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Abstract 

Natural Nano chitosan polymers were analysed and characterized by FT-IR, 1HNMR, TEM, AFM, and XRD 

techniques. The Nano-chitosan was then combined with Ampicillin drug, which was synthesized by FT-IR, and 

1HNMR. Cytotoxic activity of new Nano-Chitosan-Ampicillin drug was evaluated.  
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Introduction  

Cancer is a leading global cause of millions of 

deaths annually [1]. However, the medical treatment 

of malignant tumors is not sufficient enough. So, the 

development of novel agents with reasonable 

therapeutics is the key topic with much concern [2]. 

Targeting the anticancer drugs including tumor-

specific cell signaling, cell division, energy 

metabolism, gene expression, and drug resistance are 

essential to enhance the efficacy of antitumor drugs 

with lower toxicity. Heterocyclic compounds are 

considered as major components in chemical 

therapeutics. Thereafter, it is recommended to reduce 

the use of chemicals as much as possible to synthesize 

the targeted heterocyclic compounds. Natural sources 

are preferred to afford biocatalysts for the synthesis 

reactions [3-6]. 

In cancer chemotherapy, nano-medicines for 

administration have become highly relevant since the 

use of nano-particulated drug delivery systems has 

offered several advantages over conventional drug 

administration [7-9]. 

Metallic nanoparticles comprising nanoparticles 

have roles in biological and medical implications [10]. 

They comprise drug and targeted gene delivery and 

anticancer activity [11]. They supply many ways to 

control the release profile of encapsulated moieties. 

NPs can be prepared by many methods including laser 

ablation, microwave-assisted, chemical reduction, 

electro-deposition, solvo-thermal and green synthesis. 

Natural polymers such as chitosan possess advantages 

over their synthetic counterparts regarding inherent 

bioactivity. They are able to possess receptor binding 

ligands to cells with greater susceptibility to 

degradation due to cellular enzymatic action [12-14]. 

Chitosan is found in the cell walls of parasites, 

yeast, and the exoskeletons of arthropods such as 

insects, crabs, and shrimp. Chitosan is pH-dependent, 

non-toxic, anti-bacterial, easily bio absorbable, 

biodegradable, high molecular weight and 

biocompatible.[15, 16] 

The biocompatibility and biodegradability of 

these polymers, accompanied by the ease of chemical 

modification and blending, allowed them to be 

essential platforms for the development of an 

impressive amount of research.[17] Chitosan showed 

promising results in the delivery of anticancer 

chemotherapeutics to the target tumor cells. Nano-

chitosan loaded with therapeutics appears to be more 

stable, permeability, and bioactivity [18]. 

The main objective of this work is to synthesize 

Natural Nano chitosan polymers using ecofriendly 

methods to act as selective anticancer agents. In this 

approach, we are focusing on employing sono-

synthesized Ampicillin nano-chitosan to contribute in 

this application. 
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Materials and Methods 

Materials 

Low molecular weight chitosan (Mwt <100 kDa) was 

provided from Bio Basic Inc. (Canada). Sodium 

tripolyphosphate (TPP), and dimethyl sulfoxide 

(DMSO) were purchased from Sigma Aldrich, USA. 

Acetic acid was of analytical grade. 

 

Synthesis of Nano Chitosan Solution 

Chitosan is slowly dissolved in 4% acetic acid solution 

via sonication. Deionized water added and a filter 

(0.22 mm) is used to get a final stock solution of 1% 

(w/v, 1 mg/ml). Sodium tripolyphosphate (TPP) 

dissolved in deionized water at 0.5 mg/ml 

concentration to get nano chitosan solution.[19-21] 

 

Synthesis of Nano co-polymer-drug 

 Few drops HCl added to 30 mL THF to dissolve 0.03 

moles polymer and drug then this mixture was 

subjected to reflection for 24h to afford a precipitate. 

This precipitate was washed by diethyl ether then 2.0 

M NaOH and leave to dray for 16 h to be ready as 

Nano co-polymer-drug.[21] 

 

Cytotoxicity Activity  

 Cell cultures Maintenance:  

During passage, AMJ13 cells were maintained in 

RPMI-1640 containing 10% Fetal bovine serum, 100 

units'/mL penicillin, and 100 g/mL streptomycin. A 

passage was performed with Trypsin-EDTA, the cells 

were weekly twice reseeded at 80% confluence, and at 

37°C they were incubated  . 

 

Cytotoxicity inspection:  

A 96-well plate was used for the MTT assay [22, 

23]to measure the cytotoxicity of (X-SUBSTANCES). 

The cell line was seeded at 1 × 104 per well. The cells 

were treated with X-SUBSTANCES at a variety of 

concentrations after 24 hours or after a monolayer had 

been established. In order to determine cell viability, 

medium was removed after 48 hours of treatment, and 

28 micro liters of MTT solution was added. Cells were 

incubated for 2.5 hours at 37°C with a 2 mg/mL MTT 

solution. To dissolve the crystals in the wells after 

removing the MTT solution, 130 l of DMSO (dimethyl 

sulfoxide) was added which made the incubation 

temperature increased for 15 minutes to 37 °C with 

vigorous shaking. Microplate reader at 492 nm was 

utilized to determine the absorbency. Triplicates of the 

assay were performed. The growth rate inhibition 

(cytotoxicity percentage) was calculated by utilization 

the equation below : 

Rate of Inhibition =(A-B)/A*100 

The optical density of the control is denoted by 

A and the optical density of the samples denoted by B. 

An inverted microscope was used to observe the shape 

of the cells, which were seeded into 24-well micro 

titration plates at a density of 1×105 cells mL−1 and 

incubated for 24 h at 37°C  . 

X-SUBSTANCES were then applied to the cells for 24 

hours. Staining the plates with crystal violet stain and 

incubating them for 10 to 15 minutes at 37°C followed 

the exposure period. We removed the dye stain gently 

with tap water after it was thoroughly washed off. 

Using an inverted microscope and a digital camera, 

images of the cells were captured under a magnifying 

glass at 100x magnification. An inverted microscope 

was used to observe the cells at 100x magnification, 

and a digital camera was attached to the microscope to 

capture images   

 

Statistical analysis 

A t-test was performed using Graph Pad Prism 6 to 

analyze the collected data statically. The results were 

expressed as the mean + SD of three measurements. 

 

Results and Discussion 

Characterization of the synthesized nanoparticles 

To assess the reactive functional groups of the 

encapsulated nano-chitosan; Fourier transform 

infrared (FTIR) analysis was used within the range 

(400 - 4000 cm-1) using Nicolet Avatar FTIR 370 CSI. 

In Nano Chitosan's, IR spectrum revealed absorption 

band at 1402.47 cm-1 of aromatic C=C, weak band at 

3069.93 cm-1 and at 3049.95 cm-1 that related to 

alcoholic OH at 2970.22 cm-1 that assigned to aliphatic 

C-H, at 1671.7 cm-1 of ester C=O, at 1277.68 cm-1 of 

C-N and an absorption bond at 736.49 cm-1 that related 

to aromatic ring (Figure 1). 

 

 
Figure 1. FT-IR and 1HNMR of Nano Chitosan 

 

While 1H NMR of Nano chitosan confirmed the 

structure; it exhibits a signal at 5.70 ppm for C=C-H 

and no signals of acidic OH at 9.5-13ppm. Also, it has 

signals at 7.58 ppm (aromatic C-H), and at 9.52 ppm 

(CHO), together with appearance of signal at 3 ppm 

(CH3) (Figure 1). 
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Atomic force microscope AFM is used to 

measure particles size of Nano Chitosan (Figure 2), the 

particles outside surface has a roughness coefficient of 

0.827 nm, with square root is 0.955 nm. According to 

figure 3A, the average particle height also was 3.30 

nm. As a result of the test, Chitosan has a molecular 

size of 69.42 nm . 

 

 
Figure 2.  AFM technique  (A) A photograph from a 

three dimensional point of view, (B) A photograph 

from a two dimensional point of view, and (C) A 

photograph from a two dimensional point of view 

with all detail 

 

 
Figure (3): Nano chitosan particles size distribution 

Avg. Diameter: 69.42 nm <=Diameter  10 %: 50.00 nm 

<=Diameter 50%: 65.00 

nm 
<=Diameter  90 %: 85.00 nm 

 

 Table (1): AFM results report. 

 
The XRD pattern of micro particle Chitosan appear the 

Peaks at values of 2θ (15.4°, 18.6°, 22.3°, 27.0°, 30.5° 

and 37.0°) in figure 4. Based on Bragg's Law, the 

average interplaner spacing between atoms (dhkl) was 

0.385 nm using origin 

nλ = 2dsinθ ------- Bragg's Law software 

According to Scherrer's equation, the total average 

crystallite size was 69.04 n      

D = k * λ /  𝛽𝑐𝑜𝑠𝜃         -----   Scherrer's  equation     

 
Figure 4. Chitosan nanoparticles x-ray diffraction 

 

Table (2): Chitosan nanoparticles, crystallite sizes 

and atomic distances (d-spacing) within the 

nanoparticle 

 
 

        Figure 5 shows TEM images of the nanoparticles 

Chitosan, which illustrate different shapes such as the 

random arrangement of spherical shapes, rod shapes, 

annular disk shapes, and semi-spherical shapes in low 

and high resolution. Nano Chitosan particles have an 

average size of 69.81 nm, and table 3 demonstrates the 

proportions of angles, diameters, and standard 

deviations of the Nano Chitosan particles measured 

with image-j, while the histogram appear the 

proportions for the particle sizes distribution (Figure 

6). 

 

 
Figure 5. TEM images of Chitosan nanoparticles 

 

Table (3):  Diameters, standard deviations, and angles 

of Nano Chitosan 

 

Position [°2Theta] (Copper (Cu))

10 20 30 40 50 60 70 80

Counts

0

1000

2000

3000

 borna 39791
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Figure 6. Histogram illustrating the size distribution 

of Nano chitosan particles 

 

FT-IR and 1HNMR were used to Characterized Nano 

Chitosan-Ampicillin Drug polymer. FT-IR showed 

absorption bands at 3350 cm-1 (NH2),  at 2922 cm-1  

(aliphatic C-H), at 3074 cm-1  (aromatic C-H),  at 1674 

cm-1  (ester C=O), at 1555 cm-1  (CN), at  1150 cm-1  

(C-O), at 1113 cm-1  (C-C) (Figure 7). 

 1H NMR (600 MHz, DMSO,d6) 𝛿 8.24 (s, 2H, drug 

NH2), 8.22 (s, 1H, NH), 6.42-6.37 (m, drug CHarom.), 

4.32-4.29 (d, 1H of CH2), 4.14-4.11(d, 1H for CH22), 

3.11-3.10 (d, 1H, CH25), 3.09 (s, 1H, CH18), 3.08 (s, 

1H, CH27), 2.84-2.83 (d, 2H, CH11), 2.81-2.60 (t, 1H, 

CH6), 2.56 (d, 1H, CH4) (Figure 8). 

 

 
 

 
Figure 7.  FT-IR spectra of the Nano Chitosan-

Ampicillin drug 

 

 
Figure 8. The 1HNMR spectrum of the Nano 

Chitosan – Ampicillin 

 

Cytotoxic Activity 

The in vitro cytotoxicity of the synthesized 

nanocapsules was investigated towards human 

AMJ13 (it is a new breast cancer cell line that has been 

established from a 70-year-old iraqi woman with a 

histological diagnosis of infiltrating ductal carcinoma) 

via standard established assays. The antiproliferative 

activities were expressed by median growth inhibitory 

concentration (IC50). As shown in Figures 9 and 10, 

the in vitro antiprolefrative activity towards AMJ13 

cancer cell line was evaluated using SRB assay, the 

data indicated that ampicillin-linked chitosan nano 

polymer has a very strong biological activity that 

inhibits the proliferation of breast cancer cells. 

 The effectiveness of both compounds can be 

summarized as follows: Nano Chitosan with drug > 

Nano Chitosan without drug   
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Figure 9. Cytotoxicity of Chitosan in AMJ13 cells 

IC50 =183.72 µg/ml 
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Figure 10. Cytotoxicity of co Nano Chitosan-

Ampicillin in AMJ13 cells IC50=121.52 Mg/ ml. 

 

Conclusion 

The synthesis of ampicillin encapsulated nano-

chitosan was successfully performed. Various 

techniques were employed to investigate the 

synthesized nanoparticles. They confirmed the 

formation of nanoparticles with spherical shape and 

good thermal stability. The efficacy of the synthesized 

nano-chitosan nanoparticles towards cancer cell line 

was investigated. The assessment of their cytotoxicity 

demonstrated their concentration-dependence through 

in vitro anti-proliferative activity in this cancer cell 

line.  In conclusion, the tested compounds exerted an 

anti-proliferative activity on AMJ13 cancer cell line 
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through reducing cell proliferation. It resulted in 

significant growth inhibitory effect. The data indicated 

that ampicillin-linked chitosan nano polymer has a 

very strong biological activity that inhibits the 

proliferation of breast cancer cells. This study has 

pointed out to the need of right selection in green 

organic compounds and methodologies for the 

synthesis of nanoparticles for different purposes with 

respect to the environment and human health.  

 

References 

[1] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. 

Soerjomataram, A. Jemal, F. Bray, Global cancer 

statistics 2020: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers 

in 185 countries, CA: a cancer journal for 

clinicians 71(3) (2021) 209-249. 

[2] M.M.-L. Lee, B.D. Chan, W.-Y. Wong, T.-W. 

Leung, Z. Qu, J. Huang, L. Zhu, C.-S. Lee, S. 

Chen, W.C.-S. Tai, Synthesis and evaluation of 

novel anticancer compounds derived from the 

natural product Brevilin A, ACS omega 5(24) 

(2020) 14586-14596. 

[3] S.M. Abu‐Bakr, M.D. Khidre, M.A. Omar, S.A. 

Swelam, H.M. Awad, Synthesis of furo [3, 2‐g] 

chromones under microwave irradiation and their 

antitumor activity evaluation, Journal of 

Heterocyclic Chemistry 57(2) (2020) 731-743. 

[4] R. Khattab, A. Hassan, O. Kutkat, K. Abuzeid, N. 

Hassan, Synthesis and antiviral activity of novel 

thieno [2, 3-d] pyrimidine hydrazones and their c-

nucleosides, Russian Journal of General 

Chemistry 89(8) (2019) 1707-1717. 

[5] M. El-Hussieny, N.F. El-Sayed, E.F. Ewies, N.M. 

Ibrahim, M.R. Mahran, M.A. Fouad, Synthesis, 

molecular docking and biological evaluation of 2-

(thiophen-2-yl)-1H-indoles as potent HIV-1 non-

nucleoside reverse transcriptase inhibitors, 

Bioorganic Chemistry 95 (2020) 103521. 

[6] M.F. El-Shehry, K.M. Abu-Zied, E.F. Ewies, S.M. 

Awad, M.E. Mohram, Synthesis of some novel 

azaheterocycles utilizing 3-(4-nitrobenzylidene)-

5-phenylfuran-2 (3H)-one with expected 

antimicrobial activity, Der pharma chem 5(5) 

(2013) 318-326. 

[7] Y. Guo, Y. Liu, W. Wu, D. Ling, Q. Zhang, P. 

Zhao, X. Hu, Indoleamine 2, 3-dioxygenase (Ido) 

inhibitors and their nanomedicines for cancer 

immunotherapy, Biomaterials 276 (2021) 

121018. 

[8] Y. Sun, X. Jiang, Y. Liu, D. Liu, C. Chen, C. Lu, 

S. Zhuang, A. Kumar, J. Liu, Recent advances in 

Cu (II)/Cu (I)-MOFs based nano-platforms for 

developing new nano-medicines, Journal of 

Inorganic Biochemistry 225 (2021) 111599. 

[9] C. Pacheco, F. Sousa, B. Sarmento, Chitosan-based 

nanomedicine for brain delivery: Where are we 

heading?, Reactive and Functional Polymers 146 

(2020) 104430. 

[10] F. Khademi, R.-A. Taheri, A.Y. Avarvand, H. 

Vaez, A.A. Momtazi-Borojeni, S. Soleimanpour, 

Are chitosan natural polymers suitable as 

adjuvant/delivery system for anti-tuberculosis 

vaccines?, Microbial pathogenesis 121 (2018) 

218-223. 

[11] N.D. Al-Jbour, M.D. Beg, J. Gimbun, A.M. 

Alam, An overview of chitosan nanofibers and 

their applications in the drug delivery process, 

Current drug delivery 16(4) (2019) 272-294. 

[12] J. Sharifi-Rad, C. Quispe, M. Butnariu, L.S. 

Rotariu, O. Sytar, S. Sestito, S. Rapposelli, M. 

Akram, M. Iqbal, A. Krishna, Chitosan 

nanoparticles as a promising tool in nanomedicine 

with particular emphasis on oncological 

treatment, Cancer Cell International 21(1) (2021) 

1-21. 

[13] O. Akakuru, H. Louis, P. Amos, O. Akakuru, E. 

Nosike, E. Ogulewe, The chemistry of chitin and 

chitosan justifying their nanomedical utilities, 

Biochem Pharmacol (Los Angel) 7(241) (2018) 

2167-0501.1000241. 

[14] M. Fathi, S. Majidi, P.S. Zangabad, J. Barar, H. 

Erfan‐Niya, Y. Omidi, Chitosan‐based 

multifunctional nanomedicines and theranostics 

for targeted therapy of cancer, Medicinal research 

reviews 38(6) (2018) 2110-2136. 

[15] A.W. Pan, B.B. Wu, J.M. Wu, Chitosan 

nanoparticles crosslinked by 

glycidoxypropyltrimethoxysilane for pH 

triggered release of protein, Chinese Chemical 

Letters 20(1) (2009) 79-83. 

[16] K. Divya, M. Jisha, Chitosan nanoparticles 

preparation and applications, Environmental 

chemistry letters 16(1) (2018) 101-112. 

[17] G.A. Martău, M. Mihai, D.C. Vodnar, The use of 

chitosan, alginate, and pectin in the biomedical 

and food sector—biocompatibility, 

bioadhesiveness, and biodegradability, Polymers 

11(11) (2019) 1837. 

[18] N. Gull, S.M. Khan, S. Khalid, S. Zia, A. Islam, 

A. Sabir, M. Sultan, F. Hussain, R.U. Khan, 

M.T.Z. Butt, Designing of biocompatible and 

biodegradable chitosan based crosslinked 

hydrogel for in vitro release of encapsulated 

povidone-iodine: A clinical translation, 

International Journal of Biological 

Macromolecules 164 (2020) 4370-4380. 

[19] Y. Hu, X. Jiang, Y. Ding, H. Ge, Y. Yuan, C. 

Yang, Synthesis and characterization of chitosan–

poly (acrylic acid) nanoparticles, Biomaterials 

23(15) (2002) 3193-3201. 

[20] R. Czechowska-Biskup, B. Rokita, P. Ulański, 

J.M. Rosiak, Preparation of gold nanoparticles 

stabilized by chitosan using irradiation and 

sonication methods, Progress on Chemistry and 

Application of Chitin and its Derivatives 20 

(2015) 18-33. 



 Khawla I. Abd et.al. 

_____________________________________________________________________________________________________________ 

Egypt. J. Chem. 65, No. SI:13 (2022) 

1318 

[21] Abood, E. S., & Zn, C. (2021). Mn Determination 

by Metals Oxide Nanoparticles Mix Ions 

Selective Carbon Past Electrode Industrialization 

and Cyclic Voltammetry Application 

Study. Nano Biomed. Eng, 13(3), 249-256 

[22] F. Tao, S. Ma, H. Tao, L. Jin, Y. Luo, J. Zheng, 

W. Xiang, H. Deng, Chitosan-based drug delivery 

systems: From synthesis strategy to osteomyelitis 

treatment–A review, Carbohydrate Polymers 251 

(2021) 117063. 

[22] J.V. Meerloo, G.J. Kaspers, J. Cloos, Cell 

sensitivity assays: the MTT assay, Cancer cell 

culture, Springer2011, pp. 237-245. 

[23] R. Supino, MTT assays, In vitro toxicity testing 

protocols, Springer1995, pp. 137-149. 

 

 


