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The aim of this study was to investigate the in vitro antioxidant activity of aqueous extracts from the
leaves developed on the shoots of various developmental stages (juvenile and mature/generative)
of Ficus pumila L. using the oxidative stress biomarkers [2-thiobarbituric acid reactive substances
(TBARS), carbonyl derivatives content of protein oxidative modification, total antioxidant capacity]
on the equine erythrocytes’ suspension model. Freshly collected leaves were washed, weighed,
crushed, and homogenized in 0.1M phosphate buffer (pH 7.4) (in proportion 1 : 19, w/w). The equine
erythrocyte aliquots were used in the study. A volume of 0.1 ml of the E pumila extract was added
to 1.9 ml of clean equine erythrocytes. For positive control (blank), phosphate buffer was used. The
treatment with the extract obtained from leaves of mature shoots reduced the erythrocytes TBARS level
by 22% (p = 0.029), while TBARS level was increased by 15.5% (p >0.05) when incubated with an
extract derived from leaves of juvenile shoots as compared to untreated erythrocytes. When equine
erythrocytes were incubated with extract obtained from leaves of mature shoots, the ketonic derivatives
level was significantly decreased by 6.9% (p = 0.040), while non-significantly decrease both aldehydic
and ketonic derivatives of OMP was observed after incubation with extract derived from juvenile shoots
(by 8.18 and 12.5%, p >0.05). The treatment by F pumila leaf extract (from juvenile and mature shoots)
caused the increase of TAC in erythrocyte suspension as compared to untreated erythrocytes. Thus,
extracts derived from both juvenile and mature shoots resulted in an increase of total antioxidant
capacity of equine erythrocytes’ suspension.
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Introduction

Antioxidant compounds present in many plants, such as phenolic compounds (e.g. phenolic
acids, flavonoids, quinones, coumarins, lignans, stilbenes, tannins), nitrogen compounds
(alkaloids, amines, betalains), vitamins, terpenoids (including carotenoids), and some other
endogenous metabolites, which are rich in antioxidant activity, can protect cells against
damage caused by reactive oxygen species (ROS) (Cai et al., 2004; Das et al.,, 2014). A large
number of medicinal plants have been investigated for their antioxidant properties. Natural
antioxidants either in the form of raw extracts or their chemical constituents are very effective
to prevent the destructive processes caused by oxidative stress (Akinmoladun et al., 2010).

Mopuri et al. (2018) have investigated the in vitro effects of the various parts of Ficus carica
L. (fig) on antioxidant, antidiabetic, and antiobesogenic activity. The fruit ethanolic extract
contained a high quantity of polyphenols and flavonoids compared with all other extracts. The
activity of the ethanolic extract of E carica fruit was significantly higher than all other extracts
and parts of the plant in terms of antioxidative, antidiabetic, and antiobesogenic effects. The
ethanolic extract of the fruit of E carica may have potential antidiabetic and antiobesogenic
agents. The research of Eshwarappa et al. (2015) highlights the chemical composition and
antioxidant potential of leaf gall extracts (aqueous and methanol) of Ficus racemosa L. (syn.
Ficus glomerata Roxb.), which is extensively used in the preparation of traditional medications
to treat various metabolic diseases. Higher content of both total phenolics and flavonoids
were found in the methanolic extract and the significantly high antioxidant activity can be
positively correlated to the high content of total polyphenols/flavonoids of the methanol
extract (Eshwarappa et al,, 2015). In the study of Abrahim et al. (2018), the Ficus deltoidea
Jack varieties have excellent antioxidant activity with no cytotoxic effects on normal liver
cells. The leaves caused no signs of toxicity in a normal liver cell line. Misbah et al. (2013)
have investigated the antidiabetic and antioxidant activities of the fruits from different
varieties of E deltoidea, employing in vitro methods. The antioxidant activities of the fruits of
E deltoidea might be asserted by the phenolic content but other polar plant components were
possibly involved in the antidiabetic properties. The study of these compounds having both
antihyperglycemic and antioxidant activities may provide a new approach in the treatment of
diabetes mellitus (Misbah et al., 2013).

In our previous studies, in vitro protective effects of extracts obtained from various tropical
and subtropical plants against hemolysis, lipid peroxidation, and oxidative damage of proteins
in equine erythrocytes were evaluated (Tkachenko et al,, 2017, 2018; Buyun et al., 2018). In
case of Ficus genus, we have focused on the evaluation of antioxidant effect of leaf extract
obtained from F religiosa L. based on oxidative stress biomarkers [2-thiobarbituric acid
reactive substances (TBARS), carbonyl derivatives content of protein oxidative modification
(OMP), total antioxidant capacity (TAC)] using the equine erythrocytes model. Treatment by
plant extract reduced the erythrocytes TBARS level by 25.3% (p = 0.009), while plasma TBARS
level was increased by 75.6% (p = 0.000), as compared to untreated erythrocytes. When
plasma was incubated with extract, the ketonic derivatives level was significantly increased by
22.8% (p = 0.000), while non significantly decrease both aldehydic and ketonic derivatives of
OMP was observed. Treatment by E religiosa extract caused the increase of TAC in plasma and
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erythrocyte suspension when compared to untreated erythrocytes. However, these changes
were statistically non-significant. Consequently, all these data suggest that E religiosa could
be explored for its antioxidant potential (Tkachenko et al., 2018).

Hence, it becomes necessary to search new sources for noble antioxidants, especially those
that would be safe and cheap and thus easily affordable by all populations. The present study
was designed to investigate the oxidative stress biomarkers [2-thiobarbituric acid reactive
substances (TBARS), carbonyl derivatives content of protein oxidative modification, total
antioxidant capacity] using the equine erythrocytes’ model to evaluate the antioxidant
activities of the aqueous extracts of leaves derives from vegetative and mature shoots of Ficus
pumila L.

Ficus pumila is a climbing fig commonly used as an ornamental plant. It is reported to be
native to East Asia, specifically South China through to Malaysia, but now it is cultivated in
numerous countries around the world (Starr et al., 2003). It was reported that E pumila is
a very aggressive vine that rapidly grows on almost any surface, climbing by means of clusters
of adventitious roots that emerge from internodes and sometimes form into an aggregate
structure called an adhesive disk or pad (Groot et al., 2003).

Ficus pumila is a functionally dioecious species, i.e. it consists of female individuals with
syconia which include only long-style female flowers and “male” individuals whose syconia
include both male flowers and short-style flowers (Chen et al., 2008). The juvenile foliage is
much smaller and thinner than mature leaves produced as the plant ages.

According to Yong et al. (2013), the leaves of this plant have antimicrobial, antileishmanial,
and anti-inflammatory effects among many other medicinal benefits. These benefits could be
attributed to the wide array of chemicals contained in it (Larbie et al., 2015). The Okinawan
folks in Japan use E pumila as a beverage or herbal medicine to treat diabetes and high blood
pressure (Leong et al., 2008). The preparation of Ooitabi leaves in water provides a sufficient
amount of flavonoid glycosides to the Okinawan although 50% of aqueous ethanol extracted
these flavonoid glycosides more effectively. The potential of Ooitabi leaves as a natural source
of antioxidants for health management was proved by Leong et al. (2008). Also, it was shown
that the latex of F pumila can cause phytophotodermatitis (Rademaker and Derraik, 2012),
a toxic reaction caused by direct skin exposure to certain plant compounds, followed by
exposure to ultraviolet (UV) light. Therefore, this plant, like all other ornamental Ficus spp.
plants are very likely to contain certain important phytochemicals with pharmacological
properties that could be useful (Larbie et al., 2015).

In this study, we report the data on the antioxidant properties of F pumila in different
plant parts (vegetative and mature shoots) to identify the plant part that gives the highest
antioxidant activities and this may justify important ethno-medical uses of this medicinal
plant as antioxidants possessing diverse biological actions.
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Material and methodology

Collection of Plant Materials

The leaves of F pumila (juvenile and mature shoots) were collected in M.M. Gryshko National
Botanic Garden (Kyiv, Ukraine) (Figure 1, 2). The whole collection of tropical and subtropical
plants at M.M. Gryshko National Botanic Garden (Kyiv, Ukraine) (including Ficus spp. plants)
has the status of a National Heritage Collection of Ukraine. Plant samples were thoroughly
washed to remove all the attached material and used to prepare extracts.

’ i & - L - .’ .“..!
Figure 1 General view of Ficus pumila specimen with mature shoots climbing on the ventilation facility
in the exhibition glasshouse at National Botanic Garden (Photo: Lyudmyla Buyun)

It is generally accepted that flowers and fruits rarely appear on indoor plants. Nevertheless,
we have observed the pear-shaped fruits on the E pumila plants cultivated under glasshouse
conditions at NBG (Figure 2, B). However, we have not verified that this syconium included
true long-style female flowers. Therefore in our study, we judged it appropriate to consider
two different developmental stages of F pumila shoots (juvenile and mature), taking into
consideration rather morphological and morphometric characteristics of the leaves and
shoots, but not plant individual sex differentiation (Figure 24, 2B).
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Figure 2 Leaf morphology of E pumila (Photo: Lyudmyla Buyun)
A - shoot with juvenile leaves; B - fruit-bearing shoot with mature leaves

Preparation of Plant Extracts

Freshly collected leaves were washed, weighed, crushed, and homogenized in 0.1 M phosphate
buffer (pH 7.4) (in proportion 1 : 19, w/w) at room temperature. The extracts were then
filtered and used for analysis. All extracts were stored at -20 °C until use.

Horses

Eighteen clinically healthy adult horses from the central Pomeranian region in Poland (village
Strzelinko, N 542 30’ 48.0” E 162 57’ 44.9”), aged 8.9 +1.3 years old, including 6 Hucul pony,
5 Thoroughbred horses, 2 Anglo-Arabian horses and 5 horses of unknown breed, were used
in this study. All horses participated in recreational horseback riding. Horses were housed in
individual boxes, with feeding (hay and oat) provided twice a day, at 08.00 and 18.00 h, and
water available ad libitum. Before sampling, all horses were thoroughly examined clinically by
a veterinarian and screened for hematological, biochemical and vital parameters, which were
within reference ranges. The females were non-pregnant.

Collection of blood samples

Blood samples were collected in the morning, 90 minutes after feeding, while the horses were
in the stables (between 8:30 and 10 AM) by jugular venipuncture into tubes with sodium
citrate as the anticoagulant and held on the ice until centrifugation at 3,000 rpm for 5 min
to remove plasma Blood was stored into The pellet of blood was resuspended in 4 mM
phosphate buffer (pH 7.4). A volume of 0.1 ml of the plant extract was added to 1.9 ml of
clean equine erythrocytes. For positive control, phosphate buffer was used. After incubation
of the mixture at 37 °C for 60 min with continuous stirring, it was centrifuged at 3,000 rpm for
5 min. Erythrocytes aliquots were used in the study.

The 2-Thiobarbituric acid reactive substances (TBARS) assay

The level of lipid peroxidation was determined by quantifying the concentration of
2-thiobarbituric acid reacting substances (TBARS) with the Kamyshnikov (2004) method
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for determining the malonic dialdehyde (MDA) concentration. This method is based on the
reaction of the degradation of the lipid peroxidation product, MDA, with 2-thiobarbituric
acid (TBA) under high temperature and acidity to generate a colored adduct that is measured
spectrophotometrically. The pmol of per 1 L was calculated using 1.56-10°> mM'/cm? as the
extinction coefficient.

The carbonyl derivatives content of protein oxidative modification (OMP) assay

To evaluate the protective effects of the extract against free radical-induced protein damage in
equine erythrocytes, a carbonyl derivatives content of protein oxidative modification (OMP)
assay based on the spectrophotometric measurement of aldehydic and ketonic derivatives in
the erythrocytes’ suspension was performed. The rate of protein oxidative destruction was
estimated from the reaction of the resultant carbonyl derivatives of amino acid reaction with
2.4-dinitrophenylhydrazine (DNFH) as described by Levine et al. (1990) and as modified
by Dubinina et al. (1995). DNFH was used for determining carbonyl content in soluble and
insoluble proteins. Carbonyl groups were determined spectrophotometrically from the
difference in absorbance at 370 nm (aldehyde derivatives, OMP.. ) and 430 nm (ketonic
derivatives, OMP430).

370

Measurement of total antioxidant capacity (TAC)

The TAC level in the sample was estimated by measuring the 2-thiobarbituric acid
reactive substances (TBARS) level after Tween 80 oxidation. This level was determined
spectrophotometrically at 532 nm (Galaktionova et al., 1998). Sample inhibits the Fe®*/
ascorbate-induced oxidation of Tween 80, resulting in a decrease in the TBARS level. The level
of TAC in the sample (%) was calculated with respect to the absorbance of the blank sample.

Statistical analysis

The mean +S.E.M. values were calculated for each group to determine the significance
of the intergroup difference. All variables were tested for normal distribution using the
Kolmogorov-Smirnov and Lilliefors test (p >0.05). The significance of differences between
the total antioxidant capacity level (significance level, p <0.05) was examined using the
Mann-Whitney U-test (Zar, 1999). In addition, the relationships between oxidative stress
biomarkers were evaluated using Spearman'’s correlation analysis. All statistical calculations
were performed on separate data from each individual with Statistica 8.0 software (StatSoft,
Krakow, Poland).

Results and discussion

The TBARS content as a biomarker of lipid peroxidation in the equine erythrocytes suspension
after in vitro incubation with F pumila leaf extract (juvenile and mature shoots) was assessed
and shown in Figure 3A. As can be seen in Figure 1A, treatment by extract obtained from
leaves of mature shoots reduced the erythrocytes TBARS level by 22% (p = 0.029), while
TBARS level was increased by 15.5% (p >0.05) when incubated with an extract derived from
leaves of juvenile shoots as compared to untreated erythrocytes.
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Figure 3 The TBARS content as a biomarker of lipid peroxidation (A), aldehydic and ketonic derivatives

of oxidatively modified proteins (B), and total antioxidant capacity (C) in the equine
erythrocytes’ suspension after in vitro incubation with Ficus pumila leaf extract obtained from
juvenile and mature shoots (M +m, n = 18)
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When equine erythrocytes were incubated with extract obtained from leaves of mature shoots,
the ketonic derivatives level was significantly decreased by 6.9% (p = 0.040) (Figure 3B), while
non-significantly decrease both aldehydic and ketonic derivatives of OMP was observed after
incubation with extract derived from juvenile shoots (by 8.18 and 12.5%, p >0.05).

As shown in Figure 3C, treatment by F pumila leaf extract (juvenile and mature shoots) caused
the increase of TAC in erythrocyte suspension when compared to untreated erythrocytes.
However, these changes were statistically non-significant.

Several correlations between checked parameters were found (Figure 4). Erythrocyte TBARS
level correlated positively with TAC level in the equine erythrocytes’ suspension after in vitro
incubation with F pumila leaf extract obtained from mature shoots (y = 42.931 + 0.3655 x x;
r=0.609; p =0.0073; r* = 0.3713) (Figure 4A). Decreased TBARS level induced the decrease of
aldehydic derivatives of OMP in the equine erythrocytes’ suspension after in vitro incubation
with F pumila leaf extract obtained from juvenile shoots (y = -15.774 +1.9995 x x; r = 0.5254;
p = 0.0252; r* = 0.2760). The ketonic derivatives of OMP correlated positively with aldehydic
derivatives of OMP (y = 2.463 +1.1215 x x; r = 0.6342; p = 0.0047; r’ = 0.4021). The increased
level of TAC in erythrocytes’ suspension after incubation with leaf extract obtained from
E pumila (mature shoots) positively correlated with TAC level (Figure 4).

In the present study, we used an in vitro equine erythrocytes model to investigate the
antioxidant effect of aqueous extract of F pumila leaves. Many results also clearly suggest that
treatment by herbal extracts in vivo and in vitro study prevents organ damage by a decrease of
lipid peroxidation and protection of the antioxidant defense system. On this basis, the current
investigation was conducted to evaluate the antioxidant effects of F pumila leaf extract
obtained from juvenile/vegetative and mature shoots. The main finding of this study was that
the aqueous extract obtained from the mature shoots of F pumila was able to decrease the
lipid peroxidation and protein damage biomarkers in the equine erythrocytes’ suspension
after in vitro incubation.

Several methods have been developed to measure the free radical scavenging capacity,
regardless of the individual compounds, which contribute towards the total capacity of a
plant product in scavenging free radicals (Lo et al., 2004). For instance, Larbie et al. (2015)
have determined the antiproliferative activity as well as phytochemicals content, total
phenolic content (TPC), and antioxidant activity of the stem and leaf extracts (FPS and FPL)
of F pumila using standard methods. The hydroethanolic extracts of the leaves and stems
were rich in tannins, general glycosides, saponins, terpenoids, alkaloids, flavonoids (leaves
only), and sterols (stem only). Strong total antioxidant activities were observed with FPL and
FPS with EC50 values of 0.07 and 0.089 mg/ml, respectively. All the crude extracts showed
an anti-proliferative effect on the three human leukemic cell lines used (Jurkat, CEM, and
HL-60). However, FPL gave the strongest inhibition concentration at 50% values of 130.97
(Jurkat) and 56.31 pg/ml (HL-60). These findings suggest that crude extracts of FPS and
FPL have an anti-proliferative effect on the leukemia cells. The antioxidant properties of the
plant including phenolics may be partly responsible for the anti-proliferative activity (Larbie
etal, 2015).
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Correlations between oxidative stress biomarkers - TBARS and TAC level (A), aldehydic and
ketonic derivatives of OMP and TAC level (B) in the equine erythrocytes’ suspension after in
vitro incubation with Ficus pumila leaf extract obtained from mature shoots (A) and juvenile
shoots (B)
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Collectively, the current available data suggest that the phenolics present in plants belonging
to the Ficus genus are important antioxidants because they have ideal structural chemistry
for free radical scavenging activities, and have been shown to be more effective antioxidants
in vitro than vitamins E and C on a molar basis (Ribeiro et al., 2008). Moreover, polyphenols
exhibit a wide range of biological effects such as protection of lipid oxidation in vivo with
significant consequences in atherosclerosis and also protect DNA from oxidative damage with
important consequences in the age-related development of some cancers (Reddy etal., 2012;
Das et al,, 2014). Our findings suggested that leaves of E pumila rich in antioxidant contents
which are the major contributor to scavenge the free radicals in oxidation pathways.

We believe, that there is another important aspect in preliminary pharmacological studies of
plants that should not be neglected. More than 15,000 angiosperm plant species are dioecious,
i.e., having distinct male and female individuals (Seethapathy et al., 2018). The male and
female plants also have remarkable differences in ecological adaptability, physiological and
biochemical characteristics (Hultine et al., 2016; Li et al., 2016). The allocation of resources
between male and female plants is different, and also variation in secondary metabolites is
reported among dioecious plants (Li et al.,, 2016; Seethapathy et al., 2018). However, little
is known about the ethnobotany of dioecious species and whether preferences exist in
pharmacological investigations for a specific gender of plant samples screened for specific
kinds of biological activity.

Consequently, in the current study, we have undertaken an attempt to investigate the in
vitro antioxidant activity of extracts from the leaves developed on the shoots of various
developmental stages (juvenile and mature/generative) of F pumila plants.

The results obtained from the correlation between total antioxidant capacity and oxidative
stress biomarkers suggested that antioxidant compounds are dominant contributors to the
antioxidant activity of the extracts obtained from E pumila leaves. Our future phytochemical
screening of leaves also will reveal the presence of various classes of secondary metabolites
which have great importance in medicinal chemistry and natural product research for their
high antioxidant properties.

Conclusions

In the present study, analysis of oxidative stress biomarkers showed that the treatment by
extract obtained from leaves of mature shoots of Ficus pumila reduced the lipid peroxidation
and oxidatively modified protein contents in the equine erythrocytes. Extracts derived from
both juvenile and mature shoots resulted in an increase of total antioxidant capacity of equine
erythrocytes’ suspension. However, further detailed investigation, especially in vivo and in vitro
antioxidant and toxicity studies are needed to justify its use as a natural source of antioxidants.
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