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ABSTRACT

The oral acute toxicity and potential estrogenitidty of the aqueous, hexane and methanol extraicBassiflora
foetida leaves were studied in female Wistar rétier a preliminary phytochemical study, each ectraas
administered separately at doses of 1000, 20000 Z0@ 5000 mg/kg to 4 groups of 6 adult female bgtoral
route to determine the Lfpvalue. The extracts were then given respectively groups consisting of 8 adults rats
at the dose of 500 mg/kg for 28 consecutive daygalgges. Vaginal smears were examined every ngpfrom
each animal to determine the effects of this exdran the estrous cycle. The estrogenic effechiefglant was
carried out by treating orally groups of 6 immatuoeariectomized rats with the extracts (500 and 2%§Ykg)
and/or 1P estradiol (0.02 mg/kg) for 7 consecutive days. phgtochemical screening showed the presence of
sterols, polyterpenes, flavonoids, alkaloids anposesides in the leaves of P. foetida. The orajplMalues of the
three extracts were greater than 5000 mg/kg anthetmavioral abnormality was observed in the ratse Elxtracts
also induced a disruption followed by a blockagehef estrous cycle of the rats at the estrous phagghermore,
vaginal opening, uterotrophic activity (significambse dependent increase in uterine wet weighimear of uterus,
thickness of endometrium, height of endometriathefial cells) of the extracts and increase ofj 1&stradiol-
induced uterotrophic effect by this extracts wexeorded. In conclusion, the extracts of P. foetatves had low
toxicity by oral route and were found to show eg#noic activity in female Wistar rats.

Key words:; Passiflora foetidaLDsg, estrous cycle, uterotrophic activity, vaginal ojng.

INTRODUCTION

Passiflora foetidas a medicinal plant which is extensively usedha Ivorian folk medicine. It is one of the 304
high pharmaceutical plants in Cote d'lvoire wheB®® species have been listed [1]. In this couritsyripe fruits
are used as food by the Krobu population in thebs{®2] and the tribe of Malinke in the North [3]h& leaves and
non ripe fruits also serve to treat snake bitesna infertility, epilepsy [2, 4] and abscess [1sdavhere in Africa,
the leaves infusions are used to fight hysteriaiaadmnia in Nigeria [5] and the population of Benises aerial
parts to cure icteria, hepatitis, constipationopbsgy and pains [6].
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In the Asia Continent, the leaves decoction o$ thliant is used in India as emmenagogue and to astama,
biliousness, hysteria whereas in America, Braziliase the herbs in the form of lotions or poultit@serysipelas
and skin diseases with inflammation [5].

Some pharmacological propertiesRf foetidahave been studied. It was found to have antipasasntibacterial,
antifungal and antioxidant activities [7, 8, 9, 1Bgrthermore, this plant exhibited hepatoprotectantidepressant,
anticarcinogenic, analgesic and anti-inflammatagperties [11, 12, 13, 14].

The use oP. foetidain the treatment of women infertility suggeststttigs plant could have some estrogenic and/or
antiestrogenic properties. Since synthetic estregae known to cause endometrial or breast canmuerother
adverse effects [15, 16, 17], the use of plantseas natural sources of estrogens is investigatddeanouraged.

Thus, the aim of this study was to evaluate thé acate toxicity and the estrogenic activity Bf foetidaLinn.
(Passifloraceae) leaves in female Wistar albin®. rat

MATERIALS AND METHODS

Plant material

Fresh leaves dP. foetidawere collected in the North and the South of Adidjthe economic capital city of Cote
d’lvoire and identified by Dr. N'Guessan K. (Labtoey of Botany, University of Cocody, Abidjan). Aoucher
specimen is deposited in the botanical gardenisfdhiversity under the number 746B.

Preparation of the extracts

The collected plant material was dried at an ambiemperature (30+2°C) without exposure to suntlighd

crushed to obtain a powder which was divided ihteé¢ parts. The different parts (50 g of each) weaeerated
separately for 24 hours in water (1500 ml), hexgf& ml) and methanol 95° (750 ml), filtered ushhatman

filter paper number 1 and concentrated in an agutating oven at 50°C until total dryness. The exms, hexane
and methanol extracts obtained (yield 20.23%, 6.88% 28.03% respectively) were then stored at 4f@ i
refrigerator for the experimental studies.

Experimental animals

Female immature (30-40 g) and adult virgin (120-g3t@Vistar albino rats were obtained from the Biesces Unit
of Research and Formation (UFR Biosciences) ofuhiwersity of Cocody, Abidjan. The rats were mainéal in a
room at a constant temperature (24+2°C), a phoimg@f 12 hours natural light and 12 hours darke Filggrometry
was 50-55% and they were free allowed to waterfaad (Ivograin, Abidjan, Cote d’lvoire).

Phytochemical study

The phytochemical screening was done using classtbods [18]. Chemical compounds tested in thestbrdracts

of P. foetida leaves were: sterols, polyterpenes, polyphendbsjohoids, tannins, quinones, alkaloids and
saponosides.

Oral acute toxicity

The adult female rats were divided into 4 group$ @himals for each extract and administrated ptak single
doses of 1000, 2000, 3000 and 5000 mg/kg body weiging an intragastric cannula. The control graas also
consisting of 6 rats and received olive oil. Theximaum dose volume administered did not exceed 200lfg body
weight. Animals were observed individually at leastce during the first 30 minutes after dosing,iquically
during the first 24 hours and daily thereafter,ddotal of 14 consecutive days for behavioral gearand mortality
[19].

Effect of P. foetida extracts on the estrous cycle

The adult female rats with regular estrous cyckd @ays) were divided into 4 groups of 8 animalshe& he first
group served as control and received orally oliveTde treated groups were given by gavage a d6&©0 mg/kg
body weight of the aqueous extract, the hexaneaetxaind the methanol extract respectively. All treatments
were given daily until a period of 28 days. Vagisatears were examined every morning between 8:600#&0
a.m., from each animal which was weighed every w&skears were prepared as described by Sahar(g0Dal’)
[20]. The staining technique of Harris-Shorr wasdito stain the smears [21].
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Estrogenic activity

The immature female albino rats were bilaterallpractomized (ovx) under light ether anesthesiaubh lateral
incisions in the skin just below the last rib [23]. After a post-operative rest period of 7 dadkie, rats were divided
into 11 groups of 6 animals each and treated oveitly.

Group I: control (olive oil)

Group II: 1B estradiol (0.02 mg/kg body weight)

Group Ill: aqueous extract (500 mg/kg body weight)

Group IV: aqueous extract (250 mg/kg body weight)

Group V: aqueous extract (500 mg/kg body weight)g estradiol (0.02 mg/kg body weight)

Group VI: hexane extract (500 mg/kg body weight)

Group VII: hexane extract (250 mg/kg body weight)

Group VIII: hexane extract (500 mg/kg body weight) 7B estradiol (0.02 mg/kg body weight)

Group IX: methanol extract (500 mg/kg body weight)

Group X: methanol extract (250 mg/kg body weight)

Group XI: methanol extract (500 mg/kg body weight) 73 estradiol (0.02 mg/kg body weight).

All the above treatments were given for 7 dayseAf4 hours following the last treatment, they weaerificed by
decapitation under light ether anesthesia. Thei wtere dissected out and weighed on a sensitivanbel
Estrogenic activity was assessed according to tehed of Evans et al. (1941) and Edgren and Call{®957),
taking uterine wet weight and vaginal opening [28]. Additionally, the uterus of each rat was fix@dbouin’s
fluid for 24 hours. The tissues were dehydrated emtbedded in paraffin. The paraffin sections wereat 4 pm
and stained with haematoxylin-eosin for histolofiexaminations. The diameter of the uteri, thicleexf
endometrium and height of endometrial epithelidlsogere measured using an ocular micrometer [26].

Statistical analysis
The data were expressed as mean+SEM. Statistiablsis of the variance between control and expertedezalues
were done using student’s t-test. A probabilityelleaf less than 5% (p<0, 05) was considered sicpifi.
RESULTS
Phytochemical study
Results of phytochemical screening are presentdfieirtable 1. The content &. foetidaleaves depends to the

solvent used for the extraction.

Table 1: phytochemical screening of the extracts &. foetida leaves

Plant extracts

Phytochemical compounds Tests used

AE HE ME
Sterols-polyterpenes Liebermann test - ++  ++
Polyphenols FeGltest ++ - ++
Flavonoids Cyanidin test + - ++
Tannins Stiasny test - - -
Quinones Borntraeger test - - -
Alkaloids . Bnd B. test ++ o+ ++
Saponosides Foam test + - +

AE: aqueous extract; HE: hexane extract; ME: metii@axtract
_= absence; + = low presence; ++ = high presends;Dragendorff; B=Bouchardat.

Acute toxicity

No lethality or behavioral changes were observeddys after the treatment of the rats with the sldissam 1000 to
5000 mg/kg body weight. Hence, the dose of 500 gwgtdy weight, ten times less than 5000 mg/kg vezsl las
maximal dose for the rest of the experiments.

Effect on the estrous cycle

The three extracts &. foetidainduced a disruption followed by a blockage of ¢éis¢rous cycle at the estrous phase
in 100% of the rats treated with the aqueous extmad 75% of those treated with the methanol aedhixane
extracts. For the 28 days of the treatment, tha thiration of the estrous phase was highly sigaifily increased
(p<0.001). Both the metestrous and the diestrowsgm were highly significantly decreased (p<0.00LY; no
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significant variation of the duration of the pragesis phase was recorded when compared with theatarbup
(figure 1).
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Figure 1: Total duration of the phases of the estnas cycle during the 28 days of the treatment at thdose of 500 mg/kg of the extracts of
P. foetida leaves.
Values are presented as means*SEM (n=8/grolig)<0.001. AE = Aqueous extract, HE = Hexane extrMf = Methanol extract. The
extracts of P. foetida leaves induced significatitlyincrease of the total duration of the estrphase and decreased significantly the duration
of metestrous and diestrous phases of the estyals of adult Wistar rats.

Table 2: Body weight gains of the female rats treatd with the extracts ofP. foetida leaves at a dose of 500
mg/kg for four weeks.

Body weight gains (%)

Extracts Week T Week 2 Week 3 Week 2
Control 108.07+4.95 118.952 123.50+8.12 129.81+13.05
AE 104.48+6.55 1213:4.68 125.84+4 .88 127.21+6.17
HE 101.19+9.46 116-8.42 122.43+10.43 125.32+11.54
ME 105.83+5.59 1249y 2 130.24+6.77 132.20+7.65

Values are presented as means+tSEM (n=8/group)iainiteight gain before treatment was considered @8% for all the rats. AE = Aqueous
extract, HE = Hexane extract, ME = Methanol extrathe extracts of Passiflora foetida leaves did indtuice any significant changes in the
body weight gains of the rats.

Effect on the estrous cycle

The three extracts ¢f. foetidainduced a disruption followed by a blockage of és&rous cycle at the estrous phase
in 100% of the rats treated with the aqueous ei@mad 75% of those treated with the methanol aedhéxane
extracts. For the 28 days of the treatment, tha thiration of the estrous phase was highly sigaifily increased
(p<0.001). Both the metestrous and the diestrowsqm were highly significantly decreased (p<0.00LY; no
significant variation of the duration of the pragesis phase was recorded when compared with theatarbup
(figure 1).

Body weight
The body weight of all the rats increased proguetgifrom the week 1 to the week 4 of the treatntarttweight
gains of the treated groups were not significadifferent from those of the control group (table 2)

Estrogenic activity
The estrogenic effects of the extractd?ofoetidaon immature ovx rats are presented in the tab¥h8.uterine wet
weights of the treated rats were dose dependeigthyfisantly increased by the aqueous extract, hexaxtract and
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methanol extract and by p#stradiol. Simultaneous administration of the agseextract (500 mg/kg) and A7
estradiol (0.02 mg/kg) induced a weak non signifidacrease of the uterine wet weight compared7p estradiol
alone treated rats. However rats treated simulizsigavith 1B estradiol and methanol extract or hexane extract
(500 mg/kg) showed significant increase in uteriret weight when compared to L @stradiol treated group. The
uteri of the treated groups were inflated and flilldd, resembling to proestrous/estrous uterus.

Histometric examinations of the treated rats showigghificant dose dependent increase of the dianwtehe
uterus, the thickness of endometrium and the heiffahdometrium epithelial cells (table 3). The emetrium was
proliferated and the lumen dilated. The epithelioirthe endometrium consisted of tall columnar celigoptosis
and/or mitotic figures were observed within the inah and glandular epithelium. Vacuolar degeneretiand
polymorphonuclear cells were also observed in #meina propria. All the changes infl@stradiol alone treated
group were less than those observed in simultanestract and 1f estradiol treated groups. The uteri of the
control rats showed atrophic endometrium with srapithelial cells and reduced lumen (figure 2).

Vaginal opening was also recorded in treated raergas the control rats did not exhibit any opewiingagina.

Table 3: Effects of the extracts oP. foetida leaves and 1P estradiol (0.02 mg/kg) on the uterus of immature
ovx Wistar rats after 7 days of treatment.

Treatment Uterine wet weight ~ Diameter of Thickness of Height of epithelial
reatments (mg/100 g b.w.) uterus (um) endometrium (um)  cells (um)

Control (olive oil) 15.78+2.13 434.49+163.26 109.74+20.03 17.26+2.00

17 estradiol 100.32+£25.55** 1251.54+370.40** 329.97+117.58* 36.04+4.86***

AE (500 mg/kg) 188.69+122.73**1369.82+122.73***  337.74+115.77** 4897.02%**

AE (250 mg/kg) 30.39+5.44**  685.29+107.43* 194.90+£32.11** 21.4147*

AE (500 mg/kg) +

17 estradiol 105.54+25.11***1297.65+90.96*** 369.15+83.97*** 39.08£514*

HE (500 mg/kg) 121.91+£27.22** @A@L61+425.97** 279.09+75.82** B6+£5.11%**

HE (250 mg/kg) 26.91+3.88** 713.43£191*%2 139.02+12.36* 22.32+1*84

HE (500 mg/kg) +

17 estradiol 133.16+16.87***1487.36+201.48*** 339.14+101.87* 04045.33***

ME (500 mg/kg) 36.59+7.76** 70B+116.61* 129.80+21.00 29.40+3.94**=

ME (250 mg/kg) 23.63+4.01** &34+160.31 122.29+18.23 22.185%*

ME (500 mg/kg) +

17B estradiol 143.00+£37.81***1348.69+317.19*** 352.18+67.62**  8MB4+5.12%**

Values are presented as means+SEM (n=6/group); *P80 **p<0.01, ***p<0.001; b.w. = body weight. Thextracts of P. foetida leaves
induced significant dose dependent uterotrophiecédfin immature ovx rats.

DISCUSSION

The oral acute toxicity study &f. foetidaleaves indicated that this plant did not induced mortality or change of
behavior in female adult Wistar albino rats for tteses less than 5000 mg/kg. The median lethal @&g) of the
three extracts must be above 5.000 mg/kg. Accortiin§chorderet (1992) [27], substances with sdialues
greater than 5000 mg/kg are classified as subssawith low toxicity. Thus, the aqueous extracixame extract
and methanol extract &f. foetidaleaves can be considered as substances with }agityo

The estrous cycle of rats consists of four phassfrdus, metestrous, diestrous and proestrous)ttenanean
duration of one cycle is 4 to 5 days [28]. The atioih occurs from the beginning of proestrous toehd of estrous
[29]. The analysis of vaginal epithelium cells byginal smears are used for the determination ofptteses of
estrous cycle [30, 31]. Three types of cells cdmtdrecognized: epithelial cells (round and nucateornified

cells (without nucleus) and the little round onésuKocytes). The proportion among them was usedther
determination of the estrous phases. A proestromgas consisted of predominance of nucleated epittalls; an

estrus smear primarily consisted of anucleatediftedncells. A metestrus smear consisted of theespnoportion

among leukocyte, cornified and nucleated cells. iBstlus smear primarly consisted of a predominaotce
leukocytes [20, 32, 33].

In this study, the three extracts induced signifidacrease in the estrous phase duration and aeziEf metestrous
and diestrous phases. These effects are simildwoge of 1p estradiol at a dose of 0.02 mg/kg [34]. Estrogea i
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steroid hormone which is secreted by granulosatlaech interna cells in the ovaries [35]. Vaginathegdium is one
of the target tissues of this hormone where it educell keratinization [36]. The effectsPffoetidaextracts on the
estrous cycle may be due to the presence in thieag of some estrogenic substances. Thus, wedtékese
extracts in immature ovx rats to carry out theaggnic or antiestrogenic action of this plant. Rssshowed that
178 estradiol and all the extracts increased signitigathe uterus wet weight, the diameter of utethigkness of
endometrium and height of epithelial cells. Theffects of P. foetidaare similar to those of the phytoestrogen
genistein [37], the ethanolic extract Gassia occidentali$26] and various extracts ¢flumbago zeylanicaoots
[38] on immature female Wistar albino rats. Furthere, the uterotrophic effects offl@éstradiol were amplified by
the presence of the extracts. In uterus, estrofjprulates endometrial proliferation which resultsendometrial
hyperplasia [39]. Therefore, the extracts couldaactstrogen-like and as estrogen agonists, palieintg its action.
The same effects have been obtained w@itrus medica The petroleum ether extract of this plant incegas
significantly the ethinyl estradiol-induced utemgihic effect in immature ovx albino rats [40]. Atdnally, the
precocious vaginal opening induced by the extractdirmed the estrogenic profile of these extragféch mimic
estrogen effects. However the non significant déffice in body weight gain between control #xdoetidatreated
groups during the experiments indicated that theets did not affect the growth of the rats.

Figure 2: Photomicrograph of the uterine endometrium and lumen of the ovx control and HE treated rats.

Control rats showed atrophic endometrium and reddaoenen (A). Rats treated with/A&stradiol (B) or the hexane extract of P. foefielaves
(C) showed proliferated endometrium and dilateddanHowever, the endometrium of the simultaneofg®&#adiol and hexanic extract
treated rats (D) were more proliferated than tha$d 75 estradiol alone treated rats. E=Endometrium, EL=lBmetrium lumen. Original

magnification X 10, stain: Haematoxylin-eosin.

Preliminary phytochemical screening indicated thespnce inP. foetida leaves of sterols, polyterpenes,
polyphenols, flavonoids and alkaloids which arewndor their estrogenic effects on uterus and vagfrats and
mice [37, 41, 42]. The effects d®. foetida on vagina and uterus could be explained by theepsin this plant of
these compounds and they act probably by the samebanism of action of genistein which induced esgien of
estrogen gene receptor C-fos and the complemef¥ 314, 45, 46].
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CONCLUSION

The extracts oP. foetidaleaves were had low toxicity by oral route andeviErund to show estrogenic activity in
female Wistar albino rats. This plant merits furthrevestigations for identification of the activertstituents and for
use as source of hormone replacement therapy.

REFERENCES

[1] E Adjanohoun, L Aké-Assi. Plantes pharmaceggule Cote d’'lvoire. Convention n°701437, appropaele
ministere du plan ; Université de Poitier — Frari&Q pp. 3-4.

[2] K N'Guessan. Thése de doctorat"3cycle ; Faculté des Sciences et Techniques devdusité de Cocody
(Abidjan, Céte d’lvoire1995.

[3] GA Ambé.Biotechnol. Agron. Soc. Envirqr2001, 5(1) : 43-58.

[4] K N'Guessan. Thése de doctorat d’Etat ; UFRosBiences, Université de Cocody (Abidjan, Coteralte,
2008.

[5] K Dhawan, S Dhawan, A SharmhEthnopharmaco|2004 94: 1-23.

[6] ACCT. Contribution aux études ethnobotaniqueficgistiques en République populaire du Benin. Bdence
de Coopération culturelle et Technique (ACCT), £4:989 895 pp.

[7]1 SN Rasool, S Jaheerunnisa, KN Jayaveera, SCakunb. J. Applied Res. Nat. Prq@011, 4(2): 24-31.

[8] WC Cardona, FW Quifiones, LF Echevéiblecules2004 9: 666-672.

[9] A Bendini, L Cerretani, L Pizzolante, TG Toschki Guzzo, S Ceoldo, AM Marconi, F Andreetta, M Ldsur.
Food Res. TechnoP006 223: 102-109.

[10] C Mohanasundari, D Natarajan, K Srinivasan, $mamaheswari, A Ramachandran.
Afr. J. Biotechnal 2007, 6(23): 2650-2653.

[11] A Ramasamy, J Balasundaram, J Sundararamagjippan, SK Rajul. Pharm.Res, 2009 2(3): 413 -415.
[12] A Balasubramaniam, R Manivannan, E Bdby. J. Drog Formulation Res201Q 1(11): 144-154.

[13] P Santosh, R Venugopal, AS Nilakash, S KurghihL Mangalalnt. J. Pharm. Pharmaceugci, 2011 3(1):
975-1491.

[14] V Sasikala, S Saravanan, T Parimelazhagaian Pac. J. Trop. Med2011, 4(8): 600-603.

[15] JA Kellen. Tamoxifen: Beyond the antiestrogBirkhauser Verlag, Berlil 996 pp.392.

[16] JE Rossouw, GL Anderson, RL Prentice, AZ LagrdC Kooperberg, ML Stefanick, RD Jackson, SA
Beresford, BV Howard, KC Johnson, JM Kotchen, Jé&ekJAMA 2002 288 (3): 321-333.

[17] V Beral.Lancet 2003 362 (9382): 419-427.

[18] K N'Guessan, KE Kouassi, K Kouadidm. J. Sci. Re2009 4: 45-58.

[19] Organization for Economic Cooperation and Depment (OECD) guideline for acute toxicity of chieais;
N°425,2008

[20] MMO Sahar, AAS Abeelgyptian J. Histal 2007, 30(2): 397-408.

[21] LL Damous, SM Silva, RAM Lopes, CRS Sakano, B Jesus, EFS MonterActa Cir. Bras, 2009 24(5):
387-392.

[22] M.X Zarrow, JM Yochim, JL McCarthy (): A sowbook of basic techniques. Eds. Experimental
endocrinology, Academic Press, New YatR64 pp. 39.

[23] G Keshri, M Singh, V Lakshimi, VP Kambdjpdian J. Physiol. Pharmacol995 39 (1): 59-62.

[24] JS Evans, RF Verney, FO Kodindocrinology 1941, 28 (5): 747-752.

[25] RA Edgren, DW Calhoun. Chemical control oftiigy. In: Edgren R. A. (Ed.), Contraception. MatdDekker
Inc, New York,1957, pp. 537.

[26] Y Govindaraj, V Melanaphuru, S Gupta, AV grah&R Nema.World J. Chemistry2009 4 (2): 118-122.
[27] M Schorderet. Pharmacologie : Des conceptsldamentaux aux applications thérapeutiques. Edit®latkine
Geneve, Edition Frison-Roche Pafi®92 pp. 33-34.

[28] FK Marcondes, FJ Bianchi, AP Tanrraz. J. Biol, 2002 62 (4): 609-614.

[29] NB SchwartzAm. J. physio) 1964 107: 1251-1259.

[30] K Meada, S Ohkuraand, H Tsukamura. Physiolofyeproduction. In Krinke G. J. (Ed.). The Handkaof
Experimental Animals- The laboratory rat. Londomaélemic pres£00Q pp. 145-176.

[31] CH Hubscher, DL Brooks, JR Johns@&iotech. Histochem2005 80: 79-87.

[32] JA Long, HM EvansMem. Univ. Calif, 1922 6: 1-148.

[33] AM Mandl. J. Exp. Biol, 1951, 28: 576-584.

[34] K Kouakou. Thése de Doctordt™Scycle, Univetsité de Cocody (Abidjan, Cote d’'I\ai2000

[35] ME Freeman. Neuroendocrime control of the @marcycle of the rat. In: Physiology of reproduatided.
Knobil and Jimmy D. Neill, 8 edition, Raven Press, New Yo£Q08 vol. 2, pp. 2328-2387

[36] C Heinemann, G Reican. J. Microbiol, 2005 51 (9): 777-781.

4615

Scholars Research Library



Bleu Gomé Michelet al Annals of Biological Research, 2012, 3 (9):4609-4616

[37] G Rimoldi, J Christoffel, D Seidlova-Wuttke, Jarry, W Wuttle Environ Health Perspect 2007, 115(1): 62-
68.

[38] SR Patil, MB Patil, DL BhatkaPlant Archives2012 12(1): 509-513.

[39] P Albertazzi, S. Sharm@&limacteric 2005 8(3), 214-220.

[40] S Sharangouda, B Patiht. J. Green Pharm2008 2: 91-94.

[41] VA Baker, SJ Hepburn Kennedy, P Jones, L Uedumpter, J Ashbyzood Chem. Toxicqgl1999 37: 13-22.
[42] P Diel, RB Geis, A Caldarelli, S Schimidt, Weschowskey, A Voss, G Vollme¥lol. Cell. Endocrinal, 2004
22 (1-2): 21-32.

[43] RC Santell, YC Chang, MG Nair, G Helferic. Nutr., 1997 127 (2): 263-269.

[44] P Diel, T SmolmikarSchutz, U Laudenbach-lesgtkis, H Michna, G VollmerHum. Reprod 2001, 16 (5):
997-1006.

[45] ML Ricketts, DD Moore, WJ Banz, O Mezei, NFeghJ. Nutr. Biochem 2005 16(6): 321-330.

[46] CR Sirtori, A Arnoldi, SK JohnsonAnn. Med, 2005 37(6): 423-438.

4616

Scholars Research Library



