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ABSTRACT
Three phloroglucinol based polyphenolic compounds have been synthesized and their potential efficacy
against gastric ulceration in mice was investigated. Polyphenol (I, II, III) were synthesized through
Vilsmeier-Haack formylation, Schiff-base condensation of diformyl- phloroglucinol with 4-amino salicylic
acid and Duff formylation reactions respectively. We administered indomethacin, a non-steroidal anti
inflammatory drug (NSAID), to induce gastric ulceration in Balb/c mice and tested antiulcer efficacy of
synthesized phloroglucinol derivatives. The pathogenesis of NSAID-induced ulceration is known to be
associated to upregulation of matrix metalloproteinase (MMP)-9. All derivatives of phloroglucinol were
found to prevent gastric ulceration in mice through depletion of oxidative stress in gastric tissue.
Phloroglucinol derivatives also possessed antioxidant activity and they suppressed antioxidant enzymes in
gastric tissues to almost normalcy during gastroprotection. Compound III was found to be most efficient
anti-ulcer agent among others that inhibited the MMP-9 activity near to control value during prevention of
NSAID-induced gastric ulceration. Thus, new polyphenolic compounds derived from phloroglucinol have
antioxidant as well as anti-ulcer activity. We conclude that phloroglucinol derivatives as potent antiulcer
compound in prevention of indomethacin induced gastric ulceration via attenuation of MMP-9 activity.
Key words: Antioxidant; gastric ulcer; inflammation; matrix metalloproteinase, phloroglucinol.

[I] INTRODUCTION
Gastric ulcer develops because of loss of
balance between aggressive and protective
factors. Several endogenous aggressive
factors including hydrochloric acid, pepsin,
refluxed bile, leukotrienes and reactive
oxygen species (ROS), and several
exogenous factors including nonsteroidal
anti-inflammatory drugs (NSAIDs), stress,
alcohol and Helicobacter pylori infection are
major causative agents for gastric mucosal
damage and ulceration [1]. Indomethacin, a
well-known NSAID, induces erosions and
lesions in gastroduodenal tract through
multifaceted processes, such as inhibition of

cyclooxygenase
(COX)-mediated
prostaglandin synthesis, over expression of
interleukin-1 (IL-1), polymorphonuclear
leukocyte infiltration of generation of ROS
and induction of apoptosis [2]. ROSmediated increase in lipid peroxidation,
protein oxidation, and glutathione depletion
also
underlie
the
pathogenesis
of
indomethacin-induced gastropathy [3].
Inflammatory
reactions
induced
by
indomethacin are a significant source of
ROS, e.g., H2O2 and the superoxide radical
(O2.-), play a causative role in cancer, gastric
injury, atherosclerosis, neurodegeneration,
and arthritis. A significant source of ROS is
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the partial reduction of molecular oxygen by
the autoxidation of flavoproteins, which
subsequently generates O2.- and H2O2 [4]. A
major pathway for metabolism of O2.- is its
dismutation to H2O2 by superoxide dismutase
(Eq. (1)). H2O2 is toxic to cells directly by
attacking at the molecular level or indirectly
by generating the highly reactive and toxic
hydroxyl radical (.OH) [5]. (Eq. (2)) :
O2.-+ O2.-+2H+→O2 + H2O2; ----- Eq. (1)
H2O2 + Fe2+→Fe 3+ + .OH + HO. ------- Eq. (2)
Inflammatory injury is associated with
increased generation of ROS, among other
mediators. Among the ROS, H2O2 can remain
for a long duration inside the cell and often
performs the role of a second messenger for
various physiological stimuli such as
angiotensin, inflammatory cytokines and
growth factors [6] to control the destructive
mechanisms, including enzyme systems such
as superoxide dismutases, catalase and
glutathione peroxidise [7].
Gastric ulceration is often associated with the
dysregulation of extracellular matrix (ECM)
remodeling of gastric tissue. Matrix
metalloproteinases (MMPs) that selectively
degrade the components of the ECM, such as
collagen IV, collagen V, gelatin, elastin, and
fibronectin, play important roles in ECM
remodelling [8]. MMPs are produced as
latent enzymes and are activated by
proteolytic cleavage of their prodomain. The
prodomain contains a highly conserved
cysteine residue that binds to the Zn atom of
the catalytic domain, thus preserving latency.
Reactive oxygen and nitrogen species can
regulate MMP activity in vitro and disrupt
the balance of MMP activation and
inactivation [9]. Dysregulation of this balance
is implicated in the pathogenesis of a variety
of diseases, including gastric ulcer. The
traditional pathway for the inactivation of
MMPs is interaction with endogenous tissue
inhibitors of metalloproteinases (TIMPs).
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MMP-2 (72-kDa gelatinase) is unique among
the MMPs because its expression is
constitutive and its activation is associated
with the balance between membrane type 1MMP (MT1-MMP) and TIMP-2 [10].
Studies regarding the remodeling of ECM
through modulation of MMPs in cell culture
and an in vivo model suggest the
involvement of MMP-1, -2, and -9 in
indomethacin-induced gastric ulcers [11].
MMP-9 is considered an inflammatory
protein and increases with severity of disease
and is regulated through NF-κB-mediated
transcriptional control [11]. ROS generally
modulate MMP activity either indirectly
through redox-dependent regulation of MMP
gene transcription or directly through
modification of MMP structure [12].
However, the direct association of ROS with
the regulation of MMPs during gastric
ulceration is not well studied. Several in vivo
and in vitro cell culture studies already
hypothesize the activation of gelatinases
through ROS or ROS generators when
applied time and dose dependently [13].
Antioxidants generally act as radical
scavengers, inhibiting lipid peroxidation and
other free radical-mediated processes, and
thereby protect gastric ulcer. Moreover,
glutathione inhibits H2O2-induced changes in
MMP-2 and -9 activity in human fibroblasts
and liver allografts, respectively [14,15].
Curcumin containing multiple phenolic-OH
groups in the molecule is known for its
anticancer, antiulcer, anti-tumor, antiinflammatory and anti-oxidant activities [1619]. Multiple phenolic-OH groups present in
the curcumin molecule could be responsible
for its antioxidant and MMP inhibition
activities [20]. Although there are few
synthetic organic compounds for the
protection of gastric ulcer [21], the chemistry
especially in the context of hydroformylating
pholoroglucinol
and
its
biological
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significance have never been focused. Very
recently,
BFPP
[2,4-bis(2fluorophenylacetyl)phloroglucinol] have been
documented as anticancer potential [22].
Herein, we first report the synthesis of three
new polyphenols I, II and III via
hydroformylation of pholoroglucinol, we
found their antioxidant properties and
significant activity to prevent gastric
ulceration in mice through depletion of lipid
peroxidation, superoxide dismutase activity
and MMP-9 inhibitory activityto normalcy in
mouse gastric tissues.
[II] MATERIALS AND METHODS
We have synthesized polyphenols I, II and
III using synthetic organic chemistry
approach. All the reactions were carried out
in flame dried glassware under nitrogen
atmosphere. Na-distilled dry ethanol was
used for synthesis. Phloroglucinol (Loba
Chemie), N,N-dimethyl formamide (Merck,
DMF), phosphorous oxychloride (Loba
Chemie), ethyl acetate (Merck), 1,4-dioxane
(Merck), 4-amino salicylic acid (Aldrich),
Potassium tert-butoxide (Aldrich), Nadistilled THF (Loba Chemie) were used as
reagents.
2.1 Synthesis of diformyl-phloroglucinol
(I)
The polyphenol I was synthesized through
Vilsmeier-Haack reaction [23]. In a typical
synthesis 1 g (0.0054 mol) phloroglucinol
was dissolved in 10 ml distilled dioxane
under rapid stirring and mild heating. In
another beaker 3 equivalent (0.0162 mol, 9
ml) DMF was taken and then phosphorous
oxychloride (0.0162 mol, 1.51 ml) was added
drop wise maintaining the temperature of the
mixture about 30-400C through mild heating.
During this addition procedure a very viscous
and reactive yellow liquid was formed. Then
this yellow imminium salt was added very
slowly to the phloroglucinol solution under
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rapid stirring maintaining the temperature 60650C during the addition. After complete
addition of the reactant, mixture was stirred
for several hours until a yellow crystalline
solid is formed. Then the solid was dissolved
in minimum amount distilled water and
extracted with ethyl acetate for three
successive steps. The organic layer was
washed with Brine solution and then dried in
sodium sulphate for about 30 min. After
solvent evaporation an orange yellow solid
was recovered. The solid (I) was further
heated at 900C until it was completely
solvent-free. The crude product was finally
purified
using
silica
gel
column
chromatography with 20% ethyl acetate in
hexane. Pale yellow coloured purified
product (yield = 70 %) was taken for further
characterization.
I: Yield 70%. Mp. = 218ºC (literature mp :
2200C) [31], IR (KBr) ύmax / cm-1 = 2890,
1641.2 (br.) , 2599, 2783.4, 1402.9, 1260,
1196.8, 1097 ; NMR : δH (300 MHz, d6DMSO) 12.49 (br. 3H, OH ), 9.992 (s, 2H,
CHO), 5.88 (s, 1H, Ar-H) ; NMR : δC (75
MHz, d6-DMSO) 94.5 (CH) , 104.2 (C),
169.9 (C), 191.85 (CHO) ; MS : m/z for
C8H6O5, Calculated: 182, Found: 181.03,
183.04. Anal. Calcd for C8H6O5: C, 52.7; H,
3.2; N, 0.00. Found : C, 53.05; H, 3.1.

Scheme 1. Synthesis of diformylphloroglucinol (polyphenol I).
2.2 Synthesis of Schiff-base (II)
The polyphenol II has been synthesized
through Schiff-base condensation [24,25] of
diformyl-phloroglucinol
with
4-
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aminosalicylic acid. In a typical synthesis 0.1
g (5.5 × 10-4 mol) of diformyl-phloroglucinol
was dissolved in 3 ml DMF in a two-necked
round bottom flask. The whole solution was
further diluted by adding 10 ml of Nadistilled THF solvent. 0.165 g (1.09 × 10-3
mol) 4-aminosalicylic acid (Aldrich) was
dissolved in 5 ml of THF and then added
slowly to the di-aldehyde solution followed
by the addition of 2 equivalent (0.1232 g) of
potassium tert-butoxide. The reaction mixture
was then subjected to undergo reflux at
1100C for 3 h under an inert nitrogen
atmosphere. After completion of the reaction,
3-5 ml distilled water was added to quench
the reaction mixture. The whole mixture was
then poured in a separating flask and
extracted thrice (3x30 ml) by ethyl acetate,
followed by washing with brine solution. The
organic layer was kept in sodium sulfate for
20 min. Finally after removing the solvent
using rotary evaporator, dark red product
(60% yield) with good purity was isolated.
The crude product was repeatedly
recrystallized from ethyl acetate hexane
mixture (2:1) and then characterized by
different spectroscopic methods.
II: IR (KBr) ύ / cm-1 = 1678, 1572, 1452,
1429, 1296, 1246, 1155, 2617, 2922, 3072
(br.), 1095, 970, 831, 773, 686 cm-1. NMR :
δH (500 MHz, d6-DMSO) 7.24 (2H, singlet,
HC=N-), 6.72 (2H, J= 8.5 Hz, doublet, ArH),
5.39 (2H, J= 9 Hz, doublet, ArH), 6.16 (2H,
singlet, ArH), 5.92 (1H, singlet, ArH) , 10.67
(br. 2H, COOH ) ; δC (125 MHz, d6-DMSO):
172, 162, 163, 156, 136.5, 131.8, 106.6,
100.5, 98.9. MS: m/z (452.3, 453). Anal.
Calcd for C22H16O9N2 : C: 58.4, H: 3.53, N:
6.19 ; Found: C: 58.7, H: 3.7, N: 6.2.
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Scheme 2. Synthesis of Schiff base
(polyphenol II).
2.3 Synthesis of triformyl-phloroglucinol
(III)
The polyphenol III has been synthesized
through Duff formylation [26] reaction on
phloroglucinol. In a typical synthesis, 3 g (1
equivalent) phloroglucinol was activated by
drying in a 900C oven overnight. This
activated phloroglucinol was mixed with 7.4
g hexamine (2.2 equivalent) and 40 ml of
trifluoroacetic acid and heated to reflux for
3h under nitrogen atmosphere. To this 3M
HCl was added slowly with continuous
stirring and again reflux for 1h. After cooling
to room temperature the reaction mixture was
extracted three times with ethyl acetate. The
organic part was repeatedly washed with
saturated brine solution and then dried over
anhydride Na2SO4. The combined organic
part was concentrated by a rotary evaporator
to get an orange colored solid. The solid was
washed repeatedly by hot ethanol to obtain
pale yellowish powder (yield of the product
25%, with 99% purity).
III: Mp. = 200 ºC (literature [34] mp: 1982000C), IR (KBr) νmax / cm-1 = 2950, 1641,
1604, 1433, 1390, 1253, 1193, 968, 876, 607.
NMR: δH (300 MHz, d6-DMSO): (9.96, 3H,
singlet, CHO), (13.5, 3H, singlet, -OH); δC
(75 MHz, d6-DMSO) 192, 173.6, 102.9 ppm ;
MS : m/z for C9H6O6, Calculated: 210,
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Found: 212. Anal. Calcd for C9H6O6: C, 51.4;
H, 2.9; N, 0.00. Found : C, 51.8; H, 2.95.

Scheme 3. Synthesis of triformylphloroguicinol (polyphenol III).
2.5 Characterization techniques
1
H and 13C NMR spectra of the polyphenols
were taken on Bruker AVANCE DPX 300
and AVANCE III 500 NMR spectrometers.
FT IR spectra of these samples were recorded
using a Nicolet MAGNA-FT IR 750
Spectrometer Series II. Mass spectrometric
data were acquired by the electron spray
ionization (ESI) technique at 25-70 eV in a
Micromass Q-tof-Micro Quadruple mass
spectrophotometer. Carbon, hydrogen and
nitrogen contents were analyzed using a
Perkin Elmer 2400 Series II CHN analyzer.
2.6 Animals used
Balb/c mice (20–25 g) bred in-house with
free access to food and water were used for
all experiments. Experiments were designed
to minimize animal suffering and to use the
minimum number associated with valid
statistical
evaluation.
Animals
were
anesthetized with ketamine (12 mg/kg b.w.)
followed by cervical dislocation. Animal
experiments were carried out following the
guidelines of animal ethics committee of the
institute. Control and experimental animals
were fasted for 6 hr with free access to water
before each experiment.
2.7
Indomethacin-induced
gastric
ulceration and protection studies
Mice were orally fed with indomethacin at 80
mg/kg bw to induce a maximum level of
acute ulcer. The control group received the
Snehasikta Swarnakar, et al

vehicle only while the experimental group
received indomethacin to cause gastric
ulceration. After 4 h, the animals were killed,
gastric lesions in the fundic mucosa were
scored and expressed as the ulcer index [27]
as follows: 0 ¼ no pathology; 1 ¼ a small
pinhead ulcer and 2–5 ¼ a band like lesion of
2–5 mm length. The sum of the total scores
divided by the number of animals indicates
the mean ulcer index. Compounds I, II and
III were administered intraperitoneally (i.p.)
30 min prior to indomethacin treatment at a
dose of 30mg/Kg bw to test its
gastroprotective effect. Compounds were
dissolved in distilled water with a minimal
amount of alcohol (absolute). Indomethacin
was dissolved in distilled water with a
minimum amount of NaOH.
2.8 Tissue extraction and purification of
gelatinases
The fundic portion of the gastric mucosa was
suspended in phosphate-buffered saline
(PBS) containing protease inhibitors,
centrifugation at 12000 rpm for 15 min and
collection of supernatant. The pellet was
extracted in the lysis buffer (10 mm Tris–HCl
pH 8.0, 150 mm NaCl, 1% Triton X-100 plus
protease inhibitors) and centrifuged at 12000
rpm for 15 min to obtain Triton-X (TX)
extracts. Tissue extracts were preserved at 700C and used in for future studies. For
purification PBS as well as TX tissue extracts
were mixed 1:1 with the PBS-washed gelatin
bead separately and incubated at 40C for 1 h.
After incubation, the mixture was centrifuged
at 1500 rpm for 5 min. The pellets were then
washed
twice
with
PBS
through
centrifugation at 1500 X g for 5 min. The
final pellets were incubated with sample
loading buffer and were preserved at -700C
for future use.
2.9 Gelatin zymography
For assay of MMP-2 and -9 activity, mucosal
extracts were electrophoresed in sodium
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dodecyl
sulfate–polyacrylamide
gel
containing 1 mg/mL gelatin under nonreducing conditions. The gels were washed in
2.5% Triton X-100 and incubated in CAB
buffer (40 mm Tris–HCl, pH 7.4, 0.2 m
NaCl, 10 mm CaCl2) for 18 h at 370C and
stained with 0.1% Coomassie blue followed
by destaining [28]. The zones of gelatinolytic
activity
were
negatively
stained.
Quantification of zymogram was performed
using densitometry (Image QUANT,
Amersham Biosciences, the Netherlands)
linked to proper software.
2.10 Partial purification of MMP-9 and
treatment with H2O2 in vitro
PBS extract from control tissue was used for
purification of MMP-9. Briefly, the
compound AM3R was mixed with gelatin
agarose bead and incubated at 4°C for 1 h
followed by centrifugation at 1500 rpm for 5
min. The pellet was washed twice with PBS
through centrifugation at 1500 rpm for 5 min
and MMP-9 was eluted by incubating the
pellet with Lammeli sample loading buffer
for 10 min at room temperature. To
determine the effects of H2O2, equal amounts
of partially purified MMP-9 from the same
batch of purification were incubated with
different concentrations of H2O2 at 37°C for
30 min in all the experiments. To examine
the protective effect of compound III on H2O2
mediated changes in MMP-9 activity, equal
amounts of partially purified MMP-9 were
pretreated with different concentrations of
compound III dissolved in 10% ethanol
before incubation with 1 mM H2O2 [29].
2.11 Histology
For histological studies, stomachs from
control,
indomethacin
treated,
and
compounds pretreated-indomethacin treated
mice were fixed in 10% formalin and
embedded in paraffin. The sections (5µm)
were cut using microtome, stained with
hematoxylin and eosin, and assessed under an

Snehasikta Swarnakar, et al

Olympus microscope (Olympus Optical Co.,
GMBH, Hamburg, Germany). Images were
captured using Camedia software (E20P 5.0
Megapixel;
Hamburg,
Germany)
at
magnification 40 X and processed under
Adobe Photoshop version 7.0
2.12 Measurement of lipid peroxidation
The mitochondrial membrane fraction from
the fundic stomach homogenate was used for
measurement of lipid peroxide content as
thiobarbituric acid reactive species [30].
Briefly, 1 ml of the membrane fraction was
allowed to react with 2ml of 15%
trichloroacetic acid, 0.375% thiobarbituric
acid, 0.25 N HCl, heated in a boiling water
bath for 15 min, cooled and centrifuged. The
absorbance of the supernatant was measured
at 535 nm, and the number of nmole of
thiobarbituric acid reactive species produced
was determined from a standard curve using
tetraethoxypropane as standard.
2.13 Assay of superoxide dismutase (SOD)
activity
The method was followed involving
inhibition of epinephrine auto oxidation, in
an alkaline medium at 480nm in a UV–vis
spectrophotometer. For the determination of
specific activity of SOD in the gastric tissue
(scrapped and homogenized), the rate of auto
oxidation of epinephrine was noted at 30 sec
intervals, in the normal control, untreated
ulcerated and ‘drug’ treated group, and the
enzyme activity was expressed in arbitrary
units considering inhibition of auto oxidation,
as 1 unit of SOD specific activity [31].
2.14 Assay of catalase activity
Catalase activity in the stomach was
determined by scrapping the gastric tissues
followed by homogenising in ice-cold normal
saline. The solution was then centrifuged for
10 mins at 3,000 rpm and the supernatant was
collected for enzyme estimation. 100µl of the
supernatant was added to a solution
containing 3 ml of H2O2 -phosphate buffer
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mixture (50 mM phosphate buffer, pH 7.0
and 30 % H2O2). The change in optical
density at 240 nm per unit time was taken as
a measure of catalase activity .The
concentration of the buffer H2O2 was
standardized to get the optical density at 240
nm [32].
2.15 Assay of total tissue sulfhydryl (thiol)
group (reduced glutathione level)
The determination of total tissue sulfhydryl
(-thiol group) was carried out by scrapping
the gastric tissues followed by homogenising
in ice- cold phosphate buffer (pH =8.0)
medium. The tissue homogenate was
centrifuged at 3,000 rpm for 10 mins and the
supernatant was collected for the experiment.
The tissue supernatant was then reacted with
10mM DTNB (5,5’–Dithiobis-2-nitrobenzoic
acid) of pH 7.0. The resulting suspension was
mixed thoroughly and kept at room
temperature for 20 minutes. The absorbance
was measured at 412 nm in a UV- visible
spectrophotometer,
2mM
of
reduced
glutathione (GSH) being used as standard
[33].
2.16 Assay of mucus
The mucus content in gastric tissue was
estimated as described by measuring the
amount of Alcian Blue (AB) (1% in 3%
acetic
acid)
bound
to
mucous,
spectrophotometrically at 615nm [34].
2.17 Assay of 1,1-Diphenyl-2-picrylhydrazyl
An ethanolic solution of the stable nitrogen
centred free radical DPPH (100 M) was
incubated with an ethanolic solution of each
test samples at various concentrations and the
absorbance monitored spectrophotometrically
at 517 nm. The 50% reduction of the test
sample was used to calculate the IC50 values.
Ethanol solution of the respective test
samples were used as the blank, while αTocopherol was the positive control [35].
2.18 Statistical analysis
Ulcer index data were fitted using Sigma
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plot. Data were presented as the mean ±
SEM. Significance was calculated using the
Student’s t-test.
[III] RESULTS
3.1Chemistry of polyphenolic compounds:
Polyphenol I derived from phloroglucinol is
pale yellow in colour and its melting point of
ca. 2180C, which is very close to that of
diformyl-phloroguicinol. Further the 1H and
13
C NMR and FTIR data suggested the
simultaneous two hydroformylation in the
activated phloroglucinol to yield diformylphloroglucinol. (Scheme1). The Schiff base
condensation of polyphenol I and 4aminosalicylic acid resulted the formation of
II. It is a deep red colour solid. 1H and 13C
NMR data suggested the complete
disappearance of CHO signals and the
appearance of imine functionality for this
new organic compound. On the basis of our
experimental results following framework
structure for the polyphenol II can be drawn.
(Scheme2). Duff formylation reaction of the
highly
activated
aromatic
ring
of
phloroglucinol resulted in the formation of
triformyl-phloroglucinol and this has been
designated as polyphenol III. The compound
is dull orange in colour. The 1H, 13C NMR
and FTIR results revealed the following
structure of III (Scheme 3). All the
compounds were very bright yellow and the
structures were well confirmed by using 1H,
13
C NMR, FTIR, mass spectroscopic
measurement.
Presence of multiple phenolic-OH groups
together
with aldehyde and
imine
functionality has motivated us to explore
their potential antiulcer activity in mice.
3.2 Anti-ulcer of polyphenolic compounds:
To determine the effects of phloroglucinol
derivatives on gastric damage, we induced
gastric ulceration by oral administration of
indomethacin at a dose of 80 mg/kg bw in
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mice. This approach can be used to test the
protective effect of drugs against gastric
damage. Mice killed 4 hr after indomethacin
administration showed hemorrhagic lesions
covering the entire body of the stomach as
observed macroscopically. Indomethacin
induced ulcerated group showed a number of
perforations with blood spots. A thin flaccid
muscular layer was also observed in each
case. Pretreatment with either polyphenol I,
II and III at a dose of 30 mg/kg bw inhibited
the formation of indomethacin induced
gastric ulcers, as is exhibited by reduction of
ulcer index (p<0.001) with virtually no
ulceration with pretreatment with compound
III.
Macroscopically
visible
gastric
hemorrhagic lesions in the fundic stomach
were not found in compound III treated mice.
Gastric
re-epithelialization
with
an
appearance of intact mucosal layer was
observed in healed tissues (Figure 1). A
significant increase in mucous contents of the
gastric mucosa was observed in mice,
pretreated with the phloroglucinol derivatives
at the dose of 30 mg/kg bw, as compared to
the untreated ulcerated group (p<0.05)
(Figure 2). The efficacy of compound III was
highest in relative to secreted mucous in
gastric tissues, in mice.
3.3 Anti-oxidant activity of polyphenolic
compounds:
Free radicals are involved in many disorders
like neurogererative disease, ulcer, cancer
and many more. Antioxidants through their
scavenging power are useful for the
management of those diseases. DPPH stable
free radical method is an easy, rapid and
sensitive way to survey the antioxidant
activity of a specific compound or plant
extracts. The IC50 value of each compound,
defined as the concentration of compound
causing 50% inhibition of absorbance, was
determined from Table 1. Since IC50 is a
measure of inhibitory concentration, a lower
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IC50 value would reflect greater antioxidant
activity of the sample. Thus IC50 of the
standard α tocopherol was 31.5 ± 0.55 µg/ml.
The highest DPPH radical scavenging
activity was showed by compound III with
IC50 is 43.92 ± 0.39 µg/ml, which is higher
than that of the other compounds i.e I : 51.65
± 0.24 µg/ml and II : 56.6 ± 0.31 µg/ml
respectively. Indomethacin caused oxidative
stress in gastric tissues by generating ROS
that are associated with depleted glutathione
content, decreased SOD and catalase activity
and increased lipid peroxidation in the
cytosol as well as in microsomes (Table 2).
Hence, the effect of newly synthesized
compounds on prevention of oxidative
damage on gastric mucosa caused by
indomethacin treatment was analyzed. All
three polyphenol derivatives at a dose of 30
mg/kg bw, specially polyphenol III protected
the oxidative damage of gastric tissues by
blocking the increased lipid peroxidation in
both cytosolic and microsomal fractions (data
not shown). Ulcerated samples displayed
reduced thiol content, and antioxidant
enzymes levels whereas they were
completely restored to control levels by
treatment of compound III while blocking
gastric ulcer. Considerable evidences
strongly indicate the involvement of ROS as
major underlying pathway in indomethacin
induced gastric damage. The significant
increase in the level of peroxidised lipid, high
tissue SOD that had already been published
previously from our laboratory supported the
above notion. Evidence has been provided
that degradation of ECM also an important
cause for indomethacin-induces gastric
damage [36].
3.4 MMP-9 inhibitory activity of
polyphenolic
compounds
during
gastroprotection:
Histological examination of mouse gastric
tissues revealed that indomethacin caused
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disruption of gastric mucosa, submucosa, and
muscularis mucosa along with denudation in
epithelial layer (Figure 3B). Infiltration of
inflammatory cells into the submucosa was
also detected in gastric tissues after
indomethacin-induced ulceration (Figure 3B)
as compared with control (Figure 3A).
Gastric damage by indomethacin was very
minimal
phloroglucinol
pretreated
indomethacin treated mice (Figure 3 C,D). In
addition, intact epithelial layer along with
continuous mucosal and submucosal layer
and
no
significant
infiltration
of
inflammatory cells were observed (Figure
3E).
To ascertain any changes in the activity of
MMPs with ulceration, gelatin zymography
was carried out using gastric tissue extracts
of mouse. The gelatinolytic activity of proMMP-9 (92 kDa) was significantly increased
in indomethacin treated (Figure 4A) gastric
tissues following treatment with three
different
varieties
of
phloroglucinol
derivatives. The changes in the activity of
MMP-9 were found well correlated with the
increase in the severity of ulcer which was
also monitored by ulcer index (Fig I). A 10fold higher level of MMP-9 activity was
observed in indomethacin-treated samples
compared with those of untreated controls
(Figure 4B). The 10-fold up-regulation of
MMP-9 activity due to indomethacin
treatment was disappeared almost completely
(Figure 4B) with compound III treatment at
the oral dose of 30 mg/ kg b w. Compound I
and II were relatively less efficacious in
inhibiting MMP-9 activity while showing
their
antiulcer
activity.
Because
indomethacin-induced
ulceration
is
associated with generation of ROS, we
examined the effects of H2O2 on MMP-9
activity (it is known from several reports that
H2O2 reduces MMP-9 activity invitro) and
found that compound III was able to rescue
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the effect in vitro. Indeed, zymography of
partially purified MMP-9 revealed that H2O2
suppressed the total MMP-9 activity by 50%
at a 1mM concentration while reversal in
MMP-9 activity occurred when incubated
with compound III at 100 µm doses along
with H2O2. (Figure 5A and 5B)
[IV] DISCUSSION
The observed protective action of the
phloroglucinol compounds is partially due to
scavenging of ROS by both superoxide and
hydroxyl free radical pathway. This is
supported by the in vitro, direct free radical
scavenging action of the compounds. The
present study first establishes the antiulcer
activity of the phloroglucinol derivatives
especially compound III in indomethacininduced gastric ulcer in mouse model.
Thus, it is tempting to interpret, that the
preventive potency of the phloroglucinol
derivatives is mainly through antioxidative
pathway. The DPPH method revealed their
good
radical
scavenging
properties.
Compound III was found to be most
effective in scavenging the DPPH radicals
followed by I and II. Glutathione, a major
non -protein thiol in the biological systems,
play a central role in co-ordinating the
antioxidant status. The increase in the total SH group content could be due to decreased
consumption of glutathione, via decreased
level of lipid peroxidation and thereby
protecting the gastric mucosa. Superoxide is
inactivated by SOD, the activity is effective
only when it is followed up by the increase in
the activity of glutathione peroxidase, since
SOD generates hydrogen peroxide as a
metabolite, which is more tissue -toxic than
oxygen radical and has to be scavenged by
catalase or reduced glutathione. Though it is
not possible to altogether exclude the
cytoprotective effect exerted by the
phloroglucinol itself. However, development
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of ulcer 4 hours after administration of the
indomethacin under fasting condition also
increase mucin contents in gastric barrier of
the stomach wall could involve the inductive
effect of the phloroglucinol in triggering
other gastric mechanism in action including
antioxidant activity, which might as well
scavenge the hydroxyl free radical. It is
evident from the results, that the mucus
contents of gastric tissues of mouse increased
while pretreated with the polyphenol
compounds (Figure 2), indicating their
cytoprotective action on indomethacin
induced gastric lesions which was supported
by the decreased ulcer index (Figure 1).
As in many other pathological conditions,
other dysregulated activities of MMPs and
their inhibitors, have became apparent in
formation of gastric ulcer [37]. Blockade of
MMP activity with MMP inhibitor, resulted
in inhibition of specific MMPs associated to
inflammation and in turn reduced the
development of ulcers [38]. Therefore,
systemic delivery of compounds that inhibit
pathologically elevated level of MMPs,
especially MMP-9 could be valuable as an
adjunctive medication for ulcer healing. In
the present study, we have seen that
phloroglucinol derivatives inhibited MMP-9
activity in mouse gastric tissues while acting
as antiulcer agent. ROS and subsequent
oxidative stress are well known for their role
in the induction of mucosal damage during
ulceration [39]. Herein, we addressed the
question whether oxidative stress has any
association with the induction and/or
secretion of MMPs during ulceration. In
other biological systems, it has been shown
that oxidative stress via some signaling
cascades induces the release and activation of
MMPs in macrophages, bronchoalveolar
lavage fluid and renal cells [40,41].
Incubation of pro-MMP-9 and -2 in an ex
vivo system with ROS or ROS generators
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resulted in activation of both these enzymes,
suggesting ROS play a significant role in the
activation of MMPs [42]. Oxidative stress is
found to play an important role in the
activation of MMP-9 in diabetes mellitus and
application of antioxidants cause an
attenuation of MMP-9 activation. In addition,
hyperoxia associated oxidative stress is found
to increase both the expression and activity of
MMP-2 and MMP-9. Moreover, it has also
been reported that scavenging of ROS by
antioxidants inhibited endothelial cell MMP
activity [43]. A number of well-known drugs
including omeprazole and ranitidine are in
use for controlling hyperacidity and
ulceration, however their long-term use has
been shown detrimental to the system. To
identify a potent therapeutic agent, which
prevents the gastropathy and ulceration by
using one or more complex molecular
pathways is a challenge. Thus, our new
approach in designing the organic synthesis
for biomedical applications could explore
new avenues towards drug discovery.
[V] CONCLUSION
In summary, our results of this study
demonstrate that phloroglucinol derivatives
especially
compound
III
protected
indomethacin induced gastric epithelial cell
damage,
reduced
lipid
peroxidation
production and increased mucous content as
well as antioxidant enzyme level. The
compound also protected gastric lesions and
stimulated the healing process significantly
by inhibiting MMP-9 activity. Our studies
also showed that antiulcer activity of
phloroglucinol
derivatives
involved
mechanism that may be dependent on MMP9 inhibition pathway, which opens the
potentiality of these compounds for future
studies directed towards targeting MMP-9.
Presence of three electron withdrawing CHO
groups in III vis-à-vis two in I, may stabilize
the respective phenolate ions (-OH-) or
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phenoxide radical (–OH.) more and thereby
could be responsible for better antiulcer
activity. Overall, this study provides novel
insights in the therapeutic potential of
phloroglucinol derivatives against NSAIDinduced gastric ulcers, although further
studies are required to extrapolate their effect
on human.
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FIGURE LEGENDS:
Figure 1.
Ant-ulcer effect of phloroglucinol
derivatives. Gastric ulcer was generated by oral
administration of indomethacin at a dose of 80 mg/kg
b.w. and the compounds (30 mg/kg bw) were
administered 30 minutes prior to indomethacin and
mice were sacrificed after 4 hr. The control mice were
given vehicle only. Ulcer indices were measured as
described in the Materials and Methods section. Error
bars = SE. *P<0.001, control vs indomethacin vs
phloroglucinol compounds.

histological studies. Histological sections were stained
with H&E and photographs were taken at 20×.
Histological appearance of gastric epithelium, pits, and
glands in (A) control tissue, (B) indomethacin-treated
tissue, and (C),(D) & (E) i.e compounds I ,II & III
pretreated indomethacin-treated tissues respectively.
Gastric mucosal epithelium (yellow arrow), gastric pits
(black asterisk), gastric glands (black arrow) and
inflammatory cell infiltration (green asterisk) are
shown.
Figure 4. Changes Pro MMP-9, Pro MMP-2 and -2
activities gastric ulceration and protection. Gastric
ulcers were generated in BALB/c mice using
indomethacin as mentioned in Figure 1. Gelatin
zymography for detection of gelatinases (pro- and
active MMP-9 and -2) using PBS extracts (70 µg
protein) of gastric tissues from different group of mice.
Histographic representation of arbitrary activities of
gelatinases in different gastric tissue samples. Activities
were measured by Image QUANT designed
densitometric software as mentioned in methods
section. Error bars = SE. *P<0.001, control vs
indomethacin vs phloroglucinol compounds.
Figure 5 (A & B). Effects of H2O2 on MMP activities in
vitro. PBS extract was prepared from the fundic part of
the stomach of indomethacin treated mice and the
extract was then partially purified through gelatinagarose affinity matrix. Gelatin zymography using
equal amounts of purified MMPs following incubation
with different concentrations of H2O2 at 370C for 30
min along with compound III. Error bars = SE.
*P<0.001, control vs indomethacin vs phloroglucinol
compound III with H2O2.

Figure 2. Mucous content of the gastric mucosa. Ulcers
were generated in mice and treatment with
phloroglucinol compounds were done as described in
Fig 1. Gastric tissues were processed for assay of
mucus content as described in “Materials and
Methods”. Error bars = SE. *P<0.001, control vs
indomethacin vs phloroglucinol compounds .
Figure 3. Morphology of mice gastric tissue after ulcer
induction by indomethacin and protection by
compounds I, II & III. Gastric ulcers were induced in
mice by oral administration of indomethacin (80 mg/kg
bw), and the compounds (30 mg/kg bw) were
administered 30 minutes prior to indomethacin. The
control mice were given vehicle only. After 4 h, mice
were sacrificed and the stomachs were processed for
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Figure 1 [Ray Chaudhuri, Modak, Bhaumik and
Swarnakar]
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Figure 2 [Ray Chaudhuri, Modak, Bhaumik and
Swarnakar]
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Figure 3 [Ray Chaudhuri, Modak, Bhaumik and

Swarnakar]

Figure 4 [Ray Chaudhuri, Modak, Bhaumik and
Swarnakar]
Snehasikta Swarnakar, et al

250

PHLOROGLUCINOL DERIVATIVES AS POTENTIAL ANTI-ULCER COMPOUND

Figure 5(A&B) [Ray Chaudhuri, Modak, Bhaumik and
Swarnakar]
Table 1: IC50 values (µg/ml) of test samples in
scavenging
DPPH radical.

Test sample
α -Tocopherol
Compund I
Compund II
Compund III

Concentration (µg/ml)
31.5 ± 0.55 µg/ml
51.65 ± 0.24 µg/ml *
56.6 ± 0.31 µg/ml *
43.92 ± 0.39 µg/ml *

Values are Mean SEM (n=3). *p < 0.001 when
compared to the standard α -Tocopherol as well as with
the compounds.
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Table 2: Effects of I, II and III on lipid peroxidation
(MDA), superoxidedismutase (SOD), catalase & total
tissue thiol level on gastric ulceration induced by
indomethacin[1]
Treatment

Peroxidised lipid

SOD activity

Catalase activity

Total thiol (-SH) group

groups

MDA( nM/mg tissue)

units/mg of protein

units/mg protein

MM/mg protein

Normal Control

10.21 ± 0.93

382 ± 27.41

8.72 ± 1.13

86.19 ± 8.09

15.70 ± 1.57

I

12.54 ± 0.83

ns,ns

II

12.39 ± 1.10 ns,ns

298 ± 15.83 ns,ns

6.99±1.37 ns,ns

72.56 ± 5.8 ns,ns

III

9.15 ± 0.72 ns,

365 ± 17.85 ns,

7.64 ± 1.61 ns,ns

81.21 ± 3.80 ns,ns

Indomethacin



ns



249 ± 38.18
302 ± 20.06

ns,ns

6.94 ± 2.02
7.01 ±1.56

ns,ns

68.74 ± 9.2 **
70.14 ± 5.32 ns,ns

1

(values are mean ± SEM of 5 rats in each group).
Indomethacin was administered orally to different
groups of mice at a dose of 80 mg/kg b.w. for
generation of acute gastric ulceration. Phloroglucinol
compounds I, II and III were administered
intraperitoneally to different groups of mice at a dose of
30 mg/kg b.w. for the prevention of gastriculceration.
No treatment means that animals received vehicle
orally. Results are reported as the mean ± S.E.M. **P <
0.01 versus normal and ##P<0.01 against
Indomethacin, using t-test to compare means. (ns= non
significant).
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