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Protective Effects of Dohongsamul-tang on 2-deoxy-D-glucose Induced
Autophagic Cell Death in C6 Glial Cells
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The water extract of Dohongsamul-tang(DHSMT) has been traditionally used in treatment of ischemic heart and
brain diseases in Oriental Medicine. However, little is known about the mechanism by which DHSMT protects C6 glial
cells from glucose deprevation induced damages. Therefore, this study was designed to evaluate the protective effects
of DHSMT on 2-deoxy-D-glucose induced autophagy of C6 glial cells. Autophagic phenotype is evaluated by
fluorescence microscopy and flow cytometry with specific biological staining dyes, including monodansylcadaverine and
acridine orange, as well as Western blot analysis with microtubule-associated protein 1 light chain 3(LC3) and Beclin-1.
Treatment with 2-deoxy-D-glucose significantly resulted in a decrease of the viability of C6 glial cells and increase of
the extracellular LDH release in a dose and time-dependent manner. However, pretreatment with DHSMT protected C6
glial cells from glucose deprivation with 2-deoxy-D-glucose. The author also observed the fact that autophagy
phenotype occurred by 2-deoxy-D-glucose in C6 glial cells. Pretreatment with 3-MA, a pharmacological inhibitior of
autophagy, abolished the formation of acidic vesicle organelle in C6 glial cells treated with 2-deoxy-D-glucose.
However, pretreatment with DHSMT inhibited the formation of autophagic phenotypes, inciuding formation of acidic
vesicle organelle, and increase of the expression of LC-3 Il Beclin-1 proteins in C6 glial cells treated with
2-deoxy-D-glucose. Taken together, these data suggest that DHSMT is able to protect C6 glial cells from glucose
deprivation with marked inhibition of autophagy formation.
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Table 1. Prescription of Dohongsamul-tang(DHSMT)

BEY £ &g £(9)
% Prunus persica Batsch 750 ¢
AN Carthamus tinctorius Linne 3759
EHE Rehmannia glutinosa Libschitz 750 g
¥ B Angelis gigas Nakai 750 g
FRE Faeonia lactflora var 3759
N 5 Cnidium_officinale Makino 3759

Total amount 33.75 9

3) AleF B 7171

AMEZide] 2 33 Dubelico’s minimum essential medium
(DMEM), SH8A, trypsin & 2EHO} €& (fetal bovine serum:
FBS)& GIBCO BRLA} (Gaithersburg, MD, USA)olA] 15191
Ch A siekE7] (24, 48-well plate, 6 cn dish, 10 cm dish)&=
FalconA} (Becton Dickinson, San Jose, CA, USA)Z 2B Z51
o ANESIMEE. MTT(methylthiazol-2-y1-2,
tetrazolium 2-DG(2-deoxy-d-glucose),
orange, MDC(monodansylcadaverine), 3-MA(3-methyladenine)
= SigmaA}St. Louis, Missouri, USA)E RE] 7515 LDH

5-diphenyl,

bromide), acridine

RochAKR&D, Germany)Z 2E] ¢t kitE ARE3HA

19T}, Western blottingoll AH2¥ LC3, Belin-1, B-actin®]
E2 Santa CruzAk(San Diego, CA, USA)ZE HE] T3
©n, ECL kite= AmershamAl(Buckinghamshire, England)x|&
g ARSI
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Aol AMSE Eif= E€ BUIE AR FEdEe 018
glod 2 dglo] A8t B FEE (HO extract)2 LI
5 3810125 gy £ 1 4 & 87 Y27 & Bk SR ETA
oA A1 20l TS AXE G5, 3,200 rpmE 208
=0 YAEP] & ZAQHsE Y] (rotary evaporater) 2 &S U2
-70°C(deep freezer)oll A1 12417} 014} SHAIF| AL, freeze dryerZ
EZAXIN 171 g AISE Gt FEEY SEW/W)2
OF 16.89%01A2M, A|EE eppendort tubeol| 100 mg/ml7} T
S phosphate-buffered saline (PBS, pH 7.4)S.F = 4TollA]
HEEHL 48 Aol DMEM #ix|of B4glo] ARESIATt
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MZZFE AZML7I37C, 5% COyolAl 10% FBSZ} E&HE
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of 545 nm TN FBEE SHIAL B AR G
Blasle] BEE(%)ZE FAISIEC
4) Lactate dehydrogenase (LDH) &7

AEELE BB 25k AElARbE Melwol wet &
SR 7 AETO) 4591 1,000 rpm
% Bgolg LDH 240 X185
HEl 7l kitg
o} 100 ploll LDH

AH20A 308 5

7 2 WS A JHE Ao, ig
BT (ELISA reader, Molecular Devices Co., Sunnyvale,

CA, USA)E 0|83}0] 490 nm 1ol BEREE SH8IAL,

2B A7

0>
o

&

- 582 -



BeALIIR0] Co A AAMIES] 2-DGol Y LETIRY MEANG PRl HE

BAIGIA

HESY(%) =

5) Acidic vesicular organelle 8449 &%

Co AANAZEANA] wlElE ME W acidic vesicular
organelleE #0151/} H3M acidic compartmentsE E015 02
FUA) 7= AleRQ] acridine orange@t monodansylcadaverine
MDQOg Argdld delolErt. C6 AATAZol 1 pg/mlo)
acridine orange®} 158 &0t vISA17] & PBSE A5l &
Hu)E (Leica MPS 60, Germany)C.&2 #EHIG 1, 28 £AL
Z  acridine oranget @ARE & PBSE MAGIL, 1%
trysinEDTA &M CE Azlgld HMZE ZZBKICE Acidic
vesicular organelle 44J2 flow cytometry (FACS Calibur, BD
olgsld  ¥EY Mg &85
FL3-parameters= acridine orangeo| 9I$} QA A S ZA] UM
HEE VERN Holth E3 50 mM MDCE DMEM #iAlo] 3l
gl 308 &0 CO; ieloli ¥ISAIZ] & 22 wog
flow cytometryE A8 61932, olwl FL1-parameters= MDCoj 2l
g =4 A MY JEE LER Aoltt

6) Western blotting

Co ABZUAMZE 2+ AF £710l wet A1okg Aelskd bl
St & A ZE IFFIY, A7HE Hank's balanced salt solution
HBSS) 2 23] AHIATE A& & 22 AZE total cell lysate
3171 151 RIPA §9H (50 mM HEPES pH 7.4, 150 mM Nadl,

1% deoxy-cholate, 1 mM EDTA, 1 mM PMSH, 1 ug/mi
aprotinin) 02 A4 Balaleirt. S MZ FEFde) 2 X
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dodesyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
E AGSIHCE T7¥B0] Bt geld) TMIEE nitrocellulose
membraneCZE 4T, 30 VoAl 16417} EOF transferdt &
blocking (5% skim milk)gtcd 2}20]41 1417} St ¥ESA1A 1)
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nitrocellulose membraned} 2F20jA] 24]17F &9t vF2A173T) 0]
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A& 3 & enhanced chemiluminescence kit (ECL kiyE A}25}
o EE &3
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Fig. 1. 2-DG decreased the viability of C6 glial cells in a dose and

time-dependent manner. (A) Cells were treateg with & varicds concentraton

of 2-DG ‘or 48 hrs. (B) Cells were eated with 2 mM 2-0G for indica @d jecilole)

veH vabilty was measdred oy MT™ assay, Resu.s were represenied &s the means
SC. o tree experiments, "p <C.05, ¢ <G01 compared to conrol ceHQ
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Fig. 2. 2-DG decreased the viability of C6 glial cells in a
dose-dependent manner. Cells were pre-treated with the various
concentrations of DHSMT for 1 hr and the cells were exposed to 2-DG for 48 hrs.
Cell viability was measured by MTT assay. Results were represented as the means
5D, of three experiments. *p <0.05, *p <0.01 compared to control celis.
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Fig. 3. DHSMT prtected 2-DG-induced cell death in C6 glial cells.
Cells were pre-treated with the various concentrations of DHSMT for 1 hr and the
cells were exposed to 2-DG for 48 hrs. Cell viability was measured by LDH release
method. Results were represented as the means + S.D. of three experiments. *p <
0.05, ™p <0.01 compared to control cells.
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Fig. 4. 2-DG induced the increase of acidic vesicular organelle on
C6 glial cells in a time-dependent manner. (A) Cells were treated with 2
mM 2-DG for indicated periods. The cells were stained with acridine orange for 15
min, and then fluorescence intensity of cells was visualized fluorescence
microscope. The data was one of three independent experiments. (B) Cells were
treated with 2 mM 2-DG for indicated periods. The cells were stained with acridine
orange for 15 min, and then cells were harvested. After washing unbound dye out,
the cells were subjected on flow cytometric analysis to estimate intraceliular acidic
vesicular organelle levels.
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Fig. 5. 2-DG induced the increase of acidic vesicular organelle on
C6 glial cells in a time-dependent manner. Quantification of acidic
vesicular organelle in C6 glial cells. The percentage of -autophagy was
guantified by counting the number of cells located in up-left square of each
FACS analysis data.
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Fig. 6. DHSMT protected 2-DG-induced the increase of acidic
vesicular organelle in C6 glial cells. (3) Cells were pre-treated with 1000
mg/ml DHSMT for 1 h and the cells were exposed 10 2-DG for 48 h. The cells
were stained with acridine orange for 15 min, and then cells were harvested. After
washing unbound dye out, the cells were subjected on flow cytometric analysis to
estimate intraceliular acidic vesicular organelle levels. The data was one of three
independent experiments. (B) Quantification of acidic vesicular organelle in G glial
cells. The percentage of autophagy was quantified by counting the number of cells
located in up-left square of each FACS analysis data.
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Fig. 7. 2-DG induced the increase of acidic vesicular organelle on
C6 glial cells in a dose and time-dependent manner. Celis were treated
with 2 mM 2-DG for indicated periods. The celis were stained with
monodansylcadaverine for 30 min, and then cells were harvested. After washing
unbound dye out, the cells were subjected on flow cytometric anaiysis to estimate
intracellutar acwdlc vesicUlar organelle levels. The data was one of three
independent experiments
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Fig. 8. DHSMT protected 2-DG-induced the increase of acidic
vesicular organelle in C6 glial cells. Cells were pre-treated with 1000 mg/ml
DHSMT for 1 hr and the cells were exposed to 2-DG for 48 hrs. "he celis were
sained with morodansylcadaverine for 30 min, and then cells were harvested. After
washing unbound dye out, the cells were subjected on flow cytometric analysis to
estimate intracellular acidic vesicutar organelle levels. The data was one of three
independent experiments.
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Fig. 9. 2-DG incresed the LC3-1l and the Beclin-1 expression on C6
glial cells in a time-dependent manner. Cells were treated with 2 mM 2-0G
for undicated periods. The cell lysates were separated on 15% SDS-PAGE,
transterred  onto  ndrocellulose membrane an immunoblotted  with - anti-LC3,
anti-Beclin-1 and anti-B-actin  antibodies. The immuncreactive signals were
visualized by ECL kit
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Fig. 10. DHSMT regulated the LC3-1l and the Beclin-1 expression in
C6 glial cells. Cel's were pre-treated with 1000 mg/ml DHSMT for 1 hr and the
celis were exposed to 2-DG for 48 hrs, The cell lysates were separated on 15%
SDS-PAGE, transferred onto nitrocelluiose membrane an immunobiotted  with
anti-LC3, anti-Becin-1 ard ant-B-actin antivodies. The immunoreactive signals
were visualized by ECL kit
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Fig. 11. 3-MA inhibited 2-DG induced cell death in C6 glial cells.

Cells were pre-treated with the various concentrations of 3-MA for 1 hr and the

cells were exposed to 2-DG for 48 hrs. Cell viability was measured by MTT assay.

Results were represented as the means + S.D. of three experiments. *p < 0.05, *p
<0.01 compared to control cells.
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Fig. 12. 3-MA inhibited 2-DG induced the increase of acidic
vesicular organelle in C6 glial cells. (A) Cells were pre-treated with 50 mM
3-MA for 1 hr and the cells were exposed to 2-DG for 48 hrs. The celis were
stained with acridine orange for 15 min, and then cells were harvested. After
washing unbound dye out, the cells were subjected on flow cytometric analysis to
estimate intracellular acidic vesicular organelle levels. The data was one of three
independent experiments. (B) Quantification of acidic vesicular organelle in C6 glial
cells. The percentage of autophagy was quantified by counting the number of cells
located in up-left square of each FACS analysis data.
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Autophagy+ programmed cell death(PCD)$} AR o] ¢
oh AlZE, @A 85 2 DNA B& 59 EXOFT Hojxks
Al ZAFE AHapoptosis)= type I PCDg+IL 27, autophagyol]
et MEAPEARZ type I PCDERLL 12T} Autophagyol] 918}
MEZAPEAN] 7hE 2 EAE AMEZ Woll 49 autophagy
vesicle0] EXX|1I, lysosomal machinery7} #Agic} I8t
autophagyol] OIsh ZIE A0l HZAVEAL 718 el thairls SA
7V BESH AFoln). duEoR Je £FE0 [(Eo8 018
autophagy 7t A2 U1 T FX9 HEo] T Q3 71A
S olaiE} BRI A2 autophagy 2 @13t type 1l PCD
2 gEA Aop

=2 @rolAlE 2-DGoll A C6 AF WM ESY A
ZEAFSI] 918l MTT assayE 0] 2310] A ZNESS
T Co AF MRS HES2 1, 2, 4, 8 mMY] 2-DGE C
A Zo ZhZY 48A17F Ml Aa iAol Hlal ZH2F 72.73%,
49.36%, 39.26% % 27.07%2) MEZANESES HYI(Fig. 1A), 2
mM9] 2-DG Xz] 24817t & 2E] MES0] 1 Alatsid
4B8A17 Zolle B AT H sk 45.06%9) M ZEESS
HA0M, 60A17F Foli= 1823%F FAGIA ZAEJCHFig.
1B). Wbk C6 A AT Zofl thdl 2-DG =4 AlZH
gEFoE 2HEeg ¢ :

2-DGoll &Jgt C6 A FUHZE WEG] S HALEYIES)
AIHE LotEY] 215K MTT assayE AIBISICE L 23 Bl
Puns S=RIE] A 21 1000 mg/ml SEAA T A ZAES0]

HE HOIA 2RtOm(Fig. 24), AIZWESL 2.DG BHE A
glollAlE RS 4854%0] A ZWESS LJERN L) 1000
mg/ml SO HALMMIE TR Al 713%E MTYEEo]
7IEATH(Fig. 2B). 2-DGoll 95t C6 Al A M E AFEA] BEALIY
Wl e ootsy] Ak AlE W LDHY 9i&3s xA}
SIE 2 mM9] 2-DGE SHEREIE oAl WEL = LDHYS
HZ W EXSk= LDH &89 67.2%01%1 21, 1000 mg/ml 35
O RS FAE] SIS A2 2-DG FMelo] 98] £7)
=2 LDH &r&o] 2958% % ARSI ZASIQrkFig. 3A).
ofw BRALEUMIE THEAEo] 9§ LDHY WEe giglornsz
(Fig. 3B) $kiLPu¥iRo] LDH 2EE AL :
2-DGoll 9t Co AZTAE AFEALY HENE ERIBITA
autophagyE QIX|3h= utEol EXO]  acidic  vesicular
organelle®] 4 acridine orange ¢4 & RSN A T 24
M FA7)E o]85ke) RAISINCE Acridine orangel= A3 1
acidic vesicular organelleo] Wt} orange®] FFL vlstA T =
2 AEZ W 58% acidic vesicular organelle 5ol H]#H 5l
dE9 ATt BV Frh B dFollaiE 2-DGol 28 C6
A A FMEL] AFEAR= acidic vesicular organelled] A]7} O &
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OF &UKeh= auwtophagy SHOE FARIRIOM(Fig. 4, 5),
Acidic vesicular organelle2 2-DG THER]E] o A] TR 7o) o]
o 44.08% = B7HEIAQLE BALIUME FIAEIA] 135% % SA 6
A BAZRJACHFig. 6). S C6 AAWMEAIA  acidic
compartmentsE  E4HGH=  A]2kQl  monodansylcadaverine
MDC)& AFESIA acidic vesicular organelle®] M S SA14
E BHOE Co AlEnMEolX ERIS AL, 2-DG A &
C6 A1Z UM E W acidic vesicular organelle 2442 A)7F O] &EH]
LF EVIEALLFig. 7), HAluES AAEie A, 2-DG)
os EVIERE EAY WEo] tEZT T FAS £EOE A4
HE ¢ 4 UIrhFig. 8).

Autophagy IV8 & autophagosome @Hdo] £Q3 dgre
THshs LC3 HHRAS 271R) SENE X081, 18 kDal] LC3-1
GRZIE A A EXSLDL, autophagy 3 & UERIE 16
kDaQ] LC3-1I ThH A& autophagosome membrane Qo 9] %)&h
ot 3 AzZgol ZEASH EAIGHS Beclinl HEAZS
autophagy I8 E 285k £Q8 QAR Yedd ok

2-DGoll 9Jgt C6 AB M E APEo)A] autophagy 7]& ol
¥ thiEd LC3-I9 Beclin-19] @l ko) M mES &
Lol 7] 21510] western blotting B8 O 2 RAISIAECE 1
C6 A1 Z WA ZONA 2-DG H] A] LC3-II Tl A 3} Beclin-1
Zol vido] A1 EF O Z BIislTiFig. 9). ZEt C6
Az 1000 png/ml ET9] MALIUMES 1A DA
mM 2-DGE 48A17F 2| A] LC3-IT Th Al 3} Beclin-1 ©hed
W0l AET +FECE ZAaErt 53] autophagosome
AMAPE A 2UEE] 3-Methyladenine (3-MA)T} H|3L A)
HATIIZIES) B3} O Hold AOE UERdTi(Fig 6, Fig. 12).
grollA] 2-DG7} autophagy 71A S F C6 A A WA EO) 24}
Froths AKE EQIGIFICER  autophagy AXIAHQ!
-MAE FAZIS & C6 A1Z Ao thet 2-DGE] autophagy
Fo AERISIAT. WA Co A F A E] 3-MAZ 125 mM,
2 50 mM sEE 1A17F AAE8 & 2 mM 2-DGE 48
FAElsld MEAESY] HSHE MIT &Hes 2018 4
B, 2-DG @EAE] A R 115k 49.06%9] M ZHESS
BAROLE 21 50 mM 559 3-MAS HAZ] A] 71.91%2] A%
MESE HATHFig 11). ol 3-MA AR B4 & gigiom, 7
2 Zo)A M Z W EX18k acidic vesicular organelle®] 4§29
& acridine orange @48 & XN T BA7|E Ed) F0ld &
3}, acidic vesicular organelle2 2-DG TFER ] 2ol A] TR L0
HIgN 45.25% 2 S71EA L 50 mM 552 3-MA ARE] 4§
Tl AT 17.29% 2 A UTHFig. 12). Wb 2-DGoll 9§ C6
AB DA Y] RPHARS autophagy S 4Jo]H, ofml MkALIEES
autophagy SIHIA Q] 3-MASE B3t G} eSS A B
olael ZME FerobH MAIIIMES Co A1E T ZoAd
2-DGofl 93t EIAE AEAME BEgie Leiiong
ZF3Ls 2o o 5lEE WES U Ho EHyyAgs 1]
ot Fachl E8E 4 e AOR AEEHN, LEIAY
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