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The aim of the work was to explore phytochemical characteristics of water extract from polyherbal
composition based on Portulaca oleracea and it’s effect on oxidative metabolism of murine peritoneal
macrophages. The qualitative phytochemical analysis was conducted by colorimetric method. Quantitative
analysis of phenols was performed in the test with gallic acid as a standard. Murine peritoneal
macrophages were isolated without previous sensitization. Leukotoxicity of the water extract from
polyherbal composition leukotoxicity was evaluated in MTT test. Reactive oxygen species generation was
assayed by the nitroblue tetrazolium reduction method. Phytochemical analysis revealed the presence of
water-soluble and insoluble phenols, tannins, saponins, flavonoids, cardiac glycosides and coumarins in
the studied plant mixture. The water extract from polyherbal composition used in a range of concentration
1-1000 pg/ml (lyophilisate in distilled Hy,0) didn’t exhibit any toxic effects on murine peritoneal
macrophages. Water extract from polyherbal composition caused statistically significant dose-dependent
increase in oxidative metabolism of murine peritoneal macrophages. The lack of toxicity and increase in
macrophage oxidative metabolism suggest modulatory effect of studied water extract from polyherbal
composition on innate immunity cells.
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Use of complementary and alternative
medicine, particularly herbal remedies is
known as a beneficial approach for curing
the different ailments. The growing number
of studies report the anti-inflammatory,
antioxidant, anticancer, antidiabetic,
immunomodulatory and other effects of
medicinal plants, which make them as a
natural, innocuous and reliable remedy
for treatment of wide spectrum of human
diseases, as well as attractive objects for the
biotechnology [1-3].

Portulaca oleracea is a medicinal plant with
a broad range of therapeutic activities, and one
of the most commonly used medicinal plants
according to the World Health Organization
[4]. The most common biologic effect of
P.oleracea and its isolated constituents is the
prevention and resolution of inflammation

[5, 6]. In addition, P.oleracea extracts have
an ability to restore suppressed immune
reactivity in animal models [7]. Traditional
anti-inflammatory effects of this plant can be
implemented through the immunosuppressive
or immune-stimulant effects and there are
lack of obvious and clear characteristics of its
impact on different effector cells of immune
system, including phagocytes which are key
players of majority immune responses [8, 9].
In most cases, P.oleracea based
phytopreparations are used in the form
of herbal remedies which are prepared
from only this plant. Meanwhile, herbal
mixtures containing a combination of
different plant species have been reported
to have better biological activities than
monocomponent formulations because of
synergistic effects of phytochemicals from

63



BIOTECHNOLOGIA ACTA, V.12, No 2, 2019

different medicinal plants [10, 11]. The use
of such multicomponent formulations offer
advantages due to the effect on different
targets or improving bioavailability of crude
herb extracts. There are reports showing the
presence of especially prominent therapeutic
effects of herb combinations that were
unachievable when each plant extract was
administered alone, making the study of such
mixtures containing multiple plant products
especially promising [12].

In this study, we aimed to explore
phytochemical characteristics of water
extract from polyherbal composition (WEPC)
with P. oleracea and it’s effect on oxidative
metabolism of murine peritoneal macrophages
(PMs).

Materials and Methods

Polyherbal composition. A total of 8 plant
species were used: Helichyrsum arenarium,
Mentha piperita, Calendula officinalis,
Taraxacum officinale, Polygonum aviculare,
Matricaria recutita, Portulaca oleracea, and
Hypericum perforatum (Table 1). The material
collected was identified by the standards of
classical taxonomy. All plant species were
collected from different regions of Azerbaijan.
The flowers of species of Asteraceae family
were collected in the region of Yardimli in
June—July. The leaves of Mentha piperita were
collected in the region of Tovuz from June
until late September. The flowers of Calendula
officinalis were collected in the region of Quba.
The well-formed roots of Taraxacum officinale
were taken up in the autumn in the region of
Quba-Khachmaz. The flowers, leaves and

stems of Polygonum aviculare were collected
in Lankaran region from July until late
September. The flowers of Matricaria recutita
were used and collected in the region of Kura-
Aras. Leaves and seeds of P. oleracea were
collected in the region of Tovuz-Qazakh in
July and August. The flowers and stems of
Hypericum perforatum were collected in Lerik
region in July—August.

All parts of the plants were dry out in the
shade with good air ventilation, away from
direct sunlight until use. To prepare herbal
tea, all herbs were added in equal weight parts.

Preparation of the aqueous extract of
medicinal plants and its lyophilization.
WEPC was prepared according to [13]. 10 g of
polyherbal composition were homogenized with
a jar mill to a powdered state. The powder was
poured with boiled distilled water in a volume
of 200 ml and were infused for 30 min, after
which it was filtered through a filter paper and
liophilized.

Phytochemical screening. The freshly
prepared WEPC was qualitatively tested
for the presence of chemical constituents.
The qualitative phytochemical analysis was
performed using corresponding specific
color reactions with following reagents and
chemicals: Alkaloids with Dragendorff’s and
Mayer’s reagent, flavonoids with the use of
Mg and HCI; tannins with ferric chloride and
potassium dichromate solutions, coumarins
with 10% aqueous NaOH solution [13], and
saponins with ability to produce suds. For
the analysis of the presence of triterpenes,
a modified Salkowski test [14] was used. To
determine the presence of polysteroids, a
modified Liebermann-Burchard test [15] was

Table 1. Components of polyherbal composition

. . Morphological part of % in whole
Botanical name Family plant used in WEPC mixture
1 Helichrysum arenarium Asteraceae Flowers 12.5%
2 Portulaca oleracea Portulacaceae Leaves and seeds 12.5%
3 Mentha piperita Lamiaceae Leaves 12.5%
4 Calendula officinalis Asteraceae Flowers 12.5%
5 Taraxacum officinale Asteraceae Roots 12.5%
6 Polygonum aviculare Polygonaceae Flowers, leaves and stems 12.5%
7 Matricaria recutita Asteraceae Flowers 12.5%
8 Hypericum perforatum Hypericaceae Flowers and stems 12.5%
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applied. The presence of phenolic groups was
examined using modified Folin Ciocalteu
test [16]. Water-soluble and water-insoluble
phenolic compounds were examined as
described by Cock I.E., Kukkonen L. [17].
Cardiac glycosides were detected by the
modified Keller-Kiliani method [16]. Modified
Kumar and Ajaiyeoba tests were used to
determine the presence of anthraquinones[14,
15]. Positive reactions indicate the presence of
various biologically active substances in the
investigated extract.

Quantitative analysis of phenols in WEPC.
The total amount of phenolic compounds in
WEPC was determined by Siddhuraju P. et.
al. method [18] with minor modifications. 1 ml
of 10% aqueous Folin Ciocalteu solution was
added to 20 ul of the EMHT extract or standard
and mixed thoroughly. The mixture was
incubated for 2 h, and then the optical density
at 765 nm wavelength was measured. Gallic
acid (C¢H, (OH) 3COOH) at concentrations
of 20—-200 mg/ml was used as a standard to
plot a calibration curve. The results were
expressed in mg of the equivalent of gallic
acid per gram of dry matter of the WEPC.
For this purpose, a standard solution of gallic
acid was prepared: 0.01 g of gallic acid was
dissolved in a 10 ml volumetric flask with
distilled water to the mark. Next, dilution of
the standard gallic acid solution from 1 mg/ml
to 0.1 mg/ml was prepared. Up to 0.02 ml of
each dilution of a standard gallic acid solution
of different concentrations was added to 1.58 ml
of H,0 and 0.1 ml of Folin reagent and kept
8 min in a dark place. After the addition of
0.3 ml of saturated Na,CO; solution sample
was again set in a dark place for 2 hours.
Studied samples were prepared in a similar
way. The optical density was measured at a
wavelength of 760 nm on a Hitachi U-2810
spectrophotometer. 3 measurements were
performed to ensure reliability. A standard
curve was made according to the results.

Peritoneal macrophage isolation. PMs were
isolated without preliminary stimulation as
described earlier [19]. Intact C56Bl/6 mice
(male, 8 weeks old, bred at animal facility
of ESC “Institute of Biology and Medicine”)
were sacrificed and PMs were harvested
using phosphate buffered saline containing
100 U/mL of heparin. Cells were then
centrifuged at 300 g for 5 min at 4 °C,
washed thrice with serum—free DMEM, and
resuspended in DMEM containing 10% FCS
and 40 pg/mL gentamycin.

Viability assay. Cytotoxic effect of WEPC
on murine peritoneal macrophages (PMs) was

determined using the MTT test [20]. PMs were
seeded in 96-well plates (4x10° at the volume
of 200 ml) and treated with 1, 10, 100, and
1000 png/ml WEPC for 24 hours at 37 °C in the
presence of 5% CO,. Ten microliters of MTT
solution (5 mg/ml) (Sigma, USA) was added to
each well and followed by 2 h incubation. Media
was then aspirated and 100 pl of dimethyl
sulfoxide (Sigma, USA) was added. The optical
density was determined at 560 nm using a
Multiscan RC.

Reactive oxygen generation assay. 0-2
generation was assayed by the nitroblue
tetrazolium (NBT) reduction method as
described earlier [19]. In a 5% CO,atmosphere
PMs (2x10%/well) were incubated for 1 h
at 37 °C in Hanks buffered saline solution
containing 1 mg of NBT per ml, with or
without zymosan as a stimulator of oxidative
burst. The optical density at 540nm in each
well was examined with a plate reader. The
modulation coefficient (MC) was evaluated
after the treatment of PMs with zymozan and
was calculated by the formula:

MC=(S—B/B) x 100,

where S — index value after treatment with
zymozan; B — index value of untreated cells
(baseline value).

Statistical analysis. Each sample was
assayed for generation in triplicate, and
results are presented as mean = SE. The
statistical significance of the experimental
results was determined by Student’s ¢ test.
For all analyses, P < 0.05 was accepted as a
significant probability level.

Results and Discussion

Investigated polyherbal composition
includes medicinal plants with proven
immunomodulatory properties. In particular,
Calendula officinalis was found to inhibit
bacterial LPS-induced pro-inflammatory
phagocyte activity [21]. Hypericum
perforatum is a medicinal plant with anti-
inflammatory and immunostimulating
properties. Aghili et al. (2014) demonstrated
that H. perforatum affects leukocyte, monocyte
and neutrophil migration [22]. Taraxacum
officinale (dandelion herb) is a well-known
medicinal plant with numerous therapeutic
properties including immunomodulation. Lee
et al. (2012) reported that dandelion extract
potentiates effect of interferon-gamma and
increase nitric oxide production by peritoneal
macrophages [23]. Chamomille (Matricaria
recutita) activates immunoregulatory cells and
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increases sensitivity of effector cells to helper
signals [24]. The Polygonum genus includes
species containing diverse pharmacologically
active constituents with various properties
[25]. Immunomodulatory potential of P. avicu-
lare, as well as of other plants from this genus,
hasn’t been extensively studied. However,
George et al. (2014) showed that aqueous
extract of P. minus caused significant increase
in phagocytic activity of blood-derived
phagocytes in vivo [26]. Peppermint is popular
herb in traditional medicine that also has
immunomodulatory effects [27, 28]. Cosentino
et al. (2009) demonstrated the ability of
peppermint oils to increase stimulated
oxidative burst of peripheral blood monocytes
and to decrease IL-4 production [29].

The abovementioned plants produce huge
amount of different secondary metabolites
playing protective role against infection or
other harmful stimuli. A large number of
these plant-derived secondary metabolites,
also known as phytochemicals, possess
immunomodulatory activity [1]. Among
others, phenolic compounds are one of the most
abundant phytochemicals. They can regulate
immune system by targeting various receptors
expressed on the surface of lymphoid cells
and activating signaling pathways to initiate
immune responses [30].

WEPC phytochemical charateristics. The
results of qualitative WEPC phytochemical
screening are given in Table 2.

Qualitative phytochemical analysis
demonstrated the presence of water-soluble
and insoluble phenols, tannins, saponins,
flavonoids, cardiac glycosides and coumarins.
Quantitative phytochemical analysis showed
that studied WEPC contained 165 ug of
phenolic compounds expressed in terms of
gallic acid per 1 g of dry matter. Considering
exceptional macrophage functional plasticity
[81], these cells represent perfect targets
for immunoregulatory impact of mentioned
phytochemicals. Tannins and saponins are
known to increase phagocytic activity [32,
33]. Saponins have the ability to stimulate cell
mediated immune system as well as to enhance
antibody production [34]. Flavonoids and
other phenolic compounds are able to stimulate
cellular and humoral immune response,
lymphocyte proliferation, interferon secretion
and phagocytic activity [2, 35—38].

Ye et al. (2004) showed enhancement of
mitogen induced proliferation of murine
splenocytes cultured in vitro in presence of three
cardiac glycosides [39]. Coumarins obtained
from vegetables and spices increased activation
and IFN-y secretion of lymphocytes [40].

Major constituents of P. oleracea are
flavonoids, alkaloids, coumarins, monoterpene
glycoside and fatty acids including Omega-3 [4].
Combination of P. oleracea with other medicinal
plants allows to supplement this herbal remedy
with other potent phytochemicals which can
promote its immunomodulatory effect.

Table 2. Phytochemical characteristics of WEPC

Qualitative test Positive reaction Studied WEPC
Test for tannins Dark blue color +
Test for saponins Persistent foam +
Test for flavonoids Yellow color with precipitate +
Test for polysteroids Reddish-brown color -
Test for triterpenes Red-violet color -
Test for phenols Blue-gray color +
Test for water-soluble phenolic Red color +
compounds
Test for water-insoluble phenolic Change in color of the mixture +
compounds
Test for cardiac glycosides Pink color +
Test for anthraquinones Bright pink color -
Test for coumarins Yellow color +
Note: “-” — absence; “+” presence of the phytochemical.
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The effect of WEPC on macrophage
viability. Despite the great therapeutic
potential of phytochemicals, they can
exert adverse toxic effects resulting in
the development of different pathologic
conditions such as liver failure, contact
dermatitis, hemolytic anemia, cancer and
so on [41, 42]. Therefore, it was necessary
to investigate potential cytotoxic activity
of studied WEPC. MTT assay was used to
assess toxic effect of WEPC on peritoneal
macrophages in vitro. Cells were treated with
increasing concentrations of studied aqueous
phytoextract. As it can be seen from Fig. 1,
there weren’t any significant changes in the
number of viable cells in samples of murine
peritoneal macrophages that had been exposed
to WEPC over a range of concentrations from
1 pg/ml to 1000 mg/ml. These results indicate
on safety of the studied plant mixture.

The effect of WEPC on macrophage
oxidative metabolism. Reactive oxygen
species (ROS) production is an important
mechanism used by phagocytic cells to defend
host from pathogens. It is known that in
addition to toxic effect on bacterial cells ROS
also activate other antimicrobial defenses
due to their role as secondary messengers of
cellular signaling. ROS affect migration of
phagocytes, regulation of their differentiation
and phagocytic activity [43, 44]. In addition,
ROS are involved in tissue regeneration and
wound healing [45]. We used NBT test to
evaluate the influence of WEPC on the ability
of murine PMs to produce ROS. WEPC at all
concentrations caused statistically significant
dose-dependent increase in spontaneous ROS
production by murine peritoneal macrophages

Fig. 1. The effect of WEPC on the viability of
murine peritoneal macrophages in vitro:
nonsensitized murine peritoneal macrophages
were isolated and treated with varying concentra-
tions of WEPC for 24 hours. Cell viability was
measured by the MTT test. Control: peritoneal
macrophages without WEPC. Data are expressed
as the mean = SE

(Fig. 2, A). Particularly, WEPC at the
concentration of 100 1g/ml increased baseline
oxidative burst by 2 times compared to control.

Treatment PMs with zymosan allowed us
to evaluate the effect of WEPC on reactivity
reserve (the remaining capacity of a cell to
fulfill given metabolic activity under stress)
of phagocyte oxidative metabolism, that
was characterized by MC (see Materials and
Methods). Treatment with WEPC PMs which
were previously treated with zymosan resulted
in the decrease of reactivity reserve of this
phagocyte function (Fig. 2, B). However,
WEPC at the concentration of 50 pg/ml
didn’t affect reactivity reserve of macrophage
oxidative metabolism. Data concerning ROS-

Fig. 2. Effect of WEPC on the production of ROS by murine peritoneal macrophages:
A — Spontaneous and stimulated nitroblue tetrazolium reduction:
* — P <0.05 were considered significant compared to control without stimulant
# — P < 0.05 were considered significant compared to the same concentration of WEPC without stimulant.
B — Modulation coefficient of zymosan treatment:
* — P < 0.05 were considered significant compared to control
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stimulating properties of phytochemicals
are controversial and scarce. Cosentino et al.
(2009) demonstrated increase in stimulated
oxidative burst of polymorphonuclear cells
stimulated with essential oils of Mentha
piperita [29]. Conversely, Lee et al. described
ROS-scavenging (antioxidant) properties of
phytoextracts [46]. The effects of different
herb extracts on ROS equilibrium may depend
on their composition, determined by presence
of different species of plants, their organs used
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®ITOXIMIYHUM CKPUHIHT 3B0PY
JIKAPCBKUX POCJINH HA OCHOBI
Portulaca oleracea TA 1OTO BIIJIUB
HA OKCUJIATHBHUI METABOJII3M
MAEKPO®ATIB

M. I'axpamanosa®, P. JJoszuii?, M. Pydux?,
0. Monoxasa?, B. Ceameyvra®, JI. Cxiexa®
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MeToio poboTu O0ya0 mocaiguTu ditoximiu-
Hi XapaKTepUCTUKU BOJHOTO eKCTPaKTy 300py
JiKapChbKUX POCJUH, MO0 CKJIAAY SIKOTO BXOAUTH
Portulaca oleracea Ta #1oro BILIUB Ha OKCULATUB-
HuIl MeTabo0JIi3M IepUTOHeaJbHHUX MaKpodaris
muitiieit. AKicHu QpiToxiMiuyHMNT aHAaJIi3 TPOBOAU-
JIW KOJIOPUMETPUYHUM METOIO0M, KiJIbKiCHUU aHa-
J1i3 (heHOJIiB 3IIFICHIOBAJIN B TECTi 3 BUKOPUCTAHHAM
raJIoBOl KUCJIOTU AK cTamapty. lleputoHeanbHi
Makpodaru mMuineil Buminaau 6e3 momepegHboOi
ceHcuTuaailii. JleikoTokcuuHui e(eKT BOIHOTO
eKCTPaKTy 300py JIiKapChbKUX POCJIMH OITiHIOBAJIU B
MTT-recti. 'erepaitito peak TuBHUX ()OPM KHCHIO
IOCTIAKYyBaJIX B TeCTi 3 HITPOCUHIM TeTpasosieMm.
diToximMiuHMU aHANI3 BUABUB Yy CKJAaJi BOJHOTO
eKCTPaKTy 300py JiKapCchbKUX POCIUH IPUCYTHICTH
BOIOPO3YMHHIX i BOLOHEPO3UNHHIX (DEHOJIiB, TaHi-
HiB, callOHiHiB, (DJIABOHOIiB, CEPIEBUX IVIIKO3UIiB
i kymapuHiB. BogHuil eKCTPaKT AOCIiIKYyBaHOTO
360Dy JiKapChbKUX TPaB Y AialasoHi KOHIIeHTPAITiH
1-1000 mxr/ma (siodisizaTy B AMCTHMIBOBAaHIN
BOJIi) He UMHUB TOKCUUYHOTO e(eKTy Ha IEePUTO-
HeaJbHi Makpodaru Muileil, CIpUUYNHIOBAB CTa-
TUCTUYHO JOCTOBipHE H0303aJIe’KHe IMOCUJIEeHHS 1X
OKCHIATUBHOI0 MeTaboJiamy. BimcyTHicTs TOKCHU-
HOI mii Ta 34aTHICTL IIOCUJIIOBATHA OKCUIATUBHUI
MeTaboIi3M ImepuTOHeaTbHNX MaKkpodariB gaioTh
niicTaBU IPUIYCTUTU MOAYJIATOPHI BJIaCTUBOCTI
IOCJIiI:KYBaHOT'O BOJHOI'O eKCTPAKTy 300py JIiKap-
CBKUX POCJIMH 11010 e(heKTOPiB BPOI:KEeHOro iMyHi-
TeTy.

Knwuwosi cnoea: BOOHUI eKCTpakT 300py
JikapcbKux pocauH, Portulaca oleracea,
nmepuToHeaJbHI Makpodarm, peakTHUBHI (GopMu
KHCHIO.

OUTOXNUMHNYECKUI CKPUHUHT CEOPA
JIEKAPCTBEHHBIX PACTEHUIT HA OCHOBE
Portulaca oleracea 1 ET'O BJINSTHUE
HA OKCHIATHUBHBIN METABOJIN3M
MAEKPO®ATOB

M. I'axpamanosa®, P. JJoszuii?, M. Pydwix?,
0. Monoxcasas®, B. Ceameykas?®, JI. Ckusra®

lMe,uMuI/IHCRI/If/'I neHTtp Nargiz, Bary, Azepbaimxan
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KueBcKoro HarimoHAJIbHOTO YHUBEPCUTETA
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ITesnsio paboOTHI OBLIO MCCIEOBATH (DPUTOXUMU-
YecKue XapaKTEePUCTUKY BOJHOTO 9KCTPaKTa coopa
JeKapCTBEHHBIX PACTEeHUII, B COCTaB KOTOPOT'O BXO-
nut Portulaca oleracea u ero BiusHNe HA OKCHUIA-
TUBHBIN MeTab0JI13M IIePUTOHEATLHBIX MaKkpodaros
mbIteii. KauecTBeHHBINT (DUTOXMMHUYECKUI aHAIN3
MIPOBOAMIN KOJOPUMETPUUECKIM METOIOM, KOJIU-
YeCTBEHHBIN aHaln3 (PeHOJI0B BHIMOJIHSIINA B TECTE
C MCIIOJIb30BAHMEM TaJIJIOBOYM KHCJIOTHI B KAUECTBE
craugapra. IlepuToHeanbHbIe MAaKPOMAaru MbIIIIEH
BbIZleIAI 0e3 IMpeqBapUTEIbHONM CeHCUTHU3AIINU.
JletikoTokcuueckuii 5PPEeKT BOAHOTO SKCTPaAKTa
cOopa JIeKapCTBeHHbIX pacTeHuii oreHuBaau B MTT-
Tecte. 'eHeparuio peakKTUBHBIX (hOPM KUCJIOPOIA
HICCJIEIOBATIA B T€CTE C HUTPOCUHUM TETPA30JIMEM.
DuTOXMMIUECKUI aHAJIN3 BHIABUJ B COCTaBe BOJTHO-
I'0 BKCTPaKTa cOopa JIeKapCTBEHHBIX PACTEHUN IIPU-
CYTCTBUE BOAOPACTBOPUMBIX U BOJZOHEPACTBOPUMBIX
(heHOJIOB, TAHHUHOB, CAllOHUHOB, (DJIABOHOUIOB,
CepeUHbIX TJIMKO3UA0B 1 KYMapuHOB. BOAHBI eK-
CTPaKT HCCJIeIyeMOoro coopa JeKapCTBEeHHBIX TPaB
B quanasoHe KoHreuTparnuii 1-1000 MKr/mir (Jrmo-
¢unusaTa B JUCTULINPOBAHHOI BOJe) He OKAa3bIBAJI
TOKCHYECKOro sdh@deKTa Ha IePUTOHEATLHBIE MAaKPO-
(haru MbIIIeit, BbI3BIBAT CTATUCTUUECKH JOCTOBEP-
HOe T0303aBUCHMOE YCUJIEeHUE MX OKCUAATUBHOIO
meTtabosnmama. OTCYTCTBIE TOKCUUECKOT'O IECTBUA 1
CIIOCOOHOCTD YCUJINBATH OKCUIATUBHBIN METa00I13M
TIEPUTOHEAJTBHBIX MaKPO(}aros mo3BOJIAIOT IIPEIIIO-
JIOYKUTH MOJYJISITOPHBIE CBOMCTBA UCCIELYEMOTO BO-
JTHOTO 9KCTPaKTa coopa JIeKapCTBEHHBIX PACTEHUH OT-
HOCUTEJHHO 3(h(PEeKTOPOB BPOXKIEHHOI'O MMMYHUTETA.

Knrouesvle cnosa: BOTHBIN SKCTPAKT cOopa Jexap-
CTBEHHBIX pacteHuii, Portulaca oleracea, nepuroHe-
aJbHBIE MaKpodaru, peakTABHbIE (DOPMbBI KHICJIOPOA.
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