KOREAN J. FOOD SCI. TECHNOL. Vol. 42, No. 4, pp. 481~487 (2010)

g|X| 2o Hetsist ME
3315 - A9 - A - 2AD

ARSI AT} Al ER )

KOREAN JOURNAL OF

OHR AIE LY K]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

U SHMEH MBME 255D
A - ARET - UG - ST

TR,

(@eks A T4, e Agnset AEess

Nutritional Components and Their Antioxidative Protection of Neuronal Cells
of Litchi (Litchi chinensis Sonn.) Fruit Pericarp

Hee Rok Jeong, Gwi Nam Choi, Ji Hye Kim, Ji Hyun Kwak, Yeon-Su Kim',
Chang-Ho Jeong?, Dae-Ok Kim?, and Ho Jin Heo*
Department of Food Science and Technology, Institute of Agriculture and Life Science, Gyeongsang National University
'Institute of Hadong Green Tea
“Department of Food Science and Biotechnology, Institute of Life Science and Resources, Kyung Hee University

Abstract The nutritional components, antioxidant, and neuroprotective effects of water and a 50% methanol extract from
litchi fruit pericarp were investigated. The most abundant mineral, amino acid, and fatty acid were K, proline, and palmitic
acid, respectively. In addition, the total water phenolics and 50% methanol extracts were 8.02 and 12.28 mg/g, respectively.
The DPPH, ABTS radical scavenging activities and ferric reducing antioxidant power of the water and 50% methanol
extracts showed dose-dependent antioxidant activity. In a cell viability assay using MTT, almost all extracts showed a
protective effect against H,0,-induced neurotoxicity, and lactate dehydrogenase leakage was also inhibited by the pericarp
extracts. In particular, the 50% methanol extract showed a higher cell membrane protective effect than the water extract
at the highest concentration. Consequently, these data suggest that litchi fruit pericarp can be utilized as an effective and
safe functional food substances for natural antioxidants and may reduce the risk of neurodegenerative disorders.
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Fold B 9w f% 5 e Aol A Hn AR A
AH02 o2l 1 I3 Rl o) AHH A=A Rl 2

THE A% 124 715E "ol AA WAl DNA &
= rlofsl AWo] Yoly}l BAEAo| Y= free radlcal
48 IR T2 AAE HEs= F8% 71549
o} o]e} tlEe] 71Ee] 4EXl RISHAIERT ok
Al g8z o 2 WE thakst AP EHIELS I
E7F A& Ha Jdoks). 53, FAFe EeHeR
EgEnt oflgt ot B Az tE HEE
A= Aoz waET rke).

2] X|(Litchi chinenesis Sonn., litchi)e -3k X}L]-?I'}(Soapbeny
Family)ell &3h= SR F=0] Yax]oln, F2 FdolA|
o} X Ao FTEa}L Ut A Aule w2 FH 7}21‘2 7HA
AL dE BN ot EEetal dmvF o X SR Y
Ao] AH|REe] FAE TUATIHEA AHH 7RV =2 3
4= Hrpda k7). AXAEL 8 Ao 7T (anil)et
Aol 33 (pericarp)®  ©]F1A Ao, AFHFA 7FSE 15%

Z}ASIAL, anthocyanin 2 flavonoid{ 7 535+ 2oz d&A
thg,9). T3 7t e AP2E 2 TS dsAT= 2E

7HAAL Slo] g E ARS-sSkeh(10).

o
1o
PE

> it 30

SIAES

&

i

o

B2 ATelM gA &

tlo %O J



482 =2 F38k8] %] A 42 WA 4 F (2010)

ujo] ZAdelE th3St phenolic compoundE©] A= Ao R
RAEI(11,12), E3] °lE JFEL free radical 2AEAS 7f
13 21o] antioxidant® 2-8-351H, &%, ddS 2 Haggd As
o W-eh= agenti"/ﬂ zZhgsit . dHA Jrk13,14). 21X o)
sk E"/P TAHR] AFE= slefolit 81t 2K, HEe] ascorbic
acid B mineral & (15), X2 AWt B (16), & & A
7]7]' ot 2% <gull9] phenolic compoundE2] WH3k(17), 21X 2}
Jol] FFE FL anthocyaninF2] AA & FZEA(18), 4
#(19), BA FH FA FEES] A A20,21) ol By
3 dek 2y @A FlellAe X 21X FHolo gk G

_4

O

N

o

AR B, G BY L AHE BEES 2L 58 A
a5 Zms] TAHQ AP obd mlug dgolch.

A Ao fEgt FakE 9 molg Ahe] 82
Rl W A MARez AnEge] FUEL e Edi=td =
ilfil LS JJrJM A7, 7714 9 opu|idby} 72
2 50% Heke FEES |83 DPPH,
ABTS radlcal 4_74%}*3,, FRAP EXH&
LDH HE& &8 Askd 2Eg2of g A4 *IE HEgds
H st ARI7P7ER] AREAd A s &

2488 Susn s,

L

AL 2000 290l A FFA
%‘U}Eﬂ]’ﬂ BE gAE o8k ARkt 21A19
A W AFel] 9 AZ1E ol 8siel 40°Cld 48
7 AZT F SRS 10% ol3b Bl she] waste] Fu@
e e 99+
% UﬂEl'E* 7—}7L 200 mL¥ #H7}sk
FEES MW TEF71(EYLYA
Co., Tokyo Japan)Z %3}1 %75 ‘_5—0}"4 2 dgol AMg-3)
At 2 Ao AFg" AFCZ Folin & Ciocalteau's phenol
reagent, gallic acid, 1,1-diphenyl-2picryl-hydrazyl(DPPH), 22'-
azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)(ABTS), 3-[4,5-dime-
thylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide(MTT) assay Kit,
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lactate dehydrogenase(LDH) release assay kits= Sigma Co.(St.
Louis, MO, USA) A&FE o830, 72 9] ARgE & 9 A]
ke BT A olge] S AR

, FIME & & H=SiEE &Y

FEFFS 105°C 72 F FHg Y5 =Sy, 2
< Auto-Kjeldahl¥, ZA %2 Soxhlet FE2FAE FZE3
ow, 23FE 550°C APFIS, 2 & YA HEE
d FALEZ JERATh22). XA Fr8E #
e ZF AR 0.1 gS 8319 Inductively coupled plasma(Aton
scan 25, Thermo Jarrell Ash Co., Franklin, MA, USA)Z 43}
Aot #4274 5 RF powers= 1,300 Wel™, analysis pump flow
rate= 1.5 mL/min® 2 3}, gas flowss= plasma: 15, auxiliary:
0.2, nebulizer: 0.8 L/min®.2 3}lo] 43} th23). g% Ad F
59 F dsgdE FFe FEAE &Y 1mLel /T 9
mLS %718+ ¥ Folin & Ciocalteau’s phenol reagentS 283}
760 nmoA FFEE SHEATE SHE FH == gallic acidE
ol g3l 2E Ao F HEsiRiE IS AT (24).

e
rE
0=
o [

N
_O|£
5;3

X rlo v 12

ofo|=it 24

ABE IAHF A3 6 N HCl §95 718tar g d&shod
heating block(110£1°C)ollA 24217+ B2t 718382171 & glass
filter® o#3 ARG A IFEF71E ol&ste] HCE AA
st SRTE 38 AlAS v 2% 53 sodium citrate
buffer(pH 2.2) 2mLZ £33 & 0.22 um membrane filter2
3 NS olm]izAl ZHFH-2] 7] (Biochrom 20, Pharmacia Bio-
tech, Stockholm, Sweden)E ©]-8-3fc] A3t} 4o o] &3k
column< ultrapac 11 cation exchange resin(11+£2 um)E AM-31%
3, flow rate®} buffer= ZtZ} ninhydrin 25 mL/hre} pH 3.20-
10022 319 2™, column %9} reaction &=+ 717} 46°CF
88°CE SIRALL, BAAZE 443 B 24 3FATHRS).

PSS

A8 2gS Y9F A (Advantec Toyo Roshi Kaisha, Tokyo,
Japan)oll Y37, diethyl etherS 715}9] Soxhlet FE=HOZ <F 16
A A FE53 v FEES A sF3ANA SHHE F
g St At B4 Metcalf 5(26)°] Wl F3ted
7txaZetE 2 d X (GC Hewlett Packard 5890, Palo Alto,
CA, USA)Z EX3IATH EXZHACE columne supelcowax
10(60 mx0.32 mm LD.)E A3} 3L, injector temperature$} col-
umn oven temperatures= 217} 250°C2} 260°CZ 3132, detec-
tor temperature®} carrier gas= 280°Ce} N, = 3}%1aL, split ratio=
30:101ATh. ZF Aake] 2Advl= Geoll of3) EEE Zh AWA
©] methyl esterS peak H4 ] H|&Z ALFste] FalqAT)

Radical A& =X

DPPH radical &4 A2 o8 F= FFE 1mLdl
EBE2A 1.5x10*° M F=7F =4 & DPPH(I,1-diphenyl-2picryl-
hydrazyl) &% 4mLA< vortexZ TU3HA EFT T3 A2
A 3087F WA & 517 nmollA] S8 (optical density, OD)Z
=73 TH2Y).

ABTS radical 2484 4L 7mM ABTS SmL$} 140 mM
K,S,0, 88 uLE 410] o558 ol 14-16A7F WA &, 0|5
absolute ethanol®} °F 1:88 U] &2 430] 734 nmollA] Tz ?-4 5
FE Zho] 0.700+0.0027F == ZAS ABTS solutions ARE-3}
Atk A|E8 20 uLet ABTS solution 980 uLS E3Fate] 30%
7+ ek & 2587 WEEAITAL, 734 nmollA SEEE S

of FHZ 2ASYS ASIATHRS).

FRAP(Ferric reducing antioxidant power) assay

FRAP assay= Benzie®} Strain(29)°] 2]3l 3td WO 2 03
M sodium acetate buffer(pH 3.6)2} 40 mM HCIZ 23171 10
mM  2,4,6-tripyridyl-S-triazine(TPTZ)  solution, 2|32 20 mM
FeCl, solutions |3}t v]2] A|Z% sodium acetate buffer,
TPTZ solution % FeCl, solutions 10:1:1(v/v/v)e] HIE&EZ &3ts}
o] 37°CollA 10-15%7F incubation*]#] FRAP reagentg v 5151
. FRAP reagent 1.5 mLE FE= 50 uLoll &33te] vortexdhod
AolA 3087 WA & 593 mmelA FHE=E =45

M= MEg &3

E Ao AFE-3F PC12 AlXZ(KCLB 21721, Korean Cell
Line Bank, Seoul, Korea)= 1AM XE] 548 Yepf= MEZ
#¢] pheochromocytomaZF-E F=¥ & ARSI H0.00
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o3l =% PC12 417 Alzze] tigt Bsa3= MTT reduction
assay®= SASIATH30). 21X A AFFEE 50% vEe
FEES TEEE PCI2 cello] A2]ate] 48A17F5<t pre-incuba-
tiondt ¥, 200 uM H,0,5 27} 3A17Hs<t A2l stdnh o] el
9] PCI2 celldll MTT stock solutiong * 2]t 37°Col|lAl 3A|7H
incubationd %, MTT solubilization solution 100 pLE 7}l
S-S EZAAAY. A Ho® ES3=E microplate reader(680,
Bio-rad, Tokyo, Japan)E ©]-&3F] 570 nm<} 690 nmollA =43}
%A th. Positive control vitamin C(200 uM)E AFE-311 32, cell
viability:="control groupell Wigt % concentration® 2 LERTE T
sk 21x] AL EFFEET 50% HES FEES 48A7HESH
pre-incubationt ¥ LDH assay kit(Sigma Co.)2.Z AM|3E= &8
5 S ATHE0).

SHXE|

RE AHL 33 i AAE] mean+SDE YERNG O, 7}
Hagkel tigk 24=S SAS version 6.12(SAS Institute, Cary, NC,
USA)E o|gsle] a3} ¥FE 22l Newman-Keul’'s multiple range
tests= FRtEC sl Fo148-S A8

2|x| ool AdME, FIME ¢ SiE
%] o] dwdi, Fr19E 2 =
IH(Table 1), 7H8-d FALE 85.52%, =
0.33%, % 0.11% 2 AW 0.04% o2 Yeyy, 7 5
chido] A UWbPES] 13.9%2 =& S Bt g I
o] F2 FrES F 8Tl e, $8=HAeH, 1 F Kol
989.35 mg/100 g2 71 =A VERAAL, 2 9] Ca(399.81 mg/100
), P(264.65mg/100g), Mg(18233 mg/100g) 2 Na(131.77 mg/
100g) =22 Yesth Wall(15)2 skefolrt 24 #5529 +
NAHE e BAE A3 Kaimana F52 49 F8 714

Table 1. Proximate compositions, minerals and total phenolics

2 gaksd AAME R gy} 483

& K(180.6 mg/100 g), P(31.1 mg/100 g), Mg(16.2mg/100 g), Ca
(4.5 mg/100 g), Na(4.5 mg/100 g) =o1R o™, o]€]|= Fe, Zn &
o] FFE e AoF Rt webr] 2R Fujet 2T
o] AP EL Fheke] 2ol HPoU fAEE AR F-gE o
AE AoZ ettt
Z A=sifES JAAE Bol FhEY = AROE oF
o] F8 AT AfEitRe AASKs Zlojgke At el B
IEI o, T3 o]Hd HiEA FEE ZetHico|=y H
B4 9 B Fo FRI F HEsfE ¥%2 DPPH
radical 2AEAH & ksl G4 Fo3 AAE AE-sith
(23). 21X F3] d59) 50% HWERS FEEo & FEIRE
e 243 A3 247t 802 mglg, 1228 mg/gl 2 G5 F&
ERTE 50% HEE FE2E0| ¢ =2 S JeRNSck(Table
). ol 50% wWgk&o] E7¢) vlwste] gz o] EAsh=
7184 AE 2 polyphenolF & A& HES F o 944
o2 FZF7] WESE AZtEM(13), A4g v&o weke
IR 2ol 34 3%t
B d21 Al
27& vidst

E29] &3+ flavonoids, phenolic acids %
EE9 F2d afFolgts AFEHE vF
Ho 2 HE HEEES FE2T F e FHF
= Aol dasity HdE

o]
st

T

oo|:-ih &k

x| Azle] oprieahs BAE A= Table 294 720] F 17
ol B - RN F opv|=gb T 2,208.12mg/100 g
01RL, Folu At L 677.52mg/100 22 F ofr| 4t
Z 30.68%= AAEATE F2 ol =4k 2 proline(672.59 mg/
100 g), glutamic acid(182.27 mg/100 g), aspartic acid(131.43 mg/
100 g) ¥ leucine(123.07 mg/100 g) 5°I%{T}. Hall 5(31) 4
SHAEC] T 3 ofulal Y R4l @ AN §,
olRIle, We] F oAl dEFo] 961, 428, 1,418 mg/100g

Table 2. Amino acids content of litchi fruit pericarp
(Unit: mg/100 g)

content of litchi fruit pericarp (Unit: %) Amino acids Contents
Litchi fruit pericarp Aspartic acid 131.43
Threonine 92.83
Proximate compositions (%) Serine 100.52
Moisture 0.110.11" Glutamic acid 182.27
Crude protein 13.90+7.01 Proline 672.59
Crude fat 0.04+0.11 Glycine 81.21
Nitrogen free extracts 85.52+0.20 Alanine 107.98
Ash 0.33+0.02 Cystine ;
Minerals (mg/100 g) Valine 26.67
K 989.35 Methionine 104.03
Na 131.77 Isoleucine 96.93
Mg 182.33 Leucine 123.07
Ca 399.81 Tyrosine 65.65
Mn 5.00 Phenylalanine 115.16
Zn 6.93 Histidine 89.12
Fe 5.88 Lysine 118.83
P 264.65 Arginine 99.83
Total phenolics (mg/g) Total E.A.AY 677.52
Water ext. 8.02+0.09 Total A.A2 2208.12
50% MeOH ext. 12.28+0.06 ’

DThe values are meantSD of three experimental data.

YE.A.A: Essential amino acid
A.A: Amino acid
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Table 3. Fatty acids composition of litchi fruit pericarp

(Unit: %)
Fatty acids Peak area (%)
Myristic acid 2.13
Palmitic acid 42.86
Stearic acid 14.88
Oleic acid 5.56
Linoleic acid 2.62
Arachidic acid 5.81
Linolenic acid 4.94
Gadoleic acid 2.80
Elcosadienoic acid 2.65
Behenic acid 5.89
Eicosapentaenoic acid 2.00
Lignoceric acid 5.99
Docosahexaenoic acid 1.87

2 Yetgow, daobr it dEFea = ZH 301 mg/100 g
(313%), 182 mg/100 g(42.6%), 666 mg/100 g47.0%)% £ A7
Al ARESE ZX] Fe9) o)lE AUl vt o 2lA] 2
Sl FRE Dol FA0ER Bl KT A0 B
G}

Ral
T
=
ol

e
Aol iEe] Y AWAS GCE olgdte] B
A= Table 33F 2tk APARS BT 13F0] RlEYem g
] 9] F8 A4LEO Z= palmitic acid(42.86%)} stearic acid
(1488%)Rem™ 2 ox EZ3A|ALS & lignoceric acid,
behenic acid 5°] $H-Eo] AT, BEZ3AWAEO 2= arachidic
acid, linolenic acid 5°] 4% =] AAT. Gontier 5(16)=
X AARS 248 A3, palmitoleic(Cyy,), palmitic(C,y), cis-
7,8-methylene-hexadecanoic(C,, CA), linoleic(C,y,), linolenic(C,g.,),
oleic(Cyg,), stearic(Cig) 2 cis-9,10-methyleneoctadenoic(C,, CA)
acids7} SHrEo] Sl= Ao Uttt 23] Fioh HwsilS
o stearic acid7} ¥ FFE AL 35-48%%2 E=2 HIFS A
Al 2 AR T B A0 Aol Bl stearic, palm-
YA FHrEle] e A RIS

7
5

(

Y
i)
O

itic 2 oleic acid 5°]

Radical 27{&M &

23] )] Pksles dobrr] s et 50% HEE: F
ZE2| DPPH, ABTS radical 2A424S 243 A3} Fig. 134
o] UERGTE DPPH radical 2484 (Fig. 1A)S 259 &

!
Iehs F2=9] 45 g5 FEE vjg] ez 9% &
tol e Uehifla, 53] SmgmlolM e S F&

oF = Hl =& 37% ©]%42] DPPH radical 2~784& Btk
23} positive controlZ A%l ascorbic acid(1 mg/mL)oll B3l
= 92 kst €448 HATh Sami-Manchado 5(12)2 21X 3
I ZHE cyanidin 3-rutinoside, cyanidin glucoside, quercetin 3-
rutinoside, quercetin glucoside, condensed tannins, epicatechin,
procyanidin A2 52 EZ)3}9.2H, condensed tanninF2} epicat-
echin®] & H]&-S A3, anthocyanint¢} flavanolF = 4
¥ SrEe] JE Aog ByEh Liv 5(10 A 74d
2HE FE3 AEAOPIOE DPPH radical 2AEEE &3
A3} 100 pgml FEAM 100%0] 717HS radical 2ATHL 1
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=
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—_ (A) Water ext.
= IR 50% MeOH ext.
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=
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o
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-
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o 40 1 b
il
s
(4
B 20 ¢
1a d d
[ - £
0 -
Vitamin C 0.25 0.5 1 2.5 5
1 mg/mL Concentration (mg/mL)
— 100 4 a . N
o I \itamin C
= (B) Water ext.
g B 50 % MeOH ext.
S 80
3]
©
2
g, 60 -
) b
>
S c
@ 40 4 ¢ ?
T
g g
B Z
8 /
S 20 - 7
3 .
7
Vitamin C _0.25 0.5 1 2.5 5
1 mg/mL

Concentration (mg/mL)

Fig. 1. DPPH (A) and ABTS (B) radical scavenging activities of
hot water and 50% methanol extracts from litchi fruit pericarp.
Different superscripts indicate significant difference among groups
at p<0.05.

%3, Zhao 59y A AA 85% e FEFEZHE AojR
Z} g B35 T ethylacetate 8 EoA E2]% flavonoid’d
o] dAx] F2S g oZ A ste Aoz B
wEhA] 2]x] Aol EAIS= anthocyanin, flavonoid 5 A3 €4
AEEL sl 9S8 HES terst ARgAdd et =
S =2 J|dsls Aoz AeETh

ABTS radical 244 A (Fig. IBYIXMNE GA] FE2E2] &
L7} Z715tel wet radical A0l STtk AES BHIALS
o, Hdl X2 = 5SmgmLeld 50% HEE FEE2 50.33%
2 7P 22 &S BA O, ascorbic acid 1 mg/mle] ARk
9 @4E YeAA 8 Rske S 2 FloE YR
th Y BE FRoM 5 FEEERT 50% s FEE
diHew =2 24E YERH DPPH radical 2484 S44
e} fAReE S B

FRAP(Ferric reducing/antioxidant power) assay

FRAPZ A8 ol EAlsle AtsiAlel ]3] ferric ion©]
ferrous ion® 2 FUAFOEHN HoJX|= colored ferrous tripyridyl
triazine complexE 593 nmollA §FEE ESGTFozH ksl
o ZAaks WPoITh2Y). Figure 2014 B usl 7o) FRAP
assayoll 2|3+ ksl E4& DPPH, ASTS radical £7184 &4
4 Hlaste] & o] UehiAle GSAT 9A] solEAR
BAEFE BloH, gFFEaol Hgf 50% e FEE0] A
Aoz &2 FA4L eIk 53] Hul X2ls=E 5 mg/mL

)



23] o] Jgs}

a . Vitamin C
3 W ater ext.
I 50% MeOH ext,

Ferric reducing/antioxidant power (593 nm)

Vitamin C 0.25 0.5 1 2.5 5

1 mg/mL Concentration (mg/mL)

Fig. 2. FRAP assay of hot water and 50% methanol extracts
from litchi fruit pericarp. Different superscripts indicate significant
difference among groups at p<0.05.

C
oA 7lQdgthal ATk 3 AErk HrleR HEA

MEME 25 gaet MzZet &4 Hsgu

Alzheimer’s disease(AD), parkinson’ disease(PD)%} 7+ 41737
Ak 2bsld ~EF 2o 93 AAME APdo] o8] B
™, A g4ksl 4091 flavonoids, polyphenols 52 2Fsa 2
EY~2HE AAME B}t Hold Foz BiE 9
th@). 21X I 5 FEFEL 50% HES FEE H,00
o3 fEE At AEF A AEoA PCl2 AAAM T TfEt
B3 g35 243 A= Fig 3(A)9 2t} Neuronal cell via-
bility= H,0,5 A2]g 2]l control group(103.78%) tiH]
60.86%2] AEELS UEHAL, H,0,9 vitamin C(positive control)
£ Al Agg At E 85.58%] AEEE H,0, t¥]
oF 25% HES] MAMNE REFHE BT X FHy] 5+
255 A3 ABME 125 pgmL o] FEoIME positive
control241 9] vitamin C 200 uM3} A e 35 BT E
o I FEEH 50% WEE FEELY] AXES e ¢
T FEEO] thd e Z10F Holxh o] 77| 4% A
kel st LABHAHELNE 1HT u & F2H Aoz B
FE gE Aoz g

AN EE B A RS Tl oA Alskd 2Ed)
2ol w9 FHopet 727 EAL 7L ek ofdl ks AE
gzl gk MM ER 43 2lX] AA FEEES AX A
£ 3395 Yol 99
TH sy 2EG 2 sty 2X] FEEE] MRS A
24 4%° LDH ¥&3FS X9 23+ Fig 3B 2ot
Control group®] ¥=EFe
A= 5452%2 WEFS 2o H,0,2 U3l LDH W&o
41% A= 7189 Vitamin C 200 uM A 2]2L 21.01%2] W
S B2, A Hy 59 50% WEE FE2E] wxd
Ao E TrEF oz WEFo] Ao, H 500
pgmL FEME d59 50% WE-E FEEo] 22.04%9}
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3
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Concentration (g g/mL)

Control  Hz02z Vit C
200pM 200pM

Fig. 3. Protective effect of hot water and 50% methanol extracts
from litchi fruit pericarp against H,0,-induced cell death and
membrane damage in PC12 cell system. PC12 cells were pre-
treated for 48 hr with various concentration. The cells were then
treated with 200 pM H,0, for 3 hr. Vitamin C (200 pM) was applied
as positive control. (A) Levels of cell viability were measured using
the MTT assay as described under materials and methods. (B)
Inhibition effect of LDH release on H,O,-induced membrane
damage was measured with a colorimetric LDH assay kit. Results
are shown mean+SD (n=3). Significant difference (p<0.05) was
observed on the H,0,-induced necrosis.
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