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ABSTRACT

Bacterial resistance to antibiotics may have evolved from either the natural resistance mechanism associated with bacterial
structure and/or related to various bacterial strategies, ranging from the enzymatic inactivation of the antibiotic, to drug
efflux and to the development of multidrug resistance clones. There is increasing interest in some vitamins, such as
Vitamin C, as potential agents for reducing bacterial persistence and, therefore, these may help in treating many infectious
diseases of bacterial origin.

This study was designed to determine the possible effect of Vitamin C in inactivating bacterial populations of
Staphylococcus aureus and Escherichia coli, alone and in combination with Penicillin G. Potential antibacterial effect
was evaluated using the Cup Cut Agar diffusion method. Inoculated with about 1x108 cfu.ml from a 16 to 18 hr culture
of bacteria. A Vitamin C concentration, calculated to 10 mg, was added to a range of Penicillin G concentrations of 30,
60 and 120 mg. Plates were then incubated overnight at 37°C. All experiments were performed in 5 replicates, where the
mean was used to extrapolate our data.

The results showed that Vitamin C displayed a similar antibacterial effect to that of Penicillin G (at 120 mg) on E. coli
populations where this effect was significantly (P < 0.05) enhanced with the three Penicillin G concentrations employed.
S. aureus responded to the effect of the combined Vitamin C and Penicillin G more than E. coli. Therefore, Vitamin C
potentiated the effect of the Penicillin G antibiotic to an extent that the combined sub-effective or sub-therapeutic dose of
Penicillin G (30 mg) with Vitamin C (10 mg) displayed a similar effect to that of 120 mg Penicillin G alone.

It may be elucidated that Vitamin C facilitates access of the treatment agent to its target, resolving some aspects of the
problem of bacterial resistance. This study provides evidence that Vitamin C displays a crucial role in inactivating
bacterial populations and has the ability to maximize the effect of some antibiotics deployed at a lower concentration that
might help in minimizing some undesirable side effects. Vitamin C, in addition to its role in maintaining human immunity
against the cold virus and its antioxidant role can, therefore, contribute to the treatment of bacterial infectious diseases that
are non-responsive to a variety of antibiotics.
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INTRODUCTION

The use and application of antibiotics to treat infections
is always associated with problems displayed by the
microorganism. Such problems are expressed in the form
of bacteria being resistance to these agents or the failure
of these microorganisms to totally succumb to the effect
of these treatments. The phenomenon of the inability
of antibiotics to kill bacterial populations has been
reported for several decades. For example, in the early
1940°s, the physician Bigger discovered that a fraction
of Staphylococci had persisted to any further kill by the
antibiotic penicillin.!  Importantly, bacterial resistance
has appeared for every major class of antibiotic.?> Since
the introduction of antibiotics, the emergence of bacterial
resistance has become increasingly evident, particularly
for important pathogens such as Escherichia coli,
Salmonella spp., Campylobacter spp., Enterococcus spp.
and Staphylococcus spp.>*

In this context, research has focused on various approaches
to reduce the risk of generating such persistence/resistance
fractions.>'* In such instances, researchers have made
many trials to use supportive material that could be
of natural origin or natural products, including human
dietary components, to support the action of antibiotics
and antibacterial agents to disable bacteria from causing
disease. Antibiotics have been thoroughly investigated as
they are frequently prescribed to cure diseases of bacterial
origin. The use of these agents, therefore, is aimed to be
selective at their therapeutic concentration in inactivating
the pathogenic bacteria while preserving the human
microbiota.'

A number of antibiotics that attack bacteria through
interfering with the cell wall function include the Beta-
Lactam antibiotic Penicillin. Itinactivates bacteria through
interfering with the synthesis of peptidoglycan, leading to
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death and lysis. Intuitively, this type of antibiotic requires
the bacteria to be in the growing phase to exert it’s action
as resting bacteria display no signs of peptidoglycan
biosynthesis.” Penicillin acts against both Gram positive
and Gram negative bacterium, to various extents, as far as
the microorganism is of the penicillinase-negative type.
These include:

1) S. aureus, widely found, known to cause a number of
diseases; for example, boils and abscesses, impetigo,
meningitis, osteomyelitis, pneumonia, septic phlebitis and
endocarditis'®*'* and

ii) some species of Gram-negative bacilli, previously
considered susceptible to very high intravenous doses of
Penicillin G (up to 80 million units/day), including some
strains of Escherichia coli, Proteus mirabilis, Salmonella
and Shigella spp.?*!

The use of some daily food supplements may have some
positive effect on the antibacterial activity of antibiotics
in addition to their basic effect. Vitamin C, as a part of
the daily human diet, plays a very important role as an
antioxidantagent. It prevents anumber of oxidation-related
disorders, such as cancer?>* (by preventing the formation
of carcinogens from precursor compounds), Alzheimer’s
disease, atherosclerosis and some degenerative diseases.

The concept of Vitamin C possessing a potential role in
helping the human body to overcome problems of bacterial
infections, has evolved within the local community.>
This may partially be explained by Vitamin C assisting
the antibacterial action of the antibiotic in inactivating
the bacteria®, either through facilitating the access of the
agent to its target, or in turn, Vitamin C itself may have
a negative effect on the bacterial survival. In this study,
the authors aim to investigate the effect of Vitamin C on
the susceptibility of both S. aureus and E. coli towards
the Penicillin G antibiotic using the cup-cut agar diffusion
method.

MATERIALS AND METHODS
Chemicals and reagents

Penicillin G sodium pure powder used throughout this
study was obtained from Sandoz Pharmaceuticals Co.,
Kundl-Austria. Vitamin C was obtained from Akmus CO.,
India. Nutrient broth, Nutrient agar, Muller-Hinton agar
and other media were used to grow wild type strains. All
dehydrated media were obtained from BDH (Poole, U.K.).
Iodine, Phosphate Buffer Saline (used to prepare stock
solutions of the antibiotic) and glycerol were obtained
from Sigma Chemicals Co. (Poole U.K.). All reagents
were of the highest grade of purity (Aristar) from the BDH
suppliers.

Microorganism and culture maintenance

S. aureus (ATCC 29213) and E. coli (ATCC 25922) strains
were maintained in a long term cryogenic system. This
was prepared in the lab using 10% v/v glycerol in nutrient
broth media. The stock was dispensed into 1 ml aliquots
and stored at -80°C till required. Fresh cultures were
prepared from frozen stocks prior to every experimental

procedure. This was done by streaking, using a sterile
loop, onto freshly prepared nutrient agar plates which
were then incubated at 37°C for 18 hr, from which 5 to 6
colonies were used to run the experiment.

Experimental methods

i) lodometric test for Beta-lactamase enzyme detection
The beta-lactamase producing S. aureus type is determined
by using the Iodometric technique for the detection of the
beta lactamase enzyme.?**” This was conducted by adding
a few drops of concentrated iodine to a suspension of test
bacteria made up from 1 ml, of 18 hr culture prepared
from 5-6 colonies, in sterile saline. Reducing the colour
of the bacterial suspension with the iodine from blue to
colourless within 10 min, indicated that the bacteria is a
Beta-lactamase producing bacteria.

ii) Antimicrobial susceptibility sxperiments

The antimicrobial activity experiments of Penicillin G and
Vitamin C were performed using the cup-cut agar diffusion
technique.?®3° This was performed by swabbing pre-dried
sterile plates of Nutrient agar and Muller-Hinton agar with
a specific inoculum of test bacteria, collected from late
exponential phase culture, prepared in sterile saline. This
corresponded to1x108 cfu.ml™" at an absorbance of 470 nm
of 1.2. Specific concentrations of the antibiotic Penicillin
G (30, 60 and 120 mg.ml") prepared in PBS were used.
Vitamin C was used at a concentration of 10 mg.ml
throughout. All experiments were performed alongside
controls (PBS). The volume of all test solutions was 0.1
ml. All plates were incubated at 37°C for 24 hr and then
examined to determine the presence and extent of the zone
of inhibition. All experiments were repeated 6 times and
the mean was used to extrapolate our data.

Statistical analysis

Statistical analysis was conducted using SPSS (software
packing version 13). Descriptive statistical analysis
was applied; the non-parametric Kolmogorove-Smirnov
maximum deviation test for goodness of fit was applied
to determine whether the observed samples were normally
distributed or not. If the parameters were normally
distributed, treatments were compared by applying one-
way ANOVA. Post hoc test (LSD) was performed. If
the parameters were non-parametric, treatments were
compared by applying the Mann-Whitney two samples
(non-matched) test. The difference was considered
significant at (P <0.05).

RESULTS

Penicillin G at concentrations of 30 mg.ml'and 60 mg.ml"!
was not found to have any inhibitory effect on the growth
of S. aureus (Figure 1a, (3) and (2), respectively). It was
clearly observed that both the control (PBS) (Figure 1b
(V)) and Penicillin G at these concentrations displayed
no zone of inhibition. However, an elevated dose of
Penicillin G (120 mg) displayed a significant effect on
S. aureus (Figure la (1)) represented by a clear ring of
growth inhibition. This zone of growth inhibition was
also observed for the treatment with Vitamin C alone at
a concentration of 10 mg (Figure la (V)). Interestingly,
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the zone of inhibition for the effective dose of Penicillin
G (120 mg) was distinctively less than that for Vitamin
C (10 mg), suggesting that Vitamin C alone acts as an
effective antibacterial agent. Surprisingly, all treatments
combining Vitamin C with each dose of Penicillin G
displayed a clear zone of inhibition (Figure 1b) when
compared to the control. This revealed a potentiating
effect of Vitamin C on the effect of Penicillin G even at
lower doses and the zones of inhibition of the combined
treatment (Penicillin G and Vitamin C) were much greater
than those of the Vitamin C and Penicillin G alone. As
the extent of the zones of inhibition is greater in the
combination treatments than for the sum of their singular
treatments, it may be suggested that there is a synergistic
effect between Vitamin C and Penicillin G. Replicate data
show no significant variation (Table 1).

Table 1: The effect of Penicillin G on S. aureus in the
presence of Vitamin C expressed as the zone of inhibition
(mm).

Treatments Zone of inhibition
Control 0.00 +0.00
Vitamin C (10 mg) 3.40 £0.24 *
Penicillin G (120 mg) 2.20£0.91 =2
Penicillin G (60 mg) 0.20+0.202
Penicillin G (30 mg) 0.00 +0.00 2

Penicillin G (120 mg) + Vitamin C ~ 14.20 + 0.20 * &b

Penicillin G (60 mg) + Vitamin C 13.60 £ 0.24 =a.b

Penicillin G (30 mg) + Vitamin C 13.40 £ 0.40 = a.b

* Significant difference compared to control at P < 0.05; a, significant
difference compared to Vitamin C at P < 0.05; b, significant difference
compared to the same dose of Penicillin G alone at P < 0.05.

(b)

Figure 1: The effect of Penicillin G on S. aureus in the presence
of Vitamin C 10 mg.

(a): Vitamin C (V), Penicillin G 120 mg (1), Penicillin G 60 mg (2) and
Penicillin G 30 mg (3).

(b): Penicillin G 120 mg + Vitamin C (T1), Penicillin G 60 mg + Vitamin
C (T2), Penicillin G 30 mg + Vitamin C (T3) and control (C).

In the case of the Gram-negative bacterium E. coli,
Penicillin G was found to be ineffective only at the lowest
dose of 30 mg (Figure 2a (3)), seen by the absence of a
zone of growth inhibition. However, Penicillin G at doses
of 60 mg and 120 mg displayed a significant inhibition on
the growth of E. coli (Figure 2a (3) and (2), respectively)
as compared to the control (Figure 2b (C)). As with S.

aureus, Vitamin C alone was found to inhibit the growth
of E. coli (Figure 2a (V)). However, the zone of inhibition
was found to be similar, but not greater, to the extent of
inhibition when using Penicillin G alone at the highest
concentration (Figure 2a (1)). Similarly, the treatment of
E. coli with Vitamin C at a dose of 10 mg in combination
with Penicillin G at all concentrations (including 30 mg),
resulted in larger zones of inhibition than with Penicillin
G alone (Figure 2b). The observation that Vitamin C
potentiates the antibacterial effect of Penicillin G even
at a lower, previously ineffective concentration (30 mg),
(as the zone of inhibition observed for the combination
of Vitamin C and 30 mg Penicillin G is greater than that
with Vitamin C alone) is very interesting for potential
medical applications. However, it is also important to
note that, although there is a similar enhancement of
the zone of inhibition by Penicillin G in the presence of
Vitamin C in E. coli, there may be a different mechanism
involved, as the increase was observed to be only additive.
Therefore, Vitamin C may impose its effect in potentiating
the antibacterial activity of Penicillin G differently in E.
coli and S. aureus. Replicate data show no significant
variation (Table 2).

Table 2: The effect of Penicillin G on E. coli in the presence
of Vitamin C expressed as the zone of inhibition (mm).

Treatments Zone of inhibition
Control 0.00 £ 0.00
Vitamin C (10 mg) 3.00+0.31 *
Penicillin G (120 mg) 3.00 £ 0.00 *
Penicillin G (60 mg) 1.20 £ 0.48 =2
Penicillin G (30 mg) 0.00 +£0.002

Penicillin G (120 mg) + Vitamin C ~ 5.20 £0.37 = &b

Penicillin G (60 mg) + Vitamin C 4.80+£0.37 =ab

Penicillin G (30 mg) + Vitamin C 4.40+0.24 %2ab

* Significant difference compared to control at P < 0.05; a, significant
difference compared to Vitamin C at P < 0.05; b, significant difference
compared to the same dose of Penicillin G alone at P < 0.05.

Figure 2: The effect of Penicillin G on E. coli in the presence
of Vitamin C 10 mg.

(a): Vitamin C (V), Penicillin G 120 mg (1), Penicillin G 60 mg (2) and
Penicillin G 30 mg (3).

(b): Penicillin G 120 mg + Vitamin C (T1), Penicillin G 60 mg + Vitamin
C (T2), Penicillin G 30 mg + Vitamin C (T3) and control (C).
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In this context, the susceptibility and the sensitivity of the
S. aureus to the combined treatment of Penicillin G and
Vitamin C was significantly (P<0.05) higher than that of
the E. coli (Figure 3).
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Figure 3: Graph shows the effect of Penicillin G on S. aureus
and E. coli in the presence and absence of Vitamin C.

DISCUSSION

Since their introduction, the emergence of bacterial
resistance to antibiotics has become increasingly
evident for every major class of antibiotic, particularly
the persistence displayed by Neisseria gonorrheae to
cephalosporines.’! It has previously been demonstrated
that Vitamin C and some other vitamins are capable of
increasing the permeability of Gram negative bacteria
to antibiotics.’*** This is more specifically documented
for the P. aeruginosa bacterium and given the name
permeabilizers.’* The property of ascorbate as a reducing
compound (electron donor) may play an important role in
its action on outer membranes.** It has been estimated that
the rate of permeation of B-lactam antibiotics across the P,
aeruginosa outer membrane is about 12-fold less than that
across the E. coli outer membranes.’>*¢ Future research
on ascorbic acid-antimicrobial interactions may find new
methods to control strains of resistant bacteria.

Studies conducted in the 1970’s reported that mega doses
of ascorbic acid in combination with antimicrobials
inhibited the growth of P. aeruginosa.’’*® It was found
to exert a strong bactericidal action on Gram negative
bacteria and it was concluded that ascorbic acid may
act by competing with the magnesium binding sites
in the cell wall, cell membrane or ribosomes.”” It was
suggested that ascorbic acid alters the cell surface to
render it increasingly permeable to these antibiotics.*®
Other reports suggested that massive doses of ascorbic
acid considerably broadened the activity spectrum of the
antibiotics.*** Similar studies showed that high doses of
ascorbic acid, in combination with antibiotics, inhibited
the growth of Helicobacter pylori in-vitro.*'** Other
studies conducted on the susceptibility of Gram-positive
bacteria displayed similar data. It has been suggested that
ascorbic acid may induce the loss of R plasmids and affect
the levels of antibiotic resistance in Staphylococci. ™
The enhancement of antibiotic activity or the reversal
of antibiotic resistance by nonconventional antibiotics

affords the classification of these compounds as modifiers,
or helpers, of antibiotic activity.?-

In this study, a high dose (120 mg) of Penicillin was
required to produce a significant effect in inactivating S.
aureus, whilst the lower doses of 30 mg and 60 mg showed
no antibacterial activity. Such phenomenon of resistance
could be, on the one hand, explained by the bacterium S.
aureus being of the type that are penicillinase enzyme
producers which break down Penicillin G to penicilloic
acid and thus make it inactive.> However, this is probably
not the case as the same bacteria had responded to a higher
dose of the antibiotic. On the other hand, some responsive
bacteria show some insusceptibility when exposed to
sub-inhibitory concentrations of the antibiotic. Further
suggestion postulates that bacterial growth rate may be
involved in this phenomena, where the slowest growing
clones show no response to antibiotics.!" Meanwhile, in
this study, E. coli responded to a lower concentration
of Penicillin G (60 mg) than S. aureus; such variable
susceptibility could underlie the physiological differences
between both bacterial species.

The combined application of Vitamin C with each dose
of Penicillin G produced a significant increase in the
activity of the antibiotic against both S. aureus and E.
coli, compared to each dose of Penicillin G alone. This
supports previous observations that state that Vitamin
C potentiates the effect of Penicillin G. This may be
mediated through altering the permeability of the bacterial
cell surface leading to an increase in its permeability to
Penicillin G* and other molecules. S. aureus was found to
be more sensitive to the inhibitory effect of the combined
treatment of Penicillin G with Vitamin C than E. coli. This
may be due to the difference in the structure of the cell
wall. Gram positive bacteria contain a penicillin binding
protein which binds with Penicillin G and interrupts the
process of peptidoglycan biosynthesis, this consequently
leads to the bacterial cell wall being easily ruptured and
deformed that facilitates bacterial death. Vitamin C was
observed to potentiate this process, even with resistant S.
aureus. Gram negative bacteria have an outer membrane,
other than the peptidoglycan cell wall, which retards the
access of the antibiotic to its target site. This means that
Penicillin G needs to penetrate the outer membrane to reach
the cell wall and give its effect.>* Large doses of Vitamin
C were shown to enhance the activity of Penicillin G
against many resistant bacteria, as well as reduce allergic
reactions to antibiotics.* Vitamin C thus, in effect, helps
decrease the antibiotic resistance of bacteria and broadens
the activity of antibiotics, to which bacteria are commonly
resistant. The use of Vitamin C may also decrease the
amount of antibiotics needed to kill bacteria.*’

CONCLUSION

This work has demonstrated that Vitamin C itself exhibits
an inactivating effect on the growth of both E. coli and S.
aureus. This was clearly observed by the zone of inhibition
of growth of the bacteria. When Vitamin C was used in
combination with Penicillin G to challenge the bacteria,
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S. aureus was found to be more susceptible than E. coli.
Nevertheless, such combined therapy had a significant
inhibitory effect on both bacterial species at various
Penicillin G concentrations. Response was varied within
the challenged bacteria as far as the doses deployed were
within the sub-inhibitory (sub-effective) concentration.
The outcome of this study could simply conclude that
Vitamin C showed both a significant antibacterial effect
on both Gram-positive and Gram-negative bacteria and
exhibited a property where it enhanced the effect of the
Penicillin G.

REFERENCES

[1] Bigger JW (1944) Treatment of Staphylococcal infection
with penicillin, Lancet 11, 497-500.

[2] Lambert PA (2005) Bacterial resistance to antibiotics:
Modified target sites, Adv Drug Deliv Rev. 57, 1471-1485.

[3] Adesiyun A, Offiah N, Seepersadsingh N, Rodrigo S, Lashley
V, Musai L (2007) Antimicrobial resistance of Salmonella spp.
and Escherichia coli isolated from table eggs, Food Cont. 18,
306-311.

[4] Rodrigo S, Adesiyun A, Asgarali Z, Swanston W (2007)
Antimicrobial resistance of Campylobacter spp. isolated from
broilers in small poultry processing operations in Trinidad, Food
Cont. 18, 321-325.

[5] Brown MRW, Allison DG, Gilbert P (1988) Resistance of
bacterial biofilms to antibiotics: a growth rate related effect, J.
Antimicrob. Chemother. 22, 777-789.

[6] Gilbert P, Collier PJ, Brown MRW (1990) Influence of
growth rate on susceptibility to antimicrobial agents: biofilms,
cell cycle and, dormancy and stringent response, Antimicrob.
Agents Chemother. 34, 1865-1868.

[7] Brooun A, Liu S, Lewis K (2000) A dose-response study
of antibiotic resistance in Pseudomonas aeruginosa biofilms,
Antimicrob. Agents Chemother 44, 640-646

[8] Gilbert P, McBain AJ (2001) Biofilms Their impact on health
and their recalcitrance toward biocides, Am. J. Infect. Control.
29, 252-255.

[9] Gilbert P, Allison DG, Rickard A, Sufya, N, Whyte F, McBain
AJ (2001) Do biofilms present a nidus for the evolution of
antibacterial resistance?. In P Gilbert, DG Allison, M Breading,
J Verran, J Walker. (ed.), Biofilm community development:
chance or necessity? Bioline Press, Cardiff, Wales. pp. 341-351
[10] Lewis K (2001) Riddle of biofilm resistance, Antimicrob.
Agents Chemother. 45, 999-1007.

[11] Sufya N, Allison DG, Gilbert P (2003) Clonal variation
in maximum specific growth rate and susceptibility towards
antimicrobials, J. Appl. Microbiol. 95, 1261-1267.

[12] Keren I, Kaldalu N, Spoering A, Wang Y, Lewis K
(2004) Persister cells and tolerance to antimicrobials, FEMS
Microbiology Letters 230, 13-18.

[13] Gilbert P, Moore LE (2005) Cationic antiseptics: diversity
of action under a common epithet, J. Appl. Microbiol. 99, 703-
715

[14] Shah D, Zhang Z, Khadursky AB, Kaldalu N, Kurg K,
Lewis K (2006) Persisters: a distinct physiological state of E.
coli, BMC Microbiol. 6, 53.

[15] Stephens E (2013) Antibiotics. Medical Editor: Shiel WC
WebMD, LLC. EMedicine Health.

http://www.emedicinehealth.com/antibiotics/article em.htm.

[16] Hunter JAA, Savin JA, Dahl MV (1999) Clinical
Dermatology. 2™edn. Black Well Science New York, pp.161-
166.

[17] Johnson AG, Zieglar RJ, Lukasewycz OA, Hawley LB
(2002) Board Review Series Microbiology and Immunology,
4%edn. Lippincott Williams and Wilkins Awolters Kluwer
Company, pp.88.

[18] Collee GJ, Faser GA, Marmion B, Simmons A (1996)

Mackie and McCartney. Practical Medical Microbiology,
14%edn. Churchill Livingstone, New York.

[19] Nozohoor S, Heimdahl A, Colque NP, Julander I, Soderquist
B, Mollby R (1998) Virulence factors of Staphylococcus aureus
in the pathogenesis of endocarditis. A comparative study of
clinical isolates, Zen traibl. Bacteriol. 287, 433-447.

[20] Steriti R (2002) Penicillin, Penicillin G. Natural Health
Coach and Consultant.,

http://www.naturdoctor.com/Chapters/Drugs/Penicillin.html.

[21] USP (2008) Pharmaceutical Partners of Canada INC.
Penicillin G Sodium for Injection.

[22] Horrobin D (2001) The paradox of antioxidants and cancer,
Am J Clin Nutr. 74, 555-559.

[23] Coulter ID, Hardy ML, Morton SC, Hilton LG, Tu W, Di
Valentine JD, Shekelle PG (2006) Antioxidants Vitamin C and
Vitamin E for the Prevention and Treatment of Cancer, J Gen
Intern Med. 21(7), 735-744.

[24] Naidu KA (2003) Vitamin C in human health and disease is
still a mystery?, Nutrition Journal, 2-7.

[25] Sakagami H, Amano S, Kikuchi H, Nakamura Y, Kuroshita
R, Watanabe S, Satoh K, Hasegawa H, Nomura A, Kanamoto
T, Terakubo S, Nakashima H, Taniguchi S, Oizumi T (2008)
Antiviral, antibacterial and Vitamin C-synergized radical-
scavenging activity of Sasa senanensis Rehder extract. In
Vivo, International Journal of Experimental and Clinical
Pathophysiology and Drug Research 22(4), 471-476.

[26] Joseph KM (1993) New Microbiology method for
the detection of Staphylococcal Beta-lactamas, Indian. J.
Experimental Biology. 31, 653-654.

[27] Livermore DM, Brown DF (2001) Detection of B-lactamase-
mediated resistance, Journal of Antimicrobial Chemotherapy 48,
Suppl. S1, 59-64.

[28] Finn RK (1959) Agar Diffusion Method, Anal. Chem. 31(6),
957-977.

[29] Edward J, Schantz MA (1962) Agar Diffusion Method,
Biochemistry 1(4), 658-663.

[30] Bonev B, Hooper J, Parisot J (2008) Principles of assessing
bacterial susceptibility to antibiotics using the agar diffusion
method, Journal of Antimicrobial Chemotherapy 61, 1295-1301.
[31]BalaM, Sood S (2010) Cephalosporin resistance in Neisseria
gonorrhoeae, Journal of global infectious disease 2(3), 284-290.
[32] Flora SJ, Pande M, Mehta A (2003) Beneficial effect
of combined administration of some naturally occurring
antioxidants (vitamins) and thiol chelators in the treatment of
chronic lead intoxication, Chem.-Biol. Interact. 145, 267-280.
[33] Nikaido H (2003) Molecular basics of bacterial outer
membrane permeability revisited, Microbiol. Mol. Biol. Rev. 4,
593-656.

[34] Hancock RW, Wong PGW (1984) Compounds Which
Increase the Permeability of the Pseudomonas aeruginosa Outer
Membrane, Antimicrobial agents and chemotherapy 26(1), 48-52.

[35] Nicas and Hancock (1983) Alteration of susceptibility to




Effect of Vitamin C on Penicillin G Efficacy to Inhibit Bacterial Populations

tm

ethylene diamine tetraacetate, polymyxin B and gentamicin in
Pseudoinonas aeruginosa by divalent cation regulation of outer
membrane protein H1, J. Gen. Microbiol. 129, 509-517.

[36] Nicas and Hancock (1983) Pseutdoionas aeruginosa outer
membrane permeability: isolation of a porin protein F-deficient
mutant, J. Bacteriol. 153, 281-285.

[37] Rawal BD, McKay G, Blackhall MI (1974) Inhibition of
Pseudomonas aeruginosa by ascorbic acid acting singly and in
combination with antimicrobial: in vitro and vivo studies, Med.
J. Aust. 1, 169-174.

[38] Rawal BD (1978) Bactericidal action of ascorbic acid on
Psuedomonas aeruginosa: alteration of cell surface as a possible
mechanism, Chemotherapy 24(3), 166-171.

[39] Cathcart RF (1985) Vitamin C-the non-toxic, non rate-
limited, antioxidant free radical scavenger, Med Hypoth.18, 61-
77.

[40] Cathcart RF (1991) A Unique Function for Ascorbate,
Medical Hypothesis 35, 32-37.

[41] Zhang HM, Wakisaka NO, Yamamoto T (1997) Vitamin C
inhibits the growth of a bacterial risk factor for gastric carcinoma:
Helicobacter pylori, Cancer 80, 1897-1903.

[42] Tabak M, Armon R, Rosenbla, G, Stermer E, Neeman I
(2003) Diverse effects of ascorbic acid and palmitoyl ascorbate
on Helicobacter pylori survival and growth, FEMS Microbiol
Lett. 224, 247-253.

[43] Jarosz M, Dzieniszewski J, Dabrowska-Ufniarz E,
Wartanowicz M, Ziemlanski S, Reed PI (1998) Effects of high
dose Vitamin C treatment on Helicobacter pylori infection and
total Vitamin C concentration in gastric juice, Eur J Cancer
Prev. 7(6), 449-454.

[44] Sjunnesson H, Sturegard E, Willén R, Wadstrom T (2001)
High intake of selenium, beta carotene, and vitamins A, C, and E

reduces growth of Helicobacter pylori in the guinea pig, Comp
Med. 51, 418-423.

[45] Kamiji MM, de Oliveira RB (2005) Non-antibiotic therapies
for Helicobacter pylori infection, Eur J Gastroenterol Hepatol.
17,973-981.

[46] Pal J, Sanal MG, Gopal GJ (2001) Vitamin-C anti-
Helicobacter pylori agent: More prophylactic than curative -
Critical review, Indian J. Pharmacol 43, 624-627.

[47] Amabile-Cuevas CF, Pina-Zentella R, Wah-Laborde ME
(1991) Decreased resistance to antibiotics and plasmid loss in
plasmid-carrying strains of Staphylococcus aureus treated with
ascorbic acid, Mutat. Res. 264, 119-125.

[48] Amabile-Cuevas CF, Heinemann JA (2004) Shooting the
messenger of antibiotic resistance: plasmid elimination as a
potential counter- evolutionary tactic, Drug Discov.Today 9,
465-467.

[49] Shoeb HA, Al-Shora HI, Abdel-Salam T (1995) Ascorbate as
an inductor inhibitor of B- lactamase in a strain of Enterobacter
cloacae, Lett. Appl. Microbiol. 21, 398-401.

[50] Rajyaguru JM, Muszynski MJ (1997) Enhancement
of Burkholderia cepacia antimicrobial susceptibility by cation
compounds, J. Antimicrob. Chemother. 40, 345-351.

[51] Kristiansen JE, Amaral L (1997) The potentional
management of resistant infection with non-antibiotics, J.
Antimicrob. Chemother. 40, 319-327.

[52] Chakrabarty AN, Dastidar SG, Annadurai S, Thakurta AG,
Ghosh K (1998) Cross-resistance among non antibiotics with
respect to themselves and antibiotics, Non Antibiotics 201-208.

[53] Cursino L, Chartone-Souza E, Nascimento AM (2005)
Synergic interaction between ascorbic acid and antibiotics
against Pseudomonas aeruginosa, Brazilian Archives of Biology
and Technology 48(3), 379-384.

[54] Brooks GF, Caarroll KC, Butel JS, Morse SA, Mietzner TA
(2010) Cell Structure, Staphylococci, Enteric Gram Negative
Rods, Antimicrobial Chemotherapy. In: Medical Microbiology,
25%edn. Lange Medical Publication.




