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ABSTRACT
Context Alchornea floribunda Müll. Arg. (Euphorbiaceae) leaves are widely used in ethnomedicine
for the management of rheumatism, arthritis and toothache.
Objective In this study, flavonoid glycosides isolated from Alchornea floribunda were screened for
their effect on the intracellular expression of interferon-gamma (IFNg) and interleukin-2 (IL-2) type-
1 cytokines.
Materials and methods Chromatographic purification of the ethyl acetate fraction of the
methanol leaf extract led to the isolation of seven flavonoid glycosides (1–7). Their structures were
elucidated by 1D and 2D nuclear magnetic resonance and mass spectrometry. Splenocytes were
treated with graded concentrations of the compounds (6.25–25 mg/mL) and incubated for 24 h.
Thereafter, their effect on the expression of IFNg and IL-2 by CD4+ and CD8+ T-lymphocytes was
evaluated using intracellular cytokine staining and FACS analysis.
Results Compounds 1–7 (6.25–25 mg/mL) caused the up-regulation of activated CD8+ (57.85–
72.45% versus 57.85% for untreated control) and, to a lesser extent, activated CD4+ (3.21–7.21%
versus 2.75% for the untreated control) T-lymphocytes that were both largely interferon-gamma-
releasing in treated mouse T lymphocytes relative to untreated control. FACS data analysis showed
that stimulation with all the compounds increased the proportion of CD8+/IFNg+ and CD4+/
IFNg+ T lymphocytes up to two-fold when compared with the cells in untreated control wells.
Intracellular IL-2 secretion by treated T cells was not detected.
Conclusion This recorded T-lymphocyte-specific immune-modulatory property may contribute to
explain in part the dynamics associated with the ethnomedicine of Alchornea floribunda, and may
find relevance as a necessary cellular immune response precursor to infection-associated disease
management.
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Introduction

Cytokines are a large group of soluble extracellular
proteins or glycoproteins that function as key intercel-
lular regulators and mobilizers. They are crucial to innate
and adaptive inflammatory responses, cell growth and
differentiation, cell death, angiogenesis and developmen-
tal as well as repair processes (Oppenheim 2001).
Cytokines are secreted by virtually every nucleated cell
type, and usually inducible, in response to injurious and
inflammatory stimuli (Oppenheim 2001). Importantly,
cytokines provide a link between various systems,

providing molecular clues for physiological balance and
homeostasis (O’Sullivan et al. 1998). Modulation of
cytokines secretion offers novel approaches in the
treatment and management of a variety of disease
conditions. The role of cytokines in the onset and
pathophysiology of several ailments and health disorders
are well documented (Kiecolt-Glaser et al. 2002). As a
result of the growing recognition of cytokine activities,
altering cytokine expression and targeting their receptors
may offer therapeutic potential. Current pharmacological
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strategies include cytokine antagonist, agonist, inhibition
and stimulation. One important strategy in the modu-
lation of cytokine expression may be through the use of
herbal remedies. Immune-related illnesses have long
been treated with herbal medicines. Herbal immunomo-
dulators have been shown to alter the activity of immune
function through the dynamic regulation of informa-
tional molecules such as cytokines (Spelman et al. 2006;
Nworu et al. 2010, 2012). This may offer explanations to
some of the wide-range effects of herbs on the immune
system and other tissues (Nworu et al. 2010).

In this study, we evaluated the modulatory effects of
some flavonoid glycosides isolated from Alchornea
floribunda Müll. Arg. (Euphorbiaceae) leaves on the
expression of interferon-g and interleukin-2, both of
which are type-1 cytokines. Alchornea floribunda has
been widely used in ethnomedicine for the management
of a variety of ailments. The leaves are used in African
Traditional Medicine as remedy for arthritis, rheuma-
tism, pile, muscle pain and other immuno-inflammatory
disorders (Neuwinger 2000; Duke et al. 2002). Although
previous reports on this plant (Okoye & Ebi 2007;
Okoye & Osadebe 2009, 2010; Okoye et al. 2010, 2011;
Siwe et al. 2014) seem to validate some of its
ethnomedicinal uses, the chemical potentials and the
exact mechanisms through which the active ingredients
might be acting appear poorly investigated. This
stimulated our interest in carrying out extensive chem-
ical and bioactivity investigation of the polar phytocon-
stituents with a view to isolating possible new molecules
which can be developed into novel therapeutic agents
for immuno-inflammatory conditions. Our preliminary
investigation revealed that the polar fraction of A.
floribunda methanol leaf extract is rich in flavonoid
glycosides. It is widely known that flavonoids possess a
broad spectrum of biological activity (Robak &
Gryglewski 1996; López-Lázaro 2009). Flavonoids
modify the body’s reaction to allergens, viruses and
carcinogens and also have antiallergic (Kimata et al.
2000), anti-inflammatory (Yerra et al. 2005), antimicro-
bial (Gordana et al. 2007) and anticancer (Maheep et al.
2011) activities. Although it is unclear how flavonoids
protect against cancer, it has been suggested that many
of their biological actions are attributable to their anti-
inflammatory and antioxidant activities (Prasad et al.
2010).

In the present study, we report the isolation and
characterization of seven flavonoid glycosides and their
effects on the expression of type-1 cytokines from
activated CD4+ and CD8+ T-lymphocytes. During type-1
immune response, the pro-inflammatory cytokines inter-
feron-g (IFN-g) and interleukin-2 (IL-2) are produced by
activated T-lymphocytes and natural killer (NK) cells to

mount an effective response against pathogens and
tumour cells, while type-2 cell responses are characterized
by cytokines IL-4, IL-5 and IL-13 (Barth et al. 2003;
Romagnani 2006). In a cross-regulatory manner, type-2
cytokines may suppress type-1 immune response and vice
versa (Fiorentino et al. 1991; Lucey et al. 1996). Generally,
type 1 cytokines function predominantly against intra-
cellular pathogens (mycobacteria and selected bacteria,
viruses and fungi) and in certain granulomatous or
inflammatory diseases (Lucey et al. 1996). Therefore,
defining the possible roles of the compounds isolated
from A. floribunda in this cascade was considered and
undertaken in this present study.

Materials and methods

Collection of plants materials

The leaves of Alchornea floribunda were collected in
December 2010 from Oba Nsukka Enugu State, Nigeria,
with the help of a taxonomist, Mr. Alfred Ozioko of
Bioresources Development and Conservation Program,
Nsukka, Enugu State, Nigeria, who also authenticated the
plant material. A voucher specimen has been deposited
at the herbarium of the Department of Pharmacognosy,
University of Nigeria, Nsukka, Enugu State, under the
herbarium number 06/0085. The leaves were air dried for
10 d and pulverized.

Extraction, isolation and purification of active

compounds

About 500 g of pulverized dried leaves of A. floribunda
were extracted with 5 L of MeOH for 7 d at room
temperature (25 �C) and the extract concentrated in
vacuo with a rotary evaporator to obtain a dark green
semisolid. The dried extract was reconstituted in 20 mL
of MeOH and the dispersion made up to 200 mL with
water, sonicated for about 10 min and subsequently
partitioned successively against hexane (750 mL� 3),
ethyl acetate (750 mL� 3) and n-butanol (500 mL� 2).
All fractions were taken to dryness using a rotary
evaporator. About 5 g of ethyl acetate fraction was
subjected to VLC (silica gel 500 g, sintered funnel 5 L)
eluting with 500 mL each of hexane:ethyl acetate (90:10,
70:30, 50:50, 30:70, 10:90 and 0:100) and
dichloromethane:MeOH (90:10, 80:20, 60:40, 40:60,
20:80 and 0:100) resulting in 12 pooled fractions EF1–
EF12. About 700 mg of the fraction eluted with
dichloromethane:MeOH 9:1 (EF7) was subjected to
Sephadex LH-20 (3� 60 cm, internal diameter) separ-
ation using dichloromethane:MeOH 1:1 to afford
10 pooled fractions EF7A–EF7J. Fractions EF7F, EF7G
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and EF7H were purified by semi-preparative reverse
phase HPLC to obtain compounds 1 (16.3 mg),
2 (5.0 mg), 3 (4.7 mg), 4 (10.0 mg), 5 (2.5 mg), 6
(60.0 mg) and 7 (2.0 mg).

Structural elucidation of isolated compounds

NMR spectra (1H, 13C, DEPT, HMQC and HMBC) were
recorded with Bruker ARX 500 NMR or AVANCE DMX
600 NMR spectrometers (Bruker BioSpin Corporation,
Billerica, MA). MS (ESI) was obtained with Finnigan LCQ
Deca mass spectrometer (Thermo Electron Corporation,
San Jose, CA). Analytical HPLC was carried out with a
Dionex P580 HPLC system (Machinio, San Diego, CA)
coupled to a photodiode array detector (UVD340S).
Routine detection was at 235, 254, 280 and 354 nm. The
separation column (125� 4 mm, length� internal diam-
eter) was prefilled with Eurospher-10 C18 (Knauer,
Baden, Germany), and a linear gradient of nanopure
water (adjusted to pH 2 by the addition of formic acid)
and MeOH was used as an eluent. Semipreparative HPLC
was performed with Merck Hitachi L-7100 (Merck/
Hitachi, Darmstadt, Germany) coupled to a UV detector
(L-7400). A linear gradient of HPLC grade MeOH and
nanopure water was used for separation. Vacuum Liquid
Chromatography (VLC) was carried out with silica gel
(200–400 mesh, Merck, Darmstadt, Germany), Sephadex
LH-20 (25–100 mm mesh size, Merck, Darmstadt,
Germany) was used for CC while TLC was performed
on silica gel 60 F254 (layer thickness 0.2 mm, E. Merck,
Darmstadt, Germany) using the following solvent sys-
tems: DCM–MeOH (9:1 and 4:1). Compounds were
detected under UV absorbance at 254 nm (fluorescence
absorption) and 366 nm (fluorescence).

Mice

BALB/c mice obtained from Janvier (Le Genest-ST-Isle,
France) were used in the study. The animals were
maintained on standard livestock pellets (Altromin
Spezialfutter GmbH & Co. KG, Lage, Germany) and
were allowed unrestricted access to drinking water. The
use and care of laboratory animals in the study were in
accordance with ethical guidelines as contained in the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (EEC Directive 86/609/EEC) of 1986.

Preparation of mouse spleen cells for

experiments

Female BALB/c mice (6–8 weeks old, 22–28 g) were
sacrificed by CO2 asphyxiation and the spleens were

removed aseptically into ice-cold Hanks’ Balance Salt
Solution (HBSS, Gibco, Darmstadt, Germany). Single-
cell suspension was prepared by gentle dispersion of the
cells and straining through 70mM nylon strainer. Red
blood cells were lysed by the addition of 3 mL of ACK
lysing buffer (Lonza, Walkersville, MD) per mouse
spleen for 5 min. The cells were washed and suspended
in R-10, consisting of RPMI 1640 medium (Gibco,
Darmstadt, Germany) supplemented with 10% heat-
inactivated foetal calf serum (FCS), 50mM
2-mercaptoethanol (Gibco, Darmstadt, Germany), 100
U/mL penicillin and 100mg/mL streptomycin.

Intracellular cytokine staining in cultures of

splenic T-lymphocytes

The effect of treatment with various test compounds on
the expression of two cytokines (IFNg and IL-2) by
cultures of splenic T-lymphocytes was investigated by
the intracellular cytokine staining technique (ICS). Mice
splenocytes (3� 106 cells/well) were stimulated at 37 �C
in CO2 incubator for 16 h with either graded concentra-
tion of the isolated compounds (6.25 and 25 mg/mL) or
with PMA/ionomycin (5/500 ng/mL) and compared with
the unstimulated control wells. Each well also received
monensin (2mM), which inhibited cytokine secretion out
of the cells (Jung et al. 1993). After stimulation, cells
were washed with PBS/bovine serum albumin/azide, and
Fc (II/III) receptors were blocked with a mixture of anti-
CD16 and anti-CD32 antibody (BD Biosciences, San
Jose, CA). Thereafter, cells were labelled with either
allophycocyanin (APC)-conjugated anti-CD8 or anti-
CD4 antibodies (BD Biosciences, San Jose, CA).
Thereafter, cells were washed with PBS and fixed in
2% paraformaldehyde, followed by permeabilization with
0.5% saponin in PBS/bovine serum albumin/azide buffer.
Cytokines expressions within the cells were detected by
staining for 30 min with anti-IFNg-PE and anti-IL-2-
FITCS (BD Biosciences, San Jose, CA). Cells were
analyzed in a FACSCaliburTM using CellQuestPro soft-
ware (BD Biosciences, San Jose, CA) and reanalyzed
with FlowjoTM (TreeStar Inc., Ashland, OR). Data sets
are duplicate determinations of two independent
experiments.

Statistical analyses

The data are represented as mean ± SEM and analysed by
ANOVA using GraphPad Prism 5 software (Graphpad
Software Inc., La Jolla, CA). Differences between test
treatments and the control treatment were considered
significant at p50.05.
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Results and discussion

Herbal immunomodulators are bioactive phytoconstitu-
ents that alter the activities of the immune system
through their direct actions on immune cells and
informational molecules – cytokines, hormones, neuro-
transmitters and other peptides. Cytokine-targeted
therapies have proven to be beneficial but its wide-
spread application is limited by some challenging adverse
effects necessitating the idea of using phytotherapy in the
modulation of cytokine expression-an idea that has
proven useful so far (Barak et al. 2002; Spelman et al.
2006; Burns et al. 2010). This study represents an effort
in discovering and harnessing bioactive phyto-com-
pounds as potential agents for the modulation or
regulation of cytokine expression and activities.

In this study, the ethyl acetate (flavonoid-rich)
fraction of the methanol leaf extract of A. floribunda
was subjected to vacuum liquid chromatography (VLC)
on silica gel, column chromatography on Sephadex

LH-20 and finally semi-preparative HPLC on reverse
phase column to obtain three flavanones (1–3) and four
flavonol (4–7) glycosides (Figure 1). Our previous
bioactivity-guided study revealed that this fraction
possesses some useful anti-inflammatory activity
(Okoye & Osadebe 2010).

Compounds 1–3 were isolated as light brown solids.
The compounds showed UV maxima typical of flava-
none glycosides (Markham & Mabry 1968; Nonaka et al.
1987; Sepulveda-Boza et al. 1993). The ESI-MS/MS of
the compounds also showed a major fragment at m/z
305.0, which is diagnostic of a flavanone nucleus of the
2,3-dihydroquercetin structure. 1H and 1H–1H COSY
NMR data showed characteristic aromatic spin systems
of the rings A and B of quercetin (Table 1). These
include the signals of an ABX system of H-20, H-60 and
H-50 and the signals of meta-coupled protons of H-6 and
H-8. In addition, signals of two vicinal protons were
observed and assigned to H-2 and H-3. The sugar
moieties were identified based on the characteristic NMR
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Figure 1. Chemical structures of the isolated compounds.
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signals. The compounds were thus identified based on
detailed analysis of their spectral data and comparison
with literature as 2R,3R-dihydroquercetin-3-O-b-D-
galactopyranoside (1) (Markham & Mabry 1968; Düber
et al. 1997), 2R,3S-dihydroquercetin-3-O-b-D-glucopyr-
anoside (isoglucodistylin) (2) (Sakurai et al. 1982; Düber
et al. 1997) and 2R,3R-dihydroquercetin-3-O-a-L-arabi-
nopyranoside (3) (Chosson et al. 1998) (Figure 1). This is
the first report of the isolation of these compounds from
this plant species.

Compounds 4–7 were isolated as yellow solids and the
structures elucidated on the basis of their 1D and 2D
NMR and mass spectral analyses. Compounds 4, 6 and 7
exhibited the characteristic spin systems of the quercetin
nucleus which include the ABX system in ring B and the
two meta-coupled protons of ring A as shown in Table 2.
Compound 5, however, exhibited the characteristic
AA0BB0 COSY spin system of ring B and the two
meta-coupled protons of ring A typical of the kaempferol
nucleus. The glycosides were identified based on the
characteristic NMR signals. The analysis of the NMR
data and comparison with those reported in the litera-
ture led to the structural assignments of the compounds
as quercetin-3-O-b-D-glucopyranoside (4) (Gudej 2003;
Kim et al. 2006), kaempferol-3-O-a-L-rhamnopyranoside
(5) (de Almeida et al. 1998), quercetin-3-O-a-L-rham-
nopyranoside (quercetrin) (6) and quercetin-3-O-b-D-
arabinopyranoside (7) (Gudej 2003; Kim 2006) (Figure
1). This is also the first report of the isolation of these
compounds from this plant species.

Previous studies and ethnomedicinal uses suggest that
whole extracts and solvent fractions of A. floribunda
have some activity and therapeutic benefits on immuno-
inflammatory cells and associated disorders (Okoye &
Ebi 2007; Okoye & Osadebe 2009, 2010; Okoye et al.
2010, 2011; Siwe et al. 2014). For this reason, all the
compounds (1–7) isolated from A. floribunda were

Table 1. NMR spectroscopic data of compounds 1–3.

1 2 3

Position dC dH (J, Hz) dC dH (J, Hz) dC dH (J, Hz)

2 83.7 5.25 d (9.4) 82.0 5.52 d (3.5) 83.9 5.14 (10.6)
3 77.2 4.92 d (9.4) 77.3 4.48 d (3.5) 76.5 4.80 (10.6)
4 196.5 – 195.0 – 196.3 –
5 165.6 – 165.9 – 165.8 –
6 97.4 5.91 brs 97.3 5.89 d (2.0) 97.7 5.93 d (2.0)
7 169.2 – 168.9 – 169.3 –
8 96.4 5.90 brs 96.5 5.92 d (2.0) 96.5 5.91 d (1.6)
9 164.3 – 164.2 – 164.6 –
10 102.8 – 102.5 – 102.7 –
1’ 129.1 – 128.5 – 129.0 –
2’ 116.0 6.96 brs 116.6 7.06 d (2.0) 115.8 6.97 d (2.0)
3’ 146.4 – 145.9 – 146.8 –
4’ 147.4 – 146.75 – 147.8 –
5’ 116.3 6.77 brs 116.0 6.71 d (8.2) 116.5 6.80 d (8.1)
6’ 121.2 6.82 d (7.7) 121.0 6.84 dd (1.9, 8.2) 129.0 6.85 dd (2.0, 8.1)

(3-O)
1’’ 103.5 3.93 d (7.6) 104.5 4.52 d (7.7) 101.6 3.85 d (3.9)
2’’ 72.4 3.52 m 72.6 3.52 d (7.6) 71.3 3.59 dd (3.9, 6.0)
3’’ 74.7 3.29 m 74.9 3.46 d 73.3 3.55 m
4’’ 70.4 3.71 brs 70.3 3.81 d (3.0) 67.1 3.80 dt (3.4, 7.7)
5’’ 77.1 3.28 m 77.2 3.50 d (5.6) 63.6 3.92 dd (7.1, 1.7)

3.38 dd (3.7, 1.7)
6’’ 62.4 3.65 d 62.6 3.70 d (6.9) HA – –

3.65 d HB

Spectra was measured in CD3OD at 600 (1H) and 150 (13C) MHz.

Table 2. NMR spectroscopic data of compounds 4–7.

Position 4 (dH) (J, Hz) 5 (dH) (J, Hz) 6 (dH) (J, Hz) 7 (dH) (J, Hz)

2 – – – –
3 – – – –
4 – – – –
5 – – – –
6 6.14 br s 6.20 d (2.0) 6.18 br s 6.21 br s
7 – – – –
8 6.31 br s 6.38 d (2.0) 6.35 br s 6.40 br s
9 – – – –
10 – – – –
1’ – – – –
2’ 7.71 br s 7.77 d (8.7) 7.33 d br s 7.77 d (2.0)
3’ – 6.93 d (8.7) – –
4’ – – – –
5’ 6.85 d (8.5) 6.93 d (8.7) 6.91 d (8.1) 6.89 d (8.5)
6’ 7.58 d (8.5) 7.77 d (8.7) 7.30 dd (8.2) 7.60 dd

(2.0, 8.4)

(3-O)
1’’ 5.18 d (7.8) 5.38 brs 5.35 br s 5.17 d (6.6)
2’’ 3.47 d 4.22 br s 4.23 br s 3.92 t
3’’ 3.32 3.71 dd 3.76 dd 3.66 dd
4’’ 3.20 3.20 3.35 t 3.83 br s
5’’ 3.58 3.40 3.42 dt (6.1) 3.48 d Ha

3.84 d Hb
6’’ 3.56 Ha 0.92 d

(5.4, 3H)
0.94 d
(6.1, 3H)

–

3.81 Hb

Spectra were measured in CD3OD at 500 (1H) MHz.
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screened for immune regulatory activities in relation to
the expression of type-1 (IFNg and IL-2) cytokines by
CD4+ and CD8+ T cells using flow cytometry. The splenic
T lymphocytes were stimulated with and without three
graded concentrations of each of these compounds in the
presence of 2 mM monensin which blocked secretion of
any expressed cytokines and retains them intracellularly
for staining (Jung et al. 1993). The procedure allowed
staining with specific cell surface antibody markers to
define the T cell subtype and the expressed cytokines
quantified within the cell after permeabilization, staining,
and then the FACS analysis.

FACS data analysis showed that stimulation with all
the compounds increased the proportion of CD8+/
IFNg+ and CD4+/IFNg+ T lymphocytes when compared
with the cells in untreated control wells. The CD8+/
IFNg+ population ranged from 57.85 to 72.45% (versus
57.85% for the untreated control) while CD4+/
IFNg+ ranged from 3.21 to 7.21% (versus 2.75% for the
untreated control) (Figures 2 and 3). Intracellular IL-2
secretion by treated T cells could barely be detected.
Similarly, T-lymphocytes doubly expressing IFNg/IL-2
were grossly absent (Figures 2 and 3). The IL-2 cytokine

together with some other related cytokines family
members such as IL-4, IL-7, IL-9, IL-15 and IL-21
demonstrate some unique biological effects including
their functionality during different stages of differenti-
ation of specific subsets of lymphocytes where they
influence their development, proliferation and function
(Floros & Tarhini 2015). However, the findings of our
present study do not appear to link IL-2 to the up-
regulation of our analyzed CD4+ and CD8+ cell popula-
tion. Moreover, while all the compounds showed stimu-
latory effect, there were no significant differences
between the concentration range (25–6.25mg/ml) uti-
lized. Our findings taken alone could mean that the type
1 interferon-gamma driven cellular T-lymphocytes
response apart from the activation of certain type 1-
driven cells of the innate and adaptive immunity such as
monocytic, polymorphonucleic, NK and lymphocytic
cells, may equally lead to beneficial activation of
cytotoxic activity against intracellular infections and
tumour, but the picture will be complete when
juxtaposed against other type 2 cytokines milieu that
are produced in the host at the time of prevalent disease
(Lucey et al. 1996). However, the activation of type 1
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Figure 2. Intracellular cytokine staining showing modulation of
activated CD4+ T-lymphocytes (A) and CD8+ T-lymphocytes (B)
secreting interferon-gamma (IFN-�) and interleukin-2 at
25 mg/mL compound potency. Also shown are cells which are
double positive for IFN-� and IL-2 secretion (IFN-�/IL-2).
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Figure 3. Intracellular cytokine staining showing modulation of
activated CD4+ T-lymphocytes (A) and CD8+ T-lymphocytes (B)
secreting interferon-gamma (IFN-�) and interleukin-2 at
6.25mg/mL compound potency. Also shown are cells double-
positive for IFN-� and IL-2 secretion (IFN-�/IL-2).
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cytokine secreting helper T-lymphocytes could also
continue to enhance the activity of the cytotoxic
T-lymphocytes which in turn could translate to an
improved killing of pathogen-infected cells or various
tumour cells.

Conclusions

Although these effects recorded in our study are largely
non-specific, the interplay of these antigen-specific and
adjuvant-induced immune cells activation are important
in the quality and robustness of immune responses that
are mounted against infectious threat (Choi et al 1997;
Lindsey et al. 1997). Finally, in any case, the marginal
type 1 immune enhancement arising from the activity of
compounds isolated from A. floribunda may contribute
to the global picture to find explanation to the
ethnomedicinal use of A. floribunda.
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