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containing various defined chemical compounds 
may essentially contribute to the discovery and de-
velopment of new, clinically useful drugs of natural 
origin. Evaluation of the activity of plant extracts is a 
broad direction of search for new antioxidants with 
wide spectrum of pharmacological activity that can 
be used in the prevention of diseases involving oxi-
dative stress in cells.

Nowadays, it is well known that oxidative stress is 
involved in pathophysiology of numerous progres-
sive disorders, e.g. cardiovascular diseases, cancer de-
velopment, neurodegenerative processes [9], diabetes 

INTRODUCTION

In many papers it has been showed that study on 
in vitro and in vivo models of oxidative stress is an 
important scientific area that serves human health 
and wellness. Some popular plant substances such 
as chemical compounds and extracts, i.e. from Cam-
elia sinensis [1], Crataegus oxyacantha [2], Echinacea 
purpurea [3], Matricaria recutita [4], Rosa sp. [5], 
Oryza sativa [6], Rosmarinus officinalis [2, 7], Vitis 
vinifera [8] are still being investigated. Apart from 
this, further in vitro screenings of plant extracts 

Summary

Introduction:. It is well documented that many species from Passifloraceae family can provide edible and 
nutritious fruits while the leaves of cultivated plants are renewable and waste material. This biomass may be 
further used in various sectors, especially as a bioactive food additive and as source of innovative pharma-
ceuticals, cosmetics or feed additives. The biomaterials and green chemistry are new sectors bioeconomy 
according to the high-level horizontal strategies and bio-based industries in Europe. In recent years, atten-
tion has been paid to the biological activity and phytochemical profiles of extracts from different species 
of Passiflora. However, there is little comparative studies using the same procedures and techniques in the 
same laboratory conditions for study of plant material obtained from the similar greenhouse conditions. 
Objective: This study was focused on the examination of antioxidative activities of low concentrations of 
crude extracts from leaves of Passiflora incarnata L., Passiflora caerulea L., and Passiflora alata Curtis.
 Methods: The activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis (3-ethyl-
benzothiazoline-6-sulphonic acid) (ABTS) radical scavenging and ferric reducing antioxidant power 
(FRAP) methods. Results of study were supported by estimation of chemical composition with secondary 
metabolites profiling in extracts which were carried out previously for the same extracts from three Passiflo-
ra species. One-way ANOVA analysis revealed significant differences in the antioxidant activity of various 
concentrations of the extracts using the DPPH and ABTS radical models, and FRAP method.
Results: Measurement of antioxidant capacity (expressed as trolox equivalent, TE) showed that the most 
active was extract of P. caerulea > P. alata > P. incarnata. Phytochemical analysis for extracts of P. caerulea 
and P. incarnata showed greater similarities in metabolites content than P. alata. However, comparative 
statistical analysis of antioxidant activity showed that despite this phytochemical similarities, extract from P. 
alata leaves had  higher activities than extract from leaves P. incarnata. Antioxidant effect of extract from P. 
alata can be explain by terpenoids presented in this extract. In this work, there have been discussed activi-
ties against Acanthamoeba castellanii strain, antibacterial and antifungal activities against selected clinical 
microorganisms (Enterococcus faecalis, Escherichia coli, Staphylococcus aureus, and Candida albicans, Micro-
sporum gypseum), and anti-leukemic activities tested in human acute lymphoblastic leukemia cell lines for 
this extracts, which have been described in previous authors’ publications. 
Conclusion: Our current and previous studies showed that the same crude extracts from leaves of P. alata, 
P. caerulea, P. incarnata exerted not only antioxidant potential in vitro but also few interesting properties 
such as antibacterial, antifungal, amoebostatic, amoebicidal activities, which indicate the possibility of using 
these extracts in both a healthy diet and natural cosmetics. Leaves of this species may become an interesting 
source of biomaterials which can exert health-promoting effects.

Key words: passionflower, herbal extract, antioxidant activity, DPPH, ABTS, FRAP, phenolic com-
pounds

Słowa kluczowe: passiflora, ekstrakt ziołowy, aktywność antyoksydacyjna, DPPH, ABTS, FRAP, 
związki fenolowe
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[10], cognitive dysfunctions [11-13], amyotrophic 
lateral sclerosis [14], Huntington’s disease [15], Par-
kinson’s disease [15], Alzheimer’s disease [16, 17] and 
other aging-associated diseases [18]. There is well 
documented that overproduction of reactive oxygen 
species (ROS) and reactive nitrogen species (RNS) 
can cause several harmful effects on molecular and 
cellular levels including degradation/depolimeriza-
tion of macromolecules such as DNA, RNA, lipids, 
proteins, as well as polysaccharides leading to desta-
bilization of membranes, causing damage and cell 
loss i.e. in the nervous system [15, 19-21]. Antioxi-
dants such as phenolic compounds (flavonoids, tan-
nins), lignins and dietary fiber are believed to be the 
principal nutrients which are responsible for these 
cytoprotective effects [21-23].

Plant extracts as a mixture of many chemical 
compounds may possess more interesting biologi-
cal activities due to their components (among 
others aromatic plant pigments) can interact one 
with another and show antioxidant effect in depend-
ing on the extraction techniques i.e. using solvents 
with various polarity, microwave-assisted or ultra-
sonic-assisted extractions [22], non-thermal high 
hydrostatic pressure extraction [24] and supercriti-
cal extraction [25, 26]. It is considered that obtaining 
plant extracts using fast and appropriate techniques 
is a low-cost method. Moreover, mixture of various 
chemical compounds in extracts may be active due 
to different antioxidative mechanisms [22, 23, 27] as 
compared to single chemical compound. It should 
be also noted that combining antioxidants may in-
crease their effectiveness. According to Brewer [23] 
many of the natural antioxidants (flavonoids and an-
thocyanins) have more than one aromatic ring and 
thus the effectiveness of these chemical compounds 
is generally proportional to the number of −OH 
groups present on the aromatic ring(s). The cyto-
protective effects of flavonoids in various biological 
systems are depend on the complex mechanism of 
their activity such as capacity to transfer free radical 
electrons, chelate metal catalyst, activate antioxidant 
enzymes, reduce alpha-tocopherol radicals and in-
hibit oxidases [21]. 

There is strong scientific evidence that plant sub-
stances are a valuable source of natural antioxidants 
[22, 28-33] and can be applied in the production 
of nutraceuticals [1, 30], pharmaceuticals [1], in 
healthy diet [1, 6, 8, 22, 34], cosmetics [1], and nu-
tricosmetics [35].

In recent years, attention has been paid to the 
biological activity of phytochemically defined ex-
tracts from different species of Passiflora which can 

be obtained not only from natural habitats of South 
America (mainly Colombia and Brazil), but also 
from controlled greenhouse cultivation in various 
countries or using biotechnological methods such as 
micropropagation in sterile and monitored in vitro 
laboratory conditions [36-43]. 

Passiflora alata, P. caerulea, P. incarnata are mem-
bers of the Passifloraceae family. Aerial parts of Pas-
siflora sp. provide raw material rich in phenolic and 
flavonoid compounds which possess wide range of 
antioxidant activities. Various species of Passiflora 
are among of the most trusted herbal medicines. In 
Europe, Passiflora incarnata L. is the most popular 
plant, included in the European Pharmacopoeia for 
the treatment of anxiety, insomnia, nervousness as 
sedatives [36, 44]. However, beside of antioxidative 
study, there is a progress in discovery of molecular 
mechanism of action for chemical compounds oc-
curring in extracts from Passiflora sp. especially api-
genin derivatives (i.e. vitexin, isovitexin) and luteo-
lin derivatives (i.e. orientin, isoorientin).

Antioxidative studies using in vitro and in vivo 
tests were carried out for various extracts from Pas-
siflora species i.e. extract from fruits of P. foetida 
[45], ethanolic extract from pulp of P. alata [46], dif-
ferent solvent extracts from fruits of P. ligularis [47], 
dietary fiber powder from pulp and seeds or albedo 
of P. edulis var. flavicarpa [48], methanolic extract 
from pulp of P. glandulosa [49], methanolic extracts 
from peel of fruits, leaves and stems of P. palmeri 
var. sublanceolata, P. nitida, P. tenuifila, P. coriacea, 
P. foetida [50], extracts of peel of P. edulis [51, 52], of 
seeds of P. edulis [53], of bark (exocarpium and me-
socarpium) of P. edulis [54], various preparations of 
P. incarnata [55-57], fruit juices from seven passion 
fruit (Passiflora spp.) cultivars: P. edulis cultivars 
Purple, Frederick, Yellow, Pink, P. edulis f. flavicar-
pa, P. maliformis and P. quadrangularis [58], aque-
ous extract from leaf of P. edulis [59, 60], ethanolic 
and fractionated extract from leaf of P. mucronata 
[61], fractionated extracts from leaves and stems of 
P. quadrangularis and P. maliformis [62], of P. alata 
[63], hydroethanol leaf extract of P. nitida [64], ac-
etone extract of P. subpeltata leaves [65]. However, 
it should be emphasized that results of these studies 
are different not only due to various solvents used in 
conventional extraction but also by different in vitro 
and in vivo methods used to estimate the antioxi-
dant activity and by different species, part of plants, 
chemical composition and environmental factors 
influencing various horticultural crops of Passiflora 
in countries around the world.
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The aim of the current study was to investigate 
antioxidant activity using three common in vitro 
methods presented as DPPH, ABTS and FRAP of 
the crude methanolic extracts from leaves of most 
popular species such as Passiflora incarnata L., Pas-
siflora caerulea L. and Passiflora alata Curtis culti-
vated in Poland. Results of studies were compared 
with those of phenolic compounds occurring in ex-
tracts, according to  papers by Ożarowski et al. [37] 
and Hadaś et al. [43].

MATERIAL AND METHODS

Plant material

Mature and healthy leaves of P. incarnata, P. alata 
and P. caerulea were obtained from plants growing 
in the greenhouse of the Poznań University of Medi-
cal Sciences, Poland, in controlled conditions as fol-
lows: temperature range from 25ºC to 40ºC, humidi-
ty 60–70%, as described previously [37]. Plants were 
identified at the Department of Medicinal and Cos-
metic Natural Products, Poznań University of Medi-
cal Sciences, and also by Jorge Ochoa from the Pas-
siflora Society International and the Department of 
Horticulture, Long Beach City College (California, 
USA). The voucher specimens have been deposited 
in the Herbarium of the Institute of Natural Fibers 
and Medicinal Plants in Poznań, Poland [37]. Evalu-
ation of biological activity of leaf extracts in range 
of their antioxidant assessment is a continuation of 
previous examinations of extracts that have been 
phytochemically characterized and described by 
Ożarowski et al. [37]. Thus, procedures such as con-
ventional preparation of methanolic extracts from 
5 g of leaves of P. alata, of P. caerulea, of P. incar-
nata; determination of total phenolic content with 
Folin-Ciocalteu reagent expressed as gallic acid; LC 
phytochemical profile comparison of extracts using 
HPLC-DAD-MSn and UPLC-MS/MS methods and 
results were described previously [37], however, re-
sults of these studies were also discussed along with 
antioxidant capacity of extracts. 

In vitro antioxidant assays

Well-established in vitro tests with some modifica-
tions made for the estimation of antioxidant activity 
of extracts such as: DPPH, ABTS and FRAP were 
used in this study [41, 42]. 

Scavenging ability measured by the DPPH 
radical assay 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
scavenging activity of the extract was measured ac-
cording to the modified method of Brand-Williams 
et al. [66]. Detailed procedure was described by 
Ożarowski et al. [41, 42]. In brief, after preparation 
of basal solution (1.0 g extracts in 50 ml of ethanol), 
appropriate dilutions have been made (from 0.5 ml 
to 2.5 ml in 10 ml of ethanol) and next 0.1 ml of var-
ious dilutions was mixed with 3.9 ml of 6×10-5 mol/l 
ethanol solution of the DPPH radical. Next, the de-
crease in the absorbance at λ=515 nm was measured 
using a spectrophotometer (UV-VIS, Cintra 20, 
GBC Scientific Equipment Pty Ltd., Australia). The 
results were calculated as trolox equivalent antioxi-
dant capacity (nM TE/100 g of extract).

Scavenging ability measured by the ABTS radi-
cal cation

Free radical scavenging activity of extracts from 
leaves of P. alata, P. caerulea, P. incarnata, was de-
termined according to the modified method of Re et 
al. [67] and detailed procedure was described previ-
ously by Ożarowski et al. [41]. In brief, after prepa-
ration of basal solution (as above), appropriate dilu-
tions have been made (from 0.25 ml to 1.75 ml in 
10 ml of ethanol) and next 30 μl of various dilutions 
was mixed with 3.0 ml of the diluted ABTS+ solu-
tion. Next, absorbance was measured at λ=734 nm. 
The results were calculated as trolox equivalent anti-
oxidant capacity (µM TE/100 g of extract).

Ferric reducing/antioxidant power assay 
(FRAP)

The total antioxidant potential of extracts from leaves 
of P. alata, P. caerulea, P. incarnata was determined 
according to Benzie and Strain [68] with some modi-
fication, using the ferric-reducing ability of plasma 
FRAP assay. Detailed procedure was described previ-
ously by Ożarowski et al. [41, 42]. In brief, after prep-
aration of basal solution (as above), appropriate dilu-
tions have been made (from 0.125 ml to 1.00 ml in 
10 ml of ethanol) and next 0.1 ml of various dilutions 
was mixed with 3.0 ml of freshly prepared FRAP re-
agent and 0.3 ml of water. This methods allowed to 
measure the changes in the absorbance at 593 nm 
after decolorization of blue-coloured product. The 
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results were calculated as trolox equivalent antioxi-
dant capacity (µM TE/100 g of extract). 

Statistical analysis

All measurements were performed in triplicate and 
all values were expressed as means ±SEM. The sta-
tistical estimation was carried out using one-way 
analysis of variance (ANOVA) followed by Tuckey’s 
post-hoc test for detailed data analysis using STA-
TISTICA 11. The level of statistical significance was 
set at p<0.05. This statistical test has been applied 
because this kind of results meet the requirements 
of normal distribution of data.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Phenolics and flavonoids have been reported to be 
the most important natural aromatic chemical com-
pounds responsible for the antioxidant capacity of 
plant extracts [21, 47, 65]. Most studies evaluated 
biological and pharmacological activities of various 
species of Passiflora have been focused on antioxi-
dant properties of extracts from fruits [45, 46, 48, 
49, 51, 52, 65]. In our study, extracts from leaves of 
three species of Passiflora were investigated because 
the leaves may be a valuable source of biomass, 
which is not widely used for economic purposes, 
and during fruit collection from cultivated species, 
the leaves are being removed. 

Our earlier phytochemical studies exerted total 
phenolic compound using Folin-Ciocalteu reagent 
(expressed as mg of gallic acid equivalent/g of ex-
tract) in the same methanolic extracts of P. alata 
(8.21 mg/g), P. caerulea (6.23 mg/g) and P. incarnata 

(4.85 mg/g) [43]. Also, eighty two secondary metab-
olites have been previously identified in the same ex-
tracts using HPLC-DAD-MSn and UPLC-MS/MS. It 
was shown that the majority of these metabolites has 
been classified as phenolic compounds (flavonoids) 
[37]. O,C-glycosides of flavones apigenin, luteolin 
and chrysin were in the highest level in all Passiflora 
species (>60% in P. incarnata, 50% in P. caerulea, 
40% in P. alata) but C-glycosides were observed in 
high content in P. caerulea and P. incarnata (>30% 
in PC, >20% in P. incarnata). Moreover, phenolic 
acid derivatives constituted 18%, 11.5% and 5% of 
the area of identified peaks of P. alata, P. caerulea 
and P. incarnata, respectively. The highest content 
of terpenoids was identified in PA (38% of the area 
of identified peaks). In all extracts also blumenol C 
glucoside was identified [37].

Antioxidant activity of the extracts has been mea-
sured by three different test systems (ABTS, DPPH 
and FRAP) according to the other authors [69]. 
ANOVA analysis revealed significant differences in 
the antioxidant activity of various concentrations of 
the extracts using the DPPH radical model in vitro 
for P. caerulea extract (F (4,10)=1629.831; p<0.001), 
for P. incarnata extract (F (4,10)=286.439, p<0.001) 
and for P. alata extract (F (4,10)=129.918, p<0.001). 
Detailed Tukey’s post-hoc analysis showed that all 
concentrations used in the study exerted significant 
differences (p<0.001). The DPPH radical scaveng-
ing capacity of the methanolic extracts was found 
to increase in a dose-dependent manner. The most 
active was P. caerulea extract (from 69.36±2.48 to 
276.51±1.15 nM TE) in the investigated concen-
tration range > P. alata extract (from 39.29±1.15 to 
149.45±7.09 nM TE) > P. incarnata extract (from 
16.82±3.12 to 77.71±0.37 nM TE) (tab. 1).

ABTS radical scavenging test is one of the most 
extensively used antioxidant assays in plant extracts 
[47, 65]. In this method, ANOVA analysis revealed 
significant differences in the antioxidant activity of 

Table 1
DPPH radical scavenging capacities of the extracts expressed as trolox equivalent 

Extract

Inhibition of DPPH [nM TE]

ANOVAConcentration of extracts

0.05 [mg/0.1 ml] 0.1 [mg/0.1 ml] 0.15 [mg/0.1 ml] 0.2 [mg/0.1 ml] 0.25 [mg/0.1 ml]

PA 39.29±1.15* 77.89±0.68* 87.63±0.88* 121.88±3.98* 149.45±7.09* F(4,10)=129.918, p<0.001

PC 69.36±2.48* 128.59±2.69* 159.62±1.58* 237.54±2.01* 276.51±1.15* F(4,10)=1629.831, p<0.001

PI 16.82±3.12 26.51±0.20 49.60±0.57 57.09±0.29 77.71±0.37 F(4,10)=286.439, p<0.001

Abbreviations: PA – Passiflora alata, PC – Passiflora caerulea, PI – Passiflora incarnata (PI) 
Data are expressed as the means ±SEM (three replicates)
*statistically significant difference vs. PI (control for PC and PA); p<0.05
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various concentrations of the extracts from leaves 
of P. caerulea (F (4,10)=4018.782, p<0.001), of 
P. incarnata (F (4,10)=826.761, p<0.001), of P. ala-
ta (F (4,10)=60.069, p<0.001). Moreover, detailed 
Tukey’s post-hoc analysis showed that all concen-
trations used in the study were significantly dif-
ferent  (p<0.001). The ABTS radical scavenging 
capacity of the extract was found to increase in a 
dose-dependent manner. Statistical analysis showed 
that most active was P. caerulea extract (from 
4.15±0.01 to 14.11±0.04 μM TE) in the investi-
gated concentration range > P. alata extract (from 
2.06±0.01 to 7.08±0.00 μM TE) > P. incarnata ex-
tract (from 1.82±0.01 to 2.95±0.02 μM TE) (tab. 2).

In the third method with use of the FRAP radical 
model, ANOVA analysis revealed significant differenc-
es in the antioxidant activity of various concentrations of 
the extracts from leaves of P. caerulea (F (4,10)=7749.99, 
p<0.001), of P. alata (F (4,10)=13306.33, p<0.001), of 
P. incarnata (F (4,10)=2278.21, p<0.001). Similarly, 
detailed Tukey’s post-hoc analysis showed that all 
concentrations used in the study differed significantly 
(p<0.001). The concentration of Fe(II) increased in a 
dose-dependent manner and it was observed that in-
vestigated concentration range > P. alata extract (from 

32.88±0.12 to 301.04±1.49 μM TE) > P. incarnata ex-
tract (from 34.21±0.21 to 133.77±0.38 μM TE) (tab. 3). 

Significant positive correlations (Pearson’s cor-
relation coefficient) were found between the results 
for P. caerulea, P. incarnata and P. alata extracts 
using DPPH test (r=0.9923, r=0.9850, r=0.9799, 
respectively, p<0.05), using ABTS test (r=0.9894, 
r=0.9925, r=0.9781, respectively, p<0.05) and using 
FRAP method (r=0.9933, r=0.9248, r=0.9939, re-
spectively, p<0.05).

Earlier studies showed that various extracts from 
leaves of many Passiflora species contain these 
groups of phytochemicals and they may have con-
tributed to their excellent radical scavenging abil-
ity. Most studies were carried out for extracts from 
fruits of P. edulis [48, 51-60]. To the best of our 
knowledge, any studies evaluating the antioxidant 
activity of the methanol extract of P. caerulea leaves 
have been conducted so far. 

De Araujo et al. [61] evaluated the crude hydroal-
coholic extract and fractions from leaves of P. mu-
cronata from Rio de Janeiro (Brazil) using in vitro 
antioxidant activity assay of DPPH radical. Results 
of this study showed value EC50=96.05 µg/ml for 

Table 2
ABTS radical scavenging capacities of the extracts expressed as trolox equivalent 

Extract

Inhibition of ABTS [µM TE]

ANOVA
Concentration of extracts

0.0075
[mg/0.03 ml]

0.03 
[mg/0.03 ml]

0.038 
[mg/0.03 ml]

0.045 
[mg/0.03 ml]

0.052
[mg/0.03 ml]

PA 2.06±0.01* 4.46±0.10* 5.15±0.39* 6.25±0.38* 7.08±0.00* F(4,10)=60.069, p<0.001

PC 4.15±0.01* 8.65±0.07* 9.46±0.07* 11.78 ±0.07* 14.11±0.04* F(4,10)=4018.782, p<0.001

PI 1.82±0.01 2.37±0.02 2.58±0.01 2.88±0.05 2.95±0.02 F(4,10)=826.761, p<0.001

Abbreviations: PA – Passiflora alata, PC – Passiflora caerulea, PI – Passiflora incarnata (PI) 
Data are expressed as the means ±SEM (three replicates)
*statistically significant difference vs. PI (control for PC and PA); p<0.05

Table 3
FRAP [µM Fe2+/l] after the extracts expressed as trolox equivalent 

Extract

FRAP [µM Fe 2+/l expressed as µM TE]

ANOVA
Concentration of extracts

0.0125 
[mg/0.1 ml]

0.025 
[mg/0.1 ml]

0.050 [mg/0.1 ml] 0.075 [mg/0.1 ml] 0.10 [mg/0.1 ml]

PA 32.88±0.12 64.80±0.09* 149.16±0.38* 196.77±1.38* 301.04±1.49* F(4,10)=13306.33, p<0.001

PC 59.82±0.68* 128.32±1.37* 265.48±2.32* 362.98±1.96* 443.37±2.18* F(4,10)=7749.99, p<0.001

PI 34.21±0.21 43.58±0.32 83.92±1.61 100.62±0.89 133.77±0.38 F(4,10)=2278.21, p<0.001

Abbreviations: PA – Passiflora alata, PC – Passiflora caerulea, PI – Passiflora incarnata (PI) 
Data are expressed as the means ±SEM (three replicates)
*statistically significant difference vs. PI (control for PC and PA); p<0.05
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crude extract, and value EC50=14.61 µg/ml for ethyl 
acetate fraction. Other authors [65] showed that the 
methanolic extract of P. subpeltata leaves exerted ac-
tivity in FRAP test (1841.11 mmol Fe2+/mg extract), 
ABTS (3357.60 µM trolox equivalent/g extract) and 
DPPH (IC50=66.96 µg/ml) cation radical scaveng-
ing activities. In this study observed higher FRAP, 
ABTS and DPPH cation radical scavenging activi-
ties of extracts cold be attributed to the high level of 
polyphenolic content in extract from 100 g of leaves 
of P. subpeltata.  In the next study, Colomeu et al. 
[63], using the same methods (FRAP, ABTS, DPPH) 
and ORAC (oxygen radical absorbance capacity), 
observed that the aqueous extract from leaves) of 
P. alata exerted the highest antioxidant activity as 
compared to ethanolic and methanolic extracts 
(226.9 μM FeSO3/g; 14.1 μM FeSO3/g; 199.5 μM 
FeSO3/g) in model of mice with diabetes mellitus. 
Moreover, this extract was able to reduce the DPPH 
(56% after aqueous extract, 38.4% after ethanol 
extract, 41.3% after methanol extract) and ABTS 
(3439 μM trolox/g after aqueous extract, 1733 μM 
trolox/g after ethanol extract, 1127 μM trolox/g 
methanol extract) and these results correlated with 
total phenols (9.5 mg EAG/g, 5.5 mg EAG/g, 4.9 mg 
EAG/g). In next study, Ramaiya et al. [62] showed 
that the methanolic extract of P. maliformis leaves 
had the strongest antioxidant activity in comparison 
to the extracts of P. quadrangularis and P. edulis us-
ing DPPH radicals (EC50=456.9 µg/ml). Masteikova 
et al. [57], noted that the ethanol extract of aerial 
part of P. incarnata conjugated free radicals more 
effectively than the water extract (DPPH by over 
70%, ABTS by 60%). These antioxidant proper-
ties were linked with flavonoids determined in the 
ethanol extract (mainly vicenin, vitexin, isovitex-
in, orientin). In comparison, recently Panelli et al. 
[54] exerted that extract from the fruit bark (exo-
carpium and mesocarpium) of P. edulis increased 
the antioxidant capacity in vivo in plasma, kidney, 
liver, adipose tissue of db/db mice by inhibition of 
4,4-difluoro-5-(4-phenyl-1,3-butadienyl)-4-bora-
3a,4a-diaza-s-indacene-3-undecanoic acid and also 
reduced the lipid oxidation in kidney and liver using 
method with malondialdehyde. In vitro test showed 
additionally that this extract inhibited DPPH with 
value 1.1 µM equiv. trolox/100 g DW. Moreover, 
Kandandapani et al. [51] observed that ethanol 
extracts fruits of P. edulis significantly increased of 
superoxide dismutase (SOD) and catalase (CAT) 
and decrease in thiobarbituric acid reactive species 
(TBARS) level in heart, liver and kidneys of diabetic 
rats treated with extract at dose 500 mg/kg. 

Comparative antioxidant study using three in 
vitro models allowed us to conclude that all ex-
tracts demonstrated moderate antiradical activities, 
but the most active one was P. caerulea extract in 
comparison with P. alata and P. incarnata. The an-
tioxidant activity of methanolic extracts of P. alata, 
P. caerulea, P. incarnata observed in these studies 
can expand of previously demonstrated in our studies 
four in vitro pharmacological properties of the same 
methanolic extracts, such as: amoebostatic and 
amoebicidal activities against Acanthamoeba cas-
tellanii strain (PA>PC>PI extracts) [43], antibacte-
rial and antifungal activities against selected clinical 
microorganisms (Enterococcus faecalis, Escherichia 
coli, Staphylococcus aureus, and Candida albicans, 
Microsporum gypseum) [40], and anti-leukemic ac-
tivities, tested in human acute lymphoblastic leuke-
mia cell lines (CCRF-CEM) (PA>PI extracts) [37]. It 
is well known, that reactive oxygen species triggers 
oxidative stress in various cell types and contributes 
to the development, progression, and persistence of 
cancer [70]. The recent findings support important 
role for reactive oxygen species in the pathogenesis 
of leukemia and outline innovative approaches in 
the implementation of redox therapies for myeloid 
malignancies [70]. Results of our study can be taken 
into account in this field. 

In conclusion, our studies showed that crude ex-
tracts from leaves of P. alata, P. caerulea, P. incarnata 
exerted few interesting in vitro pharmacological prop-
erties such as antibacterial, antifungal, amoebostatic, 
amoebicidal activities, and antioxidant potential, 
which indicates the possibility of using these extracts 
both in a healthy diet and natural cosmetics. On the 
other hand, antioxidant and anti-leukemic potential of 
extracts from leaves of P. alata, with the highest content 
of phenolic compounds, indicates new source of herbal 
drug for complementary therapy for cancer patients.
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