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ABSTRACT

Background. The ever-increasing prevalence of multidrug-resistant Mycobacterium
tuberculosis (MDR-TB) presents an alarming challenge to existing tuberculosis (TB)
treatment stratgies. Hence, the current study explores the potential of dihydroergotamine
and abiraterone acetate, two non-antibiotic compounds, as innovative anti-tubercular
agents.

Methods. In silico analyses were conducted to identify potential drug targets for
dihydroergotamine and abiraterone acetate. Subsequently, these compounds were
evaluated for their bactericidal efficacy against both the reference H37Rv strain and an
MDR-TB strain of M. tuberculosis in vitro. A range of drug concentrations were tested to
determine their inhibitory effects.

Results. Both dihydroergotamine and abiraterone acetate exhibited substantial inhibitory
activity against M. tuberculosis. Dihydroergotamine demonstrated efficacy at higher
concentrations (128 pg and 256 pug), while abiraterone acetate exhibited potency at lower
concentrations (64 pg, 128 ug, and 256 ug). The observed dose-dependent inhibitory effect
emphasizes the importance of optimizing drug concentrations in anti-tubercular therapy.

Conclusion. Both compounds act as potential anti-tubercular agents by effectively
inhibiting the growth of M. tuberculosis, with abiraterone acetate demonstrating greater
potency at lower concentrations. These findings suggest both compounds may be
promising candidates for further research and development as potential treatments for
tuberculosis.

Keywords: abiraterone acetate, antimicrobial resistance, dihydroergotamine, in vitro
evaluation, Mycobacterium tuberculosis

Highlights

e Novel Anti-TB Agents: In Vitro activity of dihydroergotamine and abiraterone acetate
against M. tuberculosis was investigated using the BACTEC MGIT 960 system and
broth macrodilution method.
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e Drug Concentrations: Tested concentrations ranged from 32 pg to 0.25 pg, with the
minimum inhibitory concentration (MIC) defined as the lowest concentration with GU
< 100, validated against a drug-free control.

e  Control Measures: Absolute growth controls were included in every assay to ensure
the accurate monitoring of strain growth and assay reliability.

1. INTRODUCTION

Tuberculosis (TB) is a disease that can
often be prevented and treated. Despite this
fact, by 2022, TB became the second most
deadly infectious disease  globally,
following only the coronavirus disease
(COVID-19), and responsible for nearly
twice the number of deaths as HIV/AIDS.
Annually, TB continues to infect over 10
million individuals [1]. Additionally,
infections caused by multidrug-resistant
TB (MDR-TB) strains have surged
significantly in various regions, such as
Africa and Asia. It has been estimated that
approximately 500,000 people are infected
with MDR-TB annually, with less than half
of the treated patients completing the
lengthy treatment course necessary for
complete remission, leading to high
mortality rates [2]. Due to the seasonal
nature of the disease, computer models
have been developed to improve control
over its incidence [3].

One process that truly needs to be
looked into is drug repurposing as a novel
means for the development of new
antimicrobials. Drug repurposing is the
discovery of new uses of previously
established drugs beyond the scope of their
original medical indications [4]. These
drugs have already been tested on human
beings and are considered safe, effective,
and remain pharmacokinetically and
toxicologically well-explored. As a result,
there exists a comprehensive understanding
of the general pharmacology of these drugs,
potential routes of administration, and
optimal dosing regimens. Repurposing
allows some drugs to bypass certain clinical

trials, thereby reducing costs and
development time. Scientists utilize
existing collections of clinical molecules to
find new antimicrobial uses for old drugs

[3].

Over the past 40 years, only a limited
number of anti-TB compounds have
received approval for clinical use [6].
Moreover, some promising drugs, such as
bedaquiline (a mycobacterial ATP synthase
inhibitor), are efficiently expelled by
pathogens through bacterial efflux pumps.
Consequently,  conventional  anti-TB
therapies are now enhanced with efflux
pump inhibitors, such as verapamil, to
boost antimicrobial efficacy against
pathogens [6]. The small number of
molecular scaffolds with anti-infective
properties discovered thus far contribute to
a rapid increase in antimicrobial resistance
[7]. Therefore, ongoing research is focused
on identifying new molecular scaffolds
with anti-infective activity. Fortunately, the
repurposing of anti-infective drugs is now
considered a highly promising strategy to
develop new treatment options for MDR-
TB and extensively drug-resistant TB
(XDR-TB) strains, which are responsible
for otherwise incurable infections [8]. The
primary objective of drug repurposing is to
expedite the initial stages of the drug
development process. This approach
simplifies preclinical research and obviates
the need for extensive clinical safety trials,
thereby reducing the time and investment
required to discover new treatments [9, 10].

Drug-resistant pathogens have become
a major threat to public health, posing
significant  challenges to healthcare
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providers. Indeed, the decline in effective
antibiotics has led to the emergence of
complex, difficult-to-treat infections. There
is an urgent need to develop new anti-TB
drugs, but this process is both costly and
time-consuming. Hence, this study aims to
evaluate the antibacterial activity of
currently commercially available non-
antibiotic drugs against Mycobacterium
tuberculosis.

2. METHODOLOGY

In this study, the efficacy of two
compounds, namely dihydroergotamine
and abiraterone acetate, was evaluated in
vitro. These compounds were previously
shown to exhibit inhibitory activity against
M. tuberculosis through in silico analysis
[11]. The invitro evaluation followed the
previously published protocol [12]. The
two M. tuberculosis strains (H37Rv and
one MDR strain) collected from Provincial
TB Reference Lab Peshawar were used for
the evaluation of lead compounds.
Decreasing concentrations of the selected
compounds were prepared and inoculated
with M. tuberculosis strains. Minimum
inhibitory  concentration (MIC) was
determined after a 14-day incubation
period.

2.1. Preparation of Drug Solution

Dihydroergotamine (CAS# 6190-39)
and abiraterone acetate (CAS# 154229-18)
were purchased in powder form from
Macklin, Canada. The stock solution was
prepared by adding 2.688 mg of the drug in
1 ml of Dimethylsulfoxide (DMSO). The
solution was thoroughly mixed to ensure
homogeneity. A two-fold serial dilution of
both drugs was prepared in DMSO from the
stock solution. Dilutions were carried out to
create a range of concentrations for each
drug [13] (Table 1). The respective doses of
dihydroergotamine and abiraterone acetate

Department of Life Sciences

were optimized for drug susceptibility
testing (DST) [14].

Table 1. Different Concentrations of Drugs
Used for In Vitro Evaluation

Drug
Drug Quantity Concentration in
(mg/ml) (nh MGIT tube
(pg/8.4ml)
21 100 0.25
42 100 0.5
84 100 1
168 100 2
336 100 4
672 100 8
1344 100 16
2688 100 32
5376 100 64
10752 100 128
21504 100 256

2.2. Preparation of Positive Culture
Inoculum

When the MGIT960 instrument signals
a positive result, the positive MGIT tube is
processed for DST, with Day 0 marking the
detection. To promote stronger growth, the
tubes were incubated an additional day
(Day 1) in a separate incubator set at 37°C.
The incubated tube remains viable for DST
for up to 5 days, including Day 5. If it
surpasses 5 days, then subculturing and re-
incubating in the instrument, until it yields
a positive result again, is necessary.
Processing a culture older than 5 days for
DST may lead to less reliable results [15].

2.3. Determination of Minimum
Inhibitory Concentrations
The in vitro activity of

dihydroergotamine and abiraterone acetate
against M. tuberculosis was determined
using the BACTEC MGIT 960 system in
conjunction with the broth macrodilution
method, with growth monitored at 37°C, as
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previously reported [16]. The MGIT tubes
were inoculated with 0.8 ml of OADC
(oleic acid, albumin, dextrose, catalase),
0.1 ml of the compound at the appropriate
concentration, and 0.5 ml of strain
suspension [12]. The drug concentrations
ranged from 32 pg to 0.25 pg. On the day
of testing, two-fold serial dilutions were
performed to achieve the desired
concentrations. Positive growth in a drug-
containing tube (Growth Unit, GU > 100)
before the positivity of the proportional
growth control (containing a 1/100 dilution
of strain suspension) indicated that more
than 1% of the bacterial population could
grow in the presence of the anti-TB drug
concentration, classifying the strain as

resistant according to the WHO's
proportion testing method [17]. The MIC
was recorded as the lowest drug

concentration at which GU < 100, when the
drug-free 1/100 proportional control tube
crossed the positivity threshold of 400 GU.
An undiluted absolute growth control was
included in each assay to monitor normal
strain growth. Each set of measurements
was repeated three times (biological
triplicates) and the final MIC value was
taken as the concentration with at least two
concordant results from the replicates [18].
Microsoft Excel was used for data
recording, organization, and  the
construction of graphs to visualize the
inhibitory activity of the compounds
against M. tuberculosis.

3. RESULTS

DST was performed to check the
activity of the compounds against M.
tuberculosis. The experiment was carried
out in triplicates. The MGIT tube

44—|BSR

containing  inoculum  without  any
antimicrobial agent was used as growth
control. Two M. tuberculosis isolates
(H37Rv strain and MDR strain) were used
for the evaluation of compounds. Drug
susceptibility is determined by monitoring
the growth of bacteria in the presence of the
drug, as compared to growth control. The
instrument interprets the results when
growth in control tubes reaches a
predefined threshold (such as 400 GU
within 4-13 days). A low GU value (below
100) in the drug tube as compared to the
control indicates susceptibility, whereas a
high GU value (such as 100 or more)
suggests resistance.

Compounds were tested at different
concentrations. They did not show any
inhibitory activity at lower concentrations.
Even up to 32 pg, there was no change in
the growth of M. tuberculosis with respect
to growth control. To further validate
whether these drugs have inhibitory activity
or not, their concentration was increased to
256 ug. In vitro experiments revealed that
both drugs did not inhibit the growth of M.
tuberculosis at lower concentrations,
although they inhibited growth at higher
concentrations. The MGIT 960 instrument
declares a tube sensitive or resistant based
on the growth unit. Dihydroergotamine
showed inhibitory activity at higher
concentrations, that is, 128 pg and 256 pg
on both strains (Reference H37Rv and
MDR-TB). Whereas, abiraterone acetate
showed inhibitory activity at 64 pg, 128 pg,
and 256 pg and inhibited the growth of both
strains (Table 2 and Figure 1).
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Table 2. Inhibitory Activity of Different Concentrations of Dihydroergotamine and
Abiraterone Acetate on H37Rv and MDR Strains

Dihydroergotamine

Abiraterone Acetate

Concentraion of drug

(ug/ml) Growth Unit Growth Unit
H37Rv MDR-TB H37Rv MDR-TB
0.25 400 (R) 400 (R) 400 (R) 400 (R)
0.5 400 (R) 400 (R) 400 (R) 400 (R)
1 400 (R) 400 (R) 400 (R) 400 (R)
2 400 (R) 400 (R) 400 (R) 400 (R)
4 400 (R) 400 (R) 400 (R) 400 (R)
8 400 (R) 400 (R) 400 (R) 400 (R)
16 400 (R) 400 (R) 400 (R) 400 (R)
32 400 (R) 400 (R) 400 (R) 400 (R)
64 400 (R) 400 (R) <100 (S) <100 (S)
128 <100 (S) <100 (S) <100 (S) <100 (S)
256 <100 (S) <100 (S) <100 (S) <100 (S)
S* sensitive, R* resistant, H3;Rv* reference strain
450
400
350
e Diff. Conc. (ug/mL)
300 == H37Rv (Dihydroergotamine)
e \|DR-TB (Dihydroergotamine) 256
250 e H37Rv (Abiraterone Acetate)
e \IDR-TB (Abiraterone Acetate)
200
150
100
50
025 05 1 2 4 8
0

Figure 1. Inhibitory Activity of Different Concentrations of Dihydroergotamine and
Abiraterone Acetate on H37Rv and MDR Strains

4. DISCUSSION

The results of this study demonstrate
the potential of dihydroergotamine and
abiraterone acetate as anti-tubercular
agents against M. tuberculosis. In silico
analysis identified potential drug targets for

Department of Life Sciences

these two compounds [11], suggesting their
potential role in the chemotherapy of
MDR-TB. Both compounds demonstrated
inhibitory activity against both the
reference H37Rv and the MDR-TB strain,
indicating their potential to combat drug-
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resistant tuberculosis. Dihydroergotamine
was effective at higher concentrations (128
pg and 256 pg), suggesting that it may be
particularly useful in combination with
other drugs. In contrast, abiraterone acetate
exhibited inhibitory activity at lower
concentrations (64 pg, 128 pg, and 256 ug),
suggesting its potential as a more potent
anti-tubercular agent. The fact that both
compounds exhibited no inhibitory activity
at lower concentrations but demonstrated
growth inhibition at higher concentrations
suggests a possible dose-dependent effect,
emphasizing the importance of optimizing
drug concentrations in anti-tubercular
therapy.

Schmitt et al. [19] also investigated the
anti-TB potential of the non-antibiotic lead
compound Cyclomarin A using a similar
method.  Cyclomarin A  exhibited
antibacterial activity against replicating M.
tuberculosis in culture broth [19]. Similarly,
azole drug was tested against MDR M.
tuberculosis clinical isolates to evaluate
their efficacy for both latent tuberculosis
(LTB) and active MDR/XDR-TB
treatments [20]. Similar to the current
study, they found that metronidazole and
ipronidazole  exhibited  bacteriostatic
activity against M. tuberculosis strains.

Another study was conducted on
Lassomycin, a peptide compound with
strong anti-TB activity. Lassomycin is
effective against drug-sensitive, MDR, and
XDR strains of M. tuberculosis, with MIC
ranging from 0.41 to 1.65 pum. Lassomycin
can kill both inactive and actively growing
M. tuberculosis. In contrast, rifampicin is
not effective against inactive M.
tuberculosis [21]. Another macrocyclic
peptide Ecumicin was tested for its
antibacterial potential. It showed strong
anti-TB activity against MDR, XDR, and
sensitive M. tuberculosis strains, with MIC
values ranging between 0.16 and 0.62 pm.

The drug also effectively killed inactive M.
tuberculosis at a minimal bactericidal
concentration of 1.5 pm, suggesting that it
could shorten treatment duration [22]. A
nitro-dihydro-imidazooxazole  derivative
OPC-67683 showed highly potent activity
against TB, including MDR-TB, with an
exceptionally low MIC range of 0.006—
0.024 pg/ml in vitro and high efficacy at
low doses in vivo [23]. Since OPC-67683
was effective at low doses in vivo, it
suggests that, like OPC-67683, the current
study drugs could potentially be effective at
low doses in vivo and meet safety standards.
However, these drugs have not been tested
on mice or in vivo. The combination of
OPC-67683 with rifampicin (RFP) and
pyrazinamide (PZA) removed TB bacteria
from the lungs two months faster than the
usual treatment with RFP, isoniazid,
ethambutol (EB), and PZA [23]. This
suggests that the tested drugs might work
well against TB when combined with
current antibiotics.

4.1. Implications

Over the years, numerous studies have
investigated the antibacterial potential of
non-antibiotic drugs and novel compounds
to  identify  alternative therapeutic
approaches, worldwide. However, studies
such as the current one which aim to
discover alternative drugs
(dihydroergotamine = and  abiraterone
acetate) through in silico approaches,
followed by laboratory testing on bacterial
cultures, are rarely published. This is
primarily due to the ineffectiveness of these
compounds in experimental settings. The
lack of publication of such data is a
significant setback for practitioners and
clinicians striving to combat antimicrobial
resistance, as it may lead to redundant
efforts on the same compounds. Therefore,
disseminating these findings, even when
results are negative, is crucial to aid others
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in avoiding repetition and potentially
finding solutions through alternative
approaches. While the current study shows
promising in vitro results, in vivo testing is
essential to understand the future
therapeutic potential and safety of these
compounds. In vivo studies would help to
determine the pharmacokinetics,
bioavailability, and potential side effects of
dihydroergotamine and abiraterone acetate,
providing a more  comprehensive
assessment of their efficacy as anti-
tubercular agents. The authors propose
using established animal models, such as
the murine model of M. tuberculosis
infection, to assess drug efficacy. Different
dosing strategies, including dose escalation
and combination therapy, can be explored
to optimize pharmacokinetics, particularly
absorption, distribution, metabolism, and
excretion (ADME), along with monitoring
tissue-specific drug concentrations in the
lungs [24-26].

4.2. Conclusion

This study demonstrates the significant

anti-tubercular potential of
dihydroergotamine and abiraterone acetate
against MDR M. tuberculosis. The

compounds exhibited effective inhibition at
varying concentrations, suggesting their
potential as alternative therapeutic options.
Further in vivo studies are warranted to
evaluate their pharmacokinetics,
bioavailability, and overall efficacy.
Disseminating these preliminary results is
crucial to advance the battle against
antimicrobial resistance and for guiding
future research endeavors. The repurposing
of these non-antibiotic drug classes could
lead to new therapeutic approaches for
resistant tuberculosis, accelerating the fight
against drug-resistant strains.

CONFLICT OF INTEREST

Department of Life Sciences

The authors of the manuscript have no
financial or non-financial conflict of
interest in the subject matter or materials
discussed in this manuscript.

DATA AVAILABILITY STATEMENT

The data associated with this study will
be provided by the corresponding author
upon request.

FUNDING DETAILS

No funding has been received for this
research.

ACKNOWLEDGMENTS

The authors are grateful to the PTRL staff
and head who offered indispensable
assistance, expertise, and commitment
from the beginning to the end of the
analysis. Their input was vital in the
completion of this work.

REFERENCES
1. World Health Organization. Global
Tuberculosis Report 2023.

https://www.who.int/teams/global-
tuberculosis-programme/tb-
reports/global-tuberculosis-report-
2023. Published November 7, 2023.
Accessed January 14, 2024.

2. Vu A, Glassman I, Campbell G, et al.
Host cell death and modulation of
immune response against
mycobacterium tuberculosis infection.
Int J Mol Sci. 2024;25(11):e6255.
https://doi.org/10.3390/ijms25116255

3. Liao Z, Zhang X, Zhang Y, Peng D.
Seasonality and Trend Forecasting of
Tuberculosis Incidence in Chongqing,
China. Interdiscip Sci Comput Life Sci.
2019;11:77-85. https://doi.org/10.
1007/s12539-019-00318-x

4. MaYy, Tang WS, Liu SY, Khoo BL,
Chua SL. Juglone as a natural quorum

UMT— 47

Volume 6 Issue 4, 2024



https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023
https://doi.org/10.3390/ijms25116255
https://doi.org/10.%201007/s12539-019-00318-x
https://doi.org/10.%201007/s12539-019-00318-x

Investigating the Anti-Tubercular Potential...

sensing inhibitor against pseudomonas
aeruginosa pgs-mediated virulence and
biofilms. ACS Pharmacol Transl Sci.
2024;7(2):533-543. https://doi.org/10.
1021/acsptsci.3c00354.s001

5. Kamurai B, Mombeshora M,
Mukanganyama S. Repurposing of
drugs for antibacterial activities on
selected ESKAPE bacteria:

Staphylococcus aureus and
pseudomonas  aeruginosa. Int J
Microbiol. 2020;2020:1-10.

https://doi.org/10.1155/2020/8885338

6. Shapira T, Christofferson M, Av-Gay
Y. The antimicrobial activity of innate
host-directed therapies—a systematic
review. Int J Antimicrob Agents.
2024;63(5):¢107138.  https://doi.org/
10.1016/j.ijantimicag.2024.107138

7. Agarwalla A, Ahmed W, Al-Marzouqi
AH, Rizvi TA, Khan M, Zaneldin E.
Characteristics and key features of
antimicrobial materials and associated
mechanisms for diverse applications.
Molecules. 2023;28(24):e8041.
https://doi.org/10.3390/molecules282
48041

8. Kaur D, Mathew S, Nair CG, et al.
Structure-Based drug discovery for
designing leads for the non-toxic
metabolic  targets in multidrug-
resistant mycobacterium tuberculosis.
J  Transl Med. 2017;15:¢261.
https://doi.org/10.1186/s12967-017-
1363-9

9. Konreddy AK, Rani GU, Lee K, Choi
Y. Recent drug-repurposing-driven
advances in the discovery of novel
antibiotics.  Curr  Med  Chem.
2019;26(28):5363-5388.
https://doi.org/10.2174/092986732566
6180706101404

48——|BSR

10.

11.

12.

13.

14.

15.

Battah B, Chemi G, Butini S, et al. A
repurposing approach for uncovering
the anti-tubercular activity of FDA-
Approved drugs with potential multi-
targeting profiles. Molecules.
2019;24(23):e4373. https://doi.org/10.
3390/molecules24234373

Khan MF, Ali A, Rehman HM, et al.
Exploring optimal drug targets through
subtractive proteomics analysis and
pangenomic insights for tailored drug
design in tuberculosis. Sci Rep.
2024;14(1):e10904. https://doi.org/10.
1038/541598-024-61752-6

Marqués JT, De Faria CF, Reis M, et al.
In vitro evaluation of isoniazid
derivatives as potential agents against
drug-resistant  tuberculosis.  Front
Pharmacol. 2022;13:e868545.
https://doi.org/10.3389/fphar.2022.86
8545

Franzblau SG, DeGroote MA, Cho SH,
et al. Comprehensive analysis of
methods used for the evaluation of
compounds against Mycobacterium
tuberculosis. Tuberculosis.
2012;92(6):453—488.  https://doi.org
/10.1016/j.tube.2012.07.003

Doyle RM, Burgess C, Williams R, et
al. Direct whole-genome sequencing
of sputum accurately identifies drug-
resistant mycobacterium tuberculosis
faster than MGIT culture sequencing. J
Clin Microbiol. 2018;56(8):¢00666-
18. https://doi.org/10.1128/jcm.00666-
18

Siddigi S, Ahmed A, Asif S, et al.
Direct drug susceptibility testing of
Mycobacterium tuberculosis for rapid
detection of multidrug resistance using
the Bactec MGIT 960 system: a
multicenter study. J Clin Microbiol.

BioScientific Review

Volume 6 Issue 4, 2024


https://doi.org/10.%201021/acsptsci.3c00354.s001
https://doi.org/10.%201021/acsptsci.3c00354.s001
https://doi.org/10.1155/2020/8885338
https://doi.org/%2010.1016/j.ijantimicag.2024.107138
https://doi.org/%2010.1016/j.ijantimicag.2024.107138
https://doi.org/10.3390/molecules28248041
https://doi.org/10.3390/molecules28248041
https://doi.org/10.1186/s12967-017-1363-9
https://doi.org/10.1186/s12967-017-1363-9
https://doi.org/10.2174/0929867325666180706101404
https://doi.org/10.2174/0929867325666180706101404
https://doi.org/10.%203390/molecules24234373
https://doi.org/10.%203390/molecules24234373
https://doi.org/10.%201038/s41598-024-61752-6
https://doi.org/10.%201038/s41598-024-61752-6
https://doi.org/10.3389/fphar.2022.868545
https://doi.org/10.3389/fphar.2022.868545
https://doi.org/10.1128/jcm.00666-18
https://doi.org/10.1128/jcm.00666-18

Khan et al.

16.

17.

18.

19.

20.

2012;50(2):435-440
/10.1128/jcm.05188-11

Jabbar A, Khan TA, Rehman H, Khan
AS, Ahmad S, Khan SN. Burden of
drug-resistant tuberculosis in newly
diagnosed tuberculosis patients of
Khyber Pakhtunkhwa, Pakistan. J Pak
Med  Assoc. 2021;71(3):912-915.
https://doi.org/10.47391/jpma.08-926

Gordhan BG, Padarath K, Sewcharran

https://doi.org

A, et al. Clinical strains of
mycobacterium tuberculosis
representing  different  genotype

families exhibit distinct propensities to
adopt the differentially culturable state.
Pathogens. 2024;13(4):¢318.
https://doi.org/10.3390/pathogens130
40318

Machado D, Pires D, Perdigao J, et al.
Ton Channel blockers as antimicrobial
agents, efflux inhibitors, and enhancers
of macrophage killing activity against
drug-resistant mycobacterium
tuberculosis. PLoS One.
2016;11(2):e0149326. https://doi.org/
10.1371/journal.pone.0149326

Schmitt EK, Riwanto M,
Sambandamurthy V, et al. The natural
product cyclomarin kills
mycobacterium  tuberculosis by

targeting the CIpCl subunit of the
caseinolytic protease. Angew Chem Int
Ed Engl 2011;26(50):5889-5891.
https://doi.org/10.1002/ange.2011017
40

Imperiale BR, Cataldi AA, Morcillo
NS. In vitro anti-tuberculosis activity
of azole drugs against mycobacterium
tuberculosis clinical isolates. Rev
Argent Microbiol. 2017;49(4):332—
338.

https://doi.org/10.1016/j.ram.2017.02.
008

Department of Life Sciences

22.

23.

24.

25.

26.

. Gavrish E, Sit CS, Cao S, et al.

Lassomycin, a ribosomally
synthesized cyclic peptide, Kkills
mycobacterium  tuberculosis by
targeting the ATP-Dependent protease
ClpC1P1P2. Chem Biol.
2014;21(4):509-518.  https://doi.org/
10.1016/j.chembiol.2014.01.014

Gao W, Kim JY, Anderson JR, et al.
The cyclic peptide ecumicin targeting
CIpCl is active against mycobacterium
tuberculosis in  vivo. Antimicrob
Agents Chemother. 2015;59(2):880—

889. https://doi.org/10.1128/aac.
04054-14
Matsumoto M, Hashizume H,

Tomishige T, et al. OPC-67683, a
nitro-dihydro-imidazooxazole
derivative with promising action
against tuberculosis in vitro and in
mice. PLoS Med. 2006;3(11):e466.
https://doi.org/10.1371/journal.pmed.
0030466

Flynn JL, Chan J. Tuberculosis:
latency and reactivation. Infect Immun.
2001;69(7):4195-4201.  https:/doi.
org/10.1128/1ai.69.7.4195-4201.2001

Mitchison DA, Davies G. The
chemotherapy of tuberculosis: past,
present and future [State of the art]. Int
J Tuberc Lung Dis. 2012;16(6):724—
732.
https://doi.org/10.5588/ijtld.12.0083

Nuermberger E, Grosset  J.
Pharmacokinetic and
pharmacodynamic issues in the

treatment of mycobacterial infections.
Eur J Clin Microbiol Infect Dis.
2004;23:243-255.
https://doi.org/10.1007/s10096-004-
1109-5

UMT— 49

Volume 6 Issue 4, 2024



https://doi.org/10.47391/jpma.08-926
https://doi.org/10.3390/pathogens13040318
https://doi.org/10.3390/pathogens13040318
https://doi.org/%2010.1371/journal.pone.0149326
https://doi.org/%2010.1371/journal.pone.0149326
https://doi.org/10.1002/ange.201101740
https://doi.org/10.1002/ange.201101740
https://doi.org/10.1016/j.ram.2017.02.008
https://doi.org/10.1016/j.ram.2017.02.008
https://doi.org/%2010.1016/j.chembiol.2014.01.014
https://doi.org/%2010.1016/j.chembiol.2014.01.014
https://doi.org/10.1128/aac.%2004054-14
https://doi.org/10.1128/aac.%2004054-14
https://doi.org/10.1371/journal.pmed.0030466
https://doi.org/10.1371/journal.pmed.0030466
https://doi.org/10.5588/ijtld.12.0083
https://doi.org/10.1007/s10096-004-1109-5
https://doi.org/10.1007/s10096-004-1109-5

