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Effects of Cheongsimyeonja-tang water extract on the Cultured
Primary Hippocampal Cell Damaged by XO/HX

Hwang Seung-Yeon' - Lee Jae Heung' - Kim Hyong Soon” - Bae Young Chun’ - Kim Kyung Yo' - Won Kyoung Sock™

= Dept. of Sasang Constitutional Medicine, College of Oriental Medicine, Wonkwang Univ.
== Dept. of Nuclear Medicine, College of Medicine, Keimyung Univ.

The purpose of this study is to examine the toxic effects caused by xanthine omdase/hypoxanthme(XO/I-D()
and the effects of herbal extracts such as Cheongsimyeonjatang(CYT) on the treatment of the toxic
effects. For this purpose, experiments with the cultured hippocampal cells from new born mice were
done.

The results of these experiments were as follows.

1. XO/HX, a oxygen radical-generating system, decreased the survival rates of the cultured cells on MTT
assay and NR assay, protein synthesis, and amounts of neurofilaments.

2. CYT have the efficacy of increasing protein synthesis decreased by XO/HX.
3. CYT have the efficacy of increasing the amount of neurofilaments decreased by XO/HX.

From the above results, it is suggested that Cheongsimyeonjatang (CYT) have marked efficacy as a
protection for the damages caused by the XO/HX-mediated oxidative stress.

Key words: Cheongsimyeonjatang, xanthine oxidase/hypoxanthine, protein synthesis, neurofilaments
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Prescription of Cheongsimyeonjatang(CYT)

I_liIearrtr)l?al Scientific Name W?ég)ht
ETFA Semen Nelumbinis 8.0
[ME Rhizoma Dioscoreae 8.0
FEW| Rhizoma Acori Graminei | 40
HE Radix Scutellariae 40
%% Radix Ophiopogonis 40
FLZU | Semen Zizyphi Spinosae | 40
FElR A Arillus Longan 40
K% Radix Asparagi 40
KB Semen Raphni 40
EE Radix Polygalae 40
i Semen Biotae 40
HEH Semen Nelumbinis 2.0
Total amount 54.0
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B AARYE AANT FFV|E AYES
% & =AAZRINAN =2 Azste 4557
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2) %A B

B Ago] AMEE Ao =2 xanthine
oxidase(XO, Sigma)¢t hypoxanthine(HX, Sigma)
°2 X09 744 100mU/ml, 10mU/mé, 1mU/mé
o] AgHg, HXe A 1M, 100mM, 10mMe]
AL thEo) Yok BRAY F AY T

% Q3 ¢
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3) Mlfan&
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FAZE AAS H FHAA Ax7A e o
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solution)oll 22 oS dulAstoA M zZ
F99 Hukg AA F et E EYsiad
o B8l® 23 025% trypsing 0.019
DNaseZ 3718t} 37C $FolM 2087 )
org t}& HBSSZE 3~43] Mojuio] trypsin
2 A3 AAGD 23 golalg 2 A
Folgz e £ AFAS FHote HBSSE
H7b & AEE stk Fape 9y
FEAS B vixe] FFAHTE FHA

dF AEZE s trypan blues FHT

b A ok

#n| 4 8tol| A hemacytometerE ©o]-&3te] Al
2o £2 233 g 10'~1049 AEFE
B-27, 05mM L-glutamine, 2ouM glutamine,
25uM 2-mercaptoethanole]  H7}4
Neurobasal media(Boehringer ~ Mannheim,
Germany)©l 497+ wl% ¥ glutamate7} 1=
A2 1/2 m@sta 257 ket A4
Tt A5 o A3l ARSI

4) XO/HX9] A%

B 9%e A YEke AR g
HEEMEHIIEE  06%-D glucose?t &
MEM(modified essential medium)2.2 33| Al
23 & xanthine oxidase(XO)ol th¥3k

9] hypoxanthine(HX)& o8 T&=2 Zgst
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(1) AZAEE #H

O MTT A%

5) AESH 2

MTT-3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide(Sigma) %2
Mosmann'e] el ostdeh {718
A3 HE BEWEHIEE PBS(phosphate
buffered saline)® 33 A& T A Az
50mg/mle] MTTE welld HFTFTEE 34
sk} 2oy 37T, 5% CO, & ZHE A7
X megslge) viok 8% dimethylsulfoxide(DVISO,
Merk)& 2|3 o2  spectrophotometer=
570nmolA FFEE 5% ¥ dxzId Bl

ZApshenh

@ NR A%
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Neutral red(NR, Sinma)9 A2
Borenfreud$} Puerner'®®] o] wsith =
o7 FRe XO0F He #HE HEEHE
£ phosphate buffered saline(PBS)2.2 33
A & A A2 5mg/mie} NRE welld
HFTEER M3l 92 O 3AIRE F<H
37C, 5% CO, = =Ag L7 uigst
At g &2 F PBSE 33 AF ¥ 1%
formalin®. 2 A3} 19 glacial acetic acid
2 23 the spectrophotometer 2 540nmel A
352 A g2y vl 2ARIET

ATV BLETHROE IAANL F
oF X2 e wEmREHAE) 0.4% sulforhodamine
BE 200ut & H7kste] 1A17E Et A2 W
2§ ohg 1.0% acetic acidZ 33} A& 3ot
AF 948 F 10mM Trs baseE ©]43t
SRB-bound proteing %<1 ¥ ELISA reader
2 540molA FFEE FAstY dixTH v

A ZEARSEA .

@ Neurofilament enzymeimmuno assay(EIA)

HjkEel wEEMSMES PBSE 33 AF
o] @22 aAAZ v 02% Triton
-1000] X &% PBSE 33 AFstdch AH

£% NE14( 11100, Sigma)® 1A17t &< w9t
2x71 ¥ 0.04% O-phenylenediamine(OPD,

R

Sigma)® 0.02% hydrogen peroxide® 2§

o} 2 ELISA Reader® 49%0nmolA F3=EZ
ZAste glzzd v zAbego ElAs
2kl o] A AL

Ay Adte] gt Fode] AALS ANOVA
3l Fo] Tukey-Kramer multiple comparison
testol] 9t om pghol 0056 &l AT
st Ao JYPrh

M. ¥ 88 K #

1. MAXIRYIS SMEL

() MTT A
XO7} 5% WEMESHEY) vAe 9%
ZAvet7]  9%te]  xanthine oxidase(XO)7t

5mU/meN A 60mU/me7tbA1 el 242k 3=
23y mjoFdol A SAIZE S wigE F XO
9 EAS MTT assayyol 93 AL 2
3} 5mU/me XO AgollME Az A&
gl Z3(100%)e]  Hlske] 762%=  UER o™
15mU/mee] HoNME 626%= Wehdt 1
2} 30mU/mést 60mU/me XO& X2 §k 4-¢
AE AEES kil 51.0%(p<0.05) <}
959%(<00DZ  WET Hakd §ol3A
w UebdtTable 1, Fig. 1).

XOMHX7F wikaIzbell mheh HgEmRE AR
of MXE AL AT At 30mU/me
XO/0.1mM HX7F E3E sjdolx g
KiEeE Zh 1~7A%F B wige ¥ AX
o] J&EES MTT assayol 93te iz
I wa ZAMEE Ay Mg Al oEF o
2 AT AELC] FashE Aol ANeH
B3] A TAZMIME Z2F 50.5%(p<0.05),
207%(p<00D ez veht FAAoR FoF
725 YelWtiTable 2, Fig. 2).
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Table. 1. Dose-dependency of xanthine Table 2. Time-response relationships of

oxidase (XO) in the cultured xanthine oxidase (XO) in. the
hippocampal cells cultured hippocampal cells
MTT absorbanice  Decrease rate of
XO mUAD ™ (e70"m)  cell viability (%) XOAKX MIT absorbance (570 o)

@ gy 1w 3k SH Th

0 147+0.19 -

5 1124017 s 0 153018 151017 1484013 1464015 143:014
5 0.92+0.08 274 3 L3011 110009 095007 0724000+ 049002+
30 0.750.06% 490 The cultured hippocampal cells were
& 0380, (0 741 treated with various time intervals at a the

. concentration of 30mU/m¢ XO in 0.1mM HX.
The cultured  hippocampal  cells  were The wvalues are the meantSE for 6

treated with various concentrations of . C e .

) i experiments. The significant differences

xanthine oxidase (XQO) for 5 hours. The between groups are marked with the
+ i .

values are the mean=SE for 6 experiments. asterisks. *p<0.05; *+p<0.01

The significant differences from the control

are marked with the asterisks. *p<0.05;

#+p<(.01 140
vzz22 Control - ] 30 mU/mb/mM XO/HX
120
120 100+ |
< 0
4. =
g .
. =
3 7 -~ 40 *k
2 60 -
3 20+
o ] 7 1
5 o o-
Control 1 3 5 7
? XO/HX incubation time (hour)

Fig. 2. Time-response relationship of xanthine

Coneentration of XO (mU/m) oxidase (XO) in hypoxanthine (HX) on

! the cultured hippocampal cells. Other

Fig. 1. Dose-dependency of xanthine oxidase legends are the as Table 2
(XO) in the cultured hippocampal +p<0.05; *+p<0.01

cells. Other legends are the same as
Table 1. *p<0.05; *xp<0.01
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(2) NR B &

o FEl HEEIMCHIEE Ca”, Mg” free?
Hank’s balanced salt solution(HBSS, Gibco)
oz 33 AEg & XO7F 10mU/méol A
70mU/me 74Ae] FEZ E3E ujgdoa 5
AZE e thE o)o] S A Ax
10mU/mee] H2fA ALY AEEL 2T
(100%)°l "]l 857%= YeERtow 30muU/
me M E 637%% Uebgth EF 50mU/ml
I T0mU/me s Z2348.8%(p<0.05),
36.3%(p<0.0)Z ElsttH(Table 3, Fig. 3).
XO7} vzl uhel BRIl W)X
= 9FE ZAR Y% MCV(midpoint
cytotoxicity value)atQ! 50mU/me XOF =il A
1~7AZF F2t wigst & 72 Az 2 A 29
AEES A 23 1217 3AIRE el A
T HE=T100%)l Hlate] 24zF 727%, 61.3%=
Uelstow SRz 7AIZE 242 535%(p<0.06),
B4%(p<00DZ el HTable 4, Fig. 4).

Table. 3. Absorbance (% of control) at
H0nm wavelength for the NR assay
on xanthine oxidase (XO) in the
cultured hippocampal cells.

X0 (mUpwl) R Zpsorbance - Decreace fate of
0 1.680.17 -
10 1444015 143
30 1.07+0.13 363
50 0.82+0.06% 51.2
70 0.61+0.05%x 637

The cultured hippocampal cells were

grown in the media containing various
concentrations of xanthine oxidase (XO) for
5 hours. The values represent the mean=SE
for 6

experiments. The  significant

differences from the control are marked with
the asterisks. *p<0.05; **p<0.01

120

Live Cells (%)

Control 10 30 50 70
Concentration of XO (mU/ml)

Fig. 3. Dose-response relationships of xanthine
oxidase (XO) in the cultured hippocarmpal
cells. Other legends are the same as table
3. #p<0.05; *+p<0.01

Table 4. Time-response relationships of
xanthine oxidase (XO) in
hypoxanthine (HX) by NR assay in

the cultured hippocampal cells.

XO/HX NR absorbarce (540 nm)

UM o Iw 3k Sk Thr
0 17016 176018 L7017 170:015 162:014
) L4013 LBOI 106009 0914007+ 0462004k

The cultured hippocampal cells were
incubated with 50mU/m¢ xanthine oxidase
(XO) in 0ImM hypoxanthine (HX) for
various time intervals. The values represent
the mean*SE for 6 experiments. Significant
differences between groups are marked with
the asterisks. *p<0.05; **p<0.01
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140

Control 150 mU/ml/mM XO/HX
1201
100

Live Cells (%)
2
.

Control 1 3 5 7
XO/HX incubation time (hour)

Fig. 4. Time-dependancy of xanthine oxidase
(X0) in hypoxanthine (HX) in the
cultured hippocampal cells. Other legends
are the same as Table 4 *p<005

*+p<0.01

2. sltREEQ 51}

1) SRB 3%
(1) XO/HX®9| 9%

ARG 7Y EE EEERSHEY TX=
Fqe gl S ZASH] Hst
o} - 0.1mM Hypoxanthine(HX)oll Xanthine
Oxidase(X0)7}F 10mU/mée) A 80mU/me7k=] €]
o2 Y wjgdols sAZE Fb wiget
Z X0 9% vl g wstel s =
AR A3 10mU/mX0 A olAE deld o
Aol ZTF(100%)9 Bldt 82.7%= e}
wok w3 20mU/mee] HIee diETel
H)ale] 735%% Tk WA YERETh
40mU/mes 80mU/mé XOE Ag 729 odid
L 74z 52.6%(p<0.06)3 34.7%(p<0.0D=E
veht gz st 25T folstAl 2

ey on, MCV#S 40mU/meoll A Webstt
(Table 5, Fig. 5). ‘

Table 5. Dose-response relationship of
xanthine oxidase(X0) on total protein
synthesis in the cultured hippocampal cells.

XO/HX (mU/ml/mM)  Total protein (% of control)

0 100£9.6
10 82774
20 73568
40 52.6+4.2x
&0 34.7£5.3%x

Cultured hippocampal cells were exposed
to 10, 20, 40 and 8&0mU/ml xanthine
oxidase(X0O) for
Amount of total protein was measured by
SRB assay(340nm), and shown as % of
control. The results indicate the meantSE

for 6 experiments. Significant differences

5 hours, respectively.

from the contrl are marked with asterisks.
*n<0.05;, **p<0.01

120 —

Total protein (%)

Control 10 20 40 80
Concentration of XO/HX (mU/ml/mM)

Figh. xanthine

oxidase(X0) on total protein synthesis

Dose-dependency of

in cultured mouse hippocampal cells.
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Other legends are the same as the
Table 5. *p<0.05; **p<0.01

2) WLETHY &%

& OEWSHRC dg X009 AtstA
&4l ol HOETHY 535 Fd9d
o] AW SAgA ZAFEY] st X0
MCVZH(midcyto- toxicity value)?! 40mU/mé
XOFEAA BAIZE 59 =& A7)7] 3R A
o 15ug/miolA 100ug/ml #HLsEFHOl 22t
T3E gl AT F o] Wolg
HE ARG YE 2 23 150g/ml XOTHS A
gt ASg Tz JAH¥zles dxT
(100%)°l W)l 564% = JEeERtow H3
20ug/ml WHOEFHS AdME dxad
Hlste] 754%% yehsgth 123 S0ug/ml,
100ug/ml A= ZH2E 83.6%(p<0.05),
87.9%(p<0.01)2 XO%re] Ael] nlste] EA
el ti(Table 6, Fig6).

Table 6. Dose-response relationship of CYT
for its neuroprotective effect on XO
in total protein synthesis.

XO/HX Total protein (% of control)
(ﬁllj/ concentration of CYT (ug/ml)

mM) 0 15 2% 80 100
0 100£88 10079 100:91 100:64 100£76

40 64467 63982 54259 836374x 819186+

Cultured mouse  hippocampal cells were
treated ~ with CYT.  Cultures  were
preincubated with 15, 25 50 and 100ug/ml
CYT for 3 hours, respectively. After then,
cultures were exposed to 40mU/m¢ XO for 5
hours. Amount of total protein was
measured at wavelength of 540nm. The

results indicate the meantSE for 6
experiments. Asterisks indicate the
significant differences from the control
group. *p<0.05; **p<0.01

140 - —
| vzzZ) Control
1204 [ 1XO/HX 40 mU/ml/mM
= 1001 - *
X
= %0
-
E
£
g @
20
0- P
Control 15 25 50 100
concentration of CYT (ug/ml)

Fig. 6. Dose-dependency of CYT for is
neuroprotective effect on XO in total
protein synthesis. Other legends are
the same as the Table 6 =*p<0.05;
**p<0.01

2) Neurofilament A%

(1) XO/HX®| 9%

XO/HX7F 153 Sl nAs 9
TS SR E S o] &3te] ZAMEY] $lEhd
XO/HX7F 5mU/mé~50mU/mee] F=7kA] 54
P Eob A3 T OMiSHHES ARG
a1 AT AP kol st AT me
el Zastgdoen 53] 25mU/me, 50mU/
mel FEoldE Wz Hs 7%z
47.3%(p<0.05)9+ 22.6%(p<0.01)Z Frel&tA
239K Table 7, Fig. 7).

—139—



- Al Zelate|x| M4 H3E 2002 -

Table 7. Dose-responce relationships of
XO/HX on neurofilament in the
cultured hippocampal cells

XO/MHX EI absorbance Decrease of
{(mU/rl/mVD (490 nm) neurofilament(%6)
0 1.86+0.17 -
5 1594015 145
15 1.29:0.12 306
% 0.880.07+ 52.7
50 0.42+0.06%+* 774

The cultured hippocampal cells were
treated with various concentrations of XO
in 0.lmM HX for 5 hours. Neurofilament
were measured as “material method”. The
values are the meantSE for 6
experiments. The significant differences
from the control are marked with the

asterisks *p<0.05; **p<0.01

Neurofilament (%)

* Concentration of XO/HX (mU/ml/mM)

Fig. 7. Dose-response relationships of
XO/HX on neurofilament in the
cultured hippocampal cells. Other
legends are the same as Table 7.
*p<0.05; **p<0.01

2) HUETHES 2%
BE WEEMEEY dE XO/HXe] 4ts)

2 gkl oA HLETHS EFHE
MErEel W =dola  ZAlE] §iske
01mM HX¢r X0 MCVEt(mideyto-
toxicity value)$! 25mU/mé XO® =7} Z3hd
wjoFelio A A1 FoF w=FA|F)7] 3AIRE A
o} 60ug/miollA 150ug/ml FHLETFEH 2H2t
23yl wjoreloA] AAEg § o]9 wWoigE
Be zAbetAS. 2 A3 25mU/ml XOvH:
A e 74 WHEEMHESY FHWse dixd
(10096)°l Hvl&ted 51.3%= YERgtow, HEgH
60ug/ml, ug/ml HOETIEHS AZdAe
fzatol vlste} Zhzk 637%, 725%% LHERE
o}, 13 1200g/ml, 150ug/ml A ejolM= 2
7} 83.6%(p<0.05), 91.9%((P<0.0DE XOute]
Hejol vlete] TA el H(Table 8, Figg).

Table 8 Dose-response relationships of CYT
for its neuroprotective effects on
neurofilament in hippocampal cells

El absorbance (490 nm)
XO/MHX

concentration of
CYT (ug/ml) XO/HX
0 mU/m{/mM

25 mU/ml/mM
0 1.58+0.16 0.81+0.06
60 1.5640.14 0.9920.08
20 1.5310.15 1.11+0.10
120 1.5040.13 1.2540.13*
150 1.48+0.12 1.3620.15%+
The cultured hippocampal cells were

treated with 60, 90, 120 and 150 pg/mé
concentration of CYT for 3 hours, after then
the cultures were exposed to 26mU/m¢ XO
in 0.ImM HX for 5 hours. Neurofilament
were measured as ‘‘material method''. The
values are the meaniSE for 6 experiments.
The significant differences from the control
are marked with the asterisks. *p<0.05;
*xp<0.01
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140
EZ722 XOMX 0 mUfml/mM
[ JXO/HX 25 mU/ml/mM
120
00 L . 1
@ ! %7/7 v A *
Sl U L
£ 804 7 7
g 2 L U 7
% =8 R BR
2 40 - 2 7, 7
, ) )
20 /'/' &
7 /
0 |
Control 60 % 120
concentration of CYT (ug/ml)

Fig 8 Dose-response relationships of CYT
for their neuroprotective effects on
neurofilament in the hippocampal cells.
Other legends are the same as Table 8.
The significant differences between
groups are marked with the asterisks.
*p<0.05; **+p<0.01
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371 A% A7t 9FEA o] Foixn U
obge] AaAFrIe] AbsbE &) diste
oAl o] FE ol T BN AAE A4
2E5°] 283 LS yedne
JAFHE] RuFH Jou, HoETHTS
24§70 hE AFE o}F) Rt
HOETHR BY 2F A9Y a7 4
Ay &7 BmOuETEel L v
T 9% da I 23 HoETES 8
2% 71, fibrinogen ¢ %7}, prothrombin
time 74 59 FEo] o} DG HAEF
Aed & YL 2asgy, ¥ an
FEs migd=r] 2 #F 43U o
& S8t HUETEC YRS
o mug uoglom, ¥Ye HOE TS
fieEdz g e ERN 2EY 2
g AN dizs HOETES 94A
ZHAE AASEH. o3 d ddES Tl
DETRES LMER KB R OOHIE HEYE
o A 94H AUt EAHT oy
ZF e did BOETR 494 &

CED
3 F7A7

gus

N R

€ A€ "sioh ek o el gig
HOETE A8 7S 284er AF
& daige] A7IHE ger, oje Hdd 3
oyt Au), ey, dYF T4 2ol
A7 7hed Ee 712A &old HIYS
zAste A AT ME2L S B4

d Bris Zud B 2o
ool AL K MEMEME e

HOE T oWe J&s viA= A o}
B7) 9Jste] abixpfrlel o] &4® HHE
fEMRMEY HOETHS Fastd L &
}g dolH it

XO9 4bzpa el ek HEEMREHINE
=48 zAH) Ysle 5-60mU/mi2l XO7F
23te witAol A g

k3]

o] Aelszo] nlHsty FsA MEe A
FEgo] 7Aa3tgth(Table 1, Fig. 1). =& XO
o] Az Azt s FFE A7) A5k
XO 30mU/miol A 1- 7A13F 5t A2 k&
HEMSARES Mg 23 X094 A7 ARt
of nlelsly MEY AEEE FYsHA A
N ZAt.(Table 2, Fig. 2).

247h o3 =z XE g ik
BmsE A2d2 wjgd $ NR assay©l
o3 AZAYELS FAAY. 22 X094
Ae)szo wlHste] fof A X AE
$o} APtk (Table 3, Fig. 3). E& XO
o] 2@ Azt 23 FaFE ZAbehy] Y3t
X098 MCV?l 50mU/miollA 1-7A1ZF &<t 2+
7t i EEWEHEE g 23 X0
A2 Azl vl Ete] AEe] FEES Fo
A 7HAAZ T} (Table 4, Fig. 4 ).
FowA ol 2ALE 98 SRB #4149
©}x] XO7} 10-80mU/ml & ¥== Z+z+ £
| oujgdolA i WEMEMEE SAME
oF wigdt thg FuwARS A Fxo H
g5ty Zadion MCVE 40mU/ml XOA
oA yelgth(Table 5 Fig. 5). Zzv
40mU/ml XOF 5A1F §¢ AZA R e
sl7] A 15-100ug/ml o WOEFHS 42

lo 1o
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E3tE vjFAo A 3AITE B AXE 3 A
A o Hlaste dwAge] 7}
BYon E3] 50, 100ug/mlel FivETiE
A M iz vligd ol$ {3 F
7+E YJEMTH(Table 6, Fig. 6).

te o

EF X0t WESHscEY mxs 9¥ge %
Abel7] $13te 5-50mU/mle) oe %7 2

g g A BESHES 5AZ
st Y T R ES ZAMS Y 1
CSETFH ol SRR A3t gloiA
XO= & RN A2 sxo H
glate] WIHHES FarRAer 25mU/ml
XOA gl A MCV #k(midcytotoxicity value)-S
Yebdith (Table7, Fig. 7). 28 25mU/ml
XOZ 5AF B AAAMES HFsr] A
60-150ug/ml®} #EOE TRl 22 23E o)
FAo A 3AEEF MAT & AS A
SEol HlEste mHEMHRES #AE RS
o.(Table 8, Fig. 8).

ol A¥E A} A AaAFIIY
XO/HX= MTT - NR assay©l] o9& AXAE&
€9 Fo3 A2 BYn, HosETHEY B
A2 XOHXS st &4 ofst AAEA
of Fold FueARy MIHiES T8
Uetlonz EOETHRS HE BEWSH
faol AbshA el s fo4 de HAE
H7F Ade AL=Z Alsdn

it L

V.8 R

Xanthine Oxidase/Hypoxanthine(XO/HX)2]
el EAdo o3k A aHE ] 9
sled AR AFA A Ee wiok3l deEimRc
Mol o8 Fx9 XO7F EgE iAo

1-7TAI1ZE 59 Aeg vhg XO7t ¥i& fhmh

Kol WX FFE Ao n =g

XO/HXY SAET dg FFFEE0 HO

HETES 9%E AR AdE U2 2o

1. AaA57191 XO/HXE MTT assaye 9
g AZAYEEY] T FAE BT

2. AAa2H7190 XO/HXE NR assayol] 2| sh
AZAEEY] KT H42E

3. XO/HX9] AHshA &24doll g A4 54
st WHAETHY T2 Taudwe
Fog T7He B

4. XO/HX9] 2tstA &2del 3k A7 540
st HOHETFHS Fo2 meHiiE
et F7He Btk
ol el AgZAMe HETEHC HHEMHR

Mol Atstd &3] diste Fog WA

25 YERd Ao= AlgdET

FEXR

L A= G aisr AP stud @ KRR,
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157-158, 159-160, 342-353, 538, 562-553, 1997.

2. S&9 ¢ KBA WHOETE Hydrogen

= IS
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