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Abstract

Several factors, including characteristic polymer composition of the cell wall, based on peptidoglycans cross-
linked with arabinogalactans, together with the lipid layer contribute to the high resistance of Mycobacterium
tuberculosis to antibiotics and other anti-tuberculosis drugs, leading to the development of new treatment
methods. Implementation of therapeutic drug monitoring for anti-mycobacterial drugs in routine clinical
practice requires understanding of the limited stability of these drugs. Rifampicin and isoniazid are the main
anti-tuberculosis drugs that generate degradation products during sample handling and storage. Therefore,
analytical methods used for analysis of clinical samples collected from tuberculosis patients treated with
a combination of different drugs should enable the separation of the studied analytes from their metabolites
and degradation products. Moreover, the samples require strictly regulated collection and storage conditions
to prevent degradation processes.

The purpose of this review was to present recent data on the stability studies of anti-mycobacterial drugs,
specifically used as first-line treatment in patients with tuberculosis. Detailed degradation pathway of rifam-
picin was described, including conditions influencing the formation of specific rifampicin related substances.
Moreover, the results of the stability studies of anti-mycobacterial drugs were presented in various matrices
in conditions determined by international quidance such as U.S. Food and Drug Administration (FDA) or In-
ternational Council for Harmonisation (ICH) quidelines. Particular attention was given to analytical methods
designed for analysis of anti-mycobacterial drugs in the presence of their degradation products. Finally,
recommendations proposed by different authors for collection, processing and storage of clinical samples
to increase stability of anti-mycobacterial drugs were summarized.
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Streszczenie

Zréznicowane czynniki, w tym charakterystyczny sktad polimerowy sciany komérkowej, opartej na peptydoglikanach usieciowanych arabinogalaktanami, wraz
7 warstwa lipidowa, przyczyniaja sie do wysokiej opornosci Mycobacterium tuberculosis na antybiotyki i inne leki przeciwgruZlicze, co prowadzi do poszukiwania
nowych metod leczenia. Wdrozenie terapeutycznego monitorowania lekéw przeciwpratkowych w rutynowej praktyce klinicznej wymaga zrozumienia ogranic-
zonej stabilnosci tych lekdw. Ryfampicyna i izoniazyd sa gtéwnymi lekami przeciwgruZliczymi, ktdre generuja produkty degradacji podczas przygotowywania
i przechowywania prébek. Z tego wzgledu metody analityczne stosowane do analizy prébek klinicznych pobranych od pacjentow z gruzlica leczonych kombinacja
roznych lekéw powinny umozliwia¢ oddzielenie badanych analitéw od ich metabolitéw i produktow degradacji. Ponadto probki wymagaja $cisle okreslonych
warunkéw pobierania i przechowywania, aby zapobiec procesom degradacji.

Celem tego przegladu jest przedstawienie najnowszych danych na temat badan stabilnosci lekéw przeciwpratkowych, w szczegélnosci tych stosowanych jako
leki pierwszeqo rzutu u pacjentéw z gruzlica. Szczegétowo opisano proces degradacji ryfampicyny z uwzglednieniem warunkéw wptywajacych na powstawanie
okreslonych substandji pochodnych ryfampicyny. Ponadto przedstawiono wyniki badan stabilnosci lekéw przeciwpratkowych w réznych matrycach w warunkach
okreslonych przez wytyczne miedzynarodowych instytucji takich jak FDA lub ICH. SzczegdIng uwage poswiecono metodom analitycznym przeznaczonym do analizy
lekow przeciwgruZliczych w obecnosci produktéw ich degradacji. Na koniec podsumowano zalecenia zaproponowane przez roznych autoréw dotyczace zbierania,

przygotowania i przechowywania probek klinicznych w celu zwiekszenia stabilnosci lekéw przeciwpratkowych.

Stowa kluczowe: gruZlica, izoniazyd, rifampicyna, pyrazynamid, etambutol

Introduction

Tuberculosis infections pose a serious threat to the hu-
man population. One of the factors influencing the drug
resistance of the tuberculosis bacillus is the composition
of its cell wall, which contains specific polymers and hy-
drophobic compounds. The characteristic polymer com-
position of the cell wall, based on peptidoglycans cross-
linked with arabinogalactans, together with the lipid layer
protects the bacterium against the influence of xenobiot-
ics.! The World Health Organization (WHO) reported
that tuberculosis remained the 2" most frequent cause
of death from infection in 2022, just behind coronavirus
disease (COVID-19). In addition, this disease caused al-
most twice as many deaths as HIV/AIDS. Approximately
25% of people in the world are infected with Mycobacte-
rium tuberculosis and about 5-10% of them will develop
an active form of the disease during their lifetime. Every
year, 10 million people suffer from tuberculosis. Most cases
of the disease occur in the countries of southern Africa and
southeast Asia.2 In Poland, 4,314 new cases of tuberculosis
were registered in 2022, which means 17.5% of cases more
than in the previous year.? According to the WHO recom-
mendations, first-line treatment should include rifampicin
(RIF), isoniazid (INH), pyrazinamide (PZA), and etham-
butol (ETH). These drugs are given in combination to tar-
get different enzymes and minimize bacterial resistance.*
In cases of treatment resistance, second-line medicines
are used, including aminoglycosides, fluoroquinolones
(moxifloxacin, levofloxacin), ethionamide, prothionamide,
cycloserine, terizidone, and p-aminosalicylic acid.®

One of the reasons for the limited effectiveness of tu-
berculosis treatment are subtherapeutic concentrations
of the drugs, which lead to drug resistance and death.®
Therefore, therapeutic drug monitoring (TDM) is sug-
gested to individualize dosing for a patient. To ensure

the effectiveness of bactericidal treatment, therapeutic
concentration ranges for anti-tuberculosis drugs in plasma
or serum have been established. Due to the limited time
and resources in the clinic, typically, only 2 samples are
collected post-dose: at 2 h, which corresponds to the peak
concentration for most anti-tubercular drugs, and at 6 h,
which allows for distinguishing between delayed absorp-
tion and malabsorption.” High-performance liquid chro-
matography (HPLC) methods are recommended to analyze
concentrations for TDM, and in the case of RIF, chemilu-
minescence and spectrophotometry can be also applied.®

Despite recommendations, TDM is not widely used
in countries where tuberculosis is common. The main rea-
sons include high costs, limited availability of analytical
instruments including mass spectrometry (MS) or HPLC,
difficulties in storing and transporting biological material
due to high temperatures, and the need for multiple blood
collection, which is problematic, particularly in the case
of malnourished children. Therefore, a urine sample was
proposed as an alternative to blood for TDM. Among
anti-tubercular drugs, RIF is monitored using colorim-
etry due to the red discoloration of urine in people taking
this drug.®® Recently, a colorimetric method using mobile
phone application and standardized light box have been
proposed to measure RIF in urine samples for personalized
treatment of children with tuberculosis based on predicted
RIF levels.!® However, urinary RIF concentrations were
poorly correlated with serum C,,,,, which raises doubts
regarding the utility of urine as a matrix useful for TDM
of RIF?

Difficulties in TDM may be also caused by limited stabil-
ity of the drugs. Degradation of RIF depends on pH and
leads to the formation of rifampicin quinone (RIF-Q),
3-formyl-rifampicin (3-F-RIF) and 25-desacetylrifampicin
(25-D-RIF).!! Moreover, limited stability of INH at ambient
temperature was confirmed for whole blood, serum and
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plasma. Hence, it is recommended to process collected
specimen at low temperatures.'? All RIF compounds except
RIF-Q have similar UV-VIS absorbance spectra with maxi-
mum absorbance at 474 nm, while the maximum absorp-
tion of RIF-Q shifts to 540 nm.!? Therefore, when using
spectrophotometric methods, the observed absorbance
values may not correspond to the actual concentrations
of RIF because its products of degradation (3-F-RIF and
25-D-RIF) show absorbance at the same wavelength.

To overcome abovementioned problems with stability,
Xing et al.'* suggested adding ascorbic acid to protect RIF
against autooxidation in clinical samples. Pr$o et al.’® sus-
pected that the observed inaccuracy in their assay was
caused by RIF degradation and therefore RIF was not in-
cluded in the measurements. Moreover, liquid chromatog-
raphy—tandem mass spectrometry (LC-MS/MS) methods
are recommended for analysis of several anti-mycobac-
terial agents due to their higher sensitivity and selectiv-
ity compared to other analytical methods. As mentioned
by Kuhlin et al.,'** LC-MS/MS offers adequate separation
and fast analysis of multi-analyte samples collected from
patients with tuberculosis despite using non-selective pro-
cedures for preparation of samples. Nevertheless, among
articles focusing on the analysis of anti-mycobacterial

Fig. 1. Degradation pathway of rifampicin (RIF)
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agents in various matrices, very few mentioned separation
and detection of degradation products.}41517-19

This article focuses on a review of recent advances
in anti-mycobacterial drug stability studies, including
stability-indicating techniques, analysis of degradation
products, and recommendations for sample storage and
handling to enhance stability.

Degradation pathway of RIF

The RIF is a lipophilic substance with a partition coef-
ficient log p-value of 2.77 and a pKa of 1.7 and 7.9 related
to the 4-hydroxy and 3-piperazine nitrogen, respectively.?’
The stability of the drug is pH-dependent. In neutral pH,
the drug is stable, whereas in acidic and basic pH, its de-
composition was observed (Fig. 1). At low pH, RIF under-
goes decomposition to 3-F-RIF, which is poorly soluble and
contributes to the reduced bioavailability of RIF. The com-
pound possesses high activity against Mycobacterium tu-
berculosis in vitro but not in vivo. At acidic pH of stom-
ach and in the presence of INH, the degradation process
of RIF is even more pronounced. Interaction between
RIF and INH leads to the formation of the isonicotinyl

RIF-Q - rifampicin quinone; 25-D-RIF - 25-desacetylrifampicin; 3-F-RIF - 3-formylrifampicin; 3-F-RIF-isonicotinylhydrazone - 3-formyl-rifampicin

isonicotinylhydrazone; INH —isoniazid.
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hydrazone derivative of 3-F-RIF (3-F-RIF-isonicotinylhy-
drazone; Fig. 1) and subsequent production of hydrazine
and 1-amino-4-methyl-piperazine.l! Sankar et al.? showed
that degradation of RIF and INH is caused by interaction
between the compounds in fasting pH conditions un-
der which combination of both drugs are administered.
At pH 2 (the maximum pH in the fasting condition) and
in 50 min, RIF decomposed by approx. 34%, while INH
by 10%. The extent of decomposition for RIF and INH
ranged between 13-35% and 4-11%, respectively, in sev-
eral marketed formulations.

At higher pH, deacetylation process of RIF to 25-D-
RIF is observed.!? It is worth mentioning that 25-D-RIF
is also the main metabolite of RIF in vivo.?? In addition,
at the mild alkaline conditions (pH 8.0), RIF is transformed
into RIF-Q.!2 The latter is a main compound formed from
RIF in a process of nonenzymatic autooxidation.!3232
The degradation product is regarded as an impurity in RIF
samples and an indicator of poor quality of RIF tablets.
Sutradhar and Zaman!® observed that RIF-Q in solution
undergoes chemical conversion to RIF in the presence
of microorganisms. This process is temperature-depen-
dent, may result in an increase in antimicrobial activity
of RIF, and promotes the development of antimicrobial
resistance due to incorrect determination of medicine
quality.!® Data on potential interconversion between RIF
and RIF-Q in vivo and the analyte stability in human
clinical samples are scarce. Only few articles mentioned
the appearance of RIF-Q in plasma and urine of patients
treated with RIF.1~1 Kivrane et al.'” noticed the formation
of RIF-Q in real samples but did not measure the con-
centration of the compound. In another report, plasma
concentrations of RIF-Q in patients suffering from tu-
berculosis and being administered the first-line anti-my-
cobacterial drugs were in the range of 0.114—0.325 mg/L
and comprised 2.30-4.50% of the sum of RIF and RIF-
Q. Moreover, presence of 3-F-RIF was confirmed in all
samples but its concentrations were below the quantifi-
cation limit of the analytical method.!® RIF-Q and 3-F-
RIF appeared also in urine, suggesting RIF degradation
during sample processing and storage. The concentra-
tion of RIF-Q was in the range of 0.71-2.62 mg/L, which
constituted 3.6—13.2% of the total RIF concentration (RIF
plus RIF-Q) and was twice higher than the concentration
found in plasma.®

Stability of anti-mycobacterial
drugs

Several guidelines on bioanalytical method validation
released by U.S. Food and Drug Administration (FDA),
European Medicine Agency (EMA) and International
Council for Harmonisation (ICH) provide general prin-
ciples for the stability testing, including recommenda-
tions on the acceptance criteria for stability results and
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the duration of stability tests. The chemical stability
of the analyzed compound should be proved in stock
solutions and biological fluid, and the effects of sample
collection, handling and storage of the analyte should
be assessed.?>~?” Hence, most data regarding the stabil-
ity of anti-mycobacterial drugs were generated during
developing and validating methods designed for analysis
of these compounds. Several studies confirmed stabil-
ity of these drugs in stock and working solutions stored
for at least 1 month at -80°C?8-30 and -20°C.'%1 How-
ever, significant degradation of INH and RIF was noticed
in biological samples. Matrix components were suspected
to significantly impact the stability of both compounds.
Unsatisfactory benchtop stability was confirmed for INH
at room temperature in plasma or serum. Sturkenboom
et al.® reported significantly better stability of INH in ul-
trafiltrate than in plasma, and suggested that plasma pro-
teins might be responsible for INH degradation. The INH
stability in samples stored at room temperature for
12 h were reported by some authors.>32 However, other
reports indicated that INH undergoes a significant decay
at room temperature and is stable for 4 h'”33 or as short
as for 1 h.1”! There is inconsistency of results obtained
in the stability study of RIF in plasma and serum sam-
ples. Some studies have shown that RIF remains stable
in plasma/serum samples at room temperature for up
to 24 h,?33* while other authors have reported lower sta-
bility of the compound. Le Guellec et al.* noticed that RIF
undergoes rapid decomposition in plasma at room temper-
ature, and its concentration decreases by 54% within 8 h.
Karazniewicz-Lada et al.!? reported stability of RIF and
3-F-RIF in plasma samples at room temperature for 4 h,
while 25-D-RIF was stable for only 1 h. The same results
for 25-D-RIF were obtained by Kivrane et al.l” However,
in the study of Sundell et al.,*® the compound was stable for
4 h of storage. The ambiguous results regarding RIF stabil-
ity could be partly caused by the fact that RIF is sensitive
to light and samples should be protected from light dur-
ing processing and storage.” Poor stability of RIF and its
derivatives in urine samples was also reported. The com-
pounds were stable for 1 h if urine samples were kept
at room temperature.'® Other anti-bacterial drugs proved
to be stable on a benchtop. Most authors noticed that PZA
was stable in plasma or serum in room temperature for up
to 4 h,1+1719.30.33.36 and in 1 study, the compound was stable
for up to 24 h.3! In urine samples, stability of INH, PZA
and ETH was confirmed during 4 h of storage.!®

There is inconsistency in results of long-term storage
of samples containing anti-mycobacterial drugs. In most
studies, stability of INH and RIF in plasma or serum
samples was confirmed when stored for 1 month?30:38
at —80°C. Longer storage stability of 12 weeks at —-80°C was
reported by Sundell et al.3® However, Kim et al.3® noticed
substantial degradation of the compounds over 12 weeks
of storage and confirmed stability for only 4 weeks. Another
report indicated stability of RIF in plasma samples kept for
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70 weeks at —-85°C.% Such long stability of the compound
might be connected to the procedure of sample prepara-
tion, which included charcoal-stripping, ultracentrifuga-
tion and filtration. As a result, many matrix components
of the samples were removed, leading to improved RIF sta-
bility. It was proved that higher temperature for long-term
storage may cause degradation of RIF and INH within few
days; INH was stable for 7-day storage at —20°C,'1° while
RIF stability ranges from <1 week!*3° to 3 months.!” Poor
stability of RIF-Q (<1 week) was also confirmed.’® Other
anti-mycobacterial drugs exhibit better stability during
long-term storage. Samples with PZA were stable at -20°C
when stored for up to 3 months.!”

Freezing and thawing samples is known to affect ana-
lyte stability. Both RIF, INH and PZA remained stable
after 3 cycles of freezing (at -70°C or —80°C) and thawing
at room temperature.?30-3640 According to Gao et al.,*?
INH, PZA and RIF were stable during 3 cycles of freez-
ing at -20°C and thawing at room temperature. In 2 other
articles, a significant degradation of INH and RIF was ob-
served under similar conditions.!”?

Abouzid et al.!® performed extended stability study
of anti-mycobacterial drugs in urine considering dif-
ferences in physiological pH of urine samples ranged
from 4 to 8. They proved stability of RIF, RIF-Q, 3-F-
RIF, 25-D-RIF, INH, and PZA at pH 6 for 24 h of storage
at -20°C, and ETH was stable in all sample pH values.
However, after 30 days, significant degradation was
observed for RIF-Q and 3-F-RIF in all samples, while
other analytes were stable in urine of pH 6—8. Moreover,
the stability of RIF, INH, PZA, and ETH were studied
in conditions mimicking the urine collection process
in medical centers and peripheral clinics at room tem-
perature and at 37.5°C. Abouzid et al. noted that RIF was
stable at pH 6—7 for up to 8 h, INH was stable at pH 6-7
for up to 24 h, and both PZA and ETH remained stable
at pH 4-8 for up to 24 h. During the stability studies,
an increase in the RIF-Q was observed, while RIF con-
centrations decreased, with this process being signifi-
cantly accelerated at 37.5°C.18

Stability-indicating methods

According to the ICH guidance document, a bioana-
lytical method should be selective and specific enough
to detect and differentiate the active substance from other
compounds, such as products of degradation found dur-
ing sample processing.?® Since RIF and INH are the main
anti-tuberculosis drugs that generate degradation prod-
ucts during sample handling and storage, the method
used in the stability study should enable the separation
of all compounds present in clinical samples collected
from tuberculosis patients treated with a combination
of different drugs. Therefore, the most suitable technique
is HPLC because it enables chromatographic resolution
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of the analytes from their related substances. This
method in combination with MS/MS detection is char-
acterized by high selectivity and specificity, demands
low sample volumes and may involve simple preparation
techniques such as protein precipitation.!® There are only
few articles on HPLC methods for the determination
of RIF and its derivatives in different matrices. Sankar
et al.! developed and validated an HLPC with UV de-
tection (HLPC-UV) method for measurements of RIF,
INH and their degradation products including 3-F-RIF,
RIF-Q and isonicotinyl hydrazone in solutions. After
determining validation parameters including linear-
ity, precision and accuracy, this method was applied for
the decomposition study of RIF in samples containing
INH, in the pH range of 1-3. Sutradhar and Zaman!?
used HPLC-UV and LC-MS methods to identify RIF
as the product of the chemical change of RIF-Q observed
upon heating. Both compounds were chromatographi-
cally separated and changes in RIF-Q absorbance were
measured to track the conversion of the compound for
2 h. However, no validation parameters of the methods
were presented. Prasad et al.?* reported an liquid chro-
matography-diode array detector-mass spectrometry/
time-of-flight (LC-DAD-MS/TOF) technique to identify
21 RIF related substances using modern LC-MS tools
such as multiple stage MS, high resolution MS and hydro-
gen/deuterium exchange MS. The method was applied
for the detection of the compounds in rat liver micro-
somes and in rat blood, urine and feces after adminis-
tration of 50 mg/kg of RIF. The samples were processed
prior to the analysis using protein precipitation with
acetonitrile, liquid-freeze separation and solid phase
extraction. The authors detected 6 known metabolites
and degradation products (25-D-RIF, RIF glucuronide,
N-demethyl-RIF, 3-F-RIF, RIF-Q, and desacetyl-3-F-
RIF) and 15 new RIF related substances. However, their
concentrations in biological fluids were not measured.
Kivrane te al.'” reported the development and validation
of the LC-MS/MS method for simultaneous quantifica-
tion of first-line antituberculosis drugs (ETH, INH, PZA,
and RIF) along with their 6 primary metabolites (25-D-
RIF, isonicotinic acid, acetylisoniazid, 5-hydroxypyr-
azine-2-carboxylic acid, pyrazine-2-carboxylic acid, and
5-hydroxypyrazinamide). They reported 2 RIF peaks
as the result of the formation of RIF-Q in plasma samples
and used 2 ion-transitions (from 821.4 to 789.3 specific
for RIF-Q and from 823.4 to 791.3 specific for RIF) for
accurate RIF quantification. Only 2 articles are available
on the development and validation of sensitive and selec-
tive UPLC-MS/MS methods for the simultaneous analy-
sis of RIF and its metabolite and degradation products
— 25-D-RIF, 3-F-RIF and RIF-Q - in the presence of other
anti-mycobacterial drugs INH, ETH and PZA in clinical
samples.’®1? For the measurements, small plasma (20 pL)
and urine (10 pL) volumes were required, which were
processed using protein precipitation with methanol and
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Table 1. Methods for analysis of degradation products of anti-mycobacterial drugs

Analytical
method

Conditions

Analyzed compounds

Application

Reference

HPLC-UV

LC-LyY,
LC-MS

LC-UV/DAD-
MS/TOF

LC-MS/MS

LC-MS/MS

LC-MS/MS

column: Supelcosil LC-18-DB (250 x 4.6 mm, 5 um);
mobile phase: 65% methanol and 35% 0.01 M phosphate
buffer at pH 7.00;
detection: 254 nm

column: C18 (parameters not provided);
mobile phase: 80% acetonitrile, 20% water
detection: 470 nm

column: Zorbax C18 (250 X 4.6 mm, 5 ym);
mobile phase: acetonitrile, 10 mM ammonium acetate,
gradient elution;
detection: 254 nm, MS/TOF

column: Waters Acquity UPLC BEH C8 (75 mm x 2.1 mm,
1.7 um);
mobile phase: methanol, 0.1% formic acid in water,
gradient elution;
detection: TQ

column: Kinetex Polar C18 column (15 x 3 mm, 2.6 um);
mobile phase: 0.1% formic acid in 5 MM ammonium formate
and acetonitrile, gradient elution
detection: TQ

column: Kinetex Polar C18 column (15 x 3 mm, 2.6 um);
mobile phase: 0.1% formic acid in 5 MM ammonium formate

RIF, RIF-Q, 3-F-RIF, INH,
isonicotinyl hydrazone

RIF, RIF-Q

RIF, RIF-Q, 3-F-RIF,
25-D-RIF, RIF N-oxide

RIF, RIF-Q, 25-D-RIF,
INH, PZA, ETH and their
metabolites

RIF, RIF-Q, 3-F-RIF,
25-D-RIF, INH, PZA

RIF, RIF-Q, 3-F-RIF,
25-D-RIF, INH, PZA, ETH

decomposition of RIF
in the presence of INH
atpH 1-3

evaluation of the effect
of temperature on the stability
and antimicrobial activity
of RIF-Q

identification of 21 RIF
metabolites and degradation
products formed in vitro and
in vivo

analysis of anti-mycobacterial
drugs and their metabolites
in plasma

pharmacokinetic and stability
study of RIF, INH, and PZA
in plasma samples

pharmacokinetic and stability
study of RIF, INH, PZA and ETH

21

24

and acetonitrile, gradient elution
detection: TQ

MLC column: SPHER-100 C18 (250 X 4.6 mm, 5 um);

buffer at pH 7; detection: 337 nm

mobile phase: 0.15 M SDS-6% 1-pentanol-0.01 M phosphate

in urine samples

RIF, RIF-Q stability study of RIF B
in solutions and spiked

biological fluids

MLC — micellar liquid chromatography; RIF - rifampicin, RIF-Q - rifampicin quinone; 3-F-RIF - 3-formyl-rifampicin; 25-D-RIF — 25-desacetylrifampicin;
INH —isoniazid; PZA — pyrazinamide; ETH — ethambutol;TQ - triple quadrupole tandem mass spectrometer; HPLG-UV - high-performance liquid
chromatography with UV detection; LC-MS - liquid chromatography-mass spectrometry; LC-MS/MS - liquid chromatography-tandem mass
spectrometry; LGUV/DAD-MS/TOF - liquid chromatography with UV detection/diode array detector-mass spectrometry/time-of-flight.

further diluted with acetonitrile. For optimal separation
of the compounds significantly different in polarity (logP
from —0.7 for INH to 2.7 for RIF), Kinetex Polar C18
column and gradient elution were applied, allowing for
the total analysis time of 12 min. Both methods were
successfully validated in terms of selectivity, linearity
and lower limit od quantification, precision and accuracy,
matrix effect, carry-over, and stability. The applicability
of the methods for analysis of INH, PZA, ETH, and RIF
was verified in plasma and urine samples collected from
patients with tuberculosis and in the extensive stability
study of RIF under various conditions of sample collec-
tion and storage.!®!°

Another useful analytical technique for studying
the conversion of RIF to RIF-Q in plasma and urine is mi-
cellar liquid chromatography (MCL), as proved by Mishra
et al.2® The advantage of the method was simple sample
preparation consisting of dilution in a micellar sodium
dodecyl sulfate (SDS) solution. The method validation was
carried out according to the EMA recommendations and
tested employing the analysis of RIF in samples collected
from tuberculosis patients. Moreover, the authors applied
the method for the degradation study of RIF to RIF-Q
in solutions and biological fluids spiked with RIF.

The summary of the methods for analysis of degrada-
tion products of anti-mycobacterial drugs are presented
in Table 1.

Recommendations
to increase stability

Limited stability of anti-mycobacterial drugs may impact
TDM results. Therefore, results of numerous stability stud-
ies of the analytes at various storage conditions were utilized
to prepare recommendations for handling the clinical sam-
ples. Some articles suggested that antioxidants, e.g., ascor-
bic acid, should be added after sample collection to protect
RIF from autooxidation occurring when the samples are
processed or stored.'* Le Guellec et al.?® indicated better
stability of RIF in solutions when stored in higher concen-
trations and when ascorbic acid was added as a protecting
agent. However, Peloquin® reported no benefits from such
stabilization. The author suggested using a specific sample
preparation procedure before adding RIF, including charcoal
stripping, ultracentrifugation and filtration to remove ma-
trix components that may increase RIF degradation. Mishra
et al.”® indicated that oxidation of RIF to RIF-Q is accelerated
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in higher temperatures; thus, storage conditions for samples
containing RIF should be strictly controlled. Similarly, INH
and ethionamide are not stable in human serum and whole
blood at room temperature. Therefore, Peloquin®! suggested
that the blood samples should be promptly centrifuged,
the serum harvested and frozen immediately after collec-
tion. According to the latest recommendations,'® centrifuga-
tion should be performed at low temperatures (preferably
4°C); samples can be left on the bench at ambient tempera-
ture for no longer than 1 h; protection from light is recom-
mended by using amber and non-transparent glass tubes for
sample storage and processing. In addition, storage at —80°C
for no longer than 1 month, shipment of frozen samples with
dry ice and limited sample thawing-freezing cycle number
were suggested. Abouzid et al.1® presented recommendations
specifically for urine samples based on the observation that
pH of urine and temperature affect the analyte stability.
The authors suggested that stability of RIF during TDM can
be prolonged to 8 h if the pH of collected urine is maintained
in the range of 6-7.

Conclusions

Implementation of TDM for anti-tuberculosis drugs
to individualize dosing for a patient requires determination
of stability of these drugs in different conditions mimick-
ing the sample collection, processing and storage in clinics.
Numerous studies have confirmed the limited stability
of RIF and INH in biological fluids, which is probably due
to the presence of proteins and other matrix components.
Factors that accelerate the decomposition process include
higher temperatures during long-term storage, multiple
freeze-thaw cycles or acidic and alkaline pH of the sample.
Therefore, to increase analyte stability, strictly regulated
handling conditions for samples containing anti-mycobac-
terial drugs have been established. It is increasingly appar-
ent that methods used for determination of anti-tubercu-
losis agents in real samples should separate the analytes
from their degradation products. These conditions are
met by LC-MS/MS, which is the most suitable technique
for stability studies and pharmacokinetic applications due
to its selectivity and specificity.
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