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Abstract

Fractions of Feijoa peel ex廿acts were studied for anti-tumor activity, 50% cell cytotoxicity

(CCso), anti-human nnmunodeficiency virus activity and anti-bactenal activity. Two active fractions

[A3] of acetone extract and [M2] ofMeOH ex廿act had potent inhibitory activity against Gram-positive

and Gram-negative bacteria as well as fungi tested. These results indicate the血erapeutic value of

Feijoa peel extracts as potential anti-tumor and anti-microbial organism agents.

Key words: anti-bacterial, anti-HIV, anti-tumor, Feij oa extracts

I ntro duction

Feijoa sellowiana Berg (Myrtaceae) is mainly cultured in tropical and subtropical countries

such as southern Brazil, Uruguay, Paraguay and northern Argentina. Feijoa has a pleasant flavor;

Fig. 1. Pictures of Feijoa. A; Feijoa leaves, B; Feijpa fruit in the也ee, C; Feijor flower, D; Feijoa fruit
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it is also eaten as stew, Jam, jelly or Juice. Feijoa contains many medicinally bioactive com-

pounds (Figure 1).

The predominant aroma of Feijoa fruits is ascribed to methyltにnzoate and ethylhにnzoate

(HARDY & MICHAEL 1970; HERRMANN 1 994). Other volatile components have also been iden-

trfied (PINO 1997; BINDER &　FLATH 1989; Di CESARE et al. 1998; STARODUBTSEVA &

KI仏REBAVA 1978; STARODUBTSEVA & KHAREBAVA 1986). Feijoa is known to contain high

amounts of vitamin P (P)-active polyphenols, such as catechin, leucoanthocyanins, flavonols.

proanth∝蝣yanidins, and naphthoquinones (BABA-ZADE 1972; KRIVENTSOV & KARAKI仏NOVA

1972b; GERSHTEIN & GABISONIYA 1972; VANIDZE 1991). Leaves of Feijoa also contain

catechms, such as (+)-catechin, (-)-epicatechin, (+)-gallocatechm and (-)-epigallocatechin

(VANIDZE et al. 1991). Further, tannms in Ferjoa fruits and leaves have been identified (FOO &

PORTER 1981). The flower part of Feijoa contains anth∝yanin-3-glucoside of polyphenols

(LOwRY 1976). Moreover, Feijoa fruits are rich m vitamin C (KRIVENTSOV & KARAKI仏NOVA

1972a; MGALOBLISHVILI & LOLOSIDI 1971 ; BABA-ZADE 1972; GERSHTEIN & GABISONIYA

1972; SALVO et al. 1987). Vitamine C in concentrated Feijoa juice can be up to three tunes

higher than that in fresh juice (Di CESARE et al. 1998). Provitamin A, such as　α-carotene,

p-carotene and β-cryptoxanthin, has also been determined (HOMNAVA et al. 1990). Both water-

soluble and water-insoluble fibers are found in Feijoa (SALVO et al. 1987; LINTAS　&

CAPPELLONI 1992). Ammo acids such as tryptophan, lysme, methionme and asparagme with nu-

tntional value are also found m Feijoa extracts (TsIKORIDZE et al. 1986; SALVO et al. 1987).

Feijoa peel contmns more than twice as much vitamin C and catechm's vitamin P (P)-active

polyphenols, such as leucoanthocyanins, flavonols and naphthoqumones (KRIVENTSOV　&

KARAKHANOVA 1 972a). Although the chemical constituents of Feijoa fruit have been reported.

pharmaceutical studies of constituents of the peel have barely been earned out. Feijoa fruit peel

is generally wasted. However, the peel is rich in biologically and nutritiously intenesting com-

pounds. With this consideration in mmd, we have screened for new biologically active agents

vanous fruits and vegetables that are consumed by many people, including Feijoa. The purpose

of this study is to investigate anti-tumor activity, 50% cell cytotoxicity (CCso), anti-human

immunodeficiency virus (HIV) activity and anti-bacterial activity of fractions of Feijoa peel ex-

tracts.

Materials and Methods

Preparation ofFeijoa peel extracts.

Feijoa peel (330 g) was cut into small pieces and successively extracted with hexane, ace-

tone, MeOH and 70% MeOH at room temp訂ature. The solvent was concentrated in vacuo, and

the hexane extract [H O](0.44 g), acetone extract [AO](5.9 g), MeOH extract [M O](16.7 g) and

70% MeOH extract [70MO](6. 1 g) were obtained, respectively. First, the aliquot of hexane ex-

tract [HO](0.4 g) was subjected to silica gel column chromatography, which was then eluted with

a hexane-acetone gradient. The hexane fraction [H l](32 mg), hexane-aceton (9:1) fraction [H

2](157 mg), hexane-acetone (4: 1) fraction [H 3](47 mg) and [H 4](45 mg) were eluted stepwise.

Second, the acetone extract [A O](5.5 g) was subjected to silica gel column chromatography,

which was then eluted with a benzene-EtOAc gradient. The benzene fraction [Al](92 mg),

benzene-AcOEt (10: 1) fraction [A2] (103 mg), [A3](145 mg), benzene-AcOEt (1 :1) fraction

[A4](170 mg), AcOEt fraction [A 5](582 mg), AcOEt-EtOH (5:1) fraction [A6](836 mg) and

[A7](854 mg) were eluted stepwise. Third, the MeOH extract [E O](16.7 g) was subjected to
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silica gel column chromatography, which was then eluted with a CELCL-MeOH gradient. The

CH2CI2 fraction ¥M l](24 mg), CHiCh-MeOH (50: 1) fraction ¥M 2](135 mg), CJLCh-MeOH

(9:1) fraction ¥M 3](25 mg), ¥M 4](761 mg), CJLCh-MeOH (4: 1) fraction ¥M 5](1317 mg), and

¥M 6](2100 mg) were eluted stepwise. Finally, the 70% MeOH extract [70MO](5 g) was sub-

jected ODS column chromatogranny, which was then eluted with a ELO-MeOH gradient. The

HiO-MeOH (2: 1) fraction [70 M 1 ] (2010 mg), [70M2](80 mg), HiO-MeOH (1 : 1) fraction [70

M 3](18 mg), [70 M4] (43 mg), and MeOH fraction [70 M 5](1200 mg) were eluted stepwise

Figure 2).

Assay for anti-tumor and cytotoxic activity.

Human oral squamous cell carcinoma cells (HSC-2), human oral salivary tumor cells (HSG)

and human oral gingival fibroblasts (HGF) (5-7 population doubling levels) were cultured in

Dulbecco's modified Eagle's minimum essential medium (DMEM) supplemented with 10%

heat-inactivated fetal bovine s冴um (FBS). These cells wexe incubated for 24 h with the indicated

concentrations of test compounds, and the vi血Ie cell numbea- was then determined by 3-(4,4-

dimethylthiazol-2-yl)-2,5-diphenyl-tetrazonium bromide (MTT) assay. In bnef, cells were

washed with phosphate buffexed saline (PBS), and incubated for 4 h with a fresh culti∬e medium

containing 0.2 mg/ml MTT. After removing the medium, cells were lysed with 100ト11 DMSO

and the absorbance at 540 nm of the cell lysate was measured with Labsystems Multiskan

(Biochromatic) with Star,/DOT Matnx printer JL- 10. The CC50 was determined from the dose-

response curve.
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Anti-HIV assay

The suppression of HIV-mduced cytopatmc effects by Feijoa extracts was studied. Human

T cell leukemia virus 1 (HTLV-1)-beanng CD4 positive human T cell lines, MT-4 cells, were

infected with HIV-him at a multiplicity of infection (m.O.i.) of 0.01. HIV-infected or mock-

infected MT-4 cells (1.5 x 10 /ml, 200 (il/well) were placed into 96-well microtiter plates in

RPMI 1640 medium supplemented with 10% heat-mactivted fetal calf serum (FCS) and incu-

bated in the presence of varying concentrations of test compounds. After incubation for 5 days

at 37-C in a CO2 incubator, cell viability was quantified by a colonmetnc assay (at 540 and 690

nm), momtonng the ability of viable cells to reduce MTT to a blue formazan product

(NAKASHMA et al. 1 992b). All data represent the mean values of triplicate measurements.

Anti- bacterial assay.

Escherichia coli LE 140 F'lac, Pseudomonas aeruginosa, Staphylococcus epidermidts,

Candida albioans, and Candida glabrata were isolated from clinical specimens obtained from

the Department of Clinical Microbiology, Medical Umvejrsity of Szeged, Hungary. Helicobacter

pylori (ATCC43504) was purchased from the American Type Culture Collection (Rockville.

MD).

The anti-bactenal expenments wexe made by adding lOト11 0f original solutions as a droplet

on a minimal medium supplemented with 1% trypton and 0.5% yeast extract (MTE) broth and

blood agar plates incubated with 10 cells of the tested strains. The plates were incubated at 37-C

for 24 h, then the inhibitory zones were measured. As a control 10ト11 0f DMSO was examined

on each strain. It was found that C. albicans, C. glabrata and P. aeruginosa were sensitive to

DMSO. The growth ofE. coli and S. epidermidis was not suppressed by DMSO. Ampicillm disc

was used as positive control in the studies of antibacterial effects.

The micro-dilution broth method was used to determine the minimum inhibitory concentra-

tion (MIC) against H. pylori growth. Mueller-Hilton broth containing 5% FBS was used as the

medium, and was cultured in a jar conditioned with Campylo Pack (Dia Iatron) for 48 h. Briefly-

H. pylori strains were inoculated on a Brucella agar plate containing 10% horse serum, and cul-

tured at 37-C for 48 h. The collected bacterial colonies were diluted to a 10 colony forming unit

(UFC)Anl with 0.9% saline. The fractions were dissolved in DMSO, and then diluted with

Mueller-Hilton broth. To the solution of the fractions, a suspension solution of the bacteria was
added to make 106 CFU/lOOml/well. The mixture was incubated at 37-C for 48 h. The MIC val-

ues of tested fractions were determined by observation of colony formation.

Results and Discussion

Anti-tumor and cytotoxic activity.

It is widely accepted that, in tumor cells, agents act as apoptosis-mducers and an important

reason for nonresponsiveness is the insufficiency of these drugs to trigger apoptosis (HICKMAN

1992). The cytotoxicity of all fractions was evaluated in two human oral tumor cell lines (HSG-

2, HSG) and one human gmgival fibroblasts (HGF), using the microculture tetrazohum (MTT)

assay. Crude hexane [HO], acetone [AO], MeOH [MO] and 70% MeOH [70MO] extracts showed

weak cytotoxic activity against these cells. However, aftea- separation by column chromatogranny

Figure 2), cytotoxic activities became detectable in several fractions (Table 1). Most fractions

exhibited only low cytotoxicity (IC50 values >100ト1g/ml). However, fraction [A3] displayed sig-

nificant potency and was relatively cytotoxic to two tumor cell lines (HSC-2 and HSG) and the
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Table 1. Activity of anti-cancer, anti-HIV and anti-bactena of Feijoa peel extracts

IV*

Cytitoxic activity (CC50帽/ml)　　　　Anti-HIV activr勺r Anti-bacterial activr勺｢ (MICjo,脂/ml

Fraction
HSC-2 HSG HGF (HGF瓜SC-2) (|ag/ml)いg/ml) (CCj｡/ECj｡)諾望'coccus pseudomoms Candia Candids aerusin｡sa alhcans gkbrc血Helicocacler
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very potent; + potent, +- slightly potent; - no effect. ainhibited haemolysis. Not detected

Metronidazole, Clarithromycin, and Eruthromycin were used as reference anti-bacterial compounds for H.pylori, and their MICso values

were 74トig/m1., 1 9トig/ml, and 1,8ト蝣ig/mL, re甲ectively

healthy cell line (HGF). When water solubility was increased, the relative cytotoxic activity

against normal cells (SI-HGF什ISC-2) generally declined (Table 1).

Anti-HIV activity.

Table 1 demonstrated that most fractions did not significantly inhibit HIV-induced

cyopathic effects on MT-4 cells (selectivity index (SI)-l-7), compared to higher anti-HIV activi-

ties of curdlan sulfate (CRDS), dextran sulfate (DS), AZT, and ddC (SI-7 1-861). However, frac-

tion [70M2] showed some anti-HIV activity. The present study d飢Ionstrates that fraction

[70M2] with relatively high water-solubility has the highest anti-HIV activity (Table 1). This is

consistent with our previous finding that anti-HIV activity increases with water-solubility of the

compounds: in the order of hgnin (NAKASI刀MA et al. 1992a) > hydrolyzable tannins > condensed

tannins (NAK朋HIMA et al. 1 992b) > flavonoids (SAKAGAMI et al., unpublished data), and higher

molecular weight ligmns and tannins (NAKASHIMA et al. 1992b) show higher anti-HIV activity
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in comparison with their lower molecular compounds.

Anti- bacterial activity.

Chemotherapy with antibiotics sometimes induces serious side effects, such as diarrhea-

nausea, abnormal taste, dyspepsia, abdominal pain/discomfort, headache, and angioedema.

Therefore, there is a strong demand for compositions having all of the beneficial anti-bacterial

properties with reduced side effects. Antibacterial agents of fruit or vegetable origin may be su-

penor as compared with many antibiotics. All fractions were tested against a panel of microor-

gamsms, including the Gram-positive bactexia, Staphylococcus epidermidis , and Gram-negative

bacteria, Escherichia coli. and Pseudomonas aeruginosa, and the fungi, Candida albicans and

Candida glabrata (T血Ie 1). The highest level of activity consistently arose in the acetone and

MeOH extract fractions. Two fractions [A3] and [M2] were found to exhibit potent anti-bacterial

activity against both Gram-positive and Gram-negative bactexia as well as Candida.

Anti-Helico baoter pylori aotivity.

The current medical consensus suggests that H. pylori is the primary causative organism for

acute gastritis (BLASER 1992). Since the drug will directly come in contact with the lining of the

stomach, edible plants may be a good source of oral antmlcer agents. Howevea-, all Feijoa extract

fractions did not exhibit potent anti-//. pylori activity (MICsc^lOOト1g/ml), in contrast with three

effective positive controls : metromdazole, clanthromycm and erythromycm (Table 1 ).

In conclusion, it is important to note that fractions [A3] and [M2] showed promising anti-

bacterial activity. Although the activities were not strong, some fractions of Feijoa peel extracts

showed anti-tumor and anti-HIV activity. The results of this study apparently indicate therapeu-

tic value for Feijoa peel extracts. Further work is required to identify and isolate the compounds

responsible for the observed biological activity.
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