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Neuroprotective Effect of Extracts from Root Bark of Morus alba on Glutamate-induced Cytotoxicity
in Neuronal Cells. Hyun-Jung Kim, Ji-Hyun Kim, Eun-Soon Son, Jeung-Min Lee and Hae-Ryong
Park*. Department of Food Science and Biotechnalogy, Kyungnam University, Masan 631-710, Korea - This
study evaluated the neuroprotective effect of extracts from the root bark of Morus alba (MA) against
glutamate-induced cytotoxicity in neuronal cells. Glutamate-induced cytotoxicity was shown by MTT
reduction assay. The neuroprotective effects of methanol, ethanol, and acetone extracts from MA
against glutamate-induced cytotoxicity were measured. Among the three extracts, the methanolic ex-
tracts showed the highest protective effect, as determined by the results of an morphological assay,
a lactate dehydrogenase release assay. Furthermore, the methanol extracts were fractionated sequen-
tially with hexane, diethyl ether, ethyl acetate, and water layer according to degree of polarity. The
hexane fractions exhibited a neuroprotective effect against glutamate-stressed N18-RE-105 cells.
Therefore, these results suggest that extracts of MA could be a new potential candidate as a protective

substance against glutamate-induced cytotoxicity.
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A S AE T TAF AN A B ol ARSI T AFE-E )
A= DMEM medium®ll 10% FBS, 5% HS % 1x HAT supple-
mentS A7}sle] AFRE AL, 95% 9 $E7F A5+ 37°C,
5% CO, incubator (MCO-18AIC, Sanyo, Osaka, Japan)ellA]
et ot

MTT reduction assay

A FE2E9 AAAE RIEHRE 2337 Y5ty
MTT reduction assayS AA|8t3th Al £FE 5x10° cells/ml
2 931 96-well plated] 742} 100 pl® H7ste] 24417 &

ot 37°C, 5% CO, incubatorol] A B} %3l &, DMSOo°l| & &3t
W3 FE255 FEHUE AstArt. 18 308 2 Hl
&g $ 20 mM glutamateE A 2late] 244171 st z+
welld] PBS 9% o] %<1 MTT (5 ug/ml) £4E 10 pl&
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LDH release assay

iy 259 AESHE S467] 918t LDH release
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£ methanol, ethanol, acetone
°2 %230 10, 50 ug/ml] FEZ NIS-RE-105 A 5o
&3t glutamated] o3l fr=® SEH 2 FE oA AZA
X B3 aRE 54 tH6](Fig. 1). WA ethanol FEE 10
ug/mle A= 50% HEe] kst A& EHA T methanolZ}
acetone &% 10 pg/mldA = 70% ]3] £ &4& X
S’E\E‘r £-3] methanol FZE& 50 pg/mlolA 80% ©]’d<] &4
io]“ﬂ"i ABAEE HEetal e A AT & AU
{’3} X AEFF] FEE gRlstr] 9
Z°] £/ LDH (lactate dehydrogen-
ase)®] W& o]:—% %—Xé S} tH7|(Table 1). Glutamate”} %12 €l
A 0| methanol FEES 1,
glutamate 22 H w3t 73»} LDH wtE2Fo] 53.9%,
458%, 40.3%, 372% 2 3}adte] AT FELE 3 EH AT
€ A AT 5 Utk o] AFHERE W5 meth-
anol FEE0= AAHAELE REdle E2o] e AL Q
Q& 4 slglen o]e Awal Wel| EAjst= flavonoid
A9l morusin, mulberrin, mulberrochromene =+ 7] A 9] §}
g gt Fikst aHE FHS 5 AATH16].

=

AJHE| AESo| MESENSHY o33

ABANE7}F JRA7F 0 HE A55 WA HW A EALY
B2 Qg FEEAQl Mt vetded £ AgdA e
glutamateZ =¥ ME5A A8 lA %32 methanol
#2895 7}A) 3L N18-RE-105 A EF ] &) et3 Wl )X
© FYFE dotry] s B3 AvA dtelx BEsAT

[5](Fig. 2).

I A3, Qg vlE) glutamate A2 2EH 2 <
& NAES7I7F A9 AEE FFS Holn FH TR A7
A 2 ¥yt 58 2 IAT F Ao, s
methanol %% 10 ug/ml, 50 pg/mlZ A2 &¥ S v v
gEHoZ AT HES AT & U o)A 2
F25E N3 methanol FEES HEAEES 9
Fig. 17} Table 1¢] Az}¢} vp7ix 2 Fej 522 Hels &
Aete AFANME AAAE Heany YXste 24E o

< F At
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Fig. 1. Marus alba (MA) extracts protected N18-RE-105 cells from
glutamate-induced cytotoxicity in N18-RE-105 cells. The
cells pretreated for 30 min with various concentrations (10,
50 pg/ml) of extracts from MA (methanol, ethanol, and
acetone extracts). The cells were then treated with 20 mM
of glutamate for 24 hr. After MIT assay, the MIT reduction
rate (mean+SD of triplicate determination) were calculated
by setting each of control survival rate. ***significant vs.
glutamate-treated control group (p<0.001).

Table 1. Protective effect of methanolic extracts from MA
(MAM) on the glutamate-stressed N18-RE-105 cells

Sample Concentration LDH release
(ng/ml) (%)

Control - 443+1.41
Glutamate (20 mM) 20 67.610.17
1 53.9+0.97
MAM 5 45.8+1.16
+ Glutamate (20 mM) 10 40.3+0.78
50 37.2+2.02

The cells were treated with various concentrations (1, 5, 10,
50 pg/ml) of MAM. Data were normalized to the activity of
LDH release from vehicle-treated cells (100%) and expressed
as percentage of the glutamate-treated control group (obtained
separate plating).

B7] 98t FE= F 7P ¥ 245 7HAE methanol

| e} hexane, diethyl ether, eth-
yl acetate B water =02 £&sto] I £ ES AUrh(Fig.
3). 2t #3EY ANANE Baadd vg Ax= Fig 49
'tk NI8-RE-105 A5 72+ £8&5 1, 5,10 pg/mlo] &
T2 AYsAEs o, o) & £EF FolA hexane +I&
oAl &de] 718 =A%t &, hexane 8 & 5 pg/mlS
A PE W 655%2) HEEE HAT 10 pg/mlolH+= 715%
o AEES BYoH, diethyl ether £ ENMZE 10 pg/ml
9 % A Al 679% = Aol HHY O hexane £ &3}
Hl sG-S w &Ao] oFsithe AL & & U Ethyl ace-
tate SO AT oFF wokgt A S AW water ST
o] I o)) AHE R s FEEAA AZEA
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Fig. 2. Analysis of phase-contrast microscopic morphological
changes by MAM in N18-RE-105 cells. The cells were
exposed to various concentrations of MAM and mor-
phological changes were monitored for 24 hr (a: control,
b: 20 mM glutamate, c: 20 mM glutamate/10 pg/ml
MAM, and d: 20 mM glutamate/50 pg/ml MAM).
Photographs were taken with a phase-contrast micro-
scope at 100x magnification.

Mours adba lines (10 g)
methanol 200 mL
Methanol extract

| hexane : water=1:1

hexane layer Aqueous layer

| | diethyl ether

Hexane fraction | |
diethyl ether layer Aqueous layer

| | ethyl acetate
Diethyl ether fraction |

ethyl acetate layer

FEthyl acetate fraction

Adqueous layer

Fig. 3. Fractionation procedure of MAM. The extracts were frac-
tionated in sequence with hexane, diethyl ether, and eth-
yl acetate according to degree of polarity.
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Fe A W s BAsiget 1 A, AW -4 methanol
FEENA FE JEHOT WAL B
™, 50 pg/ml FEA A= 80% oo HEAEES FAT
= ATk o] A= NI8-RE-105 A £ 9] LDH release as-
say9Jr aﬂli}@ Wl M dA et 2BE Felstdith 7}

ethyl ether, ethyl acetate, water 22 g3t 7 7} 1,
, 10 ug/ml FEZ A 2| Al hexane 5 olA 48.0%, 65.6%,

715%% 7} =& ANBAE Ei:g:ﬂre 9l 4 A Th

l

A B
120 120
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Fig. 4. Protective effect of each fraction in glutamate-stressed N18-RE-105 cells. A; hexane, B; diethyl ether, C; ethyl acetate. The
cells pretreated for 30 min with 1, 5 and 10 pg/ml of fractions from MAM. The cells were then treated with 20 mM of
glutamate for 24 hr. After MTT assay, the MTT reduction rate (meansSD of triplicate determination) were calculated by
setting each of control survival rate. Significant vs. glutamate-treated control group (*: p<0.05; **: p<0.01; ***: p<0.001).
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