H20.-induced C6 glial cell death.
Cells were treated with 1 mg/ml CMGJD for 30 min and added 100 uM H20» 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 CMGUD on autophagy-related protein
expression in HOz-induced C6 glial cell death.

A Cells were treated various concentration of
Hy0, in C6 glial cells for 12 hrs. B : Cells were
treated with 1 mg/ml CMGJD for 30 min and
added 100 uM H20; in C6 glial cells for 12 hrs.
Then cells were immunoblotted for LC3 I /1,
p62, NBR1 and B-actin.
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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 H20; in C6 glial cells for 10 hrs.
C : Cells were treated various concentration of
CMGJD in C6 glial cells for 10 hrs. Then cells were
immunoblotted for PMP70, ACOX1 and Catalase.
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