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Abstract

The purposes of this research were to study for determination of the phytochemical quantity and
the properties of the extracts and juice of Thai pomegranate Punica granatum L. fruit, grown in Nakhon
Ratchasima. The research demonstrated the benefit of pomegranate as fruit drink, and the use of

pomegranate peel for human health and cancer prevention. The studies were performed as followings.

1) Measuring phytochemicals which were total phenolic compounds and flavonoids content in the
pomegranate extracts and juice.

2) Analyzing antioxidant activities of pomegranate peel and seed extracts and juice.

3) Studying cytotoxicity and antiproliferation of a human cancer cell line.

4) Studying protective effect of pomegranate on UVB-irradiated rat skin.
Phytochemicals in Thai pomegranate products

Pomegranate products contained high total phenolic compounds, which was higher than
flavonoids. Both total phenolic compounds and flavonoids were highest in pomegranate peel extracts,

followed by seed extracts and juice.
Antioxidant activity

Pomegranate fruits possessed high antioxidant activities, comparable to those of pure antioxidant
standards. Pomeganate peel extracts, especially, showed the highest activities of free radical scavenging
(DPPH), ferric reducing antioxidant power (FRAP), and lipid peroxidation inhibition/ferric thiocyanate
(FTC); followed by seed extracts. The least antioxidant activities were of pomegranate juice. These
antioxidant activities of pomegranate products were well correlated with the amount of total phenolic

compounds and flavonoids content.
Cytotoxicity and antiproliferation of pomegranate products

Pomegranate products did not show cytotoxicity to brine shrimps, representing the normal animal

and were able to inhibit the proliferation of MCF-7 cells, a human breast cancer cell line.



Effect of pomegranate on UV-irradiated rat skin

Pomegranate peel ethanolic extract at 8 mg/cm2, topically pretreated on hairless rat skin before
irradiation with UVB at 3xMed (minimal dose, 0.07-0.08 J/cm2) for 24 h, twice a week, 3 months was
able to reduce skin erythema 2.5 fold, skin thickness 1.7 fold, epidermal sunburn cells 7.4 fold of control.

It also prevented DNA fragmentation of UVB-irradiated epidermal cells.

It was concluded that Thai pomegranate products containing high phytochemicals were very
potent in antioxidant activities without cytotoxicity to normal living animals, with antiproliferation
property against cancer cell line(s). The pomegranate peel was also potent against UVB which one of
carsionogens. The Thai pomegranate, thus, has high potential for pharmacological and therapeutic

development and is as nutraceupticals for human health and cancer prevention.
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maai1s391uga (sac) (Figure 2.1)

B persistent calyx  stamen cluster (ovary inferior)

leathery
exocarp fleshy
mesocarp
(©WP. Armstrong 2002 ‘ ‘. ceds Each with a fleshy

outer layer (aril).
Pomegranate (Punica granatum): A many-seeded berry.

Figure 2.1 Pomegranate tree, A and fruits and seeds, B



v

=Y 3 1 v A [
wonulslumsuwmdiutveddne  podruvesiunuiiassnaalumsinyiomsuaz Tsnung

L qY9 o o o v v ¥ A Y A v Yy 1
Tsa wu 1% luvinhereundine uazendnm lsaonviuaen luddonuaznauiuiueunnessng
Y a ya Y [ a [ a 9 A 9 A I @ Aav A
nouau unia taz unlsnannzdaannza  lmiaendunaziasnsimitluendunensaiine az

Aa o <3 @ = [ a\ ' g

nensadnavtaz lswaaud lsndnnylladnnzdla  (http//www.rspg.or.th)  i@aluafiiTonans
a kY 9 o kY Lﬂy =} =g A a 9y 9 A Aa [
THA FLANUNANNDI AIUNMIHAAIVDINA WL 1Az WDV NFITUNENANUVVVUZINN WTBeD

J

AU NONAYNUTE (http://medplant.mahidol.ac.th/pubhealth/punica.html) weniuiumsldau

E]

A A 9 3 aa
ﬂ’J’lllL‘])’@ﬂ@ﬂTuﬂ?TNlﬂUﬁinxiﬂa

2.2 YNITNITIUVBINUNN
E4 b4

a g Ao v W a @
wunuiunyaenluana Punicaceae HA1AUTUOYNTWITIUAIT

Pomegranate Taxonomic Hierarchy (http://www.itis.gov)

Kingdom Plantae
Subkingdom Viridaeplantae
Infrakingdom Streptophyta

Division Tracheophyta
Subdivision Spermatophytina

Infradivision Angiospermae
Class Magnoliopsida

Superorder Rosanae

Order Myrtales

Family Punicaceae
Genus Punica L.

Species Punica granatum L.
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http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846492
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846494
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846496
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846504
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846505
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18063
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846548
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=27072
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=27276
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=27277
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Wesninnullesngnuiivatesia  (Figure 2.2)  1%U antioxidant  polyphenols,nNatural
phytoestrogens, ascorbic, citric, fumaric and malic acids, essential amino acids, vitamins B & C
(phytochemicals) Tudennull punicotannic acid, gallic acid , mannite, pelletierine and N-
9
methylisopelletierine wazihnunuil ellagitannins, pelargonidin, punicalin, punicalagin, anthocyanins,

cyanidin, ellagic acid ttaz asalaumnnulundenveswaiuiy (Seeram, Lee and Heber, 2004;

. . = VA do 9
http://www.phytochemicals.info) @15tnlmariiiyse Temisau lavargems

Phenolics
Polyphenols Phenols
N
oY
Hydrolyzable Tannins Flavonoids Ellagic Acid
-2-5% of polyphencls
Ellagitannins/ Anthocyanins
Ga“ofunnins Characterizing ¢ unds
80.90% of p nols are Delphinidin, dir
c"” S and Pelargonidin
-About 8-15% of polyphenols

Figure 2.2 Phenolics compounds found in 100% pomegranate juice.

Source: http://www.pomwonderful.com/health/glossary/
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Neeman,1999; Anand, 2004; Seeram, 2005; Li, 2006; Zhang, et al., 2011) m3sAnyuIouiey
v Y
dnonmmsdueyyavewiwa ldvaeaiialulsamaansgowsm wun shfiuddnenindg

PUYAGININNEA (Seeram, et al., 2008) (Figure 2.3)

Antioxidant Potency

g [ TR

POM Red Concord  Blueberry Black Acai Cranberry Green Orange Apple
Wonderful Wine Grape Juice Juice  Cherry Juice  Blends Juice Tea Juice Juice

100 —

40 -

POM is the Super Power

Figure 2.3 Comparison of antioxidant potency among various fruit juice.

Source: http://www.pomwonderful.com/health/pom-is-the-antioxidant-superpower
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LDL oxidation @19 platelet aggregation aﬂmmﬁmﬁmqq UAZAUVUINUBY arterial plaque Tuau

o

v v
(Aviram, et al., 2000; Aviram and Dornfeld, 200; Aviram, et al., 2004) 1 1unyEanan lviuvsean

qa.:’ 4 e av 1
aNnunuguly (intima) vodvaoadoaluryNd (Aviram, et al., 2000) HonINH HaITeuda
2

' 1Y v Aa o c?/‘ a A o J [ 4 J < {
N ATANANHANUNNIUVIINTT LATUNNITUIULFAATIIWUT (Lcﬁaﬁlﬁﬂ\‘]ﬂﬂ/ﬂgli\‘]) mmﬁmﬁlﬂﬁlu




11

' Y v
goa1n §11d Inajuazaougnuinn  uaz iWemmsanauuImisiyamsodudimsinaiiosen
a o 9 <3 v A oy v A %

AIMITa (Seeram, et al., 2005) FANANAANUNNAIY methanol tazIVUNNMTPAINTRAAVUIA
v Y v 9
voiesonaeutiuuimz luauaea 1dde 87% (Mehta and Lansky,2004) 4aaanansananyuiyil

@ o < a o J [ A o 3 9 4
ﬁﬂﬂﬂTWﬁ13J1§ﬂwmunﬂuwa@ﬂmcﬂ{lﬂ\1ﬂu NiIv 5ﬂ1§|11]$15\1!@1u31b1ﬂ

2.4 19aAlA5IOU (Pomegranate Phytoestrogens) Tusiuiis
Y Y
ATAAANINAIUAIE) VOINANUNY A1 LaZLENAIY ethylacetate NAADUNY FUFams

a J < @ aan v
R3YVOUFAANZITUATUN AsanALdARnsenuny [P-estrogen receptor (ER) (Kuiper, et al.,

Y Y
o v A o

[ I v A % a J

1998) @19@NAINUAA UINUNY UINUNURUD uaztﬂﬁaﬂ 'Jl,ﬂi'lgiﬂg{jﬂ HPLC-MS/MS WU®@19
estrogenic compounds 3 ¥HA Ao luteolin, quercetin 8¢ kaempferol (van Elswijik et al., 2004)
v

Lansky (1999) 1@3a@n31ia5 United States Patent 81¥15t@3ua30a Iasaunnnunu adad o1

s o w v o v a < a ¢
aziloanadgoa G?\W]i\?ﬂuelgl}'lllﬂﬂ Choi, D.W., et al. (2006) a@NAUINUNULUALINAA !Lé}'J'JLﬂﬁ'IZVig]}'JEJ
] ' < @
HPLC i1ag GC-mass spectrometer Tainvans estrogenic compound pd14 1300 ANuFauveImsi
v A [l [T < ¢ A 1 1 a a
phytoestrogen  Jufiufiunse hisuiludniszaunilanarsasrnaeuneumsduds ulnus laald
A H
unsvateaell  sawnsiunuizlgnludsamalnedts  asanannalaenwanuiuaie
@ 3 ) 3 A ) ..
methanol ﬁ'lll'liflﬂllEN!LN'@GI,UﬂiZ!‘W'wuaza'lll’gfjlﬁﬂﬂgﬂ%ﬂu'lg]}ﬂﬂﬁn aspirin 40¢ ethanol 1HWHLL§W
Y A A LR = o o Y I 1 Y] adg a
]’lﬂﬂ'ﬂ 70% Llﬁ$L?J'l’)'Jlﬂ31$W%ﬁlﬂuﬂlﬂﬂl"lfﬂﬁﬂ§$w‘n$Llagﬁ']ulﬁ!ﬁﬂWU?TigﬂUﬂJ@Qﬁ']ﬁllﬂu@]ﬂﬂﬂ“ﬁ
s & s . ! .
uausndueu lxiuaz 115y Ao superoxidase dismutase (SOD), catalase, glutathione (GSH) 48
: . A PR VUL T, S S
glutathione peroxidase (GPx) WHUU (Ajaikumar, 2005) FUASINUNTAATIEH IUIH IR %1219
uaz lavosryusnilo laSuasana  flavonoids 9MAWANUNNANAAIY petroleum 1A% acetone
(Sudheesh and Vijayalakshmi, 2005) @nsenalaenmaiufivdlewsiuea  wudwiwdTunm
s
antioxidant enzymes luyad Ao reduced glutathione, catalase, superoxide dismutase, glutathione
9 1
reductase, glutathione-S-transferase tiazaalsunas oxidant H,0,, NO and MDA Vlmﬁm?}@ﬁmwyj
=S o (% = v A (% d‘ d! = . .
an LLﬁﬂ\‘]ﬂ\iﬂﬂﬂﬂTWﬂJ@\iﬁTﬁﬁﬂﬂlﬂa@ﬂWaVl‘]JTIll(luﬂ']'iﬂﬂﬂﬂuﬁﬂ@ﬂlﬁﬂucﬁﬂﬂﬁﬁllﬁﬁlﬂﬁﬂ oxidative

stress (Abdel Moneim, 2012)



12

d
2.5 gnbduiaaoansi1aleran (anti-UV radiation) Yo iU

dy @ v a & a ag a 4 A o I @
uennnildsaneananuindliasuouadtensuaudgann  onddnenmiuaisilesiu
598 UVA 182 UVB (Sun block) lamuientuasananinyudien e UV #liAa Reactive
4 [V v A
oxygen species (ROS) Tuiaa (F’guyer, Afaq, and Mukhtar, 2003). asanalasniiunuiinga
a a o u’/‘ 4 [ o o
1900190 (ellagic acid) Usunannaunsodudusad melanocytes AANITHAUATICH melanin LAY N
v 9
I diaavesnyiuil (guinea pig) ¥193U (Yoshimura et al., 2005) @13 punicalagins 91NA15ENA
AR U7X 11991 human skin fibroblast cells 1AMFHAFIFNIIIAI UVA 1lag UVB aa reactive
A 4 a v A
oxygen species LLAZINY antioxidant capacity YDA a (Pacheco-Palencia, et al., 2008) WaANAANUNY
v v
0o v A [ o o v A @ @ @ 4
Wiuny asane wazihiu iunuannsetlosduniisaudaunsiey (reconstituted human skin —
. ™ v v o o o @ @ .
EpiDerm = FT-200) 31 33d UVB 1@ Tasdndansdunsizvion lasd collagenase, gelatinase,
Y
stromelysin, marilysin, elastase 1182 tropoelastin (Afaq, et al., 2009) HazdUTIMIUNURIRIMII Ao

MNMIFUATIEN procollagen (Park, et al., 2010) ellagic acid Tufiuinilesmsaats collagen Yoq

{ 1 Y J [ 3 & o o a
mszﬁmaumawuwwma uae EJUEN’E]”IﬂWS”]J’JiJ“?QGD'ﬂuﬂﬁ}LﬂﬂIﬂfJ UVB (Bae, et al., 2010)

1PNA1591909

Abdel Moneim, A.E. (2012). Antioxidant activities of Punica granatum (pomegranate) peel extract on
brain of rats. ] Med Plants Res. 6: 195-199.

Afaq, F., Zaid, M.A., Khan, N., Dreher, M., and Mukhtar, H. (2009). Effect of pomegranate-derived
products on UVB-mediated damage in human reconstituted skin. Experimental Dermatol. 18: 553-
561.

Ajaikumar, K.B., Asheef, M., Babu, B.H., and Padikkala, J. (2005). The inhibition of gastric mucosal
injury by Punica granatum L. (pomegranate) methanolic extract. J. Ethnopharmacol. 96: 171-176.

Aviram,M., Dornfeld, L., Rosenblat, M., Volkova, N., Kaplan, M., Coleman, R., Hayek, T., Presser, D., and
Fuhrman, B. (2000). Pomegranate juice consumption reduces oxidative stress, atherogenic
modifications to LDL, and platelet aggregation: studies in human and in atherosclerotic

apolipoprotein E-deficient mice. Am J Clin Nutr. 71: 1062-76.



13

Aviram, M. and Dornfeld, L. (2001). Pomegranate juice consumption inhibits serum angiotensin
converting enzyme activity and reduces systolic blood pressure. Atherosclerosis. 158: 195-198.

Aviram M., Rosenblat, M., Gaitini, D., NiteckiS., Hoffman, A., Dornfeld, L., Volkova, N., Presser, D.,
Attias, J., Liker, H., and Hayek, T. (2004). Pomegranate juice consumption for 3 years by patients
with carotid artery stenosis reduces common carotid intima-media thickness, blood pressure and
LDL oxidation. Clinical Nutr. 23: 423-433.

Bae, J-Y., Choi, J-S., Kang, S-W., Lee, Y-J., Park, J., and Kan, Y-H. (2010). Dietary compound ellagic
acid alleviates skin wrinkle and inflammation induced by UV-B irradiation. Experimental
Dermatol. 19: €182—-€190.

Choi, D.W., Kim, J.Y., Choi, S.H., Jung, H.S., Kim, H.J., Cho, S.Y., Kang, C.S., Seung Yeup Chang,
SY. (2006). Identification of steroid hormones in pomegranate (Punica granatum) using HPLC and
GC-mass spectrometry. Food Chem. 96: 562—571.

F’guyer, S., Afaq, F. and Mukhtar, H. (2003). Photochemoprevention of skin cancer by botanical
agents. Photodermatol Photoimmunol Photomed. 19: 56-72.

Park, H.M., Moon, E., Kim, A-J., Kim, M.H., Lee, S., Lee, J.B., Park, Y.K., Jung5, H-S.,

Kim, Y.B.,, and Sun Yeou Kim, S.Y. (2010). Extract of Punica granatum inhibits skin
photoaging induced by UVB irradiation. Int’l J Dermatol. 2010, 49, 276-282.

Kuiper, G.G., et al. (1998). Interaction of estrogenic chemicals and phytoestrogens with estrogen
receptor B Endocrinol., 139: 4252-4263.

Kulkarni, A.P., Aradhya, S.M., and Divakar, S. (2004). Isolation and identification of a radical
scavenging antioxidant — punicalagin from pith and carpellary membrane of pomegranate fruit.
Food Chem. 87: 551-557.

Lansky, E.P. (1999). Phytoestrogen supplements prepared from pomegranate material including
pomegranate seeds. United States Patent No. 6,060,063.

Li, Y., Guo, C., Yang, J., Wei, ., Xu, J., Cheng, S. (2006). Evaluation of antioxidant properties of
pomegranate peel extract in comparison with pomegranate pulp extract. Food Chem. 96 (2006)
254-260.

Mehta, R. and Lansky, E.P. (2004). Breast cancer chemopreventive properties of pomegranate (Punica
granatum) fruit extracts in a mouse mammary organ culture. Eur . Cancer Prevention. 13 (4): 345-

348.



14

Pacheco-Palencia, L.A., Noratto, G., Hingorani, L., Talcott, S.T., and Mertens-Talcott, S.U. (2008).
Protective effects of standardized pomegranate (Punica granatum L.) polyphenolic extract in
ultraviolet-irradiated human skin fibroblasts. J. Agric Food Chem. 56: 8434—-8441.

Schubert, S.Y., Lansky, E.P. and Neeman, 1. (1999). Antioxidant and eicosanoid enzyme inhibition
properties of pomegranate seed oil and fermented juice flavonoids. J Ethnopharmacol. 66: 11-17.

Seerama,, N.P., Adams, LS., Henning, S.M., Niua, Y., Zhang, Y., Nair, M.G., and Heber, D. (2005). In
vitro antiproliferative, apoptotic and antioxidant activities of punicalagin, ellagic acid and a total
pomegranate tannin extract are enhanced in combination with other polyphenols as found in
pomegranate juice. J Nutr Biochem. 16: 360-367.

Seeram, N.P., Aviram, M., Zhang, Y., Henning, S.M., Feng, L., Dreher, M., and Heber, D. (2008).
Comparison of antioxidant potency of commonly consumed polyphenol-rich beverages in the
United States. J Agric Food Chem. 56: 1415-1422.

Seeram, N.P., Lee, R., and Heber, D. (2004). Bioavailability of ellagic acid in human plasma after
consumption of ellagitannins from pomegranate (Punica granatum L.) juice. Clinica Chimica Acta
348: 63-68.

Sudheesh, S. and Vijayalakshmi, N.R. (2005). Flavonoids from Punica granatum — potential
antiperoxidative agents. Fitoterapia. 76: 181-186.

van Elswijk, D.A., Schobel, U.P., Lansky, E.P., Irth, H., van der Greef, J. (2004). Rapid dereplication of
estrogenic compounds in pomegranate (Punica grantum) using on-line biochemical detection
coupled to mass spectrometry. Phytochem. 65: 233-241.

Yoshimura, M., Watanabe, Y., Kasai, K., Yamakoshi, J., and Koga T. (2005). Inhibitory effect of an
ellagic acid-rich pomegranate extract on tyrosinase activity and ultraviolet-induced pigmentation.
Biosci Biotechnol Biochem. 69: 2368-2373.

Zhang, L., Yanga, X., Yuanhu Zhang, Y., Wanga, L., Zhang, R. (2011). In vitro antioxidant properties
of different parts of pomegranate flowers. Food Bioproducts Processing. 8 9: 234-240.

http://www.rspg.or.th/plants_data/herbs/herbs 07 3.htm

http://www.itis.gov/servlet/SingleRpt/SingleRpt
http://www.pomwonderful.com/health/pom-is-the-antioxidant-superpower/

http://www.phytochemicals.info/plants/pomegranate.php



Global Journal of Pharmacology 6 (2): 131-141, 2012
ISSN 1992-0075

© IDOSI Publications, 2012

DOI: 10.5829/idosi .gjp.2012.6.2.64226

Antioxidant Activity and Bioefficacy of Pomegranate
Punica granatum Linn. Peel and Seed Extracts

LJinnawat Manasathien, *Korakod Indrapichate and ?Kanok-Orn I ntar apichet

"Ingtitute of Science, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand
I nstitute of Agriculture Technology, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand

Abstract: Pomegranate (Punica granatum Linn.) peel and seed ethanolic and water extracts (PPE/e, PPE/w,
PSE/e, PSE/w) were quantified for total phenolic compounds (TPC) and flavonoids content (FC) and antioxidant
cytotoxic and antiproliferation activities. TPC and FC ranged as PPE/e > PPE/w > PSE/e > PSE/w. The amount
of TPCswere 449.60+4.40, 380.54+5.87, 77.93+1.62 and 51.58+0.85 ug GAE/mg and of FCs were 38.44+1.44,
26.06+0.93, 16.66+0.47 and 10.55+0.14 pg CAE/mg respectively. The free radical scavenging activity determined
by DPPH radicals and the lipid peroxidation inhibition were as high as AA, CA and EGCG the antioxidant
controls. In particularly, PPE/e possessed highest free radical scavenging, | C,, of 121.65+2.66 pg/ml and lipid
peroxidation inhibition activity, 1C50 18.04+1.95 pug/ml. All pomegranate extracts were not toxic to normal cells.
The cytotoxicity of the extracts ranged as PPE/e > PSE/w > PPE/w > PSE/e with LC,, values at 24 hrs of
1,206.98+12.73, 1,294.88+61.28, 1,743.31+20.17 and 2,375.28+69.54 ug/ml, respectively. TPC and FC of the extracts
were well correlated to the antioxidant activities, but not to the cytotoxicity. PPE/e and PPE/w most potentially
inhibited the proliferation of MCF-7 cells with LC;, of 375.75+1.22 and 471.80+4.37 pg/ml. The statistically
significant NOAEL ranged as PPE/w > PSE/e > PPE/e > PSE/w with values of 1,250, 1,000, 750 and 100 pg/ml
respectively. LOAEL was PPE/w = PSE/e > PPE/e > PSE/w values of 1,500, 1,000 and 500 pg/ml respectively.
MOS and Tl values were PPE/w > PSE/e > PPE/e > PSE/w. NOAEL, LOAEL. MOS and Tl data provide further
study for the pharmacological and therapeutic development of pomegranate products.

Key words: Antioxidant Activity % Lipid Peroxidation Inhibition % Cytotoxicity % Antiproliferation % NOAEL
% LAOEL

INTRODUCTION

Pomegranate Punica granatum Linn. has been
known for traditional uses to remedy a numbers of
symptoms, such as its leaves for eye sore; flowers for
blood clotting; rind and dried fruit for diarrhea; stem and
root bark for ridding of parasites; and seeds for scurvy.
It was also reported to be used in modern medicine.
The peel extract was a potent virucidal agent [1] against
genital herpes virus [2] due to tannins. It was also used
to treat the infection of male or female sexua organs,
mastitis, acne, folliculitis, pile, allergic dermatitis and
dysentery [3]. Pomegranate peel and seed possessed
potent antioxidant properties [4, 5]. Polyphenols from

pomegranate fermented juice, peel and seed oil [6] and
ethanolic juice [7] were found synergistically inhibited the
proliferation and induced apoptosis of human prostate
cancer cells. Some evidence of antioxidants and
anticancer of pomegranate are available. However, there
is no information on toxicologica profile of the
pomegranate products. This study thus aimed to
investigate the potential of pomegranate peel and seed
extracts on antioxidant activity, toxicological property and
antiproliferative effect on MCF-7, the human breast
adenocarcinomacell line.

As a broad spectra basis of pharmacological action
and toxicity of phytochemicals is needed for predicting
the adverse effects on human beings and developing
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drugs[8]. The information on cytotoxicity of pomegranate
extracts was then statistically identified for no-observed-
adverse-effect-level (NOAEL), lowest-observed-adverse-
effect-level (LOAEL), margin of safety (MOS) and
therapeutic index (TI). Thus, the information and
knowledge from this study will be useful for further
research on pomegranate products for pharmacological
development and cancer therapy.

MATERIALSAND METHODS

Plant Material and Extract Preparation: Pomegranate
fruits were collected from local farms in Klangdong,
Saraburi, Thailand. The plant was taxonomically identified
by the Royal Forest Department of Thailand, specimen
voucher no. 080252. The fruits were cleaned. The peel and
the seeds were separated, dried and ground to powder
and stored. The peel and the seed powders of 50 g was
extracted in 500 ml of 70% ethanol or water for 24 hrsin a
Soxhlet extraction apparatus, evaporated, lyophilized and
kept at -20C for further use.

Chemicals: Folin-Ciocalteau reagent and gallic acid were
obtained from Fluka Chemie AG, Buchs, Switzerland.
Ascorbic acid (AA), 3-tert-butyl-4-hydroxyanisole (BHA),
catechin (CA), epigallocatechin-3-gdlate (EGCG) and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) were purchased from
Sigma Chemica Company, St. Louis, MO, USA.
Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12
(DMEM/F-12), fetad bovine serum (FBS) and
penicillin/streptomycin were from GIBCO, Invitrogen
Corporation, NY, USA. 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT) was purchased from
Molecular Probes, Invitrogen Corporation, NY, USA. All
other chemicals and reagents were of analytical grade.

Total Phenolic CompoundsM easur ement: Total phenolic
compounds (TPC) were quantified by Folin-Ciocalteu
method [9]. One hundred microliters of sample, dissolved
in 70% ethanol or water, were mixed with 2 ml of 2%
sodium carbonate solution containing 100 pl Folin-
Ciocalteu reagent (Folin-Ciocalteu: methanol, 1:1, v/v)
and incubated for 30 min. The optical absorbance was
measured at 760 nm. TPC content was expressed as
microgramsof gallic acid equivalents (GAE) per milligrams
dried extract.

Flavonoids Content M easurement: Flavonoids content
(FC) was quantified using a colorimetric method [10].
Two hundred and fifty microliters of sample were mixed
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with 1.25 ml dH,O and 75 ul of 5% NaNO, for 6 min. One
hundred and fifty microliters of 10% AICI, were added and
allowed to stand for 5 min and then 0.5 ml of 1M NaOH
was added and adjusted to 2.5 ml with dH,O. The optical
absorbance was measured at 510 nm. FC was expressed as
micrograms of catechin equivalents (CAE) per milligrams
of dried extract.

Free Radical Scavenging Assay: Freeradical scavenging
activity was determined by DPPH® (1,1-diphenyl-2-
picrylhydrazyl) assay [11]. Fifty microliters of sample were
mixed with 1.95 ml of DPPH reagent, dissolved in methanol
asininstruction, allowed to stand in the dark for 45 min
and then measured the absorbance at 515 nm. Ascorbic
acid (AA), catechin (CA) and epigallocatechin-3-gallate
(EGCG) were served as positive controls. Radical
scavenging activity was calculated using the following
formulaand expressed as median inhibition concentration,
ICy.

Radical scavenging activity (%) = 21- ngloo
e a

e

Where:

A, : Wasthe absorbance of acontrol

A, : Was the absorbance of DPPH® solution in the
presence of asample

A, : Wasthe absorbance without DPPH" solution

Ferric Thiocyanate Assay: Ferric thiocyanate (FTC)
assay was conducted as described by Huang et al. [12].
One milliliter of sample, diluted in 99.5% ethanol, was
mixed with 1.5 ml of 2.51% linoleic acid, 2.5 ml of 0.05 M
phosphate buffer, pH 7.0 and then kept at 40°C in the
dark. To 0.5 ml aliquot of sample, 4.9 ml of 75% ethanol
and 50 pl of 30% ammonium thiocyanate were added and
incubated for 3 min. Fifty microliters of 20 mM iron (I1)
chloride in 3.5% hydrochloric acid were added and
measured the absorbance at 500 nm every 24 hrs until one
day after the absorbance of control reached its maximum.
3-tert-butyl-4-hydroxyanisole (BHA), CA and EGCG were
used as positive controls. Lipid peroxidation inhibition
(LPI) was calculated using the following formula.

Lipid peroxidation inhibition (%) = g1- LA™ 220 100
é A

Where:

A, : Wasthe absorbance of control

A, : Wasthe absorbance in the presence a sample
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A, : Was the absorbance without

thiocyanate solution.

potassium

Ctytotoxicity Assay: Cytotoxicity was performed by brine
shrimp lethal assay (BSLA) as described by Solis et al.
[13]. Brine shrimp Artemia salina Linn. eggs were
purchased from alocal fish shop. They were hatched and
reared in artificial seawater (120 g/l sea salt) under
continuous light, at 25°C for 24 hrs[14]. Ten nauplii were
transferred onto a 24-well plate containing 200 pl of
artificial seawater and incubated with 800 pl of extract
solution at various concentrations for 24 hrs. The dead
larvae were counted. The percentage of mortality was
calculated as following:

Mortality (%) = §1- ngloo
é A a
Where:

A, : Was the live control (the medium without the
sample)
A, : Wasthe death in the presence of the samples.

The lethal concentrations at 10%, 50% and 90%
(LCy, LCy, and LC,, values) and 95% confidence intervals
were determined at 24 h using the Probit analysis method
[15] and expressed as micrograms of sample per milliliter.
Four repeats were performed.

Toxicological Profilefor Phar macological Development:
Concentration-response relationship between LC,, of
cytotoxicity and 1C,, of DPPH radical scavenging activity.
No-observed-adverse-effect-level  (NOAEL), lowest-
observed-adverse-effect-level (LOAEL), margin of safety
(MOS) and therapeutic index (TI1) were analyzed,
described by Caabrese[14], Beck [16] and Faustman [17],
asthe following formula:

MOS = NQAEL
Effective Dose
71 =LCs0
1Csg

Cell Proliferation Assay: MCF-7, human breast cancer
cell line (a gift from R.P. Shiu, Dubik and Shiu, 1992)
was cultured in complete Dubecco’'s Modified Eagle's
medium, DMEM/F-12, supplemented with 10% FBS and
1% penicillin/streptomycin and incubated in 5% CO,
atmosphere at 37°C. Cell proliferation was assayed
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byMTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide. MCF-7 cells at 10,000 cells'well in 100
ul were plated onto a 96-well plate and incubated for 24
hrs. The cultured cells were treated with the extracts at
various concentrations and continued to incubate for
24 hrs. DMSO was used as control. MTT at 5 pg/pl
(in phosphate-buffered saline, pH 7.4) was added and
incubated for 4 hrs. The cultured medium was discarded.
One hundred and fifty microliters of DM SO were added.
The plate was gently agitated until the formazan
precipitate was dissolved. The absorbance was measured
at 570 nm with the reference wavelength at 630 nm.
Decreasing in the absorbance indicated areduction in cell
viability [18]. Four replicates were performed. The
antiproliferation activity (%) was plotted against the
sample concentrations and the median lethal
concentration of 50% (L C,,) was derived from the best fit
line obtained by linear regression analysis.

o - _¢ (A-AM)U
Antiproliferation activity (%) = gl- —=—=%3x100
8 (A A)g

Where:

A, : Wasthe absorbance of control

A, : Wasthe absorbance of the treated sample

A, : Was the absorbance of treated sample without
cells

Statistical Analysis: Data were analyzed for multiple
comparisons by one-way ANOVA, using the least
significant test to determine the level of significant at
p < 0.05 and 0.01. For single comparisons, the different
significance of means was determined by Student's t-test
a significant level of p<0.05and p # 0.01.

RESULTS

Total Phenolic Compounds and Flavonoids Content:
Pomegranate peel ethanolic and water extracts (PPE/e,
PPE/w) substantially contained both total phenolic
compounds (TPC) and flavonoids content (FC) higher
than those of seed extracts (PSE/e, PSE/w) (Table 1).
TPCs of al extracts ranged as PPE/e > PPE/w > PSE/e >
PSE/w. The TPC amounts of them were 449.60+4.40,
380.54+5.87, 77.93+1.62 and 51.58+0.85 ug GAE/mg
respectively. The FC amounts of them were 38.44+1.44,
26.04+0.93, 16.66+0.47 and 10.55+0.14 pg CAE/mg
respectively.
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Table 1. Tota phenolic compounds, flavonoids contents of pomegranate P. granatum peel and seed extracts and their antioxidant activities, assessed by DPPH

(1,1-diphenyl-2-picrylhydrazyl) radical scavenging and lipid peroxidation inhibition. Data represent meant+SE, n = 4

Sample Tota Phenolics mg GAE/mg Flavonoids mg GAE/mg DPPH [Cs, pg/ml LPO Inhibition 1Csp, pg/ml
PPE/e 449.60+4.40° 38.44+1.4432 121.65+2.66% 18.04+1.95%

PPE/wW 380.54+5.872 26.04+0.93°° 151.78+2.707 22.34+2.11°

PSE/e 77.93£1.62° 16.66+0.47°2 1,324.35+16.89 166.49+20.38°

PSE/w 51.58+0.85° 10.55+0.14%° 2,577.53+44.06° 201.82+11.37°

AA - - 113.35+1.95 -

BHA - - - 5.97+0.39

CA - - 111.39+0.73 7.38+0.11

EGCG - - 65.17+0.34 6.89+0.39

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract; PSE/e, pomegranate seed ethanolic extract; PSE/w, pomegranate seed water

extract; AA, ascorbic acid; BHA, 3-tert-butyl-4-hydroxyanisole; CA, catechin; EGCG, epigallocatechin-3-gallate; 1Cs,, median inhibitory concentration.

Numbers with different letters within the same column are significantly different (P < 0.05).

Table2: Cytotoxicity, LC,o, LCs, and LCq, of pomegranate P. granatum peel and seed extracts assayed by brine shrimp lethality (BSLA). Data were

meantSE, n=4

Extract Conc. (ng/ml) Mortality (%) LCyo (pg/ml) LCso (pg/ml) LCq (Hg/ml)

PPE/e 500 2.50£1.02 777.73+29.60° 1,206.98+12.73* 1,863.27+40.042
750 5.00£1.02 (688.53-876.93) (1,166.46-1,247.50) (1,735.85-1,990.69)
1,000 35.63+2.13
1,250 52.50+2.28
1,500 73.13+2.13
1,750 82.50+2.28

PPE/w 500 1.88+1.20 1,345.93+5.5¢ 1,743.31+20.17° 2,115.54+38.03%
750 3.13+£0.63 (1,328.41-1,363.46) (1,679.14-1,807.49) (1,994.52-2,236.56)
1,000 3.75£0.72
1,250 5.63+£1.20
1,500 18.13+1.20
1,750 51.25+1.61
2,000 81.88+4.83

PSE/e 500 5.00£1.77 1,055.33+104.88° 2,375.28+69.54° 3,574.37+99.55°
750 5.63£1.57 (721.54-1,389.13) (2,153.97-2,596.59) (3,257.54-3,891.20)
1,000 13.13+4.93
1,500 17.50+1.02
2,000 38.75t5.15
2,500 57.50+2.28
3,000 72.50+2.04

PSE/w 100 1.88+0.63 230.20 £34.08% 1,294.88+61.28° 2,416.04+54.09
500 18.13+3.29 (121.75-338.66) (1,099.86-1,489.89) (2,243.89-2,588.20)
750 33.50+3.34
1,000 45.00+5.10
1,500 68.75+1.61
2,000 76.25+2.60
2,500 86.88+2.13

Control 1.25+0.72

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract; PSE/e, pomegranate seed ethanolic extract; PSE/w, pomegranate seed water
extract; Numbers with different letters within the same column are significantly different (P < 0.01). Control expressed as 0.001% DM SO
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Table 3: Antiproliferative activity of pomegranate P. granatum peel and seed extracts on MCF-7 cells. Datawere mean+SE, n = 4

Sample Concentration (pg/ml) Antiproliferation (%) LCsp (Hg/ml)
PPE/e 200 11.48+0.96 375.75+1.20¢
300 27.08+1.17
400 47.9042.11
500 88.35+0.68
PPE/w 300 8.47+1.82 471.80+4.37°
400 30.89+1.69
500 58.07+2.74
600 81.52+1.16
PSE/e 1,600 7.26+0.65 1,786.58+6.74%
1,700 30.07+2.49
1,800 50.64+3.87
1,900 80.74+1.54
PSE/w 5,000  2388+473 7,969.16+143.37°
6,000 34.68+2.78
7,000 45.03+1.83
8,000 51.44+0.53
EGCG 200 60.18+0.49 179.23+1.22

PPE/e, pomegranate peel ethanalic extract; PPE/w, pomegranate peel water @(Tract; P_SFJe, pomegranate seed ethanolic extract; PSE/w, pomegranate seed water
extract; EGCG, epigallocatechin-3-gallate. Numbers with different letters within the same column are significantly different (P < 0.01)

Table 4: Toxicological profiles of pomegranate P. granatum peel and seed extracts were statistically derived from cytotoxicity and antioxidant activities

DPPH LM

Sample NOAEL (ug/ml) LOAEL (ug/ml) MOS Tl MOS Tl
PPE/e 750 1,000 150 9.92 150 66.91
PPE/w 1,250 1,500 250 11.49 250 78.04
PSE/e 1,000 1,500 10 179 20 14.27
PSE/w 100 500 1 0.50 2 6.42

PPE/e, pomegranate peel ethanalic extract; PPE/w, pomegranag p—eel water extract; PSE/e, pome_gawame seed ethanolic extract; PSE/w, pomegranate seed water
extract; NOAEL, no observed adverse effect level; LOAEL, lowest observed adverse effect level; MOS, margin of safety; Tl, therapeutic index

Free Radical Scavenging Activity: The pomegranate peel with1Cy, of 22.34+2.11 ug/ml. The LPO inhibitory activities
extracts exhibited proton-donating ability by DPPH assay. of PSE/e and PSE/w were 166.49+20.38 and 201.82+11.37
PPE/e demonstrated highest free radical scavenging pa/mi, respectively, which were about 25-30 fold less than
activity with 1C,, value of 121.65+2.66 ug/ml, followed by  those of the standard activities. The correlation between
PPE/w, PSE/e and PSE/w with IC,, of 151.78+2.70, I1C, values of lipid peroxidation inhibition and TPC was
1,324.35+16.89 and 2,577.53+44.06 pg/ml, respectively  high with R? = 0.976, P < 0.05 (Figure 1 C) and FC was
(Table 1). The activity of PPE/e was prominent and similar moderate with R? = 0.835, P < 0.05 (Figure 1 D).
to those of AA and CA the antioxidant standards, but two
fold less than that of EGCG. The extract scavenging Cytotoxic Effect: The cytotoxicity of the pomegranate
activity, 1C,, was well correlated to total phenolic extracts as performed by BSLA was low. The LC,,, LC,,
compounds, R> = 0.833, P < 0.05 (Figure 1 A) and to  and LC,, values at 24 hrs of the extracts were shown in
flavonoids content, R? = 0.792, P < 0.05 (Figure 1 B). Table 2. PSE/w seemed to be most toxic at LC,,, while
PPE/e showed the highest at LC,, and LC,. At LC,,, the
Lipid Peroxidation Inhibition: PPE/e possessed highest cytotoxicity ranged as PSE/w > PPE/e > PSE/e > PPE/w
inhibitory activity on lipid peroxidation (LPO) of with LC, vaues of 230.20+34.08, 777.73+29.60,
linoleic acid with IC,, value of 18.04+1.95 ug/ml (Table 1). 1,055.33+104.88 and 1,345.93+5.51 pug/ml. At LC,,, it ranged
Pomegranate peel extracts, however, moderately as PPE/e > PSE/w > PPE/w > PSE/e with the values of
inhibited LPO as compared to the standards. This activity 1,206.98+12.73, 1,294.88+61.28, 1,743.31+20.17 and
was approximately 2.5-3 fold less than those of BHA, CA 2,375.28+69.54 pg/ml, respectively. At LC90, it ranged as
and EGCG. PPE/w contained moderate LPO inhibition PPE/e > PPE/w > PSE/w > PSE/e with the vaues of
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Fig. 1: Relationships between I1C;, of free radical scavenging activity, by DPPH method, and total phenolic compounds
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peroxidative inhibition, by FTC method, and total phenolic compounds (C), and flavonoids content (D) of P.
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Fig2: Relationships between LC,, of motality and total phenolic compounds (A), and flavonoids content (B) of

pomegranate P. granatum peel and seed extracts

1,863.27+40.04, 2,115.54+38.03, 2,416.04+54.09 pg/ml,
respectively. However, the cytotoxicity of the
pomegranate extracts was not correlated to their TPC and
FC contents (Figure 2).

Antiproliferation Effect on M CF-7 Célls. Thecytotoxicity
of the pomegranate extracts was also evaluated by their
activities on the proliferation of a human breast
adenocarcinoma cell line, MCF-7 cells. Interestingly,
pomegranate peel extracts were prominently potent
against the proliferation of MCF-7 cédls. The
antiproliferation potency, LC,, at 24 h, of PPE/e and PPE/w
was 375.75+1.22 and 471.80+4.37 pg/ml (Table 3). The
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effect of PSE/e was moderate with LC,, of 1,786.58+6.74
po/ml while PSE/w was least effective with LC,, of
7,969.16+143.37 pg/ml.

Concentration-Response Functions for Pomegranate
Extracts: The NOAEL, LOAEL, MOS and Tl were
identified based on the statistic significance of PPE
cytotoxicity by BSLA. The NOAEL vaues of the
pomegranate extracts ranged as PPE/w > PSE/e > PPE/e >
PSE/w with concentrations of 1,250, 1,000, 750 and 100
png/ml respectively (Table 4). While, the LOAEL values
ranged as PPE/w = PSE/e > PPE/e > PSE/w with
concentrations of 1,500, 1,000 and 500 pg/ml respectively.
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Fig 3: In vitro concentration-response relationships of LC,, of cytotoxicity evauated by brine shrimp lethality assay
and IC,, of DPPH radical scavenging activity (Lt. panels) and 1C50 of lipid peroxidation inhibition and

(Rt. panels).

The concentration-response relationships  between
IC,, values of antioxidant activities and LC,, values of
cytotoxicities and effects of the extracts were showed in
Figure 3.

The MOS and the Tl of the extract antioxidant
effects by DPPH and LPI were as similar pattern to
NOAEL and LOAEL, i.e, MOS and Tl values were PPE/w
> PSE/e > PPE/e > PSE/w (Table 3). PSE/w possessed
lowest MOS of 1 and 2; and Tl of 0.50 and 6.42, based on
DPPH radical scavenging (Figure 3, Lt. panels) and LPI
(Figure 3, Rt. panels) respectively. PPE/w showed highest
MOS values of 250; and Tl of 11.49 and 78.04
respectively.
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DISCUSSION

Phytochemical constituents of plants importantly
indicate the antioxidant capacity and cytotoxicity of their
products which can be used for human health and drug
development.

Pomegranate Punica granatum fruits were a rich
source of dietary antioxidants [19]. We found that
different parts of pomegranate fruits and extracting
solvents produced different quantities of different
phytochemicals leading to different magnitude of
biologica activity of the products. PPE possessed higher
phenolics and flavonoids than PSE and the ethanolic
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extracts of them contained more phenolics than
flavonoids [6, 20]. There were some reports that PPE was
rich in galic acid, ellagic acid, flavonols, flavones,
flavanones, anthocyanidins and ellagitannins [21-23].
While, PSE was a source of fatty acids, i.e. punicic acid,
linoleic acid, oleic acid, palmitic acid and stearic acids
[24] and non-steroid phytochemicals [25]. These reports
thus well agreed with our findings.

The substantial amounts of TPC and FC in PPEs were
well correlated and dominantly responsible for the
antioxidant activity. We found that PSEs possessed less
antioxidant activity as other reports [26]. PPE potently
scavenged DPPH radicals similar to catechin, it is likely
that PPE possessed proton-donating ability and in
association with a number of hydroxyl groups in the
TPC and FC structuresto stabilize free radicals[ 20, 27-30].
The pomegranate extracts prominently inhibited lipid
peroxidation, it could due to their TPC and FC ability to
quench hydroxyl radicals by transferring hydrogen atom
to free radical [31]. The inhibition of lipid peroxidation
activity of the by-product pomegranate peel is one of the
important roles of antioxidants which protect biological
membranes of living cells, leading to attenuation
atherosclerosis [23], hyperlipidemia and diabetic [32].
The antioxidant capacity of PPE was also valuable for
increasing shelf life of lipid containing food [33, 34] and
meat products[35, 36]. PPE was demonstrated that it well
protected the UVB-irradiated rat skin by remarkably
reducing skin lesion and DNA fragmentation of the
epidermal cells[37].

We found that PPE and PSE of this study did not
show cytotoxicity to normal living organism (brine
shrimps), i.e. LC;, exceeded 1,000 pg/ml [38, 39], which
supported by other reports [28, 40, 41]. However, PPE
inhibited the proliferation of MCF-7 cells, a human breast
adenocarcinoma cell line. The antiproliferation of other
cancer cells by PPE was reported, such as HL-60, human
promyelocytic  leukemia cells [42], MCF-7aro,
testosterone-induced breast cancer cells [43], LNCaP-AR
and DU-145 cells, prostate cancer cells[44] and PANC-1
cell, pancreatic cancer cells [45]. The cytotoxic and
antioxidant studies of pomegranate extracts were useful
for prediction of their risk. Similarly, the NOAEL of
resveratrol [46], neem-derived pesticides [47], Tancetum
vulgare [48] and Herniaria glabra [49] leaf aqueous
extracts, vitamin D [50], copper in bottled drinking water
[51] and some environmental chemicals[52] was evauated
for risk assessment and safe consumption. The
statistically predicted values of NOAEL, LOAEL, MOS
and Tl of the pomegranate peel and seed extracts were
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firstly evaluated for acute toxicity by our study. It was
likely indicated that the pomegranate peel and seed
extracts were highly effective with low toxicity for normal
cell treatments and preferably accepted as potent
antioxidants. Thus, these concentration-response
relationships provide the important data for the
toxicologica risk assessment and the implications for
pharmacological development of pomegranate products.

CONCLUSION

Pomegranate peel and seed extracts were rich in
phenolic and flavonoid compounds with potentially high
antioxidant activities, less cytotoxicity to normal cells,
high antiproliferation against cancerous MCF-7 cells.
The peel and seed extracts were low cytotoxicity with high
safety. Particularly, the peel, the by-product of
pomegranate fruits was prominently value added. The
toxicological risk assessment and pharmacological data
from this pomegranate study would be beneficia for
clinically therapeutic development.
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ATYNTIUNBATUAZAYNTE NFUNNNMIUAT Herbarium No. 080252  awianuazeianaiuiy

A < g A < , ' ) v 3 )
uenilden waa waz 1 eunldenuazwanludeunvunhaniou u aldiuns naz nensbdae
Yy @ o l A o A Y Y v v A 9y v A o
AZUNTIZUUIA 40 mesh HAUNVRI0E199 -20°C 1ive IFnenas  anaiuinTasldweiuiy 50 niy
I Y ' [
Tumsazaie 500 ml 909 WINAU 15D 70% ethanol ana L Soxhlet extractor U 24 2119 NID4
(% 2 o 1< ey { o o
ATANAAIYNTZAILATOY Whatman No.1 szivieasana w1 1¥urailunadie lyophilizer 7 -80°C 9

avaersanaluasiazare@uioldasanaluminaana
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333 mymnzrBinamsilsznouilueaniianua (Total phenolic compounds - TPC)
FA312HUTNY Total phenolic compounds (TPC) #1833 Folin-Ciocalteu method (Singleton,
Orthofer, and Lameula-Raventos, 1999) WENAIDE19 100 ul iU 2 ml V09 2% 1502018 sodium
carbonate Gﬁiﬁ 100 pl Folin-Ciocalteu reagent U 30 W1 5}ﬂﬂ13@ﬂﬂﬁulmﬂﬁ' 760 nm 19 gallic acid
Wumsinasgu uaaadsine TPC 1y pg gallic acid quivalent (GAE)/mg #10814 Tagdiuianin
qmﬁdﬁy

Absorbance = (0.0046x GA)+0.0885 R?=0.9964

3.3.4 mywanzvidSinamslalavesd (Flavonoids content — FC)

Ans1zidSu flavonoids content 19825U04 Jia, Tang, and Wu (1999) Uag Liu ef al.
(2002). @13ANA 250 pl WANAD 11 1.25 ml 1A 75 ul Y9I 5% NaN,O 1N 6 U AN 150 ul ¥o3
10% AICI, 13 5 W17 #d 2@y 0.5 ml 499 1 M NaOH @i 1w 1d0s 2.5 ml Samisganauueai 510

9 . <3| a 3 . . o '
nm 1% catechin Lﬂum‘immj;m uaaasunm FC il ug catechin equivalent (CAE)/ug 77081 Tay

4
AUIVIINGATAL]

Absorbance = (0.0039x CA)+0.0388 R?=0.9999

3.3.5 MIINTITHMINIAIAAdase (Free radical scavenging)

ATILHNT ﬁﬁ’ﬂawaﬁmzﬁ’w?ﬁ DPPH (2,2-diphenyl-1-picrylhydrazyl) assay (Sanchez-
Moreno, et al., 2003) @15aNA 50 ul WANAU 1.95 ml DPPH reagent #13udidia 45 wfi San
@,ﬂﬂﬁuumﬁ 515 nm 14 ascorbic acid (AA) yﬂumimmummgm 1% catechin (CA) uaz
epigallocatechin-3-gallate (EGCG) (Tuaniniuguidauan uaastluamsmineyyadaszilu g

Y
AA equivalent (AAE)/ug 170819 AMUIUMIMIA0YYa0aszAdl

Radical scavengingactivity (%) = [1—%%100
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% Y

3.3.6 mﬁmswﬁw ﬁﬁﬁmum&yamﬁn (Ferric reducing antioxidant power assay, FRAP)
JNTILHNAY antioxidation A2 Ferric reducing antioxidant power assay AT “?QE]%‘]HEJI@]EJ

Benzie and Strain (1996) FRAP reagent w3enan UYsznauate 5 ml ved 10 mM tripyridyltriazineﬁlu
40 mM HCI, 5 ml 84 20 mM ferric chloride (FeCl,) #ta% 50 ml Y94 0.1 M acetate buffer, pH 3.6 U
FRAP reagent f1 37°C 30 11l 1&IWarua1saia 150 ul fU 2.9 ml FRAP reagent 1u# 37°C 30 11l
Samganauueadl 593 nm 19 Aa Wumsmasguiaseen calibration curve 3513 AN

o S I 4
@,ﬂﬂﬁuumﬂmﬂmmuﬁ reducing power ability Y93 AA

OD = [0.0091x (percent)]+0.2679, R?=0.9995

337 mmnzvimsiuiamsamelvii (Lipid peroxidation inhibition/Ferric thiocyanate
assay (FTC)

Ferric thiocyanate assay A143571051187A8 Huang et al. (2006) Hay 1 ul d1sanadanii
aza19lu 99.5% ethanol NU 1.5 ml 2.51% linoleic acid aza1elu 99.5% ethanol 2.5 ml 0.05 M
phosphate buffer, pH 7.0 FrensnaluAiTe uaasHaNE 0.5 ml AN 4.9 ml 75% ethanol 11AZS0 ul
30% ammonium thiocyanate (NH,SCN) 11 3 W9 1ABAY 50 ul 20 nM ferrous chloride (FeCl,) Tu
3.5% HCl Saganduueail 500 nm 0 24 $2Tuandsrmganaunasvesasniuaugaaa 19 3-er-
butyl-4-hydroxyanisole (BHA), butylated hydroxyl toluene (BHT), CA, ttag EGCG Lﬂumﬁmuqm%q

V20 Mudumsdudamsaaie Tugdu (lipid peroxidation inhibition - LPT) @4
Lipid peroxidative inhibition (%) = {1—%} x100

A, 7B absorbance YBIA1TAIUAY
A, 79 absorbance YBIFITAIDEN

A, A9 absorbance 147 potassium thiocyanate solution
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a d a d
3.3.8 myranzrianuiuiivaesaa 1ae Brine shrimp lethality assay (BSLA)
v
w1z Raros Artemia salina L. Tusihmgiaiion pH 9.0 Taed5umaiinain Soris et al. (1993)
9 1 A & S 1 W o 9 T 2 A g

T¥naoanaraangtaiu 2 dauliminu nudleududedigang vuialszuia 2 mm u359

oy ] ] 1 <3 1 1 a 1 {1 1 1 1 .

vunde la'lideludruwannivesnass Jar doqlWndiuluainivesnaes (Figure 3.1) 219

a

1 ! o o 1 a @ S w1 ) ) @
naed Mgl 28°C 1ddsouduas yiian uazinuagouoly 48 31 Tusdmiumsnaass
asananateauduiuly 800 ul ldlu 24-well plate ld@aoounaros (nauplii larva) 10
1 Y [ v
A1 Faae1msuan mutiunas 1% 1409 1 ml arh plate 119 Ngangiivos Tu 24 s linduna

U

o o A A AAAa Yy v ¢ o v &
Lmzuumaauﬂmﬂmeu%mm&”l@namgama*ﬁu ATUIUNITANYAIU

Mortality(%) = {1—%}100

A o AaAAa = (% [
A, A9 UIUAIUANUFIN ‘lllllﬁﬁﬂ’lﬂfﬂﬂ

A, 19 S1WIUME Ta13610019

"y

l) Hole Light \

Figure 3.1 The two-chamber container with a perforate divider and light. The smaller chamber was for
brine shrimp egg hatching. The larger chamber was for the nauplii, migrated toward the light.

3.3.9 MstnzDeasad MCF-7
F4 1
LWWLEENM&E{ MCF-7G§Q€|H human breast cancer cell line (’E)‘tg!ﬂﬁ%ﬁ'ﬂm R.P. Shiu, Dubik

Y
and Shiu, 1992) 148111151884 complete medium (DMEM/F-12) 1@34@38 10% fetal bovine serum
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(FBS) 1az 1% penicillin/streptomycin 1n1ug Ui 5% 0o, 37°C a1 2-3 Tuliimadvuiouidu
NUiADs (confluent) NBUMINAADY
3.3.10 mﬁm513ﬁn15m’%maﬁwﬁmmwaﬁ (Cell Proliferation Assay)

MCF-7 3149% 10,000 cells/well 114 100 ul 11 96-well plate U 24 ww. ldensanaviaiendw
WUTY Uuaedn 24 ¥y, 1 100 pl Yo 5 pg/ul MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl
tetrazolium bromide) 11 phosphate—buffered saline, pH 7.4 UN 4 FU. ANTITDINIT00N @Y 50 ul
100% DMSO mmmmammm IALNOU  formazan azaY aﬂmﬂﬂﬂammw 570 nm Aol
reference wavelength ‘1/1 630 nm. JAAY Microplate Reader m@ﬂﬂauumaﬂm ueaamsandIum
[¥a83330 (Okonogi, et al., 2007) 11AINAABI 4 %1 19 DMSO {ludanungy ﬁmmmm?ﬂujgﬁm

° J o ' a a < 1 . . .
PuvradasaumIvean uazlszansnmiua LC,, (median lethal concentration) Ty linear

regression analysis

(A-A)

Antiproligrativeactivity (%) = {1—M}x100

A, NOAYANAULAINIUAY
A, AOAIYANAULAINAADY

A 1 = A 1= o
A, ﬂ@m@,ﬂﬂauummamﬂmwaa

d
3.3.11 M5 IZHana
IATIEHANUUANANNNADAAIY ANOVA 198 least significant test fszsuiedda 7t P <

o w

0.01 uaz 0.05. dmumsiSouieuFufen (single comparisons) 1az 1A Student's -test ﬂﬁﬂﬁmﬂl

9

9 3 a . . IS
P <0.05. dmsunlieuifieuFadou (multiple comparisons taasdoyaiilu mean + SE, n = 4

3.4 Haminaasanag eJ‘iniﬂiNﬁ

[
a N

341 asdszneviluedniaviae uaz ilalueadluiiuny
v
AsngnuAlveIHanUNY w1 arsanaldennaiuniuanadoesiueatazyin  (PPE/,
Y
a a o o
PPE/w) H5unaanstsenouiueanianua (total phenolic compounds (TPC)) uaz aliueed

' @ 3 o A @ 3’ g‘
(flavonoids content (FC)) 3J1ﬂﬂ’J”Ifﬁ5ﬁﬂﬂlmﬂﬂﬂﬂﬂmaﬂﬂaﬂﬂlﬂ‘ﬁiu@aLLEI%L!"I (PSE/e, PSE/w) U1
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Wufly (PJ) §l TPC uaz FT voofiga tiufe PPE > PSE > PJ (p < 0.05) (Table 3.1) lugsanaiudiy
2’ (%] =Y = 1 d! ~ o U 2 dy
HAZUINUNUN TPC W10 FT 49 1389301019 UAYU PPE/e > PPE/w > PSE/e > PSE/w > PJ
U510 TPC A9 451.96 + 4.29, 380.54 + 5.87, 77.93 + 1.62, 51.58 = 0.85, 2.55 + 0.42 pg
GAE/mg Y¥o9e5ananua1ay taz Usuim FT a9l 37.61 + 1.4, 26.05 + 0.93, 16.66 + 0.47, 10.55 +

0.14, 0.24 + 0.03 ug CAE/mg U943 anNamuaIny

Table 3.1 Total phenolics compounds and flavonoids content of ethanolic and water extracts of
pomegranate peel (PPE/e, PPE/w) and seeds (PSE/e, PSE/w) and juice (PJ). Data expressed as mean +
SE,n=4.

Total Phenolics Flavonoids
Extract
png GAE/mg ng CAE/mg
PPE/e 451.96 £ 4.29" 37.61 + 1.44™"
PPE/w 380.54 + 5.87" 26.05 +0.93"
PSE/e 77.93 +1.62" 16.66 + 0.47°
PSE/w 51.58 +0.85 10.55 +0.14"
PJ 2.55+0.42° 0.24 +0.03°

GAE, gallic acid equivalents; CAE, catechin equivalents.
Numbers with different letters within the same column are significantly different (P < 0.05).

< Y @ A v a A 1 @ < =& Y @
i]glﬂuulﬂ'l'lﬁ'lﬁﬁﬂﬂlﬂaﬂﬂ‘1/]°lJ1/]3J3J TPC ttag FT NNNNTHITANALNAR BITDAAADINLUNANIT
a 4 o g’ @
AATITHVDI Sign et al. (2002) uarmsl¥msiazasesiueatazihlumsanaulaen (PPE/,
a (3K o [ A v o W ] = v W [ <3
PPE/w) U]Jf?]}ﬂ‘iiﬂm TPC uag FT lliJGl'l\iﬂu’E]U'N‘JJuEJ’ﬁ']ﬂiy IURYINUNUEITENANan (PSE/e,
PSE/w) #9184 U51091131 PPE/e 3 TPC 41nn11 PPE/w wned1eiivedifn wagnuimsanadie
9 3 = <] 9 ~ . = 1 @ A
Lll‘ﬁWu’E]ﬁGlWﬁTi TPC ‘1/]\‘]’1]1ﬂl,‘]Jﬂ’E'JﬂL!ﬁ%mﬁ@ﬂﬂiﬂﬂﬂ’q@ (Slgn et al., 2002) lli']EJ\‘i'lu'J'lﬁTiﬁﬂﬂ!‘]Jﬁﬁ)ﬂ
NUNY (PPE) A28 acetate 19 TPC 1IANINNTANAAIEAITAZA8FIADY (Yasoubi, et al., 2007)
I 1 AA = Y . . . . . . . .
wag Wuuvasndl TPC un Faldun hydroxybenzoic acids (gallic acid and ellagic acid), ellagitannins
(punicalin, punicalagin, pedunculagin, gallagic and ellagic acid ester of glucose), and anthocyanidins
[ 1 3 [
(delphinidin, cyanidin and pelargonidin) ue lunwuiilu PSE (Aviram et al., 2008) 1y PSE 1fluuvias
Y04 fatty acids 'l punicic acid, (linoleic acid, oleic acid, palmitic acid @ stearic acids

(Schubert et al.,1999) uazi phytoestrogen (Lansky, 2000) 11279 steroid estrogens (estrone, estradiol
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L1 testosterone) (Choi et al., 2006) &2 PJ il ellagitannins (punicalagin (L8 punicalin) il ellagic acid
1181 anthocyanins (delphinidin, cyaniding 8¢ pelargonidin) iisadntion (Aviram et al., 2008)
Flavonoids 11 PPE #1nn71 PSE tag PJ cﬁqaa@ﬂé’mﬁqummm Lansky and Newman
(2007) flavonoids v pPE 1&un anthocyanidins (Aviram et al., 2008), flavanone (naringenin), flavone
(luteolin), 148 flavonols (kaempferol (182 quercetin) (Aslam, Lansky, and Varani, 2006) tag flavan-3-

ols (flavan-3-ol, catechin, epicatechin 18 epigallocatechin 3-gallate) (de Pascual-Teresa et al., 2000)

9
v v o o w

a I 1 y 1 9
WiununuIeiuuvasidnues polyphenolics 1ag phenolics YOINHUNAINILS

342  MIsMUYYA (Antioxidation activities) YDIHAANUNTUTIM

Free radical scavenging of DPPH by pomegranate products

asanaldeniuiy PPE anuaunsalumsiida DPPH radicals (DPPH) 14@ uaz'ld
In&iR0afY catechin 114 PPE/e 1Az PPEAv ssafamansiia DPPH 8o waziiiufiudiia
ppPH I&eufiga (Table 3.2)

W9131INAT IC,, (median inhibition concentration) 1/5zANTMWAITABYYAD ATV
WA TR eadall PPE/e > PPE/w > PSE/e > PSEA > PJ #4i) IC,, 24 . IMNY 121.65 +
2.66; 151.78 +2.70; 1,324.35 + 16.89; 2,577.53 + 44.06 Uaz 9,925.20 + 1,116.80 pg/ml UYszansnm
9@ DPPH v®4 PPE/e 1.09 1M11108n311/52 ANTN1MV09 CA (catechin) stiosnindse@niainues
EGCG (epigallocatechin-3-gallate) 1.87 111 @udsz@niamues PPEAw tesnilszaninmves
CA 1.36 11 uaztlesnnsz@nsamues EGCG 2.33 1

U52@NTN MU0 PSE/e, PSE/w 1ag PJ 11080 11/52aNTA1mu9a CA 11.89, 23.14 uag 89.10
MANEY uag ToeninlszansnImued EGCG 20.32, 39.55 uag 152.30 taua1ay
FuusfnlSina TPC uag FT vesmsadauazii

Uszdniammaneyya DPPH, IC,,

[ 4

Wuiivegluinsed anwdusiufsendne DPPH-TPC Iim1 R® = 0.832, p < 0.05 uaz ANUFuRUT

5¥%1319 DPPH-FT e R’ = 0.806, p < 0.05 (Figure 3.2)
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Table 3.2 Scavenging activity of DPPH radicals by pomegranate peel and seed extracts, and juice. Data

expressed as mean + SE, n = 4, and median inhibition concentration, IC,,, 24 h.

Scavenging of DPPH radicals

Extract Conc. (ug/ml)

Activity (%) IC,, (ng/ml), 24 h
PPE/e 10 5.06 +0.83
25 11.75+0.71
50 24.48 +0.81
100 45.66 + 1.63
200 77.88 +1.13 121.65 +2.66"
PPE/w 10 4.47 +0.39
25 9.81 +0.64
50 18.53 £ 0.78
100 35.18 +0.75
200 64.47 +1.02 151.78 +2.70°
PSE/e 100 551 +1.13
200 7.64 +1.13
400 17.61 +0.74
1,000 40.73 + 1.46
2,000 7331 +1.01 1,324.35 £ 16.89°
PSE/w 200 5.85+0.59
400 10.75 £ 0.70
1,000 24.10 £ 0.65
2,000 43.60 + 1.46
4,000 73.02 + 1.09 2,577.53 + 44.06°
PJ 2,000 14.68 + 1.49
4,000 26.32 +3.94
8,000 49.82 +7.38
16,000 72.97 +4.59 9,925.20 + 1,116.80°
CA 10 6.95 +0.38
100 49.27 + 1.60 111.39 +0.73
EGCG 10 9.98 + 0.65
100 73.99 +0.76 65.17 = 0.34

DPPH, 2,2-diphenyl-1-picrylhydrazyl scavenging activity; PPE/e, pomegranate peel ethanolic extract;
PPE/w, pomegranate peel water extract; PSE/e, pomegranate seed ethanolic extract; PSE/w,
pomegranate seed water extract; PJ, pomegranate juice; CA, catechin, EGCG, epigallocatechin-3-
gallate; IC,;, median inhibition concentration.

Numbers with different letters within the same column are significantly different (P < 0.05).
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Figure 3.2 Relationships between the efficacy of scavenging of DPPH radicals, IC,,, by pomegranate

products and total phenolic compounds (A), and flavonoids content (B).

Ferric reducing antioxidant power (FRAP)
Ferric reducing antioxidant power (FRAP) 494 PPE/e 1as PPE/w TndiReanuuazlndifeedy
Y9417 antioxidants ¥1ATFIU CA 11ag EGCG @I1U403 PSE/e 11az PSE/w 3 FRAP 1na1a P il

9
£% =~ v A

FRAP Hotfiqa (Table 3.3) Usz@nnmues FRAP veawdnsaiiufinGeadsil PPE/e > PPEAw >
PSE/e > PSE/w > PJ &ailei1 1C,, 1 24 . FAT1 49.07 £ 1.53; 64.63 % 1.23; 512,54 £ 15.05; 753,17 &
17.66 Uag 4,615.94 + 28.90 ug/ml

Ferric reducing antioxidant power U84 PPE/e, PPE/w, PSE/e, PSE/w ilag PJ ﬁ'wm'w Vo3 CA
0.84, 1.11, 8.78, 12.91 11a£79.09 WNAWAIRY 1Az #1n1wed EGCG 148, 1.95, 15.46, 22.71 uas
139.20 111 NAIA

v Aa

52 @ANTNNVOINAITAIT 1ag FRAP, IC

v Jdo

o OUAUSAVYTINA TPC uag FT veeasana

Y
wazshiviveglunsafuniazAnud iy anuduiusszndne FRAP-TPC §a1 R = 0.931, p <

0.05 1ag ANNFUUTTZNI19 FRAP-FT 1A R = 0.850, p < 0.05 (Figure 3.3)
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Table 3.3 Ferric reducing antioxidant power (FRAP) of pomegranate extracts and juice.

Data expressed as mean + SE, n = 4, and median inhibition concentration, IC,,, 24 h.
Extract Conc. (ug/ml) Ferric reducing antioxidant power
Activity (%) IC,, (ng/ml), 24 h
PPE/e 25 25.84 +£0.83
50 53.17+1.97
100 97.37+0.38 49.07 + 1.53°
PPE/w 25 21.72 £0.55
50 41.41 +£0.85
100 78.86 £0.99 64.63 £ 1.23°
PSE/e 200 21.91+0.78
400 43.31 £0.90
1,000 96.99 £+ 3.02 512.54 £15.05"
PSE/w 200 14.30+0.16
400 29.27 +£0.29
1,000 69.32 +0.53 753.17 £ 17.66°
PJ 2,000 22.06 +0.68
4,000 4426 £0.57
8,000 86.38 £ 0.67 4,615.94 28.90"
CA 50 43.53+2091 58.36 £4.02
EGCG 50 75.87 £2.62 33.16 £ 1.68

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract; PSE/e, pomegranate
seed ethanolic extract; PSE/w, pomegranate seed water extract; PJ, pomegranate juice; CA, catechin;
EGCQG, epigallocatechin-3-gallate; IC

Numbers with different letters within the same column are significantly different (P < 0.05).

s» median inhibition concentration.
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Figure 3.3 Relationships between ferric reducing antioxidant power (FRAP), IC,,, of pomegranate

50°

products and total phenolic compounds (A), and flavonoids content (B).

a 4 aaa A . . . . . . Y g
M3UAIIEH FRAP luilnsenlaesu ferric Ty ferric-tripyridyltriazine complex 1vidlu

v g dal aa  J . a o Jdou A &
ferrous VOIATANATIU NMIILY FANWAWIIOTUMITIAIT (reduction) VBIHAASMUNTNUNY a1

a o’tdy ' [ = C =) . = Y Y A o
MIWATIEHU WuNasanalaeniuny o reducing power ANINNINVUBDI CA wazlnameany

= 1

EGCG @15 antioxidant 119597 m3nluiuiuil  TPC way FT Usmannndalnssaiielingy

q
Y

hydroxyl (-OH) 1 H uazaaielfnsergnigoyyaddsz minaaosaeand oenusieauininla

e

) v oA o < {
NAMTAUNANUNY taza1sana PPE 11U antioxidant N3 reducing power §3U10 (Gil, et al., 2000;
=~ dy ' v A 1 A = Ao I
Guo, et al, 2003) MIANRIULTAIN WUVIMT@&LQWTSG’?HL‘]Jﬂ@ﬂﬂlﬂﬁﬂaﬂﬁ”ﬁﬂﬂﬁﬂﬂﬂTW!ﬂu

antioxidant ‘ﬁi;NiJTﬂ

Lipid peroxidation inhibition (LPI) / Ferric thiocyanate (FTC)

a 3

@ @ asz’ o ! Y 3 o :/}
ﬁ"lﬁﬁﬂﬂl‘llﬁﬂﬂ"llﬂﬂﬂﬁ‘ﬂﬂﬂll PPE ﬁ1u1ﬁﬂﬂﬂﬂﬂﬂ1§ﬁﬁTﬂllﬂluull??]jiﬂﬂﬁq@ MIANANAAYVY

D.

[

Idthunas uagshnfindudaladeonga Uszdns  amvesrndasusiiuiuGewdsll PPEe >
PPE/w > PSE/e > PSE/w > PJ fifi1 IC,, 191111 18.04 = 1.95; 22.34 £ 2.11; 166.49 = 20.38; 201.82

+11.37 1102 688.87 + 44.03 pg/ml MUAIAU (Table 3.4)

sedunaiundnonn LPI vesansananunylaiiosnina1s antioxidant §91A512% BHA
(3-tert-butyl-4-hydroxyanisole) {te§¢ BHT (butylated hydroxyl toluene) @ﬂ%’“luqmmnsmmms

A A <3 ) dg‘ dy Aa A
INDEADIYMTINUDINT IHUIUAUY (Naveena, et al., 2008; Igbal, et al., 2008) WNINHUTZANTAIN
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v
[ @ a o v a g v o o a
ﬂ1§8°]JfJ\1ﬂ15ﬁﬂ'lElell’E]Qll"’llﬂJu LPI IC GU’ENNaﬁﬂiLl"ﬁJVI‘]JVlllﬂﬁﬁ]ﬂﬂé}ﬂﬂﬁllwufaNTﬂﬂUﬂillTill TPC

50°

v o Y =

uag FT Taoanudusiuives LPIIC,, iU TPC if1 R* = 0.978, p < 0.05 1Az ANUFNRUTUDI LPI

IC,, " FT Yoona1 lis1 R = 0.870, p < 0.05 (Figure 3.4)

Table 3.4 Lipid peroxidation inhibition by FTC of pomegranate extracts and juice. Data expressed as

mean £+ SE, n = 4, and median inhibition concentration, IC. , 24 h.

50°

Lipid peroxidation inhibition

Extract Conc. (ug/ml) .
Activity (%) IC,, (ng/ml), 24 h
PPE/e 5 7.47 £1.99
10 40.32 + 6.02
25 57.20 +2.68
50 65.65 + 1.48 18.04 = 1.95"
PPE/w 5 3.19+1.03
10 28.40 + 3.78
25 53.51 +£3.26
50 60.68 + 1.58 2234+2.11°
PSE/e 100 38.32 +£6.57
200 50.93 + 2.90
400 82.52 +2.46
1,000 £ 166.49 +20.38"
PSE/w 100 28.22 £4.97
200 46.27 £2.72
400 77.00 + 2.48
1,000 - 201.82+11.37"
PJ 100 3.58 +0.38
250 29.62 £4.21
1,000 57.55+1.29 688.87 + 44.03°
BHA 10 57.95+1.15 5.97 +0.39
BHT 10 59.57 +1.43 5.86+0.17
CA 10 58.51+0.19 7.38+0.11
EGCG 10 61.33 +1.26 6.89 + 0.39

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract;

PSE/e, pomegranate seed ethanolic extract; PSE/w, pomegranate seed water extract; PJ, pomegranate

juice; BHA, 3-tert-butyl-4-hydroxyanisole; BHT, butylated hydroxyl toluene;

CA, catechin; EGCG, epigallocatechin-3-gallate; IC,, median inhibition concentration.

Numbers with different letters within the same column are significantly different (P < 0.05).
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Figure 3.4 Relationships between lipid peroxidation inhibition (FCT), IC,,, of pomegranate products

and total phenolic compounds (A), and flavonoids content (B).
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343 anuiuiiyszduimad (Cytotoxicity) Vo iU

Cytotoxicity Vl'i’)ii’x‘il?li’)tl Artemia salina L.

ms3sensall | dnaaeufivvewanduaiivivdomsad luseduasiavin Taaldnerloo
Artemia salina (Brine shrimp lethality assay — BSLA) (fudunuy 109910 8. satina Sronlaniluns
dunmzd RNA miloweulsivesau  BSLA flonldmadeuiiunniiy mszayain mldeeli
110 1azilseANSNIN (Ohno, et al., 1997)  esafianniaen PPE uazmda PSE vodviuny'luil
auiuiivfszuanududud vazuaasiiviirududugann dnnihiufuaasiisin
Wudugan (Table 3.5) PPE/e waz PSEAw finmndudu < 1,000 pg/milififiy uazuaasiiy
[RUNEY (acute toxicity) i LC,, 24 %Y. MY 1,206.98 = 12.73 tag 1,294.88 + 61.28 pg/ml
AMUAIAL

PPE/w ttaz PSE/e uansnniufivfinnududuganiseina 2 wh Aefianududu >
1,500 pg/ml  LC,, Y84 PPE/w 1M1 1,743.31 + 20.17 pg/ml 110 LC,, Y94 PSE/e (M1 2,375.28 +
69.54 pg/ml manuiiiuivesraafaaTi A LC,, 24 ¥, AGWAUA LC,, i 24 0.
lussduganmwdadau @szina 2 sy anuduivd Lo, Fesddudail PPE/e > PPEAY >
PSE/w > PSE/e > PJ A1 LC,, A0 2,017.07 + 83.15; 2,209.13 + 44.26; 2,693.63 + 82.26; 4,165.91 +

100.37; 42% 7,399.81 + 99.67 pg/ml MUSIAY

F2 @ A =B :’ v A =) o a A Y o 1
ﬁ‘iﬂhlﬂ'ﬂﬁ'l‘iﬁﬂﬂ!ﬂﬁﬂﬂ mm‘nummmzumumm”lmmmmuwy‘ﬂmmmm1fm mg/ml

Q

'\ o Jdaaa &

Aodn TN A0ANADINUNAEI 18911 (Vidal, et al., 2003; Patel, et al., 2008; Meerts et al., 2009)
9 [ a a A9 A 1 9 A 1 aaAa
L!ﬁ%ﬁ"ﬂﬂﬂﬁﬂ\iﬂ”ﬂﬂTﬁﬂi%LNUWHﬂJ@QW%ﬂ’Jﬂ BSLA NnIzYN 0 LC50 > 1,000 pg/ml ﬂﬂ’ﬂhlllllWE

(Meyer, et al., 1982)
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Table 3.5. Cytotoxicity of the extracts of pomegranate peel and seeds, and juice as assayed by brine

shrimp lethality (BSLA).

Extract Conc. Mortality (%) LC,, (ng/ml) LC,(ng/ml)
(ng/ml)
PPE/e 500 2.50 £ 1.02
750 5.00 = 1.02
1,000 35.63 +2.13
1,250 52.50+2.28 1,206.98 + 12.73" 2,017.07 + 83.15“
1,500 73.13 +£2.13 (1,166.46-1,247.50) (1,752.45-2,281.68)
PPE/w 500 1.88 £1.20
750 3.13 +0.63
1,000 3.75+0.72
1,250 5.63+1.20
1,500 18.13+1.20 1,743.31 £20.17° 2,209.13 +44.26“
1,750 51.25+1.61 (1,679.14-1,807.49) (2,068.28-2,349.97)
PSE/e 500 5.00+1.77
750 5.63+1.57
1,000 13.13 +4.93
1,500 17.50 + 1.02
2,000 38.75+5.15 2,375.28 + 69.54° 4,165.91 +100.37°
2,500 57.50 +2.28 (2,153.97-2,596.59) (3,846.50-4,485.31)
PSE/w 100 1.88 +0.63
500 18.13 +3.29
750 33.50 +3.34
1,000 45.00 + 5.10
1,500 68.75 = 1.61 1,294.88 + 61.28"° 2,693.63 = 82.26"
2,000 76.25 +2.60 (1,099.86-1,489.89) (2,431.85-2,955.40)
PJ 5,000 2.50 £ 1.02
5,500 5.00 + 1.02
6,000 12.50 +2.28
6,500 42.50 £2.28 6,451.46 + 52.32° 7,399.81 +99.67%
7,000 91.25 +3.89 (6,284.96-6,617.97) (7,082.62-7,717.01)
DMSO  0.01% 1.25+0.72

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract;

PSE/e, pomegranate seed ethanolic extract; PSE/w, pomegranate seed water extract;
LC,,and LC,,, median lethal concentrations 50%, and 95% at 24 h.

Data expressed as mean = SE, n = 4.

Numbers with different letters within the same column are significantly different (P < 0.01).
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Cytotoxicityt Ao MCF-7 cell proliferation

miﬁﬁ"ﬂLﬂﬁaﬂﬁuﬁuﬁué‘?&mm?mLﬁm"mmwaﬁ (cell antiproliferation) ¥&13UAUNVD
AU MCF-7 awanusudunaznafilasuats Uss@niam cell antiproliferation Y99 PPE/e §1A1
LC,, 12, 18 uaz 24w NAD 41548 + 2492, 39550 + 15.53, uaz 377.88 = 13.14 pg/ml
AMERY (Table 3.6) Tuvaizdi LC,, Y03 PPE/w WNYU  513.73 + 23.19, 481.33 + 21.79, tag
459.90 £ 15.90 pg/ml MINAIAL LC,, Y04 cell antiproliferation ﬁ 12, 18 uag 24 ¥y, LC, v

PPE/e 4011 404 PPEA 1antion Andszanal 1.2 1

Table 3.6 Antiproliferation effect of pomegranate peel extracts on MCF-7 cells, assayed by MTT.

Conc. Cell proliferation
Extract (ng/ml) activity (%)
12h 18h 24h
PPE/e 300 83.46+1.12 85.49+1.77 80.37 +£1.32
400 58.73 +£5.75 42.12 £4.97 31.49+0.97
500 22.11£0.27 17.87 £ 0.50 16.52 £ 0.93
LC,, (ug/ml) 415.48 £24.92" 395.50 + 15.53" 377.88 +13.14°
PPE/w 400 67.03 + 1.50 62.93 +7.24 69.71 + 1.08
500 50.25 +2.42 39.67 £2.19 30.18 +4.36
600 32.02 +5.97 23.66 + 0.64 20.68 = 1.28
LC,, (ng/ml) 513.73 +23.19" 481.33 +21.79" 459.90 + 15.90"

PPE/e, pomegranate peel ethanolic extract; PPE/w, pomegranate peel water extract. Data are expressed

as the mean + SE, n = 4.

Numbers with different letters within the same column are significantly different (P < 0.05).

| a v A 1 [ z a A o s qaj J 1
GluﬂTiﬁﬂ‘H'lﬂ’ﬂﬂJlﬂuWH"ll’é]\‘i‘i/]‘ﬂ‘lfmG]’E)fﬂiEl‘]JENﬂ'I'imifgl,WiJiﬂu’Julcﬁﬂa MCEF-7 AFIH WUN
@ a o Jdo a A o QS: J <
ﬁ@@ﬂéjﬂx‘]ﬂﬂﬂa1ﬂi1ﬂ\ﬂu WA NN Uﬂﬂﬁﬂmﬁﬂﬂﬁﬂﬂﬂﬂ proliferation VBIFAAULLIIAUNAY
a g’ v a o qa.:’ . . s S o
¥UR @17 ellagitannins NUINUNVUYVYN proliferation UYBI HT-29 cells adueisea 1dvesau

Y
% C% [

A
(Kasimsetty, et al., 2010)  thiunuvinuazasanalaeniunuguee proliferation Y09 HL-60

. . J 3 < ..
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o A o o $ o 4 {
gallagic acid 1lag @17 ellagitannins INNANUNVYVYY aromatase activity Fatueou lainlaou
v & Yo o . . s & ) @ o Y
androgen Tndlu estrogen Hunaldduds proliferation (¥AANLLITUAIUY MCF-7aro FIHNFNUINIY
testosterone (Adams, et al, 2010)  TuiueuReIiu @15 gallic acid anavnlasnsiunudniirly
a . . = o q.¥ . ) s g
INA reactive oxygen species (ROS) #9119 A549 Human alveolar epithelial cells wraanziiilon
Y
ALY apoptosis (Elango, Balwas, and Padma, 2011) pomegranate extracts nnaenuazihiunu
o o s 3 o
U8 LNCaP cells 1aaueiiiaangnmyin Failu androgen-dependent Uag LNCaP—-AR t1ag DU-145
Y g k4 s o
cells iy androgen-independent (Hong, Seeram and Heber, 2008) 118z PANC-1 cells (5aaNstiial
1 . dal Y 1 Aa o o A qul A I g} = ] 1
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Toxicological profile for pharmacological development
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3.5 agUwanismanas

nsafaruinashiuiuiasiiuean (TPC) wazanswlaliuesd (FT) USuiann  uagTPC
1IN FT 105100904 TPC 63 PPE/e > PPE/w > PSE/e > PSE/w > PJ 45196 + 4.29;380.54 +
5.87; 77.93 £ 1.62; 51.58 = 0.85 1A% 2.55 + 0.42 pg GAE/mg Yoaansafamuady uag Usua FT
G971 37.61 + 1.44: 26,05 + 0.93: 16.66 = 0.47; 10.55 + 0.14 1182 0.24 + 0.03 ug CAE/mg V043 erfia
TuiueuRedMINaMINATIZY antioxidant activity ‘V.;:Q 3 3% fe scavenging DPPH radicals, ferric
antioxidant reducing power (FRAP) (18 lipid peroxidation inhibition / ferric thiocyanate (FTC)
9159191081 1C,, 71 24 3. WU YszANFW V04 antioxidant activity Y04 PPE 31An31 PSE tiag
PJ uaz IndiAeaiuans antioxidants mm;ﬂ;mﬁa catechin (CA), epigallocatechin-3-gallate (EGCG)
ag miﬁ’miwﬁﬁi%’iuqmmﬂﬁmmﬁﬁa 3-tert-butyl-4-hydroxyanisole (BHA), butylated
hydroxyl toluene (BHT) YSwaves TPC uaz FT luudazaruvesiunuianuduwusa
(correlation) AuAMANITA antioxidation wazwuwuin liianuiluiudemaddniiiinilag 9
¥ Artemia salina 1WuduLLUNAADI LAY mwm‘ﬂuﬁyéTuéquﬂ13Li}?tgLﬁuﬁmaummwaﬁm?qmﬂ
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) s 3 9 ST o A <
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Protective Efficacy of Pomegranate (Punica granatum Linn., Punicaceae)
Peel Ethanolic Extract on UVB-Irradiated Rat Skin
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Abstract: Pomegranate (Punica granatum Linn.) peel ethanolic extract (PPE) contained substantial phenolics
and flavonoids of 451.96 + 4.29 ug GAE/mg and 37.61 + 1.43 ug CAE/mg, respectively. PPE possessed marked
antioxidant activities evaluated by DPPH (2,2-diphenyl-1-picrylhydrazyl radical) with ICg, 51.51 £+ 2.03 pg/ml,
FRAP (ferric reducing antioxidant power) with 1C,,49.07 + 1.53 pg/ml and FTC (ferric thiocyanate) with 1C,,61.43
+ 4.18 pg/ml. Its antioxidant capacity, using ascorbic acid (AA) equivalents, was similar to the known natural
antioxidants, catechin (CA) and epigallocatechin-3-galate (EGCG), but 2.9-3.5 fold less than the synthetic
antioxidants, 3-tert-butyl-4-hydroxyanisole (BHA) and butylated hydroxyl toluene (BHT). PPE topically applied
on hairlessrat skin for 30 min prior to UVB irradiation at 3xMED (minimal erythema dose = 0.07-0.08 Jcn) for
24 hrs, twice aweek for one month. Propylene glycol was the vehicle control. PPE remarkably lessened the UVB-
induced lesions on the skin. Topical pretreatments of PPE and EGCG at 8 mg/cm? were able to protect the skin
against 3XMED UVB-induced erythema, epidermal thickness, sunburn cells and DNA fragmentation. The
erythemawas reduced 2.5 fold and the epidermal thickness was decreased 1.7 fold of the vehicles. The sunburn
cells were 7.4 fold less than the vehicles. DNA fragmentation was very slightly occurred. These findings
indicate that topical PPE prior to UVB irradiation is very effective in prevention the skin lesions and DNA
damages. This also makes use of and was value added to the pomegranate peel.

K ey wor ds: Pomegranate Peel Ethanolic Extract % Antioxidant Activity % UVB Irradiation % Erythema% DNA
Fragmentation

INTRODUCTION

Overexposure to UV radiation is a great concern of
inducing sunburn formation and skin cancer. UVA
(320-400 nm) and UVB (290-320 nm) cause oxidative
damages to skin cells [1, 2]. UVA induces a variety of
reactive oxygen species (ROS) inducing DNA, lipid and
protein damages. UVB is responsible for erythema,
inflammation, DNA damage and skin cancer [3, 4]. Acute
exposure to UVB affects on keratinocytes producing
sunburn formation on epidermis and inducing apoptosis
[5] and hyperproliferation of epidermal cells[6]. Long-term
and recurrent exposure to UV causes gradual deterioration
of skin structure and function. Apparently, accumulation
of DNA damages as results of the recurrent and acute
DNA injuries and the effect of chronic inflammation [7]
could ultimately lead to the development of skin cancers

[8]. Protecting skin actinic damages by UV using topical
sun block produced from plant products is now of
interest.

Pomegranate (Punica granatum Linn.) has been used
in many countries as traditional medicines, such as
treatment of intestinal parasites [9] and Gram- negative
bacteria [10]. Pomegranate pericarp exhibits antiviral
activity [11]. Pomegranate bark, leaves, fruits and fruit rind
are mild astringent, used to treat diarrhea, dysentery,
hemorrhage and some fevers [12]. Recently, chemical
constituents of pomegranate have been identified and
found containing antioxidant property [13, 14]. Few
studies reported that pomegranate fruit extract was able to
suppress UV-induced skin pigmentation, when topically
applied [15] or oraly administration [16]. It also
suppressed human epidermal keratinocyte damage [17]
and inhibited skin tumorgenesisin CD1 mice [18]. There
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are few evidences of pomegranate peel on skin protection
against UV irradiation. This study illustrated the
protective effects of pomegranate peel ethanolic extract
(PPE) against UVB irradiation on rat skin. The knowledge
findings here could be useful for application of
pomegranate peel to protect and heal UV-induced human
skin damages.

MATERIALSAND METHODS

Materials. Folin-Ciocalteau reagent and gallic acid were
obtained from Fluka, Switzerland. Catechin (CA),
epigallocatechin-3-galate (EGCG), ascorbic acid (AA), 3-
tert-butyl-4-hydroxyanisole (BHA), butylated hydroxyl
toluene (BHT), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
linoleic acid were purchased from Sigma-Aldrich, USA.
Agarose was from Promega, Spain. Ethidium bromide was
from Bio-Rad, USA. RNase A was purchased from
Amresco®, USA. DNA ladder and Genomic DNA
Extraction Kit were obtained from RBC Bioscience, USA.
All other chemicals and solvents were reagent grade and
purchased from Sigma-Aldrich, USA. A UV light source
(285-350 nm), Waldmann UV 109B equipped with UV21
lamp and Variocontrol spectroradiometer were from
Waldmann (Villingen-Schwenningen, Germany).

Pomegranate Collection and Peel Extraction:
Pomegranate fruits were purchased from local farms in
Nakhon Ratchasima, Thailand. The fruits were cleaned
and peeled. The peel was dried and ground to powder.
The pomegranate peel powder was extracted in 70%
ethanol in a Soxhlet extraction apparatus. The
pomegranate peel ethanolic extract (PPE) was evaporated,
lyophilized and kept at -20°C. The PPE power was re-
dissolved inits original solventsfor all experiments.

Determination of Total Phenolic Compounds. Total
phenolic content (TPC) was measured by Folin-Ciocalteu
method [19]. One hundred microliters of sample was
mixed with 2 ml of 2% sodium carbonate and 100 pl
Folin-Ciocalteu reagent (Folin-Ciocalteu : methanol, 1:1,
v/v) and incubated for 30 min. The absorbance was
measured at 760 nm. Gallic acid was used as a standard.
TPC content was expressed as mg of galic acid
equivalents per milligram of sample.

Determination of Flavonoid Content: Flavonoid content
was quantified by acolorimetric method modified from Liu
etal.[20]. Briefly, 250 pl of samplewas mixed with 1.25 ml
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of dH,0 and 75 pl of 5% NaNO,. After incubation for 6
min, 150 pl of 10% AlCl,.6H,0 was added and allowed to
stand for 5 min. Five hundred microliters of 1 NaOH was
added and the final volume was made up to 2.5 ml with
dH,O. The solution was well mixed and the absorbance
was measured at 510 nm. The flavonoid content was
caculated and expressed as micrograms of CA
equivalents per milligram of the sample.

Free Radical Scavenging Activity: Antioxidant property
was determined by free radical scavenging activity using
DPPH (2,2-diphenyl-1-picrylhydrazyl radical) method [21].
Sample solution of 50 pul was mixed with 1.95 ml of DPPH
reagent. The mixture was kept in the dark for 45 min and
then the absorbance was measured at 515 nm. CA and
EGCG were used as standard controls. The free radical
scavenging value was calculated using AA equivalents
per ug of sample. The antioxidant activity of sample was
defined as the amount of antioxidants necessary to reduce
theinitial DPPH" concentration by 50% (ICs).

Ferric Reducing Antioxidant Power (FRAP) Assay: The
ferric reducing antioxidant power (FRAP) was estimated
according to the method of Benzie and Strain [22]. Briefly,
sample solution of 100 pl was mixed with 2.9 ml of fresh
FRAP reagent, containing 100 mM acetate buffer, pH 3.6,
10 mM TPTZ (2,4,6-tripyridyl-s-triazine) and 20 mM
FeCl,.6H,0 solution. The reaction was incubated at 37°C
for 30 min and the absorbance was measured at 593 nm.
CA and EGCG were used standard controls. The FRAP
value was calculated and expressed as IC,, using AA
equivalents per ug of sample.

Ferric Thiocyanate (FTC) Assay: Inhibition of lipid
peroxidation was measured by ferric thiocyanate (FTC)
method as described by Huang et al. [23]. One milliliter of
sample, diluted in 99.5% ethanol, was mixed with 1.5 ml of
2.51% linoleic acid in 99.5% ethanol, 2.5 ml of 0.05 M
phosphate buffer, pH 7.0 and kept at 40°C in the dark.
Then, to 50 pl of this mixture was added to 4.9 ml of 75%
ethanol and 50 pl of 30% ammonium thiocyanate.
Precisely 3 min after the addition of 50 pl of 20 mM FeCl,
in 3.5% HCI to the reaction mixture, the absorbance of red
color of Fe(SCN), was measured at 500 nm every 24 hrs
until the day after the absorbance of the control reached
its maximum. EGCG and the synthetic antioxdidants, BHA
(3-tert-butyl-4-hydroxyanisole) and BHT (butylated
hydroxy! toluene), were used standard controls. The lipid
peroxidation vaue was calculated using CA equivaents
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per ug of sample. The lipid peroxidative inhibition of
sample was defined as the amount of antioxidants
necessary to reduce theinitial lipid peroxide concentration
by 50% (1Cy,).

UV Irradiation and Experimental Animals. UVB (290-320
nm) irradiation and its strength were set and determined
on hairless skin surface to obtain minimal erythema dose
(MED) to produce minimally perceptible erythema
reaction. MED was 0.07-0.08 Jcm? at 13 cm height with an
increment of 0.04 Jcm?in 24 hrs[24].

Female Wistar rats, 7-8 week old and 150-200 grams
weight were obtained from the National Laboratory
Anima Center, Salaya, Nakhon Pathom, Thailand. The
rats were housed at the Anima Facility of Suranaree
University of Technology at 25EC, 50-70% RH and fed ad
libitum. Therat hair on its back was shaven off about 4x2
cm for al experiments. The rats were divided into 6 groups
of 6 rats per group. Group | was normal control (-UV).
Group Il received non-vehicle (-VE). Group Il received
vehicle control (propylene glycol) (+VE). Group IV
received 2 mg/cm? EGCG control (+EGCG). Group V
received 2 mg/cm? PPE (2-mg PPE). Group V| received 8
mg/cm? PPE (8-mg PPE). Groups Il — VI were topically
applied thetest samplesfor 30 min prior to UV B irradiation
at 3XMED for 24 hrs. Therats were irradiated twice aweek
(every 3 or 4 days) for a month. The UV damages were
observed by erythema using dermatoscope and
photodocumentation and evaluated by the Draize score
system [25, 26] on scale of 0 to 4 (0: none, 1: very slight,
2: well define, 3: moderate, 4: severe). The treated rats
were sacrificed, the central exposed area of skin was
removed and processed for histological and DNA
preparations.

Histological Preparation and Histopathologic Analysis:
The skin samples were fixed in 10% neutral-buffered
formalin overnight and processed for paraffin sectioning
by standard histological techniques. The sections at 3-5
pm thickness were stained with hematoxylin and eosin.
Epidermal area and thickness were measured by
computerized image analysis at 400 magnifications.
Sunburn cells (SCs) were counted per square millimeter.

DNA Fragmentation: DNA was isolated from the treated
skin using a genomic DNA extraction kit. RNase A (10
mg/ml) was added to the cell lysate and let stand at room
temperature for 30 minutes. The DNA precipitate was
centrifuged at 13,000 rpm for 3 minutes, washed in elution
buffer and resuspended in TE buffer containing 10 mM
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Tris-HCI, pH 7.6 and 1 mM EDTA. The DNA, 4 ug, was
electrophoresed on 2% agarose gel containing 0.5 pg/ml
ethidium bromidein 45 mM Tris, 45 mM boric acid and 1
mM EDTA at 100 mVolts for 1.5 hrs. The DNA ladders
were visualized under UV fluorescence and
photographed.

Statistical Analysis. Data were analyzed by ANOVA,
using the least significant test to determine the level of
significant at P # 0.05 and 0.01. All datawere expressed as
mean * standard error. For single comparisons, the
different significance of means was determined by
Student's t-test at significant level of P # 0.01.

RESULTS

Total Phenolic and Flavonoid Contents: It has been well
known that plant phenolics possess high antioxidant
activity. In this study, pomegranate peel ethanolic extract
(PPE) contained total phenolic compounds (TPC) of
451.96 + 4.29 ugGAE/mg extract and flavonoid content
(FC) of 37.61 £ 1.43 ngCAE/mg extract (Table 1). The
amount of TPC and FC could indicate the antioxidant
activity of PPE.

Free Radical Scavenging Activity: The antioxidant
activity of PPE, measured by DPPH method, was able to
scavenge oxidants as concentration dependent manner.
At 100 pg/ml PPE could inhibit DPPH" radicals up to 79%
(Table 2). The effectiveness of PPE, determined by ICy,,
wassimilar to CA. ThelCg, of PPE was 51.51 + 2.03 pg/ml
and of CA was 5543 + 0.83 pg/ml. However, the
effectiveness of PPE was a half of EGCG, IC,, of 27.51 +
1.32 ug/ml (P# 0.01).

Ferric Reducing Antioxidant Power (FRAP): The FRAP
of PPE reduced ferric-2,4,6-tri(2-pyridyl)-s-triazine [ Fe(l11)-
TPTZ] complex to its ferrous-2,4,6-tri(2-pyridyl)-s-triazine
[Fe(I)-TPTZ] with IC,, of 49.07 + 1.53 ug/ml (Table 2). The
FRAP value of PPE was dlightly higher than that of CA,
IC,, Of 58.36 + 4.02 pg/ml and 1.5 fold lower than that of
EGCG, IC,, of 33.16 + 1.09 pg/ml (P # 0.01).

Ferric Thiocyanate (Ftc): FTC assay demonstrated that
PPE was able to inhibit the peroxidation of linoleic acid in
a dose-dependent manner. The antioxidant effectiveness
of PPE as|C,, valuewas61.43 ug/ml (Table 2). The FTC of
PPE was approximately 2.9-3.5 fold lower than those of
BHA and BHT, the synthetic oxidants and of EGCG, the
natural antioxidant.
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Table 1: Total phenolic compounds content and flavonoid contents of pomegranate peel ethanolic extract. Datawere mean + SE, n = 4.

Extract

Total Phenolics ugGAE/mg

Total Flavonoids pgCAE/mg

PPE 451.96 + 4.29

37.61+ 144

PPE, pomegranate peel ethanalic extract; GAE, gallic acid equivalent; CAE, catechin equivaent.

Table2: Antioxidant capacity of pomegranate peel ethanolic extract assayed by DPPH, FRAP and FTC methods. Data were expressed as mean + SE,

n=4.
Antioxidant power by Sample Concentration (ug/ml) Activity (%) 1Csp (pg/ml)
DPPH PPE 25 21.99 + 2.40 51.51+2.03
50 51.32+2.03
100 97.65+ 294
CA 50 50.02 + 1.99 55.43+0.83
EGCG 50 74.36 £ 0.94 2751+ 1.32
FRAP PPE 25 25.84+£0.83 49.07 + 1.53
50 5317+ 197
100 97.37+0.38
CA 50 4353+291 58.36 + 4.02
EGCG 50 75.87 £ 2.62 33.16 + 1.09"
LPI PPE 0 2150 £ 0.65 61.43+4.18
50 46.81 + 5.87
100 78.88 £ 5.81
BHA 10 4813+ 7.34 19.84 + 7.60°
BHT 10 54.69 + 8.38 17.71+521
EGCG 10 40.25+1.03 21.25 + 4.99

DPPH, 2,2-Diphenyl-1-picrylhydrazyl radica scavenging activi_ty;_ FRAF;,Terric redu?:ir?g antioxidant power; LPI, lipid peroxidative inhibition; PPE,
pomegranate peel ethanolic extract; CA, catechin; EGCG, epigallocatechin-3-gallate; BHA, 3-tert-butyl-4-hydroxyanisole; BHT, butylated hydroxyl toluene;

1Cs0, median inhibitory concentration. * P # 0.01.

Erythema Reduction: Topical application of PPE on
hairless rat skin prior to UBV irradiation at 3XMED was
able to reduce the skin erythema. The UVB irradiation on
non-vehicle (-VE) and vehicle (+VE) pretreated controls
induced erythema at 3.69 £+ 0.13 and 3.57 + 0.20 scores,
respectively. While, topical application of 2- and 8-mg/cm?
PPE significantly lowered erythemaat 1.78 £ 0.15 and 1.40
+ 0.24 scores, respectively (P # 0.01) (Figure 1). The
erythema symptom induced by the UVB irradiation was
illustrated in Figure 2. Apparently, the erythema reduction
by 8-mg/cm? PPE and EGCG pretreatment was about 2.5
fold of the vehicle controls. This clearly demonstrated
that PPE well prevented the rat skin from UVB-induced
erythema.

Epidermal Thickness. UVB irradiation at 3xMED
increased the epidermal thickness of the vehicle control
ratsto 69.71 + 1.07 um as compared with the non-treated
normal control (18.47 + 2.25 um) asshown in Figures 3 and
4 A, C. That was UVB increased the skin thickness of
irradiated rats about 3.8 fold of non-treated normal
control. Topical pretreatment of PPE at 2 and 8 mg/cm?
effectively reduced the epidermal thickness of UVB-
irradiated skin to 50.34 + 1.88 and 40.34 + 1.12 pym,
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respectively (P # 0.01) (Figures 3 and 4 D, E). PPE and
EGCG at 8 mg/cm?® topical treatments prior to UVB
irradiation equally reduced skin thickness (Figure 4 E, F),
which was 1.7 fold of the vehicle. It is noticeable that
topical pretreatment of PPE did not reduce the epidermal
thickness down to the normal control level and it was
about 2.2-2.7 fold thicker.

Sunburn Cells and DNA Fragmentation: UV radiation
caused sunburn cells and damaged DNA, which lead
to cell death. UVB irradiation significantly induced
sunburn cells (SCs) in the epidermis of the vehicle control
(+VE) approximately 17.86 + 3.43 cellsmm? (Figure 5).
Topical pretreatments of PPE at 2 and 8 mg/cm?® were able
to reduce sunburn cells down to 5.00 £ 1.01 and 2.40 £
0.24 cellsy/mn?, respectively (Figures 4 D, E and 5). The
effects of PPE and EGCG at 8 mg/cm? were nearly equal
and about 7.4 fold less than the vehicle control. In
addition, the UVB irradiation induced DNA fragmentation
in the non-vehicle and the vehicle controls, presented as
long DNA ladder in Figure 6, lane 3 and lane 4. Topical
pretreatments of PPE at 8 mg/cm?, (lane 6) more greatly
protected DNA from being fragmented by UVB than 2
mg/cn?, (lane 5).
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Fig. 1: Theinhibitory effect of pomegranate peel ethanolic extract (PPE) on UV B-induced erythemaon rat skin. The test
skin was pretreated with PPE, epigallocatechin-3-gallate (EGCG) and vehicle controls (+UV, +VE) before
irradiation with 3XMED for 24 h, twice aweek for a month. Data were shown as mean score of erythema + SE, n
=6," P#0.01.

B

Fig. 2. Skin features demonstrated the erythemainduced by UV B irradiation after topical pretreatment of pomegranate
peedl ethanolic extract (PPE) on hairless area of rat skin. The skin received 3XMED UVB for 24 h., twice aweek for
amonth. A, normal control rat skin; B, UVB and non-vehicle control (-VE); C, UVB and vehicle control (+VE); D,
UVB and 2 mg/cm? PPE; E, UVB and 8 mg/cm? PPE; F, UVB and 8 mg/cm? EGCG.
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Fig. 3: Inhibitory effect of pomegranate peel ethanolic extract on UVB-induced epidermal thickness of rat skin. The test
skin wastopically pretreated with PPE, vehicle and non-vehicle control and then irradiated with 3XMED UVB for
24 h, twice aweek for amonth. Data were expressed as mean + SE, n=6, 'P < 0.01.
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Fig. 4: Histographs of 3xMED UVB-irradiated rat skin
illustrated the epidermal thickness (double head
arrows) and sunburn cells (arrows) at 400x
magnification. A, normal control; B, UVB and non-
control (-VE); C, UVB and vehicle control (+VE);
D, UVB and 2 mg/cn? PPE; E, UVB and 8 mg/cm?
PPE; F, UVB and 8 mg/cm? EGCG.
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Fig. 5: Effect of PPE on UV B-induced sunburn cells (SCs)
inrat skin. UVB at 3XxMED irradiated on hairless
skin for 24 h, twice aweek for amonth. Data were
presented as mean + SE, n=6, ‘P # 0.01.
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DISCUSSION

The importance of antioxidant activities of phenolic
compounds and their possible usage in medicine and
processed foods as a natural antioxidant have reached a
new high of human health interest recently. Pomegranate
was reported that it contained various phytochemicals,
mainly phenolic hydroxyl groups, flavonoids tannin and
unsaturated fatty acids with bioactivities [27] and
antioxidant activities[14, 28, 29]. Our study demonstrated
that PPE contained substantial amount of phenolic
compounds and expressed marked antioxidant capacity as
equivalent to AA and comparable to natural antioxidants
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Fig. 6: Effects of 3XxMED UVB irradiation on DNA
fragmentation of rat epidermal cells: DNA, 4 g,
was electrophoresed on 2% agarose gel. Lane 1,
normal control; Lane 2, 8 mg/cm? EGCG; Lane 3,
non-vehicle control (-VE); Lane 4, vehicle control
(+VE); Lane 5, 2 mg/cm?® PPE; Lane 6, 8 mg/cm?
PPE.

of CA and EGCG. This was in agreement with
pomegranate peel methanolic extract [30]. However, PPE
antioxidant capacity was only a half of BHA and BHT,
which are synthetic antioxidants used for increasing shelf
life or stabilizing lipid containing food products [31]. PPE
was effective in reducing formation rate of secondary
oxidant products, thiobarbituric acid reactive substances
(TBARS) in sunflower oil storage [32]. On the contrary,
acetone and methanolic extracts of pomegranate peel by
sonication possessed higher antioxidant activity than
BHA and BHT [33]. Therefore, it is obvious that extraction
systems for pomegranate peel produce a variety of
constituents and bioactivities.

This study demonstrated that topical pretreatment of
PPE was ableto protect rat skin from UVB irradiation. PPE
was as effective as EGCG in prevention of epidermal
erythema and cell injury and in reduction of epidermal
thickness. There was evidence that dietary ellagic acid
rich in berries and pomegranate reduced UV-induced
epidermal thickness in mouse skin [34]. Similarly, some
reports revealed that green tea could reduce erythema,
sunburn cells, skin thickness and DNA damagesin human
skin [35-37]. A number of antioxidants (EGCG, vitamins C
and E, CoQ10, lycopene, silybin, resveratrol, genistein and
pycnogenol) and plant extracts (green tea, grape seeds,
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pomegranate and coffee) were used in skin care
formulations [38]. Oral ingestion of ellagic acid extracted
from pomegranate rind could reduce erythema and
inhibited pigmentation in human skin [39]. Ellagic acid
presented in berries and pomegranate was aso
demonstrated to prevent collagen destruction and
inflammatory responses in human fibroblasts and
keratinocytes caused by UVB irradiation [34, 40].
Pomegranate was reported to down regulate the UVB-
induced proliferating cell nuclear antigen (PCNA) and
increase p21 and p53 leading to cell cycle arrests and
apoptosisin human artificial skin EpiDerm [41-44]. These
definitely supported our study that topical pretreatment
of PPE attenuated the skin symptom, reduced sunburn
cells and inhibited epidermal cell proliferation and induced
epidermal cell apoptosis caused by UVB irradiation.

In conclusion, pomegranate peel was rich in
antioxidants, played remarkable roles in prevention
skin lesion from UVB irradiation by alleviation of
erythema, sunburn cells and DNA damages. These
findings provide useful knowledge of pomegranate peel
for further researches on its potential in chemoprevention
of skin cancer induced by UVB radiation and in agro-
industry. This could make use of the pomegranate by-
products.
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Table 5.1 Summary of phytochemicals, antioxidant activity and cytotoxicity of pomegrante Punica granatum products. Data were mean = SE, n = 4,

p <0.05
Major phytochemical Antioxidant activity, IC_, 24 h Cytotoxicity, LC,), 24 h
Extract TPC FT DPPH FRAP FTC/LPI A. salina MCF-7
ng GAE/mg pg CAE/mg pg/ml pg/ml pg/ml pg/ml pg/ml
PPE/e  451.96+£429"  37.61+144" 121.65+2.66 49.07 + 1.53° 18.04+1.95° 120698+ 12.73"  377.88 +13.14°
PPE/w  380.54£587°  26.05+0.93" 15178 £2.70 " 64.63 = 1.23" 2234211 1,74331+20.17°  459.90 £ 15.90°
PSE/e 77.93£1.62°  16.66+0.47" 1,32435+16.89"  512.54 +15.05" 166.49 +2038°  2,375.28 + 69.54° -
PSE/w  51.58+0.85  10.55+0.14" 2,577.53+44.06°  753.17+17.66°  201.82+ 1137  1,294.88 + 61.28" -
PJ 2.55+042° 024+0.03°  992520+1,116.80° 4,615.94+28.90"  688.87+44.03°  6451.46+52.32" -
CA - - 111.39 +0.73 58.36 + 4.02 5.97+0.39 - -
EGCG - - 65.17 + 0.34 33.16 + 1.68 5.86£0.17 - -
BHA ) ) ) ] 738 +0.11 ] ]
) 6.89 % 0.39 ] ]

BHT
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