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Abstract

Objectives : This study was carried out to determine whether Juglandis Semen herbal
acupuncture (JSA) exerts the protective effect against toxic agent-induced liver cell damage.

Methods : The cell damage was estimated by measuring lactate dehydrogenase (LDH) release,
and lipid peroxidation was estimated by measuring malondialdehyde (MDA), a product of lipid
peroxidation, in rabbit liver slices.

Results : When tissues were incubated with 0.5 mM Hg for 10~120 min, LDH release and lipid
peroxidation were increased as a function of incubation time, and these effects were significantly
prevented by addition of 01% JSA. Hg increased LDH release and lipid peroxidation in
dose-dependent manner over the range of 0.1~1 mM concentrations, which were reduced by 0.1% JSA.
When tissues were treated with 0.5 mM Hg in the presence of 0.05~1 % JSA, LDH release and lipid
peroxidation induced by Hg were prevented by JSA in a dose-dependent fashion. JSA at 0.5 and 1%
prevented completely effects of 0.5 mM Hg. When tissues were treated with 0.5 mM Hg for 60 min,
LDH release and lipid peroxidation were increased, which were significantly prevented by addition of
01 % JSA. tert-Butyl hydroperoxide (tBHP) increased LDH release and lipid peroxidation, which were
significantly reduced by 0.1 % JSA. Such protective effects were similar to those of N,N'-diphenyl-
p-phenylenediamine (DPPD), a potent antioxidant. When tissues were treated with 05 mM Hg,
activities of catalase and glutathione peroxidase were inhibited, and glutathione content was also
reduced. Such effects were prevented by JSA, but not by DPPD. JSA prevented Hg-induced
morphological changes.

Conclusions : These results indicate that JSA exerts the protective effect against liver cell injury
induced by toxic agents through antioxidant action, and this effect may be attributed to an increase in
activities of endogeous anitoxidant enzymes and GSH content. However, antioxidant effect of JSA is
different from that of a well-known potent antioxidant DPPD.
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Table 1. Preparation of Juglandis Semen Herbal
Acupuncture

Juglandis Semen 500 g
| homogenization
powder + 2,000 m{ of distilled water
I boil for 4 h at 100 C
filteration
!
rotary evaporation
| — add 200 m¢ of distilled water
incubate at R.T.
|~ add EtOH
shaking
l
incubate at R.T.

!
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|

rotary evaporation

l
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(pH 752 Hol 9o Kk 2 tBHP(Sigma
Chemical Co., USA)E Azd ul= K ¥
tBHP7} €01 & &4 dold 60 & <t
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tase. (Boehringer : Mannheim, Germany) 10 uf
E 75k 412 moll A REES e T
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2 0.1 M phosphate buffer (pH 7.0, Sigma
Chemical Co., USA) &0l A BEEFEAIA 01 M
phosphate buffer (pH 7.0) 500 w¢, AlE 100 uf,
24 U/m¢ glutathione
Mannheim, Germany) 100 wf, 100 mM GSH
(Boehringer Mannheim, Germany) 100 wl&
semi-microcuvette©l @] 37 °ColA 10 &7t
preincubationdt$ith. 1.5 mM NADPH £HS
100 w¢ ¥l hydroperoxideo] ##3 NADPH
HFES 340 mmollA] <F 3 & B VISR U
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Fig. 1. Time course of Hg-induced LDH release
in rabbit liver tissues. The tissues were
incubated with 05 mM Hg for 10~120 min
at 37 T in the presence or absence of 0.1%6
Juglandis Semen herbal acupuncture (JSA),
and LDH release was measured. Data are
mean * SE. of five determinations. *p<0.05
compared with the respective control.
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Fig. 2. Time course of Hg-induced lipid peroxidation
in rabbit liver tissues. The tissues were
incubated with 0.5 mM Hg for 10~120 min
at 37 C in the presence or absence of 0.1%
ISA, and lipid peroxidation was measured.
Data are mean *+ SE. of five determinations.
*p<0.05 compared with the respective
control.

Kol )3 LDH ol AFshA wdskaick
(Fig. D).

2. FT#Esoll M  incubationol] o2 RgEe
i@ kol ot JkEREel MRS HAbkEE
ke RE
KRS e fB1 WORVT BB AR el &
Hat=AE %‘Jaﬂ ke kel % BeE

o} BFE incubation A7rol weh FEESHA

. 7J<$Ec°ﬂ ogt fE S B e

Z & 30 Hof IE#H S 2896 + 6.97 pmole MDA

/mg proteinofAl 5383 = 5.48 pmole MDA/mg

protein®. & EME I, 60 Holl= 21936 +

15.18 pmole MDA/mg protein®. 2 ¢F 75 i 1

hiskelch Z22lu incubation AlZHE 120 E747

EEAZE de BEY @f{k= LDH il

Aot zro] 60 Foll vls o #mstAl ggtrh K

incubation A

- 121 -



ojZiel - UBE - 20l -

OH

g
)
w0l ®HGHISA(0.1%)

LDH release (%)

0 02 04 08 0.8

Fig. 3. Effect of various Hg concentrations on LDH
release in rabbit liver tissues. The tissues
were incubated with 0.1~1 mM Hg for 60
min at 37 C in the presence or absence of
0.1% JSA, and LDH release was measured.
Data are mean + SE. of five determinations.
*p<0.05 compared with the respective
control.

e A
A Hrhe

|H Yol EARkEHMS 0.1 %=
“AT, Kol o3 feE e & be
BHEIH #Asted 30 ®  incubationol A=
53.89 + 5.48 pmole MDA/mg protein®A] 29.33
+ 574 pmole MDA/mg protein®.2 HESHA #

H=l9a, ¥ incubation®l A= 21936 =
15.18 pmole MDA/mg protein®l 4] 108.46 + 15.2

9pmole MDA/mg protein®. & FE3A #H =
Atk (Fig. 2).
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FrAfsgol A keRel iREE kol <3t Ml 48
% =S FAESY] st} S o8 BES
Kol E0] e & o] Y160 B 5U &
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Fig. 4. Effect of various Hg concentrations on lipid
peroxidation in rabbit liver tissues. The
tissues were incubated with 0.1~1 mM Hg
for 60 min at 37 C in the presence or absence
of 0.1% JSA, and lipid peroxidation was
measured. Data are mean = S.E. of five
determinations. *p<0.05 compared with the
respective control.

L 4189 + 365 %2 <F 14 v #@imstAch Kk
& AHzeteE 8 ol sAbkEEsS 0.1 % &
A A7Fer Aak 05 mM JkgRell 2)$t LDH iRk
Hio] 1930 + 2.88 %ollA 867 + 0.74 %= HE
A FWAEAL, o2t Ze WAL 1 mM KR
AM= et (Fig. 3).
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23, LDH Wde] #En a4 dAsHA &
0.1 mMOIME BB EE s AR Bin
st o, ke BETE oS #ndol et fE
ol ER{tE vEste] @mstledl, kiR
#E 0.1 mMollA 9 fgEel @afgfte KBS A
2}l ek wio) 29.73 £ 10.27 pmole MDA/
mg priotein® Al 77.25 = 12.35 pmole MDA/ng
prtotein® 2 BMEIAY L, 0.2 mM, 05 mM 2 1
mM= KR BEES BMAXS o BE A
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Fig. 5. Dose-dependency of JSA protective effect
against Hg-induced LDH release in rabbit
liver tissues. The tissues were incubated
with 0.5 mM Hg for 60 min at 37 T in the
presence or absence of 0.05~1% JSA, and
LDH release was measured. Data are mean
+ S.E. of five determinations. *p<0.05
compared with Hg alone. C, control.

Fib= 42 14054 + 1315 pmole MDA/mg
prtotein, 180.20 + 6.45 pmole MDA/mg prtotein
9 193.31 + 11.57 pmole MDA/mg protein® =
gmstsich. LDH it ESaoll A2t 2ol KRS
Aejshiz &N ol PAkEERES 01 % HEE
d7rer A3k, kel #EZE 02 mM, 05 mM
4 1 mM o9& Aol fgEgel @mmbrt bzt
5892 £ 1594 pmole MDA/mg prtotein, 90.26 +
13.38 pmole MDA/mg prtotein 9@ 11254 +
19.95 pmole MDA/mg protein®. & HESHA W
AE|Tt (Fig. 4).
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& ORE Mt B8
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Fig. 6. Dose~dependency of JSA protective effect
against Hg-induced lipid peroxidation in
rabbit liver tissues. The tissues were
incubated with 0.5 mM Hg for 60 min at
37 T in the presence or absence of 0.06~1%
JSA, and lipid peroxidation was measured.
Data are mean = SE. of five determinations.
*p<0.05 compared with Hg alone. C, control.

fioll MelglS of LDH ol Aol el 469
+ 007 %ol 1854 = 159 %= #EhnstA =,
o 7)ol EABKEEHI S 0.1 % BEZ H7IEAS
o} ko= ) =Y LDH Rif2 897
+ 0.13 %= FEsHA st 05 %2 1 %
o Ae Zzh 484 + 0.08 %2} 366 + 0.08 %=
A 22274 FESHA EAstAct (Fig.
5).

6. kiRoll 2|5t BEE @ERftoll cHEl #A4k
EER RE Bt B

AKeRe| o3t FFHfES EES FFikste dAtk
el B b MRV BEY EERLY
Fibol= fAFSHA Uetu=A1E &lst7] 915t
of Jkgfoll 913t fRE S &EEE (Lol Tt o9 B’
FEO] SARKEEGHN S BORE WASHITE AR
o 05 mM K#ftZ AAS o BES BEERL
7} 3549 + 14.33 pmole MDA/mg prtotein®l 4]
198.83 + 14.48 pmole MDA/ng protein® & ©F
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Fig. 7. Effect of JSA and N,N’'-diphenyl-p-

phenylenediamine (DPPD) on tert-butyl
hydroperoxide  (tBHP)-induced LDH
release in rabbit liver tissues. The tissues
were treated with 2 mM tBHP for 60 min
at 37 °C in the presence or absence of 0.1%
JSA and 20 ¢ M DPPD, and LDH release
was measured. Data are mean * S.E. of
five determinations. **p<{0.01 compared
with control (Cont). #p<0.05 compared with
tBHP alone.

5.7 v} #hdlR L, of 7l EARkEREIE S 0.05 %
oA 1% H7IHES v fgEo BEMbs HHbkEE
S ol Bl HpIste B EIRC (Fig. 6).
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¥ R (Fig. DolA SapkZEEm ol KRl
o5t R BRILE Bhibste MR USE
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oIt Hiie HBES FF Mikd & AsAE T
Q137 98ted 871 hydroperoxide?] tBHP®
ol e MG 2 BEY EEbo) gt
EANkEEEIL S HES FESYC. S 2
mM tBHPol| #1141 %& o) LDH #itiol 8.02 +
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51500 3 *x
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Fig. 8. Effect of JSA and DPPD on tBHP-induced
Iipid peroxidation in rabbit liver tissues. The
tissues were treated with 2 mM tBHP for
60 min at 37 °C in the presence or absence
of 0.1% JSA and 20 M DPPD, and lipid
peroxidase was measured. Data are mean
+ SE. of five determinations. *p<0.05,
*x+xp<0.01 compared with control (Cont).
#p<0:05 compared with tBHP alone.

°02 e o] XA FRENSS &
£7b ok RS (BHP #FEAZE o 01
% SAMkEEENS H7Iet 9 %9 LDH il
847 + 0.72 %= ARIA WA H 2, tBHP
of o3t fEkuiEifol HS EARkEESRIR S MR E
et P {b#H < N,N'-diphenyl-p-phenyl
enediamine (DPPD)9] #cR<t vl ¢t A=, 20
# M DPPDE 2 mM tBHP®| ©]gF LDH Hli<
AL B £& 7HA FESHA BAART (Fig.
7.

tBHPOl| ofet Kifuafgel feE el @ikl 9
3 FE=le=X e iavkEEg ol lRE Y BRILE
PFIEE = SeXE REISNC s 2
mM tBHP FEHAIAES o feEe] &8t
268.11 = 34.32 pmole MDA/mg protein®ll 4|
1312.15 + 15450 pmole MDA/mg protein2 =
A 3HA st Act 22v 0.1 % EABkEER
& A718k3& W= 702.00 + 30.16 pmole MDA
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Fig. 9. Effect of JSA and DPPD on Hg-induced
alterations In catalase activity in rabbit liver
tissues. The tissues were treated with 0.5
mM Hg for 60 min at 37 °C in the presence
or absence of 0.1% JSA and 20 x M DPPD,
and the catalase activity was measured.
Data are mean = SE. of five determinations.
#*p<0.01 compared with control (Cont).
#p<0.05 compared with Hg alone.

/mg protein® 2 FEI HALE B9, 20 1 M

DPPDef 9Jdl -+ 119.14 £ 13.78 pmole MDA/
mg protein7r A HEIA #HIE A} (Fig. 8.

8. #AkEEEE R Catalase j&MEON chst &
SipkEE ] Mg ol EAss Fatst B

49 catalase TEiEC] oW MES WA=AE
FgrslAt. Al 05 mM AKdRS A2t
A F40 FEHol 660 £ 0.74 nmole/mg/min
oA 162 £ 0.32 nmole/mg/min= AT K>
& Boon o7iof 01 % SAREHEES A7t
S-S W 40 EEC) 3.88 + 0.48 nmole/mg
/min® FEI #mE 2o T siEbE
?1 DPPD®) 9)3) A= 2.01 + 0.28 nmole/mg/min
2 s Bolx &t (Fig. 9.
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Fig. 10. Effect of JSA and DPPD on Hg-induced
alterations in glutathione peroxidase
activity in rabbit liver tissues. The
tissues were treated with 0.5 mM Hg
for 60 min at 37 °C in the presence or
absence of 0.19 JSA and 20 z M DPPD,
and the glutathione peroxidase activity
was measured. Data are mean + S.E.
of five determinations. *p<0.05 compar-
ed with control (Cont). #p<0.05 compared
with Hg alone.

LAbkEEGERE o) glutathione peroxidase (&)
olE HEL FUE7HE FAkstHch FRERel
05 mM KEEZ AFe AL 5o iHitol
2223 + 167 nmole/mg/min°llA 1529 + 162
nmole/mg/min= HESHA #fl= o, 7]
0.1 % HABkEES S H7IehAS e 849 iF
0] 2563 + 2.22 nmole/mg/minZ A A2 JHHE
o] AA $E7A FAEIA IEHA TG
738 yiEs{bEIl DPPDE 2718t e %90l
= 1854 + 1.89 nmole/mg/min= &4 {FHES] #)
fil7h g LA skt (Fig. 10).

10. #AMkEESi& 2l GSH Bl il &

bkEsiEe) WL o8 Ml M
Biikshe 2b-go) Al W) GSHE) BEES (LA
A UEpt=xS shelsls] siste] KBS A2
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Fig. 11. Effect of JSA and DPPD on Hg-induced
alterations in glutathione content in rabbit
liver tissues. The tissues were treated with
0.5 mM Hg for 60 min at 37 °C in the
presence or absence of 0.1%6 JSA and 20
4+ M DPPD,and the glutathione content

- was measured. Data are mean + SE. of
five: determinations. *p<0.05, **p<0.01
;compared” with control. (Cont). #p<0.05
compared with Hg alone.

3 Aifkol Al GSH B @bl N3l SAdkEEmE
o] ZRE FESIch H##gel 05 mM KR
£ HEish 23 M W GSH EBELE 3683
4.20 1 mole/g protein®l A 4.69 + 0.76 £ mole/g
protein®.2 HAT @At JEldon, of 7)o
0.1 % tAMkEESR ol H7HE S o 16.13 £ 1.07
¢ mole/g protein®. 2 FESF NS 2ot 1
Hu R DPPDE A& FHLo=
408 + 064 x mole/g protein® 2 FE3JH #4L
£ Holx Yttt (Fig. 11).

1. R Bitol dist istEER%
v
kegol 1%t AR Ml Hol aAbkEEsR
o] EEZKQ Bbolx o) ALANE WL
ShAT (Fig. 12). Bl VA& 28 €9 Yol

2
N
x
0
2
z
op

A

Fig. 12. Light photomicrographs of effect of JSA
on Hg-induced morphological changes in
rabbit liver tissues. The tissues were
incubated for 60 min at 37 °C in various
media, and fixed with 1/2 Karnovsky
solution. Samples ‘were processed for
embedding in Epon. Sections (1 um) were
prepared using ultramicrotome and stained
with toluidine blue. A, control; B, 0.5 mM
Hg, C, 05 mM Hg plus 0.1% JSA.
Magnitude x40.

7t incubation 3t%-& W otz o]
Y349 MEd IPAY B4
(arrows)o] 1LF BArE] ¢l3, 29 (arrow
heads)& 7 1L Sl A4 HHllg 24E& 2%

ot (Fig. 12A). FF#l# Y1+ 05 mM skéRol

=
(@]
[aw]
chi
¢
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< o s
7t (arrows)o| @ol
arrow heads)2 IEHEE
of vl AHA U o] HAxo] YA B
o} (Fig. 12B). 1¢ e AT df 01 %
Atk S A7HeHS ASole Mile Sl
el & 293 3 (arrow heads)2 IFE#E
of vlsf 25 AA Aot KEWHE AP
o H k= Bis7E 23] ool Kol o3t pReE
B%l LS SARkEEGR O] B ikshar
o]aL ot (Fig. 120).
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A 23t #EPE HEEE 5 HEMLET
KERol 213t Ml BES BHLT
BRESHA) ofch 1ElU BB B Mol A ke
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T oolEdt REEMEERIS) ik @ Ml o)
MR RS Bt ol o8 BhiLHEc
LRI #E 8 Ao’
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17
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& oleAe

N rE.

ot} o] AN A2 JHA KRS HEA
AR A lon? FolHE i
o HiR 2 BEWE AT Mk HES K
Hdte AoR BEAL AP P, ot g
of B Lo TS WIS Sl RiEME
MeREECl AT Ml BES kst st %
Mg gt W kB 71E0lil glad, o

g o] dgtow Kol REMMEEES

o
B
[o]

E

REY £ Qe KR EE ARE HARIH
BBl B Aol WFHT Yot obd wE

¢ ARE A Esta

2 meolAe FrilkolA K W tBHP7}
REMERR LS A f8iEQ RES &ELE
FEstexE FAShL, EAMkEEEN ol KR
o3t IR O] ARt ¢ Ml HES LT 5
AeXE FHES

FEAfEON Al incubation®) w2 kRS Mg
B SRS bkEEE S MES ESY] H
3 05 mM BES KES 8N o] Y1 il
S 10 EollA 120 £ S incubationd}ed
LDH %t A=E flEstdes (Fig. 1), Kk
o] MR $aMF BER7T IBE S ERMbl =
A& w37 oted JkiRol o3t BgE e B
{tE incubation A|7te] wel FHEESIACH (Fig.
2). 71 R S Kol EHAZAS o K

ol

BUH -

OfXted .

Mk $E65S) #5129 LDH o] #hnstal S-AF
3 AZ2 ko] BEY ERR(LE FRTE
A kel o)t ﬂ?%ﬂﬁ% o] BE Y Bt
A= ol AZ FEEkEe] 9o, KEE Ast
= &N Yol ﬁﬁﬂtﬁﬁiﬂi% A7vet Aat KeRoll
olsf =YY LDH i g BEb7t
Ao 2 tAMkEEG o) FHAERCl A Bt W
B kR o3 Ml HES BFET 5 As
< e, ol dAvkEEE ) AEd it
Bl RS 7 2oy ol R=E Us)
Frifgol Al JkeRell 23t Frafkel G2 Bk
3k3L Q&S FREch

KeRo W ko] w2 Frfkol A Ml
BE AEE FAEs] Hsto MRS o9 BE
o} Jkggol Eof v £H ol ¥il 60 & 5%
FHAR O (Fig. 3), B3 iMEEER S BE
#ipoll uwhal sKERel I3 FRAKR o) |
BAEE HoleAl TEIY] fiste] o= RES
EABREEGI ) B A= &Y WAl KiRe) 9
3t LDH S BiEste] 2okt (Fig. 5). 71 &4
5 LDH el #hn d4o] @AsHA] & 0.1
mMolA = g8 BEE b= AESHI Eimshad
ou kiRl REVF oS @BnEel =t B
BEELE HFIste mmstlel, ol &R
Kegel 9%t BeE S EREL A=V HE o
FETTEAYQ] M MBS o)A Edhy I
gel BRI =S wis Ml ol BEY
Bl RS Fsksto, KRS HYste
Lo o] AbkEEEHS 01 % =HEE HUE
MR RS BERbs AESHA RS
(Fig. 4). tAPREEGEL S 1B #Mbol =t
el e Bhishke RV BES BRI
Biibol = fAksHA Ueh =X E BEERSH7) st
o JkeRoll o faE e BE Lol hEt o &
o) dApkEEEE S MORE TES R BEY

A
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Mt EREARO| FEMYEO 2T M B0l DIXle BE

B ARkEEE S B O Hfiste] Fid =
Atk (Fig. 6). 1322 wskZEsmmol KRol
ofst Mile S Bhibshs AT FARSHA B
o] BELE BribstEom, o)t By Re
Fraffsol A dApkEEgnio]l Kol I3t Mk 8
S Biibste BRI IBE Y ER(LE Fhibst
= ZHgo] RISty IS Fekedt

aof R (Fig. DolAl EAMkZEGRE 0] sKRol
ofst IR BEILE PFikshe BRI AES
Ho7] ol HAZ EAMkEEN ] oxidantol
ojgt Mife S A LT 4 J=XE &
Q3t7] 918t $-7] hydroperoxide$l tBHPOI
olsl T MiRiEE 2 RES &L digh
EARKZEGIR O S RS, S 2
mM tBHPol sEHAIZS o #ifg el |4
SHA FRER o o470 0.1 % EARKEEEN S
H7vet g o LDH Wl EAsHA Hmd =
th (Fig. 7). tBHPoll 23t #ifutafgol diat ik
el BORE MEMLHI] DPPDS} Blm 3t
A3 20 x M DPPDXE 2 mM tBHPo] &3
LDH wiE A9 AA YA b A ATk
3 tBHPO| )3t Atfuifigo)l BES &bl
olsl =Y wIbkEEE ) WEY EEELE
NIl Ag HAES AR FEfE 2
mM tBHPel #EdiAlZle of IBES @bt
EstE o 0.1 % SAMkEEES HUbslae
f= AES BAE 290 (Fig. 8).

ik Yol frEsts B S42 HO0E &

fsto] st 282 /A% catalase?) iEHE
of EABkEESRC) AW RS WA=AE #E
at7) 98 Krdffkel 05 mM JKERe X3t 2
I B0 FHikel HES HAE Bon, o7
of 0.1 % #ARkEHE S F7slAS W 7249
EEoll AR #EmE 2ok Ly HuEbEl
%l DPPDe| oldjil= A&eH #{bE Holx &

AR
o TTTIC

A~ O
T}»)\L_

gkt (Fig. 9).

SRR ©) peroxideE A7) S
MIEME PiEs L 52> glutathione peroxidase
EEel oW S FUSTHE FHASH] Yl
Fraffkel 05 mM K-S HYPE 29 549
EiEo) #fl=lolon, o7jol 0.1 % tABkEEER
< A7 S de BaY iEHe] A &7

Bt 2y FERE HEREEIQ
DPPDE #718t& AS-ole /kiRel 93 &
A EMES] IV S WA A (Fig. 10).
GSH+ o8 #Hitpgel <3t MietaES Ff

%)

St #EE KRS UEhE BR ohue il
Woll 4 HEEH e St Aoz F Aol

A=d®™ P sapkgEgEo) MMl o3 M
o 3RS FAibshe Z8o] file W GSHO) #
EE #bAA Jgau=2E ER1s7] sty
KEES Mo &R, Ml W GSH BEL ¥4
5] Hstaon o7 0.1 % EAbkEEER o)
e R wf AES EmE 2ok Ty HiEE
{£#2) DPPDE H23e A¢ols AES #
IbE Rolx gttt (Fig. 1.

E3 REE9] Lol QoM E BTl 1)
60 B o) skéRel o3t
TaeEEQ BLS SRS ol B kshal LS
olth (Fig. 12).

BOERy R K 9 (BHPZL FRAL#ECNA
LDH #H 9 jgEe &S BnAl 3 Ak
g ol o)t g Fikstalh o1t k&
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