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ABSTRACT   
This study was aimed evaluation, Zinc sulfide-chitosan nanoparticles (ZnS-chitosan NPs) as an 

antibacterial agent. The nanoparticles of Zinc sulfide-chitosan were synthesized using a single-step 

colloidal process. Different factors were optimized, which included pH, temperature, reaction time, 

concentrations of chitosan and Zinc chloride .The optimal conditions was achieved at pH 7, 

temperature 60℃, reaction time 60min, with 0.04 mg/ml of Zinc chloride, 2.5 ml 0.1mg/ml Sodium 

sulfide   and 0.009 M chitosan. The size of ZnS-chitosan NPs size was tested by using FESEM which 

were 35nm, surface morphology was done by using AFM. Moreover, X-ray Diffraction (XRD) 

characterized the crystal structure. While the nature of functional groups present in ZnS-chitosan 

nanoparticles was determined by Fourier transforms infrared (FT-IR) analysis. The sensitivity of 

bacterial isolates to antibiotics were tested, the bacteria were more sensitive, resistant, and moderate 

range to ten antibiotics. Different concentrations (12.5, 25, 50, 100, 200, and 400 μg/ml) of ZnS-

chitosan NPs were investigated against multidrug resistance (MDR) Staphylococcus aureus (Gram-

positive bacteria) and Acinetobacter baumannii, Pseudomonas aeruginosa (Gram-negative bacteria). 

The minimum inhibitory concentration of ZnS-chitosan NPs against pathogenic bacteria was 100 μg 

/ml for Staphylococcus aureus and Acinetobacter baumannii, while 50 μg /ml for  Pseudomonas 

aeruginosa. Cytotoxicity effects of ZnS-chitosan on normal cell lines (WRL-68) were investigated by 

MTT assay. The results showed that the ZnS-chitosan nanoparticles no cytotoxic effect on normal cell 

line.  
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 تقييم فعالية دقائق كبريتيد الزنك الكيتوسان النانوية ضد البكتريا المسببة لالتهابات القدم السكري
 اسراء علي زيدان                                                          نافع مصطفى حاتم

    أستاذ مساعد                                                                    باحث                     
 العراق بغداد، ،جامعة بغداد – العلومكلية  – التقنيات الاحيائيةقسم 

 المستخلص                
( كعامل مضاد للبكتيريا. تم تصنيع الدقائق النانوية ZnS-chitosan NPsالنانوية ) سان، تقييم دقائق كبريتيد الزنك والكيتو الدراسة من الهدف

، والتي تضمنت درجة الحموضة ودرجة الحرارة ووقت التفاعل احدة. تم تحسين العوامل المختلفةلكبريتيد الزنك باستخدام عملية غروانية من خطوة و 
 4دقيقة مع  60درجة مئوية ووقت التفاعل  60ودرجة الحرارة  7وكلوريد الزنك. تم تحقيق الظروف المثلى عند الأس الهيدروجيني  الكيتوسانوتركيزات 

-ZnSمولار من الشيتوزان. تم اختبار حجم  0.009وديوم و مجم / مل من كبريتيد الص 0.1مل  2.5مولار من كلوريد الزنك و  0.009مل 
chitosan NPs  باستخدامFESEM  نانومتر ، وتم إجراء التشكل السطحي باستخدام  35الذي كانAFM علاوة على ذلك ، يتميز حيود الأشعة .

بواسطة تحليل فورييه  ZnS-chitosanي الجسيمات النانوية ( بالبنية البلورية. بينما تم تحديد طبيعة المجموعات الوظيفية الموجودة فXRDالسينية )
(. تم اختبار حساسية العزلات البكتيرية للمضادات الحيوية وكانت البكتريا أكثر حساسية ومقاومة ومتوسطة FT-IRلتحويلات الأشعة تحت الحمراء )

 ZnS-chitosanميكروغرام / مل( من  400و  200و  100و  50و  25و  12.5كيز مختلفة )االمدى حتى عشرة مضادات حيوية. تم فحص تر 
NPs  ضد مقاومة الأدوية المتعددة(MDR) ((Staphylococcus aureus  )بكتيريا موجبة الجرام() (Acinetobacter baumannii  و

(Pseudomonas aeruginosa)  سالبة الجرام( بكتيريا(. كان الحد الأدنى للتركيز المثبط لـ(ZnS-chitosan NPs ا المسببة ضد البكتيري
 Pseudomonas)ميكروغرام / مل لـ  50، بينما  (Acinetobacter baumannii)/ مل للمكورات العنقودية الذهبية و ميكروغرام 100للأمراض 

aeruginosa) تم فحص تأثيرات السمية الخلوية لـ .ZnS-chitosan ( على خطوط الخلايا الطبيعيةWRL-68 بواسطة مقايسة )MTT أظهرت .
 ليس لها تأثير سام للخلايا على خط الخلية الطبيعي. ZnS-chitosanالنتائج أن الجسيمات النانوية 

 .ة،فعالية ضد بكتيريةدقائق كبريتيد الزنك النانوية، الكيتوسان، السمية الخلوي  الكلمات المفتاحية: 
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INTRODUCTION 

Wound injuries are part of the most common 

and serious types of trauma, representing 

Major public health concern, and wound 

healing is a complex process with many 

potential factors that can delay healing (63). 

Wound infection is a localized defect or 

excavation of the skin or underlying soft tissue 

in which pathogenic organisms have invaded 

into viable tissue surrounding the wound (45). 

1-4 Bacterial wound infections are caused by 

antimicrobial-resistant bacteria and are related 

to increased morbidity and health costs. (47). It 

is a major cause of morbidity and mortality in 

developing countries (57). 5-7 Patients with 

wounds are more vulnerable to infection due 

to the loss of the normal protective skin barrier 

(15). Diabetic foot ulcers are a major 

worldwide healthcare problem that is 

increasing at an alarming rate; possibly, 

because of the double-digit increase in 

diabetes each year increased longevity, and 

patients having diabetes for longer periods of 

time. (43). Common bacterial pathogens 

associated with wound infection include 

Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella 

pneumonia, Streptococcus pyogenes, Proteus 

spp., Streptococcus spp., and Enterococcus 

spp. (59). These species are naturally resistant 

to certain antibiotics and antiseptics and are 

able to populate injured skin even in the 

scarcity of enough nutrients (46). In recent 

decades, there has been a great deal of 

scientific activity in nanotechnology. Several 

techniques, such as physical or chemical 

methods, have been used in various fields of 

science for the construction of nanoscale 

materials (5). Polymer composites could have 

better physical properties if the current content 

mixture can be manufactured to satisfy special 

specifications that are hard to achieve with the 

use of single components (20).  Zinc sulphide 

(ZnS) is an essential material of the 

semiconductor to the II-VI group which is a 

leading candidate for various sensing and 

optoelectronic devices (8). ZnS has two 

different allotropic forms - zinc blend or 

sphalerite (cubic) and wurtzite (hexagonal 

close pack) among which the cubic form has a 

more stable phase at low temperatures (64). 

Zinc sulfide (ZnS) nanoparticles have the 

potential to applications as antibacterial agent 

(24). Chitosan is an N-acetyl glucosamine 

polymer and can be gained by chitin 

deacetylation, It consists of alternating units of 

(1 - 4) connected N-acetyl glucosamine and 

glucosamine (71). Cuticles of various 

crustaceans, mostly crabs, shrimps, and insect 

exoskeletons, are the main source of raw 

materials for chitin extraction (72). The most 

significant biological activities of chitosan 

include its antimicrobial, antiviral, antitumor, 

and antioxidant properties (38). They are also 

antihypertensive, anticoagulant, anti-allergic, 

anti-inflammatory, anticancer, anti-

inflammatory, and mucoadhesive (73). These 

characteristics are especially suited to a wide 

variety of therapeutic and pharmaceutical uses, 

including wound healing (23). Gene delivery 

(49). In addition, drug delivery (60). Chitosan 

has a broad range of antimicrobial activity 

against both gram-positive and gram-negative 

bacteria, with a large degree of destruction 

caused by chitosan and its derivative products 

interacting with the bacterial cell wall (40). 

This study aimed to synthesize zinc sulfide-

chitosan Nps by single step method, 

characterize the synthesized NPs, and evaluate 

their bacteria activities against multi-drug 

resistance bacteria isolated from diabetic 

wound infection cases. 

MATERIAIS AND METHODS 

Zinc chloride (ZnCl2), sodium sulfide ( Na2S  

9H2O), sodium hydroxide (NaOH), acetic acid 

(CH3COOH), and hydrochloric acid (HCl), 

were used as minification recombinant. 

Chitosan powder (at 1% in 1% acetic acid) 

was used as the reference ligand, Deionized 

water (DI-water). 

Samples collection 

Fifty-one from diabetic foot infection samples 

including 12 isolates of staphylococcus 

aureus, 11 isolates of pseudomonas 

aeruginosa, and 9 isolates of Acinetobacter 

baumannii, E. coli 5, Klebsiella p 5, 

s.epidermids 3, Proteus mirabils 2, S. 

haemolyticus 2, and  serratia spp 2  was 

randomly selected from people who had a 

wound infection. During the months from 

September to December 2020, samples were 

obtained from participants of both sexes at 

various hospitals in Baghdad, including the 

Medical City and Al-Wasity hospital. Samples 
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were collected in sterile environments and 

transported to the lab within 1-2 hours. 

Isolation and identification of bacteria 

The identification of bacterial isolates was 

done by standard biochemical tests on the 

isolates and these include morphological, gram 

stain and cultural characteristics of colonies on 

blood agar MacConkey agar, and Mannitol 

Salt Agar, also hemolysis, production of 

oxidase, and catalase,  were done to confirm 

pathogenic staphylococci. Further tests carried 

out for gram-negative microorganisms 

including indole test, methyl red test, vogas-

proskaure test, simmons citrate test and lactose 

fermentation test. The detection of the isolates 

was also verified by BioMérieux's Vitek 2 

portable auto-analyzing method. 

Antibiotic susceptibility test 

The Clinical and Laboratory Standards 

Institute (CLSI2020) recommendations (14) 

were used to conduct susceptibility 

experiments on bacterial isolates using an 

updated Kirby-disk Bauer's diffusion system 

(27). One to three colonies of bacteria isolates 

were grown overnight on Müller-Hinton agar 

at 37°C for 24 hours at the optimum 

incubation temperature Bacterial cultures were 

standardized to meet 0.5 McFarland 

specifications, and the bacterial suspension 

was streaked onto Müller-Hinton agar using a 

sterile swab. The isolates were graded as 

responsive (S) or resistant (R) according to the 

CLSI guidelines (2020). The following 

antibiotics were tested: Amikacin (AK), 

Cefotaime (CTX), Ciprofloxacin (CIP), 

Trimethoprim (TMP), Levofloxacin (LEV), 

Vancomycin (Va), Impenem (IPM), 

Tetracycline (TE) ,Aztreonam (ATM), and 

Piperacillin (PRL). All the antibiotics used in 

this study were purchased from Himedia, 

India. 

Tetrazolium Cytotoxicity (MTT) Assay 
In accordance with the Manufacturer's 

Instructions (MTT Kit/Intron Biotech, Korea), 

both the planning of the solution and 

experimental tests were carried out. 1 x 10
4
 

cell/ml is cultivated in 96-well plates and the 

volume with RPMI medium was filled up to 

200 micro liter for every well. The panels were 

moved gently, sterile topped, and incubated at 

a concentration of 5 percent CO2 for 24 hours 

at 37°C. The medium and 200μl ZnS-chitosan 

NPs were then separated. The medium is 

isolated from the wells and 200μL (12.5, 25, 

50, 100, 200, and 400  ( μg/ml of ZnS-chitosan 

NP are used. In addition to the others, three 

replicates of every regulation and 

concentration process have been performed 

with each experimental replicate containing 

positive control (doxorubicin 50 mg/mL) and 

adverse control (DMSO). The flat was 

replenished with 5 percent CO2 at 37°C over 

48 hours. After the ZnS-chitosan NPs 

treatment, a solution of 10ml of MTT was 

added to each well and four hours were 

reincubated at 37° C, 5% CO2. 100 μl of 

DMSO solution was added to each well and 

incubated for five minutes after removal of the 

medium. The viability of the cells was 

measured using the optical intensity at a 

wavelength of 575 nm absorbance and the 

following formula: 
 Cell Viability% = Optical density of sample x 100% 

The optical density of the control 

Preparation of Zinc sulfide-chitosan 

nanoparticle: Preparation of Zinc Sulfide-

chitosan nanoparticles was performed using a 

single-step aqueous colloidal process by 

(53).With some modifications, including 

optimization (temperature, time, PH, and 

concentration of Chitosan, Zinc chloride, and 

sodium sulfide). Chitosan solution was 

prepared by dissolving 0.009 M of chitosan in 

2 ml Acetic acid in 97 ml distal water. 4 ml 

0.04 mg/ml Zinc chloride and 2.5 ml 0.1mg/ml 

of Sodium sulfide. Steps for ZnS-chitosan 

nanoparticle preparation are described below: 

The first step: 4 ml was dropped from chitosan 

stock and then added slowly to 4 ml of zinc 

chloride stock solution and 2.5 ml of Sodium 

sulfide. The second step:  mix was exposed to 

regular stirring for 90 minutes. The third step: 

wish the solution by D.W. 

Optimized conditions for ZnS-chitosan Nps 

synthesis 

The effect of Ph: The ZnS-chitosan colloidal 

were prepared with different pH, the pH was 

adjusted using HCL (0.1N) to test different pH 

value, which was (5, 7, 9, 11).  And NaOH 

(0.1N). The absorption of the resulting 

solutions was measured using a Uv-vis 

spectrophotometer.  

The effect of temperature 

The ZnS-chitosan colloidal were prepared with 

different pH, that adjusted using HCL (0.1N) 
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to test different pH value, which was (5, 7, 9, 

11).and NaOH (0.1N). The absorption of the 

resulting solutions was measured using a Uv-

vis spectrophotometer.  

The effect of reaction time 

The ZnS-chitosan nanoparticles (ZnS-chitosan 

NPs) were prepared at different temperature 

(30, 40, 50 and 60℃), using a stirring hot plate 

to fix the suitable temperature. The absorbance 

of the resulting solutions was measured by 

using Uv-Vis spectrophotometrically 

The effect of Concentrations 

The present study used different 

concentrations of chitosan, Zinc chloride, and 

Sodium sulfide in order to prepare zinc 

sulfide-chitosan nanoparticles. These 

concentrations are listed in the Table 1 

Table 1. Different Concentration in ZnS-

CH NPs Formulations 
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Formula 

1  

0.0065M 4 ml 

0.008 

mg/ml 

2.5 ml 

0.01mg/ml 

(53) 

Formula 

2  

0.009M 4 ml 

0.04 

mg/ml 

2.5 ml 

0.1mg/ml 

Modified 

method 

(53)  

Characterization of the prepared 

nanoparticles: Atomic Force Microscopy 

(AFM) was used to create a three-dimensional 

surface topography, with measurements based 

on van der Waals or other enticing and 

repulsive forces on a glass slide, five drops of 

ZnS-chitosan nanoparticles were applied and 

allowed to dry and precipitate. Another 

characterization technique such as UV/Visible 

spectroscopy is a technique used to quantify 

the light that is absorbed and scattered by a 

sample (a quantity known as the extinction, 

which is defined as the sum of absorbed and 

scattered light), X-Ray Diffraction was used to 

achieve important features such as crystal 

structure and height, Field emission scanning 

electron microscopy (FESEM) provides 

topographical and elemental information at 

magnifications of 10x to 300,000x, with 

virtually unlimited depth of field, and Zeta 

potential is the measurement of the electric 

potential at the interface of the electrical 

double layer, Zeta potential is the potential at 

the hydrodynamic shear plane and can be 

determined from the particle mobility under an 

applied electric field (39). 

Antibacterial activity of Zinc Sulfide-

Chitosan nanoparticles: ZnS-chitosan 

nanoparticles were analyzed with gram-

negative bacteria (Acinetobacter baumannii, 

Pseudomonas aeruginosa) and gram-positive 

bacteria that were isolated from contaminated 

sores (Staphylococcus aureus). A broth micro 

dilution test was used to evaluate the minimum 

inhibitory concentration (MIC) of ZnS-

chitosans Nanoparticles. In each sterile 

sterilizer channel, a ratio of 1:1 diluted, the 

ZnS-chitosan nanoparticles were applied from 

each concentration to 500 μL of double 

Muller-Hinton broth at a difference in 

concentration (12,5, 25, 50, 100, 200, and 400 

μg/ml). Following shaking, each tube was then 

added with 500 μL of diluted nanoparticles. 

The microbial suspensions of 0.5 MacFarland 

were modified and diluted to 1 to 10
6
 

CFU/mL, then 50 μL of the suspension was 

applied to every tube, and incubated at 37 ± 2 

°C for 24 hours. The suspension was diluted in 

a single rod. MIC levels were reported to 

inhibit bacteria after 24 hours as the lowest 

compound concentration (50). 

RESULTS AND DISCUSSION 

Isolation and identification of bacterial 

isolates: The VITEC2 compact device was 

used to confirm the diagnosis of all bacteria 

isolates after identified macroscopically, 

morphologically by culture media and several 

bio chemical test table 2. Among the isolates 

were Staphylococcus aureus (23.52%) (3). 

whereas the value was (21.56%) for 

pseudomonas aeruginosa (2). (17.64) for 

Acinetobacter baumannii (9). (9.80%) for 

Klebsiella p (41).  (9.80%) for E. Coli (11).  

(5.88%) for s.epidermids (67).(3.92%) for 

serratia marcescens (17).  (3.92%) for S. 

haemolyticus (44).  In addition (3.92%) for 

Proteus mirabilis (65). The proportion of each 

bacterial isolate to the total isolates and 

Percentage frequency of bacterial isolates from 

diabetic wound infection are presented in table 

3. 

Antibiotic sensitivity  

Most isolates are presented multidrug 

tolerance profiles; 100% of isolates were 

resistant to trimethoprim, ciprofloxacin, and 

clindamycin, with a high degree of resistance 
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to Levofloxacin 99.6 %. Additionally, they 

exhibited roughly tolerance to cefotaxime and 

amikacin, with rates of resistance of 61.1 

percent and 58.1 percent, respectively. Each 

bacterial isolate exhibited a high rate of 

Carbapenem resistance. In general, three 

pathways contribute to resistance to 

Carbapenem (a) Hydrolysis sensitive to 

plasmid AmpCs and ESBL enzymes; 

contribute to carbapenem agents' insensitive 

(b) Transfer of ESBL genes between the 

organisms (70). and (c) porin mutation with 

expression modulation (13). Bacterial isolates 

that showed resistance to Vancomycin, 

Aztreonam, Impineim, represented an 

appropriate option for the part of this work, in 

table 4  

Optimization for synthesis ZnS-chitosan 

nanoparticles: Different factors for 

optimizing the synthesis of ZnS-chitosan 

nanoparticles such as (pH, temperature, time 

and concentration of chitosan 0.009 M, 0.04 

mg/ml Zinc chloride and 0.1mg/ml of Sodium 

sulfide.) were investigated in this study. PH 

has a significant effect on nanoparticle 

formation and has the capability of influencing 

compounds that used in the mixture by a 

charge change. At high pH, the nanoparticles 

started to agglomerate and particles suffer 

from aggregation (54). Temperature rise will 

increase the reaction rate and synthesis 

efficiency. Most experiments are performed at 

room temperature, as it is the simplest and 

natural way to synthesize the nanoparticles. 

When the temperature increases, the reaction 

time decreases, and 95 % is transformed to 

nanoparticles within a short period (37). 

Increasing temperature lead to anxiety in the 

reaction and increase the probability of 

aggregation, therefore the particle size 

increased with increasing temperature. Time is 

one of the major parameters affecting 

nanoparticle synthesis directly. Nevertheless, it 

is shown that particle size decreases with 

increasing time, and at a given time, it 

stabilizes. The optimum pH for ZnS-chitosan 

NPs (5, 7, 9, and 11) was (7.0), and the time 

(60 min), these results were in agreement with 

(4). Moreover, the temperature at (60 ° C), 

these results were in agreement with (6). 

Table 2. Biochemical tests of. Isolated from diabetic wound infection 
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Table 3. Distribution and frequency of bacterial isolated from diabetic wound infection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. percentage of antimicrobial susceptibility of bacteria isolated from diabetic wound 

infection 

Characterization of ZnS-chitosan NPs: The 

optical characteristics of the nanoparticles 

were studied using UV – Visible spectrometer. 

Figure (1) shows the absorbance of the sample 

in the Nano range. It has shown a peak at 393 

nm wavelength was thus similar to the 

absorption spectra 417 nm these results were 

in agreement with by (69).In addition, the 

absorbance peak to ZnS nanoparticles was 

recorded at 469 nm in Figure (2). Thus similar 

to the absorption spectra 314 nm result by 

(33).The two figures demonstrated that the 

shape of spectra became broad and the 

position of peak was shifted after coating with 

chitosan that can improve the presence of 

chitosan.  

 
Figure 1. absorbance peak of ZnS-chitosan nanoparticles using UV-visible spectrometer of 

ZnS NPs 

 

Bacterial isolates Frequency Percentage 

Staphylococcus 

aureus 

12 23.52% 

Pseudomonas 

aeruginosa 

11 21.56% 

Acinetobacter 

baumannii 

9 17.64% 

Klebsiella 

pneumonia 

5 9.80% 

Escherichia coli 5 9.80% 

Staphylococcus 

epidermids 

3 5.88% 

Serratia 

marcescens 

2 3.92% 

Staphylococcus 

haemolyticus 

2 3.92% 

Proteus mirabilis 2 3.92% 
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Figure 2. absorbance peak of ZnS nanoparticles using UV -visible spectrometer 

Atomic force microscopy (AFM): 

ZnS-chitosan and ZnS  NPs were investigated 

with atomic force microscopy in their surface 

morphology, ZnS-chitosan, and ZnSNPs with 

2D and 3D topology (figure3) and ( figure 5).  

The synthesized ZnS -chitosan   NPs seen in 

AFM images are in a spherical form and have 

a median diameter was 20.10 nm these results 

were in agreement with (10). (figure4). In 

addition, ZnS nanoparticles seen in AFM 

images are in a spherical form and have a 

median diameter was 18.5 nm ( figure 6) these 

results were in agreement with (28). 

 
Figure 3. Atomic force microscopy of Zinc sulfide illustrate 2D and 3D topological of chitosan 

nanoparticles 

 
Figure 4. Average size of Zinc Sulfide nanoparticles byAFM 

 
Figure 5. Atomic force microscopy of ZnS / chitosan illustrate 2D and 3D topological of 

chitosan nanoparticles 
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Figure 6. Average size of ZnS-chitosan nanoparticles byAFM. 

X-ray Diffraction (XRD) analysis 

The XRD patterns (figure 7) show the 

distinctive diffraction peaks of ZnS-chitosan 

NPs at 2θ 28.82°, 36.17°, 45.44°and 57.42° 

these peaks were well matched with standard 

Diffraction data of ZnS-chitosan NPs (JCPDS 

file no. 77- 2100), and attributed to the (111), 

(200), (220) and (1015) ZnS-chitosan NPs 

were found to contain the lattice parameters = 

1.6277 A ° which verified the existence of 

cubic ZnS-chitosan, the size of the ZnS-

chitosan NPs Calculated by the Debye-Scherer 

equation (D = 0.94λ/ cosθ). while the XRD 

(figure 8) shows the distinctive diffraction 

peaks of ZnSNPs at 2θ  27.12°, 48..19°, and 

56.7° These peaks were well matched with 

standard diffraction data of ZnS NPs (JCPDS 

file no. 80-0020) and attributed to the (111), 

(220) and (311) Lattice parameters of ZnS NPs 

were found to be a =1.6277 A °, which have 

confirmed the presence spherical ZnS 

 
Figure 7.  The XRD of ZnS-chitosan 

nanoparticle 

 
Figure 8.  The XRD of ZnS-chitosan 

nanoparticle 

Zeta potential measurement of ZnS-

chitosan: The Zeta characterization method 

was used to characterize the stability and 

dispersion of ZnS-chitosan NPs. The results of 

the Zeta-potential measurement presented a 

positive charge for zeta value 61.70+ 0.80 mV 

reflecting the stability of the colloidal 

suspensions as shown in (Figure 9) (29).When 

the zeta potential value increases, the particles 

repel each other with more force, the tendency 

of aggregation decreases and the particles form 

a more stable profile (16).Moreover, this 

strong positive ZP means that the 

nanoparticles are stable under the conditions 

present and have a high capacity for 

absorption via the negatively charged cell 

membrane. In addition, The Zeta potential 

measurements of the biosynthesized ZnS NPs 

show in figure (10) a sharp peak at -53.2 mV 

indicative that the surface of the nanoparticles 

is negatively charged. Generally, the zeta 

potential of the nanoparticles should be either 

highest than +30 mV or lower than -30 mV 

(62).After the addition of ZnS nanoparticles in 

chitosan solution (ZnS-chitosan), the increase 

in the ZP to more positive values was 

evidenced in the entire studied pH range. This 

shift was caused by the properties of chitosan. 
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Chitosan is a cationic polymer, with pKa ~6.5, 

which is insoluble in water at neutral pH, at 

which the majority of amines from the 

molecule are deprotonated. On the other hand, 

at acidic pH, the chitosan becomes water-

soluble, as it is positively charged (12).  The 

creation of the ZnS-chitosan colloidal system 

brought about the increased stability of the 

suspension from the incipient instability area 

to a good stability area (up to +61.70 mV at 

pH 7). As was determined earlier (58). 

 
Figure 9. The Zeta potential measurement 

of ZnS-chitosan nanoparticle 

 
Figure 10. The Zeta Potential Measurement 

of ZnS nanoparticle 

Field emission scanning electron microscope 

(FE-SEM) of Zinc sulfide chitosan 

nanoparticles: The FESEM measurement of 

the chitosan-ZnS nanocomposite in 

(figure11A) showed the existence of very well 

separated distorted Nano spherical structures 

of ZnS that grafted on the chitosan sheet. 

Through this measurement in (Figure 11A), 

the size of the zinc sulfide nanoparticles, 

which reached 35-37 nm that is less than that, 

found in the pure ZnS, was calculated for the 

ZnS nanoparticles that grafted on the surface 

of the chitosan-ZnS nanocomposite. The 

presence of chitosan in the composite structure 

was shown by the formation of a sheet-like 

nanostructure in (figure11B). The 

measurement clearly shows the presence of 

zinc sulfide nanoparticles on the surface of 

chitosan. The presence of this composition is 

conclusive evidence of the success of the 

reaction and the stabilization of zinc sulfide on 

the surface of chitosan. The unified 

distribution of zinc sulfide particles and their 

distribution around the surface of discrete, 

non-aggregated particles is a remarkable 

accomplishment for a Nano construction 

where such a distribution is considered an 

optimum distribution of the material; these 

results were supported by (26).(figure 12) 

FESEM images were measured and 

topographical analysis was performed based 

upon the surface study. Synthesized ZnS NPs 

have separated Nano spherical structures The 

size of ZnS 44 nm (48). 

Fourier transforms infrared (FTIR) 

characterization 

The FTIR technique was analyzed to 

determine functional groups and associations 

between chitosan and ZnS were investigated. 

The FTIR study revealed that the characteristic 

peaks of chitosan were at 1641cm-1 and 1645 

cm-1, respectively, representing the amino 

group (NH2+) and amide I. Three bands of 

primary amine ranged between 3400 cm-1 and 

3200 cm-1. (35). Peaks observed at 2947 cm-

1, 1149 cm-1, and 1228 cm -1 were due to 

symmetric or asymmetric CH2 stretching 

vibration of pyranose ring and this was 

confirmed by (32). The N-H deformation band 

of chitosan was found at 1,564 cm-1 (19). 

Stretching vibrations of the C-H bond at 2308 

cm-1 indicated the presence of aliphatic 

groups (52). The bands at1100-1000 cm-1 are 

due to the saccharide structure of the Chitosan 

(22). The FTIR spectrum of ZnS nanoparticles 

analysis was FTIR a spectrometer in a 

wavenumber range from 400 to 4000 cm−1 is 

shown in Figure 13. ZnS nanoparticles 

absorption peak observed at 657.73 and 613.36 

cm−1 are assigned to the stretching modes of 
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ZnS (61). The bands exhibited from 3275.13 

cm−1 and 3190.26 cm−1 are representing O-H 

of water molecules on the surface of 

nanoparticles (36). Moreover, N-H stretching 

of thiourea, whereas the vibration bands 

observed at 1683.86 cm−1 and 1429.25 cm−1 

are the typical vibration bands of C = O and C-

H (CH3) bending (55). The vibrational bands 

at 1203.58–1139.39 cm−1 are probably 

attributed to C-H stretching and the band at 

979.84 assigned to C-H bending (34). The 

weak bands at 1089.70 and 1037.70 are 

probably attributed to C-O stretching. The 

peak at 480 cm−1 is assigned to NH2 

symmetric stretching vibration (68).  

 
Figure 11. (FE-SEM) of Zinc sulfide chitosan nanoparticles 

 
Figure 12. (FE-SEM) of Zinc sulfide nanoparticles 

Represents the FT-IR spectra of the ZnS-

chitosan composite. The efficient formation of 

ZnS-chitosan composite was shown by FT-IR 

Comparison of other composites. The bands, 

which were observed at 628 and 794 cm _1, 

are attributed to the stretching vibrations of the 

zinc-sulfur bond as shown in Figure 15. The 

Intensity of these peaks in composite 

decreased compared to that in ZnS due to the 

successful Formation of the composite (30). 

The wider band, which was observed at 3390 

cm 1, is Owing to the stretching vibration of 

N-H or OH in chitosan as shown in Figure15. 

The band, Which was observed at 1408 cm _1, 

is owing to the stretching vibration of C = O 

which raised From the chitosan acetylated 

group as shown in Figure 14 .The band, which 

was observed at 1014 cm _1, is owing to the 

deformation of the CH3 group in chitosan as 

shown in figure 15. (31). these results, which 

were obtained in our work, are consistent with 

other papers by (1). 
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Figure 13.The Fourier Transforms Infrared (FT-IR) Spectroscopy Measurement of Chitosan 

 
Figure 14. The Fourier Transforms Infrared (FT-IR) Spectroscopy Measurement of ZnS 

 
Figure 15. The Fourier Transforms Infrared (FT-IR) Spectroscopy Measurement of ZnS – 

Chitosan 

Antibacterial susceptibility test 

ZnS-chitosan nanoparticles were tested for 

antimicrobial activity against the multi-drug 

resistant gram-negative (Pseudomonas 

aeruginosa, Acinetobacter baumannii (and 

gram-positive (Staphylococcus aureus) 

bacteria that were selected for their extreme 

resistance to a variety of antibiotics. Many 

different concentrations of ZnS-chitosan were 

measured. (12.5, 25, 50, 100, 200 and 400 μg 

/ml). The results showed After 24 hrs of 

incubation under aerobic situation at 37 ºC, 

turbidity was seen in all test tubes containing 

S. aureus and ZnS-chitosan nanoparticles with 

a concentration (50, 100, 200, and 400 μg/ml). 

and the results were obtained for Pseudomonas 

aeruginosa and A. baumanii and ZnS-chitosan 

with a concentration ( 100, 200, and 400 

μg/ml). The pathogenic bacterial strains 

demonstrated variable MIC50 μg/ml to 400 

μg/ml for gram-positive bacteria and 100 to 

400 μg/ml for gram-negative bacterial 

pathogens, respectively (Table 1). There was a 

significant effect on (S.aureus) bacteria than 

on both the P.aeurginosa and A.baumanii 

bacteria. These results agree with an early 

study that reported the stronger antibacterial 

effect of ZnS-chitosan on gram-positive 
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bacteria than gram-negative bacteria (56).In 

this study, ZnS-chitosan NPs showed 

remarkable antibacterial action against gram-

positive and negative bacteria even at low 

concentrations as shown in Table (5). Based 

on the difference in the bacterial structure the 

activity of ZnS-chitosan on the gram-positive 

bacteria was more than its activity on gram-

negative bacteria because the interaction 

between nanoparticles and cell surfaces would 

differ that lead to an effect on the penetrability 

of membranes since the entrance of 

nanoparticles inside bacterial cell induces 

oxidative stress consequently leading to inhibit 

cell growth and ultimately cell death (6).The 

mechanism of action of Zns nanoparticles was 

still unidentified; however, the predicted 

action that ZnS could adhere to the cell surface 

and cause damage to the cell membrane or 

they can electrostatically interact with the 

surface of the cell (21).  Moreover, Chitosan is 

non-toxic, biodegradable, and biocompatible, 

and it is among the most popular bacteriostatic 

and bactericidal natural polymers with 

inherent antimicrobial activity (42). The 

demonstration of CH antibacterial activity on 

gram+ve bacteria is the non-covalent binding 

of chitosan to teichoic acid embedded into the 

peptidoglycan layer (51). The position of 

teichoic acid molecules on the surface is 

essential for the division of cells. 

Consequently, the interaction of CH could 

affect this operation and it can affect other 

operations which are very essential for 

bacterial Teichoic acids have the role of 

protecting cells from the stress of the 

environment, in order to control the activity of 

enzymes and ensure the cationic concentration 

of cell surface in order to promote cell binding 

to receptors. While its effect on gram-negative 

bacteria associated with chitosan's chelation 

interaction with cations when the pH above 

pKa (18). 

Table 5. Minimum inhibitory concentrations of ZnS-chitosan nanoparticles on bacteria after 

24 hrs. Incubation at 37 C 

 

 

 

 

 

 

 

 

 

 

 

Cytotoxicity of ZnS-chitosan nanoparticles 

The MTT assay was applied to determine the 

cytotoxic activity of the ZnS-chitosan NPs on 

normal (WRL- 68) cell lines. This assay has 

used a range of ZnS-chitosan NPs 

concentrations on normal cell lines (1x10 
4
 –

1x10 
6
 cells / mL) to detect the cell viability. 

Results in Figure (16) showed that the dose-

dependent manner of ZnS NPs caused a 

reduction in the cell viability of WRL 68 cell 

lines, in addition to measuring the IC50 of 

156μg/ml. ZnS-chitosan NPs displayed a dose-

dependent sequence of progressive 

cytotoxicity beginning at a lower 

concentration to its maximum inhibition at 

400μg/mL,( 15)% inhibition of WRL - 68 cells 

Evidence of the cytotoxic effect of ZnS-

chitosan NPs revealed that treatment of WRL 

68  cells at concentrations between (6.25) and 

(400) μg / mL for 24 hours showed cell 

viability mortality rate 2% by rising dose-

dependent concentration reaching a death rate 

of up to 15% at (400) μg / mL with IC50 of 

(156) μg / mL (Figure16) and Table(6)  

Table 6. ZnS-chitosan toxicity on WRL68 

(X...ZnS-chitosan NPs concentration) 

No. 

Z
n

S
-

ch
it

o
sa

n
 

N
P

s 

co
n

ce
n

tr
a
t

io
n

 m
g
/ 

MIC 

S. aureus P.aeruginosa 

A. 

baumannii 

1 400 + + + 

2 200 + + + 

3 100 + + + 

4 50  + - -  

5 25 -  -  - 

6 12.5 -  -  -  

(X) concentration (μg/ml) WRL68      Mean ± 

SD of viability (%) 

400 
            85.23 ±2.78 

 

200 93.63 ±1.45 

100 94.28 ± 1.39 

50 97.16 ±1.30 

25 98.45 ±1.70 

12.5 98.30 ±1.65 

LSD value 8.177* 
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The synthesized ZnS-chitosan  NPs 

demonstrated noticeable biocompatibility as is 

evident from the cytotoxicity (MTT) assay  

The tested ZnS-chitosan  NPs (up to 400 μg/ml 

concentration) did not induce any significant 

cytotoxicity normal WRL 68 cells line even 

after 72 h of post-treatment, This is in 

agreement with the previous reports (25). 

 
Figure 16. Cytotoxic activity of ZnS-

chitosan NPs in a dose-dependent manner 

on WRL-68 cells at 37oC after 24hrs 

incubation 

Conclusion: Direct functionalized chitosan to 

ZnS NPs were synthesized by using a 

modified single-step process at size 35nm with 

very good stability at pH 7, temperature 60℃, 

reaction time 60min, with 0.04 mg/ml of Zinc 

chloride, 2.5 ml 0.1mg/ml Sodium sulfide and 

0.009 M chitosan.  The results demonstrated 

that ZnS –Chitosan was more stable and 

showed a promising synergistic effect on 

gram-negative and positive bacteria than ZnS 

NPs 
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