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Abstract

Alcoholic and aqueous extracts were obtained from red sweet pepper (Capsicum annuum L.) by
different methodologies to evaluate their cytotoxic, antioxidant and antimicrobial properties. Alcoholic
extracts (MFP, MSd, SFP, SDP, SSd) from fresh red sweet pepper (FP) and dry pulp (DP) and
seed (Sd) were obtained by maceration (M) and Soxhlet (S) equipment using methanol as extraction
solvent; whereas aqueous extracts (LFP, LSd) were obtained by decoction followed by lyophilization
(L). Human tumoral cell lines from breast (MCF-7 and SKBr3), prostate (PC3) and cervix (HeLa), and
fibroblasts (as control) were used to determine the cytotoxic properties by the MTT assay. Antioxidant
and antimicrobial properties were determined by DPPH and disc diffusion method, respectively. The
extracts SDP and SFP showed the higher cytotoxic activity. The SDP extract had a significant (P <
0.05) in-vitro effect on HeLa (1.9 + 1.4 pug/mL) and PC3 (< 1 pg/mL) cells with a moderated impact on
fibroblasts (26.1 £ 1.2 pg/mL); whereas, SFP had a significant (p < 0.05) effect on MCF-7 cell line (2.1
+ 1.2 pg/mL) with a moderated impact on fibroblasts (25.9 = 1.0 pg/mL). The higher antioxidant
activity was found for MFP (80.3 = 0.2%) and SFP extracts (75.5 £ 0.5%). Mild antimicrobial
activity was only observed for alcoholic extracts. The results showed the potential of red sweet pepper
(C. annuum L.) as a source of antioxidant and cytotoxic compounds, and suggest the need of further
studies to isolate and characterize the bioactive compounds that impart those properties.
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1 Introduction these products being the flavonoids, antho-

cyanins, vitamins C and E, phenolic compounds,
Fruits and vegetables have been recognized as dietary fibre, and carotenoids (Gonzalez-Aguilar
natural sources of various bioactive compounds, et al., ). These phytochemical compounds

the main phytochemical compounds present in have demonstrated that they can decrease the
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risk of developing various chronic diseases due to
their antioxidant and radical-scavenging activi-
ties (Ayala-Zavala et al., ).

Peppers are usually consumed as food and used
as additives in the food industry. They have a
significant role in traditional medicine: in fact,
in Indian, Native American, and Chinese tra-
ditional medicine, Capsicum species have been
used for the treatment of arthritis, rheumatism,
stomach aches, skin rashes, dog/snake bites, and
flesh wounds. These therapeutic applications
are related to the capsaicinoids, phenolic com-
pounds, and carotenoids content of the peppers
(Hernandez-Ortega et al., ).

Different varieties of Capsicum annuum L. have
been studied and have shown benefit with re-
spect to some disorders, mainly for those re-
lated to mental health. Yazdizadeh Shotorban,
Jamei, and Heidari ( )), in studies performed
with rats, established the antioxidant activity of
bell pepper, which showed a protective effect on
the brain cells. In the same way, Oboh and
Rocha ( ) reported that chemical compounds
present in unripe hot pepper inhibited lipid per-
oxidation in rat brain, thus enhancing the pro-
tective properties on the brain cells.

Sweet pepper (C. annuum L.) is a plant whose
fruits have different forms and size, and several
colours, ranging from yellow to red, from intense
purple to dark green to black, depending on the
genotype or the seasonal period of breeding (Naz-
zaro et al., ). This fresh fruit is known
as an excellent source of Vitamin C and E as
well as provitamin A, carotenoids and polyphe-
nols, and are considered of great importance be-
cause of their antioxidant properties (Nazzaro
et al., ; Shaha, Rahman, & Asrul, ;
Yazdizadeh Shotorban et al., ).

The main objective of this research was to eval-
uate the In wvitro cytotoxic properties of aque-
ous and alcoholic extracts of pulp and seed of
red sweet pepper (C. annuum L.) on human tu-
moral cells of breast, prostate and cervix, in ad-
dition to the study of the antioxidant (by DPPH
method), and antimicrobial (against Salmonella
enterica ser. Enteritidis, Staphylococcus aureus
and Listeria monocytogenes) properties of those
extracts.

2 Materials and Methods

2.1 Vegetable

Red sweet pepper (Capsicum annuum L. var
Llaner6n) commonly called in Venezuela “Aji
dulce Llanerén” is a cultivated variety in the
Venezuelan plains, specifically in the Guadrico
state, and is characterized by having an elon-
gated shape, orange or red colour when ripen-
ing and with intense flavour. Red sweet pep-
per was harvested in summer (March to August)
and supplied commercially to Caracas city. They
were selected in a local supermarket (Caracas,
Venezuela) at commercial ripeness and main-
tained at 7 °C until processing.

2.2 Preparation of Red sweet
pepper seeds and pulp
methanolic extracts by
Soxhlet apparatus

Samples of the seed and pulp, from red sweet
pepper (300 g) were dried at room temperature
(25-27 °C) and then finely ground with a ce-
ramic mortar, and submitted to an extraction
process (individually) with methanol, analytic
grade (99.8%) (J.T. Baker, Phillispsburg, NJ) in
Soxhlet apparatus for 12 hours at a ratio of 1:2
(vegetable sample: methanol) (at solvent boiling
temperature of approx. 50 °C) as was suggested
by Leong, Alviarez, Compagnone, and Suarez
( ). Then, the mixtures were vacuum filtered
(paper Whatman N°1). The solvent was removed
in vacuo using a rotator evaporator at 45-50 °C
for 60 min. approximately or until dryness in or-
der to obtain the sweet pepper raw extracts from
fresh pulp (FP), dried pulp (DP) and seed (Sd).

2.3 Preparation of Red sweet
pepper seeds and pulp
methanolic extracts by
maceration

Samples of the seed and pulp, from red sweet
pepper (200 g) were dried at room temperature
(25-27 °C) and then finely ground with a ce-
ramic mortar and submitted to maceration using
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methanol, analytic grade (99.8%) (J.T. Baker,
Phillispsburg, NJ) for 7 days at a ratio of 1:2
(vegetable sample: methanol) at room temper-
ature (25-27 °C) as suggested by Chavez et al.
( ). Then, the mixtures were vacuum filtered
(paper Whatman N°1). The solvent was removed
in vacuo using a rotator evaporator at 45-50 °C
for 60 min. approximately or until dryness to ob-
tain the raw extract of sweet pepper fresh pulp
(MFP) and sweet pepper seed (MSd) macerated.

2.4 Preparation of Red sweet
pepper aqueous extract by
decoction

The aqueous extracts of red sweet pepper seed
and pulp were obtained by decoction according
to methodology used by Suarez et al. ( ). For
these, 500 g of the seed or pulp were boiled in 500
mL of distilled water for 30 minutes. The decoc-
tion was then vacuum filtered, and the aqueous
extracts were stored in glass vials, and frozen for
subsequent lyophilization to produce powdered
forms of sweet pepper fresh pulp extract (LFP)
and sweet pepper seed extract (LSd) lyophilized.

2.5 Human tumoral cell lines

Human tumoral cells from MCF-7 (breast car-
cinoma, without overexpression of the HER2/c-
erb-2 gene), SKBR3 (breast carcinoma, in which
the HER2/c-erb-2 gene is overexpressed), PC3
(prostate carcinoma) and HeLa (cervical epithe-
lial carcinoma) were used to determine the cy-
totoxic activity from Red sweet pepper seed
and pulp extracts. Human breast cancer cell
lines were grown in Dulbecco’s modified Ea-
gle’s medium (DMEM; Gibco, USA) supple-
mented with 10% (v/v) heat inactivated fetal
bovine serum (FBS; Gibco), 2 mM glutamax
(Gibco), 100 units/ml penicillin (Gibco) and 100
pug/ml streptomycin (Gibco). Prostate carci-
noma (PC3) and cervical epithelial carcinoma
(HeLa) were grown in Roswell Park Memorial
Institute medium (RPMI 1640; Gibco) supple-
mented with 10% (v/v) heat inactivated FBS, 2
mM glutamax, 100 units/ml penicillin and 100
ug/ml streptomycin. Human dermis fibroblast,
used as control cells, were obtained from primary
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culture and grown in DMEM medium supple-
mented with 10% (v/v) heat inactivated FBS,
2 mM glutamax, 100 units/ml penicillin and
100pg/ml streptomycin. For treatments, expo-
nentially growing cells were collected, counted,
re-suspended in fresh culture medium and incu-
bated in 96 sterile well plates.

2.6 Cytotoxicity assay

Cell viability was assessed using the MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-2H-
tetrazolium bromide) assay, which is based on
the ability of viable cells to metabolically reduce
a yellow tetrazolium salt (MTT; Sigma) to
purple crystals of formazan (Mosmann, ).
This reaction takes place when mitochondrial
reductases are active. Cells were grown in
96-well plates (5x10°cells/well) and incubated
at 37°C for 72 hours with the extracts of the
red sweet pepper seed and pulp obtained by
different extraction methods at concentrations
of 0, 0.001, 0.01, 0.1, 1, 5, 10, 15, 25 and
100 pg/ml, respectively, in a humidified atmo-
sphere with 5% CO,. The lyophilized extracts
were diluted in water and extracts obtained
by maceration and Soxhlet were diluted in
DMSO. The final concentration of the DMSO
in culture medium was always lower than 1%, a
concentration that has neither cytotoxic effect
nor causes any interference with the colori-
metric detection methods). After incubation,
the medium was removed and the cells were
treated with 100 yL MTT for 3 hours at 37°C.
Subsequently, 100 uL. DMSO was added to the
mixture. The solubilized formazan product was
quantified with the help of a microplate reader
TECAN-Sunrise™at 570 nm (Tecan Group LTD,
Ménnedorf, Switzerland). Taxol (Bristol-Myers
Squibb, USA) was used as a positive control in
the assay.

2.7 Selectivity index for
cytotoxicity assay in tumoral
cells

The selectivity index (SI) was calculated as the
ICs0 (control cells)/ICs¢ (tumor cells line) ra-
tio. A selectivity index > 1 indicated that
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the cytotoxicity on tumor cells surpassed that
on healthy non-tumor cells (Callacondo-Riva,
Quispe-Mauricio, Lindo-Gamarra, & Vaisberg,

).

2.8 Determination of antioxidant
properties

The radical scavenging activity of red sweet pep-
per extracts was performed by the method de-
scribed by Celep, Aydin, and Yesilada ( ).
Each extract (0.2 ml) was mixed with 2.8
ml of freshly prepared 0.06 mM 1,1-diphenyl-
2-picrylhydrazyl (DPPH, Sigma-Aldrish, St.
Louis, USA) solution in methanol. The mix-
ture was shaken with a vortex mixer and incu-
bated in the dark for 30 min at room tempera-
ture. The absorbance was measured at 517 nm
(just after added the extract and after 30 min.
of dark incubation). Ascorbic acid (176pg/ml)
was used as reference substance (control). The
absorbance was measured at 517 nm. DPPH
radical-scavenging activity was calculated as fol-
lows:

DPPH radical - scavenging activity (%) =

_ 1
Abscontrol AbSSample % 100 ( )

Abscontrol

Where, Abscontrol, is the absorbance value of the
Ascorbic acid, and Abssample, is the absorbance
of the extract solution.

Microbial strains and culture
conditions

Strains of Salmonella enterica ser. Enteritidis
(CVCM 497), Staphylococcus aureus (CVCM
456) and Listeria monocytogenes (CVCM 449)
were supplied by the “Centro Venezolano de
Colecciones de Microorganismos (CVCM)” of the
Institute of Experimental Biology of the Univer-
sity Central of Venezuela, Caracas-Venezuela for
evaluating the antimicrobial activity of red sweet
pepper (C. annuum L.) seed and pulp extracts
against these pathogens. Strains of Salmonella
enterica ser. Enteritidis and Staphylococcus au-
reus were individually grown in 50 ml of tryp-
tone soy broth (TSB) (Himedia, Mumbali, India),
whereas the strain of Listeria monocytogenes was

grown in 50 ml of T'SB plus yeast extract (Hime-
dia) at 0.6%. All cultures were incubated at 37°C
for 24h without agitation to obtain cells in early
stationary growth phase. These conditions were
obtained from growth curves previously made in
the Laboratory (data not shown). The maximum
population reached by the microorganisms in the
growth medium was approximately 108 Colony
Forming Units (CFU)/ml.

Antimicrobial activity by disc
diffusion method

The method used in this experiment was the
suggested by Kirby-Bauer (Davidson & Parish,

). Sterile filter-paper discs (Whatmann N°1)
measuring 9 mm in diameter were dipped in so-
lutions containing aqueous or alcoholic extracts
from red sweet pepper seed and pulp individ-
ually prepared at different concentrations (0.0;
0.1; 0.3; 0.5 % v/v). Agar disc diffusion method
was used for screening of antimicrobial activ-
ity of each extract against Salmonella enterica
ser. Enteritidis, Staphylococcus aureus and Liste-
ria monocytogenes. The discs impregnated with
extracts were put on Miller-Hinton agar (Hi-
media, Mumbai, India) plates previously inoc-
ulated with each pathogenic microorganism at
108 CFU/ml, and them incubated at 37 °C for
24-48 h.The size of inhibition zone diameters sur-
rounding filter paper disc was measured using a
vernier caliper (Hauptner, Solingen, Germany).
Each extract was assayed on two occasions and
in duplicate (n = 4). Sterile distilled water was
used as negative control.

2.9 Statistical analysis

All experiments of cytotoxicity were performed
at least three times. The values of ICsg of natu-
ral products were determined by a non-linear re-
gression of individual experiments using the pro-
gram GraphPad Prism v.5.02 (GraphPad Soft-
ware, San Diego, CA, USA). Analysis of variance
(ANOVA) in the antimicrobial and antioxidant
activity of aqueous and alcoholic extracts of Red
sweet pepper seed and pulp were carried out to
detected differences statistically significant (p<
0.05) among their concentrations, using statistic
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package Statgraphics Centurion XVI (StatPoint
Technologies). Multiple range tests, using the
Fisher’s LSD method, were then applied to deter-
mine which extracts and concentrations of each
extract were significantly (p< 0.05) different.

3 Results and Discussion

3.1 Cytotoxic properties on
human tumoral cells

Results demonstrated that SDP had a significant
(P < 0.05) in-vitro effect on human tumoral cell
lines HeLa (ICs0 1.9 £ 1.4) and PC3 (IC59 < 1)
with a moderated impact on control cells (fibrob-
lasts) (ICs50 26.1 £ 1.2); whereas, SFP had signif-
icant (p < 0.05) effect over MCF-7 cell line (ICsq
2.1 £ 1.2) with a moderated impact on control
cells (fibroblasts) (ICs5p 25.9 £+ 1.0). A moder-
ated cytotoxic effect on MCF-7 cell line was also
observed with MFP (IC50 6.8 & 1.1) and LFP
(ICs0 5.4 £ 1.0). On the other hand, LSd ex-
tract showed a slight cytotoxic activity on PC3
(ICs0 3.2 = 1.3) and HeLa (IC5¢ 8.9 £ 1.1) cell
lines without activity on fibroblasts, whereas SSd
only showed effect on PC3 (IC50 8.8 £ 1.0) line
(Table 1). There are few studies in the litera-
ture reporting the cytotoxic activity of red sweet
pepper (C. annuum L.). In this sense, Moto-
hashi et al. ( ) have reported similar results,
indicating that hexane, acetone and methanol ex-
tracts of C. annuum var. angulosum, Anastasia
Red showed relatively higher cytotoxic activity
against two human oral tumoral cell lines (HSC-
2 and HSG) than against normal human gingival
fibroblast (HGF), suggesting a tumor-specific cy-
totoxic activity.

The results showed that SDP and SFP extract
had a highly selective cytotoxic action on HelLa
and PC3, and MCF-7, respectively, because their
Selectivity Index (SI) values were higher than 1.0
(Table 2).

Antioxidant properties

The free radical scavenging potential of both seed
and pulp extracts from red sweet pepper (C. an-
nuum L.) was determined In wvitro through the
DPPH method just after adding the sample and
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after 30 min. Both extracts (pulp and seed)
showed a higher antioxidant activity at 30 min
than at 0 min (Table 3). MFP (80.3% + 0.2) and
SFP (75.5% + 0.5) showed antioxidant proper-
ties significantly higher (p< 0.05) than the rest
of the extracts (34.2% + 0.1 to 56.5% % 0.2),
the order of antioxidant activity of the different
evaluated extracts being MFP > SFP > MSd
>LSd > SSd > LFP > SDP. A higher free rad-
ical scavenging activity for red sweet pepper (C.
annuum L.) methanolic extracts (95% approx-
imately) was reported by Yazdizadeh Shotor-
ban et al. ( ), who indicated that process-
ing techniques involving extraction solvent, pH,
light, and heat can markedly influence the levels
and efficacy of bioactive compounds of dietary
supplements such as polyphenolic compounds.
Ciulu-Costinescu et al. ( ) also reported a
high antioxidant activity for alcoholic extracts
of C. annuum L., containing 505.207 mg/L of
polyphenols expressed as gallic acid equivalents
and 235.884 mg/L of flavonoids expressed as
quercitin equivalents.

Sweet peppers (C. annuum L.) are known as an
excellent source of vitamins A and C as well as
flavonoids and phenolic compounds, which are
important antioxidant components that may re-
duce the risk of diseases (Nazzaro et al., ;
Yazdizadeh Shotorban et al., ). Antioxi-
dants are powerful substances naturally present
in vegetables and fruits that can neutralize
free radicals before they damage the body‘s
cells (Oboh & Rocha, ; Watjen, Chovolou,
Kampkétter, & Kahl, ). The antiradical
activity of flavonoids and phenolics is princi-
pally based on the redox properties of their hy-
droxy groups and the structural relationships be-
tween different parts of their chemical structure
(Materska & Perucka, ).

3.2 Antimicrobial properties

Lyophilized extracts of red sweet pepper (C. an-
nuum L.) pulp and seed did not show antimi-
crobial properties against L. monocytogenes, S.
enterica ser. FEnteritidis and S. aureus. In
contrast, both pulp and seed alcoholic extracts
obtained by maceration and Soxhlet extraction
showed slight antimicrobial properties (Inhibi-
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Table 1: Cytotoxic properties of Red sweet pepper (Capsicum annuum L.) pulp and seed extracts on
various human tumor cell lines

ICs (ug/mL)®

Extracts /Cell line —p¢3 HleLa  MCF-7  SKBr3  Fibroblasts
MFP ~100 =100 68+ 1.1 WA 38.0 + 1.3
LFP WA WA 5.4+ 1.0 WA 20.5 + 1.0
SFP WA 100 21412 377+11 259+1.0
SDP <1 19414 WA 337410 261 +12
MSd <1 465+ 1.0 WA WA WA
LSd 32413 89411 WA 325+ 10 WA
ssd 88 + 1.0 ~100 WA WA WA
Taxol 0003411 01+11 006+13 10+12 08+12

@ Values represent the mean of three (3) determinations &+ standard deviation. ICgg: inhibitory concentration 50%; MFP: Sweet pepper
fresh pulp extract obtained by maceration. LFP: Sweet pepper fresh pulp extract obtained by lyophilization. SFP: Sweet pepper fresh
pulp extract obtained by Soxleth equipment. SDP: Sweet pepper dried pulp extract obtained by Soxleth equipment. MSd: Sweet pepper
seed extract obtained by maceration. LSd: Sweet pepper seed extract obtained by lyophilization. SSd Sweet pepper seed extract obtained
by Soxleth equipment. Taxol: chemical compound used as control. WA: without activity. HeLa (human cervix carcinoma); PC3 (human
prostate carcinoma); MCF-7 (breast carcinoma, without over-expression of the HER2/c-erb-2 gene); SKBr3 (breast carcinoma, in which the
HER2/c-erb-2 gene is over-expressed); Fibroblasts (healthy cells of human connective tissue, used as control)

Table 2: Values of selectivity index (SI) of the Red sweet pepper (Capsicum annuum L.) seed and pulp
extracts

. Selectivity Index (SI)“
Extracts / Cell line PC3 HeLa MCF-7 SKBr 3

MFP 0.4 0.4 5.7 -
LFP - - 3.8 -
SFP - 0.3 12.1 0.7
SDP 5.2 13.9 - 0.8
MSd - - - -
LSd - - - -
SSd - - - -
Taxol 250 6 13 0.8

@ Values represent the mean of three (3) determinations. MFP: Sweet pepper fresh pulp extract obtained by maceration. LFP: Sweet pepper
fresh pulp extract obtained by lyophilization. SFP: Sweet pepper fresh pulp extract obtained by Soxleth equipment. SDP: Sweet pepper
dried pulp extract obtained by Soxleth equipment. MSd: Sweet pepper seed extract obtained by maceration. LSd: Sweet pepper seed extract
obtained by lyophilization. SSd Sweet pepper seed extract obtained by Soxleth equipment. Taxol: chemical compound used as control. WA:
without activity. HeLa (human cervix carcinoma); PC3 (human prostate carcinoma); MCF-7 (breast carcinoma, without over-expression of
the HER2/c-erb-2 gene); SKBr3 (breast carcinoma, in which the HER2/c-erb-2 gene is over-expressed).
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Table 3: Antioxidant properties of Red sweet pepper (Capsicum annuum L.) pulp and seed extracts

Percentage (%; v/v)“
Extract ~T — 0 min. T = 30 min.

MFP 77.0 £ 0.2Aa  80.3 £ 0.2Ba
LFP 33.6 £ 0.4Ab  45.2 +£0.2Bb
SFP 73.4 £+ 0.2Ac  75.5 £ 0.5Bc
SDP 274 +£ 0.3Ad  34.2 £ 0.1Bd
MSd 40.4 £ 0.8Ae  56.5 + 0.2Be
LSd 31.3 £ 0.3Af 519 + 0.2Bf
SSd 344+ 0.5Ag 51.6 £ 0.1Bf

¢ Values represent the mean of three determination + Standard deviation. Different capital letters (A, B) indicate significant differences
(p< 0.05) between analysis time (0 min or 30 min.), whereas different lowercase letters (a, b, ¢, d, e, f, g) indicate significant differences
(p< 0.05) between extracts. MFP: Sweet pepper fresh pulp extract obtained by maceration. LFP: Sweet pepper fresh pulp extract obtained
by lyophilization. SFP: Sweet pepper fresh pulp extract obtained by Soxleth equipment. SDP: Sweet pepper dried pulp extract obtained by
Soxleth equipment. MSd: Sweet pepper seed extract obtained by maceration. LSd: Sweet pepper seed extract obtained by lyophilization.
SSd Sweet pepper seed extract obtained by Soxleth equipment.

Table 4: Antimicrobial properties of Red sweet pepper (Capsicum annuum L.) pulp and seed alcoholic
extracts against L. monocytogenes. S. Enteritidis. and S. aureus

Vegetable material Inhibition zone (mm)A

Alcoholic extract  Concentration (%) L. monocytogenes S. Enteritidis S. aureus
0.00 0.30 £ 0.00Aa 0.30 £ 0.00Aa  0.30 & 0.00Aa
MEP 0.10 0.35 £ 0.07Aa 0.30 £ 0.00Aa  0.30 & 0.00Aa
0.30 0.40 & 0.00Aa 0.35 &£ 0.07Aa  0.30 & 0.00Aa
0.50 0.40 £ 0.00Aa 0.35 £ 0.07Aa  0.40 &+ 0.00Ab
0.00 0.20 £ 0.00Ba 0.20 £ 0.00Aa  0.20 £ 0.00Aba
SFP 0.10 0.20 £ 0.00Ba 0.20 £ 0.00Aa  0.25 £ 0.00Aba
0.30 0.20 £ 0.00Ba 0.25 £ 0.07Aa  0.35 £ 0.00Aba
0.50 0.20 £ 0.00Ba 0.35 £ 0.07Aa  0.40 £ 0.00Aba
0.00 0.20 £ 0.00Ba 0.20 £ 0.00Aa  0.15 £ 0.00Ca
SDP 0.10 0.20 £ 0.00Ba 0.25 £ 0.07Aa  0.25 £ 0.00Ca
0.30 0.30 £ 0.00Bb 0.35 & 0.07Aa  0.20 £ 0.00Ca
0.50 0.35 £ 0.07Bb 0.35 £ 0.07Aa  0.25 £ 0.00Ca
0.00 0.25 £ 0.07Aa 0.20 £ 0.07Aa  0.15 &+ 0.07BCa
MSd 0.10 0.30 & 0.00Aa 0.25 £ 0.00Aa  0.20 & 0.00BCa
0.30 0.40 £ 0.14Aa 0.30 £ 0.14Aa  0.25 £ 0.07BCa
0.50 0.50 £ 0.14Aa 0.40 £ 0.00Aa  0.35 & 0.07BCa
0.00 0.15 £ 0.07Ba 0.15 £ 0.07Aa  0.30 £ 0.00Ada
SSd 0.10 0.20 £ 0.00Ba 0.35 & 0.07Aa  0.35 £ 0.00Ada
0.30 0.20 £ 0.00Ba 0.30 £ 0.14Aa  0.45 £ 0.00Ada
0.50 0.25 £ 0.07Ba 0.35 £ 0.07Aa  0.45 £ 0.00Ada

@ Values are mean of two determinations & standard deviation realized by duplicate (n = 4). Different lowercase (a, b) in the same column
represent significant statistically differences (p < 0.05) with respect to concentrations for each extract and each microorganism. MFP: Sweet
pepper fresh pulp extract obtained by maceration. SFP: Sweet pepper fresh pulp extract obtained by Soxleth equipment. SDP: Sweet pepper
dried pulp extract obtained by Soxleth equipment. MSd: Sweet pepper seed extract obtained by maceration. SSd Sweet pepper seed extract
obtained by Soxleth equipment. Different capital letters (A, B) in the same column represent significant statistically differences (p < 0.05)
among extracts for each microorganism.
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tion halos range between 0.15 a 0.50 mm) against
those microorganisms, which increased slight
with increasing extract concentration in some
cases (Table 4). Statistically significant differ-
ences (p < 0.05) among extracts were detected;
however, statistically significant differences were
not found (p > 0.05) among the different con-
centrations evaluated for each type of extract.
Higher antimicrobial activity was reported by
Nazzaro et al. ( ) against other microorgan-
isms such as B. cereus and E. coli, showing inhi-
bition halos of 15 mm and 7 mm for alcoholic ex-
tracts of two varieties of sweet pepper C. annuum
L. against B. cereus (DSM4313 and DSM 4384)
and halos of 7 mm for E. coli EC 101 . Antifungal
activity against P. expansum DSM 6694 (8 mm)
and D. hansenii DSM 70238 (16 mm) was also re-
ported by these authors. Ciulu-Costinescu et al.
( ) also reported a bactericidal effect of C.
annuum L. alcoholic extracts against Staphylo-
coccus aureus, Pseudomonas aeruginosa, E. coli,
Enterococcus faecalis and B. subtilis. Whereas,
Diz et al. ( ) found fungicidal activity from
protein fractions obtained from C. annuum L.
(Chilli peppers) against Candida albicans, Sac-
charomyces cerevisiae and Schizosaccharomyces
pombe, the authors indicating that one of the
fractions also promoted several morphological
changes to C. albicans, including the formation
of pseudohyphae, as revealed by scanning elec-
tron micrography. In contrast to all those re-
sults, Motohashi et al. ( ) did not find any
antibacterial activity of Anastasia Red, C. an-
nuum L. sweet pepper extracts (hexane, acetone
and methanol) against Helicobacter pylori.
The differences found between our results and
others authors could have been due to C. an-
nuum L. variety used in each study. In this
sense, Padilha et al. ( ) found a great vari-
ability in the bioactive compounds present and
their concentrations in different varieties of C.
annuum peppers. Some of these compounds such
as polyphenols and other antioxidants can af-
fect the growth and metabolism of fungi, insects
and bacteria (Alberto, Canavosio, & de Nadra,
; Padilha et al., ). Similarly, David-
son and Taylor ( ) reported that polyphe-
nols act on cytoplasm membranes causing leak-
age cell as well as on the membrane proteins such
as ATPase. In the same way, there are other

compounds presents in Capsicum peppers that
have antimicrobial activity such as capsaicinoids
(Omolo et al., ; Akhtar et al., ), which
are compounds whose concentrations vary signif-
icantly among varieties of pepper. Capsaicinoids
are compounds naturally present in pungent pep-
pers, being the capsaicin the most widely stud-
ied. Sweet pepper does not contain capsaicin;
however, it has capsinoids such as nordihydro-
capsiate (Kobata et al., ), which is a com-
pound with a similar structure to capsaicinoids,
which present an ester group instead of amide
group. The slight antimicrobial properties de-
tected in the present research for the methano-
lic extracts of red sweet pepper could be due to
polyphenols, other antioxidants and nordihydro-
capsiate. However it is necessary to carry out
future studies to confirm this fact because there
is little research work cited in the literature with
respect to sweet pepper.

4 Conclusions

The use of phytochemicals present in fruits and
vegetable has gained worldwide acceptance as a
novel source of chemopreventive agents against
cancer cells, because the non-nutrient phyto-
chemicals have showed that can either block or
reverse multistage carcinogenesis. The results of
this research showed the strong cytotoxic and an-
tioxidant effects that some red sweet pepper (C.
annuum L.) extracts could have. Tumoral cell
lines from HelLa, MCF-7 and PC3 were more
sensitive to red sweet pepper (C. annuum L.)
extracts than SKBr3. Alcoholic extracts of fresh
pulp obtained by maceration and Soxhlet equip-
ment showed the higher antioxidant activity in
comparison with the rest of extracts. The al-
coholic extracts showed only slight antimicrobial
properties. These findings demonstrated the po-
tential of red sweet pepper as a source of antiox-
idant and cytotoxic compounds, and suggest the
need for further studies to determine which com-
pounds impart these properties to this fruit and
which molecular mechanisms are associated with
its antitumoral activity.
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