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ABBREVATIONS AND DEFINITIONS  
 

AA    Acetic acid 

ACN    Acetonitrile (Methyl cyanide) 

AF    Ammonium formate 

AmAc    Ammonium acetate 

AO    Antioxidant 

ASA    Ascorbic acid 

CS    Calibration solution 

EIC    Extracted ion chromatogram 

ESI    Electrospray ionization 

FA    Formic acid 

HPLC    High performance liquid chromatography 

ID    Inner diameter 

In vitro   Outside organism 

In vivo   Within organism 

IS    Internal standard 

IT   Injection time 

LC-MS   Liquid chromatography – mass spectrometry 

MDR-TB   Multi drug resistance tuberculosis 

MP    Mobile phase 

MS    Mass spectrometry 

MTB    Mycobacterium tuberculosis 
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PLGA    Poly (lactic-co-glycolic acid)  

RIF    Rifampicin 

RIP    Rifapentine  

RIQ    Rifampicin quinone 

rpm    Rotations per minute 

RSD    Relative standard deviation 

SIR    Single ion recording 

SPE    Solid phase extraction 

SQ    Single quadrupole 

SS    Stock solution 

TB    Tuberculosis 

TFP    Trifluoperazine dihydrochloride 

TIC    Total ion chromatogram 

TZ    Thioridazine 

UV    Ultra violet 

WHO    World Health Organisation  

WS    Working solution 

WS2    Working solution 2  

XDR-TB   Extensively drug resistant tuberculosis 

µLC    Micro liquid chromatography  

 

  



8 
 

ABSTRACT 
 

Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) infection is a major cause 

of death and morbidity worldwide, particularly where poverty, malnutrition and poor housing 

prevail. The global burden of tuberculosis (TB) is worryingly high, with 9 million new cases 

and 1.5 million deaths in 2013.  Besides, there has been a global increase of drug-resistant TB 

for over two decades. Therefore it is an urgent need for new strategies to combat the disease.  

In this study a robust LC-MS method for determination of rifampicin (RIF) and thioridazine 

(TZ) (both used in TB treatment) from cell lysates has been developed. In preliminary studies, 

a 0.1 % formic acid mobile phase (MP) provided the highest signal and a reversed phase (RP) 

column provided the highest efficiency.  A 30 K centrifugal filter and a centrifugal time of 10 

minutes with 13.2k rotations per minute (rpm) at 25 °C and an extra wash of the filter (with 

100 µL mobile phase) provided a high recovery and repeatability. Average obtained recovery 

for RIF and TZ was approximately 90 % (RSD 11 %) and 95 % (RSD 6 %) respectively. A 

time-efficient flow rate of 100 µL/min (enabeling analysis times below 5 minutes) and an 

injection volume of 10 µL (six-port injection system) were used. Experiments showed that the 

degradation of RIF was time, pH and temperature dependent. The rate of RIF degradation (at 

25 °C) was enhanced 6 times (over a period of 60 minutes) and nearly 30 times (at -80 °C), 

over a period of 300 minutes) in the acidic environment of the MP. In general, degradation of 

RIF was lower in non-acidic environment and at low temperatures (-80 °C). However, RIF 

samples (maintained at 25 °C or/and -80 °C) treated with ascorbic acid (antioxidant) did not 

degrade in the acidic solution. Adding internal standards (rifapentine and trifluoperazine 

dihydrochloride for RIF and TZ, respectively) to the analyte samples provided a good 

linearity with R
2 

> 0.99.  
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1. INTRODUCTION 
 

1.1 Background  
 

TB is a contagious bacterial disease caused by infection of MTB which spreads through air 

from a transmittable person to a healthy person by droplet inhalation and affects 

predominantly the lungs [11, 17, 18], see frame 1. According to statistics assembled from 202 

countries and territories, in 2013 an estimated 9 million people developed TB and 1.5 million 

died from the disease. TB is therefore considered as one of the world`s deadliest transmittable 

diseases. However, most deaths from TB are preventable and through effective diagnosis and 

treatment about 37 million lives were saved during 2000-2013 [11]. 

 

For more than twenty years, there has been a global increase of multidrug-resistant TB 

(MDR-TB) [19]. MDR-TB is defined as resistance to isoniazid and rifampicin which are two 

of the most effective anti-TB drugs [10, 11, 20]. Furthermore, extensively drug-resistant TB 

(XDR-TB) defined as MDR-TB with additional resistance to fluoroquinolones (FQs) and at 

least one second-line injectable drug [10, 15], is a rising issue. Of great concern are also the 

most recently discovered MTB strains that are resistant to all anti-TB drugs [19]. Even though 

the proportion of new cases with MDR-TB worldwide has not changed compared with the 

recent years, the consequences of poor treatment and the development and spread of drug 

resistance are a major concern [11].  

 

The main reason to antimicrobial drug resistance of mycobacteria is the permeability barrier 

from the lipid-rich cell wall in combination with the active efflux of drugs. Efflux of the drugs 

is performed by active drug efflux systems (efflux pumps) which are present in 

mycobacteria’s  plasma membrane [21]. These systems enhance drug resistance by helping 

the bacteria to extrude the antibiotics [10]. In general, active antibiotic efflux is controlling 

resistance and accumulation in almost all cell types (including bacteria) and is a very common 

mechanism of drug resistance in nearly all antibiotic classes. Moreover the expression of the 

efflux transporters when recognizing the antibiotics reduces drugs activity toward intracellular 

site of bacteria. The efflux transporters could be inhibited by adding transporter inhibitors that 

would favor the intracellular activity and increase consequently the intracellular 

concentrations of the antibiotics [22].  
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Phenothiazine neuroleptics (including TZ) have been shown to have inhibitory activity against 

efflux pumps in mycobacteria [10], even at the most multidrug-resistant strains of MTB [23]. 

TZ used as an efflux pump inhibitor has the ability to enhance the intracellular killing of the 

phagocytized MTB [18], both the antibiotic-sensitive and –resistant [24].  Moreover, TZ has 

been shown to inhibit the expression of many essential genes of MTB and can also kill 

dormant (inactive) MTB [5]. Recent in vivo studies in India and Argentina have shown that 

TZ has killed the phagocytised strains regardless of the bacterium’s antibiotic resistance 

profile (MDR-TB or XDR-TB). Furthermore the MDR-TB patients following a treatment 

regimen consisting of combination of antibiotics and TZ were cured [10, 25, 26].  

 

Efforts to find successful treatments and fight drug resistance and long treatment regimens 

(that are expensive, cause many adverse side effects and lead to non-compliance) are also 

enhanced by applying nanotechnology to drug delivery. Through nanotechnology the drugs 

are encapsulated inside biodegradable polymeric or lipid nanoparticles (NPs) that selectively 

target cells of interest, where they can then release the drug continuously over relatively long 

periods [8]. Poly (lactic-co-glycolic) acid (PLGA) NPs have been widely used in recent 

studies to deliver antibiotics (i.e. rifampicin) against MTB in animal models of TB [7, 8, 27, 

28], see frame 2. Experiments have shown that same amount of free (non-encapsuled) RIF 

was less effective against mycobacteria than RIF encapsuled in NPs [7, 29]. Also, PLGA NPs 

containing high concentration of RIF degraded slowly and remained for at least 13 days 

membrane-enclosed in the macrophages (MTB resides predominantly in the alveolar 

macrophage cells [30]). Further on, one dose with sufficient antibiotic in a treatment regimen 

of 9-12 days was enough to efficiently clear the infection with Mycobacterium bovis BCG 

from the macrophages [7]. This short and effective treatment regimen would prevent serious 

problems like non-compliance, treatment failure and many adverse side effects [15] (due to 

sustained drug release and tissue-specific targeting property of NPs [1]).  

 

Determination of RIF and TZ released from NPs was not a part of this study, but will be 

performed in subsequent studies. 
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Frame 1  

Tuberculosis 

 

 

 

 

 

 

 

 

 

Pathogenesis  

TB caused by MTB, is generally an intracellular infection of the macrophage that is part of the 

alveolar unit of the lungs [5]. Human infection is acquired by inhalation of MTB. Infection starts 

in the lungs where MTB first infects resident alveolar macrophages and subsequently newly 

recruited macrophages, coming from the blood, reach the site of infection [8], see figure a. 

Clinical symptoms 

The typical symptoms of pulmonary tuberculosis are chronic cough, fever, sputum production, 

hemoptysis, night sweats, appetite and weight loss [9].  

Treatment 

For new cases of drug-susceptible TB (the bacteria are not multidrug resistant) current World 

Health Organisation (WHO) guidelines recommend a treatment of six-month regime of four first-

line drugs: rifampicin, isoniazid, pyrazinamide and ethambutol [10, 11]. However for MDR-TB, 

the recommended treatment regimen is prolonged to 20 months [11]. This treatment is 

additionally more complex (using up to six different drugs), more expensive and involves also the 

usage of more toxic second-line drugs (aminoglycosides, polypeptides, thioamides and 

fluoroquinolones [10]) and has a lower rate of successful treatment [7, 14, 15]. Regarding XDR-

TB treatment, the results of success are very variable [11] and the treatment regimen is more 

complicated. 

 

Figure (a) Mycobacterium 

tuberculosis (tubular shape and 

pink colour) surrounded by 

macrophages (white colour) [4]. 

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://sciencephotolibrary.tumblr.com/post/30944077527/macrophage-engulfing-tb-bacteria-coloured&ei=qSsQVaLJNousPNy3gLgI&bvm=bv.88528373,d.ZWU&psig=AFQjCNEYoB166zEZBcQotn-O-c9irJUNkA&ust=1427209510446375
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Frame 2 

Nanoparticles (NP) 

 

Nanoparticles (NPs) are particles with sizes between 1 and 100 nm [1-3]. They are colloidal 

systems where substances (like drugs) can chemically bind, spread or dissolve to the polymer 

chains [6]. One of the most widely used biodegradable polymer matrices for preparation of 

nanoparticles is Poly-D-L-lactide-co-glycolide (PLGA) which has minimal systemic toxicity [1, 7].  

Biodegradable nanoparticles are outstanding vehicles that have been used recently for site-specific 

in vivo delivery of drugs [1, 8] (figure b). Tissue-specific targeting property of NPs has made them 

extensively useful in the field of medicine the recent years. Their sustained release property [1] and 

capability of delivering drugs intracellularly (by entering cells and tissues) are of advantage in 

treatment regimens including drugs that have a narrow therapeutic index, short half time in the 

blood stream and a high clearance rate [12]. It is shown that the use of encapsuled drugs in NPs 

improves the therapeutic efficacy, minimizes adverse side effects of the drugs [12, 13] and 

increases compliance.  

 

 

Figure (b) An illustration of cytosolic drug delivery process through polymeric NPs. (a) Cellular 

internalization of NPs; (b) Formation of lysosome-NPs by endocytosis; (c) Release of therapeutic 

agents in cytoplasm; (d) Degradation of agents; (e) Exocytosis of NPs; (f) Cytosolic transport of 

agents to targets [16].  
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1.2 Rifampicin  

 
Applied since the1960s, RIF is considered to be the most effective first-line anti-TB drug 

[11]. RIF is classified as a semisynthetic antibiotic [7] of the rifamycin group with a broad 

antibacterial spectrum. It has bactericidal effect against several forms of mycobacterium by 

inhibiting RNA polymerase activity and thus suppressing the initiation of RNA synthesis and 

leading to cell death. The chemical structure of RIF is shown in figure 1. RIF (Mw = 822.94022 

g/mol) is a zwitterion with a pKa-value of 1.7, related to the 4-hydroxy and a pKa-value of 7.9 

related to the 3-piperazine nitrogen and is slightly soluble in water in pH less than 6 (log P = 

4.24) [31-33]. 

 

 

Figure 1 The chemical structure of rifampicin (Mw = 822.94022 g/mol), a zwitterion ion with 

pKa = 1.7 and 7. 9, log P = 4.24 [34].  

  

 

1.3 Thioridazine  
 

Synthesized since 1960, TZ is a “low-potency” antipsychotic drug [35] primarily used in the 

management of psychoses including anxiety, schizophrenia, behavioural problems and nausea 

[36-38]. As mentioned above TZ has a dual mechanism of action (killing or enhance killing of 

MTB) in TB treatment. It has been shown and confirmed to have in vitro and in vivo activity 

against all encountered strains of MTB [5]. TZ enhances the killing of intracellular antibiotic-

sensitive and -resistant MTB organisms in two ways. It inhibits the efflux pumps by inhibiting 
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K
+
 transport or it reduces the activity/expression of the efflux pump genes of MTB.  As 

follows TZ enhances the effect of RIF which is bactericidal to MTB. Moreover, TZ can also 

kill dormant MTB by inhibiting the expression of many of its essential genes [5, 24].  

The chemical structure of TZ is shown in figure 2. TZ (Mw = 370.57454 g/mol) has a pKa-

value of 9.5 and is insoluble in water (log P = 5.90) [36-38]. 

 

 

Figure 2 The chemical structure of thioridazine (Mw = 370.57454 g/mol) with pKa = 9.5 and 

log P = 5.90 [36]. 

 

 

1.4 Liquid chromatography –electrospray - mass spectrometry (LC-

ESI-MS) 
 

Mass Spectrometry (MS) is widely used in analyzing medicine and biological samples [39]. 

The MS can be used for both identification (by providing structural information) and 

quantification of compounds [40]. The MS instrument consists of an ionization unit (ion 

source), a mass/charge (m/z) separation unit (mass analyzer) and an ion detector. The 

combination of mass spectrometers with Liquid Chromatography (LC-MS) has become very 

common. Most of the compounds that can be ionized and transferred to the gas phase are 

determined by mass spectrometry.  
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Ionization and transition of the compounds from liquid to gas phase occurs in the interface 

(ion source, the device between the chromatograph and the mass spectrometer). One of the 

mostly used interfaces in LC-MS is electrospray ionization (ESI) which is carried out at 

atmospheric pressure (figure 3). ESI is used for compounds that contain ionisable groups [40]. 

 

In this study, a single quadrupole (SQ) mass analyzer was used. The quadrupole consists of 

four identical rods placed parallel to each other and both opposite pairs of rods are connected 

electrically and create an oscillating electrical field between them. The ionized molecules 

(analytes) enter the oscillating electric field and oscillate between the rods. Stable oscillating 

(stable trajectory) ions reach the detector, while non-stable oscillating ions (unstable 

trajectory) collide with one of the rods and will not reach the detector. At a known voltage 

between the rods, ions with certain m/z will be detected [40]. The detected signal is the m/z 

ratio [39].  A schematic view of the analyzing process is as follow:  

 

[39]. 

 

 

 

Figure 3 A schematic overview of ESI and ion source [41]. 

Sample Ion source  Mass analyzer  Detector Data Analysis 
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1.5 Aim of study  
 

The aim of this study was to develop a simple, sensitive, and robust liquid chromatography-

mass spectrometry (LC-MS) methodology for simultaneously determining levels of 

rifampicin (RIF) and thioridazine (TZ) in cell lysates with repeatability and high recovery.  

This methodology will be employed in subsequent studies for determining the levels of RIF 

and TZ released from PLGA NPs in various cell cultures. Determining the released levels of 

the drugs encapsuled in NPs would provide a better knowledge in dosage administration, 

therapeutic drug monitoring, sustained release control and toxicity. Further on, discovering a 

therapeutic dosage against MTB with less adverse side effects could solve the burden of multi 

resistant TB. 
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2. EXPERIMENTAL 
 

2.1 Materials and reagents 
 

Acetonitrile (ACN) and sodium chloride (NaCl) were purchased from VWR International 

S.A.S. (Radnor, PA, USA). HPLC water was purchased from Fisher Scientific (Waltham, 

MA, USA). Formic acid (FA), acetic acid (AA), ammonium acetate (AmAc), ammonium 

formate (AF), L-ascorbic acid (ASA), caffeine, rifampicin (RIF), thioridazine hydrochloride 

(TZ), rifapentine (RIP) and trifluoperazine dihydrochloride (TFP) were all purchased from 

Sigma-Aldrich (St. Louis, MO, USA).  

 

2.2 Solutions 

 

2.2.1 Buffer and acid solutions  

 

Buffer and acidic solutions were prepared and tested in preliminary experiments. 100 mM AF 

and 100 mM AmAc were prepared by dissolving 631 mg AF (Mw = 63.06 g/mol) in 100.00 

mL HPLC water, and 771 mg AmAc (Mw = 77.08 g/mol) in 100.00 mL HPLC water. 0.1 % 

FA was prepared by diluting 0.01 mL FA to 10.00 mL ACN/water (50/50, v/v). 0.1 % AA 

was prepared by diluting 0.01 mL AA to 10.00 mL ACN/water (50/50, v/v). 5 mM AF was 

prepared by diluting 0.50 mL AF (100 mM) to 5.00 mL HPLC water and 5.00 mL ACN. 10 

mM AF was prepared by diluting 1.00 mL AF (100 mM) to 5.00 mL HPLC water and 5.00 

mL ACN. 20 mM AF was prepared by diluting 2.00 mL AF (100 mM) to 5.00 mL HPLC 

water and 5.00 mL ACN. 5 mM AmAc was prepared by diluting 0.50 mL AmAc (100 mM) 

to 5.00 mL HPLC water and 5.00 mL ACN. 10 mM AmAc was prepared by diluting 1.00 mL 

AmAc (100 mM) to 5.00 mL HPLC water and 5.00 mL ACN. 20 mM AmAc was prepared by 

diluting 2.00 mL AmAc (100 mM) to 5.00 mL HPLC water and 5.00 mL ACN.   

https://www.google.no/search?hl=en&q=pennsylvania&stick=H4sIAAAAAAAAAGOovnz8BQMDgzMHnxCnfq6-gUVWfJKlEgeIaVqSlKellZ1spZ9flJ6Yl1mVWJKZn4fCscpITUwpLE0sKkktKu6avOiZSrDuBJ_FLmcmLHRfYVNZfhgAKBC_zWAAAAA&sa=X&ei=Nvf5VKKdFoPCPZ2YgJAJ&ved=0CH8QmxMoAjAP
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2.2.2 Ascorbic acid and NaCl solution 

 

0.5 M NaCl (Mw = 58.44 g/mol) was prepared by diluting 5.84 g NaCl in 200.00 mL HPCL 

water. 600 µM ASA (Mw = 176.12 g/mol) was prepared by diluting 0.53 g ASA in 5.00 mL 

water with 0.1% FA stored in a brown glass-bottle in darkness. Mobile phase (MP) with 300 

µM ASA was prepared by diluting 5.00 mL 600 µM ASA (prepared as above) to 5.00 mL 

ACN and was also stored in a brown glass-bottle in darkness.  

 

2.2.3 Analyte solutions 

 

Solutions of 1.00 µg/mL for direct injection mass spectrometry were prepared by diluting 1 

µL of RIF solution (1.00 mg/mL) and 1 µL of TZ solution (1.00 mg/mL) (separately), to 1000 

µL acidic and buffer solutions of 0.1 % FA, 0.1 % AA, 5 mM AF, 10 mM AF, 20 mM AF, 5 

mM AmAc, 10 mM AmAc, and 20 mM AmAc solutions.  

RIF and TZ 1.00 mg/mL stock solutions (SS) were prepared by weighing 5 mg of RIF and TZ 

and diluting each of them in 5.00 mL ACN and vortexing the solutions for approximately 10 

seconds.  

RIF and TZ 0.10 mg/mL working solutions (WS) were prepared by diluting 500 μL of SS to 

5.00 mL of ACN and vortexing for approximately 10 seconds.  

TZ 10.00 µg/mL working solution 2 (TZ WS2) was prepared by diluting 500 μL of TZ WS to 

5.00 mL of ACN and vortexing for approximately 10 seconds.  

Calibration solution mixtures (CS) were: RIF (1.00 µg/mL [L], 5.00 µg/mL [M], 10.00 µg/mL 

[H]) and TZ (0.10 µg/mL [L], 0.50 µg/mL [M], 1.00 µg/mL [H]). The L, M and H mixtures 

were prepared by appropriate dilution of RIF WS and TZ WS2. For L, 10 µL of each of RIF 

WS and TZ WS2 were diluted to 1000 µL of MP and vortexed for approximately 10 seconds.  

For M, 50 µL of each of RIF WS and TZ WS2 were diluted to 1000 µL of MP and vortexed 

for approximately 10 seconds. For H, 100 µl of each of RIF WS and TZ WS2 were diluted to 

1000 µL of MP and vortexed for approximately 10 seconds. The same solutions were used for 

centrifugal filter testing (see 2.2.4 and 2.2.7 below).  
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Stock solution of RIF 1.00 mg/mL with approximately 300 µM ASA (SSa) was prepared by 

weighing 5 mg of RIF and diluting it in 5.00 mL the MP with 300 µM ASA and vortexing for 

approximately 10 seconds.  

 

RIF working solution (100.00 µg/mL) with 300 µM ASA (WSa) was prepared by diluting 100 

μL of SSa to 1000 µL of MP with 300 µM ASA and vortexing for approximately 10 seconds.  

Calibration solution mixtures for RIF with approximately 300 µM ASA (CSa) were: RIF (1.00 

µg/mL [D], 5.00 µg/mL [E], 10.00 µg/mL [F]). The D, E and F mixtures were prepared by 

appropriate dilution of RIF WSa. For D, 10 µl of RIF WSa was diluted to 1000 µL of MP with 

300 µM ASA and vortexed for approximately 10 seconds.  

For E, 50 µL of RIF WSa was diluted to 1000 µL of MP with 300 µM ASA and vortexed for 

approximately 10 seconds. For F, 100 µl RIF WSa was diluted to 1000 µL of MP with 300 

µM ASA and vortexed for approximately 10 seconds. The same solutions were used for 

centrifugal filter testing (see 2.2.4 and 2.2.7 below). All solutions containing ASA were 

protected from light by storing them in brown glass-bottles in dark environment. 

 

 

2.2.4 Internal standard and analytes with internal standard solutions 

 

Internal standard (IS) for RIF and TZ samples were RIP (Mw = 877.03) 10 µg/mL and TFP 

(Mw = 480.42) 1.00 µg/mL respectively.  

RIP and TFP 1.00 mg/mL stock solutions (SSi) were prepared by weighting 10 mg RIP and 

TFP and diluting each of them in 10 mL MP (without ASA) and vortexing for approximately 

10 seconds.  

RIP 10.00 µg/mL working solution (WSiR) was prepared by diluting 100 µL of RIP SSi to 

10.00 mL MP (without ASA) and vortexing for approximately 10 seconds.  

TFP 1.00 µg/mL working solution (WSiT) was prepared by diluting 10 µL of TFP SSi to 10.00 

mL MP (without ASA) and vortexing for approximately 10 seconds.  

Calibration solution mixtures with intern standard and 300 µM ASA for RIF (CSi) were: RIF 

(1.00 µg/mL [G], 5.00 µg/mL [J], 10.00 µg/mL [N]) and TZ (0.10 µg/mL [G], 0.50 µg/mL 

[J], 1.00 µg/mL [N]). In all CSi, total concentration of RIP and TPF were 1.00 µg/mL and 
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0.10 µg/mL respectively. The G, J and N mixtures were prepared by appropriate dilution of 

RIF WSa and TZ WS2.   

For G, 10 µl of each RIP WSiR and RIF WSa, and 10 µL of each TFP WSiT and TZ WS2 were 

diluted to 1000 µL of MP (MP with 300 µM ASA for RIF and RIP) and vortexed for 

approximately 10 seconds. For J, 50 µL of each RIP WSiR and RIF WSa, and 50 µL of each 

TPF WSiT and TZ WS2 were diluted to 1000 µL of MP (MP with 300 µM ASA for RIF and 

RIP) and vortexed for approximately 10 seconds. For N, 100 µl of each RIP WSiR and RIF 

WSa, and of each TPF WSiT and TZ WS2 were diluted to 1000 µL of MP (MP with 300 µM 

ASA for RIF and RIP) and vortexed for approximately 10 seconds. The same solutions were 

used for centrifugal filter testing (see 2.2.7 below).  

 

 

2.2.5 Liquid chromatography – ultra violet spectroscopy 

 

MP for reversed- phase liquid chromatography (RP LC) was prepared by mixing 100.00 mL 

ACN and 99.80 mL HPLC water with 0.20 mL FA ( = 50/50 ACN/0.1 %FA [aq], v/v). 10 

mM AF was prepared by diluting 158 mg AF in 250.00 mL HPLC water and was used to 

prepare the second mobile phase (MP2) for the ZIC-HILIC column. MP2 with 3 mM AF was 

prepared by mixing 140.00 mL ACN and 59.80 mL 10 mM AF  (= 70/30 ACN/AF [aq], v/v).  

Caffeine (Mw = 194.19 g/mol) 100.00 µg/mL was prepared by diluting 10 mg of caffeine in 

100.00 mL HPCL water.  Caffeine 2.50 µg/mL was prepared by diluting 0.25 mL (250 µL) of 

caffeine 100.00 µg/ mL solution to 10.00 mL of HPLC water.  

 

2.2.6 Preparation of cell lysate samples 

 

Biological cells used in this study were provided by Dr. Jon Hildal, Department of Biology, 

University of Oslo. Briefly, the cells were primary macrophages of mouse that were isolated 

from the marrow of mice bones (mouse bone marrow derived macrophages (MBMM). The 

mice bone marrow cells were isolated, differentiated and frozen. Harvesting of mice was 

approved by appropriate ethical committees. The final solution of cell lysate in the Eppendorf 

tubes contained 1.5 million cells.  
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Treatment of cells with RIF and TZ: MBMM from frozen stock were thawed and cultured on 

non-treated dishes for three days in order to let them recover and proliferate. The cells were 

then seeded in a cell-culture treated 12-well plate with 500 000 cells/well. Two days after, 

1.00 µg/mL TZ and 2.00 µg/mL RIF were added to 4 wells each. The cells were then 

incubated with drugs for approximately 24 hours and later washed two times with warm 

phosphate buffered saline (PBS). The lysing of the cells was performed by adding 1.00 mL 

water with 0.005 % sodium dodecyl sulfate (SDS) and incubated at 37 °C for 20 minutes. By 

pipetting up and down ten times the cells were lysed thoroughly and the lysates were collected 

and frozen at -80 °C until use. This part of the sample preparation was performed by Dr. 

Hildahl. 

 

 

2.2.7 Spiking cell lysate samples 

 

The cell lysates described above were spiked to concentrations of RIF 5.00 µg/mL and 10.00 

µg/mL and TZ 0.50 µg/mL and 1.00 µg/mL. In most experiments three concentrations of each 

of the analytes were investigated, but due to shortage of time only two concentrations for each 

of the analytes were investigated here.  

The procedure of spiking cell lysates with RIF 5.00 µg/mL and 10.00 µg/mL and TZ 0.50 

µg/mL and 1.00 µg/mL was performed as following:  

RIF 20.00 µg/ mL and 40.00 µg/ mL were prepared by mixing 100 µL and 200 µL 

respectively of RIF WS or WSa with 400 µL and 300 µL MP or MP with 300 µM ASA. Each 

of these two solutions (100 µL) was mixed with 100 µL of cell lysate solution. Total 

concentration of the RIF solutions at this stage was 10.00 µg/mL and 20.00 µg/mL 

respectively and total amount of cells in each solution was approximately 750 000. After 10 

minutes of centrifugation (13.2k rpm) using centrifugal filters, 200 µL of MP or MP with 300 

µM ASA was applied in the centrifugal filters and centrifuged for additionally 10 min (13.2k 

rpm). Total concentration of the RIF solutions at this final stage should have been 5.00 µg/mL 

and 10.00 µg/mL respectively and total amount of cells in each solution should have been 

approximately 325 000. Due to possible retention of some of the solvent in the centrifugal 
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filter, the concentration of RIF could in some experiments have been slightly higher than the 

expected concentrations as above (see section 3.4 for more discussion). 

TZ 2.00 µg/mL and 4.00 µg/ mL were prepared by mixing 100 µL and 200 µL respectively of 

TZ WS2 with 400 µL and 300 µL MP. Each of these two solutions (100 µL) was mixed with 

100 µL of cell lysate solution. Total concentration of the TZ solutions at this stage was 1.00 

µg/mL and 2.00 µg/mL respectively and total amount of cells in each solution was 

approximately 750 000. After 10 minutes of centrifugation (13.2k rpm), 200.00 µL of MP was 

applied in the centrifugal filters and centrifuged for additionally 10 min (13.2k rpm). Total 

concentration of the TZ solutions at this final stage should have been 0.50 µg/mL and 1.00 

µg/mL respectively and total amount of cells in each solution should have been approximately 

325 000 (see section 3.4 and 3.9 for more discussion).  

The samples with cell lysate were spiked separately with each of the analytes and centrifuged 

in separate centrifugal filters. This was due to previous experiments where no peaks were 

observed in the chromatograms when the cells were spiked simultaneously with both analytes. 

 

 

2.3 Instruments and equipment 
 

2.3.1 Mass spectrometry 

 

In initial stages, for direct injection mass spectrometry, a high resolution Orbitrap Q-Exactive 

instrument (Thermo Scientifics, Waltham, MA, USA) was used. Scanning was performed in 

positive mode and with a resolution of 70 000. The Automatic Gain Control (AGC) target was 

10
6
, Max injection time (IT) was 200 ms and the scan range was from 300 m/z till 900 m/z. 

The syringe flow rate was 10 µL/min and the spray voltage was 3.00 kV. Injections were 

recorded for 1.00 minute per sample.  

  

https://www.google.no/search?hl=en&q=waltham+ma&stick=H4sIAAAAAAAAAGOovnz8BQMDgwsHnxCXfq6-gVFBiYFJmhIHiJ1RZWyqpZWdbKWfX5SemJdZlViSmZ-HwrHKSE1MKSxNLCpJLSpOeVDm9ER_-4wmVYbdcam7J1UVy30CAGpinmJhAAAA&sa=X&ei=Y3rfVJGRFcjLOtHSgIgP&ved=0CIkBEJsTKAEwEQ
https://www.google.no/search?hl=en&q=massachusetts&stick=H4sIAAAAAAAAAGOovnz8BQMDgysHnxCXfq6-gVFBiYFJmhIniG2abV6cpKWVnWyln1-UnpiXWZVYkpmfh8KxykhNTCksTSwqSS0q9qnfeleq9_H1E1f-1d6TXRQyMUfnGgCv4IEaYgAAAA&sa=X&ei=Y3rfVJGRFcjLOtHSgIgP&ved=0CIoBEJsTKAIwEQ
https://www.google.no/search?hl=en&q=united+states+of+america&stick=H4sIAAAAAAAAAGOovnz8BQMDgysHnxCXfq6-gVFBiYFJmhIniG2ZbF5uoKWVnWyln1-UnpiXWZVYkpmfh8KxykhNTCksTSwqSS0q1jnMy9Krc2G3Tf93hn07PerlnmR7AwCtSSfBYgAAAA&sa=X&ei=Y3rfVJGRFcjLOtHSgIgP&ved=0CIsBEJsTKAMwEQ
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2.3.2 Liquid chromatography-mass spectrometry (LC-MS)  

 

Initial chromatography optimization studies were performed using a LC-UV system 

consisting of an Agilent 1200 Series G1365D UV detector (Santa Clara, CA, USA), an 

Agilent 1100 Series G1379A degasser and an Agilent 1200 Series G1376A Cap pump. In 

subsequent studies, a single quadrupole Waters Micromass ZQ mass spectrometer (Milford, 

MA USA) was used.  

 

 

2.3.3 Columns 

 

An Atlantis T3 (3 µm, I.D 1.00 mm x L 150.00 mm) column from Waters (Milford, MA, 

USA), an ACE 3 C18 (I.D 1.00 mm x L 150.00 mm) column from Advanced Chromatography 

Technologies Ltd (Aberdeen, Scotland, UK) and a ZIC HILIC (3.50 µm, 100 Å, I.D 1.00 mm 

x L 150.00 mm) column from Merck KGaA (Darmstadt, Germany) were evaluated in 

preliminary experiments. For subsequent experiments, an ACE 3 C18 column was employed, 

operated with a mobile phase flow rate of 50 µL/min and a valve with a 4-port integrated 

(VICI Valco, Hudston, TX, USA) injection system and an injection volume of 0.50 µL. In the 

final set-up, the ACE 3 C18 column was employed, operated with a mobile phase flow rate of 

100 µL/min, a valve with a 6-port injection system (VICI Valco, Hudston, TX, USA) (using 

injection volumes of 2 µL, 5 µL and 50 µL) and a final injection volume of 10 µL. A syringe 

form Hamilton Co volume 50.00 µL (Reno, Nevada, USA) was used for manual injections.  

 

 

2.3.4 MS calibration and optimisation 

 

For the calibration of the single quadrupole instrument, a NaCsI Kit (test kit, part number 

700002157-3) from Waters was used. For analyte signal optimization a solution of 10.00 

µg/mL RIF and 1.00 µg/mL TZ were employed. The MS was calibrated by direct injection of 

the test kit solution. The syringe pump flow rate was 5.00 µL/min. The parameters that were 

optimized at the MS software were ES+ Source (voltages including: capillary, cone, extractor 

and RF lens; temperatures including source temperature and desolvation temperature; gas 

flow rate including desolvation and cone) and analyser (LM resolution, HM resolution, ion 
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energy, multiplier and syringe pump flow rate). Afterwards, 10.00 µg/mL RIF solution and 

1.00 µg/mL TZ solution was injected in order to optimize the system regarding the analytes.   

The final conditions of TZ and RIF single quadrupole mass spectrometry was: positive mode 

with a capillary voltage of 3.50 kV, cone voltage 30.00 V, extractor 3.00 V, RF Lens 0.20 V, 

source temp 110.00 
o
C and a desolvation temperature of 140.00 

o
C. The gas flow rate 

desolvation was 250.00 L/hr, gas flow rate cone 50.00 L/hr, LM resolution 20.00, HM 

resolution 15.50, ion energy 0.50, multiplier 700.00 and the syringe pump flow rate was 5.00 

µL/min. 

 

 

2.3.5 Centrifugal filters and centrifuge 

 

Centrifugal filters 3 K, 10 K and 30 K from Millipore Ireland Ltd (Cork, Ireland) were used to 

filtrate the calibration solutions (1.00 µg/mL RIF, 0.10 µg/mL TZ, 5.00 µg/mL RIF, 0.50 

µg/mL TZ and 10.00 µg/mL RIF, 1.00 µg/mL TZ). From each of this three working solutions 

100 µL was applied in each centrifugal filter (3 K, 10 K and 30 K). These were centrifuged 

for 10, 20, 30 and 40 minutes. The same centrifugal procedure was performed with the 

cell/cell lysate samples spiked with RIF and TZ. See also 2.2.7. 

For centrifugation an Eppendorf Centrifuge 5415 R (Eppendorf, Hamburg, Germany) 

centrifuge was used. Rotations per minute (rpm) were 13.2k and the temperature was 

25.00 °C. In the final method, 30 K filters were used with 10 minutes centrifugation. 

 

 

2.4 Calculations  
 

2.4.1 Column efficiency 

 

The efficiency of the columns was tested by measuring the plate number (N) of the columns. 

The higher the plate number, the better the column and consequently the higher the efficiency. 

N is measured by the following equation: 



25 
 

N = 5,54 ∗ (
tR
w0,5

)

2

 

Where N is the plate number, tR is the peak retention time (in minutes), w0,5 is the peak width 

at half peak height (in minutes) [39]. Column efficiency is usually expressed as plate 

efficiency per meter (N/m) which is equal to N*100/ L
 
(in m

-1
), where L is the length of 

column. 

 

 

2.4.2 Recovery 

 

Recovery is stated in percentage [39] and in some experiments was determined by using a 

linear regression and according to the following equation:  

 

R = (a/b) * 100 % 

 

Where a and b are the regression line slopes for the extracted analytes and the standard 

solutions, respectively.  

In some other experiments recovery was determined by using another equation:  

 

R = (AUCe/AUCs) * 100 % 

Where AUCe (area under the curve) was the peak area of the analyte in the extraction and 

AUCs was the peak area of the analyte in the sample. 

 

 

2.4.3 Relative standard deviation (RSD) 

 

RSD is stated in percentage and is determined by multiplying the standard deviation (STDEV) 

by 100 and dividing this product by the average (A): 

 

RSD = (STDEV/A)*100 % 
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3. RESULTS AND DISCUSSION 
 

Finding a common LC-MS methodology to determine RIF and TZ in cell lysates can be a 

challenge due to the different chemical structures and properties of the analytes. RIF is a 

larger and more complex molecule, slightly soluble in water (pH dependent) [31], while TZ is 

a smaller molecule and insoluble in water [36, 38].  

Various parameters affecting the determination of the analytes (organic modifier content, pH, 

columns, temperature, dissolution environment of the analytes, etc) and sample preparation 

had to be investigated.  

 

 

3.1 Preliminary experiments for optimizing mobile phase for mass 

spectrometry 
 

In a reversed phase (RP) LC separation, the retention of analytes containing ionisable groups 

depends primarily on the stationary phase, type and amount of organic modifier and also the 

pH of the MP. The pH can be controlled by adding a buffer or an acid to the MP  [39, 40]. 

However, for electrospray ionisation, the concentration of the buffer (which must be volatile) 

can be especially critical. It should not be too high so that it suppresses the signal of the 

analyte, nor too low so it may not aid efficiency and peak shape [42]. MP conditions were 

therefore examined. Common additives (FA, AA, AmAc and AF) were added to ACN-water 

(50/50, v/v) in common concentrations used for LC-MS, and all provided clear signals when 

the samples were directly injected into the Q-Exactive Orbitrap mass spectrometer. The 

additives that produced the highest response were 0.1 % AA for RIF (Figure 4) and 0.1 % FA 

for TZ (Figure 5).     
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Figure 4 Intensity obtained from direct injection in a Q-Exactive Orbitrap instrument of RIF (1.00 

µg/mL) dissolved in various buffer and acid solutions. Injections were recorded for one minute per 

sample, at a flow rate of 10 µL/min. Scanning was performed in positive mode, with a 70 000 

resolution and a scan range from 300 m/z till 900 m/z. AGC target was 10
6
, max injection time (IT) 

was 200 ms. The syringe flow rate was 10 µL/min and spray voltage 3.00 kV. Only one injection per 

sample was performed. 

 

 

 

Figure 5 Intensity obtained from direct injection in a Q-Exactive Orbitrap instrument of TZ (1.00 

µg/mL) dissolved in various buffer and acid solutions. Injections were recorded for one minute per 

sample, at a flow rate of 10 µL/min/min. Otherwise the conditions were the same as figure 1. Only one 

injection per sample was performed.  
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As all tested solutions produced an ample signal they could in principle be used in further 

experiments. However, using common conditions to determine the analytes is both convenient 

(easier sample preparation and same LC method) and time-efficient. Since 0.1 % FA in MP 

produced the highest response for TZ and the second highest for RIF, it was used in further 

experiments and method development of both analytes.   

 

 

3.2 Investigation of columns for separation of RIF and TZ 
 

In order to find acceptable separation conditions (defined as a separation time less than 15 

minutes; this can be considerably shorter with e.g. UPLC), various types of columns with 1.00 

mm ID x 150.00 mm length were assessed using caffeine (2.50 µg/mL) as a standard (which 

is known to be chromatographed decently). For this investigation a simple LC-UV system 

was employed with a fixed wavelength of 254 nm which is suitable for detection of RIF, TZ 

[43-45] and caffeine [46-48]. Chromatography was performed using either an ACE 3 C18 

column or an Atlantis T3 3µm column.  When a ZIC-HILIC (3.50 µm, 100 Å) column was 

used, no peaks were observed beyond the void volume, as the compounds may have not been 

retained on this column. The ZIC-HILIC column was rewashed (as recommended by the 

producer [49]), but still no retention(no peaks) was achieved.  

The highest efficiency for caffeine was obtained with an ACE 3 C18 column with an average 

N/m of 38897 m
-1

 (decent considering that the columns were not new). N had a relative 

standard deviation (RSD) of 0.25 % (n = 3).  

RIF and TZ would in later experiments be present in a complex matrix (cell lysate). For such 

matrixes LC–MS is a more suitable analysis platform. Hence, in subsequent studies a single 

quadrupole mass spectrometer (SQ-MS) with an electrospray interface coupled to a LC 

system was employed. Positive ion detection in the full scan mode was used (Figure 6 and 7). 

A decent resolution (mass resolution describes the ability to separate m/z values from each 

other [40]) within 9 minutes was obtained.  
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Figure 6 Chromatogram showing the peak area a as function of time for RIF 5.00 µg/mL standard 

solution, tested with an ACE 3 C18 (ID 1.00 x 150.00 mm) column which gave the best effectivity 

(N/m). RIF was determined by using a LC-MS system where SQ-MS served as detection. MP was 

consisting of 0.1 % FA in ACN/water (50/50 v/v). Injection volume was 0.50 µL and flow rate was 50 

µL/min. Three injections per sample were performed. 
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Figure 7 Chromatogram showing the peak area as a function of time for TZ 0.50 µg/mL standard 

solution, tested with an ACE 3 C18 (ID 1.00 x 150.00 mm) column which gave the best effectivity 

(N/m). The conditions are the same as in figure 3. Three injections per sample were performed. 

 

 

3.3 Analysis of centrifugal filters tested with pure standards 

 

In order to filtrate away cell-wall residues, proteins and nanoparticle residues 3 K, 10 K and 

30 K centrifugal filters were evaluated. Centrifugal filters remove unwanted particles from 

solvent based and aqueous samples. The 3 K filter should filter out everything over the size of 

3 000 Da, the 10 K filter everything over 10 000 Da and the 30 K filter everything over 

30 000 Da [50]. The principle of the filtration using centrifugal filters is shown in figure 8. 

Samples with RIF (1.00 µg/mL, 5.00 µg/mL and 10.00 µg/mL) and TZ (0.10 µg/mL, 0.50 

µg/mL and 1.00 µg/mL) were loaded to the above mentioned filters, centrifuged (13k rpm) 

and the filtrate was collected. Recovery was measured for this extraction in order to determine 

which of the filters gave the highest recovery of the analytes.  
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Figure 8 Centrifugal filter principles: The sample gets loaded with standard pipette tip in the smaller 

tube (filtrating device) and centrifuged. Particles with larger size than the pore size defined by the 

filter membrane get filtrated away (out). The 3 K filter filters away everything over 3 000 Da, the 10 K 

everything over 10 000 Da and the 30 K everything over 30 000 Da.  The compounds to be analysed 

will be collected in the filtrate tube. Adapted from [51]. 
 
 
 

The producer of the filters suggests a centrifugal time between 10-30 minutes, therefore an in-

between time of 20 minutes was initially chosen to perform the experiment [51, 52].   

With 20 minutes of centrifuging it was observed that the 30 K filter was the only one that 

gave an acceptable recovery for TZ (approximately 76 %, within the acceptable limit, defined 

here as recovery above 70 %) with a RSD of 14%. This filter gave a high recovery for RIF 

(approximately 85 %) with a RSD of approximately 11 % (Figure 9).The 3 K and 10 K filters 

provided a high recovery for RIF too, but a low recovery for TZ (lower than the accepted 

limit). The RSD of the 10 K filter was low for TZ (approximately 6 %, at the lowest), but too 

high for RIF (approximately 24 %, much higher than the precision limits, defined here as 

RSD below 15 %). The RSD of the 3 K filter was too high for both RIF and TZ 

(approximately 25 % and approximately 19 %, respectively). Since the recoveries and the 

RSDs of both analytes for the 30 K filter were the only ones within out set limits, this filter 

was used in further experiments. 
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Figure 9 Recovery as a function of centrifugal filter type, for RIF (1.00 µg/mL, 5.00 µg/mL, 10.00 

µg/mL) and TZ (0.10 µg/mL, 0.50 µg/mL, 1.00 µg/mL). Centrifugal time was 20 min, rpm were 13.2k 

and the temperature was 25 °C. RIF and TZ were determined by using a LC-MS where SQ-MS served 

as detection. A four-port injection system was used with injection volume (loop) 0.5 µL and a flow 

rate of 50 µL/min, which gave a backpressure about 160 bars. An ACE 3 C18 (ID 150 mm x 1.0 mm) 

column was used with isocratic elution and a MP consisting of 0.1 % FA in ACN/water (50/50, v/v) 

(pH = 3). Three injections per sample were performed. 

 

 

 

3.4 Examination of centrifugal time for extraction of RIF and TZ 

 

Centrifugation time was studied in order to determine the minimum time that provided the 

best recovery. Recovery of analytes in a 30 K centrifugal filter at different time periods are 

shown in Figure 10. A centrifugal time of 40 minutes gave the best recovery for RIF (RSD of 

approximately 19 %), whereas a centrifugal time of 30 minutes gave the best recovery for TZ 

(RSD also approximately 19 %). The precision for the above mentioned centrifugal time was 

not acceptable since it was above the acceptable limit. In general as shown in figure 10 a 

centrifugal time of 10, 30, and 40 minutes did not produce a significant difference in the 

recovery of the analytes. The shortest centrifugal time (10 minutes) gave an acceptable 

recovery for RIF and TZ and was the only to have a RSD value within the acceptable limits 
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(approximately 3 % and 8 % for RIF and TZ, respectively), therefore it was applied in further 

method development.  

As observed in figure 10 after centrifugation the recovery of the analytes was sometimes 

above 100 % (regarding 10, 30 and 40 minutes). This could be due to the retention of a small 

amount of the solvent to the centrifugal filter.  

 

 

 

Figure 10 Recovery of RIF (1.00 µg/mL, 5.00 µg/mL, 10.00 µg/mL) and TZ (0.10 µg/mL, 0.50 

µg/mL, 1.00 µg/mL) as function of centrifugal time. The used centrifugal filter used a 30 K filter, the 

temperature at the centrifuge was 25 °C and rpm were 13.2k. Testing conditions were the same as in 

Figure 9. Three injections per sample were performed. 

 

 

 

3.5 The influence of an extra wash of the centrifugal filter on cell 

lysate recovery 

 

Recovery (average) of RIF (10.00 µg/mL) and TZ (1.00 µg/mL) from cell lysates (100 µL) 

was first measured after 10 minutes centrifugation (13.2k rpm) with 30 K centrifugal filters 

and was unacceptably low (approximately 21 % for RIF and approximately 8 % for TZ). The 

RSD was also too high (approximately 21 % for RIF and 41 % for TZ). Hence, an extra wash 
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(with 100 µL MP) with 10 minutes of centrifugation (13.2k rpm) of the same filters under the 

same conditions was performed in order to filtrate through the remaining amount of analytes. 

As shown in figure 11 this approach resulted in an extreme increase of the average recovery 

with approximately 100 % for RIF (and an improved RSD, approximately 7 %) and 97 % for 

TZ (improved RSD, approximately 2 %). The reason for the low recovery after the first 

centrifugation might be that some of the analytes present in the complex matrix were retained 

in the filter. By washing the filter one extra time (with MP) helped the analytes that were 

retained in the filter pass through it. This resulted in higher concentrations of analytes in the 

extracted solution and consequently in higher recovery. The extra wash step was therefore 

performed in all subsequent sample preparations.  

 

  

 

Figure 11 Recovery of cell lysates (100 µL) spiked with RIF (10.00 µg/mL) and TZ (1.00 µg/mL). A 

comparison of the extra washed (with 100 µL MP) and centrifuged (10 minutes) centrifugal filters vs. 

the non-washed (without wash = w/wash) and non-centrifuged filters. The 30 K filters were used. 

Centrifugal time was 10 totaly 20 minutes (10 minutes before washing plus 10 minutes with the extra 

wash) with 13.2k rpm at 25 °C. Testing conditions were the same as in Figure 9. Three injections per 

sample were performed. 
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3.6 ACN percentage and its effect on extraction recovery 
 

Various concentrations of ACN in the washing solution (consisting of 0.10 % FA, water and 

ACN) were studied in order to observe if the recovery of RIF (10.00 µg/mL) and TZ (1.00 

µg/mL) from the cell lysates was affected. Strong solutions of ACN (e.g. 100 %) should be 

avoided since they may partially dissolve nanoparticles that the drugs can be delivered in (not 

studied here) [7]. It was therefore important to investigate the lowest possible ACN 

concentration in the extra washing solution that gave an acceptable recovery.   

As it is shown in figure 12, the solution containing 40 % ACN produced the highest recovery. 

The washing solutions containing between 0-20 % ACN produced the lowest recovery. In 

general there was not a significant difference in recovery and RSD when the washing 

solutions contained between 30-50 % ACN. The measured RSD values belong to the peak 

areas obtained from the analytes washed with various concentrations of ACN (0-50 %). Since 

the MP already contained 50 % ACN and the differences in recovery and RSD were not 

significant, the MP was used in the extra wash step in all further experiments. 

 

  

Figure 12 Comparing recovery of washing solution containing 50 % ACN against those containing 0-

40 % ACN, as a function of the amount of ACN (%) present in the washing solution (water/ACN) 

during the centrifugal procedure. The experiments were performed for RIF 10.00 µg/mL and TZ 1.00 

µg/mL. A 30K centrifugal filter, 10 min centrifugal time with 13.2k rpm at 25 °C was used. Sample 

conditions were the same as in Figure 9. Three injections per sample were performed. 
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3.7 Comparing flow rate 50 µL/min against 100 µL/min 
 

Separation by using a flow rate of 50 µL/min vs. 100 µL/min was compared and the 

efficiency (N/m) for RIF (10.00 µg/mL) and TZ (1.00 µg/mL) was measured. The efficiency 

(N/m) for both analytes was as expected highest  at 50 µL/min flow rate (18266.67 m
-1

 and 

17233.33 m
-1

 for RIF and TZ respectively) (figure 13). At this flow rate the retention times 

were 11.12 minutes and 6.48 minutes for RIF and TZ respectively. At a flow rate of 100 

µL/min the efficiency (N/m) of the separation was as expected lower (9106.67 m
-1

 and 

13333.33 m
-1

 for RIF and TZ respectively) than that at flow rate of 50 µL/min. However, the 

retention times at 100 µL/min flow rate for RIF and TZ were 4.71 minutes and 3.80 minutes 

respectively. Since the injection was performed using a syringe manually, the injection time 

may have been variable in every injection therefore the retention time was almost twice as 

fast. However, using a flow rate of 100 µL/min was more time-efficient than a flow rate of 50 

µL/min. Hence a compromise was done, and flow rate of 100 µL/min was consequently used 

in subsequent experiments.  

  

Figure 13 Efficiency (N/m) for RIF (10.00 µg/mL) and TZ (1.00 µg/mL) as a function of the flow 

rate. A flow rate of 50 µL/min and 100 µL/min were compared. A 30K centrifugal filter was used and 

10 minutes of centrifugal time with 13.2k rpm at 25 °C. Sample conditions were the same as in Figure 

9. Three injections per sample were performed. 
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The recovery obtained from a 10 µL loop (six-port injection system) was compared to the 

recovery obtained form an integrated 0.50 µL loop (four-port injection system) which was 

used in all previous experiments. Results showed that there was a minor difference between 

the compared recoveries. Also, using a 10 µL loop allows larger volumes of samples being 

injected which leads to higher method sensitivity and as a consequence to higher probability 

of measuring low concentrations of analytes. Therefore the six-port injection system with 10 

µL loop was used in further method development. 

 

 

3.8 Cell samples spiked with RIF and TZ   
 

All the 12-well plate cell samples (n = 24) described in 2.2.8 were analysed. The cell samples 

included a triplicate of non-treated cells, a triplicate of both RIF and TZ (8.00 µg/mL and 5.00 

µg/mL, respectively) treated cells and triplicate of each of the three concentrations of RIF 

(2.00 µg/mL, 4.00 µg/mL and 8.00 µg/mL) and TZ (1.00 µg/mL, 2.50 µg/mL and 5.00 

µg/mL). After centrifugation (as described in 2.2.7) the concentration of the analytes in the 

samples were 1.00 µg/mL, 2.00µg/mL and 4.00 µg/mL (RIF), 0.50 µg/mL, 1.25 µg/mL, 2.50 

µg/mL (TZ) and for both RIF and TZ 4.00 µg/mL and 2.50 µg/mL respectively. 

Peaks (detection) of RIF and TZ separately were observed in all chromatograms (see some of 

the chromatograms at figure 14 and 15). However no peaks of RIF were observed form the 

samples treated simultaneously with RIF and TZ (figure 16).  

Concentrations of RIF and TZ were not determined, pending a method validation to be 

performed after this work was submitted. 
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Figure 14 RIF (2.00 µg/mL) peak from 12-well plate cell samples appears after 4.75 minutes. test 

conditions were the same as in figure 9 except that the six-port injection system with 10 µL injection 

volume, flow rate 100 µL/min, 30 K centrifugal filter, 10 min centrifugal time with 13.2k rpm at 25 °C 

were applied. Only one injection per sample was performed. 

 

 

 

 

Figure 15 TZ (2.50 µg/mL) peak from 12-well plate cell samples appears after 2.97 minutes. 

Conditions were the same as in figure 14. Only one injection per sample was performed. 
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Figure 16 RIF and TZ (4. 00 µg/ mL and 2.50 µg/mL respectively) peaks from 12-well plate cell 

samples. The peak for TZ appears after 2.99 min while no peak for RIF was observed. Conditions 

were the same as in figure 14. Only one injection per sample was performed. 

 

 

3.9 Recovery of RIF and TZ in cell lysates 

 

The recovery of cell lysates spiked with 5.00 µg/mL and 10.00 µg/mL RIF and 0.50 µg/mL 

and 1.00 µg/mL TZ was studied. A six-port injection system with a 10 µL loop was used to 

measure RIF 5.00 µg/mL and TZ 0.50 µg/mL. A four-port injection system with an integrated 

0.50 µL loop was used to measure RIF 10.00 µg/mL and TZ 1.00 µg/mL. The samples were 

tested with two different injection systems because they were tested in two different time 

periods. The four-port injection system was used in initial experiments, but in the final set up 

a six-port injection system was used. As shown in figure 17 and 18 the obtained recovery was 

approximately 100 % (RSD approximately 7 %) for RIF 10.00 µg/mL and approximately 81 

% (RSD approximately 15 %) for RIF 5.00 µg/mL (average obtained recovery for both RIF 

concentrations was approximately 90 %). The obtained recovery for TZ 1.00 µg/mL was 

approximately 97 % (RSD approximately 2 %) and approximately 93 % (RSD approximately 

9 %) for TZ 0.50 µg/mL (average obtained recovery for both TZ concentrations was 

approximately 95 %). The recoveries and RSD values were within the accepted limits and the 
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precision was decent. Such high recoveries means that acceptable  amounts of analyte is lost 

during sample preparation which is therefore suitable, reliable and robust (such as the LC-MS 

method) [40]. 

 

    

Figure 17 The recovery of RIF 5.00 µg/ mL and 10.00 µg/mL as a function of the matrix it was 

dissolved in. Matrix consisted of cell lysates (approximately 375000 cells) solution (water) and RIF 

5.00 mg/mL and 10.00 µg/mL dissolved in it. Standard solution consisted of RIF 5.00 µg/mL and 

10.00 µg/mL dissolved in MP. Testing conditions were the same as in Figure 9 except that the six-port 

injection system with a 10 µL loop was used for RIF 5.00 µg/mL and a four-port injection system with 

a 0.5 µL loop was used for RIF 10.00 µg/mL. Three injections per sample were performed. 
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Figure 18 The recovery of TZ 0.50 µg/mL and 1.00 µg/mL as a function of the matrix it was dissolved 

in. Matrix consisted of cell lysates (approximately 375000 cells) solution (water) and TZ 0.50 µg/mL 

and 1.00 µg/mL dissolved in it. Standard solution consisted of TZ 0.50 µg/mL and 1.00 µg/mL 

dissolved in MP. Testing conditions were the same as in Figure 9 except of the six-port injection 

system with 10 µL loop used for TZ 0.50 µg/mL and a four post injection system with a 0.50 µL loop 

used for TZ 1.00 µg/mL. Three injections per sample were performed. 

 

 

3.10 Studying cell lysate degradation of RIF and TZ as function of time 
 

RIF (5.00 µg/mL) and TZ (0.50 µg/mL) standard and cell lysates solutions were injected in 

the LC-MS every 5 minutes (totally three injections over a period of 15 minutes) and 

measured. The purpose of this experiment was to investigate if RIF and TZ concentration 

decreased in cell lysates over time. It was observed that the concentration of TZ in cell lysates 

was stable and approximately the same as in the standard solution intervals (5, 10 and 15 

minutes). On the other hand the concentration of RIF in cell lysates was decreasing three 

times faster compared to the standard solution (figure 19) which also decreased in 

concentration.  An explanation to this decrease might be the oxidation of RIF that leads to 

formation of a degradation product called rifampicin quinone (RIQ) [53, 54]. The increase of 

RIQ concentration over time was correlating with the degradation of RIF. For more 

description see 3.11.  
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Figure 19 RIF (5.0 µg/mL) degradation in standard solution vs cell lysates solution. The conditions 

were the same as in Figure 9 except that the flow rate was 100 µL/min. Only one injection per sample 

was performed.  

 

 

3.11 The effect of temperature and acidic environment on RIF solutions 

 

During determination of RIF and TZ (5.00 µg/mL and 0.50 µg/mL, respectively), two 

unidentified peaks (each in every chromatogram) were observed (earlier then RIF’s and TZ’s 

peak) (figure 20). The unidentified peak area at the chromatogram of TZ was constant with 

time and was probably a “system peak”. However the peak area of RIF decreased after every 

injection, while the peak area of the unidentified analyte (the same peak as discovered in the 

experiment at 3.10) in the sample increased. Therefore RIF and the unidentified peak were 

investigated further. The unidentified peak in the chromatogram of RIF had m/z = 821.75 

(MRIF-2) and was assumed to be the oxidation product rifampicin quinone (metabolite of RIF) 

which is mainly generated by auto-oxidation during in vitro incubation and sample processing 

(figure 21). RIQ structure has two hydrogens less than RIF (oxidation of two phenol groups) 

and might have been produced by chemical degradation of RIF [53, 54]. 
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Figure 20 (Top) Chromatogram showing single ion recording (SIR) for cell lysates (50 µL, 1500000 

cells) spiked with 0.5 µg/mL TZ (50 µL, dissolved in MP). The second chromatogram shows SIR for 

cell lysates (50µL, 1500000 cells) spiked with 5 µg/mL RIF (50 µL, dissolved in MP). The final total 

number of cells in both experiments was approximately 375 000. Test conditions were the same as in 

figure 9, except that the flow rate was 100 µL/min. The conditions were the same for both analytes. 

 

 

 

 

  
 

Figure 21 The chemical structure of rifampicin quinone (RQ, Mw = 820.9 g/mol) [55]. RIQ is formed 

as a result of the oxidation of two phenol groups in RIF and has therefore two hydrogens less than 

RIF. 
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It is shown in various studies that RIF can degrade faster in the presence of acidic 

environment (here MP, pH = 3) than in non-acidic environment [56-60]. Further experiments 

were performed in order to investigate the influence of acidic environment and temperature in 

the degradation of RIF (10.00 µg/mL) (figure 22 and 23). Measurements were performed at 

10 minutes (only at 25 °C), 60 minutes (at both 25 °C and -80 °C), 300 minutes (at 25 °C and 

-80 °C) and 24 hours after sample preparation. Ten minutes after sample preparation a 

degradation of RIF dissolved in MP was observed. Such degradation was not observed for 

RIF dissolved in non-acidic environment (ACN/water, 50/50, v/v). After the first measuring, 

one of each of the samples of RIF (acidic and non-acidic environment) were placed in the 

freezer at -80 °C and the others were kept at 25 °C. Measurements performed 60 minutes 

later, for samples maintained at 25 °C showed that RIF dissolved in MP had degraded 6 times 

faster than RIF dissolved in non-acidic solution (figure 24). RIF dissolved in acidic solution 

and maintained at 25 °C had also degraded faster than RIF maintained at – 80 °C in both 

acidic and non-acidic solution. RIF dissolved in non-acidic solution maintained at 25 °C 

degraded slightly faster than RIF dissolved in MP and maintained at - 80 °C. RIF dissolved in 

non-acidic solution and maintained at -80 °C did not degrade. Degradation of RIF maintained 

at – 80 °C was approximately 30 times faster when dissolved in acidic than in non-acidic 

environment (figure 25). In general, degradation of RIF was lower when it was maintained at 

-80 °C than 25 °C (in both environments), also degradation of RIF was faster in acidic than 

non-acidic environment (maintained at both -80 °C and 25 °C). No peaks were obtained in the 

chromatograms for the samples that were measured 5 and 24 hours after sample preparation. 

 

  

Figure 22 RIF 10.00 µg/mL dissolved in both acidic (MP) and non-acidic environment water/ACN 

(50/50, v/v). Measurements were performed 10 minutes (only at 25 °C), 60 minutes (at both 25 °C and 

-80 °C), 300 minutes (at 25°C and -80 °C) and 24 hours after sample preparation. Conditions were the 

same as in Figure 9, except the flow rate (100 µL/min) and the injection volume (10 µL with six-port 

injection system). Only one injection per sample was performed. 
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Figrue 23 RIF 10 µg/mL dissolved in both acidic environment (MP) and non-acidic environment 

water/ACN (50/50, v/v). Measured 60 minutes after sample preparation (stored in both 25°C and -

80°C). Conditions were the same as in Figure 9, except the flow rate (100 µL/min) and the injection 

volume (10 µL with a six-port injection system). Only one injection per sample was performed. 

 

 

Figure 24 Recovery of RIF 10 µg/mL dissolved in both acidic environment (MP) and non-acidic 

(without acid = w/acid) environment (water/ACN 50/50, v/v) and measured are performed at 10 and 

60 minutes after sample preparation maintained at 25°C. Recovery decreased with approximately 35 

% after 60 minutes in acidic solution and with approximately 6 % after 60 minutes in non-acidic 

solution. The conditions were the same as in Figure 9, except the flow rate, which was 100 µL/min 
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and a six-port injection system with injection volume of 10 µL/min. Only one injection per sample 

was performed. 

 

Figure 25 Recovery of RIF 10.00 µg/mL dissolved in MP and non-acidic environment (water/ACN, 

50/50, v/v). Measurements are performed 10 and 60 minutes after sample preparation and maintained 

at – 80 °C. Recovery decreased with approximately 27 % after 60 minutes in acidic solution and with 

approximately 1 % (no degradation) after 60 minutes in non-acidic solution. Conditions were the same 

as in Figure 9, except the flow rate which was 100 µL/min and a six-port injection system with 

injection volume of 10 µL. Only one injection for sample was performed. 

 

 

3.12 Examining RIF degradation in the presence of an antioxidant  
 

The total degradation of RIF (10.00 µg/mL) over time, even in a non-acidic environment and 
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(maintained at 25 °C and/or – 80 °C) was almost the same during the whole experimental 

period of 300 minutes.  

  

Figure 26 Normalised peak area measured as a function of time for RIF 10.00 µg/mL treated with 300 

µM AO (here ASA) vs. without AO. Test conditions were the same as in figure 9 except of the flow 

rate which was 100 µL/min and a six-port injection system with 10 µL loop. RIF was maintained at 25 

°C during the whole measurement procedure.  

 

 

Figure 27 Normalized peak area measured as a function of time for RIF 10.00 µg/mL treated with 300 

µM AO vs. without AO. Test conditions were the same as in figure 9 except of the flow rate which 

was 100 µL/min and six-port injection system with 10 µL loop. RIF was maintained at -80 °C during 

the whole measurement procedure. 
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3.13 Calibration curve for TZ in presence of IS and RIF in presence of AO 

and IS 
 

 

The linearity range for the method was validated in the concentration range from 0.10 µg/mL 

to 1.00 µg/mL for TZ and from 1.00 µg/mL to 10.00 µg/mL for RIF. The linearity 

(calibration) curves are shown in figure 28 (RIF) and figure 29 (TZ). Three replicates at each 

concentration level were tested. A good linearity with R
2 

> 0.99, over a large area of 

concentration was obtained for both analytes from the method. The linearity range for RIF (at 

concentration range from 1.00 µg/mL to 10.00 µg/mL, without IS or AO) and TZ (at 

concentration range from 0.10 µg/mL to 1.00 µg/mL, without IS) standard solutions with 

three replicates at each concentration level were tested and a good linearity was obtained for 

both analytes. However the linearity was good only in a short period of time, because of the 

rapid degradation of RIF in the acidic environment (MP). 

 

 

 

Figure 28 Calibration curve of RIF in the range from 1.00 µg/mL to 10.00 µg/mL treated with 300 µM 

AO and in presence of IS. Data were selected from the three replicates performed. Sample and test 

conditions were as described in figure 9 except of the six-port injection system was used here with a 

10 µL loop and a flow rate of 100 µL/min. 
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Figure 29 Calibration curve of TZ in the range from 0.10 µg/mL to 1.00 µg/mL in presence of IS. 

Data are selected from the three replicates performed. Sample and test conditions were as described in 

figure 9, except of a six-port injection system was used here with a 10 µL loop and a flow rate of 100 

µL/min. 
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4. CONCLUSION 
 

A robust LC-MS method for determination of RIF and TZ from cell lysates has been 

developed. The present study has shown that LC-MS analysis where the sample preparation is 

performed by using a centrifugal filter has the capability of providing a high recovery and 

repeatability. The analysis method is simple and it is important to apply internal standard in 

both samples to improve the system. Besides, the application of an antioxidant (here ascorbic 

acid) in the samples of RIF is necessary to avoid degradation that may provide false results. In 

addition highest efficiency was obtained by using a C18 column and an extra wash of the 

centrifugal filter was important in providing a high recovery. In general degradation of RIF 

was time, pH and temperature dependent. RIF degraded less when it was maintained at -80 °C 

and/or at non-acidic environment than at 25 °C and/or at acidic environment.  

This method was applied for analyzing cell lysates samples of RIF and TZ, but in subsequent 

studies it will also be applied in the measurement of analytes encapsuled in NPs. 
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6. APPENDIX 
 

6.1 Protocol 
 

The detailed protocol that was followed by Faculty of Biology at University of Oslo when 

isolating mouse bone marrow macrophage cells: 

 

6.1.1 Isolation, differentiation and freezing of bone marrow derived macrophages 

 

2 sets of sterilized (autoclaved) dissection tools (Tweezers/scissors)   

Pins 

Dissecting plate (styrofoam) and aluminium foil 

Kim wipes or tissues 

5ml syringe 

25G needle  

70 µm cell strainer 

Bacterial culture dishes or non-treated! cell culture dishes (e.g. VWR Cat. #734-2359) 

BMM media (recipe below) 

BMMM media (recipe below) 

DPBS with (Sigma Cat.# D8662) and without Ca/Mg (Sigma Cat.# D8537) 

RBC lysis buffer (recipe below or Sigma Cat.# R7757) 

70% EtOH 

 

Dissection of femur and tibia of the mouse hind legs  

(see also Harvesting_murine_bone-marrow Bowdish lab) 

Kill mice by cervical dislocation and soak them in 70% EtOH. 

Pin down the hind legs with needles on a styrofoam plate wrapped with aluminium foil. 

Cut the skin along the legs and remove on the front and the back 

Cut away as much muscles tissue as possible while the legs are pinned down 

Dissect out all four leg bones without cutting the femur/tibia (cut above the hip joint). 

Transfer bones into a 10mm petri dish with (BMM) or PBS for at least 10 min.  

Pull all of the muscle off a set of bones with kim wipes/by scraping  
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Put the cleaned bones into 70% EtOH (1-5 min) and move under a laminar flow rate hood 

(from now on everything is performed sterile)  

Remove bones and let them air dry for 5-10 min in a petri dish and rinse them in PBS  

Cut off the ends of femur and tibia with a new pair of sterile tweezers and scissors and elute 

the marrow (flush from both ends) into a 50 ml Falcon tube using 5 ml syringes and a 25G 

needle with ~2 - 5 ml BMM one at a time 

Thoroughly resuspend the eluted marrow with a 5 ml serologic pipet by titrating up and down 

4-5 times 

Centrifuge for 5 min at 1200 rpm (400g)  

Resuspend cells in 2-3ml RBC buffer (per dissected mouse) and dissociate cell clumps by 

titrating (5 ml pipet). 

Incubate for 5 min at RT, add ~4-5 times the volume of BMM and  

Centrifuge 5 min at 1200 rpm (400g), aspirate and resuspend in 10 ml full BMMM (per 

mouse) 

Filter through a 70 µm cell strainer into a 50 ml Falcon tube and wash the filter with 

additional 5ml of full BMMM  

Count cells and adjust to 0,8 x10
6
 cells/ml full BMMM  

Add 10 ml of the cell suspension to 10 mm non-tissue culture treated dish (one mouse yields 

normally 6-9 dishes). 

 

Day 3: 

Remove 5ml of medium and add 5 ml fresh full BMMM in each dish 

Day 5: Wash with each dish with 5ml DPBS (with Mg2+/Ca2+)/1% FCS and add 10 ml of 

fresh BMMM medium 

Day 6 or 7: Møs can be already used at day 6 but for optimal yield collect at day 7. Use for 

experiment or freeze (see below) 

For experiments: Cultivate in BMMM containing no or reduced cytokine concentration (10-

20ng/ml rM-CSF or 10% L929 conditioned medium). 

Macrophages can be further expanded in untreated dishes: Replace BMMM every 2-3 days. 

Split the cells 1:2 if they reach ~90% confluence following the freezing protocol and 

resuspend in 20ml warm full BMMM (per scraped dish) instead of FCS!  

Add 10 ml per dish in new untreated dishes.  

NB! Macrophages detach very quickly at high densities.    
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Freezing of Bone marrow derived macrophages 

Aspirate media and add 5ml cold DPBS (without Mg2+/Ca2+) to each dish  

Incubate at 4° for 20 -30 min 

Scrape the cells with a rubber cell scraper and collect the cells into a 50 ml conical tube (wash 

each dish by pipetting the cell suspension 5-10 times on the tilted dish) 

Wash all dishes with (the same) additional 10 ml of cold DPBS (without Mg2+/Ca2+) and 

collect into the tube.  

Centrifuge for 5 min at 400 rpm 

Aspirate and resuspend cells in cold FCS (app. 3-4 ml per mice)  

Keep cells on ice for 1 hour and count number of cells. 

Adjust to ~ 5x10
6
 cells/ml in FCS with 10 % DMSO (final concentration): calculate the 

needed dilution and how much freezing media has to be added. Prepare cold FCS with the 

amount of DMSO, which results in 10% DMSO of the total volume. Add FCS/DMSO drop 

wise while mixing carefully.  

Aliquot and put the cells immediately into the -80° freezer. (Transfer to liquid nitrogen after 

one day) 

 

Bone Marrow Media (BMM): 

500 ml RPMI 1640 

50 ml heat inactivated FCS 

Pen/Strep (5ml) 

 

Full Bone Marrow derived Macrophage Media (BMMM)/differentiation media: 

Add a 40 µl vial of 100 µg/ml rm M-CSF to 100 ml of BMM (final concentration: 40 ng/ml 

rm M-CSF) or prepare BMM with 20 – 30% of L929 conditioned media. Add 50 µM 2-

mercaptoethanol to the medium directly before use. 

  

RBC lysis buffer 

150mM NH4Cl 

10mM KHCO3 

0.1mM Na2EDTA 

Adjust to pH 7.2-7.4 with 1N HCl 

Filter sterilize (0,2 µm) and store at -20°C 
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6.2 Preparing and spiking cell samples at the Department of Biology  
 

The raw cell culture was prepared as follow: 

An aliquot of RAW macrophages was thawed (approximately 6 * 10
6
 cells) and diluted in 

10.00 mL fresh Dulbecco′s Modified Eagle′s Medium (DMEM) media and spined down 5 

min at 400 x g. The pellet was re-suspended in complete DMEM (plus 10% fetal calf serum 

(FCS), penicillin and streptomycin). Two days after the cells were split (1:4), washed twice 

with PBS and scraped with plastic scraper in 8.00 ml media. 1/4th of the cells were diluted in 

final volume of 10.00 mL complete media (which is RPMI cell culture media + 10% FCS + 

10% L929 condition media + beta mercapthol). This procedure was repeated for two more 

passages to get enough cells. 

 

Fresh stock solution of RIF (0.10 mg/mL) and thawed aliquot of TZ (1.00 mg/ml) were 

prepared. From those stock solutions, three concentrations of RIF (2.00 µg/mL, 4.00µg/mL 

and 8.00 µg/mL) and three concentrations of TZ (1.00 µg/mL, 2.50 µg/mL and 5.00 µg/mL) 

were prepared and added to triplicate plates/wells (100 mm and 12-well).  

A triplicate of non-treated cells and a duplicate/triplicate (plate/well) of both RIF and TZ 

(8.00 µg/mL and 5.00 µg/mL respectively) was also prepared. The cells were incubated with 

RIF and TZ for four hours. The plates were lysed with 5.00 mL pure water for plates and 1.00 

mL pure water for wells, followed by at least 15 minutes incubation at room temperature and 

thorough pipetting (at least 10 times) and vortexing. The 12-well plate samples were the only 

ones analysed since it would be easier to work with them in the future. The 100 mm plates 

were prepared in order to be certain that there was enough material to work with, since the 

sensitivity of the method is not known yet. The entire solution was collected, vortexed each 

for approximately 30 seconds and labelled with numbers 1-24 for simplicity and stored in 

freezer at -20 °C. 

All the 24 samples above were centrifuged as described in 2.2.7 and analyzed. The final 

concentrations of the analytes in the samples were 1.00 µg/mL, 2.00µg/mL and 4.00 µg/mL 

(RIF), 0.50 µg/mL, 1.25 µg/mL, 2.50 µg/mL (TZ) and for both RIF and TZ 4.00 µg/mL and 

2.50 µg/mL respectively. 


