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ABSTRACT 

 
The rise in production of Carbon out of pollution, medical sciences have started re-using the Carbon for treating 

various diseases because of it’s versatile character as a molecule. Because of the use of Carbon as a carrier 

molecule, the characterization of the Carbon Doped Cephalexin nanoparticles is also conducted in this work. 

The appearance of the gel is ash-black in colour depending on the concentration of Carbon used in formulation. 

The aim of the present work is to formulate Carbon doped Cephalexin Nanoparticles as topical gel for testing its 

anti-microbial activity and also to check it’s mechanism of action with the help of bio-film formation. In this 

article, the anti-microbial activity of the Carbon doped Cephalexin nanoparticle gel is tested against organisms 

like Protease, E.coli, and Staphylococcus sp. and Bacillus substilis as well as it’s mechanism of action is tested 

using anti-biofilm production. The phase 0 of the clinical trials is conducted in this work in order to understand 

its anti-microbial characteristics. After formulating various batches of the Carbon doped Cephalexin topical gel 

based on varying concentration of Carbon, CC5 has been able to show the highest property of gel characteristic 

out of all the batches. Followed by several evaluation tests being conducted including the microbial assay, it was 

found that CC2 and CC5 showed the highest zone of inhibition, that is, highest anti-microbial activity out of all 

batches. The formulations has hence proven to show their respective anti-microbial activity against broad-

spectrum of microbes with their respective mechanism of action being studied using the bio-film preparation 

and its ability to rupture the bio-film produced by the microbes. 

 

KEYWORDS: Cephalexin, Carbon nanoparticles, Zero phase, Antibacterial activity. 

 

INTRODUCTION 

Nanoparticle is new path towards the novel drug delivery system which ranges between 1 to 100 nm in size. 

Though invisible to naked eyes of human beings, yet nanoparticles can exhibit different physical and chemical 

properties significantly as compared to other conventional drug delivery counterparts. The European 

Commission has stated that the particle size as per the number size distribution must be less than 100nm1. The 

nanoparticles have been categorized which includes fullerenes, metal nanoparticles, ceramic, and polymeric. 

mailto:kavithar@srmist.edu.in
https://www.sciencedirect.com/topics/chemistry/fullerene
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Because of possessing these characteristics, the nanoparticles have started to serve for various commercial as 

well as domestic applications, including catalytic reaction, various types of imaging, medicinal applications, 

research based on energy consumption, as well as for environmental applications like treatment of pollution2. 

Carbon has been found to be extremely essential in life because of it stability to form variety number, types of 

chains of different lengths. Carbon nanotubes (CNTs) or carbon nanoparticles are allotropes of carbon. These 

particles possess certain impressive  such as structural flexibity , strong mechanical support, and electronic 

properties as these particles are small size and in mass3. Carbon-Nanotubes and nanoparticles have competently 

being used in Pharmaceutical field and medicinal field because of having  high surface area which is proficient 

enough of adsorbing and conjugating with a wide variety of therapeutic as well as diagnostic agents such as in 

drug preparations, gene therapy, vaccine production and storage, antibodies, biosensors, etc. These particles has 

now established to be an excellent vehicle for delivery of the drug straightway  into cells without getting 

metabolized in the body4. 

 Drug Delivery System over Topical Region 

Topical drug administration is a type of drug delivery or administration system which is localized at ophthalmic, 

rectal, vaginal and skin as some of the topical routes5.  Novel topical dosage forms are a type of topical drug 

delivery systems which advances in using the carrier molecule as well as the main active pharmaceutical 

ingredient in minute sizes, ranging between micrometres to nanometres. 

Features of Gel type of Dosage form 

Gels are found to be highly stable and also have shown to avoid first pass metabolism, high retention time over 

the skin when applied, gives a cooling effect over the skin. Due to the increase in number of geriatric population 

and rising incidences of chronic wounds are some of the key factors which will drive the demand for gels in the 

upcoming years. However, the  gel based topical dosage form market has been estimated to reach about 129.8 

billion USD by the year 2025 at a CAGR of 6.4% in the midst of the forecast period itself6. Cephalexin has 

shown the ability to act towards certain type of  bacterial infections, which includes the ear , bone  and  joint 

regions,  skin, and urinary tract region. 

MATERIALS AND METHOD 

Preparation of Carbon Soot 

The carbon soot (CS) was prepared by combustion of candles and by using aluminum foil as obstruction for the 

collection of Carbon soot. For the above procedure, white candles about 400g were burnt under aseptic 

condition the soot was collected from the candles by keeping aluminum foil closely in contact with the flame of 

the candle. A thick coat of the soot was collected on the aluminum foil and was cooled. The aluminum foil was 

scrapped and the power was collected on another aluminum foil was stored in  desiccator(anhydrous Calcium 

chloride)7. It took about 12 hours for complete combustion of candles. 

Purification of Carbon Nanoparticle 

For purification, Acetone: water in the ratio of 3:1 was used for the dissolution of the crude collected soot. After 

centrifugation, the undisclosed residue was discarded.  After that clear solution was collected and heated in 

water bath was employed for evaporation of the solvent from the solution. Furthermore, powder form of 

Cephalexin doped carbon nanoparticles was collected. The solubility of nanoparticles was tested and was found 

to be soluble in acetone, methanol, and chloroforms8.  

Preparation of Cephalexin Doped Carbon Nanoparticle Gel  

https://en.wikipedia.org/wiki/Bone_infection
https://en.wikipedia.org/wiki/Joint_infection
https://en.wikipedia.org/wiki/Skin_infection#Bacterial
https://en.wikipedia.org/wiki/Urinary_tract_infection
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1 gm of cephalexin dissolved in 5ml of methanol to this prepared carbon nano particle was added and mixed 

well to obtain a grey colored suspension. The solution was transferred to China dish and solvent was made to 

evaporate to leave behind the drug doped carbon nanoparticle went for SEM analysis picture obtained. 9 

0.2g drug doped carbon nanoparticle was dissolved in sufficient amount of 0.1ml chloroform  and 0.1 ml of 

Tween 80 was added continuously with stirring and it was stirred until odour of chloroform was removed and a 

dry agglomerate was obtained10. In a beaker 0.28g of disodium hydrogen phosphate and 0.11g of potassium 

dihydrogen phosphate was mixed in 10ml of water for the formation of phosphate buffer(10ml) at pH 6.8 . The  

phosphate buffer was added to the nano dispersion(agglomerate) and a viscous formulation was obtained.  

Varying amount of Carbopol 934 (as show in table) was added and using magnetic stirrer for 2 hours until the 

gel consistency was obtained. Triethanolamine maleate was added of about 0.5ml in order to neutralize the 

mixture and provide appropriate consistency 11. All the formulations prepared were tested for FT-IR analysis & 

UV12.  

Drug Content: 1 gm of a Cephalexin doped carbon antimicrobial gel formulation was taken and the vesicles 

were introduced with 25ml of methanol by sonication for 15min. The solution was then placed in a 

centrifugation tube and was centrifuged at 10,000 rpm for 30 mins. Solutions were then diluted with 100ml with 

phosphate buffer of pH 7.4. Drug content was calculated for Cephalexin by using UV spectrophotometer at 254 

13. 

Table 1: Cephalexin Doped Carbon Nanoparticle Gel Formulation 

 

In-vitro Release Study 

An exact amount of formulation is spread out on membrane the donor and receptor available over the diffusion 

area (cathode).  The receptor compartment (anode) was then filled with phosphate buffer at pH 6.8 and was 

continuously blended with a small magnetic bar at a speed of 50 rpm. The sample were withdrawn at different 

time intervals and replaced with same volume of phosphate buffer solution. The sample were analyzed in 

spectrophotometer 14. 

Antibacterial Activity 

Antibacterial activity of Cephalexin doped carbon nanoparticles was tested against several species of gram 

positive as well as gram negative bacteria with the help of cup plate method. The zone incubation was measured 

around each cup and compared with Cephalexin gel with out carbon nanoparticles. The entire operation was 

carried out in a laminar air flow unit. Each formulation solution was tested in triplicate 15. 

Anti-Biofilm Activity 

For testing the procedure of how the Cephalexin doped carbon nanoparticle gel works, a 96-well microtiter plate 

(flat bottom made of polystyrene) was being used for determining the anti-biofilm activity of the cephalexin 

 CONCENTRATION 

S.NO FORMULATION TWEEN 80 CEPHALEXIN CARBOPOL 934 CARBON 

1 CC 1 0.1ml 0.1gm 0.5gm  0.1gm 

2 CC2 0.1ml 0.1gm 0.5gm 0.15gm 

3 CC3 0.1ml 0.1gm 0.5gm 0.2gm 

4 CC4 0.1ml 0.1gm 0.75gm 0.1gm 

5 CC5 0.1ml 0.1gm 0.75gm 0.15gm 

6 CC6 0.1ml 0.1gm 0.75gm 0.20gm 

7 STD 0.1ml 0.2gm 0.00 0.2gm 
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doped carbon nanoparticles gel as described by Guru Natham et al (2014) 16 and  Bharapet et al (2016)17 . The 

percentage of inhibition of biofilm formation was calculated using following equation 

%Biofilm Inhibition = 1 – [OD620 of cells treated by Carbon nanoparticle/OD620 of the non-treated particles 

(control)]×100 

RESULTS AND DISCUSSION 

Percentage Drug Content 

From the given statistical graph, it can be observed that the highest drug content out of the 6 formulation was 

found for CC6 , that is, 95.14%and the lowest drug content was found for CC4,that is, 85.25%. Hence, from the 

results obtained, it can be said that the drug has not degraded in the 6 formulations prepared. Therefore, 

Cephalexin doped Carbon nanoparticles are compatible showing consistent drug content throughout.                                                                                      

pH value of tropical Cephalexin doped carbon nano particle  

From the given statistical graph, it can be interpreted that the highest noted value of pH was seen for CC5, that 

is, 9.12 and the lowest was noted for CC2, that is, 8.42.From the results obtained, it can be concluded that all the 

formulations were in successful in showing the optimised pH required for the formulation of the topical dosage 

form. 

Grittiness 

All the 6 formulations were successful in showing the required degrees of freedom as we can observe how 

evenly, all the 6 formulations have spread over the glass slides and the same was observed using an electron 

microscope. Hence fulfilled the required degrees of freedom from the particulate matter, none of the 

formulations showed grittiness.  

                                                                                       

 

Figure 3: In-vitro drug release                           Figure 5: FT-IR of the formulated topical gel CC5 

    

In-Vitro Drug Release 

From the 6 formulations being studied for in-vitro drug release, it was observed that CC2 and CC5 had the 

highest cumulative amount of drug release of 95.67% and 95.59% respectively for upto 6 hours using 

cellophane membrane. The release rate of Cephalexin doped Carbon nanoparticles for the CC2 and for CC5 

formulation was significantly higher then the other 4 formulations. Hence CC2 and CC5 can be considered as a 

good alternative formulation for decreasing the frequency of dose and also for proper maintenance of the 

concentration of the drug at the site of action. Given below shows the final report of the in-vitro drug release 

study. 
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FTIR 

FT-IR spectra for the active pharmaceutical ingredient, Cephalexin and for the prepared topical gel was obtained 

using FT-IR JASCO 460. The graphs were obtained as shown in Figure 5. From the graphs obtained, and the 

standard graph of the Cephalexin 18 where compared, there was not any adverse interaction noted between 

Carbon and Cephalexin.  

SEM Analysis 

The Carbon nanoparticle were observed to be clean, spherical shaped, fulfilling the required nanosize. The SEM 

picture shown as the surface micrographs at different magnification shows the irregular coagulation of large 

lumps over the surface of the soot sample along with major black pores and fissures in formulation.  SEM image 

shows that there is no breakage and even distribution of the drug particles with the carbon carriers and the size 

of the particle are in the range of less than 90nm to 50nm, which results where matching with the previous 

study819. 

 

 

 

 

 

 

 

 

 

Figure 6: SEM Image. A: Cephalexin doped Carbon nanoparticles topical gel. B&C: Carbon nanoparticles 

ANTI BACTERIAL ACTIVITY: 

Anti Bacterial Activity 

The table shown here gives us a clear evidence on the anti-bacterial activity with the formation of zone of 

inhibition of different concentration of Cephalexin doped Carbon nanoparticle gel over various concentration of 

pathogenic bacteria is displayed in the table using Dunnett’s posttest. From the study conducted, we were 

revealed to that the Nanoparticles which were incorporated in the topical gel were very effective against both 

gram-positive (Staphylococcus aureus and Bacillus substillis) and gram negative ( E.coli and Proteus vulgaris) 

bacteria by showing higher zone of inhibition than the standard gel formulation. The table given below shows 

the zone of inhibition for several formulations. 

Table 2: Anti-Bacterial activity of formulation of Cephalexin doped Carbon nanoparticles topical gel 

FORMULATION 

Zone of inhibition in mm 

Escherichia coli 

(ATCC 2592) 

Bacillus substilis 

(ATCC 2717) 

Protease vulgaris 

(ATCC 2612 ) 

Streptococcus 

aureuses 

(ATCC 2923) 

STD 14±0.03mm 15±0.12mm 20±0.45mm 18±0.21mm 

CC1 16±0.04mm 27±0.32mm 23±0.27mm 20±0.35mm 

CC2 24±0.05mm 26±0.23mm 25±0.62mm 23±0.56mm 

CC3 15±0.06mm 28±0.34mm 24±0.28mm 25±0.23mm 

CC4 20±0.05mm 27±0.25mm 23±0.43mm 26±0.67mm 

CC5 24±0.08mm 26±0.65mm 22±0.36mm 27±0.12mm 

A B C 
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CC6 29±0.15mm 28±0.34mm 24±0.34mm 24±0.23mm 

 

  

Figure 7: Zone of inhibition of  the cephalexin doped carbon nanoparticles against pathogenic bacteria. a)Staphylococcus aureuses 

(ATCC 25923) b)Bacillus substilis (ATCC 2717) c) Escherichia coli (ATCC 2592) d) Protease vulgaris (ATCC 2612 ) 

Anti-Biofilm activity 

In vitro anti-biofilm activity of Cephalexin doped carbon nanoparticle gel of several formulations were being 

estimated in a dose dependent manner against the biofilm forming microbes, that is, E.coli, Bacillus substillis,  

Proteus vulgaris and Staphylococcus aureus species. All the species were grown in 96 well plate microtier 

plates for 24 hours and the observations were noted as shown in the table. The MICs of Anti-biofilm activity for 

several formulations were being expressed in terms of percentage biofilm activity and it was revealed that the 

biosynthesized carbon doped Cephalexin doped carbon nanoparticles inhibited the biofilm formed by the 

bacterial species, relative to the negative control being used in the experiment. The MICs of anti-biofilm activity 

was expressed in  percentage biofilm activity and all Cephalexin doped Carbon nanoparticles , irrespective of 

which concentration of carbon were used in their synthesis, exhibited an excellent MIC value against bio-film 

formation 3. 

Table 3: Percentage reduction in biofilm activity of the Cephalexin doped Carbon nanoparticles topical gel on the bacteria 

 

CONCLUSION 

From the above evaluation , it was found that the Cephalexin doped Carbon Nano-particle incorporated gel has 

proven to have all the properties required to be   present in a Novel Topical Dosage Form like optimized size, 

shape required for better penetration through the skin and also for treating various bacterial infection. Out of the 

6 formulations prepared of varying concentration of Carbon, CC5 has proven to show the highest anti-microbial 

activity and highest level of drug content. For upcoming studies, the CC5 formulation can be submitted for the 

in-vivo studies.  
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