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ABSTRACT
The human gut microbiome is an ecosystem of
trillions of bacteria that has been shown to play an
important role in regulating drug efficacy and
metabolism. This review article provides a
comprehensive overview of the interactions
between gut microbes and drugs, revealing the
mechanisms by which they influence each other.
We investigate the biotransformation of drugs by
intestinal bacteria and whether microbial enzymes
improve or reduce the bioavailability of the drug.
This review provides an overview of the impact of
the gut microbiota on drug use and metabolism,
highlighting the potential of using the microbiota
for personalized medicine and treatment.
Understanding the relationship between gut
microbiota and drug therapy is important to make
drugs more effective and improve health in the era
of precision medicine.

Influence of the gut microbiome on drug
metabolism and efficacy

l. INTRODUCTION

The gut microbiome is the collective
genome of the whole microbes inhabiting in
Mammaliangastrointestinal tract, which contains
over 100 species bacteria and about 10Times the
number of the host body cells(1).Gigantic amount
of microorganisms, including bacteria, vi-ruses,
fungi, and archaea, are co-residing in the human
gastrointestinal (Gl) tract, living in a commensal
relationship  with  humans(2).Most of these
microorganisms are bacteria, which outnumber
eukaryotes (e.g. fungi) and archaeaBy 2-3 order of
magnitude, and reside primarily in the
gastrointestinal (GI) tract. They form a complex
and diverse community, called as the gut
microbiota  (hereafter referred to as gut

microbiota)Which includes more than 1000
different bacterial species, withMore than 90% of
the them belonging to two major phyla, the
Firmicutesand Bacteroidetes. Less abundant, but
still  dominant gut phyla areActinobacteria,
Proteobacteria and Verrucomicrobia(3).The human
gut was not considered an important part of the
human body in the past, other than its well known
roles in digestion and absorption of food anddrugs.
Recently, this ’forgotten’ organ has become an
uprising star of many studies These
microorganisms create an environment rich in
nutrients needed for their own survival. In turn,
they make very important contributions to
processes,important for human health, such as the
normal functioning of the immune system and the
metabolism of nutrients, drugs and different
neurotransmitters. Many studies have shown that
the pharmacokinetic and bioavailability processes
of different drugs are often involve complex and
dynamic interaction with gut microbiota. This has
an important effect on the efficacy of these drugs,
as well as on the occurrence of different unwanted
toxicological events Therefore, gut microbiota is
recognized as one of the crucial environmental
factors influencing the metabolism of drugs and
xeno-biotics as well as the inter-individual
variations of drug effects(4)

The concept that a disturbedintestine
microbiome (specifically by antibiotics) impairs
responsiveness to immunotherapy suggests that a
rich and wealthy microbiome is important for
immunotherapy efficacy . In fact, promising data
from two small clinical studies (1 study n=15 with
clinical benefit in 6 of 15 patients, and the other
study n=10) show faecal microbiota transplant
(FMT)—a method that enables the composition of
the gut microbiome to be changed by transferring
the entire gut microbiota from one host (donor) to
another (recipient)—can improve immunotherapy
efficacy . For example, the efficacy of adoptive cell
therapy was shown to be enhanced by selectively
targeting and eliminating specific microbes
belonging to the Bacteroidetes phylum. Similarly,
administration of the commensal microbe,
Bifdobacterium spp., has been shown to enhance
the efficacy of a PD-L1 therapy in a rodent model
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of melanoma,there is a possibility that enhancing
efficacy will also increase the risk of toxicity (5)

Gut microbes play a crucial role in
enhancing drug efficacy through various
mechanisms, including metabolic activation, drug
transformation, and immune modulation. They can
convert inactive compounds into active forms,
impacting drug absorption and bioavailability.
Furthermore, gut bacteria can interact with the
immune system, influencing the body’s response to
medications. Recent studies have highlighted these
interactions, shedding light on the potential to
optimize drug treatments by considering the gut
microbiota.(6)

Composition and Function of the microbiome
The gut microbiota are consists of several
types ofmicroorganisms, including bacteria, yeast,
and viruses. Taxonomically, bacteria are classified
by phylum, classes, orders, families, genera, and
species. Only a few phyla are representing more
than 160 species(7). The dominant gut microbial
phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and
Verrucomicrobia, with the two phyla Firmicutes
and Bacteroidetes(8)accounting for 90% of gut
microbiota. The Firmicutes phylum is consists of
over 200 different genera such as Lactobacillus,
Bacillus, Clostridium, Enterococcus,  and
Ruminicoccus. The genus Clostridium makes up
95% of the Firmicutes phylum. Bacteroidetes
comprises of predominant genera such as
Bacteroides and  Prevotella. The phylum
Actinobacteria is proportionally less numerous and
mainly represented by the Bifidobacterium
genus(8)
Examples of taxonomic gut  microbiota
composition are illustrated in fig:1 (30)
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The gut microbiome plays crucial roles in
the body’s health, including digestion, nutrient
absorption, and immune system modulation(9).

Gut bacteria help train the immune
system,maintaining  abalanced inflammatory
response, and protectagainst pathogens. In addition,
the gut microbiome contributes to the breakdown
of complex carbohydrates and the synthesis of
certain vitamins and short-chain fatty acids(10).It
offers insights into the complex relationship
between the composition of gut microbiome and its
functional roles in maintaining well-being. It
discusses how factors such as diet, lifestyle, and
medications affect the diversity and balance of gut
microbes, emphasizing the importance of
understanding this dynamic ecosystem for
personalized healthcare approaches. The
contributions of the gut microbiome to nutrient
metabolism, immune response, and overall
homeostasis underscore its key role in human

physiology (11).

1)Digestion and Absorption of nutrients:

Gut microbes help breaking down
complexcarbohydrates, fibers, and other
components that are otherwise indigestible by
human enzymes. They produce enzymes that
contribute to the breakdown of these compounds,
allowing for better nutrient absorption.

2)Metabolism:

The gut microbiome influences host
metabolism by extracting energy from food
components that wouldotherwise not be digested. It
can also affect lipid metabolism and even
contribute to obesity by affecting the efficiency of
energy acquisition.

3)Regulation of the Immune System:

The gut microbiome plays animportant
role in training and protecting the immune system.
It helps the immune system distinguish between
beneficial and harmful microorganisms,
contributing to a balanced immune response and
reduces the risk of autoimmune diseases.

4)Barrier Function:

The gut microbiome helps maintain the
integrity of the gut lining, acting as a barrier against
harmful pathogens. It prevents pathogens from
adhering to the intestinal wall and colonizing the
intestines.
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5)Neurological Health:

Recent research suggests a strong
connection between the gut and the brain, known as
the gut-brain axis. The gut microbiome can
influence neurological health, affectmood, stress,
and even conditions like depression and
anxiety.(12)

Microbiome-Drug Interactions:

Many recent studies suggest that the gut
microbiota influencedrug metabolism through
direct and indirect mechanisms and alters the
efficacy, quality, and toxicity of xenobiotics and
drugs(13).Two broad mechanisms by which gut
microbiota mediates drug metabolism: the direct

biotransformation ~ mechanism  where  drug
metabolism is carried out by microbial enzymes,
while the indirect biotransformation mechanism
suggests the effect of microbial metabolites on host
receptors and signalling pathways. Intestinal
microflora can directly influence a person’s
response to a particular drug through direct
interaction or by producing enzymes and inducing
major or minor biochemical transformations in the
drug to make it either more or less active/inactive
or produce toxic metabolites( 14-17).As the gut
microenvironment is  anaerobic or rarely
oxygenated, the metabolism of drug by Intestinal
microflora mainly involves hydrolytic and
reductive biotransformations(18-19).

Table 1 : Impact of gut microbes on drug pharmacokinetics

classification

Drug Pharmacotherapeutic Effect
microbiota on drug
pharmacokinetics

of the gut | Implicated microbe

Digoxin Cardiac glycoside

Increase in metabolism

Eggerthellalenta(32,33,20)

Levodopa Anti-parkinson

Decrease the absorption

Helicobacter
pylori(34,35,36,37,27)

Amiodorone | Class 3 antiarrhythmic

Increase the absorption

Escherichia coli Nissle(38)

Irinotecan

Topoisomerase 1 inhibitor | Increase the metabolism and | p-glucuronidase
delayed excreation

enzymes
produce by
Bacteroidesvulgatus(39)

Paracetamol | Analgesic and antipyretic

Decrease the metabolism

Clostridium difficile(40)

1) Digoxin

The knowledge of how the microbiome
influences drug response is still in its infancy and
interaction of the gut microbiome with
cardiovascular drugs is only now being
uncovered(21).A classic example where the gut
microbiome can interfere with the bioavailability of
a drug is digoxin, a drug used for the treatment of
heart failure. In 10% of patients, digoxin is
converted to the inactive microbial metabolite

dihydrodigoxin by, Eggerthellalenta, which limits
the amount of active drug that is absorbed into the
systemic  circulation(20)Eggerthellalenta  which
possess the cardiac glycoside reductase (cgr)
operon show a high rate of digoxin inactivation.
since the mechanism of inactivation and
bacteriaresponsible are known, successful dietary
and antibiotic interventions are possible to prevent
digoxin inactivation(22).
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Fig. 2 Inactivation of Digoxin by Eggerthellalenta(31)

2) Levodopa

Parkinson’s disease (PD) is a neurological
movement disorder.This leads to tremors and
difficulty in walking and balance. It affecting >1%
of the population aged >60 years(23).The most
effective drugs for PD is levodopa (L-dopa), which
isPrescribed to alleviate motor symptoms(24). L-
dopa is absorbed in the gut and must enter the brain
so as to be converted by the aromatic amino acid
decarboxylase to the neurotransmitter dopamine to
be functional in co-ordinating brain to
musclesignalling (25).Gut microbes metabolize the
Parkinson’s drug 1-dopa. Decarboxylation of |-dopa
by E. faecalisTyrDC and human AADC likely
limits drug availability and contributes to side
effects. E. lentadehydroxylates dopamine produced
from I-dopausing a molybdenum-dependent
enzyme.(26)The bioavailability of L-dopa to the

brain at the site of active intestinal microbial
metabolism is therefore oneKey factor determining
drug effectiveness. Eradication of specificBacterial
populationwith antibiotics has been found to
improve the L-Dopa treatment in humans |,
suggesting that drugeffectiveness is suppressed by
some gut bacteria(27,28).To make L-dopa
moreeffective in PD patients L-dopa-utilizing
bacteria, is  simultaneouslyadministration  of
inhibitors ~ of  intestinal  bacterial L-dopa
decarboxylation are proposed to be coadministered.
Since tyrosine is the substrate of preference
forTyrDCs, the mimic (5)-a
fluoromethyltyrosine(AFMT) was considered and
used to reduce L-dopa decarboxylation, by
improving the therapeutic effect (29).
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Fig 3: Gut microbes interferes with metabolism of levodopa (41)

3) Amiodarone

Amiodarone is a member of a new class of
antiarrhythmic  drugs with mostly Class 1l
(Vaughan Williamsclassification)classificationand
indicated for treatment of life-threatening
supraventricular and ventricular arrhythmias, such
as ventricular fibrillation or haemodynamically
unstable ventricular tachycardia(42). While the
United States FDA has labelled amiodarone for the
treatment of life-threatening ventricular
arrhythmias, the drug is commonly used off-label
to treat supraventricular tachyarrhythmias such as
atrial fibrillation as well as for the prevention of
ventricular tachyarrhythmias (VTs) in high-risk
patients(43,44,45).

0

Amiodarone blocks the potassium current
that
causes myocardial repolarization in the third phase
of cardiac potential. As a result ,amiodarone
increases the action potential duration as well as
the effective refractory period for cardiac cells
(myocytes). Therefore, cardiac muscle cell
excitability is reduced, preventing and treating
abnormal heart rhythms(46,47).Amiodarone also
interferes with the activity of beta-adrenergic
receptors, sodium channels, and calcium channels .
These actions, at times, can lead to undesirable
effects, such as hypotension,and bradycardia(48).

Fig 4: Structure of amiodarone (51)

In 1917, Escherichia coli Nissle GM was i
dentified to increase the bioavailability of amiodaro

ne, thereby lowering the pH in the stomach and ther
efore improving the ionization and absorption of th
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edrug. It is also theorized that the increased
bioavailability of amiodarone is due to the
upregulation of the OATP2B1 transported gene by
the GM.Additionally ,the concentration of
amiodarone metabolite
Additionally, the concentration of amiodarane
metabolite N — desethylamiodarane increase 1.5
fold after probotic E.coli Nissle 1917(49).Owing to
its narrow therapeutic range ,certain gut microbes,
in certain conditions can precipitate amiodorane
mediated toxicity(50)

1.  CONCLUSION

This review article has shed light on the
fascinating and complex interplay between gut
microbes and drug metabolism, with a specific
focus on the drugs digoxin, levodopa, and
amiodarone. Through a comprehensive analysis of
existing research, it is evident that the gut
microbiota plays a pivotal role in influencing the
pharmacokinetics and therapeutic outcomes of
these medications.

The microbial communities residing in our
gastrointestinal tract have the capacity to
biotransform, modify, or even inactivate drugs,
thus directly impacting their efficacy and safety.
The case of digoxin exemplifies how gut bacteria
can metabolize a drug, potentially altering its
bioavailability and therapeutic window. Similarly,
levodopa, a cornerstone treatment for Parkinson's
disease, faces the intricate challenge of gut
microbes converting it into dopamine, potentially
affecting both efficacy and side effects.
Additionally, the proarrhythmic potential of
amiodarone may be modulated by the gut
microbiota, emphasizing the importance of
understanding these interactions for personalized
medicine.

As we delve deeper into this burgeoning
field of research, it becomes increasingly evident
that harnessing the influence of gut microbes on
drug metabolism could lead to revolutionary
advancements in  drug development and
optimization. However, the complexity of these
interactions also calls for cautious consideration in
clinical practice, as individual variations in gut
microbiota composition can lead to unpredictable
responses to medication.

In light of these findings, future research
should continue to unravel the specific mechanisms
by which gut microbes impact drug metabolism
and explore strategies to modulate the microbiota
to enhance drug efficacy while minimizing adverse
effects. Ultimately, the integration of microbiome

analysis into clinical decision-making could usher
in a new era of personalized medicine, where drug
therapy is tailored to an individual's unique gut
microbial profile, thereby maximizing therapeutic
benefits and minimizing risks

.REFERANCE

[1]. Prof.Houkai Lil, Jiaojiao Hel, and Prof.
Wei Jia the influence of gut microbiota on
drug metabolism and toxicityExpertOpin
Drug MetabToxicol. 2016; 12(1): 31-40.

[2]. Yating Wanl and Tao Zuo , interplays
between drugs and the gut microbiome
Gastroenterology  Report, 2022, 1-
8https://doi.org/10.1093/gastro/goac009
(PUBMED)

[3]. Zoltan S. Zadori , KornélKirdly,
Mahmoud  Al-Khrasani,  KlaraGyires
interactions between NSAIDs, opioids and
the gut microbiota Futureperspectives in
the management of inflammation and
painPharmacology & Therapeutics 241
(2023) 108327 (PUBMED)

[4]. Amina Dzidic-
Krivica,JasnaKusturicacEminaKarahmet
Sherd

NejraSelakeNejraOsmanceviceEsmaKarah
metFarhatb,f and Farooq ShergEffects of
intestinal flora on pharmacokinetics and
pharmacodynamics  ofdrugs, = DRUG
METABOLISM REVIEWS2023, VOL.

55, NOS. 1-2, 126-139
https://doi.org/10.1080/03602532.2023.21
86313

[5]. Hannah R. Wardill1,2 -
Raymond J. Chan3,4 -
Alexandre Chan5,Dorothy Keefel,6,7 Sa
muel P. Costello1,8 ,Nicolas H. Hart3,9,10
,Dual contribution of the gut microbiome
to immunotherapy efficacy and toxicity:
supportive care implications
and recommendationsSupportive Care in
Cancer (2022) 30:6369—
6373,https://doi.org/10.1007/s00520-022-
06948-0

[6]. Smith et al., 2020 “The Gut Microbiome
and Drug Metabolism: Advances in
Therapeutic Effects”

[71. Laterza L., Rizzatti G., Gaetani E.,
Chiusolo P., Gasbarrini A. The gut
microbiota  and immune  system
relationship in human graft-versus-host
disease. Mediterr. J. Hematol. Infect. Dis.

DOI: 10.35629/7781-080627162724 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2721


https://doi.org/10.1080/03602532.2023.2186313
https://doi.org/10.1080/03602532.2023.2186313
https://doi.org/10.1007/s00520-022-06948-0
https://doi.org/10.1007/s00520-022-06948-0

wa

\

7

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 6 Nov-Dec 2023, pp: 2716-2724 www.ijprajournal.com

UPRA Journal
2016;8:22016025. Doi: [18]. Wilson ID, Nicholson JK. Gut
10.4084/mjhid.2016.025 microbiome interactions with  drug

[8]. Arumugam M., Raes J., Pelletier E., Le metabolism, efficacy, and toxicity. Transl
Paslier D., Yamada T., Mende D.R, Res. 2017;179:204-222. Doi:
Fernandes G.R., Tap J., Bruls T., Batto 10.1016/j.trs1.2016.08.002. [PMC free
J.M., et al. Enterotypes of the human gut article] [PubMed] [CrossRef] [Google
microbiome. Nature. 2011;473:174-180. Scholar]

[9]. Belkaid, Y., & Hand, T. W. (2014). Role [19]. Colotti G, Rinaldi T. The central role of
of the microbiota in immunity and gut microbiota in drug metabolism and
inflammation. Cell, 157(1), 121-141. personalized medicine. Future Med Chem.

[10]. O’Hara, A. M., & Shanahan, F. (2006). 2020;12(13):1197-1200. Doi:
The gut flora as a forgotten organ. EMBO 10.4155/fmc-2020-0023. [PubMed]
reports, 7(7), 688-693. [CrossRef] [Google Scholar]

[11]. Moeller et al. (2019)”The Human [20]. Saha JR, Butler VP Jr, Neu HC,
Microbiome: Ecology and Recent Lindenbaum J.  Digoxin-inactivating
Evolution” bacteria: Identification in human gut flora.

[12]. Sender, R., Fuchs, S., & Milo, R. (2016). Science. 1983;220:325-327. [PubMed]
Revised Estimates for the Number of [Google Scholar]

Human and Bacteria Cells in the Body. [21]. Zhernakova A, Kurilshikov A, Bonder
PLoS Biology, 14(8), e1002533. MJ, Tigchelaar EF, Schirmer M, Vatanen
Do0i:10.1371/journal.pbio.1002533 T, Mujagic Z, Vila AV, Falony G, Vieira-

[13].  Swanson HI. Drug metabolism by the host Silva S, et al. Population-based
and gut microbiota: a partnership or metagenomics analysis reveals markers
rivalry? Drug MetabDispos. for gut microbiome composition and
2015;43:1499-1504. Doi: diversity. Science. 2016;352:565-569.
10.1124/dmd.115.065714. [PMC free [PMC free article] [PubMed] [Google
article] [PubMed] [CrossRef] [Google Scholar]

Scholar] [22]. Haiser HJ et al. (2014) Mechanistic insight

[14]. Wilkinson EM, Ilhan ZE, Herbst- into digoxin inactivation by
Kralovetz MM. Microbiota-drug Eggerthellalenta augments our
interactions: impact on metabolism and understanding of its pharmacokinetics.
efficacy of therapeutics. Maturitas. Gut Microbes 5, 233-8 [PMC free article]
2018;112:53-63. Doi: [PubMed] [Google Scholar]
10.1016/j.maturitas.2018.03.012. [23]. Reeve A, Simcox E, Turnbull D. Ageing
[PubMed] [CrossRef] [Google Scholar] and Parkinson’s disease: why is advancing

[15]. Hitchings R, Kelly L. Predicting and age the biggest risk factor? Ageing
understanding the human microbiome’s ResRev 2014:14:19-30.
impact on  pharmacology.  Trends [24]. Surmeier DJ. Determinants of
Pharmacol Sci. 2019;40(7):495-505. Doi: dopaminergic neuron loss in Parkinson’s
10.1016/j.tips.2019.04.014. [PMC free disease. FEBS J 2018;285:3657-68.
article] [PubMed] [CrossRef] [Google [25]. Nagatsu T, Sawada M. L-dopa therapy for
Scholar] Parkinson’s dis-Ease: past, present, and

[16]. Weersma RK, Zhernakova A, Fu J. future. Parkinsonism RelatDisord
Interaction between drugs and the gut 2009;15:S3-8
microbiome. Gut. 2020;69(8):1510-1519. [26]. Sharon G., Sampson T. R., Geschwind D.
Doi: 10.1136/gutjnl-2019-320204. [PMC H., Mazmanian S. K., The central nervous
free article] [PubMed] [CrossRef] [Google system and the gut microbiome.Cell 167,
Scholar] 915-932 (2016). Doi:

[17]. Dhurjad P, Dhavaliker C, Gupta K, Sonti 10.1016/j.cell.2016.10.027;pmid:  [PMC
R. Exploring drug metabolism by the gut free article] [PubMed] [CrossRef] [Google
microbiota: modes of metabolism and Scholar]
experimental approaches. Drug [27]. Hashim H, Azmin S, Razlan H et al.

MetabDispos. 2022;50(3):224-234. Doi:
10.1124/dmd.121.000669. [PubMed]
[CrossRef] [Google Scholar]

Eradication ofHelicobacter pylori
infection improves levodopa action,
clinical symptoms and quality of life in

DOI: 10.35629/7781-080627162724 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2722



wa

7

\

UPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 6 Nov-Dec 2023, pp: 2716-2724 www.ijprajournal.com

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

patients with Parkinson’s Disease. PLoS
One 2014;9:e112330.

Fasano A, Bove F, Gabrielli M et al. The
role  of small intestinal bacterial
overgrowth in Parkinson’s disease.
MovDisord 2013;28:1241-9.

Rekdal VM, Bess EN, Bisanz JE et al.
Discovery and inhibition of an interspecies
gut bacterial pathway for Levodopa
metabolism.  Science 2019;364(6445):
£aau632
https://www.elizabethturp.co.uk/http/hor.h
appyvalentinesday2020.online/Gut-
Microbiota-5e97.html
https://images.app.goo.gl/oeTZx75E9w2t
H5ak8

Haiser HJ, Gootenberg DB, Chatman K,
Sirasani G, BalskuseP, Turnbaugh PJ.
Predicting and Manipulating Cardiac Drug
inactivation by the Human Gut Bacterium
eggerthella lenta. Science.
2013;341(6143):295-8.20. Lindenbaum J,
Rund DG, Butler v

Lindenbaum J, Rund DG, Butler vPJ, Tse-
eng D, Saha JR. inactivation of Digoxin
by the Gut Flora: Reversal by An-tibiotic
Therapy. n engl J Med. 1981;305(14):789-
94,

Goldin BR, Peppercorn MA, Goldman P.
Contributions of host and intestinal
microflora in the metabolism of L-dopa by
the rat. J PharmacolexpTher.
1973;186(1):160-6.

Pierantozzi M, Pietroiusti A, Galante A,
Sancesario G, Lu-nardi G, Fedele e, et al.
Helicobacter pylori-induced reduc-tion of
acute levodopa absorption in parkinson's
disease patients. Ann neurol.
2001;50(5):686-7.

Pierantozzi M, Pietroiusti A, Brusa L,
Galati S, Stefani A, Lunardi G, et al.
Helicobacter pylori eradication and I-dopa
absorption in patients with PD and motor
fluctuations. neu-rology.
2006;66(12):1824-9.

Lee wY, Yoon wT, Shin HY, Jeon SH,
Rhee P-L. Heli-cobacter pylori infection
and motor fluctuations in patients with
Parkinson's disease. MovDisord.
2008;23(12):1696-700.

38)Matuskova Z, Anzenbacherova e,
vecera R, Tlaskalova-Hogenova H, Kolar
M, Anzenbacher P. Administration of a
probiotic can change drug
pharmacokinetics: effect of e. coli nissle

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[471.

1917 on amidarone absorption in rats.
PloS One. 2014;9(2):e87150.

wallace BD, wang H, Lane KT, Scott Je,
Orans J, Koo JS, et al. Alleviating Cancer
Drug Toxicity by inhibiting a Bac-terial
enzyme. Science. 2010;330(6005):831-5.
Clayton TA, Baker D, Lindon JC, everett
JR, nicholson JK. Pharmacometabonomic
identification of a significant host-
microbiome metabolic interaction
affecting human drug me-tabolism.
ProcnatlAcadSci U S
A.2009;106(34):14728-33.
https://neurosciencenews.com/microbiome
-levodopa-14235/

Gill J, Heel RC, Fitton A. Amiodarone.
An overview of its pharmacological
properties, and review of its therapeutic

use in cardiac arrhythmias. Drugs.
1992;43:69-110. [PubMed] [Google
Scholar]

SerhanOzcan K, Zengin A, Tathisu A,
Arugarslan E, Nurkalem Z. Anaphylactic

shock  associated  with intravenous
amiodarone. J Cardiol Cases. 2014
Feb;9(2):61-62. [PMC free article]

[PubMed]

Voulgareli I, Chronaiou A, Tsoukalas D,
Tsoukalas G. A rare case of lipoid
pneumonia attributed to amiodarone.
Pneumonia (Nathan). 2018;10:12. [PMC
free article] [PubMed]

Soar J, Perkins GD, Maconochie |,
Bottiger BW, Deakin CD, Sandroni C,
Olasveengen TM, Wyllie J, Greif R,
Lockey A, Semeraro F, Van de Voorde P,
Lott C, Bossaert L, Monsieurs KG, Nolan
JP., European Resuscitation Council.
European Resuscitation Council
Guidelines for Resuscitation: 2018 Update
- Antiarrhythmic drugs for cardiac arrest.
Resuscitation. 2019  Jan;134:99-103.
[PubMed]

Zipes DP, Prystowsky EN, Heger JJ:
Amiodarone: electrophysiologic actions,
pharmacokinetics and clinical effects. J
Am CollCardiol. 1984 Apr;3(4):1059-71.
doi: 10.1016/s0735-1097(84)80367-8.
Honjo H, Kodama I, Kamiya K, Toyama
J: Block of cardiac sodium channels by
amiodarone studied by using Vmax of
action potential in single ventricular
myocytes. Br J Pharmacol. 1991
Mar;102(3):651-6. doi: 10.1111/j.1476-
5381.1991.tb12228.x.

DOI: 10.35629/7781-080627162724 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2723


https://www.elizabethturp.co.uk/http/hor.happyvalentinesday2020.online/Gut-Microbiota-5e97.html
https://www.elizabethturp.co.uk/http/hor.happyvalentinesday2020.online/Gut-Microbiota-5e97.html
https://www.elizabethturp.co.uk/http/hor.happyvalentinesday2020.online/Gut-Microbiota-5e97.html
https://images.app.goo.gl/oeTZx75E9w2tH5ak8
https://images.app.goo.gl/oeTZx75E9w2tH5ak8
https://neurosciencenews.com/microbiome-levodopa-14235/
https://neurosciencenews.com/microbiome-levodopa-14235/

| N

International Journal of Pharmaceutical Research and Applications

5 ) Volume 8, Issue 6 Nov-Dec 2023, pp: 2716-2724 www.ijprajournal.com

UPRA Journal

[48]. Smith H, Yeung C, Gowing S, Sadek M, [50]. Egypt Heart J. 2022 Dec;, 74: 87.
Maziak D, Gilbert S, Shamji F, Villeneuve Published online 2022 Dec 30. Gut
P, Sundaresan S, Seely A. A review and microbiota and cardiac arrhythmia: a
analysis of strategies for prediction, pharmacokinetic scope ,Omnia
prevention and management of post- AzmyNabeh
operative atrial fibrillation after non- [51]. https://www.google.com/search?q=amioda
cardiac thoracic surgery. J Thorac Dis. rone+structure&client=ms-android-
2018 Nov;10(Suppl 32):53799-S3808. oneplus-

[49]. Matuskova Z, Anzenbacherova E, Vecera rvo3&sca_esv=572195928&thm=isch&pr

R, Tlaskalova-Hogenova H, Kolar M,
Anzenbacher P. Administration of a
probiotic can change drug
pharmacokinetics: effect of E. coli Nissle
1917 on amidarone absorption in rats.
PLoS ONE. 2014;9(2):¢87150. doi:
10.1371/journal.pone.0087150.

md=inv&sxsrf=AM9HkKITI-
HDfnflbxFersSsXasuhGpBDg:169693944
1065&source=Inms&sa=X&ved=2ahUKE
WiF1tuEuOuBAXxVon2MGHUSLBMOQ _
AUO0AXOECACQAQ&biw=360&bih=668
&dpr=3#

DOI: 10.35629/7781-080627162724 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2724



