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Abstract Evaluation of the immunomodulatory activity of
plant compounds is an interesting and growing area of re-
search. Teucrium ramosissimum Desf. is a native and endemic
medicinal plant from the South of Tunisia traditionally used
for the treatment of many diseases. The anti-inflammatory
activity of apigenin-7-glucoside, genkwanin, and naringenin
isolated from 7. ramosissimum were assayed. The phagocytic
activities of macrophage and lymphocyte proliferation were
investigated in the absence and presence of mitogens (lipo-
polysaccharide [LPS] or lectin). Depending on the concentra-
tions, the compounds affect macrophage functions by modu-
lating their lysosomal enzyme activity and nitric oxide (NO)
release. The tested compounds enhance significantly
splenocyte proliferation, either with or without mitogen stim-
ulation. In studies to assess any potential effects of apigenin-7-
glucoside, genkwanin, and naringenin on innate immunity, the
results showed that these compounds significantly enhanced
the killing activity of natural killer (NK) cells and cytotoxic
activity of the T lymphocyte (CTL) isolated from splenocytes.
These results suggest that 7. ramosissimum compounds such
as apigenin-7-glucoside, genkwanin, and naringenin may be
potentially useful for modulating immune cell functions in
physiological and pathological conditions.
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Introduction

A wide number of medicinal plants are characterized by im-
munomodulatory activities. Many plants used in traditional
medicine are largely investigated for their potential use in
the prevention against chronic disease. Modulating the im-
mune system refers to any modification of the immune re-
sponse that may involve induction, expression, amplification,
or inhibition of a part or phase of the immune response.
Most clinically important medicines for treatment of
inflammation-related diseases are steroidal or non-steroidal
anti-inflammatory drugs. Although these drugs have potent
activity, long-term administration is required for treatment of
chronic disease. Furthermore, these drugs have various and
severe adverse effects. Therefore, naturally occurring agents,
with high effectiveness and very few side effects, are a pref-
erable substituent for chemical therapeutics. The Teucrium
genus, which belongs to the Lamiaceae family, has been in-
strumental in the discovery of medicinal natural products [1]
and encompasses more than 300 species. About 50 of them
are known in Europe and are distributed mainly in the Medi-
terranean basin [2]. Many species from the Teucrium genus
show interesting biological properties, such as analgesic, hy-
poglycemic, hypolipidemic, antipyretic, anti-inflammatory,
antioxidant, and antibacterial properties. However, little is
known about the mechanisms responsible for their immune-
regulating properties. Due to the use of the Teucrium
ramosissimum genus in the food and drug industries [3] and
the evidence of its biological protective activity, we were in-
terested on how compounds extracted from 7. ramosissimum
can act on immune cell functions and by which mechanisms
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they exert their immunomodulatory effects. In the present
study, our objective was to investigate the immunomodulatory,
anti-inflammatory, and the antioxidant activities of compounds
isolated from 7. ramosissimum in splenocytes and macrophages.

Materials and methods
Plant material

The aerial part of 7. ramosissimum was collected in January
2005 from the mountainous region of Gafsa in the Southeast
of Tunisia. The plant was identified by Pr. Mohamed Chaieb
(Department of Botany, Faculty of Sciences, University of
Stax, Tunisia) according to the Flora of Tunisia [4]. A voucher
specimen (Tr-02-05) was deposited at the Herbarium of the
Department of Pharmacognosy (Faculty of Pharmacy, Univer-
sity of Monastir, Tunisia) for future reference. The leaves were
shade-dried, powdered, and stored in a tightly closed
container for further use.

Preparation of plant compounds

Apigenin-7-glucoside, genkwanin, and naringenin were puri-
fied from chloroformic extract as described previously by Ben
Sghaier et al. [19] from 7. ramosissimum leaves. Before use,
molecules were dissolved in roswell park memorial institute
(RPMI)-1640 medium.

Cell preparations from mice

Specific pathogen-free male BALB/c mice (18-22 g) were
obtained from the Pasteur Institute (Tunis, Tunisia). The mice
were housed under standard conditions of temperature (22—
28 °C), humidity (30-70 %), and light (12 h light/dark) in an
accredited pathogen-free facility. All experiments were per-
formed in accordance with the guidelines for the care and
use of laboratory animals as published by the US National
Institute of Health. All experiments received the explicit ap-
proval of the Ethics Animal Committee in Tunisia.

Spleen mice lymphocytes were obtained as previously re-
ported [5]. Briefly, mice were euthanized by cervical disloca-
tion, and each spleen was isolated aseptically and minced with
a sterile forceps. Splenocytes were then isolated by centrifu-
gation (1500 rpm, for 10 min), and any red blood cells present
were lysed by resuspending the pellet in lysing buffer
(144 mM NH,Cl, 1.7 mM Tris base) and placing on ice for
10 min. Cells were then washed twice with phosphate-
buffered saline (PBS, pH 7.4) and then resuspended in com-
plete RPMI medium (Gibco-BRL) containing 10 % fetal bo-
vine serum (FBS; Gibco) and 100 mg/ml gentamycin (Gibco-
BRL, Paisley, UK). Other mice were used to provide perito-
neal macrophages as previously reported [5]. Peritoneal cells

@ Springer

were obtained after intraperitoneal injection of 4 ml sterile
PBS, massaging of the peritoneum, and drawing back of the
fluid (=4 ml) into the syringe. The obtained cells were washed
twice and resuspended in complete RPMI-1640 medium. Cell
viability was assessed using the trypan blue exclusion
technique.

Splenocytes proliferation assay

Assays of lymphocyte proliferation were performed by using
the 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) method outlined by Mosmann [6]. Splenocyte
suspension is a mixture of cells containing T lymphocytes, B
lymphocytes, and monocytes among others; after 24 h incu-
bation, only lymphocytes proliferate. The splenocyte suspen-
sion in RPMI-1640 (5 x 10° cells/ml; 100 wl aliquot/well) was
pre-incubated in 96-well plate for 24 h before the addition of
mitogens (lectin [from Phytolacca Americana (PWM)] or li-
popolysaccharide [LPS, rough strain, Escherichia coli
EH100, Sigma, Hamburg, Germany]) at 5 mg/ml alone or in
combination with increasing concentrations of apigenin-7-
glucoside, genkwanin, or naringenin freshly solubilized in
RPMI. The treated cells were then incubated at 37 °C in a
humidified 5 % CO, atmosphere for a further 48 h. Thereafter,
the plates were centrifuged at 1500 rpm for 10 min, and the
pellet in each well was resuspended in 50 pl of an MTT (5 mg/
ml RPMI) solution and incubated for 4 h at 37 °C. After that,
the plate was centrifuged, the MTT solution was removed
from each well, and 100 pl dimethyl sulfoxide (DMSO;
98 %) added to the wells. After incubation at 37 °C for
15 min, the formation of formazan was evaluated by following
its absorbance at 570 nm in a microplate reader (Thermo Sci-
entific, Vantaa, Finland). The percentage of proliferation (rel-
ative to that of cells receiving neither lectin nor LPS) was
ultimately calculated using the following equation: Prolifera-
tion (%)=100 % (OD sample—OD control)/OD control [7].

Assay of natural killer (NK) cell activity

Natural killer (NK) cell activity was measured as previously
described [8], with minor modification. Briefly, spleens pre-
pared as described above were used as the source of effector
cells; isolated splenocytes were seeded into 96-well microtiter
plates at 5x 10° cells/ml. The cells were then stimulated at
37 °C by different concentrations of apigenin-7-glucoside,
genkwanin, or naringenin for 24 h. To eliminate the direct
effects of the extract on target cells, spleens were washed once
with RPMI-1640, then target K562 cells (5% 10* cells/ml;
yielding a 100:1 expected effector-target ratio) were added
to each well in 100-ul aliquots. The plates were then incubated
for4 hat37°Cin5 % CO, atmosphere. An aliquot (40 pl) of
MTT solution (5 mg/ml) was then added to each well, and the
plate was incubated a further 2 h. After that, the plate was
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centrifuged again, the MTT in each well was removed, and
100 pl of DMSO (98 %) was added. After incubation at 37 °C
for 15 min, absorbance of formed formazan in each well was
measured at 570 nm in a microplate reader (Thermo Scientific,
Vantaa, Finland). Three kinds of control measurements were
performed: target cell control, blank control, and effector cell
control. NK cell activity was calculated as follows: NK activ-
ity (%)=100x(ODT—-(ODS—-ODE))/ODT, where
ODT =optical density value of target cell control,
ODS =optical density value of test samples, and
ODE=optical density value of effector cell control.

Assays of cytotoxic T lymphocyte (CTL) activity

T lymphocyte (CTL) assay or cell-mediated cytotoxicity was
performed using the MTT assay. Splenocyte suspension in
RPMI-1640 medium (5 x 10° cells/ml; 100 ul aliquot/well)
was pre-incubated in a 96-well plate for 24 h; then pre-
treated with different concentrations of apigenin-7-glucoside,
genkwanin, or naringenin for a supplementary 24 h; and then
target B16-F10 melanoma cells (5 x 10* cells/ml; yielding a
100:1 expected effector-target ratio) were added to each well
in 100-pl aliquots. The plates were then incubated for 24 h at
37 ° Cin 5 % CO, atmosphere. Spleens were used as the
source of effector cells called CTLs.

CTL cell activity was calculated as follows: CTL activity
(%)=100x (ODT—-(ODS—-0ODE))/ODT, where
ODT =optical density value of target cell control,
ODS =optical density value of test samples, and
ODE =optical density value of effector cell control.

Assessment of lysosomal enzyme activity

Lysosomal enzyme activity (reflected by acid phosphatase
[AP] activity) in macrophages was measured as previously
described [9], with some modification. Briefly, macro-
phage suspensions (100 ul aliquot of 6 x 10° cells/ml) were
seeded into flat-bottom 96-well plates; treated with differ-
ent concentrations of apigenin-7-glucoside, genkwanin, or
naringenin; and incubated at 37 °C in a 5 % CO, humidi-
fied atmosphere for 48 h. The medium was then removed
and 20 pl of 0.1 % Triton X 100 (Sigma, St. Louis, MO),
100 pl of 100 mM p-nitrophenyl phosphate solution (Sig-
ma), and 50 ul of citrate buffer (pH 5.0, 0.1 M) were added
to each well. The plate was then incubated for 30 min at
37 °C before adding 150 ul of borate buffer (pH 9.8,
0.2 M) to each well and the absorbance then measured at
405 nm. The percentage of lysosomal enzyme activity in
treated cells relative to that in control cells was calculated
as previously reported [7]: Lysosomal enzyme activity
(%)=100 x (OD sample —OD control)/OD control.

Nitrite assay

Nitrite levels were measured using the diazotization method
based on the Griess reaction, which is an indirect assay for
nitric oxide (NO) production as previously described by
Green et al. [10]. In brief, cells were incubated for 48 h in
the presence of increasing concentrations of apigenin-7-glu-
coside, genkwanin, or naringenin. Nitrite was then measured
by adding 100 ul Griess reagent (1 % sulfanilamide and 0.1 %
naphthylenediamine in 5 % phosphoric acid) to 100 pl of
harvested culture supernatant. The optical density at 570 nm
(OD 570) was then measured in a microplate reader (Thermo
Scientific, Vantaa, Finland). NO concentrations were calculat-
ed by comparison with the OD 570 of a standard solution of
sodium nitrite diluted in culture medium and placed in parallel
wells in the assay plates.

Cellular antioxidant activity (CAA) assay

A cellular antioxidant activity (CAA) assay, developed by
Wolfe and Liu [11], was employed to measure the effects
of the antioxidant potentials of apigenin-7-glucoside,
genkwanin, and naringenin. Briefly, splenocytes were
seeded at a density of 5x10° cells (in 100 ul PBS), in a
96-well microplate. Triplicate wells were then treated for
1 h with 10 pl of each tested molecule (concentrations
ranging from 5 to 40 uM, for both apigenin-7-glucoside
and genkwanin, and from 40 to 80 uM for the naringenin)
along with 5 pul of a 25 uM solution of 2',7'-
dichlorofluorescein (DCFH). After this incubation, a
100-pul aliquot of 1.2 mM 2, 2’-azobis (2-amidino-pro-
pane) ABAP (Sigma Aldrich, Steinheim, Germany) in
PBS was applied to the cells. The ABAP is an exogenous
source of peroxyl radicals used to oxidize DCFH-DA to
the fluorescent product dichlorofluorescein (DCF). Ac-
cordingly, cells treated with natural compounds that have
any antioxidant activity should have lower fluorescence
compared to untreated cells. The fluorescence in each
well was read every 5 min for a total of 1 h in a fluores-
cence microplate reader (Biotek, Winooski, USA), using
538-nm emission and at 485-nm excitation filters. Each
plate included triplicate control and blank wells: control
wells contained cells treated with DCFH-DA and ABAP
and blank wells contained cells with DCFH-DA and PBS
without ABAP. Fluorescence values for the blank samples
and initial fluorescence values were subtracted from the
sample values. The area under the fluorescence vs. time
curve was integrated at each time point to calculate the
CAA units using the following equation:

CAA unit = 100—< J SA / J CA) x 100
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Where JSA is the integrated area under the sample fluores-
cence vs. time curve and JCA is the integrated area from the
control curve.

Statistical analysis

All data were expressed as mean (+SD) and compared using
Student’s ¢ test. Statistical significance was assigned at P
values <0.05.

Results
Splenocyte proliferation

To assess whether apigenin-7-glucoside, genkwanin, and
naringenin from 7' ramosissimum can modulate cell prolifer-
ation, BALB/c splenocytes were cultured with tested mole-
cules alone or with LPS (B lymphocyte mitogen) or lectin
(T lymphocyte mitogen). In the absence of mitogen,
apigenin-7-glucoside, genkwanin, and naringenin were able
to induce splenocyte proliferation at tested concentrations in
a dose-dependent manner (Fig. 1a). A higher rate of cell pro-
liferation occurred when both tested molecules and lectin or
LPS were incubated with a cell culture, in a dose-dependant
manner (Fig. 1b, ¢).

NK cell activity

NK cells are a major component of the innate immune system
and play an important role in tissue inflammation. They can
represent a first line of defense against pathogens [12]. Mea-
sures of the cytotoxic activity of splenic NK cells against NK-
sensitive tumor cells (i.e., K562 cell line) revealed that, as
compared with the control cells, 7. ramosissimum compounds
significantly enhanced NK cell activity at the different tested
concentrations, especially with 5 and 10 uM of apigenin-7-
glucoside and genkwanin and 10 uM of naringenin (Fig. 2).
However, this activity appeared to decrease when cells were
incubated with compound concentrations above 40 uM of
apigenin-7-glucoside and genkwanin and 80 uM of
naringenin.

CTL activity

There is now ample evidence that cytotoxic T lymphocytes
can be key effector cells involved in the immune-mediated
destruction of virally infected and cancer cells [13]. This
cell-contact-dependent cytotoxicity is a hallmark of both cy-
totoxic T cells and NK cells. We therefore tested the effect of
T. ramosissimum compounds on the cytotoxic activities of T
lymphocytes against B16F10 melanoma cells. Measures of
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CTL activity revealed that tested molecules enhanced CTL
activity in a dose-dependent manner with a maximum potency
0f'51.35, 60.49, and 70.23 %, respectively, at the higher tested
concentration of apigenin-7-glucoside, genkwanin, and
naringenin (Fig. 3).

Peritoneal macrophage lysosomal activity

The cellular lysosomal activity in mouse macrophages was
assessed in response to apigenin-7-glucoside, genkwanin,
and naringenin treatments. As shown in Fig. 4, all tested mol-
ecules markedly affect macrophage lysosomal enzyme activ-
ity in a dose-dependent manner. Inhibition of the activity of
macrophage lysosomal function by the tested compounds was
expressed by comparison to the control cells.

Peritoneal macrophage NO production

NO production was monitored in macrophages stimulated by
LPS in the presence or absence of increasing doses of
apigenin-7-glucoside, genkwanin, or naringenin during the
48-h incubation at 37 °C, 5 % CO,. We used the Griess assay
to measure the accumulation of nitrite, a stable oxidized prod-
uct of NO, in culture media. As shown in Fig. 5, 5 pg/ml LPS
caused a dramatic increase of NO production by 53.37 uM.
This induction was inhibited by the tested molecule treatment
in a dose-dependent manner. In fact, NO production was re-
duced from 53.37 uM in control cells to 22.33, 20.66, and
28.64 uM at the highest tested concentrations of apigenin-7-
glucoside, genkwanin, and naringenin, respectively.

Cellular antioxidant activity (CAA)

A cellular antioxidant activity (CAA) assay was conducted to
quantify the intracellular antioxidant property of
T ramosissimum compounds by preventing the formation of
dichlorofluorescein (DCF) using ABAP-induced peroxyl rad-
icals in splenocyte. For the CAA assay, decreasing the cellular
fluorescence of tested molecules compared to the control in-
dicates antioxidant capacity, because the level of fluorescence
is proportional to the degree of oxidation [11]. The results
show that apigenin-7-glucoside, genkwanin, and naringenin
could be absorbed into splenocytes and exert antioxidant ac-
tivity. The mean effective concentration (ECs) was calculated
from the dose-response curve. Our result revealed that incu-
bation of splenocytes with different concentrations ranging
from 5 to 40 uM for apigenin-7-glucoside and genkwanin,
and from 10 to 80 pM for naringenin, reduced DCF produc-
tion in a dose-dependent manner (Fig. 6). As displayed in
Fig. 7, the ECsq value of peroxyl radical-inducing DCFH ox-
idation inhibition by the genkwanin was 7.5 uM in
splenocytes.
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Fig. 1 In vitro effects of tested (A)
molecules from 7. ramosissimum 60
on the proliferation response of
splenocytes. Cells were incubated
for 48 h with the following: a cells
were incubated with increasing
concentrations of molecules
without mitogens, b cells were
incubated with
lipopolysaccharide (LPS)

(5 pg/ml) in the absence and the
presence of molecules, and ¢ cells
were treated with lectin (5 pg/ml)
in the absence and the presence of
molecules. Control included cells
incubated in RPMI-1640

Proliferation (% of control)

medium. Cell proliferation was Bg
assessed by the MTT test. Data 110 4
shown are mean percentage 100 -
proliferation (+SD) from three 90
independent experiments. The gg

statistical significance of results

~
Proliferation (% of control) &
N’

60 -
was evaluated by Student’s 7 test: 50 -
#P<0.05, **'P<0.01, and o
*#*1P <0.001 mean that value is 20 -
significantly different compared 10 -
with that of negative (RPMI) 01
control, and #°p <001 and
##+0p<() 001 mean that the
value is significantly different
compared with that of mitogen ©
(LPS or lectin)-treated cells ZE l

Proliferation (% of control)

Lectin

Natural Killer (%)

Apigenin-7-glucoside

Fig. 2 Effect of apigenin-7-glucoside, genkwanin, and naringenin at
various tested concentrations, on mice natural killer (NK) cells in vitro.
Splenocytes were cultured with different doses of molecules for 24 h
before K562 target cells were added (at expected 100:1 E:T ratio). NK
activity was then measured using an MTT assay. Values shown are mean
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(£SD) % cytotoxicity from six different observations. The statistical
significance of results was evaluated by Student’s ¢ test: ***P<0.001
means that the value is significantly different compared with that of
control cells
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Killing activity of T lymphocytes (%)
B
(=}
*
*
*

Apigenin -7-glucoside

Fig. 3 Effect of apigenin-7-glucoside, genkwanin, and naringenin at
various tested concentrations, on mice cytotoxic T lymphocyte (CTL)
cells in vitro. Splenocytes were cultured with different doses of
molecules for 24 h before B16F10 target cells were added (at expected
100:1 E:T ratio). CTL activity was then measured using an MTT assay.

Discussion

Medicinal plants and their products are recognized for their
powerful biological activities in health and disease treatment
[14, 15]. There is no question that the relationship between the
immune system and human health is very intimate. Therefore,
many new compounds are being isolated and a large variety of
phytochemicals are extracted and purified from edible medic-
inal plants and tested for their anti-inflammatory properties.
As others across the world, we are authentically interested in
the research of these natural products which have convention-
ally been used for their medicinal value and their healing
properties. In fact, many authors have reported, recently, that
medicinal plants such as Phlomis crinita subsp. mauritanica
Munby [5], Daphne gnidium [16], and Limoniastrum
guyonianum [17, 18] have potent immunomodulatory poten-
tial as they display a strong activity on macrophages and lym-
phocytes. That is why we focused in this study on the potential
immunomodulatory effects of 7. ramosissimum compounds
with regard to macrophage and lymphocyte responses as well
as other inflammatory mediators.

70 1 kK
60
50
40
30
20
10

0

Lysosomal activity (%)

Apigenin-7-glucoside

Fig. 4 Stimulation of mouse peritoneal macrophage lysosomal enzyme
activity by apigenin-7-glucoside, genkwanin, and naringenin.
Macrophages (2 x 10° cells/well) were incubated in the presence of
increasing concentrations of molecules for 48 h. Control cells were
included with RPMI-1640 medium. Lysosomal enzyme activity was
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Genkwanin

Control 5 uM |10 uM |20 uM |40 pM| 5 uM |10 M |20 uM |40 uM |10 pM |20 uM |40 pM |80 uM

Genkwanin Naringenin

Values shown are mean (£SD) % cytotoxicity from six different
observations. The statistical significance of results was evaluated by
Student’s ¢ test: ¥***P <0.001 means that the value is significantly
different compared with that of control cells

A colorimetric MTT assay was used to assess splenocyte
proliferation. We present compelling experimental evidence
demonstrating that apigenin-7-glucoside, genkwanin, and
naringenin modulate the proliferation of splenocytes in the
absence of mitogen stimulation. These results suggest that
the tested molecules may also contain some factors that are
acting as mitogens. The presence of LPS and other mitogens
in plant extracts argue in favor of this explanation. Several
published data indicate that numerous secondary metabolites
like LPS and polyphenols isolated from plants have been
proven to possess a wide range of biological functions such
as immunomodulation and antioxidant properties [5, 16, 19].
Our data clearly indicate that both LPS- and lectin-stimulated
cell proliferations of splenocytes were enhanced by apigenin-
7-glucoside, genkwanin, and naringenin at varying tested con-
centrations (Fig. 1b, c). It is known that LPS was used for T-
cell-independent B-cell proliferation, whereas lectin was used
for T-cell-dependent B-cell proliferation. The presence of mi-
togens in the system can postulate the possible activation path-
way of the molecules [20]. The compounds with and without
LPS or lectin produced different effects on splenocyte

ok ok

Naringenin

assessed as indicated in the “Materials and methods” section. Data shown
are mean (+SD) percentages of lysosomal enzyme activity from three

independent experiments. ***P <0.001 means that the value is
significantly different compared with that of control cells
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Fig. 5 Production of the nitrite by mouse peritoneal macrophages in
response to apigenin-7-glucoside, genkwanin, and naringenin.
Macrophages (2 x 10° cells/well) were incubated in RPMI-1640
medium in the absence or in the presence of increasing concentrations
of molecules for 48 h. Cells treated with 5 pg/ml LPS alone were used as
positive control. Data shown are mean (+SD) percentage of NO
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Fig. 6 Kinetics of inhibited oxidation. The kinetics of the inhibition of
oxidation of DCFH in splenocytes using a cellular antioxidant activity
assay in the presence of apigenin-7-glucoside (a), genkwanin (b), and
naringenin (c)
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negative (RPMI) control and ***P<0.01 and ***°P<0.001 mean that
the value is significantly different compared with that of mitogen (LPS)-
treated cells
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Fig. 7 Dose-response curve for inhibition of oxidation. Dose-response
curve for oxidation of DCFH to DCF in splenocytes using a cellular
antioxidant activity assay in the presence of apigenin-7-glucoside (a),
genkwanin (b), and naringenin (c¢); (£SD, n=3)
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proliferation as measured by MTT tetrazolium assay. In the
presence of LPS, all tested molecules enhanced the prolifera-
tion activity higher than with lectin and B-cell response
seemed to be more sensible than T-cell response. These results
suggest that 7 ramosissimum compounds may contain some
mitogenic substrates capable of stimulating cell proliferation.

Cellular immunity is also mediated by T cells, including
natural killer cells. NK cells play a major role in defending the
host from both tumor and virally infected cells. NK cells are
able to recognize and destroy targets that have lost expression
of'the MHC class I molecules [21]. NK cell differentiation and
maturation (to killing states) are each activated by interferon
and other cytokines. In the acute study, it was demonstrated
that apigenin-7-glucoside, genkwanin, and naringenin signif-
icantly enhanced NK cell function. This is the first study to
show that in vitro NK cell activity can be affected by T.
ramosissimum compounds. This finding is in good accor-
dance with previous studies which showed that many flavo-
noids have been shown to influence NK cell cytotoxicity [22,
23], although the assays they used were different. A recent
study performed by Lindqvist et al. [24] has shown that
myricetin could potentiate the ability of NK cells to kill
K562 erythroleukemia cells which is in agreement with our
findings with apigenin-7-glucoside, genkwanin, and
naringenin on NK cell activity.

Cytotoxic T lymphocytes (CTL) play an important role in
protection against viral infections, cancer, and rejection of
organ transplants. CTLs constitute the major antitumor effec-
tor cell population and are recognized for their involvement in
host resistance against tumor growth and dissemination [25].
In this report, we highlighted an important role of apigenin-7-
glucoside, genkwanin, and naringenin in enhancing CTL ac-
tivity against tumoral cells (Fig. 3). Among measures of cell-
mediated immunity, the cytotoxic T lymphocyte response is
recognized as perhaps the most relevant functional measure
that reflects cell-mediated acquired immune defense against
viral infections and cancer. The immune system plays an im-
portant role in surveillance against tumor growth. CTLs con-
stitute the major antitumor effector population; NK cells are
recognized for their involvement in host resistance against
tumor growth and dissemination [26-28]. Accumulating evi-
dence indicated that tumor cells play a crucial role in the
control of immune protection, and tumor cell growth in vivo
is not only influenced by CTL-tumor cell recognition but also
by tumor susceptibility to cell-mediated death [29, 30]. The
efficacy of antitumor CTL critically depends on functional
processing and presentation of tumor antigen by the malignant
cells and also on their susceptibility to CTL-induced lysis.
Thus, a significant increase in ex vivo cytotoxic CTL activity
was observed after treatment with different tested molecules.

In this study, we noticed that the cytotoxicity of lympho-
cytes occurred in a dose-dependent manner in the CTL assay
and in a dose-independent manner in the NK cell assay.
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Furthermore, various cytokines released by NK cells and
CTL in the tumor milieu can attenuate tumor angiogenesis
by affecting not only tumor cells directly but also by regulat-
ing activity of vascular endothelial cells, as well as tumor-
associated fibroblasts, myeloid-derived suppressor cells, and
alternatively activated M2 macrophages. [31] Therefore, NK
cells and CTLs may function in multiple ways to cause tumor
rejection, either by directly killing tumor cells or by changing
the microenvironment of the tumor in a way that is hostile to
further tumor growth and development [32]. In the future, a
fuller understanding of the mechanisms by which NK cells
and CTLs can reject tumors in vivo may form a rational basis
for significantly improving cancer immunotherapy.

One of the most important non-specific immune activities
is phagocytosis performed by macrophages (as well as by
other types of leukocytes). Macrophages play an important
role in the defense mechanism against host infection and the
killing of tumor cells. The modulation of the antitumor prop-
erties of macrophages by various biological response modi-
fiers is an area of active interest in cancer chemotherapy and is
closely associated with the immunomodulatory activity of test
drugs [33]. Phagocytosis is accompanied by the release of
lysosomal enzymes like acid phosphatase (AP) used for the
killing and digesting of microbial pathogens. The higher the
augmentation in AP activity, the greater the phagocytic stim-
ulation and intracellular killing capacity [34] With respect to
lysosomal enzyme activity, transformation of p-NPP by AP in
stimulated macrophages correlates with degranulation pro-
cesses [7]. A significant decrease in lysosomal phosphatase
activity was induced in apigenin-7-glucoside-, genkwanin-,
and naringenin-treated cells and showed an anti-
inflammatory effect (Fig. 4). According to previous studies,
numerous compounds can modulate the immune system due
to the presence of hydroxyl groups in their structure, which
affects the enzymes or electron-transferring system, especially
phagocytic activity [7]. 7. ramosissimum compounds contain
also hydroxyl groups, so immunomodulatory activities could
be attributed to hydroxyl groups present in it. Such results
were in agreement with previous studies [34] which showed
a significant decrease in macrophage phagocytosis when treat-
ed with flavonoids.

Macrophage phagocytosis is also accompanied by a release
of free radicals and other reactive oxygen/nitrogen species
(ROS/RNS, the latter including NO) involved in pathogen
killing [34]. Compared with LPS, a potent inducer of macro-
phage NO production [35], the studies here showed that
apigenin-7-glucoside, genkwanin, and naringenin could in-
hibit NO synthesis, by peritoneal macrophages (Fig. 5). The
decreased release of NO reflects the anti-inflammatory effect
of T ramosissimum compounds. Many plants (and their prod-
ucts) have been shown to influence lysosomal activity and NO
synthase activity in macrophages [19]. Moreover, some flavo-
noids also inhibit TNFa production as well as iNOS
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expression and NO production in LPS-activated macro-
phages, an effect that has been associated with the inhibition
of the NF-kB pathway [36].

It is well known that oxidative stress induced by the eleva-
tion of free radicals or other ROS levels implicated can elicit
direct or indirect damage to the body. The generation and
subsequent involvement of free radicals contribute to a large
number of diseases including inflammatory diseases [37], and
it is widely believed that the use of natural antioxidant com-
pounds in such diseases should be reasonably proposed. In
this context, we have undertaken to measure the antioxidant
activity of apigenin-7-glucoside, genkwanin, and naringenin
in splenocyte cells by CAA assay. It appears that
T ramosissimum compounds prevent ABAP-induced DCFH
oxidation in splenocytes cells in a dose-dependent manner
(Fig. 6). In fact, apigenin-7-glucoside, genkwanin, and
naringenin contain numerous double bonds and hydroxyl
groups that can donate electrons through resonance to stabilize
the free radicals. Furthermore, Estany et al. [38] demonstrated
that flavones are the most efficient antioxidant in protecting
endometrial cells against oxidative stress.

Conclusion

Based on the findings reported here, we conclude that
apigenin-7-glucoside, genkwanin, and naringenin have anti-
oxidant properties as well as immunomodulating effects upon
splenocytes, NK and CTL cells, and macrophages. The find-
ings of this study support the view that medicinal plants are
promising sources of potential antioxidants and anti-
inflammatory agents that may be effective for therapy of hu-
man diseases. In spite of the encouraging results, further stud-
ies are underway to elucidate the precise mechanism of T.
ramosissimum compounds’ effect for the modulation of cellu-
lar antioxidant defenses as well as the signaling pathways
involved in the modulation of both macrophage and lympho-
cyte responses.
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