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This paper compares results of peripheral blood mononuclear cell (PBMC) incubation with fexofenadine
(FXF) and osthole. FXF is a third-generation antihistamine drug and osthole is assumed a natural anti-
histamine alternative. To our best knowledge, this is the first comparative study on FXF, osthole and
histamine cytokine secretion and cytotoxicity in PBMC in vitro cultures using cell proliferation ELISA
BrdU. The cultures were treated 12, 42, 48 and 72 h with FXF and osthole at 150, 300 and 450 ng/ml
concentrations and histamine at 50, 100 and 200 ng/ml. Our study results confirm that FXF, osthole and
histamine exert no cytotoxic effect on PBMCs and that IL-6, IL-10 and TNF-α cytokine secretion following
osthole cell stimulation was similar to that by FXF stimulation.This confirms our hypothesis that osthole
is a natural histamine antagonist, and can therefore be beneficially applied in antihistamine treatment.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Allergy is one of the most common chronic diseases in Europe,
and it is rapidly approaching epidemic proportions. Allergic dis-
eases are particularly common in children, adolescents and young
adults, causing a serious problem for health care systems in de-
veloping and developed countries, including Poland. Current pre-
dictions estimate that the number of allergy afflicted in 2020 will
equal the healthy population. It is therefore paramount to find
new pharmaceuticals which successfully combat allergic disease
(Samel-Kowalik et al., 2009; Żukiewicz-Sobczak et al., 2012). Mast
cells and basophils are very important in allergic reactions. Their
degradation releases histamine – the important mediator of al-
lergic and inflammatory responses – and also several active sub-
stances including Th2-type cytokines. Histamine changes vascular
permeability, drives inflammatory cell infiltration, and modulates
mediator production by these cells (Guzik et al., 2003; Venable
and Thurmond, 2006). Histamine also modulates immune re-
sponses differently depending on the type of receptor on which it
acts, and it plays a major modulatory role in physiology and in
pathological conditions through its H1, H2, H3, H4 G-protein-
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coupled receptors (Breunig et al., 2007; O’Mahony et al., 2011; Dy
and Schneider, 2001; Gschwandtner et al., 2012). In addition,
histamine's H2R receptor stimulation suppresses many immune
responses including cytokine production (Żak-Nejmark et al.,
2002; Jutel et al., 2009).

Fexofenadine (FXF) is the active metabolite of terfenadine with
selective peripheral H1 receptor antagonist activity (Kasurka et al.,
2011; Simpson and Jarvis, 2000; Woosley et al., 1993). It inhibits
antigen-induced bronchospasm in sensitized guinea pigs and also
histamine release from peritoneal mast cells in rats. FXF is a third-
generation antihistamine, non-sedating, rapid and very long acting
used in symptoms associated with allergic diseases such as chronic
idiopathic urticaria, pruritus, allergic rhinitis, asthma and derma-
titis (Aksakal et al., 2010; Kasurka et al., 2011). It is not metabo-
lized by the liver and has no effect on cytochrome P450 (Howarth
et al., 1999). In addition, human clinical and animal studies have
shown that FXF is free of cardiotoxicity and nervous system ef-
fects, such as those witnessed with other non-sedating anti-
histamines (Hey et al., 1966; Pratt et al., 1999; Rampe et al., 1993).

Our search for anti-allergic agents from natural sources re-
vealed promising properties in the Cnidium monnieri dried fruit.
This is used in traditional chinese medicine for its major active
component – osthole – which has an isopentenoxy-coumarin
structure (Gao et al., 2014). Pharmacological studies demonstrate
its wide bioactivity as an antibacterial, anticonvulsant, anti-os-
teoporotic, anti-carcinogenic, anti-diabetic and anti-allergic agent
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(Gao et al., 2014; Lv et al., 2012; Matsuda et al., 2002; Nam et al.,
2014; Shi et al., 2013, Zimecki et al., 2009). We hypothesize osthole
has potential in allergy treatment; in this is first known the in-
vestigation of osthole cytotoxicity and cytokine secretion in in vitro
cultured human peripheral blood mononuclear cells (PBMC). Here,
we evaluate the precise mechanisms and effects of osthole treat-
ment on inflammatory processes and allergic reactions. This re-
search examines fexofenadine, osthole and histamine cytotoxicity
on cultured human peripheral blood mononuclear cell prolifera-
tion and cytokine secretion.
2. Material and methods

2.1. Study participants

Peripheral blood from ten healthy 25–30 year old non-smoking
male volunteers was examined. Selected participants had no al-
lergic signs or symptoms and had not taken antihistamines in the
preceding five months. The study was conducted with local Ethic
Committee approval and all volunteers gave written informed
consent.

2.2. Chemicals

Fexofenadine (FXF; PubChem CID: 63002), osthole (PubChem
CID: 10228) and histamine (PubChem CID: 774) were obtained
from Sigma-Aldrich. FXF was dissolved in 8% dimethylsulfoxide
(DMSO, Sigma) to final concentration under 0.1%; thus not af-
fecting cell viability. Osthole was dissolved in 96% ethyl alcohol
(AbChem) and histamine in RPMI-1640 (Sigma-Aldrich). All solu-
tions were sterilized through a 0.22 μg/ml filter and stored at 4 °C
as stock solutions for later dilution.

2.3. PBMC isolation

Participant peripheral blood samples were collected between
9.00 a.m. and 10.00 a.m. on the first study day and concentrated in
grouping tubes with K3EDTA (BD Vacutainer). PBMC isolation was
initiated after tube transport to the laboratory, where monocytes,
lymphocytes and dendritic cells were isolated by Ficol density
gradient centrifugation (Histopaque, 1077, Sigma). The PBMC layer
was double-washed with RPMI-1640 (Sigma-Aldrich), counted,
and diluted with RPMI-1640 supplemented with 1% heat in-
activated human AB serum, 1% gentamycin and 0.25% phytohe-
magglutinin-L (PHA-L, Roche Diagnostics). The isolated cells were
seeded on 96-well plates at 0.25�105, and active reagents were
added to each well after 24 h. The effect of 150, 300 and 450 ng/ml
fexofenadine and osthole and 50, 100 and 150 ng/ml histamine on
PBMC proliferation was determined. Peak FXF serum concentra-
tions were compared with the 100% registered for unstimulated
control PBMC in pure culture.

2.4. BrdU PBMC proliferation assessment

Proliferated PBMC were prepared as in the manufacturer's in-
structions (Roche Diagnostic, Cell Proliferation ELISA BrdU), and
absorbance was measured at 492 nm λ after 12, 24, 48 and 72 h
incubation with each substrate solution.

2.5. Cytokine determination

Cells were seeded at 2�106 cells/ml with RPMI-1640 and
supplemented with 1% heat-inactivated human AB serum, 1%
gentamycin and 0.25% PHA. Pure medium formed the control for
each substance concentration added after 24 h incubation. Cells
were harvested after a further three days and the supernatant was
collected and stored at –80 °C. Commercial ELISA kits determined
interleukin IL-6, IL-10 and tumor necrosis factor (TNF-α) output,
via quantitative sandwich immunoassay. Tripicate samples were
run and the results were equalized by comparison with standard
curves expressed in pg/ml.

2.6. Statistical analysis

Statistical analysis comprised one-way ANOVA comparisons of
control and test culture proliferation. Experimental values were
expressed as mean7standard error at Po0.001 significance level.
GraphPad Prism 6 for Windows software was utilized (GraphPad
Software, Inc., USA).
3. Results

3.1. BrdU test results

Bromodeoxyuridine (BrdU) determines cell proliferative chan-
ges over time by measuring cell DNA incorporation.

The concentrations of 150, 300 and 450 ng/ml FXF and osthol
and 50, 100 and 200 ng/ml histamine were evaluated to determine
PBMC toxicity. These concentrations were chosen because this is
the FXF human serum level following its administration; and si-
milar osthol concentrations were required for comparison.

The BrdU FXF test effects on PBMC are presented in Fig. 1A.
Dose-dependent increases were observed in 24 h incubations,
with the largest recorded for 300 ng/ml administration. No sta-
tistically significant decreases were detected when compared with
controls, and cell incubation in osthol initiated no statistically
significant BrdU incorporation in cellular DNA (Fig. 1B). While this
was also true for all histamine administations (Fig. 1C), PBMC
proliferation in 50 ng/ml histamine only registered the same level
as the control after 48 h incubation. The absence of statistically
significant decrease in BrdU tests for all substances and con-
centrations confirmed the expected lack of PBMC cytotoxicity.

3.2. Fexofenadine, osthole and histamine effect on PBMC cytokine
secretion

The influence of the above active substances on cytokine se-
cretion was assessed: cytokines comprised IL-6 and IL-10 inter-
leukins and TNF-α Tumor Necrosis Factor, and cytokine levels se-
creted by untreated PBMC in pure culture medium formed the
controls.

3.2.1. Single substance application
3.2.1.1. IL-6 secretion. (a) PBMC incubation with 150 ng/ml FXF had
the greatest IL-6 increase (Fig. 2A1 and C1), (b) histamine in-
cubation significantly increased IL-6 at each of its 50, 100 and
200 ng/ml concentrations at Po0.001 (Fig. 2 C1) and (c) no ost-
hole concentration made any difference to control PBMC IL-6 se-
cretion (Fig. 2A1 and B1).

3.2.1.2. IL-10 secretion. All substance concentrations initiated a
statistically significant Po0.01 increase in PBMC IL-10 secretion
compared to the control effect (Fig. 2A2–C2).

3.2.1.3. TNF-α secretion. Incubation with all examined substances
caused inhibition of PBMC TNF-α secretion compared to pure
medium controls (Fig. 3A–C). (a) There was no change in TNF-α
secretion in PBMC incubated in different fexofenadine concentra-
tions. (b) 150 and 300 ng/ml osthole incubation exhibited statis-
tical differences to controls (Fig. 3B); with 450 ng/ml having



Fig. 1. Fexofenadine (A), osthole (B) and histamine (C) effect on proliferation of human peripheral blood mononuclear cells (PBMC) measured by BrdU 12, 24, 48 and 72 h
after incubation. The level of PBMC proliferation in pure culture medium forms the control (100%); with BrdU incorporation expressed as a percentage of the control.
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statistically significant decrease compared to the control (Fig. 3B).
(c) No statistically significant differences between 50, 100 and
200 ng/ml histamine incubation and controls were noted (Fig. 3C).

3.2.2. Combined substance application
All combined substance effects are compared to control con-

ditions in cells cultured in pure medium.
Combined 50 ng/ml histamine and 150 ng/ml fexofenadine ef-

fected the greatest PBMC IL-6 secretion increase (Fig. 4A1–C1).
Combined 50 ng/ml histamine and 150 ng/ml osthole affected IL-6
secretion (Fig. 4A1). Combined 100 ng/ml histamine and 300 ng/
ml osthole/fexofenadine and also 200 ng/ml histamine and
450 ng/ml osthole/fexofenadine statistically significantly increased
IL-6 secretion at Po0.01. All combinations increased IL-10 secre-
tion (Fig. 4A2–C2), with no statistically significant differences
noted between substance concentrations (Fig. 4B1, C1).

Combined 50 ng/ml histamine and 150 ng/ml osthole/fex-
ofenadine, 100 ng/ml histamine and 300 ng/ml osthole/fex-
ofenadine and 200 ng/ml histamine and 450 ng/ml osthole/fex-
ofenadine all significantly increased IL-10 secretion at Po0.05
(Fig.4A2–C2). Combined 50 ng/ml histamine and 150 ng/ml
osthole/fexofenadine was the most effective in changing PBMC IL-
6 and IL-10 secretion (Fig. 4A1, A2). All combined concentrations of
osthole, fexofenadine and histamine inhibited PBMC TNF-α se-
cretion compared to control cells cultured in pure medium
(Fig. 5A–C).

Finally, all our results of osthole action convince us that osthole
has great potential in the treatment of allergic diseases.
4. Discussion

The lack of literature information on FXF, osthole and histamine
cytotoxicity and cytokine secretion in human peripheral blood
mononuclear cells (PBMC) prompted our in vitro studies. While
osthole and histamine PBMC cytotoxity and cytokine secretion
have not previously been studied, Kasurka et al. (2011) assert that
FXF cytotoxic effect on PBMC remains unsubstantiated, In addition,
sister chromatid exchange and micronucleus assays by Kasurka
et al. (2011) revealed that FXF was not genotoxic at 50, 100 and
150 μg/ml concentrations. While these authors' mitotic index and
nuclear division index results showed dose-dependent decrease



Fig. 2. The influence of test substances on PBMC IL-6 and IL-10 interleukin secretion; fexofenadine on IL-6 (A1) and IL-10 (A2); osthole on IL-6 (B1) and IL-10 (B2) and
histamine on IL-6 (C1) and IL-10 (C2). Here, PBMC IL-6 and IL-10 secretion in pure medium forms the control, and test substance secretions are expressed as pg/ml7S.E.M.
Different letters indicate statistically significant differences.
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and significant difference for at least one concentration, results
from our PBMC incubation with FXF revealed no statistically sig-
nificant cytotoxicity. These differing results may be due to dis-
similar research methods, or to the different FXF concentrations
used. Here, we used 150, 300 and 450 ng/ml concentrations, and
Kasuraka 50, 100 and 150 ng/ml. In addition to single substance
incubation, we also used various FXF, osthole and histamine
combinations to determine 3-day PBMC IL-6, IL-10 and TNF-α
concentrations.
Literature asserts that IL-6 and TNF-α are typical multi-
functional cytokines involved in regulation of the immune re-
sponse, hematopoiesis and inflammation. While IL-6 was origin-
ally identified as a B-cell differentiation factor, its major functions
include (1) antibody induction and (2) Th2 effector cell increase
following IL-6 secretion by innate immunity cells which play a
further role in adaptive immune response and (3) inhibition of
peripheral tolerance. This latter is effected by dendritic cell release
of IL-6 which then inhibits the suppressive function of CD4þ



Fig. 3. Fexofenadine (A), osthole (B) and histamine (C) effect on PBMC Tumor
Necrosis Factor (TNF-α) secretion. TNF-α secretion in pure medium forms the
control, and test substance secretions are expressed as pg/ml7S.E.M. Different
letters indicate statistically significant differences.
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CD25þ T-regulatory cells (Doganci et al., 2005).
Interleukin IL-10, meanwhile, is defined as an antiflammatory

cytokine which suppresses secretion of pro-inflammatory cyto-
kines. Is produced by different immune cell type including mac-
rophages, neutrophils, B cells, mast cells, dendritic cells (DC) and
several T cell subsets. When these latter are unchecked, they in-
duce allergenic airway inflammation plus non-specific airway
responses. Additionally, IL-10 has been shown to be a feedback
regulator of Th1 and Th2 (Dibra and Li, 2013). IL-10 is a down-
stream cytokine of IL27p28 (IL30) pathway, and the mechanism of
action showed that IL27p28 is an upstream pathway to activate
IL10 expression (Dibra and Li, 2013; Mitra et al., 2014).

Our major objective was to determine if osthol exhibits similar
effects to FXF in blocking histamine action. While 150, 300,
450 ng/ml FXF decreased IL-6 concentration and TNF-α expression
compared to controls, the anti-inflammatory IL-10 concentrations
significantly increased. In contrasting placebo trials of FXF and
nasal allergen challenge, FXF significantly inhibited only IL-6 and
TNF-α levels. (Ciprandi et al., 2004). While there are no previous
reports comparing FXF and osthole interaction with histamine, our
osthole results approximate those of FXF; thus clearly indicating
that osthole is a histamine antagonist.

Neveu et al. (2010) investigated IL-6's possible concurrence
with other pro-inflamatory cytokine interactions in allergic
symptoms and lung function. These authors measured cytokine
levels in induced sputum and lung function in 16 healthy control
and 18 mild-to-moderate allergic subjects. Their results indicated
that levels of pro-inflammatory cytokines such as TNF-α and IL-1β
did not differ in asthmatic and control groups (Neveu et al., 2010).
In our study, we clearly demonstrated that TNF-α concentration
was significantly lower in the combined FXF, osthol and histamine
preparations than in single substance incubation. This situation
held for IL-6 secretion, where its concentration was significantly
statistically higher in FXF, osthol and histamine combination than
in the control group, but significantly lower compared to the
healthy group. Neveu et al. (2010) reported similar results, where
their IL-6 levels were specifically elevated in asthmatic subjects
compared to healthy controls at Po0.01. Hierarchical regression
analysis in that study cohort indicated the relationship between
asthma and lung function could be mediated by IL-6. Further,
Lippert et al. (1995) investigated the influence of decarboethoxy-
loratadine (DEL), the active metabolite in the loratadine hista-
mine1 (H1) blocking agent. There, ELISA determined the same
mechanism employed by FXF in IL-6 release from the human
HMC-1 mast cell line and the KU812 basophilic cell line. When
10�5–10�14 DEL concentrations were pre-incubated with the cells,
DEL dose-dependently suppressed IL-6 release by up to 40%. De-
spite stimulating different cells, FXF and DEL interact similarly, so
our results are comparable.

Herbs provide a wide variety of phytochemicals with diverse
biological functions. Here, coumarins play significant roles in plant
biochemistry and physiology; as antioxidants, enzyme inhibitors
and precursors of toxic substances (Kostova, 2005). While it is well
known that the coumarin, osthole, posseses anti-proliferative,
anticonvulsant and anti-allergic properties and inhibits platelet
aggregation, our study is the first to elucidate its effect in PBMC
cultures. Our BrdU incorporation in cellular DNA highlighted that
osthole not only engendered no cytotoxicity but it also intensified
PBMC proliferation after 48 h. Additional studies have reported
that osthol inhibited cancer cell viability and proliferation (Chou
et al., 2007; Xu et al., 2011) and BrdU assay confirmed similar in-
hibited viability in RK33 and TE671 cancer lines. Our results in-
dicate that osthole and its synthetic derivatives should prove
beneficial in the treatment of allergic diseases. It is a favorable
therapeutic option because it has positive direct effect on healthy
cells, plus indirect benefits and no toxicity. Further research is now
warranted on osthole and its synthetic derivatives' anti-allergic
properties.

Ziemecki et al. (2009) tested osthole oxidation and ostholic acid
effects on lipopolysaccharide-induced IL-6 and TNF-α production
in human PBMC cultures. There, osthole oxidation and ostholic
acid strongly inhibited these cells’ TNF-α production at 10 μg/ml
concentration; but IL-6 production remained unaltered.



Fig. 4. Combined different fexofenadine, osthole and histamine concentration effects on PBMC IL-6 and IL-10 secretion; (1) IL-6 (A1) and IL-10 (A2) after 50 ng/ml histamine
and 150 ng/ml osthole/fexofenadine. (2) IL-6 (B1) and IL-10 (B2) after 100 ng/ml histamine and 300 ng/ml osthole/fexofenadine and (3) IL-6 (C1) and IL-10 (C2) after 200 ng/
ml histamine and 450 ng/ml osthole/fexofenadine. Here, PBMC IL-6 and IL-10 secretion in pure medium forms the control, and test substance secretions are expressed as pg/
ml7S.E.M. Different letters indicate statistically significant differences.
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Herein, osthole's anti-inflammatory activity was determined in
this first reported ELISA measurement of PBMC TNF-α, IL-6 and IL-
10 cytokine levels. Histamine is an important chemical mediator in
allergic inflammation, triggering asthmatic vasodilation and ede-
ma. These histamine-driven asthma symptoms and subsequent
antihistamine asthma intervention substantiate histamine’s in-
flammatory effects (Bachert, 1998; Naclerio, 1999; White, 1999;
Gschwandtner et al., 2012). While our study indicated no in-
creased PBMC proliferation with histamine incubation, there was
statistically significant increased PBMC IL-6 production; thus
confirming Igaz et al.'s (2001) report that PBMC IL-6 production
was influenced by histamine presence. Similar results were pub-
lished by Merétey et al. (1991), , who suggested that histamine
contributes to the progression of allergic-inflammatory responses



Fig. 5. Combined different fexofenadine, osthole and histamine concentration ef-
fects on PBMC TNF-α secretion. (A) 50 ng/ml histamine and 150 ng/ml osthole/
fexofenadine, (B) 100 ng/ml histamine and 300 ng/ml osthole/fexofenadine
and (C) 300 ng/ml histamine and 450 ng/ml osthole/fexofenadine. Here, PBMC
TNF-α secretion in pure medium forms the control, and test substance secretions
are expressed as pg/ml7S.E.M. Different letters indicate statistically significant
differences.
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by enhanced secretion of pro-inflamatory cytokines such as IL-6.
We also noted that PBMC IL-10 production stimulated histamine
increase compared to the controls. This was confirmed by Elenkov
et al. (1998), where increasing histamine concentration increased
dose-dependent IL-10 production by 186% at 10�7 M and 521% at
10�6 M (Elenkov et al., 1998). Further research by Sirois et al.
(2015) reported alveolar macrophage treatment with histamine
significantly increased IL-10 release, with concurrent significant
TNF-α release inhibition when stimulated by lipopolysaccharide
(LPS). While our PBMC results did not substantiate this report,
augmented IL-10 release in our work was accompanied by in-
hibited TNF-α release. Additional histamine effects have been
highlighted in its triggering of endothelial cell IL-6 and INF-γ
production, its suppression of PBMC IL-12, and its induction of IL-6
and IL-10 in macrophages and IL-1β, IL-6 and IL-8 in dendritic cells
(Gelfand et al., 2002).
5. Conclusion

Our discussion compared effects of FXF, osthole and histamine
administration to peripheral blood mononuclear cells with allied
research of these active substances’ effect on various cell types.
Our study results confirm that FXF, osthole and histamine exert no
cytotoxic effects on PBMC. We observed that osthole PBMC sti-
mulation of cytokine IL-6, IL-10 and TNF-α secretion was as effi-
cacious as that of fexofenadine; thus confirming our hypothesis
that osthole is a natural histamine antagonist, and that it can
therefore be beneficially utilized in antihistamine treatment of
conditions such as allergies. Osthole is a favorable therapeutic
option because it lacks toxicity and it bestows both direct and
indirect positive effects on healthy cells.
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