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INTRODUCTION
Tuberculosis (TB) has emerged as one of the leading 

causes of death worldwide over the past century. The World 
Health Organization and the International Union Against 
Tuberculosis and Lung Disease recommend controlling TB 
through the use of multiple drug combinations. The standardized 
TB treatment regimen consists of two phases and incorporates 
multiple drugs to enhance patient compliance and reduce the risk 
of drug resistance. Drug resistance in TB primarily arises from 
the improper use of prescribed medications; however, good TB 
control practices were associated with lower or decreasing levels 
of resistance [1,2]. To mitigate the risk of developing resistance 

associated with monotherapy, it is advised to administer TB 
drugs in combination. Therefore, all over the world, multiple 
drug combinations are used for the treatment of TB. However, 
there are certain problems that need to be addressed [3,4]. It is 
well established that the interaction of different drug doses in 
combination contributes to poor stability and bioavailability 
[5–7]. A major concern over the last few decades has been the 
poor bioavailability of rifampicin (RIF) in combination with 
other anti-TB drug isoniazid (INH) [8,9]. Several reports have 
indicated that there is a chemical interaction between these two 
key drugs used in the treatment of TB [10–12]. It is known that 
RIF degrades in the acidic environment of the stomach [13]. 
This degradation, along with the chemical interaction with INH, 
significantly contributes to treatment failures in TB management 
[14,15]. Literature indicates that RIF and INH can react under 
specific conditions when administered together, resulting 
in reduced stability and bioavailability of RIF. Therefore, 
hydrolysis of RIF in acidic conditions is accelerated in the 
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ABSTRACT
The key first-line drugs used in both phases of tuberculosis treatment are isoniazid (INH) and rifampicin (RIF); 
however, they interact with each other, affecting the bioavailability of both drugs in patients. The primary objective 
of this study was to enhance the stability of RIF and INH when used together, improving their bioavailability in 
patients. Building on our previous report of the INH prodrug molecule, i.e., N′-benzylideneisonicotinohydrazide 
(IH2) with demonstration of the same efficacy as INH when tested against the Mycobacterium tuberculosis H37Rv 
strain, this study was designed to understand the stability of IH2 in the presence of RIF compared to the stability of 
INH in the presence of RIF at different conditions. Stability under various pH conditions revealed that RIF itself is 
less stable in acidic environments than in basic ones. Additionally, degradation increased significantly in the presence 
of INH, with a 50% reduction observed within the first 6 hours and complete degradation within 12 hours at acidic 
pH of 4.5 and 2.5. In contrast, RIF combined with IH2 remained substantially stable, with stability results similar 
to those of individual RIF across all pH conditions. RIF interacts with INH and degrades, particularly a lower pH 
environment. This interaction and degradation can be minimized, and stability improved, by using IH2 instead of 
INH, as IH2 provides the same therapeutic effect as INH.
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presence of INH [16–19]. Interestingly, a similar observation 
was reported in other related studies in the same period; 
however, that study provided no clue as to how the acceleration 
of decomposition of RIF was brought about by INH [12,20]. As 
the currently commercially available method, Ultra performance 
liquid Chromatography Tandem-Mass Spectrometry (UPLC-
MS)/MS enables a comprehensive analysis of RIF stability 
and metabolism through sample quantification. Moreover, the 
method’s effectiveness for therapeutic drug monitoring of INH, 
PZA, and RIF was confirmed during the analysis of clinical 
samples. Various approaches are in progress to increase the 
stability of TB drugs in combination. For example, a dissolution 
medium was formulated for the in vitro evaluation of a fixed-
dose combination of the three primary anti-tubercular drugs 
(RIF, INH, and pyrazinamide) for sustained release. To prevent 
the atmospheric oxidation of RIF into RIF quinone, ascorbic acid 
was added to mildly alkaline solutions [21–23]. Additionally, a 
rapid, accurate, precise, and stability-indicating Reverse-Phase 
High-performance Liquid Chromatography (RP-HPLC) method 
was developed for the DOXY-RIF combination. This method 
is suitable for detecting drugs within nanoparticulate systems. 
The results suggest that RIF degradation in acidic media, when 
combined with RIF, can be mitigated by encapsulating both 
active pharmaceutical ingredients. This strategy ensures their 
release at different points along the gastrointestinal tract, which 
could enhance RIF bioavailability [24–28]. This gives reason to 
suggest that a different approach needs to be developed.

In this study, we demonstrated that RIF is more stable 
in the presence of IH2, which functions as a prodrug with the 
same therapeutic efficacy as INH. The instability of RIF in the 
presence of INH is likely due to the possible reaction between 
RIF and INH, leading to the formation of a hydrazone with one 
of the keto groups in RIF. In contrast, the synthesized derivative 
IH2 does not react with RIF.

In our previous study, we synthesized (N′-benzyli
deneisonicotinohydrazide) (IH2) by modifying INH, which 
demonstrated the same therapeutic effect as INH against the 
Mycobacterium tuberculosis H37Rv strain [29]. Here, we briefly 
outline the synthesis procedure. IH2 was created by reacting 
INH with a hydrophobic moiety known as benzaldehyde, a 
compound commonly used in food supplements. An equimolar 
mixture of INH and benzaldehyde was refluxed at 70°C in 
isopropyl alcohol with acetic acid for 2 hours (Fig. 1). Thin-layer 
chromatography was used to monitor the reaction. Upon adding 
water with stirring, the product precipitated out, was filtered, 
and recrystallized from ethanol. The desired product was 
obtained as a white crystalline powder with an 85% yield. The 
antimicrobial susceptibility test was conducted using the Becton 
Dickinson Detection (BACTEC™) Mycobacterium Growth 
Indicator Tube (MGIT™) 960 instrument against the H37Rv 
strain, following a technique similar to that used for patient 
samples in diagnostic laboratories. IH2, at a concentration of 
0.16 μg/ml [equivalent to the minimal inhibitory concentration 
(MIC) of INH at 0.1 μg/ml], effectively restricted the growth 
of M. tuberculosis H37Rv, demonstrating potency comparable 
to INH in inhibiting growth [29]. In continuation, this study 
examines the stability of RIF in the presence of IH2 at various 
pH environments, comparing it to its stability with INH.

MATERIAL AND METHODS

Instrumentation and reagents
RP HPLC (SHIMADZU, Model No LC-20AD), with 

an auto sampler, UV detector, and PC installed to integrate 
chromatograms with LC solution software, electronic weighing 
balance, stirrer, ultra centrifuge, and Millipore water purification 
system to collect HPLC grade water. RIF (Duchefa-Genetix 
Biotech), INH, benzaldehyde, methanol, acetonitrile (MERK 
Millipore), trifluoroacetic acid, ethyl alcohol (Loba Chemie), 
isopropyl alcohol, anhydrous monobasic sodium phosphate, 
anhydrous dibasic sodium phosphate, anhydrous sodium 
acetate, acetic acid, and all the required chemicals and reagents 
used were of HPLC grade.

Simultaneous estimation of RIF and IH2
The simultaneous analysis of RIF and IH2 was 

performed using an optimized method developed for this 
drug combination. The mobile phases used were water and 
methanol. The solvents were filtered separately through a 
0.45-μm membrane filter and degassed via sonication. A 
gradient flow was employed, with the organic mobile phase 
increasing from 50:50 to 10:90, followed by equilibration to the 
initial concentration over a run time of 20 minutes.

Simultaneous estimation of RIF and INH
Our established RP-HPLC method was used to 

analyze the drugs RIF and INH [29,30]. Briefly, a mixture of 
RIF and INH was injected into the HPLC. Gradient elution 
method by using water and methanol at an initial ratio of 90:10 
and gradually moved to 30: 70 and brought back to the initial 
condition of the equilibrium system in 20 minutes.

Stability studies of the different combinations of drugs in different 
pH environments

Buffers of pH 2.5, 4.5, and 7.4 were prepared. A known 
amount (3 mg) of each drug RIF, INH, and IH2 was weighed, 
and appropriate dilutions were made in the respective buffers. 
Samples were placed in HPLC vials individually as well as 

Figure 1. Antitubercular drugs structure: (a) RIF, (b) INH, and (C) synthesis 
of IH2.
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in combinations of RIF and INH or RIF and IH2 as labeled 
appropriately. The analysis was done in triplicate, in order to 
avoid bias. Thereafter, samples were incubated at 37°C on a 
rocker shaker, readings were taken at different time intervals, 
and results were analyzed. The graph was plotted to analyze the 
stability of the drug and drug combinations.

Comparative analysis
The stability of pure RIF was assessed using the 

developed RP-HPLC method across various pH environments. 
Furthermore, the stability of RIF under different conditions in 
the presence of INH and IH2 was summarized in a comparative 
study and presented in graphical form.

RESULTS AND DISCUSSIONS
The synthesized hydrophobic IH2 was eluted 

separately from the hydrophilic INH using a simultaneous 
estimation by the RP HPLC method [29]. Briefly, a mixture of 
INH and IH2 was separated using a gradient elution method 
with a Phenomenex® Luna C18, 5 μm, 100 Å column, utilizing 
methanol and water over a 20-minute runtime. The optimized 
method for estimating INH and IH2 displayed well-resolved 
peaks with distinct retention times, with the highly hydrophilic 
INH eluting at 4.9 minutes and the less hydrophilic IH2 eluting 
at 17.43 minutes [29].

Simultaneous estimation of RIF and IH2
When simultaneous analysis of IH2 and RIF was 

done, they eluted at 6.3 and 10.4 minutes, respectively. The 
chromatogram shows two separate peaks with different 
retention times with many repetitions as shown in Figure 2.

Simultaneous estimation of RIF and INH
INH is a hydrophilic drug eluted initially, and RIF 

eluted at 15.5 minutes as shown in (Fig. 3). Extra peaks shown 
in the chromatogram signify the immediate degradation of RIF 
in the presence of INH. But degradation is significantly reduced 
when IH2 is estimated simultaneously with RIF [30].

These methods were further employed to evaluate the 
stability of drug combinations under various pH conditions. 
The developed method for simultaneous estimation displayed 
well-resolved peaks and is both simple and reproducible with a 
short retention time. Larger sample sizes can be processed in a 

shorter timeframe, and low concentrations can also be detected. 
These methods were effective in assessing the degradation 
levels relative to the actual drug concentrations.

Stability studies in different pH environments
Stability analysis was conducted in triplicate under 

various pH conditions to mimic physiological conditions. The 
overall results indicated that RIF exhibited better stability 
in the presence of IH2 compared to INH. Additionally, IH2 
demonstrated greater stability across all pH conditions 
than INH (Figs. 4–10). The HPLC chromatograms provide 
precise concentrations of the drugs at different time points. 
Wavelength used to detect RIF was at 290 nm, and INH and 

Figure 2. Chromatogram of IH2 at 6.3 RT and RIF at 10.4 RT.

Figure 3. Chromatogram of INH at 3.3 RT and RIF at 15.5 RT.

Figure 4. Stability graph of RIF and INH at pH 7.4. 

Figure 5. Stability graph of RIF and IH2 at pH 7.4.
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IH2 were detected at 268 nm. In this study, no chemical 
quenching or neutralization was applied at each time point to 
stop the reaction, as the objective was to monitor the natural 
degradation of the drug(s) under specified conditions. The 
initial sample (time zero) was considered 100% concentration, 
and samples were taken from incubation (37°C) at predefined 
time intervals. Each sample was immediately analyzed in 
triplicate by HPLC to accurately quantify the remaining drug 
content. This approach ensured that degradation was assessed 
as it occurred over time, without introducing additional 
chemical interference.

The stability of RIF was assessed at various pH 
conditions over 48 hours, indicating that RIF is more stable 

at 7.4 pH than in acidic conditions. After 48 hours, pure RIF 
degraded by approximately 44% at pH 7.4, 80% at pH 4.5, and 
nearly 95% at pH 2.5. The stability of RIF was compared in the 
presence of INH and IH2. At pH 7.4, RIF remained stable up 
to 56%, with only a slight decrease in concentration observed 
when INH was present, indicating minimal interactive effects. 
Since INH is unstable at pH 7.4, its interaction with RIF is 
likely minimal. In contrast, IH2 exhibits greater stability in the 
basic environment of pH 7.4.

The stability of RIF in the presence of IH2 under 
basic pH conditions was better than in the presence of INH. 
This is likely due to minimal interaction between the drugs as 
a result of the modification of the active group of INH. The 
stability was similar to the control (equivalent to the stability of 
RIF under similar conditions). When the hydrophilic INH was 
modified to the hydrophobic IH2, the stability of IH2 increased 
substantially compared to INH in basic pH conditions [29].

Under acidic pH conditions, RIF degradation occurs 
at a faster rate [21]. As it is observed that 80% reduction of RIF 
concentration was noted in 48-hour time period at 37°C under 
4.5 pH condition but in presence of INH, RIF degradation was 
drastically increased and concentration reduced to zero at pH 
4.5 and 2.5 within 48 hours (50% reduction was seen in initial 6 
hours followed by 80% reduction and then degraded completely 
in 12 hours). However, in the presence of IH2, RIF remained 
stable and presented similar results of individual RIF under 
controlled conditions. This result shows that the interaction 
between RIF and IH2 does not exist at all. The stability of RIF 
has increased substantially in the presence of IH2 compared to 
INH in acidic pH levels of 4.5 and 2.5.

The stability of RIF under various conditions, in 
the presence of INH and IH2, is summarized, and the results 
are analyzed in Figure 11. RIF stability was good in basic 
pH compared to acidic pH conditions. It was also noticed 
that RIF with INH undergoes degradation. The probable 
reason would be that RIF is known to undergo acid-catalyzed 
degradation in the presence of INH, primarily due to the free 
hydrazide (-CONHNH2) functional group of INH. Under acidic 
conditions, this hydrazide moiety reacts with the aldehyde 
group of RIF, forming a Schiff base or hydrazone intermediate, 
which leads to decomposition of RIF into inactive products, 
thus compromising the therapeutic efficacy of both drugs in 
fixed-dose combinations. However, INH hydrazone is the 
synthesized condensation product of INH and aldehyde, 
in which the hydrazide group is already consumed via the 
formation of a C=N–NH– linkage. This hydrazone bond is 
more stable and no longer nucleophilic, thereby eliminating 
the reactive site that would otherwise attack the RIF molecule.

This interaction and degradation of RIF can be reduced, 
and stability can be enhanced by using IH2, which has a similar 
therapeutic effect as INH against the M. tuberculosis H37Rv 
strain. Briefly, the final concentration of IH2 was maintained 
at 0.16 µg/ml, equivalent to the MIC of INH (0.1 µg/ml), by 
following the standard procedure. Both free IH2- and IH2-
loaded nanoparticles inhibited bacterial growth at the MIC 
equivalent to the MIC of INH. The control groups (without drug 
and drug-free NPs) continued to grow in AST. Results obtained 
following ICH Guidance on Analytical Method Validation can 

Figure 8. Stability graph of RIF and IH2 at pH 4.5.

Figure 6. Stability graph of INH and IH2 at pH 7.4.

Figure 7. Stability graph of RIF and INH at pH 4.5.
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assist national tuberculosis programs in supporting effective 
case management, aligned with international TB care standards, 
while accounting for factors that influence drug absorption and 
therapeutic concentration levels [31].

CONCLUSION
RIF stability in the presence of INH and IH2 was 

studied using RP HPLC methods. Simple and reproducible 
methods were developed, and the HPLC chromatogram showed 
well-resolved peaks in the simultaneous estimation of drugs. A 
combination study demonstrates that RIF interacts with INH, 

and the interaction between the two drugs leads to an increase 
in the degradation of RIF. IH2 does not interact with RIF, 
therefore, degradation of RIF does not occur due to the presence 
of IH2. Interaction and degradation of RIF can be reduced, and 
its stability can be enhanced if IH2 is used instead of INH. 
The therapeutic efficacy of IH2 is like INH when it is tested 
on the M. tuberculosis H37Rv strain. Future work will focus 
on combination formulations and in vivo studies to explore its 
therapeutic potential.
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