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To date the management of resistant hypertension (RH) is a critical health problem. One of the main issues in this field is the identification of the 

“real” cases of RH: in fact, a significant fraction of these cases are known to be due to poor adherence. This phenomenon is called “pseudo-

resistant hypertension” (PRH). While the real cases need a drastic change in the clinical approach, involving the use of combined therapies or 

switches of treatment, the PRH cases need a deeper work on patients motivation for treatment. 

Up to now, however, the correct identification of PRH is difficult, because of the lack of fully validated methods, eligible for a routine use, for the 

therapeutic drug monitoring (TDM) of anti-hypertensive drugs.  

The aim of this work was to develop and validate a UHPLC-MS/MS method for the TDM of a large fraction of the currently available anti-

hypertensive drugs: clonidine, atenolol, telmisartan, olmesartan, hydrochlorothiazide, doxazosine, chlorthalidone, ramipril, amlodipine and 

nifedipine. 

 Materials and Methods 

 Results 

The high ionization yield of the LCMS 8050 allowed the accurate and precise analysis of low-concentration analytes, such as amlodipine and 

hydrochlorothiazide, together with drugs which have higher expected concentrations, such as chlorthalidone; meanwhile, the simple and fast 

extraction procedure and the very cheap ISs makes this method eligible for a clinical routine use. The validated method is now entering the use 

in the clinical practice and in a study on the resistant hypertension with encouraging results.  
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All drugs were successfully separated, except for ramipril and amlodipine (figure 2). No interfering peaks were detected in our conditions. 

Accuracy and precision fitted the limits indicated by FDA guidelines: percent deviation from nominal value (inaccuracy) and coefficient of 

variation (imprecision) were both below 15% for all the analytes. Recoveries and matrix effects resulted consistent and contained, respectively, 

and reproducible. The recovery and matrix effect of IS analytes was near to the mean of recoveries and matrix effects of the target analytes and 

resulted reproducible (coefficient of variation lower than 15%). Calibration curves resulted linear for the drugs with the lowest calibration range 

and quadratic for the drugs with the highest range. 
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 Conclusions 

Background 

The stock solutions of all drugs were prepared by dissolving the pure standards in the appropriate solvents, and stored at -20°C.Standard and 

quality control (QC) samples were independently prepared in plasma from healthy volunteers and stored at -80°C.Sample preparation consisted 

in a protein precipitation with acetonitrile, after addition of 40 μL of internal standard working solution (12500 ng/mL of thymidine, THY and 500 

ng/mL of 6,7-dimethyl- 2,3-di(2-pyridyl)quinoxaline, QX in water:methanol 50:50 v:v). Supernatants were dried in vaccum centrifuge and 

resuspended with 200 μL of a solution of water:acetonitrile (90:10 v:v). 4 μL of these extracts were injected in a Shimadzu Nexera X2 UHPLC 

system coupled with LCMS 8050 tandem mass detector. Chromatographic separation was obtained on a HSS T3 1.8μm 2.1x150 mm (Waters, 

Milan, Italy) with a gradient (figure 1) of two mobile phases: A, water + formic acid 0.05% and B, acetonitrile + formic acid 0.05%. The instrument 

was settled in negative electrospray ionization (ESI-) for hydrochlorothiazide, and in positive ionization (ESI+) for all other drugs. The 

quantification MRM traces are reported in table 1. Six validation session were performed (table 2). Accuracy, intraday and interday precision 

were evaluated performing the quantification in double replicate of 3 different QCs samples. Recovery was evaluated during all validation 

sessions confronting the areas of the peaks from extracted QCs (pre-spike) and from a blank extract added with the same concentration of 

analytes (post-spike). The matrix effect was evaluated confronting the post-spike signal with the one from the direct injection of the same 

concentration of analytes, without matrix.  

 

 

Clonidine Atenolol Telmisartan Nifedipine Doxazosine Amlodipine Chlortalidone Ramipril Hydrochlorothiazide Olmesartan 

MRM 230.0>44.1 267.2>145.0  515.2>275.9  347.1>314.9 452.2>343.9  409.2>237.9  339.0>242.9  417.1>234.2  295.9>268.9 447.2>206.9  

STD 8 10 1000 100 100 10 10 5000 100 20 100 

QC H 8 800 80 80 8 8 4000 80 16 80 

QC M 1 100 10 10 1 1 500 10 2 10 

QC L 0.2 20 2 2 0.2 0.2 100 2 0.4 2 

Clonidine Atenolol Telmisartan Nifedipine Doxazosine Amlodipine Chlortalidone Ramipril Hydrochlorothiazide Olmesartan 

Accuracy 99.41 100.82 98.52 97.82 98.66 98.07 99.07 96.34 96.81 102.54 

Repeatability (CV) 5.15 3.38 5.52 3.73 4.94 8.21 4.18 3.91 7.22 7.13 

Reproducibility (CV) 7.00 7.84 9.64 8.73 8.14 13.00 6.04 7.10 10.34 8.56 

Mean recovery % 

(RSD)  

89.42 (2.45) 94.49 (3.49) 108.63 (6.18) 91.51 (9.16) 119.26 (4.64) 114.04 (3.80) 95.62 (2.97) 95.54 (1.75) 85.59 (3.87) 89.11 (6.52) 

Mean matrix eff. 

% (RSD) 

-0.75 (1.19) -3.39 (3.66) +28.61 (1.39) -10.15 (8.53) +14.39 (3.19) +11.73 (2.24) -3.33 (0.96) +13.43 (2.20) -8.12 (1.08) -5.31 (2.37) 

Table 1: Overview of quantification traces and calibration levels (ng/mL) and multiple reaction monitoring 

(MRM) for each drug  

Table 2: Summary of validation parameters for target drugs (internal standard results are not reported for briefness)  

Figure 2: Chromatograms from direct 

injection of a chemical mix containing 

all the target drugs. 

Figure 1: Graphical representation of 

the chromatographic gradient 

Figure 1: 

Figure 2: 
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