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Abstract — We previously reported that lonicerin isolated from Lonicera japonica methanolic extract had potent neuro-
protective activities in neuronal cell death injured by excessive glutamate. In this study, we tried to confirm the neuroprotective
activities of L. japonica extract and lonicerin in glutamate injured HT22 cells and establish mechanisms of neuroprotective
action of lonicerin. We used HT22 cell death injured by glutamate as a bioassay system. The compound decreased reactive oxy-
gen species increased by excessive glutamate treatment in HT22 cells. Also, Ca”" concentration was decreased by lonicerin
treatment. This compound made mitochondrial membrane potential maintain to normal condition. Lonicerin also increased not
only glutathione reductase but also peroxidase to the control level. And this compound increased amount of glutathione, an
endogenous antioxidant. These results indicated that lonicerin isolated from L. japonica showed potent neuroprotective activity

through the anti-oxidative pathway.
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2EY2E S F e FFEAL HIZATolA
(glutathione peroxidase) B =FEFX| 2|HEM (glutathione
reductase)®] &4 A 3stel A W LAl SFERA
(glutathione)®] ¥ o] AAHAE] APES =3 €
E]—_IS_”)

2 AFoA= ofn] HT22 M2EFolA AAFAE B &
Jo] Hiard 23} FE2E27H ] ZAI lonicerin®]
AZRAE BS B3-S thr] g Fjletar Ao 2+
|71 We 3z}l k3T glutamate® A7 A4S 5=
g HT22 A5 24 AAAR st A7 Alze] AbE
A vle] e wirie] WMEkE H7kske] lonicerin®] o
2hg 71 AHske 7S TR

Tz L

Aot 2 M E - Dulbecco’s modified eagle medium
(DMEM), fetal bovine serum(FBS)<Gibco(Carlsbad, CA,
USA)IA  FY3F99 3, Glutamic acid, MTT solution,
Trolox, NADPH, DTNB, GSSG-R(Glutathione disulfide
reductase), GSSG oxidase, GSH(L-glutathione reduced),
2,7-dichlorofluorecin diacetate(DCF-DA), Fura-2AM, Rhod-
amin 123, Triton X-100, penicillin?} streptomycine Sigma
Chemicals(St. Louis, MO, USA)IA Y33t Dimethyl
sulfoxide(DMSO)Y= A s}2 oA Eelate] ARE-E1ITE.

Lonicerine] #2| ¥ 7= &8 -8kgd &23& 80%
SR 230 FEsl] F dehs 25 861 g2 93U
t} o] Eo ezl & CHCLZ #¥35t CHCLEE
E 97 g2 AU silica gelS 7G4 E 3 gravity column
chromatographyS 524314 hexane-EtOAc2] 80371 (80:1,
40:1, 20:1, 5:1, 2:1, 1:1, EtOAc, MeOH)°l|4 107]1¢] A&
E(FO1-F10)2.2 = 4 AUt FO03 #8352 sephadex
LH-20& IO Z 313 MeOHZ ©] 5422 3 gravity
column chromatographyS A3l lonicerin 5.8 mgs &
< 4 AT Lonicerin®] 72& 71¥0] Ba¥ 'H-NMR
=2 BC-NMR spectroscopic data®} Bladle] 1 122 54
g 5 AAchFig. 1)."Y

HT22 MIZ BiQF — glutamateol] 2]3F AlZ SAJ) Tt &

= k7] 918 v afivt el AlEFQ] HT22 cell
S ARSSIATE Al S 718 ERAHE o] WS
FAste] sttt aoksb, ME w2 10%2]
FBS¥} 1% penicillin/streptomycing X3+ DMEM HiA|
£ ARE-Std HT22 cells: ¥ st AlE w2 37°Ce
2% = CO, incubatorol] A FdJo] FHoH 5% CO,&
Faot] FUh AlEY SAEES Aels] A7 A=
7hHAS] 2o R MdE ¢ =S 239 it Y
ATl w sl FAT
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Fig. 1. Structure of lonicerin isolated from L. japonica.

CMEME BS B EF - AR BS 24 7]
Fo] S FAsle] AP AE AEES MTT
assays ©]8-3lo] 30T HIUE HT22 cellS 48 well
plate?] 1.7x10°/well®] F%= seedingd}al 37°C, 5%2] CO,
o] 2o 2 24 A7k B wiSsISiT). 24 AlZF £ control,
negative control wellolli= ¥l A&, positive control welloll=
50 puM troloxE, YA welloll= 2t7zte] =7 &
lonicerin A|5E |2]3te] FUch. oF $F A7 A= wijF &
control2 A 2|3 BE welld] glutamate(3mM)S F1 513
th o] o RE A S 30 plwellR 3T A2 T 24
AlZF incubationd}3Z, EE welldl 150 ul/well®] MTT
solution(1 mg/ml in PBS)S& 7FFitt. 3 AlZF incubation 5
Z} welle] WA E suctionste] EF A A3 DMSO
solutiong 300 pl/well2 *2]3}aL 28 2ptsl Aeholl A 30
£7F %o formazan crystalS 583 FFJ} o H<l
solution2 96 well plate®] 200 pl/wellZ $7]3. ELISA
readers AHE-3t 570 nmellA S22 EE AT 2 F
& 2 27004 33] WS, doixl AagkE SAIA
2] skt

MZ=E L] ROS &3 - HT22 cell®ll glutamate(3 mM)<}
trolox(50 uM) 2 A E (lonicerinyE 2|8} 37°CollAl, 5%
o] COl 27102 uieFeiict. 8 A7+ 5 100 uMe] DCF-
DAE 40wl 7KL 1 AIZF 5<F mFaiaict. o 5 ujA]
= AASL 1.0%2] triton X-100 300 plE 37°ColA 15 &
7k o] Yt} ¥4 =+ excitation wavelength — 490 nm/
emission wavelength — 525 nmZ ¥ ¥l =74 3}] v 3}%
oh AHe 22 270l 33] REESIIL, Aozl At 3k
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E 93 1 A7 vl & glutamateS %] 2|31 37°ColA] 2
A1ZE v ettt vl = viRE A ASIAL 1.0%2] Triton
X-100 150 W2 37°CollA] 15 &7 oty 3=
calcium complex — 340 nm/calcium free —510nm= F W
ZA4ste] Hlasislnt. 43 A= Al ¥ vhEste] 543
= SAIAE sk
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O|EZC2|of a9 &4 ofn| St S8 - vlijds HT22
cellell trolox®} Z42te] “5=2] sampleS *Z|SIaL 1 AJI7F &
2 mM9] glutamateE )8l M2 APES =33t 10
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PBSZE 33| M| 3}l9 T} == excitation wavelength —
480 nm/emission wavelength — 525 nmol|A] & ¥ =735}
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FEIX2 & =Y A Sits 52 2 £ -HT22
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1.0 uM, 10.0 pM, 100.0 pMZ 317 ZHE] g & 1 A7+ H
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Fig. 2. Effect of lonicerin (1.0, 10.0 and 100.0 uM) on glu-
tamate-induced death of HT22 cells. Data expressed as mean
+ the standard error of the mean. *p<0.05, **p<0.01, ***p<
0.001 versus the glutamate-treated group.

o 3mM®] glutamateE A 3FA3L 24 A7+ Fof| Al22e]
AEES Frslith 243 A3E Fske] lonicerin® F=
O|EA O F FoA U= AAME HEgH S eSS &
Qg 4= U TH(Fig. 2). HT22AM| 320l 4] K4S lonicerin®]
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EHR o7 7 AT AFE2l 1.0 mMY]
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Fig. 3. Effect of lonicerin (1.0, 10.0 and 100.0 uM) on reac-
tive oxygen species production in glutamate injured HT22
cells. Data expressed as mean = the standard error of the
mean. *p<0.05, **p<0.01, ***p<0.001 versus the glutamate-
treated group.

Follrl= Ao HdH 0 E ROSY| TS A

AlA F=HHFig. 3). ©] AFE EOH lonicerine &&= o=
Aoz 7}Eet ROS A4 AAIES 7HKH ROSE U3 A
T APES wolEtE AL :O‘J—O]b‘l— Z= o)

Lonicerin0| M= LH Ca2+ o0 OjXs sk - =32
A1) A7ZA glutamates Ca™ 0] 2] EHEE Zo] 4]
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Fig. 4. Effect of lonicerin (1.0, 10.0 and 100.0 uM) on cal-
cium ion influx in glutamate injured HT22 cells. Data
expressed as mean =+ the standard error of the mean. *p<0.05,
**p<0.01, ***p<0.001 versus the glutamate-treated group.
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Fig. 5. Effect of lonicerin (1.0, 10.0 and 100.0 uM) on glu-
tamate-induced disruption of mitochondrial membrane poten-
tial in HT22 cells. Data expressed as mean + the standard
error of the mean. *p<0.05, **p<0.01, ***p<0.001 versus the
glutamate-treated group.
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Fig. 6. Effect of lonicerin (1.0, 10.0 and 100.0 uM) on glu-
tathione level in glutamate injured HT22 cells. Data expressed
as mean + the standard error of the mean. *p<0.05, **p<0.01,
***¥p<0.001 versus the glutamate-treated group.
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Fig. 7. Effect of lonicerin (1.0, 10.0 and 100.0 pM) on glu-
tathione reductase (A) and glutathione peroxidase (B) in glu-
tamate injured HT22 cells. Data expressed as mean + the
standard error of the mean. *p<0.05, **p<0.01, ***p<0.001
versus the glutamate-treated group.

ERA] 9] oFaFo] 68.7% S 7Hehe EATHFig. 6). £,
lonicerine 100.0 uM2] FI=olA glutamate #] 2]+l v 3}
ST 2HeA ] 24E 60.8% STMIRAL, SF

23

EFX|2 HSATA o] B TS 41.2% SRS SISk
th(Fig. 7A, 7B). Lonicerin®] Z}3<] glutamateol] <3t 4173
AZ 5402 Q13 AlE2] &olut APES o371 HT22
Aol M SFERA 9] ¢S T7M71AL, SFERR Y
EpA| o} S FERR2 HSAITHA| S ST Fol 9 5
AlE Z102 Ho} lonicerin®] AZEAE Bo 2402 kst
el oJste] et AR AAIE F Ut

Lonicerin> Z|&7H] thFs A48 5ot drAE &
A, ek, ¥ A7 &3 So| Basoe] ok ) o
2|3, Phoenix hanceana| ¥l 2|3+ s}tE9] AlZAAEZH
T AL H7H =] BaHe] Ytk o] Rl
lonicerin®] 6-OHDAE 12|13 PCI24| oA AAAZ B
3 gAdo] w9 mmEAl YebES Basiith & A4
b= RS AES B 5SS TRV I AH A
o2 A AL Fe AT, e8] o & A
o] EXO & 215} lonicerin®] HT22 AlEol= &S 1}
ERl Aoz A7FsE = Qs Aol B3, lonicerin®] a4F
3} BAL A7e =Fo] By vl lEd @<e3] DPPH
PO 2AGAANS UE =1og B =RqMeE £ 9
Mg SRkl &4 7138 ER1g o] L Aol o R A
A F DL Aotk oA B =R A7dAE £
3P lonicerin® &7} Bl A B3] & flavonoid BY
A FERE 7L Jlon Fitksl B8 v e R Al
AL RS S UePd S gRIte w2 FF T2 3
FATES FUIE Jsgste] d=stoln Wi 2 FHad o
A73A Agke] A 5A| & oeto g U e 7
dol g Aog A7t

g B
w AY A3E P8 BHH, 223 FE=
q

< =
2]3} lonicerin®] glutamate®] S84 2173520l 2]k Al
Az APES Beslgithe 1S 91T + Ut °]

e
2
8
=.
o
>
ol
X
Hel
s
lo
@)
%
o
oX,
o
n\l
P
)

S =t
9 B8-S Fate] yela, A Ul gatskAel FFE
=] A 71, olek BT Aitstase] S SIS
sote] BAES AT AT olHd AT A= F
2pE o= wiHAIQ] lonicerin®] AZHAE BT EAS Ayt
Ao kst Bs Foto] UE S I 5 gisleh
ol# &k A= lonicerin®] H HAFE S 5 shul &
=sto|n] o] ABARZ NEE = e 7ol s
AR 5 FE ELES Tl 719y AT
W8S kst S ATl & v 7RV s
Ao AzhEn.

RN

X
i



24

AL AL

o] =2 20189% HH ()0 Yoz =t

o] XS W} =3 72 ATAIIY (No. 2018R1A6A1
A03025582)

10.

11.

o
R

o

. Pizarro, 1. V,, Swain, G. P. and Selzer, M. E. (2004) Cell pro-

liferation in the lamprey central nervous system. J. Comp.
Neurol. 469: 298-310.

. Brewster, J. L., Linseman, D. A., Bouchard, R. J., Loucks, F.

A., Precht, T. A., Esch, E. A. and Heidenreich, K. A. (2006)
Endoplasmic reticulum stress and trophic factor withdrawal
activate distinct signaling cascades that induce glycogen syn-
thasekinase-3 band a caspase-9-dependent apoptosis in cer-
ebellar granule neurons. Mol. Cell. Neurosci. 32: 242-253.

. Ryu, E. J., Harding, H. P., Angelastro, J. M., Vitolo, O. V,,

Ron, D. and Greene, L. A. (2002) Endoplasmic reticulum
stress and the unfolded protein response in cellular models of
Parkinson’s disease. J. Neurosci. 22: 10690-10698.

. Steckley, D., Karajgikar, M., Dale, L. B., Fuerth, B., Swan, P.,

Drummond-Main, C.,Poulter, M. O., Ferguson, S. S. G,
Strasser, A. and Cregan, S. P. (2007) Puma is adominant reg-
ulator of oxidative stress induced Bax activation and neuronal
apoptosis. J. Neurosci. 27: 12989-12999.

. Bradley, M. A., Markesbery, W. R. and Lovell, M. A. (2010)

Increased levels of 4-hydroxynonenal and acrolein in the
brain in preclinical Alzheimer disease. Free Rad. Biol. Med.
48: 1570-1576.

. Mattson, M. P. (2004) Pathways towards and away from Alz-

heimer’s disease. Nature 430: 631-639.

. Seidler, N. W. and Squire, T. J. (2005) A beta-polyacrolein

aggregates: novel mechanism of plastic formation in senile
plaques. Biochem. Biophys. Res. Comm. 335: 501-504.

. Kuhla, B., Haase, C., Flach, K., Luth, H. J., Arendt, T. and

Munch, G (2007) Effect of pseudophosphorylation and
cross-linking by lipid peroxidation and advanced glycation
end product precursors on tau aggregation and filament for-
mation. J. Biol. Chem. 282: 6984-6991.

. Srivastava, S., Sithu, S. D., Vladykovskaya, E., Haberzettl, P.,

Hoetker, D. J., Siddiqui, M. A., Conklin, D. J., D‘Souza, S.
E. and Bhatnagar, A. (2011) Oral exposure to acrolein exac-
erbates atherosclerosis in apoE-null mice. Atherosclerosis
215: 301-308.

Sultana, R. and Butterfield, D. A. (2010) Role of oxidative
stress in the progression of Alzheimer’s disease. J. Alzhei-
mer’s Dis. 19: 341-353.

Weon, J. B, Yang, H. J,, Lee, B., Yun, B-. R., Ahn, J. H,, Lee,
H. Y. and Ma, C. J. (2011) Neuroprotective activity of the
methanolic extract of Lonicera japonica in glutamate-injured

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kor. J. Pharmacogn.

primary rat cortical cells. Pharmacog. Mag. T: 284-288.
Weon, J. B, Yang, H. J., Lee, B, Yun, B-. R. and Ma, C. J.
(2011) Neuroprotective compounds isolated from the meth-
anolic extract of Lonicera japonica. Nat. Prod. Sci. 17: 221-
224,

Lin, M. T. and Beal, M. F. (2006) Mitochondrial dysfunction
and oxidative stress in neurodegenerative diseases. Nature
443: 787-795.

Kim, M. S,, Seo, J. Y., Oh, J., Jang, Y. K., Lee, C. H. and
Kim, J. S. (2017) Neuroprotective effect of halophyte Sal-
icornia herbacea L. is mediated by activation of heme oxy-
genase-1 in mouse hippocampal HT22 cells. J. Med. Food
20: 140-151.

Yan, M. H., Wang, X. L. and Zhu, X. W. (2013) Mito-
chondrial defects and oxidative stress in Alzheimer disease
and Parkinson disease. Free Rad. Biol. Med. 62: 90-101.
Carrano, A., Hoozemans, J. J. M., van der Vies, S. M.,
Rozemuller, A. J. M., van Horssen, J. and de Vries, H. E.
(2011) Amyloid beta induces oxidative stress-mediated
blood-brain barrier changes in capillary amyloid angiopathy.
Antioxid. Redox. Signal 15: 1167-1178.

Helmut, S. (1999) Glutathione and its role in cellular
functions. Free Radic. Biol. Med. 27: 916-921.

Qi, L-W., Chen, C-Y. and Li, P. (2009) Structural charac-
terization and identification of iridoid glycosides, saponins,
phenolic acids and flavonoids in Flos Lonicerae Japonicae by
a fast liquid chromatography method with diode-array detec-
tion and time-of-flight mass spectrometry. Rapid Comm.
Mass Spectrom. 23: 3227-3242.

Jung, Y. S., Weon, J. B., Yang, W. S., Ryu, G. and Ma, C. J.
(2018) Neuroprotective effects of Magnoliae Flos extract in
mouse hippocampal neuronal cells. Sci. Rep. 8: 9693.
Meldrum, B. S. (2002) Concept of activity-induced cell death
in epilepsy: historical and contemporary perspectives. Prog.
Brain Res. 135: 3-11.

Coyle, J. T. and Puttfarcken, P. (1993) Oxidative stress, glu-
tamate, and neurodegenerative disorders. Science. 262: 689-
695.

Ferreiro, E., Balderias, I., Ferreira, I. L., Costa, R. O., Rego,
A. C,, Pereira, C. F. and Oliveira, C. R. (2012) Mitochon-
drial- and endoplasmic reticulum-associated oxidative stress
in Alzheimer's disease: from pathogenesis to biomarkers. /1.
J. Cell Biol. 2012: 735206.

Armstead, W. M., Mirro, R., Leffler, C. W. and Busija, D. W.
(1989) Cerebral superoxide anion generationduring seizures
in newborn pigs. J. Cereb. Blood Flow Metab. 9: 175-179.
Parfenova, H., Carratu, P., Tcheranova, D., Fendinec, A.,
Pourcyrous, M. and Leffler, C. W. (2005) Epileptic seizures
cause extended postictal cerebral vascular dysfunction that is
prevented by HO-1 overexpression. Heart Cir. Physiol. 288:
H2843-2850.

Lee, Y., Shin, D. H., Kim, J. H., Hong, S., Choi, D., Kim, Y.



Vol. 52, No. 1, 2021

26.

27.

28.

29.

J., Kwak, M. K. and Jung, Y. (2010) Caffeic acid phenethyl
ester mediated Nrf2 activation and IkappaB kinase inhibition
are involved in NFkappaB inhibitory effect: structural anal-
ysis for NFkappaB inhibition. Fur. J. Pharmacol. 643: 21-28.
Li, M. H., Inoue, K., Si, H. F. and Xiong, Z. H. (2011) Cal-
cium-permeable ion channels involved in glutamate receptor-
independent ischemic brain injury. Acta Pharmacol. Sin. 32:
734-740.

Ward, M. W., Rego, A. C., Frenguelli, B. G and Nicholls, D.
G. (2000) Mitochondrial membrane potential and glutamate
exicitotoxicity in cultured cerebellar granule cells. J. Neu-
rosci. 20: 7208-7219.

Kushairi, N., Phan, C. W., Sabaratnam, V., David, P. and
Naidu, M. (2019) Lion’s mane mushroom, Hericium eri-
naceus (Bull.: Fr.) pers. suppresses H,O,-induced oxidative
damage and LPS-induced inflammation in HT22 hippocam-
pal neurons and BV2 microglia. Antioxidants 8: 261.

Xu, F., Cao, S., Wang, C., Wang, K., Wei, Y., Shao, X. and
Wang, H. (2019) Antimicrobial activity of flavonoids from
Sedum aizoon L. against Aeromonas in culture medium and

30.

31

32.

33.

25

in frozen pork. Food Sci. Nutr 7T: 3224-3232.

Scaria, B., Sood, S., Raad, C., Khanafer, J., Jayachandiran,
R., Pupulin, A., Grewal, S., Okoko, M., Arora, M., Miles, L.
and Pandey, S. (2020) Natural Health Products (NHP’s) and
natural compounds as therapeutic agents for the treatment of
cancer; mechanisms of anti-cancer activity of natural com-
pounds and overall trends. Int. J. Mol. Sci. 21: 8480.
Choudhary, M., Kumar, V., Malhotra, H. and Singh, S. (2015)
Medicinal plants with potential anti-arthritic activity. J. Inter-
cult. Ethnopharmacol. 4: 147-179.

Lin, Y-P., Chen, T-Y., Tseng, H-W., Lee, M-H. and Chen, S-
T. (2009) Neural cell protective compounds isolated from
Phoenix hanceana var. formosana. Phytochem. 70: 1173-
1181.

Kim, N. M., Kim, J., Chung, H. Y. and Choi, J. S. (2000) Iso-
lation of luteolin 7-O-rutinoside and esculetin with potential
antioxidant activity from the aerial parts of Artemisia mon-
tana. Arch. Pharm. Res. 23: 237-239.

(2020. 12. 2 ™F=; 2021. 1. 12 AL
2021. 1. 26 AIRI&N)



