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1.4 Ar9iftA Advanced glycation end-products (AGEs)
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ansifinAnsusizefoniififirendedunenendndraifinnnisduiausdansil
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FudauauanvSadendn photoaging Tunneafifln photoaging ﬁé’ﬂymzﬂﬁﬂﬂ;]'fﬁﬁmﬁuﬁfﬂ fa
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LUEIHuuﬂﬂﬂmuuﬂ%ﬂlﬁ"ﬁay"uﬂnmaﬁuﬁ dermis Tius meazau Wiledanafu warlnalaay
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2.2 prsifiniures matrix metalloproteinases (MMPs) UasnTsamBRdy g oatsiesd

(celiufar signal transduction)
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- MMP-3 wEaZunfinatnmiiidn sromelysin-1 sislinfdweultdfidassanraaan

LTRATIIN MMP-1

- MMP—8 wEaBanEnesnwilain gelatinase—B Mnwiinfuduweuinifdessanaasan

LFRAEIN MVP-T oy MMP-3
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1. insteadiu [7, 9]

1.1 nrsdeenusad uv lnenrsnanEad e iuuaa (Provention of UV penetration by

sunscresn producks)

msfilEnanndneduudain nsduimumunnduamad dgfin THfs auudues
ArmTa metieeduusunn (photoprotection) (udnA8vifiterzasnafinarnsunisdRonisls
Affuniunsifasiuussunnfia nslindasusiiuunefmdnsusrindszddunmsnmns
fastuusiuan degtusmrsouiaistuuamduy 2 ngu fa arsfuusmuuunianT (physical
sunscreen) WAz ENSHUUARLULLAS (chemical sunscreen) Trefissfuunnuuuntenwidnune
naunrSemensnaziioudsd Uy sinamnsadaariuded Uy TE duumsfunnuuuedaz
prsETsn AN B UV udtane e Bifndseusondn ofaruemaiugindn
SaftBuvisngn Hudn sdnalsfinny sladnsidueendiuingszsoneulufemsiuunm
auamuazafRe i lHssunsundeBaendsd LB PR uazsesumsuntesRavinisd

Uva (PA) mnsfifissntsunzsndnaidussAninimTunmelasfuumunrnasnaienis o
1.2 prstarinTafineyyaia sy a8 UV (Prevention of UV-induced ROS)

mafl ndnaeninduudrdfinrriuudeasfd aresnfrenanamesenfifinein
sanfinty SaeuyadasadumsminlEfrnizdingtt snnnsnesausing wodn 8813
varerfafiiun i lunisfiuayyaiassfifinenisdudauaiunn e vitomin £, vitamin C,
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wilainfiasus UV wodn coenzyme 010 snsnsodudaaul=d mve-1 Taeansdudennsaling
cytokines figna3 1481970 keratinocytes 1{iudiu atinalsfinn arsdenaidbiflvangufwign

Faafugnilunsiineyyalasefifeenisfuimumunn i nlino sy
1.3 ATsUE AU TS AL T ITEIT LV (Prevention of LV_indured inflammation)

mstesfunisanauensed Uy uEniBelefdederiunsfnrrneriras Aol 1#
a q wr B e i P
18 coenzyme Q10 snusaaAnTEmMEUdBeen AnTanTiuginTTaET T cptokines Agnadte

M9 keratinocytes (5 Wiudiu
1.4 ATFYIIANANTY (Caloric restriction)

prwsiluilssefidiAn adranilffwiud funsfanauiaafieemis Wassnd

msAnelwrynAaemui Aeasauifady (skin collagen) esnmRaEfifnnsIdand T
w B o ar wr ar [y
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1.5 mrsin AR e N E e mavwma ULy

fnneRne waTEmTATEILER TR Wi e R RS A R e E TN
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wnwdriinefu g lsfiny nsEfasareseyinHERAY (ckin rosk) 16

1.6 msiEnEas i atuemsitiedaardiin19fia AGEs (Food Supglement for preventing
AGEs)

Ansifin AGEs Brrndisiudfudffiteteandiedu Al ssiinulffunaenSiniug
grwtradestiufia AGE: uaztretzannsfirarisuireBonlald Aot Badoeiatuewas
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yeast, trolo, rivoflavin, zinc LAY manganese 'a"‘lu"l‘iﬂﬁ"l_lfi! ghycation ﬁ’ufﬂiﬁué’ﬂyﬂu?ﬂﬁﬂﬂﬂ

YIAFE (Ui
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2. TEENEA [3, 9]
2.1 mrsEaiusyeinifiueniasuiond
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ANFETIHTEN M IR Ra SRR AT R TWES [10, 11]
Hryihsissssurfvareelafgmisn i srrasnisfinronsurizefiomi 1w
1. ﬂ"‘l"iﬂﬁu carotenocids

arsnaudidu pigments snsssumAfazaaFAbladdmunnn ity sald waz
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FRefusninaniiusns i lunsrafarauivesfond: Kamsed 3

@1FHA 3 Tﬁﬂﬂ%ﬂauﬂaﬂﬂTrmﬂiﬁﬂﬁﬁunmuufi*limiﬁirréﬂ carotenoids

famns Trsamsng wAssfu | ARlAunSsRRTUATIELT

Armes faly | - Wueulnd sop u
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|
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2. mﬁﬁq:ﬂ flavonoids

ansnguiuatsngu phensic compounds fansnsomulilunalE fn wiaduing 4 715
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RESEARCH ARTICLE

Anti-aging efficacy of topical formulations containing

informa

healthcana

niosomes entrapped with rice bran bioactive compounds

Aranya Manosroi'?, Romchat Chutoprapat', Masahiko Abe*, Worapaka Manosroi?,
and Jiradej Manosroi'?

"Faculiy of Pharmacy, Chiang Mai Universily, Chiang Mai, Thailand, *Neafural Product Research and Developmerd
Criter (NPRDC), Scicnce and Techrology Research Institute (STRI), Chiang Mai University, Chiang Mai, Thailand,
Department of Pure and Applied Chemistry, Faculty of Sclence and Technology, Tokyo University of Science, Chiba,

Japan, and *Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract

Context: Rice [Oryza sativa L (Gramineae]] bran is a rich source of phytochemicals. Its oil also contains several bicactive

components that esthibit antiogidative properties such as ferulic acd (F), y-oryzanol (0], and phytic acd (P) which can

b & new source of cosmetic raw materials,

Objactive: To evaluate the anti-aging effects of the gel and cream containing nicsomes entrapped with the rice bran

bioactive compounds.

Materials and methods: The semi-purified rice bran extracts containing F, O, and P which indicated the growth

stimulation of human fibroblasts and the inhibition of MMP-2 by sulforhodamine B and gelatin zymography,
ively, were entrapped in nicsemes by supercritical carbon dicdde fluid (s000.) and incorporated in gel and

cream formulations. The skin hydration, elasticity, thickness and roughness, and pigmentation in human volunteers

after treated with these gel and creans wers investigated by comeometer, cutoneter, visionmeter, and mexamener,

respectively.

Results: Gel and cream containing the semi-purified rice bran extracts entrapped in niosomes gaveno sign of erythema

and edema detecied within 72l on the shaved rabbit skin by the cosed patch test investigated by mexameter

and visual observation, respectively. These formulations also demonstrated highes ydration enhancement and

improvemnant of skin lightening, thickness, roughness, and elasticity on the skin of 30 human volunteers within the

2B-day reatment nal more than @ 27 7 3 and 3 times, respectively,

Dscussion and comclusions: The formulations confaining nkosormes entrapped with e rice bran bloactive compounds

gave superior dinical anti-aging activity which can be applied as a novel skin product.

Keywords: Rice bran bioactive compounds, niosomes, clinical efficacy anti-aging, MMP-2
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Antioxidant activity of gamma-oryzanol: Mechanism of action
and its effect on oxidative stability of pharmaceutical oils

Claudia Juliano*, Massimo Cossu, Maria Cristina AlamanniLuisella P

Diparrimento e Scienze del Formaco, [ Mivowi 2304, University of Sz, Saesar] Itoly
Reeceived 2 December 2004; recedved in revised form 22 April 2005; accepted 18 May 2003

Abstract

Camma-oryzanol, 2 phyvtostery] farlate mixture extracted from rics bran oil, has 2 wide spectrum of biclogical actrvities;
m particular, 1t has anhowidant properties and 15 often vzed in cosmehe formmlations 2: 2 sunscreen. The first objective of
the present imestieation was to alucidate the molecular machamam(s) of the anhendant actrty of gamma-oryzanol by util-
1sing diffarent in vitro mode] systems, such as scavengme of stable DPPH* radical, OF* and 0,* radicals seavenzing, and
azocompound AMVN-iitizted lipid peroxidation. The effect of zamma-oryzane] on the oxidatrve stability of vegatable ols
of pharmaceufical and cosmetic mtarest was then evaluated in 2 oxidation accelerate test and compared with the effect of the
well-newn anhioxidants BHA and BHT. Qur rasults demonstrate that zamma-oryzancl is an orgamie radical seavengar able to
prevent AMVN-nzzered hpoperoxidation. Moreover, when added to oils at concenfrations rangmg betwean 2.5 and 10 mmol ke,
gamma-oryzanol shows 2 dose-dependant increaze of the nduction times; in particular, 1t improved the cxidative stability of oils
very prone to lipopercndation becanse of their high content of pohuneaturated fatty acids. On the sround of our razults, we can
conchude that gamma-oryzanol may have a potential application for the stabilization of hpidie raw materials,

& 2005 Elsevier BV, All rights reserved.

Enpword: Gamma-oryzanol; Antiowidant aciviry; Omidative stability; Phamaceaunical and commetic ails
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v-Oryzanol: An Attractive Bioactive
Component from Rice Bran

Christelle Lemus, Apostolis Angelis, Maria Halabalaki, Alexios Leandros
Skaltsounis

University of Athens, Division of Pharmacognosy and Natural Products Chemistry, Department of Pharmacy,
Athens, Greece

INTRODUCTION

Ohryza sativa L. seeds of the Poaceae family, commonly
known as Asian riee or simply rice, could be consid-
ered as one of the most important grains since it is con-
sumed by the half of the world population. According
to a United States Department of Agriculture (UUSDIA)

1 4534 million tonnes of rice was consumed
worldwide in 2010/2011.

In Asia in particular rice comprises a basic compo-
nent of the daily diet, and it occupies one of the top
positions of commodities with the highest worldwide
production according to FAOSTAT (the Statistics Divi-
sion of the Food and Agriculture Organization of the
United Nations).” As expected, Asia is by far the main
producer and China the most representative couniry,
producing 200 million tonnes of rice and paddy in 2010
(Lig. 311).

The oil deriving from rice, namely rice bran oil
(RBO), is one of the most commonly used cooking oils
in Asia, and the major by-product of the rice milling
industry. RBO represents a rich source of high added-
value phytochemicals of nutritional, pharmaceutical,
and cosmetic interest, such as tocopherols and tocot-
rienals (tocols or vitamin E), lecithin, carotencids, and
y-oryzanol, and has therefore attracted considerable
interest in recent years.™ y-Oryzanol is of particular
significance because it is abundant in RBO compared to
other vegetable oils.®

y-Oryzanol was first isolated in 1954 by Kaneko and
Tsuchiya® from the unsaponifiable fraction of rice bran as
a crystalline substance; it was considered to be a single
compound and was named oryzanol in reference to the
botanical species of e, Oryze sation. Three years later,

Shimizu et al.,” using a different extraction method, dis-
covered that y-oryzanol was not a single entity and sug-
gested that it was composed of three ferulic acid esters
of triterpene aleohols, which were designated oryza-
nol A, B, and C. Subsequently the same scientific team
identified oryzanol A as cycloartenyl ferulate® and in
1958 oryzanol C was identified as 24-methylene cyclo-
artany] ferulate.” Finally, oryzanol B was found to be a
mixture of oryzanol Aand C, Since then, various studies
have been carried out investigating the composition of
y-oryzanol, allowing the identification of more than 20
ferulic acid esters of triterpene alcohols and sterols by
different methods.)”

Given that RBO is an important by-product in the
rice industry, much attention has been paid to opti-
mization of its production and further treatment pro-
cesses. In the standard industrial procedure of RBO
production a refining process takes place through a
deacidification treatment with alkali, giving rise to
soapstock, This residue is quite valuable, since the
highest percentage of y-oryzanol contained in the
crude oil is lost in the soapstock (B3%~95%, according
to Krishna et al.1). Therefore soapstoack is the richest
source of y-oryzanol and probably the most important
by-product of rice processing.

y-Oryzanol generally exhibits a wide spectrum of
health-beneficial effects, including anticarginogenic,
anti-infla y, antihy perlipidemic, antidiabetic, and
neuroprotective, which are mainly attributed to its anti-
oxidant capacity* This pleiotropic biological profile of
y-oryzanol, together with its high availability in indus-
trial by-products, has contributed significantly to the
observed increasing interest from academia and indus-
try, especially in recent years,
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led to identification of steryl ferulates with high confi-
dence.’’ Furthermore, additional possible derivatives
were suggested by the authors, while the ion [M+H-
O], present in Full scan spectra, was proposed as
indicative for the identification of polar y-oryzanol.

Apart from the traditional and most commonly utilized
analytical methods, a few others have been incorporated
for the analysis, quantification, and characterization of
y-oryzanol for various purposes, For instance, Deepam
and coworkers reported the development of a high-per-
formance thin layer chromatography (HPTLC) method
for the constituents of RBOY, while Kumar et al. pro-
posed a thin-layer chromatographic (TLC) method for
the detection of EBO in other vegetable oils monitor-
ing y-oryzanol components.™ Furthermore, alternative,
non-chromatography-based techniques have also been
proposed for the determination of y-oryzanol in EBO.
For instance, spectrophotometric methods such as fixed
wavelength, and second-derivative and multicompo-
nent analysis, have been reported for the quantitation of
y-oryzanol.™

After reviewing the previous and current trends in
the analysis and characterization of y-oryzanol, it will
be useful to cite and briefly discuss the most common
applications where these methods are utilized. Thus,
the methodologies mentioned have been used in the
evaluation of the extraction and isolation procedure of
y-oryzanol or its components from different materials,
such as BBO and soapstock, since the efficient and fast
procumbent thereof remains an im challenge,
mainly for industry 5SS Enown or slightly
maodified methods have also been incorporated for qual-
ity assessment of the RBQ production procedure and
the corresponding derived materials, as well as for the
appraisal of oils from different sources and for adul-
teration issues,'*1% In particular, different parameters,
mainly regarding the refining process, related to the con-
tent of y-oryzanol still comprise an important research
topic, TSI Nymerous studies dealing with the
stability of y-oryzanol, mainly during storage or cook-
ing,'71" have been performed, for the identification
of optimal or alternative sources'™ and the isolation of
y-oryzanol, as well as comparative studies between dif-
ferent rice varieties, PAMIALIEHE commercial rice vari-
eties, 1% and conventional and organic rice!™ mutant
species, ™10 Ap interesting research topic would
include localization of y-oryzanol in the different parts
of rough rice seed, %1 jts content in paddy and brown
rice, ™M and its quantitative differentiation duri
maturation and development #AMRSLHMS Binally, the
existing methods have also been incorporated to detect
and or quantify y-oryzanol in biological samples in order
to further investigate its biological properties and role;
for instance, the work by Lubinus et al. is related to the
fate of steryl ferulates upon consumption by healthy
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humans. " However, such studies are rather limited and
further investigation is required.

PHARMACOLOGICAL ACTIVITIES AND
APPLICATIONS OF y-ORYZANOL

Since the discovery of y-oryzanol in I‘he 19505, numer-
ous studies have been performed £ loring the pharma-
cological potentials of y-oryzanol 426147 Wlde]y used in
Asia as a therapeutical agent to treat clinical disorders
involved with the menopause,'* stimulation of the seba-
ceous glands, ¥ or ulcers,'® yoryzanol has attracted
much interest thro the world. Ac ing to Cicero
and Gaddi,'™" early studies on the biological profile of
y-oryzanol started with the work by Nakamura'™ in the
1960s regarding the influence of y-oryzanol on hepatic
cholesterol biosynthesis. Since then, according to the
PubMed database, more than 180 research articles have
been published, presenting a wide spectrum of biologi-
cal activities. In addition, several reports investigating
the biological properties of y-oryzanol rich extracts and
commercial or purified y-oryzanol, using various in vitro
or in vive models, have also been presented.

The larger proportion of these biological studies con-
cerns the antioxidant activity of this y-oryzanol, due
to the presence of the phenol moiety in its composi-
tion. By definition, reactive oxygen species (ROS) are
free radicals which, when they are overproduced in
the organism, may cause oxidative stress by oxidation
of biological macromolecules such as proteins, nucleic
acids, and cell membranes. This oxidative damage is the
origin of many chronic diseases, and cell aging. Thus,
over recent decades the research into new antioxidants
has been considerably increased.

In this context, due to the presence of the ferulic/
caffeic acid part, which enables donation of electrons
and destroys the action of free radicals, y-oryzanol has
been widely studied for its antioxidant properties, 15315
For example, Kim's work shows that y-oryzanal inhib-
its pyrogallol autoxidation and is more effective than
the well-known synthetic antioxidants (BHA, BHT,
and TBH()) against hydroperoxide formation. % More-
over, Hiramitsu ef al. have suggested that y-oryzanol
inhibits lipid peroxidation induced from porcine reti-
nal homogenates using ferric ion or UV light,'™ and
thus could be employed in retinotoxic evaluation of
ophthalmic drugs. On the other hand, Xu and Godber
were more interested in the antioxidant properties of
the individual three major compounds of y-oryzanol
{eycloartenyl ferulate, 24-methylenecycloartanyl, and
campesteryl ferulate), using a linoleic acid-based per-
oxidation model. Their results indicated that these com-
ponents are able to significantly reduce the production
of hydroperoxides. '™
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The anticxidant activities of y-oryzanol against cho-
lesterol oxidation have also been investigated. '™ Choles-
terol oxidation products (COPs) lead to the formation of
several toxic atherogenic, mutagenic, and carcinogenic
compounds,'® which cause cell membrane damage and
are responsible for many pulmonary and cardiovascu-
lar diseases. S92 Tt has been shown that y-oryzancl is
capable of reducing the production of COP considerably,
with higher activity than that of vitamin E.Y It is note-
worthy that a significant correlation between oxidative
stress and various diseases, such as malignancies, diabe-
tes, atherosclerosis, chronic inflammation, human immu-
nodeficiency virus (HIV) infection, ischemia reperfusion
injury, and sleep apnea has been highlighted. ™ Overall,
given this background, much interest has focused on
investigation of the therapeutic properties of y-oryzanol
against several health complications and diseases, using

numerous models and assays.

Anti-Ulcer Effect
In the 1970s-1980s, the anti-ulcerogenic properties of
y-oryzanol were extensively investigated in Japan, using
ml: mod.els. Mevertheless, further studies are needed to
entify its inhibitory effect and establish its real clinical

ll'ﬂ"l.fﬂ.fy Ia5-168

Anti-Inflammatory Effect

Kecently, many researchers have investigated the
capacity of y-oryzanol to treat inflammation. y-COryzanol
has been found to inhibit the increase in swelling of the
hind paw in adjuvant-induced arthritis in rats in a dose-
dependent manner (1-100mg/kg),' and to possess a
strong anti-inflammatory effect on sodium dextran sul-
fate-induced colitis'™ and ethanol-induced liver dam-
age'™ in mice, via inhibition of NF-«B activity.

Anti-Allergic Effect

Oka and colleagues have demonstrated, for the first
time, a possible anti-allergenic effect of y-oryeanol using
a fraction extracted from domestic Japanese riee, aceord-
ing to the Bligh and Dyer method. Using the passive
cutaneous anaphylaxis (PCA) reaction model on rais, the
authors observed a significant anti-allergic effect deter-
mined by the inhibition of mast cell degranulation.’?
Moreover, using the same methodology they also assayed
the effect of major components of the fraction, such as
cycloartenyl ferulate (28 2%), 24-methylene cycloartanyl
ferulate (22.4%), f-sitosteryl ferulate (12.3%:), and cyclo-
branyl ferulate (=10%), and similar inhibition of mast
cell degranulation with a greater potential for eyelobra-
nyl ferulate was assisted. Finally, they investigated the
possible mechanism of action proposing that y-oryzanol
is able to capture immunoglobulin E {IgE), preventing
its cross-linking to the high-affinity Igli receptor (FeeR1),
involved in the allergic disorder.

Antidiabetic Effect

Several experiments have been conducted in order to
analyze the potential of y-oryzanol as a therapeutic agent
against diabebes mellitus, In different trials, mainly car-
ried out on diabetic rats, y-oryzanel was found to pos-
sess an antidiabetic effect, improving insulin sensitivity

and reducing the blood glucose level 173175

y-Oryzanol and its components have been evaluated
for their anticancer properties. Yasukawa «f al. reported
an inhibitory effect of the four major components of ory-
zanol (cycloartenyl ferulate, 24-methylene cycloartanyl
ferulate, campesteryl ferulate and sitosteryl ferulate) on
tumor promotion in two-staged carcinogenesis in mouse
skin " Purthermore, the recent work by Kim has shown
that y-oryzanol significantly reduced the tumor mass in
mice inoculated with CT-26 colon cancer. Oral adminis-
tration of 1% y-oryzanol resulted in a dose-dependent
reduction of the tumor growth by 44% without affecting
the weight of other organs. ™ In addition, some studies
have been performed in order to explore safety regarding
the carcinogenic properties of y-oryzanol, using F344 rat
and BECIF; mouse lung carcinogenesis models. 7517 4
tumor progression effect was observed with y-oryzanol,
but it was weak and oocurred only with high doses, #4141

Antih lipidemic Effect
Owing to the structural analogy of y-oryzanol com-
pounds with cholesterol, another important research area
concerns its ability to lower cholesterol bevels. The first
seientific study on this topic was carried out in humans
in 1970 Specifically, Suzuki and Oshima'® observed a
decrease of total cholesterol [TC), within 7 days, in the
plasma of 50 healthy young women who consumed 60g
of a combination of 70% RBO and 30% safflower oil.
Later, in 1982, Ishihara et al. "8 focused particularly on
y-oryzanol, showing that after four to eight treatments
of 300mg of this component per day in hyperlipopro-
teinemic subjects, there was a decrease in total choles-
teral (TC), low density lipoprotein cholesterol (LDL-C),
and triglyceride (TG) plasma levels, together with an
increase in high density lipoprotein cholesterol (HIDT-C)
concentration, with no side effects. Similar results have
been lished since in humans, #¥1% g 009 b
bits,"™ and hamsters ™" This information is well
reviewed by Cicero and Gaddi,'™ with particular atten-
tion to the treatment of hyperlipoproteinemias, indicat-
ing that y-oryzanol could be utilized as a therapeutic
agent for hyperlipidemia and atherosclerosis, W81

Effect on Menopausal Disorders

In Japan, two studies have investigated the effect of
y-oryzanol on menopausal disorders. In the first, in the
1960s, 100mg of y-oryzanol was administrated to 13
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women who had undergone hysterectomy (“surgical
menopause”) three times a day for 38 days. According
to the findings, 67% of the women reported a signifi-
cant reduction in menopausal symptoms such as hot
flushes™ In 1982, in ancther study, 40 women with
climacteric disturbances were administered 300mg of
y-oryzanol, daily for 48 weeks. In 90, of the cases a gen-
eral improvement concerning reduction of menopausal
disorders was observed. ¥ Since then, studies have been
conducted investigating the effect on y-oryzanol on
mencpausal disorders compared with other approaches
such as acupuncture. M- Eyven if acupunciure presents
a better outcome, Tian indicated that a combined use of
acupuncture and Chinese medicine is more effective for
treating the menopausal syndrome, ™

APPLICATIONS

As discussed previously, y-oryzanol exhibits a wide
range of biological activities as a natural antioxidant
product. Thereby, it has found numerous applications as
a sunscreen and as an anti-aging agent in the cosmetics
industry, as well as being a natural additive to improve
food stability and a pharmaceutical raw material, For
example, due to its antioxidant properties, y-oryzanol is
widely employed and patented as a sunscreen agent in
cosmetic formulations. A non-chemical sunscreen com-
position including y-oryzanol together with proantho-
cyanidins, ferulic acid, titanium oxide, and Seutellaria
extract has been patented "™ Recently, y-oryzanol hasalso
been incorporated in an aqueous cosmetic composition
intended for the photoprotection of skin and hair against
UV radiation®™ Furthermore, Manosroi has investi-
gated the anti-aging effect of creams and gels containing
rice bran bioactive compounds including y-oryzanol on
human skin. ™ Promising results regarding the amelio-
ration of thickness, roughness, and elasticity of the skin
have indicated the potential of y-oryzanol for protection
against skin aging. Apart from its application as a skin
protecting agent, y-oryzanol has also been introduced as
antioxidant in preparations for eyebrows and eyelashes,
in skin cream, shampoo, and lip balm, and in nail color
products and products for the surrounding skin 22

Additionally, due to y-oryzanol's ability to signifi-
cantly reduce production of toxie cholesterol oxidation
products (C0OPs) it has been used as a food additive.
Dwuring the cooking process or storage of foods, forma-
tion of COPs ooours with the action of air, light, or heat.
In this context, it has been reported that the addition of
y-oryzanol delayed the formation of COP in refrigerated
cooked beef™ and improved the oxidative stability of
vegotable oils at frying Inmperah.ues.‘m| Additionally,
Khuwijfjaru’s works have revealed a possible
tion of y-oryzanol in stripped rice bran oil during tl'uz-rm.al
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oxidation.” Accordingly, the effect of y-oryzanol micro-
encapsulation, aiming to achieve stability against heat-
induced lipid oxidation, has been studied X3IW In
exploring the antilipoperoxidation efficacy of y-oryzanol
when incorporated inte nanosponges, it was found that
y-oryzanol retains a significant antilipoperoxidative
activity even when it is encapsulated. Consaquently,
encapsulation could be used to protect y-oryzanol from
photochemical degradation and thus the loss of its anti-
oxidant effect.” This high resistance to heat resulted in
the approval and classification of y-oryzanol in Japan as
an “oxidation inhibitor™ in the Food Additive List, and
therefore several food stabilization techmiques using
y-oryzanol have been patented.

Another activity that is attributed to y-oryzanol con-
cerns its metabolic effect on the body. Throughout the
world y-oryranol s commonly used by athletes and
bodybuilders as a sports supplement, with many papers
and websites reporting muscle bulk growth in athletes
by the increase in testosterone production and stimu-
lation of human growth hormone release. However, as
pointed out by several authors, 2% there is no solid valid
scientific evidence for these effects, and the performance
claims that are advertised are only supported by the
conviction from athletes that y-oryzanel is an excellent
ergogen. Faced with this lack of data, two studies have
focused on the possible ergogenic effects of y-oryzanol,
but neither has supported this assertion. According to
Wheeler,?® y-oryzanol is poorly absorbed and its intra-
venous of subcutaneous injection in rats was found to
reduce hormone synthesis and release, while an increase
in the release of catecholamines, dopamines and norepi-
nephrine in the brain was also observed, leading to the
conclusion that this metabolic milieo may actually reduce
testosterone production. Fry studied the improvement
in muscular power or strength of weight-trained males
who consumed 500 mg/day of y-oryzanol, after 9 weeks
of an endurance exercise program. ™" No significant dif-
ferences between the supplemented and the control pla-
cebo groups were observed for measures of circulating
concentrations of hormones, minerals, binding protein,
or blood lipids, suggesting that more research is needed
regarding this possible anabolic effect.

CONCLUSION

Unquestionably, y-ory=anol is a natural entity of high
scientific interest and industrial value. The significant
health-beneficial effects of y-oryzanol, as well as its pleo-
tropic nature, have resulted in numerous applications
in nutrition, medicine, and cosmetics. Mowadays, two
main research topics related to y-oryzanol concentrate
the interest of the scientists. The first concerns charac-
terization of y-oryzanol’s components, and biological
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evaluation of the activity of both y-oryzanol and its com-
ponents while the second focuses mainly on the efficient
extraction, isolation, and exploitation of its commercial

. Several new techniques and methodologies
have contributed considerably to both research axes in
the recent years. Sophisticated analytical concepts have
been incorporated for the detection and elucidation of
y-oryzanol’s constituents and their isolation, as well as
its fast, simple, and reproducible production. However,
more effort should be invested in the unambiguous and
complete characterization of y-oryzanol, while purity
issues still remain relatively unresolved. Furthermore,
attention should be concentrated on the assessment of

y-oryzanol’s properties and explora-
tion of its biological role.
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Adticle Witory: The objective of this work was to develop nice bran IRGA 417 phytic acid (PA) extraction and purification
Received 25 May 2010 techaiques. For the extraction of PA, a complete 2* factorial destgn with triphicates at the central polnt
Received in revied form 6 December 2010 was used, and theeffects of concentration o rce bran and HCL, ime and temperature were investigated.
"“""m;" During purification, different ph vahues were tested with adition of 1.5 M NayCO, or 40 M NsOHL The

resubts obtained by the staistical analysisof the actorial design shawed that temperature, time and H(1
: concontration influenced the PA extraction technique significantly (p < 0.05) whereas the concentration
m of rice bran had no influence. The content of PA was evaluated in all the stages of purification and it was
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