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ABSTRACT

Multidrug-resistant Gram-negative bacteria have become more common in India, and
they are linked to lengthier hospital stays. Colistin (Polymyxin E) is a clinically employed
antibacterial inactive prodrug of colistin sulfate and colistimethate sodium (CMS).
Colistin is an antibiotic used to treat infections caused by MDR Gram-negative bacteria
as a last resort. The outer membrane of gram-negative bacteria is bound by the colistin
mechanism. Polymyxin E and polymyxin B are commonly utilized in practice. Recent
clinical trial methods for the use of colistin with other antibiotics have shown that it
can boost antibacterial efficacy, and it will be a “last-line” therapy against MDR gram-
negative organisms in the twenty-first century. Clinical uses, dosing considerations,
range of efficacy, toxicity level, co-administration with other antibiotics, and prospects
are all revealed in the review.
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INTRODUCTION

Colistin was isolated from soil organisms
by a Gram-positive bacterium known as
Paenibacillus polymyxa discovered in 1947.
Since 1959 colistin used for the treatment
of infectious diseases caused by Gram-
negative bacteria. It is an antimicrobial
agent that belongs to the class of polymyxin
antibiotics. In clinal practice polymyxin B
and Polymyxin E were used,’ colistemethate
sodium (CMS), for parenteral use, and
colistin sulfate (CS) for oral, inhalator, or
topical use.” Colistin was initially in the
year 1950 used in Japan and Europe, in
1959 colistemethate sodium was used in
the US. Colistin is highly basic to their
five free amino groups and moderately
effective against multi-resistant Gram-
negative bacteria, such as the majority of
Enterobacteriaceae, Acinetobacter baumannii,
and Psendomonas aeruginosa, especially in
seriously ill patients in the critical care
unit.” In the early 1980’ intravenous
formulation of polymyxin B and colistin
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gradually decreased in some parts of
the world due to the high incidence of
nephrotoxicity and neurotoxicity.

Figure 1 denotes a chemical structure of
colistin is a polypeptide antibiotc composed
of Colistin A and B. Colistin is a cationic
cyclic decapeptide linked to the fatty acid
chain via an alpha-amide linkage. The colistin
molecules are D-leucine, I.-threonine, and
L-a- y aminobutyric acid in the amino acid
components.” Dosage of Colistin is available
in the two salt forms, 1. colistin sulfate and 2.
colistimethate sodium (CMS) is administered
topically and parenterally.*”> The route
of administration includes intravenously
(CMS), orally, topically (colistin sulfate),
inhalation, intramuscularly, and intrathecally.
In current studies, colistin therapy for
patients who had received intravenously for
serious bacterial infections like P. aeruginosa,
Acinetobacter banamanii, and various types of
bacteria, including pneumonia, bacteremia,
urinary tract infections colistin therapy has
acceptable effectiveness and less toxicity.®
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Figure 1: The Figure Represents the Structure of Colistin.z

Table Differences between CMS and Colistin
Sulphate.

Characteristics CMS Colistin sulphate
Prepared Form Colistin Syn::\b?;iv.;:ia?on-
Salt Sodium Sulfate
Active Form / Prodrug Prodrug Active form
Chemically Anion Cation
Stability Less More
Dosage form T:;ZT;:’;S:’ Oral and topical
Elimination Renal Non-renal
Half-life 2 hr 4 hr

The WHO and other government agencies such as
Health Canada have reclassified colistin in the category
of “very high importance for Human Medicine”.?
Nowadays polymyxins have re-emergence in the last-
resort drug against multidrug-resistant (MDR) strains.
Even though their nephrotoxicity effect clinician to
administer at lower doses that are required for optimal
therapeutic efficacy. Currently using polymyxin drugs
are very narrow therapeutic window.* The review
provides information on the MOA, dosing consideration,
the spectrum of activity, therapeutic use, and future
benefits of colistin were included.

Colistin Mechanism of Action

Colistin has both hydrophilic and lipophilic moieties.*
The initial site of action is in the bacterial cell
membrane. Colistin interacts electrostatically with
lipopolysaccharide and phospholipids in the outer
membrane of gram-negative bacteria. This competitively
displaces divalent cations, especially calcium and
magnesium (Ca®* and Mg”") from the phosphate group
of membrane lipids this leads to disruption of the outer
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Figure 2: Colistin Mechanism of Action.®

membrane and leakage of cell contents.® Colistin has an
antiendotoxin activity, which can bind and neutralize the
LPS molecule of bacteria.*

Another mode of action is the inner membrane of
bactetia which inhibits the vital respiratory enzymes.’
Some hydrophilic antibiotics such as carbapenems,
rifampicin, tetracyclines, and glycopeptides work
synergistically action to the disruption of membrane
integrity by colistin.?

As described in Figure 2 demonstrates Martis ¢f al.,
The cationic cyclic decapeptide binds with anionic LPS
molecule by displacing calcium and magnesium from the
outer membrane of Gram-negative bacteria, which leads
to permeability changes and leakage of cell contents."

Colistin Resistance Mechanism

Gram-negative bacteria have several methods to protect
themselves against colistin and other polymyxins.
According to studies in the literature, colistin resistance
develops as a result of i vitro testing. Various LPS
alterations, overexpression of the efflux pump system,
and overproduction of capsule polysaccharides are all
involved in the resistance process. The most common
mechanism for colistin resistance is LPS modification
of the bacterial outer membrane.” The most common
colistin resistance mechanisms in bacteria like K.
prenmoniae in the Middle East include mutations and
insertion sequence transpositions in the mgtB gene."! LPS
modification is a commonly used resistance mechanism.
The cationic replacement of phosphate groups is what
causes colistin resistance.

Figure 3 illustrates the colistin mechanism in LPS
modification the cationic substitution of 4-amino- 4
deoxy-L-arabinose (LAra4N) for the phosphate groups
in colistin resistance reduces the negative charge
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Figure 3: lllustrates the colistin resistance mechanism in LPS
modification.™

of lipid A to O. The second process modifies the
phosphoethanolamine (PEtN) reduces the net charge.
L-Ara4N due to the nature of the charge change,
modification is an effect that results in a net positive charge
to LPS that lowers its binding to polymyxin, resulting in
resistance. Several genes and operons are involved in
LPS modification; the primary two-component systems,
PhoPQ and PmrAB, are in charge of LPS modification
by the addition of the cationic group. The operon
enzymes are in charge of modifying DNA pmrC, pmrE,
and pmrHFIJKLM operon regulatory genes. The mgrB
genes atre controlled by the two components of PhoPQ."
K. pneumoniae, Enterobacter aerogenes, and Salmonella enterica
have all been linked to mutations in the PmrA and pmrB
genes.”

Following that, PhoPQ has a two-part system. PhoP, a
regulator protein, and PhoQ), a sensor protein kinase
This PhoPQ system is activated in acidic conditions (low
pH), which are triggered by environmental factors like
a magnesium deficiency. The PhoP gene was activated
either directly or indirectly through PmrD, resulting in
the addition of PEtN to the LPS and the activation of
the PmrA protein.'*!

Efflux pumps have been tried on Gram-negative bacteria,
and the energy of efflux pumps is inhibited by CCCP
and DNP, resulting in a considerable reduction in colistin
resistance. Klebsiella pneumoniae, Psendomonas aernginosa,
Acinetobacter baumannii, and Stenotrophomonas maltophilia
have played a key role in the development of efflux
pump inhibitors."”

The spectrum of the Activity

Colistin has a very limited antimicrobial spectrum.
In vitro, it exhibits good bactericidal activity against
most gram-negative bacteria.'® Most members of the
Enterobacteriaceae family, including E. co/i, Enterobacter,

164

Colistin Spectrum of Activity- the table illustrated

susceptible, resistant, and variable.

Susceptible Resistant Variable
* Gram-negative <« Gram- + Gram-negative
bacilli: negative bacilli:
*  Pseudomonas bacilli: »  Stenotrophomonas
aeruginosa, *  Proteus spp., maltophilia,
* A. baumannii * Providencia + Aeromonas spp.,
* Acinetobacter spp., »  Vibrio spp.
spp., *  Morganella
»  Escherichia coli, morgani,
*  Kilebsiellaspp., < Serratia spp.,
»  Enterobacter * Edwardsiella
spp., tarda,
» Citrobacter spp., * Burkholderia
*  Salmonella spp., spp.,

Shigella spp., .
*  Haemophilus

Brucella spp.

influenza,
*  Bordetella
pertusis,
* Legionella
pneumophila
* Gram-
negative
cocci:
* Neisseria
gonorrhea,
* Neisseria
meningitides,
*  Moraxella
catarrhalis

Salmonella, Shigella, and Klebsiella, are bactericidal.'
Polymyxins did not affect Gram-negative and Gram-
positive cocci, as well as Gram-positive bacilli."”

Dosing Consideration

Hospital recommendations and the CMS convention
specify doses in milligrams of Colistin Base Activity
(CBA) or international units, depending on individual
country labeling.'®

33 mg CBA=1 million IU.

Colistin has a maximum daily dose of 360 mg colistin
base action."” Colistin will only be used in the Infectious
Disease and Pulmonary Services department.”’ The
loading dose delivered in the category of critically ill
patients is 300 mg CBA, which is the recommended
maximum dose with an optimal body weight of 75 kg
(9 million IU). The daily dose is calculated based on
the patient’s creatinine clearance and the target plasma
colistin Css, which is 2 mg/L on average. The baseline
daily dose of colistemethate for a Css, avg of 2mg/I. with
creatinine clearance of 0 mL/min in a patient receiving
renal replacement therapy is 130 mg/d of CBA. There
are two types of days in intermittent hemodialysis: non-
dialysis days, which have a CBA dose of 130 mg and a
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Table denotes monotherapy and combination
therapy.?

Monotherapy Combination Therapy
Carbapenem containing regimen
Tigecycline Carbapenam + Tigecycline or
aminoglycosides, or colistin
Colistin Carbapenam + Tigecycline

Carbapenam + aminoglycosides
Tigecycline + aminoglycoside + colistin
Tigecycline + aminoglycosides

Tigecycline + colistin

baseline dosing of Css, avg of 2 mg/L; and dialysis days,
which add 30-40 percent to the baseline dose after 3-4 hr.
Then, for a Css, avg 2 mg/L, the sustained low-efficiency
dialysis adds 10% each 1 hr of SLED replacement therapy
to the baseline daily dose; for a patient undergoing 10-hr
nocturnal SLED, the dose would be 130 mg/L. The daily
dose of continuous renal replacement therapy is increased
by 10% per 1 hr of CRRT. Css, 2 mg/L on average; CBA
dose is 440 mg/d. The daily dose would be divided into
two equal parts.”

Coadministration with other Antibiotics

A small number of clinical investigations have looked at
the efficacy of CMS/colistin in conjunction with other
antibiotics. Combinations of rifampicin, imipenem,
meropenem, ciprofloxacin, gentamicin, ceftazidime,
doxycycline, minocycline, azithromycin, piperacillin, and
co-trimoxazole against P. aeruginosa, A. baumannii, and
K. pnenmoniae were used in the majority of in vitro trials.

Clinical uses in Human

Colistin is used in the intensive care unit to treat
bacteremia, sepsis, and preumoniae associated with
mechanical ventilation (VAP). Other disorders treated
with colistin include urinary tract infections, meningitis,
osteomyelitis, joint infections, gastrointestinal system,
abscess, pyoderma and/or soft tissue infections, and eye
and ear infections. P. aeruginosa, Acinetobacter baumannii, and
Enterobacterales infections have all been treated with
intravenous polymyxins. MDR gram-negative bacteria
cause Ventilator-Associated Pneumonia (VAP), which
is a growing clinical concern. As a first-line medication
for nebulized usage, colistin exhibits anti-pseudomonal
action.

Adverse Drug Reaction

The effects of nephrotoxicity and neurotoxicity are
potentially fatal. Because colistin is removed through the
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kidneys and elevated blood levels may further restore renal
function, nephrotoxicity is the most common side effect.
Acute tubular necrosis, indicated by reduced creatinine
clearance and elevated serum urea and creatinine levels,
is one form of renal toxicity. CMS-related nephrotoxicity
was determined using RIFLE (Risk, Injury, Failure, Loss,
End-stage) criteria in a recent study. Monitor creatinine
and GFR for nephrotoxicity side effects. 11 A larger
dose of intravenous colistin may cause nephrotoxicity.
The interaction of colistin with neurons, which have a
high lipid content, causes neurotoxicity. Peripheral and
orofacial parenthesis, visual abnormalities, vertigo, mental
disorientation, ataxia, and seizures are all linked to it this
can cause apnoea ot respiratory failure.”? Hypetsensitivity
reactions such as skin rash, urticaria, widespread itching,
fever, and mild gastrointestinal issues have also been
recorded with the usage of colistin.’

Future Prospects

Future research is needed to determine colistin’s
pharmacokinetic and pharmacodynamic properties, as
well as to assess colistin-related toxicity. Considerable
colistin resistance mechanism, making antimicrobial
peptide agent investigations for new prospective
medications that target gram-negative bacteria easier.
Improve studies for dosage considerations, including
total daily dose, maximum dosing consideration, mode
of administration, dosing interval, and formulations.
Future research trials, such as randomized control trials,
will be conducted to assess the hazards and advantages
of colistin coadministration with antimicrobial drugs. To
achieve the proper dose of colistin, start therapeutic drug
monitoring in clinical practice. The efficacy and safety
of nebulized colistin for the treatment of ventilator-
Associated Pneumonia will be studied in clinical trials.
Colistin’s prospects in contrast to other antibiotics and
monotherapy to improve the efficacy.

CONCLUSION

Finally, Colistin is an ancient antibiotic that is resurfacing
in clinical practice as “last-line therapy”
infections caused by MDR gram-negative bacteria. In
clinical practice, serum creatinine and GFR should be
monitored to prevent nephrotoxicity, and this antibiotic
should be given based on the patient’s weight and renal
function. To attain a therapeutic concentration of the
antibiotic, it should be given as a loading dose followed by
a maintenance dose. Therapeutic Medication Monitoring
is the primary role in personalizing drug monitoring to

for bacterial

ensure that colistin is administered safely and effectively.
As a result, in cases of colistin resistance, colistin should
only be used when no other options are available or in
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combination.
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