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The aim of this study is to investigate the biosynthesis of silver (Ag) 
nanoparticles using N-acetylcysteine (NAC) and effects of NAC-NPs on 
oxidative stress and sarcoma induced by 7,12 dimethylbenz[a]anthracene 
(DMBA) and antimicrobial. Silver nanoparticles are employed in many 
different fields, such as chemical and biological sensors, medicinal 
components, and catalysts. Studies on animals have demonstrated that 
chemicals are more carcinogenic to humans and animals. We examined 
sensitivity to a carcinogen in rats using a model of sarcomas-induction 
using a rarely performed subcutaneous injection of chemo-carcinogen. 
Male rats were injected with 150µg of 7,12-DMBA at 2 months,This caused 
80% of the rats to develop sarcomas. In grossly observations Sarcomas 
form at the injection location. The result of NAC-AgNPs lead to significant 
(p≤0.05) weight gain and elevated body weight, CAT, SOD, GPx, MOP and 
TOS compared with DMBA group. The results showed significant decreas 
the MDA, ALP, AST, Calprotectin, IL-6, TNF-α, CRP, and TAS diameter and 
volume of tumors and significant (p<0.05) decreased the serum levels of 
serum p53 CA15.3 in therapeutic group. In the present investigation, silver 
nanoparticles were produced biologically by N-acetylcysteine (NAC) 
antioxidant, anticancer, anti-inflammatory, and their ability to combat 
harmful microbes with antibacterial properties We believe that these 
results could help clarify the mechanism underlying the formation of 
sarcomas in rats. NAC-AgNPs are one of the most popular applications for 
silver nanoparticles as antibacterial agents. 

 

INTRODUCTION   
Many characteristics are assigned to cancers, including their origins, their explosion, the defeat of 
segregation, and the attack of nearby tissues [1]. Chemotherapy, surgery, hormone therapy, and 
radiation are cancer therapies. These treatments have a number of side effects, such as toxicity to 
healthy cells and issues with drug resistance [2]. Natural goods were employed as an alternate 
strategy for cancer therapy in order to get around these issues [3]. Polycyclic aromatic hydrocarbons, 
or PAHs, are a common family of extremely lipophilic environmental organic contaminants that 
humans are exposed to on a regular basis [4]. Large amounts of PAHs are released into the 
environment, mostly as a result of human activity [5]. The biological effects, toxicity, mutagenicity, 
and carcinogenicity of PAHs are all negative [6,57]. Exposure to 7,12-dimethylbenz[a]anthracene 
(DMBA), which is a carcinogenic synthetic PAHs [7], underlies the emergence of numerous tumor 
types, such as those affecting the hematological system, skin, liver, lung, mammary gland, and 
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pancreas [8]. To become a fully carcinogenic substance, DMBA must undergo metabolic activation in 
the liver and extrahepatic tissues [9,53]. 

 Noble metal nanoparticles (NPs) have been widely used in biomedical applications recently, 
including tissue engineering, medication transport, and diagnostics, because of their unique 
physicochemical and optoelectronic properties [10, 11, 12, 13]. Due to their excellent electrical 
conductivity, stability, optical property, and antimicrobial activity, silver nanoparticles (AgNPs), 
among other noble metal nanoparticles, have drawn a lot of interest in a range of applications, 
including nanoelectronic devices, sensors, imaging contrast agents, filters, and antimicrobial activity 
[14, 15]. AgNPs have expanded their use in cancer treatment as well. AgNPs have shown promise as 
potent anticancer agents [16, 17, 18, 19]. Strong anticancer efficacies mediated by apoptosis have 
been demonstrated in a range of cancer cells, including human cervical cancer [17,55], lung cancer 
[18], and breast cancer cells [19,56]. 

N-acetylcysteine (NAC), the acetylated precursor of L-cysteine, has long been utilized as a mucolytic 
drug and in the treatment of psychiatric illnesses, doxorubicin-induced cardiotoxicity, 
acetaminophen intoxication, and stable angina pectoris. Additionally, its level of toxicity is extremely 
low [8]. Because NAC is oxidized by different radicals and also functions as a nucleophile, it can 
eliminate protein disulfide bridges, operate as a free-radical capturer, and create metal chelation 
[20]. Moreover, NAC's anti-inflammatory and anti-apoptotic qualities are well recognized [21,54]. 
NAC works not just through these direct actions but also through raising GSH levels [19, 20]. 

MATERIALS AND METHODS 

Animals. The University of Basrah's Health Check Explore Principled Team approved all experimental 
procedures in accordance with the Guide for the Care and Use of Animal Households. For these 
investigations, 32 Wistar rats weighing between 200 and 220 g were employed. Every rat was kept 
in a cage with a temperature of 23 ± 1 °C and a 12-hour light/dark cycle. During the period of 
adaptation, rats were fed conventional foodstuffs and given unrestricted access to tap water. 

Experimental Design 

Examining the prevalence of sarcomas in male rats given DMBA injections is the goal. Following a 
week-long period of adaptation, rats were divided into five groups (n = 8 per group), placed in the 
appropriate cages, and categorized as follows: group 1 (control): rats that were not treated and 
received a three-month injection of the vehicle; group 2: rats injected with 150µg/kg doses of DMBA 
dissolved in 0.05 ml sesame oil at the tumor site in the subcutis for two months and then left 
untreated for one month experienced a higher incidence of sarcomas. Group 3: The rats were treated 
with 150µg/kg doses of DMBA dissolved in 0.05 ml of sesame oil, which was injected into the subcutis 
for the incidence of sarcomas in rats for 2 months, and 4 mg/kg of NAC-AgNPs dissolved in 1 ml of 
normal saline for 1 month. Group 4: For a duration of one month, the rats were administered 4 mg/kg 
of NAC-AgNPs dissolved in 1 ml of normal saline. Two months later, the incidence of sarcomas was 
seen in rats injected with 150µg/kg doses of DMBA dissolved in 0.05 ml sesame oil subcutis 
injections. Group 5: The rats were treated with 4 mg/kg of NAC-AgNPs dissolved in 1 ml of normal 
saline for 3 months. 

The tumor was tracked every week until the autopsy. The time between the day of injection and the 
day a nodular lesion first became palpably identifiable was referred to as the latent period. The rat 
was necropsied when the lesion grew to a diameter of more than 20 mm. All of the rats were 
euthanized at the necropsy. 

Following a heart puncture under anesthesia (chloroform at 40 mg/kg body weight), tissues were 
removed from the animals, and blood samples were taken. Serum was obtained by centrifuging blood 
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samples for 10 minutes at 4000 rpm without the use of an anticoagulant. The serum was then kept 
at -20 °C until further biochemical examination.   

measurement of pancreatic weight, body weight, and weight increase. Both at the beginning and the 
end of the trial, the animals were weighed [14]. 

measurement of the blood levels of MDA, SOD, GPx, catalase, TNF-α, and IL-6. After 60 days, the 
animals were slaughtered, and the serum concentrations of TNF-α (Abcam, Cambridge, UK) and IL-6 
(RayBio, GA, USA) were measured using ELISA kits, following the guidelines provided by the 
manufacturer. 

Antimicrobial Activity Assay     

The testing microbes used in this study were previously characterized and obtained from the central 
lab in a veterinary college that were two Gram-positive bacteria (Staphylococcus aureus,Bacillus 
cereus, Escherichia coli, ,proteus and four fungal isolates Candida albicans, Aspergillus fimigatus, 
Aspergillus flavus, and Aspergillus terrus). 

For microbial culture preparation, the testing bacteria were cultivated in nutrient broth at 37 oC for 
18 h, whereas fungal isolates were cultivated in potato dextrose broth at 30 oC for 18 h. Then, the cell 
suspensions were adjusted to approximately 108 CFU/mL (equal to 0.5 McFarland standard). 

Application of Discs 

Following that, 10 mL of the chemical solutions with various concentrations that had been previously 
dissolved in DMSO (100 µg/mL, 50 µg/mL, 25 µg/mL, and 12.5 µg/mL) were soaked into the sterile 
paper discs (6 mm in diameter). [22]. 

Inoculum Preparation 

After dipping a sterile cotton swab into the microbial suspension, the swab's excess fluid inoculum 
was removed by pushing it firmly against the tube's side wall above the fluid level. The sterile agar 
surface was then streaked with the inoculum. The agar's rim was swabbed as a last step after 
repeating this process twice more, spinning the plate at a temperature of roughly 60 °C each time to 
guarantee a uniform dispersion of inoculum. 

Before applying the drug-impregnated discs, the plates were allowed to sit at room temperature for 
fifteen minutes to allow any excess surface moisture to be absorbed. After allowing the discs to air 
dry completely, they were placed on the infected medium's surface. Following inoculation, these 
plates were incubated for 24 hours at 37 degrees Celsius for bacteria and 30 degrees Celsius for 
yeasts and Aspergillus species. Every experiment was run through two duplicates. The information 
was gathered by using a ruler to measure the discs' surrounding zone of growth inhibition in 
millimeters. 

Inoculation of Test Plates  

After dipping a sterile cotton swab into the suspension, the swab's excess fluid inoculum was 
removed by pushing it firmly against the tube's side wall above the fluid level. The sterile agar surface 
was then streaked with the inoculum. The agar's rim was swabbed as a last step after repeating this 
process twice more, spinning the plate at a temperature of roughly 60 °C each time to guarantee a 
uniform dispersion of inoculum. Before applying the drug-impregnated discs, the plates were 
allowed to sit at room temperature for fifteen minutes to allow any excess surface moisture to be 
absorbed. 

After tabulating the data as means and standard deviations (SD), analysis of variance (ANOVA) was 
used to compare the results, and post-hoc analysis (Tukey test) was performed. When the P-value ≤ 
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0.05, a substantial difference was deemed to exist. Utilizing SPSS software (version 23), calculations 
were performed.  

RESULTS 

Induction of Sarcoma by 7,12 Dimethylbenz[a] Anthracene 

The time between the day of injection and the day a nodular lesion first became palpably identifiable 
was referred to as the latent period. The rat was necropsied when the lesion grew to a diameter of 
more than 20 mm. At the necropsy, every rat was put to death. The hair near the tumor site was 
shaved, and in the event that the tumor invaded nearby organs, a large portion of the skin, muscles, 
and subcutaneous tissue were removed. Also examined were the cavities in the thorax and abdomen. 

Therapeutic and Protective Effect of NAC-AgNPs on Body Weight and Body Weight Gain in Sarcoma 
Male Rats Induced by 7,12DMBA. 

Table 1 of the current study shows a substantial (P≤0.05) reduction in the cancer male rat group's 
end body weight and body weight gain when compared to the control group (-ve). In contrast, there 
was a substantial (P≤0.05) increase in the final body weight and body weight gain in sarcoma patients 
treated with NAC-AgNPs (4 mg/kg dosage) and treated with NAC-AgNPs (4 mg/kg alone). The weight 
of the cancer male rats (+ve) treated with NAC-AgNPs (4 mg/kg dosage) increased significantly 
(P≤0.05) as compared to the control group (-ve),(Fig 2). 

 

Table (1): -Therapeutic and Protective Effect of NAC-AgNPs on Body Weight and Body Weight Gain in 
Sarcoma Male Rats Induced by 7, 12DMBA. (Mean±SD) (n=8) 

N=number of animals, Small letters denote differences between groups, P≤0.05 vs. control, NS=non-significant. 

Therapeutic and Protective Effect of NAC-AgNPs on Antioxidant Stress in Serum SarcomaMale Rats 
Induced by 7, 12DMBA. 

               Parameters 
Treatments 

Initial Body Weight 
(g) 

Final Body Weight 
(g) 

Body Weight Gain 
(g) 

Control (-ve) 
Normal Saline(0.9% NaCl) 

209.11± 0.47 
NS 

229.47± 2.75 
A 

20.6±0.33 
a 

Control (+ve) 
Induction sarcoma(7, 
12DMBA)  

211.58 ± 1.01 
NS 

170.67 ± 2.36 
C 

-40.94±0.11 
d 

Induction sarcoma(7, 
12DMBA) + NAC- 
AgNPs(Therapeutic Group)   

210.63 ± 3.01 
NS 

218.67 ± 8.01 
B 

 8.04±0.26 
c 

NAC- AgNP+ Induction 
sarcoma (7, 
12DMBA)(Protective Group) 

213.43 ± 6.21 
NS 

226.17 ± 5.11 
A 

 13.74±0.22 
b 

NAC- AgNP 207.73 ± 2.23 
NS 

232.23 ± 6.29 
A 

24.50±0.01 
a 

Fig.1:- Show tumor in Rat induction sarcoma  

by 7,12DMBA 

Sarcoma 

Tumor 
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The impact of NAC-AgNPs on biochemical analysis in male sarcoma rats was noted in Table2 results. 
Significant (P<0.05) increases in ALP and ACP were observed, while significant (P≤0.05) decreases 
in serum sarcoma in male rats were suggested by the results of GPx and SOD levels. Additionally, the 
data revealed a significant (P≤0.05) drop in concentration as well as in ALP and ACP. 

The most characteristic byproduct of lipid peroxidation is MDAn, and the body's level of lipid 
peroxidation can be determined by measuring its concentration. In comparison to the control group, 
the NAC-AgNPs-treated groups showed a substantial reduction in CAT and GST activity (P<0.05) and 
a significant elevation in MDA level (mg/dl) in all tissues investigated in this investigation. 
Pretreatment with Ag-NPs NAC revealed no significant difference (P>0.05) in any of the oxidative 
parameters in the control group, but all treated groups' serum showed a significant increase (P<0.05) 
in both CAT and GST activity and a significant decrease (P<0.05) in MDA level. These findings 
suggested that NAC-AgNPs protected against oxidative stress without impairing their antitumor 
activity. 

Table (2): -Therapeutic and Protective Effect of NAC-AgNPs on Antioxidative Stress in Serum of 
Sarcoma Male Rats Induced by 7,12DMBA. (Mean±SD) 

                                                          (n=8)                                       

 N=number of animals, A,B,C= differences between groups, P≤0.05 vs. control. 

 

Therapeutic and Protective Effect of NAC-AgNPs on Calprotectin, IL-6, TNF-α ,CRP,  
           MOP, TOS and TAS in Males Rats Induced by 7,12DMBA 

Results in Table 3 showed how NAC-AgNPs affected inflammatory markers in male sarcoma rats. 
Results indicated a substantial (P<0.05) increase in Capl, IL-6, TNF-α, CRP, and TAS as compared to 
the control group and a significant (P≤0.05) drop in serum sarcoma male rats when it came to MPO 
and TOS levels.    

 

 

 

 

ACP 
U/L 

ALP 
U/L 

CAT 
mg/dl 

MDA 
mg/dl 

SOD 
U/dL 

GPx 
(mmol/L) 

                Parameters 
Treatment 

29.3±7.11 
 b 

26.7±2.5 
 b 

569.45±3.
38 
a 

103.67± 
14.70 
C 

91.3 ±1.29  
a 

16.25 ± 
0.86 a 

Control (-ve) 
Normal Saline(0.9% 
NaCl) 

68.31±2.8
9 
a 

57.83±5.7
8 
a 
 

337.43±6.
49 
b 

215.63±29.
37 
A 

56. 36±0.13  
b 

7.68 ± 
0.15 
 b 

Control (+ve) 
Induction 
sarcoma(DMBA) 

31.47±3.8
6  
b 

27.66±3.6
9  
b 

506.67±9.
27 
a 

149.93±5.5
1 
B 

89.45±0.28 
 a 

15.46 ± 
0.37 a 

Induction 
sarcoma(DMBA) +  
Ag-NPsNAC   

28.26±3.7
4 
b 

26.55±3.6
9  
b 

546.17±9.
27 
a 

123.13±5.9
1 
B 

90.05±0.33 
 a 

16.46 ± 
0.11 a 

Ag-NPsNAC+ 
Induction sarcoma 
(DMBA) 

27.4±3.18 
b 

25.91±1.2  
b 

565.37±7.
6 
a 

110.67±8.5
8 
C 

90.29±0.15  
a 

17.05±0.1
9 
a 

Ag-NPsNAC 
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Table 3. Effect Therapeutic and Protective of NAC-AgNPs on Calprotectin, IL-6, TNF-α و CRP, MPO, TOS 
and TAS in Sarcoma Males Rats Induced by 7,12DMBA (Mean±SD) (n=8) 

           
Parameters 
 
Treatment 

Calprotectin 
ng/ml 

TNF-α 
ng/L 

IL-6 
Pg/ml 

CRP 
Pg/ml 
 

MPO 
ng/mg 

TOS 
µmol/g 

TAS 
Mmol/g 

Control (-ve) 
Normal 
Saline(0.9% 
NaCl) 

350.92 ± 
10.01 
b 

120.12 ± 
36.43 
c 

1.85±0.37 
D 

0.67 ± 
0.011 
c 

1.12 ±0.29 
b 

0.27±0.01 
A 

0.11±0.02 
c 

Control 
(+ve) 
Induction 
sarcoma(7, 
2DMBA)  

3670.34 ± 
39.09 
a 

200.60 ± 
45.23 
a 

5.56±0.09 
A 

15.28 
±0.89 
a 

0.62 ±0.20 
d 

0.15±0.03 
C 

0.19±0.06 
a 

Induction 
sarcoma 
(7, 12DMBA) 
+ NAC- 
AgNPs 
(Therapeutic 
Group)   

765.41± 
19.51 
b 

160.17 ± 
14.21 
b 

2.26±0.27 
C 

7.77± 0.25 
b 

1.04±0.18 
c 

0.19±0.00
3 
B 

0.15±0.03 
b 

NAC- AgNP+ 
Induction 
sarcoma (7, 
12DMBA) 
(Protective 
Group) 

695.21± 
14.71 
b 

150.18 ± 
19.21 
b 

2.20±0.12 
C 

4.37± 0.44 
b 

1.01±0.16 
c 

0.16±0.00
1 
B 

0.13±0.01 
b 

NAC- AgNP 310.52 ± 
14.36 
b 

140.11 ± 
30.25 
b 

4.05±0.35 
B 

0.63 ± 
0.012 
c 

1.64 ±0.32 
a 

0.30±0.02 
A 

0.12±0.05 
c 

N=number of animals, small letters denote differences between groups, P≤0.05 vs. control. 

Therapeutic and Protective Effect of NAC-AgNPs on CA15.3 and tumor p53  in Serum Sarcoma 
Male Rats Induced by 7,12DMBA. 

The effects of tumor p53 and CA15.3 in male rats with sarcoma are noted in Table 4. The findings 
revealed a significant (P<0.05) increase in tumor p53 and CA15.3 in male rats with serum sarcoma 
when compared to the control and other groups. 

Table (4): -Therapeutic and Protective Effect of NAC-AgNPs on CA15.3 and Tumor p53 in Serum 
Sarcoma Male Rats Induced by 7,12DMBA (Mean±SD)            (n=8) 

 

N=number of animals, a,b,c= differences between groups, P≤0.05 vs. control. 

Tumor p53 (pg/ml)  CA15.3 (U/ml) Parameters 
Treatment 

80.60 ±24.32 
b 

5000.70 ± 28.01 
b 

Control (-ve) 
Normal Saline(0.9% NaCl) 

140.32 ±32.19 
a 

7000.96 ±70.8 
a 

Control (+ve) 
Induction sarcoma(7, 2DMBA) 

120±17. 32 
b 

5500.37±52.90 
b 

Induction sarcoma 
(7, 12DMBA) + NAC- AgNPs (Therapeutic Group)   

94.23±10. 12 
b 

5100.37±52.90 
b 

NAC- AgNP+ Induction sarcoma (7, 12DMBA) 
(Protective Group) 

75.20±15.84 
c 

 4500.19±27.86 
c 

NAC- AgNP 
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Therapeutic and Protective Effect of Ag-NPsNAC  on  Final Tumor Diameters and Tumor 
Volume  in  Male Rats Induced by 7,12-DMBA 

The results in Table 5 show the effect of Ag-NPsNACon final tumor diameters and tumor volume in 
sarcoma male rats. The results showed a significant (P<0.05) increase in final tumor diameters and 
tumor volume in sarcoma male rats compared with the control group and other groups.While final 
tumor diameters and tumor volume in sarcoma male rats showed a significant (P<0.05) decrease in 
the group treated with Ag-NPsNAC.   

Table 5: -Therapeutic and Protective Effect of Ag-NPsNAC on Diameter and Tumors volume in Male 
Rats Induced by DMBA (Mean±SD),(n=8) 

   N=number of animals, a,b,c= differences between groups, P≤0.05 vs. control. 

Interpretation of Results   

After 24-72 hours of incubation, the resulting zones of inhibition will be uniformly circular, and there 
will be a semi-confluent lawn of growth. The inhibitory zone diameters of the plates were measured 
and interpreted in accordance with the manufacturer's instructions (DHN PAN Kraków, Poland) after 
they were incubated at 37°C for 24 hours.   

Effect of The NAC-AgNPs Against Bacterial Growth     

The results observed in Table 6 show that the NAC-AgNPs exhibited activity against gram-positive 
bacteria such as Staph. aureus and gram-negative bacteria such as E. coli. All the concentration 
studies showed a zone of inhibition against bacteria. The maximum antibacterial activity of NAC-
AgNPs against Bacillus cereus, Staph. aureus, E. coli, and Proteus spp. was measured at 100 µg/mL of 
silver nanoparticles, with a zone of inhibition of 61±1.41, 59±1.41, 42.50±0.70, and 36.50±0.70 mm, 
respectively. Moreover, the zone of inhibition increased as the concentration of silver nanoparticles 
increased against all studied bacteria, and the zone of inhibition was greater than that of standard 
antibiotics (Fig. 2). 

Table 6: Inhibition Zones in Diameter (mm) of NAC-AgNPs Against Bacterial Isolates 

No. Microbial 
isolates 

                          Concentrations (µg/ml) 
100 50 25 12.5 

1 Staphylococcus 
aureus 

59±1.41  
aA 

45.50±0.30 bA 42.50±0.70 
bA 

40.50± 0.20 
bA 

Tumor Volume (cm3 ) rat-1 Tumor Diameter (mm) Parameters 
Treatment 

 0.00 ±0.0 
c 

 0.00 ± 0.00 
c 

Control (-ve) 
Normal Saline(0.9% NaCl) 

25.35±2.01 
a 

40.61±1.705 
a 

Control (+ve) 
Induction sarcoma(7, 
2DMBA) 

11.56±3.52 
b 

27.30±2.10 
b 

Induction sarcoma 
(7, 12DMBA) + NAC- AgNPs 
(Therapeutic Group)   

0.09±0.00 
b 

0.00±0.00 
c 

NAC- AgNP+ Induction 
sarcoma (7, 12 
DMBA)(Protective Group) 

0.00±0.00 
c 

  0.00±0.0 
c 

NAC- AgNPs 
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2 Bacillus cereus 61±1.41 
aA 

32±1.41 
 bC 

31.50± 0.70 bB 0±0 
 cC 

3 Echerichia coli 42.50±0.70 
aC 

36.50±0.70 bB 34±1.41  
 bB 

20.50±0.70 
 cB 

4 Proteus spp 36.50±0.70 
aD   

0±0  
bD 

0±0  
bC 

0±0 bC 

Capital letter denote differences between groups, Small letters denote differences concentrations, P≤0.05 vs. 
control, NS=non-significant. 

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       

 

Effect of Some Antibiotics Against Bacterial Isolates in this study 

The results in Table 7 showed that standby antibiotics such as amoxicillin, erythromycin, and 
oxyacillin’s exhibited zero zone inhibition against the gram-positive bacteria Staph. aureus and the 
gram-negative bacteria E. coli. But the stander antibiotics such as tetracyclines and gentamicin 

Echerichia coli 

Staphylococcus 

aureus 

   100          50        25      

Bacillus cereus 

       100      50      
25      12.5 
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exhibited zone inhibition of 35.27 ±0.32 and 38.12 ±0.66, 25.19 ±0.11 and ±270.16 against the gram-
negative bacteria E. coli and the gram-positive bacteria Staph. aureus, respectively (Fig. 3). 

Table 7: Effect of some antibiotics against bacterial isolates in this study 

OX CN E TE AM Bacterial species 

0±0 25.19±0.11 0±0 35.27 ±0.32 0±0 Escherichia coli 

±00 ±270.16 ±00 38.12±0.66 0±0 Staphylococcus 
aureus 

AM=Amoxicillin       TE=Tetracyclines         E=Erthromycin       CN=Gentamicin OX=Oxacillin's 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Effect of some antibiotics against bacterial isolates. 

Escherichia coli 
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Effect of NAC-AgNPs Against Fungal Isolates 

The results observed in Table 8 show that the NAC-AgNPs exhibited activity against the fungi. A zone 
of inhibition was seen in the concentration studies. Concentration determined the zone of inhibition 
(Table 7). The maximum antifungal activity against Candida albicans, Aspergillus fumigates, and 
Aspergillus terrus with zones of inhibition were 50.50 ±0.70, 45.50 ±0.70, and 31.50 ±0.70 mm at 
100 µg/mL of silver nanoparticles NAC-AgNPs, respectively; furthermore, there was an increase in 
the zone of inhibition with an increase in the fungi except Aspergillus flavus, which showed zero zone 
of inhibition in all studied concentrations of silver nanoparticles NAC-AgNPs against Aspergillus 
flavus (Fig 4).  

Table (8) Inhibition Zones in Diameter (mm) of NAC-AgNPs Against   Fungal Isolates 

No. Microbial 
isolates 

Concentrations (µg/ml) 
 
100 50 25 12.5 

1 Aspergillus 
fumigatus 

45.50±0.70 aC 38.50±0.70bB 0±0cC 0±0 cC 

2 Candida 
albicans 

50.50 ±0.70aB 30.50±0.70bC 31 ±1.41 bB  0±0 cC 

3 Aspergillus 
terrus 

31.50±0.70 aE 33.50±0.70aC 0±0 bC 0±0 bC 

4 Aspergillus 
flavus 

0±0F 0±0D 0±0 C 0±0 C 

Capital letter denote differences between groups, Small letters denote differences concentrations, P≤0.05 vs. 
control, NS=non-significant. 

    

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. (4) Antifungal Activity of NAC-AgNPs Aginst fungal Isolates 

 100               50                
25                 12.5   

Aspergillus 

fumigatus 

 100                 50                       
25                12.5 

Aspergillus 

flavus 
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Effect of Some Antifungal Against Fungal Isolates in This Study 

The results in Table 9 showed that stander antifungals such as posaconazole and econazole exhibited 
zone inhibitions of 20±1.06 and 22±0.16, 21±2.33 and 254.92, 18±2.28 and 20.2.81 against Candida 
albicans, Aspergillus flavus, and Aspergillus terreus, respectively (Fig 5).    

Table 9: Effect of some antifungal against fungal isolates in this study 

POS EON Fungal species 

22±0.16 20±1.06 Candida albicans 

±254.92 21±2.33 Aspergillus flavus 

2.81±20 18±2.28 Aspergillus terreus 

          POS=Posaconazole        EON=Econazole 
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Fig. 5. Effect of some antifungal against fungal isolates 

DISCUSSION 

Rats with 7.12-DMBA-induced tumors are a well-known model that is frequently used to assess 
several substances as chemopreventive medications for human breast cancer [41]. The carcinogenic 
properties of DMBA are linked to its oxidative metabolism, which produces reactive metabolites. 
These metabolites bind covalently to nucleophilic sites on cellular macromolecules, triggering 
malignant reactions [42,58]. According to the available data, Ag-NPsNAC successfully decreased the 
tumor's dimensions and volume in rats that were tumor-bearing. We first looked into a few factors 
that contribute to the development of cell cancer in order to identify potential pathways for Ag-
NPsNAC's anticancer impact. There are several ways to control the growth of cells. The nuclear 
protein PCNA, which is expressed in proliferating cells, is a hallmark of cell proliferation and is 
necessary for replication [43]. PCNA overexpression was identified. The proliferation of cells is 
controlled in several ways. The nuclear protein PCNA is a sign of cell proliferation and is required for 
replication in proliferating cells [43,51]. There have been reports of PCNA overexpression in a range 
of human malignancies, including DMBA-induced carcinoma. It is advised to assess the response of 
metastatic breast cancer to treatment and to monitor the serum marker CA15.3, which is frequently 
used for breast cancer diagnosis [45, 46]. Research has demonstrated that elevated blood levels of 
CA15.3 indicate a suboptimal response to immunotherapy (Martin et al., 2006). Rats were given oral 
Ag-NPsNAC therapy, as demonstrated. 

Several investigations have shown that the status of the tumors CA15.3 and p53 has a significant role 
in determining how the cancers react to anti-neoplastic agents [47,50]. It has been claimed that 40% 
of all human cancers contain p53 mutations. Mutant p53 promotes cell growth, functions as an 
oncogene, and is no longer able to prevent tumor growth. By encouraging cell proliferation, 
overexpression of mutant p53 may worsen genetic instability [48]. According to our findings, the 
DMBA-treated group's serum levels of mutant p53 were noticeably higher than those of the control 
group. Infusion When comparing the DMBA group to the Ag-NPsNAC group, the mutant P53 serum 
levels were considerably lower. The current study's findings demonstrate that, at all employed 
concentrations, Ag-NPsNAC had an antibacterial action against all examined microorganisms, 
including filamentous fungus, candida, and Gram-positive and Gram-negative bacteria. Table 
5 illustrates how the concentrations of Ag-NPsNAC increased the inhibitory zones against the 
investigated bacteria. When compared to other fungi, Aspergillus flavus is more resistant to NA Ag-
NPsNAC C in all concentrations. Although the exact mechanism of Ag-NPsNAC's antibacterial activity 
against microbes is unknown, it is thought to target the cell's plasma membrane since NAC has an 

Aspergillus flavus 

100               50                  25                  12.5 
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amphipathic character that enables it to interact with the phospholipids in the membrane [39]. 
Another theory regarding the mechanism of action of NAC is that it causes microbial cells' 
membranes to become more permeable, which in turn alters the membrane and damages the cells 
[38]. In the current examination, we are looking into Ag-NPsNAC, which is regarded as a superior 
antibacterial. 

Mixed-function oxidases must metabolically activate DMBA in order for it to have its carcinogenic 
and mutagenic effects. DMBA's 7-methyl group hydroxylation is an essential stage in the compound's 
carcinogenesis. As DMBA is further metabolized, a variety of metabolites with differing degrees of 
toxicity are formed. Among these, the carcinogenic byproduct of DMBA is trans-3,4-dihydrodiol-1,2-
epoxide. When DMBA metabolic products are present in the body, they disrupt the equilibrium 
between ROS and antioxidants by producing excessive amounts of free radicals. In response, the body 
adjusts by modifying the activity of antioxidant enzymes to lessen the harmful consequences of 
elevated ROS. Numerous factors, including race, age, gender, pregnancy, lactation, muscle activity, 
geography, season, heat in the environment, maintenance, and diet, might have an impact on 
hematological and biochemical parameters. The effects of fluoride on liver histology and blood 
parameters are examined in this study. By destroying proteins and lipid membranes, oxidative 
chemicals like DMBA that are produced during mutagen metabolism may compromise essential 
cellular functions. For all cells, including bacteria, the oxidative state is crucial to their integrity and 
functionality [48, 49]. Here, we demonstrate how adding NAC to the Staphylococcus arueus biofilm 
in our in vitro biofilm system causes the bacteria's NAD+/NADH ratio to drop, indicating a significant 
degree of oxidative stress [47]. Following a 24-hour NAC administration, the NAD+/NADH ratio 
dramatically decreases as the NAC concentration rises. This phenomenon may be caused by either 
lowered or built-up NAD+ levels, which would raise the intracellular oxidative state. Reactive oxygen 
species (ROS) concentrations below a certain threshold are essential for bacterial growth 
suppression. 

Multi-resistant bacteria are becoming more prevalent and are becoming a major global health 
concern due to their resistance to standard antimicrobial treatments. As a result, it is imperative to 
handle and control this problem using progressive alternative strategies, which have led to the 
discovery of fresh sources of antibacterial chemicals [37, 40]. 

In conclusion, we are presently conducting research to investigate the impacts of Ag-NPsNAC and its 
mode of action on bacteria that form biofilms, such as Staphylococcus. The purpose of these 
investigations is to ascertain whether Ag-NPsNAC has the same effect on other biofilm-forming 
bacteria as it does on P. aeruginosa. In the end, we will be able to produce complex biofilms in vitro 
to ascertain the most effective way to employ Ag-NPsNAC to kill bacteria and break down biofilm, as 
well as how to use it in conjunction with other medications using high-throughput screening, once 
we have a better understanding of how NAC affects the various biofilm-forming bacteria individually. 

Multi-resistant bacteria are becoming more prevalent and are becoming a major global health 
concern due to their resistance to standard antimicrobial treatments. As a result, it is imperative to 
handle and control this problem using progressive alternative strategies, which have led to the 
discovery of fresh sources of antibacterial chemicals [37, 40]. 
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