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Protective Effect of Bupleuri Radix on Hypoxia Reperfusion
Induced by PC12 Cell Damage and Global Ischemia in Gerbil

Sam-Yul Choi, Sung-Hyun Jeong, Gil-Cho Shin, I-Soo Moon"” Won-Chul Lee

Department of interal Medicine, College of Oriental Medicine, Dongguk University
Department of Anatomy, College of Medicine, Dongguk University”

Objects: This research was conducted to investigate the protective effect of Bupleuri Radix against ischemic damage using
PC12 cells and global ischemia in gerbils.

Methods: To observe the protective effect of Bupleuri Radixon ischemic damage, viability and changes in activities of
superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase and production of malondialdehyde (MDA) were
abserved after treating PC12 cells with Bupleuri Radix during ischemic damage. Gerbils were divided into three groups: a
normal group, a 5-minute two-vessel occlusion (2VO) group and a Bupleuri Radix administered group after 2VO. The CCAs
were occluded by microclip for 5 minutes. Bupleuri Radix was administered orally for 7 days after 2VO. Histologicalanalysis
was performed on the 7th day. For histological analysis, the brain tissue was stained with 1% of cresyl violet solution.

Results:

1. Bupleuri Radix has a protective effect against ischemia in the CA1 area of the gerbil s hippocampus 7 days after 5-

minute occlusion.

2. In the hypoxia/reperfusion mode! using PC12 cells, the Bupleuri Radix has a protective effect against ischemia in the

dose of 0.2 ug/ml, 2ug/mi and 20ug/ml.

3. Bupleuri Radix increased the activities of glutathione peroxidase and catalase.

4. The increased activity of superoxidedismutase (SOD) by ischemic damage might have been induced as an act of self-

protection.

This study suggests that Bupleuri Radix has some neuroprotective effect against neuronal damage following cerebral
ischemia in vivo with a widely used experimental model of cerebral ischemia in Mongolian gerbils. Bupleuri Radix also has
protective effect on a hypoxia/reperfusion cell culture model using PC12 cells.

Conclusions: Bupleuri Radix has protective effect against ischemic brain damage during the early stages of ischemia. (J
Korean Oriental Med 2002;23(4):113-124)
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@F FAFH A%t FANGm B B
B A e, AlE 200gE 3,000ml round
flaskell 21 2,000mle] FA5E 7etd Y2477t
2ag AN 1417 308 1A% F B
2 ol3g ool $2 Azsel 322g0) FFES
Ak

Azl PCI2 Al 3o thgt EXv 0.2us/ml, 2ug/ml
2 0ugnie] AR el AgsAG. A2l
Bradford Reagent, assay buffer, NADPH, Bu-OOH,
potassium phosphate buffer, TCA 52 E5 SIGMA

AN et

Bupleurum falcatum(%245)
Bupleurum chinense(SE5H)

pharmaceutical name
scientific name

2) PC12 M= 2| hypoxia/reperfusion model ol
CHst MTT assay

Aze AABZEI g3t in vitro model £A4]
PC12 A|Z & ©o]4-3} hypoxia/reperfusion model S A}
L34t} vl okl © & = DMEM(Dulbecco' s modified
Eagle’ s medium, Gibco BRL, U.S.A.), 5% Fetal
Bovine Serum(Gibco BRL, U.S.A.), 10% horse
serum(Gibco BRL, U.S.A),
streptomycin(Gibco BRL, US.A)C.2 FAH AL
AEET LY

PC12 cell’& 96 well platedl] 8 X 104704 &30
24X 7+ %9t 37°C incubator (5% CO2, humid
atmosphere, Forma, U.S.A)ol A wfdslich Wl &
ARFe A8 FAE PBSY HAM HE w27l
0.2ug/ml, 2ug/ml 'R 20ug/ml7} HEE 2417 Ad| A
A2 stgch 2417 & Al £Z hypoxic chamber(CO2
5%, H2 10%, N2 85%, Forma, U.S.A)dl| ¥o] FAt4

1% penicillin-
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Table 1. The Protective Effect of Bupleuri Radix on Hypoxia
Reperfusion induced PC12 Cell Damage

Effective Ratio (%)
H/R + BRI 107.27
H/R+BRII 111.11
H/R +BR [[ 12251

H/R(Hypoxia/Reperfusion) : Control. Incubated at hypoxia chamber for
48hrs followed by 6h incubation at normoxic chamber

BR 1 : Bupleuri Radix 0.2Bug/m!

BR Wt : Bupleuri Radix 2ug/m!

BRI : Bupleuri Radix 2ug/m!

Protective Etfect(%)

0.2(m/ng) 2(um/m)
Dose

20(um/ml)

Fig. 1. Concentration dependent effect of Bupleuri Radix
extract on ischemia induced by hypoxia/reperfusion
model with PC12 cell.

Concentration dependent effect of Bupleuri Radix
extract on ischemia induced by hypoxia/reperfusion
model with PC12 cell. PC12 cell were treated with 0.2
ug/ml, 2ug/ml and 20ug/m! Of Bupleuri Radix extract and
incubated at hypoxia chamber for 48hrs followed by
6h incubation at normoxic chamber. Cell viability was
measured by MTT assay as described previously.

3.2 nitrite unit (NU), A|
Z 02ug/ml XA
132.4+1.0 NUP<0.05), 2ug/ml HEA 1249+1.3
NU(P<0.01), 20ug/m! FXolA 96.8+2.5 NUP<0.01)
2, &) 7F 4T 20u/nl o] A3Lo]
7} Pskth(Table 2, Fig. 2). Wb, Al 2] Fods®
7t =58 SOD 42 AAAIR] Aoz Yeyit.

2)CAT 4= 34

@ild mg g CAT 4 Ee dx79 73+ 684
+1.1 nitrite unit (NU), 8T ZF 02ue/ml FTolA
73.5+2.6 NU, 2ug/ml ¥ Ed A 794+ 1.3
NU(P<0.01), 20ug/ml EA] 859+1.5 NUP<0.01)
2, dizve] 71 29k 20ue/ml 2] AE ol

Table 2. Catalytic Activities of Superoxide Dismutase(SOD),
Glutathione Peroxidase(GPx), and Catalase.
Eenzyme Activities are Measured after Treated
with Bupleuri Radix at 0.2ug/mi, 2ug/mi, and 20ug/ni

Concentrations.
GPx Calase SOD
Normal 100.4+3.9 100.2+3.0 100.6+1.8
H/R 326124 684+ 1.1 142.5+32
H/R + BR1 425+1.2 73.5+2.6 1324+1.00
HR+BRI 595+1.8" 79.4+1.3" 124.9+1.3"
H/R+BRIOI 73.6+1.7" 85.9+1.5" 96.8+£2.5"

The number are shown as mean (Unit/mg) + SEM.

* and ** indicate that their statistical significances are P<0.05 and P<0.01,
compared to the value for H/R group, respectively.

Normat : no treated

HUR : Control. Incubation at hypoxia chamber for 48hrs followed by 6h
incubation at normoxic chamber

BR 1 Bupleuri Radix 0.2 ug/ml

BR 11 : Bupleuri Radix 2 yg/ml

BR I : Bupleuri Radix 20 ug/m!

160 B Gpx(U/og)
0 catalase(U/eg)
140 . B SoD(U/r)

-~ 120]

S0D Activity (U/eg
5 3 8 8

»
3

o

Normal HIR H/R+BR Y H/R4BRI} H/R+BRI
Group

Fig. 2. Catalytic activities of Superoxide Dismutase(SOD),
Glutathione Peroxidase(GPx), and Catalase.
Catalytic activities of Superoxide Dismutase(SOD),
Glutathione Peroxidase(GPx), and Catalase.
Eenzyme activities are measured after treated with
Bupleuri Radix at 0.2ug/ml, 2ug/ni, and 20ug/m!
concentrations.

N

P8 #Skth(Table 2, Fig. 2.). Wb, A3 5%t &
$42 CAT &2 84L 271170 Aoz Yepdh
3)GPx 84 = &%

Sl A mgd GPx EAEE Y2Ee A$ 326+
2.4 nitrite unit (NU), A8 F 0.2ug/ml XA
42.5+1.2 NU(P<0.05), 2ug/ml s =o)A 59.5+1.8
NUP<0.01), 20ug/ml FE)A] 73.6+1.7 NU(P<0.01)
2, 2ol 7P ¥ty 20ug/nl B0 A E 23
g EolFo] 71 E4TH(Table 2, Fig. 2). kA A)
39 T FHINM 20w/m FLo AFTo] 02
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Table 3. The Effect of Bupleuri Radix on the Production of
MDA. The Level of MDA was Measured in PC12
Cells after Treated with Various Concentrations of

Table 4. The Neuroprotective Effects of Bupleuri Radix in
the Neuronal Density of Gerbils in the CA1 Region
of the Hippocampus 7 Days after 5-minute

Bupleuri Radix. Occlusion.
Group MDA Normal Control Sample
Normal 1003£1.8 n 7 7 3
H/R 1254+1. Cell counts” 153549 510+25 8267127
H/R +BRI 127.6+09 Viability percent 100 332 53.8
HR + BRI 112.940.9%* Damaged percent - 66.8 46.2
HR + BRI 96.542.0**

The number are shown as mean (nmol/ml) = SEM.

* and ** indicate that their statistical significances are P<0.05 and P<0.01,
compared to the value for H/R group, respectively.

Normal : no treated

H/R : Control. Incubation at hypoxia chamber for 48hrs followed by 6h
incubation at normoxic chamber

BR 1: Bupleuri Radix 0.2 ug/m!

BR 1 : Bupleuri Radix 2ug/m!

BR 11 : Bupleuri Radix 20ug/m!

100
80
60
a0
20
° Normat HIR

Fig. 3. The effect of Bupleuri Radix on the production of
MDA.
The effect of Bupleuri Radix on the production of
MDA. The level of MDA was measured in PC12 cells
after treated with various concentrations of Bupleuri
Radix.

MDA(NM/ml)

HIR+BR | H/R+BRII H/R+BRI

Group

uglml "2 2ug/ml F=9] 2@ vlg] GPxe) &4
& Z7H7 Aoz Jelgtt

4 MDA 4= &3

@il mgd MDA 4 5= 2+ 74§ 1254
+1.1 nmol, BT F 02ug/ml EEA 127.6+£09
nmol, 2ug/ml FE=AA 112.9+0.9 nmol(P<0.01), 20
vgiml EZoA 96.542.0 nmol(P<0.01)2, t) 2T o]
7V =3 20ug/ml TR AT 7PF @skt
(Table 3, Fig. 3). A|7HA] & 3 20ug/ml L2 2F
T2 MDA 24 normal 7Fo 233 EF=

Ao Yetytt
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1) expressed as mean & SEM

** P<0.01

Normal; Intact group

Control; vehicle-treated group at 7days after ischemia

Sample; Bupleuri Radix extract-treated group at 7days after ischemia
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Fig. 4. Cresyl violet stalnlng of the gerbil hippocampus CA1
area 7 days after 5-minute ischemia in the normal (A,
B), vehicle-treated group (C, D), Bupleuri Radix
extract treated group (E, F). Arrows indicate
pyramidal neurons in CA1 area.
Cresy! violet staining of the gerbil hippocampus CA1
area 7 days after 5-minute ischemia in the normal (A,
B), vehicle-treated group (C, D), Bupleuri Radix
extract treated group (E, F). Arrows indicate
pyramidal neurons in CA1 area.

ARAE 7Y AT R ARTY 735 826427
N2 F98Hp<0.01) A EAI} S #FE 5
212 tHTable 4, Fig. 5).
7&?”‘—*3} CA1%3 994 2] pyramidal neuron®] A}
IOO%E}.T'_ & 7% saline g 27 -‘,E_o:] 3 gz
° MEgol] 332%°|Y1, AT E 3 4
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80
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Fig. 5. The counts of intact pyramidal cell in the CA1 area of
the gerbil hippocampus 7 days after 5-min occlusion
induced ischemia. (*; P<0.01)

Normal; Intact group, Control; Vehicle-treated group
at 7 days after ischemia, Sample; Bupleuri Radix
extract-treated group at 7 days after ischemia
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2 & A (hemodynamic) - A1 7 A €] & & (neuro
physiological) - A 3} &} (biochemical) ¥ 3}o)| 2] 3}
W, 7)Aol (functional disturbances), | 2]
22 B34 9] £24(loss of the structural integrity of
brain)¥} QA= A2 dHA

e (RBEAREEAN RE, T T ULER BT
. BRAAEER, FERVITER, HEDRECHT, ANRIS S, BB &
o A0l gl HxE FEHALHY, o|F
0:} 31 ‘E".‘i oﬂ 1 REGEE - )u.)ﬂ: ﬁﬂ@ 7"‘;%%‘%%0]'*‘
FFol 7155 3 v} 4 saponin©] FYEO R,
1 % saicosaponin a, ¢, d 59| FFAAAEA &
atod SEAT, S, R, FRIRRE TIEHC] A% Ao
2 &3A AUk 1 o= IR, R UeEE

PUBTER, T80 R(ER, PistressfER So] 3§

o] RuE ot s8H7F AFA T vAle o
gkol] BalMe Bag ul gldch

2 &5 BHYPJAUAA A digh e
7ol mE2w ARAEY e fixEste AR
exitotoxicity, oxidative stress = apoptosis7} &4 Atk

Excitotoxicity: 54 AAAZEA glutamate
7} N-methyl-D-aspartate(NMDA), kainate <&
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849¢ B3t AXUel Ca3} Nag ol 2852
ERUE sty AT AEE frest
© 2, glutamate neurotoxicity2l = 3} E3) AlX
] Ca*o} #o]H Calpain(a calcium-activated neutral
protease family) 5¢] 14 RS 2AsE Ha
7} B4 3k8 ALY, nitric oxide synthaseNOS)7} &4
go} NO7} A4 %l 31, NOE superoxide(0:)$} RH-&-
sto] peroxinitrite(ONOO) S DE™ AZFA E] A
& Fx3h
*‘7“1]3_‘_01]*1 T P92 e AhE A
FAQ B2 ARHGAY HF AAsEA7}
5]‘11 of ] Atz ol #edghct et o] thAL
B el Z4E e & e T
NEE yBY 4 gded, g gAzE
superoxide radical(O:), hydrogen peroxide(Hz0»),
hydroxyl radical(OH), singlet oxygen(O:) %-°] it}
o] % superoxide radical & At2Ez}o| M} St
o 2718 go]& el =AM oxygen radical 542 &
F349 424 Pk
o]2] &t oxygen free radicale] T3F A+ 19691
McCord$} Fridovich'e] 9] & superoxide
dismutase(SOD)7} A g ol we} garabA 2= A
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