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ABSTRACT

Aim: Plants used in traditional medicine produce diverse active metabolites exhibiting
various medicinal properties. For several centuries Citrillus colocynthis and Punica
granatum have been used to treat inflammation, cancer, edema, bacterial infections and
diabetes. The objectives of this work were to study the effect of C. colocynthis and P.
granatum peel aqueous extracts, on activity of metalloproteinases, enzymes implicated
in chronic inflammatory diseases such Chronic Obstructive Pulmonary Disease (COPD)
and emphysema. Materials and Methods: Lung inflammation was induced in the mice
(Strain BALB/c) by intra-tracheal instillation of lipopolysaccharide (5 wg/mouse) and
P. granatum peel extract (PGE) or C. colocynthis peel extract (CCPAE) (200 mg/Kg
body weight) was injected intraperitoneally prior to LPS administration. Bronchoalveolar
lavage and lung tissue were collected to assess inflammatory cells count and total
protein content. Metalloproteinases activity and expression was detected by RT-PCT
and zymography techniques, respectively. Results: Results showed that PGE and CCPE
decreased markedly neutrophils count and proteins leakage into Bronchoalveolar Lavage
Fluid (BALF). Gelatin zymography assay showed that PGE inhibited MMP-2 and MMP-9
activity in BALF and in lung homogenates. However, CCPE inhibited MMP-2 and MMP-
9 in lung homogenates but only MMP-2 in BALF. Furthermore, both PGE and CCPAE
inhibit MMP-2 and -9, expression in the lung. Conclusion: Our results showed that PGE
and CCPAE exhibit anti-inflammatory and, antimetalloproteinases especially MMP-2 and
-9, activities. According to these findings, these natural products could be used as a
potential source of new compounds with anti-inflammatory and anti-metalloproteinases
activity.
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INTRODUCTION

Punica granatum, a member of the Punica- orders such as colits, headache, aphthae,

ceae family, is a small tree originating from  diarrhea, dysentery and ulcers.” Pomegran-

Asia. India, Iran and China are the most ate extracts have been shown to have anti-

productive countties of these fruits." The
pomegranate tree is widely cultivated in
the Mediterranean countries such as Tuni-
sia, Morocco, Spain, Italy and Greece.” The
ripe pomegranate fruit is composed of juicy
seeds, surrounded by a leathery yellow peel.
In Tunisian’® and Indian* folk medicine,

dried pomegranate peel is used to treat dis-

oxidant activity.’ In the West Indies, this
peel was employed against irregular fevers.
The peel of the trunk, twigs and roots are
characterized by their deworming proper-
ties. It has recently been shown that the
aqueous extract of the pomegranate peel
attenuates the inflammation induced by
Lipopolysaccharide (LPS) in mice and it is
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explained by the inhibition of the recruitment of the
inflammatory cells as well as the inhibition of the activ-
ity of the myeloperoxidase.”

Citrullus colocynthis (1..) Schrad. (Cucurbitaceae), com-
monly known as “bitter apple” is a plant that grows
abundantly in Tunisia and widely in other parts of the
world. In the Tunisian traditional medicine, this plant
has been used to treat various diseases including, hyper-
tension and rheumatism,’ while in other countries it is
used to treat constipation, oedema bacterial infections,
cancer and diabetes and it is used as an abortifacient.%’
The ethnobotanical uses of this plant include its use as
cathartic, purgative and vermifuge and for the treatment
of fever, cancer, amenorrhea, jaundice, leukemia, rheu-
matism and tumout.?

Many secondary metabolites from C. colocynthis, includ-
ing cucurbitacins, flavonoids, caffeic acid derivatives and
terpenoids, have been previously reported'*'? and could
explain the biological activity of this plant.

Several inflammatory disorders including Chronic
Obstructive Pulmonary Disease (COPD), emphesyma,
rheumatoid arthritis, atherosclerosis and cancer are
considered as major health care problem. The patho-
physiology of these diseases is due to inflammatory/
anti-inflammatory, oxidant/antioxidant and proteinase/
antiproteinse imbalance. Neutrophils play a key role in
host defenses against invading micro-organisms,” but
excessive activation of these cells is involved in tissue
damage associated with inflammatory disorders.'*"
response to a variety of agents, Polymorphonuclear
neutrophils migrate to inflammatory sites, where they
release proteases, bactericidal peptides and large quan-
tities of ROS in a process known as the respiratory
burst."* Oxygen reduction by neutrophil NADPH oxi-
dase, a multicomponent enzyme system, yields supet-
oxide anion (O*)'® while myeloperoxidase (MPO)
produces hypochlotic acid from hydrogen peroxide."’

In

Matrix Metalloproteinases (MMPs) are the main pro-
teases involved in tissue damage especially MMP-2
and MMP-9 play an important role in these disorders
notably in airway obstruction including COPD and
emphesyma.'® These diseases exhibited glucocorticoid
resistance still today; no specific medicine to control
such disorders is available. Thus, searching for new ther-
apies and specific targets notably inhibiting these metal-
loproteinases are the main goal of scientific research."”
P. granatum and C. colocynthis are used in traditional Tuni-
sian medicine to tread some inflammatory diseases such
pulmonary and articular inflammation. In these pathol-
ogies, parameters like protein concentration, cellular-
ity, neutrophil infiltration and metalloproteinases are
increased in the site of inflammation. To protect and

to treat these diseases, as a target, is the inhibition of
inflammation as well as metalloproteinases, especially
MMP- 2 and -9 which are known to be involved in pul-
monary diseases such as COPD and Emphysema. To
investigate the effect of our products one animal model
of inflammation was used. Animals were pre-treated
with either P. grnatum or C. colocythis aqueous extract and
compared to the positive control (Animal treated with
5ug of LPS and to the negative control animal treated
with saline). The aim of this work was to examine the
effect of aqueous peel extract of Citrullus colocynthis
and Punica granatum on MMPs activity and expression
in BALF and lung homogenates on LPS-induced lung

inflammation in mice.

MATERIALS AND METHODS

Preparation of CCPAE and PGE

In this study, three batch of Tunisian C. colocynthis (Col-
lected from the island of Jerba in South of Tunisia)
and P. granatum peel (Hammouri variety), were dried
at 37°C, blended and suspended in sterile 0.9% NaCl,
then centrifuged at 2000 rpm for 3 min. From each
batch, the supernatants of different preparations of
CCPAE or PGE were used for the experiments. The
results obtained with different preparations from differ-
ent batches are reproducible and the same dose effect
responses were found.

Animals

BALB/c mice aged 7 weeks and weighing 22-26 ¢ were
purchased from the animal facility of Faculty of sci-
ences of Gabes. Animals were housed in standard wire-
topped cages and the temperature-controlled units.
Food and water were supplied ad /ibitum. The experi-
ments were approved by our Institutional Committee
on Animal Care and use and the experimental protocol
complied with Tunisian legal requirements for animal’s
studies.

Experimental Design

Lipopolysaccharide (LPS) of Escherichia coli O55: B6
(Sigma) was used to induce lung inflammation. To inves-
tigate the effect of each of CCPAE and PGE, animals
were divided randomly into four groups with 8-10 mice
in each group.

Group 1: Control mice received saline (NaCl 0.9%).
Group 2: CCPAE or PGE mice received 200 mg/kg
of C. colocynthis ot P. granatum extract by intraperitoneal
route (i.p) and saline by intratracheal route (IT).

Group 3: LPS mice received saline by IP route and LPS
(5 pg/mouse) by IT route.
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Group 4: CCPAE + LPS or PGE + LPS mice received
200 mg/kg of C. colocynthis ot P. granatum extract by IP
route and LPS (5 ng/mouse) by IT route.

The mice received an intraperitoneal injection of 200
mg/kg CCPAE or PGE on day 0 (D0), followed by 200
mg/kg on day 1 (D1). 3 h after the second injection,
animals received a cocktail of anesthetics (75 mg/kg
ketamine (Vitbac Santé Animale) plus 1 mg/kg medeto-
midine (Pfizer)), before intratracheal LPS instillation (5
ng/mouse). The mice were aroused by an intraperito-
neal injection of 1 mg/kg atipamezol (Pfizer), a medeto-
midine antagonist and were killed 24 h later.

Biochemical Assays

Bronchoalveolar Lavage (BAL) and Lung Sampling

The mice were anesthetized by an intraperitoneal injec-
tion of 50 mg of penthotal (Sigma) and killed by exsan-
guination. The lungs were lavaged twice with 1 ml of
physiological saline, removed from the chest cavity and
immediately placed at -80°C until use. The lavage fluid
(2 mL) was immediately placed on ice. Free alveolar cells
were recovered from the lavage fluid by centrifugation
at 400 g for 15 min at 4°C. The cell pellet was suspended
in 150 puL. of physiological saline and an aliquot was used
to determine the total white cell count with a hemocy-
tometer. For differential counts, the cell suspension was
cytospun (Cytospin-2, Shandon Products Ltd.), fixed in
methanol and stained with Diff Quick solution (Medion
Diagnostics, Plaisir, France). Three hundred cells were
counted with an oil immersion lens (1000).

The total protein concentration in the supernatant was
measured with the Quick-Start Bradford assay (Bio-
Rad, Marnes-la-Coquette, France).

Zymography

2 mL of grinding reagent were added to a lung sample
(100 mg) which is centrifuged at 3000 rpm at 4°C. the
supernatant is recovered and stored at -20°C for assays
of protein and to test the activity of metalloproteinases.
Samples of total proteins lung grinded were separated
under non-reducing conditions on 12% polyacrylamide
gels containing 1 mg/mlL gelatin or casein, as desctibed
previously. Gels were loaded with 4-10ug of total pro-
teins sample and run under Laemmli standard condi-
tions. After electrophoresis, gels were washed twice in
100 mL of 2.5% Triton X-100 (30 min each) under
constant mechanical agitation and incubated in activa-
tion buffer (50 mM Tris-HCI pH 7.5, 5 mM CaCl,, 1
ul. ZnCl,, 0.1 mM NaN,) at 37°C for 72 h. Gels were
stained with Coomassie blue. Visualization of MMP-2 -
and -9 activities was obtained by incubation of the gels

in acetic acid 45% and methanol 10%, H,O and were
quantified with Image | software.

Semi-quantitative RT-PCR

RNA Extraction and Real Time PCR (RT-qPCR)

RT-qPCR in lung homogenates was performed to
examine the mRNA expression of proteases genes.
Total RNA was extracted from lung tissues using
TRIzol (PureZOL RNA Isolation Reagent). For each
sample, total RNA content was determined by measur-
ing the absorbance by NanoDrop (Spectrophotomeer,
INanoDrop ND-1000) at 260 nm and the purity was
determined using A260/A280 ratio. The concentrations
of extracted mRNA in lung samples were determined
using RT-qPCR assay (iTaq TM Universal SYBR Green
One-Step Kit, Bio-RAD), On one step a total of lug
mRNA sample from each group was reversely tran-
scripted into cDNA and amplified for 35 cycles on a
Light Cycler 1.5% thermocycler using the SYBR GREEN
PCR mix. Genes analyzed were MMP-1 and MMP-
2. The following sets of primers were used: MMP-2
sense 5-CACACCAGGTGAAGGATGTG-3 antisense
5-AGGGCTGCATTGCAAATATC-3, MMP-9 sense
5-TTCTCTGGACGTCAAATGTGG-3 antisense
5-CAAAGAAGGAGCCCTAGTTCAAGG-3.
expression was normalized to that of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as a housekeep-
ing gene.

Gene

Statistical Analysis

Data were reported as mean * standard error. The
Newman-Keuls multiple comparisons test was used and
P values <0.05 were considered to denote significant
differences.

RESULTS

Effect of CCPAE and PGE on BALF Protein
Content and Cellularity in LPS Treated Mice

Intra-tracheal administration of 5 pg of LPS to mice
induced a significant increase in BALF protein content
after 24h, compared with animals treated with either the
vehicle, CCPAE or PGE alone (Data not shown). The
BALF protein content after intra-tracheal LPS challenge
was significantly lower when animals were pretreated
with 200 mg/kg of either of CCPAE or PGE (Data
not shown). Intra-tracheal LPS administration also
induced a significant increase in both the BALF total
cell count (p<<0.05 vs. vehicle, CCPAE or PGE) and the
BALF neutrophil count after 24 h (p<0.05 vs. vehicle,
CCPAE or PGE alone). Neither the vehicle, CCPAE
nor PGE at 200 mg/kg modified the BALF cell count.
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However, intra-peritoneal CCPAE or PGE injection at
200 mg/kg significantly reduced the BALF total cell
count after intra-tracheal administration of LPS (p<0.05
vs. LPS alone). Simultaneous administration of LPS
and CCPAE or PGE significantly reduced neutrophils
recruitment compared to LPS alone (p<0.05 vs. LPS)
(Data not shown).

CCPAE and PGE inhibit MMP-2 activity in BALF

To investigate the effect of PGE and CCPAE on matrix
metalloproteases (MMP-2) activity in BALF, the tech-
nique of zymography was used. Results showed that the
activity of this enzyme increased following LPS intra-
tracheal instillation compared to animals treated either
with saline, PGE or CCPAE alone (Figure 1 A and B).
However, this increase was suppressed when mice were
pre-treated with 200 mg/kg of either PGE or CCPAE.
A decrease of MMP-2 activities, 25% and 20%, respec-
tively, were observed (Figure 1A and B). However,
neither the saline or PGE or CCPAE at 200 mg/kg
modified the MMPs activity in BALE. These results
suggest that PGE and CCPAE at a dose of 200 mg/kg
both inhibit the BALF activity of MMP-2.

CCPAE and PGE inhibit MMP-9 activity in BALF

To investigate the effect of PGE and CCPAE on matrix
metalloproteinases (MMP-9) activity in BALF, the tech-
nique of zymography was used. Results showed that the
activity of this enzyme increased following LPS intra-
tracheal instillation compared to animals treated either
with saline, PGE or CCPAE alone (Figure 2 A and B).
However, this increase was suppressed when mice were
pre-treated with 200 mg/kg of either PGE. A decrease
of MMP-9activity, 20%, was observed (p<0,001) (Fig-
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Figure 1: Effect of Citrullus colocynthis or Punica granatum
Peel on the BALF activity of MMP-2 in LPS-treated mice. Ac-
tivity was measured in BALF 24 h after intratracheal instilla-
tion of Lipopolysaccharide (LPS 5 pg/mouse) or in controls.
LPS induced a massive increase in the MMP2 activity content,
which was significantly attenuated by CCPAE (200 mg/kg)
(n=8, mean = SEM, /P < 0.05).
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ure 2 A). However, no effect on the activity of MMP-9
was observed in animal pre-treated with 200 mg/kg
of CCPAE and challenged with LPS (Figure 2 B). The
activity of MMP-9 in animals treated with PGE or
CCPAE at 200 mg/kg alone are comparable to the con-
trol mice treated with saline (Figure 2 A and B). These
results suggest that PGE at a dose of 200 mg/kg inhibit
the BALF activity of MMP-9. However, at this dose
CCPAE had no effect on the activity of MMP-9

CCPAE inhibit MMP-2 and MMP-9 activity in Lung
Tissues

To investigate the effect of CCPAE on matrix metallo-
proteinases (MMP-2, MMP-9) activity, in lung homog-
enates, the technique of zymography was used. Results
(Figure 3 A and B) showed that the activity of these
enzymes increased following LPS intra-tracheal instilla-
tion compared to animals treated either with saline or
CCPAE alone. However, this increase was suppressed
when mice were pre-treated with 200 mg/kg of CCPAE.
A decrease of both, MMP-2 (Figure 3 A) and MMP-9
(Figure 3 B) activities, 15% and 28%, respectively, were
observed. However, neither the saline or CCPAE at 200
mg/kg modified the MMPs activity in lung homogenate.

CCPAE inhibits MMP-2 and MMP-9 Gene Expression

To investigate the effect of CCPAE on matrix metallo-
proteinases (MMP-2, MMP-9) gene expression, in lung
tissues, the technique of RT-PCR was used. Results
(Figure 4A and B) showed that the expression of MMP-
2, MMP-9 genes increased following LPS intra-tracheal
instillation compared to animals treated either with
saline or CCPAE alone. However, this increase was sup-
pressed when mice were pre-treated with 200 mg/kg of
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Figure 2: Effect of Citrullus colocynthis or Punica granatum
peel on the BALF activity of MMP-9 in LPS-treated mice. Ac-
tivity was measured in BALF 24 h after intratracheal instilla-
tion of Lipopolysaccharide (LPS 5 pg/mouse) or in controls.
LPS induced a massive increase in the MMP9 activity content;
CCPAE has no effect on the activity of MMP-9 in the BALF.
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Figure 3: Effect of Citrullus colocynthis peel on the lung ho-
mogenates activity of MMP-2, and MMP-9 in LPS-treated mice.
Activity was measured in lung homogenates 24 h after intratra-
cheal instillation of lipopolysaccharide (LPS 5 pg/mouse) or in
controls. LPS induced a massive increase in the MMP-2, MMP-
9 and MMP-1 activity content. CCPAE (200 mg/kg) significantly
attenuated the increase of MMP-2 and MMP-9 activity (n = 8,
mean + SEM, /P< 0.05)

CCPAE. A decrease of both MMP-2 (P<(0.01) (Figure 4
A) and MMP-9 (P<0.001) (Figure 4 B) genes expression
were observed. However, neither the saline or CCPAE
at 200 mg/kg modified the MMPs expression in lung
homogenate.

DISCUSSION

In this study, we show that each of CCPAE and PGE
attenuated LPS-induced lung inflammation in mice and
reduces the activity of MMP-2 and -9. BALF from mice
exposed to LPS contained a large amount of protein,
reflecting high-permeability pulmonary edema. The
BALF protein concentration was significantly reduced
by CCPAE and PGE treatment, suggesting that each
of CCPAE and PGE reduce lung vascular permeabil-
ity and edema and might therefore protect the integrity
of the alveolar capillary membrane. The reduction in
neutrophils infiltration could explain these beneficial
effects, as neutrophils are considered as primary cellular
effector of alveolar capillary damage in some inflamma-
tory diseases such COPD and asthma. !

Many scientific approaches were used to induce lung
inflammation in animal models. The model of Psexdono-
nas aernginosa inflammation has been established™ since
1997. Intraperitoneal injection of 100 pg Pseudomonas
aeruginosa LPS to C57BL6 mice induces over-recruit-
ment of neutrophils in BALE, parenchyma and alveo-
lar spaces, increases levels of inflammatory cytokine
expression in BALF (IL-13, IL-6 and TNF-«) and also
increases oxidative stress and alveolar damage. Other
authors showed that a high dose of LPS induces the
release of 1L-13 and TNF with the recruitment of neu-
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Figure 4: Effect of Citrullus colocynthis peel on MMP-2 and
MMP -9 expressions in the lungs of LPS-treated mice. Expres-
sion was measured in lung homogenates 24 h after intratra-
cheal instillation of lipopolysaccharide (LPS 5 pg/mouse) or in
controls. LPS induced a massive increase in the MMP expres-
sion content, which was significantly attenuated by CCPAE
(200 mg/kg) (n = 8, mean = SEM, /P < 0.05).

trophils into the alveoli which aggravates lung damage
by increasing pulmonary permeability, edema formation
and cell death.” Stimulation of human respiratory tract
epithelial cells by LPS induces an inflammatory reaction
via TGF release, overexpression of MUC5AC genes,
EGFR receptor phosphorylation and overactivation of
metalloproteases.™

Persistent asthma, Chronic Obstructive Pulmonary Dis-
ease (COPD) and emphysema are chronic inflammatory
lung diseases.”** These affections involve different types
of inflammatory cells and soluble mediators.”” COPD is
characterized by alveolar neutrophils recrutement, the
destruction of the alveolar epithelium and flooding of
the alveolar spaces with protein aceous exudates.”” In
this study, BALF from mice exposed to LPS showed
an increase in protein amount, reflecting high-perme-
ability pulmonary edema. However, the BALF protein
concentration was significantly reduced by PGE or
CCPAE treatment at a dose of 200 pg/mlL suggesting
that these products reduce lung vascular permeability
and edema and might therefore protect the integrity of
the alveolar capillary membrane. The reduction in neu-
trophil infiltration could explain these beneficial effects,
as neutrophils are considered a primary cellular effector
of alveolar capillary damage in COPD and asthma.**?'
The anti-inflammatory, anti-oxidant and anti-oncologi-
cal characteristics of pomegranate and colocynth were
already investigated by other studies, it was shown that
pomegranate and colocynth reduce overexpression of
inflammatory mediators and overcome cellular degra-
dation.®”** Pomegranate fruit is characterized by high
level of polyphenols involved in antioxidant activity
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and anti-inflammatory properties. Anti-inflammatory
and anti-oxidant activities of Punicalagin (PUN), an
ellagitannin isolated from pomegranate, induce an up-
regulation of HO-1 in murine macrophages.” Punica
granatum juice, at 5 and 8ml/kg, abrogate the effect
of trinitrobenzene sulfonic acid in provoked colitis in
rats.”? Polyphenol of pomegranate fruit is known with
its potent anti-oncological activity in lung, breast and
cervical cells. It has anti-proliferative activity against
prostate cancer cells by inducing apoptosis and inhib-
iting angiogenesis.”
seed oil, inhibited cell growth, increased cell adhesion,
decreased cell migration in breast cancer cells and inhib-
ited cancerous lesion in murine mammary gland organ
culture.” It was shown that colocynth is a main source
of flavonoids; alkaloids; glycosides; saponins; phytos-
terols; steroids; proteins and triterpenoids. These com-
pounds have potent antioxidant activity. The methanolic
extract of colocynth fruit shows an ability to scavenge
free radicals.™

Moreover, pomegranate juices, its

The beneficial effects of pomegranate and colocynth
are attributed to phenolic compounds, including punica-
lagin isomers, ellagic acid derivatives and anthocyanins
(Delphinidin, cyanidin and pelargonidin 3-glucoside-
sand 3,5-diglucosides). These compounds scavenge
free radicals and inhibit lipid oxidation iz vitro.> The
protective effect of PGE was attributed to its ability
to inhibit Myelloperoxidase,” however CCPAE inhib-
ited NADPH oxidase activity 7z vitro, an effect possibly
explaining the antiinflammatory action observed with
these two compounds 7 vive since MPO and NADPH
oxidase stimulates murine macrophages to produce
reactive oxygen species.””” Secreted ROS enhance the
secretion of TNF-a, IL-8 and other proinflammatory
cytokines.” In particular, alveolar macrophage-derived
TNF-a and IL-8 recruit PMN to sites of inflamma-
tion.*” MPO and NADPH oxidase inhibition by PGE
and CCPAE respectively, could attenuate these inflam-
matory reactions.

The activity and the expression of various MMPs have
been reported in many pathological conditions, nota-
bly COPD, emphysema, allergic lung inflammation and
arthritis, moreover these enzymes are also involved in
cancer. Metalloproteinases regulate recruitment, influx
and transmigration of inflammatory cells from vascula-
ture to the site of inflammation in tissue. They are also
implicated in the availability and activity of inflamma-
tory mediators, such as cytokines and chemokines and
they are involved in creating chemokine gradients in tis-
sue to recruit inflammatory cells to the site of injury or
inflammation and can also regulate survival of inflam-
matory cells.*!
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Implication of MMP-2 in the recruitment of inflam-
matory cells was clearly demonstrated, using allergic
lung inflammation model. Corry e7 al. reported a reduc-
tion in the influx of inflammatory cells to the alveolar
space in MMP-9-null mice. In the same model the role
of MMP-2 in leukocyte migration to the inflammation
site was also demonstrated.*** Besides it was shown
that MMP-9 exhibited more potent effect on inflamma-
tion than MMP-2 since various chemokines are affected
by lack of MMP-9 resulting in disturbed influx of both
neutrophils and eosinophils.” Hence, MMP-9 plays
an important role in reepithelization in tissue repair in
the lung. Activated neutrophils released MMP-9 which
cleaves and inactivates the serine protease inhibitor a1-
antitrypsin known with its potent inhibition of neu-
trophil elastase. Thus, MMP-9 can this way indirectly
promote the activity of neutrophil elastase also impli-
cated in lung injury.

In this study, we have demonstrated that LPS increased
lung and BALF MMP-2 and MMP-9 activities and
expressions. In fact, intraperitoneal injection of 200
mg/kg of PEG reduced BALF MMP-2 and MMP-9
activities. Intraperitoneal injection of CCPAE at 200
mg/kg reduced only BALF MMP-2 activity and no
effect on MMP-9 activity was observed. However, these
extracts reduced MMP-2 and MMP-9 activities and
expression in lung homogenates. These finding sug-
gest that, intraperitoneal injection of PEG or CCPAE
at 200 mg/kg significantly reduced metalloproteinases
activities and expression involved in tissues destruction
which provide a hopeful therapeutic protocol against
BPCO and emphysema. Further studies are needed to
identify the precise compounds responsible for MMP-2
and -9 activities inhibition observed in this work. It is
also interesting to test the effect of different mix of
PGE and CCPAE using a model of animal pulmonary
inflammation.

CONCLUSION

In conclusion, Punica granatum and Citrillus colocynthis peel
aqueous extracts attenuated inflammation induced by
intratracheal endotoxin instillation in mice, leading to a
decrease in the BALF protein concentration, total cellu-
larity and neutrophils content but it also inhibits MMP-2
and -9, two metalloproteinases involved in many inflam-
matory and destructive tissues diseases.
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PICTORIAL ABSTRACT SUMMARY

Local Tunisian Plants

*  Punica granatum and Citrillus colocynthis are medic-
inal plant employed in Tunisian traditional medicine
in treatment of inflammatory diseases. The present

Citilus coloeynthis study investigates the anti-inflammatory and anti-

Matrix metalloproteinases of peel aqueous extract
of these plants. Lung inflammation was induced in
mice by intra-tracheal instillation of lipopolysaccha-

\ ! b
ride and P. granatum or C. colocynthis peel extract

\ , (200 mg/Kg bw) was injected prior to LPS admin-

Antiinflammatory l Inhibit MMP-2, -9 istration. Inflammatory parameters and metallopro-
activity ivi o 5 0 . .

Inhibit MVP-2, 8 activity teinases activity and expression were studied. Results

Expression showed that PGE and CCPAE exhibit antiinflam-

l matory and antimetalloproteinses MMP-2 and -9,

activity. These natural products could be used as
a potential source of new compounds with anti-
inflammatory and antimetallaproteinses activity and
could be an alternative to treat chronic inflammatory
diseases.

Good candidate for inflammatory diseases

ABOUT AUTHORS

Dr. Rafik Bachoual has completed his Ph.D from Faculty of Pharmacy of Chatenay Malabry,
Paris XI University, France. He worked on the Contribution of different genetic mechanisms in
fluoroquinolones resistance in Escherichia coli, Canpylobacter coli, campylobacter jejuni and Bacteroides
fragilis. He was a Postdoctoral fellow at Washington University School of Medicine of Saint Louis
at USA. After, he joined Laboratory of Physiopathology and Epidemiology of respiratory failure,
INSERM U700, Faculty of Medicine Xavier Bichat. He investigated the Role of cigarette smoke-
diesel particles interaction in the physiology of bronchial and alveolar remodeling in Chronic
Obstruction Pulmonary disease (COPD). Dr. Bachoual is now working as Professor of Microbiol-
ogy and immunology at the Department of Sciences of life at the Faculty of Sciences of Gabes
Tunisia. His main fields of research are antimicrobial and anti-inflammatory agents; their mecha-
nism of action and resistance. He is working also on natural products and drug discovery.

Cite this article: Zioud F, Marzaioli V, EI-Benna J, Bachoual R. Punica granatum and Citrillus colocynthis Aqueous
Extracts Protect Mice from LPS-induced Lung Inflammation and Inhibit Metalloproteinases-2 and -9. Indian J of
Pharmaceutical Education and Research. 2019;53(3):503-10.

510 Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 3 | Jul-Sep, 2019



