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Abstract 

A simple, sensitive and specific liquid chromatographic method is developed and validated for qualitative and quantitative 

analysis of ibrutinib in human plasma. Liquid-liquid extraction with ethyl acetate is used for sample preparation within this 

method. Reverse phase high performance liquid chromatography with diode array detection (RP-HPLC-DAD) analysis is 

performed which employs a C18 Hypersil GOLD column with a mobile phase acetonitrile: methanol: buffer solution pH 4.7 

sodium acetate 10 mM and acetic acid 10 mM, 40:20:40 (v/v/v) with isocratic elution at a flow rate of 1 mL/min. Regarding 

sample preparation procedure, protein precipitation was investigated and different extraction solvents or extraction conditions 

were optimized. Selectivity and sensibility were also improved in order to accurately determine low concentrations of 

ibrutinib by correct selection of both mobile phase and detection wavelength used for quantitation. 

 

Rezumat 

A fost dezvoltată și validată o metodă cromatografică de lichide simplă, sensibilă și specifică pentru analiza calitativă și 

cantitativă a ibrutinibului în plasma umană. Extracția lichid-lichid cu acetat de etil este utilizată pentru pregătirea probelor în 

cadrul acestei metode. Este utilizată o metodă cromatografică de lichide de înaltă performanță cu faze inverse cuplată cu un 

detector cu rețea de diode (RP-HPLC-DAD), care folosește o coloană C18 Hypersil GOLD cu o fază mobilă acetonitril: 

metanol: soluție tampon pH 4,7 acetat de sodiu 10 mM și acid acetic 10 mM, 40:20:40 (v/v/v) cu eluție izocratică la un debit 

de 1 mL/min. În ceea ce privește procedura de pregătire a probei, a fost investigată precipitarea proteinelor și au fost 

optimizați diferiți solvenți sau condiții de extracție. Selectivitatea și sensibilitatea au fost, de asemenea, îmbunătățite pentru a 

determina cu precizie concentrații scăzute de ibrutinib prin selectarea corectă a fazei mobile și a lungimii de undă de detec ție 

utilizate pentru cuantificare. 
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Introduction 

Ibrutinib (Ibr) is a potent inhibitor of Bruton tyrosine 

kinase (BTK) and is proved to be very efficient in B-

cell malignancies. BTK was first described by Ogden 

Bruton, hence the name, as being deficient in X-linked 

agammaglobulinaemia, a congenital disorder. BTK is 

involved in B-cell antigen receptor signalling pathways, 

with the role of amplifying receptor-nucleus signals [1]. 

Malignant cells transformed into B lymphoproliferations 

are dependent on the signals received by the B-cell 

receptor, which interfere with their survival, migration 

and proliferation. From this, the hypothesis emerged 

that blocking the signalling pathway mediated by BTK 

would block the proliferation and survival signals of 

the neoplastic cells, thus being a targeted therapy. 

Moreover, BTK is an important component of tumour 

microenvironment for certain myeloid populations, 

which has recently sparked interest in the use of 

Bruton kinase inhibitors and in solid neoplasms, not 

only in B lymphoproliferations [1, 2, 9]. 

Ibr was approved in medical practice in 2013, initially 

in USA, in patients with relapsed or refractory mantle 

area lymphoma. One year later it is approved as second-

line therapy in patients with relapsed/refractory chronic 

lymphatic leukaemia. Because the results were excellent, 

durable and the treatment was well tolerated, from 

2016 it was approved for first line therapy in high 

risk chronic lymphocytic leukaemia. At the end of 

2014, Ibr is approved by the EMA (European Medical 

Agency) in Europe with the same two indications, 

and from 2015 in the treatment of patients with 

Waldenstrom macroglobulinaemia. Since 2017, the 

indication for recurrent/refractory marginal zone 

lymphoma has been approved in USA, which received 

previous therapy with anti-CD20 monoclonal anti-

bodies [5, 7]. 
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The study that was the basis for the approval of Ibr for 

the clinical use was the RESONATE study, which 

enrolled relapsed/refractory patients with chronic 

lymphocytic leukaemia/diffuse lymphocytic lymphoma, 

who received at least one previous treatment line and 

who are not candidates for purine analogues (Fludarabine), 

either because they have progression of the disease 

after a short period of free disease after chemoimmuno-

therapy, or because of the associated comorbidities. 

Patients were randomized into two groups: patients 

receiving 420 mg of Ibr continuously until disease 

progression or onset of intolerance and patients receiving 

12 doses of Ofatumumab (monoclonal anti-CD20 anti-

body of the second generation) for 24 weeks. Patients 

receiving Ibr had a 90% reduction in the risk of 

progression and a 57% reduction in the risk of death 

[4, 10]. Excellent results were also confirmed by the 

RESONATE 2 study comparing Ibr with Chlorambucil, 

in the first line, in elderly patients over 65 years 

with comorbidities, who do not tolerate Rituximab-

Fludarabine-Cyclophosphamide (RFC) type chemo-

immunotherapy. Overall, survival was 82% in the Ibr 

group, compared to only 35% in the Leukeran group. 

After administration, which should be at the same 

time every day, one hour before meal, with a large 

glass of water (to avoid grapefruit juice and oranges 

from Seville), Ibr is absorbed rapidly in 1 - 2 hours. 

Bioavailability, according to the literature, is 2.9% 

and it doubles postprandially. The results were 

approximately similar for all B-malignant lympho-

proliferations in which Ibr therapy is administered. 

The half-life is 4 - 6 hours [3, 15]. 

Ibr is metabolized by cytochrome P450, mainly by the 

enzyme 3A4 (CYP3A4). Therefore, the concomitant 

use with Ibr of cytochrome P450 inhibitor drugs such 

as ketoconazole, which may increase Ibr exposure 

up to 29 times, should be avoided. Related to other 

cytochrome P450 inhibitors (posaconazole, clarithromycin, 

voriconazole), in situations where it is necessary to 

administer them, it is recommended to discontinue 

the administration of Ibr for 7 days. Other drugs 

that moderately inhibit cytochrome P450 such as 

erythromycin, ciprofloxacin do not require discontinuation, 

but dose reduction to 280 mg/day is recommended. On 

the other hand, the inducers of cytochrome P 450 

may decrease the plasma concentration of Ibr and 

should also be avoided: rifampicin, phenytoin, herbal 

preparations containing St. John’s Worth [8, 11, 18]. 

Since its first authorization in October 2014, many 

works regarding qualitative and quantitative determination 

were presented so far in the literature. Some authors 

present Ibr quantification in pharmaceuticals in 

degradation studies under stress conditions by liquid 

chromatography – mass spectrometry (LC-MS) and 

high resolution nuclear magnetic resonance (HR-NMR) 

[16]. Rood et al. [12-14] quantify Ibr and its dihydrodiol-

metabolite in plasma by LC-MS/MS and apply this 

method in mouse pharmacokinetic studies. Other 

authors [17] present a LC-MS/MS analysis of Ibr in 

rat plasma, which also involves a pharmacokinetic 

study. To our knowledge, only a few papers presented 

so far in the literature, combine HPLC technique with 

diode array detection (DAD) which was fully validated 

for the determination of Ibr [6, 19] with a lower limit 

of quantitation (LLOQ) of 5 and 10 ng/mL, respectively. 

The authors did not apply this method to real plasma 

samples, which could demonstrate the application of 

the method for the detection of low concentrations 

of the drug. 

The purpose of our study was to develop and validate 

a simple, sensitive and reliable HPLC-DAD method 

for the quantitative determination of Ibr in human 

plasma. The method was successfully applied in a 

preliminary pharmacokinetic study involving five 

patients in chronic treatment with Ibr. 

 

Materials and Methods 

Chemicals and Reagents 

Ibr [1-[(3R)-3-[4-amino-3-(4-phenoxyphenyl)-pyrazolo-

[3,4-d]pyrimidin-1-yl]-piperidin-1-yl]-prop-2-en-1-

one] was purchased from Biomedica Medizinprodukte 

(Romania). Lidocaine [N-(2,6-dimethylphenyl)-N2,N2-

diethylglycinamide], the internal standard (IS) was 

obtained from Sigma Aldrich. Sodium carbonate and 

sodium acetate came from Merck. Pure HPLC solvents 

(water, acetonitrile, methanol, ethyl acetate, ethyl ether 

and acetic acid) were also purchased from Merck. 

Chromatographic System and Conditions 

HPLC analysis was performed with a Thermo Finnigan 

Surveyor HPLC System equipped with a photodiode 

array detector. Separation was achieved using an octa-

decyl reversed phase column Hypersil GOLD (Thermo 

Scientific), with dimensions 250 mm x 4.6 mm, particle 

size 5 μm. An optimized isocratic elution was performed 

at a flow rate of 1 mL/min with a mobile phase 

consisting of acetonitrile:methanol:buffer solution 

pH 4.7 sodium acetate 10 mM and acetic acid 10 mM, 

40:20:40 (v/v/v). The monitored wavelength range 

was 190 - 380 nm, with a discrete channel at 215 nm. 

All acquisition data and chromatograms were processed 

with ChromQuest Data Software 4.2.34. 

Preparation of Stock and Standard Solutions 

Stock solutions of Ibr and IS free base at a concentration 

of 1 mg/mL were prepared in methanol, stored at -20ºC 

and renewed every three months. Working solutions 

(20 μg/mL) were made by diluting these solutions 

with methanol, kept at 4ºC and refreshed after 30 days. 

Sample Preparation Procedure 

The previously frozen plasma is thawed at room 

temperature prior to analysis. The working procedure 

requires 1 mL human plasma which is spiked with the 

appropriate volumes of working solution or further 

dilutions in methanol, in order to obtain the concentrations 

of the calibration standards (CS) (1, 2, 5, 10, 30 and 

50 ng/mL for Ibr and 30 ng/mL for IS) and the 
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validation standards (VS) (2, 10 and 30 ng/mL for 

Ibr and 30 ng/mL for IS). Then, 0.3 mL 1 M sodium 

carbonate solution and 2 mL ethyl acetate were added. 

The samples were gently shaken for 2 min and then 

centrifuged for 5 min at 5000 rpm. The upper organic 

layer was transferred into a conical vial and evaporated 

to dryness under a gentle stream of nitrogen at ambient 

temperature. 200 µL mobile phase were added to 

dissolve the residue and 20 µL of the reconstituted 

solution was manually injected into the chromatographic 

system. 

Acquisition of Plasma Samples 

Our preliminary pharmacokinetic study was performed 

on five patients with chronic treatment with Ibr. Our 

research complies with the Declaration of Helsinki 

and the subjects have given their informed, written 

consent regarding acquisition of plasma samples. 

Venous blood samples (2 mL) were collected by using 

a catheter, in special vacutainers that contain potassium 

EDTA powder (an anticoagulant). The samples were 

achieved before the daily dose and then after administration 

of 420 mg Ibr, every two hours (at 0, 2, 4, 6, 8, 10 and 

12 h). Blood samples were centrifuged for 10 minutes 

at 5000 rpm, for the separation of plasma, the para-

clinical investigations being performed on the obtained 

plasma samples. Plasma samples were stored at -20°C 

until analysis. 

 

Results and Discussion 

Extraction procedure 

In order to detect the low concentrations of the drug 

in real plasma samples collected from patients, the 

volume of plasma required for extraction was 1 mL. 

Lower volumes did not provide the necessary quantity 

of drug and consequently, the sensibility of the method 

was not high enough for quantitation. 

The first step in performing a proper extraction is 

adjusting the pH of the sample. The compounds present 

alkaline properties, the pKa values for Ibr and IS are 

6.58 and 7.75, respectively. Therefore, creating an 

alkaline environment is mandatory for a proper liquid-

liquid extraction, both compounds being non-ionized 

in this case and extracted with a higher rate in the 

organic solvent. The extraction recoveries were found 

to be maximum by using a 1 M sodium carbonate 

aqueous solution (pH 10). Regarding the extraction 

solvents, mixtures of hexane with isoamyl alcohol 

in different ratios, ethyl ether, acetonitrile or ethyl 

acetate were investigated. The best results in term 

of extraction recovery of the analyte and IS were 

obtained by using ethyl acetate as extraction solvent. 

Table I 

Recovery obtained with different extraction solvents (n = 5) 

Extraction solvent 

 

Target concentration 

(ng/mL) 

Extraction recovery % 

Ibr IS 

Hexane: isoamyl alcohol 80:20 2 41 - 

10 43 - 

30 42 45 

Hexane: isoamyl alcohol 90:10 2 41 - 

10 42 - 

30 41 46 

Ethyl ether 2 59 - 

10 59 - 

30 58 55 

Acetonitrile 2 61 - 

10 61 - 

30 62 59 

Ethyl acetate 2 89 - 

10 92 - 

30 94 92 

 

The extraction recovery of Ibr was calculated as the 

percentage ratio between the peak areas obtained 

for plasma samples spiked with known quantities 

corresponding to VS, processed according to the sample 

preparation procedure and the peak areas obtained 

by direct injection of the same quantities of analyte 

dissolved in 200 µL mobile phase (n = 5). Table I 

reveals the mean results obtained for the mentioned 

solvents for the three concentrations ranges. 

Chromatographic separation 

Two chromatographic columns, both octadecyl reversed 

phase Hypersil GOLD (Thermo Scientific), particle 

size 5 μm, with dimensions 150 mm x 4.6 mm and 

250 mm x 4.6 mm i.d. were investigated. The shorter 

column did not provide the necessary selectivity and 

the separation resolution was low in this case. The 

250 mm length column was finally chosen for this 

analysis, because the matrix effect was cancelled by 

increasing analysis time. 

The mobile phase is also important for the analysis. 

We investigated a basic mobile phase (10 mM solution 

ammonium acetate: acetonitrile, adjusted to pH 10 

with ammonia) which was not satisfactory in terms of 

selectivity and resolution which provided long analysis 



FARMACIA, 2020, Vol. 68, 4 

 643 

(about 20 min). Then, we decided to change the pH 

of mobile phase by using a buffer solution pH 4.7 

(sodium acetate 10 mM and acetic acid 10 mM) mixed 

with acetonitrile and the retention times shortened, 

but resolution diminished. To resolve this problem, 

the effect of different ratios of methanol in the mobile 

phase was tested. Methanol improves the repartition 

of the analytes between mobile and stationary phases 

and consequently, the peak shape. Retention time 

decreases to 10.5 min when the ratio of methanol in 

the mobile phase was 20%. 

Peak identity was verified both by means of retention 

time (RT 10.50 min) and spectrum of Ibr. The spectrum 

reveals two wavelengths which present maximum 

absorbance (215 and 258 nm). For quantitation, the 

maximum wavelength (215 nm) was utilized, as 

there were no interferences with other plasma compounds. 

The percentage of methanol in the mobile phase and 

the low detection wavelength do not increase the 

baseline noise and do not decrease selectivity. 

Validation data 

Calibration curve standards were processed in accordance 

to the sample preparation procedure previously presented. 

The CS concentrations were 1, 2, 5, 10, 30 and 50 

ng/mL Ibr and 30 ng/mL for IS. The standards were 

five times prepared and analyzed. Linear regression 

method was used for analysis. The calibration curve 

was obtained by graphically plotting the ratio peak 

areas of analyte and IS, determined at 215 nm to the 

concentration of Ibr in the sample. The concentrations 

in the unknown plasma samples were determined by 

applying the linear regression curve equation to the 

ratio peak area. The correlation coefficient (R2) demonstrates 

a good linearity of the results in the studied concentration 

range. Lower limit of quantitation (LLOQ) was established 

as the lowest plasma concentration for which the signal 

to base line noise ratio on the chromatogram is at 

least 10:1, and the precision expressed as relative 

standard deviation (RSD) did not exceed 15%. LLOQ 

was found to be 1 ng/mL and was the first point of 

the calibration curve. 

Regarding the stability of the analyte and IS in the 

stock and working solutions, the evaluation was performed 

under storage conditions (4ºC) for 30 days for the 

three concentrations of VS. The stability was evaluated 

by comparing them with freshly prepared solutions 

and was 97 - 104%. Plasma samples were kept at -

20ºC until analysis and it was necessary to evaluate 

the freeze-thaw stability (n = 5). The stability for 

three freeze-thaw cycles was determined for a three 

months period for all three concentration levels of 

VS and the values were between 96 - 102%. 

In terms of accuracy and precision, the results are 

presented in Table II, both intra-day and inter-day. 

The accuracy (recovery) was determined as the percentage 

ratio between the average found concentration (obtained 

by calculus from the calibration curve) and the spiked 

concentration and it was found to be more than 85%. 

Precision was expressed as RSD and it was calculated 

as a percentage ratio between the standard deviation 

and the average found concentration. All values were 

less than 15%, including LLOQ. 

Table II 

Accuracy and precision data (n = 5) 

Analyte 

 

Target concentration  

(ng/mL) 

Accuracy % Precision % 

Intra-day Inter-day Intra-day Inter-day 

Ibr 2 88.36 88.02 13.59 13.79 

10 95.67 94.98 9.35 9.65 

30 97.69 96.37 6.59 7.01 

Lidocaine (IS) 30 95.56 94.89 7.36 7.42 

 

Preliminary pharmacokinetic study 

The applicability of the method in determining Ibr 

concentration in real plasma samples was demonstrated 

by performing a preliminary pharmacokinetic study. 

In our group, five patients diagnosed with chronic 

lymphocytic leukaemia were included. Patients were 

administered 420 mg Ibr daily (three 140 mg tablets). 

Patients involved in this study, the first patient two 

years ago and the most recent two months ago, were 

monitored clinically and paraclinically. Most of them 

tolerated the drug very well, with no grade 3 or 4 

adverse effects, which would require the reduction/ 

discontinuation of administration of the drug. Two 

of them developed episodes of atrial fibrillation, none 

of which were recorded with heart disease prior to 

beginning of therapy. For the first patient, we decided 

to stop the therapy after about 5 months due to the 

recurrence of atrial paroxysmal fibrillation, considering 

that the risk outweighs the benefit of continuing the 

therapy. In the second case, the first episode of atrial 

fibrillation was recorded without the need for anti-

coagulant therapy and is carefully monitored, without 

the need for discontinuation of Ibr administration. 

Mean plasma concentration ± standard deviation (SD)/ 

time chart for the patients involved in this study is 

presented in Figure 1. 

The maximum plasma concentration (Cmax mean ± SD) 

was found to be 7.35 ± 0.24 ng/mL at maximum time 

concentration Tmax of 4 ± 0.06 h after administration, 

with a mean half-life T1/2 of 7.88 ± 0.08 h. Area under 

the curve from time 0 to 24 h (AUC0-24) was 77.71 ± 

2.17 (h * ng)/mL, as presented in Table III. 
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Figure 1. 

Mean plasma concentration/time profile for five 

patients (± SD) after chronic administration of Ibr 

(420 mg daily) 

 

Table III 

Pharmacokinetic parameters of Ibr after oral 

administration (n = 5) 

Parameter Mean ± SD 

Cmax (ng/mL) 7.35 ± 0.24 

Tmax (h) 4 ± 0.06 

T1/2 (h) 7.88 ± 0.08 

AUC0-24 ((h * ng)/mL) 77.71 ± 2.17 

 

Compared to previous studies published in the literature, 

the bioavailability in our research group is 3.8%. 

The maximum plasma concentration was reached at 

approximate 4 hours after administration and halved in 

the next 4 hours, respectively 8 hours after administration. 

 

Conclusions 

Within this paper, a fully validated method for the Ibr 

analysis in human plasma was presented. The method 

consists of a liquid-liquid extraction as sample preparation 

method. The selectivity of the method is not influenced 

by the high percentage of methanol in the mobile phase 

or the low detection wavelength. Validation data, 

including limit of quantitation, linearity, accuracy, 

precision and stability tests qualify this method for 

determining the very low levels of the drug in human 

plasma. In order to demonstrate the suitability of the 

method to real biological samples, a preliminary 

pharmacokinetic study was performed. The method 

involves a relatively cheap chromatographic equipment 

which is affordable to any laboratory. 
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