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Nutritional Composition and Cytoprotective Effect of Moringa oleifera Lam.

Su 1l Jin, Hyeon Ju Kim, Ji Hee Jeong, Dong Eun Jin, Sung-Gil Choi, and Ho Jin Heo*
Division of Applied Life Science, Institute of Agriculture and Life Science, Gyeongsang National University

Abstract The cytoprotective effect of Moringa oleifera Lam. (drumstick tree) on neuronal cells was investigated to
confirm the physiological benefits associated with this natural food resource. First, the drumstick tree extract was
chemically analyzed to determine inherent nutritional constituents. Calcium and potassium were identified as the major
mineral constituents, and palmitic acid (C16:0, 16.33%) and gadoleic acid (C20:01, 66.34%) were detected as the major
fatty acids. Moreover, drumstick tree extract contained 94.78 mg/100 g vitamin E and 112.61 mg/100 g niacin. PC12 cells
were used to study the cytoprotective effects of drumstick tree extract. Intracellular accumulation of reactive oxygen
species was significantly reduced when H,O, treated-neuronal cells were cultured in a medium containing the methanolic
extract of drumstick tree, compared to cells treated with only H,O,. Cell viability assay using MTT showed that the extract
protected cells against H,O,-induced neurotoxicity and inhibited LDH leakage from the cell membrane. Caspase assay
showed that the extract exerted cytoprotective effect against apoptosis. Consequently, these data suggest that drumstick tree
is a useful natural resource with positive effects on human health.
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Drumstick-tree (Moringa oleifera Lam.yS UHFH o2
Al ‘Malunggay’®2 &= AEZH Ago] W &
oJokg VR Fuix|gel] da] EEE o] ATkS). ESt drumstick-

A
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slefolo]

3 e 2
tree> OFAJo}, o}z g7}, ofgHlo} FollA AfujEm whal A H]
ERNlo] FR3 JE7Pt £3L, Qoo s AdGFe| ¢stet 3
B, Pl FY 5 oSS Ay 2d1ES 7R AU
(9,10). Drumstick-tree®] T}YSH F9E T 2F LAZ2 F2 o]
|5e 92 prtEd, @ vEw E, 2 5ol TR &
AgtAl 2 o] &5 1, drumstick-tree2] X FEE- flavonoid2h
isothiocyanates, glucosinolates, thiocarbamates®} 7+ Q2| &4 &
A& ZFSIL Ak(1l). TE] A FEE] 775 B3 =
7t e Aew FgolEdoen(12), YHIEL] apoptosiset anti-
proliferation E37}7} Uth= Zlo] B8l vF Ack(13). ¥FH Drum-
stick-tree F=Z2°] oxidative stressoll gt MAME RS g3}
2o HaA A7ES el B A7 dUF o= mn|s Ao
28 B A AE drumstick-tree FEE°] oxidative stressZA]
hydrogen peroxideol]l 23] FEwle AAAEL] APES HET 5
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Drumstick-tree (Moringa Oleifera Lam.)S 20133 69 F4F
Al A f7lE S1E AR wigels] ALt o 2ds
A

of FRUF 10% oI5l 22 B F A 2
=l

12
lo =& ot

3 252 AR 10022 80% methanol 200 mLE 3 7}&}
80°CollA] 241

o)

£

[e)
FBARYG 2 F AR FEee IRTE

%718 AMESEY S0mL ©)stE FFAIZH T Open-columnoll C,,
£ 27 A7l ¥ methanol® 33} FFFE 22 BINA &
B AR F A7 FEES SRR olF 33 SRR A
< 3 U MEEE §EAT FEES 1A S xR, 23§
A Azxste] E AR ARgsilnh AEF w98 dadh

RPMI 1640 medium3 fetal bovine serum< Gibco BRL Co.
(Grand Island, NY, USA)°IA +43192H, penicillin, streptomy-
cin, sodium bicarbonate®} HEPES % 7} assay kit< Sigma-
Aldrich Chemical Co. (St. Louis, MO, USAWIES 35l A}
43It Caspase Glo 3/7 assay kit (Promega, Madison, WI,
USA)YE AAANE HEgs) A8E 98] 85U, 1 9 A

=
B g 2 Aoke BE A7 olge] S AT

Xt =6 24

ZAY FE2 #4E AR 2 ¢& 9599R(Whatman No. 2,
Whatman plc., Maidstone, Kent, UK)oll 23 ethyl etherS 715}
o soxhlet FEHEE & 16A17F FE3 thd 1% FA1A &
TS SGSIATE AW BAL AW AR B FE8 A
S 9F 200 mgS F 3t Metcalf 5(14)2] ®
T FEE0] 0.5N NaOH/MeOHS 7212+ H7)st
7t methyl esterd} Al7] TR n-heptane 715le] 4-587F WX

NaCl EZ3}8 2mLe} ether 20 mLE H7F3F 5 ether &

S %t F=3F] GC (5890, Hewlettpackard Co., Avondale, PA,
USA)Z #4319t B2 A0 24 column Supelco wax 102
AHESFA AL, injector ==+ 250°C, column oven &%+ 260°C,
detector ==+ 280°C, carrier gasi= N,2 3}, split ratio= 30:1
2 3l A

1o

O+

ok F
o
o
G o
a £
2
> N
= X

A 7 AR 1ol w3l&H(HCIO0,:H,S0,:H,0,=
9:2:5) 25mLE 71314 hot platecl]A] F-Ao 2 WM w7px] £
@ F 100mLe AEsje] Azt & AL B3] inductively
coupled plasma (OPTIMA 4300DV/5300DV, Perkin Elmer, Waltham,
MA, USA)Z #4183 th #2427 F RF powers 1,300 WolH,
analysis pump flow rate= 1.5mL/min® 2 3}, gas flows=
plasma: 15, auxiliary: 0.2, nebulizer: 0.8 L/min® 2 3} EA4I3}%
tH15).

B-carotene £4

AlE 05gS cap vialdl ¥ & 10mLY IN KOHZ} &5
o] &= et 0.02¢% BHTE H7lsldch Cap vials
heating blockell ¥ 37 100°CollA] 308 F<t WES-AIZ1 % cap vial
< Aeox IXEIA 43 AIEE 250 mL 244 FolZu) 7]
2 &7 20mL 23} AALdH 40mL AFEHZE HUtste

Ao]FAtt. A FoHlE FE& Rol 40°C o|3lollM F=3 F o
F&ke] HPLC (U3000, Dionex, Sunnyvale, CA, USA)E ¥2]3}
ATt Columnd ZORBAX Eclipse Plus C,q (4.6x250 mm)S AMS-
I, °o]5 2 022mM BHTE E5-A1Z1 ethylacetate:acetonitrile:
acetic acid (30:68:2, vivv)E AHESIATE 452 0.8 mL/min, 5
A 20ul, HE7]= photodiode arrayS AFESIAL T2
450 nmell A 241813 TH(16).

Vitamin B,, B; ¥ niacin &4

#428eE AJ5(1-10g)E S0mL ZA ZghiFo| €3, 5mM
sodium 1-hexanesulfonate €42 713l 3087t 2952712 F
Z3 &, 50mLE AHE3HAT FEES 045 syringe filter2
F3led HPLC (1200 series, Agilent Technologies, Santa Clara,
CA, USA)Z #4313t Column Sunrise C,g (3.0x250 mm)S
ARESIATL, o] A A: acetic acid 7.5 mLe} triethylamine 0.2
mLE 73 5mM sodium 1-hexane-sulfonate solution 1L, B:
methanolS- gradient condition® 2 ¥-2]3}9It}. HPLC #4] A]
gradient elution 72 Omin, A 100% B 0%; 6 min, A 100%
B 0%; 13min, A 80% B 20%; 15min, A 80% B 20%; 17 min,
A 20% B 80%; 20min, A 0% B 100%=% 3lRoH, F&
0.8 mL/min, &%=+ 30,°C FYHFS 20 uL, A=7]+= diode array
detector (DAD)YS AFS-3F1L, 382 270 nmel|A] 243319 TH17).

Vitamin E £

AE oF 022g2 F3t 10% HZZoehS-89 | mLe} olg
€ S0mLE & 42 ¢ FEESY smLE Ul SFWz
7ol F-2sle] Bl 548ol|A 3087 ¥ AlFIth o Wzt
AI71A & 30mLE B3 EdZu7]e] &1 & AFEH= 50
% F AfoHEE SR75 30mLE 234 HEt)

= g Af dHE F& FFRMERFOR g5
3L SMHEFES MFHZ 10mlA o R 235 A, AL o
< Fepa3d] &7 F 2% - 5% the HPLC (1100 series,
Agilent Technologies)2 #213}91TF.  Column XBridge Cq
(4.6x150)5 AME-8IAL, 8riel 42 vitamin E= methanol, 1.0
mL/min, detector= DADE ARSI, 332 298 nmollA], ZH
259} FAS 30°C, 20 L= A TH18).

M= 2 Hjkdy

2 Ao A AREE PCI2 A E(KCLB 21721, Korean Cell
Line Bank, Seoul, Korea)= A173A X2 54 Yele AE=
# 9] pheochromocytomaZHE F=% A2 ARSI PC12 Al
¥E 25mM HEPES, 25mM sodium bicarbonate, 10% fetal
bovine serum, 50 unitsmL penicillin % 100 pg/mL streptomycin
o] 3k RPMI 1640 iAol F38le] 37°C, 5% CO,==719] Hj
RAEREDEE

M= W ROS &3

PC12 Hle] 4ksha] &40l tigh AARME Regas 348t
| Y5t AlZ W ROS A4 HEE 2743124 DCF-DA assay
NG WA MEE 96 well plated] 1x10* cells/wellZ £
BIAL 37°C, 5% CO, 271CIA 24717k &9t sigsideh. =25
S PCI2 cello] *2]sle] 48A17F &<t pre-incubation A1Z1 &,
200 M H,0,5 27} 3217 B1F A st Wi 5 wixE Al
A$+ T}, phosphate buffered saline (PBS) buffer= 3] % 10
UM DCF-DAZ 718}, 4557+ wjoksgith. PBS buffers 23]

N
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Drumstick tree F55-2]

washing¥t T3 200 uM H,0,5 7F3kaL, 3417+ F el fluorescence
microplate readerS AFE-3}4], excitation ¥ 485 nme} emission
9 535 nmelA FRAES S sHATH19).

MEME E550 =8
Ax AEE 2792 H,00 93l =¥ PCI2 Alx] tfate]
drumstick-tree FEE2] BT &= MTT reduction assay® =74
3IATH19). FEE-2 PCI2 cello] *2l3te] 4821752t pre-incu-
bation A7 5, 200 uM H,0,Z 2zt 3417+ B¢t H2lsit. o]
JEle] PCI2 cellel MTT stock solutionS *2]3te] 37°Cel|lA] 3
A1ZF incubation A1Z] ¥, MTT solubilization solution 150 LS
A7vste] WS FAAZT wAHOR FFEE microplate
reader(680, Bio-Rad, Tokyo, Japan)*llA] 570 nm2} 690 nmol|A] =
A3t Positive controk vitamin C 200 uM=S AFE-8113L, cell
viability= control group®l W g % concentration®Z LERATE,

MEe &4 JAgI= FEES 4847 F3 pre-incubation
Azl F, 200 pM H,0,5 Azlste] 3A17F wigst &, w9
AEE(250%g)3t 100 uLe] FeHE MEL welZ2 & $
LDH assay kit® 2 AX9 &4a3E S48 TH19).

PCI2 cell®] apoptosisll T3t FEE9] Hoavxs 5|
$3 caspase assayE ZA3IUTE FEES PCI2 cellol] 484]7F
&<t pre-incubation A1Z1 ¥, 200 pM H,0,5 717} 3A17F E9F A
gttt o] Aele] PCI2 cellol Caspase Glo 3/7 assay kit 50
uL/wellg A g]dte] d-2o|A 2417t incubation AlZ1 ¥ GloMax-
Multi Instrument Luminometer (Promega, Sunnyvale, CA, USA)
£ &8st 43Il

SHXE|

2E A¥e 33 v AAE meantSDE UERAITH AF
=+ 7F ol BAA {2042 SAS version 9.1 (SAS Institute
Inc., Cary, NC, USA)E ©]-&3le] ANOVA £4RE413} Duncan’s
multiple range tests ARE-3t] F-o)4 AAE A 3TH(p<0.05).

Drumstick-tree®] F71/d% S £43 AZ= Table 13 2
th B8RS F 8% B - 5FHNeH, P Bl TRE
o] = TR AFOE 2658.67 mg/100 go] FHrEo] AN
T, THeo® ZHE(1520.02 mg/100 g), WF2u]45(569.55 mg/100 g)
! 21(530.65mg/100 g) o= o] Ao, A, Wz, o}
, TEE 2F(<10 mg/100 gFHir=o] AT & 5 FR/RE
o= sh= fElvet AA4Y 544 24, vitamin B, 59
Fary 7P BEsb7] foh A2 $eve 20073 = A%
Gzl WEd SEuet =v 19 1Y F Ha 2 AT
461.8mg (A 519.7mg, &} 403.5mg)e 2 HAH2] 63.4%
o] 21X Aoz Yehdth20). 53] 4371 8-1389 ZF HA
ZFo] 573.5-563.9mgo 2 o] JA| AR w|X|A] FEslaL YL,
AAMA = A AAEA Zste] 2 =9 FFHF71E
Al o] QI kel AAIEE AGAHF 700-800 mge] 70.4%7HS
AFE AT s dFHe FA9 A fAERE ofdE,
IS, 3] "] YURlo] FH&e A
o] Y3 Fre} gt Tof A
TRy e vEF A Aos 53 3
th IS 4] oW e FAYE g S 2 2ot
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Table 1. Minerals content of drumstick-tree Unit: mg/100 g

Minerals Content
Ca 2658.67+7.81
Mg 569.55+4.35
P 530.65+3.71
K 1520.02+5.42
Cu 0.48+0.04
Fe 8.58+1.57
Mn 4.59+1.05
Zn 2.04+0.63
Table 2. Fatty acids composition of drumstick-tree Unit: %
Fatty acids Content
Caprylic acid (C8:00) 0.13+0.01
Lauric acid (C12:00) 1.00+0.12
Tridecanoic acid (C13:00) 0.58+0.01
Myristic acid (C14:00) 1.09+0.14
Palmitic acid (C16:00) 16.33£2.31
Palmitoleic acid (C16:01) 0.45+0.26
Stearic acid (C18:00) 2.17+0.35
Oleic acid (C18:01) 3.36+0.27
Linoleic acid (C18:02) 5.83+0.48
Arachidic acid (C20:00) 0.42+0.15
Gadoleic acid (C20:01) 66.34+3.76
Begenic acid (C22:00) 0.52+0.02
Ecosapentanoic acid (C20:5) 1.35+0.24
Docosahexaenoic acid (C22:6) 0.41+0.03
FEAA ZIRIEAL ot vke Tjs R Qs 1 ATl ¥
2 AR F 30% FE(400mg)el HEEL Y\ Ao Y

el Jok@2l). A= drumstick-treed] HE e BHS
AA 2 FUo=Z 71 FA A7E 58 goke AE Al
29] 2 &g 7o) ZIgE o)F Fe HF B

A= 79T 5 Y& Aoz AdEn)

X|kdh =4 3 HIEIRIR B

Drumstick-treel] =01 U= AWAHS gas chromatographyE
o]-g3te] EA3E Ad= Table 29 7tk AWk 25 14%9]
Fgolgglon, 9 Ao RE EX 3} X2k 24 gadoleic
acid (cis-9-eicosenoic acid: 66.34%)9} X3} XW4EO 24 palmitic
acid (16.33%)7} AZ=Ath. 1 ol x3} APt e 2= stearic
acid, myristic acid &, 223 E¥3} AHAOZE linoleic acid,
oleic acid 5°] 4% =] ANATH

A4 2 $£84 F2 vitaminsEA] B-carotene, vitamin B,
niacin, vitamin B, ¥ vitamin E &4l g A= Table 334
2ot vl A9 AFAZ I carotenoidd] & FHE FAts)
A, FEEEZ AAA T 7HEA7E dvkal @7 B-carotene
23.84 mg/100 go] FF=lo] ARL, &4 HEFICZA vitamin
B,, vitamin B;= 2F2F 13.25mg/100 g, 30.04 mg/100 go] =0
AATE. Niacin®] S 112,61 mg/100 g2 2 E43} vitamins
7P B2 dS YRR Vitamin C&F ] HA H4tsHA|
2 487 vitamin BE 94.78 mg/100 g0 2 Atjdo e 2o g
o] 3HrEe] e AL 9A AT + USdTh

23} Aslel] vste] Bx3) AU " FEA4E,

o

=
=
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Table 3. Vitamin content of drumstick-tree

Vitamins Content
B-carotene 23.8442.61 pg/100 g
Vitamin B, 13.25+1.73 mg/100 g
Vitamin B, 30.04+3.59 mg/100 g
Niacin 112.61£6.76 mg/100 g
Vitamin E 94.78+4.82 mg/100 g

Y2HE LDL-ZY2HE 5 A2 grRIEES U= Aoz o
24 Ut} o] Qo= prostaglandin, leukotriene % thromboxane®
2 A=) GFREe 2™l Fofstar Stk 53] off Sl
ot 38 0-3 AHAE] docosahexaenoic acid (DHAYE 5
FRAE JA & ok aIrF B ATH22). e 4kst
=71 41 223t AARE AUAA A HHsHE 25])H A
g2 A FitsE 29 F At HE AFe BAsta 9
th. ol s B3 A E98E cis® ole A% A
b AA e ZAESIER Q3 Z]"ITE}'T;]Z—_} 9 A4 itskEe] o

< ol AT JhsAlo] T2 Ao 71¢lgH, o2 AT AE
9 g7, w3t 2 oUekst Fei "3 Al XAl IF
< vE F AThR2). A AEHY Fao FHEER] T EX
3} AAE 52 AN B AT e Jlely 2~

EZ2Z Q18] malondialdehydes} 72 A|AzitslE2 AhE ™
ol o] A EE AEHLES v Ee A FitslEe T

U AN Y A 4% 20l 45 b AR ob

o9 Rizkgk 2Fo|lE = ﬁ—ir]E]E Tjraokg] X]HJ/&OH O]@ "J@r &
E2E FHasglsl] faire Ad dAsAe] AEs 430
HEEA] D asith23). AAdlE Aty SEHAE A7 s Al
Z B E AABIAY st a4 st st sEE T
sl rtstEs Alz"le] QIAL BlEe] W] &4 kst "]
280 22X vitamin C 223 vitamin E 5°] At} &3] &, =
T4 23 s IA o AEA Z1e Aol Bel
H vitamin B2 EZIE(a-, B-, y-, - tocopherol)i’»‘r EFET
A= (a-, B-, y-, S-tocotrienol)®] Ut} a-EIZHEL 7} & A&
st 448 zhy Jlom A x| Eas= H]E]—”J Ee AAE
ke A=A ERE AslET] 48 v BXs Ak
gialste] WA AtslE o2 A S HE e TS e A
oF dHA ik wet st Exst AR AHE B3 kst
Z 2EH2E FE3 rat brain®] £4°] vitamin E9| 8§77+ A
HZ A3 in vivo s It H2 °d:rL 3l =ld up

AtH23). 2B 22 drumstick-treedl] -8 E3X3} AH4F 2 B-
carotene, vitamin E 52 1A ol ”’E EH’\} 48 FA4 =
S F T US AR {5 o2 gk AYH ﬁé% £

A 71 5 S Aotk

Hannan 5(24)2 drumstick-tree ¥H8 FZE2(30 ug/mL)°| rat
embryonic hippocampal neuron A X2] AE3} MAME] AFA
g 75X F83 neurite®] S X5 ALE HIEG
ol 217AMES] AEF newrite®] A3 FFE drumstick-tree
£0| ARFe} AR EAS st 7] Wi
AAR AL AL, ole} HHE Fa ARl EZ2 flavonoids
3}+et phenolics, Z2]3L carotenoids 5-°17 ©|E EZof ¢
FHEE A W FAstA 2R Bt AFAE R ad)
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200pM 200 uM

Concentration (ug/mL)
H,0,200 pM - kd ¥ ¥ + &

Fig. 1. Effect of 80% methanolic extracts from drumstick-tree on
free radical production determined in the presence and absence
of H,0, in PC12 cell. Statistical analysis indicated that the influence
of the 80% methanolic extracts used had significant effect on the
H,0,-induced oxidative stress. Result shown are means+SD (#=3),
and different small letters represent statistical differences.

2 A R0 7lofshe AR AR Ut E3] drumstick-
tree $ol= B-carotened}t 7S A dHitsl Edo] b R
o] = Ae=Z YERIL )31((25), ©]E B-carotene> drumstick-
tree ¥ FEEY F8 AR O FA neuwrite AHLS ER= &3
g zl= Zo7 AL Uh4). A= drumstick-treed] SHFE

B-caroteneol] 2|3+ MAAE A = A3 a8 Vltamm E%
o st a3}l ditsl &AJOF QI3 drumstick-tree FE=
= ARMEE 23 A W 27 Az B 7|odg 9l

< AoE Asdn

M= LWl ROS 4ol &H

Drumstick-tree F&&

1 0,0 g8l F=% PC12 AE W
ROS /\g)\é x«]—sﬂ :@]—k] Z

st A3= Fig. 13 4. DCF for-
mation& H,0,5 2%315& ﬂlﬂ:ﬁoﬂ/ﬂ‘_ control group 100.00% T
H] 118.34%<] DCF formationg YEMHI H,0,¢ vitamin CE

ZAo AE)gt AP TANME T387%E OF 44.47% A=) A3}
7 2EdX A 29 By H2 A7l 9P, drumstick-

tree 92 &85t of|ghe FEE°] HEK 293 cell (human embry-
onic kidney cell) & A% M3Eol|xe] ditsl g7} 925 DCF-
DA assayS 53] UERAZ, drumstick-tree & FZE°] control
group ¥ H,0,-induced ROS & A& wl¢- &2 o= *3)
g J2S YERITE E3S o]E in vitro antioxidant activity=
drumstick-tree & FEEo| FF¥ gallic acid, catechin, crypto-
chlorogenic acid, Z2]3 isoquercetina} 732 phenolics®l] 2]+ 7
o7 FAHATQR6). A= B AFNA 2] in vitro antioxidant
activity GA] Aol 848 cell line> TFEA|TE drumstick-tree %

FEZE &7 oS phenolicsol] 23 Aoz FHHETH

MEM=E 2553

MTT tetrazolium assay= -8 AH3E] A3 e} 7ol
w2} mitochondrial dehydrogenase 0] zjol7} e 5 9\)\ ©
™ suspension cellel 243}17] ol#le TDHE ARV, ¥wA 7F
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el e ool AE A 9 APE g 97t 5 S
Wt oh2} thEke] samples SAlO] ST 5= 71 Wil in

vitro cell viabilityS F53l=d R¥HZA
Drumstick-tree FZE°] H,0,9 23] F=¥ AHsl% 2EdX 4
gl PC12 ABA A thgk BE a3E 54T MTT tetrazo-
lium assay A3+ Fig. 2(A)9} 2t} Neuronal cell viability+=
H,0,5 &gk |74 control group (100.00%) tH] 64.19%
9] AEEES YR, H,0,9 vitamin C (positive control)& &
Aol 22 e A FlE 91.18%2 BEEE H,0, thy] <F
26.99% B=e] AAAE B gIE WATH

¥ Z2Fe tE A 2Fl vlEiA Aksl B s v
Ao wi- vizksta, Aoz Exst Ake] et
=& ¥ AAAETA ] Fitsle] dig B2 A MxE &
ATEL o]F T THR23). WA ¥ ZFe A5ty ~E
gzl w9 FHokgl 24 5L /AN JOER AAFME B
saae} i AFME E44Fte] #AE Yolr A LDH
release assayS F13Jsle] Axer & R3S a5 golHton,
2 A= Fig 2B)2F 2th. Control groupe] WETFE 23.60%
Ardd v3 H0, AEg FolE 45.08%2] WEHS Ho
H,0,= <l LDH W&%o] 2148% 4= S71stt. Vitamin C
200 UM A B2 30.42%2] WEHS BAN, FEE X2l
= FE=9Y =Tt A aske A Btk 59
Ad &% 20 pg/mLoA = LDH leackage”} positive control$!
vitamin CETHE FthH 02 -3 Aejazs et ot
50 pg/mL A2 7ol PCI2 cello] Widh BE G347} 5pug/mL
AT FELE hshs AFS Kol Sedl, 2 Aol in
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Fig. 2. Protective effect of 80% methanolic extracts from
drumstick-tree against H,O,-induced cell death in PC12 cell
system. PC12 cells were pre-treated for 48 h with various
concentrations. The cells were then treated with 200 pM H,O, for
3 h. (A) Levels of cell viability were measured by a MTT assay. (B)
Inhibitory effect of LDH release on H,O,-induced membrane
damage was measured with a colorimetric LDH assay. (C) Caspase
3/7 activity on H,0,-induced cellular apoptosis was measured with a
caspase assay. Results shown are means+SD (#=3), and different
small letters represent statistical differences.
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