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Abstract

Antioxidative and Protective Effects of Haeganjeon

Extract on Oxidative Damage of Hepatocytes

Byungtae Ahn, Jongdae Kim, Jinyoung Moon'
Dept. of Internal Medicine, 'Dept. of AM-Pointology,
College of Oriental Medicine, Dongguk University

Objectives : Haeganjeon(HGJ) has been used for the treatment of liver disease in

Methods

traditional medicine. The present study was carried out to evaluate the
antioxidant and protective effects of HG] extract on oxidative damage of
hepatocytes by tert-butyl hydroperoxide(t-BHP).

:In the linoleic acid water-alcohol system, the levels of lipid peroxide(LPO)

were determined by TBA method. The scavenging effect of HGJ on aa
~-diphenyl-B-picrylhydrazyl(DPPH) radical was determined according to the
method of Hatano. In the Fenton system(ferrous ion reaction with hydrogen
the induced LPO
homogenate were determined according to the method of TBA. Inhibitory

peroxide), levels of hydroxyl radical in rat liver

effect of HGJ on superoxide generation was measured by xanthine-xanthine
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oxidase system. In order to evaluate antioxidative activity of HG] in the

liver cell, cultured normal rat liver cells(Ac2F) were prepared and incubated
with or without HGJ. After 18hr, cells placed in DMEM medium without
serum, and then incubated with 1mM tert-butyl hydroperoxide(t-BHP) for
2hrs. Viable cells were detected by MTT assay.

Conclusions : In the linoleic acid autoxidation

system, HGJ extract significantly

inhibited the time course of the lipid peroxidation. These effects were

similar to those of BHA. HGJ extracts showed about 70% scavenging effect
on DPPH radical. And HG]J extract inhibited the lipid peroxide formation in

rat liver homogenate induced by hydroxyl radical derived from Fenton
system. In addition, HG] extract protected the cell death induced by t-BHP

and significantly increased cell viability in the normal rat liver cell. These

result indicated that HGJ extract might play a protective role against

oxidative hepatic cell injury by means of free radical scavenger.

Key words : Haeganjeon, lipid peroxidation, DPPH radical, Fenton system
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Aasl g JA A, ARVl &A ¢
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tert-butyl hydroperoxideo} <J3 Hx¥
DAEY Fstd E4e] qg ads #F
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= Biojt.
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1. 2F X

B AgAdAM  AMEE AR
T4 kg AT(BEA), w4 E), 9
(BAN, BB, 2FEE), ),
AR 44 FFgsta P43y
Aol A FYT RS AAsA ALEsg e
), 3]7+A(Haeganjeon : HGJ)2] % +
e AGANRERE) Zsgon?,
T3 £FL ey 2o

The Composition of Haeganjeon

oy 4 of o (g
A 1 Aurantii nobilis Pericarpium 6.0
gl 3} Pinelliae Rhizoma 6.0
% d} Machili Cortex 6.0
X & Hoelen 6.0
2 4 Perillae Folium 4.0
& ¢F Paeoniae Radix 4.0
A} 91 Amomi Semen 3.0
3 F 35.0

2. M=z & &2

79 A HAEA2RE 92
HSRRB (Health Science Resources Bank,
Osaka, Japan)ZHE] HEFylo}l ujsle

AHE3IR TF Fenton ¥WHg-A AQoA kR
Z FANRe) ZAE 9Js AF 2003 W4
o] 43 Sprague-Dawley#d BHE ohdt

TE A AN THIA AL A

3. Al <F

Linoleic acid, 2-thiobarbituric
acid(TBA), sulfate sodium(SDS),
a,a-diphenyl-$-picryl hydrazyl(DPPH),
tert-butyl  hydroperoxide(t-BHP),  (4,5-
dimethyl thiazol-2- yl)-2,5-diphenyl tetra-
zolium bromide(MTT), Dulbecco’s Modified
(DMEM),
butylated hydroxytoluene(BHT), 3-t-Butyl
(BHA),
peroxide(H.O7)= SigmaA}l (Sigma Chem.
Co. St. Louis, MO)Z #¥, 181 fetal
serum(FBS) 9  antibiotic/
antimycotics=  GibcoAHGibco BRL, Life
Techno. Inc.,, NY, US.A)EXHH,
malondialdehyde tetrabutylammonium
saltMDA)+= FlukaA}(Fluka Chemie AG,
Switzerland) & £ €, DL-a-Tocopherol,
chloride(FeCl)= WakoAHWako
Ltd., Osaka,
Japan)2 %8}, trichloroacetic acid(TCA)&
Janssen Chimica(Belgium)2 %€ 13}
o AHgstlen, 7E Al BF 57
Aekg A&

lauryl

Eagle Medium L-glutamine,

-4-Hydroxyanisole hydrogen

bovine

ferrous

Pure Chemical Industries,

A 53 BRF(175g)S HEA B3
o 25 94 ZgAz09
¥, 3% ZHFE M o, 3A7
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7] FollA Axste EHAS dE &2 3l EHIAYEUY FEE A FEES
S don o]l& A8 ALY zg 2ol EIE 4mle 1.5x10°M DPPH
/MeOH 1ml9} &E%3le & EEo] & ¢
5. X| A XIS ALEIAHOIA Sl SHAEE & &, A2dA 308 F9 BX3E F, 517nm
N =X NN FAEE A3
1). Linoleic acid @& ZA } o
"= A skALEL 3
Linoleic acid @892 Osawa S9] 7. Fe;ton SHoll M2 ette) gd
o

We) w}a} linoleic acid 0.13ml, 99.0%
ethanol 10ml, 50mM phosphate
buffer(pH 7.0) 10mle E3¥stm, shz+a
F2E F=EZ I o, %%——’Fi
total volumeg 25mlZ ZAH3QPt} o] &
Foh-S test tubed]] ¥ 40T A uj g3}
o A9 AFAsE FE3AT

2) #atstxd FF 23

st A Ao e Ohkawa 59 #
}e] wel TBAY o2 AFsRnt. 40T
AA HiFANA 6dA He AHANA
linoleic acid &€ 50puf°l) 8.1% sodium
dodecyl sulfate(SDS) 0.2ml, 20% acetic
acid(pH 3.5, 10N NaOH) 15 ml, 0.8%
TBA +8&9 15ml& SHTE 9
e AFL 4mlz =W g, 5C
o] A 60%7F WX 3la, ©A] 95ToA] 60
B BANY H, 52E FEZAA U
ZHA) A spectrophotometer {Gilford,
Response™, US.A)E Al43l9 532nmo)
N 352 239U 291 BARA
A9 FFES A7) 98 MDA HFE
F20e AHD e, oo AT =3
& MDAIM=Z F 739t}

%ll

6. DPPH radical 2H=Zz2 &4
DPPH radicald)] o3 sj7td FSE 9
AA ATE Hatano £ w394 A

1) 2tz37 A2 =3

Az FHE diethyl ether(Junsei Chem.
Co., Japan)2 v} F 3 oS, B3E A/}
o FEHE =SAZET 10cc FAL7]9
115% KCl 92898 Yu EWHo=
perfusionA|# FAE AAHAt 1 3
39 S H=3tn FA HYLHY
KCl g5&9 o8 A AHG &, F£
< SH3] AARAL. HEF T 2FHL
Z 24 7)(Teflon Plotter
Homogenizer, Glas-Col, US.A)E A}&3}
o KCl gEgH402 20% (w/vh) w3
g WEYTH o] vy TIAEL 700xg
A 1087 AAEFE e AAAL 3
stgom, Aol AEE WAA 70T
N WE B@san.

ot

Elvehiem

2) Hydroxyl radical &2A4% &3

7zA FANe 10mM FeCly, 30mM
H0, 2 F=¥ &itd F&8° 374
0.IM sodium phosphate buffer(pH 7.4)2]
WS golo] Mg 1mlE st 37TolA
1057 $H8A7 T, TBAPOZ 7ars)
AdY FFSE FAH3}A
8. Xanthine-XOD g+S Aol A 2
A3l g4 57X

Xanthine-XOD  ¥+-8-Ajolx] A A

He
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superoxide anion(O;-)dl] W3t sjtd F
259 A JA a9E A7) A3}
g3 2ol wkELAS AT HA
2500M xanthine 05ml#} F=¥ &4
#&E 01ml, 50mM sodium phosphate
buffer(pH 7.0) 1.3ml& §Hsle s £
AS AdA &7 A thg, 0.lunit
xanthine oxidase® & 7}3}o], 92 LA 9
F%¥E 2mlEz ZAI F, 290nmol A 1%
 FAxe WslE SASAG & 43
o] Ade thExFd W YAE dAEH
(%)= &3t FleA -

£

9. Ml Zdf A OlAle EAE AE

53

1) Al X vjgk

qx  AY THAFEA2LDE  10%
FBS-DMEM X2 37C, 5% CO¢l %A
A wjFsted, 2~3dvict WY 75-em’
flask(Corning Co., U.S.A)el A
subculturedls HEXFE {31}

plastic

2) ¥R VA FEE TAX =4
3

AN TAE(ARF)Y Ui nH F=

o Mz 548 #F3] Ao, H9A

96-well  plateo] ®jF M EE 5x
10%cells/wello] 52 Y1, A 2=
ES vz 3AIS welld 20 H

o

7}g o2, 10% FBS-DMEMuj#|g Azg
20002 2@t 37C, 5% CO.8) ZAd
Al 1841wk oFF, MTT assay2 A
o YEEEL FH3}AUT

3) A E e
a7 23

A &4 dig A

37 A4 7MAEZF +-BHPo] 93 43}
A &4 2 AXEIA g A F&
o NER3Z aHdE TEIHV] 934,
Wx  96-well plated] ZHHEE  5x
10%cells/wello] HEE BEE3n 54
HAH FEES welld 20u¥ H7Hg o
L, 10% FBS-DMEMHJX]E total volume
< 2mlg 2A3d o 37C, 5% CO9 =4
oA 18A17+ wistact 2 ¥ CMF-PBS
2 23] M ¥3lal SFME welld 2003
7}s8la1, +-BHPS] HEZE %7} ImMo] HE
£ A7 Og, ol§ TAl 1208 A
7 F, MIT assays M X9 BEELS F
A3ttt

4y MTT assay

AE HEge 284S 98 MIT assay
£ Sladowski 5o Wi?g wet W3ty
. BAHAEE HEAZ 96-well plated
MTITE % &%F9 10%7F A=F ¥, 4
AZE B A BE, 90xgell A 10837 o
AEEEAT. 2 F AT wWAE AAS
I EtOH/DMSO(1:1 v/v)E wellgd 60044
A @3 20837+ shakingdt thg, AolleE
Axe wEZ=gold ¢+ mitochond-
rial dehydrogenased] <}&] MTT dye
[3-(4,5)-dimethylthiazol-2-y1)-2,5-
diphenyl-tetrazolium  bromide]7}  blue
formazang FA3¥= AL ELISA reader
2 570nmel A FFEES SRS

10. 8AA Xal

£ Ao @& AFELY A o
3le] Student’'s t-testE A A3t FoA
A& HFSAU5L, I ZH pito] 0.05
ol3tel Aol g AA}AT-
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]]] . /lal '8‘;] 7é 31]_ 4,000, 2,000, 1,000, 800, 400, 200ug-& &7}
3 AFTME FAAEA A Fgo] 7
IAEASAOIM S| S5 & z} 295, 3.26, 217, 3.99, 3.70, 513, 7.15n
2ist g2t M2 dEFo| usl 2% 4 (p<001)3)
Linoleic acid®] X ARZAEA AN A = o4 adE BRYon, 3 Hz 90%
BEe FASAAA A HAW FEE g gsse gAEFES deiQS ol
S T=E AR}E EHAS NE 6?4’““ AFNN AP FEEES FRRAQ
He AFAAN A FFS FAH pHAS A8 £ Fas A Q)
3 A3, o}RY A A F& dRT  g9o o 4 gt EF HHH ZZEL
ol st Ael FFL 2340uMol w=wwz 100, 504 BHE WY T

o1}, &4tskAlQl BHT 2 BHAE H7igh
AYFME ZZ 009, 4.07uME =
ol wis) HastxAe HHE K94
(p<0.01)1 A <A & At

Rl I R

(o]
FEEE

FTE¥E=E 8,000

T st Ao FFo] Zrzt 17.90, 2091
Mz thzFe) 2340uMo] HlE A9
AF4E 7 GAHRN T A8 UE W
E #Egx ggttiTable 1).

Table I. Antioxidative Activity of HGJ in the Linoleic Acid System

Groups Concentration MDA olphc'%'ﬂ?rg‘

(ug) (M) (%)

Control - 23.40+0.96 -
1% BHT - 0.09£0.01 *** 99.60
1% BHA - 4.07+0.55 **=* 82.58
HGJ 8,000 2.95+0.88 *** 87.39
4,000 3.26+£1.32 *** 86.05
2,000 217+0.33 *** 90.72
1,000 3.9910.46 *** 82.44
800 3.70+0.40 *** 84.16
400 5.13+£0.21 *** 78.04
200 7.15£1.57 *** 69.37
100  17.90+3.32 23.33
50 20.91+1.33 10.65

Autoxidation of linoleic acid in the water-alcohol system, the degree of oxidation
was measured by the TBA method. The reaction mixture contained 504 of sample,

0.2m¢ of 8.1% sodium dodecylsulfate(SDS),

1.5m¢ of 20% acetic acid solution(pH 3.5),

and 1.5m¢ of 0.8% aqueous solution of TBA. The pH of 20% acetic acid solution
was adjusted with 10N NaOH. The mixture was finally made up to 4.0m¢ with
distilled water, and placed at 5C for 60min, and then heated at 95C for 60min.
After cooling with tap water, the absorbance was measured at 532nm. Each values

are the meanistandard error of friplicate experiments. *
significant as compared with control data of each group. ( ™ :

values statiscally
p<0.01 )
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2. DPPH radical &7 &=

#;7rA F&Eo] DPPH radicale] thsh
&A A%S AEIY A3td w2
# #2833 DPPH radical 48 w34
713, FFx WAsE FFY o, 1 2
HE2 Z{7] 245 (RSA :Radical Scavenging
Activity) %2 #itste] ®713190 & 4
o Ao, o}FH AAE A G dF
o] ®3) 3HaksiAlel BHT, BHA H#
tocopherol® 713 A@AFNAN ZHZ
90.36, 86.28, 81.05%) 7§ {7 AA
g 240 W A FEES T

=¥ 4,000, 2,000, 1,000, 900, 800, 700,
600, 500, 400, 300ugS H713F AFTA
9 87 2ASL ZrFd 7051, 6712,
67.97, 63.73, 65.76, 61.02, 61.86, 60.68,
56.61, 54.92%% R% 50%% Z#}se A

7 &2A%S BYoH, 53 Hz 70%
e 2% 24 235 Yt =
B7td F&5-& 200, 100, 50p8¥ 7Y
AP FoME 4zt 4490, 3153,
1881%9 ¥% &L Af7l &A F
H}E HYtH(Tabe II).

e ok Nlﬂl
- r\r

Table II. Scavenging Effect of HG] on DPPH Radical

Groups Concentration RSA(%)" of control
(ug) (%)
BHT 90.36+2.79
BHA 86.28+3.10
Tocopherol 81.05+2.47
HGJ 4,000 70.51+1.56
2,000 67.12+2.76
1,000 67.97+1.74
900 63.73+3.24
800 65.76+2.68
700 61.02+3.00
600 61.86+2.94
500 60.68+£4.19
400 56.61+£4.43
300 54.92+4.19
200 44 90+4.97
100 31.53+5.87
50 18.81+5.80

The effects of HG] on DPPH radical were determined according to the
method ‘of Hatano. HG] in 4m¢ of distilled water were added to a
methanolic solution of DPPH(1ImM, 1m¢). The mixture was shaken and left
to stand at room temperature for 30min ; the absorbance of the resulting
solution was measured spectrophotometrically at 517nm. Each values are the
meantstandard error of triplicate experiments. * RSA : Radical Scavenging

Activity(%) =

[(Control O.D. —Experimental O.D.) / Control O.D.]x100.
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3. Fenton gtSAH0llAM el &hatstgnt  800ues H7HE AATIMN= HIsAR
1+ FZ& 8] hydroxyl radical(-OH) 8 @&l A7 513, 5-91UM§ HEZ A

of e EHE AEY] Yste HO, HE F8(p<00l) A= A aRE B

Fe'2 F7A5E Fenton WAy 8z A2, o AFAN szZ_PZd F2ELS 1%

Bz7e) AAs g o4 mzg g BHIO 2Ws= J4AR% ax7t lee <

Asigch. B Ak Aax, 8z pxzd 7 ARG I3 ATH FEEL 400,

Fenton ®¥+8&A 9} uFLA)7)A] e A
¢ [Normallo| X o] F}itstz|del e
341pMol gl e 712 Z-8 Fenton b
SAAAM WEAIZ d ZF[Control] ol A 2]
HtstAde] §Fe 18400ME BFYT
of "la] /2 (p<0.01) A& F7HE HF
th. A Fenton whEAe] &4t
BHTE 1% %2 I7ig AdTdAMe
FHas e FFo]l 466uME  ET
Hlg) of 74%2] A3 JA EFE EHHH

=3 A FEHEES FEEE 1,000,

o
=
A

200pg& H71E AFTAAMY HiksiA A
o] e 762, 87IMZ TlEFo] H
F4(p<0.02) e A BHE HIL,
100, 80ug& #H7ISH AFFAME FHikst
A9 Fgko] 918, 1030ME  thZE T
vla] #94(p<0.05) e AAEHAE
Btk B 439 2, inH FEE
£ Fenton wWHg-AlolA AAE hydroxyl
radicale} s 83 =29 2 A7},H3}
HeS FroEF o FAAUA AT
< ¢ 7 AU (Table Im). ‘

Table M. Effect of HGJ on the Lipid Peroxidation of Rat Homogenate induced by

Fenton Reaction System

Groups Concentration MDA Inhibition of Control
(1g) (M) (%)
Normal - 3.41+0.96 -
Control - 18.40+1.16 *** -
1% BHT - 4.66+0.06 *** 74.64
HGJ 1,000 5.13+0.11 *** 72.09
800 5.91+0.28 ** 67.85
400 7.62+0.33 **° 58.52
200 8.71+0.24 **° 52.29
100 9.18+1.10 *? 50.04
80 10.30+0.83 *” 4410

HGJ in 0.IM phosphate buffer(pH 7.4) were added to homogenate 7.5mg/ml),
1mM FeCl,, 3mM H>O,. The mixture was shaken at 37C for 10min. The level of

lipid peroxidation induced by hydroxyl radical derived from H,0,-Fe®*

in rat

liver homogenate was determined according to the method of TBA. Each values
are the meantstandard error of triplicate experiments.

a)
b)
(*:

p<0.05, ** : p<0.02, *** :

: values statiscally significant as compared with normal data of each group.
: values statiscally significant as compared with control data of each group.
p<0.01 )
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4. Xanthine=XOD g2 0l A{ 2|
superoxide MM AH F3
A FEEY FA3 71HE Bo 4

E=0A FEstnA B AE)AE xanthine-

XOD 5 A R AR

(O7)e) dig &a7E FAIHADG. 2 HY

ANXE 290nme A 187 F3 =9 ¥M3E

ZA3td o AH(E R o A

AA AR (%)E Bidete BIEAG 2

A3, A FEEE FEHEIE 1,000,

800, 600, 400, 200, 100, 50pg-s A7 A

FEoAA olFY HA T 3 gL HERT

of wls) Z7+ 61.81, 51.27, 42.72, 36.46,

31.11, 2775, 2531%9 X &3<

superoxide A A AHE YA

3] o] AFojA si+A =il

60%E d+= 73 superoxide A HJA

£5& Ui gehTable W),

=

X

z

=
L

superoxide

FEEL

Table IV. Inhibitory Effect of

5. Sl2tM FEEe UME 54

| Az s &3
ES7 9% AuA A
A g AT AHH F5E
& #Ystna sy & 4
o] wjF A IAE(Ac2F)ol] 3Y

= 3
A FEEF FEHEE AAYS oF, 18

2
=
ot
tol
o
e
ol

€ MIT assay2 ZX o ZH
go) THE A RE BEIY
4 AR A gL
£ 100%2 BYe o
F&E2 welld 1,000, 500, 200,
q7hst A@TAA AR
Z}z}t 96.53, 97.29, 9588, 9534,
9839, 9847% % E5 100%°)] 7}7h- M
HELSE 2939 A6 5ol 9t #9
Ade wile EEA kg

s

—
=)
=
o
=)
[\ ]
S
=
oq
to
o)

HGJ on Superoxide Generation Induced by

Xanthine-Xanthine Oxidase System

Concentration Inhibition of Control
Groups

(ug) (%)

HGJ 1,000 61.81+1.08
800 51.27+2.48
600 42.72+2.70
400 36.46+0.65
200 31.11+2.05
100 27.75+2.18
50 25.31+2.27

The reaction mixture contained HGJ, 250uM xanthine, 0.1M phosphate
buffer(pH 7.0) was left to stand at room temperature for 3min. After 0.lunit

of xanthine oxidase was added, the absorbance of reaction mixture was

measured spectrophotometrically at 290nm for 1min. All data are the meant

standard error of triplicate experiments.



136 orEEl, 28U, 28d

o] ZFM HF FEES 1000ug & Aok wMF F AHAMN AT WES
Fo2 AAY oz W B BAT & MTIT assay2 ZASQT 2 Ag9
o] HEgde ‘%E}% YFE VAA de A, o}7d HAANE A F& BRFEY
AT FEAS € F AU (Table V). AE BEEE 100%2 RS w), +BHP

6. 2tMIZ o ABIE b0l oS
M &2
odel AP AW 22EL %

well platesl] A welld 1,0004g ©)3te] &
Fo.2 FAY drig= HH%E B8 TAHE
9 AEge FYL v &
F UA¥G. B ’é@c’ﬂ’ﬁv‘:— Rl
o] +-BHPZ fxHve AA A Z(A2F
A5 Ede Y B Ans
Bt T WA 96-well plateo]] wikslt 7HA)
o sjH FESEE oldg APMg
TUY T2 AAL 8T, 18A1ZF w %A
Zl ©g, t+BHPE welld HF ¥x7}
ImMe] H=E At oA 2413 W%
Fo2X HMEL] MY &4E FE3

o

e XA HPTFAMNE AE Y=g
60.32% 2 tiZFd HlE {943 (p<0.01)
Ae B4

o] ZitollA t-BHPe] Azl <ofsf oF
40%e] TAE7E H31F EFoz ity

2 ¢ F U ¥V YA FEE
FEEE welld 1,000, 500, 200, 100.g
A3 o3, +-BHPE X@s 437
qNE AET PE&o] Ztzt 83.01(p<0.01),
89.99(p<0.01), 74.06(p<0.05), 71.44(p<0.01)
%Z t-BHP ©% Hz|7d vls] AX B
0] FYAUA FUIElYE, 53 -7‘45'_
0% 7l7E HME BAELEE Bt
g A FEFES FEEE welld 50,
20pg¥ AAYNE o, +-BHPE A3t 4
A eE HE AEEC) L 6457,

AE

tio alo

Table V. Cytotoxicity of HGJ on Cultured Normal Rat Liver Cell

Concentration Viability(%) of control
Groups
(ug/well) (%)
HG]J 1,000 96.53+10.83

500 97.29+1.84
200 95.88+3.77
100 95.34+2.93

50 98.39+5.47

20 98.47+6.80

Normal rat liver cells(Ac2F) were plated on 75-cm’ plastic flasks in 20m¢ of
DMEM, 10% heat-inactivated fetal bovine serum. And cells were incubated
under 5% CQO,, 95% air, at 37C. The cells(5><104cells/well) were incubated at
37C for 2hrs. After washing, HG] were added various concentration. Viable
cells were detected by MTT assay. All data are the meantstandard error of

triplicated determination.
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Table VI. Effect of
Normal Rat Liver Cell

HGJ] on t-BHP Induced Lipid Peroxidation in Cultured

Groups Concentration Viability(%) of control
(ug/well) (%)
+-BHP " - 60.32+0.99 **+
HGJ' 1,000 83.01:£5.25 *
500 89.99+3.19 ***)
200 74.06+5.52 *
100 71.44+0.39 =+
50 64.57+2.74
20 63.8121.57

Normal rat liver cells(Ac2F) were plated on 75-cm’ plastic flasks in 20m¢ of
DMEM, 10% heat-inactivated fetal bovine serum. And cells were incubated
under 5% CO,, 95% air, at 37°C. The cells(5x10°cells/well) were incubated at
37T for 2hrs. After washing, HG] were added various concentration. After
preincubation for 18hrs, BHP(final concentration 1mM) was added, and the
reaction mixture was incubated for 2hrs. Viable cells were detected by MTT
assay. All data are the meantstandard error of triplicated determination.

t :+BHP treated group, ¥ : HGJ extract pretreated and #BHP treated group.
a) : values statiscally significant as compared with control data of each group.
b) : values statiscally significant as compared with +-BHP data of each group.

(* : p<0.05, ** : p<0.01)
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