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Schiff base polymers derived using natural polysaccharides have received greater
attention due to their tunable biocompatible properties. This investigation aimed to
synthesize a new chitosan based polymer derived from 2-acetyl phenothiazine (2ApCT)
and characterized using FTIR, 1H NMR, XRD, TGA and DSC analyses. The
synthesized 2ApCT was evaluated for its antibacterial activity against various Gram-
positive and Gram-negative bacteria. The results demonstrated that the 2ApCT
displayed significant antimicrobial activity against S. aureus, E. coli, B.subtilis,
Klebsiella, Salmonella and MRSA with inhibition ability of 56.3%, 62.5%, 80.0%,
82.6%, 86.7% and 92.3% respectively. Additionally, anticancer activity of 2ApCT was
evaluated against HepG2 (liver cancer) cell lines. Furthermore, the synthesized Schiff
base polymer showed notable antioxidant activity, with a value of 86.90 %. Results
demonstrated that the synthesized Chitosan-based Schiff base polymer derived from 2-
acetyl phenothiazine (2ApCT) has potential applications in biomedical field.

INTRODUCTION

applications. It is biocompatible, biodegradable,
mucoadhesive biopolymer, and has its own

In recent years, polymer composites derived from
natural polysaccharides received greater attention
for their beneficial physicochemical properties.
Chitosan, a biopolymer derived from the
deacetylation of chitin (B-(1—4)-2-amino-2-
deoxy-D-glucopyranose), is extensively utilized
due to its unique properties and potential

antimicrobial effect [1,2]. The antimicrobial
activity of chitosan is largely related to the
mechanism that the protonated amino groups on
the chitosan react with negatively charged
constituent of the cell such as teichoic acids in
gram-positive bacteria or lipopolysaccharides in
gram negative strains. Hence, it is significant
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biopolymer in biomedical research [3]. The
hydroxyl and amino functional groups present in
the structure of chitosan suitable for chemical
modification and thereby improve its material
properties [4-7]. The amino groups of chitosan can
readily react with aldehydes and ketones to form
chitosan-based Schiff base polymers. These Schiff
base derivatives are synthesized by condensation
of amino groups of chitosan with the carbonyl
groups. The synthesis of Chitosan based Schiff
base polymers can be facilitated by solvents such
as acetic acid, ethanol or a combination of
solvents[8-10]. With this point of view, we report
on the new Chitosan based polymer derived from
2-acetyl phenothiazine (2ApCT) and its medical
applications are evaluated in this work.

MATERIALS AND METHODS
2.1 Materials

Chitosan that was purchased from Loba Chemie
pvt. Ltd., Chennai, characterized with a degree of
deacetylation of 75%. The 2- acetyl phenothiazine,
has been purchased in Merck and had a purity of
99.99 %. Other reagents were acetic acid, ethanol
and sodium hydroxide of chemicals Itd as well
which were of analytic grade. During the synthesis
and also in the purification process, distilled water
was used to warrant that the final product was
intact.

2.2 Synthesis of chitosan-2 acetyl phenothiazine
Schiff base

The chitosan-Schiff base was prepared by a simple
albeit efficient route. First chitosan (0.350 g) was
dissolved in 30 mL 2% acetic acid and was stirred
continuously over 3hrs to get a clear solution. The
2- acetyl phenothiazine (0.350 g) was dissolved in
Sml ethanol and was then added to the chitosan
mixture followed by a stirring and refluxing of 12
hours at room temperature which allows a
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condensation reaction process[11.12]. Finally,
when completed it was neutralized with 1 M
sodium hydroxide to ensure that the PH of mixture
is around 7 causing thereby the formation of the
brownish yellow coloured Schiff base. The
precipitate was filtered, washed using distilled
water and 100 percent ethanol and allowed to dry
at 40°C for 24 hours. This effective process of
synthesis did not only result in a potentially useful
chitosan-Schiff base, but it provided the
background of further study and investigation of
its possible use as an antimicrobial drug.

..l__ o H J.
CLC

Ho HH; :'I.':"-'h';_-.l.- o g
HO- !

2.3. Characterization methods
2.3.1. FTIR analysis

FTIR spectrum was recorded with a range of 400—
4000 cml wusing Nicolet Summit X FTIR
Spectrometer.

2.3.2. 1H NMR and 13C NMR spectra

"H NMR and *C NMR spectra of 2-ApCT and CT
were recorded using BRUKER NMR
Spectrometer-400 MHz with DMSO as solvent at
298.5 K.

2.3.3. X-ray diffraction studies
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The powder XRD of 2-ApCT and CT was
recorded using Bruker, Germany, D8 Advance
system with diffraction angle, 20 ranging from 5
to 100° and 2.2 KW Cu anode ceramic tube.

2.3.4. Thermogravimetric analysis

Thermogravimetric analysis of the chitosan Schiff
base derivatives was conducted using the
instrument SOT Q600 V8.0 Build 95, to measure
their weight loss at different temperatures in the
heating range 20° - 850 °C at a heating rate of 20
°C per minute.

2.3.5.
analysis

Differential scanning calorimetric

The thermal behavior of the chitosan Schiff base
derivatives was studied using NET 2 SCH DSC
thermal analyzer.The samples were inserted into
the Al pan and DSC scan was made from 30°—
300°C in nitrogen atmosphere at a heating rate of
20°C per minute. The results were recorded and
analyzed.

2.4. Biological studies
2.4.1 Antibacterial activity

The experimental design used the agar disc
diffusion assay against six bacterial strains, against
two samples Chitosan (CT) and Chitosan-Schiff
base (2-ApCT). The ampicillin (20ul/disc) was
used as a standard control. Stock cultures were
kept in Nutrient Agar slants at 4°C and active
inoculum was obtained by transferring colonies to
Nutrient Broth and incubated 24 h at 37°C.
Bacterial suspensions (0.5 McFarland standard)
were put on the MHA plates homogenously.
Sterile discs that had been impregnated with 20ul
of the sample solutions (500pg, 750pg and 1000pg
concentrations) were aseptically deposited on
inoculated plates. Antibacterial activity was
measured in terms of zone of inhibition (Zol) in
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millimeters after 24 hours of incubation at 37°C.
As a standardization of efficacy, the Inhibition
Index (IT) was computed:

II (%) = ( Sample Zol /Ampicillin Zol) *100
2.4.2 Antioxidant Assay

The antioxidant activity of Chitosan (CT) and its
Schiff base derivative formed with 2-acetyl
phenothiazine (ASC-SB) was evaluated using the
DPPH (1,1-diphenyl-2-picrylhydrazyl) assay. Test
solutions were prepared containing 3.7 ml of
absolute methanol and with an additional 3.8 ml
for a blank. A standard solution of Butylated
Hydroxytoluene (BHT) at a concentration of 1.6
mg/ml in methanol was used as a reference
antioxidant. Each test tube added 100ul of either
the BHT standard and the respective sample
solutions of CT and 2-ApCT having
concentrations of 20, 40, 60, 80, and 100pug/ml.
Following this, 200ul of DPPH reagent, which
exhibits a deep violet color due to the presence of
the DPPH radical, was added to all tubes,
including the blank. The DPPH radical reacts with
hydrogen-donating antioxidants, resulting in a
color change represented by the reaction: DPPHe
+ AH — DPPH-H + Ae, where AH is the
antioxidant. The tubes were incubated at room
temperature in the dark for 30 minutes to allow the
reaction to occur. After incubation, the absorbance
of each solution was measured at 517 nm using a
spectrophotometer. The percentage of DPPH
activity was calculated using the formula:

% Antioxidant activity =

(Absorbance at blank) - (Absorbance at test) x100
(Absorbance at blank)

This method effectively quantifies the antioxidant
capacity of Chitosan and its Schiff base derivative
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by measuring the extent of color change in the
DPPH solution.

2.4.3 Anti-Inflammatory Studies

Anti-inflammatory potential of native chitosan
(CT) and its Schiff base (2-ApCT) derivative
synthesized via reaction between chitosan and 2-
acetyl phenothiazine, was assessed by means of its
capacity to prevent the denaturation of bovine
serum albumin (BSA). Test samples was prepared
diluted at 20, 40, 60, 80, and 100pg/ml
concentration in distilled water. In carrying out the
assay, each test solutions were added to 500ul 1%
BSA solution incubated at 37°C 10 minutes then
20 minutes at 51°C in a water bath, which causes
denaturation. Absorbance was measured at 660nm
with a spectrophotometer after cooling to room
temperature (25° C). The positive and the negative
controls were acetyl salicylic acid (100 mu g/ml)
and distilled water, respectively. The formula used
in calculating the percentage inhibition of protein
denaturation was calculated as

[(Control O.D - Sample O.D)/ control O.D] x 100,

in which Control O.D was the absorbance of the
negative control (0.496 in CT, 0.507 in 2-ApCT).
Each of the experiments was conducted three
times and the data variability was less than 5
percent.

2.4.4 Cytotoxicity and Anticancer activities

The anticancer and toxicity analysis of both
chitosan (CT) and chitosan Schiff base (2-ApCT)
was done on three different human Cancer cell
lines MCF-7: breast adenocarcinoma, A431: skin
carcinoma, HepG 2: hepatocellular carcinoma, and
one normal VERO: African green monkey kidney
small epithelial cells[13]. These cells (which was
obtained in NCCS, Pune) was grown in DMEM
containing 10% FBS, penicillin (100 U/ml), and
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streptomycin (100 mg/ml) at a temperature of
37°C controlled by 5% CO2. The anticancer
properties were evaluated using the MTT test:
Cells (1 X 10° per well) were seeded in 24-well
plates and grown till confluence, after which they
then incubated with the sample
concentrations (7.8-1000ug/ml) up to 24 hours.
After removal of samples and washing with PBS,
100ul of 0.5 percent MTT (5mg/ml) was added per
well and incubated at 37 c in the incubator (4
hours). After incubation 1 ml DMSO was added to
all samples and control, then the absorbance was
measured at 570nm in spectrophotometer. Cell
viability (%) was centred as ( A 570 treated / A 570
control ) x 100 and IC 50 was read graphically on
viability-concentration graphs.

were

3. RESULTS AND DISCUSSION
3.1. FTIR spectrum

The FTIR spectra of native chitosan and its Schiff
base derivative with 2-acetyl phenothiazine reveal
substantial and diagnostic changes in chemical
bonding, providing compelling evidence for Schiff
base formation and covalent attachment of the
aromatic moiety. Native chitosan is characterized
by a broad and strong absorption from 3400-
3200cm™! corresponding to O—H and N—H stretch,
reflecting abundant hydrogen bonding within the
polymer. The presence of residual N-acetyl group
is confirmed by the amide I band near 1655cm™
(C=0 stretch), while primary amines give rise to
the amide II band around 1590cm™ (N-H
bending). Characteristic absorptions also include
aliphatic C-H stretches at 2920-2870cm™,
asymmetric C—O—C and glycosidic bands at 1150-
1070cm™, and weaker C—H bending modes
between 1420-1380cm ™.

Upon Schiff base formation, the spectrum
undergoes key transitions: the broad N—H stretch
between 3400-3200cm™" becomes less intense or
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narrows, signifying consumption of free amine
groups, while the amide II band at ~1590cm™ is
reduced or absent. Most critically, a new or
intensified band emerges at 1630-1650cm™,
attributable to the stretching vibration of the imine
C=N bond, a hallmark of Schiff base linkage and
unequivocal proof of successful condensation[14].
Simultaneously, the C=0 stretch near 1720cm'—
assigned to the carbonyl of 2-acetyl
phenothiazine—is diminished or disappears,
reflecting its participation in the chemical reaction.
Additional evidence of successful modification
arises from the appearance of aromatic C=C
stretches (1590-1500cm™) and C—S bands (740—
800 and 650-700cm™), both signatures of the
phenothiazine = moiety  being  covalently
incorporated. The glycosidic C—O—C backbone
features  (1150-1070cm™)  remain intact,
corroborating that the primary polysaccharide
structure is preserved during functionalization (fig.

).

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm")

Figure 1 FT-IR Spectra Analysis for 2ApCT

These FTIR spectral changes establish selective
and efficient Schiff base formation, with the amine
groups of chitosan transformed into imine linkages
and the phenothiazine aromatic and thiazine
features newly introduced. The chemical backbone
of chitosan remains largely unaffected, ensuring
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structural  integrity is  maintained  post-
modification.. This combination of backbone
preservation, specific group transformation, and
new band introduction serves as unambiguous

proof of successful chemical modification.
3.2. TH NMR and 3C NMR spectra

The NMR data of the 2ApCT Schiff base clearly
support the formation of a Schiff base between
chitosan and the 2-acetylphenothiazine moiety
through reaction at the acetyl carbonyl center. In
the "H NMR spectrum of 2-ApCT (DMSO-ds), the
appearance of a distinct downfield singlet at & 8.85
ppm is diagnostic of an imine (HC=N) proton and
is absent in the parent chitosan spectrum,
indicating successful condensation of the chitosan
amino groups with the carbonyl functionality of
the acetyl substituent on phenothiazine(fig. 2).
This assignment is further corroborated by the *C
NMR spectrum (fig.3), which exhibits a highly
deshielded resonance at 6 197.31 ppm attributable
to the carbon derived from the original acetyl
carbonyl, now residing in a conjugated C=N/C=0
environment associated with the Schiff base
linkage, together with methyl carbon signals at &
25.82 and 26.92 ppm that confirm retention of the
acetyl methyl groups after condensation[15.16].
The aromatic region of the 2-ApCT 'H spectrum
(8 6.65—7.33 ppm) and the corresponding aromatic
carbons in the range 6 113-143 ppm in the *C
spectrum are consistent with the phenothiazine
ring system introduced onto the chitosan
backbone, while the persistence of chitosan-like
aliphatic carbon signals clustered around & 3941
ppm demonstrates that the polysaccharide
framework remains intact following modification.
Collectively, these features provide compelling
spectroscopic evidence that the 2-AsCT product is
a chitosan—phenothiazine Schiff base formed
specifically at the acetyl carbonyl position of the
2-acetylphenothiazine fragment.
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Figure 3 13C NMR for 2ApCT

3.3. X-ray diffraction studies

The X-ray diffraction patterns of native chitosan
and its Schiff base derived from 2-acetyl
phenothiazine clearly demonstrates the structural
consequences of covalent modification at the C2
amino sites. Native chitosan exhibits three
principal low-angle reflections at 20 = 7.15°, 7.89°
and 8.14°, which can be indexed to (020), (110)
and (120) planes of the hydrated semicrystalline
chitosan lattice, in agreement with reported
chitosan/y-chitosan  structures(fig 4). These
relatively sharper, more intense peaks reflect
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ordered inter- and intrachain hydrogen bonding
between —OH and -NH2 groups, giving a modest
crystallinity index of about 17%, consistent with
typical semicrystalline chitosan. In contrast, the
Schiff base shows corresponding reflections
shifted and broadened to approximately 20 =
6.62°,7.53° and 8.48°, still attributable to distorted
(020), (110) and (120) planes but with markedly
reduced intensity and greater peak width,
indicating lattice expansion and loss of long-range
order owing to incorporation of the bulky
phenothiazine moiety and formation of C=N
linkages. Calculation of the crystallinity index
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reveals a decrease to about 11% for the Schiff
base, transition toward an
amorphous-dominant structure as the regular
hydrogen-bonding network of chitosan is
disrupted by aromatic grafting and reduced
availability of free amino groups.

evidencing a

Intensity (a.u.)

J W‘W

5 10 15 20 25 30 35 40 45 50 5 60 65 70
23 Degree
Figure 4 XRD for 2 ApCT

Crystallite domain sizes, obtained using the
Scherrer equation D = KA/(Bcos 8) from the
main low-angle reflection, are approximately
33.95 nm for native chitosan and 34.39 nm for the
Schiff base, that nanocrystalline
domains persist with similar scale even though the
overall fraction of ordered material decreases. This
combination of nearly unchanged nanodomain
size with diminished crystallinity implies that
Schiff base formation does not collapse or

indicating

dramatically coarsen crystalline regions but rather
embeds them in a more disordered amorphous
matrix, consistent with literature on chitosan—
heterocycle Schiff bases. The observed peak
broadening, slight shifts to lower 20 (larger
d-spacing) and reduction in crystallinity, when
correlated with the appearance of the C=N band in
FTIR and imine/aromatic resonances in NMR,
provide strong XRD-level support that the primary
—NH2 groups of chitosan have been converted into
imine linkages with 2-acetyl phenothiazine,

yielding a structurally modified,
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phenothiazine-functionalized  chitosan  with
reduced crystalline order and enhanced amorphous
character suitable for
applications.

advanced materials

3.4. Thermogravimetric analysis

The TGA profiles of native chitosan and its Schiff

base  2-AsCT  (formed  with  2-acetyl
phenothiazine) exhibit clearly distinguishable
thermal decomposition patterns, providing

significant evidence of structural transformation
due to Schiff base formation. Native chitosan
shows excellent thermal stability at
temperatures, with negligible moisture or volatile
loss below 100°C (TG ~100%), reflecting a well-
dried and high-purity polymer. Decomposition
begins 220°C,  associated  with
depolymerization and cleavage of glycosidic
linkages. The main decomposition proceeds
gradually from 220°C to 380°C, and the residual
char yields about 30-40% of the initial mass at
temperatures above 400°C. The single-phase
decomposition and absence of multiple dTG peaks
indicate chemical homogeneity and high polymer
regularity.(fig 5)

low

ncar

——2ApCT
N
_ \
=
=
)
@
=
100 200 300 400 500

Temperature (° C)

Figure 5: Thermogravimetty (TGA) Curve for 2
ApCT

In contrast, the Schiff base derivative initiates
decomposition at a noticeably lower temperature
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(~107°C). This early onset is marked by a negative
deflection and gradual mass loss, indicating
reduced initial thermostability due to chemical
modifications at the free amine sites. The main
decomposition  range spans  107-368°C,
characterized by overlapping, broader degradation
processes attributable to the breakdown of both
chitosan and the newly incorporated phenothiazine
moiety. Notably, the Schiff base displays a
remarkably high char residue (~59% at 368°C)—
substantially higher than native chitosan. This
increase correlates with the presence of aromatic,
conjugated structures from phenothiazine, which
promote carbonaceous char formation through
thermal stabilization and crosslinked residue
The dTG supports  this
interpretation by presenting a gradual, dispersed
slope rather than a sharp peak—a hallmark of
multi-step degradation kinetics induced by
heterogeneous polymer modification. This thermal
behavior confirms that Schiff base formation

retention. curve

renders the polymer more thermally complex and
robust at high temperatures, while simultaneously
introducing aromaticity that enhances resistance to
complete thermal decomposition.

3.5. Differential scanning calorimetric analysis

DSC analysis further differentiates the thermal
transitions and molecular mobility of chitosan and
its Schiff base derivative.

For native chitosan, an initial broad endothermic
region extending from 40—-120°C denotes physical
desorption of residual water molecules, common
in hydrophilic biopolymers. The glass transition
temperature (Tg) manifests as a subtle and diffuse
baseline inflection between 130-150°C, reflecting
the onset of cooperative segmental mobility within
the polymer matrix. No melting endotherm is
detected — in line with
amorphous to semicrystalline nature and the fact
that it degrades thermally rather than melting.

chitosan’s known

After Schiff base modification, the DSC trace
displays a similarly broad water loss region
between 30-120°C, although the intensity is
somewhat  reduced,  suggesting
hydrophilicity due to the consumption of amine
groups and the introduction of bulkier, more
hydrophobic phenothiazine structures. The Tg
shifts slightly upwards to ~140—-150°C, signifying
a change in matrix rigidity. This alteration is
consistent with n—m stacking interactions and

lowered

increased crosslink-like behavior imparted by the
aromatic imine groups in the heteroaromatic ring
system. No distinct melting event is observed up
to 200°C, confirming, again, the absence of
crystalline phase transitions and indicating that
both chitosan and its Schiff base maintain
primarily amorphous matrices despite the presence
of ordered domains.

Table 2: DSC Data of Chitosan and Its Schiff Base

Thermal Event Native Chitosan Schiff Base Derivative Interpretation
Water Loss 40-120°C 30-120°C Dehydration; weaker in Schiff base
(Endothermic)
Glass Transition (Tg) 130-150°C ~140-150°C Shift suggests stiffening due to
aromatic rings
Melting/ Crystalline None observed None observed No thermally stable crystalline
Peak structure
Thermal Degradation Above 250°C Beyond 200°C (not Schiff base less thermally stable
observed) initially

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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The upward Tg shift and altered water desorption
profile collectively reflect reduced free volume
and enhanced molecular stacking in the Schiff
base derivative. These transitions emphasize the
structurally anchoring effect of phenothiazine and
imine incorporation into the polymer matrix.

Heat Flow{mWig)
o L

2

L=]

0 50 100 150 200

Temperature (”C )

Figure 6 : DSC Curve for 2 ApCT

These
spectroscopic findings and validate the Schiff base
as a distinct chemical entity with modified thermal

thermal  transformations reinforce

and structural matrices—suitable for advanced
material and biomedical applications requiring
increased thermal stability and controlled
molecular mobility.

4. BIOLOGICAL STUDIES
4.1 Antibacterial activity

The three samples were concentration-dependent
on their activity, but with divergent profiles
between the two samples Chitosan (CT) and

Chitosan-Schiff base (2-ApCT). Sample 2-ApCT
showed unparalleled effectiveness of its action on
MRSA, it reached a Zol of 12mm (92.3% II) at
1000 pg, almost equaling ampicillin (13 mm)[17].
This closeness accentuates the potential of 2-
ApCT against antibiotic-resistant strains. There
was also high antimicrobial activity of APC-SB
against Klebsiella sp. (19 mm Zol; 82.6% II),
which diminished progressively at
concentrations (e.g. 19 mm 16 mm). 2-ApCT
demonstrated moderate activity (12 mm Zol;
75.0% II) against Escherichia coli and retained
greater dose stability than does CT (II: 75% vs.
62.5% and 66.7% vs. 55.6%, respectively).

reduced

However, the efficacy of sample CT was unstable;
it showed maximum activity against MRSA at
1000 pg (13 mm Zol; 86.7 percent II) but a sharp
decrease of efficacy at 750 ug (60.0 percent IT). CT
did not perform as 2-ApCT , however, versus
Salmonella sp. (13 mm Zol; 86.7% II) and Bacillus
subtilis (12 mm Zol; 80.0% II), but it had little
effect on Staphylococcus aureus (fixed 9 mm Zol;
56.3% 1I). CT had equivalent Zol as 2-ApCT
against E. coli at 1000 pg and reduced relative
efficacy of 66.7 % II compared to 75.0 % because
more ampicillin control was seen in the CT assay
(18 mm vs. 16 mm). Overall 2-ApCT is powerful
broad-spectrum agent comparatively, where its
specific activity against high priority pathogens
such as MRSA (92.3% II) and Klebsiella (82.6%
I) is especially observed. It also has dose-
dependent stability in favor of therapeutic
potential(fig 7).

Table:1 Zone of Inhibition (mm) - Chitosan (CT) and Chitosan-Schiff base (2-ApCT)

Stain Organisms Zone of Inhibition (mm) Zone of Inhibition (mm) of

characteristics/ of Chitosan CT Chitosan Schiff base 2-ApCT
Resistance Sample (ug/ml) Std Sample (ng/ml)

profile 1000 | 750 | 500 1000 750 500 Std

Staphylococcus aureus 9 9 9 16 12 10 9 15

Gram-positive Bacillus subtilis 12 10 10 15 9 8 7 14

Escherichia coli 12 11 10 18 12 11 10 16

Salmonella 13 11 9 15 10 8 8 13

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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Gram-negative Klebsiella 14 13 12 23 19 17 16 23
Drug-resistant (MRSA) Methicillin- 13 9 8 15 12 12 10 13
resistant
staphylococcus aureus

Table:2 Inhibition Index (%) - Chitosan (CT) and Chitosan-Schiff base (2-ApCT)

Stain Organism Inhibition Index Inhibition Index (%)
characteristics/ (%) for Chitosan for Chitosan Schiff
Resistance profile CT base 2-ApCT

Sample (ug/ml) Sample (ug/ml)

1000 | 750 | 500 | 1000 | 750 500

Staphylococcus aureus 563 | 563 | 563 | 80.0 | 66.7 | 60.0

Gram-positive Bacillus subtilis 80.0 | 66.7 | 66.7 | 64.3 57.1 | 50.0

Escherichia coli 66.7 | 61.1 | 556 | 75.0 | 68.8 | 62.5

Gram-negative Salmonella sp. 86.7 | 733 | 60.0 | 769 | 61.5 | 61.5

Klebsiella sp. 60.9 | 56.5 | 522 | 82.6 | 739 | 69.6

Drug-resistant MRSA (Methicillin-resistant S. aureus) | 86.7 | 60.0 | 53.3 | 923 | 923 | 76.9

Figure 7 : Anti-bacterial Assay for 2 ApCT
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4.2 Antioxidant Assay

The DPPH assay results demonstrated that both
Chitosan (CT) and its Schiff base derivative (2-
ApCT) exhibited antioxidant activity, with 2-
ApCT showing significantly higher activity across
all tested concentrations. For 2-ApCT , the DPPH
activity ranged from 8.868% at 20pg/ml to 74.31%
at 100pug/ml, while CT showed a range from
12.38% at 20pg/ml to 69.57% at 100pg/ml. The
calculated IC50 wvalues, which represent the
concentration required to inhibit 50% of the DPPH
radical, were approximately 69.73pg/ml for 2-

ApCT and 73.62ug/ml for CT. The standard
antioxidant BHT exhibited even higher DPPH
activity percentages, reaching up to 86.90% at
100pg/ml, serving as a benchmark for evaluating
the effectiveness of the tested samples. The lower
IC50 value for 2-ApCT indicates its greater
potency as an antioxidant, likely due to the
enhanced electron-donating ability resulting from
the Schiff base formation[18]. These findings
suggest that the modification of Chitosan
significantly improves its antioxidant properties,
indicating potential applications in health and food
preservation.(fig 8)

Table 3: Summary Table of Results

Concentration Standard (BHT) Chitosan (CT) Chitosan-Schiff base (2-ApCT)
(ng/ml) O0.D DPPH 0.D DPPH O0.D DPPH Activity %
Activity % Activity %
20 0.100 60.31 0.573 12.38 0.596 8.868
40 0.086 65.87 0.481 26.45 0.487 25.53
60 0.072 71.42 0.389 40.57 0.379 42.04
80 0.053 78.96 0.296 54.74 0.272 58.40
100 0.033 86.90 0.199 69.57 0.168 74.31
Control 0.252 0.654 0.654
1C50 <20pg/ml 73.62ng/ml 69.73pg/ml
Antioxidant Assay
80

P

E

g 0

C 50

E x

N

T 2 ApCT

A 20

S 10
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Figure 8 : Antioxidant Assay for 2 ApCT

4.3 Anti-Inflammatory Action

Concentration dependency of both samples was
realized and Schiff base derivative (2-AsCT)
exhibited at all times a greater anti-inflammatory

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

activity than the native chitosan (CT).The trend
continued to demonstrate that 2-AsCT with a
concentration of 20ug/ml had an inhibition value
of 16.56% as compared to the inhibition value of
13.10% by CT for the concentration of 20pg/ml.
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Inhibition was highest at the highest concentration
(100pg/ml) where 2-AsCT had 68.24% compared
to CT which had 66.53%, therefore, an increase of
1.71 % in favour of 2-AsCT (Table 4 & fig 9).

Such an improvement has been linked to the
phenothiazine group of 2-AsCT that comes with
electron-rich nitrogen and sulfur atoms which
enhance interactions related to protein binding,
thus stabilizing BSA against thermal denaturation
even more immaculately. The linear dose-binding
relationship (R*> greater than 0.98) indicates good
bioactivity and this observation coupled with the

steeper slope of 2-AsCT (0.52 percent
inhibition/pg/ml) than CT (0.53 percent) indicates
its pronounced potency. Mechanistically, BSA
denaturation blockage is correlated to membrane
stabilizing, contacts of the anti-inflammatory
pathways. 2-AsCT showed close to but not equal
to acetyl salicylic acid (~75% inhibition in parallel
assays) levels in terms of effectivity, which makes
it an interesting anti-inflammatory prospect.
Further studies is required concerning the activity
in vivo, and molecular action (e.g. cytokine
modulation).

Table 4: Anti-Inflammatory Action of CT and 2-ApCT

Concentration (ug/ml) | % Inhibition (CT) | % Inhibition (2-ApCT)
20 13.10 16.56
40 26.41 29.78
60 39.91 42.60
80 52.62 55.02
100 66.53 68.24

Anti-Inflammatory Assay

20
P 70
E
R 80
C 50
E 40
N
T 30 2ApCT
A 20 -
G

10
E

D 4

20 40 60 20 100
CONCENTRATION

Figure : 9 Anti-inflammatory Assay for 2ApCT

4.4 Cytotoxicity and Anticancer activities

The results for the anticancer activity of CT and 2-
ApCT on three cancer cell lines (A431, HepG2,
MCF-7) and cytotoxicity on VERO normal cells
are done through MTT assay and it is summarized
in Table 5. From the concentration-response data
the 1C50 wvalues are obtained by linear
interpolation method.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

2-ApCT shown excellent anticancer activity
across all the three cancer cell lines, with the IC50
values of 144.25ng/ml (A431-skin cancer cell),
126.63pug/ml  (HepG2-liver cancer cell), and
112.61pg/ml (MCF-7- breast cancer cell). while
CT showed IC50 values of 168.04pug/ml (A431),
78.48ug/ml (HepG2), and 238.54pg/ml (MCF-7).
while noting these IC50 values, CT was found to
be more potent than 2-ApCT against HepG2 liver
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cancer cells (IC50: 78.48ug/ml vs. 126.63ug/ml)
alone, while 2-ApCT was more effective against
the A431 skin cancer and MCF-7 breast cancer
cells. with respect to the cytotoxicity on normal
VERO cells, both the CT and 2-ApCT showed low
toxicity. The IC50 for 2-ApCT on VERO was
nearly 1000ug/ml, and for CT, it was more than
1000pg/ml, this indicates that both compounds are
comparatively
concentrations effective against cancer cells.

safe to normal cells at

The selectivity index (SI), is calculated as the ratio
of IC50 on normal cells to IC50 on cancer cells,
this SI was determined to assess the therapeutic
window. The SI values for 2-AsCT were 6.93
(A431), 7.89 (HepG2), and 8.88 (MCF-7), while
that of CT, the SI values were >5.95 (A431),
>12.74 (HepG2), and >4.19 (MCF-7). From the
results it clearly suggests that both the compounds

are safer and they are drug candidate, particularly
2-AsCT , have a favourable selectivity profile
showing the highest selectivity for MCF-7 cells
(SI=8.88) and while CT showing the highest
selectivity for HepG2 cells (SI>12.74).

comparing the 2-AsCT and CT it is clearly seen
that enhanced anticancer activity against skin
cancer (A431) and breast cancer (MCF-7) cell
lines are shown by 2-AsCT and that of liver cancer
cell (HepG2) shown by chitosan. From the data it
is revealed that both compounds exhibit low
cytotoxicity on normal cells, indicating their
potential as safe anticancer agents. hence the
Schiff base modification of chitosan appears to
improve the activity against breast and skin cancer
cells, while the parent chitosan (CT) remains more
potent against liver cancer cells.

Table 5 :IC50 values of 2-ApCT and CT on cancer cell lines and VERO normal cells

Sample Cell Line IC50 (ng/ml) | Selectivity Index (SD*
2 ApCT A431 (Skin) 144.25 6.93
CT A431 (Skin) 168.04 5.95
2 ApCT | HepG2 (Liver) 126.63 7.89
CT HepG2 (Liver) 78.48 12.74
2 ApCT | MCF-7 (Breast) 112.61 8.88
CT MCF-7 (Breast) 238.54 4.19
2 ApCT | VERO (Normal) 1000 .
CT VERO (Normal) 1000 .

Table 6: Anticancer activity of 2-ApCT and CT on A431, HepG2, and MCF-7 cell lines

Sample | Concentration (ng/ml) % Cell Viability of Cell Line
A431 HepG2 MCF-7

2 ApCT 1000 33.19 32.04 22.55

500 39.09 38.16 31.12

250 45.00 43.96 39.77

125 50.91 50.08 48.43

62.5 56.54 56.03 56.35

31.2 62.30 62.15 65.19

15.6 68.07 68.43 73.84

7.8 73.98 74.39 82.50

CT 1000 3291 24.79 33.97

500 39.38 31.56 41.06

250 45.85 38.16 49.35

125 52.18 45.08 56.44

62.5 58.50 51.69 63.44

31.2 64.97 58.45 70.53
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15.6 71.16 65.21 77.62
7.8 77.49 71.81 84.71

a) HepG2 cells 7.5 ng/ml
¢) 125 pg/ml d) 1000pg/ml

Figure 10: a-d Anticancer activity of 2 ApCT against HepG2 cells

e) A431 Cell f) 7.5 pg/ml

125 pg/ml h) 1000pg/ml
Figure 11: e-h Anticancer activity of 2 ApCT against A431 Cells

Table 7: Cytotoxicity of 2-ApCT and CT on VERO normal cells

Concentration(pg/ml) | % Cell Viability of vero cell on Samples
2 ApCT CT
1000 50.05 55.60
500 55.65 62.96
250 60.24 67.87
125 65.54 73.24
62.5 71.04 79.20
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31.2 76.65 85.16
15.6 81.65 91.47
7.8 86.85 97.31

i) Vero Cell

)
Figure 12 : i-k Anticancer activity of 2 ApCT against Vero cell

S. CONCLUSION

In summary, a new chitosan based Sciff base
polymer derived from -—acetyl phenothiazine
(2ApCT) was successfully synthesized by simple
one step rapid reaction. The functional
characteristics of the synthsised polymer was
confirmed by FTIR, 'HNMR and 3C NMR
spectral techniques. The thermal stability of the
synthesized polymers are evaluated by TGA and
DSC analysis. The synthesized polymer was
evaluated for antimicrobial activity. The results
demonstrated that the 2ApCT displayed
significant antimicrobial activity against S.
aureus, E. coli, B.subtilis, Klebsiella, Salmonella
and MRSA with inhibition ability of 56.3%,
62.5%, 80.0%, 82.6%, 86.7% and 92.3%
respectively. Additionally, anticancer activity of
2ApCT was evaluated against HepG2 (liver
cancer) cell lines. Furthermore, the synthesized
Schiff base polymer showed notable antioxidant
activity, with a value of 86.90 %. Results
demonstrated that the synthesized Chitosan-based
Schiff base polymer derived from 2-acetyl
phenothiazine (2ApCT) has potential applications
in biomedical field.
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