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Abstract

Purpose: In this study, the neuroprotective effect of the methanol extract of Daphne
genkwa Flos (DGF-ex) against glutamate-induced neurotoxicity was studied in mouse
hippocampal HT22 cells.

Materials and Methods: We conducted the cytoprotective effect of DGF-ex against
a 24-hour-stress-induced condition by glutamate in HT22 cells. The inhibitory effect
of DGF-ex on cellular necrosis and apoptosis and ROS (reactive oxygen species) was
observed using fluorescence microscopy. To further clarify its antioxidant efficacy, assays
on SOD (superoxide dismutase) regulation and DPPH/ABTS radical scavenging ability
were also conducted. A chemical profile of DGF-ex was also obtained via UPLC analysis.

Results: Pretreatment with DGF-ex significantly reduced glutamate-induced loss of
cell viability and release of LDH (lactate dehydrogenase). DGF-ex showed similar effects
to the antioxidant quercetin (15uM) in the evaluation of DPPH/ABST radical scavenging
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activity and SOD activity evaluation. In addition, DGF-ex remarkedly downregulated
the glutamate-induced programmed HT22 cell death, which was shown in the
normalization of the cellular necrosis and apoptosis ratio.

Conclusion: These results exhibit DGF-ex has the ability to protect against
glutamate-induced cytotoxicity in the HT22 cell line via the drug candidate’s antioxidant
capacity. This research confirmed the DGF-ex as a valuable drug candidate for the

prevention and treatment of oxidative stress-mediated neurodegenerative diseases.
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Z(reactive oxygen species, ROS)°] &o| WAs
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vtor A5lA AEH AR 0I5 B4 HAS dToA da] ARREE AYpd 20| shtz o
A gk
AsHDaphne genkwa Flos)= BZUHIHThymeleaceae)d TEUFO 250 FE AXSH A

o opgL mEety gk Yl Atk F2 u], ¥, AFO0R Soj7tA a5 T 0}478) Ysto]
dofix= =/4do] lthal 7|5H E3E0] Bou, 25 oA, A, AGAl, JHl X FEF
2Hqoar AMREQIH? AstolA Eelst 92 313ME(yuanhuahine, yuanhualine, yuanhua-
cine, yuanhuadine, yuanhuagine daphnane diterpene esters)?] 34+ 5 A3 A Z(normal
lung epithelial cell)ol& E4do] ¢AIT Y (human lung cancer) AlZof &4 12-53nM
9] 1Csp & EPtta BHuFHALE? o3y wEUYFo|A FHanti-cancer), FES(anti-in-
flammation), 181 FEA(anti-complement) I} 9J-go] LAY AAHTA 2
Foxa2 ¢} Nurrl o] Y@ EE 2&sto] o1& 5224 F9 Hof o]43t 4% Fs5HNE
ARG FHAYSH, D BEYR £7](stem)@ Be(root) FEEOIA E2F Aol
Nurrl 9] A4} 7152 B4atstal, Bl o] SERdoA A7 BE a7t 9ol eaFeh!d
SA|gE, AF7HA] Y3te] AFA 2R S E/dof tiste] HiH v= A Qith
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D) A E Af=m

A ESF FE 95t DMEM (Dulbecco’s modified Eagle's medium), FBS (fetal bovine
serum), PS (penicilin streptomycin)x Thermo Fisher Scientific Inc. Korea oA T34
o MEO AEE W =4S =H317] Y8l Quanti-MAX WST-8 cell viability assay kit 9F
Quanit-LDHTM cytotoxicity assay kit + Biomax (BIOMAX Co., Ltd.)ollA FU5FHct. A
3} 4L ¢all EZ-SOD assay kit (DG-SOD400)+= Dogen (DoGenBio Co., Ltd)olA 43}
PO ABTS [2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt], DPPH (2,2-Diphenyl-1-picrylhydrazyl), potassium persulfate < Sigma-Aldrich ©f
A FYstFTt. ab176749 Apotosis/Ncrosis Assay Kit, ab113851 DCFDA/H2DCFDA-
Cellular Ros Assay Kit+ abcam A4 #+45FA . L-Glutamic acid monosodium.salt,
Quercetin (295% HPLC)® Sigma-Aldrich o4 35}t

2) Y3t fghe 259 Az

A3} Hehe &5 (Methanol Extration of Daphne Genkwa Flos, DGF-ex)& gHE3to]oFx]
TN & T =T AR T Y HAEAAY YA Bfsta Qlom, I X5 Ffto}
Ao AHESH 22U Rt A HDaegu, Korea)25H gt A3} 600g

3.5L o §11, 3 AIZE 5% ERFE & &vlE £ oFeielth. Yt ¢ 70% HWEHE=

o

Uet 2 B A o FEY UL, FEAS Hob WIsEAL,
(0]
=

X
o
i

= ot U3} Y FEE9 Finger Printing I8 <l

A5} HEe FEE(DGF-ex)0] 7HA Y= AEEZY finger printing HE-S 27 Yd
UPLC 4L 39t} 42 ACQUITY UPLC™ BEH Cis (2.1 x 50 mm, 1.7 um; Waters,
USA)9] 94t 2HS 53] o|FF o, o]5ACZE 0.1% formic acid & Eg5H= E(solvent
A} 0.1% formic acid & ZFH= HekS(solvent B)S AMESHYTH Ao MES 24l in-
jection ¥ 3 9 E714] solvent B & 0%°lA] 100%2 WSHAIALH, 1 E7F 100%E FAIAIF T
I 3 18 Sk oA 0%7HA] A7) o] & 2 7 f-A1819 o] o 942 0.3 ml/min ©]H,
HETFL 280nm o4 =753t

4) HT22 A= ik

9] dul | AEFQl HT22 cell & o]& 10% FBS (fetal bovine serum), 1% PS (peni-
cillin-streptomycin)& 23sl= DMEM HIAE AHE-5L] 5% CO,, 37C 9] 2704 vistad
o},
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5) Al P& 53

WST assay & o1& A AEE(cell viability)E &5ttt 96-well plate of vjYgH Az
£ 0.8x10" cells/well ] =R 100ul & FF(seeding)dte] 37T, 5% CO, XA 24 Al
=9t wiFsHATE control well Ol 10ul 8] PBS &, negative control well o= 5u] 8] PBS &
positive control well o= quercetin 5S¢l ZA7FFAth. UM A] well Al 242} S5pl A A2 &
BZ9 DGF-ex (100, 50, 25ug/mD)E AE5tAtt. 2F 1 Al7F viFst & control & ALt &=
well o 5xl1 9 glutamate & 7154 cHtotal vol. 110xl/well, F&F5%: glutamate 9mM,
quercetin 15¢M, DGF-ex 100, 50, 25xg/ml). AT & 24 A|7F wigFstal, ZE well o
10ul/well 8] WST-8 = A |5tHct. F 1 A|ZF AuiF & ELISA reader (Molecular Devices,
Sunnyval, CA, USA)E AH&sto] 450nm oA S¥E HSHE St offiet 2ol =+
Z|Eo g ZF Adto] gt Al g2 WESE Uefiolon, 22 XA 3 3] vHES A

Aage SAA AT

Cell viability (%) = x 100

A: absorbance of Positive/Negative control or sample
B: absorbance of control (without sample)

6) LDH (Lactate dehydrogenase) ¥4

LDH 9] 2 Alx=/do] 9o &4H AzoA A2 Q= EHEs ZAoE Axsy B7tE o=
EAQ B 9] stto|th'” Quanit-LDHTM cytotoxicity assay kit (BIOMAX Co., Ltd.)
£ ARgsto] A5 on, 9 AE AYEE(cell viability)& 43517 A3t 5L 24, 54 plate
oA i Q] A5 10ul & Foto] kit ] TREZO] wet N ZEA F7HE AP} ELISA
reader & °©]& 450nm oA FF= WSS S5t oW, AT LDH £H[F9] HEE(%)Z
HASIoH, &2 270A 3 3] BHESE A Agke BAA ST

7) 93} HEe F:&E9 DPPH/ABTS & A4% &4 SOD (superoxide dismutase)
A 248 &4

DPPH of ti3t 424 3o] A2 2451 FOg 2752 Blois'®9 WS Farste] 4519
ot 4% 5%=(200, 100, 50, 25¢g/mhE 42 DGF-ex ol DPPH (2,2-Diphenyl-1-picrylhy-
drazy) €9 0.2mM <& F7kste] 2 &3t & Wo] Add Aaofa 30 £7F BHAIR &
517nm oA SFEE S5ttt DPPH 9 &l 93t FZEE ZAFIAL AL HolEE
HI O & 50% DPPH 9] radical & &75h= o 283 sample o] 5% (SCso)E AlAtsHgIH dix
TF2E 15uM 9 quercetin & AMESIATH g2 FE25 7B fIRFE vlste] oz
9 &A 4L HEEWZ et or 2 2004 3 3] vhEst AF Aughe BAIA A
o},

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)]l &tz AA%5< Arano et
al.'?3} Re et al.?¥9] Wb wigsto] Al&sl9lct ABTS 89 7mM ol potassium persulfate
€4 2.45mM & S95te] oF A4 oF SF Bt WEAIZl  734nm oA FBE Fkol
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0.7£0.02 7} H=5 2Asto] ARSI ¥HEAIX] ABTS €HE Alaet Egtsto] oF 2794
5827t ARESAIA 734nm A T % SAstth. 272+ 154M 9] quercetin & AR&-5H
Aot A2 FE= A7 R vt SHEe] A @42 HEEE eI
o 22 27004 3 3 wHEgh A @J—]’ﬁ:—z s AA 25t

EZ-SOD assay kit (Dogenbio Co., Korea)E ©|-&3}9] SOD FAFEAS &35t 5145
sample & Z} sample well & T4 2(blank 2)9] well o] 20xL & dojFil FA T+
1(blank 1)®} T4 g7 3(blank 3) well o= ddH,0 & 20uL ¥ Z+zF EolFUct. ZF well of
WST working solution 200xL & T4 27 2(blank 2)&+ FA 2]+ 3(blank 3)9] well ol dilu-
tion buffer & 20xL & Eo}F3itt. enzyme working solution & F42]+ 1(blank 1)} sam-
ple well o] 20uL ¥ Z+Zr Yol& & plate & 37COA 20 £7F ¥FSAIAY. 450nm oA 3%
£ S5t A9gke 22 27004 3 3] vHESto] A3 S A Y

(OD blank 1 - OD blank 3) - (OD sample - OD blank 2)
(OD blank 1 - OD blank 3)

SOD activity (%) = x 100

8) AIZ U ROS ¥ Apoptosis/Necrosis &%

NEAZE B3} 5t 9o Z HT22 cell 9 quercetin, DGF-ex T} glutamate & *| 2|5}
1 37T, 5% CO, 9] 2404 5 A7t 8] & Cellular ROS Assay Kit (abcam Inc.)E o]-&3}o]
Ay T FFdn| g S o] 8ol Pt on, 53U FANA 8 A7 HiYF & Apoptosis/Necrosis
Assay Kit (abcam Inc.)E o]&ste] A3 & FFAu|4L o|&alo] Fgslr.

2. 4925 4 1

1) UPLC &4< 53 Y3t 9et2 #EE9 Finger Printing m& &<l

0.18
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Minutes

Fig. 1. Finger Printing pattern of DGF-ex through UPLC analysis.
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A3}o] F£QAEL genkwanin, apigenin, sitosterol & &2]A QIth.??? 2 QoA Y3}l
AEL H5k5] &Q1e o= g oY DGF-ex 9 finger printing W8-S o3 2%t Fig. 1 7
Zo] &1 280nm 94 retention time 5.6 B3 6.2 oA FY w3 Ht L2 w37t
A

2) HT22 MZ9 4]0 u]x+= Quercetin ¥ Glutamate & I

Fig. 2 A ¢} o] glutamate 7} A E vijA]ollA HT22 AAFA|EZS] H&E&L glutamate 9] 5=
7t oS E AlE9 JE2EL FYHLE FAaE0 ImM ALY AF 61.24%9] HEES
Bt} quercetin ] & &]H Wizl HT22 A1FM2EE=(Fig. 2 B) quercetin A8 5%7F 154M
d o 93.27%9] &S oot mEbA HT22 AAA 2 A2Ed U AZ&4S 3417171
93t glutamate 9] 5X+= 9mM 2, o]of] FAANZER quercetin 2 154M 9] 52 331
o},

A)
100 [ — B) 100
*kk
*k*k
—_— o~ T
= = N
: ke : —
e =
= . =
g s %
> >
2 ©
O &)
0 T T T 0 1 I
o 10 9 8 7 6 5 0 60 45 30 15
Glutamate(mM) Quercetin(uM)

Fig. 2. Effects of glutamate and quercetin on cell viability in the HT22 cell line, a mouse hema—derived cell line.
Cells were treated with various concentrations of glutamate (A) and quercetin (B) for 24 h. The cell viability
was determined by an WST-8 assay. The results were expressed as the meantSD obtained from three
independent experiments (***p{0.001 compared with the control group).

3) SFE|o|Eo] o5t Al5HA AEH AT HT22 Al29] L& v A5t Hghe 259

fr

WST 43} LDH £4& 5519 DGF-ex 9 AX g7} glutamate o 2§t A|E&AC] HX]&=
P YotHSIt Fig. 3 Aot Zo] thx+) vld) glutamate A2 AlE AFEEo] 41.2%
Zastdtt. 238y DGF-ex € 100, 50 € 25pg/ml-& A 25t¥E W glutamate o oI5t 54
FY94 A FaAHeH FAHEERA quercetin AT AEEL 85.7% A2 DGF-ex
100pg/ml A2+ 3% 75.8% 02 Fthx+t3}t vt Aafgho] WA= o|Hgh AP+
€2 LDH 242 a0 Mg o A3 Fig. 3 B 9 2o glutamate A2]wtollA 46.4% 710t
o1} 25, 50 € 100xg/ml =9 DGF-ex A&+ LDH gl 247t 56, 36, 24%= 24 A
ZAaAFH. o]Ate] A3t= DGF-ex 7F HT22 24| glutamate o 2§ AlX&A disf) S
33E 7RIS A 4 QUGIth
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- + - - - Quercetin (15uM;
{15uM) + + + + +  Glutamate(9mM)
+ + + + +  Glutamate (9mM)

Fig. 3. The protective effect of DGF-ex against glutamate—induced cytotoxicity in HT22 cell line, a mouse he-
ma-—derived cell line. Cells were treated with or without DGF-ex and quercetin at the indicated concen-
trations for 1 h. Then, they were incubated again with or without 9 mM glutamate for 24 h. (A) Cell viability
was determined by an WST-8 assay. (B) Cell damage was determined by measuring LDH release into
the extracellular medium. The results are expressed as the meantSD obtained from three independent
experiments  (***P(0.001 compared with the control group; *#p(0.001 compared with the gluta—
mate-treated group.)

4) ¥s} Weke 3&E°] DPPH/ABTS" 2tz 4A7% B71et SOD fAEAlS B7t
A2 b Z444HAROS) SolA 7HE ARt el dHAakel 2485 Alofshy] flsiA= Sz
QIAE Alojsh= o] &3t o|tt. DPPH & sletd oz rystd Apattzde /AT 9= 23
2 g 2}'51'”(ascorb1c acid, tocopherol, polyhydroxy) 5ol 93] ZHUEo] Z& Z}AHo]
A=Y, o]AL TFet A AAfERE FAREEAS AMcks b “J'O] olgxa et
DPPH Sfej2t £ 242 DPPH SEI2& 50% 271(6CoTHe o LA 240 5= 21T
oy 535 S VM EEYSE 5t Wt vnE st free radical 91 ABTS*
3t DPPH E}Q%]'J—]r A FAitst B Briske o @ol o8&l Utk
ABTSE THASEE A (peroxidase), IHAISEA(H,0.)9 BHEAIA E4 o291 ABTS 0] &4
1:413:] === _,] o]—/K]—g}ﬁOﬂ _,]QH ABTS*o ] __,_7-]Q01 E]—lj?? E 0_,] /\ﬂO] Z‘]EAWO] E?-/\ﬂlq I:ﬂ O]%
F4E A E Yehfo] 2289 F4kst B4 71 4 Atk ABTS' oz &7 43}
DPPH o &A @43t= AioA ZtolE Het =t o= FH4%7} B2 ABTS' 2z
‘“4 DPPH 2tjzZo] uhg&rl 3l3tEo] wabA vl gty 434 glom 2 ABTS
ﬂ‘q < DPPH #HZ® g S/41 H=4 £4 B59 §hSsto] A7 =n ABTS' 2oz
Z WSS 4ket Bdo] DPPH Sojdats A3 wHeshA] 42 Sk rtal A Qlrko
Fig. 4 A'BolA& ZAZgt] AtolE H itk ABTS' & &A% ?@Oﬂ/ﬂb 27?1 querce-
tin ©] 74.3%, DGF-ex (100~25pg/ml)ollA 65.4%, 45%, 27%S] £A5<S UEFHACE ESH
DPPH =Ze] SCso = DGF-ex 0.43+0.06mg/ml, quercetin 0.00Si0.000Img/ml ojaL
ABTS' &Z9] SCso = DGF-ex 0.06+0.004mg/ml, quercetin 0.003+0.0001mg/ml 2
LERgth SOD & ¥ 242 E53t ojg] ol 2 S| 245k 3448 &4 (antioxidant en-
zyme)2A] ROS 9] sl £83F &L 3t E£3F SOD SAFMS B7loA 43 &A=
0] Z(superoxide anion)& IAISREA(H02)9 AF(0)2 ARA7]= B2 SHliske ¢

r°|'
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Z 83 A GAEA ZHHARSEE A(xanthine oxidase)ol 2Jsh "“*3 "\TH'Q/\}O]‘: =0]&0]
AFEE A=l 9sf AAHE HlE&S BT =N ARSI High 7= 0 =
849 g/go] F7IetH ARtA o & Akt tidt Ao ity % = ;l‘:]'. A AngkS é_hﬁ
X quercetin 9] AgFoA 33.29%2] €42 HF O™ 100xg/ml 2] DGF-ex oA 29.91%=
291 quercetin A2|F-ete] &4 Zpo|7} mim]etqitt. wEbA 9 A 23 DGF-ex & DPPH
2z &7 H7He} ABTS™ &HZ &A% B7F 2 SOD fAFE5 B7olA g dixl
quercetin 4872}t 1004g/ml 9] DGF-ex 9 FAtsks vlw Aigho] §-ARSE Zh e QLo

A) B) q)

@

o
-
o
(=]

N w »
(=] o (=]
SOD activity (%)

-
°

=)

DPPH radical scavengining ability(%)
(=]

ABTS radical scavenging ability(%)
a
o

0 200 100 50 25 DGF-ex(ug/ml) o 100 50 25  DGF-ex (pg/ml) ) 100 50 25 DGF-ex (pg/ml)
+ - - - = Quercetin (15uM) + - - - Quercetin (15pM) + - - - Quercetin (154M)

SCso{mg/rill)
Name
DPPH radical APTS radical
DGF-ex 0.43+£0.06 0.06+0.004
Quercetin 0.005%£0.0001 0.003+0.0001

Fig 4. DPPH & ABTS" radical scavenging assay and SOD activity for the anti-oxidant effect of DGF-ex. The results
are expressed as the meantSD obtained from three independent experiments (***P(0.001 compared with
the quercetin group)

SCs value : scavenging concentration for 50% of radical

SEE|o|Eof 93t ASHA AEFH AV HT22 AlE U] ROS 9 &719} Apoptosis/Necrosis
o mlA= A3} HEE FEE9 IF

DGF-ex 9] ROS &AE E3t glutamate & §EH HT22 AIE APEo] tigt B3 SHE7 S
golstg o™ AdE= Fig. 5 A-B 2 Zo] DCF (fluorescence intensity of dichlorofluorescein)
intensity fold 7} glutamate AZFoA 7.5 2 7} =%k W, quercetin A&+ 1.9, DGF-ex
100pg/ml H2FE 2.0 o2 FAYZR quercetln Aot vlsgt At ghE Ay ESE
Fig. 5 C &} Zo] glutamate X274 apoptosis ¥ necrosis 7} &o] #2tE ¥HH quercetin
I} DGF-ex 100pg/ml *2]F-o|A% apoptosis ¥ necrosis 7} A4S gQle 4 At
ol& glutamate & AISIAEHAE FL5F0o] HT22 M ZoA ROS 7F &7FHR oW quercetin
A2 DGF-ex100ug/ml A g]TolA ROS 9] 571 AAE 5dto] AlZ2] Abd(apoptosis I

necrosis)& ZAAIFH T
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A) B)
1 0 ] ok
o -
s ®
Y
=S "
2 64
7]
5 DGF-ex (ug/ml)
2 4] Quercetin (15uM)
— Glutamate (9mM)
s O
8 29 mﬁ
0 '- T T
0 0 0 100 50 25 DGF-ex (ug/ml)
+ - - - Quercetin (15uM) 100 50 25 DGF-ex (ug/ml)
+ + + + + Glutamate (9mM) - - - Quercetin (15uM)
+ + + Glutamate (9mM)
C)

] o Q 100 50 25 DGF-ex {ug/mil)
- - +* - - - Cuercetin (15uh)
- + + + + + Glutamate(Sph)

Fig. 5. A) and B) Cell were incubated with glutamate 9 mM and with or with out drugs candidate for 5 hours
before ROS analysis C) Cell were incubated with glutamate 9 mM and with or with out drugs candidate
for 8 hours before apoptosis/necrosis analysis. Fluorescent images were acquired using a fluorescent
microscope. Blue color is viable cell, green color is apoptotic cell and red color is necrotic cell and. Scale
bar, 75 pym. The results are expressed as the meanzSD obtained from three independent experiments
(***P{0.001, **P{0.01 compared with the quercetin group and *P¢0.001, *#P{0.01 compared with the glu-
tamate-treated group)

#z
R A7 23 oot g A2e At
2(DGF-ex)9] UPLC £42 £ Wude sHlstrt

ZE9] FFEHo|E(glutamate)Z S8 HAH
L9oAQ B3 FI} Yo elstgct
o s
=2
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5 B7HIA F8 tHERFR] quercetin A7t HS7 AT 7HAAL &2 SIS

4. A3} &t =2 25ug/ml, 50pg/ml 131 100pg/ml & S =S A}t E71A710) ot
S FEHo|Eo] 99 =" HT22 AZA|Z9] apoptosis, necrosis @ ROS 2715 9%

08 FAAF oW o= FA HERFQI quercetin AT} BT W FAS HATH

oo

webs 91t HEhg FEEE HT22 ABAEY =3t 3 48 o & Ut FREYRA
7L g Bt
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