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In vitro hepatocyte inflammation by chaparral extract

Ilrang Kim"*
'Department of Food and Nutrition, Ulsan College

Abstract In this study, the hepatotoxic mechanism of chaparral (Larrea tridentata) was investigated through in vitro
experiments that measured cell death, inflammatory cytokine secretion, and intracellular fat accumulation by treating
HepG2 hepatocytes with a 70% ethanol extract of chaparral at concentrations ranging from 0.001 to 100 pg/mL. Cell death
was observed after treatment with chaparral extract at concentrations of 1-100 pg/mL (p<0.05). The secretion of the
inflammatory cytokines, interleukin-8 and macrophage-colony stimulating factor, and fat accumulation were significantly
increased even at a concentration of 0.1 pg/mL, which was 10 times lower than the observed concentration resulting in
cell death (p<0.05). Hepatitis caused by inflammatory cytokine secretion and fat accumulation was shown to be a form
of hepatotoxicity induced by chaparral extract. Hepatitis was expressed at a concentration lower than that causing serious
toxicity such as cell death, suggesting that hepatotoxicity, including hepatitis, may be caused by ingestion of low

concentrations of chaparral.
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AEo|BRE kA AV gl& Aolhal 138taL 9l
7F Bk 2eu AEA AlAle] el mE FaRgo] X
2407 WIEI Q3 (Shaw, 2010), E3] 21EA AAo Hg
oz % 7P WiE #2248 Alle 5P ol AlFe
7t FAEHE P F2 Y99og WIET UTHBjomsson,
2006; Estes 5, 2003; Stickel 5, 2005). 7FH=AS fatele 2o
Z B3HE A EJ = germander, Jin Bu Huan, chaparral, ma-
huang (Stickel 5, 2000) 5°] t}.

Chaparral:> 72 o2 B s} wl= AT AE] o) 2=
AFAY AN, 24 59 29 X8 BEFo= o850l
$ko ™ (Sheikh &, 1997), Z&lolli= chaparral &5 = TS 2
B4 ARt sl AR EAE] R s gty o
2} chaparrale A F e AFRFEONAIAN 754 AREIEC] EEA
TH(Batchelor 5, 1995; Gordon 5, 1995; Sheikh %, 1997).
Chaparral®ll = secoisoguaiacin, nordihydroguaiaretic acid (NDGA),
dihydroguaiaretic acid 59| AJo] 54 AESZ = J=H
°]& % chaparrall]l 93 5L Fisle FEH R
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2 4#HA ti(Arteaga 5, 2005). NDGAE chaparral A% 5%
T 10% BE7MA o7 FiEe] e Ao dEA Sl

chparral 258 AFH 8= NDGAE 33 4ol ol2& Aoz B
S5 tHLambert 5, 2002).

HAWEA] chaparral®] 5ol #gt A= HFE chaparral
AHZ QS 73 {7 it sk A Bale] sgEe] o)
3l (Batchelor 5, 1995; Gordon &, 1995; Sheikh &, 1997) 5=
AZoY in vitro AEE T8 54 71 dig dF3e B
gt Aot} A AEE o] &gt APl M= APEE FE3t

Fas ¥ Fas ligand7} chaparral ¢ Fxol o&xoz ¥
2 7hzAol A F71519 2™ (Lee, 2006), chaparral®] £ 54 A
9l NDGA Fojof ola] mp$-29] &3 alanin aminotransferase
(ALTY7} fold oz 53l th(Lambert &, 2002). ©|21dt A+
E£& B3l chaparralo] 73S f¥shs o2 UeEoY, 1
9] 7k 71-el gk A5 B 4 ARl AFE E9
g et ek o] dvkar EERl Al EFRRISL interleukin
8 (IL-8) (Elewa &, 2010; Zimmerman 5, 2011) ¥ macrophage-
(M-CSF) (Itoh &, 1994) Tof g &
BaE up7h glo] ol5 AFel tig A

e e

g

colony stimulating factor
2 9 Ax 2d d7s
7} B Aol
Chaparral> =fU]ol|A] =5z QIR ¢kom ole] HFH= Qs
7 AR R BE Qo BF 4S9 754 Fel
AolHzA] TR ARG 7hs Aol il skl fladol thek 2k
2% gus Fr go] Basty ARf. od & A7y
= in vitro 7XHNE AEE B3l chaparral FEE0 9§ 7HH|E
8

AME, IL-8 2 M-CSFe} 72 AlolE7lQl #49], ZHHZ W A%

54 AEE SATOZM, chaparral®] 7573 71K #gh 2km
& FEIL Yot AFRZRAF SOoR ol8HE A4 A



Chaparralol] 2] 8k 7hA|
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o] SHAA HUIE 93 7% AEE &8E A 4t

Chaparral &&

B Ao Alg= chaparralp— T 2|9 Ao 13 =7
7 B XS AF Yot sAA=xI & UH?‘S}O# i
Eéﬂli TEo] AEdl AF%} 3th. Chaparral £l 208 (w/v)2]
70% oll€r-2-(Sigma-Aldrich Co., St. Louis, MO, USA)S 7}3l4
70°C R F-2F 2o A 24A]7L ¢ &8t FE29S
Whatman No. 42 3}X](Whatman, Maidstone, UK)Z oJ3}A]7]3L
AHEF71E ol &at] deES AAS F TH41x AA A%
FEES Y% HUx FEEES dimethylsulfoxide (DMSO,
Sigma-Aldrich Co)E A|-&a3+ & HX S o] &alo] FLEE 3
2A3laL DMSO9] #HE TEE 0.1%= 3t Alxe] X235k

HO

M= Hief

ATCC (American Type Culture Collection, Manassas, VA, USA)
oX] HepG2 (human hepatocellular carcinoma) A|3ZE &Fako},
10% FBS (Gibco, Grand Island, NY, USA)E %7} DMEM
(Gibco, Grand Island) HIX|E ©]8-3} 37°C, 5% CO,&] w71
oA wjFetaA AF ] ARE-SHAT
M= AME &3

1o

Chaparral F=Z&%°] MX APdel] vl G dolrr] $4)
MTT assay~ Tt 55°CY FLEFNA 3087 7 B
ZA3117] FBSS 10% 373t DMEM HiX|E o]-8-3}o] HepG2
A ZZ 96 well plated] EF3813L 24417 B¢t kA ZTh U
WA & AME-3lY chaparral FEES TEEE 343t HepG2
Aol Ak £ 37°C Wig7IolA 242]7F E1F WHREAIATE S
&2 AASIAL 3-(4,5-dimethyl thiazol-2-yl)-2,5-dipheny] tetrazolium
bromide (MTT, Sigma-Aldrich) A|¢Fg 7FsF & wjf7|oA] WES-

AIFTE 3A7E & MTT AekE AASIL DMSOE 7hste] 147
U A4 ¥HSAIZI & microplate reader (Model 680, Bio-

Rad Inc., Tokyo, Japan)% o] &3t 540 nmollA TFE=E A
=8

AlO|E7I9] 2H| &3
Chaparral S50 &l #u]s= A]E71Q) IL-89 A4S
Qs d= %@W:@Wi FBSE 10% -3 DMEM Wi & ©]
23] HepG2 AES 48 well platedl] 33132 24417 <t u)

. 4= E-’@W:@} 121 FBSE 5% ¥-8 DMEM Hjx|&

OIQOM chaparral FE=2 FE=EE 43 § Az 23}

37°C W71 24717F S WA T F ATlE F

‘8]-01 Quantikine Human CXCLS/IL-8 ELISA kit (R&D systems,

Minneapolis, MN, USA)E- ©]&-3}e] A%} microplate reader

(Model 680, Bio-Rad Inc)Z 540 nmollr] E3=E =431t A

o|E7Il M-CSFe] #H| IL-8 #4] A¥3} FUs oz A

o FE2EE APt 45N F3+ Quantikine Human M-

CSF ELISA kit (R&D systems)® AH3}2 540 nmolH FFE

£ A3k

e =58 =8
MEZZE Black-walled 96 well optical plateol] FF3}aL 24A]17F

< chaparral &8-S FEHE XE[IaL 37°C wig7]olA] v
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AFTE 3AI7F & AdEolS W23 Hank’s Balanced Salt Solution
(HBSS, Sigma-Aldrich Co)Z 2 A& t}3 HBSSE 715t2
back ground % (excitation 535 nm, emission 580 nm)2 Victor3
plate reader (Perkin-Elmer, Wellesley, MA, USAYE ©]&-3}] =
A3t HBSSE A1 AH3HAL 1 uM nile-red (Sigma-Aldrich Co. )E
A7V & A9 o] T oA AT B RESAIATE 2 &
35N S AASHAL HBSSZ 39 AlH3 § HBSSE 7iste]
298] o} F& FLollA HEAIATE 12417 & o] HFg 5785t
of o] o= HE back ground FFwk wiA ATHES FEH
=L kel =

BE ’é‘%‘% 351 HHEAAEE] U2 AAE Fd+FEFHAR
Pl 79242 SPSS (Statistical Package for

the Soc1a1 Smence) 150 T2 o] &3le] ANOVAR F43}
o™, p<0.05 F<=oll4 Duncan’s multiple range testZ 71733}
Atk
R
M= AP

Chaparral =52°] HepG2 7HIE AP mAl= 93-S MTT
AES 53 =79 A3K(Fig. 1), chaparral FE22 1-100 pg/mL
o Hz] FEolA R0 61.34+6.79-86.64+3.10% 02 Al
E AEES A A AlE AP o Alx 548 fidshke
o2 YEFITHp<0.05).
IL-8 ¥ M-CSF £
S Alo]l BHlEE Alo]E7RRIQL L8 ¢aEA 7+
2 CE 7HY B Fo AN LEER AEEH 99 2
A3 #AAZ e AXE BIFHZ AthElewa 5, 2010;
Zimmerman %, 2011). o]l ¥ oAM= chaparral ZZ%O] 43
Az 95 FU=AE Loty 138 chaparral FEE 3]
ol o8k GSA Al BRI IL-89] EH] H=E ZA3IATh
(Fig. 2). Chaparral &% 0.1-100 pg/mLe] EEoA 74| ¢
IL-8 HH]S 72 113.49+5.86-349.61+3526%7H4] ol o=
7 A THp<0.05). Gutierrez-Ruiz 52001y 7+=4 3 52
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Fig. 1. HepG2 cell viability by chaparral extract. HepG2 cells
were treated chaparral extract. After 24h MTT assay was
conducted. Results presented as % of control. Values are presented
as mean=SD (n=3); *p<0.05 compared with control group.
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Fig. 2. IL-8 secretion of HepG2 cells by chaparral extract.
HepG2 cells were treated chaparral extract. After 24 h 1L-8
secretion was investigated. Results presented as % of control. Values
are presented as mean+SD (n=3); *p<0.05 compared with control
group.
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Fig. 3. M-CSF secretion of HepG2 cells by chaparral extract.
HepG2 cells were treated chaparral extract. After 24 h M-CSF
secretion was investigated. Results presented as % of control. Values
are presented as mean+SD (n=3); *»<0.05 compared with control

group.

2 2 47 50mM o2, 1 ug/mL lipopolysaccharide (LPS),
175 uM SN ELHS =7} HepG2 A EERE [L-8 E1|E ztz}
0] 196+11.5, 213421, 223+18.9% FFO =2 ZXA7|E A
o2 RIS & Aol chaparral FEES @Y AdHo]
oA ofghe o oHEst AHAR] F& Hne ol
o 349.61%7FA] IL-89] #HE F3lsl= A4E Yeho] %
oAM= ofEo] ofd AEA FEE JeiME 7Y 2 1=
o] furd ks 2 91949 o] Wl 2 AeS Al
Algte},

Aol 28] BHI7F EREE T g2 AlolE7eI M-CSFE
F4 2 v 7 SApeAIM oo R Sutske AeE o
24 Athitoh 5, 1994). HepG2 7HH|E chaparral & &2 *]
23 23} 0.1-100 pg/mLe] F=olA 7HIES] M-CSF #4817} o
Z79] 106.9842.16-15527+7.84% 55O 2 FHo 2 Z71E)
THp<0.05) (Fig. 3). Chaparral F&E°l 23l in vitro A3 A
A4 APIEFR] M-CSF #87} £X1He Ao2 vehd 2
A7} 71 FAPIAN M-CSF7F 5718 A7 A= Agse
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Fig. 4. Lipid accumulation of HepG2 cells by chaparral extract.
HepG2 cells were treated chaparral extract. After 3 h lipid
accumulation was investigated. Results presented as % of control.
Values are presented as mean+SD (n=3); *p<0.05 compared with
control group.

AFAE e M-CSF7F 7Fa =t 43¢ #Ho] S AAKE
T3 2 AFdA chaparral FE 8-S T2 FT=o Y8l 100 g/
mL FEoNA AlolEFIRIS] EH|E ZA F7HAIA, chaparral A
FA=Z olgt 7Y A A5 A 7k24] SollA chaparral
o] A& 9 gAEZe] =5 543 e 3| chaparral®] 7
=4 71d # g U Y 28 0= Alsdh

M= X F5
Chaparral 28] 23+ HepG2 7HIE2] AW =3 HEE =
st A(Fig. 4) 0.1-100 pg/mL FE=oA 2] 104.58+2.01-
109.7240.80% 502 ME Y A &Fo] §olzoz iy
AHp<0.05). Chaparral F&E2] 2] ¥ el
AHpe] o] F FOo 7 AFIAE BUOU A2 FolA T Y
7‘1.

3

o w9lel mels Al FHo] folHow Yeht Az
SguThs o 93 Fol 7] 9L A F AE TP
2 Uehit. §5 el oal xe] HEEEel} 45
W ool B8 Age] 43w, ole BN 3718
Ball Age] AelE FANA eI AUIN=S AN B
o o5 BRAAFOIY AYSIE BAEE Al]ETjele] B
g ST 95 W fUReRA THE S48 29

S7H
ol 4 & A ThBrowning@t Horton, 2004; Esterbauer 5, 1991).
w2 chaparral FE=0l ol 7HA| 3ol Ae] FHH A ol=
AT WO = olojx] 7S 4o F e 7S AR

2 A7ZAHNA chaparral FEE-S XA G54 A&
71191 IL-80u} M-CSFE #HIA7|aL, ZHIE el A& 4
AA E55 Fdshkes Ao=E Yesitt o= chaparrale A3 g
AREERNAIAN o] BaE o AFEF sk Aot
(Batchelor 5, 1995; Gordon &, 1995; Sheikh 5, 1997).

2 Aol AllEFIRL X B A FAE oo =
ZAZ chaparral FEE2] TR HE AFES FEA B2

Ho} 108 22 FFoln). o|#$t 3= chaparral FEEO
T Abde 22 A8 548 28 2 w29 g
A3 AlETZIRIS] EHY Al ] A 48 B3l dEut
S ooz H T &S F F IS HAFTE 952
5 B4 o fisEe A Uik s =4
7] wfEoll(Watkins®} Seeff, 2006), A|E AFES F2&kx] LAY
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AT A 2 oekst g AtElES B9 chaparral®] A3
Algksls Aol dasiy 5§ 7] o H & A
FeRe] A dsixe 31 &= Ao vk sjriar

FAE ) Chaparral FEES 74771574 2% 2 2o] %A

o] AEA ARZ A AsiM e Ao g W 2

71601] s ?i?-ﬂ 244 i éﬁgﬂl ZARkE Q1 kAol

= | o FL n{n mlm

£ AFelME chaparral 70% AEhe FEES 0.01-100 pg/mL
o] TEZ HepG2 1Mo Aate] Al AP, 934 A&
7Rl #H], ME U AW XS S in vino AES T3l
chaparral®] 7+54 7148 ZALS Y. Chaparral 55 2]l
o3l 1-100 pg/mLe] FEolA AE ApEo] #2AENoH, A
AP EFIRIQL IL-82F M-CSFS] #H] B A% F22 108 o &

© 3EHER] 01100 pgmLolA folF o Z718HIHp<0.05).
2 ArAIA FdEA AIETR] BH] 2 AW S48 B3
T E HFE chaparral FEE0] o8 fFa=Ele 7H549] & &
B2 YEeRTE e 7+ el 752 M APdolEe /?:]
et 54< °]=7V\] 7le FEET ‘7’:’—0— FRoA HAE ] AF
9] chaparral FF ol 93] 7T 22 7HEA0] 2HE 7 AU
=& AAFE
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