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Natural products and natural product structures play a general and highly significant role in drug
discovery and development process because it has various merits and potentials for new drug source
that have extensive clinical experience, development time contraction, excellent stability and safety. In
several neurological disorders, neuronal death and excessive activation of microglia (neuro-in-
flammation) are observed. A number of drug discovery-related neuronal cell death and neuro-in-
flammation was studied from natural products, respectively. However, until now, it has not been pos-
sible to study dual-protection molecules recorded in the Natural Product library. In the present study,
using the natural product-derived library of the Institute for Korea Traditional Medical Industry, we
investigated dual-protective molecules against glutamate (a classical excitatory neurotransmitter)-in-
duced oxidative stress mediated neuronal cell death and LPS-induced excessive activated microglial
cells (immune cells of the brain). Chrysophanol, extracted from Rheum palmatum, had dual-protective
effects against both glutamate-induced neuronal cell death and LPS-induced NO production, trigger-
ing proinflammatory cytokines and microglia activation and resulting in neuroinflammation. Flow-cy-
tometry analysis revealed that chrysophanol had a scavenger effect, scavenging glutamate- and LPS-
induced reactive oxygen species (ROS) produced by neuronal and microglial cells, respectively. Based
on the present study, chrysophanol may have an important protective role against neuronal cell death
and neuroinflammation in the brain. The results may be helpful for studying drug development candi-

dates for treating central nervous system disorders.
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AF o) mHot M EAM 22k Fefstson, T MEFof o
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£ A3t 37°C, 5% CO, oA i kst

MZo MEE ZH(MTT assay)

ME BEEE ZA387] Y3l 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT)E AF-&3F%t.
96well plateo] HT22 =+ BV2H 25 well F 1.0x1074 5 £
Fotal 2447 § olBefe Fo] AdEY FETF 25 ng/
mi7k H =5 Attt 147 5 247 HT22 E& BV2A
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(NO)e] A4teke] Aol & ZA37] Hl3l A 96well platec] BV2
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Ao HAES 25 pg/ml7t I AYA 142 F
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4.0%), Lo Ako] A &3 Gomisin ] (89.9+7.4%), 747 &oll A
F%3¢ Latifolin (99.9+11.8%), $HelA +%& Magnolol
(94.9+1.1%), @A FZ3 Nuciferine (99.8t12.3%), @35
A0 2 HE F%3% Tetrahydrocoptisine (94.0¢10.2%) 2.2 4
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Fig 1. Molecules have a protective effect against glutamate-induced neuronal cell death. HT22 cells (1.0x10") were seeded in 96-well
plates. Following 24 hr of incubation, they were treated with 10 mM glutamate for 24 hr (Glutamate only), and without
treated (Control), and pre-treated with natural products isolated molecules at 2.5 pg/ml concentration. Cell viability was

assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
ing cells was measured relative to the control values.
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Fig. 2. Protective molecules attenuate LPS induced-NO secretion. BV2 cells (1.0x10%) were seeded in 96-well plates. Following 24
hr of incubation, they were treated with LPS (1ug/ml) for 24 hr, and without treated (Con), and pre-treated with natural
products molecules at 2.5 nug/ml concentration. The amount of NO production in medium was detected by NO detection
kit after 24 hr of LPS (1 pg/ml) treatment. Data are the means + SEM (n=3).
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Fig. 3. Protective molecules have little synergy effect with LPS treatment. BV2 cells (1.0x10% were seeded in 96-well plates. Following
24 hr of incubation, they were treated with LPS (1 nug/ml) for 24 hr, and without treated (Con), and pre-treated with natural
products molecules at 2.5 png/ml concentration. Cell viability was assessed by the MTT reduction assay. The percentage of
surviving cells was measured relative to the control values.
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Table 1. The bi-effective molecule candidates against oxidative stress induced neuronal cell death and neuroinflammation

Cell viability NO production

Name Origin (HT22) (BV?)
(-)-Maackiain Sophorae Radix (3L%Y) 90.9+4.7% -
1,3,6-trihydroxy-2-methyl-9,10-anthraquinon Rubine Radix (%) 87.5£5.7% -
2,3,54"-Tetrahydroxystilbene-2-O-B-D-glucoside  Polygoni Multiflori Radix (338t 2) 89.949.5% -
27-deoxyactein Cimicifugae Rhizoma (% W}) 94.343.8% -
Baicalein Scutellariae Radix (1) 96.5£7.9% -
Britanin Inulae Flos ("4%5-3}) 89.0+7.0% -
Chrysophanol Rheum palmatum () 3}) 95.7+4.0% 29+1.6 mM
Gomisin ] Schisandrae Fructus (£ A}) 89.9+7.4% -
Latifolin Dalbergia odorifera (7 %1%F) 99.9+11.8% -
Magnolol Magnoliae Cortex (F49) 94.941.1% -
Nuciferine Nupharis Rhizoma (%) 99.8+12.3% -
Tetrahydrocoptisine Corydalis Tuber (8 3A) 94.0+10.2% -
Arctiin Arctii Fructus ($4A) - 2.7+1.7 mM
Bisdemethoxycurcumin Curcumae Radix (£37) - 1.6+0.6 mM
Collinin Zanthoxyli Pericarpium (A% %) - 1.8£04 mM
Imperatorin Urena Lobata (€ R Z) - 3.0£0.9 mM
Isopsoralen Psoralea Semen (EEA]) - 3.0+1.5 mM
Licoricidin Glycyrrhiza uralensis (%) - 2.3£0.9 mM
Lindenenyl acetate Glycyrrhiza uralensis (%) - 3.0£1.3 mM
Manassantin A Saururi Herba (A9 %) - 1.941.9 mM
Manassantin B Saururi Herba (A9 %) - 2.2+1.8 mM
Wogonin Scutellariae Radix (Iw) - 1.4+0.9 mM
4-Hydroxy-3-methoxycinnamal dehyde Angelica Keiskei (421/d %) - 21#03 mM
Andrographolide Andrographis Paniculata (A €) 29+1.6 mM
A 8 B 3
Con 1 Con
3] Glu(10mM) & LPS (1pg/ml)
Chry (Spg/ml) Chry (Spg/ml)
2] +Glu(10mM) + LPS(1pg/ml)
& |23 2
100 10' 102 103 10 100 10! 102 10° 10*

ROS level

ROS level

Fig. 4. Chrysophanol prevents glutamate and LPS-induced intracellular ROS formation. (A) HT22 cells and (B) BV2 cells were seeded
into 6-well plates. Following 24 hr of incubation, they were treated with 10mM glutamate (Glu) or LPS 12 hr (LPS), and
without treated (Control), and pre-treated Chry (2.5 ug/ml) for 1 hr before glutamate or LPS treatment (Chry + Glu or
Chry + LPS). Intracellular ROS generation was significantly increased when cells were treated with glutamate or LPS for
12 hr. Levels of ROS were measured with DCF fluorescence.

A3 AE U ROS ¥4 WstE DCFDAE 53 sttt
(Fig. 4). 1 A3}, HT22 Al X | A= glutamatel] 2] 3] ROS7}
F7hske S &2 & den o= Chrysophanol® #
AP E B3 dAT F e A& Flsdnt. =& BV2 A2
A= LSP 9J&ll F7Hel ROSE Chrysophanol©] 7H4A]7]

= Ae AT

B ATAHE TEet] B AEE golBYYE o] &3t
of AAMZ} vA oA Eo| A glutamates}t LPSol| 2] 3 4l
BAZ AES HESe ZF AT = Je 228 44E
A3 3ol A FE3 Chrysophanolo] HEH 0T, TS0
#AZ% Chrysophanol 7t M| Z A glutamate®} LPSe| 9
g AehA 2Ef 27 g ROS A S AASE AoR
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