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Abstract: Ciprofloxacin is a second-generation of fluoroquinolone, broad-spectrum antibiotic with bactericidal activity against 
Gram-positive and Gram-negative organisms. It is one of the most widely used antibiotics, because of its efficacy, safety, and relatively 
low cost. Ascorbic acid (vitamin C) is water-soluble monosaccharide antioxidant; it is essentially required by the body for its various 
biochemical and physiological processes. S. aureus is Gram-positive cocci; widely distributed in the environment, it is a member of the 
normal flora of the body. S. aureus is not always pathogenic; it is a common cause of skin infections including abscesses, respiratory 
infections such as sinusitis, and food poisoning. E. coli is Gram-negative bacteria, found in the environment, foods, and intestines. Most 
E. coli strains are harmless; it is part of the normal microbiota of the gut. However, some serotypes of E. coli cause serious food 
poisoning in their hosts; it can cause diarrhea, while others cause urinary tract infections, respiratory illness and pneumonia, and other 
illnesses. Method: Cup cut diffusion method was applied. Experiment I: is carried out to choose the concentration of vitamin C to be 
used in experiment II. The negative control is normal saline, added in cup in each plate, vitamin C (100 mg/mL, 200 mg/mL, 400 
mg/mL) was added, the volume in each cup was 100 μL. Experiment II: Eight groups of treatments were applied. The first is the 
negative control (1% normal saline), the second group is the positive control of vitamin C (200 mg/mL). The third, fourth and fifth 
groups are ciprofloxacin with different concentrations (10 mg/mL, 20 mg/mL, 40 mg/mL); the sixth, seventh and eighth are the 
combination of vitamin C with each concentration of ciprofloxacin (10 mg/mL, 20 mg/mL, 40 mg/mL). Each group includes six petri 
dishes. Bacterial plates were incubated at 37 oC for 24 h and 48 h. Zone of inhibition is measured in mm. Results and conclusion: 
Ciprofloxacin produces dose dependent increase in zone of inhibition of S. aureus and E. coli growth, after 24 and 48 hours incubation. 
While vitamin C in the concentration used produced inhibitory effect on the growth of S. aureus and E. coli, after 24 hours incubation, 
vitamin C effect was not changed after 48 hours incubation. After 24 hours incubation, vitamin C potentiated the effect of ciprofloxacin 
at low concentration (10 mg/mL); while vitamin C antagonized the effect of ciprofloxacin at higher concentrations (20 and 40 mg/mL) 
on S. aureus growth. In the same time, ciprofloxacin antagonized the inhibitory effect of vitamin C on S. aureus growth. After 48 hours 
incubation, S. aureus produced resistance against ciprofloxacin alone, and that combined with vitamin C compared to zone of inhibition 
after 24 hours. Ciprofloxacin produced dose dependent inhibition of E. coli growth after incubation for 24 and 48 hours. Vitamin C 
potentiated the inhibitory effect induced by ciprofloxacin (additive effect). The inhibitory effect of ciprofloxacin, vitamin C and the 
combination was not changed after 48 hours compared to 24 hours. 
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1. Introduction0F

  

Vitamin C (ascorbic acid) is water-soluble 
monosaccharide antioxidant. It is essential nutrient; it 
is required for various biochemical and physiological 
processes in the body. Human body is unable to 
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synthesize vitamin C and obtains it from diet [1]. It is 
essential for the development and maintenance of 
connective tissues. It plays an important role in bone 
formation, wound healing and maintenance of healthy 
gums [2].  

Vitamin C plays an important role in several 
metabolic functions including the activation of vitamin 
B, folic acid, the conversion of cholesterol to bile acids 
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and the conversion of amino acid, tryptophan, to 
neurotransmitter, as serotonin [1]. However, the 
significance and beneficial effect of vitamin C in 
respect to human disease such as cancer, 
atherosclerosis, diabetes, neurodegenerative disease 
and metal toxicity remains equivocal [2]. It has been 
shown to facilitate iron absorption by its ability to 
reduce ferric iron to the ferrous form [3]. 

Vitamin C protects DNA from damage caused by 
free radicals and mutagens [4]. Vitamin C has multiple 
effects on the development, proliferation and function 
of lymphocytes [5].  

Ciprofloxacin is a broad-spectrum antibiotic of the 
semisynthetic fluoroquinolone class. It is one of the 
most widely used antibiotics in the world because of its 
efficacy, safety, and relatively low cost [6]. 
Ciprofloxacin is a second-generation of the 
fluoroquinolone, broad-spectrum antibiotic with 
bactericidal activity against Gram-positive and 
Gram-negative organisms, including those resistant to 
penicillin, cephalosporin, and aminoglycosides [7].  

Ciprofloxacin, has two bacterial drug targets, DNA 
gyrase and DNA topoisomerase IV [8, 9]. DNA gyrase 
and DNA topoisomerase IV are enzymes that play 
essential roles in most nucleic acid processes; they help 
to control the levels of DNA under- and over-winding 
and remove knots and tangles from the bacterial 
chromosome [10-12]. 

DNA topoisomerases keep DNA untangled and 
modulate torsional stress to affect DNA replication, 
transcription, and, plausibly, every other aspect of 
DNA metabolism [13, 14] and passing DNA strands 
through each other involves the enzyme making 
double-strand DNA breaks, which is dangerous 
because these breaks can be highly genotoxic. 
Topoisomerases usually mitigate this risk by 
maintaining the breaks only transiently [6]. 

Ciprofloxacin interferes with the transient nature of 
the topoisomerase-induced double-strand breaks by 
stabilizing DNA/topoisomerase/drug ternary complex 
that traps the enzyme-bound double-strand breaks, 

thereby blocking bacterial growth “bacteriostatic” 
effect [15, 16]. Ciprofloxacin treatment also increases 
reactive oxygen species, resulting in bacterial death, as 
bactericidal effect [17]. 

Ciprofloxacin is used for the treatment of various 
infectious diseases, including osteomyelitis, gonorrhea, 
and infections of the urinary and gastrointestinal tracts, 
respiratory tree, skin and soft tissues [18]. It is also 
effective in perianal Crohn’s disease [19]. It showed 
excellent activity against pseudomonas infections. 
Acidic pH conditions decreased its activity [20]. 

Aim of work: is to study the effect of ciprofloxacin 
on E. coli and S. aureus growth in presence of vitamin 
C using cup cut diffusion method. 

2. Methodology  

Chemicals, reagents, and microorganisms: Vitamin 
C is white crystalline powder obtained from 
pharmaceutical industry society of Tunisia. 
Ciprofloxacin infusion was obtained from Doracs, 
Sousse, Tunisie. Muller-Hinton media, Muller-Hinton 
broth, and melted agar were from Oxoid-Canada. 
Normal saline was purchased from Riedel-deHaen, 
Berlin, Germany. S. aureus (ATCC 25923) and E. coli 
(ATCC 25922) strains were used.  

Method: Strains was prepared in the lab by using 108 
CFU/mL in Muller-Hinton broth; agar plates were 
swapped with overnight culture of bacteria; the plates 
were allowed to absorb the bacteria and cups were 
made by sterile standard cork borer (cup cut diffusion 
method) [21]. 

Experiment I: is carried out to choose the 
concentration of vitamin C to be used in experiment II. 
The negative control is normal saline, added in cup in 
each plate, vitamin C (100 mg/mL, 200 mg/mL, 400 
mg/mL) was added, the volume in each cup was 100 
μL.  

Experiment II: Negative control is normal saline, the 
positive control is vitamin C (200 mg/mL) added in cup 
in each plate, Ciprofloxacin alone was added in the 
plate in different concentrations (10 mg/mL, 20 
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mg/mL, 40 mg/mL); vitamin C combination with each 
concentration of Ciprofloxacin (10 mg/mL, 20 mg/mL, 
40 mg/mL) was added. The volume in each cup was 
100 µL. Bacterial plates were incubated at 37 oC for 24 
hr and 48 hr, after which the zone of inhibition 
diameter was measured in mm. 

3. Results 

3.1 Effect of Vitamin C on the Zone of Inhibition of S. 
aureus and E. coli  

Vitamin C produces dose dependent inhibition of S. 
aureus and E. coli growth (Figs. 1 and 2). 

3.2 Effect of Ciprofloxacinin in Presence of Vitamin C 
on S. aureus Growth 

3.2.1 Effect of Different Concentration of 
Ciprofloxacin on S. aureus Growth after Incubation 24 
Hours 

Ciprofloxacin at concentration 10 mg/mL produced 
significant zone of inhibition less than ciprofloxacin 
at concentrations of 20 mg/mL and 40 mg/mL (p ≤ 
0.05). Ciprofloxacin at concentration 20 mg/mL 
increased significantly the zone of inhibition 
compared with 10 mg/mL (p ≤ 0.05), insignificant 

less zone of inhibition than 40 mg/mL effect (p > 
0.05). 

Ciprofloxacin 40 mg/mL produced zone of 
inhibition more than both concentrations of 
ciprofloxacin 10 mg/mL (p ≤ 0.05) and 20 mg/mL (p > 
0.05) (Table 1, Fig. 3). 

3.2.2 Effect of Vitamin C and Ciprofloxacin on S. 
aureus Growth after Incubation 24 Hours 

Vitamin C alone, at concentration 200 mg/mL, 
produced clear zone of inhibition on growth of S. 
aureus. Combined treatments of ciprofloxacin at 
concentration 10 mg/mL, 20 mg/mL, or 40 mg/mL 
with Vitamin C showed significant decrease of zone 
of inhibition in the growth of S. aureus, compared to 
the zone of inhibition produced by the effect of 
Vitamin C alone (p ≤ 0.05) (Table 1, Fig. 3). 

Ciprofloxacin (10 mg/mL) in combination with 
vitamin C produced zone of inhibition more than zone 
of inhibition produced by treatment with ciprofloxacin 
10 mg/mL only (p ≤ 0.05). While ciprofloxacin at 
concentrations 20 mg/mL or 40 mg/mL in combination 
with vitamin C produced decrease in zone of inhibition 
compared with ciprofloxacin (20 mg/mL or 40 mg/mL) 
each alone (p ≤ 0.05).  

 

 
Fig. 1  Effect of vitamin C on the growth of S. aureus using cup cut diffusion method.  
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Fig. 2  Effect of vitamin C on the growth of E. coli using cup cut diffusion method.  
 

Table 1  Effect of ciprofloxacin on S. aureus growth in presence of Vitamin C. 

Treatments Zone of inhibition after 24 h Zone of inhibition after 48 h 
Vitamin C (200 mg/mL) 13.1 ± 0.367 13.1 ± 0.367 
Cipro (10 mg/mL) 6.41 ± 0.300a,b 00 ± 00a,b,d 
Cipro (20 mg/Ml) 14.33 ± 0.586 10.58 ± 0.351d 
Cipro (40 mg/mL) 15.25 ± 0.281 11.83 ± 0.421a,d 
Vit C + Cipro (10 mg/mL) 8.75 ± 0.381*,c 2.16 ± 1.376*,d 
Vit C + Cipro (20 mg/mL) 11.58 ± 0.238*,a 6.58 ± 1.457*,a,d 
Vit C + Cipro (40 mg/mL) 12.66 ± 0.166*,b 7.66 ± 0.459*,b,d 
*, significantly different compared to vitamin C at p ≤ 0.05; a: significantly different compared to cipro (20 mg/mL) at p ≤ 0.05; b: 
significantly different compared to cipro (40 mg/mL) at p ≤ 0.05; c: significantly different compared to cipro (10 mg/mL) at p ≤ 0.05; d: 
significantly different compared to the same treatment after 24 h at p ≤ 0.05. 
 

3.2.3 Effect of Different Concentration of 
Ciprofloxacin on S. aureus Growth after Incubation 48 
Hours 

Ciprofloxacin at concentration 10 mg/mL did not 
produce any inhibition effect on the growth of S. 
aureus, compared to the effect of ciprofloxacin at 
concentrations 20 mg/mL and 40 mg/mL, which 
produce significant increase in zone of inhibition (p ≤ 
0.05) compared with ciprofloxacin 10 mg/mL (Table 1, 
Fig. 4).  

Ciprofloxacin at concentration 20 mg/mL produced 

insignificant increase in zone of inhibition compared to 
the treatment with ciprofloxacin at concentration 40 
mg/mL (p > 0.05). 

Comparing the zone of inhibition produced by 
different treatment (ciprofloxacin alone or in 
combination with Vitamin C) after incubation for 48 
hours, it was found that the zones of inhibition after 48 
hours are significantly less than after 24 hours (p ≤ 
0.05). While the zone of inhibition produced by 
Vitamin C after 24 hours was not changed after 48 
hours (p > 0.05) (Table 1, Figs. 4 and 5). 
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Fig. 3  Effect of ciprofloxacin on S. aureus growth in presence of Vitamin C after incubation for 24 h. 
 

 
Fig. 4  Effect of ciprofloxacin on S. aureus growth in presence of Vitamin C after incubation for 48 h. 
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Fig. 5  Effect of ciprofloxacin on S. aureus growth in presence of Vitamin C after incubation for 24 and 48 h.  
 

3.3 Effect of Ciprofloxacin on E. coli Growth in 
Presence of Vitamin C  

3.3.1 Effect of Different Concentration of 
Ciprofloxacin on E. coli Growth after Incubation 24 
Hours 

Ciprofloxacin at concentration 10 mg/mL produced 
significant increase of zone of inhibition of the growth 
of E. coli (p ≤ 0.05); by increasing the concentration of 
ciprofloxacin, the zone of inhibition increased 
significantly compared to ciprofloxacin at 
concentration 10 mg/mL (p ≤ 0.05). Ciprofloxacin at 
concentration 40 mg/mL produced insignificant 
increase in zone of inhibition of E. coli growth 
compared to ciprofloxacin at concentration 20 mg/mL 
(p > 0.05). 

3.3.2 Effect of Ciprofloxacin on Vitamin C 
Vitamin C at concentration 200 mg/mL produced 

inhibition of E. coli growth.  
Ciprofloxacin with the three concentrations used (10, 

20, 40 mg/mL) combined with vitamin C produced an 
increase of zone of inhibition of E. coli growth 
significantly compared to that produced by vitamin C 
alone (p ≤ 0.05) (Table 2, Fig. 6). 

3.3.3 Effect of Vitamin C on Ciprofloxacin Effect of 
the Growth of E. coli after Incubation 24 Hours 

Vitamin C did not change the zone of inhibition of E. 
coli growth, that produced by ciprofloxacin at 10 
mg/mL (p > 0.05). While Vitamin C increased 
significantly the zone of inhibition produced by 
ciprofloxacin with concentrations 20 and 40 mg/mL 
compared to ciprofloxacin of the same concentration 
only; the combined treatment showed additive effect 
on zone of inhibition of E. coli growth (p ≤ 0.05). 

The effect of Vitamin C, ciprofloxacin with  
different concentrations, and the combined treatments 
did not show any significant difference after 48 hours 
incubation compared to 24 hours incubation (p > 0.05) 
(Table 2). 
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Table 2  Effect of ciprofloxacin on E. coli growth in presence of Vitamin C. 

Treatments Zone of inhibition after 24 hrs 
Vitamin C (200 mg/mL) 3.60 ± 0.659 
Cipro (10 mg/mL) 17.00 ± 0.806*,a,b 
Cipro (20 mg/mL) 20.33 ± 0.654* 
Cipro (40 mg/mL) 21.83 ± 0.614* 
Vit C + Cipro (10 mg/mL) 18.41 ± 0.800* 
Vit C + Cipro (20 mg/mL) 22.66 ± 0.802*,a 
Vit C + Cipro (40 mg/mL) 24.33 ± 1.308*, b 
*, significantly different compared to vitamin C at p ≤ 0.05; a: significantly different compared to cipro (20 mg/mL) at p ≤ 0.05; b: 
significantly different compared to cipro (40 mg/ml) at p ≤ 0.05. 
 

 
Fig. 6  Effect of ciprofloxacin on E. coli growth in presence of Vitamin C after incubation for 24 h. 
 

4. Discussion 

Staphylococcus aureus is an important pathogenic 
organism causing a variety of local and systemic 
infections and was originally susceptible to quinolones 
[22]. Staphylococcus aureus is a major human 
pathogen that causes a wide range of clinical infections. 
It may cause bacteremia, infective endocarditis, 
osteoarticular, or skin and soft tissue infections [23]. 

Most strains of E. coli are not harmful but are part of 
the healthful bacterial flora in the human gut. However, 
some types can cause illness in humans. Some strains 
produce the most powerful toxins that cause an 

intestinal infection. Other types of E. coli infection can 
lead to urinary tract infections, respiratory illness, 
pneumonia, and other illnesses like meningitis [24]. 

4.1 Effect of Vitamin C on S. aureus and E. coli 
Growth 

Vitamin C showed dose dependent inhibitory effect 
on the growth of S. aureus and E. coli. This effect 
confirms previous research [21, 25]. The acidity of 
vitamin C plays an important role in contributing to the 
inhibition of S. aureus growth; also, vitamin C affects 
the metabolism of S. aureus leading to the growth 
inhibition observed [26]. 
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Vitamin C alters the cell surface function, increasing 
the permeability of Gram-negative bacteria to 
antibiotics [27, 28]. Vitamin C acts on E. coli by 
reducing the biosynthesis of extracellular polymer 
substances, especially the polysaccharide component 
of the matrix. Once the extracellular polymer 
substances content is reduced, then the bacterial cells 
are fully exposed to the external medium resulting in 
that the cells are more susceptible to killing, either by 
vitamin C-induced oxidative stress, or by other 
antimicrobials agents [29]. 

4.2 Effect of Ciprofloxacin on S. aureus Growth in 
Presence of Vitamin C 

In this study, after incubation of S. aureus for 24 
hours, ciprofloxacin alone at concentration (10, 20 and 
40 mg/mL) used produced significant dose dependent 
effect in inactivating S. aureus respectively; as was 
observed by Craig [30] who obtained dose dependent 
inhibitory effect. 

Since their introduction, ciprofloxacin blocks the 
growth of bacteria by inhibition DNA gyrase of 
bacteria [8, 9] and has bacteriostatic effect [15, 16], 
and also shows bactericidal effect [17]. 

The combination of vitamin C with ciprofloxacin 
with concentrations of 20 and 40 mg/mL, produced 
significant decrease of the activity of ciprofloxacin, 
compared to ciprofloxacin when used alone. This is 
indicating that vitamin C antagonized the inhibitory 
effect of ciprofloxacin against S. aureus growth. This 
effect was not observed when low concentration of 
ciprofloxacin (10 mg/mL) was used. 

Also, it was observed that when combined vitamin C 
with all concentrations of ciprofloxacin (10, 20, 40 
mg/mL), significant decrease of the activity of vitamin 
C was produced compared with the inhibitory effect of 
vitamin C alone against S. aureus growth. 

One of the mechanisms of ciprofloxacin is 
increasing reactive oxygen species, leading to bacterial 
cell death (bactericidal) [17]; vitamin C as antioxidants 
interferes with ciprofloxacin through scavenging the 

reactive oxygen species produced by ciprofloxacin. 
Therefore, vitamin C antagonized the inhibitory effect 
of ciprofloxacin on S. aureus growth [31]. The 
production of free radical by ciprofloxacin may 
antagonize the free radical scavenging effect of vitamin 
C; as a result, ciprofloxacin may antagonize vitamin C 
effect on S. aureus growth inhibition. 

Combined treatment of vitamin C with ciprofloxacin 
at low concentration (10 mg/mL), increased the 
inhibitory effect on S. aureus growth compared to the 
inhibitory effect of ciprofloxacin alone. The acidity of 
vitamin C contributes to the inhibition of S. aureus 
growth; also, it affects the metabolism of S. aureus and 
that these changes are likely to result in the observed 
growth inhibition [26] and potentiate ciprofloxacin 
action. 

The combined treatment of vitamin C and 
ciprofloxacin with low concentration (10 mg/mL) 
produced zone of inhibition of S. aureus growth higher 
than ciprofloxacin alone significantly, but less than the 
additive effect; this indicates that vitamin C 
antagonized the weak effect of ciprofloxacin as 
explained above. In addition, it could be explained that 
the ciprofloxacin low concentration (10 mg/mL) could 
be sub-therapeutic concentration in producing reactive 
oxygen species; therefore, the inhibitory effect of 
vitamin C was observed only. 

Ciprofloxacin with all concentrations (10 mg/mL, 
20 mg/mL, 40 mg/mL), and in combination with 
vitamin C, after incubation for 48 hours, produced 
significant reduction of inhibitory effect on S. aureus 
growth compared to the inhibitory effect after 24 hours. 
S. aureus produced resistance to ciprofloxacin when 
used alone or in combination with vitamin C, during 
the last 24 hours of incubation.  

S. aureus resistance to quinolone is primarily 
mediated through chromosomal point mutations in gyr 
A and gyr B (encoding subunits of DNA gyrase) and grl 
A and grl B (encoding subunits of topoisomerase IV) 
[22, 32]; together, this comprises the so-called 
quinolone-resistance-determining regions (QRDRs). 
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Amino acid changes in these critical regions of the 
enzyme-DNA complex (QRDR), reduce quinolone 
affinity for both of its targets, additionally nor A gene 
(encodes quinolone efflux pump) contributing to 
reduced susceptibility [33]. DNA sequence analysis 
revealed that ciprofloxacin resistance by S. aureus is 
associated with Ser-84→Phe mutation in the DNA 
gyrase A protein [34]. 

Therefore, drug-enzyme binding is reduced, and 
quinolones loss their ability to inhibit DNA ligation or 
to reduce the stability of the enzyme-quinolone-DNA 
complex [35-41]. 

Effect of vitamin C on S. aureus in combination with 
ciprofloxacin showed that Vitamin C decreased the 
effect of ciprofloxacin by scavenging the reactive 
oxygen species produced ciprofloxacin. However, 
when used alone vitamin C significantly inhibited the 
growth of S. aureus. 

4.3 Effect of Ciprofloxacin on E. Coli Growth in 
Presence of Vitamin C 

Ciprofloxacin (40 mg/mL, 20 mg/mL, 10mg/mL) 
inhibitory effect on E. coli growth after incubation for 
24 hours, showed dose dependent inhibition of E. coli 
growth. This indicates that increasing the concentration 
of ciprofloxacin, results in a significant increase in 
inhibitory effect on growth of E. coli. 

Ciprofloxacin produced concentration dependence E. 
coli killing [30]. E. coli is more sensitive to 
ciprofloxacin than S. aureus; this may be due to 
physiological differences of bacterial species [21]. 
Gram‐negative bacterium regulates outer membrane 
permeability characteristics by the presence of 
hydrophilic channels known as porins. 
Fluoroquinolones enter E. coli bacterial cell both by 
crossing the membranes and by accessing the porins 
[42]. 

The combination of vitamin C with low 
concentration of ciprofloxacin (10 mg/mL) did not 
change the inhibitory effect on E. coli growth 
compared to ciprofloxacin alone. While vitamin C 

combined with higher concentration of ciprofloxacin 
(20 and 40 mg/mL), produced an increase in the 
inhibitory effect on the growth of E. coli, compared to 
the effect of ciprofloxacin each alone. This indicates 
that vitamin C potentiates ciprofloxacin effect on E. 
coli growth, or it may produce additive inhibitory 
effect.  

Vitamin C produced slightly inhibitory effect on E. 
coli growth when used alone, but when combined with 
antibacterial or others antioxidants produced clear 
inhibitory effect. This may due to the effect of vitamin 
C on growth of E. coli by reducing biosynthesis of 
extracellular polymer substances, especially the 
polysaccharide component of the matrix; therefore, 
once the extracellular polymer substances content is 
reduced, then the bacterial cells are more exposed to 
external medium and more susceptible to killing [29]. 
Vitamin C enhanced the effect of ciprofloxacin, by 
increasing the permeability of Gram-negative bacteria 
to its effect [21, 27, 28]. 

It was reported that Vitamin C potentiated the 
antibacterial activity of ciprofloxacin, this may be due 
to its pro-oxidant activity or by altering the membrane 
permeability [43].  

The inhibitory effect of ciprofloxacin with or 
without vitamin C on E. coli growth was not changed 
after 48 hours incubation compared to 24 hours 
incubation. 

S. aureus produced resistance by many mechanisms 
of ciprofloxacin (significant decrease of activity) in 
presence or absence of vitamin C, but E .coli does not 
produce resistance to ciprofloxacin compared with S. 
aureus. It was more susceptible of ciprofloxacin, 
vitamin C in combination with ciprofloxacin enhanced 
effectiveness of ciprofloxacin; because vitamin C 
increased permeability of Gram negative bacteria to 
antibiotics and also competing with magnesium 
binding site in the cell wall, and cell membrane [21]. 

5. Conclusions 

Ciprofloxacin produces dose dependent increase in 
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zone of inhibition of S. aureus and E. coli growth, after 
24 and 48 hours incubation. While vitamin C in the 
concentration used produced inhibitory effect on the 
growth of S. aureus and E. coli, after 24 hours 
incubation, vitamin C effect was not changed after 48 
hours incubation. 

After 24 hours incubation, vitamin C potentiated the 
effect of ciprofloxacin at concentration 10 mg/mL; 
while vitamin C antagonized the effect of ciprofloxacin 
at higher concentrations 20 and 40 mg/mL on S. aureus 
growth.  

After 48 hours incubation, S. aureus produced 
resistance against ciprofloxacin alone, and combined 
with vitamin C compared to zone of inhibition after 24 
hours.  

Ciprofloxacin produced dose dependent inhibition 
of E. coli growth after incubation for 24 and 48 hours. 
Vitamin C potentiated the inhibitory effect induced by 
ciprofloxacin (additive effect).  

The inhibitory effect of ciprofloxacin, vitamin C and 
the combination on E. coli growth was not changed 
after 48 hours compared to 24 hours. 

Ciprofloxacin in more variable concentration with 
vitamin C should be studied in details to find out an 
explanation for the behavior we obtained. In vivo 
experiment should be carried out for vitamin C with 
other antimicrobial agents that have different 
mechanisms. 
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