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ABSTRACT

was evaluated by measuring the inhibition zones.

In the current study, the antimicrobial activities of some of the commercially available Antibiotics were evaluated
against selected clinical Isolates. The Isolates (Test organisms) used were Staphylococcus aureus, Enterobacter
aerogenes, Salmonella, Streptococcus pyogenes. These bacterial cultures were grown in Trypticose soya broth &
treated with drug (Test compounds) viz., Cotrimoxazole, Tetracycline, Amoxicillin, Cefixime, Erythromycin,
Ciprofloxacin, Azithromycin & Gentamicin at different concentrations. After incubation, the antimicrobial activity

KEYWORDS: Antibiotics, Clinical Isolates, MBC, MLC, Test compounds, Trypticose broth, Agar plates.

INTRODUCTION

Staphylococcus aureus is often found in the nose,
respiratory tract and on the skin. Pathogenic strains
cause infections by producing potent protein toxins that
bind and inactivate antibodies.

Enterobacter a common Gram-negative, facultative
anaerobic, rod-shaped, nonspore-forming bacteria
belonging to the family Enterobacteriaceae. Two well-
known species, Enterobacter aerogenes and E. cloacae
have clinical significance as opportunistic bacteria.

Salmonella causes salmonellosis. Among more than
2,300 closely-related Salmonella serovars recognized, S.
Typhi and Paratyphi are human pathogens and cause
systemic infections and typhoid fever, whereas others
such as S. Typhimurium cause gastroenteritis.™

Streptococcus pyogenes (GAS) is exclusively a human
pathogen. A most recent review highlights the
importance of GAS virulence factors for disease
manifestation and pathogenesis.?

Cotrimoxazole is a safe, effective and low-cost
combination antibiotic widely prescribed to treat a range
of bacterial, parasitic and fungal infections. CTX is a
drug combination consisting of trimethoprim and
sulfamethoxazole  which is known to inhibit
dihydrofolate reductase and has been shown to act as a
sulfonamide potentiator.?!

Tetracyclines are broad-spectrum antibiotics against a
wide range of gram-positive and gram-negative bacteria
like chlamydia, mycoplasmas, ricketsiae and protozoan
parasites.® They were the first major group of
antibiotics to which the term “broad-spectrum” was
ascribed.!”) Therefore, they have been extensively used in
the therapy of human and animal infections, for their
prophylactic purposes in animals and plants and for
growth promotion in food animals.®¥ Tetracyclines are
known to inhibit bacterial protein synthesis by
preventing the association of aminoacyl tRNA with the
bacterial ribosome. ! Association of tetracyclines with
the ribosome is reversible, providing an explanation of
the bacteriostatic effects of these antibiotics.™”

Amoxicillin, also known as amoxycillin and amox, is
useful for the treatment of a number of bacterial
infections. It is primarily used for treatment of middle
ear infections as a first line treatment. Various
aminoglycoside antibiotics interactions with the 16S
rRNA and their effects on the process of translation of
mRNA into polypeptide have been studied
extensively.[?

Erythromycin is a useful antibiotic for the treatment of a
number of bacterial infections which includes respiratory
tract infections, skin infections and syphilis. It’s also
used during pregnancy to prevent Group B streptococcal
infection in the newborn. Erythromycin exhibits
bacteriostatic activity thereby inhibiting growth of
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bacteria, especially at higher concentrations, but its
mechanism is not fully understood. It binds to the 50s
subunit of the bacterial 70s rRNA complex, protein
synthesis critical for life or replication are inhibited by
this.

Ciprofloxacin is a broad spectrum, bactericidal antibiotic
which acts by binding two of the four topoisomerases of
bacteria.™™ They are bactericidal agents that act by
interfering with the enzyme DNA gyrase to inhibit
bacterial DNA synthesis.**! Ciprofloxacin is effective
against most Gram negative organisms such as
Pseudomonas aeruginosa, Campylobacter, Salmonella
and Shigella species etc.

Gentamicin or Garamycin (brand name) is used to treat
many types of bacterial infections including bone
infections, pelvic inflammatory disease, pneumonia,
urinary tract infections, meningitis and sepsis.
Gentamicin is a type of aminoglycoside that works by
stopping the bacteria from making protein thereby killing
the bacteria.

Cefixime is used in the treatment of a number of
bacterial infections. It is a third generation
cephalosporin. It is in the list of World Health
Organization's of Essential Medicines. Cefixime acts by
inhibiting cell wall synthesis of bacteria by binding to
one of the penicillin binding proteins (PBPs) inhibiting
the final transpeptidation in the bacterial cell wall
peptidoglycan synthesis, thus arresting the cell wall
assembly, resulting in cell death.

Azithromycin is used for treatment of a number of
bacterial infections such as middle ear infections, strep
throat, pneumonia etc. The precise mechanism of protein
synthesis inhibition by macrolides depends on the
specific chemical structure of the drug molecule. It
functions by the following ways : 1) By inhibiting the
progression of the nascent peptide chain during early
period of translation.™>*®: 2) By Promoting dissociation
of peptidyl tRNA from the ribosome[*”; 3) By Inhibiting
formation of peptide bond®"; and 4) By Interference
with 50S subunit assembly.™®

MATERIALS AND METHODOLOGY
MBC or MLC determination against Bacteria by micro
broth dilution technique as per NCCLS method.

Test organisms (Bacteria)

Staphylococcus aureus MTCC 7443, Enterobacter
aerogenes, MTCC 7325, Salmonella typhi, MTCC 733,
Streptococcus pyogenes MTCC 442.

Test compounds

Co-trimoxazole (25mcg), Tetracycline (30 mcg),
Amoxicillin (30 mcg), Cefixime (5 mcg), Erythromycin
(15 mcg), Ciprofloxacin (5 mcg), Azithromycin (15
mcg), Gentamicin (10 mcg).

Inoculum

Bacterial cell cultures adjusted to 1-2 x 10°Cell
suspension / mL grown on Tyrpticose soya broth was
used as inoculum.

Antibiotics concentrations

1)1- 64pg/ml of test antibiotics (Two fold dilutions) in
Trypticose soya broth.

2) Control: Trypticose soya broth inoculated with culture
and without drug.

Procedure

Mix 90 ul drug / test compounds of different test
concentration with 10 pl Inoculum in 96 well plates in
triplicate. Control: Mix 90 pl Trypticose soya broth
without drug with 10 pl Inoculum. Treated bacterial
cultures are incubated at 22°C and 35°C. The bacterial
test plates were observed after 24-48 hrs and O.D @ 600
nm is measured in Tecan plate reader. After determining
MIC, each concentration in the wells were serially
diluted and each diluted concentrations were plated in
Muller-Hinton agar plates and are incubated at 22°C and
35°C. Agar plates were observed after 24 hrs and
colonies were counted. The lowest antibiotic
concentration at which no bacterial growth was observed
on the plates is defined as the minimal bactericidal
concentration (MBC). The minimal concentration which
reduced the number of CFUs to 1/1000 that in the
original inoculum was defined as minimal lethal
concentration.

Minimum Bactericidal concentration of test
compounds

Table 1: Minimum Bactericidal concentration of test
compounds against Enterobacter aerogenes.

Name of MBC concentration
antibiotics (ug/ml) plated
Co-trimoxazole 16
Tetracycline 32
Amoxicillin 64
Cefixime 8
Erythromycin 16
Ciprofloxacin 4
Azithromycin 32
Gentamicin 16

Table 2: Minimum Bactericidal concentration of test
compounds against Staphylococcus aureus.

Name of MBC concentration
antibiotics (ug/ml) plated
Co-trimoxazole 16
Tetracycline 32
Amoxicillin 8

Cefixime 32
Erythromycin 16
Ciprofloxacin 4
Azithromycin 16
Gentamicin 16
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Table 3: Minimum Bactericidal concentration of test

compounds against Salmonella typhi

Table 4: Minimum Bactericidal concentration of test
compounds against Streptococcus pyogenes

Name of MBC concentration
antibiotics (ug/ml) plated
Co-trimoxazole 32
Tetracycline 64
Amoxicillin 64
Cefixime 16
Erythromycin 32
Ciprofloxacin 8
Azithromycin 64
Gentamicin 16

Name of MBC concentration
antibiotics (ug/ml) plated
Co-trimoxazole 64
Tetracycline 16
Amoxicillin 64
Cefixime 8
Erythromycin 8
Ciprofloxacin 4
Azithromycin 32
Gentamicin 32
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RESULTS AND DISCUSSION

5.1 RESULTS
Table 5: Determination of Minimum Inhibitory concentration of test compounds against Enterobacter aerogenes
Conc. COoT TE AMX CFM E CIP AZM GEN
(pg/ml) % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 21.88 19.05 9.67 39.16 25.28 51.84 13.83 10.02
2.00 39.76 25.86 15.09 60.16 34.16 63.20 21.97 18.48
4.00 52.19 40.48 21.73 71.59 45.73 79.16 39.89 25.16
8.00 69.24 55.19 38.65 84.46 71.25 85.29 62.03 43.98
16.00 81.09 79.24 59.82 90.12 83.67 89.72 75.46 51.27
32.00 93.28 87.16 69.34 95.62 95.48 94.63 83.19 68.19
64.00 94.10 93.72 82.77 96.37 95.81 97.45 88.24 75.82
MIC 4,00 8.00 16.00 2.00 8.00 1.00 8.00 16.00
Class S | S S R S - S
100
Minimum Inhibitory concentration
20
80
) / /
:E / / 59.82
£ 50 7 i
£ 60.16
s 51 84’// 52.19,// /4 19 /
) /S
40 ///r- /
30
20 +
10 +
U i
a 1 2 4 8 16 32 64
Conc. pg / ml —4—COT% Inhibition —B—TE% Inhibition  —d— AMX % Inhibition ——CFM % Inhibition
—#=E % Inhibition —8—CIP % Inhibition AZM % Inhibition GEN % Inhibition
Fig. 1: Determination of Minimum Inhibitory concentration of test compounds against Enterobacter aerogenes
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Table.6: Determination of Minimum Inhibitory concentration of test compounds against Staphylococcus aureus

Conc. COoT TE AMX CFM E CIP AZM GEN
(ug/ml) % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 22.16 9.71 37.81 21.10 16.86 65.59 48.55 24.25
2.00 43.19 17.85 53.48 29.98 29.13 77.15 59.91 55.11
4.00 54.93 35.77 69.55 41.55 57.98 82.54 75.87 65.56
8.00 62.10 57.91 76.13 67.07 70.19 86.76 82.69 71.61
16.00 75.02 71.34 89.28 79.49 85.56 90.29 86.43 83.46
32.00 81.99 79.07 95.13 91.28 91.22 96.11 91.34 95.65
64.00 90.81 84.12 97.15 91.63 94.70 98.4 94.16 96.46
MIC 4.00 8.00 2.00 8.00 4.00 1.00 2.00 2.00
Class - R S - R [ R S

100

Minimum Inhibitory concentration A—_—

) // — |

SD / / //
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¥ 7 Tm -
E 50 / /é"'s M.

40

N/ o 4
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0 # ; ; ; ;
0 1 2 4 8 16 32 64
Conc. g/ ml ——COT% Inhibition —8—TE% Inhibition  —A— AMX % Inhibitian —<—CM % Inhibition
——E % Inhibition ~ —8—CIP % Inhibition AZM% Inhibition GEM % Inhibition
Fig.2: Determination of Minimum Inhibitory concentration of test compounds against Staphylococcus aureus
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Table.7: Determination of Minimum Inhibitory concentration of test compounds against Salmonella typhi

Conc. COoT TE AMX CFM E CIP AZM GEN
(ug/ml) % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 14.13 6.78 4.89 23.05 8.19 45.13 5.11 14.59
2.00 22.46 11.29 8.14 41.83 19.22 71.54 10.27 43.57
4.00 35.11 23.44 15.98 65.43 31.09 79.57 17.43 61.22
8.00 51.83 35.19 27.43 77.12 52.05 85.01 29.15 69.09
16.00 67.96 61.50 48.86 86.94 77.81 91.69 53.99 75.16
32.00 72.49 75.38 65.19 92.47 85.46 91.73 68.05 81.24
64.00 79.56 81.66 77.54 95.53 87.29 92.09 81.71 89.93
MIC 8.00 16.00 32.00 4.00 8.00 2.00 16.00 4.00
Class - | | - S S S S
100
Minimum Inhibitory concentration —
90 r
80 ﬁ,
70
60
H
=
2 50
#
40
30
20
10 +
a
Conc.pz/ml O 1 4 8 16 32
=—4#—COT% Inhibition —f=TE % Inhibition == AMX % Inhibition ===—CFM % Inhibition
—t=—E % Inhibition ~ —#—CIP % Inhibition AZM % Inhibition GEN % Inhibition
Fig.3: Determination of Minimum Inhibitory concentration of test compounds against Salmonella typhi
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Table.8: Determination of Minimum Inhibitory concentration of test compounds against Streptococcus pyogenes

Conc. CoT TE AMX CFM E CIP AZM GEN
(ug/ml) % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition % Inhibition
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 2.95 15.58 4.50 38.11 26.19 53.95 9.57 11.89
2.00 5.52 37.19 9.71 61.73 52.08 69.08 20.83 27.13
4.00 11.93 50.43 22.04 70.09 62.75 75.16 35.24 41.87
8.00 20.87 57.91 41.93 78.86 75.43 89.28 61.59 55.17
16.00 55.09 64.15 58.11 85.43 79.16 92.43 68.17 71.23
32.00 64.13 77.08 73.83 92.47 87.79 95.79 81.73 84.91
64.00 79.72 83.13 84.17 95.80 91.08 98.46 92.47 88.02
MIC 16.00 4.00 16.00 2.00 2.00 1.00 8.00 8.00
Class - I R - | S | S
100
Minimum Inhibitory conceM
50
80 // i : I
m /%/'/
60 61.73
g s108 ,/ / / 5043 . “’/"/
E 5 03 55.09
;: |/ / //
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Fig. 4: Determination of Minimum Inhibitory concentration of test compounds against Streptococcus pyogenes
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Table.9: Minimum Bactericidal
Staphylococcus aureus, Salmonella typhi and Streptococcus pyogenes

Name of antibiotics

MBC concentration(ug/ml) plated
Name of Enterobacter Staphylococcus Salmonella Streptococcus
antibiotics aerogenes aureus typhi pyogenes
Co-trimoxazole 16 16 32 64
Tetracycline 32 32 64 16
Amoxicillin 64 8 64 64
Cefixime 8 32 16 8
Erythromycin 16 16 32 8
Ciprofloxacin 4 4 8 4
Azithromycin 32 16 64 32
Gentamicin 16 16 16 32
70
60

I

2 5o

£

3

2

E B Enterobacter aerogenes

E W Staphylococcusaureus

E salmonella typhi

g M Streptococcus pyogenes

concentration of test compounds against Enterobacter aerogenes,

Fig.5: Minimum Bactericidal concentration of test compounds against Enterobacter aerogenes, Staphylococcus
aureus, Salmonella typhi and Streptococcus pyogenes

Table 10: Antibiotic sensitivity against human pathogens

Zone of inhibition (mm) & sensitivity

Microorganism TE AMX E CIP CcoT CFM AZM GEN

30mcg | 30mcg | 15mcg 5mcg 25mcg 5mcg 15mcg | 10mcg

Enterobacter 20mm | 25mm 13mm 35mm 20mm 20mm ) 23mm
aerogenes Q) S (R) S) S) S )

Salmonella typhi 17mm | 16mm 35mm 35mm ) ) 19mm | 24mm
0] U] S S) S (S)

Staphylococcus aureus 10mm ) 5mm 20mm ) ) 12mm | 23mm
(R (R M (R) )

Streptococcus 20mm | 10mm | 20mm 30mm i i 15mm | 25mm
pyogenes M (R) M M Q) S)

Note: TE — Tetracycline, AMX — Amoxicillin, E — Erythromycin, CIP — Ciprofloxacin, COT — Co - trimoxazole,

CFM — Cefixime,

AZM — Azithromycin, GEN — Gentamicin.
S — Sensitive, | — Intermediate, R — Resistant.

WWW.ejpmr.com

491




Sathyamurthy et al.

European Journal of Pharmaceutical and Medical Research

| == _Z
(A — Amoxicillin, C — Ciprofloxacin, E —
Erythromycin, T — Tetracycline)
Fig. 6: Antibiotic sensitivity against human pathogens

DISCUSSION

Minimum Inhibitory concentration of test compounds
against Enterobacter aerogenes

From the Table — 5 and Fig — 1 the Minimum Inhibitory
concentration of test compounds determined against
Enterobacter aerogenesis for all eight commercial
antibiotics are as follows:

Ciprofloxacin is the lowest and found be at 1 pg/ml
Conc. the % Inhibition is found to be 51.84 followed by
Cefixime is at 2 pg/ml Conc. the % Inhibition is found to
be 60.16. Co-trimoxazole is at 4 pg/ml Conc. the %
Inhibition is found to be 52.19. Tetracycline,
Erythromycin and Azithromycin has at 8 pg/ml Conc.
the % Inhibition is found to be 55.19, 71.25 and 62.03.
Amoxicillin and Gentamicin has at 16 pg/ml Conc. the
% Inhibition is found to be 59.82 and 51.27

Minimum Inhibitory concentration of test compounds
against Staphylococcus aureus:

From the Table — 6 and Fig — 2 the Minimum Inhibitory
concentration of test compounds determined against
Staphylococcus aureus for all eight commercial
antibiotics are as follows:

Ciprofloxacin is the lowest and found be at 1 pg/ml
Conc. the % Inhibition is found to be 65.59 followed by
Amoxicillin, Azithromycin and Gentamicin has at 2
pg/ml Conc. the % Inhibition are found to be 53.48,
59.91 and 55.11. Co-trimoxazole and Erythromycin has
at 4 pg/ml Conc. the % Inhibition are found to be 54.93
and 57.98. Tetracycline and Cefixime has at 8 pg/ml
Conc. the % Inhibition is found to be 57.91 and 67.07

Minimum Inhibitory concentration of test compounds
against Salmonella typhi

From the Table — 7 and Fig — 3 the Minimum Inhibitory
concentration of test compounds determined against
Salmonella typhi for all eight commercial antibiotics are
as follows:

A- Azithromycin,’ C - Cefixime, G — Gentamicin, CT —

Co-trimoxazole

Ciprofloxacin is the lowest and found be at 2 pg/mi
Conc. the % Inhibition is found to be 71.54 followed by
Cefixime and Gentamicin has at 4 pg/ml Conc. the %
Inhibition are found to be 65.43 and 61.22. Co-
trimoxazole and Erythromycin has at 8 pg/ml Conc. the
% Inhibition are found to be 51.83 and 52.05.
Tetracycline and Azithromycin has at 16 pg/ml Conc.
the % Inhibition is found to be 61.50 and 53.99.
Amoxicillin is the highest and found be at 32ug/ml
Conc. the % Inhibition is found to be 65.19

Minimum Inhibitory concentration of test compounds
against Streptococcus pyogenes:

From the Table — 8 and Fig — 4 the Minimum Inhibitory
concentration of test compounds determined against
Streptococcus pyogenes for all eight commercial
antibiotics are as follows:

Ciprofloxacin is the lowest and found be at 1 pg/ml
Conc. the % Inhibition is found to be 53.95 rouded off to
54% followed by Cefixime and Erythromycin has at 2
pg/ml Conc. the % Inhibition are found to be 61.73 and
52.08. Tetracycline is at 4 pg/ml Conc. the % Inhibition
are found to be 50.43. Azithromycin and Gentamicin has
at 8 pg/ml Conc. the % Inhibition are found to be 61.59
and 55.17. Co-trimoxazole and Amoxicillin has at 16
pg/ml Conc. the % Inhibition is found to be 55.09 and
58.11

concentration of test
Enterobacter  aerogenes,
Salmonella typhi and

Minimum  Bactericidal
compounds  against
Staphylococcus  aureus,
Streptococcus pyogenes
Minimum Bactericidal concentration of test compounds
against the clinical isolates from Table — 9 and Fig — 5
are as follows:

For Enterobacter aerogenes, Ciprofloxacin has the lowest
which is at conc. 4ug/ml and Cefixime is at 8ug/ml
followed by Co-trimoxazole, Erythromycin and
Gentamicin whose conc are at 16ug/ml. Tetracycline and
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Azithromycin are found at 32ug/ml. Amoxicillin is the
highest of all which is found to be 64pg/ml.

For Staphylococcus aureus, Ciprofloxacin has the lowest
which is at conc. 4pg/ml and Amoxicillin is at 8ug/ml
followed by Co-trimoxazole, Erythromycin,
Azithromycin and Gentamicin whose conc are at
16pg/ml. Tetracycline and Cefixime are found to be
highest which are at 32pg/ml.

For Salmonella typhi, Ciprofloxacin has the lowest
which is at conc. 8ug/ml followed by Cefixime and
Gentamicin whose conc are at 16pg/ml. Co-trimoxazole
and Erythromycin are found at 32ug/ml. Tetracycline,
Amoxicillin and Azithromycin are the highest of all
which are found to be 64pg/ml.

For Streptococcus pyogenes, Ciprofloxacin has the
lowest which is at conc. 4ug/ml followed by Cefixime
and Erythromycin is at 8ug/ml. Tetracycline is found to
have at 16ug/ml. Azithromycin and Gentamicin are
found at 32ug/ml. Co-trimoxazole and Amoxicillin are
the highest of all which are found to be 64ug/ml.

Antibiotic sensitivity against human pathogens

From Table — 10 and Fig — 6 are as follows the selected
antibiotic sensitivity against Human pathogens is as
follows:

Enterobacter aerogenes was found to be susceptible to
most of the antibiotics namely Ciprofloxacin, Co-
trimoxazole, Cefixime, Gentamicin.

Salmonella typhi also exhibited susceptibility towards a
wide range of Antibiotics viz.,, Erythromycin,
Ciprofloxacin, Azithromycin, Gentamicin.

Staphylococcus aureus & Streptococcus pyogenes both
were found to be susceptible to Gentamicin. Gentamicin
therefore exhibited to be a broad spectrum Antibiotic
effective against all the clinical isolates selected for the
study.

CONCLUSION

Micro broth dilution technique as per CLSI standards
offers rapid method for characterization of microbial
pathogens for antibiotic susceptibility. In the present
study 4 common bacterial pathogens were tested against
8 standard antibiotics that were commercially available.
MIC and MBC of microbial community from isolated
cultures may be helpful in selection and prescription of
antibiotic dosage.
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