
Introduction

etals have been used in treatment Msince ancient times. Copper and its 

al loys are natural antimicrobial 
1materials.  Copper, a metal utilised by 

human civilisation for more than 10,000 

years, has become the focus of renewed 

scientific interest for its antimicrobial 

properties and potential application in the 
2healthcare setting.  The antimicrobial 

properties of silver have been known to 

cultures all around the world for many 

centuries. The Phonecians stored water 

and other liquids in silver coated bottles to 
3avoid contamination by microbes.  It was 

later found that out of all the metals with 

antimicrobial properties, silver has the 

most effective antibacterial action. Silver 

first gained regulatory approval for use as 

an antimicrobial agent in the early 20th 

century, but its usage diminished with the 
4introduction of antibiotics in' the 1940s.  

Silver can be administered to cells in a 

various number of ways. Silver salts such 

as silver nitrate (AgNO ) are effective at 3

providing a large quantity of silver ions. 

When the concentration of AgNO  is 3

increased, it induces cell death in bacteria. 

Investigation of medical applications of 

gold salts began at the end of the 19th 

century. Gold, in a variety of forms, has 

been used in medicine throughout the 

history of civilisation. In the twentieth 

century gold complexes were introduced 

for the treatment for rheumatoid arthritis. 

The antimicrobial activity of the gold 

compounds has been investigated 

exhibiting broad spectrum activity against 

a range of organisms, with a small degree 

of specificity against the Gram positive 
5organisms S. aureus and E. faecalis.  This 

study aimed to determine and to evaluate 

the effects of the antimicrobial activity of 

three different metal salts - copper 

sulphate, silver nitrate and gold chloride 

on the inhibition of micro-organisms. 

Material and Methods

1. Nutrient Agar is used for the 

cultivation of a wide variety of micro-
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organisms. 500 ml of nutrient agar 

was prepared and autoclaved at 121°C 

for 30 minutes, Copper sulphate, 

silver nitrate and gold chloride of five 

different concentrations (100 to 500 

mg i.e. 10%, 20%, 30%, 40% and 50% 

with the, concentration being 400 

mmol/L, 801 mmol/L, 1202 mmol/L, 

1602 mmol/L and 2002 mmol/L for 

copper sulphate; 589 mmol/L, 1177 

mmol/L, 1766 mmol/L, 2354 mmol/L 

and 2943 mmol/L for silver nitrate; 

294 mmol/L, 588 mmol/L, 883 

mmol/L, 1177 mmol/L and 1471 

mmol/L for gold chloride) were 

dissolved in 1 ml of saline and the 

contents were mixed thoroughly from 

which 1 ml was transferred to the 

nutrient agar in separate tubes. This 

suspension was poured into petri 

dishes and cooled to room temperature 

to set. This was done in the laminar 

flow to maintain sterile conditions. The 

organism chosen for the present study 

was E.coli and Staphylococcus 

aureus. 

2. The identification of bacteria is a 

systematic process that uses many 

different techniques to narrow down 

the types of bacteria that are present 

in an unknown bacterial culture. 

The streak plate is a qualitative 

isolation method. The inoculation of 

the culture is made on the agar surface 

by back and forth streaking with 

the inoculation loop over the solid 

agar surface. This will make a 

dilution gradient across the agar plate. 

Upon incubation, individual colonies 

will arise from the biomass. In order to 

obtain the pure culture of organism, 

the isolated colonies are aseptically 

t r a n s f e r r e d  o n  t o  d i f f e r e n t  

nutrient agar slant tubes and 

incubated overnight at 37 degree 

Celsius. It is then stored for future 

purpose.

3. The pour plate technique can be used 

to determine the number of  

microbes/mL or microbes/gram in a 

specimen. A pour plate is a method of 

melted agar inoculation followed by 

petri dish incubation. A known volume 

(usually 0.1-1.0 ml) of salt suspension 

is pipetted into a sterile petri plate; 

melted agar medium is then added and 

mixed well by gently swirling the plate 

on the table top. Because the sample is 

mixed with the molten agar medium, a 

larger volume can be used than with 

the spread plate. 

Results

The results of this in vitro study 

showed that from Figs. : 1. C, F, G, H, it can 

be observed silver ions of different 

concentrations showing antibacterial 

activity against E.coli and Staphylococcus 

aureus when compared with Figs. : 1. B, E 

which were not incorporated with 

silver nitrate solution. Similarly from 

Figs. : 2. B, E, we can observe the 

inhibition of E.coli on plates incorporated 

w i th  coppe r  su lpha t e  s o lu t i on  

whereas from (Figs. : 2C, F) it is shown 

that copper ions are not effective 

against 'the growth. of Staphylococcus 

aureus. From Figs. 3. B, C, D, E, it is 

proved that gold ions did not show any 

antibacterial activity both on S. aureus 

and E. coli. 
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Fig. 1 : Effects of silver nitrate on the growth of 

microorganisms

A: Control Plate

b: Pour plate method showing the growth 

of E.coli

c: Pour plate method showing the effect of silver ion 

on the growth of E.coli

D : Control plate

e: Pour plate method showing the growth of S. 

aureus

f : Pour plate method showing the effect of silver ion 

on the growth of S. aureus

G : Streak plate method showing the effect of silver 

ion on the growth of E. coli

H : Streak plate method showing the effect of silver 

ion on the growth of S. aureus

Fig. 2 : Effects of copper sulphate on the growth of 

micro-organisms

A : Control plate

B : Pour plate method showing the effect of copper 

ion on the growth of E. coli

C : Pour plate method showing the effect of copper 

ion on the growth of S. aureus

D : Control plate

E : Streak plate method showing the effect of copper 

ion on the growth of E. coli

F : Streak plate method showing the effect of copper 

ion on the growth of S. aureus

Fig. 3 : Effects of gold chloride on the growth of 

micro-organisms

A : Control plate

B : Streak plate method showing the effect of gold 

ion on the growth of E. coli

C : Streak plate method showing the effect of gold 

ion on the growth of S. aureus

D : Pour plate method showing the effect of gold ion 

on the growth of E. coli

E : pour plate method showing the effect of gold ion 

on the growth of S. aureus

In vitro addition of silver nitrate (100 - 
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500 micrograms/ml) elicited an anti 

microbial effect against E.coli and 

S. aureus whereas in vitro addition of 

copper ions exhibited antibacterial effect 

against E. coli and the same effect was not 

observed in S. aureus. Addition of gold 

ions on different concentration did not 

exhibit antibacterial activity in both the 

organisms. 

Discussion

The use of copper by human 

civilisations dates back between the 5th 

and 6th millennia B.C. The antimicrobial 

activity of copper and copper alloys is now 

well established, and copper has recently 

been registered at the US. Environmental 

protection agency as the first solid 
6antimicrobial material.  The oldest 

recorded medical use of copper is 

mentioned in the Smith Papyrus, this 

Egyptian medical text, written' between 

2600 and 2200 B.C., describes the 

application of copper to sterilise chest 

wounds and drinking water. The exact 

mechanisms by which this metal exerts its 

biocidal effect are not fully understood, its 
7benefits have long been recognised.  

Copper preparations were widely used in 

the treatment of skin conditions, syphilis 

and tuberculosis. In 2008 commercial 

interest in this potential application of 

copper increased due to the decision of the 

US environmental protection agency (EPA) 

to grant recognition to copper surfaces as 
8having antimicrobial efficacy.  Copper is 

the first metal to be awarded such a status 

and to date almost 300 copper and copper 

alloy surfaces have demonstrated their 

biocidal effect against five strains of 

bacteria when tested according to US EPA 

protocols. Although toxicity in humans 

can occur at high concentrations, in 

general exposure to copper is considered 

safe, as is evidenced by the widespread use 

of copper intrauterine devices and the 

documented low risk of adverse reactions 

due to dermal contact with copper. 

Since ancient times, the silver ion has 

been known to be effective against a broad 

range of microorganisms; silver ions are 

used to control bacterial growth in a 
9variety of medical applications.  Silver has 

a long and intriguing history as an 

antibiotic in human health care. It has 

been developed for use in water 

pur i f i ca t ion ,  wound care ,  bone  

prostheses, reconstructive orthopaedic 

surgery, cardiac devices, catheters and 
10surgical appliances.  In order for silver to 

have any antimicrobial properties, it must 
11be in its ionised form.  Silver in its non-

12ionised form is inert,  but contact with 

moisture leads to the release of silver ions. 

Thus, all forms of silver or silver containing 

compounds with observed antimicrobial 

properties are in one way or another 
+sources of silver ions (Ag ). Because silver 

binds to thiol groups, it has been proposed 

that although one of the antimicrobial 
+mechanisms of Ag  is binding to sulphur-

containing compounds, thiol-containing 

compounds such as proteins with cysteine 

residues can also serve to absorb the silver 

ions and neutralise their antibacterial 

activity by preventing the silver ions from 
13attacking DNA.  For this reason, 

prolonged antimicrobial activity from 

silver is best achieved by continuously 

releasing a moderate amount of silver ions. 

Investigation of medical applications of 
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gold salts began at the end of the 19th 

century, when gold cyanide demonstrated 

effectiveness against mycobacterium 
14tuberculosis.  The use of injected gold 

salts is indicated for rheumatoid arthritis. 

However, the use of gold is now rare due to 

numerous side effects, the need for 

continual patient monitoring, limited 

efficacy and slow onset of action. The 

efficacy of orally administered gold is even 

more limited than injectable gold 

compounds. Other side effects of gold salts 

include kidney damage, itching rash, and 

ulcerations of the mouth, tongue and 

pharynx. Approximately 35% of patients 

discontinue the use of gold salts because 
15of these side effects.

Conclusion

This preliminary work shows that 

silver and copper as an ion in solution 

exhibits antimicrobial property when 

compared to gold ions. This study 

indicates that silver and copper ions have 

got effect in inhibiting the growth of micro 

organisms. Our future work is on 

synthesis and characterisation of metal 

nanoparticles for implant applications. 
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