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ABSTRACT 
Present research focuses to evaluate changes in antimicrobial activity of cefazolin sodium 
and cefuroxime after interactions with essential and trace elements. The minimum 
inhibitory concentration (MIC) was observed and subsequently compared with the 
standard MIC’s of the respective drug by agar dilution method against a variety of Gram 
positive and Gram negative organisms. 
It was observed that these metal elements are essential for our body, either present within 
the body or co-administered with vitamins or otherwise, markedly influence the MIC’s of 
antibiotics by producing synergism or antagonism. 
 
 

INTRODUCTION 
 
Cefazolin 

Cefazolin (6 R-trans)-3[[(5-Methyl-1,3,4-thiadi azol-2-yl)thio]methyl]-8-oxo-7-[(1 H-
tetrazol-1-ylacetyl)amino]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid or 7-(1-(1H)-
tetrazolyl acetamido)-3-[2-(5-methyl-1,3,4-thiadiazolyl)thiomethyl]-Delta-3-cephem-4-carboxylic 
acid (structure I), having molecular formula: C14H14N8O4S3 with molecular weight 454, semi-
synthetic antibiotic derived from 7-aminocephalosporanic acid, (Merck Index 1999) lies in first 
generation cephalosporins (Anders 1974; Fong et al., 1976). It was prepared by Koniwhi et al. 
(1970), synthesis and properties were given by Kariyone et al. (1970), activity and clinical studies 
were performed by Nishida et al. (1970 & 1970a) & Shibata, Fujii (1970), metabolic studies by 
Kozatani et al. (1972) and toxicology by Birkhead et al. (1973). Its comprehensive description 
was given by Zappala et al. (1975) and reviewed by Nakano (1977). 

 
It has been used satisfactorily to treat infections of the respiratory tract, urinary tract, skin, 

soft tissues, joints, bones, endocorditis and septicimias. Its longer half-life has made it a drug of 
choice for surgical prophylaxia. Adverse effects include hypersensitivity reaction, thrombo-
cytopenia, neutropenia, leucopenia and eosinophilia; high doses may cause convulsions in patients 
with impaired renal failure (Barton & Sammes 1971; Moellering & Swartz 1976). 
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Cefazolin appears as needles from aqueous acetone, m.p., 198-200°(d) and is easily soluble in 
DMF, pyridine, soluble in aqueous dioxane, aqueous ethanol, slightly soluble in methanol and 
practically insoluble in chloroform, benzene & ether. Its sodium salt is white to yellowish-white, 
odorless crystalline powder with a bitter, salty taste. It crystallizes in α, β, and γ forms and is 
easily soluble in water, slightly soluble in methanol, ethanol and practically insoluble in benzene, 
acetone, chloroform and ether (Fong et al., 1976). Its reconstituted products are stable for 24 hours 
at room temperature and for 10 days if stored under refrigerator at 2oC to 8oC (Alfonso 1985).  

 
Antimicrobial Activity 

Cefazolin sodium shows activity against Staphylococcus aureus (including penicillinase 
producing strains), Staphylococcus epidermidis, Streptococcus pneumoniae, Escherichia coli, 
Proteus mirabilis, Klebsiella species and Haemophilus influenzae, while most strains as Proteus 
vulgaris, Serratia and Pseudomonas are resistant to cefazolin. Its broad spectrum of activity has 
made it suitable for the treatment of wide range of severe infections (David 1997; Sabath et al., 
1973).  

 
Cefuroxime 

Cefuroxime [6R-[6α,7β(Z)]]-3-[[(aminocarbonyl)oxy]methyl]-7-[2-furanyl(methoxyimino) 
acetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid or (6R, 7R)-3-carbam-
oyloxymethyl-7-[2-(2-furyl)-2-(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo [4.2.0]oct-2-
ene-2-carboxylic acid or (6R, 7R)-3-carbamoyloxymethyl-7-[2-(2-furyl)-2-(methoxyimino) 
acetamido]ceph-3-em-4-carboxylic acid (structure II) having molecular formula C16H16N4O8S and 
molecular weight 424.2 (Dollery et al., 1991; James et al., 1996) (Merck Index 1999a) is a broad 
spectrum second generation antibiotic (Chen et al., 1973).  

 
It was prepared by Ayres et al. (1973) and in vitro studies were carried out by 

OprimeCallaghan et al., (1976) & Jones et al., (1977). Its in vitro antibacterial activity and human 
pharmacokinetics were given by  OprimeCallaghan et al., (1976a), pharmacology by Schulz et al., 
(1978), pharmacokinetics by Gower (1977) & Daikos et al. (1977), while clinical studies by  
Fowler et al., (1978) & Norrby et al. (1977). An extensive review of its antibacterial activity, 
pharmacology and therapeutic efficacy are given by Brogden et al. (1979) and comprehensive 
description by Wozniak & Hicks (1991). 

 
It is very stable to β-lactamases and remarkably well tolerated, has been in widespread 

clinical use since 1979 (Brogden et al., 1979). It is a semi-synthetic analogue of cephalosporin C 
and is creamy white powder.  
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It is white or creamy white solid, freely soluble in water and buffered solutions, soluble in 

methanol, sparingly soluble in alcohol, very slightly soluble in ethyl acetate, diethyl ether, octanol, 
benzene and chloroform while insoluble in acetone, chloroform, ethylacetate and in toulene 
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(James et al., 1996). Its solutions are stable at room temp for 13 hrs; <10% decomposes in 48 hrs 
at 25° (Alfonso et al., 1985; Merck Index 1999a).  

 
Antimicrobial Activity 

Cefuroxime sodium has the ability to penetrate into cerebrospinal fluid which makes it 
specific for the treatment of meningitis caused by Haemophilus influenzae. It has also provided 
satisfactory results in the treatment of gonorrhea, urinary tract infections, cutaneous infections and 
septicemias ((Alfonso et al., 1985; Brotzu et al., 1962). It is primarily eliminated by the kidneys, 
33% drug is recovered with elimination half life of 1.5 hours. It may cause haemolysis, aplastic 
anemia, agranulocytosis, elevation in blood urea, serum creatinine level and liver enzymes (Joel et 
al., 1996). It has comparable activity with cefamandole and has increased activity than cefoxitin 
against Gram-positive organisms and Enterobacter specie (Brogden et al., 1979). It has strong 
activity against β-lactamase producing strains of Haemophilus influenzae and Neisseria gonorrhea 
(Lossick et al., 1982), but Pseudomonas aeruginosa, Streptococcus faecalis, many strains of 
Serratia specie, indole-positive Proteus, Acinetobacter specie and many isolates of Staphlococcus 
epidermidis are resistant to it. It also works against a wide range of Gram-positive and Gram-
negative bacteria including Staphylococcus aureus, Streptococcus pyogenes, Streptococcus 
pneumoniae, Neisseria specie, Haemophilus influenzae and Klebsiella species (O’Callaghan et al., 
1976; Ryan et al., 1976; Eykyn et al., 1976; Neu & Feu 1978; Knothe & Dette 1983; Davies & 
Dyas 1985).  

 
The present work comprises of the study of alterations in antimicrobial activity of cefazolin 

sodium and cefuroxime, due to the presence of salts of essential and trace elements like 
magnesium, calcium, chromium, manganese, ferric, cobalt, nickel, copper, zinc and cadmium. 
Different dilutions of drug and essential and trace element salts solutions were prepared in 
concentrations ranging from 256, 128, 64, 32, 16, 8, 4 and 2µg/ml. Interaction of the drug and 
metal salts was conducted in the ratio of 3:1 and the reaction was carried out at 37oC and 60oC 
concordant to in vivo conditions and accelerated temperature studies. The agar dilution method 
was adopted and the MIC was observed against various Gram positive and Gram negative 
organisms and compared with the standard MIC’s of respective drugs. 
 

EXPERIMENTAL 
 

Materials 
Cefazolin sodium and cefuroxime were gifted by Barret Hodgson Ltd., Karachi and 

GlaxoWellcome, Karachi respectively. The essential and trace element used were in the form of 
their hydrated or anhydrous salts as magnesium chloride, calcium chloride, chromium chloride, 
manganese chloride, ferric chloride, cobalt chloride, nickel chloride, copper chloride, zinc chloride 
and cadmium chloride. 
 

Various Gram-positive and Gram-negative organisms used were Staphylococcus aureus, 
Streptococcus faecalis, Escherichia coli, Salmonella typhii, Proteus vulgaris and Staphylococcus 
epidermidis. 

 
Methods 

 
Preparation of Solutions  

Stock solutions of cefazolin sodium and cefuroxime as well as salts of essential and trace 
elements were prepared in sterilized buffer of pH 5 (Barry 1976; Washington 1985) in a 
concentration of 1000 µg/ml. Buffer of pH 5 was prepared by adding 0.1M HCl to 0.1M sodium 
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citrate until the pH was attained (Washington 1985). The amount of each cephalosporin required 
was calculated from its potency. These were stored in tightly sealed container in a refrigerator 
(Lorian 1986; Lorian 1991). According to the reported MIC’s of both the drugs, different dilutions 
were prepared in concentrations of 128 to 2 µg/ml (Thomas 1988; Jaime & William 1991). Same 
procedure was adopted for preparing dilutions of metal salts i.e., from 128 to 2µg/ml (Ales 1997). 
 

Preparation of Mueller–Hinton agar  (MHA), nutrient broth, inoculums, agar dilution 
susceptibility test and preparation and inoculation of antimicrobial plates has already been 
reported earlier (Arayne et al., 2001).  
 
Antibiotic assay 

The drug was incorporated in a liquefied agar medium (45 - 50oC), which after mixing, was 
then poured into a petri dish and allowed to solidify. A series of petri dishes were prepared with 
increasing concentration of the drug [Samson et al., 1985] and with the aid of a inoculating device, 
six different species of microorganisms were spotted and inoculated one by one on each plate. 
After overnight incubation at 37oC, the MIC end point was read as the lowest concentration that 
completely inhibits growth (Hamilton-Miller 1970).  
 
Interaction of antibiotic with essential and trace element salts 

Different dilutions of cefazolin and cefuroxime, as well as essential and trace element salts 
ranging in concentration from 128 to 2 µg /ml were prepared. The ratio of each antibiotic and 
metal/element salts solution was 3:1. For this interaction, stock solution of each antibiotic was 
prepared in double concentration i.e., 100mg/50ml in order to have the same proportion of each 
antibiotic in respective antibiotic-trace element salt complexes. Accordingly same concentration 
was used in reference standards of each antibiotic solution. The two solutions of metal salt and 
antibiotic were mixed in two different sets and each heated separately at 37 and 60°C for 30 
minutes (on water bath) and incorporated in a liquefied agar medium (45–50°C), which was then 
after mixing, poured into a petri dish and allowed to solidify. A series of petri dishes were 
prepared with increasing drug concentration (Joel et al., 1996) and with the aid of a inoculating 
device, 6 different species of microorganisms were spotted and inoculated one by one on to each 
plate. After overnight incubation at 37°C, the MIC end point was read as the lowest concentration 
that completely inhibited growth (Washington 1985). This was compared with respective 
reference standard of each antibiotic by observing the change in MIC.  
 

RESULTS AND DISCUSSION 
 

The antibacterial activities of cefazolin sodium as well as cefuroxime of reference and 
standard against various Gram-positive and Gram-negative organisms are shown in table 1. They 
are also compared with the reported values. All the metal salts were found to be inactive or 
resistant, whereas MIC’s of the drug after interaction with metals at 37 and 60oC is reported in 
tables 2 - 5. In the current research work the MIC’s of cefazolin and cefuroxime were found to 
increase against Staphylococcus aureus, Escherichia coli, Proteus vulgaris and Staphylococcus 
epidermidis up to 64 & 32 µg/ml because of increased resistance of organisms as we used isolated 
strains from blood and urine. Different synergetic and antagonistic effects of drug metal 
complexation were observed and compared with standard drug after the interaction.  
 
Cefazolin sodium  

The MIC of cefazolin was found to be high against S. aureus, E. coli and S. typhii (Table 1). 
When cefazolin was treated with magnesium chloride at 37oC, the antibacterial activity showed no 
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alteration in the efficacy of standard drug against S. aureus while antagonism was found against E. 
coli and S. typhii and synergism was observed against S. faecalis, E. coli and S. epidermidis. By 
carrying out the above reaction at 60oC the MIC of drug against Proteus vulgaris was increased.  

 
When the drug was reacted with calcium chloride at room temperature, antagonistic effect 

was observed against S. aureus, E. coli, S. typhii and S. epidermidis but S. faecalis was inhibited at 
the lower concentration thus leading to synergism. At 60oC the MIC against E. coli was observed 
unchanged. 

 
In the interaction between chromium chloride and drug at 37oC and 60oC antagonistic effect 

was observed against all the organisms. When the drug was interacted with manganese and iron 
chloride at 37oC and 60oC all the mentioned microbes except S. faecalis, were inhibited at the 
higher concentrations but synergism was noted against S. faecalis.  

 
In the interaction of cefazolin with cobalt chloride at 37oC and 60oC, antagonism was 

observed against S. aureus, E. coli, S. typhii and S. epidermidis whereas synergism against S. 
faecalis and Pr. vulgaris was observed. 

 
The drug after interaction with nickel chloride at 37oC showed bactericidal effect at higher 

concentrations against S. aureus, E. coli and S. typhii and synergism was recorded against S. 
faecalis. At 60oC Proteus vulgaris was inhibited at higher concentration. 

 
The MIC of drug after interaction with copper chloride at 37oC and 60oC showed antagonism 

against S. aureus, E. coli, S. typhii and S. epidermidis but synergism was observed against S. 
faecalis and Pr. vulgaris. Similarly, the interaction of zinc chloride with drug at 37oC has 
increased the MIC’s of drug against S. aureus and S. typhii thus leading to antagonism, while 
synergetic behavior was observed against S. faecalis and Pr. Vulgaris .At 60oC, the MIC against S. 
faecalis and Pr. vulgaris were found to decrease thus causing synergism. 

 
The interaction of drug with cadmium chloride led to increase in MIC at 37oC and 60oC 

against S. aureus, E. coli and S. epidermidis and so causing antagonism and synergism against S. 
faecalis and Pr. vulgaris. All these results at 37oC and 60oC are shown in tables 2 & 3. 

 
Cefuroxime 

The bactericidal actions of the cefuroxime against isolated strains of S. aureus, E. coli, S. 
typhii and Pr. vulgaris were found at the higher concentrations than the reported MIC’s  (table 3). 

 
Antibacterial studies of cefuroxime after interaction with magnesium chloride at 37 and 60oC 

showed alteration in susceptibility of drug as the metal has caused great synergetic effect against 
S. aureus, Pr. vulgaris and S. epidermidis by decreasing the MIC values from 64 to 16µg/ml, 32 to 
16 µg/ml and 32 to 2µg/ml respectively where as E. coli and S. typhii were inhibited at higher 
concentration so leading towards antagonism.  
 

When the interaction of calcium was carried at 37oC, synergetic effect against S. aureus but 
antagonism was observed against Escherichia coli and S. typhii. At 60oC against S. epidermidis 
antagonism was observed.  

 
Interaction of chromium with the drug at 37oC has produced no change in its behavior against 

S. aureus but has caused antagonism against other remaining microbes. At 60oC, synergetic effect 
was observed instead of antagonism against Pr. vulgaris at MIC 16µg/ml. 
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Reaction of manganese chloride with drug at 37oC is responsible to increase in MIC value 
from 2µg/ml to 32µg/ml and 8µg/ml against S. faecalis and S. typhii respectively and thus causing 
antagonism. By increasing the temperature of the above reaction to 60oC antagonism was noted 
against Escherichia coli and S. epidermidis due to rise in MIC value.  
 

The complexation of iron chloride with drug at 37oC was responsible for the antagonistic 
effect against S. aureus, E. coli and S. typhii by raising the MIC values while inhibition of Pr. 
vulgaris and S. epidermidis was noted at the lower range of MIC values.  
 

The interaction of cobalt with cefuroxime at room temperature has promoted the antagonism 
for drug against S. aureus, E. coli and S. typhii while synergetic effect of cobalt was observed 
against Pr. Vulgaris. At 60oC antagonism was noted against E. coli and S. typhii whereas 
synergism against Pr. vulgaris and S. epidermidis was observed. 
 

Cefuroxime when reacted with nickel at 37oC, MIC was found to increase against S. faecalis, 
E. coli, S. typhii and S. epidermidis up to 64 µg/ml hence exhibiting antagonism but Pr. vulgaris 
was inhibited at lower concentration i.e. 16µg/ml and so synergetic effect was observed. 
 

When interaction between the drug and copper chloride was carried out at 37oC antagonism 
was recorded against E. coli, S. typhii, and Pr. vulgaris whereas at 60oC the inhibiting 
concentration was found unchanged only against S. faecalis while remaining all the microbes 
exhibited antagonism. 
 

Complexation of zinc chloride at 37oC with the drug has caused antagonism against S. aureus, 
E. coli, S. typhii and S. epidermidis due to increase in MIC. Antibacterial activity at 60oC has 
showed antagonism only against S. typhii and S. epidermidis. 

 
At 37oC the presence of cadmium has caused a decrease in MIC of drug against S. aureus and 

Pr. vulgaris leading to synergism while antagonism was observed against E. coli, S. typhii and S. 
epidermidis. At 60oC the effects were found to be same as that at room temperature against all 
microbes except Pr. vulgaris. These results are shown in tables 4 and 5. 
 

It is concluded that metal elements vital for our body functions, either present within the body 
or coadministered with vitamins or otherwise, markedly influence the MIC’s of antibiotics by 
producing synergism or antagonism. 

 
Table 1 

MIC’s of cefazolin and cefuroxime against various microorganisms 
Reference Standard 

 Organisms 
Cefazolin Cefuroxime Cefazolin Cefuroxime 

Staphylococcus aureus 0.25-05 1-4 8 64 

Streptococcus faecalis  - - 8 2 

Escherichia coli  0.5-4 1-4 16 32 

Salmonella typhii 1-2 1-4 8 8 

Proteus vulgaris  R R-4 32 32 

Staphylococcus epidermidis - - 8 32 
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Table 2 
MIC’s of cefazolin sodium when reacted with essential and trace elements 

at 37°C against various microorganisms 
↓Organisms MIC (µg/ml) 

Metals→ Mg Ca Cr Mn Fe Co Ni Cu Zn Cd 

Staphylococcus aureus   8 64   64 64   64   64 64 128 32 16 

Streptococcus faecalis   2     2   64   2     2     2   2     2   2   2 

Escherichia coli 32 32   64 64   64   32 32 128 16 16 

Salmonella typhii 16 16 128 64 128 128 64 128 32 16 

Proteus vulgaris   8 32 128 64 128   16 32   16   8 16 

Staphylococcus epidermidis   2 16 128 64   32   16   8 128   8 64 

 
Table 3 

MIC’s of cefazolin sodium when reacted with essential and trace elements 
at 60°C against various microorganisms 

↓Organisms MIC (µg/ml) 

Metals→ Mg Ca Cr Mn Fe Co Ni Cu Zn Cd 

Staphylococcus aureus   8 16   32 128 128 64 64 128   8 16 

Streptococcus faecalis   2   2   16     2     2   2   2     2   2   2 

Escherichia coli 32 16 128   32 128 64 32   64 16 32 

Salmonella typhii 16 16 128   32 128 64 32 128   8 16 

Proteus vulgaris 32 32 128   64   64 16 64   16   8 32 

Staphylococcus epidermidis   2 16 128   64   64 64   8   64   8 16 

 
Table 4 

MICs of cefuroxime when reacted with essential and trace elements 
at 37°C against various microorganisms 

↓Organisms MIC (µg/ml) 

Metals→ Mg Ca Cr Mn Fe Co Ni Cu Zn Cd 

Staphylococcus aureus   16 32 64 64 128 128 64   64 128     8 

Streptococcus faecalis     2   2 64 32     2     2 64     2     2     2 

Escherichia coli 128 64 64 32 128   64 64 128   64 128 

Salmonella typhii   32 32 64 32   64   64 64 128   16   32 

Proteus vulgaris   16 32 64 32     8   16 16   64   32   16 

Staphylococcus epidermidis     2 32 64 32   16   32 64   32 128   64 
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Table 5 

MIC’s of cefuroxime when reacted with essential and trace elements 
at 60°C against various microorganisms 

↓Organisms MIC (µg/ml) 

Metals→ Mg Ca Cr Mn Fe Co Ni Cu Zn Cd 

Staphylococcus aureus     4   16 64 64 128 64 64 128 64 16 

Streptococcus faecalis     2     2 16 64      2   2 32     2   2   2 

Escherichia coli 128 128 64 64 128 64 64 128 32 64 

Salmonella typhii   32   64 16 64   64 32 32 128 64 64 

Proteus vulgaris     4   32 16 32   16 16 32   64 32 32 

Staphylococcus epidermidis     2   64 64 64   32 16 64   64 64 64 
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