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HIGHLIGHTS
e L. duriusculum n-BuOH extract reduces inflammatory responses both in vitro and in vivo.
e L. duriusculum n-BuOH extract inhibits NF-kB-dependent transcriptional responses.

e L. duriusculum n-BuOH extract decreases the expression of TNF-a and IL-6 genes.

Abstract: Limonium duriusculum is used in folk medicine to treat inflammatory disorders and has gained
attention due to its richness in apigenin. The present investigation was performed to evaluate and confirm its
anti-inflammatory properties, in cell lines and animal models. The potential anti-inflammatory properties of n-
butanol (n-BuOH) extract of L. duriusculum (BEL) and isolated apigenins were examined on NF-kB
transcriptional activity in TNFa- or LPS-stimulated cells, and on in vivo acute inflammatory models
(carrageenan induced paw edema and peritonitis). BEL treatment was able to inhibit the activity of an NF-kB
reporter gene in HCT116 cells both in the absence and in the presence of exogenous TNFa, used as NF-kB
pathway inducer. This anti-inflammatory effect was even more potent compared to Apigenin (APG1) and was
confirmed using monocyte-derived THP-1 cells treated with LPS to stimulate NF-kB-dependent transcription
of IL-6 and TNFa mRNAs. Apigenin7-O-B-(6”-methylglucuronide) (APG2) was instead inactive both in
HCT116 and THP-1 cells. BEL (oral, 200 mg/kg) led to paw swelling inhibition, vascular permeability and

Brazilian Archives of Biology and Technology. Vol.64: €21200179, 2021 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://orcid.org/0000-0001-6225-1014
https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0001-8428-2495
https://orcid.org/0000-0002-3326-1923
https://orcid.org/0000-0003-1652-3415
https://orcid.org/0000-0002-8767-1637
https://orcid.org/0000-0002-5851-8123
https://orcid.org/0000-0003-2298-2466
https://orcid.org/0000-0002-2282-6343
https://orcid.org/0000-0001-9115-6972

2 Hamadou, M.H.; et al.

peritoneal leukocyte and PN migration diminution. Apigenins (intraperitoneal, APG1, APG2: 20 mg/kg) also
evoked a significant anti-edema effect, early vascular permeability and leukocyte influx reduction.
Collectively, this study demonstrates for the first time the effectiveness of L. duriusculum to inhibit NF-«kB-
dependent transcriptional responses in HCT116 and THP-1 cells. In vivo studies also established that L.
duriusculum possesses a potential anti-inflammatory effect, confirm its traditional, empirical use, that could
be attributed to its richness in apigenin.

Keywords: anti-inflammatory activity; Limonium duriusculum; Apigenin derivatives; n-BuOH extract; THP-
1; NF-kB; Immunomodulation.

INTRODUCTION

Herbal remedy is a more efficient and less costly substitute to synthetic compounds which have
restrictions and are ineffective in the cure of chronic diseases [1]. Medicinal plants have long been used to
treat chronic diseases such as cancer, neurodegeneration and diabetes [2]. Limonium duriusculum (Girard)
Kuntze or Limonium duriusculum Fourr. [synonyms: Statice companyonis (Gren. &Billot) O.Bolos, Vigo,
Masalles&Ninot; Limonium thiniense (Erben); Statice duriuscula (Girard); Limonium duriusculum subsp.
companyonis; Limonium duriusculum subsp. Thiniense (Erben) O.Bolds, Vigo, Masalles&Ninot; Limonium
confusum subsp. duriusculum (Girard) P.Fourn. and other names [3-8]] is a plant belonging to the
Plumbaginaceae family and grows along the western area of the Mediterranean. Historically the
aforementioned herb is known to be used in folk and modern medicine by local populations to treat allergies
[9]. As reported previously, it contains numerous kinds of active chemical compounds. Apigenin and
apigenin7-O-B-(6”-methylglucuronide) were accumulated in this herb, to more than 1.6 g and 1.1 g per kg of
air-dried plant material, respectively. Two newly identified flavones named duriusculin A and duriusculin B as
well as six other flavones were also present [9].

In a previous study it was revealed that L. duriusculum exerts anti-oxidant activities [9]. Moreover, it was
found recently that the n-butanolic extract of aerial parts of L. duriusculum had significant anti-proliferative,
growth inhibitory and anti-tumor activities in HCT116 p53 wild type cells [10]. Accordingly, the biological
effects of extracts from this plant havenot yet comprehensively addressed in the literature.

The focus of the current study was given on the examination of the in vitro and in vivo anti-inflammatory
activities of the n-BuOH extract of L. duriusculum and its major constituents apigenin and apigenin7-O-3-(6-
methylglucuronide) on human cell lines and animal models. To the best of the authors’ knowledge, these
properties have not yet been investigated in the literature.

MATERIAL AND METHODS

Dimethyl Sulfoxide (DMSO) was purchased from local pharmacy and produced by Pharco
Pharmaceutical, A-Carrageenan, Diclofenac sodium, and all other chemicals were of analytical grade.

Plant material

Aerial parts of L. duriusculum (de Girard) Kuntze were collected in the flowering stage on May 2010 from
the area of Mila in the North-East Algeria and authenticated by Professor Hocine Laouer (Ferhat Abbas
University, Setif, Algeria) according to Quezel and Santa [5]. A voucher specimen (LDP0510-MIL-ALG-66)
has been deposited in the Herbarium of the VARENBIOMOL research unit, University of Frére Mentouri
Constantinel.

L. duriusculum was authenticated by Pr. A. Kaabeche (Biology Department, University of Setif, Algeria).
A voucher specimen was deposited in the Herbarium of the Department of Natural and Life Sciences,
Mentouri University, Constantine.

Leaves and flowers of L. duriusculum were dried and macerated with EtOH-H>O (80:20 v/v) for 48 hr
three times. After removing the chlorophyll, the remaining aqueous solution was extracted successively with
CHCls, EtOAc, and n-BuOH resulting in chloroform ethylacetate and n-BuOH extracts. The n-BuOH extract
of L. duriusculum was chromatographed on a 230-400 mesh silica gel column eluted with a gradient of
hexane-EtOAc-MeOH to yield fractions from which compounds were isolated and purified by preparative TLC
on silica gel using CH2Cl>-acetone, hexane-EtOAc, and CH2Cl>-MeOH as elution systems. The n-BuOH
extract of L. duriusculum (BEL) and their major constituents apigenin (APG1) and apigenin7-O-p-(6"-
methylglucuronide) (APG2) were investigated in the present study.
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Cell line and cultures

The human colon adenocarcinoma-derivedHCT116 p53+/+ cell line was obtained from B. Vogelstein
(The Johns Hopkins Kimmel Cancer Center, Baltimore, Maryland, USA). Cells were maintained in RPMI
supplemented with 10% fetal bovine serum (FBS), 2 mM L-Glutamine and 1X penicillin/streptomycin mixture
(Pen/Strep) in humidified atmosphere at 37 °C and 5 % CO2. The THP-1 human monocyte cell line was
maintained in RPMI 1640 medium supplemented with 10% inactive fetal bovine serum, 1 % L-glutamine, 1 %
of penicillin/Streptomycin mixture in humidified atmosphere at 37 °C and 5 % CO..

Drugs and reagents

Immunomodulatory study: Luciferase assay

1.8 x 10%/well/500 L HCT116 p53** cells were seeded in 24-well plates, transfected after 24 hr with 350
ng of pGL3-basic-NF-kB-RE, containing a consensus NF-kB binding site, or pGL3-basic-empty plasmids and
co-transfected with 50 ng of pRL-SV40 plasmid as internal control to evaluate transfection efficiency using
Mirus TransIT-LT1 reagent. After 24 hr, the cells were incubated with 1Cssconcentration -determined in a
previous work by [10]- or ¥2 ICso of the compounds given alone or in combination with 10 ng/mL TNF-a for an
additional 16 hr. Luciferase activities from cell lysates were then measured using the Dual-Luciferase
Reporter Assay System and a Tecan Infinite 200 PRO Microplate Reader. The reporter activity was
expressed as relative light units (RLs) of pGL3-basic-NF-kB-RE/ pRL-SV40 ratios and expressed as fold of
induction over the control treatment.

In vitro anti-inflammatory studies: cell viability assay in THP-1 cells

5 x 10° THP-1 cells/mL were seeded in 96-well plate (95 pl aliquots into each well) and incubated with
BEL at concentrations ranging from 6.25 to 100 ug/mL or apigenin (APG1) from 5 to 80 uM. DMSO at 0.1%
or 0.08% was used as a negative control for BEL and APG1, respectively. After 5 or 24 hr of incubation, 10
pl OZ Blue reagent was added to the THP-1 cells and incubated for 3 hr. The fluorescence intensity of viable
cells at 590nm emission was measured using Tecan Infinite 200 PRO Microplate Reader.

In vitro anti-inflammatory studies: LPS treatment of THP-1 cells and quantitative real-time polymerase
chain reaction (QRT-PCR)

2x10® THP-1 cells/well/2mL were seeded in 6-well plates and treated with IC50, ¥ IC50 and ¥4 IC50 of
each compound given alone or in combination with Lipopolysaccharide (LPS), which was used to activate
the canonical NF-kB pathway [11]. Cells were incubated for 5 hr before measuring the pro-inflammatory
cytokines IL-6 and TNF-a by quantitative real-time polymerase chain reaction (QRT-PCR). Total RNA was
extracted from THP-1 cells using RNAspin Mini RNA Isolation Kit (GE Healthcare). cDNA was synthesized
from 1ug of RNA using RevertAid First Strand cDNA Synthesis Kit (ThermoFisher, Milan, Italy). gPCR was
performed on a Bio-Rad CFX384 (Bio-Rad, Milan, Italy), starting with an equivalent of 25ng of cDNA. Relative
mMRNA guantification was obtained using the Cq method; the Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and the b2Microglobulin (B2M) genes were used as reference genes.

In vivo Anti-inflammatory studies

Animals

One-hundred male Wistar albino rats weighing 220 + 10 g, obtained from the Pasteur Institute (Algiers,
Algeria) were used. The animals were housed in polypropylene cages that were sanitized every 48 h. The
rats were maintained on a 12:12-h light:dark cycle, at a temperature of 23 £ 1 °C and a relative humidity of
40 + 5% and allowed to acclimatize in this condition for two weeks prior to experimental use. The animals
received ad libitum standard laboratory diet (standard food, supplied by the “ONAB of Bejaia”, Algeria) and
clean tap water. All protocols in this study were used in accordance with the guidelines of the Committee on
Use of Laboratory Animals and approved under the PRFU project (DO1NO1UN250120190002) by the Ethical
Committee of DGRSDT at the Algerian Ministry of Higher Education and Scientific Research.
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Acute toxicity evaluation of BEL

To determine the extract acute toxicity of the BEL fraction, five rats were treated with a single oral dose
of 2000 mg/kg of BEL. The animals were kept overnight fasting before gavage with BEL. They were observed
individually at least once during the first 30 min after administration, then periodically during 24 hr (with special
attention for the first 4 hr) and daily thereafter for a period of 14 days. General behavioral changes, common
side effects such as mild diarrhea, weight loss were needed to be investigated [12].

Carrageenan-induced paw edema

For animal treatment, BEL and both APG1/APG2 were dissolved in DMSO (final concentration 0.1%)
according to an earlier report [13]. BEL was administrated orally whereas, apigenins were administered
intraperitoneally (i.p) [14]. The animals were divided in six groups each of which contained five rats:

e Group I, normal control group: was treated (0.1 % v/v DMSO i.p; PBS p.0)

e Group Il, standard Diclofenac sodium group: was treated with Diclofenac sodium (10 mg/kg b.w., p.0)
[15].

Group lll, 1V, BEL-groups: were treated orally with BEL (100 and 200 mg/kg) respectively.
Group V and V I, apigenin-groups: were treated with APG1, orAPG2 compounds, respectively, at a
dose of 20 mg/kg b. w., i.p. [16].

Sixty minutes later, paw edema was induced by injecting 0.1 mL of 1% carrageenan into sub plantar
tissue of the left hind paw of the rats. The progression of edema (mL at 1, 2, 3, 4, and 5 hr) was evaluated
measuring the paw by Plethysmograph. The percentage of edema inhibition as calculated for each group
with respect to its vehicle-treated control group and edema was expressed as the increase in paw thickness
(mL) due to the inflammatory challenge. The percentage inhibition of the inflammation was calculated by:

% inhibition = (D, — D, )/ D, x100 (1)

Where Dy is the average inflammation (hind paw edema) of the control group of rats at a given time; D
is the average inflammation of the drug-treated rats (extract /compounds or Diclofenac-sodium reference) at
the same time [17].

Vascular permeability

The in vivo vascular test of permeability was carried out according to a modified method of [18]. Six
groups of five male rats each were fasted for 18 hr before the experiment. Two BEL groups received 100
mg/kg and 200 mg/kg of BEL orally, respectively. Two apigenin groups received (20 mg/mg/kg., i.p.). A
standard reference group received Diclofenac sodium (10 mg/kg b.w., p.0).The control group received 0.1 %
viv DMSQO; i.p; PBS, po.

Each animal was injected intravenously (iv) with 0.2 % solution of Evans blue dye 1 hr after the
administration of the drugs. Fifteen minutes later, the rats were injected intraperitoneally, 1 mL/100 g of body
weight with freshly prepared 0.6 % acetic acid in NaCl 0.9 % solution. After 30 min, theywere sacrificed by
cervical dislocation and the abdominal cavities were washed twice with 3 mL of PBS. The collected peritoneal
fluids were then centrifuged at 4000 rpm for 10 min. The absorbance of the supernatant was measured at
600 nm in order to determine the concentration of the dye in the collected supernatants. A standard
absorbance curve of Evans blue dye concentrations ranging from 1 to 50 ug/mL was determined.

Carrageenan-induced Peritonitis

For the determination of neutrophil migration into the peritoneal cavity, the control rats were injected i.p.
with 2.0 % DMSO. Both Diclofenac sodium (10 mg/kg) and BEL (100 mg/kg/200 mg/kg) were administered
orally 1 hour prior to the induction of peritonitis, whereas both APG1 and APG2 (20 mg/kg) were injected by
i.p. route. After 1 hour, 1 % solution of carrageenan (dissolved in PBS; pH 7.4) was injected i.p. Four hours
later, the animals were sacrificed by cervical dislocation and 2 mL of heparinized PBS was injected into the
peritoneal cavity. Following a gentle massage, peritoneal exudates were removed. Exudates cells were
counted with the automatic cell counter, following staining Turk’s solution (0.2 % crystal violet dye in 30 %
acetic acid) [19]. Results were expressed as the number of cells per milliliter of peritoneal wash exudates.
Aliquots of the peritoneal exudates were stored at -80 °C for subsequent analysis of myeloperoxidase
activity.
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Myeloperoxidase (MPO) activity assay

MPO assay was based on the method of [20] and partly modified. Briefly, 400 pyL of the peritoneal
exudates was centrifuged at 40,000 x g for 7 min at 4 °C. After, 10 pL of the supernatants were collected and
MPO activity was assayed measuring the change in absorbance at 450 nm by means of O-dianisidine
dihydrochloride and 1 % hydrogen peroxide. The results were expressed in units/mL. A unit of MPO activity
was defined as that converting 1 ymol of hydrogen peroxide to water in 1 min at 22 °C.

Statistical analysis

Data were expressed as mean + S.D. For in vitro analysis, the post hoc test was done with Student’s.
*p< 0.05 was considered statistically significant. For in vivo analysis, data were analyzed using a one -way
analysis of the variance test (One-way ANOVA) followed by Honest significant difference test (HSD) of Tukey
used as post hoc test to compare significance between groups at p<0.05and p<0.01, using Openstat 2014
program.

RESULTS

BEL and APG1 inhibit NF-kB-dependent transcriptional responses in HCT116 and THP-1 cells

To determine whether BEL extract and apigenins can act as immunomodulators, their effect on NF-kB
transcriptional activity in TNF-a- or LPS-stimulated cells was examined. HCT116 p53+/+ cells were
transiently transfected with an NF-kB luciferase reporter plasmid, and its activity was found to be significantly
reduced by both BEL extract and APGL1 in a dose-dependent manner both in the absence or in the presence
of exogenous TNF-a that was used as activator of NF-kB (Figure 1).

(A) (B) .
150~ I “or | b | I

e

Fold induction

Fold induction

3
1
e

Figure 1. Inhibitory effects of BEL and apigenin on TNF-a-induced activation of NF-kB.HCT116 p53+/+cells were
transfected either with a NF-kB firefly luciferase reporter or an empty vector and with a control renilla luciferase plasmid
and treated with IC50 or ¥2 IC50 of BEL extract(A) or apigenin(B) alone or in combination with TNF-a (10ng/ml) for
16hours. For each condition, graphs plot the average fold of induction over the empty vector and the standard deviation
of three biological replicates. *p<0.05, **p<0.01, ***p<0.001.

Brazilian Archives of Biology and Technology. Vol.64: €21200179, 2021 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

6 Hamadou, M.H.; et al.

The experiment was extended to the monocyte-derived THP-1 cell line where the activation of
endogenous IL-6 and TNF-a genes after treatment with LPS depends on the activation of NF-«kB [21]. Firstly,
the 1Cso of BEL and APGL1 in THP-1 cells was determined. Cell viability was not affected at the lowest
concentrations tested for BEL and APG1l (5 pg/mL, 5 uM, respectively). However, at the highest
concentrations used (80 pg/mL,80 uM, respectively), the cell viability was remarkably reduced down to ~21
and 47 %, respectively, at 24 hr time point, with an ICso of 95.34 pg/mL and 92.71 pM for BEL and APG1,
respectively (Figure 2A, 2B). APG2 (5 uM to 80 uM) failed to show an inhibitory effect onTHP-1 cell (Figure
20).

(A) IC50 of BEL extract (B) IC50 of Apigenin
150+ IC50: 95.34 ug/mi 150- IC50: 92.71uM
R?%: 0,9938 R% 0,9718
@
E 100+ % 1004
& Q
H 2
8 g
E .
2 2 R
c T T ] l' e T T T ll
0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0
Log (conc) Log (conc)
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1104
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o
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® 0 4
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Log (conc)

Figure 2. Anti-proliferative effect of BEL, APG1 and APG2 on THP-1 cells. THP-1 cells were incubated for 24hourswith
increasing concentrations of BEL (6.25 to 100 pg/mL)(A), or APG1(5 to 80uM)(B), or APG2(5 to 80uM) (C). Cell viability
was determined by OZBlue staining and is expressed as percentage compared to the untreated cells. Results are plotted
as mean + SD (n=2). The IC50 of BEL was 95.34ug/mL; the IC50 of Apigenin was 92.71uM.
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THP-1 cells were then treated with the compounds for 5 hr at 1 x IC50, %2 x IC50, % x IC50 for BEL and
APG1, alone or in combination with LPS (10 pg/mL). The expression of IL-6 and TNF-a mRNAs was
determined by gRT-PCR. BEL extract and APG1 alone modulated only slightly, if at all, the low-level, basal
expression of IL-6. LPS treatment led to high induction of IL-6 expression, as expected. Both BEL and APG1
inhibited dose-dependently and almost completely the LPS-dependent induction of this interleukin gene. The
results differed for the modulation of TNF-a mRNA expression. APG1 did not reduce the LPS-dependent
induction of the mMRNA except for a trend at the higher dose; it might in fact even have an additive effect with
LPS at the lower doses. On the contrary, BEL showed a dose dependent effect: the ¥ IC50 concentration
was inactive both on basal and induced levels of TNF-a, while starting at ¥2 IC50, there was a progressive
reduction down to about 30 % residual activation compared to LPS alone (Figure 3A, 3B). Collectively, the
luciferase and gPCR results suggest an anti-inflammatory and NF-kB-inhibitory effect for both BEL extract
and APGL1.
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Figure 3. Impact of BEL or Apigenin treatment on the expression of pro-inflammatory cytokines. THP-1 cells were
incubated withthreeconcentrations (¥, %, or IC50) of BEL (left panels) or Apigenin (right panels) alone or in combination
with 10pg/mL LPS, as an activator of NF-kB. Cells were collected after 5hrand total RNA was isolated for the
measurement of IL-6 (A) and TNF-a (B) mRNA by quantitative real-time PCR. Gene expression was calculated relative
to GAPDH and B2M reference genes. Mean + SD (n=3) are plotted.
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In vivo Anti-inflammatory studies

Acute toxicity evaluation of BEL

Acute oral administration of BEL was found to be safe up to a dose of 2000 mg/kg, p.o. During the following 14
days, administration of BEL produced no signs of acute toxicity in treated animals, no mortality and no abnormal
behavior were noted. Two doses of 200 mg/kg and 100 mg/kg of BEL were selected for the evaluation of in vivo ant-
inflammatory activities

Carrageenan-induced paw edema in rats

Carrageenan-induced edema has been commonly used as an experimental animal model of acute
inflammation. The anti-inflammatory activity of the BEL (100, 200, mg/kg) was dose-dependent. The
intraplantar injection of carrageenan resulted in a noticeable increase in the mean volume of rats’ paw which
peaked at 3 hr after stimuli (1.23+0.01 mL) (Table 1). BEL-treated group (200 mg/kg) showed a significant
(p<0.01) anti-edema effect (maximum effect of 67.13 % reduction at the 4 hr time point). The lower dose (100
mg/kg) was also effective but to a lower extent (43.59 %). Both isolated apigenins (APG1, APG2) exhibited
a remarkable paw swelling inhibition; APGL1 significantly (p<0.05) inhibited carrageenan provoked rats paw
swelling by 54.45 % (3 hr time point), and was more effective compared to APG2 (42.02 %). The positive
control Diclofenac inhibited (63.42 %) carrageenan-induced edema during the same period of time (Table 1).

Table 1. Effect of BEL, APG1 or APG2 on carrageenan induced- paw edema in rats
Increase in paw edema (mL) at different hours

Treatment

1h 2h 3h 4h 5h
Carrageenan
o) 0.74+0.01 0.85+0.03 1.23+0.01 1.000.06 0.81+0.01
Diclofenac 0.42+0.00%  0.44+0.01% 0.45+0.01% 0.38+0.01*  0.30+0.00%
10 mg/Kg (43.24 %) (48.70 %) (63.42 %) (62.15 %) (63.27 %)
BEL 0.60+0.00%*  0.62+0.01* 0.69+0.01** 0.57+0.04*  0.52+0.04*
100 mg/kg M (1849 %)  T(27.38 %) Mh(43.33 %) M(43.59 %)  (35.97 %)
BEL qr.%sgo.oz 0.48+0.00% 0.48+0.01% 0.33:0.02%*  0.29+0.03*
200 mg/kg (5537 %) M§§ (43.39%)  §§ M (60.56 %) M§§(67.13 %)  §§ (63.51 %)
APG1 0.54+0.01%*  0.56+0.02** 0.56+0.00% 0.51+0.01%*  0.44+0.04*
(20 mg/kg) MR7.02%)  (34.68 %) MYE(54.45 %) M (49.68 %) M (45.915 %)
APG2 0.56+0.00%  0.58+0.02* 0.71+0.01% 0.51+0.01%*  0.46+0.01%*
(20 mg/kg) MYY(247206) MY (3176%) M (42.02 %) M(A49.20 %) MY (42.97 %)

Each value is the mean+SD (n=5);

*: comparison vs control (*: p < 0.05; **: p < 0.01),

t : comparison vs Diclofenac (t : p < 0.05; tt: p< 0.01),

§ : comparison BEL100mg/kg vs BEL200 mg/kg(8: p < 0.05; 88: p < 0.01),
¥ : comparison APG1vs APG2 (¥ : p < 0.05; ¥¥: p< 0.01),

Values given in parentheses are the percentages of inhibition

Vascular permeability

The vascular permeability test is one of the acute inflammatory models. As shown in Table 2, the dye
leakage induced by acetic acid was significantly (p<0.01) inhibited by BEL. The inhibition of the vascular
permeability by BEL was dose-dependent, the lower dose of 100 mg/kg being less efficient (39.20 %) than
the higher one of 200 mg/kg (66.95 %). The early vascular permeability was also significantly inhibited in the
groups receiving intraperitoneal injection of 20 mg/kg apigenins, compared to the control group. The reduction
in vascular permeability due to APG1 was significantly greater (54.44 %) than that caused by APG2
(41.87 %), but lower compared to effect of Diclofenac (72.12 %).
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Table 2. Effect of BEL, APG1 or APG2 on vascular permeability.

Treatment Vascular Permeability —Absorbance
Carrageenan(Control) 2.72+0.34

Diclofenac10 mg/Kg 0.27+0.03**(72.12 %)

BEL100 mg/kg 0.58+0.03** t1(39.20 %)

BEL200 mg/kg 0.32+0.01**t1§§(66.95 %)

APG1 (20 mg/kg) 0.44+0.02** t1(54.44 %)

APG2 (20 mg/kg) 0.56+0.03** T1¥¥(41.87 %)

Each value is the mean+SD (n=5);

* . comparison vs control (*: p < 0.05; **: p < 0.01),

t : comparison vs Diclofenac (1 : p < 0.05; tt: p< 0.01),

§ : comparison BEL100mg/kg vs BEL200 mg/kg (8: p < 0.05; §88: p < 0.01),
¥ : comparison APG1vs APG2 (¥ : p < 0.05; ¥¥: p< 0.01),

Values given in parentheses are the percentages of inhibition

Carrageenan-induced peritonitis

Total Leukocyte and neutrophil migration into the peritoneal cavity in rats

To further evaluate its anti-inflammatory effects, BEL was tested in a carrageenan-induced model of
peritonitis. The basal concentration of both total leucocytes and neutrophils cells in the peritoneal cavity was
2.72+0.34 and 0.32+0.10 x 10° cells/mL, respectively. However, 4 hr after carrageenan administration, this
concentration increased to 14.92+0.75 and 10.64+1.06 x10° cells/mL, respectively (Table 3).

Table 3. Effect of BEL APG1 or APG2 on carrageenan-induced peritonitis

Treatment Total Leucocytes Neutrophils

Vehicle 2.72+0.34**(81.77 %) 0.32+0.10**(97.01 %)
Carrageenan(Control) 14.92+0.75 10.64+1.06

Diclofenac 100 mg/Kg 4.15+0.53**(72.18 %) 2.69+0.36**(74.69 %)

BEL 100 mg/kg 7.69+0.65** 11(48.46 %) 6.34+0.18** t1(40.46 %)
BEL 200 mg/kg 5.36+0.28* 11t§§(64.09 %) 3.25+0.32** +t§§(69.50 %)
APG 1 (20 mg/kg) 6.32+0.61* t1(57.64 %) 5.60+0.36** t1(47.36 %)
APG 2 (20 mg/kg) 7.95+0.52** t¥¥(46.73 %) 6.67+0.32** TM¥¥(37.32 %)

Each value is the meanzSD (n=5);

* 1 comparison vs control (*: p < 0.05; **: p < 0.01),

t : comparison vs Diclofenac (t : p < 0.05; tt: p< 0.01),

§ : comparison BEL100mg/kg vs BEL200 mg/kg (8: p < 0.05; 88: p < 0.01),
¥ : comparison APG1vs APG2 (¥ : p < 0.05; ¥¥: p< 0.01),

Values given in parentheses are the percentages of inhibition
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The higher dose of BEL (200 mg/kg) resulted in a significant (p<0.01) decrease in both leukocyte and
neutrophils influx to peritoneal cavities, (64.09 %, 69.50 %, respectively) (Table 3). The lower dose (100
mg/kg), was also effective, but to a lower extent (48.46 %, 40.46 %). Both APG1 and APG2 treatments led
to reduction in leukocyte and neutrophil influx, but APG1 was more potent (57.64 %, 47.36 %, respectively)
than APG2 (46.73 %, 37.32 %). In this assay, the inhibition produced by Diclofenac was found to be 72.18 %
and 74.69 %, respectively (Table 3).

MPO activity

Carrageenan-induced peritonitis also resulted in a significant (p<0.01) increase (8.94+0.55 U/mL) in the
MPO activity in the tissue of the peritoneal exudates. BEL treatment led to a dose-dependent decrease in
MPO activity (64.05 % and 36.48 % respectively for 200 mg/kg and 100 mg/kg). APG1 (58.37 %) was more
efficient than APG2 (41.92 %). The Diclofenac-sodium was the most effective for this endpoint (66.18 %
decrease) (Table 4).

Table 4. Effect of BEL APG1 or APG2 on MPO level in peritoneal exudates.

Treatment Relative enzymatic activity (units/mL)
Carrageenan (Control) 8.94+0.55

Diclofenac 100 mg/Kg 3.02+0.24**(66.18 %)

BELD 100 mg/kg 5.68+0.37** t(36.48 %)

BELD 200 mg/kg 3.21£0.13** +t §§(64.05 %)

APG 1 (20 mg/kg) 3.72+0.37** $(58.37 %)

APG 2 (20 mg/kg) 5.1910.08** T1¥¥ (41.92 %)

Each value is the mean + SD (n=5);

* . comparison vs control (*: p < 0.05; **: p < 0.01),

t : comparison vs Diclofenac (t : p < 0.05; tt: p< 0.01),

§ : comparison BEL100mg/kg vs BEL200 mg/kg (8: p < 0.05; §8: p < 0.01),
¥ : comparison APG1vs APG2 (¥ : p < 0.05; ¥¥: p< 0.01),

Values given in parentheses are the percentages of inhibition

DISCUSSION

It is well established that excessive inflammation plays a key role in many human diseases, including
cancer [22,23]. Dysregulated inflammation leads to increased NF-kB activity and induces the expression and
secretion of inflammatory mediators and apoptosis [24]. Numerous studies have shown that NF-kB is a key
regulator of inflammatory and immune responses by controlling the expression of a large number of pro-
inflammatory genes, such as TNF-a, IL-6, IL-1[3, IL-8 [25], and plays a critical role in cancer progression [26-
28].

Given the reported anti-inflammatory properties of APG1 [29], and the use of Limonium duriusculum in
traditional medicine as an anti-inflammatory treatment, the present study evaluated the specific impact of n-
BuOH extract of L. duriusculum (BEL) extract, APG1, and APG2 on NF-kB transcriptional activity. The results
obtained in HCT116 cells confirmed that BEL was more effective than APGL1 in inhibiting NF-kB activity in
reporter gene assays.BEL extract was also more effective than APG1 in reducing LPS-dependent mRNA
expression of both the pro-inflammatory cytokines IL-6 and TNF-a in dose dependent manner in THP-1 cells.
APG1 had an impact on TNF-a mRNA levels only at the highest dose used. Therefore, it is likely that BEL
and APG1-mediated suppression of LPS-induced proinflammatory cytokines in THP-1 cells is dependent on
the downregulation of the NF-kB pathway. In human cell cultures, apigenin has exhibited the ability to
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inactivate NF-kB, mediated by suppression of LPS-induced nuclear translocation of the p65 subunit[30],and
also by reducing its phosphorylation [31]. It has been reported that apigenin inhibits inflammatory responses
via inhibition of LPS-induced expression of INOS, COX-2, pro-inflammatory cytokines (IL-1B, IL-2, IL-6, IL-8,
and TNF-a), AP-1 proteins (c-Jun, c-Fos, and JunB), and the production of nitric oxide [32]. The BEL effect
might be explained by the combination of the apigenins compounds contained in BEL with other constituents
that possibly work through complementary pathways. In this respect, the current shift from the “one-disease-
one-drug” to a “combinational strategy” paradigm in drug discovery, opens up opportunities for traditional
plant medicine[29].

Aiming at further exploring the anti-inflammatory properties of BEL, the current in vivo study focused on
paw swelling and leukocyte aggregation at the injury site, as fundamental events in the inflammatory process
resulting from carrageenan treatment [33].Oral treatment with the BEL produced significant inhibition of
carrageenan-induced paw edema that was dose-dependent from the first to the fifth hour and time-dependent
until the first three hours. Moreover, both isolated apigenins had a rapid effect on edema already at the first
hour after carrageenan challenge. Numerous inflammatory mediators might act in cascade to generate
inflammation [34], and the initial phase of the edema (with a peak effect at 3 hr in our treatment) is thought
to be due to the release kinine-like peptides, mainly bradykinin. However, the second phase is owing to
prostaglandins and protease release [35].Since BEL and both its major components (APG1/APG2) were able
to prevent both phases of inflammation by different degrees, these results suggested that the anti-
edematogenic effect of BEL might be related to the inhibition of one or more intracellular signaling pathways
involved in the release of the TNF-a mediators, mentioned above.

Vascular permeability changes and vasodilation participate in pathophysiology of inflammation with
leakage of vascular contents to interstitial tissue [19].To highlight the anti-inflammatory impact of the BEL
and their apigenins isolated compounds, their actions on the amplification phase of inflammation, assaying
vascular permeabilitywere assessed. Cell migration and leucocytes recruitment within the sites of injury and
infection is an important multistep process of inflammation [36]. To evaluate the participation of leukocyte
migration in the anti-inflammatory activity mediated by BEL and their apigenins compounds, the carrageenan-
induced peritonitis model assay was performed. BEL and its isolated apigenins administration also resulted
in a significant decrease in both leukocyte and PN influx to peritoneal cavities. This effect was also more
pronounced in the case of BEL treatment.

These results suggest that apigenin might act through multiple mechanisms to modulate inflammatory
responses. Although, it is well thought that apigenin is safe even at high doses [37], its efficiency depends
largely on the route of administration. Numerous studies reported that the in vivo dose of apigenin have been
typically in the range of body 20-50 mg/kg. El Shoubaky and coauthors [38] reported that the oral pretreatment
with apigenin (50 mg/kg) prevents the rat carrageenan induced acute paw edema. Zhao and coauthors [39]
declared that oral intake of apigenin (40 mg/kg) in mice for 3 months displayed neurovascular protective
effect, whileZzheng and coauthors [40] mentioned that 30 mg/kg of Apigenin-7-glucoside showed
hepatoprotective effect. Zhang and coauthors and Liu coauthors [16,41] indicated that 20 mg/kg of apigenin
exhibited neuroprotective effects in pretreated mice. Similarly, apigenin treatment (20 mg/kg) of rats was able
to reverse renal damage induced by cyclosporine [42]. Shukla and coauthors [43] mentioned that the oral
administration of apigenin (50 pg/mice), decreased the volume and wet weight of tumors in nude mice bearing
human prostate cancer cells, without any undesirable side effects.

Consistent with the previous findings, it was also found that APG1/ APG2 (20 mg/kg, i.p.) significantly,
inhibited the carrageenan-induced paw swelling, vascular permeability and leukocyte influx in mice to
different degrees. Gradolatto and coauthors [14] reported that absorption and elimination phase of apigenin
via oral route is very slow, and that apigenin has general tendency to accumulate in tissue after oral
administration as a large amount of yellow granules.

Since Limonium is an apigenin-rich plant, it is not surprising that besides its antitumor effect [10], anti-
inflammatory effects were proven. The fact that BEL was more pronounced at 200 mg/kg, oral administration
is in agreement with previous reports showing that 200 mg/kg was the effective hepatoprotective dose for
both Limonium tetragonum[44] and Limonium sinense[45].

These results corroborate also with study from the ethanolic extract of Chamomile (Matricaria
chamomilla), which is extremely rich in apigenin, that at 200 mg/kg or 500 mg/kg for 15 days, showed a
significant memory-enhancing activity [46]. The flavonoids potentially display a multitargeting anti-
inflammatory action [47]. Several mechanisms are proposed to explain anti-inflammatory action of flavonoids
such as the inhibition of eicosanoid generating enzymes including phospholipase A2, cyclooxygenases,
lipoxygenases [44]. The inhibition of neutrophil degranulation and the affecting a number of key signaling
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pathways [48]. The present results suggest that BEL suppresses the phases of carrageenan-induced paw
edema, thus, confirming an NSAID-like property. Inhibition of prostaglandin synthesis by direct interference
with the cyclooxygenase enzymes is a common mechanism of non-steroidal anti-inflammatory drugs
(NSAIDs) [49]. The effectiveness of LBE and APGlapigenin at all over hours possibly indicated their
antagonistic effect on prostaglandin, bradykinin, histamine, and serotonin. It seems that LBE might be
containing some anti-inflammatory agent which is responsible for the blockage of prostaglandins and
inflammatory pathway. A number of phytochemical reports in the literature have shown that the potencies of
anti-inflammatory activity depend on the patterns and numbers of hydroxylation(s) on the A/B-ring. The 5,7-
hydroxylation on the A ring and 4'-hydroxylation on the B-ring are favorable [48]. It has been reported that flavones
such as apigenin and luteolin, strongly down-regulate proinflammatory gene expression, and were shown to be
potent inhibitors of the expression of the cytokine-induced adhesion molecules by endothelial cells [50]. Petkov
and coauthors [51] revealed that the inhibition of the release of histamine process occurs with a number of
hydroxylated flavones, aglycones ,whereas much lower inhibition occurs with methoxylated flavones.

The anti-inflammatory responses of BEL and their major apigenin compounds that might enhance their
effectiveness, can be attributed to the structure-property activity and the type of functional groups. The two
apigenin major components differ in the chemical structure: in apigenin7-O-3-(6"-methylglucuronide), the 7-
hydroxy group of apigenin is replaced by a-methylglucuronide group. This structural difference between
APG1 and APG2 might contribute to the differences in the response effect.

The substitutions on the apigenin ring structure have been shown to correlate with an COX inhibitory
activity [37]. Previous studies indicated that 4’ position on the apigenin B-ring induced the cell-cycle arrest
[52].The presence of the C2-C3 double bond with 4-oxo functional group of the C-ring is essential to the
growth-inhibitory potential [53] and the anti-inflammatory effect [52]. It was suggested that the extent and
topology of hydrogen bonds possibly formed by the polyhydroxy flavone is crucial for the interaction target
site [54].

Despite the prominent effect of the major compounds APG1/APG2 present in BEL, the contribution of
other two new flavones (duriusculin A, duriusculin B) could receive increasing attention. The finding obtained
from the current studydeclares, for the first time that cellular markers of anti-inflammatory responses are more
pronounced in response to BEL extract than to equivalent doses of isolated apigenins.

In the present study, the effectiveness of apigenin-rich BEL might be effectively explained by the
presence of high amounts of apigenin and apigenin7-O-B-(6”-methylglucuronide), and also by the
pinoresinollignan as mentioned by our previous phytochemical study [9] that have shown promising beneficial
effects for human health and has been declared as an anti-inflammatory, antioxidant, cytotoxic agent [55],
whose effect could be related to the “furofuran” structure. This different behavior between the isolated
compounds (apigenins) and the plant extract (BEL) represents one of the most critical points of the
investigation related to their biological action in both anti-proliferative and inflammation. Consistent with
previous findings, it was found that APG1 alone significantly inhibited cell proliferation, exhibited in vitro and
in vivo anti-inflammatory effect, while APG2 only showed a weak in vivo anti-inflammatory effect and was
inactive in vitro. The BEL fraction exhibited in vitro and in vivo anti-inflammatory properties more effective
than both their isolated apigenins. Nevertheless, some considerations must be drawn regarding its substitute
form depending on the administration route. These findings were supported by literature data indicating that
glycosylated compounds have generally less efficacy in different model systems in vitro, suggesting that
effects on metabolism offer partial explanation [56]. The glycosylated compounds might first be metabolized
by extracellular enzymes before they can be absorbed by the intestinal tract. The moiety with which apigenin
is conjugated is an important determinant of its absorption and bioavailability [14, 57]. Nicholas and coauthors
[31] reported that apigenin aglycone can enter into cells of the innate immune system, in contrast to
glycosylated forms which are excluded from the cell. Lin and coauthors [58] indicated that flavonoids with
methoxyl groups, such as diosmetin or hesperetin were less rapidly degraded as compared to flavonoids
without methoxyl groups. Therefore, these data reinforces the hypothesis of this study that the weak action
of APG2 might be related to methylglucuronide group. In response to LPS, the present study further suggests
that the decreased anti-inflammatory activity of APG2 can be in large part attributed to a lower
transport/diffusion through the plasma membrane. Mechanisms for cellular influx of flavonoids are not well
understood, and they might vary with the type of flavonoid and membrane transporters found in specific cell
types. These data clearly indicate that flavone aglycone is more efficiently absorbed into serum than their
corresponding glycosides, which is consistent with observations that flavonoids glycosides must first be
deconjugated to aglycones prior to intestinal absorption [59].
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The BEL fraction might have a complex and synergistic behavior when evaluated on inflammation
function due to the presence of different polyphenolic compounds, most of them in conjugated form. Hence,
Limonium duriusculum which is one of the plant richest in apigenin (APG1, 1.6 g per kg; apigenin 7-O-b-D-
(6”-methylglucuronide, APG2, 1.1g per kg ) [9] might be developed industrially for its economic value. The
guantity of apigenin present in the Limonium duriusculum could be used as biomarker in the industrial
standardization and profiling of Limonium duriusculum, likely to M. chamomilla which has been considered a
good source of apigenin [60]. Further investigations are necessary to fully elucidate the molecular
mechanisms of action of BEL in several physiological processes in order to yield important insights into
prophylactic and therapeutic applications.
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