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ABSTRACT

Purpose: to investigate the antioxidant properties of the aqueous extracts derived from leaves of Ficus deltoidea using
the model of human blood. For this purpose, oxidative stress biomarkers [2-thiobarbituric acid reactive substances
(TBARS), content of aldehydic and ketonic derivatives of oxidatively modified proteins, total antioxidant capacity (TAC)]
in the human erythrocytes after in vitro incubation with aqueous extracts derived from leaves of F. de/foidea (at a final
concentration of 5 mg/mL and 0.5 mg/mL) were used. Resistance of human erythrocytes after i» viro treatment by
aqueous extracts derived from leaves of F. de/widea (at a final concentration of 5 mg/mL and 0.5 mg/mL) was evaluated
by HCl-induced hemolysis using a percentage of hemolyzed erythrocytes per each 30 sec. and a total time of hemolysis.

Methodology. The leaves of F. del/toidea were collected in M.M. Gryshko National Botanic Garden (Kyiv, Ukraine).
Blood (10-20 mL) was obtained from normal volunteers via venipuncture (4 males and 5 females aged 28-53 years old).
An erythrocyte suspension at 1% hematocrit was incubated with 4 mM phosphate buffer (pH 7.4) (control) and pre-
incubated with the extract of F. de/tidea (at a final concentration of 5 mg/mL and 0.5 mg/mlL, respectively) at 37 °C for
60 min. The level of lipid peroxidation was determined by quantifying the concentration of 2-thiobarbituric acid reacting
substances (TBARS). 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). The total antioxidant capacity (TAC) in the
samples was estimated by measuring the TBARS level after Tween 80 oxidation. The HCl-induced resistance of
erythrocytes was measured spectrophotometrically with 0.1M HCL The significance of differences (significance level,
p < 0.05) was examined using the Mann-Whitney U test.

Scientific novelty. The treatment of human erythrocytes by extract derived from leaves of F. de/tidea at the final
concentration of 5 mg/mL resulted in an increase of TBARS as biomarkers of lipid peroxidation and aldehydic derivatives
of oxidatively modified proteins with a simultaneous decrease in the total antioxidant capacity compared to the untreated
samples. On the other hand, 7z vi#ro treatment of human erythrocytes with an extract derived from leaves of F. de/toidea at
the final concentration of 0.5 mg/mL resulted in the same values of TBARS level, aldehydic and ketonic derivatives of
OMP, and total antioxidant capacity as the untreated samples. Extract of F. de/toidea at the final concentrations of 5 mg/mL
and 0.5 mg/mL possess hemolytic properties to human erythrocyte suspension after 1-h incubation 7 vitro.

Conclusions. The changes in the oxidative stress biomarkers using the 7 »#v model of human erythrocytes to
evaluate the antioxidant activities of the aqueous extract derived from the leaves of F. de/tidea at the two final
concentrations (5 mg/mL and 0.5 mg/mL) revealed that high concentration of extract (5 mg/mL) resulted in the increase
of lipid peroxidation and protein oxidation with a simultaneous decline in the total antioxidant capacity. HCl-induced
hemolysis was activated after the treatment by extract derived from the leaves of F. delwidea at the two final
concentrations. More studies are warranted in the future, to illustrate the potential and mechanisms of F. de/fvidea in
preventing oxidative stress using different cell models 7z »i#7v and different final concentrations of the extract. Also, further
studies are warranted to identify the bioactive components that contribute to this protective effect.

Key words: Fius deltoidea Jack, human erythrocytes, lipid peroxidation, oxidatively modified proteins, total
antioxidant capacity, hemolysis.
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AHOTAIIIA

MeTa: 10C/IiAUTY aHTUOKCUJAHTHI BJaCTUBOCTI BOAHUX €KCTPAKTIB, OTPUMAHMUX i3 IUCTS Ficus deltoidea, HA MO eI
KpOBi JitoJuHU. [[JisI IbOTO AOCTiKyBaId 6ioMapKepyu OKHMCHIOBAJIbLHOTO CTPeCy [peaKTHBHI PpEYOBUHHY, SIKi pearymTh 3
2-TiobapbiTypoBoto kuciaoTorwo (TBK-mpoaykTu), BMICT asbJerifHux i KeTOHOBUX IMOXiJHUX OKHUCHIOBAJIbLHO
MoudiKoBaHUX 6iJIKiB, 3arajibHa aHTUOKCH/JAHTHA aKTUBHICTb (3AA)]| B epUTpOLUTAX JIIOJUHU Nicas iHKy6auil 7 vitro
3 BOJHHUMHU €KCTPaKTaMH, OTPUMAHUMHU 3 JIUCTA F. delvidea (y KiHUEBIM koHueHTpauii 5 Ta 0,5 mr/mu). CTikkicTb
E€pPUTPOLUTIB Mic/ast 06POOKHU 77 vitro BOMHUMU €KCTPAKTAMU, OTPUMAHUMU 3 JIUCTSA F. deltvidea (y KiHU€BiN KOHLIEHTpALi]
5 ta 0,5wmr/mn), oniHoBanmu muisgxom HCl-iHgykoBaHOro remoJiidy, BUKOPHUCTOBYIOYM BiJICOTOK T'eMOJIi30BaHUX
epUTPOIMTIB HA KOXKHI 30 cek. reMouti3y i 3arajibHUM yac remMmoJiiay.

MeTtopgounoris. Jluctku F. deltoidea 6ynu 3i6pani B HanjionaapHoMy 6oTaHiuHOMy casy imeHi M.M. I'puiuka (Kuis,
Ykpaina). Kpos (10-20 mu1) 6yJ1a oTprMaHa Bijj 3/[0pOBUX J0OPOBOJIBIIIB MIJITXOM BeHeNYHKIII (4 4oJ10BikiB i 5 KiHOK y
Bini 28-53 pokiB). CycneHsito eputponutiB npu 1 % remaTokputy iHKy6yBaau 3 4 MM dochaTHuM 6ydepom (pH 7,4)
(koHTpOJIb) 1 iHKYOYyBa/M 3 €KCTPAKTOM F. deltoidea (y KiHLeBil koHUeHTpauii 5 i 0,5 mr/mu BignosigHo) npu 37 °C
BIpo/oB:x 60 XB. PiBeHb NepeKrCcHOr0 OKWCHEHHS JIiMi/IiB OLiHIOBaJIM 3a KiJIbKICHUM BU3HauYeHHAM KoHLeHTpanuii ThK-
npoaykTiB. IIBUAKICTE OKMCHOI JecTpykKIiii 6isika OlLiHIOBaJM 3a peaklli€el0 YTBOPEHHUX KapOOHIJIbHUX MOXiAHUX
aMiHOKUCJIOT 3 2,4-AuHiTpodeHinrifpasuHoOM. 3arajbHy aHTUOKCUAAHTHY aKTHUBHICTh (3AA) y 3pa3skax OLiHIOBaIH
nIsixoM BUMiproBaHHs piBHA TBK-npoaykTi micsis okucHeHHs Tween-80. CrilikicTs eputpouuTiB o HCl BuMiproBaiu
cnektpodporomerpruyno 3 0,1 M HCl. JlocToBipHicTb pisHuub (piBeHb 3Hauywocti, p <0,05) gocaimxysanu 3a
U-kputepieMm MaHHa-YiTHI.

HaykoBa HoBM3Ha. O6po6Ka epUTPOLUTIB JIOAUHU €KCTPAKTOM, OTPUMAHUM i3 JIUCTA F. delfoidea, y KiHLEBIH
KOHLeHTpanii 5 Mr/mj npusseJa fo nigsuieHHs TEK-npoaykTiB ik 6ioMapKkepiB nepeKUCHOT0 OKMCHEHHS JinifiB Ta
QJIbJIETiTHUX MOXiJHUX OKHCHIOBAJIbHO MOAMPiKOBAHUX GiJIKiB 3 0JHOYACHUM 3HIDKEHHSM 3arajibHOI aHTHOKCHJAaHTHOI
aKTHUBHOCTI IOPiBHSHO 3 HEO6POOJIEHHMU 3pa3KaMu. 3 iHIIOT0 60Ky, 06p0OKa 777 viiro PUTPOLUTIB JIIOJUHU EKCTPAKTOM,
OTPUMAHUM 3 JIUCTA F. delfoidea, y KiHLeBi KoHLeHTpauii 0,5 Mr/mu npusBesa Ao nofi6HuX 3HadeHb piBHA TBK-
NPOAYKTIB, alib/IeTiAHUX i KETOHOBUX MOXiJHMX OKHCHIOBaJbHO MOAH(}iKOBAaHUX GiJIKiB, a TAaK0OX 3araJbHOI aHTH-
OKCHUJAHTHOI aKTUBHOCTI K i y He06po6JieHUX 3pa3Kax. EKkcTpakT F. deliidea B KiHLLeBUX KOHLleHTpaLiax 5 i 0,5 mr/ma
NPOSIBJISIE TEMOJIITUYHI BJIACTUBOCTI I[O[0 CyCIIeH3ii epUTPOIUTIB JIIOAWHU Mic/s 1-roAuHHOI iHKy6aLii /2 vitro.

BucHoOBKM. 3MiHU 6ioMapKepiB OKHMCHIOBAJBHOTO CTPECY 3 BUKOPUCTAHHSAM MO/l epUTPOLUTIB JIIOJAUHU 71 vitro
JJiI OLiHKA aHTUOKCHUJAHTHOI aKTUBHOCTI BOJJHOTO €KCTPAKTy, OTPUMAHOIrO 3 JIUCTA I. deltvidea y [BOX KiHLIEBUX
KoHUeHTpanisax (5 ta 0,5 Mr/mJ1) nokasaJsiy, 10 BUILA KOHIIEHTpaLisi eKCTpakKTy (5 Mr/mi1) npusBo/uia 0 MOCUIEHHS
NEepeKUCHOTO OKUCHEeHHs JinifjiB i OKUCHeHHs OUJKIB 3 OJHOYACHUM 3HIKEHHSIM 3arajbHOi aHTHOKCHUJAHTHOI
akTUBHOCTI. [lokazaHo Takox akTuBauio HCl-iHgykoBaHOTrO reMostisy mic/ist 06po6KH eKCTPAKTOM, OTPUMAHUM 3 JIUCTS
F. deltoidei, y [BOX KiHLIEeBUX KOHI|eHTpalifiX. Y MalloyTHbOMY He0oOXiiHi J0AaTKOBI Joc/aifKeHHs, 11[06 NPOiJI0CTPyBaTH
NoTeHLiasN i MexaHi3Mu Jii eKCTpakTy F. deltvidea y 3an100iraHHI OKHCHIOBAJbHOMY CTpPecy 3 BUKOPHUCTAHHSAM pPi3HUX
KJIITUHHUX MOJies1el /n vifro Ta PI3HUX KiHI]eBUX KOHIIEHTpaLiil ekcTpakTy. KpiMm Toro, Heo6xifHi mojaibli focaifKeHHs
JlJ1s1 BUSIBJIEHHS 610aKTHBHUX KOMIIOHEHTIB, SIKi CIIPUAIOTh LIbOMY 3aXUCHOMY edeKTy.

Knwo4oBi cnoBa: Ficus deltvidea Jack, epuTpOLUTH JIOAUHM, MepeKHCHe OKHWCHEHHS JiMNi/liB, OKMCHIOBaJIbHO
Mo audikoBaHi 6iJIKH, 3arajibHa aHTUOKCUIAaHTHA aKTUBHICTb, TEMOJII3.

Introduction attracted much research interest over the last
The angiosperm family Moraceae represents ~ two centuries [6; 11].
morphologically quite diverse plant groups, Ficus deltoidea Jack (Moraceae) is an evergreen
including terrestrial and hemi-epiphytic trees, shrub or a small tree that is widely distributed
shrubs, lianas, subshrubs, and herbs. Its in Southeast Asian countries such as Thailand,
distribution range lies mostly within the tropics Sumatra, Java, Kalimantan, Sulawesi, and
and subtropics with several taxa extending to ~ Moluccas [28]. It is a well-known medicinal

the temperate zone [5; 10; 12]. Among 37 genera plant used in customary medication to reduce
of Moraceae comprising 1050-1100 species in and mend sicknesses such as ulcers, psoriasis,
total, Fizus L. is the largest one with ca. 750 species ~ Cytotoxicity, cardioprotective, inflammation,
of tropical and subtropical distribution jaundice, vitiligo, hemorrhage, diabetes, convul-
worldwide. Its characteristic features include  sion, hepatitis, dysentery injuries, wounds, and
the presence of waxy glands on vegetative plant stiffness [4]. F. deltoidea contains a wide variety of
parts, heterostyly, and prolonged protogyny, bioactive compounds from different phyto-
i.e., the anthesis of staminate flowers in already chemical groups such as alkaloids, phenols, flavo-
mature fruits. These features are functionally noids, saponins, sterols, terpenes, carbohydrates,
linked to the unique pollination mode in Fixs,  and proteins [4; 8; 25]. The methanolic extract
which involves mutualistic relationships with ~ 0f F. deltvidea leaves has been reported to be rich
agaonid wasps (order Hymenoptera) and has in tannins, alkaloids, saponins, phenols, flavones,
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isoflavones, and flavonoids [16]. The antioxidant
property of the F. delfoidea extract was revealed
through a total phenolic content and ferric
reducing antioxidant potential (FRAP) assay by
M.H. Omar and co-workers [25]. It was found that
flavan-3-ol monomers and proanthocyanidins
contributed 85 % of the antioxidant activity of
the aqueous extract of F. deltoidea |8].

In our previous studies, we assessed i vitro
antioxidant activities of aqueous extracts
derived from leaves of juvenile and mature
shoots of Ficus pumila 1. [32] and leaf extract of
Ficus drupacea Thunb. using equine blood as a
biological model for cytotoxic studies [31]. The
current study was designed to investigate the
antioxidant properties of the aqueous extracts
derived from leaves of F. de/tvidea using the model
of human blood. Erythrocytes are well equipped
to degrade reactive oxygen species wviz the
actions of superoxide dismutase that converts
02 into H202, which is further catabolized by
catalase and glutathione peroxidase [20]. As
hemolysis is the cytotoxicity indicator, hemolytic
assays are performed to check the hemolytic
effect of compounds before establishing their
pharmacological preparations [29]. In the
current study, erythrocytes are used as a model
system for studying oxidative damage induced
by HCI and its pathophysiology.

Thus, the purpose of our study was to
evaluate the oxidative stress biomarkers [2-thio-
barbituric acid reactive substances (TBARS),
content of aldehydic and ketonic derivatives of
oxidatively modified proteins, total antioxidant
capacity (TAC)] in the human erythrocytes after
in vitro incubation with aqueous extracts derived
from leaves of F. deltoidea (at a final concent-
ration of 5 mg/mL and 0.5 mg/mL). Resistance
of human erythrocytes after in vitro treatment
by aqueous extracts derived from leaves of
F. deltoidea (at a final concentration of 5 mg/mL
and 0.5 mg/mL) was evaluated by HCl-induced
hemolysis using a percentage of hemolyzed
erythrocytes per each 30 sec. and a total time of
hemolysis.

Material and methods

Collection of Plant Materials and Preparation of Plant
Extracts. The leaves of F. deltoidea were collected in
M.M. Gryshko National Botanic Garden (Kyiv,
Ukraine). 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
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Collection of Ukraine. Plant samples were
thoroughly washed to remove all the attached
material and used to prepare extracts. Freshly
collected leaves were washed, weighed, crushed,
and homogenized in 0.1M phosphate buffer
(pH 7.4) (in the proportion of 1:19, w/w) at
room temperature. The extracts were then
filtered and used for analysis. All extracts were
stored at -25 °C until use.

Collection of human blood samples. Blood (10-20 mL)
was obtained from normal volunteers i
venipuncture (4 males and 5 females aged
28-53 years old). The Research Ethics Committee
of the Regional Medical Commission in Gdansk
(Poland) approved the study (KB-31/18). All
patients provided written informed consent
before the start of the study procedures. Human
erythrocytes from citrated blood were isolated
by centrifugation at 3,000 rpm for 10 min and
washed two times with 4 mM phosphate buffer
(pH 7.4) and then re-suspended using the same
buffer to the desired hematocrit level. Cells
stored at 4 °C were used within 6 h of sample
preparation. An erythrocyte suspension at 1%
hematocrit was incubated with 4 mM phosphate
buffer (pH 7.4) (control) and pre-incubated with
the extract of F. delfoidea (at a final concentration
of 5 mg/mL and 0.5 mg/mL, respectively) at
37 °C for 60 min. This reaction mixture was
shaken gently while being incubated for a fixed
interval at 37 °C. Erythrocyte aliquots were used
in the study.

The 2-thiobarbituric acid reactive substances (IBARS)
assay. The level of lipid peroxidation was
determined by quantifying the concentration of
2-thiobarbituric acid reacting substances
(TBARS) with the V.S. Kamyshnikov [18] method
for determining the malonic dialdehyde (MDA)
concentration. This method is based on the
reaction of the degradation of the lipid peroxi-
dation product, MDA, with 2-thiobarbituric acid
(TBA) under high temperature and acidity to
generate a colored adduct that is measured
spectrophotometrically. The nmol of per 1 mL
was calculated using 1.56:10°> mM-1 cm! as an
extinction coefficient.

The carbonyl derivatives of protein oxidative modification
(OMP) assay. To evaluate the protective effects of
the extract against free radical-induced protein
damage in erhytrocytes, carbonyl derivatives of
oxidative modification of proteins (OMP) assay
based on the spectrophotometric measurement
of aldehydic and ketonic derivatives was
performed. The rate of protein oxidative
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destruction was estimated from the reaction of
the resultant carbonyl derivatives of amino acid
reaction with 2,4-dinitrophenylhydrazine (DNFH)
as described by R.L. Levine and co-workers [19]
and as modified by Dubinina and co-workers
[13]. Carbonyl groups were determined spectro-
photometrically from the difference in
absorbance at 370 nm (aldehydic derivatives,
OMP370) and 430 nm (ketonic derivatives,
OMP430).

Measurement of total antioxidant capacity (T AC).
The TAC level in the samples was estimated by
measuring the 2-thiobarbituric acid reactive
substances (TBARS) level after Tween 80
oxidation. This level was determined spectro-
photometrically at 532nm according to
Galaktionova et al. [14]. The sample inhibits the
Fe2+/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.

Assay of HCl-induced Resistance of Erythrocytes.
The HCl-induced resistance of erythrocytes was
measured spectrophotometrically with 0.1M HCl
[30]. The assay is based on measuring the
dynamics of erythrocyte disintegration into
hemolytic reagent action. The time of hemolytic
reagent action serves as the measure of
erythrocyte resistance. The assay mixture
contained 5 mL of 1% erythrocyte suspension
and 0.05 mL of 0.1M HCI. The absorbance was
read at 540 nm every 30 seconds after HCI
addition till the end of hemolysis. The difference
in absorbance at the beginning and at the end of
hemolysis was determined as 100% (total
hemolysis). The disintegration of erythrocytes
(%) at every 30 seconds was expressed as a
curve.

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
(significance level, p<0.05) was examined
using the Mann-Whitney U test [37]. All
statistical calculations were performed on
separate data with Statistica v. 13.3 software
(TIBCO Software Inc., Krakow, Poland).

Results and discussion
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The data on TBARS content as a biomarker
of lipid peroxidation, aldehydic and ketonic
derivatives of oxidatively modified proteins
(OMP), and total antioxidant capacity (TAC) in
the human erythrocytes after 7z vitro incubation
with leaf extract of F. deltoidea at the final
concentrations 5 mg/mL and 0.5 mg/mL were
presented in Fig. 1.

In vitro incubation of human erythrocytes
with an extract derived from leaves of F. de/toidea
at the final concentration of 5 mg/mL resulted
in a significant increase in TBARS level of
(3797 £1.76 nmol/mL) compared to the
untreated samples (23.38 + 1.08 nmol/mL). The
increase in TBARS level was by 62.4% (p < 0.05)
(Fig. 1A). On the other hand, 7 vitro incubation of
human erythrocytes with an extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL resulted in the same values
of TBARS level as untreated samples
(26.24 £ 1.22 nmol/mL vs. 25.65 + 1.19 nmol/mL)
(Fig. 1B).

The levels of aldehydic and ketonic
derivatives of oxidatively modified proteins
were also changed in erythrocyte samples
treated with an extract derived from leaves of
F. deltoidea compared to the untreated samples.
When erythrocytes were incubated with the
extract derived from leaves of F. de/toidea at the
final concentration of 5 mg/mL, the levels of
aldehydic  derivatives were statistically
significantly increased by 21.2% (p < 0.05), i.e.
(25.35 % 0.94 nmol/mL) 2. (20.92 £ 0.97 nmol/mL)
(Fig. 1A). On the other hand, when erythrocytes
were incubated with the extract derived from
leaves of F. deltvidea at the final concentrations
0.5 mg/mL, the levels of aldehydic derivatives
were at the same level (19.70 = 0.91 nmol/mL)
as untreated samples (18.41 = 0.85 nmol/mL).
Levels of ketonic derivatives of oxidatively
modified proteins were at the same level after
treatment by extract derived from leaves of
F. deltoidea both at the final concentrations
5mg/mL and 0.5 mg/mL, (26.46 + 1.23 nmol/mL)
vs. (2592 +1.20 nmol/mL)  for  extract
at the final concentrations 5 mg/mL and
(23.03 £ 1.07 nmol/mL) 2. (23.86 = 1.11 nmol/mL)
for extract at the final concentrations
0.5 mg/mL (Fig. 1).
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Fig. 1. The TBARS content as a biomarker of lipid peroxidation, aldehydic and ketonic derivatives
of oxidatively modified proteins (OMP), and total antioxidant capacity (TAC)
in the human erythrocytes after iz vitro incubation with leaf extract of F. deltoidea
at the final concentrations 5 mg/mL (A) and 0.5 mg/mL (B).
* — changes were statistically significant (p < 0.05) compared to the untreated samples (n = 9)

Also, a non-significantly decreased TAC
level was observed after incubation with an
extract derived from leaves of F. de/toidea at the
final concentration of 0.5 mg/mL (by 4.6%,
p > 0.05). On the other hand, when erythrocytes
were incubated with the extract derived from
leaves of F. deltoidea at the final concentration of
5 mg/mL, the levels of TAC were statistically
significantly decreased by 61.6% (p < 0.05), i.e.
(22.78 £ 1.06 nmol/mL) zs. (59.34 £ 2.75 nmol/mL)
(Fig. 1A).

Thus, aqueous extracts derived from
leaves of F. deltidea (at the final concentration of
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5mg/mL) after incubation iz vitro with the
human erythrocytes exhibited prooxidant
properties. On the other hand, when erythro-
cytes were incubated with the extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL, the levels of oxidative
stress biomarkers were unchanged (Fig. 1B).

Results of HCl-induced hemolysis of the
human erythrocytes after treatment by aqueous
extracts derived from leaves of F. delfoidea at the
final concentration of 5 mg/mL and 0.5 mg/mL
were presented in Fig. 2.
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Fig. 2. HCl-induced hemolysis of the human erythrocytes after treatment
by aqueous extracts derived from leaves of F. deltoidea at the final concentration
of 5 mg/mL (A) and 0.5 mg/mL (B)

In the control group (untreated erythrocyte
suspension), erythrocytes incubated with 0.1M
HCI remained stable and demonstrated slight
hemolysis. The maximum level of hemolyzed
erythrocytes was (19.8+1.1) %; the total
duration of hemolysis was 8.0 min. When
F. deltoidea extract at the final concentration of
5 mg/mL was added to the erythrocyte suspen-
sion, the maximum level of hemolysis occurred
after 6.0 min of incubation with 0,1M HCI
(34.7 £ 1.4 %). The total duration of hemolysis
after incubation with F. de/tidea extract was
6.0 min. The results showed that HCl-induced
hemolysis was increased by the treatment of
F. deltoidea extract at the final concentration of
5 mg/mL (Fig. 2A).

Similar trends were observed in the case
when F. deltoidea extract at the final concentration
of 0.5 mg/mL was added to the erythrocyte
suspension. The maximum level of hemolyzed
erythrocytes in the control group (untreated
erythrocyte suspension) was (4.4 + 0.3 %); the
total duration of hemolysis was above 26 min.
When F. deltoidea extract at the final concentration
of 0.5 mg/mL was added to the erythrocyte
suspension, the maximum level of hemolysis
occurred after 6.0 min of incubation with
0,1M HCI (13.2 + 1.2 %). The total duration of
hemolysis after incubation with F. deltoidea
extract was 12.0 min. The results revealed that
HCl-induced hemolysis was increased by the
treatment of F. delfoidea extract at the final
concentration of 0.5 mg/mL (Fig. 2A). Thus,
extract of F. deltoidea at the final concentrations of
5mg/mL and 0.5 mg/mL possess hemolytic
properties to human erythrocyte suspension
after 1-h incubation z vitro.

Our study is in the line of investigations
carried out by other researchers which revealed
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the antioxidant properties of F. de/toidea plants.
Previously, M.Hakiman and M. Maziah [15]
described an experiment, where different
aqueous extracts of F. de/toidea accessions were
evaluated for their antioxidant activities using
several assays such as FRAP, free radical
scavenging assay, total polyphenol, flavonoid,
phenolic acid, and vitamin C. Samsulrizal and
co-workers [28] revealed that F. deltidea
promoted bone formation in streptozotocin-
induced diabetic rats. F. de/foidea could prevent
diabetic osteoporosis by enhancing osteogenesis
and inhibiting bone oxidative stress. These
findings support the potential use of F. deltoidea
for osteoporosis therapy in diabetes [28].
F. deltidea aqueous extract at all concentrations
tested (12.5-100 ug/mL) exhibited antioxidant
power, suggesting the cytoprotective effect of F.
deltoidea aqueous extract could be partly attributed
to its antioxidant properties [27]. The report of
T.C. Ooi and co-workers [27] highlights that
F. deltoidea may provide a chemopreventive effect
on mutagenic and oxidative stress inducers.
Maizatul H.O. and co-workers [21] have
reported that 85% of the aqueous F. de/toidea
showed good antioxidant activity due to the
presence of flavan-3-ol monomers, proantho-
cyanidins, and c-linked flavone glycosides.
Adam Z. and co-workers [2] reported water-
soluble insulin-secreting constituents in an
aqueous extract of F. de/tvidea, which gave better
effects than glibenclamide. Vitexin and isovitexin
are bioactive compounds abundantly found in
the leaves of F. deltoidea that possessed many
pharmacological properties including neuro-
protection. Zolkiffly S.Z.I. and co-workers [38]
revealed that the extract of F. deltoidea showed
neuroprotective effects by attenuating the
levels of pro-inflammatory and cytotoxic factors
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in LPS-induced microglial cells, possibly by
mediating the nuclear factor-kappa B (NF-kB)
signalling pathway.

The antioxidant activities of F. deltoidea
aqueous extract (FDD) on menadione-induced
oxidative stress were determined in a V79
mouse lung fibroblast cell line by Ooi and co-
workers [27]. The ferric-reducing antioxidant
power (FRAP) assay was conducted to evaluate
FDD antioxidant capacity. Results showed that
pretreatment of FDD (50 and 100 pg/mL)
demonstrated remarkable protection against
menadione-induced oxidative stress in V79
cells significantly by decreasing superoxide
anion level. FDD at all concentrations tested
(12.5-100 pg/mL) exhibited antioxidant power,
suggesting the cytoprotective effect of FDD
could be partly attributed to its antioxidant
properties [27].

Mohd Dom N.S. and co-workers [24]
evaluated the potential of standardized metha-
nolic extracts from seven F. deltoidea varieties in
inhibiting the formation of advanced glycation
end products (AGEs), protein oxidation, and
their antioxidant effects. The antiglycation
activity was analyzed based on the inhibition of
AGEs, fructosamine, and thiol groups level
followed by the inhibition of protein carbonyl
formation. The antioxidant activity (DPPH
radical scavenging activity and reducing power
assay) and total phenolic contents were
evaluated. After 28 days of induction, all
varieties of F. deltvidea extracts significantly
restrained the formation of fluorescence AGEs
by 4.55-5.14 fold. The extracts also reduced the
fructosamine levels by 47.0-86.5%, increased
the thiol group levels by 64.3-83.7%, and
inhibited the formation of protein carbonyl by
1.36-1.76 fold. DPPH radical scavenging activity
showed an IC50 value of 66.81-288.04 pg/ml
and reducing power activity depicted at
0.02-0.24 pg/ml. The extent of phenolic
compounds present in the extracts ranged from
70.90 to 299.78 mg-GAE/g. Apart from that,
correlation studies between the activities were
observed [24].

F. deltoidea is  traditionally used for
regulating blood sugar, blood pressure, and
cholesterol levels. F. de/toidea has been shown to
have antidiabetic, anti-inflammatory, antino-
ciceptive, and antioxidant properties [23]. The
antidiabetic and antioxidant activities of the
fruits from different varieties of F. de/toidea,
employing 7z vitro methods, were investigated by
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Misbah and co-workers (2013). The crude
extracts and fractions of F. de/toidea (var. angustifolia
(SF) and var. &unstleri (BF)) inhibited both yeast
and rat intestinal a-glucosidases in a dose-
dependent manner but did not inhibit porcine
pancreatic a-amylase. The water fraction of BF
showed the highest percentage of a-glucosidase
inhibition while having the highest amount of
protein (73.33 = 4.99 pg/mg fraction). All the
extracts and fractions exhibited antioxidant
activities, with SF crude extract showing the
highest antioxidant activity and phenolic
content (121.62 * 4.86 mg/g extract). Fractio-
nation of the crude extracts resulted in the loss
of antioxidant activities. There was no positive
correlation between phenolic and flavonoid
content with a-glucosidase inhibitory activities.
However, phenolic content correlated well with
the antioxidant activities of the crude extracts
but not with the fractions [22].

Yahaya N. and co-workers [34] assessed
the insulin secretion activity induced by
F. deltoidea standardized methanolic extracts
from seven independent varieties and
mechanisms that underlie the insulin secretion
action of the extracts. The insulin secretion for
F. deltoidea var. deltoidea, F. deltoidea var. angustifolia
(Miq.) Corner, and F. deltoidea var. motleyana (Miq.)
C.C. Berg was dose-dependent; further evaluation
suggested that F. de/tvidea var. trengganuensis Corner
was involved in the Karp-independent pathway.
It should be noted that all varieties of Fious
deltoidea screened by the cited authors are
considered as synonyms of F. de/tvidea in The
Plant List, an international resource that is a
working list of all land plant species, funda-
mental to understanding and documenting
plant diversity and effective conservation of
plants. Thus, standardized methanolic extracts
of F. deltoidea varieties have an insulinotropic
effect on the clonal BRIN BD11 cell line and can
be utilized as a modern candidate for
antidiabetic agents targeting the escalation of
insulin secretion from pancreatic beta-cells
[34]. F. deltvidea var. deltoidea could potentially
improve insulin sensitivity, suppress hepatic
glucose output and enhance glucose uptake in
type 2 diabetes mellitus through the down-
regulation of the protein tyrosine phosphatase
1B (PTP1B) [1].

The mechanisms that underlie the
antihyperglycemic action of F. deltvidea were
revealed by Adam Z. and co-workers [3]. The
results had shown that a hot aqueous extract of
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F. deltoidea stimulated insulin secretion significantly
with the highest magnitude of stimulation being
7.31-fold. The insulin secretory actions of the
hot aqueous extract involved Karp-channel-
dependent and Karp-channel-independent
pathways. The extract also has the ability to
induce the usage of intracellular Ca2* to trigger
insulin release. The ethanolic and methanolic
extracts enhanced basal and insulin-mediated
glucose uptake into adipocyte cells. The extracts
possess either insulin-mimetic or insulin-
sensitizing properties or a combination of both
properties during enhancing glucose uptake
into such cells. Meanwhile, the hot aqueous and
methanolic extracts augmented basal and
insulin-stimulated adiponectin secretion from
adipocyte cells [3]. The inhibition of the
formation of mature adipocytes indicated that
leaf extracts of F. deltoidea could have potential
anti-obesity effects [33].

F. deltoidea is one of the well-known
medicinal plants that is traditionally used to
treat various ailments and for the maintenance
of female reproductive health [35]. F. de/foidea can
reverse symptoms of the polycystic ovarian
syndrome (PCOS) in female rats by improving
insulin  sensitivity, antioxidant activities,
hormonal imbalance, and histological changes.
Insulin resistance and hormonal imbalances are
key features in the pathophysiology of PCOS.
Haslan M.A. and co-workers [17] investigated
the biochemical, hormonal, and histomorpho-
metric changes in letrozole (LTZ)-induced PCOS
female rats following treatment with F. de/toidea.
The results showed that treatment with F. de/tidea
at the dose of 500 and 1000 mg/kg/day reduced
insulin resistance, obesity indices, total
cholesterol, triglycerides, low-density lipoprotein
cholesterol (LDL), malonic dialdehyde (MDA),
testosterone, luteinizing hormone (LH), and
follicle-stimulating hormone (FSH) to near-
normal levels in PCOS rats. The levels of high-
density lipoprotein cholesterol (HDL), estrogen,
and superoxide dismutase (SOD) are also
similar to those observed in normal control rats.
Histomorphometric measurements confirmed
that F. deltoidea increased the corpus luteum
number and the endometrial thickness. These
findings suggest the potential use of F. de/tvidea as
an adjuvant agent in the treatment program of
PCOS [17].

This medicinal plant is beneficial as a daily
dietary supplement for the maintenance of
female reproductive health. Zaid S.S.M. and co-
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workers [35] evaluated the potential protective
roles of F. deltoidea against bisphenol A (BPA)-
induced toxicity of the pituitary-ovarian axis in
pre-pubertal female rats. The findings showed
that F. delfoidea demonstrated a preventive role
against BPA-induced toxicity in the ovaries. This
was evident by the increased percentage of rats
with normal estrous cycle, qualitatively reduced
number of atretic follicles (as observed in
histopathological examination), and normaliza-
tion of the gonadotropins hormone (FSH) and
sex steroid hormone (progesterone) levels.
Thus, F. deltidea has the capability to prevent the
effects of BPA toxicity in the hypothalamus-
pituitary-gonadal axis of the prepubertal female
reproductive system, possibly due to its variety
of phytochemical properties [35].

F. deltoidea, which has strong antioxidant
properties, was selected as a potential
protective agent to counter the detrimental
effects of BPA in the rat uterus. As Zaid S.S.M.
and co-workers [36] revealed, after 6 weeks of
concurrent treatment with F. de/toidea, uterine
abnormalities in the BPA-exposed rats showed
a significant improvement. Specifically, the size
of stromal cells increased; interstitial spaces
between stromal cells expanded; the histology
of the glandular epithelium and the myomet-
rium appeared normal and mitotic figures were
present. The suppressive effects of BPA on the
expression levels of sex steroid receptors (ERa
and ER() and the immunity gene C3 were
significantly normalized by F. de/tvidea treatment.
The role of F. deltvidea as an antioxidant agent was
proven by the significant reduction in malonic
dialdehyde levels in BPA-exposed rats.
Moreover, in BPA-exposed rats, concurrent
treatment with F. deltoidea could normalize the
level of the gonadotropin hormone, which could
be associated with an increase in the percentage
of rats with a normal estrous cycle [36].

F. deltvidea has been shown to possess
antioxidant properties that could prevent the
development of chronic inflammatory bone
diseases [26]. The efficacy of F. deltvidea in
preventing alveolar bone resorption in
osteoporotic rats induced by ovariectomy
(OVX) was investigated by Omar N.I. and co-
workers [26]. The results showed that histolo-
gically, the OVXF group demonstrated a
significantly lower number of osteoclasts and a
higher number of osteoblasts compared with
OVXN. Thus, F. deltvidea has the capacity to
prevent alveolar bone loss in ovariectomy-
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induced osteoporosis rats by potentially
preserving trabecular bone microarchitecture
and decreasing osteoclast, and increasing
osteoblast cell count [26].

Osteoporosis (OP) and osteoarthritis (0A)
are debilitating musculoskeletal diseases of the
elderly. F. deltoidea was pre-clinically evaluated
against OP- and OA-related bone alterations, in
the postmenopausal OA rat model [9].
The F. deltoidea extract significantly mitigated
these bone microstructural and biomarker
changes by dose-dependently down-regulating
pro-inflammatory NF-kf, TNF-a, and IL-6 mRNA
expressions. The F. de/foidea extract demonstrated
good anti-osteoporotic properties in this OP/OA
preclinical model by stimulating bone formation
and suppressing bone resorption »sz anti-
inflammatory pathways. A report by Che Ahmad
Tantowi N.A. and co-workers [9] related the
subchondral bone plate and trabecular
thickening with the metaphyseal trabecular
osteopenic bone loss under osteoporotic-
osteoarthritis conditions, providing some
insights on the debated inverse relationship
between osteoporosis and osteoarthritis [9].

Conclusions

In the current study, we investigated the
changes in the oxidative stress biomarkers
using the 7 vitro model of human erythrocytes to
evaluate the antioxidant activities of the
aqueous extract derived from the leaves of

F. deltoidea at the two final concentrations
(5mg/mL and 0.5 mg/mL). The treatment of
human erythrocytes by extract derived from
leaves of F. deltoidea at the final concentration of
5 mg/mL resulted in an increase of TBARS as
biomarkers of lipid peroxidation and aldehydic
derivatives of oxidatively modified proteins
with a simultaneous decrease in the total
antioxidant capacity compared to the untreated
samples. On the other hand, 7z vitro treatment of
human erythrocytes with an extract derived
from leaves of F. deltoidea at the final concent-
ration of 0.5 mg/mL resulted in the same values
of TBARS level, aldehydic and Kketonic
derivatives of OMP, and total antioxidant
capacity as the untreated samples. Extract of
F. deltoidea at the final concentrations of 5 mg/mL
and 0.5 mg/mL possess hemolytic properties to
human erythrocyte suspension after 1-h
incubation 7z vitro. More studies are warranted in
the future, to illustrate the potential and
mechanisms of F. delwidea in preventing
oxidative stress using different cell models 7
vitro and different final concentrations of the
extract. Also, further studies are warranted to
identify the bioactive components that
contribute to this protective effect.
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