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Protective Effect of Whagan-Jeon (huaganjian)
on Acetaminophen-induced Hepatotoxicity
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Objective : This study was performed to investigate the activity of Whagan-Jeon (huaganjian) in protection against
acetaminophen (AAP)-induced hepatotoxicity and the possible mechanisms in vivo.

Methods : The following were performed: Serum ALT, depletion of hepatic glutathione (GSH) levels, the microsomal p-
nitrophenol hydroxylation activity, microsomal aniline hydroxylation activity, genomic DNA fragmentation and its reversal,
hepatic glutathione-S-transferase (GST) activity, and hepatic NAD(P)H:quinone oxidoreductase (QR) activity

Results : Whagan-Jeon (huaganjian) protected against AAP-inducedhepatotoxicity by the increase of GSH levels,
inhibition of P450 2E1-specific metabolic activities, attenuation of hepatic DNA damage, and induction of GST and QR

Conelusions : In conclusion, Whagan-Jeon (huaganjian) was effective in protection against AAP-induced hepatoxicity. (J

Key Words: Whagan-Jeon (huaganjian), acetaminophen (AAP), hepatotoxicity.
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S5 gt 2} AAPS] Bgako] 2713 o 2
2 cytochrome P450 (CYP 450) ] &4 mixed
function oxidase systemol] 2] tjA}E o> vll-¢- ¥
Aol & quinone
noneimine (NAPQDE A4 gt)». o] tAlEL 3¢
3] glutathione (GSH)-Z 4t3}3 glutathione (GSSG).L.
2 A8 & AskA 24 2H8stEA] AAREEA
=M AZWER 53] GSHe 3R Adsio
GSH adduct® A3}, o] 9hzko] kel AAPQ
AH el o] B el NAPQIZL A4 =m GSHE
ZR | 93 NAPQIZ} Tl o]} DNAS} ¥h-g-319
A AEAAE dogA Ao

EAMAE A3l one-electron reduction”d 2 0] 2} oj}
quinone’E2 & NAD(P)H: quinone oxidoreductase (QR)
o ela]Mr} 2 ¥2ke] GSHel| 2§ A3l two-
electron reduction 7 29 2§ FQdEo] FE=A9
hydroquinone .2 &3 % Ut} o|# & two-
electron reduction2 4] semiquinone©|Y} oxygen
radicals®) AAgle] dolubz= E NAPQIC) one-electron
reductiond]] 2§ EAo] t)gt oA 27t A,

AAPE 98518 47 2543 F87H 2o)
@ & gou dag A4 d¥as) o
methionine, N-acetyl cysteine©]t} H] 523} thiol &2 72
& sis A she] ERFIol B Wlo] Yl LeiA
UA HIL, AR = AAP 3ol 23 2F =4
Ul W3] Qoluick o2 B, IFAME
349 714 £ 90) AP} S4o]H Zhol
Ale] Hu glvin BuE T

AAPZ a8 US4 i detel AT
A%, 780, B2, R Fo] o|F0] 1Ko
slow fe e AMgo] A7E v ook 2
T e A wel vEee {LfFFi(Whagan-Jeon)o]
AAPY| oJ3f i HEA mXe JEgs AuE
ket Ao A e} Bl o] AAPY| €]t 7t EAdo) 1)
Ale &7 2% A3 A 9] alanine-aminotransferase
(ALT)S] 2%, AAPd| 28] f%3F cytochrome P450
2E1 &4 o] m )= <43k DNA fragmentation 2! GSH
el 3 oz AnALT
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1. AYA=
1) A2k

cytochrome C, ellagic acid, bovine serum albumin
(BSA), S-nicotinamide adenine dinucleotide phosphate
(B -NADP), flavin adenine dinucletide (FAD),
dicuomarol, glucose-6-phosphate, glucose-6-phosphate
dehydrogenase, menadione, laury sulfate (sodium
dodecyl sulfate), 9,10-dimethyl-1,2-benz-anthracene
(DMBA), NADP+, crystal violet, glutathione reductase,
triton X-100, chloro-2,4-dinitrobenzene (CDNB),
cupric sulfate, KOH, glucose, thiamine, phorbol 12-
myristate 13-acetate (TPA), biotin, vitamin B12, ferric
citrate, CaCl: - H:0, MgSO: - 7H:0O, K:HPO., KH:PO:,
yeast extract proteose peptone, ethoxy-resorufin,
perchloric acid, diphenyl amine, H.SO., p-nitrophenol,
acetic acid, potassium phosphate, acetaldehyde, GPT
optimized alanin-aminotransferase EC 2.6.1.2 UV-test,
binchinchoninic acid protein kit SigmaA}l (St. Louis,
MO, USA)<|| A, fetal bovine serum (FBS)-& JBIA}
(Daegu, Korea) 4] £-& AF88191 ). 7B} Aloke A&

W W 7 Ak FYste] Agah

2) S0 A%

2 Aol AeF fAs RN ¥
Mo FYR F FA Agas
A9 THe sHoz B 2k

Prescription of Whagan-Jeon(huaganjian)

Herbs Botanical Name Dose(g)
FE Citri Reticulatae Viride Pericarpium 8
358 Citri Pericarpium 8

SESE Paeoniae Radix Alba 8

P Moutan Cortex 6

Wt Gardeniae Fructus 6
278 Alismatis Rhizoma 6
j=R 51 Fritillariae Cirrhosae Bulbus 8

Total amount 50(g)
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mouse (A3 2025 )& tﬂééfﬁ%%ﬁﬁoﬂﬁ 74
st B g} FEALSAAA 2
+2C, % 40~60%)3}o A 79
B AbgslRoH, 2F 7|3t
o] gA st
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2) 3}2tAo] 23 in vivooll A ] AAP HEA =

A 7
APTL vhe2 10vj2] S 3 Fo2 3o, A7
T 3tA] ¢-& Y& (Control : Group 1), 3H7FA
opo-A A kgd 200 mg 02 1427 747 ALE
T (Group 2), v} FA ke 200 mge) 37+
447k —T‘TOE! 331 AAPE vh-2 FA| ke

FEALE B3 §% + (Group 3), 8}
%’— Al ked 400 ng o= 1497t 74zt A
Group 4), ab-$-2 F7) ked 400 ng2)
1493t A3 58t g ok FA
mgfli BFAME B3] F43 & (Group
5) 183 AAPTHE: npex BA ke 400 mgo 2
Fo1 g Z(Group 6)2. 2 W}#3Att (Table 1).

(2 8H ALT 84 &%

DEAE A ALTE £33l9 AR sATh
ALT %82 340 nmo) 4] NADH®] §3 % 7140 9
3 2845 533 Bergmeyer 599 WS ©]
8¢ Sigma kit(no. 59-UV)E &3 sldt}. whef &4
Aol &% TA A (&, AAPE A3 JED)
£ s7betH, A AES kit A FolA AAT Wy
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o wa} 0.9 % saline o2 3| X3te] ALEEIATH
() u}-5-2 23 2 2 HE] microsomed} Ao EZ
2]
2t AT M A2 AAP Fo7) FRE T 244
Zto] At F vk aE AN g B9 E A7)
st} 7+ 2A & FHedo e -rﬁ’”’EHOﬂ/\'] 0.15M
KCl buffer (pH 7.0)2 perfusionA]| 7]l & A&}, th
Al A A g FEAZ RS AASHY
A AioA Fuste] Adel] L8317 AR -~
70°ClA B#sISth Microsomed} Alo] EE §f-)
9] ¥& % Benson 599 "igieo] ulz}l 4 oA 83}
At} =, 0.25 M sucrose £ (ZF 23 g 5.0 m)o.
2 WY AFAINE ALY vl etd
o} o] A& A4dEe (9,000xg, 2082171 & A
AL AAdHRLH, 4ZHL 1 mE 025 M
sucrose £ =9 0.1 M CaCLE 02 nl9] E¥2
A7rste] HhAdElol A 3087 WA ST thA] 2
A AAEE (2,700x g, 208)A A AAELS
microsomal fraction® 2, N Alo|EZ H-gof
o2 3t Z}Zhe] A A g2 AHE-SIRI T

@ GSHAZZF &3

GSH A 2 &7 & 7122 ¢] npafled (homogenate)
o7 AﬂEﬂiOﬂH SR Foto] HAlB
& GSH F& 4ol oste] A&t n

M

GSH g2 =
GSi 443 NRE Rt g 2o He

NS Bojg sher zAe) gae) Wz ek
Ak,

(5) oA Hek
o}-9-2 7+ 2 9] homogenate, microsome@} A}o] &
Zo] gz 32 binchinchoninic acid solution
protein kitE A}8-3led bovine serum albuming X5
oz gloF o)Ll FEANEG Tl I ¢S
Aok
(6) 4-nitrophenol (NP) hydroxylase assay
4-NP hydroxylase &4 & Koop'”#} Kim and
Novak®e] Wy oz2 Z@dadct. AdF9
microsome 1 mg protein/ml% 0.1 M potassium
phosphate bufferol ¥-#A]71 & NADPH-generating
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@54)  hargke) el 41234 A3 320023 9Y)

system (1 mM NADP+, 9 mM glucose-6-phosphate
dehydrogenase)¥} 37| 37°Col|l A 2087} shaking3lH
A gr2-A)17)1 21 0.5 ml2] 0.6 N perchloric acidE &7}
gt} ¥h-32 FAAZT 2213 16,000 X goll A 28
7+ AN 1w AZAE 01 me) 10N
NaOH$} 412 % 4-nitrocatechol®] A4S 546 nmo|
A =389

(7) Aniline hydroxylase assay

Aniline hydroxylase 2412 Briodie$} Axelrod19)2]
W S o] 88l p-aminophenol 4 &3 o2 A
34}, 4-nitrophenol hydroxylase assay9} 72 vl
o2 AAZ & 0.5 m2) 0.6 N perchloric acidg 37}
3lod whe-2 H=|A7ich 1813 0.1 mle) 5% phenol
in 2.5 M NaOH$} 2.5 M sodium carbonateE # 7}3}
of 3087 2N F 630mme)d FREE 2P}
Ak

(8) 4 %A DNA fragmentation assay

3378 o]43tad 79 DNA fragmen-
tation(4Ash S Gt 4 4F¢ T8 &
2712 lysis buffer (10 mM Tris-HCI, 20 mM EDTA,
0.5 % Triton X-100, pH 8.0)o) A] %) 5} o}
Homogenates= 3 A £ 2 chromatin®} 45 9]
fragmentated DNAS £2]3}7] 9js}o] 27,000 gol
A 2087 AAEEIAG?. AHEL 05N
perchloric acid2 F-FA|7)3L AEHL =L FE9
perchloric acidE 3 7}5te] 0.5 No| A 3tgct. 90
TAA 1587 B T 1500x gl A 1083 A&
gete] gulAa ¥} BArE AAS D 4F
o2 diphenylamine(DPA; 1.5g + 1 ml H2SO: + 100 m!
glacial acetic acid + 50 mM CH3CHO)E & 7}3l 4
S A 16~20 A|ZHE<t WA S BRREAE
o] &3l 600 nmellX FH=E St 24T
(control)®] DNA fragmentation [(fragmented
DNA)/(fragmented DNA + intact DNA)]-& A A DNA
4 F FEde] DNAYS %2 FH3I oA A8
A2l Bde 2HT9 fragmentation®] %E Vel
Wl
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(9) Enzymes &4 &%

O Qr¥4 &%

QR &4 Z3-& Prochaska® 2] WMo F3}o] 0.25
M sucroseZ 3| A3 27 Alo|BEZE Rl 50 po
reaction mixture 200 # & FH7istd 331t QR
24 f=e NEgE T &2 dx2Td dg
ARE Fo3t w42 1x2Fe 54 849 vz
YeR ATt

@ GST &4 =3

GST &43-& 0.25 M sucrose 2 3] A A7l %2 Alo)
EE /59 20 woll AlZA SHT o &+
st} AABHA T GST 84 fime A58 F9314
¥ gl i ANEE FAT vhea 32

4ol v 2 JehfITh

ns}

Fok &
B o

Az
1. slZtEol &gt in vivoollMe] AAP ZHEA SIS
7}

AA A2l dBE AlF37] Aol AAPH 31
o Alg-F A&7 & 28] 9 28-S AAlE
Aok F7HA F= AAP (4007} 500 mg/ke, i.p)Th
H 549 St X (2007} 400 mgrke, ig)E M
st A@e A}, AAP 500 mg/keol| 9)ste] AJF 9]
AAAEA o] P E R 400 mg/ke B EE THEA o
HEn gl AMEStEh 28l u o ER Hoo
B7HE 93t R US40 AFER AA3)
Il AALEQle] B2} ke AFFEA o ay
ATE A AU A 143 HFA 9
AAP?| 13] TR E Adagitt. 2e]a o AHe)

Job

ol

Table 1. Classification of Experimental Groups

Groups Animal Treatment

number Whagan-jeon (ng/kg, 1.g) AAP (mg/kg, i.p)
Group 1 10 Vehicle Vehicle
Group 2 10 200 (14 days) -
Group 3 10 200 (14 days) 400 (1 day)
Group 4 10 400 (14 days) -
Group 5 10 400 (14 days) 400 (1 day)
Group 6 10 - 400 (1 day)
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< 2 AAATFAAM Y F28 EHoz Y :
(i) 33 AT osted AAP 93 F=E 3
A ol g, (i) htA el o3t AAP fr2e) 7h
GSH 12 31583, (i) 312Hde] AAPd| 93t 1t
©] DNA 333t @4 AA &3, (iv) AAPY 9%
CYP2El 8484 dA&d FHE 9sto p-
nitrophenol hydroxylase$} aniline hydroxylase &4
2%, (v) e GST QR B4l vlA e 48L 3
st

1) ALT 84
mﬂézoﬂﬂi el 549 ALTE dxjdoz
&£ H2g udsleg 53] AEAY] A2
*1 AMS-Ert Table 1& AAPY] 93] fr=d HEA

1
% 5}7“‘4011 94& a 011 Eiﬂr% S8t AAP

AT} 2 AAP H2lo] olala] AL
10798 27170k 2l SREA T 200, 400 ng

¢ Bole FEAL FukahA] 2gton B3HH 200
3} 400 ng/ke £ F AAPS] H2lo] o)3te] HEA
W) £7E #9184 YT (Table 2).

Table 2. Protective Effect of Whagan-jeon on Aceta-
minophen (AAP)-induced Hepatoxicity in Mice

Treatment Serum ALT (U/LY
Contro! 133.0+59.3
Whagan-jeon (200 mg/kg) 174.4+61.3
Whagan-jeon (400 mg/kg) 196.31+66.1
AAP (400 mg/kg) 1321.8+144.2
Whagan-jeon (200 mg/kg) + AAP 955.1£87.7*
Whagan-jeon (400 mg/kg) + AAP 699.8 £ 75.8%*

# Each value represents the meantSD of ten mice.
Statistically significant difference from the value obtained in AAP-treated
mice (*P<0.05, **P<0.01).

2)GSH & &%

AL 14497 BFAY Fo (intragastric
applicatron)3t & AAP %< (intraperitoneal)ol] <] 3%}
zt ¥+ GSH &S 573 8t%lth (Table 3). 817t
Aute] Boo osle] kel GSH &ako] okzt Z7}

o)

Ak 28l3 AAPTH €)% GSH §He F-X ¢
& A" GSHE 47.5%2 GSH 172 #4S #&
& & o, 2 AT F AAPH ¢ 93}
o GSH &% 71| e, =& 5% (400
mg/ke)e] B}7HAol & ¥% (200 me/kg)ETt ¥ &
A0t eyt AT AAPE M A e
24229 2T v wshd ¢43] GSH 3]
3857 3 21.7%° GSH &% 17 Aol &
Z= e

Table 3. Protective Effect of Whagan-jeon on Aceta-
minophen (AAP)-induced Depletion of Hepatic

Glutathione (GSH) Levels.
Treatment Glutathionea (% control)®
Control 100.0£11.8
Whagan-jeon (200 mg/kg) 11484195
Whagan-jeon (400 mg/kg) 131.74+204
AAP (400 mg/kg) 475+6.1
Whagan-jeon 200 mg/kg) + AAP 563174
Whagan-jeon (400 mg/kg) + AAP 78.3+8.9*

* Each value represents the meantSD of ten mice.

" Control hepatic GSH level was 76 nM/mg protein.

* Statistically significant difference from the vatue obtained in AAP-treated
mice (P<0.05)

3) CYP 2E1 &4

ahg-2oll A AAPS] thALEHE & CYP450 2E1] ¢}
3] do]u}= =2 p-nitrophenol hydroxylation#} aniline
hydroxylationo] P450 2E12] B4 &% & 95l AL&

Table 4. Effect of Whagan-jeon on the Microsomal P-
nitrophenol Hydroxylation Activity of AAP-treated

Mice.
Treatments P-Nitrophenol hydroxylation*
(nmol/min/mg protein)

Control 1.6440.19

Whagan-jeon (200 mg/kg) 1.43+0.21

Whagan-jeon (400 mg/kg) 1.2140.10

AAP (400 mg/kg) 4774053
Whagan-jeon (200 mg/kg) + AAP 3.09+0.48*
Whagan-jeon (400 mg/kg) + AAP 2.1440.31%*

= Each value represents the meantSD of ten mice.
Statistically significant difference from the value obtained in AAP-treated
mice (*P<0.05, **P<0.01)
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456)  oigkerelarslA] #1239 A3%2(2002'd 94)

Ha Ak, AAP7F A 2] cytochrome P450 2E1
o N A& J&S A E 43 CYP2EL 507 714
p-nitrophenol®] hydroxylatione] AAP2]dl] 2}&}to]
F7teo] 2T 187471 H U} (Table 4). T3
CYP 2E1 £9]9| aniline®] hydroxylation®] 4%
AAPS A& ABF oA F7Fetct (Table 5), 12
1 312k o] AAP] o3l fFE=¥ AF 7k microsone
©} CYP2El &4 84S Aalste 200 7 400 mg/ke
Eo]of| 2]3}e] 4-NP hydroxylasel= 35-55% (Table 4),
aniline hydroxylase & 26-44%2] A &7} Uch
(Table 5).

Table 5. Effect of Whagan-jeon on the Microsomal Aniline
Hydroxylation Activity of AAP-treated Mice.

Treatments Aniline hydroxylation*
(nmol/min/mg protein)
Control 0.47+0.07
Whagan-jeon (200 mg/kg) 0.3840.14
Whagan-jeon (400 mg/kg) 0.33+0.20
AAP (400 mg/kg) 1.54+0.23
Whagan-jeon (200 mg/kg) + AAP [.14+0.26*
Whagan-jeon (400 mg/kg) + AAP 0.871-0.16**

* Each value represents the mean+SD of ten mice.
Statistically significant difference from the value obtained in AAP-treated
mice (*P<0.05, **P<0.01).

4)DNA A 3}

$7145% AAP 35480 2% genomic DNAS]
BA - #3228 93le] sedimentation assay (X
27,000g)0ll 93 B %A H7LA 2= (Table 6)7} 2k
o} 317k 2003} 400 me/keTte] Foo] 23l ME
genomic DNA KA o 37} g1t} 22y AAP &
oo 2]3le] DNA fragmentationo] 2.14} Z7}&+g
v szt Foleo 9 dte] AAPY] 23 DNA
fragmentationol] %3-S v]x]o] DNA £ Ao o)
G+ B&H oY) F, 2007} 400 me/kee) HA F
I AAP # 29 ¢]3la] DNA fragmentationo] z}z}
ZAHTY 174.5%9) 1344% 2 Yelto g & 25

B 57} AAP) oJ& f-= ¥ DNA fragmentation2 ¢
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A3 ABATA L Bach o oS AakA &4
d AL} 523 £49 B 952 vehhgi
AAA Ao B3k W F %A DNA 9us 2
7He $A Table 2014 43 ALT| o] H549]
P w5

5) GST ¥ quinone reductase 4]

uh&-2 7he] GST 8442 AAP A 2o 9]3lo] T4
9 2479 71.9% GST 84 #3817t Lojyto
™ S}2EA 400 mg/kg Folofl 23t 964%2 F713)
o F40e GST 24RWEE axd + Ut
(Table 7). 18]32 QR B = AAPY| ¢|3te] A3}y
ot b 400 mg/keol] ofste] EAFrtE o]
Vel T} (Table 8).

Table 6. AAP-induced Genomic DNA Fragmentation and its
Reversal by Whagan-jeon Preexposure.

Treatments Liver DNA
fragmentation (% control)

Control 100.0+12.3

Whagan-jeon (200 mg/kg) 108.9410.1

Whagan-jeon (400 mg/kg) 98.8+11.3

AAP (400 mg/kg) 21494193

Whagan-jeon (200 mg/kg) + AAP 174.5+19.1
Whagan-jeon (400 mg/kg) + AAP 1344+ 11.7%*

Results are mean+SD for 10 mice per group.
Statistically significant difference from the value obtained in AAP-
treated mice ( **P<0.01).

Table 7. Effect of Whagan-jeon Treatment on Hepatic
Glutathione-S-transferase (GST) Activity in Mice.

Treatments Glutathione-S- transferase*
(% control)®
Control 100.010.1
Whagan-jeon (200 mg/kg) 109.8+21.5
Whagan-jeon (400 mg/kg) 136.1+23.7

AAP (400 mg/kg) 71.9+8.1

Whagan-jeon (200 mg/kg) + AAP 88.31+104
Whagan-jeon (400 mg/kg) + AAP 96.4+6.9*

* Each value represents the mean+SD of ten mice.

*Control hepatic GST activity was 129 nmole/min/mg protein.

* Statistically significant difference from the value obtained in AAP-treated
mice (P<0.05).
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Table 8. The Effect of Whagan-jeon Pretreatment on
Hepatic NAD(P)H:quinone Oxidoreductase (QR)

Activity in Mice.
Treatments NAD(PYH:quinone
oxidoreductasea (% control)®

Control 100.0x+9.6
Whagan-jeon (200 mg/kg) 123.74£19.3*
Whagan-jeon (400 mg/kg) 141.1424.1%*

AAP (400 mg/kg) 80.1+10.3

Whagan-jeon (200 mg/kg) + AAP 96.3+8.7
Whagan-jeon (400 mg/kg) + AAP 1154+12.1*

* Each value represents the mean+SD of ten mice.

* Control hepatic QR activity was 261 nmole/min/mg protein.

Statistically significant difference from the value obtained in AAP-treated
mice (*P<0.05, **P<0.01).
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AAP 5 kBl o3 tFEL A CE HEiE,
e, BEIE, FROR, R, W Tl WEE I Slel &9
U, LRI 7B tRM A Hi e 5 FEfiol
&3 Ao zx BRGNS Faghkste] 2A€
SR, RNENN S-S ARFUL Holen
P CCLol % g5 sizbdo] fog ftr}
SATHLL SHA -

A ALTY F7be T XL radicale] o8k %
AR a4 e PRz g Bk AAPY
biological reactive intermediates = ©}% 3}(arylate) 3}
gl dojn] &4E I EelA o FHlET.
Nelson#} Pearson®ef] 91318 AAPe] JAE Tz
o] WEL & AX 82 F ALTS fAtete] Alx
&2 AN =A veidth & 2 439 23
of o3hd ST ol § =& ARl 24413
ol AAPA 9J3t =4do] Uggonz ojg A
BaE3 43} AAP A= biological reactive
intermediates = NAPQI2] A3} oxidative stress2]
frEoltt 28 B s} 8ol gle WL AAP
o B % ASRES & 5 ok 284 AAP
o €18 AYRAAASE A E4 radicals)
A& Faggtt 2 ER AL ofutx Pt
stabgol glolA AT AAP AelTelA] A
ALTS] Za@3o] A& Aotk

DNAS} A ¥2] genomic apparatus®] ¢HgAl2 t}
&t 958 21 1o1A] radiations, B34 54
B EolY YR gl AbstA £4do) o3 34
$ dbolx DNA £744S 2uigit) o] 329 o
&S FHasgslr] $iste 2] DNA $A73 =) 93}
o] DNA7} Btk Al L&A o A DNA =41 €]
Z94 Wil o] AR £33 QA A
o] ¥lA 243 AHFAH] #Ho| ik Ray 52
938 AAP7} 749 Ca* EE F7HAIIL ol&
DNAE =Z#3}A17])+ 319 endonucleaseE 4] 314
Zttn Bustt E A7Ade ofshd A 2

* A& genomic DNA9] &l giflovt 3t A A

2| & AAPS A3 APTL AAPY 93 fx=d
DNA FH3844E WA st%th AAPo] DNA 4 &
4, poly(ADP-Ribose)polymerasedl] 4 & ]3|+ A
o2 dejA long, otk o] Fho| FAJo] 3}
XA olale] Msle Ao g Belr) aey kA
200ug/kg Fo] oaae] AAP| o & DNA
fragmentation®] A7} F-&-2 0|} 2™ 400 mg/kg &
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