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Abstract
The bioavailability and therapeutic uses of poor water-soluble natural phytoconstituents are confined. The
active compounds of methanolic extract were investigated by the gas chromatography mass spectroscopy
(GC-MS) and phytosomes were developed by the thin layer hydration tactic and characterized for their
suitable method. The antiulcer activity was assessed employing the indomethacin induced ulcer model in
wistar rats. After induction of the ulcer, the test groups Spondias mangifera Willd. extract, phytosomes
formulation, and positive control ranitidine, received doses (100, 20, and 10 mg/kg) for 7 days. The
S. mangifera, phytosomes formulation, and ranitidine showed a significant (p<0.05) decrease in ulcer index
and thiobarbituric acid reactive substances levels and a remarkable (p<0.05) increase in catalase and superoxide
dismutase levels as compared to the negative control indomethacin treated group. The chief phytoconstituents
revealed in S. mangifera are phenolic compounds like brenzkatechin (0.40%), pyrogallol (88.35%), diethyl
phthalate (3.66%), and steroids like gamma sitosterol (0.91). Phytosomes formulation comprises several
types of particles, their size increasing with S. mangifera concentration, having a zeta potential of -24.24
mV. The present study demonstrated that the phytosome of S. mangifera was well prepared and characterized
and possessed significant antiulcer activity.
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1. Introduction

Ulcers, a common medical problem, are the open sores or breaks in
the skin or mucous membranes, affecting millions of people
worldwide. The duodenal ulcer may occur on the anterior and
posterior walls of the duodenum, characterized by severe pain in the
stomach, bloody stool, and a burning sense that makes the patient
lethargic (Brooks, 1985). Studies have shown that the Gram-negative
bacterium (Helicobacter pylori) infection, injury, stress alcoholism,
and long-term certain medications like none steroidal anti-
inflammatory drugs (NSAIDs) are the real cause of duodenal ulcers.
The treatment of ulcers often requires a combination of medications
and lifestyle changes, but the search for more effective and targeted
treatment options is ongoing (Singh, et al., 2022).

Spndias mangifera Willd., Family Anacardiaceae, is an incredible
aromatic tree with curative potential for the treatment of numerous
diseases. The plant is normally valued for its turpentinic odor, fruits
and flowers which are largely utilized in the preparations of cuisine
and the production of pickles (Muhammad et al., 2009). The various
parts of the plant, viz., young leaves, stem bark, root, fruit, and
flowers are used in the folklore medicinal system of different Asian
countries and utilized in different ailments conditions such as
dysentery, tonsillitis, duodenal ulcer, piles, arthritic pain,
helminthiasis, rheumatoid arthritis, cholera, debility, and infections.
The bark of this plant is utilized in the treatment of different gastric

ailments and is rich in triterpenoids and phenolic compounds (Khan
et al., 2022; Arif et al., 2008).

There are a variety of promising therapeutic approaches involving
the use of herbal extract formulations, but with the action of digestive
secretions at the ulcerated stomach surface, most of the
phytoconstituents of traditional herbal formulations are broken down
and unable to produce their effects. Many strategies have been
recognized to improve the oral bioavailability of herbal phyto-
constituents. Phytosomes are lipid based, nano form vesicles of
herbal extracts that show better results than traditional herbal extract
formulations, which can be employed to improve the antiulcer activity
of active phytoconstituents (Usmani et al., 2019; Ajay et al., 2023).
The objective of this research was to analyze the phytoconstituents
of the stem bark S. mangifera by GC-MS, formulate the extract as
phytosomes by forming complexes with phospholipid, and compare
the antiulcer activity with a simple extract and a standard antiulcer
drug.

2. Materials and Methods
2.1 Procurement and certification of plant material

S. mangifera bark was collected in December 2021 from a local area
of district Chandouli (India) and validated by the Dept. of Life
Science, Dibrugarh University, Assam, to find out the reference
number (DLS/MS/2021/14).

2.2 Chemicals and drugs

Thiopental sodium (Sigma-Aldrich), thiobarbituric acid (TBA,
Spectrochem), Ranitidine (Jb Chemicals and Pharmaceuticals Ltd.),
cholesterol (Geno Pharmaceuticals Pvt., Ltd.) phosphatidylcholine
(Mitushi Biopharma), phosphate buffer (prepared as per IP, 2010),
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and analytical grade chemicals like trichloroacetic acid (TCA), and
solvents for extraction were bought from Merck and SD Fine Chemical
Limited (Mumbai).

2.3 Instruments

Gas chromatography-mass spectroscopy (Shimadzu QP-2010
Ultra), rotary vacuum evaporator (Buchi Rotavapor R-200), Malvern
zeta sizer (Malvern Instrument, Worcestershire, U.K.), and
Transmission Electron Microscopy (TEM - Tecnai, G20, Philips
Scientific Netherlands).

2.4 Extract preparation of plant materials

The bark (500 g) was screened for extraneous material and dried in
the shade for two weeks. The bark powder (200 g) was defatted
with Pet. ether (400 ml) and extracted with methanol (400 ml) by the
Soxhlet apparatus (Qadir et al., 2018). The methanolic extract of S.
mangifera (SM) obtained was concentrated and dried to yield 9.35%w/
w. The SM (100 mg) was used for GC-MS analysis and 4.0 g extract
was used for the preparation of phytosomes nano formulations
(SM-PS).

2.5 Gas chromatography-mass spectroscopy

The gas chromatography-mass spectroscopy (GC-MS) technique was
used to investigate the phytoconstituents present in SM. The
instrument used was Shimadzu QP-2010 Ultra GC-MS with a non-
polar column, 60 M TRX 5-MS (Dimension: 30 m, ID: 0.25 mm, film:
0.25 mm) and the reference capillary. The helium gas was used as a
vehicle and the mobile phase flow rate was maintained at 1.21 ml

per minute. The  temperature  of  ovens was  originally  raised  from
100 to 260°C at a rate of 10°C per min with a fixed injection volume
of 2 l. The electron ionization energy system was 70 eV for the test
and the sample was run for 45 min (Kumar et al., 2023).

2.6 Development of S. mangifera phytosomes

The SM-loaded phytosomes (SM-PS) were created through a thin
layer hydration approach. Ethanol was used to dissolve various
amounts of SM, cholesterol, and phosphatidylcholine. The mixture
was refluxed and stirred for the specified temperature and time. The
final mixture is vacuum evaporated using a vacuum evaporator at 34-
45°C until the layer is thin. The films were further hydrated with
90% v/v aqueous ethanol for 6 h and placed in a desiccator overnight.
The resulting extract-phospholipid complexes were transferred to
vials for further characterization and stored in the refrigerator (Siddiqui
et al., 2023).

2.7 Optimization of SM-PS by utilizing Box-Behnken design
(BBD)

The SM-PS phytosome formulation was optimized by using the
three factors, three-level BBD. As per the design expertise software,
17 run SM-PS phytosome formulations were developed and their
corresponding particle size, PDI, and %EE were observed. The
independent variables selected were phospholipid (X1), cholesterol
(X2), and sonication time (X3) while the dependent variables were
vesicle size (Y1), PDI (Y2) and percentage entrapment efficiency
(Y3), and constraints for dependent variables are provided in Table 1
(Singh et al., 2005).

Table 1: Experimental runs for SM-loaded phytosomes formulation with independent variables and observed dependent variables

Formulation Independent variables Dependent variables

X1 X2 X3 Y1 Y2 Y3

1. 4 0 7.5 180 81.8 0.172 72.5

2. 5 0 7.5 120 117.8 0.246 84.7

3. 4 0 7.5 6 0 91.4 0.185 70.8

4. 5 0 7.5 120 118.1 0.248 84.2

5. 5 0 5 6 0 109.1 0.222 79.1

6. 4 0 1 0 120 97.7 0.198 72.5

7. 5 0 7.5 120 116.9 0.249 84.3

8. 5 0 1 0 6 0 140.6 0.323 84.9

9. 5 0 7.5 120 117.4 0.241 84.2

10. 6 0 7.5 180 169.1 0.419 90.2

11. 5 0 1 0 180 125.2 0.312 86.2

12. 6 0 5 120 165.9 0.383 89.9

13. 5 0 7.5 120 117.3 0.239 84.9

14. 4 0 5 120 79.5 0.143 62.7

15. 5 0 5 180 104.7 0.216 77.7

16. 6 0 1 0 120 180.6 0.433 93.4

17. 6 0 7.5 6 0 175.3 0.43 91.6

X1-phospholipid (mg), X2-cholesterol (mg), X3-sonication time (second), Y1-vesicle size (nm), Y2-PdI and Y3-% EE.
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2.8 Characterization of SM-PS

2.8.1 Determination of particle size and polydispersity index
(PDI)

The estimation of vesicle size and PDI of the SM-loaded phytosomes
was performed using the Malvern zeta sizer (Malvern Instrument,
Worcestershire, U.K.) at 25 ± 1°C. The formulation was diluted
using pH 7.4 phosphate buffer and determinations were performed
in triplicate (Qadir et al., 2020).

2.8.2 Determination of zeta potential

At 25 ± 1°C, the zeta potential of the SM-PS phytosome was
measured using a Malvern zeta sizer (Malvern Instrument, Worce-
stershire, U.K.). The formulations were watered down with Milli-Q
water for the analysis was conducted in triplicate (Singh et al., 2011).

2.8.3 Determination of entrapment efficiency (%EE)

The ultracentrifugation approach was employed to determine the
%EE of the prepared SM-PS phytosome formulation. For the
separation of free SM from the SM-PS phytosome SM-PS phytosome
was ultra centrifuged at 15000 rpm for 1 h at 4°C. The different
diluted concentrations of the collected SM supernatants were
determined using UV spectroscopy at a wavelength of 416 nm. To
obtain the percentage of entrapment efficiency, the equation used as:

% EE = 
{Iint – Ssup.}

×100
Iint.

where Iint is the initial quantity of SM and Ssup is the quantity of SM in
the supernatant. To summarize, drug quantification was carried out
utilizing UV spectroscopy at 416 nm (Sharma et al., 2022).

2.8.4 Transmission electron microscopy (TEM)

A TEM was used to examine the morphology of phytosomes that
had been prepared and a drop of the dilute formulation was put on a
copper-grid and left to dry. Phosphotungstic acid (2% w/v) was
used to stain the sample was dried. Finally, the sample was analyzed
by a transmission electron microscope (Arora et al., 2016).

2.8.5 Determination of in vitro drug release

These tests were carried out by use of the dialysis bag method to
compare the release behavior of the SM-PS phytosome formulation
with the suspension formulation (phosphate buffer pH 7.4). The
dialysis bags were filled with the optimized formulations. Bags were
submerged in phosphate buffer with a pH of 7.4 (25 ml) as a release
medium and the medium was kept at an ambient temperature. Using
the same quantity of dissolving media, one ml of formulation was
obtained at 0, 0.25, 0.5, 1, 2, 4, 6, and 12 h intervals while preserving
the sink conditions. To analyze the samples UV spectroscopy at a
wavelength of 416 nm was used (Verma et al., 2022).

2.8.6 Determination of kinetic study

The in vitro drug release data was analyzed using several mathematical
models in a kinetic study (Arora et al., 2016).

2.9 Determination of antiulcer activity

2.9.1 Investigational animals

Adult wistar rats (150-210 g, 12-16 weeks) of either sex were used
for the experiment. Animals were housed in polypropylene plastic

cages with sawdust as bedding and maintained at standard light,
humidity, and room temperature (19-25°C; 12 h light and dark cycle).
The animals were acclimatized for one week, during this period
animals were fed standard pellets and tap water was provided ad
libitum. The Investigative procedure accepted by the I.A.E.C. (No.
IU/IAEC/21/11) succeeding the rules of the Committee for Control
and Supervision of Experiments on Animals (CPCSEA) was adopted.

2.9.2 Grouping and dosing of animals

The antiulcerogenic activity of SM and SM-PS was determined by
using six groups containing of six rats each. All the rats were allowed
water and destitute of food for 24 h previous to being exposed to
ulcerogenic indomethacin using a vehicle (1% CMC) was orally
administered except Group I (negative control) and Group VI (Per
se). After 24 h, rats were treated with test drugs suspended in 1%
CMC. Group I (-ve control) administered 1 ml/kg/day p.o. of 1%
CMC only and Group II considered (+ve control) administered 20
mg/kg/day p.o. of indomethacin. Treatment Groups III and IV were
treated with SM of 100 mg/kg and SM-PS of 20 mg/kg. Group V was
treated with 10 mg/kg ranitidine (Standard drug) and Group VI (per
se) was administered SM-PS 20 mg/kg p.o. At the end of the
experiment, the animals were sacrificed by an overdose of thiopental
sodium (50 mg/kg). The stomachs were removed, and the lesions
were macroscopically examined. The diameter of each lesion was
measured by planimetry using a simple magnifier (Sabiu et al., 2015).

2.9.3 Quantification of ulceration

The severity of the ulceration was measured in indomethacin-treated
animals. The thoroughly cleaned stomachs were fixed to a cork board,
and ulcers were graded from 0 to 5 scale (which represents the degree
of vascular cramming and wounds/erosions) as shown in (Table 2).

Table 2: Ulcer index description and scores

Ulcer grade Description

0 Normal mucosa

1 Vascular congestions

2 One or two lesions

3 Severe lesions

4 Very severe lesions

5 Mucosa full of lesion

Regions of mucosal tissue injury were indicated as a percentage of
the total surface area of the glandular stomach which was calculated
in square millimetres. The proportion of blockage against the
ulceration was calculated using the following formulas for the ulcer
index (U.I.), which represents the mean ulcer score of all animals
(Khushtar et al., 2016).

U.I. = [Ulcerated area/total stomach area] × 100.

%Ulcer inhibition = [U.I. in control – U.I. in test] × 100/U.I. in
control

2.9.4 Determination of thiobarbituric acid reactive substances
(TBRS)

A capacity of 30% 0.5 ml aqueous solution of trichloroacetic acid
(TCA) was poured into 1 ml of 10% tissue homogenate, suspension
media containing 0.5 ml of 0.8% aqueous TBA reagent in several test
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tubes (Khushtar et al., 2018). The test tube content was protected
by aluminum foil and saved in a shaking thermal bath at 80 ± 4°C for
30 min. The test tube was placed in ice cold water for 30 min and
centrifuged at 2500 rpm for 20 min. The absorbance of the supernatant
was taken at 540 nm in contradiction of the blank reagent.

2.9.5 Assessment of catalase action

The stomach muscle homogenate was homogenized by using 50
mM phosphate buffer in a 1:12 ratio. The content was then
centrifugated at 85,00 rpm at 5°C for 15 min. An aliquot of 60 µl
supernatant was poured to a cuvette holding 2.95 ml of 20 mM
hydrogen peroxide (H2O2). The variation in the absorbance (Abs/
min) was noted at one-minute intervals for the 3 min at max 250 nm.
The incidence of catalase smashes H2O2 leading to a diminution in the
absorbance (Khushtar et al., 2018). The action of catalase was intended
using the formula:

n moles of H2O2 used up/min/mg protein = (Abs/min × capacity of
assay)/(0.081 × capacity of homogenate × mg of protein).

2.9.6 Effect of SM and SM-PS on superoxide dismutase (SOD)
activity

This activity is based on that the superoxide anion radical catalyzes
the autooxidation of pyrogallol. An aliquot of 80 µl of supernatant
of stomach muscle homogenate was poured into the tris-HCl buffer
and made up the volume of 3 ml with the buffer solution (A). Solution
(B) was prepared by dissolving 20 l (20 mM) pyrogallol in 10 mM

HCl and poured in solution (A). The variations in absorbance at ëmax
425 nm were noted at 1 min intervals for 3 min. The intensification
in absorbance after adding the pyrogallol was subdued by the existence
of SOD (Khan et al., 2019). One part SOD was designated as the
quantity of the enzyme essential to trigger 50% embarrassment
pyrogallol by 3 ml autooxidation of assay assortment and was
intended by the formula:

Parts SOD in 1 ml of mixture = (C – T) × 100/C × 50

where C is absorbance alteration per min. in control, T is the
change of absorbance in per min. in the tested mixture. All the data
was articulated as parts of SOD in 1 mg of protein suspension.

3. Results

3.1 Analysis of bioactive compounds

The purpose of the GC-MS analysis was to find out the biologically
active compounds present in the SM. The outcome shows that there
are 37 compounds identified, in which phenolic compounds and
steroids are the major components. Figure 1 shows the GC-MS
chromatograms and shows the major active components, peak area,
concentration, and retention period. The major existing compounds
identified in SM were phenolic compounds like brenzkatechin
(0.40%), pyrogallol (88.35%), diethyl phthalate (3.66%), and
steroids like gamma sitosterol (0.91). The GC-MS data could be
encouraging for the field of pharmaceutical research sector in the
detection of different phytoconstituents in SM (Figure 1).

Figure 1: GC-MS Chromatogram of methanol extract of S. mangifera (SM).
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3.2 Construction and optimization of SM-PS by Box-Behnken
design

For the development of SM-PS, the BBD generated 17 runs. A quadratic
model was determined to have the best fit for responses in all the
preparations. The R2 values, S.D., and %CV of all three variables is
revealed in (Table 3).

3.2.1 Response 1 (Y1): Effect of independent variables on vesicles
size

As the amount of lipid increased from 40 to 60, the corresponding
size also increased from 79.5 nm (Formulation 14) to 180.6 nm

(Formulation 16). The effect is demonstrated in 3D response plots
as shown in Figure 2 (A-C).

3.2.2 Response 2 (Y2): Outcome of independent variables on
PDI

PDI of all phytosomes formulations ranged from 0.143 to 0.433,
with an average PDI of 0.274. As per equation Y2 shown in Table 3,
lipid and cholesterol were found to have a positive fallout on PDI
whereas sonication time has a negative fallout, but this is not
significant. With an increase in lipid concentration, the PDI of the
SM-PS phytosome increased from 0.146 (formulation 14) to 0.433
(formulation 16). The fallout is seen in Figure 2 (D-F).

Table 3: Summary of results of regression analysis for responses Y1, Y2 and Y3 for fitting to the quadratic model

Quadratic model R2 Adjusted R2 Predicted R2 Mean S D %CV Adequate precision

Response (Y1) 0.9970 0.9931 0.9525 124.02 2.64 2.13 52.4567

Response (Y2) 0.9915 0.9805 0.8717 0.2741 0.0130 4.73 31.8936

Response (Y3) 0.9892 0.9752 0.8319 81.99 1.31 1.60 28.8612

Y1 = + 117.50 + 42.56A + 10.61B-4.45C-0.8750AB + 0.8500AC-2.75BC + 11.46A² +1.96B² + 0.4375C²

Y2 = + 0.2446 + 0.1209A + 0.0378B-0.0051C-0.0013AB + 0.0005AC-0.0013BC + 0.0389A² + 0.0057B² + 0.0180C²

Y3 = + 84.46 + 10.83A + 3.45B + 0.0250C-1.58AB-0.7750AC + 0.6750BC-2.77A²-2.07B²-0.4175 C²

3.3.3 Response 3 (Y3): Outcome of independent variables on
entrapment efficiency

The average entrapment efficiency (EE) of each SM-PS formulation
was 81.99%, with a minimum and highest value of 62.7% and 93.4%,

respectively. The concentration of lipids was shown to have an
affirmative result on EE; however, the other two variables, cholesterol,
and sonication time were obtained to have an adverse effect on EE.
The overall effect of sonication time on %EE was found to be positive
as seen in Figure 2 (G-I).

Figure 2: 3D-response surface plot showing the effect of independent variables on vesicle size (A-C) polydispersity index (D-F)
and entrapment efficiency (G-I).
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3.4 Characterization of SM-loaded phytosome

3.4.1 Vesicle size and polydispersity index (PDI)

The vesicle size of SM-loaded phytosomes was found to be 117.4
nm and its PDI was 0.247 (Table 1).

3.4.2 Zeta potential of SM-loaded phytosomes formulation

The zeta potential of SM-loaded phytosome was found to be -24.24
mV as shown in (Figure 3).

3.4.3 Entrapment efficiency

The average percentage entrapment efficiency of SM-PS was found
to be 81.99% (Table 3).

3.4.4 Transmission electron microscopy (TEM)

The developed vehicles were well-defined sealed structures with
homogeneous size distribution and spherical in shape as shown in
(Figure 3).

Table 4: Selected independent and dependent variables for the preparation of SM-phytosome
by Box-Behnken design

Variables Low (-1) Medium (0) High (+1)

Independent variables

X1 = phospholipid (mg) 4 0 5 0 6 5

X2 = Cholesterol (mg) 5 7.5 1 0

X3 = Sonication time (second) 6 0 120 8 0

Dependent variables

Vesicle size (Y1) Minimize

Polydispersity index (PDI) (Y2) Minimize

Entrapment efficiency (EE) (Y3) Maximize

  

Figure 3: Transmission electron micrograph (TEM) of OPT-SM-PS formulation.

Figure 4: In vitro release of a MS drug suspension and the SM loaded phytosome and the in vitro
release models of the prepared MS-PS.
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Table 5: Effects of methanolic extract of S. mangifera (SM) and its formulations SM-PS on different ulcer specific variables

Treatment groups and ulcerspecific variables Ulcer index TBARS Catalase S O D
scores (nmol/mg (nmol of  H2O2 (units/mg

protein)  consumed/ min protein)
/mg protein)

I (Normal Control) 1% CMC: 1 ml/kg  0.00 ±  0.00  1.46 ±  0.17  0.068  ±  0.013  0.72 ±  0.12

II (Ulcer Control) 1% CMC: 1 ml/kg + IND: 20 mg/kg  3.60  ±  0.14**  4.73  ±  0.26**  0.018 ±  0.008**  0.14  ±  0.08**

III (Extract treated) SM 100 mg/kg + IND: 20 mg/kg  1.58  ±  0.62#  3.12  ±  0.28#  0.032 ±  0.014#  0.37  ±  0.12#

IV (Formulation treated) SM-PS 20 mg/kg + IND: 20 mg/kg  1.24  ± 0.23##  2.24  ±  0.29#  0.052 ±  0.023#  0.51  ±  0.12#

V (Standard drug treated) Ranitidine: 10 mg/kg + IND: 20 mg/kg  0.97  ± 0.14## 1.84 ± 0.18#  0.059 ±  0.014#  0.68  ±  0.11#

VI (Per se) SM-PS 20 mg/kg  0.12 ±  0.26  1.50 ±  0.32  0.064  ±  0.018  0.68 ±  0.09

Each value is expressed in Mean SEM one-way ANOVA (n=6) followed by Dunnett’s test.
p = *p<0.05; **p<0.01 ulcer control Group II compared to normal control Group I
p = #p<0.05; ##p<0.01 tested Group III, IV, and V compared to ulcer control Group II

Figure 5: Effect of tested samples of S. mangifera bark on the gross structure of stomach [A]. Normal control Group I [B], ulcer
control Group II [C], SM treated 100 mg/kg Group III [D], SM-PS treated 20 mg/kg Group IV [E], standard drug treated
Group V [F] and per se Group VI.

3.4.5 In vitro drug release

The release behaviors of the synthesized SM-PS and suspension SM
were evaluated to determine the release of SM. In the release study,
SM-PS exhibited a higher drug release (89.14% at 12 h) than SM. At
each point in time, a substantial drug liberation was accomplished.
While in resemblance to pure SM, the SM-PS showed delayed drug
liberation (Figure 4).

3.5 Antiulcer activity

The effects of SM and SM-PS on ulcer index, TBA reactive substance
(TBARS), catalase, and SOD levels are shown in (Table 5). In

comparison to the Group I, Group II animals showed a significant
intensification in UI and TBARS (p>0.01) and a significant decline in
catalase and SOD (p<0.01). Group III, IV, and V rats presented a
reduction in UI (p<0.05) and TBARS levels, and an increase in catalase
and SOD levels (p>0.05) related to Group II. Group VI (Per se)
animals presented non-significant changes in the UI, TBARS, catalase,
and SOD levels in comparison to control Group I.

4. Discussion

The 3-dimensional graph represents the responses of independent
factors on vesicular size, %EE, and PDI. The experimental values
were quantitatively matched with the predicted values. The average
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particle size of each 17 formulation was established to be 124.02 nm
with the values ranging from 79.5 nm to 180.6 nm. Equation Y1 in
(Table 1) shows an increase in vesicle size with the increase in lipid
amount, while cholesterol had a negative effect. Formulation
containing the highest amount of lipid (60 mg) exhibited %EE of
93.4% while the one with the lowest lipid content (40 mg) showed
%EE of 62.7%. This effect can be seen in Figure 2 (G-H). A
relationship was observed between cholesterol and %EE. Increase in
cholesterol from 5% to 10% increase %EE from 62.7%. (Formulation
14) to 93.4% (Formulation 16). The higher value of zeta potential is
because of the anionic nature of cholesterol which gets adsorbed on
the particle/water interface and forms an electric double layer which
leads to higher stability. PS can edge drug liberation because SM
must traverse the lipid bilayer and is capable of diffusing gradually.
From Figure 4, formulation liberated quickly in the first and two h,
and afterward at a lesser degree over the next 12 h. This kind of
liberating performance is ideal for enriching the useful treatment.
Preliminary fast liberation of the drug helps in attaining therapeutic
strength, but prolonged slow release expands therapeutic efficacy.

A high dose of indomethacin leads to erosion of the mucosal layer
and is liable for the induction of ulceration (Andrews et al., 1994).
Hence, indomethacin was utilized in the experiment to tempt ulcers
in animals. Outcomes of research verified that Group II rats exhibited
an intensification in UI and TBARS whereas a diminution in catalase
and SOD levels was related to normal control Group I. Outcomes of
the study confirmed that pretreatment with SM, SM-PS, and ranitidine
(Group III, IV, and V) significantly minimizes the ulceration effect of
indomethacin and maintains the TBARS, catalase, and SOD levels in
comparison to Group II. In the present study, reactive oxygen
metabolite (TBARS) was estimated because large quantities of TBRS
formation have been concerned with the pathogenesis of several
inflammatory situations including gastrointestinal tract ailments and
peptic ulcers (Vijay et al., 2022). ROS construction increases defensive
willpower in coming back to certain external stimuli, unfavourable
diets, and human ailments. Generally, these ROS are counterbalanced
by endogenic antioxidant cellular systems such as catalase and SOD.
Through oxidative stress, a situation will happen when ROS formed
is gathered and overdoes the cellular antioxidant system. Therefore,
oxidative stress is responsible for the initiation and magnification of
gastric ulcers. The endogenic antioxidant cellular system catalase
and SOD are important for the body in command to release injurious
ROS from the cellular system. These findings showed that catalase
and SOD levels were significantly increased in SM, SM-PS, and
ranitidine (Group III, IV, and V) in comparison to the ulcer control
Group II animals where it decreased. These outcomes recommended
the conceivable participation of endogenous antioxidants in the
experimental consequence of SM and SM-PS in gastric ulcers. The
GC-MS analysis of SM exhibits the presence of phenolic compounds
brenzkatechin (0.40%), pyrogallol (88.35%), and diethyl phthalate
(3.66%), which have strong antioxidant and antiulcer activity. These
compounds help control the generation of TBRS in stress conditions
(Wahab et al., 2014).

5. Conclusion

The phytoconstituents present in the methanolic extract of S.
mangifera were qualitatively analyzed by GC-MS. The analysis
disclosed the presence of diverse medicinally active phenolic

compounds and steroid compounds. As per the literature report,
these are the active antiulcer compounds. The present verdicts
conclude that the methanolic extract of S. mangifera bark and
formulated phytosomes (SM-PS) have antiulcerogenic activity as
they have exhibited a protective effect on gastric ulcers in rat models.
The outcome of the research work also proposes that the optimized
phytosome based drug delivery system containing herbal extracts as
bioenhancers has the potential to improve the bioavailability of
hydrophilic and hydrophobic components of extracts. We anticipate
that the inhibition of gastric damage by formulated phytosomes
(SM-PS) is more effective than bark extract at low doses due to the
improved bioavailability of phenolic compounds present in the
extract. Further studies shall emphasize on the isolation of phenolic
compounds, formulation development, and elucidating mechanisms
of action.
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