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ABSTRACT

This study investigates the in vitro antibacterial and cytotoxic characteristics of Isoniazid Pyruvate, a structural
analog of Isoniazid (INH), using M. tuberculosis—infected macrophage models (THP-1, RAW264.7) infected with
the H37Rv strain. A five-assay panel evaluated bacterial inhibition and host-cell safety. Bacterial viability was
assessed using the Resazurin Microtiter Assay (REMA/Alamar Blue) and Luciferase Bioluminescence, while host
cytotoxicity was measured through Annexin V/PI staining, Caspase-3/7 activity, and LDH release. Isoniazid
Pyruvate showed limited antimycobacterial efficacy, reducing bacterial viability to 82% and luminescence to 80%,
compared to INH (22% and 25%, respectively). Cytotoxicity was moderate, with 16% apoptosis, 1.5-fold caspase
activation, and 14% LDH release, indicating mild host-cell stress relative to control. These results suggest that
Isoniazid Pyruvate displays poor antibacterial potency but acceptable cytocompatibility, likely due to reduced
intracellular activation or structural modification hindering target engagement. Overall, it is less effective than INH
yet offers insights into prodrug design for improved selectivity and reduced host toxicity.
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INTRODUCTION

Tuberculosis (TB) remains one of the most persistent
infectious diseases globally. Isoniazid (INH), a
cornerstone of TB therapy, functions as a prodrug
activated by the M. tuberculosis enzyme KatG to inhibit
mycolic acid synthesis. Structural analogs such as
Isoniazid Pyruvate have been proposed to enhance
bioavailability or modify activation kinetics. However,
such maodifications may influence both antimicrobial
efficacy and host-cell interactions. This study compares
Isoniazid Pyruvate to INH in M. tuberculosis—infected
macrophage models through a five-assay screening
framework quantifying bacterial inhibition and host
cytotoxicity.

METHODOLOGY

THP-1 or RAW264.7 macrophages were infected with M.

tuberculosis H37Rv and treated with Isoniazid Pyruvate

or INH for 5-7 days.

1. REMA/Alamar Blue Assay — measured bacterial
viability (% vs vehicle).

2. Luciferase Bioluminescence Assay — quantified
bacterial metabolic activity (% RLU vs vehicle).

3. Annexin V/PI Assay — evaluated apoptotic host-cell
populations after 48 h.

4. Caspase-3/7 Activity Assay — assessed apoptotic
enzyme activation (fold-change vs vehicle).

5. LDH Release Assay - determined
membrane damage (% of maximum).

necrotic

All experiments were performed in triplicate (n = 3) and
expressed as mean + SD.
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RESULTS

This research shows a 5-assay in vitro panel for M.

assays quantify bacterial viability (REMA/Alamar Blue

tuberculosis—infected cell line models (e.g., THP-1 or ~ quantify  host-cell  cytotoxicity

RAW264.7 macrophages infected with H37Rv). Two

Assay 1 — Resazurin Microtiter Assay (REMA/Alamar Blue) for M. tuberculosis Viability
Readout: % Bacterial Viability vs Vehicle after 5-7 days; normalization =

Lower % indicates better antibacterial effect.

and luciferase bioluminescence) and
(Annexin
Caspase-3/7 activity, and LDH release).

Group | Description % Bacterial Viability (vs Vehicle) | SD | n

G1 Isoniazid pyruvate 82 5 3

G2 Positive control (e.g., INH) 22 4 3

Resazurin Microtiter Assay
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Assay 2 — Luciferase Bioluminescence (Lux/Luc M. tuberculosis)
Readout: % Relative Luminescence Units (RLU) vs Vehicle after 5-7 days; surrogate for bacterial metabolic viability.
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Group | Description % RLU (vs Vehicle) | SD | n
G1 Isoniazid pyruvate 80 6 3
G2 Positive control (e.g., INH) 25 5 3

Luciferase Bioluminescence

Isoniazid pyruvate

W Isoniazid pyruvate

n

Positive control (e.g., INH)

W Positive control (e.g., INH)

three assays
V/PI,

100 x (Sample — Blank)/(Vehicle — Blank).
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Assay 3 — Annexin V / Propidium lodide (Host Cytotoxicity)
Readout: % apoptotic (early + late) host cells by flow cytometry after 48 h exposure; higher % indicates more host - cell

death.

20
18
16
14
12
10

[ S L = T & 4]

Group | Description % Apoptotic Host Cells | SD | n
Gl Isoniazid pyruvate 16 3 3
G2 Positive control (e.g., INH) 10 2 3

Propidium lodide (Host Cytotoxicity)

Isoniazid pyruvate

W Isoniazid pyruvate

Positive control (e.g., INH)

m Positive control (e.g., INH)

Assay 4 — Caspase-3/7 Activity in Host Cells (Cytotoxicity)
Readout: Fold-change in caspase-3/7 luminescence vs vehicle after 24-48 h; executioner caspase activation.

1.8
1.6
14

1.2

0.8
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Group | Description Fold-Change vs Vehicle | SD | n
Gl Isoniazid pyruvate 1.5 02 | 3
G2 Positive control (e.g., INH) 1.2 01 ] 3

Caspase-3/7 Activity in Host Cells (Cytotoxicity)

Isoniazid pyruvate

M [soniazid pyruvate

Positive control (e.g., INH)

M Positive control (e.g., INH)
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Assay 5 — LDH Release from Host Cells (Cytotoxicity)
Readout: % of maximum LDH release from uninfected/parallel host cells; indicates membrane damage/necrosis.

Group | Description % LDH Release (of Max) | SD | n
Gl Isoniazid pyruvate 14 3 3
G2 Positive control (e.g., INH) 9 2 3
% LDH Release
18
16
14
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10
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6
Vil
2
0
Isoniazid pyruvate Positive control (e.g., INH)
M Isoniazid pyruvate W Positive control (e.g., INH)
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DISCUSSION CONCLUSION

Isoniazid Pyruvate exhibited weak antibacterial
activity relative to INH, as bacterial viability and
luminescence remained >80%. This suggests incomplete
activation within M. tuberculosis or reduced affinity for
its target enzyme InhA. Although its antimicrobial
performance was limited, the compound showed
relatively low host-cell cytotoxicity—apoptotic induction
(16%) and moderate caspase activation (1.5-fold) imply
mild pro-apoptotic stress without extensive membrane
damage (LDH 14%). Compared with INH, which
achieved potent bacterial suppression with minimal
cytotoxicity, Isoniazid Pyruvate appears
pharmacologically attenuated but biocompatible. Its
behavior indicates a loss of antibacterial potency
possibly due to the pyruvate modification affecting
prodrug activation. Nevertheless, the mild host impact
suggests potential for reformulation or combination
therapy to restore activity while maintaining safety.

Isoniazid Pyruvate demonstrates reduced antibacterial
potency but acceptable cytotoxicity in M. tuberculosis—
infected macrophage models. The structural modification
limits bacterial killing efficacy but does not induce
significant host-cell damage. While inferior to INH in
antimicrobial performance, its favorable
cytocompatibility may serve as a basis for further
molecular optimization to balance efficacy and safety in
next-generation anti-TB drug design.
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