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 Abstract:  

 

Antimicrobial resistance is regarded as 

one of the top three terrible events 

threatening the worldwide existence of 

humans Here of, Acinetobacter 

baumannii evolved as the most 

challenging pathogen threatening to 

initiate the post-antibiotic era. 

 

Their ability to withstand antibiotics is attributed to a set of virulence determinants in 

particular biofilms which are known to enhance pathogenesis and drug resistance potency. 

Studies regarding green silver nanoparticles (AgNP)s as an alternative treatment modality to 

antibiotics increased over recent years. Considering these facts, we aimed to explore the 

antibiofilm effect of AgNPs in the multi-drug-resistant Acinetobacter baumannii. AgNPs 

were bio-fabricated by Pseudomonas aeruginosa and characterized via FTIR, UV-Vis, XRD, 

EDS, and SEM. Well-diffusion was used to screen the antimicrobial effects of AgNPs. 

Minimal-inhibitory concentrations of AgNPs were determined to study their antibiofilm effect 

at sub-inhibitory concentrations (SIC). Results showed that all isolates were biofilm producers 

and portrayed high resistance to the tested antibiotics. Characterization results supported the 

successful fabrication of crystalline nanoparticles. Exposure of the isolates to the 

bacteriogenic AgNPs resulted in pronounced inhibition zones and reduced biofilms at SICs 

values. These results indicate that Pseudomonas aeruginosa can be employed to produce 

AgNPs with an aptitude to disrupt biofilm development and growth in the multi-drug resistant 

Acinetobacter baumannii. 
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 Pseudomonas aeruginosaالمصنوعة بواسطة  جسيمات الفضة النانوية تأثير  وتقييم توصيف
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 الخلاصة:
في   .يتم تصنيف مقاومة المضادات الحيوية كواحدة من أكبر ثلاث ظواهر كارثية تهدد وجود البشرية في جميع أنحاء العالم

باعتبارها أكثر مسببات الأمراض تحديًا والتي تهدد ببدء عصر ما  (  Acinetobacter baumannii) الصدد ، تطورتهذا 

الأغشية    خصالابضراوة  تعُزى قدرتها على تحمل المضادات الحيوية إلى مجموعة من عوامل ال. بعد المضادات الحيوية

زادت الدراسات المتعلقة بجسيمات الفضة النانوية . وفعالية مقاومة الأدوية  يةالحيوية التي يعُرف عنها أنها تعزز الإمراض

بالنظر إلى هذه الحقائق ، نهدف في  . كطريقة علاج بديلة للمضادات الحيوية خلال السنوات الأخيرة (AgNP) الخضراء
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   في بكتيريا(  AgNPs)لجسيمات النانوية المصنعة بواسطة البكتيريا  ر المضادات الحيوية لـهذه الدراسة إلى استكشاف تأثي

(Acinetobacter baumannii)  المتعددة  Pseudomonas) بيولوجيًا بواسطة AgNPs تم تصنيع.  المقاومة للأدوية 

aeruginosa  )  واستخدمت FTIR , UV-Vis , XRD , EDS و SEMفي    .هالتوصيف الانتشار  استخدام طريقة  تم 

لـ للميكروبات  المضادة  التأثيرات  لفحص  )   .(AgNPs) الاگار  الأدنى  المثبط  تركيز  تحديد  )MICتم  تحته  وما   )Sub-

MICلـ  ) (AgNPs.الحيوية تأثيره على نمو الأغشية  لدراسة  الحيوي وقد أظهرت   (  للغشاء  العزلات منتجة  كانت جميع 

أدى تعرض    .دعمت نتائج التوصيف التصنيع الناجح للجسيمات النانوية البلورية  .الحيوية المختبرةمقاومة عالية للمضادات  

تشير هذه    MICتحت ال  إلى ظهور مناطق تثبيط واضحة وتقليل الأغشية الحيوية عند قيم   (AgNPs) لبكتيريااعزلات  

( قادرة على تعطيل نمو الأغشية الحيوية AgNPs( لإنتاج )Pseudomonas aeruginosaالنتائج إلى أنه يمكن استخدام )

 (.Acinetobacter baumannii)في البكتريا مقاومة الأدوية المتعددة 

  الحيوية. جسيمات الفضة النانوية ،Acinetobacter baumanniiمقاومة الأدوية ، الأغشية الحيوية ،  :الكلمات المفتاحية

Introduction 
Antibiotic resistance along with climate 

change and overpopulation represent the 

most paramount catastrophes menacing the 

existence of mankind worldwide (1). 

Unearthing of penicillin as the first 

antibiotic agent in 1928 marked the 

beginning of the golden antibiotics era (2). 

Over 7 decades later, antibiotics allowed 

major advances in several fields of medical 

practice, enabled the treatment of formerly 

fatal bacterial infections, extended the life 

expectancy of mankind, and saved 

countless lives (2-4). Nevertheless, 

adequate usage of antibiotics, dearth of 

developing new effective drugs, and 

inefficient infection control systems gave 

rise to the so-called antibiotic resistance 

phenomenon (2, 5). In 2019, a report was 

released by World Health Organization 

(WHO) where drug resistance was 

mentioned to account for 700000 annual 

global deaths and in case the present state 

is left unresolved that number is 

anticipated to reach 10 million annual 

deaths by 2050 (4, 6). Recently, 

Acinetobacter baumannii (A. baumannii) 

emerged as an ESKAPE pathogen of 

utmost significance in nosocomial settings 

where they account for 20% of the total 

ICU bacterial infections (7-9). According 

to (10), the estimated number of the 

reported annual A. baumannii infections 

exceed 1000,000 cases globally with 

mortality rates as high as 80%. Due to a 

shortage in treatment options, WHO placed 

these bacteria as the most critical in their 

first priority list for antibiotic-resistant 

pathogens issued in 2017 (11). Moreover, 

A. baumannii was listed as an urgent 

pathogen in drug resistance threat reports 

(2013 and 2019 ) by the center for disease 

control and prevention (CDC) (12). What 

makes A. baumannii an alarming pathogen 

is a collection of virulence determinants 

and immense competence to withstand 

various antibiotic classes and harsh 

environmental settings (13). Infection 

frequency with these bacteria is lower than 

those caused by other gram-negative 

pathogens nevertheless the rate of drug 

resistance in A. baumannii exceeds those 

seen in other gram-negative bacteria by 4 

folds (14). The issue is more aggravated 

owing to their ability to form biofilm on 

various abiotic and biotic planes which 

increases chances of getting infected by 

these bacteria in addition to enhancing 

their resistance profile against desiccation, 

extreme pH, host immune attacks, and 

various antibiotic agents by 1000 folds 

compared to their planktonic phenotypes 

(9, 15, 16). Considering these facts, 

without significant interference, fears 

proceed to increase that A. baumannii 

infections might become untreatable in the 

near future (17). Hence, there is a need to 

search or develop novel antibiotics or other 

treatment modalities urgently for these 

challenging pathogens(18, 19). In this 

regard nanomaterials in particular silver 

nanoparticles (AgNPs) have emerged as a 

possible approach to inhibit biofilm 
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development in these superbugs due to 

their unique physicochemical features, low 

cost, non-toxicity, and elevated 

antimicrobial performance (20-22). 

Conventionally, various physicochemical 

roots can be employed for the fabrication 

of AgNPs however these techniques are 

accompanied by high cost, energy 

consumption, toxic chemicals, 

environmental hazards and are quite 

complex. Hence, green or biological 

origins are gaining popularity because to 

their easiness, non-toxicity, cost-

effectiveness, biodegradability, and low 

energy requirements. Bacteria are 

described as the elite candidate amongst 

the biological means by virtue of their 

remarkable aptitude to reduce heavy metal 

ions, low production cost, high abundance, 

and adaptability (23, 24).  A number of 

studies reported antimicrobial and 

antibiofilm effect of AgNPs (25-28). 

However, few reports exist regarding the 

antibiofilm effect of AgNPs on A. 

baumannii. The current study was carried 

out to investigate antibacterial and 

antibiofilm effect of bacteriogenic AgNPs 

on the multi-drug resistance (MDR) A. 

baumannii. 

 

Materials and methods 

Collection and identification of 

Acinetobacter baumannii isolates 

A sum of twenty-six non-duplicate A. 

baumannii isolates were gathered from 

multitude laboratories of bacteriology 

located in the capital of Iraqi Kurdistan, 

Erbil. A. baumannii ATCC 19606 was 

acquired from the Medya Diagnostic 

Center and employed as control during the 

research. The collected isolates were re-

cultured onto MacConkey (MA, Merck, 

Germany) agar plates and incubated under 

aerobic circumstances at 37ºC for 24 

hours. Several conventional and 

biochemical diagnostic procedures were 

performed to identify the distinct colonies 

as A. baumannii, as previously described 

by (29). Identification of the clinical 

isolates were confirmed via the automated 

Vitek-II system (Biomerieux, France). For 

future studies, pure cultures were stored at ̶ 

70 ºC as glycerol stocks.  

 

Antimicrobial susceptibility analysis  

Taking Clinical and Laboratory Institute 

(CLSI) recommendations into account, 

antibiotic agents were selected to examine 

the sensitivity of the isolates via disc 

diffusion method (30). Bacterial 

suspensions with a turbidity of 0.5 

McFarland were prepared and cultured on 

the Muller Hinton (MHA, Biomark 

Laboratories, India) agar plates. Following 

antibacterial agents were tested: 

Ceftazidime, piperacillin/tazobactam, 

gentamicin, ceftriaxone, 

ampicillin/sulbactam, levofloxacin, 

tobramycin, ciprofloxacin, amikacin, 

imipenem, trimethoprim/sulfamethoxazole, 

meropenem, cefepime, and doxycycline. 

Utmost resistant isolates were chosen to 

evaluate the inhibitory activity of AgNPs.  

 

Static biofilm analysis 

The biofilm formation wells of the 

identified strains was examined via 

microtiter plate assay outlined previously 

by (31) with minor alterations. Concisely, 

overnight cultures of the selected bacteria 

were added into the cavities of the 

microplate (MTP, Cito-test Labware, 

China) containing sterilized Nutrient-broth 

(NB, Neogen, USA) enriched with 2% 

glucose. As control, wells housing NB 

were employed. Following the 24 hours of 

incubation of the inoculated microplate in 

a static state, the wells were cleared from 

the supernatant and washed threefold with 

sterilized phosphate buffer-saline (PBS). 

Then, the wells of the MTP were stained 

via 1% crystal-violet solution and rinsed 

gently threefold with PBS to remove 

excess dye. Once dried, the wells were 

supplemented with 95% ethanol solvent to 

spectrophotometrically measure the 

produced biofilms at a wavelength of 490 

nm via Elisa (Bio-Tek Instruments, USA). 
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Most potent biofilm developers were hand-

picked to analyze the antibacterial activity 

of the AgNPs. Triple biological replicates 

were measured and standard errors were 

determined. 

 

Bio-fabrication of bacteriogenic silver 

nanoparticles 

P. aeruginosa ATCC strain 50126 was 

employed for the bio-fabrication of AgNPs 

according to the protocol detailed by (32) 

with minor alterations. The cell-free broth 

was obtained via high-speed centrifugation 

of the overnight culture of P. aeruginosa 

inoculated into sterile NB. Then a mixture 

of 500 mL of each of the cell-free extract 

and 4mm silver nitrate was prepared and 

incubated at a temperature of 60 ºC for 

three days in the absence of light. As 

incubation coarse terminated, the color of 

the reaction solution changed to deep 

brown and this was viewed as an initial 

sign for formation of AgNPs.  

 

Characterization of bacteriogenic silver 

nanoparticles  

Ultraviolet-visible (UV-vis) spectroscopy 

(UV-1900i, Shimadzu, Japan) was 

employed to confirm the bio-synthesis of 

the AgNPs. X-ray Diffractometer (XRD, 

PAN-analytical powder X-Pert, Holand)), 

Fourier-Transform Infrared Spectroscopy 

(FTIR) (Jasco, Japan), Energy-Dispersive 

X-Ray spectroscopy (EDX, Bruker, 

Germany), and Field Emission Scanning 

Electron Microscopy(FESEM-Quanta 450, 

USA) were operated at the 

 Scientific Research Centre of Soran 

University for additional characterization 

of the harvested nanoparticles (33).  

 

Screening antimicrobial impact of 

AgNPs 

The antimicrobial effect of the green 

AgNPs was assessed via well-diffusion 

technique (34). The turbidity of the 

overnight A. baumannii cultures was 

adjusted to 0.5 McFarland (OD adjusted to 

0.5 at 550 nm) and plated onto Mueller 

Hinton Agar plates. Then, 6mm wells were 

bored and 150 µL of nanoparticle solution 

was placed into the wells. Following this, 

the plates were placed in the incubator for 

24 hours at 37 ºC. A ruler was employed to 

measure the diameter of the formed 

inhibition zones around the wells. 

 

Calculation of Minimum and sub-

minimum inhibitory concentrations of 

AgNPs 

Minimum inhibitory concentration (MIC) 

values of the harvested nanoparticles in 

opposition to A. baumannii ATCC strain 

and ten of the most resistant and potent 

biofilm producer clinical isolates were 

assessed via broth microdilution technique 

based on CLSI instructions (35). In brief, 

10 μL of the selected overnight grown A. 

baumannii strains equilibrated to 0.5 

Mcfarland were added into the wells of the 

microplate containing 200 μL of various 

concentrations of NB and AgNPs mixture. 

Following this, the plates were placed in a 

rotating incubator at 37 ºC for 24 hours. 

Minimal concentrations with no apparent 

growth were labeled as MICs. Measures 

below MICs were indicated as 

subinhibitory concentration (SICs) values 

and were used to evaluate the anti-biofilm 

effect of the nanoparticles. 

 

Anti-biofilm impact of nanoparticles 

The competency of the bacteriogenic 

nanoparticles to inhibit biofilm 

development at SIC was assessed against a 

selection of 10 strongest biofilm producers 

and MDR isolates along with an ATCC 

strain of A. baumannii following the 

protocol formerly illustrated by (36). In 

brief, 200µL of sterile NB enriched with 

2% glucose was added into the wells of 

flat-bottom MTP. Then, 15 µL from the 

SIC wells of the former procedure (MIC) 

were added into the wells and incubated 

overnight at 37 ºC under a static state. For 

control, wells with bacterium inoculum 

and NB solely were considered. Liquid 

cultures were removed from the wells after 
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incubation, followed by three PBS rinses 

and 1% crystal violet staining. After the 

staining process, PBS was employed to 

rinse the excess dye from the wells, 95% 

ethanol solution was used for elution and 

an Elisa reader at the wavelength of 490 

nm was considered for quantification of 

the formed biofilms. 

 

Statistical analysis 

Graphpad Prism 8.0 software was used for 

the statistical analysis of the obtained 

results. For multiple comparisons, a two-

way analysis of variance (ANOVA) test 

was employed. Data interpreted as 

mean±SE.  

 

Results and discussion: 
A. baumannii isolates distribution and 

Antibiotic resistance pattern 

A total sum of 27 non-duplicate A. 

baumannii isolates together with ATCC 

strain (19606) were procured from various 

infirmaries in the Erbil governorate to 

carry out the current research. The clinical 

isolates were identified as catalase-

positive, indole-negative, oxidase-

negative, citrate-positive, and gram-

negative non-fermenting coccobacilli 

suited for growth on the MA culture 

medium. Vitek II automatic system was 

operated for validation of their 

identification as A. baumannii with 96 to 

99% probability rates. As for specimen 

types it was found that sputum accounted 

for (58%) of the recovered isolates 

followed by (27%), (12%), (4%) from 

wounds, blood, and CSF as illustrated in 

figure (1). Similarly, recent studies from 

Thailand and Iraq reported 80% and 32% 

of the A. baumannii isolates were 

recovered from sputum (37, 38). Their 

tendency to target the respiratory tract 

could explain isolation of these pathogens 

at a higher rate from sputum (39). Isolation 

of A. baumannii strains from wound, 

blood, and CSF mirror their proficiency to 

affect various sites such as septicemia, 

wound infections, meningitis, and urinary 

tract infections (13, 40). 

 

 

 

Kirby-Bauer assay was operated to assess 

the sensitivity of our isolates to the 

selection of 14 antibiotics chosen for this  

 

study. As observed in figure (2), all 

isolates exhibited minimum  

 

12% 4%

57%

27%
Blood

CSF

Sputum

Wound Swab

Figure 1: Diverse clinical samples retrieved from A. baumannii patients viz wound, CSF, 

sputum, and blood. 
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resistance (26%) against 

ampicillin/sulbactam whilst maximum 

resistance was shown against ceftazidime 

and cefepime by 100% followed by 96% 

amikacin resistance. 

 

 

Moreover, although infection rate by A. 

baumannii is relatively lower than other 

gram-negative pathogens such as P. 

aeruginosa, the rate of multi drug 

resistance among them is believed to reach 

45% which exceeds those observed in 

other gram-negative bacteria by four-folds 

(14, 41). In this respect, we arranged A. 

baumannii isolates into three categories 

(non-MDR, MDR and XDR) according to 

the results of the antibiotic-susceptibility 

assay. Biggest share (67%) of the isolates 

were XDR while 30% and 4% were MDR 

and non-MDR (Figure 3). In parallel with 

our results, Maspi et al reported a similar 

susceptibility pattern to ours where 71% of 

the isolates were designated as XDR A. 

baumannii (42). 

 

 

Biofilm assay 

Biofilms are well-known for their potential 

to promote pathogenesis and antimicrobial 

resistance, as bacteria living in these 

microbial structures are 1000 times more 

resistant to antibiotics than their planktonic 

or free-living counterparts (43). According 

to (16), the rate of biofilm development in 

A. baumannii is comparatively higher than 

in other species. In this sense, all of the 

Figure 3: Classification of A. baumannii isolates based on their resistance pattern. 

Figure 2 resistant, intermediate and sensitive percentage of A. baumannii isolates granted by 

antibiotic susceptibility test: AK (Amikacin); A/S (ampicillin/sulbactam); CEF (cefepime); 

CAZ (ceftazidime); CRO (ceftriaxone); CIP (ciprofloxacin); DO (doxycycline); GEN 

(gentamicin); IPM (imipenem); LEV (levofloxacin); MER(meropenem); P/T 

(piperacillin/tazobactam); TOB (tobramycin); T/S (trimethoprim/sulfamethoxazole). 

4% 
4% 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2023, Vol. 23, No.3 (research article) 

 

 

AJPS (2023)  313 
 

isolates exhibited varying degrees of 

biofilm production. As illustrated in figure 

(4), 11% of the isolates were labeled as 

strong biofilm developers, and 41%, and 

48% were recorded as weak and moderate 

biofilm creators. 

 

 

 

 

Bio-fabrication and characterization of 

bacteriogenic Nano-silvers 
P. aeruginosa ATCC (50126) strain was 

considered for the fabrication of AgNPs 

extracellularly. According to (33), 

enzymes in particular nitrate reductase 

along with silver-resistant genes, C-type 

cytochromes, peptides, and reducing 

cofactors warrant the bacteria ability to 

reduce/stabilize AgNPs. Following 

incubation of the reaction mixture, we 

inspected an alteration in the color of the 

solution to deep brown as illustrated in 

figure (5A). This color change is believed 

to be caused by an incident named surface  

 

plasmon resonance and is viewed as a 

preliminary sign of the reduction of silver-

ions to nano-silvers (44). Bio-reduction of 

silver nitrate to nano-sized silver was 

validated via UV-Vis technique. 2 to 100 

nm sized spherical AgNPs would be 

anticipated if a single UV peak was 

detected between 440 and 400nm (45). In 

the current study, the UV band for silver 

nitrate at a wavelength of 268 nm vanished 

following incubation with the cell-free 

extract for 72 hours and a new absorption 

peak occurred at a wavelength of 420nm 

suggesting bio-formation of spherically 

built nano-silvers (Figure 5B). 

 

 

Figure 5: A) a change in color from pale yellow to dark brown indicated biosynthesis                        

of nano silvers. 

B) UV-Vis absorption spectra at 420 nm of bacteriogenic AgNPs. 
 

11%

48%

41%
Strong

Moderate

Weak

Figure 4: Biofilm development rate of A. baumannii isolates in relation to the results 

acquired from the microplate analysis. 

 

 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2023, Vol. 23, No.3 (research article) 

 

 

AJPS (2023)  314 
 

FTIR analysis 

FTIR measurements were operated to 

analyze the possible functional groups that 

could be accountable for the bio-

reduction/capping of silver-ions. FTIR 

spectra observed in figure (6) displayed 6 

peaks at 1218, 1369, 1635, 1735, 2136, 

and 3266 cm-1 which are equivalent to the 

stretching vibrations of C-O for (alcohols, 

carboxylic acids, esters, ethers), C-H 

(alkane), C double bond (alkene), C=O 

(carbonyl), C≡C (alkyne) and O-H 

(alcohol) (46). Our results in line with 

findings of (47) who revealed presence of 

carbonyl and alkene groups following 

FTIR spectrum analysis of AgNPs 

synthesized by means of P. aeruginosa. 

Altogether, the FTIR technique confirmed 

the existence of several biomolecules that 

could be involved in the reduction/capping 

process of the green nano-silvers (48). 

 

 

 

XRD, SEM and EDX 

XRD technique was employed to validate 

the crystallin-nature of the harvested 

nanoparticles. The XRD pattern seen in 

figure  (7) exhibits 8 sharp peaks equivalent 

to the planes of face-centered cubic 

crystals of silver-nanoparticles. Standard 

data provided by the international center 

for diffraction data (ICDD) (JCPDS no. 

98-005-6538) was considered to support 

these findings. The intense distinct peaks 

are believed to result from the capping  

 

agents that aided in the stabilization of the 

green nanoparticles (49). Furthermore, 

with aid of XRD data, we managed to 

calculate an average crystallite size 

equivalent to 28.32 nm via the Dybe-

Scherer equation (D=Kλ/βhklcosθ) (22). 

Average crystallite size in this study was 

much smaller compared to previous reports 

that made use of Scherrer formula to 

calculate crystallite size (50, 51). 

 

20 

110 

40 

60 

80 

100 

4000 400 1000 2000 3000 

%T 

Wavenumber [cm-1] 

3266.82 cm-1 

2136.74 cm-1 

1635.34 cm-1 

1369.21 cm-1 1218.79 cm-1 

 

1735.62 cm-1 

Figure 6:  FTIR spectra of bacteriogenic silver nanoparticles. 
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SEM instrument was utilized to study the 

surface morphology and size of PA-AgNPs 

which appeared to be spherically shaped 

and polydispersed with a size range of 

45nm to 50 nm (Figure 8A). Our findings 

reveal smaller particle sizes and better 

dispersity compared to (47) where majority 

of nanoparticles had size range of 50 to 

100nm. According to (33), although green 

methods are biocompatible and safe, here a 

number of factors such as amino acids, 

cofactors, enzymes, and media components 

interact with and reduce the silver-ions 

hence resulting in polydispersity 

bacteriogenic nano-silvers. Moreover, the 

elemental composition of the harvested 

AgNPs was studied via the EDX 

technique. The absorption peak observed at 

3kev in figure (8B) validates the 

biosynthesis of AgNPs as stated by (52). 

The elemental weight of silver and 

chlorine were deemed to be 84.15% and 

15.85% respectively indicating a higher 

abundance of silver. According to (53), the 

chlorine peak observed could be attributed 

to the radiations emitted from proteins or 

enzymes within the cell-free supernatant. 

 

 

  

Figure 7: X-ray diffraction spectra of bacteriogenic silver nanoparticles. 

Figure 8: A) SEM photomicrograph of green synthesized AgNPs B) EDX data profile of 

bacteriogenic AgNPs 

A B 
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Screening of antibacterial effect of 

AgNPs 

An ATCC strain along with an MDR and 

XDR isolates were selected to evaluate the 

inhibitory potency of the obtained AgNPs 

via the agar-well diffusion technique. 

Three biological replicates were 

considered and the mean of the clear zones  

established around the wells was 

calculated. Exposure to 20mg/ml of the 

harvested AgNPs led to the formation of 

pronounced inhibition zones with a mean 

diameter of 16.3mm in the tested isolates 

after incubation at 37 ºC overnight as seen 

in figure (9). 

 

 

 

 

Antibiofilm activity of bacteriogenic 

silver nanoparticles at Sub-MIC 

MIC values for the bio-fabricated silver 

nanoparticles were first unmasked to 

assess their ability to reduce biofilm 

development in the tested isolates at Sub-

MIC values. In this respect, an ATCC 

strain along with 10 most potent biofilm-

developers were selected and the results 

revealed MIC range from 10-20 mg/ml 

along with corresponding Sub-MIC values 

of 5-10 mg/ml as observed in table (1). 

 

Bacterial isolates MIC (mg/ml) Sub- MIC  (mg/ml) 

1 10 5 

2 20 10 

3 20 10 

4 20 10 

5 20 10 

6 10 5 

7 10 5 

8 20 10 

9 20 10 

10 20 10 

ATCC (19606) 20 10 

Figure 9: Antibacterial effect of AgNPs against A) XDR, B) MDR, C) ATCC. 

 

 

Table 1: Minimal inhibitory concentrations (MICs) and Sub-MICs values of 

bacteriogenic AgNPs against MDR A. baumannii. 



Al Mustansiriyah Journal of Pharmaceutical Sciences, 2023, Vol. 23, No.3 (research article) 

 

 

AJPS (2023)  317 
 

 

 

 

 

Antibiofilm activity of the bio-fabricated 

nano-slivers at Sub-MIC values was tested 

via microplate technique and the results 

implied that subjection to the bacteriogenic 

AgNPs decreased biofilm-production 

ability of the tested isolates significantly as 

demonstrated in figure (10). The ability to 

penetrate the exopolymeric layer (EPS) 

along with depletion of ATP, ROS 

production, cell-membrane disruption, and 

interaction with extracellular DNA 

(eDNA), proteins, and lipids represent the 

antibacterial mechanism of AgNPs that is 

also believed to be associated with less 

bacterial resistance since the bacteria must 

develop several mutations at once to 

conquer AgNPs effect (15, 16). Moreover, 

unlike antibiotics, AgNPs can penetrate 

into deeper layers of the biofilm due to 

their minute sizes suggesting their 

efficiency for biofilm eradication (33). 

According to (54), the expression of 

various virulence determinants including 

biofilms are under the control of quorum 

sensing (Q) machinery. Therefore 

interference with this system might lower 

their biofilm formation potency and 

increase their susceptibility without 

enforcing evolutionary tension (55, 56). 

Henceforth, with the remarkable 

antibacterial and antibiofilm results 

obtained in our study, we suggest 

employing bacteriogenic AgNPs as a 

possible quorum quenching agent against 

drug-resistant bacteria such as A. 

baumannii which might provide an avenue 

to overcome drug resistance crisis in the 

post-antibiotic era. 

 

Conclusions 
Experimental data of this study reinforce 

employing P. aeruginosa efficiently for 

bio-fabrication of nano-sized silver in an 

economical green manner. All of our 

clinical isolates produced biofilms at 

various extents and majority exhibited high 

resistance to the tested antibiotics. Isolates 

exposed to the harvested AgNPs portrayed 

marked inhibition zones and their biofilm 

formation ability was significantly reduced 

at SIC values. To our knowledge this is the 

first report regarding antibacterial and 

Figure 10: Quantitative data of A. baumannii biofilm depletion by Sub-MIC of 

bacteriogenic AgNPs. Data are depicted as mean±SE. complete data are statistically 

significant at P< 0.0001. 
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antibiofilm effect of AgNP synthesized via 

P. aeruginosa against A. baumannii. 

Furthermore, since biofilms and various 

virulence factors are controlled by QS we 

recommend studying anti-QS activity of 

green AgNPs in drug-resistant pathogens 

such as A. baumannii which might serve as 

a new avenue to conquer drug-resistance 

catastrophe.   
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