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Keywords: ABSTRACT: The present study aimed to determine secondary metabolites, in-
vitro antioxidant, and antiulcer activities using various solvent-based

Muehlenbeckia platyclada extracts. Solvents based phylloclade extraction was
used to determine various secondary metabolites such as phenols, flavonoids,

Muehlenbeckia platyclada, cladode,
In-vitro antiulcer potential, In-vitro
antioxidant activity, Secondary

metabolites. Methanolic extract terpenoids and tannins and to assess in-vitro antioxidant activities such as DPPH,
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Dr. N. Geetha Phosphomolybdenum, metal chelating and reducing power activities. Further, in-

vitro antiulcer activities such as a-chymotrypsin enzyme, urease enzyme
inhibitory activity, H* K" ATPase activity and acid neutralization capacity
(ANC) were performed, and the resultant was analyzed using response surface
methodology (RSM) to develop an adequate functional relationship between a
response of interest (ME) with independent variables (Time, HCL consumed and
NaOH consumed). A correlation coefficient was made between secondary
metabolites and in-vitro antiulcer activities. Methanolic extract (ME) showed
higher levels of secondary metabolites, in-vitro antioxidant activities and was
subsequently selected to evaluate its antiulcer potential. A significant inhibition
for alpha chymotrypsin (88.84%), urease (68.52%), and H'K" ATPase (91.75%)
was compared with respective standards. RSM results of ME for ANC indicated
that 10 min, 22.66 mL HCI and 30.7 mL NaOH are adequate to get maximum
ANC i.e. 46 mEg/ml. A significant correlation (P<0.05) was found between
phenol and ACE (R*=0.948), between phenol and HKA (R®=0.941) and phenol
and UE (R?=0.952). These results suggest that ME of M. platyclada possesses
potential antiulcer activities due to higher levels of secondary metabolites and
in-vitro antioxidant activities.

INTRODUCTION: Phytocompounds from plants M. platyclada (F. Muel.) Meisn, a member of the
have a variety of therapeutic benefits, and they Polygonaceae family that is used as a common
have been employed in managing several human natural remedy by many ethnic groups 2, is
illnesses. Due to numerous side effects and the high  endemic to the Southern Hemisphere.

cost of chemical pharmaceuticals, there is a ) )
renewed interest in natural medicines in the form of ~ Theé plant is commonly known as centipede,
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standardized plant extracts *, tapeworm, or ribbon bush with several medicinal
properties like anti-inflammatory, analgesic, anti-

- tumor, anti-HIV, anti-diarrheal, anti-fungal, anti-

10.13040/1JPSR.0975-8232.14(8).3868-82 hepatic, anti-lipolytic, antioxidant, immuno-

stimulant and antiulcer # 3. According to several
studies, phylloclade is a good source of flavonoids

This article can be accessed online on

Www.ijpsr.com *. Secondary metabolites in plants combine with
e nutrients and fibres to form an integrated defense
DO link: http://doi.org/10.13040/IJPSR.0975-8232.14(8).3868-82 mechanism that protects against illness and stress 3
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Under any type of stress, living system produce
more reactive oxygen species (ROS) than enzyme
and non-enzyme-based antioxidants, such as
superoxide anion radicals, hydroxyl radicals and
hydrogen peroxide. Cell damage is brought by an
imbalance between free radicals, antioxidants °°
and various diseases ' '*. Supplementing the diet
with antioxidants from natural plant sources is the
way to address this issue 2. Peptic ulcers and
ulcerative colitis are the most common
gastrointestinal tract lesions. Peptic ulcer disease,
which affects many individuals worldwide, occurs
when some aggressive and gastroprotective factors
are in an unbalanced state. Antacids, weak bases,
work to lessen gastric acidity by interacting with it
to produce salt and water. They have been shown to
have good antiulcer properties; extended use can
cause several adverse effects, including diarrhea,
renal failure, and constipation *,

The H. pylori bacteria release the urease enzyme to
defend themselves from the stomach's acidic
environment. This enzyme converts urea into
ammonia, which protects bacteria from the
stomach's acidic environment and facilitates their
survival **. One effective strategy for eliminating
stomach bacteria is to inhibit urease activity *°. Due
to their toxicity and less stable chemical and
physical features in the natural environment,
synthetic medicines cannot be used to modulate
urease function '°. Plant-derived urease inhibitors
have great efficiency against microorganisms while
less harming human cells **.

Therefore, the finest antiulcer medications could be
derived from plants with urease inhibitory
capability "2*. One of the proteolytic enzymes
chymotrypsin, is released into the duodenum by the
pancreas. The most potent inducer for the secretion
of chymotrypsin and the release of gastrointestinal
hormones occurs when food enters the duodenum
in the form of partially digested chyme %*. When
compared to the healthy control groups, illness
groups like those with duodenal and stomach ulcers
showed a considerable increase in chymotrypsin
activity Z.

Hyperchlorhydria is a stomach situation
characterized by uncontrolled hypersecretion of
hydrochloric acid from the parietal cells of gastric
mucosa through the proton pump %.
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It is known that the proton pump enzyme H* K*-
ATPase transports H® against a concentration
gradient in stomach parietal cells, where it is in
charge of producing acid. Various natural products
of plant origin i.e. Garcinia kola ', Cissus
quadrangularis %, Acalypha wilkesiana %,
Azadirachta indica ** and Hypericum perforatum **
were found to have the inhibitory potential for
H/K® ATPase. Acidity is a common
gastrointestinal problem due to extreme secretion
of gastric acid or stomach acid which worsens the
stomach lining mucosa and produces ulceration *.
Antacids are general drugs that reduce or neutralize
gastric acid, thereby decreasing gastric pH *. Acid
neutralization capacity (ANC) is one of the
mechanisms for controlling acidity of the stomach
% and it is defined as the number of moles of acid
neutralized by given antacid **. ANC screening
using various plant extracts has been reported
earlier 34,

This assay comprises three independent variables,
such as consumed volume of HCI, NaOH and Time
which are used to determine the end points of the
titration during an experiment concerning ANC of
a given antacid. Response surface methodology
(RSM) is a valid statistical tool to standardize the
experimental procedure by applying and studying
the effect of different experimental variables and
their interactions on the outcome of the result by
decreasing the number of experiments *'.

Many studies have proved that RSM is an efficient
technique for the optimization of various
experimental protocols including standardization of
plant extraction process for various in-vitro
antioxidants (Vitis vinifera ** and Origanum
vulgare * optimized condition for enhanced
production of alpha galactosidase enzyme
(Fusarium moniliforme) **, normalization of
ultrasonic assisted extraction of flavonoids (Crinum
asiaticum) *° and selection of specific plant tissue
culture media (Berberis vulgaris) “. The present
study was designed to investigate secondary
metabolites, in-vitro antioxidants and anti—ulcer
potential of different solvent-based phylloclade
extracts of M. platyclada.

MATERIALS AND METHODS:
Plant Material Collection, Authentication and
Preparation of Extracts: M. platyclada was
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collected from Kerala and authenticated by the
Botanical Survey of India, Coimbatore
(BSI/SRC/5/23/2019/Tech. 3431). Phylloclade was
cleaned, dried under shade, and ground into fine
powder. For the cold plant extraction process, the
powder was treated with various solvents
(petroleum ether, benzene, chloroform, acetone,
methanol, and water) successively based on their
polarity in 1:10 ratio for 24 h on an orbital shaker
(180 rpm) at room temperature.

The filtrate was concentrated through evaporation
at room temperature and dissolved in their
respective solvents to get the working solution of
10 mg/ 10 mL (w/v).

Quantitative  Determination of Secondary
Metabolites: All the various solvent-based
phylloclade extracts of different concentrations
(0.1-0.5 mg/mL) were subjected to quantitative
analyses of different secondary metabolites such as
total phenols, flavonoids, tannins and terpenoids.

Determination of Total Phenols: For the
determination of total phenolic content, different
concentration of extracts were placed in test tubes
and made up to a volume of 1 mL with distilled
water. Then 0.5 mL of Folin—Ciocalteu reagent (1:1
with water) was added.

After five minutes of incubation, 2.5 mL of sodium
carbonate solution (20%) was added, the reaction
mixture was vortexed and incubated in the dark for
40 min, and the absorbance was recorded at 760
nm. The amount of total phenols was calculated as
%allic acid equivalents from the calibration curve

Determination of Total Flavonoids: Different
concentrations of all the solvent extracts were taken
in test tubes and made up to a volume of 1 mL with
distilled water. The sample solution was mixed
with 0.15 mL of 5% NaNO, solution. After 6 min,
0.15 mL of 10% AICIl; solution was added and
allowed to stand for 6 min and then 2 mL of 4%
NaOH solution was added to the mixture.
Immediately, water was added to bring the final
volume up to 5 mL and then the mixture was
thoroughly mixed and kept for 15 min. The
absorbance of the mixture was determined at 510
nm using water as a blank. The analysis was
performed in triplicate, and the results were
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expressed in rutin-equivalent flavonoids per gram
extract .

Determination of Total Tannins: Tannin content
of the samples were determined using insoluble
polyvinyl-polypirrolidone  (PVP), which binds
tannins *°. Different extracts were placed in test
tubes, made up to a volume of 1mL with distilled
water and mixed with 100 mg PVP, and incubated
at 4°C for 15 min. Then the mixture was
centrifuged for 5 min at 8000 rpm. The non-tannin
phenols were determined as mentioned for total
phenol content using the clear supernatant. Tannin
content was calculated by taking the difference
between total and non-tannin phenolic contents.

Determination of Total Terpenoids: Solvent
extracts with different concentrations were taken
and made into 1mL using distilled water. Then, it
was mixed with 3 mL of chloroform and allowed to
stand for 3 min after adding 0.2 mL of conc.
H,SO,4, it was incubated for 2 h under dark
conditions. Then, it was centrifuged and the
supernatant was collected. To this, 3 mL of 95%
methanol was added and vortexed. The absorbance
of the mixture was determined at 538 nm against
water as blank. The total terpenoid amount was
calculated as linalool equivalents from the
calibration curve *°.

In-vitro Antioxidant Assays: During secondary
metabolites analysis, 100ug/ml  concentration
showed high secondary metabolites content among
various phylloclade extracts. Therefore, all the
extracts in this concentration were subjected to
different in vitro antioxidant assays such as DPPH,
ABTSe+, Superoxide (027, Hydrogen Peroxide
(H20), Nitric Oxide (NO), FRAP,
Phosphomolybdenum, Metal chelating (MC) and
Reducing power (RP) activities.

DPPH Radical Scavenging Activity: A solution
of 0.135 mM DPPH in methanol was prepared, and
1.0 mL of this was mixed with different
concentrations of phylloclade extracts. The reaction
mixture was vortexed thoroughly and left in the
dark at room temperature 27°C for 30 min and the
absorbance of the mixture was measured
spectrophotometrically at 517 nm. Ascorbic acid
was used as a standard for reference. The inhibitory
concentration (ICsg) of several extracts required to
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decrease the initial concentration of DPPH by 50%
was calculated *'.

ABTSe+ Radical Scavenging Assay: To
phylloclade extracts and trolox standards, 1 mL of
7mM ABTS solution was added and allowed to
react for 30 min, and the absorbance was taken at
734 nm. The inhibitory concentration (ICsy) of
several extracts required to decrease the initial
concentration of ABTS by 50% was calculated *%.

Ferric Reducing Antioxidant Potential (FRAP):
The freshly prepared FRAP reagent (900 uL) was
mixed with water (90 puL) and phylloclade extracts.
The reaction mixture was incubated for 30 min
under 37°C, and the optical density was read at
593nm. The antioxidant power was expressed in
ferric — TPTZ reducing power corresponding to
that of 1mM ferrous sulfate heptahydrate .

Determination of Total Antioxidant Capacity by
Phosphomolybdenum Assay: The assay is based
on the reduction of Mo (VI) — Mo (V) by the
extract and subsequent formation of a green
phosphate/Mo (V) complex at acid pH. 100 pg/mL
phylloclade extracts were combined with 1mL of
reagent solution (0.6M sulfuric acid, 2.28mM
sodium  phosphate, and 4mM ammonium
molybdate) and incubated at 95°C for 90 min. Then
the absorbance of the solution was measured at
695nm, and the antioxidant activity was expressed
as the number of ascorbic acid equivalents **.

Assay of Superoxide Radical (O27) Scavenging
Activity: The assay was based on the capacity of
the solvent extracts to inhibit formazan formation
by scavenging the superoxide radicals generated in
riboflavin ~ light-NBT  system Briefly,
phylloclade extracts containing 50mM sodium
phosphate buffer (pH 7.6), 20 mg riboflavin, 12
mM EDTA and 0.1 mg NBT were allowed for 90
sec illumination and then absorbance was measured
at 590 nm. The percentage of inhibition and 1Cs
values were determined.

Scavenging of Hydrogen Peroxide (H,O;): A
solution of hydrogen peroxide (2mM) was prepared
in phosphate buffer (pH 7.4) and 100ug/mL
solvent-based phylloclade extracts were added to
0.6 mL of H,0,. Absorbance was determined at
230 nm after 10 min against a blank solution
containing phosphate buffer without H,0, *°.
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Assay of Nitric Oxide Scavenging Activity (NO):
Sodium nitroprusside in an aqueous solution at
physiological pH spontaneously generates nitric
oxide, and it interacts with oxygen to produce
nitrite ions that can be estimated using Greiss
reagent. Nitric oxide scavengers compete with
oxygen leading to reduced production of nitrite
ions. For the experiment, sodium nitroprusside (10
mM) in phosphate-buffered saline was mixed with
different concentrations of solvent extracts and
incubated at room temperature for 150 min. After
the incubation, 0.5 mL of Griess reagent (1%
sulfanilamide, 2%H3PO,4 and 0.1% N-(1-naphthyl)
ethylene diamine dihydrochloride was added. The
absorbance of the chromophore formed was read at
546 nm. The inhibitory concentration (ICsp) of
several extracts required to decrease the initial
concentration of NO by 50% was calculated °’.

Metal Chelating Activity: Initially, 0.1 mM
FeSOsand 0.25 mM of ferrozine combined and
produce a Fe**-ferrozine complex. To this 0.2 mL
of the phylloclade extract was added and incubated
for 10 min at room temperature. The absorbance of
the mixture was recorded at 562 nm and
EDTA was used as a positive control >,

Fe * Reducing Power Activity: 100 pg/mL plant
extracts in 1mL of methanol were mixed with
phosphate buffer (2.5 mL,0.2 mol/L, pH 6.6) and
potassium ferricyanide [K3Fe(CN)g] (2.5 mL, 1%).
The mixture was incubated at 50°C for 20 min. A
portion (2.5 mL) of trichloroacetic acid (10%) was
added to the mixture and then centrifuged for 10
min. The upper layer of solution (2.5 mL) was
mixed with distilled water (2.5 mL) and FeCl3 (0.5
mL, 0.1%), and the absorbance was measured at
700nm. Increased absorbance of the reaction
mixture indicates increased reducing power™.

In-vitro Antiulcer Assays: Based on higher levels
of secondary metabolites and potential in-vitro
antioxidant activities, plant methanolic extract was
selected for various in-vitro antiulcer assays.

a — Chymotrypsin Assay: A total volume of 100
uL assay mixture contained 60 pL Tris-HCI buffer
(50 mM pH 7.6), 10 uL methanolic extract, and 15
uL (0.9 units) purified chymotrypsin enzyme. The
contents were mixed and incubated for 20 min at
37°C and pre-read at 410 nm. The reaction was
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initiated by the addition of 15 pL (1.3 mM)
substrate (N-succinyl phenyl-alanine-P
nitroanilide). The change in absorbance was
observed after 30 min at 410 nm. All reactions
were performed in triplicates. Chymostatin (0.5
mM) was used as a ‘positive control *°.

Percentage of inhibition = [Activity (control) — Activity
(sample)] x 100

Where activity (control) is the control absorbance
and activity (sample) is the sample absorbance

Urease Inhibition Assay: Nessler’s reagent 61
determined the urease inhibition assay. A solution
consisting of 0.25 mL urease (0.1 mg/mL) from
jack bean, 2 mL of Tris — HCI buffer (pH 8.0) and
0.25 mL urea (60 mM) were incubated with 100 pL
of the methanolic extract at 30°C for 20 min. After
incubation, 1 mL of 10% trichloroacetic acid and
0.5 mL Nessler’s reagent were added to stop the
reaction. The absorbance was measured at 436 nm
and thiourea was used as the standard inhibitor.

The percentage inhibition was calculated from the
formula:

IC (%) =(1L—T/C)x 100

Where IC (%) is the inhibitory activity of UE. T is
the absorbance of the test sample and C is the
absorbance of the control sample

H+ K+ ATPase Inhibition Assay:

Preparation of H® K'-ATPase Enzyme: To
prepare H" K*-ATPase enzyme, fresh goat stomach
was obtained from a local slaughterhouse at
Coimbatore, Tamil Nadu, India (IAEC No:
KMCRET/ReRc/Ph. D/19). The stomach was cut
open, the gastric fundus mucosa was cut off, and
the inner layer was scraped out for parietal cells °.
Thus, obtained cells were homogenized in 16 mM
Tris buffer (pH 7.4) containing 10% Triton X-100
and centrifuged at 6000 rpm for 10 min. The
supernatant (enzyme extract) was used to determine
the H*, K- ATPase inhibition.

Assessment of H*, K- ATPase Inhibition Assay:
The reaction mixture containing 0.1mL of enzyme
extract and methanolic cladode extract (100puL)
was pre-incubated for 60 min at 37°C. The reaction
was initiated by adding substrate 2 mM ATP (200
ul). 2 mM MgCl; (200 uL) and 10 mM KCI (200
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uL) were added and incubated for 30 min at 37°C.
Then the reaction was stopped by the addition of
assay mixture containing 4.5% ammonium
molybdate and 60% perchloric acid followed by
centrifugation at 2000 rpm for 10 min and
inorganic  phosphate released was measured
spectrophotometrically at 660nm ®. Omeprazole
(0.5mM) was used as a positive control.

Percentage of enzyme inhibition was calculated by
using the formula;

Percentage of inhibition = [Activity (control) — Activity
(sample)] x 100

Where activity (control) is the control absorbance
and activity (sample) is the sample absorbance.

Application of RSM to Optimize Different
Parameters of ANC: Results obtained for ANC
was analyzed using RSM to develop an adequate
functional relationship between a response of
interest (ME) and some independent variables
(Time, HCI consumed and NaOH consumed for
ANC).

Experimental design and Optimization: The
RSM with CCD (Central Composite Design) was
selected to optimize the process variables for
enhanced ANC. The experimental design
comprised 20 experimental runs with 14 factorial
and 3 axial points (o), respectively at a distance of
+2cm from the center and 3 replicates of central
points. The number of experiments was calculated
from the following equation:

N = 2k (factorial points) + 2k (axial points) + n, (central
points)

N is the total number of experiments, k is the
independent variable number, and n0 is the
replicate number of the central points, resulting in
an experimental design of 20 points. A second
order polynomial regression model was used to
correlate the relationship between independent
variables and dependent variable responses i.e.,
Time, HCL consumed and NaOH consumed for
ANC.

The second order polynomial regression model was
as follows:

Y = B0 + Y RiXi3i = 1 + YRiiXi2 + YYBijXiXj + €3j=i + 12i
=13i=1
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Where Y is the dependent variable responses for
ANC (Y1), Bo is the model constant, gi, Sii, and S
are model coefficients, X; and X; are the coded
value of independent variables, and € is an error.
Subsequently, additional experiments were carried
out to verify the error in the process variables
statistically.

Acid Neutralizing Capacity: The acid neutralizing
capacity (ANC) of M. platyclada methanolic
extract (100ul) was compared with the standard
antacid Gelucil (10 mg/mL). Water was added and
mixed to the 5 mL plant extract to make the total
volume of 70 mL and then 30 mL of 1N HCI was
added. It was stirred for 15 minutes and added 2-3
drops of phenolphthalein solution. The excess HCI
was immediately titrated with 0.5 N sodium
hydroxide solution drop wise until a pink color is
appeared .

The moles of acid neutralized is calculated by,

Moles of acid neutralized = (Volume of HCl X Normality
of HCl) — (Volume of NaOH x Normality of NaOH)

Acid neutralizing capacity (ANC) per gram of antacid =
Moles of HCl neutralized | Grams of antacidlextrac

Statistical Data Analysis: Statistical analysis was
carried out by one-way analysis of variance
(ANOVA) test and Pearson’s Correlation
Coefficient (R?) using a statistical package program
(SPSS 10.0). The mean comparisons were
considered statistically significant when p < 0.05.
The data obtained from ANC was evaluated
through the Minitab software (version 21.1.1, LLC,
Inc., 2021 State College, Pennesylvania, USA), and
the regression model fit values were assessed based
on the R? (coefficients of determination).
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Quantitative Determination of the Secondary
Metabolites: The results of total phenols,
flavonoids, tannins, and terpenoids are given in
Fig. 1. For quantification of these secondary
metabolites, different concentrations of various
solvent based phylloclade extracts of M. platyclada
i.e. 100, 200, 300, 400 and 500 pg/mL were taken.
Of these concentrations, 100ug/mL showed high
content of all the secondary metabolites analyzed.

Total Phenol Content: Total phenolic content of
various solvent-based phylloclade extracts of M.
platyclada varied widely and ranged from 65.6 to
610 mg GAE/qg extract. Methanolic extract showed
higher total phenolic content i.e. 610 £ 4.0 mg
GAE/g extract than the other solvent extracts Fig.
1A.

Total Flavonoid Content: Total flavonoid content
was found to be high in methanolic extract (615.66
+ 1.52 mg RU/g extract) followed by aqueous and
acetone extracts (289.33 + 2.08 and 260.66 + 2.51
mg RU/g extract, respectively. Low flavonoid
content was observed in petroleum ether extract i.e.
84.0 £ 2.0 mg RU/g extract Fig. 1B.

Estimation of Tannin Content: Total tannin
content of the various extracts was varied, and the
range was found from 27.86 to 670.33 mg TAN/g
extract. Among various extracts, methanolic
cladode extract registered higher tannins, i.e.
670.33+£3.05 mg GAE/g extract Fig. 1C.

Estimation of Terpenoid Content: Total
terpenoid content of various phylloclade extracts of
M. platyclada was observed in the range of 11.0 to
295.66 mg LIN/g extract. Of various extracts used,
methanolic extract showed maximum terpenoid

RESULTS: content i.e. 295.66+4.16 mg LIN/g extract Fig 1D.
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FIG. 1: QUANTITATIVE ANALYSIS OF SECONDARY METABOLITES OF M. PLATYCLADA

In-vitro Antioxidant Activities:

DPPH Radical Scavenging Activity: The data on
DPPH" radical scavenging activity of the various
solvent-based phylloclade extracts of M. platyclada
along with the best-known natural antioxidant
standard, ascorbic acid is presented in Table 1.
Low mean ICsy value was found for methanolic
extract (5.22 pg/ mL), indicating its potential to
scavenge DPPH free radicals compared to standard
ascorbic acid (18.59 pg/ mL). Next to the
methanolic extract, aqueous extract (5.70 pg/ mL)
showed significant activity. Among all solvent-
based extracts, petroleum ether extract had higher
IC50 value, i.e. 17.59 pg/ mL, indicating its poor
scavenging activity.

Total Antioxidant Activity by ABTS™ Radical
Cation Decolorization Assay: Table 1. shows the

ABTS radical scavenging ability of various
phylloclade extracts. It can be ranked as methanolic
extract (ICsp 1.34 pg/mL) > aqueous extract
(IC501.38 pg/mL) > acetone extract (ICsp 1.37
pg/mL) > chloroform extract (ICso 1.47 pg/mL) >
petroleum ether extract (1Csp 1.9 pg/mL) > benzene
(ICs50 3.9 pg/mL).

Nitric Oxide Radical Scavenging Activity:
Among various extracts, the methanolic extract
showed the highest nitric oxide scavenging activity
1.25 pg/mL 1Cso than that of the standard rutin
(7.98 pg/mL ICsp).

Petroleum ether extract showed a Very low
scavenging effect with an ICs value 2.94 pg/mL
Table 1.

TABLE 1: MINIMAL INHIBITORY ACTIVITY OF DIFFERENT SOLVENT-BASED EXTRACTS OF M. PLATYCLADA

IC50
Different solvent DPPH ABTS NO H,0, Oy

extracts (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml)
Petroleum ether 17.59+0.001° 1.9+0.04° 2.94+0.002° 2.33+0.03° 26.4+0.003"
Benzene 10.13+0.001° 3.9+0.03° 1.43+0.002° 2.72+0.004° 50.7+0.004°
Chloroform 8.2+0.002° 1.47+0.01° 1.47+0.004° 2.13+0.003" 41.04%0.003°
Acetone 11.28+0.001° 1.37+0.005° 1.62+0.001° 2.22+0.003° 56.44+0.003°
Methanol 5.22+0.001° 1.34%0.02° 1.250.004° 2.1+0.003? 25.14+0.003°
Aqueous 5.71+0.003" 1.38+0.01° 1.79+0.003" 3.5+0.002° 28.6+0.002°
Standard 18.59+0.004 5.04+0.003 7.98+0.03 5.78+0.004 32.36+0.003

Values are expressed as meant SD of three replicates. Means followed by the different letters. Within the column are
significantly different at P<0.05 level. Standards: 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) — ascorbic acid, 2, 2’-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) — Trolox, Nitric oxide (NO’) — Rutin, Hydrogen Peroxide (H,O,) — Rutin,

Superoxide radical scavenging activity (O,) — Rutin.

Hydrogen Peroxide Radical Scavenging
Activity: Of various extracts analyzed, methanolic
extract was capable of scavenging hydrogen
peroxide effectively compared to other extracts.

It showed low mean ICs value (2.1 pg/mL) than
the standard (5.78 pg/mL 1Csp). Next to the

methanolic extract, the aqueous extract had 3.5
png/ml ICs value Table 1.

Superoxide Radical Scavenging Activity: Among
various extracts, the methanolic extract showed
better superoxide anion radical scavenging activity
i.e., 25.14pg/mL ICsq.
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Acetone extract shows less inhibitory effect with
ICs0 value (56.44 pg/mL) for this activity Table 1.

Ferric Reducing Antioxidant Potential (FRAP):
FRAP assay measures the reducing potential of
plant antioxidants reacting with a ferric
tripyridyltriazine  (Fe**-TPTZ) complex and
producing a coloured ferrous tripyridyltriazine
(Fe®*-TPTZ). FRAP values of the different solvent
extracts of M. platyclada are shown in Fig 2A. Of
various extracts, the methanolic extract had the
highest FRAP value i.e. 696.66 uM Fe (1I) E*/mg
extract, followed by aqueous extract i.e. 541.66 uM
Fe (II) E*/mg extract. Petroleum ether extract
showed the lowest FRAP value i.e. 192.66 uM Fe
(I1) E*/mg extract. Results indicate that the
methanolic extract has the stronger ferric-reducing
power than other solvent extracts.

Determination of Total Antioxidant Capacity by
Phosphomolybdenum  Assay: The  total
antioxidant activity by phosphomolybdenum assay
was based on the reduction of Mo (VI) to Mo (V)
in the presence of the antioxidant compound and
subsequent formation of a green phosphate/ Mo (V)
complex at acidic pH and at a higher temperature.
The antioxidant capacity was reported as ascorbic

E-ISSN: 0975-8232; P-ISSN: 2320-5148

acid equivalents. The methanolic extract exhibited
the best antioxidant activity (760.66 mg AAE/g
extract) followed by the aqueous extract (464.66
mg AAE/g extract). The results indicated that the
methanolic extract contains powerful antioxidants
as compared to other solvent extracts Fig. 2B.

Metal Chelating Activity: The metal chelating
ability of the extracts was measured by the ferrous
ion ferrozine complex formation. The chelating
activity has been mentioned as EDTA equivalents.
Each extract interferes with the formation of
Ferrous ion (Fe+2) and ferrozine complex,
suggesting its metal chelating activity. Among the
solvent extracts, methanol shows the highest
chelating activity of 272.66 Mm EDTA/g extract,
followed by the aqueous extract (225.66 Mm
EDTA/Q) Fig. 2C.

Reducing Power Activity: A compound's reducing
capacity may be a significant indicator of its
potential antioxidant activity. The results of the
reducing power assay show the highest activity for
methanolic extract (798.33 mg RUT/g extract) and
the lowest activity for petroleum ether (355.6 mg
RUT/qg extract) Fig. 2D.
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FIG. 2: IN-VITRO ANTIOXIDANT CAPACITY OF M. PLATYCLADA
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Correlation Coefficient between Secondary
Metabolites and In-vitro Antiulcer Activites:
Correlation  coefficient was made between
secondary metabolites and in-vitro antiulcer
activities. Phenol showed significant correlation
(P<0.05%) for alpha chymotrypsin (0.948), H" K*
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ATPase (0.941) and wurease (0.952) while
flavonoids and tannin had significant correlation
only for urease. Terpenoids exhibited maximum
linear correlation for urease and acid neutralization
capacity Table 2.

TABLE 2: PEARSON’S CORRELATION COEFFICIENT ANALYSIS BETWEEN SECONDARY METABOLITES

AND IN-VITRO ANTIULCER ACTIVITES

Correlation coefficient (r) Alpha chymotrypsin H+ K+ ATPase Urease ANC
Phenols 0.948* 0.941* 0.952* 0.977**
Flavonoids 0.842 0.999** 0.899* 0.988**
Terpenoids 0.974** 0.849 0.912* 0.883*
Tannins 0.837 0.999** 0.895* 0.988**

Correlation coefficients (R) with the level of significance **=p<0.01, *=p<0.05.

In-vitro Antiulcer Activity: During in-vitro
antioxidant analysis, the methanolic extract showed
better antioxidant and free radical scavenging
activity among various solvent-based phylloclade
extracts. Therefore, this extract was selected for the
in-vitro antiulcer activity.

a-chymotrypsin Assay: Methanolic extract of M.
platyclada was tested against a-chymotrypsin
enzyme Fig. 3B. The extract showed maximum
inhibitory activity (88.84%) for alpha chymotrypsin
enzyme compared to the standard chymostatin
(42.51%).

Urease Enzyme Inhibition Assay: The urease
enzyme inhibition assay was done by utilizing

inhibitory percent (12.84%), whereas methanolic
extract showed the maximum percent of inhibition
(68.52%) Fig. 3C.

H* K" ATPase Activity Assay: During H" K*
ATPase activity assay, the methanolic extract
showed significant (P<0.05) proton pump
inhibitory activity in the goat gastric mucosal
homogenate Fig. 3A. The inhibitory activity was
comparable to the standard drug omeprazole.

The methanolic extract of M. platyclada potently
reduced the hydrolysis of ATP by the goat gastric
ATPase (91.75%). Omeprazole (100 pg/ml) was
used as a positive control, which reduced the
activity (67.68%).

standard thiourea, which showed minimum
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FIG. 3: IN-VITRO ANTIULCER ACTIVITIES OF M. PLATYCLADA

Model Fitting of Response Surface Methodology
(RSM): Results obtained for ANC were analyzed
using RSM to develop an adequate functional
relationship between a response of interest (ME)
and some independent variables (Time, HCI
consumed, and NaOH consumed for ANC). The
model CCD was fixed to investigate the effect of
Time, HCI, and NaOH consumed for ANC Table

International Journal of Pharmaceutical Sciences and Research

3. These three factors were assessed using the
second-order model. The consumed volume of HCI
(X1) and NaOH (X3) was increased with increasing
Time (X3). When the titration reached its endpoint,
the ANC value was found for both the sample and
the standard. Table 3 shows the design matrices of
the experiments using CCD.
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TABLE 3: DESIGN MATRICES OF TIME (X;), HCL CONSUMED (X;) AND NAOH CONSUMED (X3) FOR THE
ACID NEUTRALIZATION CAPACITY OF M. PLATYCLADA METHANOLIC EXTRACT AND STANDARD USING
CCD DESIGN

Code level Response variable (experimental & predicted)
Run Type Blk A B C

1 Factorial 1 0 0 0 X1 X, Xy

2 Factorial 1 0 0 -1.68 10.6 22.6 30.7
3 Factorial 1 1 1 1 16.3 22.3 30.6
4 Factorial 1 0 0 0 19.1 22.1 30.5
5 Axial 1 -1 1 1 20.9 21.9 28.6
6 Axial 1 0 -1.68 0 20.7 21.7 28.4
7 Axial 1 0 0 0 20.5 215 28.2
8 Factorial 1 -1.68 0 0 20.9 20.9 26.8
9 Factorial 1 0 0 1.68 20.7 20.7 26.6
10 Factorial 1 0 1.68 0 20.5 20.5 26.4
11 Factorial 1 -1 1 -1 19.9 19.9 254
12 Factorial 1 -1.68 0 0 19.7 19.7 25.3
13 Center 1 1 -1 1 19.6 19.6 25.2
14 Center 1 0 0 0 18.9 18.9 24.9
15 Center 1 1 -1 -1 18.7 18.7 24.7
16 Factorial 1 0 01 0 18.6 18.6 24.6
17 Factorial 1 1 -1 -1 17.9 17.9 23.9
18 Factorial 1 -1 0 -1 17.7 17.7 23.8
19 Factorial 1 0 1 0 17.4 17.4 23.4
20 Factorial 1 -1 -1 1 16.9 16.9 22.9

BLK: Block, Time (X;), HCL consumed (X,) and NaOH consumed (X5).

experimental runs, 22.66 mL HCI, 30.7 mL NaOH
and 10 min were found to be required to get
maximum ANC Fig. 4.

The values of the response variables for Time (4.9-
10 min), HCI consumed (16.9-22.6 mL), and
NaOH consumed (22.9-30.7 mL). After

Time 10

" NaOH consumed 10
> onsume NaOH comsumed

HCL consumed _ 1
HCL comsumed

(A) (B)
(A) THE ASSOCIATION EFFECT OF ANC AND ME WITH TIME (MIN), HCL CONSUMED (ML) AND NAOH
CONSUMED (ML), (B) THE ASSOCIATION EFFECT OF ANC AND STANDARD WITH TIME (MIN), HCL
CONSUMED (ML) AND NAOH CONSUMED (ML)

FIG. 4: RESPONSE SURFACE PLOTS OF M. PLATYCLADA (METHANOL EXTRACT AND STANDARD)

Acid Neutralization Capacity (ANC): The in-
vitro acid neutralization effect of the methanolic
extract of M. platyclada was compared with the

standard antacid gelucil (10mg/mL). ANC of the
standard was found to be 65mEq/extract, whereas it
was 46mEq/extract for methanolic extract Table 4.

TABLE 4: IN-VITRO ACID NEUTRALIZATION CAPACITY OF M. PLATYCLADA METHANOLIC EXTRACT
AND THE STANDARD (GELUCIL)

Extract Volume of NaOH Consumed (mL) mEq of acid consumed
MEMP 30.7mL 46mEq
Standard 16.9mL 65mEq
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MEMP: methanolic extract of M. platyclada,
Standard: Gelucil. The acid-neutralizing capacity of
Standard antacid and methanolic extract of M.
platyclada (100ug/ml) was observed in-vitro. The

E-ISSN: 0975-8232; P-ISSN: 2320-5148

data represent the mean volume of NaOH
consumed (mL) and mEqg of acid consumed. The
methanolic extract shows a maximum ANC (46
mEq /ml) than the standard (65 mEq /ml).

TABLE 5: REGRESSION ANALYSIS AND ANOVA OF MODEL FITTING DESIGN IN ORDER TO EXAMINE THE

STATISTICAL SIGNIFICANCE OF ANC

Source DF? Adj SSP Adj MS° F value® P Value®
Regression 2 588 294 64.91 <0.001
Pt type 2 588 294 64.91 <0.001
Error 17 77 4.529
Total 19 665

*Degrees of freedom, "Adjusted sum of squares, “Adjusted mean square measures, “Test for comparing model variance with
residual (error) variance, *Probability of seeing the observed F value if the null hypothesis is true.

Table 5 represents the regression analysis and
ANOVA of model fitting design to examine ANC's
statistical significance. Large F value i.e. 64.91 of
ANC indicating the CCD model selected for this
analysis was found to be significant. P value
obtained (<0.001) in the model response was
relatively very low, indicating this model's
significance. A large F value and small p-value
shows that the independent variables significantly
impact the respective response variables. The
predicted R — square (Pre. R?) value indicates how
well a regression model predicts response values,
while the adjusted R — square (Adj. R?) indicates
the descriptive power of the regression model while
including a diverse number of variables. In this
study, the Adj. R? values were found to be 0.845
and 0.889 for ANC of ME and ANC of standard.

DISCUSSION: Ulcerative colitis is a chronic
disease that causes the colon to become inflamed
regularly. The condition mostly affects the colon
and rectum, only damaging the innermost mucosa.
The moderate symptoms of the disease include
diarrhoea, stomach pain and progressively loose
stools. Additionally, when the illness worsens, the
patient may develop anemia, weight loss,
exhaustion, and loss of appetite. Antacids (which
include bismuth for convenience), anticholinergics,
H,-receptor antagonists, and liquorice derivatives
are the four categories of peptic ulcer medications.
Most commercially available antacids contain
magnesium and aluminium but have undesirable
side effects, like diarrhoea and constipation. Due to
their widespread availability, patient acceptability,
efficacy, safety, and low cost, people have used
herbal medications for a long time to prevent these
issues. Globally, herbal medicine is a well-liked
complementary therapy for ulcerative colitis, and
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hundreds of clinical trials have supported its
efficacy. This study aimed to assess the secondary
metabolites quantification, in-vitro antioxidants and
antiulcer potentials of different solvent-based
phylloclade extracts of M. platyclada. During
secondary metabolites analysis, among various
solvent-based phylloclade extracts, 100pg/ml
extract showed high content of all the secondary
metabolites analyzed. Therefore, all the extracts in
this concentration were subjected to different free
radical scavenging assays such as DPPH, FRAP,
ABTSe+, phosphomolybdenum, superoxide radical
(02), hydrogen peroxide (H20,), nitric oxide
(NO’), metal chelating activity (MCA) and
reducing power. Among various plant extracts, ME
showed a higher level of in-vitro antioxidant
activity.

Polyphenols are one of the abundant plant
secondary metabolites and are ubiquitously present
in various parts of the plants. Polyphenols reported
in M. platyclada are morin-3-O - «
rhamnopyranoside, kaempferol — 3 — O — 3 - gluco-
pyranoside, quercetin 3-0-a-rhamnopyranoside and
(+) — catechin. The phytocompound quercetin has
an effective antiulcer activity that protects and
prevents biochemical and morphological changes
caused due to the induction of ulcer with ethanol
and indomethacin. Kaempferol is a common
flavonoid with antioxidant and anti-inflammatory
properties with gastric antiulcer effect. Tannins are
polyphenols used in the medicinal industry due to
their astringent properties. During gastric ulcers,
tannins react with the stomach protein and
precipitate to form a protective cover, promoting
resistance to proteolytic enzymes responsible for
ulcer formation. Monoterpenoids are believed to be
capable of changing the harmful effect of stress and
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serve as non-steroidal anti-inflammatory drugs.
Lupeol, a pentacyclic terpenoid, possesses
gastroprotective  activity  against  ethanol's
ulcerogenic effects in the experimental mice. These
studies indicate the potential activity of terpenoids
against ulcers. The total antioxidant activity
determinations were carried out using all the plant
extracts of M. platyclada of various extracts, ME
showed much antioxidant properties compared to
other extracts.

In general, antioxidants act as reducing agents for
completely eliminating various free radical
intermediates with further inhibition of oxidation.
DPPH' is a stable free radical and it can accept an
electron or hydrogen radical to become a stable
diamagnetic molecule. In the present study, ME
exhibited the highest DPPH" radical scavenging
activity than the other solvent extracts, which was
likely due to their higher flavonoid content, the
most important phytocompounds for scavenging
activity. This trend of DPPH" free radical
scavenging activity had already been well
documented in the literature for various plant
species.

M. platyclada phylloclade extracts were found to
have effective antioxidants, which was confirmed
through various in vitro assays. In FRAP assays,
ferric tripyridyltriazine (Fe (I11)-TPTZ) becomes
ferrous tripyridyltriazine (Fe (I1)-TPTZ) through
reaction with a reductant under low pH. (Fe (II)-
TPTZ exhibits an intense blue colour and can be
measured at 593 nm. An increase in absorbance is
directly related to the amount of antioxidant present
in the reaction mixture. A FRAP value of ME
calculated was similar to the reports compared to
the standard. ABTS * assay is an excellent
technique for determining hydrogen-donating and
chain-breaking antioxidants. In the present study,
the efficacy of ME showed higher ABTS™ cation
radical scavenging activity compared to other
extracts. Since ME contains high molecular weight,
it can scavenge ABTS more easily * radicals. In the
present investigation, among various extracts, ME
significantly showed higher scavenging activity of
O, which is produced in biological systems during
cellular respiration and causes damage to
biomolecules.  Therefore, the removal or
neutralization of O, ~ is important to protect the
cells from their deleterious effects. NO' becomes
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toxic after reaction with oxygen or O, radicals.
Various phenols and flavonoids have been found to
neutralize NO" radicals in previous studies. Several
plant extracts have been reported to manifest
antioxidant activity by exhibiting high FRAP
values in-vitro (Croton caudatos ®, Oroxylum
indicum ®, Garcinia atrovirdis, and Cynometra
cauliflora ®°.

Based on the data, it was understood that MCA was
found higher in ME than other extracts. It was
evident from the study that ME of M. platyclada
possesses a better MCA, which might play a
protective note against metal-catalyzed oxidative
damage. The reducing power assay evaluates the
ability of an antioxidant to donate an electron. In
this assay, the ability of extracts to reduce Fe** to
Fe?* was determined. The reducing activities of
various extracts of M. platyclada was observed in
comparison with the standard. Among all the
extracts, ME showed the highest reducing ability.

Herbal medicines play a significant role in treating
gastro-duodenal diseases because they have less
side effects and are more affordable than synthetic
drugs. a-chymotrypsin enables the cleavage of
peptide bonds by hydrolysis reaction. In this study,
ME of M. platyclada showed more inhibitory
activity against a-chymotrypsin than standard
chymostatin. Maximum chymotrypsin inhibitory
activity was reported in various plants such as
Acacia concinna, Caesalpinia bonducella, Lathyrus
sativus, Mucura pruriens, psoralea corylifolia and
Sapindus mucoross *’. Urease (UE) is responsible
for the hydrolysis of urea to ammonia and
carbamate, the final step of nitrogen metabolism in
living organisms. The present study showed
profound inhibition of urease by ME compared to
standard. H® K" ATPase is a key enzyme in
inducing acidity. This investigation studied the
potential of ME to inhibit H+ K+ ATPase in-vitro
isolated from goat stomachs. The result showed
that ME had more significant proton inhibitory
activity than standard. In ANC, ME showed a
significant reduction (46mEqg/extract) compared to
standard (65mEg/extract). RSM is an effective
statistical tool for optimizing various complex
processes simply by saving experimental periods. It
is the first report in which RSM tool was utilized to
optimize the parameters for the enforced activity of
ANC. This statistical tool was applied for the
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optimization of plant extraction methods for
Cynomonium songaricum for prediction of various
secondary metabolites biosynthesis from cell
suspension culture using yeast extract as elicitor;
for optimization of ultrasonic-assisted extraction of
flavonoids from Crinum asiaticum % and
optimization of the best conditions such as
pressure, temperature and CO, flow rate for
extraction of triterpenes and sterols from jackfruit
seed wusing supercritical CO, extractor. The
correlation coefficient analysis between secondary
metabolites and the in-vitro antiulcer activities
gives significantly correlated values. Many
research  reports are available about the
gastroprotective effects associated with several
plant extracts rich in antioxidants Several
authors have stated the positive correlation between
phenolic content and antioxidant potential of
various plant extracts.

CONCLUSION: An examination of the
phytochemical composition, antioxidant
effectiveness, and antiulcer activity of M.
platyclada was conducted in this study. Results
showed that secondary metabolites such as phenols,
flavonoids, tannins, and terpenoids were present in
high ME levels, which were further found to have
significant in-vitro antioxidant and antiulcer
properties. These results suggest that ME of M.
platyclada possesses potential antiulcer activities
due to higher levels. These experimental data
validate the use of this plant in ethnic groups.

Statements & Declarations:

Funding: This work was supported by the
University Research Fellowship (URF), Bharathiar
University, Coimbatore, Tamil Nadu, India. Grants
number: BU/REG/URF/2021/197.

ACKNOWLEDGEMENTS: The Authors
gratefully acknowledge the financial support by
Bharathiar University for providing University
Research Fellowship.

CONFLICTS OF INTEREST: The authors have
no conflicts of interest in financial or commercial
issues of the present research work or its
publication

REFERENCES:

1. Naseri B, Maleki M and Ershad J: Identification of fungal
plant pathogens and their distribution in alfalfa fields of
Zanjan Province 2004.

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Houghton PJ and Manby J: Medicinal plants of the
Mapuche. Journal of Ethnopharmacology 1985; 13(1): 89-
103.

Villegas LF, Fernandez ID, Maldonado H, Torres, R,
Zavaleta A, Vaisberg AJ & Hammond GB: Evaluation of
the wound-healing activity of selected traditional
medicinal plants from Peru. Journal of
Ethnopharmacology 1997; 55(3): 193-200.

Gurib-Fakim A: Medicinal plants: traditions of yesterday
and drugs of tomorrow. Molecular aspects of
Medicine 2006; 27(1): 1-93.

Daniel G & Krishnakumari S: Quantitative analysis of
primary and secondary metabolites in aqueous hot extract
of Eugenia uniflora (L) leaves. Asian Journal of
Pharmaceutical and Clinical Research 2015; 8(1): 334-
338.

Aruoma Ol: Free radicals, oxidative stress, and
antioxidants in human health and disease. Journal of the
American Oil Chemists' Society 1998; 75(2): 199-212.
Lefer DJ & Granger DN: Oxidative stress and cardiac
disease. The American Journal of Medicine 2000; 109(4):
315-323.

Bhatia S, Shukla R, Madhu SV, Gambhir JK & Prabhu
KM: Antioxidant status, lipid peroxidation and nitric oxide
end products in patients of type 2 diabetes mellitus with
nephropathy. Clinical Biochemistry 2003; 36(7): 557-562.
Peuchant E, Brun JL, Rigalleau V, Dubourg L, Thomas
MJ, Daniel JY & Gin H: Oxidative and antioxidative status
in pregnant women with either gestational or type 1
diabetes. Clinical Biochemistry 2004; 37(4): 293-298.
Steer P, Millgard J, Sarabi DM, Basu S, Vessby B, Kahan
T & Lind L: Cardiac and vascular structure and function
are related to lipid peroxidation and metabolism. Lipids
2002; 37(3): 231-236.

Uchida N, Buck DW, He D, Reitsma MJ, Masek M, Phan
TV & Weissman IL: Direct isolation of human central
nervous system stem cells. Proceedings of the National
Academy of Sciences 2000; 97(26): 14720-14725.

Knekt P, Jarvinen R, Reunanen A & Maatela J: Flavonoid
intake and coronary mortality in Finland: a cohort
study. BMJ 1996; 312(7029): 478-481.

Matson PN & Burton ME: Antacids revisited. Drugs 1999;
57(6): 855-870.

Amin M, Igbal MS, Hughes RW, Khan SA, Reynolds PA,
Enne VI & Mirza AS: Mechanochemical synthesis and in
vitro anti-Helicobacter pylori and urease inhibitory
activities of novel zinc (I1)-famotidine complex. Journal of
Enzyme Inhibition and Medicinal Chemistry 2010; 25(3):
383-390.

Amin M, Anwar F, Naz F, Mehmood T & Saari N: Anti-
Helicobacter pylori and urease inhibition activities of some
traditional medicinal plants. Molecules 2013; 18(2): 2135-
2149.

Edmeades DC: Nitrification and urease inhibitors: A
review of the national and international literature on their
effects on nitrate leaching, greenhouse gas emissions and
ammonia volatilisation from temperate legume-based
pastoral systems. Environment Waikato 2004.

Ahmad VU, Hussain J, Hussain H, Jassbi AR, Ullah, F,
Lodhi MA & Choudhary ML: First natural urease inhibitor
from Euphorbia decipiens. Chemical and Pharmaceutical
Bulletin 2003; 51(6): 719-723.

Eswaran MB, Surendran S, Vijayakumar M, Ojha SK,
Rawat AKS & Rao CV: Gastroprotective activity of
Cinnamomum tamala leaves on experimental gastric ulcers
in rats. Journal of Ethnopharmacology 2010; 128(2): 537-
540.

3880



Anju and Geetha, IJPSR, 2023; Vol. 14(8): 3868-3882.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

International Journal of Pharmaceutical Sciences and Research

Rehman T, Ahmad S, Abbasi WM, Ghauri AO & Shafique
S: In-vitro antiulcer potential of Nardostachys jatamansi
through anti-urease assay. RADS Journal of Pharmacy and
Pharmaceutical Sciences 2019; 7(1): 22-26.

Rafatullah S, Algasoumi S, Al-Dosary M, Al-Yahya, M &
Al-Mofleh I: Gastroprotective effect of a popular spice
cinnamon “Cinnamomum zeylanicum” in rats. European
Journal of Pharmacology 2011; (668): 42.

Mahernia S, Bagherzadeh K, Mojab F & Amanlou M:
Urease inhibitory activities of some commonly consumed
herbal medicines. Iranian journal of pharmaceutical
research: IJPR 2015; 14(3): 943.

Bai S, Bharti P, Seasotiya L, Malik A & Dalal S: In-vitro
screening and evaluation of some Indian medicinal plants
for their potential to inhibit Jack bean and bacterial ureases
causing urinary infections. Pharmaceutical  Biology
2015; 53(3): 326-333.

Kumar M, Sikri N, Chahal S, Sharma J, Sharma B, Yadav
P & Dalal S: Urease Inhibitory Kinetic Studies of Various
Extracts and Pure Compounds from Cinnamomum
Genus. Molecules 2021; 26(13): 3803.

Vantrappen G, Janssens J, Coremans G & lJian R:
Gastrointestinal motility disorders. Digestive Diseases and
Sciences 1986; 31(9): 5-25.

Sulekha S, Venkateshwari A, Pratap B & Pratibha N: Role
of Chymotrypsin Alpha and Beta Isozymes in Peptic
Ulcers. J of Cell and Tissue Research 2008; 8(1): 1261.
Sachs G, Maton PN & Wallmark B: Pharmacology of the
parietal cell. Pharmacology of Peptic Ulcer disease 1991;
1-35.

Onasanwo SA, Singh N, Olaleye SB & Palit G: Anti-
ulcerogenic and proton pump (H+, K+ ATPase) inhibitory
activity of Kolaviron from Garcinia kola Heckel in
Rodents 2011.

Yadav P, Ganeshpurkar A & Rai G: In-vitro H+-K+
ATPase inhibitory potential of methanolic extract of
Cissus quadrangularis Linn. Pharmacognosy Research
2012; 4(2): 123.

Gupta RKP & Pradeepa MH: In-vitro antioxidant and H+,
K+-ATPase inhibition activities of Acalypha wilkesiana
foliage extract. Journal of Pharmacy & Bioallied
Sciences 2013; 5(3): 214.

Bhajoni PS, Meshram GG & Lahkar M: Evaluation of the
antiulcer activity of the leaves of Azadirachta indica: An
experimental study. Integrative Medicine
International 2016; 3(1-2): 10-16.

Sofi SH, Nuraddin SM, Amin ZA, Al-Bustany HA &
Nadir MQ: Gastroprotective activity of Hypericum
perforatum extract in ethanol-induced gastric mucosal
injury in Wistar rats: A possible involvement of H+/K+
ATPase o inhibition. Heliyon 2020; 6(10): 05249.

Houshia OJ, AbuEid M, Zaid O, Zaid M & Al-dagga N:
Assessment of the value of the antacid contents of selected
Palestinian plants. American Journal of Chemistry 2012;
2(6): 322-325.

Mukheet A, Hussain MA, Hussain SS, Tabassum G &
Aliuddin SM: Antiulcer Activity of Medicinal Plants: A
Review.

Fokunang ET, Pougoue JK, Njunkio B, Ngoupayo J,
Gatsing D, Tomkins PT & Fokunang CN: Phytochemical
screening and in-vivo evaluation of antiulcer properties of
secondary metabolites in aqueous extracts of Ficus
thonningii Blume tested on Wistar rats. International J of
Biological and Chemical Sciences 2019; 13(1): 475-492.
Garad MC, Upadhya MA, Kokare DM & lItankar PR:
Aerial parts of Enicostemma littorale Blume serve as

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
antipyretic and antacid:  in-vivo and in-vitro
evaluations. Screening 2012; 13: 16.

Mequanente S, Makonnen E & Debella A: Gastric acid
Antisecretory and acid neutralization effect of Aqueous
Trigonella feonum-Gracum and Linum ussitatissimum
Seed extracts on experimental models. Pharmacology
Online 2006; 3: 192-200.

Cho SY, Lee JH, Bae KH, Kim YS & Jeong CS: Anti-
gastritic effects of magnolol and honokiol from the stem
bark of Magnolia  obovata. Biomolecules &
Therapeutics 2008; 16(3): 270-276.

Bhaskaran SK, Rangasamy ANAND AN, Sundaram, S,
Gopalakrishnan VK & Kannappan POO. RNI MA: Effect
of aqueous extract of Azolla filiculoides in gastric mucosa
of ulcerated rats. Int J Pharm Pharm Sci 2015; 7(7): 355-
358.

Panda VS & Shinde PM: A comparative study of the
antacid effect of raw spinach juice and spinach extract in
an artificial stomach model. Journal of Complementary
and Integrative Medicine 2016; 13(4): 387-391.

Yismaw YE, Abdelwuhab M, Ambikar DB, Yismaw AE,
Derebe D & Melkam W: Phytochemical and antiulcer
activity screening of seed extract of Cordia africana lam
(Boraginaceae) in  pyloric ligated rats. Clinical
Pharmacology Advances and Applications 2020; 12: 67.
Gao W, Wang Y, Basavanagoud B & Jamil MK:
Characteristics studies of molecular structures in
drugs. Saudi Pharmaceutical Journal 2017; 25(4): 580-586.
Karacabey E & Mazza G: Optimisation of antioxidant
activity of grape cane extracts using response surface
methodology. Food Chemistry 20; 119(1): 343-348.
Majeed M, Hussain Al, Chatha SA, Khosa MK, Kamal
GM, Kamal MA & Liu M: Optimization protocol for the
extraction of antioxidant components from Origanum
vulgare leaves using response surface methodology. Saudi
Journal of Biological Sciences 2016; 23(3): 389-396.
Gajdhane SB, Bhagwat PK & Dandge PB: Response
surface methodology-based optimization of production
media and purification of o-galactosidase in solid-state
fermentation by Fusarium moniliforme NCIM 1099. 3
Biotech 2016; 6(2): 1-14.

Yu M, Wang B, Qi Z, Xin G & Li W: Response surface
method was used to optimize the ultrasonic assisted
extraction of flavonoids from Crinum asiaticum. Saudi
Journal of Biological Sciences 2019; 26(8): 2079-2084.
Aghayeh RNM, Abedy B, Balandari A, Samiei L &
Tehranifar A: Use of response surface methodology for
optimizing the media of establishment and proliferation
phases of Iranian seedless barberry. Plant Cell, Tissue and
Organ Culture (PCTOC), 2020; 1-15.

Singleton VL & Rossi JA: Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and
Viticulture 1965; 16(3): 144-158.

Zhishen J, Mengcheng T & Jianming W: The
determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food
Chemistry 1999; 64(4): 555-559.

Makkar HP, Blimmel M, Borowy NK & Becker K:
Gravimetric determination of tannins and their correlations
with chemical and protein precipitation methods. Journal
of the Science of Food and Agriculture 1993; 61(2): 161-
165.

Ghorai S, Sarkar AK & Pal S: Rapid adsorptive removal of
toxic Pb2+ ion from aqueous solution using recyclable,
biodegradable nanocomposite derived from templated

3881



Anju and Geetha, IJPSR, 2023; Vol. 14(8): 3868-3882.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

partially hydrolyzed xanthan gum and
nanosilica. Bioresource Technology 2014; 170: 578-582.
Blois MS: Antioxidant determinations by the use of a
stable free radical. Nature 1958; 181(4617): 1199-1200.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang, M &
Rice-Evans C: Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical
Biology and Medicine 1999; 26(9-10): 1231-1237.

Pulido R, Bravo L & Saura-Calixto F: Antioxidant activity
of dietary polyphenols as determined by a modified ferric
reducing/antioxidant power assay. Journal of Agricultural
and Food Chemistry 2000; 48(8): 3396-3402.

Prieto P, Pineda M & Aguilar M: Spectrophotometric
quantitation of antioxidant capacity through the formation
of a phosphomolybdenum complex: specific application to
the determination of vitamin E. Analytical
Biochemistry 1999; 269(2): 337-341.

McCord JM & Fridovich I: The utility of superoxide
dismutase in studying free radical reactions: I. Radicals
generated by the interaction of sulfite, dimethyl sulfoxide
and oxygen. JBC 1969; 244(22): 6056-6063.

Ruch RJ, Crist KA & Klaunig JE: Effects of culture
duration on hydrogen peroxide-induced hepatocyte
toxicity. Toxicology and Applied Pharmacology 1989;
100(3): 451-464.

Sreejayan N, Rao MNA, Priyadarsini KI & Devasagayam
TPA: Inhibition of radiation-induced lipid peroxidation by
curcumin. Int J of Pharmaceutics 1997; 151(1): 127-130.
Dinis TC, Madeira VM & Almeida LM: Action of
phenolic derivatives (acetaminophen, salicylate, and 5-
aminosalicylate) as inhibitors of membrane lipid
peroxidation and as peroxyl radical scavengers. Archives
of Biochemistry and Biophysics 1994; 315(1): 161-169.
Oyaizu M: Studies on products of browning reaction
prepared from glucose amine products derived from
bees. J Pharm Biomed Anal 1986; 41: 1220-34.

Ee KY, Zhao J, Rehman A & Agbhoola S: Characterisation
of trypsin and a-chymotrypsin inhibitors in Australian
wattle seed (Acacia  victoriae  Bentham). Food
Chemistry 2008; 107(1): 337-343.

61.

62.

63.

64.

65.

66.

67.

68.

69.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

He H, Li X, Yu H, Zhu S, He Y, Komatsu K & Zou K:
Gastroprotective effect of araloside A on ethanol-and
aspirin-induced gastric ulcer in mice: involvement of
H+/K+-ATPase and mitochondrial-mediated signaling
pathway. Journal of Natural Medicines 2019; 73: 339-352.
Tiwari P & Goyal A: Antioxidant Activity of Ethanolic
Fruits Extract of Scindapsus officinalis (Roxb). Journal of
Drug Delivery and Therapeutics, 2019; 9(4): 1087-1091.
Lin JY & Tang CY: Determination of total phenolic and
flavonoid contents in selected fruits and vegetables, as
well as their stimulatory effects on mouse splenocyte
proliferation. Food Chemistry 2007; 101(1): 140-147.
Rehman NU, Shah M, Ullah S, Khan M, Khan A, Ullah O
& Al-Harrasi A: Enzymes Inhibition and Antioxidant
Potential of Medicinal Plants Growing in Oman. BioMed
Research International 2022; 2022.

Lalrinzuali K, Vabeiryureilai M, Jagetia GC and
Lalawmpuii PC: Free radical scavenging and antioxidant
potential of different extracts of Oroxylum indicum in-
vitro. Adv Biomed Pharm 2015; 2(3): 120-130.

Rabeta MS and Nur FR: Total phenolic content and ferric
reducing antioxidant power of the leaves and fruits of
Garcinia atrovirdis and Cynometra cauliflora. Int Food
Res J 2013; 20(4): 1691-1696.

Yildinm A, Mavi A, Oktay M, Kara AA, Algur OF &
Bilaloglu V: Comparison of antioxidant and antimicrobial
activities of Tilia (Tilia argentea Desf ex DC), sage
(Salvia triloba L.), and Black tea (Camellia sinensis)
extracts. Journal of Agricultural and Food Chemistry 2000;
48(10): 5030-5034.

Zhang X, Gu C, Ahmad B & Huang L: Optimization of
extract method for Cynomorium songaricum Rupr. by
response surface methodology. Journal of Analytical
Methods in Chemistry 2017; 2017.

Vidal-Gutiérrez M, Robles-Zepeda RE, Vilegas W,
Gonzalez-Aguilar GA, Torres-Moreno H & Ldpez-
Romero JC: Phenolic composition and antioxidant activity
of Bursera microphylla A. Gray. Industrial Crops and
Products 2020; 152: 112412.

How to cite this article:
Anju B and Geetha N: Secondary metabolites, in-vitro anti-oxidant and anti-ulcer potential of the phylloclade extract of Muehlenbeckia
platyclada (F. muell) meisn. Int J Pharm Sci & Res 2023; 14(8): 3868-82. doi: 10.13040/1JPSR.0975-8232.14(8).3868-82.

All © 2023 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

3882



