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Abstract 

Gentamycin is a broad-spectrum antibacterial against Gram-positive and 

Gram-negative bacteria. Gentamycin Sulfate is a white powder that is 

freely soluble in water and insoluble in alcohol, acetone, chloroform and 

ether. The study aims to determine the characterization and the 

biological activity of gentamicin in the Nano-form prepared by Sol-gel 

application using an ultrasound device by aqueous solution at 

temperature of 80°. Nano gentamycin examined by Scanning electron 

microscopy (SEM), transmission (TEM) and the antibacterial effect test 

of both Nano and stander gentamycin were analyzed. The results 

showing that the average size of gentamycin nanoparticles is 68.51 

nanometers with homogeneous distribution. The antibacterial effect of 

Nano gentamycin take a wide inhibition range of Gram-positive and 

Gram-negative bacteria compared to the standard substance, the 

inhibition diameters are for E. coli (29 mm) and for St. epidermidis (27 

mm). In the other side the inhibitory ability for standard gentamicin for 

St. epidrmidis and E. coli were 18 mm and 20 mm, respectively.

  

1. Introduction 

Gentamycin Sulphate: the antibiotic Gentamycin, which is an antibiotic has activity against gram-negative and 

gram-positive and gram-positive bacteria. Gentamycin it is an antibiotic belonging to the family of 

aminoglycosides, which is a mixture of sulphate microbial substances produced from the growth of bacteria 

Micromonospora purpurea. They are gentamycin C1, C1a, C2, C2a, Cb. Gentamycin Sulphate is a white powder 

that is freely soluble in water and insoluble in alcohol, acetone, chloroform and ether and is a broad-spectrum 

bacterial antibiotic (except for anaerobic bacteria and streptococcus) [1]. It is involved in the reversible binding of 

the S30 ribosome unit, as it works to inhibit the formation of the mRNA complex, thus leading to preventing 

protein synthesis, which results in the death of the bacterial cell [2]. 

Sol - gel technology:  The name sol-gel is derived from the fact that the micro-particles or molecules in a solution 

(sol) agglomerate and under controlled conditions finally bond together to form a cohesive network (gel) . There 

are two types of the sol-gel technique: the first type is called the colloid method, and the second type Polymeric 
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method [3]. Both types include dissolving or suspending substances in a suitable liquid, usually the water in the 

colloidal type and alcohol in the polymeric type, so that the active substances interact together to form the gel and 

the gel grows over time and heat and also the volume of the container. At this point, the viscosity of the liquid will 

increase until it reaches to gel state [4]. 

Sol - gel technology has many advantages that made it used instead of other technologies [5], including: It can be 

operated or sterilized at high temperatures, it does not swell or shrink when in contact with liquids, it is more 

resistant to corrosion and Low costs. 

The application of the antibiotic nanoparticle mechanism has been shown to provide several advantages over 

conventional administration and methods, including the ability to deliver the drug to a specific site in the cells of 

the body [6, 7].  The nanoparticles can also be exploited to facilitate the continuous release of the antibiotic and to 

reduce the amount and the number of doses. Moreover, nanoparticles can block the drug inside the body, which 

reduces the systemic toxicity caused by conventional administration of the drug. The present study aims to evaluate 

the bioactivity of gentamicin Nano-prepared [8]. 

2. Experimental Procedure 

Preparation of Gentamicin Nano Sol-Gel Method 

Prepare nanoparticles by using the Sol gel method, which is the simplest method by reducing the particle size. 

Preparation of nano gentamicin, in brief: gel of gentamicin was prepared as follows:0.01g of gentamicin sulfate 

was dissolved in 400ml of distilled water, then 600ml of ethanol was added slowly at 50°C, and 6ml of CH3COOH 

(47%) was added drop wise then mixed to get clear solution and at a temperature of 80 ° using the Probe Sonicator 

as a catalyst and a hydrolysis agent that transforms the material in the final stage with increasing temperature’s 

solution into the Nano form [9]. 

Characterization Measurement of Nano- Gentamicin 

Atomic Force Microscopy 

To observe the surface roughness and topography of the sedimentary thin films, they are examined with a Scanning 

Probe Microscope (SPM), which was examined at Baghdad University / College of Science [10].  Scanning 

Electron Microscopy (SEM)            

Scanning Electron Microscope 

A scanning electron microscope is used to view the nanostructures and examine the surface morphology of the 

samples, as the samples were examined with a scanning electron microscope Inspect S50 with a magnification 

power of (X2000) at CAC Lab. 

Transmission Electron Microscopy (TEM) 

The transmission electron microscope is used to understand the properties and size of nanoparticles. Testing was 

performed with a Tecnai G2 20 at 200 kV at CAC Lab.  

Biological Activity Test 

The bacteriological assay of gentamycin nanoparticles gel was performed by using two kinds of bacteria 

Staphylococcus epidrmidis and Escherichia coli were obtained from the culture collection of Veterinary Drug 

Center, Ministry of Industry and Minerals, (Baghdad, Iraq). The antibacterial Susceptibility assay was used to 

detect the inhibitory effect of gentamycin against the negative and positive Gram-positive bacteria. By using the 

Agar Muller-Hinton culture medium,   1ml of the bacterial suspension was spread and the plates were left at room 

temperature for 15 minutes after which the Holes were drilled in the culture medium inoculated with bacteria with 

a sterile perforator with a diameter of 7 mm, and by a fine mechanical pipette, transferred 50 μl of the gentamicin 

solution  placed inside the tips, then the dishes were incubated at 37 °C for 18-24 hours, then the results were taken 

by measuring the diameter of the inhibition area, which represents the area Non-growth of bacteria surrounding 

the hole with a ruler [11]. 

 

 

 



Iraqi Journal of Industrial Research, Vol. 8, No. 2 (2021) 
 

86 

NANO 2021 

Special Issue 

3. Results and Discussion 

Characterization of Nano – Gentamicin 

Atomic Force Microscopy (AFM) 

The surface characteristic of gentamicin nanoparticles was determined by atomic force microscopy (AFM). The 

average surface roughness is 4.02 nm, the increased in surface roughness of gentamicin nanoparticles will enhance 

light absorption in photodetector applications and the highest grain size is 17 nm were obtained by using (AFM) 

test, showing the homogeneous cumulative distribution of gentamicin nanoparticles and the different grain size in 

the Nano gel, as shown in Table (1) and Figure (1). The results showed that the average diameter of gentamycin 

particles was 68.51 nm. 

Table (1). Different size of gentamicin nanoparticles in the Nano gel 

Avg. Diameter:68.51 nm <=10% Diameter:0 nm 

<=50% Diameter:65.00 nm <=90% Diameter:80.00 nm 
 

Diameter(n

m)< 

Volume(

%) 

Cumulation

(%) 

Diameter(n

m)< 

Volume(

%) 

Cumulation

(%) 

Diameter(n

m)< 

Volume(

%) 

Cumulation

(%) 

55.00 

60.00 

65.00 

10.27 

16.44 

15.75 

10.27 

26.71 

42.47 

70.00 

75.00 

80.00 

15.07 

13.70 

8.90 

57.53 

71.23 

80.14 

85.00 

90.00 

95.00 

13.01 

3.42 

3.42 

93.15 

96.58 

100.00 

 

 
Figure (1). AFM image Cumulative homogeneous  distribution  of CSPM-tested nanoparticles of gentamicin. 

SEM and TEM Electron Microscope 

The SEM assay confirmed that the gentamicin particles reached the nanoparticle shape and size. The test also 

showed four dimensions of the gentamicin nanoparticle ranging from (19-31) nm. The gentamicin particles are 

relatively spherical and uniformly shaped particles as shown in Figure (2). There was a minimal amount of particle 

clumping as well. Agglomeration is a phenomenon that arises from the sticking of particles together one after the 

other. The reason for this is that gentamicin has a hydrophilic nature; Inevitably traces of water remain inside the 

particle or near the surface [12]. This is consistent with AFM test. The samples were examined with an EDX 

device attached to a scanning electron microscope, through which the quality and quantity of elements present in 

each sample as shown in Figure (3) and the peaks of cadmium and calcium were observed in the Figure as well as 

oxygen that served as a cover for the nanoparticles. The result of the TEM assay confirmed the surface roughness 

of the gentamycin nanoparticles and the homogeneous cumulative distribution. 
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Figure (2). Shows the SEM images of gentamicin nanoparticles. 

 

Figure (3). Shows the EDX pattern of gentamicin nanoparticles. 

 

It is important, since surface roughness plays a major role in controlling the initial release of antibiotics, as rough 

surfaces establish a larger area for antibiotic release [13]. The transmission electron microscope is a good tool 

for confirming the structure and shape of materials. The images taken with (TEM) showed that the nanoparticles 

of gentamycin are spherical, uniformly distributed and have a rough surface as shown in Figure. (4) 
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Figure (4). Shows (TEM) image of gentamycin nanoparticles. 

Biological Activity Test 

The bacteriological assay of gentamycin nanoparticles gel was performed by using two kinds of bacteria 

Staphylococcus epidrmidis and Escherichia coli were obtained from the culture collection of Veterinary Drug 

Center, Ministry of Industry and Minerals, (Baghdad, Iraq), from Figure. (5) The clear zone represent the inhibition 

zone (no bacterial growth). The nanoparticle gel showed super inhibitory ability as show in Figure. (5) , the 

diameters of inhibition for St. epidrmidis and E. coli, were 27 mm and 29 mm, respectively and that is due to their 

different cell walls. In the other side the inhibitory ability for standard gentamicin for St. epidrmidis and E. coli 

were 18 mm, 20 mm respectively as shown in Figure. (5) And as shown in table (2). The zone S means standard 

gentamicin and the zone T means gentamycin nanoparticles. The reasons for the inhibitory ability of gentamycin 

nanoparticles higher than the inhibitory ability of standard gentamicin due to the Nano encapsulation gentamicin 

enhances its cellular accumulation and improves its effectiveness against intracellular bacteria [14] and also due 

to nanoparticles structures, and the antibacterial activity increased with increasing the anti-biotic content [15]. 

Table (2). A Comparative between the biological activity of Standard gentamicin and nano gentamicin. 

Sabstans / Concentrations 

mg\ml 
E.coli St. epidrmidis 

Standard gentamicin 0.01 20 mm 18 mm 

Nano gentamicin 0.01 29 mm 27 mm 
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Figure (5). Inhibitory activity of gentamycin nanoparticles and Standard gentamicin in E. coli & St. epidermidis. 

4. Conclusions 

The antibiotic Gentamicin transform successfully to the Nano form with the average grain size 68.51 nm with 

using Sol- gel method. AFM, SEM & TEM tests confirm that is the Nano-Gentamicin particles have the surface 

roughness and the homogeneous distribution. The biological activity of Nano-Gentamicin was super than the 

biological activity of standard Gentamicin. 
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