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The research deals synthesis of new organic compounds containing imine group 
and then modifying carboxymethyl cellulose (CMC) by reacting carboxymethyl 
cellulose with the prepared imine compounds and then mixing them with chitosan 
(CS) and nanoparticles (NPs) such as gold nanoparticles (AuNPs), magnesium 
oxide nanoparticles (MgONPs) and silver nanoparticles (AgNPs) and studying their 
important uses in biomedical fields. These prepared nanocomposites (modified 
CMC/CS/NPs) studied  of antibacterial, anticancer and antioxidant activities. The 
toxicity of the nanocomposites was studied on  mice, and histological analysis was 
performed in vitro. The results indicated that these nanocomposites had a larger 
diameter of growth inhibition zone compared to standard antibiotics (amoxicillin 
and tetracycline) and the antioxidant activity of modified CMC/CS/NPs showed 
a high inhibition rate compared to standard ascorbic acid. The nanocomposites 
showed excellent inhibition rates and were non-toxic against anticancer cells 
(A172), and compared to the normal cell line (REF). Molecular docking is used to 
determine the binding of the compounds to the enzyme and to determine the 
free energy (ΔG) of the synthesized compounds, so that they can be compared 
to the drug doxorubicin, making them useful in pharmaceutical manufacturing. 
Using H-NMR spectroscopy, FTIR, Transmission Electron Microscopy (TEM) and 
Field Emission Scanning Electron Microscopy (FESEM) the synthesized compounds 
were characterized.
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INTRODUCTION 
Carboxymethylcellulose (CMC) is an anionic 

natural polysaccharide. Carboxymethyl cellulose 
(CMC) possesses numerous compelling attributes 
as a polymer. It has high chemical stability, good 
solubility, and is non-toxic [1-4]. Furthermore, it is 
a biodegradable and cost-effective polymer suitable 
for biocompatibility and film production [5-7]. 
The pharmaceutical, food, and packaging sectors 
utilize it widely due to its safety and nontoxicity 
[8]. Conversely, carboxymethyl cellulose (CMC) 
is readily amenable to chemical modification 
and is utilized in various applications due to 
its abundant hydroxyl and carboxyl groups, as 
well as its environmental compatibility [9-13]. 
Pure CMC films readily dissolve in distilled 

water, necessitating the incorporation of other 
ingredients for various uses [14,15]. When CMC 
is combined with other consumable substances 
(such as CS) [16-19]. Chitosan is a natural polymer 
derived from the alkaline deacetylation of chitin, 
a structural component of the exoskeletons of 
crustaceans such as crabs and prawns [20,21]. 
Chitosan is the second most abundant organic 
substance in nature, following cellulose. Chitosan 
is a weak base that is insoluble in water [22]. This 
phenomenon is likely attributable to the existence 
of robust intermolecular hydrogen bonds generated 
between the molecular chains of chitosan [23]. 
However, it can dissolve in weak acidic water with 
a pH below 7, where it changes glucosamine units 
(-NH₂) into a form that can dissolve better (NH₃⁺). 
The solubility of chitosan is contingent upon its 
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natural origin, molecular weight, and degree of 
deacetylation [24]. Chitosan is a robust polymer. 
because its molecules have hydrogen bonds. 
Chitosan is special because it is plentiful, can be 
modified on its surface, and has unique properties 
such as being biodegradable, biocompatible, non-
toxic, antibacterial, hydrophilic, mucoadhesive, 
and having anticholesterolemic actions [25,26]. 
Chitosan is a very useful molecule that may be 
used in many different ways, such as in medicine, 
farming, food preservation, biocatalysis, and 
the environment [27]. Because it has amino and 
hydroxyl groups, chitosan does not have anionic 
characteristics. Biopolymer-based nanocomposites 
have rapidly emerged in recent years [28]. 
Researchers are currently looking at how to 

combine nanomaterials (NMs) with biodegradable 
polymers. Polysaccharides are safe for living things, 
break down quickly, and are quite common [29,30]. 
Polysaccharides are widely used to reduce and 
stabilize metal nanoparticles (MNPs) because they 
are good for the environment and easy to convert 
into different types of hydrogels [31]. Nanoparticles 
(NPs) make biopolymers better at blocking heat, 
mechanical stress, biological activity, and other 
things, which makes them more useful [32].	 T h e 
present study to synthesize new series of imine 
compounds then modified carboxymethyl cellulose 
with imine prepared compounds and blending 
with chitosan , nanoparticles with screened 
of antibacterial , antioxidant and anticancer 
activities. Based on these preliminary theoretical 
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and experimental results, these novel species have 
potential as drug candidates, and future work will 
involve in vivo studies.

MATERIALS AND METHODS	
Materials				  

AuNPs or MgONPs or AgNPs were supplied by 
US, Research Nanomaterials, Inc. Chemicals have 
been provided from BDH and CDH 

	
Instrumentation	

With a range of 400 cm⁻¹ to 4000 cm⁻¹, the 
Shimadzu FT-IR-8400S was used to record the FT-
IR spectra. Ultra Shield 400 MHz, manufactured 
by Bruker, University of Tehran, Iran, was used 
to perform the ¹H-NMR spectra. As an internal 
standard, TMS has been used using DMSO as the 
solvent. The University of Tehran in Iran was the site 
of the field emission scanning electron microscopy 
(FESEM) study. To visualize ligands, proteins, 
hydrogen bonding interactions, short contacts, and 
bond length measurements, molecular docking 
was carried out using the CCDC Hermes visualizer 
program (version 1.10.3). Biological activity 
took place at the University of Baghdad’s Central 
Environmental Laboratory, College of Science. 
Perform an acute toxicity test in the lab of the 
Centre for Cancer Research and Medical Genetics.

	
Synthesis of 2-amino-5-mercapato-1,3,4-thiadiazole[33] 

     This compound was synthesized in accordance 
with the literature (Ali H.Samir  et.al. 2014). The 
M.P. (229-231) Co and the FTIR spectrum were in 
agreement with the literatures

+ CS2
Na2CO3

EtOH

NN

S SHH2N
H2N

N
H

S

NH2

Synthesis of compounds [I-VI][34]
2- amino-5- mercapto -1,3,4 - thiadiazole  

(1.33 gm.,0.01mol)  or  4-amino benzene thiol  
(1.25gm.,0.01mol) mixed with( 0.01mol) of  
trichloro propanal or 2,4-dichloro benzaldehyde 
or syringaldehyde in 20ml of absolute ethanol 
with three drops of glacial acetic acid, the mixture 
was refluxing at(75-80) C° for 14h.The reaction 
mixture was cooled, the precipitate filtration and 
recrystallized from ethyl acetate to give:(Pale 
yellow, (248-250 (Co, yield65% ) ,(Very light brown, 
(137-138)Co, 72%),(Yellow,254-256Co, 96%), (Dark 
yellow, 229-230 Co, 70%), (Yellow green,158-
160Co,81%),(Yellow green, 240-242Co, 54%) 

respectively. Scheme 2.  shows the formation steps 
of compounds [I-VI]

Synthesis of compounds [VII-XII] [35]
Aliquot (0.01mol) one of the compounds [I-

VI] mixed with (0.02 mol) anhydrous sodium 
carbonate in (15ml) distilled water then (0.01mol) 
of chloroacetic acid was added. The solution 
refluxed for 6h. then added conc. hydrochloric 
acid to reached out pH= 2. Filtered the product 
and washed with distilled water and recrystallized 
from absolute ethanol to produce: (Yellow, 187-
189Co, 97%), (very light brown,228-230Co,78%), 
(Yellow,179-180Co, 82%), (White,193-195Co,78%), 
(White,164-165Co,75%), (Orange, 250-251Co, 
90%) respectively. Scheme 2 shows the formation 
steps of compounds[VII-XII]

	
Synthesis of compounds [XIII-XVIII] [36]	
     (0.01mol) of one of the compounds [VII-XII] 
mixed with SOCl2 (0.01mol) in   15ml dry benzene 
was refluxed for (8 h.) The excess of thionyl 
chloride and benzene were outlying under vacuum. 
(Dark brown,160-162Co, 93%) (Dark orange,239-
241Co,96%), (Dark brown, 118-120Co ,94%), (Dark 
indigo,183-185Co,69%), (Red, >300 Co, 63%), 
(Brown,210-212Co, 92%) respectively. Scheme 2.  
shows the formation steps  of compounds[XIII-
XVIII]

Synthesis of Modified CMC [XIX-XXX] [37]
     Modified CMC [XIX-XXX] has been prepared 

by the reaction (0.1gm.) of one compounds [XIII-
XVIII] with 0.1 gm. of CMC in 20 ml of DMF, the 
mixture was refluxed for 8 h. The solution was 
poured on a Petri dish and left to dry at room 
temperature. shown in Scheme 3 and  Scheme 4

 Synthesis of Blend Polymers [XXXI-XLII] [38]  
Solvent casting was employed to create polymer 

blends. One of modified CMC [XIX-XXX] was 
dissolved in water and stirred for 1 hour at room 
temperature to create the modified CMC [XIX-
XXX] solutions, 1 gm of chitosan dissolved in (49 
mL of 2% percent aqueous acetic acid solution) and 
stirring for 1 hour at room temperature to create 
the chitosan solutions. Two polymer solutions 
(CMC solutions and Chitosan solutions) were 
mixed to prepare homogenous solution by using 
hotplate stirrer for 60 min after the two polymers’ 
solutions had been combined. The modified CMC/
CS blends were created by combining Modified 
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Scheme 2. Synthesis of compounds [I-XVIII] 

  

Scheme 2. Synthesis of compounds [I-XVIII] 

 

 

Scheme 3. Synthesis of modified CMC [XIX-XXIV] 

  

 

 

  Scheme4. Synthesis of modified CMC[XXV-XXX] 

  

Scheme 3. Synthesis of modified CMC [XIX-XXIV]

Scheme4. Synthesis of modified CMC[XXV-XXX]
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CMC: CS (5:5) in one ratio. shown in Scheme 5.
	

Synthesis of Nanocomposites (Modified CMC/CS / 
Nanoparticles)[XLIII-LX] [39]  

 In order to bond the gold,  or magnesium or 
silver nanometals in the blend matrix, 100mg of the 
dried modified CMC/CS [XXII-XXVII] was added 
to 50mL of AuNPs or MgONPs or AgNPs solution 
of a 250 mg/L concentration. This was done with 
the use of a hotplate stirrer for three hours. shown 
in Scheme 6

RESULTS AND DISCUSSION   
FTIR and 1HNMR of Synthesis Compounds

Scheme (1) illustrates the process of 
synthesizing new compounds from Schiff bases. 
The compounds [I-VI] are synthesized by 
combining 2-amino-5-mercapto-1,3,4-thiadiazole 
or 4-amino benzene thiol with various aldehydes in 
ethanol and heating the mixture for 14 hours The 
FTIR spectra of compound [VI] exhibited peaks at 

2325, 1640cm⁻¹. these peaks are linked to the SH 
group and C=N, respectively, Table 1. Show FT-IR 
data of  compounds [I-VI] . 1H-NMR of compound 
[VI] showed a singlet at δ3.36 ppm for the proton 
of SH , doublets at 4.59–4.76 ppm for 2(OCH₃), 
a singlet at δ5.06 ppm for the proton of OH, an 
extra signal at δ9.82 ppm for the proton of CH-N, 
and several peaks at δ6.50–7.73 ppm for aromatic 
protons. The reaction of compounds [I-VI] with 
chloroacetic acid in distilled water produced 
compounds [VII-XII] in a basic environment. 
The FTIR. spectra of compound [XII] show peaks 
for the hydroxyl group at 3400–2400 cm⁻¹ and 
for the carboxylic group at 1680 cm⁻¹, Table 2. 
shows FT-IR  of compounds[VII-XII] . 1H-NMR 
of [XII] showed a singlet signal at a chemical shift 
of δ 13.21 ppm, which was caused by carboxylic 
proton. There was a signal at δ 9.78 ppm that had 
to do with the proton of CH-N. There were several 
peaks in the region of δ 7.12–7.77 ppm for aromatic 
protons, as well as a single signal at δ 3.85 that 

 

 

 

Scheme 5. Synthesis of blend polymers [XXXI-XLII] 

  

Scheme 5. Synthesis of blend polymers [XXXI-XLII] 

 

 

 

 

 Scheme 6 Synthesis of Nanocomposites [XLIII-LX] 

 

 

 

Scheme 6. Synthesis of Nanocomposites [XLIII-LX]

Table 1. FT-IR spectroscopy data of compounds [I-VI] 
 

Comp. 
No. 

(S-H)  cm-1 =C-H arom. (C=N) 
(C=N) of 

thiadiazole 
(C=C) (C-S) 

[I] 2360 3099 1653 1607 1590 642 
[II] 2525 3029 1673 1625 1588 645 
[III] 2325 3010 1606 1669 1585 632 
[IV] 2380 3110 1607 - 1590 671 
[V] 2350 3062 1630 - 1581 675 
[VI] 2370 3032 1640 - 1585 631 

 
  

Table 1. FT-IR spectroscopy data of compounds [I-VI]

AuNPs,MgONPs,AgNPs
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corresponded to two protons of S-CH₂. There were 
doublet indications at 3.76–3.77 ppm for 2(OCH₃). 
When the synthesized chemicals [VII-XII] were 
mixed with SOCl2 in dry benzene, they made many 
derivatives[XIII-XVIII]. The FTIR analysis of the 
compound[XVIII] shows disappearance band at 
3400–2400 cm⁻¹, which is linked to the (OH) group 
of the carboxylic acid. Instead, there is a band at 
1740 cm⁻¹, which indicates the acyl chloride, Table 
3. FT-IR spectroscopy of compounds [XIII-XVIII].

CMC derivatives [XIX-XXX] were prepared 
through the reaction between [VII-XVIII] with the 
CMC in DMF as the solvent. The FT-IR spectrum 
of the polymer [XXIX] illustrated a large peak at 

3275 cm⁻¹, which indicates the hydrogen bonding 
OH stretching region. The small hump at 29224cm 
and 2900 cm⁻¹ shows the attributable C-H 
stretching vibration. The sharp peak observed at 
1731 cm⁻¹ confirms the presence of C=O, which is 
assigned to the stretching of the ester group, Table 
4 FT-IR data of polymers[XIX-XXX]. 1H-NMR 
spectrum of modified CMC[XXIX], singlet signal 
with a chemical shift at δ 12.6 ppm as a result of the 
proton of carboxylic protons, additional signal at δ 
δ8.87 ppm due to the presence of protons for CH-
N, multiple peaks appeared at δ δ7.01-8.00ppm for 
aromatic protons, and a singlet signal at δ 3.85 for 
two protons for the S-CH2, The characteristic peak 

Table 2. FT-IR spectroscopy data of compounds [VII-XII] 
 

Comp. No. (O-H)cm-1 
(C-H) 

arom. cm-1 
(C=O)  

carboxlic 
(C=N) of 

thiadiazole 
(C=N)cm-1 C=C) 

[VII] 3400-2400 3057 1693 1631 1654 1572 
[VIII] 3400-2400 3000 1692 1628 1650 1600 
[IX] 3400-2400 3004 1695 1664 1605 1581 
[X] 3400-2400 3093 1686 - 1606 1588 
[XI] 3400-2400 3044 1683 - 1651 1601 
[XII] 3400-2400 3049 1680 - 1627 1592 

 
  

Table 2. FT-IR spectroscopy data of compounds [VII-XII]

Table 3. FT-IR spectroscopy data of compounds [XIII-XVIII]

 
Table 3. FT-IR spectroscopy data of compounds [XIII-XVIII] 

 
 

Comp. 
No. 

(C-H) arom. cm-1 (C=O)-Cl (C=N) 
(C=N) of 

thiadiazole 
(C=C) (C-S) 

[XIII] 3037 1740 1651 1622 1572 680 
[XIV] 3047 1746 1650 1604 1578 662 
[XV] 3047 1746 1651 1605 1592 662 
[XVI] 3037 1710 1622 - 1572 675 
[XVII] 3039 1770 1651 - 1595 661 
[XVIII] 3066 1740 1607 - 1582 674 

 
  Table 4. FT-IR data of polymers[XIX-XXX] 

  

Com. No. (O-H)cm-1 (C-H) aliph.   cm-1 
(C=O) 

ester.cm-1 
(C=N)  cm-1 (C=C)  cm-1 

(C-O-C) 
cm-1 

[XIX] 3251 2920,2869 1709 1645 1584 1018 
[XX] 3310 2918,2880 1733 1650 1592 1017 
[XXI] 3257 2924,2884 1710 1624 1592 1020 
[XXII] 3337 2924,2869 1723 1653 1589 1017 
[XXIII] 3231 2996,2885 1734 1647 1561 1056 
[XXIV] 3353 2918,2884 1740 1678 1591 1017 
[XXV] 3267 2924,2881 1710 1641 1590 1024 
[XXVI] 3296 2922,2886 1710 1640 1591 1018 
[XXVII] 3340 2943,2881 1716 1634 1595 1060 
[XXVIII] 3271 2927,2879 1716 1630 1590 1051 
[XXIX] 3275 2924,2900 1731 1650 1595 1017 
[XXX] 3288 2922,2877 1736 1628 1571 1020 

 
  

Table 4. FT-IR data of polymers[XIX-XXX]
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of CH₂COOH on C₆ of CMC is near 4.27-4.64, 
signals at 2.10-2.26 (H₂, H₃, H₄, H₅) of CMC, signals 
at 4.66-4.81 due to H₁ of CMC, signals at 6.98 for 
OH of CMC, and signals at 12.6 due to CH₂COOH 
on C₆ of CMC .  1H-NMR spectrum of modified 
CMC[XXX], singlet signal with a chemical shift at 
δ 11.82 ppm as a result of the  proton of carboxylic 
proton on C6 of CMC, additional signal at δ9.70 
ppm due to the presence of  proton for CH-N, 
multiple peaks appeared at δ7.23-8.27ppm for 
aromatic protons , a singlet signal at δ5.96 ppm due 
to presence of  proton for OH singlet signal at δ3.85 
for two protons for the S-CH2 , doublet signals at 
2.98-3.07ppm at 2(OCH3) ,The characteristic peak 
of CH2COOH on C6  of CMC is near 4.27- 4.64, 
signals at 2.10-2.36 of (H2,H3,H4,H5) of CMC, 
signals at 4.66-4.81 due to H1 of CMC ,  signals 
at 5.96 for OH  of CMC. Modified CMC Blended 
with CS to prepare a blend, polymer research of the 
characteristics of the obtained blends had shown 
a good level of miscibility between the CMC and 
CS that had been shown by FT-IR results of the 
blend polymer[XLII], the band broadening in 
the (2400-3600) cm⁻¹ region because of a strong 
intermolecular bonding of hydrogen that exists 
between amino groups of CS and CMC’s hydroxyl 
groups, and 1612 cm⁻¹ as a result of (C=N) and 
1712 cm⁻¹ cm-1due to carbonyl of ester,Table 5.FT-
IR data of polymers[XXXI-XLII].The preparation 
of nanocomposites[XLIII-LX] using  blend 
polymers [XXXIV-XXXIX] with AuNPs, MgONPs, 
and AgNPs. FT-IR data of nanocomposites [XLIII] 
shows that the presence of peaks at 3288 cm⁻¹ 
reveals O-H stretching from the inter- and intra-
molecular hydrogen bonds and shifting asymmetric 

and symmetric stretching vibrational of C-H from 
alkyl groups at (2861, 2920) and 400 to 800 cm⁻¹ 
of (Au, MgO, Ag) NPs bonding also supports the 
formation of particles.

Field Emission Scanning electron microscope studies 
(FESEM) [40,41]

The FESEM approach reveals that the surface 
morphology differs for the Modified CMC blend 
with CS [XXV] (Fig.1), Modified CMC/CS/AuNPs 
[XLIII] (Fig.2), Modified CMC/CS/MgONPs 
[XLIV] (Fig.3) and Modified CMC/CS/AgNPs 
[XLV] (Fig. 4). The incorporation of CS modifies 
the surface topography of the composite membrane 
and significantly influences cell spreading. The 
FESEM image indicates a homogeneous dispersion 
of nanoparticles (NPs) on the matrix surface. The 
average particle size of the modified CMC blend 
with CS [XXV] ranges from 428 to 532 nm in 
the presence of CS. The average particle size of 
modified CMC/CS/Ag ranges from 34 to 79 nm, 
while that of modified CMC/CS/MgO ranges from 
46 to 80 nm. The average nanoparticle size for gold 
nanoparticles is between 24 and 33 nm, which 
exhibit a homogeneous distribution on the matrix 
surface. The particles in the nanocomposite film 
exhibited an almost spherical shape. Nevertheless, 
certain clusters of nanoparticles were observed, and 
the surface exhibited a degree of roughness. The 
nanoparticles displayed a uniform dispersion in 
CMC/CS and a robust attachment to the polymer. 
The nanoparticles did not exhibit any significant 
cytotoxic effects on human cells. The coating on 
the nanoparticle surface might help reduce harmful 
effects or completely prevent toxicity.

Table 5. FT-IR data of polymers [XXXI-XLII] 
 

Com. No. 
υ (O-H) and 

(N-H) 
υ (C-H) aliph. cm-1 

υ (C=O) ester. 
cm-1 

υ (C=C) 
cm-1 

υ (C=N) cm-1 
υ (C-O-C) 

cm-1 
[XXXI] 3359 2917,2874 1701 1600 1648 1056 
[XXXII] 3257 2918-2851 1720 1571 1620 1061 
[XXXIII] 3339 2920, 2874 1740 1556 1631 1058 
[XXXIV] 3287 2910,2861 1701 1551 1648 1061 
[XXXV] 3340 2925,2882 1714 1584 1625 1060 
[XXXVI] 3247 2920,2885 1710 1588 1620 1048 
[XXXVII] 3281 2918,2897 1716 1592 1630 1051 
[XXXVIII] 3268 2920,2855 1730 1579 1628 1054 
[XXXIX] 3349 2915,2877 1710 1556 1648 1056 

[XL] 3280 2924,2870 1711 1590 1650 1054 
[XLI] 3303 2933,2885 1710 1598 1650 1060 
[XLII] 3329 2921,2880 1712 1588 1612 1050 

 
  

Table 5. FT-IR data of polymers [XXXI-XLII]
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Fig. 1. FESEM of modified CMC/CS[XXV] 

  
 

 

Fig.2. FESEM of modified CMC/CS/AuNPs[XLIII] 

  
 

 

Fig.3. FESEM of modified CMC/CS/MgONPs [XLIV] 

  
 

  

Fig.4 .FESEM of modified CMC/CS/AgNPs[XLV] 

  

Fig. 1. FESEM of modified CMC/CS[XXV]

Fig. 2. FESEM of modified CMC/CS/AuNPs[XLIII]

Fig. 3. FESEM of modified CMC/CS/MgONPs [XLIV]

Fig. 4. FESEM of modified CMC/CS/AgNPs[XLV]
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Transmission Electron Microscopy (TEM) [42,43]
The TEM picture of the modified CMC/

CS suspension drop-cast with AuNPs or AgNPs 
reveals that the AuNPs or AgNPs are uniformly 
disseminated and exhibit a semi-spherical 
morphology. Despite the differing orientations 
of the particles and their closed nature, there are 
no indications of agglomeration. The AuNPs or 
AgNPs generated in the improved CMC/CS exhibit 
enhanced stability.  The TEM picture revealed that 
the synthesized modified CMC/CS/AuNPs [XLIII] 
and modified CMC/CS/AgNPs [XLV] were semi-
spherical, with dimensions ranging from 50 to 100 
nm, as illustrated in Figs 5 and 6.  The particles 
exhibited a spherical morphology, encased in a 
thin layer of gold or silver around modified CMC/
CS.TEM micrographs revealed homogeneous 
layers of gold or magnesium nanostructures 
enveloping the modified CMC/CS.  The altered 
CMC/CS seemed to be enveloped in a coating of 
gold or silver particles, confirming the formation of 
CMC/CS/AuNPs and CMC/CS/AgNPs.  

Molecular docking Study [44,45]
Molecular docking Study Molecular docking 

for compounds [XII-XIV] is studied, where 
operations are used to predict the binding status 
of compounds with the enzyme and to calculate 
the free energy (ΔG) of the compounds prepared 
with the human topoisomerase II alpha, which was 
chosen to perform the molecular docking of the 
derivatives, as this enzyme plays an important role 
in cell replication and division, and its inhibition 
reduces or inhibits the process of non-programmed 
cell division (cancer cells). The enzyme with 
the symbol (PDB:ID:5GWK) was chosen; its 
dimensions were (40, 40, 40) (X, Y, Z), and its 
location coordinates were (36.578, -24.476, 39.415) 
(X, Y, Z), and the following figures 7-10 and Table 6   
show the interaction between the protein and these 
compounds.

Molecular docking studies showed the 
interference of doxorubicin with the binding site of 
the protein at the docking point value -9.0 kcal/mol 
and at the conformational value (RMSD.i.b(3.031 
RMSD.u.b(8.702)) with the presence of two hydrogen 
bonds between the amino acid residues SER:A:64, the 
OH group in the compound, and the hydrogen bond 
between the amino acid residues. SER: A:75 with the 
C=O group in the drug show Fig.7.

 

Fig. 5.TEM of modified CMC/CS/AuNPs [XLIII] 

  

 

 

    Fig. 6. TEM of modified CMC/CS/AgNPs [XLV] 

  

Fig. 5.TEM of modified CMC/CS/AuNPs [XLIII]

Fig. 6. TEM of modified CMC/CS/AgNPs [XLV]
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Table 6. Results of molecular docking of compounds [XII-XIV] via the human topoisomerase II alpha enzyme 
 

Type of Interaction Main residue 
 

Distance 
(Ao) 

 

RMSD 
u.b. (Ao) 

RMSD 
l.b. (Ao) 

Affinity 
(Kcal/mol) 

Comp. 
No. 

Conventional Hydrogen 
Bond 

A:LEU616:HN - 
:UNK1:O 

2.66983  
  

1.911 1.493 -9.5 [XII] 

Conventional Hydrogen 
Bond 

A:GLY617:HN - 
:UNK1:O 

2.0025  
  

Conventional Hydrogen 
Bond 

F:DG13:H1 - 
:UNK1:O 

3.02046 
  

Conventional Hydrogen 
Bond 

:UNK1:H - 
A:ASP541:OD2 

1.9464  
  
 

Carbon Hydrogen Bond 
:UNK1:C - 

A:ARG487:O 

  
3.45931  

 
Pi-Sigma :UNK1:C - D:DT9 3.49741  

Pi-Pi Stacked C:DC8 - :UNK1 3.84466 
 

Alkyl 
:UNK1:C - 
A:MET762 

4.48912  
  
 

Alkyl 
:UNK1:C - 
A:ARG487 

4.84553  
  
 

Pi-Alkyl F:DG13 - :UNK1:C 
4.56397 

 
Conventional Hydrogen 

Bond 
A:SER464:HG - 

:UNK1:N 
2.68138  

  

9.349 6.658 -9.1 [XIII] 

Conventional Hydrogen 
Bond 

F:DG13:H1 - 
:UNK1:O 

3.02896  
  

Conventional Hydrogen 
Bond 

:UNK1:N - 
D:DT9:O3' 

3.29478  
  
 

Pi-Donor Hydrogen Bond 
A:ASP463:HN - 

:UNK1 
3.22089  

  

Pi-Sigma D:DT9:C4' - :UNK1 
3.72734 

 
Conventional Hydrogen 

Bond 
A:TYR805:HH - 

:UNK1:N 
2.2727  

  

24.756 
22.870 

 
-9.8 [XIV] 

Conventional Hydrogen 
Bond 

B:LEU616:HN - 
:UNK1:O 

2.42214 
  

Conventional Hydrogen 
Bond 

B:GLY617:HN - 
:UNK1:O 

2.03441  
  

Conventional Hydrogen 
Bond 

E:DC8:HO3' - 
:UNK1:S 

3.6969  
  

Conventional Hydrogen 
Bond 

F:DT9:HOP2 - 
:UNK1:N 

1.95633  
  

Conventional Hydrogen 
Bond 

:UNK1:H - 
D:DG13:O6 

2.52068  
  
 

Carbon Hydrogen Bond 
B:GLY760:CA - 

:UNK1:N 
3.67117  

  

Pi-Donor Hydrogen Bond 
A:TYR805:HH - 

:UNK1 
2.90663  

  

Pi-Sigma :UNK1:C - F:DT9 3.6917  

Pi-Pi Stacked E:DC8 - :UNK1 3.82937  
 

Alkyl 
:UNK1:C - 
B:ARG487 

4.8716  
  
 

Table 6. Results of molecular docking of compounds [XII-XIV] via the human topoisomerase II alpha enzyme
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Fig.8 shows the interaction of compound [XII]
at the docking score value equal to -9.5 Kcal/mol 
and at the conformational value RMSD.i.b(1.493), 
RMSD.u.b(1.911. The two and three-dimensional 
cross-sectional images showed the presence of a 
hydrogen bond between the amino acid residue 
B: SER:56 with the NH group. In addition to some 
other bonds, such as a pi-cation and pi-alkyl, as in 
Table 6.

Molecular docking studies showed compound 
[XIII] with the protein binding site at the docking 
point value -9.1 kcal\mol and at the conformational 
value (RMSD.i.b(5.647), RMSD.u.b(6.865) with 
the presence of four hydrogen bonds between 

 

Fig.7.  represents the 2D (right) and 3D (left) structure of the molecular docking of doxorubicin with the binding site 
of the protein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK) 

  

Type of Interaction Main residue 
 

Distance 
(Ao) 

 

RMSD 
u.b. (Ao) 

RMSD 
l.b. (Ao) 

Affinity 
(Kcal/mol) 

Comp. 
No. 

Conventional Hydrogen 
Bond 

A:SER75:OG - 
:UNN0:O 

3.35896  
  

8.702 
3.031 

 
-9.0 doxorobicin 

Conventional Hydrogen 
Bond 

:UNN0:H - 
A:SER64:OG 

2.2511  
  
 

Carbon Hydrogen Bond 
:UNN0:C - 

B:GLY104:O 

3.5704  
  
 

Pi-Pi T-shaped B:PHE63 - :UNN0 5.52248 
 

Pi-Alkyl B:PHE63 - :UNN0:C 4.81332  
  

Pi-Alkyl :UNN0 - B:ARG66 4.93318 
 

Pi-Alkyl :UNN0 - B:ARG66 4.68963 
 

Conventional Hydrogen 
Bond 

A:SER75:OG - 
:UNN0:O 

3.35896  
  

 
  

the amino acid residues GLUB:87, ARG:B:111, 
GLY:B:163 with a number of OH groups in the 
compound and the fourth hydrogen bond between 
The amino acid residues ALA:B:192 are with the 
NH group, show Fig.9.

Molecular docking studies showed compound 
[XIV] with the protein binding site at the docking 
point value -9.8 kcal\mol and at the conformational 
value (RMSD.i.b(22.870) RMSD.u.b(6.865) with 
the presence of four hydrogen bonds between 
the amino acid residues GLUB:87, ARG:B:111, 
GLY:B:163 with a number of OH groups in the 
compound and the bond. The fourth hydrogen 
between the amino acid residues ALA:B:192 with 

Table 6. Results of molecular docking of compounds [XII-XIV] via the human topoisomerase II alpha enzyme

Fig. 7.  represents the 2D (right) and 3D (left) structure of the molecular docking of doxorubicin with the binding site of the protein 
Human topoisomerase IIalpha enzyme (PDB:ID:5GWK)
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the NH group, as shown in the fig.10 and table 6.                 
From the results obtained above, it is clear that 

compounds [XII], [XIII]and [XIV] have a better 

docking score than the drug doxorubicin used 
as a reference. It also has more hydrogen bonds 
than the reference, as compound [XII] was linked 

 
 Fig.8.  represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XII] with the 
binding site of the protein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK) 

  

Fig. 8.  represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XII] with the binding site of the protein 
Human topoisomerase IIalpha enzyme (PDB:ID:5GWK)

+ 

Fig.9. represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XIII] with the binding 
site of the protein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK) 

  

Fig. 9. represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XIII] with the binding site of the pro-
tein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK)

 
Fig.10. represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XIV] with the 
binding site of the protein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK)) 

  

Fig. 10. represents the 2D (right) and 3D (left) structure of the molecular docking of compound [XIV] with the binding site of the 
protein Human topoisomerase IIalpha enzyme (PDB:ID:5GWK))
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to three hydrogen bonds , compound [XIII]to 
four hydrogen bonds and [XIV] to six hydrogen 
bonds, while the reference drug was linked to two 
hydrogen bonds, and the RMSD value appeared 
lower than the reference drug, which indicates a 
better match with the binding site.

Biological activity [46,47]	

The biological activities of modified CMC 
[XXIII-XXVI] , modified CMC blended with 

CS [XXXV-XXXVIII] , polymer blends of 
CS / modified CMC with gold [XLVI, XLIX] 
or magnesium [XLVII] or silver [XLVIII] 
nanocomposites have been tested against two 
pathogenic bacteria types (G+) Staphylococcus 
aureus and E. coli (G-) and compared with two 
drugs (Amoxicillin ,Tetracycline) and DMSO. 
The results of antimicrobial activity have been 
represented in Table 7 and Figures 11-14. The 
ternary mix (modified CMC/CS) with Au or MgO 

Table 7 .  Antibacterial screening data of some synthesized polymers and nanocomposites 
 
 
 
 
 
 
 
 

  
  

Comp.No. Escharia  .coli Staphylococcus aureus 
Amoxicillin 29 11 
Tetracycline 12 30 

DMSO Zero Zero 
[XXIII] 22 17 
[XXIV] 12 10 
[XXV] 13 10 
[XXVI] 12 15 
[XXXV] 22 23 
[XXXVI] 20 22 
[XXXVII] 24 25 
[XXXVIII] 24 22 

[XLVI] 30 31 
[XLVII] 28 30 
[XLVIII] 28 29 
[XLIV] 27 28 

Table 7 .  Antibacterial screening data of some synthesized polymers and nanocomposites

 

 Fig.11. Antibacterial activities of modified CMC[XXIII-XXVI] 

  

 

 

Fig.12. Antibacterial activities of modified CMC/CS[XXXV-XXXVIII] 

  

Fig. 11. Antibacterial activities of modified CMC[XXIII-XXVI]

Fig. 12. Antibacterial activities of modified CMC/CS[XXXV-XXXVIII]
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or Ag nanocomposite exhibited good antimicrobial 
activities comparable with Amoxicillin , 
Tetracycline as standard antibiotics. The AuNPs 
have shown excellent antibacterial activities towards 
E. coli through the absorption of the light and 
converting it to heat. The AuNPs are taken up easily 
by the immune cells as a result of their excellent 
cell affinity that results in precise delivery to the 
infected area, which facilitates the inhibition and 
the damage to the microbial pathogens. MgONPs 
was observed that these particles had the capability 
to generate a notable concentration of active O₂⁻. 
Particularly in acidic or neutral environments, 
this generation was attributed to the production 
of hydroperoxyl radicals (•HO₂). Furthermore, Ag 
silver nanocomposite exhibits good antibacterial 
properties leading to biomedical applications. The 
antibacterial effect of silver depends on Ag⁺, as it 
binds tightly to electron donor groups in microbial 
cell walls such as sulphur, nitrogen, or oxygen. 
However, silver nanoparticles affect bacterial cells 
by attaching to and entering the bacterial cell wall, 
and by producing free radicals that can harm the 
cell and break its membrane.

Antioxidant activity[48,49]
Antioxidants serve as a countermeasure 

against oxidants. Antioxidants are natural or 
manmade agents that can inhibit or postpone 
cellular damage induced by oxidants (ROS, RNS, 
free radicals, and other unstable chemicals). 
Halliwell and Gutteridge characterized an 
antioxidant as any chemical that inhibits, stops, or 
eliminates oxidative damage to a target molecule. 
The quantity must be sufficiently high to deactivate 
the target molecule, necessitating a reaction with 
oxygen or nitrogen free radicals. No universal 
antioxidant exists, as distinct antioxidants 
interact with various reactive substances by 
diverse methods, at different sites and safeguard 
specific biochemical targets. The DPPH method 
was employed to assess the free radical scavenging 
activity of chemically produced nanocomposites 
[XLVI, XLVIII]. The DPPH radical scavenging 
capacity of nanocomposites was compared to 
that of ascorbic acid. Enhanced outcomes were 
noted for the synthesized nanocomposites. 
The nanocomposites demonstrate considerable 
antioxidant activity and have been utilized in the 
treatment of disorders induced by oxidative stress. 
The in vitro antioxidant efficacy of the chosen 
compounds was assessed by examining their 
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
scavenging ability in comparison to ascorbic acid, 

 

 

Fig.13. Antibacterial activities of Nanocomposites[XLVI-XLIX] 
   

 

Fig.14. Antibacterial activities of Amoxicillin, Tetracycline, DMSO 

  

Fig. 13. Antibacterial activities of Nanocomposites[XLVI-XLIX]

Fig. 14. Antibacterial activities of Amoxicillin, Tetracycline, DMSO
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a standard antioxidant. The data presented in 
Table 8, Fig.15, indicate that the nanocomposites 
exhibit superior activity compared to standard 
ascorbic acid. The previously stated NH-C=S- 
nanocomposites exhibited enhanced activity. 
This is due to a complex group that may absorb 
and stabilize free radicals through consecutive 
systems, thereby scavenging them, which then 
becomes conjugated.

  
Anticancer activity 

Preparation of cell lines for cytotoxicity assays 
[50] uses grown cells on a 96-well microtiter 
plate. Absorbance was measured at 620 nm using 
a microplate reader. The calculated cell growth 
inhibition rate is defined by the Equation [51]:

Inhibition rate = 

 × 100

 Inhibition rate = (mean of control-mean of 
treatment)/(mean of control) × 100 

The anticancer efficacy of different 
concentrations of modified CMC/CS [XXXV] 
and the nanocomposites (modified CMC/CS/
AuNPs) [XLVI], (modified CMC/CS/MgONPs) 
[XLVII] was examined against A172 (human 
brain cells) and rat embryonic fibroblasts (REF), 
demonstrating significant activity without 
impacting the proliferation of normal rat 
embryonic fibroblasts. Tables 9-12, Fig.16-18 show 
Nanocomposites [XLVI], [XLVII] demonstrate 

Table 8. Absorption results and antioxidant activity (RSA%) for the Nanocomposites at different concentrations  
 
 

A.A (reference) 
H3= modified 

CMC/CS/AgNPs[XLVIII] 
H2=modified 

CMC/CS/AuNPs[XLVI] 
  

Concentrations 
RSA% Abs RSA% Abs RSA% Abs  

62.5 0.3 62.5 0.3 75 0.2 100 (μg/ml) 
58.75 0.33 60 0.32 56.25 0.35 80 
57.5 0.34 57.5 0.34 46.25 0.43 40 
50 0.4 55 0.36 28.12 0.8 20 
35 0.52 50 0.4 20.55 0.8 10 

  0.8 DPPH control 
 
  

Table 8. Absorption results and antioxidant activity (RSA%) for the Nanocomposites at different concentrations

 

 

 

 

Fig.15  Testing the antioxidant activity of nanocomposites [XLVI , XLVIII] and comparing with the activity of the 
reference ascorbic acid compound AA.  
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Fig. 15.  Testing the antioxidant activity of nanocomposites [XLVI , XLVIII] and comparing with the activity of the reference ascorbic 
acid compound AA.
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superior inhibition compared to the polymer 
blend [XXXV]. It is essential to further investigate 
the mechanisms by which nano and heterocyclic 
units exert powerful cytotoxic effects, which may 
render chitosan derivatives promising candidates 
for anti-cancer medications. AuNPs, MgONPs 
demonstrate significant cytotoxicity. A dose-
dependent increase in the activation of apoptosis 
and reactive oxygen species production. Bio-
synthesized metal nanoparticles, particularly 
gold, magnesium, and their conjugates with 
biopolymers, possess significant potential across 
various scientific domains due to their extensive 

variety of applications, including biomedical uses.

Acute Toxicity Test [52-55]
This investigation was carried out at the 

laboratory of the Centre for Cancer Research and 
Medical Genetics to assess the acute toxicity of 
certain synthesized polymer nanocomposites, 
employing the Lorke method. The study involved 
(25) laboratory albino mice, aged three months, 
with average weights ranging from (20-26) grams, 
all of which were male. These animals were housed 
in plastic cages with metal lids, coated with fine 
sawdust, and provided with water via plastic bottles, 

Table 9. The inhibition of cell growth after adding various concentrations of blend polymer (Modified CMC/CS [XXXV] 
 

 
 
 
 

  

Concen. A172 REF 
Mean SD Mean SD 

100 58.68 1.97 71.95 0.81 
75 65.90 1.77 76.70 2.61 
50 71.64 0.42 87.67 3.77 
25 83.84 6.21 94.07 5.15 
10 86.00 2.14 95.22 0.82 

 
 

Table 10. The inhibition of cells growth after adding various concentrations of blend polymer (Modified CMC/CS/AuNPs)[XLVI] 
 

 
 
 
 

  

Concen. 
A172 REF 

Mean SD Mean SD 
100 32.71 2.77 67.94 2.03 
75 50.50 2.67 73.15 4.56 
50 55.48 1.47 87.58 3.97 
25 86.61 2.92 95.56 0.48 
10 91.78 0.77 95.60 1.04 

 
Table 11. The inhibition of cells growth after adding various concentrations of nanocomposites (Modified CMC/CS/MgNPs)[XLVII] 

 
 

Concen. 
A172 REF 

Mean SD Mean SD 
100 42.79 2.79 72.65 1.96 
75 51.85 3.61 80.21 3.11 
50 66.05 2.70 85.65 3.32 
25 78.87 10.07 94.17 0.77 
10 85.30 1.75 96.18 0.23 

 
   

Table 12.  IC50 (Inhibitor Concentration Fifty) of blend polymer and nanocomposites 
 

Treatment 
IC50 in μg/Ml 

A172 REF 
Modified CMC/CS[XXXV] 110.1 92.55 

ModifiedCMC/CS/AuNPs[XLVI] 81.94 42.19 
ModifiedCMC/CS/MgNPs[XLVII] 125.7 60.22 

 

Table 9. The inhibition of cell growth after adding various concentrations of blend polymer (Modified CMC/CS [XXXV]

Table 10. The inhibition of cells growth after adding various concentrations of blend polymer (Modified CMC/CS/AuNPs)[XLVI]

Table 11. The inhibition of cells growth after adding various concentrations of nanocomposites (Modified CMC/CS/MgNPs)[XLVII]

Table 12.  IC50 (Inhibitor Concentration Fifty) of blend polymer and nanocomposites
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along with food supplies. Mice were subjected to 
an 18-hour fasting period with unrestricted access 
to water and food before the test. The compounds 
were dissolved in distilled water and subsequently 
administered via injection at dosages of (5 g/kg 
and 10g/kg). The treatment group and the control 
group were evaluated based on injection dosages, 
revealing after (14) days: no mortality at (5 g/
kg and 10g/kg) body weight doses, no significant 
differences in daily weight measurements between 
the control and treatment groups, no alterations 

in mouse behavior, and no reported symptoms 
of toxicity. Furthermore, several mice have been 
euthanized via cervical dislocation, and the liver, 
kidneys, heart, and lungs have been weighed. The 
visual assessment of murine organs exhibited a 
normal appearance. These results suggested that 
polymer nanocomposites have low toxicity towards 
both examined organisms.

Histological Study
Histological examination of the liver, kidney, 

 
 

Fig.16.Cell Viability and IC50 of M1 (modified CMC/CS)[XXXV]on A172 and compare with REF 

  

 

 

 
 

 

Fig.17. Cell Viability and IC50 of M2 (modified CMC/CS/Mg)[XLVII]on A172and compare with REF 

  

 

 
Fig.18 .Cell Viability and IC50 of M4 (modified CMC/CS/Au)[ XLVI] on A172and compare with REF 

  

Fig. 16. Cell Viability and IC50 of M1 (modified CMC/CS)[XXXV]on A172 and compare with REF

Fig. 17. Cell Viability and IC50 of M2 (modified CMC/CS/Mg)[XLVII]on A172and compare with REF

Fig. 18 .Cell Viability and IC50 of M4 (modified CMC/CS/Au)[ XLVI] on A172and compare with REF
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Fig.19. Image of mice: in plastic cages, during injection  

  

Fig.19. Image of mice: in plastic cages, during injection 

 

 
Fig.20. A section of liver (control) shows a normal central vein (V) & normally hepatocytes (h) & normal sinusoid 

(S). H&E.400x 
  

 
 

 
Fig. 21. Section of renal cortex of control shows normal lining cells of renal tubules (R), & normal glomeruli 

(arrows). H&E.100x 

  

Fig. 20. A section of liver (control) shows a normal central vein (V) & normally hepatocytes (h) & normal sinusoid (S). H&E.400x

Fig. 21. Section of renal cortex of control shows normal lining cells of renal tubules (R), & normal glomeruli (arrows). H&E.100x
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Fig. 22. Section of cerebellum (control) shows normal appearance reticular layer (R), normal layer of purkinji cells 

(black arrow) & normal granular layer (red arrow) . H&E.100x 

  

Fig. 22. Section of cerebellum (control) shows normal appearance reticular layer (R), normal layer of purkinji cells (black arrow) & 
normal granular layer (red arrow) . H&E.100x

 

 
Fig.23. Section of liver (after injecting it with nanocomposites) shows normal sinusoid (S), normal hepatocyte (h) & 

central vein (v). H&E.400x 

  

Fig. 23. Section of liver (after injecting it with nanocomposites) shows normal sinusoid (S), normal hepatocyte (h) & central vein (v). 
H&E.400x

 

 

 
Fig.24. section of renal cortex (after injecting it with nanocomposites) shows normal glomeruli (Arrows) with 

normal renal tubules (R). H&E.100x 

  

Fig. 24. section of renal cortex (after injecting it with nanocomposites) shows normal glomeruli (Arrows) with normal renal tubules 
(R). H&E.100x
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and brain related to the treated group showed no 
changes but similarities to those of the control 
group.

CONCLUSION 
In this study, the synthesis, characterization 

and study of molecular docking, antibacterial, 
antioxidant and anticancer activities of some 
new modified CMC containing chitosan and 
nanoparticles such as gold nanoparticles, 
magnesium oxide nanoparticles and silver 
nanoparticles. TEM and FESEM studies showed 
the changes in the surface morphology of the 
synthesized polymers due to the new bonds between 
chitosan and modified CMC and nanoparticles. 
Results have indicated that nanocomposites had 
a greater diameter of the growth inhibition zone 
compared to standard antibiotics (amoxicillin, 
tetracycline). Finally, the antioxidant activity of 
modified CMC/CS/NPs exhibited a high inhibition 
rate compared to standard ascorbic acid. MTT assay 
was used to estimate the cytotoxic effect of different 
concentrations of the created nanocomposites 
for the cancer cell line (A172) and compare with 
the normal cell line (REF); the nanocomposites 
exhibited a very excellent inhibition rate. Finally, 
toxicity tests and histological studies for these 
nanocomposites are conducted, where it showed 
the non-toxicity of these nanocomposites.
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