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‘I
| Chitosan oligosaccharide and high molecular weight crab shell chitosan were functionalized as imidazole-2-carboxaldehyde chitosan |
thiosemicarbazones and their copper(Il) complexes were synthesized. The synthesized compounds were characterized by FT-IR, “C
| NMR, EPR spectroscopy, powder X-ray diffraction (PXRD) analysis, elemental analysis and magnetic susceptibility measurements. The |
| low molecular weight chitosan thiosemicarbazones showed higher in vitro inhibitory activity as studied by MTT assay against the tumorigenic |
| epithelial Madin-Darby Canine Kidney (MDCK) cell line than the corresponding high molecular weight chitosan derivative. The antitumorigenic |
| enhancement upon the complex formation was revealed by the better inhibitory activity of copper(Il) chitosan thiosemicarbazone chelates. |
| |
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applications [2,3]. Chitosan tailoring with the involvement of
reactive hydroxy groups and amino and acetamido moieties
can bring about the derivatives of enhanced solubility and anti-
cancer activity [4]. Chitosan can be functionalized to get bio-
active Schiff base derivatives with the compounds containing
carbonyl moiety such as maltol [5], imidazole-2-carboxaldehyde
and thiophene-2-carboxaldehyde [6] and salicylaldehyde [7].

Chitosan has been reported as an anticancer agent with
minimal toxicity on noncancer cells [8] and its activity against
the proliferation of tumour cell lines has been found to increase
with decrease in molecular weight (M,,) and increase in degree
of deacetylation (DDA) [9]. Chitosan shows coordination beha-
viour with cupric ions to give the complexes of antitumor activity
that is associated with increase in positive charge in amino group
of chitosan and easier interaction with negatively charged cell
surfaces [10]. Chitosan thiosemicarbazones are the functional

INTRODUCTION

Chitin is a natural polymer of D-glucosamine units conn-
ected by B-(1-4)-linkages and chitosan is a polymer of N-acetyl
D-glucosamine units obtained by a prolonged deacetylation
of chitin (Fig. 1) with alkali [1]. Chitosan undergoes protonation
in C2 position of glucosamine ring and gets dissolved in aqueous
acidic media [1].
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Fig. 1. Deacetylation of chitin into chitosan

Chemical modification involving the primary and secon-
dary hydroxyl and amino groups in pyranose ring of chitosan
can give different compounds of industrial and biomedical

derivatives of chitosan that show antioxidant ability to scavenge
and minimize the formation of immunosuppressive and cancer-
causing free radicals [11-13] and their antioxidant behaviour
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is due to abstraction of proton from amino and hydroxyl groups
in C-2, C-3 and C-6 positions of pyranose ring by free radicals
[14]. Introduction of thiosemicarbazone group to chitosan has
been reported to weaken the intramolecular and intermolecular
hydrogen bonds and cause an increase in interaction of N-H
and C=S groups with free radicals. Antiproliferative activity
of chitosan thiosemicarbazones could be attributed to degrad-
ation of free radicals due to interaction with antioxidant entities
[4,11].

The imidazole based anticancer drugs have been found
to interfere with the synthesis of deoxyribonucleic acid (DNA)
followed by the cease of cell growth and division [15]. The
anticancer activity of thiosemicarbazones has been reported
to be attributed to different modes of action, such as inhibition
in the synthesis of DNA by inhibition of ribonucleotide reductase
(RR), inhibition of cellular iron up take, generation of reactive
oxygen species (ROS), up regulation of metastasis suppressor
protein, inhibition of topoisomerase, induction of apoptosis
[16] and the antiausterity behaviour to diminish the tolerance
of cancer cells in austere environment of nutrient starvation
[17]. The coordination of copper with thiosemicarbazone has
been shown to increase the cytotoxic effect [18-21] and DNA
inhibition capacity of uncoordinated thiosemicarbazones [18].
Anticancer activity of imidazole-derived thiosemicarbazones
was enhanced upon their copper(Il) complex formation [22].

The neoplastic development of cultured Madin-Darby
Canine Kidney (MDCK) cells has been shown by in vitro expre-
ssion of immortalized cells as tumorigenic phenotype from
commercially available normal kidney cells [23]. Chitosan
oligosaccharide at a concentration of 100-500 pLg/mL has been
reported to inhibit the formation and growth of MDCK cyst
model [24] and chemical modification through functionali-
zation and complex formation has been shown to bring enhance-
ment in permeation through plasma membrane and cellular
cytotoxicity [4]. On the basis of these literature reports, present
current work was focused on the synthesis of imidazole-2-
carboxaldehyde based novel chitosan thiosemicarbazones and
their copper(Il) complexes and the assessment of their anti-
proliferative activity against the tumorigenic epithelial Madin-
Darby Canine Kidney (MDCK) cell line in vitro.

EXPERIMENTAL

Chitosan oligosaccharide, (C;,H24N,0y), (M, <3000 Da,
87% DDA) (Sisco Research Lab. Pvt. Ltd., India), imidazole-
2-carboxaldehyde (Sigma-Aldrich), ethanol (Sigma-Aldrich,
99.80%), glacial acetic acid (Merck, 99-100%), hydrochloric
acid (Merck, 99%), sodium hydroxide (Merck, 99%), sodium
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acetate (Merck), copper(Il) chloride (Merck), sodium chloro-
acetate, acetone, hydrazine monohydrate (Thermo-Fisher
Scientific), carbon disulphide (S.D. Fine-Chem Ltd.), methanol,
ammonium hydroxide and all other chemical reagents of
analytical grade were used without further purification.

Characterization: The FT-IR spectra were recorded in
the 4000-400 cm™' regions with ATR-GeXPm experimentation
using BRUKER 3610 FT-IR spectrophotometer. Solid state
C NMR spectra were recorded using BRUKER AC-800 Delta
2 NMR spectrometer with cross polarization at a field strength
(400 MHz), scans 276 and contact time of 3.5 min. Powder
X-ray diffraction (PXRD) was done at D8 advance BRUKER
diffractometer (A = 0.1541 nm) at 40 KV, the particle size (D)
was determined from Debye-Scherrer formula [25] and crystal-
linity index was determined from the intensities of maximum
intensity peak and adjacent amorphous diffraction [26]. The
elemental analyses were conducted on the Thermo-Finnigan
FLASH EA 112CHNS microanalyzer with carrier gas He (140
mL/min) using CHNS/NCS column PQS SS 2M 6X5 mm in
oven at 75 °C.

The thermal analyses (TG/DTA/DTG) were conducted
on the Model- SII 6300 EXSTAR at IIT Roorkee India. The
EPR spectra were recorded using Bruker biospin corp. (EMX
series) Model: A 200-9.5/12B/S. The FT-IR, *C NMR, PXRD,
elemental analyses, magnetic moment measurements were
carried out at Indian Institute of Science, Bangalore, India.

Functionalization of chitosan as chitosan thiosemicar-
bazide: A mixture of 2 g of chitosan and 2.5 mL of ammonium
hydroxide in absolute ethanol was stirred at room temperature
for 1 h. Carbon disulphide (1 mL) was added in drops and the
mixture was stirred for 2.5 h. Next, sodium chloroacetate (1.437
g) was added, stirred at room temperature for 2.5 h, the resulting
mixture was filtered, residue was completely washed with abso-
lute ethanol and left overnight at 40 °C to get a light brown
powder of chitosan thiosemicarbazide [27].

Synthesis of chitosan thiosemicarbazones: Synthetic
route of chitosan thiosemicarbazones (Scheme-I) involved a
reflux condensation of an equimolar mixture of 2 mmol each
of chitosan thiosemicarbazide and imidazole-2-carboxaldehyde
at 65 °C for 12 h in methanol in the presence of acetic acid as
catalyst. After filtration, the residue was washed with methanol
and dried overnight at 40 °C [27,28].

Imidazole-2-carboxaldehyde oligo chitosan thiosemi-
carbazone (CSIMTSC): Yield: 73 %; colour: yellowish brown;
m.p. > 300 °C, decomposed into brown residue prior to melting;
calcd. for C;1H5sNsO4S (unit formula wt. 313.35, chitosan unit
160.16) C, 41.90; H, 5.43; N, 22.21; S, 10.17 %; found (for
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Scheme-I: Synthetic route of chitosan thiosemicarbazones
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87% DDA of chitosan) C, 40.30; H, 5.07; N, 23.75; S, 3.61%;
DS: 22.63%.

Imidazole-2-carboxaldehyde crab chitosan thiosemi-
carbazone (CCSIMTSC): Yield: 71 %; colour: yellowish brown;
m.p. > 300 °C, decomposed prior to melting; calcd. for C;H;s
N50O4S (unit formula wt. 313.35, chitosan unit 160.16) C, 41.90;
H,5.43;N,22.21; S, 10.17%; found (for 67 % DDA of chitosan)
C, 40.16; H, 7.10; N, 19.05; S, 3.2%; DS: 20.18%.

Synthesis of copper(Il) chitosan thiosemicarbazones:
The copper(I) to ligand (1:1) complexes were synthesized as
novel compounds with some modifications in the literature
method by Wang et al. [29]. An equimolar mixture of 2 mmol
each of chitosan thiosemicarbazone and copper(II) chloride was
dissolved in 15 mL of 1% acetic acid solution, pH of the mixture
was maintained at 6 by addition of 5% NaOH solution in little
instalments. The resulting solution was stirred for 3 h at 60
°C, filtered and the complex obtained as residue was dried
overnight at 40 °C.

Copper(Il) imidazole-2-carboxaldehyde oligo chitosan
thiosemicarbazone (Cu-CSIMTSC): Yield: 78%:; colour:
greenish yellow; m.p. > 300°C, decomposed prior to melting;
calcd. for C;1H;5NsO4SCuCl (unit formula wt. 412.35, chitosan
unit 160.16) C, 31.89 ; H, 4.14; N, 16.90; S, 7.74, C1 8.56%;
found (for 87% DDA of chitosan) C, 30.80; H, 4.22; N, 15.48;
S, 2.41%; estimated Cl, 14.20%.

Copper(Il) imidazole-2-carboxaldehyde crab chitosan
thiosemicarbazone (Cu-CCSIMTSC): Yield: 72%; colour:
greenish yellow; m.p. > 300 °C, decomposed prior to melting;
calcd. for C;1H;5NsO4SCuCl (unit formula wt. 412.35, chitosan
unit 160.16) C, 31.89 ; H, 4.14; N, 16.90; S, 7.74, C1 8.56%;
found (for 67% DDA of chitosan) C, 31.32; H, 5.34; N, 14.35;
S, 2.01%; estimated Cl, 12.78%.

Cells culturing and colorimetric MTT assays: The MDCK
cell line was cultured in the complete RPMI media (mixture
of 10% fetal bovine serum (FBS), 1.2% solution of antibiotics
(penicillin and streptomycin), 25 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) and an incomplete
media of RPMI with glutamine) and 5% carbon dioxide for 24 h.
The cells were scraped, washed well with phosphate buffer
solution (PBS) to remove cellular debris, the culture medium
was replaced with a fresh medium, the cells were counted and
distributed with ~10° cells in each well of the 96 well plate.
Test solutions in dimethyl sulfoxide (DMSO) were prepared
by extensive stirring and filtration of the suspension and the
concentration was calculated from the weight dissolved obtain-
able by subtracting the weight of undissolved residue from
the weight added in 10 mL of DMSO. After the incubation of
50-400 pwmol L™ test solutions for 48 h with the cultured cells,
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) solution in a concentration of 5 mg/mL in
PBS were added in wells. The resulting solutions were further
incubated in CO; at 37 °C for 4 h until intracellular purple crystals
of formazan were visible under microscope. The MTT was
removed, formazan crystals were dissolved in DMSO, triturated
and incubated in CO, at 37 °C for 30 min until the cells were
lysed and purple crystals were dissolved. Then the intensity of
the dissolved formazan crystals (purple color) was quantified
using the ELISA plate reader at 551 nm. The untreated cells
were taken as positive control and media only was taken as
blank for the study. Cell viability percentage was obtained by
the relation:

control A
Half inhibitory concentration (ICsp) was the concentration
corresponding to the absorbance that is half of the maximum
absorbance [30]. Inhibition ratio (IR) was quantified as [31]:

Viable cells (%) =

blank

Acomrol - Asample X 100

IR (%)=

control

RESULTS AND DISCUSSION

FT-IR studies: The key FI-IR data are presented in Table-1.
The broad band translocations in the spectra of both the ligands
and complexes at 3500-3200 cm™ were attributed to merging
of intramolecular hydrogen bonded v(O-H) and secondary
amide V(N-H) stretches [32,33]. In addition, the v(N-H) stretches
appeared at 3200-3100 cm™ [32]. The characteristic v(C-H)
stretches were in the range of 2886-2865 cm™ [27]. The v(NH-
CS-NH) of thiosemicarbazide reported at 1550 cm™ in literature
[32] was absent in the spectra of ligands. It showed the combin-
ation of NH-CS-NH group in thiosemicarbazide with C=0
group of carboxaldehyde to give chitosan thiosemicarbazones.
The absence of stretching vibration v(C=0, amide I) of chitosan
atabout 1666 cm™ [5,6] and the appearance of v(C=N-) bands
at 1627-1619 cm™ in the ligands was the plausible indicative
of the formation of imine linkage owing to condensation of
amino group of chitosan with C=0 group of carboxaldehyde
[5,6,27,32,34,35]. The presence of medium to strong v(C=S)
bands at 1160-1072 cm™ viz. as reported literatures, v(C=S) at
1082-1028 cm™ [36], 1112-1098 cm™ [37], 1165 cm™ [38] and
the absence of v(C-SH) band at 2600-2500 cm™ showed the
existence of thiosemicarbazones in thione form [36]. Addition-
ally, the absorption peaks in the range of 1116-1109 cm™ were
attributed to the skeletal vibration of C—O-C asymmetric stret-
ching [27]. The presence of primary v(NH) bends in the range
of 1555-1540 cm™ [32] was indicative of only partial involve-
ment of amino group of chitosan in functionalization as chitosan
thiosemicarbazone.

TABLE-1
FT-IR SPECTROSCOPIC DATA (cm™)
Compounds V(N-H) stretch V(N-H) bend V(C=N) v(C=S) v(C-0-O) v(C-H) V(C=N) ring
CSIMTSC 3200s 1540s 1619s 1072s 1116m 2875w 1446s
Cu-CSIMTSC 3117s 1547s 1605s 1058s 1109w 2886w 1418m
CCSIMTSC 3160s 1547s 1627s 1160m 1111s 2878w 1438s
Cu-CCSIMTSC 3103s 1555s 1602s 1150s 1111s 2865w 1417s
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The negative shifts (17-22 cm™) of v(C=N) at 1627-1619
cm’ in free ligands to 1605-1602 cm™ in the corresponding
complexes showed the coordination of azomethine nitrogen
[39]. The negative shifts (10-14 cm™) of v(C=S) bands from
1160-1072 cm™ in ligands to 1150-1058 cm™ in complexes
showed the coordination of sulphur with metal ion [36]. The
imidazole ring v(C-N) stretches at 1438-1446 cm™ in ligands
[40], that also correspond to v(C=N) and v(C=C) stretches
[40] were lowered to 1417-1418 cm™ in the corresponding
complexes. The lowering of these stretches by 21-28 cm’,
instead of their upward shift, was indicative of the increase in
double bond character in the ring (C=N) bond due to resonance
in the imidazole ring of ligand molecule and complex formation
with lowering of these predominantly v(C=N) stretches [41].
The appearance of strong intensity peak due to imidazole ring
vibration meant its presence as an active moiety [40]. The
terdentate behaviour of CSIMTSC and CCSIMTSC indicated
that metal-ligand charge in Cu-CSIMTSC and Cu-CCSIMTSC
was balanced as a result of sulphur coordination via the thiolate
form [42] produced due to deprotonation of H-N-C=S group.

BC NMR studies: The solid-state *C NMR technique
has been useful to elucidate the structure of chitosan and its
derivatives [43]. Polymeric structure with non-deacetylated
chitin unit and chitosan thiosemicarbazone (chitosan TSC) unit
with numbering of carbon atoms in the pyranose ring is shown
in Fig. 2. The *C NMR spectral data are summarized in Table-2.
The spectra of thiosemicarbazone ligands retained the charac-
teristic signals due to carbon atoms in the pyranose ring of
chitosan viz. -CHj; at 8 = 23.94-24.03 ppm, C6 at & = 62.05-
62.57 ppm, C3, C5 at § =74.53-75.83 ppm, C4 at = 84.10-
84.36 ppm, C1 at § = 104.35-105.12 ppm [27]. The *C NMR
signals at & = 165 ppm and 170 ppm have been reported to be
attributed to carbon atom of -N=CH group of chitosan thiosemi-
carbazone [27]. The literatures explain that thiosemicarbazone
would be characterized by the *C NMR signal due to carbon
atom of C=S at § =170-180 ppm and azomethine carbon at &
= 140 ppm [44]. The signal at § = 178 ppm has been attributed
to carbonyl carbon atom [27] and the superimposition of C=S

HO,

HO N
HO NH L n
L _|m V (CSIMTSC &

/C\ S . . CCSIMTSC)
o CHg Chitosan TSC unit
Chitin unit

Fig. 2. Polymeric structure with non-deacetylated chitin and chitosan TSC
units with numbering of carbon atoms in pyranose ring of chitosan

and C=0 signals has been reported to cause peak broadening
[27]. In agreement to these, the azomethine carbon signal at
157.51-174.34 ppm, C=0 and C=S superimposition peak at
174.18-178.36 ppm were ascertained. Additionally, the signals
at 0 = 119-162 ppm were attributed to carbon atoms of imida-
zole ring [45]. Involvement of C2 towards the formation of
thiosemicarbazone moiety was shown by the disappearance of
C2 signal in CSIMTSC and the appearance of substituted C2
signals of the pyranose ring at 56.24 ppm in CCSIMTSC [27].

PXRD studies: The powder X-ray diffractograms of the
ligands showed higher crystallinity and a shifting of standard
peaks of chitosan (Joint Committee on Powder Diffraction
Standards (JCPDS) # 039-1894) from 20 at 10° and 20° to
10.69° and 18.64° in CSIMTSC and 11.66° and 19.24° in
CCSIMTSC [46]. This was indicative of chemical modification
of chitosan to give more ordered long-range crystallites without
the complete destruction of chitosan crystallinity and the incor-
poration of new crystallinity in chitosan [27]. New crystallinity
peaks viz. at 20 =7.77°,11.84°,15.70° and 23.70° in CSIMTSC
and 20 =9.22°,15.32°,23.18° and 27.70° in CCSIMTSC were
attributed to the formation of imine group and cleavage of
intra-molecular hydrogen bond of chitosan [47].

Appearance of new crystalline peaks in X-ray diffracto-
grams of the complexes showed the shifting of crystallinity
pattern from chitosan thiosemicarbazone. Chelation of metal
ions with different groups of thiosemicarbazone and the modifi-
cation in existing crystallinity was shown by overall differences
in crystallinity [47]. Further shifting of characteristic peaks
derived from chitosan showed the new molecular arrangement
in crystalline complexes.

Elemental microanalysis: Elemental microanalysis
results and degree of substitution (DS) of chitosan thiosemicarb-
azones indicated the substantial extent of functionalization of
chitosan as chitosan thiosemicarbazone. The values of DS [27]
viz. 22.63% in CSIMTSC and 20.18% in CCSIMTSC showed
partial introduction of Schiff base group into chitosan and more
functionalization as commercial oligo chitosan thiosemicarba-
zones than as crab chitosan analogue. The theoretically calcu-
lated percentages of elements were based on the corresponding
structures with completely deacetylated ring of chitosan, as
the quantitative estimation of contributing factors to the actual
structure was not possible.

Chitosan itself has been reported as a versatile ligand to
coordinate through hydroxy and amino groups to copper(Il)
ions [29,31] in the given reaction conditions. The presence of
some non-functionalized chitosan owing to partial grafting of
Schiff base group into chitosan (DS 20.18-22.63% with lowering
of S%) has been the underlying reason to justify the formation
of copper(Il) chitosan complex owing to a parallel reaction of
chitosan with copper(II) chloride. Moreover, this phenomenon

TABLE-2
13C NMR SPECTRAL DATA (8, ppm)
Compounds CH, 6 €3, C5 C4 c1 idizo e C=N Lm0
ring C superimposition
CSIMTSC 24.03 62.57 75.81 84.36 104.35 119-162 171.18 178.36
CCSIMTSC 2391 62.05 74.53-76.84 84.10 105.12 129-157 174.34 207.58
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of additional complex formation is justifiable by higher percen-
tages of estimated chlorine than theoretically calculated chlorine
percentage in copper(Il) chitosan thiosemicarbazone.

The partial introduction of thiosemicarbazone was also
shown by the corresponding DS values. The DS values were
obviously affected by M,, of carboxaldehyde moiety in thiosemi-
carbazone and DDA of ring chitosan. The estimated chlorine
percentages showed the coordination behaviour of chitosan
thiosemicarbazone to give the complexes of proposed geometry.

Thermal studies: Thermograms (TG/DTA) of CSIMTSC
and CCSIMTSC showed the thermal decomposition in three
stages. The first stage was corresponding to weight loss due to
loss of water viz. 7.14% weight loss at 148 °C in CSIMTSC
and 7.58% weight loss at 144 °C in CCSIMTSC and this beha-
viour was in close agreement with 9% weight loss of chitosan
at 25-150 °C due to the loss of hydrogen bonded water [47,48].
The second stage involved the abrupt increase in rate of decom-
position in both (with about 44 % weight loss) from 150 °C to
350 °C indicating the onset of disruption of chitosan backbone
chain. This behaviour showed an agreement with the reported
degradation by 43% of chitosan backbone chain at a temper-
ature range of 220-420 °C [47]. The third stage showed a steady
increase in the rate of decomposition with more than 45%
weight loss due to the disruption of backbone linkage and
thermal degradation of glucosamine residue at a temperature
above 400 °C [47,49].

The percentage decomposition of ligands at different
temperatures (Table-3) showed a rapid rate of decomposition
from 100 to 400 °C and then a steady rate of decomposition,
leaving about 4% of the CSIMTSC and 6% of CCSIMTSC
sample as residue of the unsaturated structure at 1000 °C. The
DTA curves of both the ligands showed a steady rise up to
500 °C and a broad peak at 500-900 °C corresponding to TG
weight loss in different stages.

Thermal properties of copper(Il) complexes were studied
by thermogravimetric analysis/differential thermal analysis/
differential thermal gravimetry (TGA/DTA/DTG). The thermo-

grams of Cu-CSIMTSC and Cu-CCSIMTSC showed the
thermal events at a temperature range of 25-730 °C. In compa-
rison to ligands, TG curves of complexes showed a change in
decomposition pattern with multiple stages of weight loss.
There was an increase in the rate of decomposition correspon-
ding to disruption of chitosan backbone chain observed at a
temperature range of 100-300 °C with a weight loss of 23% in
Cu-CSIMTSC and 19% in Cu-CCSIMTSC. Thermal degrad-
ation of glucosamine residue was observed at 500-600 °C with
a weight loss of 21% in Cu-CSIMTSC and at a temperature
range of 300-400 °C with an abrupt weight loss of 54% in Cu-
CCSIMTSC [47,49]. In Cu-CSIMTSC, the DTA curve showed
a steady rise up to 450 °C and broad exothermic peak in the
temperature range of 450-560 °C, while in Cu-CCSIMTSC,
the DTA curve showed a steady rise up to 300 °C and an exoth-
ermic peak in the temperature range of 300-400 °C. The percen-
tage decomposition of complexes at different temperatures
(Table-4) showed a steady rate of decomposition after 600 °C
leaving about 22% of the sample as residue of the unsaturated
structure at 700 °C in Cu-CSIMTSC, while there was a steady
rate of decomposition after 500 °C leaving about 15% of sample
as residue at 700 °C in Cu-CCSIMTSC.

The DTG curves further supported the above-mentioned
stages of thermal decomposition with a weight loss of 0.27
mg/min at 257 °C, 0.50 mg/min at 546 °C in Cu-CSIMTSC and
1.26 mg/min at 106 °C in Cu-CCSIMTSC. Overall, the thermal
data showed substantial stability of copper(Il) complexes.

Magnetic susceptibility measurement and electron para-
magnetic resonance (EPR) studies: Magnetic susceptibility
measurement and g values in EPR spectra of the complexes are
summarized in Table-5. Magnetic susceptibility measurement
(T=298 K, Ro=-34, L = 1.5 cm) showed the effective magnetic
moment (L) values in the range of 1.87-1.89 B.M. which are
close to spin-only moment of 1.73 B.M. due to an unpaired
electron. This indicated a low spin-spin coupling between unpaired
electrons of different copper atoms [50] and some increase in
the moment was attributed to large spin orbit coupling constant

TABLE-3
THERMAL STUDIES OF LIGANDS: PERCENTAGE DECOMPOSITION AT DIFFERENT TEMPERATURES
Temperature (°C) 100 200 300 400 500 600 700 800 900 1000
CSIMTSC: % decomposition 5 12 44 52 60 68 76 83 88 96
CCSIMTSC: % decomposition 6 18 45 51 60 69 72 81 90 94
TABLE-4
THERMAL STUDIES OF COMPLEXES: PERCENTAGE DECOMPOSITION AT DIFFERENT TEMPERATURES
Temperature (°C) 100 200 300 400 500 600 700
Cu-CSIMTSC: % decomposition 8 13 31 37 46 67 78
Cu-CCSIMTSC: % decomposition 4 8 24 78 83 84 85
TABLE-5
MAGNETIC SUSCEPTIBILITY MEASUREMENT AND g VALUE IN EPR SPECTRA OF COMPLEXES
Magnetic susceptibility measurement g value in EPR
Complexes
X M, Yo e (BM) spectra
Cu-CSIMTSC 3.55x 10°¢ 412.35 0.0015 1.89 2.100
Cu-CCSIMTSC 3.40 x 10°° 412.35 0.0014 1.87 2.096
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Fig. 3. EPR spectra of complexes (a) Cu-CSIMTSC, (b) Cu-CCSIMTSC

of cupricion [51]. Magnetic moment of < 1.90 B.M. indicated
the square planar or octahedral stereochemistry of the complexes
[52].

The EPR spectra of complexes (Fig. 3) were characteriz-
able by axial g tensors [53] and the non-resolution of hyperfine
features due to copper (S = 1/2 and I = 3/2) was owing to
intermolecular spin-spin interactions and dimeric association
of molecules [54,55]. It meant that the absence of hyperfine
splitting was attributed to exchange broadening due to still
incomplete separation of paramagnetic centres [56] at a low
X-band frequency of 9.8 GHz [56]. The spectra corresponding
to an unpaired electron in d,2.,2 orbital of Cu(Il) centres were in
agreement with a square planar geometry [57], but the gparallel
tensors were undetectable due to absence of hyperfine splitting.
The shifting of g value from g. (2.0023) that is due to spin orbital
coupling of metal orbitals with unpaired electrons has been
reported to depend upon the degree of covalency of the complex
that is determined by the unpaired electron density at the donor
atoms of ligand molecule [50]. The absence of half field peak
at 1500 Gauss suggesting the absence of two copper centres
in the same lacuna indicated the mononuclear structure of the
complexes [58].

On the basis of the aforementioned results, the copper(II)
complexes were proposed to assume the mononuclear distorted
square planar geometry (Fig. 4). The thione sulphur, azomethine
nitrogen and heterocyclic nitrogen atom of imidazole-2-carbo-
xaldehyde based chitosan thiosemicarbazone and one chlorine
atom were used as the donor sites in coordination with copper(Il)
ion in the complexes.

Antitumorigenic activity: The MDCK cell line, unlike
the early non-tumorigenic cell populations [58], was prop-
agated with the expression of immortalization and tumorigenic
phenotype upon the culture in complete media. The literature
has shown the development of tumorigenicity and the use of
tumorigenic canine cell lines, but the mechanism of neoplastic
transformation in mammalian cells is yet unclear [59]. The
antitumorigenic profile against MDCK cell line by chitosan
thiosemicarbazones and their copper(Il) complexes is presented

OH
0
o)
HO NH
)\ !
S \

N

\ \
Cl/‘f“‘—N

|
N CH
Ey
NH
Fig. 4. Proposed structure of complexes: Cu-CSIMTSC and Cu-CCSIMTSC

in Table-6. Oligo chitosan thiosemicarbazone showed higher
antiproliferative activity with ICs value of 170.46 umol L™ in
CSIMTSC, but its crab shell chitosan analogue CCSIMTSC
showed low antitumorigenic activity with 52-70% cell viability
on raising the concentration to 400 wmol L. There was concen-
tration dependent rise in IR% and at a given concentration,
oligo chitosan thiosemicarbazone showed more inhibition of
cell growth. The data showed cytotoxicity enhancement upon
the complex formation of chitosan thiosemicarbazones.

TABLE-6
ANTITUMORIGENIC PROFILE AGAINST MDCK
CELL LINE BY CHITOSAN THIOSEMICARBAZONES
AND THEIR COPPER(II) COMPLEXES

Compounds Cell viability % IR %
(at 50-400 pmol LY (at 50-400 pumol LY
CSIMTSC 78-24 (IC5, = 170.46) 22-76
CCSIMTSC 72-70 28-30
Cu-CSIMTSC 59-43 (IC, = 117.86) 41-57
Cu-CCSIMTSC  81-49 (ICs, = 387.20) 19-51
Conclusion

The semi synthetic tailoring of imidazole-2-carboxaldehyde
chitosan thiosemicarbazones and their copper(Il) complexes
was critical towards the chemical modification of chitosan to
get its antitumorigenic derivatives. All the derivatives showed



Vol. 33, No. 5 (2021)

Imidazole-2-carboxaldehyde Chitosan Thiosemicarbazones and their Copper(Il) Complexes 975

inhibitory effect on tumorigenic MDCK cell line proliferation
and the oligo chitosan derivatives were more remarkable. Complex
formation caused the increase in antitumorigenic activity of
chitosan thiosemicarbazones. The factors such as degree of
deacetylation (DDA) and molecular weight (M,,) of chitosan,
degree of grafting of thiosemicarbazone group in chitosan,
mode of coordination to copper(Il) ion and low solubility in
the selected solvent could have severe effect on anticancer
activity of these chitosan derivatives. Overall, the moderate anti-
proliferative activity of these newly synthesized biomaterials
against the tumorigenic cell line presents the area of further
investigation towards the safety profiles in normal cells and
higher activity against the cancer cell lines.
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