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Abstract: Now a days the emergence of antibiotic resistant bacterial pathogens are considered as the major
alarm, there is a need to concentrate on the synthesis of new antibacterial agents. Most of the public getting
aware about the beneficial role of conventional methods like usage of copper and silver vessels to act against
bacterial pathogens. Copper is a trace element metal particle that is highly useful to inhibit microbial growth in
media by means of disrupting membrane permeability leads to cellular damage and cytolysis. To keep all these
in mind an objective with the study of in vitro antibacterial analysis of copper in solution to bacterial pathogens
isolated from the wounds. Battery of seven bacterial isolates for wound and six laboratory bacterial strains
were included in this investigation. As a result, among the wound isolates, Staphylococcus aureus, Klebsiella
pneumoniae and Pseudomonas aeruginosa inhibited at the maximum concentration of 4% copper solution with
20mm zone of inhibition each; whereas among laboratory isolates Serratia sp and Providencia rettigeri were
shown with 20 and 18mm inhibition. Thus from this study, it was clearly identified that the copper may be useful
as external antibactieral solution for wound care and avoiding infections.
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I.  Introduction

Prevention of Hospital Acquired Infection (HAI) is a major issue in the hospital environment. A huge
emergence of different antimicrobial resistant microbial strain is leads to the development of effective
antibiotics®. Recent, study reported that, nearly 3.2 million HAI was recorded between 2011- 2012 in the
European country. To overcome this issue, new antimicrobial materials are highly needed. In this situation,
metals and its derivatives have the ability to resist against bacteria, since ancient times®. HAI increased the
severity of the infection, hospitals may also increase and screening of antibiotic is highly complicated”.

Despite the technical advancement in the surgical procedure HAI is still a major problem. Hospital
acquired infection is patient and surgical procedure related, it’s varied from hospital to hospital®®. After the
discovery of the relationship between the pathogens and its virulencity, antibiotics were arising. Continuous
usage of antibiotics against specific pathogens may leads to the development of Multi-drug resistant (MDR). In
the healthcare industry, this is the crucial situations to develop a new, effective and environment friendly
antibiotic to treat the MDR'.

Now the researchers are use metal and its derivatives to treat MDR in a better way. Recent studies
revealed that the metals and metallic derivatives have an ability to work against Multi- Drug Resistant (MDR) in
an effective way®. Antimicrobial activity of metal ions was well established from ancient days also® which are
used to treat various infections and disease™. Copper is used as disinfectant'* and copper based utensils,
drinking water containers and water pipes are used in ancient days, this avoids the spread of microbial
infections?.

Copper is an essential metal for most of the organisms, thus helps to their growth and functions™. In
and around the 19™ century the use of copper in various countries like Greeks, Romans, Aztecs and others, used
to treat headache, burns, intestinal worms, ear infection and also for general hygiene. The US Environmental
Protection Agency (EPA) in 2008, officially reported that, the copper and its alloys as the foremost effective
metallic antimicrobial agent. Copper alone have an ability to kill 99.9% pathogens within 2 hour and its quick
progress done by “contact killing”, thus allows rapidly eliminate the pathogens. The pathogenic Kkilling

DOI: 10.9790/0853-1707092226 www.iosrjournals.org 22 | Page



In vitro antibacterial analysis of copper solution (microparticle) — a novel anti-infective molecule ..

mechanism takes place at a rate of at least 7-8 folds per hour and there is no sufficient environment available for
microbial growth**,

A new awareness of copper’s medical potency was spawned by the observation that copper workers
appeared to be immune to cholera in the 1832 and subsequent outbreaks in Paris, France®**°. The mechanism of
copper on microbes were done by ways: the presence of Cu+ ions on the surface of the microbes damage the
integrity of cell membranes, then directly damage the bacterial proteins, finally induces the formation of highly
damaging hydroxyl radicals which can able to damage the entire cell'”*®, The administration of copper ions
induces the inactivation of enzymes’*®. Copper containing materials for surfaces in the hospital environment
may be a valuable adjunct for the prevention of healthcare-associated infections®. This study is designed in such
a way to determine the in vitro antibacterial activity of various concentrations of copper solution against
bacterial isolates from wound and laboratory bacterial strains.

Il. Materials And Methods

Sample and bacterial culturing

Sterile swab specimen from pus and wound samples were collected and aseptically dispensed in sterile
nutrient broth in bedside itself and transported to the laboratory for further macroscopic, microscopic and
cultural analysis. The pre-enriched swab specimens were inoculated into the Nutrient agar, MacConkey agar and
Blood agar plates and were incubated at 37°C for 24 hours. The macroscopic analysis like colony morphology,
color and shapes were recorded. Microscopic examination, including gram’s staining, motility and special
staining were done according to the suspected bacterial colonies. Futher, the bacterial strains were confirmed at
genus and species level by standard and routine biochemical tests.

In vitro antibacterial activity of copper solution

Various concentrations of copper solutions from 1 to 4% were prepared for analyzing the antibacterial
potential. Muller Hinton Agar plates were prepared and checked for its sterility. The bacterial isolates from
wound specimen and laboratory cultures were included in this study. Each bacterial isolates were seeded on
MHA plates separately. Four wells were prepared using agar puncher and 100ul of all four concentrations of
copper solutions were loaded and noted. All the processed plates were incubated at 37°C for 24 hours for the
determination of zone of minimum and maximum inhibition.

I11. Results
The bacteria isolated and identified from this study were Proteus sp, Staphylococcus aureus,
Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Enterococcus sp and Micrococcus sp.
Further, the abovesaid wound based isolates and laboratory isolates including Salmonella typhi, Providencia
rettigeri, Klebsiella oxytoca, Serritia sp and Salmonella para B were analyzed for its in vitro antibacterial
activity. Among the wound isolates, S. aureus, K. Pneumoniae and P. aeruginosa showed maimum zone of
inhibition (20 mm) at the maximum concentration of 4% whereas Proteus sp (18 mm), E. coli (16 mm) and
Flavobacter sp (16 mm) showed moderate level of inhibition and Enterococcus sp (11 mm) showed least

inhibition rate at all the concentrations (Table 1 and Figure 1).

Table 1: In vitro antibacterial activity of copper solutions

No. Bacterial pathogens Concentration of Cu solution verses zone of inhibition in mm
1% | 2% | 3% | 4%

Wound pathogens

1 Proteus sp 15 16 18 18

2 Staphylococcus aureus 10 14 16 20

3 Klebsiella pneumoniae 10 13 17 20

4 Escherichia coli 10 12 14 16

5 Pseudomonas aeruginosa 17 20 20 20

6 Enterococcus sp - 5 8 11

7 Flavobacter sp 10 12 14 16

Laboratory isolates

8 Salmonella typhi 5 10 13 16

9 Providencia rettigeri 10 12 15 18

10 Shigella sonnei 10 12 13 13

11 Klebsiella oxytoca 6 10 12 15

12 Serratia sp 13 15 20 20

13 Salmonella para B - - 7 10
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Among the laboratory isolates, maximum zone of inhibition observed in Serratia sp (20 mm) and
P. rettigeri (18 mm); moderate inhibition in S. typhi (16 mm) and K. oxytoca (15 mm) and least inhibition
observed in S. sonnei (13 mm) and S. paratyphi B (10 mm) (Table 1 and Figure 1). The result confirmed that the
copper has an ability to act against bacterial pathogens. While increasing the concentration of the solution, the
inhibition rate was also proportionally increased.

Figure 1: In vitro antibacterial
activity among the wound and
laboratory isolates

A -Ecolii B -Klebsiella;
C -Pseudomonas: D -S. paratyphi B

E —Enterococcus; F —Proteus sp; G —S. sonnei; H—P. rettigeri; 1 — Serratia;
J-K. oxytoca; K —S. aureus; L —Flavobacter sp and M — S. typhi

V. Discussion

Several studies reported that the metal stress on bacteria may reduce the bacterial function and activity.
Long term association and concentration of copper solution may enhance the bactericidal nature of the metal
and avoid the presence and survival of such bacterial community environment®?. Another study describe that
the bactericidal effect of copper is better than ampicillin and streptomycin®. The antibacterial activity of copper
was well studied against P. aeruginosa when compare with S. aureus and Sarcina lutea were recorded®*%, but
in this study P. aeruginosa, S. aureus and Serritia sp showed maximum zone against copper solution. A study
stated that the synergistic effect of copper and lactic acid also showed the better inhibition in E. coli** but in
this study the copper inhibit E. coli cells in observable manner.

The degree of antibacterial potential against both gram positive (S. aureus) and gram negative (P.
aeruginosa) bacteria revealed considerable detection of cytolysis thereby increasing the amount of liquid
peroxidation and genomic DNA degradation happen while using copper as antibacterials. The antibacterial
resistance against the conventional antibiotics is not active mainly due to the misuse, abuse and overuse of such
antibiotics when not in use as it is or concentrations. Thus the study of alternative for antibacterial innovations
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may rise now a days; positively traditional methods like metal microbe interactions and inhibitions may be
much evoluable®?.

A study suggested the usage of copper related surfaces in hospital and other health care environment
for the creation of antimicrobial surface’®. Due to the poor understanding of the activity of copper, fear on
systemic toxicity and other mythological thoughts, the research on copper is not much evoked. But the theory
suggested that the copper particles have the high degree of antibacterial action by means of its oxidation
potentiality of the surface, constant release of electrons to the host cell wall where lipolysis and proteolysis takes
place leads to drastic decrease in the cellular integrity®®?’.

The mechanistric action of the copper have certain experimental observations like less oxygen tension
in the supportive media and cellular damage of the bacterial cells. Due to the high oxidative nature of the
copper, the release active principles by the copper in the environment and interact with the bacterial cells are
high?®?°, thus the aerobic environment dominates in its action leads to strong and concrete bound to organic
materials. Currently lot of interest evolved of using natural remedies for various ailments likely the usage of
copper in form of plates, jugs, glasses, water bottles and other vessels that are largely useful as day to day
consumables. The usage of such metal in solution may be largely useful in medical, industrial, food and other
industries where the microbial contamination, spoilage and deposits increased.

From this study, we come to conclusion that the prompt usage of such copper based microparticles
against bacterial pathogens may be much useful based on its thermal conductivity and elevated temperature in
the environment. We further suggested the usage of copper in solution for various antibacterial activities in
routine, medical, industrial and other environment wherever necessity arised.
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