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Abstract 

A rapid and selective ultra performance liquid chromatographic - tandem mass 

spectrometry (UPLC-MS/MS) method has been developed and optimized for the 

simultaneous determination of fourteen of the most commonly prescribed pharmaceutical 

drugs for the treatment of hypertension in Portugal: one diuretic [indapamide (IND)], three 

β-adrenergic antagonists [bisoprolol (BIS), nebivolol (NEB) and carvedilol (CAR)], four 

angiotensin-II receptor antagonists [losartan (LOS), irbesartan (IRB), valsartan (VAL) and 

telmisartan (TEL)], four angiotensin-converting enzyme inhibitors [perindopril (PER), 

ramipril (RAM), lisinopril (LIS) and enalaprilat (ENAL)] and two calcium channel blockers 

[amlodipine (AML) and lercanidipine (LER)] in human urine samples. Chromatographic 

analysis, mass chromatography detection and extraction procedures were optimized. 

Chromatographic separation was achieved within fifteen minutes on an UPLC Xbridge® 

BEH C18 reversed phase XP column (with 2.1 x 100 mm internal diameter and 2.5 µm 

particle size) connected to a guard column containing the same stationary phase 

(Xbridge®), and using a mobile phase consisting of 0.1 % formic acid in water and 0.1 % 

formic acid in acetonitrile, in gradient elution mode with flow rate set at 0.3 mL.min-1. 

Detection was performed using an electrospray ionization (ESI) source in positive mode 

on a triple quadrupole tandem mass spectrometer and analysis was conducted in a 

multiple reactions monitoring (MRM) mode. Three different internal standards (IS) were 

selected for instrumental fluctuations correction: EXP-3174 for IRB, TEL, PER, AML and 

LER, nevirapine for BIS and bumetanide for IND, NEB, CAR, LOS, VAL, RAM and ENT. 

The method demonstrated to be selective for the compounds under study and, after final 

validation, it will be applied for the analysis of urine samples from 200 patients under 

medication with antihypertensive drugs in order to check potential non-adherence to 

therapy.  
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Resumo  

Desenvolvimento e otimização de um método rápido e seletivo de cromatografia 

líquida de ultra eficiência-tandem espetrometria de massa (UPLC-MS/MS) para a 

determinação simultânea de catorze dos fármacos antihipertensores mais prescritos em 

Portugal: um diurético [indapamida (IND)], três bloqueadores dos recetores adrenérgicos 

β [bisoprolol (BIS), nebivolol (NEB) e carvedilol (CAR)], quatro antagonistas dos recetores 

da angiotensina II [losartan (LOS), irbesartan (IRB), valsartan (VAL) e telmisartan (TEL)], 

quatro inibidores da enzima de conversão da angiotensina [perindopril (PER), ramipril 

(RAM), lisinopril (LIS) e enalaprilato (ENAL)] e dois bloqueadores dos canais de cálcio 

[amlodipina (AML) e lercanidipina (LER)] em amostras de urina humana. Os processos de 

análise cromatográfica, de deteção por espetrometria de massa e de extração foram 

optimizados. A separação cromatográfica foi conseguida em quinze minutos usando uma 

coluna Xbridge® BEH C18 de fase reversa XP de UPLC (com diâmetro interno de 2,1 x 

100 mm e tamanho de partícula de 2,5 µm) ligada a uma pré-coluna contendo a mesma 

fase estacionária (Xbridge®), e com uma fase móvel constituída por 0,1 % de ácido 

fórmico em água (A) e 0,1 % de ácido fórmico em acetonitrilo (B), com eluição em 

gradiente e fluxo a 0,3 mL.min-1. A deteção foi realizada usando uma fonte de 

electrospray (ESI) no modo positivo num espectrómetro de massa tandem triplo 

quadrupolo e a análise foi conduzida no modo de monitorização de reações múltiplas 

(MRM). Três padrões internos diferentes foram selecionados para corrigir flutuações 

instrumentais: EXP-3174 para os fármacos IRB, TEL, PER, AML e LER, nevirapina para 

o BIS e bumetanida para os restantes IND, NEB, CAR, LOS, VAL, RAM e ENT. O método 

demostrou ser seletivo para a análise dos compostos em estudo e, após a validação final, 

será aplicado na análise de amostras de urina de 200 pacientes, alegadamente 

medicados com fármacos antihipertensores, para verificar a potencial não-adesão à 

terapia. 

 

Palavras-chave: fármacos antihipertensores; UPLC-MS/MS; otimização do 

método; urina 
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1. Introduction  

1.1. Introduction to hypertension 

The cardiovascular system comprises the heart, the blood pumped by the heart 

though the body and an organized system of vessels where the blood runs, called 

arteries, veins and capillaries. This system is responsible for the transport and tissue 

distribution of essential substances like nutrients, ions, gases and hormones; by the 

removal of metabolic products; and plays a role in the immune response and in the 

regulation of body temperature, pH and osmosis. In order for the blood to flow, the heart 

has to contract, which pushes the blood against the walls of the aorta artery. The created 

pressure follows-through the peripheral vessels till the blood is returned to the relaxed left 

ventricle (Seeley et al., 2003b). 

The moment when the heart contracts and generates the highest pressure in blood 

vessels is called systolic blood pressure, and when the heart muscle relaxes, in between 

heartbeats, the lowest generated pressure, is called diastolic blood pressure. In a healthy 

adult these pressures are expected to be 120 mmHg and 80 mmHg, respectively. 

Fluctuations of these numbers can reach lower (under 100 and 60 mmHg, respectively) 

and higher (over 140 and 90 mmHg, respectively) values due to behavioral, metabolic and 

socioeconomic factors that are further explored on section 1.2. When systolic and/or 

diastolic pressure measurements are recorded as higher than 140 mmHg and 90 mmHg, 

respectively, for several days, at least twice a day, in stress-free conditions, the person 

may be diagnosed with hypertension (WHO, 2013). 

Hypertension is, therefore, a cardiovascular disease that can be manifested as a 

sustained isolated systolic hypertension, as a sustained isolated diastolic hypertension or 

as a combination of both.  

Isolated systolic hypertension is the most common among elderly people and is 

related with the pressure applied to the arteries when the heart contracts and pumps the 

blood into them, as described above. On the other hand, diastolic hypertension is 

associated with cardiac arrest: its mmHg value represents the pressure endured by the 

smooth muscle cells in between heartbeats. So, physiologically, it can be said that 

hypertension results either from the excessive constriction of the arteries or from the 

increased resistance of microvasculature (Kang, 2008).  

According to the World Health Organization (WHO) and the International Society of 

Hypertension (ISH), hypertension can be divided into 3 degrees depending on the systolic 
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and diastolic levels, which can be classified as mild, moderate and severe (Table 1) 

(Borzecki et al., 2010, WHO-ISH, 1999). 

 

Table 1. Classification of the degree of hypertension according to WHO and ISH 

 Systolic/ mmHg Diastolic/ mmHg 

Mild hypertension 140 - 159 90 - 99 

Moderate hypertension 160 - 179 100 - 109 

Severe hypertension ≥ 180 ≥ 110 

 

 

Hypertension is a major public health problem since most hypertensive individuals 

have no symptoms at all, and this disease often results in other severe health conditions 

or even death (further discussed on section 1.3). Those that do have symptoms cannot 

fully associate them to hypertension, since they can comprise multiple body systems, like 

headaches, dizziness, chest pain, shortness of breath and nose bleeds (WHO, 2013), 

unless the disease is already well-advanced and affecting vital organs like the brain, the 

heart and the kidneys. The severity of the problem is also due to the fact that hypertension 

has no cure, it is considered a chronic disease that needs to be controlled with medication 

and adopting a healthier lifestyle. Furthermore, it is considered the most common 

cardiovascular disease (Lurbe et al., 2009, Mancia et al., 2007, Michel and Hoffman, 

2011, Poulter et al., 2015). 

 

 

1.2. Conditions that cause hypertension 

As stated before, the incidence of hypertension mainly depends on several risk 

factors, which influence one another, and can be divided in socioeconomic, behavioral 

and metabolic aspects that are summarized in Table 2. It is well clear that low income and 

poor living and working conditions prompt a stressful life and may trigger a self-destructive 

conduct with exaggerated alcohol consumption, tobacco usage, poor or lacking quality 

nourishment (ingestion of fat and salty food instead of fruit and vegetables), and physical 

inactivity. This harmful behavior can obviously interfere with the levels of several 

metabolic factors like diabetes mellitus, high cholesterol and excessive weight. All the 

listed conditions raise the likelihood of hypertension or other cardiovascular diseases 

(WHO, 2013). 
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The ingestion of high amounts of salty food and other exogenous substances like 

oral contraceptives containing estrogen may raise blood pressure. The first one 

deregulates the osmolality of the body fluid, which causes the organism to heighten water 

retention (increased blood volume induces hypertension in the arteries) (Reddy et al., 

2015), and the second one leads to increased circulation levels of angiotensin II, an 

hormone that plays a major role in raising blood pressure through vasoconstriction, 

sympathetic nervous stimulation, increased aldosterone biosynthesis and renal actions 

(Fyhrquist et al., 1995). 

Endogenous molecules like acetylcholine and other catecholamines, 

neurotransmitters that have receptors on the sympathetic ganglia system, activate 

adrenergic receptors on the smooth muscle cells, causing them to constrict (Seeley et al., 

2003a). 

Ageing is a major risk factor that, associated to the others or not, is most likely to 

result in hypertension due to the stiffening of blood vessels. Hereditary and pregnancy can 

also lead to the onset of the disease in younger people (WHO, 2013), as well as other 

conditions like sleep apnea, chronic kidney disease, primary hyperaldosteronism, 

Cushing's syndrome, steroid therapy, pheochromocytoma, aortic coarctation or thyroid 

and parathyroid diseases. These might be associated with hypertension in isolated cases 

but mostly (90%) there is no known cause to it (JSH, 2014, WHO, 1996). 

 

Table 2. Risk Factors for the development of hypertension 

Socioeconomic Behavioral Metabolic Other 

Income Stress management Diabetes mellitus Exogenous substances 

Education Alcohol consumption High cholesterol Endogenous substances 

Living conditions Tobacco consumption Excessive weight Ageing 

Working conditions Eating habits  Genetics 

 Sedentary lifestyle  Pregnancy 

   Preexisting diseases 

 

 

Taking into account the listed factors that are in the origin of hypertension and the 

fact that it is a chronic disease, it is considered part of the noncommunicable diseases 

(NCDs) (WHO, 2017a), the group of medical conditions that are not caused by infectious 

agents. This group is mainly constituted by cardiovascular diseases, cancers, respiratory 

diseases and diabetes (WHO, 2016). 
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The regular measurement of blood pressure levels is therefore very important, 

particularly for those considered as part of a risk group: obese, sedentary, diabetic or 

smoking adults; those with a history of cardiovascular diseases in the family; and alcohol 

consumers, as listed above. 

 

 

1.3. Resulting diseases and numbers 

Hypertension is a worldwide concerning cardiovascular disease that affects about 

one billion people all over the world (Ghofrani et al., 2015), of which two millions are from 

Portugal (one fifth of total population from this country). Statistics also indicate that, per 

year, about 7.5 million hypertensive individuals die (Scher et al., 2015), often prematurely 

(WHO, 2013), mostly because this condition, when not controlled, is the primary risk factor 

for coronary artery disease, stroke, heart attack, congestive heart failure, renal chronic 

disease, myocardial infarction (Ghofrani et al., 2015), accelerated atherosclerosis (Kang, 

2008), and can also lead to blindness and cognitive impairment (WHO, 2013). 

Uncontrolled elevated blood pressure may also result in the enlargement of the heart and 

aneurysms or weak spots in blood vessels, which propitiates the occurrence of clogs and 

bursts (WHO, 2013). 

In 2015, 56 million deaths were reported worldwide, 70% of which caused by 

NCDs, value that accounts for 40 million fatalities. Nearly half of these lives, 17.7 million 

more precisely, were taken by cardiovascular diseases, and the accountability of the 

minority deaths pool is attributed to cancer, chronic respiratory diseases and diabetes, 

decreasingly (WHO, 2017b). 

These numbers are very similar to those reported for the year of 2012, when 17.5 

million people died from cardiovascular diseases (31% of all global deaths). Furthermore, 

in 2015 more than 1 in 5 adults worldwide had raised blood pressure (WHO, 2015). 

The latest reported data about the incidence of the disease in Portugal is from 

2014, when total population was about 10 604 000 and 97 000 people died, 32% of which 

from cardiovascular diseases (Figure 1) (WHO, 2014). 
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Figure 1. Portugal mortality in 2014, adapted from “World Health Organization - Noncommunicable 
Diseases (NCD) Country Profiles, 2014”(WHO, 2014)  

 

 

In 2013 it was estimated that raised blood pressure was taking the lives of nine 

million people every year (WHO, 2013), a number that is expected to raise till the year of 

2025 (Poulter et al., 2015). Other study projected that global deaths caused by 

cardiovascular diseases would rise from 17.1 million in 2004 to 23.4 million in 2030, being 

that over 75% of all deaths will be owed to NCDs (WHO, 2008). Hypertension detection 

and treatment are, therefore, of huge importance worldwide. 

 

 

1.4. Treatment 

As it was aforementioned, there is no cure for hypertensive disorders, even though 

pharmacological treatment has increasingly been proven to accomplish good statistic 

numbers on cardiovascular morbidity and mortality in long-term considerations, being that 

it only keeps blood pressure levels from rising to abnormal values (Vega and Bisognano, 

2014).  

Once the diagnostic is made, the immediate action should be to assume an 

healthy and active lifestyle, with emphasis on the proper nutrition with low salt ingestion, 

and then, if hypertension persists, proper medication must be used to control the disease. 

32% 

28% 

15% 
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6% 
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It is up to physicians to decide which antihypertensive drug is the most appropriate to 

each patient and, in some cases, combined medication might be needed. 

Blood pressure drugs act on the peripheral resistance and/or in the cardiac output, 

promoting the removal of excessive salt and fluids from the body, relaxing or widening 

blood vessels and slowing the heartbeat (inhibition of myocardial contractility or 

impairment of ventricular filling pressure) (Michel and Hoffman, 2011, WHO, 2013). The 

combination of two antihypertensive drugs enhances the blood pressure-lowering effect of 

one another (Albishri et al., 2015, Bakheit et al., 2015). 

Just as there is a risk of non-compliance to therapeutics, there is also the chance 

that individuals might ingest higher doses of antihypertensive drugs than the expected. 

This situation leads to exaggerated pharmacological effects, the most common being 

hypotension, which is revealed as the main cause of toxicity due to hypertensive drugs 

ingestion (Kang, 2008, Ramoska et al., 1993). Adverse effects are constantly mentioned 

as elevated for patients with renal insufficiency or diabetes (Hilal-Dandan, 2011, Reilly 

and Jackson, 2011). 

According to the Portuguese National Authority of Medicines and Health Products 

(INFARMED) on-line therapeutic records (INFARMED, 2016), antihypertensive drugs can 

be divided into five main groups considering their primary site or mechanism of action: 

 Diuretics: thiazides and thiazide-like diuretics, loop diuretics, potassium-

sparing diuretics, carbonic anhydrase inhibitors and osmotic diuretics;  

 Adrenergic activity depressants: non-selective α blockers, β-adrenergic 

antagonists and centrally acting α2 receptor agonists; 

 Renin-angiotensin axes modifiers: angiotensin II receptor blockers (ARBs, 

also known as angiotensin II receptor antagonists) , angiotensin-converting enzyme 

inhibitors (ACEIs) and renin direct inhibitors; 

 Calcium channel blockers (CCBs); 

 Direct vasodilators.  

Most diuretics, ACEIs, ARBs, β-adrenergic antagonists and CCBs are classified as 

first line medication, as they are the most frequently prescribed. Centrally acting α2 

receptor agonists and vasodilators were part of the first generation of antihypertensive 

agents discovered, but are no longer part of the first line of treatment since they cause 

considerable side effects (DeRoos, 2011b). Moreover, they are no longer available in 

community pharmacies and the use of vasodilators is restricted to hospitals, like non-

selective α blockers (INFARMED, 2016). Therefore, these three groups are of little interest 

in the framework of this document. Carbonic anhydrase inhibitors and osmotic diuretics 

will not be further discussed in this dissertation since they are not used as 

antihypertensive agents (DeRoos, 2011b).  
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The initial assessment to prescribe one or two antihypertensive drugs should be 

held between first line molecules - thiazide diuretics are preferred as initial therapy for 

most patients with mild hypertension (Chobanian et al., 2003). Furthermore, it has been 

stated that 90 % of mild to moderate hypertensive patients can control the disease by 

combining an ACEi with a CCB, a β-adrenergic antagonist or a diuretic (Hilal-Dandan, 

2011). If there is a need to combine a third molecule, it will be one from the second line of 

treatment with proven effectiveness. Life quality issues like cost of the treatment and 

probable secondary effects must be taken into account when comparing these drugs 

since hypertension requires lifelong treatment (Michel and Hoffman, 2011). 

 

 

1.4.1. Diuretics 

Diuretics main site of action is the nephron cells, where they interfere with the 

regular activity of ionic transporters and pumps: urine becomes more diluted (Cowan, 

2011), which results in increased flow rate (Albishri et al., 2015), and its content in sodium 

(Na+) increases. They can also meddle in the excretion of other ions, like potassium (K+) 

and calcium (Ca2+), and of uric acid. Since renal excretion of K+ can be amplified, diuretics 

activity may result in hypokalaemia, which, in heightened scenarios, leads to a certain risk 

of musculoskeletal disorders, cramps and cardiac arrhythmias (Reilly and Jackson, 2011). 

Some of the adverse effects resulting from hyponatraemia (low plasmatic levels of 

Na+) are headaches, nauseas, vomiting, disorientation, seizures or even coma (Hoffman 

and Charney, 2011). 

Toxicity associated with diuretics intake is rare and presents itself as discomfort of 

the gastrointestinal system, altered mental status, stimulation of diuresis, possible 

hypovolemia and, obviously, electrolyte abnormalities (mostly metabolic alkalosis), but 

very little cases of overdose have been reported despite the widespread use of these 

drugs (DeRoos, 2011b). 

This family of antihypertensive drugs is subdivided into five groups, as stated 

before, but only three of them will be further discussed in this essay: thiazide and thiazide-

like diuretics, loop diuretics and potassium sparing diuretics. 

Thiazides owe their denomination to the fact that all of them are originated from 

the same molecule, benzothiadiazine. Those that are classified as thiazide-like do not 

have the common thiazide chemical structure but have similar mechanism of action. Their 

role in increasing the concentration of electrolytes in urine is based on the inhibition of Na+ 

and chloride (Cl-) uptake on the distal convoluted tubule (DeRoos, 2011b) by blocking 
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thiazide-sensitive Na+-Cl- co-transporter on the distal tubules, and by reducing peripheral 

vascular resistance (Ahmed et al., 2011). This group of diuretics is widely used because 

the comprised drugs are affordable, well-tolerated, have few contraindications, and have 

synergistic or additive outcomes when in combination with others (Reilly and Jackson, 

2011). Indapamide (IND), chlorthalidone (CLT) and hydrochlorothiazide (HCTZ) are the 

thiazide and thiazide-like diuretics (INFARMED, 2016) studied in the scope of this 

dissertation (Figure 2).  

To the family of loop diuretics belong the drugs that exercise their pharmacological 

activity in the thick ascending limb of the loop of Henle. Their activity is focused on 

blocking an homeostatic mechanism, called tubuloglomerular feedback, meaning that they 

prevent macula densa from sending constriction signals to the afferent arteriole when high 

concentrations of Na+, K+ and Cl- are leaving the loop of Henle. Thus, the amount of 

electrolytes present in the tubular fluid towards excretion is heightened (DeRoos, 2011b). 

Besides that, loop diuretics stimulate renin release and reduce the rate of excretion of uric 

acid. As it is expected, the abuse of these compounds might lead to serious depletion of 

Na+ on the body, causing glomerular filtration rate to decrease, circulatory collapse and 

thromboembolic events. Some adverse effects experienced by individuals who take this 

medication are rashes, photosensitivity, paresthesia, bone marrow depression and 

gastrointestinal disorders (Reilly and Jackson, 2011). Furosemide (FS) is the only loop 

diuretic (INFARMED, 2016) considered in this study (Figure 2). 

When comparing to thiazide and thiazide-like diuretics, loop diuretics have little 

power capacity and shorter half-life times of excretion. These are the two main aspects 

that influence its little use (Reilly and Jackson, 2011). 

Potassium-sparing diuretics exercise their effect on Na+ capillary reabsorption and, 

consequently, on the K+ secretion into the lumen of the collecting duct. These diuretics act 

either by blocking Na+ channels on the late distal tube and on the collecting duct or by 

antagonizing aldosterone activity (promotes Na+ reabsorption and increases the number 

of Na-K-ATPase pumps present on the membrane of the peritubular capillary). The 

electrolytic imbalance generated by the non-reabsorption of Na+ on the membrane of the 

late distal tube and of the collecting duct leads to decreased K+ secretion (urinary 

excretion of Na+ is heightened and K+ is decreased). Spironolactone is a K+-sparing 

diuretic (INFARMED, 2016) and is further studied on this document (DeRoos, 2011b, 

Horisberger and Giebisch, 1987, Reilly and Jackson, 2011). 
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Figure 2. Molecules and their diuretic subfamilies with interest to this essay 

 

 

1.4.2. β-adrenergic antagonists 

This subgroup of antihypertensive drugs, also referred to as β-blockers, operate in 

the membranes of cardiac cells, competitively antagonizing catecholamines positive 

inotropic (increased strength of cardiac muscle contraction (THI, 2016) and raised ejection 

volume) and chronotropic (heightened heart rate) effects, by binding to their β-adrenergic 

receptors, in order to decrease the cardiac rhythm and the myocardium contractility. In an 

healthy subject, 80% of the β-adrenergic receptors are β1 (mediate an increased inotropy), 

which is where the majority of the drugs of this family exert their inhibitory effect. Atenolol 

(ATE), bisoprolol (BIS), carvedilol (CAR) and nebivolol (NEB) are the β1-selective 

antagonists with interest to this study. CAR, a third-generation antihypertensive drug with 

membrane-stabilizing and vasodilation properties, can also bind to the β2 (similar to 

cardiac β1-adrenergic receptors) and α2 (resulting in vasodilation) receptor subtypes. 

Nebivolol, also a third-generation drug, causes vasodilation by releasing nitric oxide. This 

family of antihypertensive drugs may lead to myocardial and respiratory depression and 

inhibits platelet function (Albishri et al., 2015, Brubacher, 2011, Bloom and Brandt, 2008). 

Thiazide and thiazide-like diuretics Loop diuretics Potassium-sparing diuretics

Indapamide furosemide

spironolactone

hydrochlorothiazide

chlorthalidone
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Figure 3. β-adrenergic antagonist molecules with interest to this study 

 

 

1.4.3. Angiotensin II receptor antagonist  

Blocking the renin-angiotensin system is an important antihypertensive action 

because this system is the most significant blood pressure controller that responds to the 

decreased renal blood flow and acts in order to raise it back up (Hall, 1991). 

ARBs might also be referred to as type 1 angiotensin (AT1) receptor blockers. In 

an healthy subject, vasoconstriction occurs due to the interaction established between the 

product of the aforementioned system, angiotensin II, and AT1 receptors, responsible for 

translating the signaling message generated by angiotensin II. The binding of   

angiotensin II to AT1 receptors secretes an hormone called aldosterone that promotes the 

decrease of Na+ renal excretion (explained previously on section 1.4.1), which results in 

water retention and increased blood volume. This class of drugs antagonizes this 

interaction and the consequent vasoconstrictive and fluid retention effects by binding to 

the aforementioned receptors (Capen, 2008, Hilal-Dandan, 2011). These antihypertensive 

drugs might cause mental retardation and lethargy. ARBs are generally well tolerated but 

have teratogenic potential, like the other renin-angiotensin axis modifier group of drugs, 

the ACEi (Bakheit et al., 2015). The risk of generating adverse effects is lower for ARBs 

than it is for ACEi (DeRoos, 2011b). Losartan (LOS), irbesartan (IRB), valsartan (VAL), 

telmisartan (TEL), candesartan (CAND) and olmesartan (OLM) are further investigated on 

this study. CAND and OLM are ingested as candesartan cilexetil and olmesartan 

β-adrenergic antagonists

atenolol bisoprolol

carvedilol nebivolol
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medoxomil, their inactive prodrugs, respectively (that are completely hydrolyzed during 

gastrointestinal absorption), since their bioavailability (BA) is better than the BA of the first 

ones (Al-Majed et al., 2017, Alonen et al., 2008, Fenton and Scott, 2005, Hilal-Dandan, 

2011). 

 

 

Figure 4. Angiotensin II receptor antagonist molecules with interest to this study. 

 

 

 

 

 

Angiotensin II receptor antagonists
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1.4.4. Angiotensin-converting enzyme inhibitors 

In the late 2014, it has been assessed that more than 40 million people worldwide 

were being prescribed with ACE inhibitors for the therapeutic control of hypertension and 

heart failure (Dawud and Shakya, 2014). 

This family of inhibitors block the active site of the angiotensin-converting enzyme 

so that angiotensin II production becomes reduced. On one hand, this decreased 

production leads to vasodilation and decreased peripheral vascular resistance, and, on 

the other hand, since angiotensin II is responsible for the release of aldosterone, its 

concentration becomes smaller too, resulting in lower renal tubular uptake of Na+, Cl- and 

water, and increased K+ serum concentrations. As it was aforementioned, these 

conditions lead to blood pressure and volume decrease (Capen, 2008, Hilal-Dandan, 

2011). 

Angiotensin-converting enzyme inhibitors also prevent the degradation of the 

vasodilator bradykinin, which is responsible for the endothelial production of the tissue 

plasminogen activator (t-PA) in hypertensive patients. The t-PA, in turn, is involved in the 

degradation of big blood clots that, when not dissolved, obstruct the blood flow to the 

heart. It is believed that bradykinin accumulation provokes cough and angioedema in 

patients that are taking this medication (Dawud and Shakya, 2014, DeRoos, 2011b). The 

antihypertensive response to ACEis is amplified by diuretics, since the later family 

influence blood pressure to be renin-dependent (Reilly and Jackson, 2011). 

To this family of antihypertensive drugs with interest to this study belong 

perindopril (PER), lisinopril (LIS), enalapril (ENA), ramipril (RAM) and captopril (CAP), all 

well tolerated and responsible for very few side effects, besides to what has been said 

above on their teratogenic potential (Bakheit et al., 2015). PER, ENA and RAM are 

prodrugs and their active forms perindoprilat, enalaprilat (ENT) and ramiprilat, 

respectively, are produced in the liver after metabolism of the ingested drugs (DeRoos, 

2011b, Hilal-Dandan, 2011, Dawud and Shakya, 2014). 
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Figure 5. Angiotensin-converting enzyme inhibitor molecules with interest to this study 

 

 

1.4.5. Calcium channel blockers 

There are 6 types of voltage-gated calcium channels, which are categorized 

according to their rapid or slow conductance. Antihypertensive drugs that are 

commercially available exercise their pharmacological effect by preventing Ca2+ from 

crossing cell membranes through L-type voltage-sensitive calcium channels (Cav-L) (high-

voltage, slow conductance). These cells might be the cardiomyocytes, the smooth muscle 

cells (SMC) or the neurons but, in what concerns hypertensive situations, only the two first 

are relevant: myocardial cells contractile force decreases, and arterial relaxation and 

vasodilation is verified in the SMC (DeRoos, 2011a, Michel and Hoffman, 2011). Besides, 

the consequent cytoplasmic Ca2+ default results in the non-activation of the platelets and, 

therefore, blood coagulation is prevented, which is essential in controlling blood pressure 

(Bloom and Brandt, 2008). 

L-type channels are made of four subunits: α, β, δ and γ. Depending on their 

chemical structure, CCBs only bind to different regions of the α1-subunit, the one that is 

more probably found on the cardiovascular tissue (Zanchetti, 2013). These binding 

differences between classes are what define their therapeutic role (DeRoos, 2011a). 

These compounds are a good alternative for patients to whom β-adrenergic 

antagonists are contraindicated, but the combination of these two families is inadvisable 

enalapril ramipril

Angiotensin-converting enzyme inhibitors

perindopril captopril lisinopril
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since there is a high risk of profound hypotension and cardiovascular collapse (DeRoos, 

2011a). 

The studied molecules on this dissertation, amlodipine (AML) and lercanidipine 

(LER), are part of the dihydropyridic group of CCBs, classification owed to the fact that all 

of them have a dihydropyridine group on their chemical structure which, as it was 

aforementioned, is the responsible feature for the action of these substances: this class 

establishes a better connection with Ca2+ channels where the membrane potential is less 

negative, which is on the vascular smooth muscle. Their direct effect on the 

cardiomyocytes is very insignificant on therapeutic doses. So, their main role is to 

decrease systemic vascular resistance (Pitt, 1997). Non-dihydropyridinics exert their 

action on the cardiomyocytes, which can be translated in extended PR intervals in 

electrocardiograms due to its profound inhibitory activity on the sinoatrial and 

atrioventricular nodes (DeRoos, 2011a).  

 

 
 

Figure 6. Calcium channel blocker molecules with interest to this study 

 

 

1.4.6. Pharmacokinetic characteristics 

According to the 3rd edition of Encyclopedia of Toxicology (Hinderliter and Saghir, 

2014), pharmacokinetics (PK) is the study of the dynamic movements of foreign chemicals 

(xenobiotics) during their passage through the body and, as such, encompass the kinetics 

of absorption, distribution, metabolism and excretion (ADME).  

Bioavailability (BA) refers to the fraction of the administered compound that 

reaches systemic circulation and is available to wield biological effect (Timbrell, 2009a, 

Remião and Bastos, 2015). This value is usually described as low for individuals with fast 

Calcium channel blockers

amlodipine lercanidipine
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metabolism and high for those with slow metabolism. This also happens with plasma half-

life data (Moffat et al., 2011).  

Plasma half-life is the time that the concentration of the drug in the plasma takes to 

decrease by half, independently of the taken dose, and reflects the rate at which 

distribution, excretion and metabolism are taking place in the organism. This value is 

affected by the binding of the drug to proteins, since the amount of free compound present 

in plasma is reduced. The volume of body fluids into which the drug (dose taken) is 

apparently distributed is measured by the mathematical parameter volume of distribution 

(VD), expressed in litres (L) or L/Kg, accounting the body weight (Timbrell, 2009a). 

Renal clearance represents the amount of the drug that is excreted in urine taking 

into account the amount reabsorbed by the systemic circulation. It is expressed as mL/min 

and, like VD, may take into account the body weight (mL/min/Kg) (Timbrell, 2009a). 

Molecules can be chemically changed in the body in order to become more water-

soluble and to be easier to excrete. This biotransformation, also called metabolism, may 

happen in two ways, it can either result in the alteration of the original compound by 

oxidation, reduction, hydrolysis, hydration and dehalogenation; or the compound can be 

conjugated, by methylation, acetylation, glucuronidation, sulfation or amino acid and 

glutathione conjugation. The originated metabolites may be more extensively excreted 

than the parent drug and, as it was aforementioned, can be the ones exerting the 

pharmacological activity on the target organs. These are very important information to 

take into account in the scope of this investigation (Timbrell, 2009b). 

It is clear that these parameters influence one another and give the tools to better 

understand what happens to each drug from the moment they are taken till the moment 

they are excreted, which will be fundamental to learn the whole truth about patients 

adherence to treatment when their urine samples get analyzed. Individual PK data for 

each mentioned antihypertensive drug is summarized on Table 3, Table 4, Table 5,   

Table 6, Table 7. 

 

 

 

 

 

 

 

 



 

 

 
 

 

 
    Table 3. Pharmacokinetic (PK) characteristics of indapamide (IND), chlorthalidone (CLT), hydrochlorothiazide (HCTZ), furosemide (FS) 

and spironolactone (SPL)
 

PK IND CLT HCTZ FS SPL 

Daily dose (mg) (2.5 - 5)
a 

(50 - 75)
a 

(12.5 - 50)
f
  (20 - 80)

a
 (100 - 400)

a 

Absorption rapid
a
 rapid

a
 rapid

a
 rapid

a
 rapid

a
 

Oral BA (%) 93
b
 65

a
 (65 - 70)

a
 (60 - 70)

a
 98 (canrenone)

a 

Protein binding (%) 80
a
 75

a
 60

a 
99

a 
not found 

Plasma half-life (h) 15
a
 (35 - 70)

a
 (5 - 15)

a
 (1 - 3)

a
 not found 

VD (L/Kg) not found 4
a
 0.8

a
 (0.1 - 0.2)

a 
not found 

Renal clearance 
(mL/min/Kg) 

not found (1 - 2)
a 

not found) (1 - 3)
a 

not found 

Metabolism  
(% of the dose) 

hydrolysis
c
 Not significant

a 
not found 

Glucuronidation 
(45%)

d
 

not found 

Active metabolites 4-Chloro-3-Sulfamoylbenzoic acid no no no canrenone
a 

Metabolites detected 
 in urine 

4-Chloro-3-Sulfamoylbenzoic acid not found not found not found canrenone 

Excretion  
(% of the dose) 

urine 60 (<5 unchanged)
a 

50 unchanged
a
 65 unchanged

a 
65 unchanged

b (25-55 (11 as 
canrenone))

a 

feaces 20
a 

25
a 

not found not found 40
a 

Detection after 
administration (h) 

not found 24
e 

24
e
 1 - 48

h
 2 - 30

h 

Therapeutic levels 
(mg/L) 

not found 0.14 - 1.4
a 

0.07 - 0.45
a 

2 - 5
a 

0.1 - 0.5
a
 

a
(Moffat et al., 2011); 

b
(Reilly and Jackson, 2011); 

c
(Pietta et al., 1982); 

d
(Parkinson and Ogilvie, 2008); 

e
(Albishri et al., 2015); 

f
(Drugs.com, 2017);  

g
 (Nováková et al., 2015), 

h
(Deventer et al., 2002) 

 

 
 

  
 1

8
 

 
 

 
 

 
 

 
 

 
  
  
  

M
a

ri
a

 B
e

rn
a

rd
e
s
 A

n
d

ré
 

In
tr

o
d

u
c
ti

o
n

 



 

 

 

 

Table 4. Pharmacokinetic (PK) characteristics of atenolol (ATE), bisoprolol (BIS), nebivolol (NEB) and carvedilol (CAR) 

PK ATE BIS NEB CAR 

Daily dose (mg) (50 - 100)
g 

(2.5 - 20
a
)
g 

(5
a
 - 40)

g 
(12.5 - 50)

a 

Absorption rapid
a
 almost complete

a 
not found rapid and well absorbed

a
 

Oral BA (%) ~ 50
a,d

 90
a,b

 (12 - 96)
d 

(25 - 35)
a
 

Protein binding (%) < 5
a
 (30

e 
- 35)

a
 98

a,d
 > 98

a,d
 

Plasma half-life (h) (4 - 14)
a
 (10 - 12)

a
 (8 - 27)

a 
/ 32

d 
(4 - 7)

a 
/ (6 - 10)

e 

VD (L/Kg) ~ (0.5 - 1.5)
a
 2.9

a
 10 - 40

a,e
 (1.5 - 2.0)

a 

Renal clearance ~ 2 mL/min/Kg
a
 237 mL/min

a
 not found 9 mL/min/Kg

a 

Metabolism  
(% of the dose) 

hydroxylation and 
glucuronidation

a
 

50
a
 aromatic hydroxylation

a,c aromatic oxidation and 
glucuronidation

b
 

Active metabolites no no no no 

Metabolites detected  
in urine 

not found not found not found yes 

Excretion  
(% of the dose) 

urine 35 - 50 (unchanged)
a
 metabolites and 50 unchanged

 a
 

< 0.5 (unchanged)
a
 

16 (< 2 unchanged)
a
 

feaces 30 - 50 (unchanged)
a
 < 2

a
 metabolites 

Detection after 
administration (h) 

24
e
 not found 24

e 
9

f 

Therapeutic levels (mg/L) 0.1 - 0.6
a 

0.01 - 0.06
a
 0.01 - 0.003

a
 0.02 - 0.15

a
 

a
(Moffat et al., 2011), 

b
(Lancaster and Sorkin, 1988), 

c
(Mangrella et al., 1998), 

d
(Brubacher, 2011), 

e
(Albishri et al., 2015), 

f
(Deventer et al., 2005), 

         g
(Drugs.com, 2017) 
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Table 5. Pharmacokinetic (PK) characteristics of losartan (LOS), irbesartan (IRB), valsartan (VAL), telmisartan (TEL), candesartan (CAN)  
and olmesartan (OLM) 

PK LOS IRB VAL TEL CAND OLM
e
 

Daily dose (mg) (25 - 100)
f
 (150 - 300)

f
 (80 - 320)

f
 (40 - 80)

f
 (4 - 32)

f
 (20 - 40)

f
 

Absorption rapid
a
 almost complete

a
 rapid

a
 rapid

a, d, f
 not found rapid 

Oral BA (%) 33
a, m

 (60 - 80)
a 

/ 70
f
 23

a, m
 (42

a
 - 58)

c, d, f, l, m
 15

a,b
 28.6 

Protein binding (%) ≥98
a
 90

a
 94-97

a
 >99.5

a,d
 >99

a,b
 >99 

Plasma 
half-life 

(h) 

Parent drug (1.5 - 2.5)
a 

/ 2.6
f
 (11 - 15)

a,c,f, l
 (5 - 9

f
)
a, l

 24
a,c,d,f, l

 (5 - 9
f, l

)
c
 (10 - 15)

f, i
 

Active 
metabolite 

(3 - 9)
a 

/ (6 - 9)
f, l

 not found not found not found not found not found 

VD (L) 

Parent drug 34 L
a
 (53 – 93) L

a
 16.9 L

a
 7 L/Kg

l 
0.13 L/Kg

b
 low 

Excreted 
metabolite 

12 L
a
 not found not found not found not found not found 

Renal 
clearance 
(mL/min) 

Parent drug 600 mL/min
a
 1.20 mL/min/Kg

a
 37 mL/min

a
 > 800 mL/min

a
 0.19 mL/min/Kg

b
 8 - 12 mL/min 

Excreted 
metabolite 

50 mL/min
a
 not found not found not found not found not found 

Metabolism  
(% of the dose) 

14
f
 (oxidation, hydroxylation 
and glucuronidation)

g, k
 

(oxidation, 
glucuronidation

f
)
a
 

9, hydoxilation
a
 glucuronidation

a, l
 not found not found 

Active metabolites EXP-3174
f, j

 no
a
 no

a
 no

a
 not found not found 

Metabolites detected  
in urine 

not found not found 
valeryl-4-

hydroxyvalsartan
a
 

telmisartan 1-O- 
-acylglucuronide

a, h, l
 

not found not found 

Excretion 
(% of the 

dose) 

Urine 35
a
 (4 unchanged)

m 
20

f
 

13  
(10 unchanged)

a
 

0.1 - 4%
l
 (mostly 

unchanged)
f, l

 
mostly 

unchanged
b
 

35-50% of the 
absorbed dose 

Feaces 60
a
 not found 

86, mostly 
unchanged

a
 

>97
a
 (mostly 

unchanged)
d, f

 
mostly 

unchanged
b
 

50-75% of the 
absorbed dose 

Detection after 
administration (h) 

not found not found not found not found not found not found 

Therapeutic levels (mg/L) 0.14 - 0.60
n 

1.9 - 3.3
o 

0.8 - 6
o
 not found 0.08 - 0.18

a 
not found 

a
(Moffat et al., 2011), 

b
(Fenton and Scott, 2005), 

c
(Feldman et al., 2015),

d
(Bakheit et al., 2015), 

e
(Al-Majed et al., 2017), 

f
(Hilal-Dandan, 2011), 

g
(Stearns et al., 1992), 

h
(Ebner et al., 1999), 

i
(Wisher, 2012), 

j
(Burnier and Brunner, 2000), 

k
(Alonen et al., 2008), 

l
(Wienen et al., 2000), 

m
(del Rosario Brunetto et al., 2009), 

n
(Yasar et al., 2002), 

o
(Schulz et al., 2012) 
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Table 6. Pharmacokinetic (PK) characteristics of perindopril (PER), ramipril (RAM), lisinopril (LIS), captopril (CAP) and enalapril (ENA) 

PK PER RAM LIS CAP ENA 

Daily dose (mg) (2 - 6)
a
 (1.25 - 20)

a
 (5 - 40)

a
 (6.25 - 150) x 2 or 3

a
 (2.5 - 40)

a
 

Absorption rapid and almost complete
b
 (rapid

a
 54 - 65)

b
 (slow

a
 6 - 60)

b
 rapid

a
 rapid

a
 

Oral BA (%) 75
a 
/ (65 - 70)

b
 (50 - 60)

a
 30

a 
/ (25 - 50)

b
 75

a
 60

a
 

Protein binding 
(%) 

Parent drug 60
b
 73

b
 negligible

b
 not found not found 

Excreted metabolite  < 30
b
 56

b
 not found not found not found 

Plasma half-life 
(h) 

Parent drug (2.9 - 3.4)
b
 (1 - 2)

b
 12

a, b, c
 ~ 2

a
 1.3

a
 

Excreted metabolite  (10.9 - 12)
b
 (9 - 18)

b
 not found not found ~ 11

a
 

VD (L) 
Parent drug 4.3 L/Kg

b
 90 L

b
 124 L

b
 not found not found 

Excreted metabolite 0.2 L/Kg
b
 not found not found not found not found 

Renal clearance 
(mL/min) 

Parent drug not found not found 106 mL/min
b
 not found not found 

Excreted metabolite 82 mL/min
b
 not found not found not found not found 

Metabolism (% of the dose) 
hydrolysis (30 - 50)

a,b
 

(glucuronidation, dehydration)
a
 

(glucuronidation, 
hydrolysis

b
)
a
 

no
b
 sulfonation

a
 not found 

Active metabolites perindoprilat
a
 ramiprilat

a
 not found not found enalaprilat

a
 

Metabolites detected in urine perindoprilat
a
 ramiprilat

a
 not found captopril disulphide

a
 enalaprilat

a
 

Excretion (% of 
the dose) 

Urine 75 (4 - 12 unchanged)
b
 60

b
 unchanged

b 
(40 - 50 unchanged)

a
 

nearly all as ENA and 
ENT

a
 

Faeces yes
b
 40

b
 non-absorbed fraction

b
 not found not found 

Detection after administration not found not found not found not found not found 

Therapeutic levels (mg/L) 0.05 - 0.15
a
 0.001 - 0.01

a
 0.005 - 0.07

a 
0.05 - 0.5

a
 0.02 – 0.35

d
 

a
(Hilal-Dandan, 2011), 

b
(Moffat et al., 2011),

 c
(Feldman et al., 2015), 

d
(Gonzalez et al., 2010) 
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Table 7. Pharmacokinetic (PK) characteristics amlodipine (AML) and lercanidipine (LER) 

PK AML LER 

Daily dose (mg) (2.5 - 10)
e 

(10 - 20)
 

Absorption slow and almost complete
a
 not found 

Oral BA (%) (60 – 65)
a, b, d 

10
a
 

Protein binding (%) (95 - 98)
a, d

 not found 

Plasma half-life (h) (33 - 50)
a, b 

/ (35 - 50)
c 

not found 

VD (L/Kg) 21
a
 not found 

Renal clearance 7 mL/min/Kg
a 

not found 

Metabolism (% of the dose) extensive
a
 not found 

Active metabolites not found not found 

Metabolites detected in urine not found not found 

Excretion  
(% of the dose) 

urine 60 (10 unchanged)
a, d 

not found 

feaces (20 - 25)
a
 not found 

Detection after administration (h) not found not found 

Therapeutic levels (mg/L) 0.006 - 0.018
a
 not found 

a
(Moffat et al., 2011), 

b
(Feldman et al., 2015),

c
(Michel and Hoffman, 2011), 

d
(Aydogmus, 2015), 

e
(Drugs.com, 2017) 

 

 

1.5. Resistant hypertension  

Combined medication is needed when little response to therapy is achieved using 

only one antihypertensive drug. Actually, it was estimated that the fraction of people from 

the hypertensive population not able to achieve the desirable blood pressure levels 

despite the treatment with three different antihypertensive drugs is not far from 30% in 

2008 and about 10% in 2014 (Agarwal, 2014, Calhoun et al., 2008). Under these 

circumstances, individuals are called resistant hypertensive patients and their treatment is 

of great importance since they have a higher predisposal to suffer from cardiovascular 

and renal severe injuries (Jung et al., 2013). 

Although this treatment should be different for each individual, one of the three 

used drugs is ideally a diuretic (Agarwal, 2014, Armario et al., 2014, Calhoun et al., 2008, 

Romero et al., 2014) and the other two are usually an angiotensin-renin axes modifier and 

a calcium channel blocker, being the main goal of the treatment to ensure that every 

possible pathways leading to high blood pressure are blocked (Ghofrani et al., 2015). As 

stated before, the combination of different chemicals produces an additive effect (Calhoun 

et al., 2008, Eaton, 2008, Scher et al., 2015). 
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One of the pharmaceutical measures that can be applied as a therapeutic strategy 

is chronotherapy, thus aligning the medical treatment to the patient circadian rhythms. 

Indeed, several studies have revealed that the period of time when treatment is 

implemented may be more relevant to control blood pressure than adding another drug to 

the combination, trying another mixture with better potentiating or additive power or to 

heighten the doses. This approach arises from the fact that most patients take all their 

antihypertensive drugs in a single morning dose. It has been proven that shifting one of 

them to a bedtime schedule produces statistically significant lower blood pressure values 

(Calvo et al., 2005). 

Uncontrolled hypertension might not be due to inadequate or insufficient therapy or 

to possible pharmacological interactions with other drugs, but may be due to the little 

adherence to therapeutics in an intentional way, or as a result of “white coat syndrome” 

(temporarily raised blood pressure caused by the anxiety of visiting a doctor), or even be 

due to the reluctance by clinicians to prescribe sufficient medication (Burnier et al., 2013, 

Jung et al., 2013, Michel and Hoffman, 2011, WHO, 2013). 

 

 

1.6. Non-adherence 

Further research on the field of antihypertensive agents, hypertensive patients and 

their physicians options is needed due to the problem of intentional non-adherence to the 

prescribed medication. As stated before (subchapter 1.5.), drugs deficient administration 

might result not only from the unwillingness of the patient in taking the drug but also from 

the unwillingness of the doctor in prescribing the required dosage to achieve an effective 

treatment (Chobanian et al., 2003). Furthermore, this non-adherence setback may be 

originated by the following situations: little motivation as a consequence of lack of trust in 

doctors (Chobanian et al., 2003); socioeconomic factors (Armario and Waeber, 2013); 

medication side effects (Burnier et al., 2013); treatment with more than one pill per day; 

changes in the doctor or not being consulted by a specialist; and changes in the 

therapeutic regimen (Calhoun et al., 2008, Yiannakopoulou et al., 2005). The most 

frequent reported side effects (INFARMED, 2016), for each mentioned antihypertensive 

drug (subchapter 1.4.) are listed on Table 8 (the most common three are highlighted). 

It has been estimated that about 39 % of the antihypertensive patients give up on 

therapy within the first year of treatment (study conducted with a population of 2325 

individuals), which is more notorious in elder people (Van Wijk et al., 2005). Another study 

carried out with a population of 76 patients denying non-adherence behaviour, revealed 
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that 52.6 % of them were giving deceiving information about their treatment habits (Jung 

et al., 2013). When comparing data on non-adherence to therapeutics and considering 

each of the antihypertensive families (addressed on subchapter 1.4.), it was also 

assessed that prescribing diuretics or β-blockers leads to less compliance to treatment 

than the prescription of dihydropyridinic CCBs or ACEis (Van Wijk et al., 2005). 

Studies have shown how hard it is to find a sensitive method to monitor the 

medication-taking behaviour, because this assessment can only be obtained through the 

patient self-report, pill-counts and rates of prescription refills (which do not prove the 

actual ingestion), as well as by using electronic medication controllers, which are 

expensive (Calhoun et al., 2008, Ceral et al., 2011, Jung et al., 2013). Non-adherence to 

therapeutics, in addition to the resulting decreased life quality, features severe 

consequences in what concerns patients health, such as kidney and cardiovascular 

diseases, stroke or even death (Chobanian et al., 2003).  

Hereupon, precise medication adherence assessment remains a major setback on 

the effective treatment of hypertension, since doctors do not possess the means to 

distinguish between resistance to treatment or non-compliance, when a situation where no 

response to therapy presents itself (Burnier et al., 2003, Jung et al., 2013). 

In order to improve adherence behaviour, in addition to the patients elucidation 

concerning this reckless action, doctors should encourage them to self-measure blood 

pressure at home and should also prescribe well tolerated and long lasting effect drugs 

requiring only one daily dosage (Mancia et al., 2007). This would result in decreased costs 

for the public health authorities since hospitalizations, medical appointments and studies 

concerning falsely characterized ineffective drugs would also decrease (Burnier et al., 

2003). 

 

 

Table 8. Adverse effects resulting from the intake of the antihypertensive drugs with interest to this 
study  
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Alteration on heartbeat 
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Body swelling 
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Breathing disorders 
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Cough 
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X X X X 
 

X X X X X X X 
 

Dehydration 
 

X X X 
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Depression 
 

 
  

X X 
     

X 
 

 
 

X 
 

 X X 
 

Dizziness 
 

 
  

X X 
 

X X X X 
 

X X X X X X X X X 

Fainting 
 

 
        

X X X  
 

X 
 

 X X 
 

Fatigue 
 

X X 
 

X X X X X X X 
  

X X X 
 

X X 
  

Fuzziness 
 

X 
           

 
   

 X 
  

Gastrointestinal disorders X  
 

X X X X X X X X X 
 

X X X X X X X 
 

Headache 
 

 
  

X X 
 

X X 
 

X 
 

X X X X X X X X X 

Numbness 
 

 X 
 

X 
        

 X 
 

X X X X 
 

Renal disorders 
 

 
         

X X X 
 

X X   X 
 

Sleep disturbance 
 

 
  

X X X 
 

X 
  

X 
 

 
 

X X X X X 
 

Skin conditions X X X X 
 

X X 
 

X X X X X  X X 
 

X X X X 

Spasms or muscle pain 
 

X X 
 

X X 
  

X 
 

X X 
 

X X X 
 

  X 
 

Vertigo 
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 X X X  X 
  

Vision/Earing disorders 
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Weakness 
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1.7. Urine analysis 

 As it is shown on  
 

 

 

    Table 3 to Table 7 focussing the PK characteristics of each antihypertensive 

drug, in the majority of the cases, urinary tract is the preferred route for the elimination of 

these compounds, along with their metabolites. Hereupon, it is the elected biological fluid 

to be analysed in order to detect and quantify these molecules regarding their intake 

(Albishri et al., 2015). 

In general, urine samples must be pre-processed before being submitted to gas or 

liquid chromatography coupled to mass spectrometry analysis (GC-MS or LC-MS, 

respectively). Usually, some steps must be processed and undertaken: addition of a buffer 

to maintain the pH of the solution in controlled levels; addition of internal standards, 

according to the molecules that are suspected to be on the sample; solid-phase extraction 

or centrifugation to eliminate neutral and acidic impurities from the mixture; evaporation to 

dryness and consequent reconstitution with a mixture of water and/or an organic solvent 

(Goebel et al., 2004, Jung et al., 2013). On one hand, urine dilution can be considered 
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since it has been proved that this step can increase the life of the analytical 

chromatographic column (Albishri et al., 2015), on the other hand, urine concentration is 

also advisable, given the low extraction extent of some of the drugs being studied (Zhang 

et al., 2010). 

 

 

1.7.1. GC-MS versus LC-MS 

Despite its wide use, GC-MS requires more complex sample pre-treatment due to 

the analytes low or no volatility or due to their poor thermal stability characteristics. 

Analytes are chemically modified through a derivatization process, which may take 

several hours and reach elevated temperatures to complete the reaction for molecules 

containing amide or carboxylic acid functional groups on their chemical structure, like the 

ones being studied on this document (Jones and Stenerson, 2007). Furthermore, the 

resulting derivatives may be unstable; the used derivatization agents are toxic; and this 

reaction is slowed or even stopped by the presence of water, which is the main 

constituent of urine (Goebel et al., 2004, Thieme et al., 2001, Yuan et al., 2008, Zhou et 

al., 2008).  

This complicated and time-consuming process is not necessary when LC analysis 

is adopted once it is suited for the detection of polar substances like antihypertensive 

drugs. Moreover, LC analysis is more affordable and reliable (Albishri et al., 2015, Goebel 

et al., 2004). 

In what concerns detection, the coupling of LC with MS is the prevailing method of 

choice for the analysis of compounds in biological fluids due to its selectivity, sensitivity 

and short run time. This analytical technique enables the detection and separation of 

several compounds in a mixture after submitting them to an ionization source and to a 

magnetic field. Each analyte produces several mass ions, and given their abundance and 

specific mass-to-charge ratio (m/z), only a couple (the two more abundant fragment ions) 

are used for the identification of the parent drug (Aljamali, 2015, Bhateria et al., 2016, 

Chen et al., 2006, Thorngren et al., 2008, Tracqui et al., 2003, Vancea et al., 2009). 

 

 

1.7.2. Internal standards 

Urine analysis in a LC-MS equipment usually requires the addition (to the biological 

sample) of a known amount of a compound that mimics the analyte behavior through 
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extraction, chromatographic column passage and mass detection, since matrix effects can 

induce poor analytical results. In these conditions, this compound is called internal 

standard (IS) and should be structurally similar to the analyte being studied, and must not 

be present in the sample. This method allows the analyst to better understand the 

possible losses during sample treatment or errors due to variations in instrument response 

(Chen et al., 2012, Chang et al., 2012, Marko, 1989). 

Four molecules were considered to be tested as IS in this investigation: 

bumetanide (BUM), salbutamol (SAL), EXP, and nevirapine (NEV). Bumetanide is a loop 

diuretic not sold in Portugal so, considering the structure similarities with other diuretics 

and considering that no patient is being prescribed with it, it could be used as an internal 

standard for the antihypertensive drugs family of diuretics. Salbutamol is a β2-adrenergic 

receptors agonist, which means it binds to β-adrenergic receptors, like β-adrenergic 

receptors antagonists, meaning both groups of medication have similar chemical 

structures and are not prescribed simultaneously. EXP-3174 is the active metabolite of 

losartan and, despite the fact that it is excreted in small amounts in urine with the parent 

drug, the reported chromatographic retention times are different for both drugs and it has 

already been use as IS for ARBs (Ferreiros et al., 2008). It is also tested as IS for the 

other group of renin-angiotensin axis modifier antihypertensive agents, ACEis, due to 

structural similarities. Nevirapine is used for the treatment of AIDS (Acquired Immune 

Deficiency Syndrome), so it is not expected to be taken by the patients that will cooperate 

with this investigation, and has already been used as IS in screening methods for the 

detection of antihypertensive agents. 
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Figure 7. Internal standards molecules used in this study 
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2. Aims 

Considering the major impact that this subject has on public health, it is urgent to 

prove, in a notorious scale, that non-adherence to therapy that manages and controls 

hypertension is a real and concerning issue. In order to achieve this purpose, a series of 

objectives were established: 

 MS conditions optimization, in order to achieve great specificity and sensitivity 

for each analyte and for their most abundant fragmentation ions; 

 Chromatographic conditions optimization, in order to achieve the best 

chromatographic separation between molecules with interest to the investigation, 

in a short period of time;  

 Development of an analytical procedure for the extraction of 

antihypertensive drugs from urine samples, including the optimization of the 

extraction conditions in order to achieve the best recoveries for each compound;  

 Selection of the most suitable IS for each analyte, through assessment of 

extraction or detection behavior for each proposed IS molecule (evaluate whether 

it mimics the extractive and/or detection behavior of each drug being studied); 

 Validation of a rapid, selective, sensitive and accurate analytical method that 

accomplishes the detection and quantification of 23 antihypertensive agents and 4 

ISs in urine; 

 And finally to apply the developed method to the analysis of 200 urine 

samples provided by antihypertensive patients that are being followed by a 

specialist doctor in Hospital de S. João (Porto), and to prove their potential   

non-adherence to the prescribed medication. 
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3. Materials and methods 

3.1. Chemicals and reagents 

Amlodipine (AML) besilate (primary standard), bisoprolol (BIS) fumarate (primary 

standard), irbesartan (IRB) (secondary standard), lisinopril (LIS) dihydrate (primary 

standard), candesartan (CAND) cilexetil (secondary standard), captopril (primary 

standard), enalapril (ENA) maleate (secondary standard), indapamide (IND) (primary 

standard), losartan (LOS) potassium (secondary standard), nebivolol (NEB) hydrochloride 

(secondary standard), ramipril (RAM) (secondary standard), furosemide (primary 

standard) and atenolol (ATE) (secondary standard) were kindly provided by Generis® 

Farmacêutica, S. A. (Amadora, Portugal) (purity percentage values were not specified by 

the company, the presented information only mentions that a primary standard is more 

pure than a secondary one). Chlorthalidone (100.4 %), hydrochlorothiazide (98.9 %), 

telmisartan (TEL) (99.8 %), carvedilol (CAR) (100.5 %), valsartan (VAL) (99.6 %), 

lercanidipine (LER) (99.4 %) and perindopril (PER) (100.1 %) were kindly provided by 

Atlantic Pharma, S.A. (Sintra, Portugal). 4-chloro-3-sulfamoylbenzoic acid (98.8 %), 

bumetanide (BUM) (≥ 98.0 %), nevirapine (NEV) (≥ 98.0 %), diethyl ether (EtOEt)       

(99.8 %), canrenone (≥ 97.0 %), enalaprilat (ENT) dihydrate (≥ 98.0 %), sodium sulfate   

(≥ 99.0 %), diammonium hydrogen phosphate (≥ 98.0 %), salbutamol (SAL) (≥ 96.0 %) 

and olmesartan medoxomil (≥ 98.0 %) were obtained from Sigma-Aldrich (St. Louis, 

USA). Formic acid (98.0 - 100 %), hydrochloric acid (HCl) 37 %, ammonia (NH4) 25 %, 

ammonia 32 % and dimethyl sulfoxide (DMSO) (99.0 %) were obtained from Merck 

(Darmstadt, Germany). Sodium hydroxide (NaOH) was acquired from Pronalab (Lisbon, 

Portugal). Acetonitrile (ACN) (≥ 99.9 %), methanol (MeOH) (> 99.8 %), acetic acid    

(100.0 %) and chloroform (CLF) (99.2 %) were obtained from VWR (Alfragide, Portugal). 

Ethyl acetate (EtOAc) (99.98 %) was obtained from Fisher Scientific UK (Leics, UK).  

EXP-3174 (EXP) (> 98.0 %) was obtained from Tocris (Bristol, UK).  

 

 

3.2. Equipment and instrumentation 

The experimental procedure is simple and, therefore, little material was used. 

Urine samples were collected in 1.5 mL micro tubes and stored at - 80.0 °C until further 

analysis. Solutions were handled with 20, 100, 200 and 1000 µL pipettes and pipette tips. 
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The first centrifugation was performed in a HeraeusTM Biofuge Fresco microcentrifuge with 

a 24x4 g rotor (Thermo Scientific). Extraction occurred in 25 mL falcons using a vortex 

and a centrifuge 5810 R with A-4-62 rotor (Eppendorf). Evaporation under nitrogen (N2) 

was carried out with a block heat SBH13OD/3 linked to a sample concentrator 

SBHCONC/1 (Stuart) - samples were contained in 10 mL glass vessels (Agilent) for this 

step. 

For the samples analysis, an ultra performance liquid chromatography (UPLC) 

equipment was used and consisted of a Waters ACQUITY UPLCTM System with a binary 

solvent manager and a sample manager with autoinjector. The chromatographic 

separation of the studied compounds was achieved using an Xbridge® BEH C18 reversed 

phase XP column (with 2.1 x 100 mm internal diameter and 2.5 µm particle size) attached 

to a guard column containing the same stationary phase (Xbridge®). The UPLC analysis 

was performed in gradient elution mode (which was optimized as described in section 

4.2.1), at a flow rate of 0.3 mL.min-1 and at room temperature. The sample injection 

volume was 10 µL. The UPLC system was coupled to a Waters Quattro PremierTM XE 

benchtop tandem triple quadrupole mass spectrometry detector (Micromass 

Tecnologies). Prior to the UPLC analysis, direct infusions (into the MS/MS detector) of the 

standards in MeOH were performed using a GASTIGHT® 250 µL micro syringe 

(Hamilton), in order to optimize the cone voltages and collision energies more suitable for 

the analysis of each analyte. Also, by direct infusion, the fragmentation pattern of each 

compound was evaluated. The software used to run the injections, to collect the resulting 

chromatograms and spectra, and to analyze the obtained data (including the calculation of 

the analytes chromatographic peak areas) was MassLynx V4.1 SCN 714 2009 (Waters 

Inc.). 

 

 

3.3. Urine samples 

Blank urine samples from an healthy volunteer were collected in the Toxicology 

department of the Pharmacy Faculty of the Oporto University and stored at - 80 °C till 

further use for methodology optimization and validation purposes. 
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3.4. Development of an analysis and quantification methodology 

for antihypertensive drugs  

As it was aforementioned, the final purpose of this study is to prove that non-

adherence to therapy by hypertensive patients is a truthful issue nowadays. In order to 

achieve this conclusion, antihypertensive drugs must be looked for in urine samples from 

diagnosed patients. Prior to this step, analytical standards of antihypertensive drugs have 

to be studied and well-characterized in order to establish the best method to accomplish 

the intended purpose. 

The development of an UPLC-MS/MS methodology for the analysis and 

quantification of antihypertensive drugs in urine started with identification tests by the 

comparison of the molecules fragmentation spectra, obtained in this spectrometry mass 

detector by direct infusion of the standards into the equipment, with those from literature. 

It was also necessary to sort the optimal mobile phase operational conditions 

(composition, gradient and flow rate), to confirm which IS is the best for correcting 

extraction or injection fluctuations for each analyte, and to optimize the extractive 

procedure, which includes the selection of the best organic solvent to be used and the 

extraction pH. A positive electrospray ionization mode was used for all mass 

spectrometric analyses. The ionization parameters were: capillary voltage of 3.5 kV and 

source and desolvation temperatures of 120 and 350 °C, respectively. Cone and 

desolvation gas (N2) flows were set at 50 and 400 L/h, respectively. Argon was used as 

the collision gas. The most suitable multiple reaction monitoring (MRM) transitions, cone 

voltages, and collision energies were also optimized, by UPLC-MS/MS. 

After the optimization of the extractive procedure, and of the chromatographic 

analysis and mass detection conditions, the aim is to validate the developed method. This 

process follows the ICH 2005 guidelines on validation of analytical procedures, thus 

evaluating several features including, selectivity, accuracy, precision, robustness, 

detection and quantification limits, recovery, linearity and range. 

 

 

3.4.1. Standard solution preparation 

Individual stock solutions were prepared in MeOH at a concentration of 1 mg.mL-1 

and then diluted to working solutions of 10 µM and 10 mM. Telmisartan demonstrated to 

be insoluble in MeOH at the concentration of 10 mM so it was prepared in DMSO, with the 

subsequent dilutions being prepared in MeOH. Later on, the individual stock solutions 
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were mixed together into the final concentrations of 10, 50 and 100 µM of each 

antihypertensive drug, with and without the ISs presence in the solution. Methanol was 

chosen as the organic solvent to prepare these stock solutions since it has been 

described as the best one to achieve the best peak separation, resolution and symmetry 

for the analytes in similar investigations, as well as to reach lower retention times, when 

compared to ACN (Ahmed et al., 2011). 

When some of the expected peaks were not detected, water, 0.1 % formic acid in 

MeOH, 0.1 % formic acid in ACN, HCl (1 M and 5 M), NaOH 1 M and ACN were also used 

to prepare individual stock solutions but, as the outcome was not the expected again, 

these solutions were discarded. A mixture of ACEis was also prepared in ammonium 

acetate 0.1 % (v/v) since it is the most common solvent used in mobile phases when 

analyzing this family of antihypertensive drugs (Cai and Wang, 2012, Di Rago et al., 2014, 

Gupta et al., 2011, Qin et al., 2007), but it was rejected as well. Hence, MeOH was used 

to prepare every stock solution as described above. 

 

 

3.4.2. Sample preparation and extraction procedure 

The development of an efficient extractive procedure is of utmost importance in the 

analysis of antihypertensive drugs present in a complex matrix such as urine. Different 

protocols are reported in the literature, including liquid-liquid extraction (LLE) using 

different organic solvents (Deventer et al., 2002, Deventer et al., 2005, Dharuman et al., 

2011, Elsebaei and Zhu, 2011, Jung et al., 2013, Poirier et al., 1988, Polinko et al., 2003, 

Pujos et al., 2009, Tracqui et al., 2003), and solid phase extraction (SPE) (del Rosario 

Brunetto et al., 2009, Dominguez-Romero et al., 2014, Dominguez-Romero et al., 2015, 

Dupuis et al., 2004, Ferreiros et al., 2008, Goebel et al., 2004, Liu et al., 2010, Magiera 

and Baranowska, 2014, Magiera and Kusa, 2015, Murray and Danaceau, 2009, Nie et al., 

2005, Suzuki et al., 1993, Torrealday et al., 2003). In the scope of the present 

dissertation, the LLE procedure was adopted, and several parameters were optimized 

including, the extraction pH, the most suitable extractive solvent, and the need of an extra 

sample clean-up step (sample centrifugation prior to the extraction procedure). The 

analytes and ISs recoveries were also assessed to infer if they could be added 

immediately before the extraction procedure, demonstrating their utility as IS to correct 

both potential losses during the extraction procedure, as well as to correct instrumental 

fluctuation during the analysis of these drugs. After the optimization of the mentioned 

parameter, the following protocol was performed at all times. The stored urine aliquots 
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were defrosted at room temperature and centrifuged at 13 000 rpm, at 4°C for 15 min. To 

475 µL of supernatant were added 25 µL of the standards stock solution (200 µM). This 

mixture was spiked with 100 µL sodium sulphate (Na2SO4) saturated solution, 45 µL 

formic acid 98 % (pH optimized from ~ 3 to ~ 2, section 4.4.1) and 1 mL EtOAc. This 

organic solvent was selected given that better extraction was achieved with EtOAc 

treatment when compared with the extraction performed with other solvents (section 

4.4.2). The solution was mixed by vortex for 1 min and then centrifuged for 10 min     

(4000 rpm, 4 °C). The upper layer (organic phase containing acid molecules) was 

collected to a glass vessel. To the aqueous layer, 50 µL of 1 mol.L-1 diammonium 

hydrogen phosphate were added as well as 850 µL ammonia 32 % (pH optimized from    

~ 8 to ~ 11, section 4.4.1). The solution was once again mixed by vortex for 1 min with     

1 mL EtOEt (also chosen after the experiments described on section 4.4.2), centrifuged 

for 10 min (4000 rpm, 25 °C) and the organic layer was collected to the same glass vessel 

as the first extract. Prior to evaporation, 25 µL of the ISs stock solution (200 µM) were 

added to the extracted solution. This step would have been included at the beginning of 

the extractive process if the ISs had proven to be successful in correcting the extractive 

errors of the analytes (no reproducible values were obtained, and the experiment should 

be repeated). Instead, they only work as instrumental ISs to correct injection errors 

(developed experiments described on sections 4.4.3 and 4.4.4). The resultant mixture was 

subjected to dryness by N2 at 60 °C and then reconstituted in 500 µL MeOH. This final 

solution was mixed by vortex and 10 µL were injected, at least in triplicate, into the   

UPLC-MS/MS system.  

This procedure was adapted from a validated method for the treatment of urine 

samples containing one diuretic (hydrochlorothiazide), one ACEi metabolite (ramipril 

metabolite), one β-adrenergic receptor antagonist metabolite (metoprolol metabolite), one 

ARB (valsartan) and one CCB (amlodipine) (Jung et al., 2013), which are the five families 

of antihypertensive drugs with relevance to this study.  

 

 

3.5. Method validation 

As it was aforementioned, method validation will be performed according to the 

International Conference on Harmonization (ICH) guidelines (ICH, 2005). Several 

parameters must be evaluated, including selectivity, linearity, accuracy, precision (inter- 

and intra-day precision), recovery, limit of detection and limit of quantification. Stability of 

the analytes in the processed samples should also be evaluated. For all the parameters, 
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the ration between the analyte peak area and the peak area obtained for the ISs will be 

used for the calculations. 

 

 

3.5.1. Selectivity 

Selectivity represents the extent to which a method can determine particular 

analytes in a complex mixture, without interference from other present components, and 

can be estimated by comparing drug-free samples (blank samples) with spiked samples 

(Vessman, 1996). For this purpose, to evaluate the selectivity of the method, blank urine 

samples (no analytes) and urine samples spiked with all the analytes under study, 

including the ISs (10 μM final concentration of each analyte), were extracted according to 

the optimized extraction protocol (Figure 73 on section 4.4.7, except that the ISs were 

added in the beginning of the extraction procedure, since it was also aimed to evaluate 

the method selectivity regarding ISs analysis), and injected (10 μL), into the UPLC-MS/MS 

apparatus, in quintuplicate, to detect possible interferences (matrix-related or other 

resulting interferences from the experimental procedure) with the target analytes. 

Chromatograms of each compound obtained from the injection of blank urine samples 

were overlapped with the ones from spiked human urine samples for comparison. A     

pre-validation section is presented further on this essay (4.5.1) where selectivity is shown 

for every analyte being studied (compounds and ISs). 

 

3.5.2. Linearity of calibration curve and sensitivity 

The linearity of an analytical procedure correlates to the ability of the method, 

within a certain range of concentrations, to obtain analytical results that are directly 

proportional to the analyte concentration. In order to estimate the linearity of the method, 

the signal obtained from the analyte peak area (Y) and the nominal standard 

concentration (X) are required (ICH, 2005). In this study, the ratio between the analyte 

chromatographic peak area and the IS chromatographic peak area will be used (Y), 

instead of the analyte peak area alone. 

The linearity will be determined by preparing and analyzing, in six different days, 

ten standards, containing each of the antihypertensive drugs under study at a 

concentration range that is expected to be attained in real human urine samples (Ahmed 

et al., 2011, Albishri et al., 2015, del Rosario Brunetto et al., 2009, Dharuman et al., 2011, 

Dominguez-Romero et al., 2015, Goebel et al., 2004, Gu et al., 2014a, Magiera and Kusa, 
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2015, Levi et al., 2009, Polinko et al., 2003, Qi et al., 2013) and a blank urine sample        

( without molecules). The standards should be independently prepared in each day of the 

analysis, extracted and injected (10 μL, at least in duplicate) in the UPLC-MS/MS system. 

The linearity will be evaluated by the regression curves (ratio between analyte peak area 

and IS peak area versus analyte concentration) and by the coefficient of determination 

(r²). Six independent calibration curves (Y = aX + b) will be obtained and the regression 

analysis will be performed using the GraphPad® 6.0 Software. The slope (S) of the 

regression curves reflects the sensitivity of the developed method for the determination of 

antihypertensive agents (Ahmed et al., 2011). 

 

 

3.5.3. Detection and quantification limits 

The lowest concentration of an analyte that can be detected but not necessarily 

quantified (can be distinguished from the blank or noise of the system) is called limit of 

detection (LOD) and is calculated from the equation 
  

 
 where σ is the standard deviation 

of the response and S is the slope of the analyte concentration. The limit of quantification 

(LOQ) is defined as the lowest concentration of an analyte that can be quantitatively 

detected with a specified degree of accuracy and precision, under the experimental 

conditions adopted, and is measured as 
   

 
. The last one requires statistical confidence 

(Ahmed et al., 2011). 

Therefore, for the LOD and LOQ determination, the S determined from the 

calibration curve of the analyte will be used. The σ value will be obtained from the 

standard deviation of the analytical signal obtained for 20 blank samples (ratio between 

peak area at the analyte retention time and IS peak area), injected (10 μL), in triplicate, 

into the UPLC-MS/MS system. The 20 urine blank samples will be extracted accordingly 

to the optimized extraction protocol, prior to the chromatographic analysis. 

 

 

3.5.4. Accuracy  

Method accuracy expresses the proximity between the measured quantity value 

(experimental results) and a true quantity value. Thus, it is determined by comparing the 

found concentration with the added concentration (nominal concentration) (ICH, 2005).  

The accuracy of the method will be determined by spiking blank urine aliquots with 

three different analyte concentrations within the linear concentration range (low, medium 
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and high concentration levels of IND, BIS, NEB, CAR, LOS, IRB, VAL, TEL, PER, LIS, 

ENT, RAM, AML and LER), and through the calculation of the percentage deviation 

between the calculated value from the calibration curve and the nominal value. For each 

analyte concentration, five different standards will be independently prepared, extracted 

and injected (10 μL), five times, in the UPLC-MS/MS system. An analyte calibration curve 

will also be prepared and injected in order to calculate the experimental concentration of 

each calibrator and the percentage of deviation between the calculated value and the 

nominal value (Equation 1). 

 

             
                               

                     
     

Equation 1. Equation used for the calculation of the accuracy of the analytical method 

 

 

3.5.5. Precision (repeatability, intermediate precision and reproducibility) 

The precision of an analytical procedure can be commonly described as the 

parameter that evaluates how close several measurements are to each other, even when 

there is no accuracy. In other words, it expresses the closeness of agreement between 

independent test results obtained from homogenous samples under stipulated conditions 

of use. Precision can be approached at three distinct levels: repeatability, intermediate 

precision and reproducibility. In the present study it was intended for the evaluation of the 

repeatability of the method (also termed as intra-day precision) - which expresses the 

precision under the same operating conditions over a short period of time - to be 

performed. The intermediate precision of the method (also termed as inter-day precision), 

which expresses variations within the same laboratory, such as analysis performed in 

different working days, will also be determined. Reproducibility requires performed 

analysis by different individuals, equipments and places to evaluate measurements 

accordance, thus expressing the precision between laboratories, and will not be 

evaluated. Precision will be expressed as the coefficient of variation [CV (%)] of a series 

of measurements (ICH, 2005). 
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3.5.5.1. Repeatability - Intra-day precision of the equipment and method 

Intra-day precision characterizes the repeatability of a certain analytical procedure 

in the preparation of the same samples, performed by the same analyst, in the same 

laboratory, using the same instruments and during a certain period of time. Thus, it 

reflects the degree of agreement of the results when the experimental conditions are 

consistently maintained (ICH, 2005). 

Intra-day precision of the equipment will be determined by preparing and analyzing 

three analyte calibrators (containing all the antihypertensive drugs under study) with 

concentrations within the linear concentration range (low, medium and high), which will be 

prepared, extracted and injected (10 μL) five times into the UPLC-MS/MS equipment, on 

the same day. Intra-day precision of the equipment will then be assessed by calculating 

the CV (%) of the obtained values (ratio between the analyte peak area and IS peak area 

obtained for each calibrator). A CV value ≤ 15 % is considered satisfactory (FDA et al., 

2013).  

The intra-day precision of the analytical method will be determined by preparing 

three analyte calibrators (containing all the antihypertensive drugs under study) with 

concentrations within the linear concentration range (low, medium and high). Five different 

replicates of each calibrator will be independently prepared, extracted, and 10 μL injected 

(at least in duplicate) into the UPLC-MS/MS equipment, in the same day. Intra-day 

precision of the analytical method will be assessed by calculating the CV (%) of the 

observed values (ratio between the analyte peak area and IS peak area obtained for each 

calibrator). A CV value of ≤ 15% is considered satisfactory. 

 

 

3.5.5.2. Intermediate precision - Inter-day precision of the equipment 

and method 

The inter-day precision of an analytical procedure expresses the variations within 

the same laboratory such as analysis performed in different days (ICH, 2005). Therefore, 

inter-day precision of the analytical method will be determined by independently preparing 

and analyzing, in five consecutive days, three representative analyte calibrators 

(containing all the antihypertensive drugs under study) with concentrations within the 

linear concentration range (0 - low, medium and high), which will be daily prepared, 

extracted and injected (10 μL), at least in duplicate, into the UPLC-MS/MS system. The 

CV (%) of the obtained values (ratio between the analyte chromatographic peak area and 
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IS chromatographic peak area obtained for each calibrator) will then be calculated. A CV 

value of ≤ 15% is considered satisfactory. 

The inter-day precision of the UPLC-MS/MS equipment will also be evaluated. For 

that purpose, three analyte calibrators (containing all the antihypertensive drugs under 

study) with concentrations within the linear concentration range (low, medium and high) 

will be prepared, extracted and injected (10 μL) into the UPLC-MS/MS system, five times, 

in five consecutive days. The CV (%) of the replicated values (ratio between the analyte 

chromatographic peak area and IS peak area obtained for each calibrator) will then be 

calculated. A CV value of ≤ 15% is considered satisfactory. 

 

 

3.5.6. Robustness 

ICH guidelines define the robustness of an analytical procedure as the measure of 

its capability to remain unaffected by small but deliberate variations in method 

parameters, providing an indication of its reliability during normal usage (ICH, 2005). In 

the case of liquid chromatography, examples of typical variations include the evaluation of 

the influence of variations in the mobile phase pH, the influence of variations in the mobile 

phase composition, the use of different columns (different lots and/or suppliers) and the 

influence of the temperature and of the flow rate. This parameter will not be evaluated. 

 

 

3.5.7. Recovery 

The recovery assays consist in the assessment of the percentage of analyte that is 

lost in sample handling. This recovery will be evaluated by comparing the obtained 

analytical signal (chromatographic peak area) when the tested compounds are added 

before or after the extraction process. Therefore, the recovery (%) of the analyte will be 

calculated by comparison with the analytical signal obtained for the same concentration of 

analyte not subjected to the extraction process, and therefore represents 100% recovery. 

The recovery assay will be performed for three concentrations of all the analytes 

under study (IND, BIS, NEB, CAR, LOS, IRB, VAL, TEL, PER, LIS, ENT, RAM, AML and 

LER). Therefore, this parameter will be assessed by adding each analyte standard to one 

set of low, medium and high blank urine samples (covering the analyte linear 

concentration range), before extraction and to a second set after extraction, but before 

evaporation. The ISs will be added in this assay always before the evaporation step, only 
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to control the sample injection. Recovery (%) will be calculated by comparison of the ratio 

between the chromatographic peak area of each analyte and the chromatographic peak 

area of the internal standard, for extracted and non-extracted samples. A deviation 

percentage of ≤ 20 % is considered satisfactory. 

 

 

3.5.8. Stability 

The evaluation of the analyte stability is an important assay once it allows the 

analyst to infer if the samples are subjected to chemical degradation. Therefore, the 

amount of substance, present in the sample, that remains unchanged once subjected to 

different conditions, during a certain period of time should be analyzed (ICH, 2005). 

Stability can be evaluated through several factors: exposure to light, storage temperature 

(room temperature, 4 ºC, - 20 ºC or - 80 ºC) and storage time. In the present work, it was 

intended to estimate the stability of extracted samples, evaluating temperature and time of 

storage. This assay will be conducted using three analyte calibrators (containing all the 

antihypertensive drugs under study) with concentrations within the linear concentration 

range (low, medium and high). For each calibrator, and for each storage temperature 

tested, the extraction procedure will be applied and the reconstituted extract will be 

injected (10 μL) into the UPLC-MS/MS system. The remaining reconstituted extract will 

then be stored at different temperatures: at room temperature, 4 ºC, - 20 º C and - 80 ºC, 

for 7 days. After this storage time, the samples will once again be injected (10 μL) into the 

UPLC-MS/MS system, in duplicate, and the obtained analyte:IS chromatographic peak 

area ratio compared with the ratios obtained firstly, on the day of the samples preparation. 

 

3.5.9. Proof of applicability 

In the end, it will be necessary to prove that the method could be applied to the 

analysis of urine samples from medicated patients. Four individuals were recruited to be a 

part of this method validation and their urine samples were stored at - 80 °C until further 

analysis. Information regarding patients age, sex, prescribed medication, dosage and 

harvesting conditions are listed on Table 9. Analysis and quantification of the analytes 

present in these samples will also be performed before method validation in order to 

assess the viability of adding a dilution sample step prior to the extraction to better select 

the concentration range of the calibration curve for each molecule or even the viability of 
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reconstituting the evaporated solute with less solvent than the starting volume of initial 

sample, generating a more concentrated sample. 

In the present work, the proof of applicability was only performed for LOS. For that 

purpose, urine samples from patient A (Table 9), blank urine samples (not spiked) and 

blank urine samples spiked with all the analytes under study (10 μM final concentration of 

each analyte) were extracted according to the optimized extraction protocol (with the ISs 

being added immediately before the evaporation step), and injected (10 μL), into the 

UPLC-MS/MS apparatus. The chromatograms obtained for blank urine samples, spiked 

samples and real sample were overlapped for comparison. 

 

Table 9. Hypertensive volunteers features concerning their age, prescribed medication and dosage.  

  
drugs 

prescription harvest 

  dose time day hour 

Patient A Male 50 y LOS 100 mg breakfast 1
st
 of May 1 p.m. 

Patient B Male 75 y 

NEB 5 mg dinner 

18
th

 of August 5 p.m. CAND 32 mg breakfast 

LER 20 mg breakfast 

Patient C Female 83 y LOS + HCTZ 50 + 12.5 mg morning 22
nd

 of August 1 p.m. 

Patient E Female 52 y PER 4 mg breakfast 22
nd

 of August 12 p.m. 

CAND - candesartan, HCTZ - hydrochlorothiazide, LER - lercanidipine, LOS - losartan, NEB - nebivolol,     
PER - perindopril, y - years old 

 

 

3.6. Statistical analysis 

Statistical analysis was performed using GraphPad Prism version 6.00 for 

Windows (GraphPad Software, San Diego, California, EUA). The normality of data 

distribution was evaluated with three different tests: KS normality test, D’Agostino & 

Pearson omnibus normality test and Shapiro-Wilk normality test. For one variable data, 

the statistical comparisons between two groups were made using the unpaired t test with 

Welch correction. For two variable data, statistical analysis was performed by Two-way 

ANOVA, followed by the Sidak multiple comparisons test. Analysis detailed information is 

described in the figures legend. In all cases, p values smaller than 0.05 were considered 

statistically significant. 
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4. Results and Discussion 

4.1. Mass detection optimization 

In the scope of this dissertation, a positive electrospray ionization (ESI) mode was 

used for all mass spectrometric analyses. Capillary voltage was set at 3.5 kV, desolvation 

temperature at 350 °C, fragmentation/source temperature at 120 °C, cone gas flow at     

50 L/h, desolvation gas flow at 400 L/h, and pump flow was altered between 20 and 50 µL 

as needed. Argon was used as the collision gas. The most suitable cone voltages and 

collision energies were optimized, initially by direct infusion of the tested compounds into 

the mass detector. Indeed, in order to define the fragmentation pattern and the optimal 

mass detection conditions (cone voltage and collision energy) for each compound under 

study or for the ISs to be used, individual infusions (methanolic solutions at the 

concentration of 10 μM) were made directly onto the mass detector using a 250 µL micro 

syringe, which is connected to the source through a single capillary tube. Those features 

were assembled by comparison with spectra, cone voltages and collision energies found 

in literature. Taking into account the fragmentation patters of each compound, the most 

suitable MRM transitions were also defined. After the optimization of the mass detection 

conditions, quantification was performed in the MRM mode with a dwell time of 0.050 ms 

per MRM channel, with the monitorization set to retention time ± 2 minutes for each 

compound, in order to obtain optimum sensitivity and selectivity for the simultaneous 

detection of IND, BIS, NEB, CAR, ATE, LOS, IRB, VAL, TEL, LIS, RAM, PER, ENA, ENT, 

AML, LER, and ISs BUM, EXP, SAL and NEV. 

 

 

4.1.1. Direct infusion - Cone voltage and collision energy  

Considering the chromatographic relative abundance peak values and data from 

the bibliography listed on Table 11, further mentioned on the next section (4.1.2), the 

chosen product ions to identify and quantify their respective precursor ion are presented 

on Table 10 as their m/z value. Cone voltage and collision energy are the mass 

spectrometer parameters that mostly influence the fragmentation degree of each 

precursor ion. Therefore, these values were optimized by direct infusion of each individual 

compound (at a 10 μM concentration dissolved in MeOH), into the mass spectrometry 

detector (Table 10). The cone voltage was set based on the highest intensity yield for the 
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parent ion chromatographic peak, while the collision energy was set to the value that 

originated a product ion mass spectrum showing approximately 10% of the parent ion 

[M+H]+. 

 

 

Table 10. Mass spectrometry (MS) conditions initially established by direct infusion and the obtained 
fragments for all the analyzed drugs 

  Peaks (m/z) Cone Voltage Collision Energy 

IND 
precursor ion 366 30 V  

product ions 132  22 eV 

BIS 
precursor ion 326 40 V  

product ions 116; 74; 72  23 eV 

NEB 
precursor ion 406 40 V  

product ions 151; 123  32 eV 

CAR 
precursor ion 407 45 V  

product ions 100; 222; 224  27 eV 

ATE 
precursor ion 267 30 V  

product ions 145; 74; 72; 56; 190  25 eV 

LOS 
precursor ion 423 20 V  

product ions 207; 139; 307  30 eV 

IRB 
precursor ion 429 25 V  

product ions 207; 195  25 eV 

VAL 
precursor ion 436 25 V  

product ions 291; 235; 306; 362; 207  15 eV 

TEL 
precursor ion 515 45 V  

product ions 276; 497; 289; 211  41 eV 

PER 
precursor ion 369 40 V  

product ions 172; 170; 98  20 eV 

RAM 
precursor ion 417 25 V  

product ions 234; 343  22 eV 

LIS 
precursor ion 406 30 V  

product ions 84; 246  22 eV 

ENA 
precursor ion 377 30 V  

product ions 234; 303; 130; 160  21 eV 

ENT 
precursor ion 349 30 V  

product ions 206; 117  25 eV 

AML 
precursor ion 409 15 V  

product ions 238; 294  10 eV 
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  Peaks (m/z) Cone Voltage Collision Energy 

LER 
precursor ion 612 40 V  

product ions 280; 100; 315  25 eV 

EXP 
precursor ion 437 30 V  

product ions 207; 235  18 eV 

NEV 
precursor ion 267 35 V  

product ions 80; 198; 226  39 eV 

SAL 
precursor ion 240 20 V  

product ions 148; 166; 222  14 eV 

BUM 
precursor ion 365 30 V  

product ions 240; 184  20 eV 

 

 

4.1.2. Direct infusion - Product ions and their chemical structures  

The above listed conditions originated the protonated molecules [M+H]+ mass 

spectra, the precursor ion, and the corresponding positive product ion scan mass spectra 

for all the tested compounds, which are shown in Figure 8 to Figure 47. The drawn 

fragmentation patterns and the resulting fragments are based on the literature listed on 

Table 11. In the cases for which no fragmentation hypothesis was found, some 

assumptions were made with the help of the following principles (Aljamali, 2015): 

 Radical ions do not produce a line on the mass spectrum, only positive or negative 

ions do; 

 Tertiary carbocations are more stable than secondary carbocations and even more 

stable than primary ones; 

 Ions with the positive charge on the carbon of a carbonyl group [RCO]+ are 

relatively stable. 

 

Preferably, each precursor ion should originate at least two fragment ions. The 

most abundant one is used to identify the presence of that specie on the analyzed sample 

and to quantify it, being referred to as the quantification ion, and the second most 

abundant ion is used to confirm that statement, being therefore referred to as the 

identification ion. Unfortunately this was not possible with IND (Figure 9) given that the 

second product ion presents very low intensity. In all other cases, at least two product ions 

were routinely monitored. Both product ion mass spectra of [M+H]+ of ENT and BUM are 

not shown but fragmentation patterns and fragments are still projected. 
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Hence, for IND, the parent ion [M+H]+ has a m/z value of 366, identified as peak 1 

in Figure 8 and Figure 9. The fragmentation yields one major fragment ion of m/z 132 

(peak 2 in Figure 9), therefore this ion will be used for IND analysis and quantification on 

the subsequent experiments. 

 

 

 

Figure 8. Mass spectrum of [M+H]
+
 of indapamide (10 μM in MeOH) [1 - m/z 366 - precursor ion] 

 

 

 

 

Figure 9. Product ion mass spectrum of [M+H]
+
 of indapamide (10 μM in MeOH) [1 - m/z 366 (parent 

ion), 2 - m/z 132 (quantification ion)] 
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For BIS, the parent ion [M+H]+ has a m/z value of 326, identified as peak 1 in 

Figure 10 and Figure 11. The fragmentation yields three major fragments of m/z 116 

(peak 2 in Figure 11), m/z 74 (peak 3 in Figure 11) and m/z 72 (peak 4 in Figure 11). The 

most abundant fragment ion is the ion with m/z value of 116, and therefore this ion will be 

used for BIS analysis and quantification. 

 

 

Figure 10. Mass spectrum of [M+H]
+
 of bisoprolol (10 μM in MeOH) [1 - m/z 326 (precursor ion)] 

 

 

 

 

Figure 11. Product ion mass spectrum of [M+H]
 +

 of bisoprolol (10 μM in MeOH) [1 - m/z 326 (precursor 
ion), 2 - m/z 116 (quantification ion), 3 - m/z 74, 4 - m/z 72] 
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For NEB, the parent ion [M+H]+ has a m/z value of 406, identified as peak 1 in 

Figure 12 and Figure 13, with major fragments of m/z 151 and m/z 123 (peaks 2 and 3, 

respectively, in Figure 13). The most abundant fragment ion to be used for NEB analysis 

and quantification is m/z 151. 

 

 

 

Figure 12. Mass spectrum of [M+H]
+
 of nebivolol (10 μM in MeOH) [1 - m/z 406 (precursor ion)] 

 

 

 

 

Figure 13. Product ion mass spectrum of [M+H]
+
 of nebivolol (10 μM in MeOH) [1 - m/z 407 (precursor 

ion), 2 - m/z 151 (quantification ion), 3 - m/z 123] 
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For CAR, the parent ion [M+H]+ has a m/z value of 407, identified as peak 1 in 

Figure 14 and Figure 15, with major fragments of m/z 100, m/z 222 and m/z 224 (peaks 2, 

3 and 4 in Figure 15, respectively). The most abundant fragment ion to be used for CAR 

analysis and quantification is m/z 100. 

 

 

 

Figure 14. Mass spectrum of [M+H]
+
 of carvedilol (10 μM in MeOH) [1 - m/z 407 (precursor ion)] 

 

 

 

 

Figure 15. Product ion mass spectrum of [M+H]
+
 of carvedilol (10 μM in MeOH) (1 - m/z 407 (precursor 

ion), 2 - m/z 100 (quantification ion), 3 - m/z 222, 4 - m/z 224] 
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For ATE, the parent ion [M+H]+ has a m/z value of 267, identified as peak 1 in 

Figure 16 and Figure 17. The fragmentation yields five major fragments of m/z 145,      

m/z 74, m/z 72, m/z 56 and m/z 190 (peaks 2, 3, 4, 5 and 6, respectively, in Figure 17). 

The most abundant fragment ion is the one with the m/z value of 145, and therefore this 

ion will be used for ATE analysis and quantification. 

 

 

Figure 16. Mass spectrum of [M+H]
+
 of atenolol (10 μM in MeOH) [1 - m/z 267 (precursor ion)] 

 

 

 

 

Figure 17. Product ion mass spectrum of [M+H]
+
 of atenolol (10 μM in MeOH) [1 - m/z 267 (precursor 

ion), 2 - m/z 145 (quantification ion), 3 - m/z 74, 4 - m/z 72, 5 - m/z 56, 6 - m/z 190] 
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For LOS, the parent ion [M+H]+ has a m/z value of 423, identified as peak 1 in 

Figure 18 and Figure 19, with major fragments of m/z 207, m/z 139 and m/z 307 (peaks 2, 

3 and 4 respectively, in Figure 19). The most abundant fragment ion to be used for LOS 

analysis and quantification is m/z 207. 

 

 

 

Figure 18. Mass spectrum of [M+H]
+
 of losartan (10 μM in MeOH) [1 - m/z 423 (precursor ion)] 

 

 

 

 

Figure 19. Product ion mass spectrum of [M+H]
+
 of losartan (10 μM in MeOH) (1 - m/z 423 (precursor 

ion), 2 - m/z 207 (quantification ion), 3 - m/z 139, 4 - m/z 307) 
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For IRB, the parent ion [M+H]+ has a m/z value of 429, identified as peak 1 in 

Figure 20 and Figure 21, with major fragments of m/z 207 and m/z 195 (peaks 2 and 3 in 

Figure 21, respectively). The most abundant fragment ion to be used for IRB analysis and 

quantification is the same as the one used for LOS (m/z 207). This will not raise any 

trouble when medicated patients urine samples get analyzed since both antihypertensive 

drugs cannot be prescribed simultaneously. Moreover, their retention times are different 

(Table 13). 

 

 

 

Figure 20. Mass spectrum of [M+H]
+
 of irbesartan (10 μM in MeOH) [1 - m/z 429 (precursor ion)] 

 

 

 

 

Figure 21. Product ion mass spectrum of [M+H]
+
 of irbesartan (10 μM in MeOH) [1 - m/z 429 (precursor 

ion), 2 - m/z 207 (quantification ion), 3 - m/z 195] 
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For VAL, the parent ion [M+H]+ has a m/z value of 436, identified as peak 1 in 

Figure 22 and Figure 23, with major fragments of m/z 291, m/z 235, m/z 306, m/z 362, 

m/z 207, m/z 352 and m/z 418 (peaks 2, 3, 4, 5, 6, 7 and 8 in Figure 23, respectively). The 

most abundant fragment ion to be used for VAL analysis and quantification is m/z 291. 

 

 

Figure 22. Mass spectrum of [M+H]
+
 of valsartan (10 μM in MeOH) [1 - m/z 436 (precursor ion)] 

 

 

 

Figure 23. Product ion mass spectrum of [M+H]
+
 of valsartan (10 μM in MeOH) [1 - m/z 436 (precursor 

ion), 2 - m/z 291 (quantification ion), 3 - m/z 235, 4 - m/z 306, 5 - m/z 362, 6 - m/z 207, 7 - m/z 352,            
8 - m/z 418] 
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For TEL, the parent ion [M+H]+ has a m/z value of 515, identified as peak 1 in 

Figure 24 and Figure 25, with major fragments of m/z 276, m/z 497, m/z 289 and m/z 211 

(peaks 2, 3, 4 and 5, respectively, in Figure 25). The most abundant fragment ion to be 

used for TEL analysis and quantification is m/z 276. 

 

 

Figure 24. Mass spectrum of [M+H]
+
 of telmisartan (10 μM in MeOH) [1 - m/z 515 (precursor ion)] 

 

 

 

Figure 25. Product ion mass spectrum of [M+H]
+
 of telmisartan (10 μM in MeOH) [1 - m/z 515 (precursor 

ion), 2 - m/z 276 (quantification ion), 3 - m/z 497, 4 - m/z 289, 5 - m/z 211] 
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For PER, the parent ion [M+H]+ has a m/z value of 369, identified as peak 1 in 

Figure 26 and Figure 27, with major fragments of m/z 172, m/z 170 and m/z 98 (peaks 2, 

3 and 4, respectively, in Figure 27). The most abundant fragment ion to be used for PER 

analysis and quantification is m/z 172. 

 

 

 

Figure 26. Mass spectrum of [M+H]
+
 of perindopril (10 μM in MeOH) [1 - m/z 369 (precursor ion)] 

 

 

 

 

Figure 27. Product ion mass spectrum of [M+H] 
+
 of perindopril (10 μM in MeOH) [1 - m/z 369 

(precursor ion), 2 - m/z 172 (quantification ion), 3 - m/z 170, 4 - m/z 98] 
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For RAM, the parent ion [M+H]+ has a m/z value of 417, identified as peak 1 in 

Figure 28 and Figure 29, with major fragments of m/z 232 and m/z 343 (peaks 2 and 3, 

respectively, in Figure 29). The most abundant fragment ion to be used for RAM analysis 

and quantification is m/z 234. 

 

 

Figure 28. Mass spectrum of [M+H]
+
 of ramipril (10 μM in MeOH) [1 - m/z 417 (precursor ion)] 

 

 

 

Figure 29. Product ion mass spectrum of [M+H]
+
 of ramipril (10 μM in MeOH) [1 - m/z 417 (precursor 

ion), 2 - m/z 234 (quantification ion), 3 - m/z 343] 
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For LIS, the parent ion [M+H]+ has a m/z value of 406, identified as peak 1 in 

Figure 30 and Figure 31, with major fragments of m/z 84 and m/z 246 (peaks 2 and 3, 

respectively, in Figure 31). The most abundant fragment ion to be used for LIS analysis 

and quantification is m/z 84. 

 

 

 

Figure 30. Mass spectrum of [M+H]
+
 of lisinopril (10 μM in MeOH) [1 - m/z 406 (precursor ion)] 

 

 

 

 

Figure 31. Product ion mass spectrum of [M+H]
+
 of lisinopril (10 μM in MeOH) [1 - m/z 406 (precursor 

ion), 2 - m/z 84 (quantification ion), 3 - m/z 246] 
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For ENA, the parent ion [M+H]+ has a m/z value of 377 identified as peak 1 in 

Figure 32 and Figure 33, with major fragments of m/z 234, m/z 303, m/z 130 and m/z 160 

(peaks 2, 3, 4 and 5, respectively, in Figure 33). The most abundant fragment ion to be 

used for ENA analysis and quantification is m/z 234. 

 

 

 

Figure 32. Mass spectrum of [M+H]
+
 of enalapril (10 μM in MeOH) [1 - m/z 377 (precursor ion)] 

 

 

 

 

Figure 33. Product ion mass spectrum of [M+H]
+
 of enalapril (10 μM in MeOH) [1 - m/z 377 (precursor 

ion), 2 - m/z 234 (quantification ion), 3 - m/z 303, 4 - m/z 130, 5 - m/z 160) 
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For ENT, the parent ion [M+H]+ has a m/z value of 349, identified as peak 1 in 

Figure 34, with major fragments of m/z 117 and m/z 206 (Figure 35). The most abundant 

fragment ion to be used for ENT analysis and quantification is m/z 117. 

 

 

 

Figure 34. Mass spectrum of [M+H]
+
 of enalaprilat (10 μM in MeOH) [1 - m/z 349 (precursor ion)] 

 

 

 

 

Figure 35. Mass fragmentation of [M+H]
+
 of enalaprilat and respective fragments [ m/z 117 

(quantification ion) and m/z 206] 
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For AML, the parent ion [M+H]+ has a m/z value of 409, identified as peak 1 in 

Figure 36 and Figure 37, with major fragments of m/z 238 and m/z 294 (peaks 2 and 3, 

respectively, in Figure 37). The most abundant fragment ion to be used for AML analysis 

and quantification is m/z 238. 

 

 

 

Figure 36. Mass spectrum of [M+H]
+
 of amlodipine (10 μM in MeOH) [1 - m/z 409 (precursor ion)] 

 

 

 

 

Figure 37. Product ion mass spectrum of [M+H]
+
 of amlodipine (10 μM in MeOH) [1 - m/z 409 (precursor 

ion), 2 - m/z 238 (quantification ion), 3 - m/z 294) 
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For LER, the parent ion [M+H]+ has a m/z value of 612, identified as peak 1 in 

Figure 38 and Figure 39, with major fragments of m/z 280, m/z 100 and m/z 315 (peaks 2, 

3 and 4, respectively, in Figure 39). The most abundant fragment ion to be used for LER 

analysis and quantification is m/z 280. 

 

 

 

Figure 38. Mass spectrum of [M+H]
+
 of lercanidipine (10 μM in MeOH) [1 - m/z 612 (precursor ion)] 

 

 

 

 

Figure 39. Product ion mass spectrum of [M+H]
+
 of lercanidipine (10 μM in MeOH) [1 - m/z 612 

(precursor ion), 2 - m/z 280 (quantification ion), 3 - m/z 100, 4 - m/z 315] 
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For EXP, one of the molecules that is going to be tested as IS, the parent ion 

[M+H]+ has a m/z value of 437, identified as peak 1 in Figure 40 and Figure 41, with major 

fragments of m/z 235 and m/z 207 (peaks 2 and 3, respectively, in Figure 41). The most 

abundant fragment ion to be used for EXP analysis and quantification is m/z 235. 

 

 

 

Figure 40. Mass spectrum of [M+H]
+
 of EXP-3174 (10 μM in MeOH) [1 - m/z 437 (precursor ion)] 

 

 

 

 

Figure 41. Product ion mass spectrum of [M+H]
+
 of EXP-3174 (10 μM in MeOH) [1 - m/z 437 (precursor 

ion), 2 - m/z 235 (quantification ion), 3 - m/z 207] 
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For NEV, another tested IS, the parent ion [M+H]+ has a m/z value of 267, 

identified as peak 1 in Figure 42 and Figure 43, with major fragments of m/z 80, m/z 198 

and m/z 226 (peaks 2, 3 and 4, respectively, in Figure 43). The most abundant fragment 

ion to be used for NEV analysis and quantification is m/z 80. 

 

 

 

Figure 42. Mass spectrum of [M+H]
+
 of nevirapine (10 μM in MeOH) [1 - m/z 267 (precursor ion)] 

 

 

 

 

Figure 43. Product ion mass spectrum of [M+H]
+
 of nevirapine (10 μM in MeOH) [1 - m/z 267 (precursor 

ion), 2 - m/z 80 (quantification ion), 3 - m/z 198, 4 - m/z 226] 

 

 



Results and Discussion 

70                                                                                                           Maria Bernardes André 

For SAL (IS), the parent ion [M+H]+ has a m/z value of 240, identified as peak 1 in 

Figure 44 and Figure 45, with major fragments of m/z 148, m/z 166 and m/z 222 (peaks 2, 

3 and 4, respectively, in Figure 45). The most abundant fragment ion to be used for SAL 

analysis and quantification is m/z 148. 

 

 

 

Figure 44. Mass spectrum of [M+H]
+
 of salbutamol (10 μM in MeOH) [1 - m/z 240 (precursor ion)] 

 

 

 

 

Figure 45. Product ion mass spectrum of [M+H]
+
 of salbutamol (10 μM in MeOH) [1 - m/z 240 (precursor 

ion), 2 - m/z 148 (quantification ion), 3 - m/z 166, 4 - m/z 222] 
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For BUM, the last IS of the four selected molecules for this purpose, the parent ion 

[M+H]+ has a m/z value of 365 identified as peak 1 in Figure 46, with major fragments of 

m/z 184 and m/z 240 (Figure 47). The most abundant fragment ion to be used for BUM 

analysis and quantification is m/z 184. 

 

 

Figure 46. Mass spectrum of [M+H]
+
 of bumetanide (10 μM in MeOH) [1 - m/z 365 (precursor ion)] 

 

 

 

Figure 47. Mass fragmentation of [M+H]
+
 of bumetanide and respective fragments [ m/z 184 

(quantification ion) and m/z 240] 

 

 

In conclusion, based on the results obtained from the optimization of the cone 

voltage and collision energy for each compound, and on the obtained product ion mass 

spectra of parent ion [M+H]+, the selected MRM transitions were defined (Table 11), which 

were used in all the analyses subsequently performed. The literature references that 

support the selected MRM transitions are also shown, some of them providing information 
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on the compounds fragmentation patterns, and others on the resulting fragments chemical 

structure. 

 

 

Table 11. Multiple reaction monitoring (MRM) transitions (m/z) established for each compound and 
literature in accordance with the presented fragmentation patterns and/or fragment molecules 

 Mass transitions (m/z) Bibliography references 

IND 366 > 132 (Song et al., 2008, Sun et al., 2009) (Thorngren et al., 2008)* 

BIS 

326 > 116 
(He et al., 2012, Niessen, 2011, Niessen and Correa, 2017) (Mazzarino 

et al., 2011)* 

326 > 74 (Niessen, 2011, Niessen and Correa, 2017, Mazzarino et al., 2011)* 

326 > 72 (Niessen, 2011)* (Niessen and Correa, 2017) 

NEB 
406 > 151 (Selvan et al., 2007, Mazzarino et al., 2011)* 

406 > 123 (Mazzarino et al., 2011)* 

CAR 

407 > 100 (do Carmo Borges et al., 2005)* (Nardotto et al., 2016) 

407 > 222 (Chander et al., 2013, Nardotto et al., 2016) 

407 > 224 (Schaefer et al., 1998) (Mazzarino et al., 2011)* 

ATE 

267 > 145 (Tay et al., 2011) 

267 > 74 (Niessen and Correa, 2017, Mazzarino et al., 2011)* 

267 > 72 (Niessen and Correa, 2017) 

267 > 56 (Niessen and Correa, 2017, Mazzarino et al., 2011)* 

267 > 190 (Tay et al., 2011) 

LOS 

423 > 207 
(Dubey et al., 2015, Polinko et al., 2003, Lu et al., 2009, Karra et al., 

2012)* (Niessen, 2011, Niessen and Correa, 2017) 

423 > 139 Not found 

423 > 307 Not found 

IRB 
429 > 207 

(Dubey et al., 2015)* (Niessen, 2011, Niessen and Correa, 2017, Shah 

et al., 2010) 

429 > 195 (Shah et al., 2010) 

VAL 

436 > 291 (Jangala et al., 2014, Lu et al., 2009) 

436 > 235 
(Levi et al., 2009, Niessen, 2011, Niessen and Correa, 2017, Lu et al., 

2009) 

436 > 306 (Lu et al., 2009) 

436 > 207 (Lu et al., 2009, Niessen, 2011, Niessen and Correa, 2017) 

TEL 

515 > 276 (Bakheit et al., 2015)* 

515 > 497 Not found 

515 > 289 Not found 

515 > 211 (Bakheit et al., 2015)* 
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 Mass transitions (m/z) Bibliography references 

PER 

369 > 172 (Niessen and Correa, 2017)* 

369 > 170 (Niessen and Correa, 2017)* 

369 > 98 (Niessen and Correa, 2017)* 

RAM 
417 > 234 

(Niessen, 2011, Niessen and Correa, 2017, Patel et al., 2014, Yuan et 

al., 2008) 

417 > 343 (Niessen, 2011, Niessen and Correa, 2017) 

LIS 
406 > 84 (Niessen, 2011) 

406 > 246 (Niessen, 2011, Qin et al., 2007) 

ENA 

377 > 234 (Niessen, 2011, Yuan et al., 2008) (Niessen and Correa, 2017)* 

377 > 303 (Niessen, 2011) (Magiera and Kusa, 2015, Niessen and Correa, 2017)* 

377 > 130 (Niessen, 2011) (Niessen and Correa, 2017)* 

377 > 160 (Niessen, 2011) (Niessen and Correa, 2017)* 

ENT 
349 > 206 (Magiera and Kusa, 2015) 

349 > 117 (Magiera and Kusa, 2015)* 

AML 
409 > 238 

(Bodapati et al., 2015, Niessen, 2011, Niessen and Correa, 2017, Tiwari 

et al., 2015) (Karra et al., 2012)* 

409 > 294 (Niessen, 2011, Niessen and Correa, 2017, Tiwari et al., 2015) 

LER 

612 > 280 (Chen et al., 2012, Fiori et al., 2006)*(Li et al., 2016) 

612 > 100 Not found 

612 > 315 (Chen et al., 2012, Fiori et al., 2006, Li et al., 2016)* 

EXP 

437 > 235 (Dubey et al., 2015, Polinko et al., 2003, Karra et al., 2012)* 

437 > 207 
(Dubey et al., 2015, Polinko et al., 2003, Lu et al., 2009, Karra et al., 

2012)* (Niessen, 2011, Niessen and Correa, 2017) 

NEV 

267 > 80 Not found 

267 > 198 (Olagunju et al., 2015) 

267 > 226 (Ren et al., 2009) (Yagoub et al., 2012, Olagunju et al., 2015)* 

SAL 

240 > 148 (Mazzarino et al., 2011)* (Hay et al., 2016, Gu et al., 2014b) 

240 > 166 (Mazzarino et al., 2011)* (Niessen and Correa, 2017, Gu et al., 2014b) 

240 > 222 
(Mazzarino et al., 2011, Hay et al., 2016)* (Niessen and Correa, 2017, 

Gu et al., 2014b) 

BUM 
365 > 184 (Li et al., 2011)* 

365 > 240 (Li et al., 2011, Patel et al., 2012)* 

*These publications only mention the fragments, they do not suggest fragmentation patterns or possible chemical structures 

 

 

This first analysis was also important to determine which molecules could be 

included on the present study since all the quadrupole scans were executed in the 

positive ESI mode but not all of the initially tested compounds reveal a protonated 
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precursor ion, which means that their quantification may requires to be performed in an 

ESI negative mode. The following drugs were therefore excluded (deprotonated precursor 

ion cases): CLT (exact mass 338 g/mol), HCTZ (exact mass 297 g/mol) and FS (exact 

mass 330 g/mol). Figure 48 and Figure 49 illustrate the obtained mass spectrum of CLT 

when subjected to positive and negative ESI mode, respectively. The same analysis was 

performed for HCTZ and FS but only CLT is represented as an example. Therefore, as 

the present work aims the detection and quantification of several antihypertensive drugs in 

a single chromatographic run, these compounds were excluded from analysis. 

 

 

Figure 48. Mass spectrum of [M+H]
+
 of chlorthalidone (10 μM in MeOH) (expected precursor ion: m/z 

337, major ion - m/z 361) 

 

 

 

Figure 49. Mass spectrum of [M-H]
-
 of chlorthalidone (10 μM in MeOH) [1 - m/z 337 (precursor ion)] 
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Although canrenone, candesartan and olmesartan are detected on the positive ion 

mode, the most abundant peak in the mass spectra, obtained in a full scan mode, do not 

correspond to their expected precursor ion [M+H]+ values (341, 441 and 447, respectively) 

as shown in Figure 50, Figure 51 and Figure 52, respectively. In these chromatograms, 

the most abundant peak have m/z values greater than the m/z value of the compound 

being studied, suggesting that salified forms of the compounds with interest are not being 

hydrolyzed before reaching the detector. As an attempt to promote hydrolysis and 

ionization, canrenone was also prepared in the mobile phase solution, in ACN with 0.1 % 

formic acid and again in MeOH; olmesartan was prepared in 0.1 % formic acid and in 

water; and candesartan was mixed with HCl (1 and 5 M) and with NaOH (1 M). All the 

tested solutions proved their lack of viability to be used in this study (Figure 50 to Figure 

54) and, therefore, the quantification of these antihypertensive agents was not included in 

this study.  

 

 

 

Figure 50. Mass spectrum of [M+H]
+
 of canrenone (10 μM in MeOH) (expected precursor ion: m/z 341, 

major ion - m/z 363) 
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Figure 51. Mass spectrum of [M+H]
+
 of candesartan (10 μM in MeOH) (expected precursor ion: m/z 441, 

candesartan cilexetil: m/z 611, major ion - m/z 363) 

 

 

 

Figure 52. Mass spectrum of [M+H]
+
 of olmesartan (10 μM in MeOH) [expected precursor ion: m/z 

447,olmesartan medoxomil (major ion): m/z 559] 

 

 

The expected precursor ions (m/z 235 and 377) of the active metabolite of IND,   

4-chloro-3-sulfamoylbenzoic acid (Figure 53), and captopril (Figure 54), respectively, did 

not appear on their direct infusion spectra and, therefore, they were also excluded from 

this study.  
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Figure 53. Mass spectrum obtain from the direct infusion of 3-chloro-4-sulfamoylbenzoic acid (10 μM 
in MeOH) (m/z 236) and its chemical structure 

 

 

 

Figure 54. Mass spectrum obtain from the direct infusion of captopril (10 μM in MeOH) (m/z 377) and 
its chemical structure 

 

 

4.2. Chromatographic conditions optimization  

After optimization of the MS conditions - cone voltage and collision energies for the 

determination of the product ions of each molecule (precursor ion) - the chromatographic 

conditions were optimized. The most important aspect of an LC method development is 

the achievement of sufficient resolution within a reasonable analysis time (Ahmed et al., 
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2011). Molecules are separated as they travel along with a mobile phase and their 

retention on the stationary phase depends, among other factors, on the constitution of the 

mobile phase and on the gradient applied. As, in the present study, several 

antihypertensive drugs are being evaluated, the separation of all the tested compounds in 

an isocratic mode would yield a long run time analysis. The analytical parameters that 

include mobile phase gradient elution, cone voltages and collision energies specific for the 

formed product ions (MS detector features adjusted with the UPLC linked), as well as 

internal standard selection, were optimized using a methanolic mixture containing IND, 

BIS, NEB, CAR, ATE, LOS, IRB, VAL, TEL, PER, LIS, RAM, ENA, AML, LER, ENT, NEV, 

BUM and SAL. The compounds ENT, NEV, BUM and SAL were purchased later on so 

they were not part of the mobile phase gradient optimization experiment. Nevertheless, 

their retention times and obtained chromatograms are still represented for the chosen 

gradient elution. 

 

 

4.2.1. Mobile phase and gradient elution 

The chosen mixtures for this mobile phase are 0.1 % formic acid in water (A) and 

0.1 % formic acid in ACN (B). Mixture A was filtered and degassed by sonication prior to 

use. Acetonitrile allows faster elution of analytes with a better chromatographic response. 

The addition of formic acid to the mobile phase aims to increase the detection response 

by supplementary promotion of molecules ionization (Wang et al., 2015). The study was 

carried out in order to select the most suitable mobile phase gradient and was performed 

by recording the MRM transitions previously defined for each compound (Table 11) and 

by injecting (10 μL) a methanolic standard solution containing each compound at a final 

concentration of 10 μM. 

On Table 12 are listed the tested gradients represented by the percentage of 

solvent A - solvent B, and the highlighted column indicates the selected conditions. In the 

chosen gradient, mobile phase comprising mixtures A and B was pumped, at a rate flow 

of 0.3 mL.min-1, in the ratio of 95 % A and 5 % B in the first minute, between minutes 1 

and 9 the percentage of A decreased to 50 % and B % increased to 50, from 9 to 14 

minutes the percentage of A and B solvents returned to the initial conditions (95% A and 5 

% B) and stabilization was achieved within the last minute, for a total run time of 15 min. 

This gradient flowed according to a convex ramp (number 3 in Figure 55), which 

determines the speed at which solvent composition and flow change over time. 
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Figure 55. Ramps (UPLC-MS/MS parameter) that determine the speed at which solvent composition 
and flow change over time, according to the selected number. 1 - Immediately goes to specified 
conditions, 2 to 5 - convex, 6 - linear, 7 to 10 - concave, 11 - maintains start condition until next step. 

 

Table 12. Tested gradients to achieve optimal elution  

 
Tested gradient elution (%A - %B) 

features 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

0 - 1 min 
 

95:5 
   

95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 

0 - 2 min 90:10 
   

95:5 
           

0 - 3 min 
  

95:5 95:5 
            

1 - 5 min 
       

95:5 - 
70:30         

1 - 9 min 
 

95:5 - 
50:50    

95:5 - 
50:50 

95:5 - 
50:50  

95:5 - 
55:45 

95:5 - 
50:50 

95:5 - 
50:50 

95:5 - 
50:50 

95:5 - 
50:50 

95:5 - 
50:50 

95:5 - 
50:50  

1 - 11 
min                

95:5 - 
50:50 

2 - 9 min 
    

95:5 - 
40:60            

2 - 11 
min 

90:10 - 
10:90                

3 - 11 
min   

95:5 - 
60:40 

95:5 - 
70:30             

5 - 9 min 
       

70:30 - 
30:70         

9 - 13 
min     

40:60 - 
95:5            

9 - 14 
min  

50:50 - 
95:5    

50:50 - 
95:5 

50:50 - 
95:5 

30:70 - 
50:50 

55:45 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5  

11 - 15 
min 

10:90 - 
90:10  

60:40 - 
95:5 

70:30 - 
95:50            

50:50 - 
95:5 

Steady 
time 

2 min 1 min 2 min 2 min 2 min 1 min 1 min 1 min 1 min 1 min 1 min 1 min 1 min 1 min 1 min 2 min 

Flow 
mL/min 

0.4 0.4 0.4 0.4 0.4 0.3 0.2 0.3/0.2
a
 0.3 0.3 0.3 0.3 0.3 0.2 0.15 0.3 

ramp 6 6 6 6 6 6 6 6 6 4 8 5 3 4 6 6 

Run time 
(min) 

6 15 17 17 15 15 15 15 15 15 15 15 15 15 15 15 

a
0.3 mL/min from 0 - 5 min and 14 - 15 min and 0.2 mL/min from 5 - 14 min. 



Results and Discussion 

80                                                                                                           Maria Bernardes André 

 
Tested gradient elution (%A - %B) 

features 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

0 - 1 min 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 95:5 

1 - 3 min 
           

95:5- 
80:20 

95:5- 
80:20 

95:5 - 
80:

 
20

(a)
 

95:5 - 
80:20

 (a)
 

1 - 8 min 
   

95:5 - 
66:34   

95:5 - 
66:34         

1 - 11 
min 

95:5 - 
50:50 

95:5 - 
50:50       

95:5 - 
50:50       

1 - 12 
min   

95:5 - 
50:50             

1 - 13 
min     

95:5 - 
50:50 

95:5 - 
50:50  

95:5 - 
50:50  

95:5 - 
50:50 

95:5 - 
50:50     

3 - 4 min 
           

80:20 - 
70:30 

80:20 - 
70:30 

80:20 - 
70:30

(a)
 

80:20 - 
70:30

 (a)
 

4 - 13 
min            

70:30 - 
50:50 

70:30 - 
50:50 

70:30 - 
50:50

 (b)
 

70:30 - 
50:50

(b)
 

8 - 12 
min    

66:34 - 
80:20            

8 - 13 
min       

66:34 - 
80:20         

11 - 15 
min 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5      

50:50 - 
95:5       

12 - 14 
min    

80:20 - 
95:5            

13 - 16 
min     

50:50 - 
95:5 

50:50 - 
95:5 

80:20 - 
95:5 

50:50 - 
95:5  

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5 

50:50 - 
95:5

(a)
 

50:50 - 
95:5

(a)
 

Steady 
time 

2 min 2 min 2 min 1 min 1 min 1 min 1 min 1 min 2 min 1 min 1 min 1 min 1 min 1 min 1 min 

Flow 
mL/min 

0.35 0.4 0.4 0.4 0.4 0.35 0.4 0.3 0.2 0.25 0.2 0.2 0.3 0.2 0.2 

ramp 6 6 6 6 6 6 6 6 6 6 6 6 6 6
(a)

/3
(b)

 6
(a)

/2
(b)

 

Run time 
(min) 

17 17 17 15 17 17 17 17 17 17 17 17 17 17 17 

 

 

Several gradients were tested in an attempt to fully separate each analyte, with the 

chromatographic peaks well resolved. Separation may be estimated through the retention 

times (Table 13 and Table 14) and observed on the obtained overlapped chromatograms 

of each compound in total ion current (TIC) mode illustrated in Figure 56 and in Figure 57 

(where the same chromatograms from Figure 56 are represented in a smaller range of 

time - from 0 to 8 minutes). TIC mode sums up the intensities of all mass spectral peaks 

belonging to the same scan of an analyte. 

Unfortunately, it was impossible to reach the complete separation of all the 

chromatographic peaks due to the resemblance in the physical-chemical characteristics of 

these drugs. Therefore, a column with enhanced polar selectivity could be used in order to 

obtain better separation between peaks or even a different mobile phase constitution 

could also be tested (methanol and 0.1 % acetic acid have proven to lead to higher signal 

intensity) (Moreira et al., 2016). 

Nevertheless, given the selectivity of mass spectrometry detection techniques, the 

achievement of overlapped peaks (equal or similar retention times) is not a constraint to 

the identification of the analytes, as long as they have different m/z parent ions and 
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different m/z identification/quantification product ions. Following this statement, gradients 

1, 5, 6, 10, 11, 12, 14, 15, 17, 19 to 26, 29 and 31 (gradient elution features on Table 12, 

retention times on Table 13) were excluded given that at least two pairs of compounds 

have overlapped chromatographic peaks and some of them have the same 

identification/quantification product ion. Besides, gradients 20 and 23 did not had the 

necessary conditions to elute more than one compound like what happens with gradients 

3, 4 and 9, in the settled run time (15 or 17 min). For gradients 16, 18, 27 and 30, which 

present only two overlapped peaks, exclusion criteria was based on the fact that run time 

is longer (17 min) than for the chosen gradient 13 (15 min) and the analytes take more 

time to elute. PER and ENA present the same retention times in gradients 7 and 8, two 

ACEi that are not prescribed together and for this reason would not be present in the 

same urine sample but the rest of the compounds have retention times too close to each 

other and take more time to elute than with gradient 13. This is also reported with gradient 

2 but the two overlapped chromatographic peaks are from different antihypertensive 

families. The last one to be set aside was gradient 28, which did not lead to overlapped 

chromatographic peaks but the majority of the compounds presented tailed peaks, in a 

total run time of 17 min.  

ENA, ATE and SAL were excluded from this study on this step on account to the 

distorted peaks formed with every tested gradient: a split peak on the first one and double 

peaks on the other two. These chromatograms are illustrated on Supplementary Figure 1, 

Supplementary Figure 2 and Supplementary Figure 3, respectively (section 8.1). 

 

 

Table 13. Indapamide (IND), bisoprolol (BIS), nebivolol (NEB), carvedilol (CAR), atenolol (ATE), 
losartan (LOS), irbesartan (IRB), valsartan (VAL), telmisartan (TEL), perindopril (PER), enalapril (ENA), 
lisinopril (LIS), ramipril (RAM), amlodipine (AML) and lercanidipine (LER) retention times (min) for 
every tested mobile phase gradient 

Gradient IND BIS NEB CAR ATE LOS IRB VAL TEL PER ENA RAM LIS AML LER 

1 6.4 4.9 6.4 6.1 0.7 6.4 6.2 a 6.1 5.3 5.3 a 2.8 6.2 7.6 

2 7.7 5.6 7.8 7.3 2.5 7.8 7.5 9.5 7.4 6.2 6.2 7.0 3.5 7.6 9.8 

3 10.9 8.3 11.3 10.6 0.7 11.1 10.8 b 10.8 9.2 9.2 10.2 5.6 11.0 b 

4 b 9.6 b b b b b b b 10.9 10.8 12.2 5.9 11.2 b 

5 7.4 5.7 7.3 7.0 0.7 7.4 7.2 8.6 7.1 6.2 6.2 6.7 4.1 7.2 8.7 

6 8.4 6.1 8.4 7.9 0.9 8.4 8.1 10.1 8.0 6.7 6.7 7.5 3.9 8.1 10.3 

7 9.6 7.0 9.2 8.8 1.3 9.5 9.1 11.8 8.9 7.6 7.6 8.4 4.8 9.0 12.1 

8 9.3 6.8 9.0 8.5 0.9 9.2 8.8 11.3 8.6 7.3 7.3 8.1 4.6 8.7 11.8 

9 9.0 6.4 9.0 8.5 0.9 9.1 8.7 b 8.6 7.2 7.1 8.1 4.1 8.8 b 

10 5.7 4.1 5.5 5.2 0.9 5.7 5.4 7.4 5.2 4.4 4.4 4.9 3.1 5.3 7.7 
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Gradient IND BIS NEB CAR ATE LOS IRB VAL TEL PER ENA RAM LIS AML LER 

11 10.0 8.7 9.8 9.6 0.9 9.9 9.8 11.1 9.7 9.1 9.0 9.4 6.7 9.7 11.0 

12 6.6 4.7 6.4 6.0 0.9 6.5 6.2 8.3 6.1 5.1 5.1 5.7 3.4 6.2 8.6 

13 4.9 3.5 4.5 4.2 0.9 4.7 4.4 6.2 4.3 3.7 3.7 4.1 2.8 4.3 6.3 

14 6.8 4.9 6.3 6.0 1.3 6.6 6.2 8.6 6.0 5.2 5.2 5.7 3.8 6.1 8.6 

15 10.7 7.8 10.1 9.6 1.8 10.4 10.0 10.0 9.7 8.5 8.5 7.6 5.6 9.8 11.0 

16 9.7 6.9 9.6 9.1 3.2 9.5 9.2 11.7 9.2 7.5 7.6 8.6 4.2 9.3 12.0 

17 9.2 6.6 9.3 8.7 2.8 9.3 8.8 11.4 8.7 7.4 7.3 8.3 4.1 9.1 11.7 

18 8.8 6.3 9.1 8.4 2.7 9.0 8.6 11.0 8.5 7.1 7.2 8.3 3.7 8.8 11.4 

19 9.4 6.6 9.7 9.1 2.7 9.5 9.2 11.8 9.1 7.5 7.4 8.8 3.8 9.4 12.4 

20 9.4 6.6 10.4 9.0 2.6 9.7 9.2 b 9.1 7.4 7.4 8.5 3.8 9.7 b 

21 9.9 6.9 10.2 10.0 2.6 10.1 9.7 11.2 9.7 8.0 7.8 9.4 3.9 10.0 13.0 

22 10.2 7.3 10.5 10.0 2.8 10.4 10.0 12.9 10.0 8.1 8.1 9.4 4.3 10.2 13.5 

23 9.5 6.6 10.3 9.0 2.6 9.7 9.2 b 9.2 7.4 7.4 8.5 3.8 10.0 b 

24 10.8 7.5 10.9 10.2 3.1 10.9 10.5 13.3 10.1 8.6 8.6 9.7 4.5 10.6 13.7 

25 10.0 7.8 10.6 10.1 3.9 10.9 10.3 13.1 10.0 8.6 8.6 9.6 5.1 10.3 13.3 

26 11.5 8.1 11.3 10.6 3.5 11.3 10.8 13.8 10.6 9.0 9.0 10.1 4.9 10.9 14.1 

27 12.1 8.6 11.9 11.2 4.0 12.0 11.6 14.8 11.4 9.6 9.7 10.7 5.4 11.5 14.8 

28 9.7 6.0 9.3 8.3 1.4 9.4 8.6 13.1 8.2 6.5 6.6 7.7 4.7 8.7 13.7 

29 7.9 5.2 7.9 7.1 2.9 7.8 7.5 11.3 7.2 5.6 5.8 6.6 3.9 7.5 12.4 

30 7.9 5.7 7.3 7.1 3.6 7.6 7.2 9.7 6.9 6.1 5.8 6.8 4.7 7.0 9.7 

31 7.5 5.6 6.9 6.7 3.6 7.2 6.9 9.1 6.6 6.0 6.2 6.5 4.4 6.7 8.8 

a - Not tested 
b - Not detected 

 

 

Table 14. Enalaprilat (ENT), nevirapine (NEV), EXP-3174 (EXP), bumetanide (BUM) and salbutamol 
(SAL) retention times (min) with the chosen mobile phase gradient 

Gradient ENT NEV EXP BUM SAL 

13 3.1 3.4 5.5 6.0 0.9 
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Figure 56. Overlapped chromatograms obtained from the analysis of individual stock solutions 
of 10 µM lisinopril (LIS), enalaprilat (ENT), nevirapine (NEV), bisoprolol (BIS), perindopril (PER), 
ramipril (RAM), carvedilol (CAR), amlodipine (AML), telmisartan (TEL), irbesartan (IRB), 
nebivolol (NEB), losartan (LOS), indapamide (IND), EXP-3174 (EXP), bumetanide (BUM), 
valsartan (VAL) and lercanidipine (LER) using a C18 reverse phase chromatographic column. 
Chromatographic conditions were: a mixure of 0.1 % formic acid and 0.1 % formic acid in 
acetonitrile (gradient mode), flow rate at 0.3 mL.min

-1
 and injection volume 10 µL. The 

chromatograms are illustrated in total ion current (TIC) mode, representing the areas of each 
peak the sum of the intensity of the analytical signal obtained for the most abundant product 
ions (m/z) of each parent ion (accordingly to the selected MRM transitions). 

 

Figure 57. Zoomed image (run time from 0 to 8 min) of the chromatogram represented on Figure 56 
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4.2.2. Cone voltage and collision energy optimization by UPLC-MS/MS 

As stated before, cone voltage and collision energy are the mass spectrometer 

parameters that mostly influence the fragmentation degree of each precursor ion. It is 

intended for this degree of fragmentation to be as high as possible, meaning that the 

higher intensity for every precursor ion chromatographic peak is desired. So, after mobile 

phase gradient optimization, the cone voltages and collision energies for each compound 

were further optimized, with the analyses carried out on the UPLC-MS/MS coupled 

equipment, with the selected gradient 13. Considering the previously established values 

for cone voltages, obtained by direct infusion of individual methanolic solutions of each 

tested compound (10 μM) (Table 10) as the starting point, each compound was analyzed 

with cone voltage set to be - 10, - 5, - 2, + 0, + 2, + 5 and + 10 of the initially stated values. 

For that purpose, the MRM transitions analyzed were the defined on Table 11, and five 

injections of a methanolic solution of each individual compound at a final concentration of 

10 μM were performed, with the injection volume set as 10 µL (Supplementary Table 1 to 

Supplementary Table 17). The cone voltage that yielded the highest intensity for each 

MRM transition was selected. Thereafter, with the optimized cone voltages, the collision 

energy was studied and set to be - 10, - 5, - 2, + 0, + 2, + 5 and + 10 of the initially stated 

values (Table 10). Again, five injections (10 µL) of a 10 μM stock solution of each 

compound were performed, and the most suitable collision energy selected based on the 

highest intensity signal obtained for each individual MRM transition (Supplementary Table 

18 to Supplementary Table 34). This process was once again repeated (five injection of 

each compound) with the new selected cone voltage and collision energy values defined 

for each MRM transition, as well as for the - 2 and + 2 cone voltage and collision energy 

values (Supplementary Table 35 to Supplementary Table 51 and Supplementary Table 52 

to Supplementary Table 68, respectively). The final optimized values are listed on Table 

15. 
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Table 15. Optimal cone voltage and collision energy values for each analyzed precursor ion 

 

Product 
ions 

Cone 
voltage (V) 

Collision 
energy (eV) 

 
Product 

ions 
Cone 

voltage (V) 
Collision 

energy (eV) 

IND 132 30 22 

PER 

172 33 20 

BIS 

116 28 18 170 33 20 

74 33 26 98 33 30 

72 35 25 
LIS 

84 27 24 

NEB 
151 45 36 246 30 22 

123 43 40 
RAM 

234 27 20 

CAR 

100 41 25 343 30 18 

222 33 25 
ENT 

206 30 18 

224 38 22 117 32 37 

LOS 
207 25 26 

AML 
238 13 12 

139 23 42 294 17 12 

IRB 
 

207 28 23 

LER 

280 40 23 

195 37 23 100 40 37 

VAL 

291 23 17 315 35 33 

235 25 18 
EXP 

235 28 20 

306 23 17 207 25 23 

TEL 

276 53 43 

NEV 

80 42 42 

497 43 36 226 27 27 

289 52 51 198 33 36 

211 41 43 
BUM 

184 32 24 

    
240 34 18 

 

 

When analyzing these results, it was possible to notice that, for some compounds 

(LER, PER, TEL, VAL, NEV and BUM), the most abundant product ion (quantification ion) 

was not the one observed in the direct infusion analysis (subchapter 4.1.2). On the next 

chapters, all the presented analysis will be performed considering the highlighted product 

ions (Table 15) for each compound. 

 

 

4.3. Internal standard selection 

Internal standard calibration is used to improve method precision and accuracy. 

This method is based on the principle that the addition of a known amount of a compound 

that is not the studied analyte will correct, mathematically, errors that may occur during 
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experimental procedure development or during analysis and detection. Misleading results 

may be an outcome of errors throughout the addition of small-volumes to samples; of the 

measurement of difficult-to-handle volatile solvents, like EtOEt; of the evaporation and 

reconstitution steps; of the injection process; of the interactions with mobile and stationary 

phases; and of the detection process. It is intended that the possible variability among 

results become insignificant, given that the ratio between the detector response to a given 

concentration of the analyte and the detector response to the IS is constant. If not, than 

the chosen IS is not the rightful one. 

Some parameters have to be considered while evaluating the possibility of using a 

certain compound as an IS. This molecule cannot be present in the sample, or else the 

response will be due to more than the added amount, and no corrections will be plausible. 

Structural similarity with the analyte is not necessary but is desirable since the extractive 

behavior and the detection response of the analyte and of the IS need to be identical. 

Furthermore, the analyte and the IS should demonstrate a similar chromatographic 

behavior, and the analytical signals should be efficiently detected/separated. Therefore, 

and as previously mentioned, as long as both the analyte and the IS demonstrate different 

fragment ions to be monitored, they can be efficiently detected and quantified by           

LC-MS/MS, even when their retention times are similar. Also, using this methodology, the 

analyte and IS may be efficiently detected/quantified even when sharing the same 

quantification product ions, as long as they have different retention times. 

According to Ferreiros et al. (2008), EXP, the active metabolite of LOS, may be 

used as an IS when several ARBs are being analyzed and quantified in human urine 

samples, except for LOS (Ferreiros et al., 2008). Given the fact that this metabolite can be 

excreted in urine (Polinko et al., 2003, Tamaki et al., 1997, Yasar et al., 2002), a different 

IS has to be selected for LOS quantification. Bumetanide is a diuretic that has been 

withdrawn from the portuguese pharmacies. Given the structural resemblance and the fact 

that it is not going to be excreted and found in urine samples, it is a good candidate to be 

used as an IS for diuretics. Nevirapine, used as an antiviral drug, is structurally different 

from every family of antihypertensive drugs and exerts its pharmacological activity by 

directly binding to reverse transcriptase, blocking the RNA-dependent and                  

DNA-dependent DNA polymerase activities through the disruption of the enzymes 

catalytic site. Nevertheless, it has been described as a good IS for the determination of 

metoprolol, a β-adrenergic receptor antagonists (Venkateswarlu et al., 2010); and of AML 

and RAM, a CCB and a ACEi, respectively (Pilli et al., 2011) in human plasma by          

LC-MS/MS. Furthermore, enalapril has been used as an internal standard for NEV 

determination also in human plasma by LC-MS/MS (Ghosh et al., 2011), suggesting 

similar chromatographic behaviors between ACEis and NEV. This last compound has not 
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been used as IS for the determination of antihypertensive agents in human urine but the 

mentioned detections in human plasma have been performed with the same equipment as 

the one used in this study. Considering that plasma is a more complex matrix when 

compared to urine, NEV is probably able to correct extraction errors in urine samples as 

well. Therefore it can be tested as an IS for β-adrenergic receptor antagonists, ACEis and 

CCBs. 

In order to confirm the applicability of these molecules to be used as ISs for the 

suggested drugs or even to verify if a given IS would result in better reproducible values 

than the above proposed IS attributions, EXP, NEV and BUM were primarily analyzed in a 

methanolic solution containing every antihypertensive drugs in study (section 4.3.1). This 

experiment aimed to evaluate if the use of the selected ISs would correct instrumental 

fluctuations. Therefore, even when used in urine samples, being added before the 

injection (after the extraction procedure that will be optimized) they could be used as 

instrument internal standards. 

Then, after optimization of the extraction procedure of antihypertensive drugs from 

urine samples, the extractive behaviors of both analytes and ISs in urine were also tested 

(section 4.4.3), in order to assess their potential use as ISs that can correct not only 

injection errors, but also losses during the extraction procedure (thereby referred in this 

dissertation as extraction ISs). Lastly, detection reproducibility in urine samples was 

evaluated (section 4.4.4).  

 

 

4.3.1. Preliminary study 

Prior to subjugating EXP, NEV and BUM to extractive procedure optimizations, in 

addition to infer about their retention times and fragmentation patterns (chapter 4.2), it 

was necessary to evaluate their detection behavior and their viability to be used as 

internal standards for each antihypertensive drug included on this dissertation. A 10 µM 

standard methanolic working solution containing IND, BIS, NEB, CAR, LOS, IRB, VAL, 

TEL, PER, LIS, RAM, ENT, AML, LER, EXP, NEV and BUM was injected (10 μL), in 

triplicate, on the UPLC-MS/MS system. Again, the MRM transitions monitored were the 

previously defined for each antihypertensive drug being studied (Table 11). 

Chromatographic peak areas from each compound in every injection were integrated and 

the ratios for the evaluation of the compounds and the ISs behavior were set as Equation 

2 and Equation 3, respectively. Equation 2 aims to evaluate if the selected compounds 

(EXP, NEV and BUM) can be used as instrument ISs for the correction of potential 
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instrumental fluctuations that could result in errors in the signal obtained for a given 

analyte. In the opposite, with Equation 3, the purpose is to access a similar behavior for 

both ISs and analytes, meaning that a given analyte can correct potential instrumental 

fluctuations that can result in misleading results for a given IS. In other words, the 

intension is to evaluate if a given IS may work as an instrument internal standard of a 

given analyte (Equation 2), and vice-versa (Equation 3).  

 

         

   
 

Equation 2. Compound chromatographic peak area to internal standard (IS) chromatographic peak 
area ratio 

 

 

   

         
 

Equation 3. Internal standard (IS) chromatographic peak area to compound chromatographic peak 
area ratio 

 

 

Mean and standard deviation (SD) for the obtained ratios were calculated and are 

presented on Table 16, as well as the calculated CV (%). 

As it was aforementioned (section 3.5.5), it is through the evaluation of the CV (%) 

value that measurements agreement is evaluated and only determinations that present 

CVs lower that ~ 15 % can be taken in consideration. Therefore, reproducible ratios 

between the analyte peak area and the IS peak area (CV values ≤ 15 %) demonstrate the 

possibility of using that IS for the correction of injection errors that can occur in the 

analysis and quantification of that analyte. 

The highlighted columns on the following table are indicating the ratios with 

acceptable CV values.  
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Table 16. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) values for the 
calculated ratios with the obtained chromatographic areas of every compound for the preliminary 
study of injection behavior of internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide 
(BUM) 

 Chromatographic peak areas ratios 

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 12.37 0.081  3.96 0.253  2.75 0.364 

SD 1.95 0.015  0.72 0.062  0.21 0.025 

CV (%) 15.76 18.395  18.25 24.495  7.73 6.822 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 93.40 0.0107  28.73 0.0348  21.35 0.0468 

SD 15.42 0.0023  5.92 0.0095  1.22 0.0029 

CV (%) 16.51 21.1935  20.60 27.1895  5.71 6.0850 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 39.41 0.0254  12.12 0.082  9.01 0.1110 

SD 6.39 0.0052  2.47 0.022  0.48 0.0061 

CV (%) 16.20 20.3107  20.38 26.242  5.31 5.5081 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 36.85 0.0271  11.34 0.088  8.42 0.1187 

SD 5.71 0.0053  2.23 0.022  0.38 0.0055 

CV (%) 15.50 19.3612  19.68 25.253  4.50 4.6551 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 23.37 0.0428  7.19 0.139  5.56 0.180 

SD 1.49 0.0027  0.81 0.016  0.44 0.013 

CV (%) 6.38 6.2835  11.23 11.334  7.95 7.362 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 43.55 0.0230  13.40 0.075  9.95 0.1005 

SD 4.45 0.0028  1.91 0.013  0.20 0.0021 

CV (%) 10.22 12.4116  14.26 17.937  2.03 2.0782 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 0.562 1.779  0.1779 5.62  0.132 7.57 

SD 0.010 0.031  0.0096 0.33  0.017 0.86 

CV (%) 1.773 1.726  5.3718 5.85  12.841 11.31 
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 Chromatographic peak areas ratios 

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 0.566 1.77  0.181 5.53  0.137 7.29 

SD 0.089 0.27  0.032 1.12  0.014 0.71 

CV (%) 15.810 15.41  17.717 20.23  9.931 9.75 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 32.58 0.0307  10.02 0.100  7.45 0.134 

SD 7.13 0.0090  2.60 0.035  0.88 0.018 

CV (%) 21.89 29.2103  25.96 35.554  11.85 13.084 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 5.40 0.19  1.66 0.60  1.23 0.81 

SD 2.13 0.20  0.70 0.71  0.42 0.61 

CV (%) 39.52 106.31  42.19 117.37  33.83 75.53 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 2.01 0.496  0.59 1.69  0.530 1.89 

SD 0.25 0.053  0.10 0.23  0.064 0.26 

CV (%) 12.22 10.646  17.19 13.43  12.146 13.92 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 13.32 0.075  4.10 0.24  3.04 0.33 

SD 4.75 0.062  1.58 0.22  0.89 0.18 

CV (%) 35.64 82.327  38.49 91.95  29.17 55.92 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 3.02 0.332  0.87 1.14  0.74 1.35 

SD 0.39 0.046  0.14 0.17  0.13 0.27 

CV (%) 12.94 13.873  16.41 14.67  17.63 19.84 

   
 

  
 

  

 

    

    
 

    

    
  

    

    
 

    

    
  

    

    
 

    

    
 

Mean 47.92 0.0209  14.74 0.068  10.95 0.0913 

SD 9.08 0.0043  3.47 0.018  0.96 0.0072 

CV (%) 18.94 20.6022  23.57 26.252  8.79 7.8728 

 

 

From this study it can be concluded that BUM is probably the best instrumental IS 

for the diuretic IND, as expected accordingly to what was mentioned above, as well as for 

the studied β-adrenergic receptor antagonists BIS, NEB and CAR, for the ACEi PER, and 

for the CCB LER. Accordingly, all the above mentioned antihypertensive drugs can be 
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used as instrument internal standard (to control fluctuation in the injections) when BUM is 

being analyzed. 

For the correction of injection errors of the ARBs LOS and VAL, the three tested 

ISs may be used, given the low CV values obtained. However, and as it has been 

explained above, EXP cannot be used as IS for LOS. It was also possible to observe that 

both LOS and VAL can be used as instrument internal standards for the analysis of EXP, 

BUM and NEV. 

The remaining ARBs IRB and TEL, and the ACEi RAM presented reproducible 

values when correction was made with both EXP and BUM. It was also possible to 

observe that IRB, TEL and RAM can be used as instrument internal standards for the 

analysis of both ISs. Although NEV can be used to correct potential injection errors in the 

analysis of IRB, the opposite was not observed given the high CV value obtained (17.937 

%). 

In the analysis of AML, results show that both EXP and NEV can be used as ISs to 

correct potential injection errors and the opposite can also be observed (use of AML as an 

instrumental internal standard in the analysis of both ISs). 

The results obtained for LIS and ENT, both ACEi agents, were not corrected by 

any of the tested ISs, which probably means that a different molecule should be tested in 

this context. On the other hand, matrix effect, addition of different organic solvents and the 

pH of the solution may lead to different results. Therefore, it is of utmost importance to 

perform this study using blank urine samples spiked with the antihypertensive drugs under 

study, submit them to the extraction procedure and analysis in the UPLC-M/MS system. 

The results from this kind of study are truly needed to achieve a more truthful and 

practical conclusion (section 4.4.4). 

 

 

4.4. Extractive procedure optimization 

As it was aforementioned, the described procedure was adapted from a validated 

method for the treatment of urine samples containing some of the antihypertensive drugs 

with relevance to this study, namely the method reported by Jung et al. (2013). The 

method adopted for the extraction of antihypertensive drugs from human urine samples 

was the LLE. Since this investigation comprehends a higher range of antihypertensive 

drugs, some of the extractive parameters like the extraction pH values (acid and basic 

extraction), sample centrifugation prior to extraction, extractive solvent selection and 
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double extraction, had to be tested and optimized in order to obtain the best recovery 

values possible for each analyte.  

 

 

4.4.1. Acid or base extraction optimization 

A molecule can be classified as an acid or a base depending on its behavior when 

mixed with a certain solvent at a given pH due to its structural characteristics, such as the 

presence of proton acceptor or donor groups. Since the molecules under evaluation have 

both chemical groups on their structure, further investigation on their behavior was 

necessary.  

Indeed, most drugs used in therapy are either weak acids or weak bases, and they 

will, therefore, be ionized or non-ionized, according to the medium pH value. Basic drugs 

get ionized in acidic medium, while acidic drugs get ionized in basic medium. Knowing 

that the ionized form of an acid or a base is water-soluble, while the non-ionized is soluble 

in organic solvents, the influence of pH in the extraction of such compounds is of utmost 

importance. 

In this study, six human blank urine samples (900 µL) were spiked with 100 µL of a 

100 µM methanolic mixture containing all the compounds and ISs (final concentration of 

10 μM). Three of the samples were acidified (addition of 60 µL formic acid 98 %, reaching 

the sample a pH of 3, and satured Na2SO4 to promote salting-out) and extracted with 

EtOAc (acid extraction - first part of the defined extraction procedure). The other three 

samples were alkalinized (addition of 100 µL NH4 25 %, reaching the sample a pH of 8, 

and diammonium hydrogen phosphate to promote the salting-out), and extracted with 

EtOEt (basic extraction - second part of the defined extraction procedure). The solvents 

were chosen considering the extraction procedure proposed in the literature (Jung et al., 

2013). For all cases, the extracting solvents we evaporated to dryness, and reconstitution 

was made in 1000 μL MeOH. 

The six reconstituted solutions were then injected (10 μL, in triplicate) into the 

UPLC-MS/MS apparatus. The obtained mean values of the chromatographic peak 

intensities for the most abundant ion products of all the studied compounds are shown in 

the graphics illustrated on Figure 58 to Figure 60. The chromatographic peak intensities 

obtained for each individual injection of each sample are listed on Supplementary Table 

69 and Supplementary Table 70 (section 8.3). The chromatographic peaks intensity mean 

values that are lower than 1.00e3 and exhibit a signal-to-noise ratio (S/N) smaller than 8 

were considered negligible.  
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As observed in Figure 58, for IND, NEB, CAR, and LER no significant differences 

were observed between the chromatographic peaks intensities obtained for all the 

monitored product ions, regarding acid or basic extractions. However, for BIS and AML, a 

significant higher extraction was achieved in the acid extraction procedure, as observed 

for the higher chromatographic peak intensities obtained for the quantification ion products 

(Figure 58). Also, for LOS, IRB, TEL, PER and RAM (in Figure 59), a significant higher 

extraction was achieved with the basic extraction procedure, as observed for the higher 

chromatographic peak intensities obtained for the quantification ion products of each 

compound (most abundant ion product). For LIS, only one ion product was monitored and 

a considerably higher chromatographic peak intensity was observed for the acid extraction 

procedure. For VAL and ENT, no statistical comparisons were made between acid and 

basic extractions, since no chromatographic peaks were detected in the acid extraction or 

the detected peak intensities were smaller than 1.00e3 and presented values of S/N 

smaller than 8 (Figure 59). 
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Figure 58. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for indapamide (IND), bisoprolol (BIS), nebivolol (NEB), carvedilol (CAR), amlodipine 
(AML) and lercanidipine (LER). The results are presented as mean with standard deviation (SD). The study 

was performed in triplicate, with each sample being injected three times into the UPLC-MS/MS equipment. 
The chromatographic peaks intensities are represented for each product ion being monitored for each 
individual drug. Product ions with chromatographic peak intensities lower than 1.00e3 and with signal-to-noise 
ratio (S/N) smaller than 8 are not shown. Statistical analysis was performed using two-way ANOVA, followed 
by the Sidak multiple comparisons test, for the compounds with more than one product ion with peak 
intensities higher than 1.00e3, or even smaller than 1.00e3 but with a S/N higher than 8. For IND, one single 
product ion was monitored and the statistical analysis (comparison between acid and basic extraction) was 
made using the Unpaired t-test with Welch correction. In all cases, p values smaller than 0.05 were 
considered statistically significant (*p < 0.05; **** p < 0.0001 versus acid extraction). 

 



Results and Discussion 

Maria Bernardes André                                                                                                            95 

 

Figure 59. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for losartan (LOS), irbesartan (IRB), valsartan (VAL), telmisartan (TEL), perindopril 
(PER), lisinopril (LIS), ramipril (RAM) and enalaprilat (ENT). The results are presented as mean with 

standard deviation (SD). The study was performed in triplicate, with each sample being injected three times 
into the UPLC-MS/MS equipment. The chromatographic peaks intensities are represented for each product 
ion being monitored for each individual drug. Product ions with chromatographic peak intensities lower than 
1.00e3 and with signal-to-noise ratio (S/N) smaller than 8 are not shown. Statistical analysis was performed 
using two-way ANOVA, followed by the Sidak multiple comparisons test, for the compounds with more than 
one product ion with peak intensities higher than 1.00e3, or even smaller than 1.00e3 but with a S/N higher 
than 8. For LIS, one single product ion was monitored and the statistical analysis (comparison between acid 
and basic extraction) was made using the Unpaired t-test with Welch correction. For VAL and ENT, no 
statistical comparison was made between acid and basic extraction since no peaks were detected in the acid 
extraction or the detected peak intensities were smaller than 1.00e3 and with S/N smaller than 8. In all cases, 
p values smaller than 0.05 were considered statistically significant (*p < 0.05; **** p < 0.0001 versus acid 
extraction). 
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Figure 60. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM). The results are 

presented as mean with standard deviation (SD). The study was performed in triplicate, with each sample 
being injected three times into the UPLC-MS/MS equipment. The chromatographic peak intensities are 
represented for each product ion being monitored for each individual drug. Product ions with chromatographic 
peak intensities lower than 1.00e3 and with signal-to-noise ratio (S/N) smaller than 8 are not shown. Statistical 
analysis was performed using two-way ANOVA, followed by the Sidak multiple comparisons test, for the 
compounds with more than one product ion with peak intensities higher than 1.00e3, or even smaller than 
1.00e3 but with a S/N higher than 8. For EXP, no statistical comparison was made between acid and basic 
extraction since no peaks were detected in the acid extraction or the detected peak intensities were smaller 
than 1.00e3 and with S/N smaller than 8. In all cases, p values smaller than 0.05 were considered statistically 
significant (**** p < 0.0001 versus acid extraction). 
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Regarding the ISs, no significant differences were observed between the 

chromatographic peaks intensities obtained for all the monitored product ions of NEV, 

under acid or basic extraction (Figure 60). For BUM, a significantly higher extraction was 

detected under basic extraction, as observed for the higher chromatographic peak 

intensity obtained for the quantification ion product (Figure 60). For EXP, no statistical 

comparison was made between acid and basic extractions, since no peaks were detected 

in the acid extraction or the detected peak intensities were smaller than 1.00e3 and the 

calculated S/N smaller than 8 (Figure 60).  

As it can be seen on the mentioned figures, the tested compounds have different 

recoveries accordingly with the extraction pH: IND, NEB, CAR, LER and NEV are equally 

extracted by both acid and basic extractions; VAL, ENT and EXP were not detected when 

acid extraction was used; BIS, AML and LIS were extracted preferentially at an acid pH; 

and LOS, IRB, TEL, PER, RAM and BUM were rather extracted at a basic pH. Therefore, 

the method to be used for the extraction of these antihypertensive drugs from human 

urine samples need to comprise both acid and basic extraction processes.  

Taking therefore into consideration the importance of the pH value on the 

extraction of these analytes, some adjustments to the solutions pH were made: addition of 

90 µL formic acid instead of 60 µL (final pH ~ 2) and 1700 µL of ammonia 32 % as a 

replacement for 100 µL of ammonia 25 % (final pH ~ 11) to a volume of urine sample of 

1000 µL. Under these circumstances, samples environment is more acid and more basic, 

respectively, than the initial tested procedure. The obtained mean values of peak 

intensities for all the studied compounds are shown from Figure 61 to Figure 63. The 

chromatographic peak intensities obtained for each individual injection of each sample are 

listed on Supplementary Table 71 (section 8.3). The chromatographic peaks intensity 

mean values lower than 1.00e3 and with a S/N smaller than 8 were considered negligible. 

In addition to a rather preferential demeanor in what concerns their acid or basic 

character, by the majority of the drugs being studied, their peak intensity with the later 

conditions is higher than the ones observed with the first tested acid/basic fortification, 

maintaining the acceptable peak shapes. As observed in Figure 61, for IND, NEB and 

LER, and contrarily to what has been monitored in the previous experiment where similar 

chromatographic peak intensities were observed for both extraction pHs, a significantly 

higher extraction was achieved with the basic extraction (pH ~ 11), when compared to the 

acid extraction (pH ~ 2). For BIS, similar results were obtained in both experiments, with a 

significant higher extraction being achieved for the acid extraction procedure, as observed 

for the higher chromatographic peak intensities obtained for the quantification ion product 

(Figure 58 and Figure 61). For CAR, also similar results were obtained in both 

experiments, with no significant differences being observed between acid and basic 
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extraction, as observed by the similar chromatographic peak intensities obtained for all the 

monitored product ions (Figure 58 and Figure 61). In what concerns AML, different results 

were observed between both experiments, given that in this last experiment a significant 

higher extraction was achieved with the basic extraction procedure, as observed for the 

higher chromatographic peak intensities obtained for the quantification ion product (Figure 

58 and Figure 61). 

For VAL and ENT, similar results were obtained for both experiments with no 

peaks being detected in the acid extraction or the detected peak intensities being smaller 

than 1.00e3 and with S/N smaller than 8. Therefore, no statistical comparisons were 

performed between acid and basic extractions (Figure 62). For LIS, again only one ion 

product was monitored and, contrarily to what was observed in the previous experiment, a 

significantly higher chromatographic peak intensity was observed for the basic extraction 

procedure (Figure 62). In what concerns LOS, IRB, TEL, PER and RAM, the obtained 

results are in accordance with the results obtained in the previous experiment, being the 

basic extraction the most suitable one. Indeed, in the experiment with the compounds 

represented in Figure 62, under acidic conditions, no chromatographic peaks were even 

detected. Concerning the ISs, similar results were obtained for EXP in both experiments, 

with no chromatographic peaks being detected in the acid extraction or the detected 

peaks intensities being smaller than 1.00e3 and with S/N smaller than 8 (Figure 63). For 

NEV, and contrarily to what was observed in the first experiment where similar 

chromatographic peak intensities were observed for both extraction pHs, a significantly 

higher extraction was achieved with the basic extraction (pH ~ 11), when compared to the 

acid extraction (pH ~ 2) (Figure 63). Finally, for BUM, the obtained results are in 

accordance with the results obtained in the previous experiment, being the basic 

extraction the most suitable one since, under acidic conditions, no chromatographic peaks 

were even detected in the later experiment.  

In conclusion, as it can be seen on the mentioned figures, for the majority of the tested 

compounds, namely IND, NEB, AML, LER, LOS, IRB, VAL, TEL, PER, LIS, RAM and 

ENT, the basic extraction yields better results, when compared to the extraction 

performed under acidic conditions. For CAR similar results were obtained in both acidic 

and basic extraction, while for BIS the extraction with higher chromatographic ion product 

peak intensity was achieved at an acid pH. Therefore, the subsequent experiments 

followed this last modification, with the extraction procedure comprising both an acid and 

a basic extraction, with the sample pH set to 2.0 and 11.0, respectively.  
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Figure 61. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for indapamide (IND), bisoprolol (BIS), nebivolol (NEB), carvedilol (CAR), amlodipine 
(AML) and lercanidipine (LER). The results are presented as mean with standard deviation (SD). The study 

was performed in duplicate, with each sample being injected three times into the UPLC-MS/MS equipment. 
The chromatographic peaks intensities are represented for each product ion being monitored for each 
individual drug. Product ions with chromatographic peak intensities lower than 1.00e3 and with signal-to-noise 
ratio (S/N) smaller than 8 are not shown. Statistical analysis was performed using two-way ANOVA, followed 
by the Sidak multiple comparisons test, for the compounds with more than one product ion with peak 
intensities higher than 1.00e3, or even smaller than 1.00e3 but with a S/N higher than 8. For IND, one single 
product ion was monitored and the statistical analysis (comparison between acid and basic extraction) was 
made using the Unpaired t-test with Welch correction. In all cases, p values smaller than 0.05 were 
considered statistically significant (*p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001 versus acid extraction). 
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Figure 62. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for losartan (LOS), irbesartan (IRB), valsartan (VAL), telmisartan (TEL), perindopril 
(PER), lisinopril (LIS), ramipril (RAM) and enalaprilat (ENT). The results are presented as mean with 

standard deviation (SD). The study was performed in duplicate, with each sample being injected three times 
into the UPLC-MS/MS equipment. The chromatographic peaks intensities are represented for each product 
ion being monitored for each individual drug. Product ions with chromatographic peak intensities lower than 
1.00e3 and with signal-to-noise ratio (S/N) smaller than 8 are not shown. For LIS, one single product ion was 
monitored and the statistical analysis (comparison between acid and basic extraction) was made using the 
Unpaired t-test with Welch correction. For all other compounds, no statistical comparisons were made 
between acid and basic extraction since no peaks were detected in the acid extraction or the detected peak 
intensities were smaller than 1.00e3 and with S/N smaller than 8. In all cases, p values smaller than 0.05 were 
considered statistically significant (**p < 0.01; **** p < 0.0001 versus acid extraction). 
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Figure 63. Chromatographic peaks intensities obtained after the extraction procedure under acidic and 
basic conditions for EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM). The results are 

presented as mean with standard deviation (SD). The study was performed in duplicate, with each sample 
being injected three times into UPLC-MS/MS equipment. The chromatographic peaks intensities are 
represented for each product ion being monitored for each individual drug. Product ions with chromatographic 
peaks intensities lower than 1.00e3 and with signal-to-noise ratio (S/N) smaller than 8 are not shown. 
Statistical analysis was performed using two-way ANOVA, followed by the Sidak multiple comparisons test, for 
the compounds with more than one product ion with peak intensities higher than 1.00e3, or even smaller than 
1.00e3 but with a S/N higher than 8. For EXP and BUM, no statistical comparison was made between acid 
and basic extraction since no chromatographic peaks were detected in the acid extraction or the detected 
peak intensities were smaller than 1.00e3 and S/N were smaller than 8. In all cases, p values smaller than 
0.05 were considered statistically significant (**p < 0.01; ***p < 0.001 versus acid extraction). 
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It is important to reinforce that these acidic versus basic experiments were 

performed independently from one another. However, both steps have to be included in 

the same extractive procedure, on one hand, because when urine samples from 

medicated (or allegedly medicated) patients become the target of the analysis, the analyst 

will not have access to any information about prescription, and, on the second hand, 

because, as it was described above, the greater part of the molecules, may be extracted 

in both conditions (acid and basic), in the same proportion or not. Furthermore, and as it 

has already been stated, the organic solvent into which the analytes are removed from 

samples in a LLE process can also interfere in the solutions pH. Hence, pH solution 

optimization may not be enough to obtain optimal extractive results and experiments with 

several organic solvents was and should always be considered (section 4.4.2). 

 

 

4.4.2. Solvent selection 

The extractive procedure is the key to remove the analytes from the matrix. 

Solvents used in LLE are chosen with the intent of achieving maximum transfer of the 

solute from, in this case, the biological sample where it is contained, into a new solvent. 

This transference is as great as the affinity of the solvent to the analytes and of the 

immiscibility with the original solution. Chloroform (CLF) (Suzuki et al., 1993, van der 

Hooft et al., 2016), ethyl acetate (EtOAc) (Deventer et al., 2002, Deventer et al., 2005) 

and diethyl ether (EtOEt) (Dharuman et al., 2011, Poirier et al., 1988, Pujos et al., 2009) 

have been described as good organic solvents for the extraction of antihypertensive 

drugs. Therefore, they were all tested in this investigation. Given that the extractive 

procedure is based on the protocol described by Jung et al. (2013), extraction with EtOAc 

and EtOEt in different parts of the process had to be tested as well. However, this author 

used 1-chlorobutane: EtOEt (1:1, v/v) in the second extraction, which was not possible in 

this investigation due to the unavailability of the first solvent. Blank urine samples were 

fortified (n=3) with the compounds after the first sample centrifugation and ISs were added 

after extraction (before evaporation to dryness), and injected at least three times in the 

UPLC-MS/MS equipment. The ISs to correct instrumental fluctuations were used following 

what has been described above on section 4.3.1 (for those compounds that presented 

superior reproducibility with several ISs, the choice for the IS to be used on the present 

experiment was based on the lower CV (%) presented). For ENT and LIS, which did not 

shown to be reproducibly corrected by any of the three tested IS molecules on the 

preliminary study in IS selection, new reproducibility measurements were made and the IS 
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with which the best results were obtained (CV lower than ~ 15 % for the solvent that 

presented higher mean for the chromatographic peak areas ratio) are the ones presented 

on Table 17. The best results concerning higher mean values (and consequently higher 

chromatographic peak areas) and lower CV percentages (showing good reproducibility) 

are highlighted on Table 17. 

 

Table 17. Mean, deviation standard (SD) and coefficient of variation (CV) values for the obtained 
chromatographic peak areas for each compound using different solvents. EtOAc/EtOEt - ethyl acetate 
and diethyl ether, EtOEt - diethyl ether, CLF - chloroform, AcOEt - ethyl acetate 

 
Chromatographic peak areas ratio 

  
Chromatographic peak areas ratio 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 1.22 1.14 1.15 1.16 
 

Mean 9.87 8.44 9.99 6.80 

SD 0.19 0.19 0.17 0.35 
 

SD 1.03 1.12 0.95 1.91 

CV (%) 15.29 16.65 14.44 30.39 
 

CV (%) 10.41 13.28 9.54 28.13 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 10.15 18.36 16.03 18.29 
 

Mean 38.02 26.54 34.20 27.90 

SD 2.77 2.56 2.13 6.89 
 

SD 5.32 4.56 8.48 5.48 

CV (%) 27.24 13.94 13.28 37.68 
 

CV (%) 14.00 17.19 24.81 19.65 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 7.64 8.04 9.17 7.74 
 

Mean 1.50 1.38 1.40 1.8 

SD 1.44 1.59 1.45 2.22 
 

SD 0.23 0.36 0.23 0.5 

CV (%) 18.90 19.76 15.80 28.66 
 

CV (%) 15.49 25.91 16.49 26.0 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 5.85 4.86 6.60 5.87 
 

Mean 5.81 1.61 4.51 7.88 

SD 0.71 0.61 1.10 1.51 
 

SD 0.77 0.36 0.88 2.49 

CV (%) 12.17 12.61 16.61 25.64 
 

CV (%) 13.32 22.41 19.42 31.65 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 4.29 0.56 3.98 4.23 
 

Mean 0.83 0.0115 0.0090 67.06 

SD 1.06 0.14 0.89 1.89 
 

SD 0.23 0.0035 0.0013 18.87 

CV 24.79 24.22 22.34 44.82 
 

CV 27.85 30.7485 13.9535 28.13 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 

Mean 12.60 4.31 8.35 10.80 
 

Mean 3.76 2.11 1.69 1.39 

SD 1.89 0.67 1.14 3.94 
 

SD 0.36 0.58 0.64 0.40 

CV 14.97 15.56 13.64 36.48 
 

CV 9.66 27.60 37.58 28.94 

           
    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
 

    

    
 

EtOAc 
EtOEt 

EtOEt CLF EtOAc 
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Chromatographic peak areas ratio 

  
Chromatographic peak areas ratio 

Mean 22.60 0.21 0.23 0.23 
 

Mean 50.48 52.90 56.83 56.87 

SD 2.95 0.05 0.03 3.14 
 

SD 7.15 7.54 6.02 9.42 

CV 13.04 25.67 13.89 1360.64 
 

CV 14.17 14.25 10.59 16.56 

 

 

Ethyl acetate (EtOAc) takes longer time to evaporate and appears to leave 

residues after evaporation. Besides, extraction with this solvent presents the worst results 

for every analyzed compound, and thus was excluded. Chloroform (CLF) is the faster 

solvent to evaporate and, as can be read on Table 17, results in the best values of mean 

areas ration and CV for four of the fourteen antihypertensive drugs being analyzed. The 

majority of the compounds presented better extractions with the method proposed by 

Jung et al. (2013), using EtOAc for the acid and EtOEt for the basic extractions. Since 

extraction with CLF renders increased complexity to the extraction itself (CLF is denser 

than water so the organic phase is formed under the aqueous one), the arrangement of 

EtOAc and EtOEt was chosen. 

The fact that PER analysis no longer results in reproducible measurements with 

BUM (contrarily to what has been reported in section 4.3.1) reinforces the already 

mentioned notion that the existence of a biological matrix, the addition of different organic 

solvents and the pH of the solution may influence the settled results. Once again, the 

importance of carrying out new experiments for the selection of the best IS for each 

compound in human urine samples (and after the optimization of the sample extraction 

procedure) is emphasized.  

 

 

4.4.3. Extractive behavior in spiked human urine samples 

More important than having ISs merely for the correction of instrumental errors is 

to have ISs that can correct potential errors that can occur all over the entire analytical 

procedure, namely to correct losses during the extractive procedure. In order to 

understand if EXP, NEV and BUM and the studied antihypertensive agents have 

analogous extractive behaviors, three experiments were carried out simultaneously, 

where addition of compounds and addition of the three possible ISs to the blank human 

urine samples were made in different steps of the extractive procedure. 

A mixture containing all the antihypertensive drugs in study (200 µM) was added to 

a blank urine sample pool (A) (n=3) prior to extraction (procedure previously described on 

section 3.4.2) (final concentration of 20 μM for each antihypertensive drug) and the ISs 
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(200 µM) were only added prior to the evaporation step (aiming to evaluate the 

antihypertensive drugs recovery, thus using the ISs only to correct instrumental 

fluctuations). On the other hand, another blank urine sample pool (B) (n=3) was fortified 

with the same ISs mixture prior to extraction and the antihypertensive drugs were only 

added before evaporation to dryness (aiming to evaluate the ISs recovery using the 

antihypertensive drugs as instrumental standards to correct instrumental fluctuations). To 

the third pool (C) of blank human urine (n=3), the addition of both antihypertensive drugs 

and ISs was only made immediately before the evaporation step, which means all the 

analytes and ISs were not extracted (NE). Recovery evaluation of extracted pools A and B 

is achieved by comparison with NE (C) samples (by comparison of the resultant 

chromatographic peak areas ratios). In all cases, only the chromatographic peak area of 

the quantification ion product of each compound was considered. On Table 18 to Table 31 

are the calculated mean, SD and CV (%) values for the ratios between the integrated 

chromatographic peak area of the compound and the integrated chromatographic peak 

area of the IS (or the inverted ratios when evaluating the ISs recovery), and mean 

recovery (REC), respective SD and CV (%). The analytes recovery was accessed by 

comparing the ratios obtained in the set A of samples (where the analytes are extracted 

and the ISs are used for instrumental fluctuations correction) with ratio obtained for the NE 

samples (where the recovery is set to 100 %). For the analysis of the ISs recovery, the 

inverted ratios were used (chromatographic peak area of the IS over the chromatographic 

peak area of the compound) and the recovery calculated by comparing the ratios obtained 

for the set B of samples (where the ISs are extracted and the compounds used for 

instrumental fluctuations correction) with the same ratios obtained for NE samples (100 % 

recovery) (Table 18 to Table 31). 

Each sample (A1, A2, A3, B1, B2, B3, NE1, NE2 and NE3) was injected (10 μL) at 

least three times on the UPLC-MS/MS system. The highlighted columns on the mentioned 

tables are indicating the coupled ratios with acceptable CV values, like described on 

section 4.3.1. Non extracted (NE) samples values are only presented for ratios with 

reproducible values in sample pools A and B. Only coupled recovery values with 

acceptable CV values are able to be subjected to statistical analysis in order to infer about 

the similarity between ISs and compounds extractive behavior. 

In what concerns IND, and accordingly with the obtained results, although BUM 

demonstrates, as already observed before, to be a good IS for correcting instrumental 

fluctuation in IND analysis (low CV value for the AIND/ABUM ratios obtained from set A of 

samples) the opposite was not observed, with IND not being suitable as instrumental 

internal standard for BUM analysis (high CV value for the ABUM/AIND ratios obtained in the 

set B of samples). Therefore, the recovery values for this pair of compounds were not 
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calculated. Furthermore, NEV did not revealed to be a good IS for the correction of 

instrumental fluctuations in the analysis of IND, given the high CV value obtained for the 

ratio calculated from set A of samples (AIND/ANEV) (Table 18). The opposite was also 

observed, with IND not being suitable for correcting instrumental fluctuations in NEV 

analysis (high CV value for the ratio ANEV/AIND obtained in the set B of samples) (Table 

18). However, it was demonstrated that EXP is a good IS to be used in correcting 

instrumental fluctuations in IND analysis, with good CVs being obtained either for the 

injection of NE samples (AIND/AEXP ratios obtained from the set C of samples) or for the 

injections from set A of samples (AIND/AEXP ratios) (Table 18). The opposite was also 

observed, with IND behaving as a good instrumental internal standard for EXP analysis 

(low CV values obtained for the AExp/AIND ratios obtained from the set B and C of samples) 

(Table 18). With the obtained ratios, the recovery of both IND and EXP was calculated 

(with maximum 100 % of recovery being attributed to the results from set C of samples) 

and, as observed in Figure 64, no statistical difference was registered when comparing 

EXP and IND recoveries. Therefore, EXP can be used as an extraction IS for the 

determination of IND by UPLC-MS/MS in a mixture containing other antihypertensive 

agents in urine samples. In other words, in the analysis of IND in urine samples, EXP can 

be added before the extraction procedure, thus correcting errors that can occur in the 

entire experimental procedure (can correct both losses in the extraction procedure and 

errors in the instrumental analysis). 

 

Table 18. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for indapamide (IND) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
  , B  

   

         
  and C 

 
            

      
       

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B  A B 

Mean 1.12 1.09 0.92 0.76  0.59 1.48  1.41 0.64 

SD 0.13 0.14 0.10 0.11  0.17 0.59  0.16 0.14 

CV (%) 11.34 12.64 11.34 14.55  29.75 40.12  11.60 21.72 

REC (%)  93.5  82.3  
  

 
  

SD  11.6  12.0  
  

 
  

CV (%)  12.4  14.5  
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Figure 64. Recovery of indapamide (IND) and EXP-3174 (EXP) from human urine samples. Recovery 
percentage (%) of IND using EXP as instrumental internal standard (IS) and recovery (%) of EXP using IND 

as instrumental IS. Three samples of each condition were independently prepared and injected, at least in 
triplicate, into the UPLC-MS/MS system. The results are represented as mean with standard deviation (SD) 
and statistical comparison was performed with Unpaired t-test with Welch correction. 

 

 

According to the previously developed preliminary study on the assessment of the 

suitable instrumental ISs (section 4.3.1), BIS injection errors could be efficiently corrected 

using BUM as instrumental IS. However, in this study, where extraction behaviors are 

evaluated, reproducible values were only obtained when NEV was used to correct BIS 

injection errors (low CV values for the ABIS/ANEV ratios and high CV values for the ABIS/AEXP 

and ABIS/ABUM ratios) (Table 19). Furthermore, the opposite was also observed and BIS 

can be used to efficiently correct NEV injection errors (low CV values for the ANEV/ABIS 

ratio). Therefore, with the obtained results, the recoveries of both compounds were 

calculated (Table 19) and illustrated in Figure 65. Unfortunately, statistical analysis 

revealed that BIS and NEV extractive behaviors are statistically different (Figure 65), 

which means that the use of NEV as an IS to be added in the begging of the extraction 

procedure may be limited. Indeed, and as mentioned before, in an analytical method, the 

addition of a different species, the IS, to the sample being processed is usual, and the 

ratio between the response to the analyte and to that IS is used for calculation. The main 

goal of its employment is based on the fact that the ratio between responses is 

proportional to the analyte concentration, with the IS being able to compensate for both 

systematic and random errors. Therefore, if there are instrument fluctuations that cause 

random errors in the measurements, these fluctuations are expected to be the same for 

both the IS and the analyte and, thus, the ratio of signals will not change. For systematic 

errors, such as matrix effects of the solvent, the ratio is again unaffected. Furthermore, 

being the method able to distinguish between the analyte of interest and the IS, any 

sample losses that occur after the addition of the IS should be similar for both substances, 
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and thus the ratio between the responses of both compounds stays the same. However, 

the use of an IS with an extractive behavior different from the one observed for the analyte 

should be carefully evaluated (the linearity of the method should be demonstrated) as it 

can lead to misleading results. 

 

 

Table 19. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for bisoprolol (BIS) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
  , B  

   

         
  and C 

 
            

     
       

      

            
  

 

    

    
 

    

    
 

        

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B  C A C B  S B 

Mean 26.36 0.038  10.18 10.44 0.100 0.080  31.42 0.036 

SD 14.10 0.011  1.41 1.58 0.013 0.010  6.52 0.010 

CV (%) 53.51 28.662  13.81 15.16 12.854 12.661  20.75 26.959 

REC (%) 
  

  102.5  80.0  
  

SD 
  

  15.5  10.1  
  

CV (%) 
  

  15.2  12.7  
  

 

 

 

Figure 65. Recovery of bisoprolol (BIS) and nevirapine (NEV) from human urine samples. Recovery 

percentage (%) of BIS using NEV as instrumental internal standard (IS) and recovery (%) of NEV using BIS as 
instrumental IS. Three samples of each condition were independently prepared and injected, at least in 
triplicate, into the UPLC-MS/MS system. The results are represented as mean with standard deviation (SD) 
and statistical comparison was performed with Unpaired t-test with Welch correction (** p < 0.01). 
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In what concerns NEB, none of the tested ISs (EXP, NEV and BUM) are, in this 

study, able to correct instrumental errors in the analysis of this antihypertensive drug (high 

CV values for the ANEB/AEXP, ANEB/ANEV and ANEB/ABUM, were obtained from set A of 

samples, as well as for the inverted ratios obtained from set B of samples) and, therefore, 

the recovery values were not calculated (Table 20). 

 

 

Table 20. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) for the 
calculated ratios with the obtained chromatographic peak areas for nebivolol (NEB) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
  and B  

   

         
   

 

    

    
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B  A B  A B 

Mean 24.80 0.041  14.05 0.100  41.27 0.032 

SD 4.59 0.011  3.79 0.030  7.19 0.010 

CV (%) 18.52 25.982  26.97 29.668  17.42 30.520 

 

 

In what concerns CAR, BUM generates reproducible values when correcting 

injection variability in CAR analysis and the same happens when CAR is used as BUM 

instrumental IS, on both extracted (A and B) and NE samples (low CV values for the 

ACAR/ABUM and ABUM/ACAR ratios) (Table 21). Therefore, accordingly to the ratios obtained, 

recovery of both compounds was calculated and, as it can be observed on Figure 66, 

there is a significant difference between the recovery (%) values of both compounds 

taking into account the applied extractive procedure. The same results were noticed with 

EXP, being that this compound is able to be used as a suitable instrumental IS in CAR 

analysis (and vice-versa), although its use as an IS to be added in the beginning of the 

extraction procedure may be limited given the significantly different extractive behavior of 

both compounds (Figure 66). Concerning NEV, it was demonstrated that this compound is 

not suitable to be used as instrumental IS in CAR analysis, as CAR demonstrated not to 

be suitable as instrumental IS in NEV analysis. Therefore, their recoveries were not 

calculated (high CV values for the ACAR/ANEV and ANEV/ACAR ratios) (Table 21). 
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Table 21. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for carvedilol (CAR) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
 , B  

   

         
  and C 

 
            

      
      

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B 

Mean 6.50 8.71 0.153 0.072  4.46 0.163 

SD 0.96 0.64 0.023 0.010  0.83 0.032 

CV (%) 14.71 7.37 14.965 13.373  18.60 19.720 

REC (%)  134.0  46.7  
  

SD  9.9  6.2  
  

CV (%)  7.4  13.4  
  

 
 

 
 

 
 

  

 

       

       
 

    

    
 

       

       
 

    

    
 

 

  

Set of 
samples 

C A C B 
 

  

Mean 9.88 13.34 0.103 0.064  
  

SD 1.37 1.53 0.015 0.010  
  

CV (%) 13.89 11.49 14.550 15.072  
  

REC (%)  135.0  62.2  
  

SD  15.5  9.4    

CV (%)  11.5  15.1    

 

 

 

Figure 66. Recovery of carvedilol (CAR), EXP-3174 (EXP) and bumetanide (BUM) from human urine 
samples. (A) Recovery percentage (%) of CAR using EXP as instrumental internal standard (IS) and 
recovery (%) of EXP using CAR as instrumental IS. (B) Recovery (%) of CAR using BUM as 
instrumental IS and recovery (%) of BUM using CAR as instrumental IS. Three samples of each condition 

were independently prepared and injected, at least in triplicate, into the UPLC-MS/MS system. The results are 
represented as mean with standard deviation (SD) and statistical comparison was performed with Unpaired    
t-test with Welch correction (**** p < 0.0001). 

 

A B
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Just like what has been described for CAR, BUM could also be an excellent 

compound to be used as an instrumental IS for LOS due to the reproducible values listed 

on Table 22 for the ALOS/ABUM ratio, in both A and C sets of samples. The opposite can 

also be observed, with LOS being suitable to be used as a good instrumental IS in the 

analysis of BUM. Therefore, using the obtained chromatographic peak area ratios, the 

recovery (%) values of both compounds were calculated, by comparison with the ratios 

from NE samples (set C - 100 % of recovery). However, as observed in Figure 67, 

statistically different extractive behaviors were observed for both compounds, potentially 

limiting the use of BUM as an IS to be added in the beginning of the extraction procedure. 

The same study was performed by analyzing the behavior of both LOS and EXP and it 

was not expected that EXP recovery would be so different from LOS, given that the first 

one is the carboxylic acid of the second one. As it was aforesaid, EXP is excreted in urine 

as a LOS metabolite, and so this particular analysis was not meant to assess EXP viability 

to be used as an IS, but to provide more insight about the overall analysis and general 

results. 

 

 

Table 22. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for losartan (LOS) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
 , B  

   

         
  and C 

 
            

      
       

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B 

Mean 14.58 15.84 0.070 0.0531  6.86 0.113 

SD 2.31 2.24 0.011 0.0079  1.85 0.047 

CV (%) 15.86 14.16 15.877 14.8522  26.99 41.337 

REC (%)  108.6  75.7  
 

 SD  15.4  11.2  
 

 CV (%)  14.2  14.9  
 

 
 

 
 

 
 

 
 

 

 

       

       
 

    

    
 

       

       
 

    

    
 

 

 

 Set of 
samples 

C A C B  
  

Mean 20.44 22.84 0.062 0.0393  
 

 SD 3.10 3.55 0.011 0.0056  
 

 CV (%) 15.19 15.55 17.670 14.3530  
 

 REC (%)  111.8  63.7  
 

 SD  17.4  9.1  
 

 CV (%)  15.5  14.4  
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Figure 67. Recovery of losartan (LOS), EXP-3174 (EXP) and bumetanide (BUM) from human urine 
samples. (A) Recovery percentage (%) of LOS using EXP as instrumental internal standard (IS) and 
recovery (%) of LOS using EXP as instrumental IS. (B) Recovery (%) of LOS using BUM as 
instrumental IS and recovery (%) of BUM using LOS as instrumental IS. Three samples of each condition 

were independently prepared and injected, at least in triplicate, into the UPLC-MS/MS system. The results are 
represented as mean with standard deviation (SD) and statistical comparison was performed with Unpaired    
t-test with Welch correction (**** p < 0.001). 

 

 

EXP has already been proven to be an effective instrumental IS on the 

determination of IRB, as it was stated before (section 4.3). Indeed, in this study, from the 

group of tested ISs, only EXP demonstrated to be a suitable IS to efficiently correct 

injection errors in the analysis of IRB in urine samples, given the low CV values obtained 

for the AIRB/AEXP ratios from set A and C of samples (Table 23). Furthermore, the opposite 

was also observed and IRB can be used to correct injection errors in EXP analysis (low 

CV values for the AEXP/AIRB ratios) (Table 23). With the obtained results, the recoveries of 

both compounds were calculated (Table 23) and are illustrated in Figure 68. 

Unfortunately, statistical analysis revealed that IRB and EXP extractive behaviors are 

statistically different (Figure 68), therefore limiting the use of EXP as an IS to be added in 

the begging of the extraction procedure (Figure 68). For the other ISs tested, neither NEV 

nor BUM demonstrated to be suitable as instrumental ISs to correct instrumental 

fluctuations in IRB analysis in urine samples. 

 

 
 
 

A B
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Table 23. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic areas for irbesartan (IRB) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
 , B  

   

         
  and C 

 
            

      
     

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B  A B 

Mean 74.17 69.78 0.0125 0.0095  44.86 0.0226  101.36 0.0087 

SD 10.24 9.31 0.0016 0.0013  12.27 0.0056  15.73 0.0020 

CV (%) 13.81 13.35 13.1454 13.5595  27.35 24.8819  15.52 22.7424 

REC (%)  94.1  75.8  
 

 

 

  SD  12.6  10.3  
 

 

 

  CV (%)  13.3  13.6  
 

 

 

   

 

 

Figure 68. Recovery of irbesartan (IRB) and EXP-3174 (EXP) from human urine samples. Recovery 

percentage (%) of IRB using EXP as instrumental internal standard (IS) and recovery (%) of EXP using IRB as 
instrumental IS. Three samples of each condition were independently prepared and injected, at least in 
triplicate, into the UPLC-MS/MS system. The results are represented as mean with standard deviation (SD) 
and statistical comparison was performed with Unpaired t-test with Welch correction (** p <0.01). 

 

 

Results from the analysis of TEL and NEV in set A and set B of samples were 

reproducible (Table 25) but the ratios obtained for NE samples (set C) were not. 

Therefore, recovery (%) was not possible to be calculated and, consequently, no 

statistical analysis was performed. The same results were obtained for PER (Table 26). 
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Table 24. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) values for the 
calculated ratios with the obtained chromatographic peak areas for telmisartan (TEL) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
  and B  

   

         
   

 

    

    
 

    

    
 

        

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B  C A C B  A B 

Mean 12.36 0.0482  14.48 5.51 0.088 0.103  20.94 0.04 

SD 1.98 0.0094  6.79 0.59 0.049 0.016  4.66 0.01 

CV (%) 16.05 19.6052  46.90 10.70 55.425 15.081  22.27 26.46 

 

Contrary to what has been registered with the other ARBs, the studies performed 

for VAL demonstrated that the use of EXP and BUM as ISs render low CV values (Table 

25). Indeed, both ISs generate reproducible values when correcting injection variability in 

VAL analysis, with the same happening when VAL is used as BUM or EXP instrumental 

IS (low CV values for the AVAL/ABUM, ABUM/AVAL, AVAL/AEXP and AEXP/AVAL ratios) (Table 25). 

Therefore, accordingly with the ratios obtained, the recoveries of the three compounds 

were calculated and, as it can be observed on Figure 69, no significant differences were 

observed between VAL and EXP extractive behaviors and between VAL and BUM 

extractive behaviors. According to the present study, EXP and BUM may be used as ISs 

to be added in the beginning of the extraction procedure for the correction of extraction 

losses of VAL, as well as for correcting potential injection errors. The same results and 

conclusions were also demonstrated for RAM (Table 27 and Figure 70) and LER (Table 

31 and Figure 71) with both EXP and BUM being suitable to be used as ISs to correct 

both extraction and instrumental errors. 

 

Table 25. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for valsartan (VAL) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
  , B  

   

         
  and C 

 
            

      
       

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B 

Mean 2.03 1.78 0.528 0.530  0.75 1.35 

SD 0.24 0.27 0.081 0.079  0.20 0.67 

CV (%) 11.63 15.02 15.424 14.869  26.82 49.84 

REC (%)  87.4  100.3  
 

 SD  13.1  14.9  
 

 CV (%)  15.0  14.9  
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 Set of 
samples 

C A C B  
  

Mean 2.58 2.47 0.394 0.414  
 

 SD 0.35 0.19 0.054 0.062  
 

 CV (%) 13.55 7.85 13.765 14.906  
 

 REC (%)  95.8  104.8  
 

 SD  7.5  15.6  
 

 CV (%)  7.9  14.9    

 

 

 

Figure 69. Recovery of valsartan (VAL), EXP-3174 (EXP) and bumetanide (BUM) from human urine 
samples. (A) Recovery percentage (%) of VAL using EXP as instrumental internal standard (IS) and 
recovery of VAL using EXP as instrumental IS. (B) Recovery (%) of VAL using BUM as instrumental IS 
and recovery (%) of BUM using VAL as instrumental IS. Three samples of each condition were 

independently prepared and injected, at least in triplicate, into the UPLC-MS/MS system. The results are 
represented as mean with standard deviation (SD) and statistical comparison was performed with Unpaired    
t-test with Welch correction 

 

 

When analyzing the data obtained for PER, low CV (%) values were only attained 

when using EXP and NEV as ISs, thus being suitable for the correction of instrumental 

fluctuations in PER analysis (Table 26). However, as PER was not capable of correcting 

injection errors in the analyses of both ISs (high CV values for the AEXP/APER and ANEV/APER 

ratios), the recovery (%) of these compounds was not calculated. 

 

 
 

A B
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Table 26. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%)values for the 
calculated ratios with the obtained chromatographic peak areas for perindopril (PER) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
  and B  

   

         
   

 

    

    
 

    

    
 

        

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B 
 

C A C B 
 

A B 

Mean 26.92 0.0209  17.20 15.09 0.056 0.0386  42.32 0.0164 

SD 4.03 0.0063  5.27 2.22 0.018 0.0059  7.40 0.0045 

CV (%) 14.98 30.1507  30.62 14.72 31.800 15.3192  17.49 27.4206 

 

 

Table 27. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic peak areas for ramipril (RAM) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
  , B  

   

         
  and C 

 
            

      
      

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B 

Mean 35.25 33.22 0.0294 0.0246  14.67 0.051 

SD 5.26 4.67 0.0043 0.0037  2.78 0.011 

CV (%) 14.91 14.06 14.8052 14.9537  18.95 21.307 

REC (%)  94.2  83.7  
  

SD  13.2  12.5  
  

CV (%)  14.1  15.0  
  

 
 

 
 

 
 

  

 

       

       
 

    

    
 

       

       
 

    

    
 

 

  

Set of 
samples 

C A C B 
 

  

Mean 43.34 43.11 0.0191 0.0212  
  

SD 6.79 6.20 0.0029 0.0031  
  

CV (%) 15.68 14.39 15.2805 14.8172  
  

REC (%)  99.5  111.2  
  

SD  14.3  16.5  
  

CV (%)  14.4  14.8  
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Figure 70. Recovery of ramipril (RAM), EXP-3174 (EXP) and bumetanide (BUM) from human urine 
samples. (A) Recovery percentage (%) of RAM using EXP as instrumental internal standard (IS) and 
recovery (%) of EXP using RAM as instrumental IS. (B) Recovery (%) of RAM using BUM as 
instrumental IS and recovery (%) of BUM using RAM as instrumental IS. Three samples of each condition 

were independently prepared and injected, at least in triplicate, into the UPLC-MS/MS system. The results are 
represented as mean with standard deviation (SD) and statistical comparison was performed with Unpaired    
t-test with Welch correction. 

 

 

High values of CV were observed in the analysis of LIS (Table 28) and of ENT 

(Table 29), in accordance to what was observed in the preliminary studies of IS selection, 

as well as in the present analysis of AML (Table 30), showing that IS calibration is not 

being effective with none of the tested ISs. Indeed, both analysis (Preliminary study and 

the present one) with LIS (Table 16 and Table 28, respectively) and with ENT (Table 16 

and Table 29, respectively) resulted in non-reproducible values using any of the tested 

ISs, which probably means that none of them is appropriate in these cases. Nevertheless, 

this analysis should be repeated since reproducible results in this extractive behavior 

assessment experiment were also not obtained for NEB (Table 20) and AML (Table 30).  

 

 

Table 28. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) values for the 
calculated ratios with the obtained chromatographic peak areas for lisinopril (LIS) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
  and B  

   

         
   

 

    

    
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B 
 

A B 
 

A B 

Mean 0.180 2.69  0.093 7.73  0.38 2.40 

SD 0.048 0.86  0.019 3.30  0.14 0.75 

CV (%) 26.396 31.88  19.986 42.63  36.71 31.40 

 

A B
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Table 29. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) values for the 
calculated ratios with the obtained chromatographic peak areas for enalaprilat (ENT) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
  and B  

   

         
   

 

    

    
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B 
 

A B 
 

A B 

Mean 5.02 0.039  2.59 0.095  5.68 0.029 

SD 1.77 0.014  0.52 0.020  1.66 0.010 

CV (%) 35.23 35.164  19.97 21.322  29.30 35.743 

 

 

 

Table 30. Mean, standard deviation (SD) and coefficient of variation (CV) percentage (%) values for the 
calculated ratios with the obtained chromatographic peak areas for amlodipine (AML) and the three 
internal standards EXP-3174 (EXP), nevirapine (NEV) and bumetanide (BUM) in experiments A 

 
         

   
 , B  

   

         
  and C  

            

      
       

      

            
  

 

    

    
 

    

    
 

     

    
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

A B 
 

A B 
 

A B 

Mean 1.97 0.33  1.04 0.60  3.09 0.59 

SD 0.75 0.13  0.56 0.22  1.18 0.40 

CV (%) 37.86 39.25  53.53 36.24  38.35 67.57 

 

 

 

Table 31. Mean, standard deviation (SD), coefficient of variation (CV) percentage (%), mean recovery 
(REC) (%) and respective SD and CV (%) values for the calculated ratios with the obtained 
chromatographic areas for lercanidipine (LER) and the three internal standards EXP-3174 (EXP), 

nevirapine (NEV) and bumetanide (BUM) in experiments A  
         

   
 , B  

   

         
  and C 

 
            

      
     

      

            
  

 

       

       
 

    

    
 

       

       
 

    

    
 

     

    
 

    

    
 

Set of 
samples 

C A C B  A B 

Mean 174.12 165.22 0.00587 0.00628  68.96 0.0149 

SD 26.29 20.97 0.00089 0.00092  16.24 0.0079 

CV (%) 15.10 12.69 15.16429 14.73093  23.56 53.2666 

REC (%)  94.9  107.0  
  

SD  12.0  15.8  
  

CV (%)  12.7  14.7  
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Set of 
samples 

C A C B  
  

Mean 230.66 233.94 0.00441 0.00494  
  

SD 21.04 23.33 0.00036 0.00061  
  

CV (%) 9.12 9.97 8.18811 12.31892  
  

REC (%)  101.4  111.9  
  

SD  10.1  13.8  
  

CV (%)  10.0  12.3    

 

 

 

Figure 71. Recovery of lercanidipine (LER), EXP-3174 (EXP) and bumetanide (BUM) from human urine 
samples. (A) Recovery percentage (%) of LER using EXP as instrumental internal standard (IS) and 
recovery (%) of LER using EXP as instrumental IS. (B) Recovery (%) of LER using BUM as 
instrumental IS and recovery (%) of BUM using LER as instrumental IS. Three samples of each condition 

were independently prepared and injected, at least in triplicate, into the UPLC-MS/MS system. The results are 
represented as mean with standard deviation (SD) and statistical comparison was performed with Unpaired    
t-test with Welch correction. 

 

 

This discrepancy in antihypertensive agents values of recovery is probably not due 

to errors on the extractive procedure steps, since all molecules are present in the same 

concentration in a working standard solution, and this last one is the one used to spike 

human urine samples (step 1). Furthermore, considering the reported instrumental IS 

effectiveness on the previous section for NEB (BUM as IS) and AML (EXP and NEV as 

ISs), reproducible values on set A of samples should at least have been obtained. 

Moreover, some recovery values obtained are higher than 130%, which is an excessively 

elevated number, considering the 80 - 120 % range recommended in the ICH guidelines 

(ICH, 2005). Statistical analysis was performed for IND, BIS, CAR, LOS, IRB, VAL, RAM 

and LER, which revealed that EXP could be used as extraction IS for IND, VAL, RAM and 

LER, and BUM could be used for the last three mentioned antihypertensive drugs, VAL, 

RAM and LER. Taking into account that this represents a positive outcome for only four of 

the fourteen studied antihypertensive drugs, addition of the ISs prior to extraction 

A B
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procedure was not further investigated. Therefore, in the subsequent studies, the ISs were 

always added immediately before the evaporation to dryness of the obtained extracts.  

 

 

 

4.4.4. Internal standard detection behavior in human urine samples 

Extractive behavior studies were not further investigated but it was possible to 

conduct a last experiment on this topic, with the purpose of confirming the effectiveness of 

these molecules as ISs to be used to correct instrumental fluctuations in the detection and 

quantification of the antihypertensive drugs being studied, in urine samples. The aim of 

this study it to verify if matrix-related effects may compromise the use of such ISs, 

contrarily to what was observed in the preliminary studies (section 4.3.1). 

For that purpose, human blank urine samples (n=5) were extracted and both 

antihypertensive drugs and ISs only added prior to evaporation step (like NE group used 

in subchapter 4.4.3). Each sample was injected (10 μL), at least three times, into the 

UPLC-MS/MS system. On Table 32 are listed the mean ratios between the analytes and 

IS chromatographic peak areas (only taking into consideration the quantification ion 

product of each compound). The highlighted columns on the mentioned table are 

indicating the ratios with acceptable CV values (≤ 15 %), thus illustrating well corrected 

injections of the analyzed compound, and highlighting the most suitable instrumental ISs 

for each analyte. 

As observed in Table 32, a good reproducibility (low CVs for the calculated ratios) 

can be observed for NEB, CAR, TEL, ENT and RAM when using all the three ISs under 

study. For three of the antihypertensive drugs, namely IND, BIS and IRB, a good 

reproducibility was only attained when using only one of the tested ISs (BUM used as IS 

in IND analysis, NEV used as IS in the analysis of BIS and EXP used as an IS in the 

analysis of IRB). Furthermore, for five of the tested antihypertensive drugs, namely LOS, 

VAL, PER, AML and LER, two of the tested ISs demonstrated to be suitable to be used to 

correct instrumental fluctuations that can occur in the analysis of these drugs (Table 32). 
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Table 32. Mean, standard deviation (SD) and coefficient of variation (CV) values for the obtained 
chromatographic peak areas ratios for each compound using different internal standards to correct 
injection errors  

 
Chromatographic peak areas ratio 

  
Chromatographic peak areas ratio 

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 16.85 8.43 3.42 
 

Mean 23.00 12.37 4.84 

SD 3.29 1.74 0.47 
 

SD 1.81 1.94 0.63 

CV (%) 19.55 20.63 13.68 
 

CV (%) 7.88 15.69 13.00 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 81.48 45.58 17.92 
 

Mean 31.93 14.94 6.92 

SD 13.25 6.26 3.11 
 

SD 4.68 3.04 1.52 

CV (%) 16.26 13.73 17.38 
 

CV (%) 14.65 20.37 21.96 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 37.20 17.94 8.04 
 

Mean 0.581 0.275 0.120 

SD 5.69 2.56 0.68 
 

SD 0.081 0.058 0.013 

CV (%) 15.31 14.29 8.41 
 

CV (%) 13.997 21.036 10.657 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 35.84 17.18 7.43 
 

Mean 0.704 0.378 0.149 

SD 3.72 1.85 0.58 
 

SD 0.048 0.044 0.016 

CV (%) 10.38 10.77 7.81 
 

CV (%) 6.876 11.751 10.516 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 27.36 13.96 5.44 
 

Mean 14.28 7.27 2.89 

SD 3.06 1.75 1.08 
 

SD 2.05 0.89 0.32 

CV (%) 11.17 12.54 19.92 
 

CV (%) 14.38 12.26 10.98 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 2.23 1.21 0.492 
 

Mean 2.77 1.45 0.562 

SD 0.25 0.16 0.052 
 

SD 0.20 0.23 0.061 

CV (%) 11.37 12.85 10.574 
 

CV (%) 7.37 15.81 10.859 

         

 

    

    
 

    

    
 

    

    
 

  

    

    
 

    

    
 

    

    
 

Mean 12.00 6.08 2.41 
 

Mean 38.19 19.44 7.68 

SD 2.50 1.23 0.44 
 

SD 2.56 3.33 0.72 

CV (%) 20.85 20.27 18.22 
 

CV (%) 6.71 17.10 9.41 
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It can also be noticed that for IND, LOS, IRB, VAL and AML there is at least one 

common IS, when comparing the highlighted results from Table 32 with the results 

illustrated in Table 16, obtained in the IS selection preliminary study (summarized in Table 

33). Furthermore, for NEB, CAR, TEL, RAM, ENT and LER low CV values were attained 

for more ISs that the selected in the preliminary experiment previously performed in 

MeOH. On the other hand, for BIS and for PER, reproducible ratio values were obtained 

for the ISs that were not able to originate low CV values in the preliminary studies, where 

all compounds were prepared in a MeOH solution. This occurrence may be due to matrix 

related effects. LIS reproducibility was unacceptable using all the three ISs under study as 

instrumental IS, which means that another IS should be used to correct its detection 

behavior. 

 

 

Table 33. Summarized results representing the internal standards (ISs) that can be used to correct 
injection fluctuations for each compound [bumetanide (BUM), EXP-3174 (EXP) and nevirapine 
(NEV)]. Results were obtained from IS selection preliminary study (section 4.3.1) and the present IS 

detection behavior in human urine samples experiment 

 
Preliminary study  

(in MeOH) 
Detection study 

(in urine samples) 

indapamide BUM BUM 

bisoprolol BUM NEV 

nebivolol BUM BUM / EXP / NEV 

carvedilol BUM BUM / EXP / NEV 

losartan BUM / EXP / NEV BUM / EXP 

irbesartan BUM / EXP EXP 

valsartan BUM / EXP / NEV BUM / EXP 

telmisartan BUM / EXP BUM / EXP / NEV 

perindopril BUM EXP / NEV 

lisinopril - - 

ramipril BUM / EXP BUM / EXP / NEV 

enalaprilat - BUM / EXP / NEV 

amlodipine EXP / NEV BUM / EXP 

lercanidipine BUM BUM / EXP 

 

 

4.4.5. Pre-centrifugation step 

The inclusion of a pre-centrifugation step on the procedure urged from the 

necessity to render a clearer sample for analysis. According to literature this is a common 

practice on this sort of investigations (Gu et al., 2014a, Koyuturk et al., 2014, Li et al., 

2012). 
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A urine sample pool from an hypertensive patient prescribed with losartan (patient 

A from Table 9) was divided into three aliquots (A1, A2, and A3) and centrifuged for        

15 minutes, at 13 000 rotations per minute (rpm) and with temperature set to 4 °C, before 

going through the developed extraction procedure. From the same urine sample pool, 

three other aliquots (B1, B2, and B3) were made, which underwent the same extraction 

procedure without the described centrifugation step. Blank human urine samples, spiked 

with LOS at the final concentration of 20 μM, were also analyzed, in triplicate, after being 

submitted to the extraction procedure. In all cases, the ISs were added immediately 

before evaporation to dryness of the obtained extracts.  

This assessment was performed comparing the mean ratio between LOS 

chromatographic peak area and BUM chromatographic peak area (IS) and the CV (%) 

value for both pre-centrifuged and non-pre-centrifuged real urine samples (Table 34).  

 

 

Table 34. Losartan (LOS) and internal standard bumetanide (BUM) chromatographic peak areas ratio 
in pre-centrifuged real samples (A), in non-pre-centrifuged real samples (B) and in fortified blank urine 
samples with LOS at the final concentration of 20 μM (C) 

 

     

    

    
     

    

    
     

    

    

Mean 0.00533 0.00540 5.02 

SD 0.00056 0.00071 0.75 

CV (%) 10.41905 13.18511 14.87 

 

 

 

Figure 72. Losartan (LOS) and internal standard bumetanide (BUM) chromatographic peak areas ratio 
in centrifuged real samples and in non-centrifuged real samples (B). Results are presented as mean 
with standard deviation (SD) and statistical comparison was performed using the Unpaired t-test with 
Welch correction. 
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As observed in Figure 72, no statistical difference was observed between the peak 

ratios obtained from pre-centrifuged and non-centrifuged samples, which means that 

samples pre-centrifugation does not result in compound loss. Therefore, this step was 

added to the procedure, as an extra cleaning-up step, since it was desired to obtain highly 

clean extracts. 

On the other hand, it is also possible to speculate about the analyte concentration 

in this real urine sample. By comparing the mean chromatographic peak area ratio 

(ALOS/ABUM) obtained for the real urine samples (only submitted to the extraction 

procedure) (column B in Table 34) with the mean peak area ratio obtained from blank 

urine samples fortified with LOS (final concentration of 20 µM) before the extraction 

procedure (column C in Table 34) it can be noticed that, in patient A, LOS is excreted in 

the urine at a concentration smaller than 20 µM.  

 

 

4.4.6. Double extraction 

It is also believed that submitting samples twice to the extractive solvents provides 

better extraction outcomes for the analyte under study. Indeed, considering that a small 

uncollected amount of the compound may still be present after the first extraction, the 

second time the solvent is added to the sample will lead to its recovery.  

This prospect was tested (n=3) for every molecule with the chosen solvents, 

EtOAc and EtOEt, added a second time after the centrifugation of the acidic and basic 

aqueous solutions, respectively. The obtained results would be compared with the ones 

acquired from the single extraction listed on Table 17. However, this comparison was not 

possible given the lack of reproducibility on every performed analysis, which was 

attributed to the loss of sensitivity of the UPLC-MS/MS equipment. Repeating this test 

should be considered in the future before validation of the method since numerous 

problems with the chromatography equipment or the mass spectrometer, which is an 

easy-to-contaminate instrumentation (Albishri et al., 2015), may be in the origin of this lack 

of reproducibility. 

 

 



Results and Discussion 

Maria Bernardes André                                                                                                            125 

4.4.7. Final extractive procedure 

Accordingly to the results obtained for the optimization of the extraction procedure, 

the protocol illustrated in Figure 73 is proposed for the analysis and quantification of 

antihypertensive drugs in human urine samples from patients under medication. 

 
 



 

 

  

Figure 73. Suggested final procedure for the extraction of antihypertensive drugs from human urine samples or spiked blank urine samples 
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4.5. Pre-validation  

4.5.1. Selectivity 

As it was mentioned on section Erro! A origem da referência não foi 

encontrada., the selectivity of a given analytical method reflects its ability to 

unequivocally detect and quantify the analyte in the presence of other components, such 

as matrix components. In the present experiment, a blank human urine sample (from an 

healthy volunteer not under medication, and non-spiked) was extracted according to the 

optimized extraction protocol (Figure 73) except for the addition of the ISs mixture (not 

added in these samples), and injected (10 μL) in quintuplicate, into the  UPLC-MS/MS 

apparatus to detect possible interferences with the target antihypertensive drugs, as well 

as with the ISs that are being used. Also, human blank urine samples were spiked with a 

methanolic mixture containing all the antihypertensive drugs (10 μM final concentration of 

each drug), and submitted to the extraction protocol (Figure 73), being the ISs added 

immediately before the solvent evaporation step. Spiked human urine samples were also 

injected (10 μL), at least in triplicate, into the UPLC-MS/MS equipment. The analytical 

response for each analyte was evaluated in the TIC mode, considering all the MRM 

transitions depicted in Table 11. Representative chromatograms of the obtained results 

are depicted in Figure 74 to Figure 91 and, as it is possible to observe, no 

chromatographic peaks were detected in the blank human urine samples, at the retention 

times of all the analytes under study, taking in account the same MRM transitions 

considered to analyze the urine spiked samples. This shows that the method can 

selectively detect the analytes under study, with no interferences or impurities being 

identified. The same results were obtained for the selected ISs (EXP, NEV and BUM, in 

Figure 88, Figure 89 and Figure 90, respectively), further supporting their usefully 

application in the present methodology, since they are not naturally present in the blank 

urine samples, which is one of the requirements for a molecule to be selected as a 

suitable IS.  
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Figure 74. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for indapamide (IND) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 75. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for bisoprolol (BIS) in spiked (10 μM) and blank human 
urine samples 
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Figure 76. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for nebivolol (NEB) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 77. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for carvedilol (CAR) in spiked (10 μM) and blank human 
urine samples 
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Figure 78. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for losartan (LOS) in spiked (10 μM) and blank human urine 
samples 

 

 

 

Figure 79. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for irbesartan (IRB) in spiked (10 μM) and blank human 
urine samples 
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Figure 80. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for valsartan (VAL) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 81. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for telmisartan (TEL) in spiked (10 μM) and blank human 
urine samples 
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Figure 82. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for perindopril (PER) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 83. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for lisinopril (LIS) in spiked (10 μM) and blank human urine 
samples 
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Figure 84. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for ramipril (RAM) in spiked (10 μM) and blank human urine 
samples 

 

 

 

Figure 85. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for enalaprilat (ENT) in spiked (10 μM) and blank human 
urine samples 
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Figure 86. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for amlodipine (AML) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 87. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for lercanidipine (LER) in spiked (10 μM) and blank human 
urine samples 
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Figure 88. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for EXP-3174 (EXP) in spiked (10 μM) and blank human 
urine samples 

 

 

 

Figure 89. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for nevirapine (NEV) in spiked (10 μM) and blank human 
urine samples 

Time  (min)

4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6.0 6.1 6.2 6.3 6.4

R
e
la

ti
v
e

a
b

u
n
d

a
n
c
e

(%
)

0

EXP

spiked

blank

100

Time (min)

2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2

R
e
la

ti
v
e

a
b

u
n
d

a
n
c
e

(%
)

0

NEV

spiked

blank

100



Results and Discussion 

136                                                                                                           Maria Bernardes André 

 

Figure 90. Representative total ion current (TIC) chromatograms for the MRM transitions in the interval 
of time [retention time ± 2 min] determined for bumetanide (BUM) in spiked (10 μM) and blank human 
urine samples 
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studies are needed to further confirm the applicability of the present methodology in the 

detection of the other antihypertensive drugs under study. Noteworthy, it is also possible 

to substantiate the results obtained in the previous section, as no interference peaks were 

detected in the human blank urine samples. 

 

 

 

Figure 91. Representative total ion current (TIC) chromatograms for the monitored transitions in the 
interval of time [retention time ± 2 min] determined for losartan (LOS) in medicated patient (real), blank 
human urine samples (blank) and blank urine samples spiked with 10 μM of all the antihypertensive 
drugs under study (spiked). 
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5. Conclusions 

The development of this investigation project had a final purpose of proving      

non-adherence to antihypertensive treatment through urine (n=200) analysis by       

UPLC-MS/MS. In order to identify and quantify each one of the selected compounds on 

the real samples, the mass detection conditions were firstly optimized using methanolic 

solutions of the tested compounds. The most suitable MRM transitions were defined. The 

chromatographic conditions were also optimized, with the chromatographic separation of 

seventeen molecules (fourteen antihypertensive drugs and three ISs) being possible in a 

single run of 15 min due to mobile phase gradient elution optimization. Elution of the 

seventeen molecules only toke 7 min being the last 5 min needed for the conditions to 

return to the initial ones and for column cleansing and stabilization. Cone voltage and 

collision energy, the most important MS detection parameters, were also optimized for 

each fragment ion obtained from each precursor ion [M+H]+. Also, urine samples from 

healthy volunteers were first spiked with the pure forms of the compounds and an 

extractive procedure was optimized taking into account the molecules chemical and 

physical properties. It was possible to infer that the lower the pH of the solution, the better 

is the extraction of acid antihypertensive molecules, and the opposite for basic 

antihypertensive molecules - the higher the pH of the solution, the better the extraction 

recovery. This experiment was also essential to understand the necessity of performing 

both acid and basic extraction - if BIS was excluded from the present study, only basic 

extraction would be required. However, since the relevance of this project is as high as 

the amount of antihypertensive drugs that are embraced, its removal was not an option. It 

was also possible to select the best organic solvents to extract the mentioned compounds: 

AcOEt for acid compounds, and EtOEt for the basic antihypertensive drugs. These 

conditions lead to the improvement of chromatographic peaks intensity. It was also 

possible to select and efficiently apply an instrumental IS for each analyte, apart from LIS, 

(EXP for IRB, TEL, PER, AML and LER; NEV for BIS; and BUM for IND, NEB, CAR, LOS, 

VAL, RAM and ENT). A plan for the validation process of the analytical method was also 

established but not possible to put in practice. Still, it was shown that the method is 

selective for the analysis of all the antihypertensive drugs under study, and also applicable 

for the identification of LOS in a real human urine sample. 
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6. Future perspectives 

There are a lot of studies that could be done in order to obtain better 

chromatographic resolution between peaks, or even to broaden the number of 

antihypertensive agents being determined in a single analysis of human urine samples. 

Nonetheless, the developed and optimized extractive procedure has a lot of potential to 

achieve the remaining purposes established on the section 2 of this dissertation.  

First of all, by using spiked human urine samples, the aim was to fully validate a 

method for the simultaneous extraction, identification and quantification of, at least, 14 

antihypertensive drugs in human urine. It was expected to demonstrate that the developed 

method is selective, precise, accurate, and linear (within the concentration range expected 

to be attained in real human urine samples), as well as that the method has LOD and 

LOQ values suitable for the detection and quantification of small amounts of 

antihypertensive drugs. It is also desired that experiments that evaluate the recovery of 

each compound from urine samples, as well as the stability of extracted samples at 

different storage temperatures are performed. After method validation, this investigation 

will be finalized with the analysis of a large number of real urine samples, collected from 

hypertensive patients, which will be extracted according to the validated procedure and 

analyzed by LC-MS/MS accordingly to the optimized mass detection and chromatographic 

conditions. It is expected to evaluate potential non-adherence to therapy, especially in 

patients diagnosed with resistant hypertension. It is important to note that the clinical 

history of the patients to be monitored will be unknown by the analyst responsible for the 

urine samples analysis. 
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8. Annexes 

8.1. Mobile phase and gradient optimization 

On the following figures, it is possible to show that in the analysis of ENA, ATE and 

SAL distorted peaks were detected in every tested gradient (a split peak on the first one 

and double peaks on the other two), justifying their exclusion from the study. 

 

 

 

Supplementary Figure 1. Representative chromatogram obtained from the analysis of 10 µM enalapril 
(ENA) (individual stock solution prepared in methanol). Chromatographic conditions: a mixture of 0.1 % 

formic acid and 0.1 % formic acid in acetonitrile (gradient mode 13), flow rate at 0.3 mL.min
-1

 and injection 
volume of 10 µL. The chromatogram is illustrated in total ion current (TIC) mode, representing the analytical 
sign (peak area) the sum of the intensity of the analytical signal obtained for the most abundant product ions 
(m/z) of the parent ion with m/z 377 (accordingly to the selected MRM transitions). 

Time (min)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
0

R
e
la

ti
v
e

a
b

u
n
d

a
n
c
e

(%
)

100
ENA



Annexes 

164                                                                                                           Maria Bernardes André 

 

Supplementary Figure 2. Representative chromatogram obtained from the analysis of 10 µM atenolol 
(ATE) (individual stock solution prepared in methanol). Chromatographic conditions: a mixture of 0.1% 

formic acid and 0.1% formic acid in acetonitrile (gradient mode 13), flow rate at 0.3 mL.min-1 and injection 
volume of 10 µL. The chromatogram is illustrated in total ion current (TIC) mode, representing the analytical 
sign (peak area) the sum of the intensity of the analytical signal obtained for the most abundant product ions 
(m/z) of the parent ion with m/z 267 (accordingly to the selected MRM transitions). 

 

 

 

Supplementary Figure 3. Representative chromatogram obtained from the analysis of 10 µM 
salbutamol (SAL) (individual stock solution prepared in methanol). Chromatographic conditions: a 

mixture of 0.1 % formic acid and 0.1 % formic acid in acetonitrile (gradient mode 13), flow rate at 0.3 mL.min
-1

 
and injection volume of 10 µL. The chromatogram is illustrated in total ion current (TIC) mode, representing 
the analytical sign (peak area) the sum of the intensity of the analytical signal obtained for the most abundant 
product ions (m/z) of the parent ion with m/z 240 (accordingly to the selected MRM transitions). 

 

 

Time (min)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0

R
e
la

ti
v
e

a
b

u
n
d

a
n
c
e

(%
)

0

100
ATE

Time (min)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0

R
e
la

ti
v
e

a
b

u
n
d

a
n
c
e

(%
)

0

100
SAL



Annexes 

Maria Bernardes André  165 

8.2. Cone voltage and collision energy optimization by UPLC-

MS/MS 

On the following tables, highlighted values written in white show which column 

(and consequently which cone voltage or collision energy value) gathers the higher 

number of superior intensity peaks for the different injections that were made (in 

quintuplicate). The columns containing values represented with these features were 

chosen to set new values of cone voltage or collision energy for each product ion. The 

other highlighted loose values, in spite of being the higher from their line (each line is a 

different injection), they are not part of the majority column and for this reason are 

identified in a different way. In the cases when no majority was reported, the selection was 

based on the second most intense peak from the same line (not highlighted). In all cases, 

methanolic solutions of each compound (10 μM) were individually prepared and injected 

(10 μL, five times) in the UPLC-MS/MS equipment. Chromatographic conditions were in 

accordance with the selected gradient 13. For each analyte, the MRM transitions analyzed 

were the selected in Table 11. 

 

Supplementary Table 1. Chromatographic peaks intensity following cone voltage optimization for 
indapamide taking the established value with direct infusion as the starting point (0 - 30 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

132 

2.13e6 1.90e6 3.00e6 2.59e6 1.85e6 1.79e6 1.98e6 

1.35e6 1.68e6 1.50e6 1.75e6 1.68e6 1.28e6 1.12e6 

1.16e6 1.66e6 1.99e6 1.56e6 1.82e6 1.35e6 1.42e6 

1.26e6 1.63e6 1.58e6 1.59e6 1.57e6 1.40e6 1.45e6 

1.36e6 1.54e6 1.43e6 1.64e6 2.18e6 1.59e6 1.20e6 

 

 

 

Supplementary Table 2. Chromatographic peaks intensity following cone voltage optimization for 
bisoprolol taking the established value with direct infusion as the starting point (0 - 40 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

116 

1.22e7 1.12e7 1.22e7 1.15e7 9.59e6 6.24e6 3.40e6 

1.08e7 1.08e7 4.19e6 4.08e6 6.64e6 5.36e6 6.70e6 

1.15e7 1.19e7 1.25e7 5.28e6 1.16e7 6.35e6 4.60e6 

1.13e7 1.02e7 1.36e7 4.77e6 6.55e6 7.88e6 3.49e6 

1.22e7 8.75e6 9.13e6 9.63e6 5.61e6 6.44e6 7.36e6 
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Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

74 

6.25e6 8.72e6 8.43e6 7.84e6 4.48e6 4.28e6 2.45e6 

7.92e6 6.92e6 7.76e6 7.49e6 8.24e6 3.61e6 5.02e6 

8.48e6 8.29e6 9.45e6 4.50e6 8.39e6 4.32e6 3.66e6 

8.66e6 9.70e6 8.93e6 3.20e6 4.94e6 4.50e6 7.11e6 

7.43e6 7.98e6 7.58e6 7.39e6 4.16e6 3.47e6 5.02e6 
        

72 

3.16e6 3.72e6 3.10e6 3.04e6 2.19e6 1.78e6 9.18e5 

3.19e6 2.88e6 3.06e6 3.10e6 2.32e6 1.51e6 2.29e6 

3.70e6 4.10e6 3.47e6 4.16e6 2.09e6 1.64e6 1.10e6 

2.33e6 3.13e6 3.19e6 2.75e6 1.90e6 1.27e6 2.35e6 

2.22e6 3.70e6 3.47e6 1.06e6 1.53e6 1.46e6 7.53e5 

 

Supplementary Table 3. Chromatographic peaks intensity following cone voltage optimization for 
nebivolol taking the established value with direct infusion as the starting point (0 - 40 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

151 

8.61e6 8.65e6 1.13e7 8.25e6 8.37e6 1.23e7 9.24e6 

5.09e6 6.94e6 6.26e6 6.54e6 9.08e6 6.50e6 7.88e6 

7.66e6 1.55e6 6.96e6 6.42e6 6.42e6 6.05e6 6.01e6 

5.97e6 7.43e6 7.87e6 6.52e6 8.02e6 8.02e6 5.00e6 

8.99e6 8.45e6 6.12e6 7.65e6 6.18e6 6.62e6 8.09e6 
        

123 

2.10e6 2.10e6 2.10e6 2.55e6 2.44e6 2.57e6 2.65e6 

1.57e6 1.96e6 2.01e6 1.67e6 1.46e6 1.58e6 1.45e6 

1.88e6 9.19e6 2.18e6 1.53e6 1.70e6 1.63e6 1.64e6 

1.47e6 1.55e6 1.41e6 1.44e6 1.41e6 1.58e6 1.36e6 

1.42e6 1.69e6 1.84e6 1.36e6 1.70e6 2.05e6 1.97e6 

 

 

Supplementary Table 4. Chromatographic peaks intensity following cone voltage optimization for 
carvedilol taking the established value with direct infusion as the starting point (0 - 45 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

100 

6.97e6 7.77e6 7.05e6 7.78e6 7.45e6 6.56e6 4.07e6 

6.07e6 5.53e6 7.54e6 5.63e6 5.67e6 6.38e6 4.21e6 

7.29e6 6.52e6 6.86e6 7.29e6 5.93e6 5.64e6 3.04e6 

6.40e6 7.54e6 4.99e6 4.59e6 5.69e6 6.27e6 4.28e6 

3.44e6 5.72e6 5.94e6 5.39e6 5.26e6 4.47e6 3.42e6 
        

222 

3.91e6 2.61e6 3.32e6 3.08e6 2.80e6 2.73e6 1.86e6 

3.25e6 2.27e6 2.37e6 2.36e6 2.16e6 1.91e6 1.57e6 

2.54e6 2.66e6 2.72e6 3.02e6 2.40e6 2.42e6 1.61e6 

2.13e6 2.22e6 1.97e6 1.77e6 2.35e6 2.28e6 1.62e6 

2.26e6 2.26e6 2.24e6 1.98e6 2.02e6 1.88e6 1.37e6 
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Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

224 

2.65e6 2.12e6 2.74e6 2.26e6 1.30e6 1.61e6 1.57e6 

1.94e6 2.09e6 2.01e6 1.25e6 1.61e6 1.80e6 1.13e6 

1.84e6 1.94e6 1.69e6 1.76e6 1.84e6 1.73e6 8.36e6 

2.49e6 2.21e6 2.31e6 1.24e6 2.02e6 1.62e6 1.22e6 

1.46e6 1.80e6 1.73e6 1.75e6 1.63e6 1.47e6 1.08e6 

 

Supplementary Table 5. Chromatographic peaks intensity following cone voltage optimization for 
losartan taking the established value with direct infusion as the starting point (0 - 20 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

207 

2.53e6 4.05e6 5.59e6 5.02e6 9.11e6 1.18e7 9.20e6 

4.15e6 5.54e6 5.59e6 6.30e6 5.33e6 6.56e6 6.85e6 

2.60e6 3.01e6 3.57e6 5.83e6 3.25e6 3.12e6 5.97e5 

3.42e6 4.75e6 3.53e6 5.73e6 5.78e6 5.77e6 5.31e6 

4.93e6 5.61e6 5.32e6 6.30e6 6.17e6 6.52e6 5.53e6 
        

139 

3.63e3 3.21e3 3.00e3 5.89e3 6.27e3 6.80e3 4.95e3 

2.90e3 4.41e3 4.13e3 3.64e3 2.98e3 3.87e3 5.26e3 

1.68e3 1.54e3 1.36e3 4.54e3 2.26e3 5.16e3 4.41e3 

1.58e3 3.34e3 2.81e3 2.47e3 3.17e3 2.01e3 3.75e3 

2.10e3 3.05e3 3.09e3 2.47e3 3.64e3 5.18e3 3.12e3 
        

307 

8.72e2 1.04e3 2.11e3 1.97e3 1.02e3 2.78e3 1.81e3 

1.05e3 1.21e3 1.85e3 1.27e3 1.50e3 1.32e3 1.37e3 

1.03e3 5.69e2 8.55e2 5.49e2 6.72e2 9.20e2 1.13e3 

2.87e2 7.57e2 1.62e3 1.09e3 7.06e2 1.02e3 2.75e3 

8.11e2 1.03e3 8.77e2 7.23e2 6.58e2 8.91e2 2.04e3 

 

Supplementary Table 6. Chromatographic peaks intensity following cone voltage optimization for 
irbesartan taking the established value with direct infusion as the starting point (0 - 25 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

207 

2.17e7 2.37e7 3.63e7 3.01e7 3.00e7 3.45e7 3.63e7 

1.52e7 1.78e7 1.78e7 2.15e7 2.02e7 2.39e7 2.28e7 

1.20e7 2.10e7 2.04e7 2.02e7 2.19e7 2.62e7 2.45e7 

1.30e7 1.81e7 1.94e7 2.13e7 2.19e7 2.14e7 2.53e7 

1.45e7 1.97e7 1.89e7 2.06e7 2.30e7 2.44e7 2.22e7 
        

195 

4.72e6 4.61e6 6.78e6 5.83e6 5.14e6 5.70e6 5.61e6 

2.56e6 3.02e6 3.11e6 3.54e6 3.42e6 3.70e6 4.43e6 

2.64e6 3.76e6 3.40e6 3.87e6 4.01e6 4.81e6 4.33e6 

2.74e6 3.18e6 3.76e6 3.65e6 4.66e6 4.03e6 5.06e6 

1.71e6 3.43e6 3.57e6 3.85e6 3.60e6 3.76e6 3.91e6 
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Supplementary Table 7. Chromatographic peaks intensity following cone voltage optimization for 
valsartan taking the established value with direct infusion as the starting point (0 - 25 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

291 

1.05e6 1.24e6 1.52e6 1.35e6 1.28e6 1.20e6 1.04e6 

1.14e6 1.25e6 1.25e6 1.42e6 1.20e6 1.08e6 9.76e5 

1.26e6 1.26e6 1.46e6 1.30e6 1.68e6 1.24e6 1.18e6 

9.86e5 1.23e6 1.58e6 1.99e6 1.21e6 1.31e6 9.11e5 

1.00e6 1.51e6 1.41e6 1.50e6 1.35e6 1.16e6 9.71e5 
        

235 

1.10e6 1.63e6 1.65e6 1.70e6 1.76e6 1.72e6 1.26e6 

1.41e6 1.53e6 1.50e6 1.66e6 1.53e6 1.44e6 1.16e6 

1.12e6 1.53e6 1.75e6 1.74e6 1.56e6 1.55e6 1.40e6 

1.17e6 1.85e6 1.56e6 2.12e6 1.55e6 1.51e6 1.28e6 

1.08e6 2.03e6 1.87e6 1.72e6 1.72e6 1.54e6 1.28e6 
        

306 

6.09e5 6.88e5 7.90e5 8.06e5 7.22e5 6.52e5 5.85e5 

5.77e5 6.69e5 1.02e6 8.37e5 5.79e5 5.87e5 5.05e5 

5.98e5 7.38e5 7.52e5 8.18e5 8.56e5 7.35e5 6.41e5 

4.87e5 7.66e5 8.85e5 1.04e6 7.42e5 6.52e5 4.84e5 

5.22e5 8.12e5 8.38e5 7.51e5 7.16e5 6.20e5 5.31e5 

 

Supplementary Table 8. Chromatographic peaks intensity following cone voltage optimization for 
telmisartan taking the established value with direct infusion as the starting point (0 - 45 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

276 

3.31e6 4.02e6 4.38e6 4.16e6 3.15e6 4.21e6 5.01e6 

2.87e6 2.01e6 3.48e6 3.84e6 3.61e6 4.19e6 5.05e6 

2.60e6 2.87e6 3.04e6 4.26e6 2.47e6 3.93e6 1.88e6 

2.72e6 3.06e6 3.18e6 3.24e6 4.24e6 3.23e6 3.42e6 

2.63e6 2.82e6 4.12e6 3.54e6 3.71e6 2.91e6 4.12e6 
        

497 

1.58e6 1.88e6 2.49e6 2.35e6 1.66e6 1.26e6 1.11e6 

1.70e6 1.24e6 2.05e6 1.85e6 1.73e6 2.03e6 2.14e6 

1.75e6 1.68e6 1.73e6 1.59e6 2.21e6 2.25e6 2.10e6 

1.65e6 2.32e6 1.51e6 1.57e6 2.07e6 2.11e6 1.70e6 

1.34e6 1.94e6 2.03e6 2.55e6 1.43e6 1.99e6 1.89e6 
        

211 

5.21e5 8.03e5 9.23e5 8.78e5 8.25e5 6.47e5 8.24e5 

6.38e5 6.33e5 9.74e5 8.61e5 8.89e5 9.32e5 8.33e5 

6.12e5 8.10e5 7.22e5 6.62e5 6.43e5 9.10e5 9.07e5 

6.39e5 7.40e5 7.85e5 7.33e5 7.08e5 6.51e5 6.82e5 

6.47e5 6.07e5 8.67e5 6.17e5 8.85e5 4.00e5 9.45e5 
        

289 

5.83e5 7.93e5 6.49e5 7.86e5 8.17e5 7.98e5 8.42e5 

4.22e5 3.78e5 5.76e5 6.43e5 5.91e5 7.28e5 7.32e5 

6.09e5 6.73e5 5.26e5 6.26e5 4.78e5 8.02e5 3.07e5 

5.08e5 6.35e5 5.88e5 6.07e5 7.62e5 7.64e5 6.02e5 

5.54e5 4.54e5 6.52e5 8.02e5 5.62e5 6.95e5 6.11e5 
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Supplementary Table 9. Chromatographic peaks intensity following cone voltage optimization for 
perindopril taking the established value with direct infusion as the starting point (0 - 40 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

172 

1.07e7 1.12e7 7.89e6 7.18e6 9.07e6 4.19e6 2.18e6 

7.86e6 1.18e7 7.28e6 5.64e6 7.39e6 5.64e6 2.36e6 

1.25e7 5.64e6 7.71e6 1.01e7 4.69e6 3.59e6 1.46e6 

9.25e6 8.27e6 9.47e6 7.66e6 5.49e6 3.83e6 1.78e7 

6.58e6 7.23e6 5.24e6 7.15e6 4.38e6 3.30e6 1.64e6 
        

170 

2.08e6 1.29e6 1.69e6 1.30e6 6.75e5 7.50e5 4.39e5 

2.04e6 2.27e6 1.41e6 8.51e5 1.89e6 7.39e5 3.88e5 

2.44e6 1.07e6 1.27e6 9.79e5 8.83e5 7.55e5 3.68e5 

1.72e6 1.65e6 2.02e6 1.45e6 1.00e6 7.15e5 3.53e5 

1.36e6 1.90e6 9.60e5 1.60e6 9.15e5 6.01e5 3.48e5 
        

98 

1.10e6 1.44e6 1.05e6 8.51e5 5.82e5 4.85e5 2.15e5 

1.06e6 1.43e6 8.65e5 6.26e5 7.85e5 6.85e5 3.25e5 

1.32e6 1.10e6 8.82e5 8.29e5 7.18e5 5.59e5 2.43e5 

1.02e6 1.14e6 9.16e5 6.92e5 7.48e5 5.74e5 2.43e5 

7.99e5 9.78e5 1.19e6 9.48e5 5.77e5 4.37e5 2.36e5 

 

 

Supplementary Table 10. Chromatographic peaks intensity following cone voltage optimization for 
ramipril taking the established value with direct infusion as the starting point (0 - 25 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

234 

4.13e6 4.06e6 4.61e6 5.82e6 5.16e6 6.16e6 6.31e6 

3.48e6 8.18e6 8.19e6 5.22e6 5.72e6 6.38e6 4.78e6 

3.98e6 4.75e6 7.00e6 5.83e6 7.80e6 5.44e6 5.71e6 

4.08e6 6.19e6 5.98e6 6.00e6 6.55e6 5.39e6 6.45e6 

5.21e6 5.06e6 5.03e6 6.29e6 4.94e6 5.52e6 7.14e6 

        

343 

5.07e5 4.72e5 4.87e5 5.63e5 5.3e5 6.96e5 5.79e5 

6.08e5 6.32e5 5.01e5 6.75e5 6.70e5 8.94e5 1.20e6 

4.82e5 4.97e5 6.11e5 6.14e5 7.67e5 9.18e5 6.81e5 

4.69e5 8.54e5 5.65e5 9.30e5 7.59e5 8.72e5 6.35e5 

4.69e5 5.39e5 5.60e5 8.29e5 8.19e5 6.38e5 1.00e6 
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Supplementary Table 11. Chromatographic peaks intensity following cone voltage optimization for 
lisinopril taking the established value with direct infusion as the starting point (0 - 30 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

84 

2.03e6 2.32e6 9.37e5 8.95e5 1.36e6 1.26e6 1.17e6 

1.47e6 9.96e5 8.98e5 1.82e6 2.06e6 2.51e6 2.45e6 

1.87e6 2.03e6 2.71e6 2.73e6 2.31e6 1.60e6 3.65e6 

1.75e6 2.00e6 2.17e6 1.28e6 2.23e6 2.46e6 1.13e6 

1.28e6 2.08e6 1.73e6 1.22e6 1.24e6 1.57e6 1.11e6 
        

246 

2.47e5 2.62e5 3.59e6 1.13e5 2.16e5 1.67e5 1.11e5 

1.43e5 1.97 e5 1.64e5 2.02e5 2.41e5 3.20e5 5.14e5 

2.54e5 1.77 e5 1.28e5 2.94e5 1.90e5 1.88e5 1.31e5 

1.35e5 2.69 e5 1.14e5 2.70e5 2.58e5 3.90e5 1.72e5 

2.57e5 3.96 e5 4.46e5 2.35e5 3.36e5 1.74e5 1.81e5 

 

Supplementary Table 12. Chromatographic peaks intensity following cone voltage optimization for 
enalaprilat taking the established value with direct infusion as the starting point (0 - 30 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

117 

2.17e5 2.74e5 2.70e5 4.68e5 4.26e5 4.30e5 1.69e5 

2.59e5 4.72e5 5.05e5 4.75e5 4.15e5 2.51e5 2.25e5 

4.63e5 2.71e5 3.45e5 5.07e5 5.04e5 4.94e5 3.24e5 

3.53e5 2.79e5 2.90e5 3.95e5 4.19e5 3.88e5 1.97e5 

3.24e5 4.33e5 4.57e5 3.28e5 2.62e5 3.94e5 1.88e5 
        

206 

8.62e5 1.14e6 1.07e6 1.14e6 1.01e6 1.06e6 8.16e5 

9.03e5 1.02e6 1.04e6 1.09e6 9.93e5 9.95e5 4.72e5 

7.51e5 8.73e5 6.03e5 5.84e5 9.54e5 8.30e5 6.46e5 

3.21e5 2.61e5 2.52e5 4.39e5 3.01e5 3.62e5 2.72e5 

4.95e5 5.22e5 4.05e5 4.40e5 6.02e5 5.58e5 3.86e5 
 

Supplementary Table 13. Chromatographic peaks intensity following cone voltage optimization for 
amlodipine taking the established value with direct infusion as the starting point (0 - 15 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

238 

2.79e6 5.77e6 6.54e6 8.05e6 6.69e6 6.88e6 4.83e6 

2.56e6 4.63e6 5.72e6 6.97e6 5.99e6 6.13e6 3.81e6 

2.35e6 4.36e6 5.08e6 4.89e6 5.43e6 5.43e6 3.43e6 

1.74e6 3.79e6 3.82e6 4.49e6 4.49e6 3.83e6 2.93e6 

1.83e6 3.26e6 3.52e6 3.66e6 3.73e6 3.65e6 2.45e6 
        

294 

1.62e6 3.32e6 4.03e6 4.55e6 4.26e6 3.84e6 2.97e6 

1.44e6 2.96e6 3.70e6 3.94e6 3.91e6 3.52e6 2.89e6 

1.60e6 2.50e6 3.38e6 3.59e6 3.58e6 3.23e6 2.14e6 

1.21e6 2.59e6 2.78e6 2.90e6 2.91e6 2.48e6 1.87e6 

1.13e6 2.02e6 2.17e6 2.32e6 2.17e6 2.02e6 1.68e6 
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Supplementary Table 14. Chromatographic peaks intensity following cone voltage optimization for 
lercanidipine taking the established value with direct infusion as the starting point (0 - 40 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

100 

8.61e6 1.09e7 9.99e6 7.98e6 8.98e6 7.85e6 6.44e6 

7.61e6 8.32e6 8.33e6 8.19e6 8.84e6 8.25e6 5.64e6 

7.28e6 7.47e6 7.16e6 9.15e6 7.06e6 6.92e6 6.03e6 

2.20e6 9.08e6 9.88e6 9.14e6 8.30e6 8.73e6 6.74e6 

8.81e6 8.73e5 8.83e6 9.70e6 8.87e6 8.52e6 5.79e6 
        

280 

1.38e7 1.60e7 1.69e7 1.46e7 1.66e7 1.39e7 1.06e7 

1.34e7 1.49e7 1.43e7 1.40e7 1.24e7 1.60e7 8.73e6 

1.23e7 1.28e7 1.34e7 1.59e7 1.27e7 1.11e7 9.33e6 

1.26e7 1.32e7 1.49e7 1.48e7 1.67e7 1.26e7 1.15e7 

1.69e7 1.22e7 1.30e7 1.40e7 1.32e7 1.23e7 9.10e6 
        

315 

5.20e6 6.16e6 5.06e6 4.77e6 4.92e6 4.00e6 3.27e6 

3.86e6 4.26e6 5.19e6 4.23e6 5.37e6 4.93e6 4.30e6 

3.66e6 3.86e6 4.18e6 4.27e6 3.79e6 3.57e6 2.90e6 

4.40e6 5.93e6 4.93e6 4.68e6 5.50e6 3.92e6 3.15e6 

4.98e6 4.96e6 4.05e6 4.26e6 4.24e6 3.83e6 2.96e6 

 

Supplementary Table 15. Chromatographic peaks intensity following cone voltage optimization for 
EXP-3174 taking the established value with direct infusion as the starting point (0 - 30 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

235 

4.57e4 4.98e4 6.50e4 4.81e4 6.97e4 3.88e4 3.91e4 

8.24e4 1.05e5 9.39e4 1.29e5 8.53e4 6.76e4 4.78e4 

9.16e4 1.18e5 1.18e5 7.18e4 8.80e4 5.75e4 5.57e4 

8.31e4 9.14e4 8.99e4 8.09e4 9.94e4 8.65e4 5.36e4 

4.83e4 7.92e4 1.26e5 8.58e4 7.17e4 6.68e4 3.92e4 
        

207 

5.80e4 5.98e4 4.06e4 4.62e4 2.78e4 3.47e4 1.87e4 

6.04e4 7.89e4 7.52e4 5.99e4 6.19e4 5.84e4 4.92e4 

4.81e4 8.73e4 7.06e4 5.52e4 7.48e4 4.63e4 4.75e4 

5.24e4 7.98e4 7.44e4 6.71e4 7.00e4 5.81e4 4.29e4 

5.94e4 6.56e4 4.44e4 8.80e4 3.93e4 4.30e4 2.95e4 

 

Supplementary Table 16. Chromatographic peaks intensity following cone voltage optimization for 
nevirapine taking the established value with direct infusion as the starting point (0 - 35 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

226 

4.05e3 3.37e3 2.44e3 3.72e3 2.26e3 2.81e3 3.53e3 

3.85e3 3.31e3 3.39e3 3.80e3 1.88e3 2.07e3 4.10e3 

1.99e3 4.27e3 6.53e3 4.21e3 3.84e3 2.39e3 3.39e3 

3.77e3 3.29e3 5.00e3 3,69e3 5.26e3 5.10e3 3.69e3 

9.40e 6.41e3 9.24e3 6.61e3 1.12e4 7.19e3 6.75e3 
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Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

        

80 

5.27e3 6.18e3 6.58e3 4.57e3 3.41e3 1.01e4 8.52e3 

4.43e3 1.12e4 8.08e3 8.77e3 8.77e3 7.96e3 8.55e3 

1.10e4 7.87e3 5.82e3 9.50e3 6.21e3 1.29e4 7.07e3 

1.56e4 9.10e3 8.72e3 7.19e3 8.60e3 9.70e3 7.61e3 

1.25e4 2.25e4 2.04e4 2.16e4 1.64e4 2.17e4 1.31e4 
        

198 

2.30e3 2.46e3 3.89e3 1.52e3 2.69e3 1.71e3 2.99e3 

4.15e3 5.02e3 4.38e3 3.61e3 3.12e3 2.49e3 3.79e3 

2.37e3 3.64e3 5.98e3 5.25e3 4.71e3 4.63e3 5.32e3 

1.04e4 3.63e3 8.45e3 4.32e3 7.00e3 1.17e4 4.07e3 

1.33e4 7.90e3 7.75e3 1.28e4 1.37e4 1.30e4 6.49e3 

Supplementary Table 17. Chromatographic peaks intensity following cone voltage optimization for 
bumetanide taking the established value with direct infusion as the starting point (0 - 30 V) 

Ion 
(m/z) 

Cone voltage 

-10 -5 -2 0 +2 +5 +10 

184 

1.49e5 1.86e5 1.91e5 2.61e5 2.92e5 2.61e5 2.02e5 

1.16e5 1.37e5 1.48e5 1.63e5 1.77e5 1.88e5 1.56e5 

1.43e5 1.87e5 2.08e5 2.32e5 2.13e5 2.28e5 1.97e5 

1.23e5 1.61e5 1.72e5 1.40e5 1.95e5 1.87e5 1.50e5 

1.18e5 1.48e5 1.80e5 1.91e5 2.19e5 1.44e5 1.38e5 
        

240 

1.06e4 1.62e4 1.62e4 2.00e4 2.17e4 2.08e4 1.14e4 

6.21e3 1.10e4 1.27e4 1.53e4 1.12e4 1.29e4 8.11e3 

1.05e4 1.31e4 1.59e4 1.64e4 1.92e4 1.73e4 1.31e4 

8.28e3 1.08e4 1.16e4 1.08e4 1.07e4 1.20e4 9.42e3 

9.48e3 1.38e4 1.40e4 8.66e3 1.07e4 1.16e4 9.65e3 

 

Supplementary Table 18. Chromatographic peaks intensity following energy collision optimization for 
indapamide taking the established value with direct infusion as the starting point (0 - 22 eV) and cone 

voltage established as 28 V for m/z 132 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

132 

2.06e6 1.34e6 1.52e6 1.57e6 1.29e6 1.05e6 1.01e6 

2.23e6 2.33e6 2.17e6 1.71e6 1.45e6 1.35e6 1.03e6 

1.43e6 1.58e6 1.38e6 1.58e6 1.30e6 1.07e6 8.58e5 

1.43e6 1.60e6 1.62e6 1.78e6 1.32e6 1.32e6 8.82e5 

1.56e6 1.46e6 1.59e6 1.59e6 1.24e6 1.13e6 7.41e5 
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Supplementary Table 19. Chromatographic peaks intensity following energy collision optimization for 
bisoprolol taking the established value with direct infusion as the starting point (0 - 23 eV) and cone 

voltages established as 30 V for m/z 116, 35 V for m/z 74 and 35 V for m /z 72 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

116 

1.59e6 3.63e5 3.00e6 2.78e6 1.20e6 1.49e6 5.70e5 

1.83e6 3.78e5 3.78e6 3.89e6 1.22e6 7.71e5 2.28e5 

1.34e6 2.35e5 3.04e6 1.77e6 1.03e6 5.86e5 5.84e5 

1.72e6 3.38e5 2.61e6 2.34e6 1.04e6 1.41e6 6.05e5 

1.31e6 3.94e5 2.81e6 3.77e6 9.44e5 1.62e6 2.67e5 
        

74 

1.30e5 7.88e5 1.39e5 1.83e6 3.21e6 2.82e6 2.18e6 

1.57e5 8.69e5 1.36e5 3.06e6 1.23e6 1.26e6 7.77e5 

1.37e5 6.85e5 1.47e5 1.72e6 1.23e6 1.03e6 1.90e6 

1.42e5 9.28e5 1.36e5 1.63e6 1.32e6 2.50e6 1.70e6 

1.31e5 9.09e5 1.74e5 1.91e6 1.08e6 2.96e6 2.10e6 
        

72 

5.59e4 2.59e5 4.92e5 6.70e5 1.21e6 1.10e6 8.50e5 

7.95e4 4.21e5 5.94e5 1.18e6 4.45e5 1.32e6 3.47e5 

5.55e4 2.55e5 4.23e5 7.61e5 1.20e6 1.19e6 7.52e5 

1.51e5 2.92e5 5.12e5 2.34e6 5.20e5 9.90e5 7.26e5 

5.43e4 2.80e5 5.56e5 9.43e5 4.45e5 3.95e5 7.57e5 

 

Supplementary Table 20. Chromatographic peaks intensity following energy collision optimization for 
nebivolol taking the established value with direct infusion as the starting point (0 - 32 eV) and cone 

voltages established as 45 V for m/z 151 and 45 V for m/z 123 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

151 

2.42e6 5.12e6 4.58e6 5.32e6 4.84e6 3.84e6 2.26e6 

3.01e6 5.99e6 6.35e6 5.56e6 6.54e6 4.54e6 2.72e6 

2.80e6 3.95e6 4.74e6 4.71e6 6.25e6 4.18e6 2.33e6 

2.83e6 4.98e6 4.98e6 4.49e6 4.91e6 4.43e6 2.59e5 

2.75e6 4.19e6 4.73e6 4.70e6 4.81e6 3.70e6 2.39e6 
        

123 

1.57e5 5.06e5 1.06e6 1.19e6 1.39e6 1.76e6 2.51e6 

1.97e5 6.93e5 1.22e6 1.55e6 1.26e6 1.98e6 2.46e6 

1.80e5 5.58e5 1.01e6 1.17e6 1.69e6 1.84e6 1.78e6 

1.67e5 5.68e5 1.02e6 1.29e6 1.81e6 1.89e6 2.35e6 

1.89e5 5.64e5 8.81e5 1.22e6 1.44e6 1.78e6 2.03e6 
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Supplementary Table 21. Chromatographic peaks intensity following collision energy optimization for 
carvedilol taking the established value with direct infusion as the starting point (0 - 27 eV) and cone 

voltages established as 43 V for m/z 100, 35 V for m/z 222 and 40 V for m/z 224 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

100 

2.89e5 9.15e5 1.17e6 1.10e6 1.29e6 1.28e6 1.10e6 

2.44e5 9.30e5 1.31e6 1.51e6 1.22e6 1.17e6 7.78e5 

3.35e5 1.28e6 1.12e6 1.77e6 1.14e6 2.25e6 9.36e5 

3.61e5 1.16e6 1.07e6 1.85e6 1.80e6 1.45e6 9.63e5 

3.39e5 9.51e5 1.27e6 1.79e6 1.20e6 8.94e5 7.67e5 
        

222 

2.82e5 5.42e5 6.70e5 5.70e5 5.42e5 2.60e5 1.635 

1.92e5 6.22e5 6.78e5 5.70e5 4.73e5 2.88e5 1.71e5 

3.54e5 8.35e5 8.77e5 6.82e5 6.67e5 4.97e5 2.70e5 

2.93e5 4.00e5 9.25e5 8.16e5 4.62e5 3.90e5 1.83e5 

3.36e5 6.17e5 6.97e5 4.74e5 3.42e5 3.12e5 2.46e5 
        

224 

4.45e5 6.64e5 6.04e5 2.79e5 3.50e5 1.40e5 4.10e4 

5.10e5 7.80e5 6.76e5 3.91e5 2.48e5 1.17e5 4.55e4 

5.59e5 8.72e5 8.09e5 5.79e5 3.64e5 1.51e5 5.40e4 

4.57e5 5.51e5 8.70e5 6.10e5 4.14e5 2.31e5 4.20e4 

5.67e5 7.24e5 6.76e5 5.63e5 3.03e5 1.53e5 3.09e4 

 

Supplementary Table 22. Chromatographic peaks intensity following collision energy optimization for 
losartan taking the established value with direct infusion as the starting point (0 - 30 eV) and cone 

voltages established as 25 V for m/z 207, 25 V for m/z 139 and 30 V for m/ 

Ion 
(m/z) 

Collision energy) 

-10 -5 -2 0 +2 +5 +10 

207 

7.77e5 8.96e5 8.38e5 6.20e5 5.82e5 6.18e5 1.97e5 

1.03e6 8.30e5 1.04e6 8.53e5 7.96e5 6.64e5 2.42e5 

9.44e5 1.05e6 1.35e6 9.77e5 9.34e5 8.28e5 4.54e5 

1.31e6 1.52e6 1.49e6 1.59e6 1.28e6 8.57e5 4.74e5 

1.46e6 1.56e6 1.20e6 1.16e6 6.66e5 8.56e5 3.30e5 
        

139 

2.12e2 2.73e2 0.98e2 1.32e2 4.09e2 9.10e2 2.24e3 

2.41e2 3.93e2 3.86e2 8.36e2 4.50e2 7.86e2 1.27e3 

3.14e2 3.21e2 3.60e2 7.37e2 1.23e3 1.79e3 1.94e3 

2.70e2 2.47e2 2.63e2 9.80e2 6.33e2 1.44e3 1.74e3 

2.67e2 4.22e2 5.57e2 3.14e2 6.77e2 1.25e3 1.68e3 
        

307 

1.20e2 2.21e2 2.02e2 1.25e2 0.76e2 1.88e2 0.98e2 

3.58e2 3.82e2 1.83e2 2.00e2 2.69e2 3.19e2 1.82e2 

2.68e2 3.45e2 2.80e2 2.45e2 2.76e2 3.00e2 2.82e2 

2.54e2 2.34e2 2.21e2 3.78e2 3.91e2 1.97e2 2.03e2 

3.12e2 7.27e2 3.96e2 2.87e2 2.46e2 2.49e2 2.86e2 
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Supplementary Table 23. Chromatographic peaks intensity following collision energy optimization for 
irbesartan taking the established value with direct infusion as the starting point (0 - 25 eV) and cone 

voltages established as 30 V for m/z 207 and 25 V for m/z 195 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

207 

5.68e6 1,24e7 1.35e7 1.40e7 1.39e7 1.08e7 9.69e6 

6.61e6 1.38e7 1.54e7 1.94e7 1.77e7 1.35e7 9.15e6 

5.94e6 1.37e7 1.49e7 1.57e7 1.83e7 1.26e7 8.97e6 

6.03e6 1.31e7 1.51e7 1.34e7 1.38e7 1.34e7 7.89e6 

5.91e6 1.44e7 1.61e7 1.54e7 1.47e7 1.31e7 9.82e6 
        

195 

1.31e6 2.75e6 2.88e6 2.81e6 2.37e6 1.50e6 8.13e5 

1.55e6 3.36e6 4.16e6 3.79e6 2.78e6 1.77e6 9.06e5 

1.47e6 3.00e6 3.38e6 2.59e6 2.31e6 1.61e6 9.53e5 

1.30e6 2.95e6 2.74e6 2.48e6 2.39e6 1.61e6 7.21e5 

1.43e6 3.05e6 3.20e6 3.08e6 2.22e6 1.67e6 8.42e5 

 

 

Supplementary Table 24. Chromatographic peaks intensity following collision energy optimization for 
valsartan taking the established value with direct infusion as the starting point (0 - 15 eV) and cone 
voltages established as 25 V for m/z 291, m/z 235 and m /z 306 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

291 

9.36e4 5.01e5 1.03e6 1.37e6 1.29e6 1.22e6 8.12e5 

7.68e4 5.11e5 9.12e5 1.31e6 1.23e6 1.13e6 7.61e5 

8.35e5 5.65e5 9.72e5 1.22e6 1.45e6 1.31e6 7.83e5 

6.86e4 5.21e5 8.41e5 1.20e6 1.19e6 1.09e6 7.46e5 

7.68e4 4.28e5 8.94e5 1.08e6 1.09e6 1.06e6 5.97e5 
        

235 

1.09e5 6.94e5 1.18e6 1.53e6 1.65e6 1.78e6 1.43e6 

9.15e4 6.14e5 1.14e6 1.25e6 1.40e6 1.80e6 1.38e6 

9.79e4 6.04e5 1.15e6 1.48e6 1.81e6 1.74e6 1.28e6 

9.52e4 5.43e5 1.06e6 1.34e6 1.56e6 1.82e6 1.31e6 

9.48e4 5.58e5 1.06e6 1.33e6 1.14e6 1.43e6 1.04e6 
        

306 

1.15e5 4.47e5 6.42e5 6.75e5 6.48e5 5.07e5 1.88e5 

9.77e5 4.21e5 6.25e5 7.53e5 6.37e5 4.73e5 1.94e5 

1.16e5 4.52e5 5.64e5 6.38e5 6.74e5 5.02e5 1.91e5 

1.11e5 4.21e5 5.38e5 6.53e5 6.24e5 4.75e5 1.68e5 

1.06e5 4.49e5 6.15e5 5.40e5 5.75e5 4.47e5 1.85e5 
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Supplementary Table 25. Chromatographic peaks intensity following collision energy optimization for 
telmisartan taking the established value with direct infusion as the starting point (0 - 41 eV) and cone 

voltages established as 55 V for m/z 276, 43 V for m/z 497, 43 V for m/ 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

276 

2.76e5 8.98e5 1.37e6 1.42e6 2.21e6 2.51e6 2.11e6 

2.72e5 8.51e5 1.26e6 1.75e6 2.00e6 1.81e6 2.02e6 

2.84e5 9.78e5 1.40e6 1.73e6 1.98e6 2.19e6 1.6e6 

2.25e5 8.65e5 1.59e6 1.80e6 2.31e6 2.22e6 2.12e6 

3.00e5 9.73e5 1.68e6 1.73e6 2.20e6 2.15e6 2.17e6 
        

497 

1.34e6 1.55e6 1.08e6 8.03e5 5.82e5 3.24e5 6.81e4 

1.17e6 1.56e6 1.30e6 8.84e5 5.31e5 3.74e5 7.19e4 

1.44e6 1.44e6 1.04e6 8.98e5 5.12e5 2.73e5 5.20e4 

1.37e6 1.72e6 1.42e6 1.12e6 6.85e5 2.91e5 6.59e4 

1.37e6 1.70e6 1.37e6 8.18e5 6.18e5 3.31e5 6.32e4 
        

211 

1.36e5 2.57e5 2.71e5 3.18e5 3.29e5 4.17e5 3.20e5 

1.20e5 2.02e5 2.06e5 3.02e5 3.30e5 3.00e5 2.80e5 

1.26e5 2.42e5 2.82e5 2.98e5 3.53e5 3.18e5 2.75e5 

1.45e5 2.50e5 2.61e5 3.76e5 3.89e5 3.53e5 3.49e5 

1.31e5 2.69e5 3.84e5 3.24e5 3.54e5 3.54e5 3.07e5 
        

289 

4.31e4 1.77e5 2.40e5 2.94e5 3.64e5 4.59e5 5.27e5 

3.58e4 1.36e5 2.41e5 3.21e5 3.52e5 5.50e5 4.69e5 

4.67e4 1.70e5 2.30e5 2.82e5 3.83e5 3.81e5 4.57e5 

5.18e4 1.57e5 2.98e5 3.61e5 4.09e5 4.11e5 4.58e5 

4.86e4 1.64e5 2.84e5 3.25e5 3.92e5 4.39e5 4.98e5 

 

 

 
 
 

Supplementary Table 26. Chromatographic peaks intensity following collision energy optimization for 
perindopril taking the established value with direct infusion as the starting point (0 - 20 eV) and cone 

voltages established as 35 V for m/z 172, 35 V for m/z 170 and 35 V for m/z 98 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

172 

1.15e6 4.43e6 6.29e6 6.22e6 5.90e6 3.76e6 2.85e6 

8.82e5 3.84e6 5.11e6 6.30e6 4.87e6 4.25e6 1.73e6 

1.22e6 3.64e6 5.72e6 5.97e6 4.00e6 3.08e6 2.76e6 

8.21e5 3.24e6 5.40e6 5.69e6 5.50e6 4.91e6 2.38e6 

6.89e5 3.05e6 4.32e6 5.85e6 4.92e6 3.92e6 2.24e6 
        

170 

2.49e5 9.12e5 1.05e6 1.26e6 9.91e5 6.73e5 3.57e5 

2.14e5 8.44e5 8.82e5 8.33e5 9.66e5 7.75e5 4.95e5 

2.83e5 7.97e5 1.18e6 1.00e6 1.07e6 5.84e5 3.03e5 

1.90e5 7.23e5 8.57e5 9.65e5 8.57e5 7.93e5 4.17e5 

2.10e5 6.41e5 8.01e5 9.06e5 7.03e5 6.50e5 4.06e5 
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Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

98 

2.57e4 1.32e5 3.09e5 5.07e5 7.87e5 2.31e6 2.38e6 

1.62e4 1.10e5 3.21e5 6.78e5 1.05e6 1.31e6 2.09e6 

2.53e4 1.15e5 3.78e5 7.10e5 7.54e5 2.03e6 2.99e6 

2.00e4 1.07e5 3.50e5 6.24e5 7.59e5 1.26e6 3.19e6 

2.00e4 9.89e4 2.47e5 5.78e5 8.18e5 1.47e6 2.74e6 

 

Supplementary Table 27. Chromatographic peaks intensity following collision energy optimization for 
ramipril taking the established value with direct infusion as the starting point (0 - 22 eV) and cone 

voltages established as 27 V for m/z 234 and 30 V for m/z 343 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

234 

4.18e5 1.41e6 1.77e6 2.14e6 1.75e6 1.02e6 5.80e5 

7.23e5 2.56e6 2.81e6 2.81e6 2.83e6 2.58e6 6.37e5 

5.48e5 1.52e6 1.85e6 2.57e6 2.48e6 1.58e6 5.64e5 

6.09e5 1.73e6 2.48e6 2.43e6 2.21e6 1.50e6 6.27e5 

5.13e5 2.01e6 2.32e6 2.40e6 2.18e6 1.53e6 7.58e5 
        

343 

8.18e4 2.25e5 2.49e5 2.73e5 2.235 1.27e5 4.25e4 

1.21e5 3.62e5 4.27e5 4.01e5 3.49e5 2.15e5 4.79e4 

8.44e4 2.78e5 3.38e5 3.27e5 2.65e5 1.82e5 4.04e4 

1.18e5 2.87e5 3.13e5 2.60e5 2.41e5 1.43e5 4.06e4 

8.73e4 2.83e5 3.30e5 3.15e5 2.15e5 1.48e5 3.79e4 

 

Supplementary Table 28. Chromatographic peaks intensity following collision energy optimization for 
lisinopril taking the established value with direct infusion as the starting point (0 - 22 eV) and cone 

voltages established as 25 V for m/z 84 and 28 V for m/z 246 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

84 

5.86e4 1.87e5 4.37e5 6.42e5 4.04e5 5.49e5 7.05e5 

5.33e4 4.00e5 6.45e5 7.54e5 4.43e5 3.54e5 3.84e5 

4.77e4 2.13e5 2.84e5 5.26e5 4.07e5 1.17e6 4.10e5 

7.04e4 2.64e5 3.91e5 1.05e6 5.99e5 4.08e5 7.68e5 

6.71e3 5.87e4 4.96e4 8.29e4 7.48e4 9.32e4 4.79e4 
        

246 

1.08e4 6.53e4 7.87e4 9.19e4 6.97e4 4.28e4 3.98e4 

1.04e4 7.60e4 8.86e4 4.21e4 1.40e5 5.14e4 2.87e4 

1.89e4 2.72e4 4.33e4 8.49e4 7.94e4 1.57e5 7.73e4 

1.06e4 4.44e4 1.38e5 1.29e5 7.39e4 8.45e4 6.58e4 

1.47e3 6.86e3 1.81e4 8.96e3 9.06e3 1.16e4 5.52e3 
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Supplementary Table 29. Chromatographic peaks intensity following collision energy optimization for 
enalaprilat taking the established value with direct infusion as the starting point (0 - 25 eV) and cone 

voltages established as 30 V for m/z 117and 30 V for m/z 206 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

117 

2.88e4 1.26e5 3.06e5 4.13e5 8.37e5 1.21e6 1.31e6 

1.23e4 9.37e4 2.27e5 5.29e5 7.53e5 1.00e6 1.04e6 

1.09e4 9.55e4 2.12e5 5.25e5 6.76e5 9.31e5 9.88e5 

1.32e4 1.29e5 2.21e5 5.03e5 6.61e5 8.55e5 9.88e5 

1.05e4 8.47e4 2.28e5 2.66e5 5.23e5 7.91e5 9.22e5 
        

206 

1.27e6 1.80e6 1.62e6 1.31e6 7.72e5 3.70e5 8.15e4 

1.56e6 1.79e6 1.24e6 8.71e5 2.68e5 3.15e5 4.79e4 

1.24e6 1.15e6 7.09e5 7.63e5 3.89e5 2.19e5 4.49e4 

9.39e5 1.04e6 7.43e5 6.77e5 4.98e5 2.13e5 4.19e4 

9.05e5 1.02e6 6.79e5 4.25e5 4.57e5 1.94e5 3.03e4 

 

Supplementary Table 30. Chromatographic peaks intensity following collision energy optimization for 
amlodipine taking the established value with direct infusion as the starting point (0 - 10 eV) and cone 

voltages established as 15 V for m/z 238 and m/z 294 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

238 

- 1.63e6 2.33e6 2.44e6 2.41e6 2.20e6 1.74e6 

- 1.85e6 2.59e6 2.88e6 2.44e6 2.43e6 1.71e6 

- 1.67e6 2.63e6 3.32e6 2.81e6 2.39e6 1.57e6 

- 1.54e6 2.24e6 2.74e6 2.84e6 2.21e6 1.58e6 

- 1.48e6 2.25e6 2.03e6 2.46e6 1.98e6 1.24e6 
        

294 

- 1.05e6 1.43e6 1.65e5 1.58e6 1.35e6 8.12e5 

- 1.22e6 1.75e6 1.71e6 1.93e6 1.36e6 9.31e5 

- 1.10e6 1.61e6 1.67e6 1.57e6 1.78e6 7.70e5 

- 1.08e6 1.57e6 1.46e6 1.44e6 1.23e6 7.93e5 

- 1.10e6 1.42e6 1.37e6 1.44e6 1.18e6 7.20e5 

 

 
 
 

Supplementary Table 31. Chromatographic peaks intensity following collision energy optimization for 
lercanidipine taking the established value with direct infusion as the starting point (0 - 25 eV) and cone 

voltages established as 40 V for m/z 100, 40 V for m/z 280 and 35 V for m/z 315 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

100 

2.60e5 9.78e5 2.42e6 3.46e6 5.78e6 6.18e6 9.81e6 

2.12e5 1.35e6 2.24e6 3.87e6 5.61e6 6.21e6 8.61e6 

3.21e5 1.29e6 2.78e6 3.87e6 4.77e6 7.48e6 8.22e6 

2.84e5 1.44e6 2.77e6 4.02e6 5.57e6 7.97e6 8.74e6 

2.81e5 1.11e6 2.83e6 3.43e6 4.36e6 7.71e6 8.17e6 
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Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

280 

2.12e6 5.29e6 7.24e6 6.39e6 6.99e6 4.85e6 2.88e6 

2.01e6 5.95e6 7.63e6 6.49e6 6.24e6 4.00e6 2.20e6 

1.98e6 5.64e6 7.18e6 5.86e6 5.15e6 4.60e6 2.40e6 

2.15e6 5.59e6 6.85e6 7.61e6 5.22e6 5.09e6 2.37e6 

2.18e6 6.35e6 5.72e6 6.02e6 6.02e6 4.66e6 2.20e6 
        

315 

2.25e5 1.06e6 1.39e6 2.21e6 2.92e6 3.24e6 2.82e6 

2.47e5 1.10e6 1.67e6 2.15e6 2.55e6 2.48e6 2.66e6 

2.70e5 8.87e5 1.65e6 2.54e6 2.57e6 2.95e6 2.79e6 

2.17e5 8.95e5 1.82e6 1.91e6 2.54e6 3.13e6 3.38e6 

2.16e5 9.82e5 1.62e6 2.16e6 2.58e6 2.49e6 2.94e6 

 

Supplementary Table 32. Chromatographic peaks intensity following collision energy optimization for 
EXP-3174 taking the established value with direct infusion as the starting point (0 - 18 eV) and cone 

voltages established as 27 V for m/z 235 and 25 V for m/z 207 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

235 

7.97e3 5.28e4 5.10e4 4.20e4 6.82e4 4.28e4 1.14e4 

3.86e4 7.10e4 1.10e5 1.14e5 1.22e5 4.42e4 3.81e4 

1.64e4 7.20e4 1.28e5 9.94e4 1.55e5 6.84e4 2.22e4 

5.17e4 3.12e4 3.26e5 2.39e5 5.87e5 1.84e5 5.36e4 

7.33e4 1.88e5 2.67e5 2.39e5 2.14e5 1.72e5 5.24e4 
        

207 

7.01e3 5.59e4 3.28e4 2.90e4 4.78e4 6.16e4 3.59e4 

2.32e4 3.86e4 7.58e4 2.07e5 7.06e4 7.67e4 8.54e4 

2.38e4 5.87e4 6.13e4 8.34e4 9.80e4 2.33e5 8.07e4 

3.73e4 9.13e4 1.64e5 1.84e5 3.07e5 2.28e5 1.47e5 

4.71e4 1.75e5 1.26e5 1.83e5 2.17e5 2.90e5 2.80e5 

 

Supplementary Table 33. Chromatographic peaks intensity following collision energy optimization for 
nevirapine taking the established value with direct infusion as the starting point (0 - 39 eV) and cone 

voltages established as 25 V for m/z 226, 40 V for m/z 80 and 33 V for m /z 198 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

226 

1.62e4 1.52e4 6.55e3 8.65e3 2.58e3 1.28e3 4.16e2 

5.79e4 4.09e4 2.56e4 6.63e3 6.28e3 3.09e3 9.20e2 

1.80e4 1.95e4 1.40e4 9.49e3 5.24e3 2.44e3 8.49e2 

1.22e4 7.12e3 5.35e3 4.22e3 3.12e3 2.58e3 2.01e3 

2.30e4 2.61e4 8.94e3 7.01e3 4.18e3 2.07e3 6.71e2 
        

80 

7.63e3 6.47e3 8.24e3 4.94e3 7.30e3 1.18e4 4.42e3 

1.37e4 3.03e4 5.04e4 3.77e4 1.34e4 1.66e4 1.06e4 

6.40e3 1.08e4 2.13e4 2.31e4 1.05e4 2.50e4 9.52e3 

1.14e4 6.33e3 9.82e3 7.53e3 1.62e4 2.81e4 9.80e3 

1.07e4 1.16e4 1.72e4 1.03e4 1.35e4 1.55e4 1.03e4 
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Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

198 

6.013 8.22e3 5.87e3 8.25e3 3.98e3 6.11e3 1.29e3 

7.74e3 2.10e4 2.78e4 8.30e3 6.84e3 6.08e3 2.44e3 

3.47e3 8.36e3 1.30e4 1.18e4 6.84e3 8.62e3 2.08e3 

2.79e3 6.00e3 4.36e3 6.84e3 4.22e3 9.66e3 9.37e3 

6.14e3 1.40e4 7.52e3 6.39e3 7.65e3 5.88e3 2.44e3 

 

Supplementary Table 34. Chromatographic peaks intensity following collision energy optimization for 
bumetanide taking the established value with direct infusion as the starting point (0 - 20 eV) and cone 

voltages established as 32 V for m/z 184 and m/z 240 

Ion 
(m/z) 

Collision energy 

-10 -5 -2 0 +2 +5 +10 

184 

1.01e4 8.51e4 1.89e4 1.96e4 2.31e5 2.07e5 1.75e5 

9.54e3 8.26e4 1.51e4 2.02e4 2.47e5 2.42e5 1.40e5 

1.50e4 9.79e4 1.69e4 2.46e4 3.02e5 2.55e5 1.61e5 

1.02e4 8.34e4 1.46e4 2.47e4 2.18e5 1.54e5 1.18e5 

1.19e4 7.64e4 1.02e4 1.78e4 2.00e5 1.86e5 1.38e5 
        

240 

1.76e3 1.27e4 1.89e4 1.83e4 1.66e4 1.04e4 5.86e3 

3.35e3 2.03e4 1.79e4 1.80e4 1.72e4 1.28e4 7.10e3 

4.21e3 1.87e4 2.34e4 2.37e4 2.04e4 9.94e3 7.05e3 

2.06e 1.53e4 1.43e4 1.10e4 1.09e4 9.72e3 2.11e3 

1.97e3 7.43e3 1.28e4 1.32e4 7.59e4 5.46e3 4.66e3 

 

 

Supplementary Table 35. Chromatographic peaks intensity following the second cone voltage 
optimization for indapamide taking the established value with the first cone voltage optimization as 
the starting point (0 - 28 V) and collision energy set to 22 eV for m/z 132, in accordance to the first 
collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

132 

6.35e5 6.52e5 5.66e5 

5.78e5 5.97e5 6.53e5 

6.34e5 8.50e5 8.10e5 

1.19e6 1.09e6 1.13e6 

7.53e5 7.55e5 7.79e5 
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Supplementary Table 36. Chromatographic peaks intensity following the second cone voltage 
optimization for bisoprolol taking the established values with the first cone voltage optimization as the 
starting point (0: 30 V for m/z 116, 35 V for m/z 74 and 35 V for m/z 72) and collision energies set to 18 
eV for m/z 116, 28 eV for m/z 74 and 23 eV for m/z 72, in accordance to the first collision energy 
optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

116 

5.51e6 4.52e6 4.91e6 

5.30e6 4.09e6 4.84e6 

5.60e6 4.83e6 3.76e6 

4.18e6 3.73e6 4.13e6 

5.04e6 4.96e6 4.59e6 
    

74 

2.24e6 2.14e6 1.92e6 

1.87e6 2.06e6 2.10e6 

2.87e6 2.13e6 1.50e6 

1.85e6 1.60e6 1.54e6 

2.26 2.40e6 2.05e6 
    

72 

8.27e5 8.12e5 9.19e5 

1.07e6 9.08e5 8.31e5 

7.19e5 9.77e5 9.90e5 

8.12e5 8.69e5 8.13e5 

1.10e6 9.81e5 9.13e5 

 

Supplementary Table 37. Chromatographic peaks intensity following the second cone voltage 
optimization for nebivolol taking the established values with the first cone voltage optimization as the 
starting point (0: 45 V for m/z 151 and 45 V for m/z 123) and collision energies set to 34 eV for m/z 151, 
and 42 eV for m/z 123, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

151 

7.01e6 5.80e6 5.37e6 

4.68e6 4.22e6 3.85e6 

3.87e6 3.91e6 4.29e6 

3.23e6 3.57e6 3.01e6 

3.53e6 4.29e6 3.06 
    

123 

3.04e6 2.55e6 3.06e6 

1.83e6 2.08e6 1.81e6 

2.07e6 1.74e6 1.92e6 

1.62e6 1.22e6 1.54e6 

1.64e6 1.51e6 1.43e6 
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Supplementary Table 38. Chromatographic peaks intensity following the second cone voltage 
optimization for carvedilol taking the established values with the first cone voltage optimization as the 
starting point (0: 43 V for m/z 100, 35 V for m/z 222 and 40 V for m/z 224) and collision energies set to 
27 eV for m/z 100, 25 eV for 222 and 22 eV for m/z 224, in accordance to the first collision energy 
optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

100 

4.58e6 3.91e6 3.84e6 

2.75e6 2.79e6 2.71e6 

5.29e6 4.52e6 4.70e6 

3.93e6 4.37e6 4.46e6 

3.44e6 3.85e6 3.26e6 
    

222 

2.15e6 1.63e6 1.63e6 

1.16e6 1.27e6 1.40e6 

2.14e6 1.90e6 2.16e6 

2.01e6 1.83e6 1.90e6 

1.51e6 1.82e6 1.64e6 
    

224 

2.07e6 2.71e6 2.08e6 

1.35e6 1.62e6 1.30e6 

2.51e6 2.18e6 2.37e6 

2.19e6 2.14e6 2.02e6 

2.04e6 1.88e6 1.81e6 

 

 

Supplementary Table 39. Chromatographic peaks intensity following the second cone voltage 
optimization for losartan taking the established value with the first cone voltage optimization as the 
starting point (0: 25 V for m/z 207, 25 V for m/z 139 and 30 V for m/z 307) and collision energies set to 
28 eV for m/z 207, 40 eV for m/z 139 and 25 eV for m/z 307, in accordance to the first collision energy 
optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

207 

5.84e6 5.60e6 5.84e6 

7.75e6 8.20e6 8.06e6 

7.42e6 5.96e6 4.09e6 

3.97e6 6.05e6 4.85e6 

6.33e6 8.40e6 6.48e6 
    

139 

1.42e4 9.57e3 1.32e4 

1.68e4 1.65e4 1.37e4 

1.59e4 1.65e4 1.35e4 

1.06e4 1.19e4 1.38e4 

1.26e4 1.37e4 1.59e4 
    

307 

1.67e3 9.45e2 1.51e3 

1.64e3 1.95e3 2.33e3 

2.00e3 2.59e3 1.25e3 

1.06e3 1.14e3 1.59e3 

8.94e2 1.94e3 2.30e3 
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Supplementary Table 40. Chromatographic peaks intensity following the second cone voltage 
optimization for irbesartan taking the established value with the first cone voltage optimization as the 
starting point (0: 30 V for m/z 207 and 35 V for m/z 195) and collision energies set to 25 eV for m/z 207 
and 23 eV for m/z 195, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

207 

7.91e6 9.38e6 8.88e6 

1.34e7 8.77e6 9.95e6 

8.51e6 8.39e6 9.57e6 

9.38e6 1.08e7 1.04e7 

9.86e6 8.93e6 8.90e6 
    

195 

1.85e6 1.93e6 1.98e6 

1.88e6 2.56e6 2.02e6 

1.82e6 1.87e6 2.05e6 

1.96e6 1.94e6 1.76e6 

2.00e6 1.96e6 1.86e6 

 

 

Supplementary Table 41. Chromatographic peaks intensity following the second cone voltage 
optimization for valsartan taking the established value with the first cone voltage optimization as the 
starting point (0: 25 V for m/z 291, m/z 235 and m/z 306) and collision energies set to 15 eV for m/z 291, 
20 eV for m/z 235 and 15 eV for m/z 306, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

291 

1.89e6 1.77e6 1.93e6 

1.42e6 1.19e6 1.18e6 

1.07e6 9.27e5 1.06e6 

9.85e5 9.06e5 1.05e6 

1.06e6 8.94e5 8.54e5 
    

235 

2.54e6 2.96e6 2.43e6 

1.42e6 2.03e6 1.87e6 

1.70e6 1.51e6 1.41e6 

1.22e6 1.45e6 1.22e6 

1.32e6 1.31e6 1.38e6 
    

306 

9.78e5 1.27e6 1.10e6 

7.83e5 7.5e5 7.39e5 

5.01e5 6.95e5 4.86e5 

6.20e5 5.18e5 5.78e5 

4.79e5 4.68e5 4.20e5 
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Supplementary Table 42. Chromatographic peaks intensity following the second cone voltage 
optimization for telmisartan taking the established value with the first cone voltage optimization as the 
starting point (0: 55 V for m/z 276, 43 V for m/z 497, 43 V for m/z 211 and 50 V for m/z 289) and collision 
energies set to 43 eV for m/z 276, 36 eV for m/z 497, 43 eV for m/z 211 and 51 eV for m/z 289, in 
accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

276 

4.34e6 3.05e6 3.18e6 

2.36e6 3.05e6 2.52e5 

3.36e6 2.57e6 2.58e6 

3.02e6 2.42e6 2.20e6 

1.99e6 1.87e6 2.33e6 

    

497 

2.77e6 2.97e6 2.57e6 

1.89e6 2.24e6 1.82e6 

2.10e6 2.10e6 1.96e6 

1.84e6 1.98e6 2.35e6 

1.57e6 1.64e6 1.70e7 
    

211 

7.09e5 5.57e5 5.89e5 

4.60e5 3.71e5 4.02e5 

5.80e5 4.84e5 4.26e5 

6.04e5 3.84e5 6.49e5 

3.48e5 3.46e5 3.75e5 
    

289 

9.03e5 7.42e5 7.29e5 

5.50e5 6.18e5 5.89e5 

6.88e5 6.17e5 7.22e5 

5.85e5 6.59e5 6.74e5 

4.51e5 4.74e5 5.10e5 

 

 
 

Supplementary Table 43. Chromatographic peaks intensity following the second cone voltage 
optimization for perindopril taking the established value with the first cone voltage optimization as the 
starting point (0: 35 V for m/z 172, m/z 170 and m/z 98) and collision energies set to 20 eV for m/z 172 
and m/z 170, and 30 eV for m/z 98, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

172 

4.43e6 3.76e6 3.53e6 

3.86e6 3.92e6 3.41e6 

5.36e6 4.46e6 3.45e6 

3.69e6 3.69e6 2.73e6 

4.35e6 3.16e6 4.48e6 
    

170 

8.62e5 6.27e5 5.45e5 

6.91e5 6.18e5 6.21e5 

5.83e5 8.02e5 6.33e5 

7.79e5 6.70e5 5.93e5 

8.83e5 7.67e5 5.91e5 
    



Annexes 

Maria Bernardes André  185 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

98 

2.21e6 2.12e6 1.83e6 

2.16e6 1.78e6 1.54e6 

2.56e6 2.37e6 2.35e6 

2.21e6 1.83e6 1.89e6 

2.52e6 2.14e6 1.49e6 

 

Supplementary Table 44. Chromatographic peaks intensity following the second cone voltage 
optimization for ramipril taking the established value with the first cone voltage optimization as the 
starting point (0: 27 V for m/z 234 and 30 V for m/z 343) and collision energies set to 22 eV for m/z 234 
and 20 eV for m/z 343, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

234 

3.06e6 3.10e6 2.46e6 

2.00e6 2.15e6 2.33e6 

2.76e6 2.99e6 2.70e6 

3.00e6 2.48e6 3.49e6 

2.35e6 2.85e6 2.83e6 
    

343 

3.41e5 4.98e5 3.38e5 

3.10e5 2.64e5 2.63e5 

3.62e5 4.02e5 4.00e5 

3.62e5 3.21e5 4.02e5 

2.86e5 3.49e5 3.44e5 

 

 
 

Supplementary Table 45. Chromatographic peaks intensity following the second cone voltage 
optimization for lisinopril taking the established value with the first cone voltage optimization as the 
starting point (0: 25 V for m/z 84 and 28 V for m/z 246) and collision energies set to 22 eV for m/z 84 
and m/z 246, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

84 

3.81e5 5.39e5 5.70e5 

5.56e5 5.23e5 4.33e5 

3.48e5 3.19e5 3.69e5 

4.22e5 5.44e5 4.91e5 

4.72e5 3.59e5 4.55e5 
    

246 

8.23e4 6.79e4 9.71e4 

6.96e4 7.17e4 1.14e5 

5.39e4 6.62e4 5.61e4 

6.96e4 5.51e4 7.95e4 

6.72e4 4.47e4 5.75e4 
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Supplementary Table 46. Chromatographic peaks intensity following the second cone voltage 
optimization for enalaprilat taking the established value with the first cone voltage optimization as the 
starting point (0: 30 V for m/z 117 and m/z 206) and collision energies set to 35 eV for m/z 117 and 20 
eV for m/z 206, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

117 

1.49e6 1.47e6 1.63e6 

1.29e6 1.27e6 1.30e6 

1.03e6 1.00e6 1.16e6 

1.23e6 1.34e6 1.40e6 

1.64e6 1.63e6 1.59e6 
    

206 

1.96e6 2.10e6 1.80e6 

9.54e5 8.64e5 8.57e5 

6.72e5 6.79e5 5.33e5 

1.45e6 1.43e6 1.36e6 

2.21e6 2.31e6 2.15e6 

 

 
 

Supplementary Table 47. Chromatographic peaks intensity following the second cone voltage 
optimization for amlodipine taking the established value with the first cone voltage optimization as the 
starting point (0: 15 V for m/z 238 and m/z 294) and collision energies set to 10 eV for m/z 238 and 12 
eV for m/z 294, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

238 

1.11e6 1.09e6 1.03e6 

1.16e6 1.10e6 1.14e6 

1.01e6 9.85e5 1.06e6 

1.08e6 1.05e6 1.05e6 
    

294 

5.88e5 6.59e5 8.15e5 

6.22e5 6.28e5 6.71e5 

6.46e5 6.42e5 6.00e5 

6.23e5 6.16e5 6.91e5 
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Supplementary Table 48. Chromatographic peaks intensity following the second cone voltage 
optimization for lercanidipine taking the established value with the first cone voltage optimization as 
the starting point (0: 40 V for m/z 100and m/z 280, and 35 V for m/z 315) and collision energies set to 35 
eV for m/z 100 and m/z 315, and 23 eV for m/z 280, in accordance to the first collision energy 
optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

100 

2.37e7 2.60e7 2.31e7 

1.54e7 1.48e7 1.53e7 

1.39e7 1.37e7 1.31e7 

1.40e7 1.63e7 1.51e7 

1.28e7 1.41e7 1.35e7 
    

280 

1.96e7 1.76e7 1.93e7 

1.18e7 1.20e7 1.21e7 

1.09e7 1.18e7 1.08e7 

1.19e7 1.13e7 1.15e7 

1.04e7 1.17e7 1.09e7 
    

315 

6.84e6 6.48e6 7.37e6 

4.91e6 4.65e6 4.76e6 

3.91e6 4.49e6 4.46e6 

4.50e6 4.99e6 4.58e6 

3.88e6 4.12e6 3.80e6 

 

 

Supplementary Table 49. Chromatographic peaks intensity following the second cone voltage 
optimization for EXP-3174 taking the established value with the first cone voltage optimization as the 
starting point (0: 27 V for m/z 235 and 25 V for m/z 207) and collision energies set to 20 eV for m/z 235 
and 23 eV for m/z 207, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

235 

5.76e5 6.01e5 8.09e5 

6.05e5 6.32e5 6.54e5 

9.45e5 9.87e5 8.15e5 

4.79e5 5.36e5 5.04e5 

5.82e5 5.35e5 5.26e5 
    

207 

7.04e5 6.75e5 7.29e5 

6.21e5 7.14e5 7.87e5 

8.25e5 9.22e5 8.94e5 

3.52e5 5.84e5 4.81e5 

5.56e5 6.80e5 5.29e5 
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Supplementary Table 50. Chromatographic peaks intensity following the second cone voltage 
optimization for nevirapine taking the established value with the first cone voltage optimization as the 
starting point (0: 25 V for m/z 226, 40 V for m/z 80 and 33 V for m/z 198) and collision energies set to 29 
eV for m/z 226, 44 eV for m/z 80 and 34 eV for m/z 198 in accordance to the first collision energy 
optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

226 

9.15e4 1.19e5 1.33e5 

7.06e4 8.66e4 1.06e5 

8.47e4 7.37e4 1.16e5 

1.43e5 1.61e5 1.47e5 

6.32e4 6.45e4 6.83e4 

    

80 

7.08e4 7.90e4 6.52e4 

2.44e4 3.43e4 3.60e4 

2.80e4 3.84e4 4.11e4 

7.11e4 7.18e4 7.58e4 

2.94e4 3.19e4 3.34e4 
    

198 

4.22e4 4.33e4 3.79e4 

2.33e4 2.95e4 1.81e4 

1.77e4 2.63e4 2.53e4 

4.62e4 5.59e4 4.74e4 

2.26e4 2.24e4 1.99e4 

 

 

Supplementary Table 51. Chromatographic peaks intensity following the second cone voltage 
optimization for bumetanide taking the established value with the first cone voltage optimization as 
the starting point (0: 32 V for m/z 184 and m/z 240) and collision energies set to 22 eV for m/z 184 and 
20 eV for m/z 240, in accordance to the first collision energy optimization 

Ion 
(m/z) 

Cone Voltage 

-2 0 +2 

184 

2.65e5 2.55e5 2.70e5 

2.20e5 2.41e5 2.39e5 

2.87e5 3.02e5 2.75e5 

2.43e5 2.66e5 2.90e5 

2.27e5 2.83e5 2.81e5 
    

240 

2.07e4 1.70e4 1.39e4 

1.44e4 1.62e4 1.92e4 

2.28e4 2.25e4 2.46e4 

2.48e4 1.83e4 2.68e4 

2.24e4 2.19e4 2.26e4 
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Supplementary Table 52. Chromatographic peaks intensity following the second collision energy 
optimization for indapamide taking the established value with the first collision energy optimization as 
the starting point (0: 22 eV for m/z 132) and cone voltage set to 30 V for m/z 132, in accordance to the 

second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

132 

9.15e5 9.31e5 6.83e5 

8.21e5 8.99e5 6.64e5 

1.16e6 1.21e6 1.02e6 

1.30e6 1.22e6 9.52e5 

9.93e5 8.82e5 7.62e5 

 

 

Supplementary Table 53. Chromatographic peaks intensity following the second collision energy 
optimization for bisoprolol taking the established value with the first collision energy optimization as 
the starting point (0: 18 eV for m/z 116, 28 eV for m/z 74 and 23 eV for m/z 72) and cone voltage set to 

28 V for m/z 116, 33 eV for m/z 74 and 35 eV for m/z 72, in accordance to the second cone voltage 
optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

116 

5.20e6 3.96e6 6.11e6 

5.26e6 7.54e6 4.35e6 

1.19e7 9.08e6 9.25e6 

6.82e6 9.84e6 7.19e6 

8.29e6 8.86e6 7.70e6 
    

74 

2.16e6 1.59e6 1.86e6 

3.14e6 2.52e6 2.45e6 

2.75e6 4.20e6 4.09e6 

3.56e6 2.72e6 2.76e6 

4.40e6 3.77e6 3.38e6 
    

72 

8.72e5 7.80e5 1.78e6 

7.14e5 1.05e6 1.27e6 

1.24e6 1.55e6 1.75e6 

1.20e6 1.24e6 1.57e6 

1.43e6 1.45e6 1.69e6 
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Supplementary Table 54. Chromatographic peaks intensity following the second collision energy 
optimization for nebivolol taking the established value with the first collision energy optimization as 

the starting point (0: 34 eV for m/z 151 and 42 eV for m/z 123) and cone voltage set to 45 V for m/z 151 
and 43 eV for m/z 123, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

151 

2.84e6 2.99e6 2.99e6 

2.12e6 1.99e6 1.93e6 

2.60e6 2.47e6 2.67e6 

1.83e6 1.28e6 2.15e6 

2.71e6 2.76e6 1.70e6 
    

123 

1.17e6 1.09e6 1.64e6 

7.51e5 1.09e6 9.74e5 

1.11e6 1.23e6 1.01e6 

1.01e6 7.53e5 8.69e5 

1.19e6 9.80e5 9.92e5 

 

Supplementary Table 55. Chromatographic peaks intensity following the second collision energy 
optimization for carvedilol taking the established value with the first collision energy optimization as 
the starting point (0: 27 eV for m/z 100, 25 eV for m/z 222 and 22 eV for m/z 224) and cone voltage set 

to 41 V for m/z 100, 33 eV for m/z 222 and 38 eV for m/z 224, in accordance to the second cone voltage 
optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

100 

1.92e6 2.70e6 2.02e6 

1.78e6 1.85e6 1.83e6 

2.49e6 2.30e6 3.54e6 

2.07e6 2.39e6 3.37e6 

2.06e6 1.72e6 2.05e6 
    

222 

9.61e5 1.11e6 9.16e5 

7.90e5 9.20e5 7.13e5 

1.14e6 7.48e5 1.32e6 

8.41e5 9.97e5 1.07e6 

9.01e5 8.97e5 8.51e5 
    

224 

9.72e5 1.36e6 1.12e6 

1.28e6 9.24e5 8.79e5 

1.14e6 1.48e6 1.38e6 

1.35e6 1.09e6 1.18e6 

8.32e5 1.06e6 1.34e6 
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Supplementary Table 56. Chromatographic peaks intensity following the second collision energy 
optimization for losartan taking the established value with the first collision energy optimization as the 

starting point (0: 28 eV for m/z 207, 40 eV for m/z 139 and 25 eV for m/z 3 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

207 

2.94e6 2.88e6 2.45e6 

3.23e6 2.95e6 2.25e6 

3.29e6 2.82e6 2.23e6 

2.51e6 3.01e6 2.57e6 

2.37e6 2.05e6 2.30e6 
    

139 

6.38e3 6.48e3 9.51e3 

5.18e3 5.29e3 6.03e3 

4.29e3 6.43e3 6.98e3 

2.84e3 5.56e3 4.68e3 

3.58e3 4.49e3 4.94e3 

    

307 

4.99e2 5.12e2 3.67e2 

7.51e2 7.14e2 1.05e3 

7.57e2 6.24e2 6.95e2 

7.98e2 5.79e2 3.04e2 

6.22e2 6.34e2 4.93e2 

 

Supplementary Table 57. Chromatographic peaks intensity following the second collision energy 
optimization for irbesartan taking the established value with the first collision energy optimization as 
the starting point (0: 25 eV for m/z 207 and 23 eV for m/z 195) and cone voltage set to 28 V for m/z 207 

and 37 eV for m/z 195, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

207 

1.63e7 1.58e7 1.41e7 

1.24e7 1.38e7 1.02e7 

1.48e7 1.35e7 1.83e7 

1.70e7 1.46e7 1.64e7 

1.47e7 1.55e7 1.49e7 
    

195 

3.32e6 3.45e6 3.06e6 

2.37e6 2.97e6 2.32e6 

3.35e6 3.14e6 3.53e6 

3.78e6 3.22e6 2.91e6 

3.08e6 3.09e6 3.15e6 
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Supplementary Table 58. Chromatographic peaks intensity following the second collision energy 
optimization for valsartan taking the established value with the first collision energy optimization as 

the starting point (0: 15 eV for m/z 291 and m/z 306, and 20 eV for m/z 235) and cone voltage set to 23 V 
for m/z 291 and m/z 306, and 25 eV for m/z 235, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

291 

3.50e5 4.61e5 4.90e5 

6.17e5 8.02e5 9.23e5 

4.99e5 5.13e5 6.24e5 

5.28e5 5.59e5 5.46e5 

3.70e5 5.39e5 6.55e5 
    

235 

6.38e5 6.38e5 5.64e5 

8.82e5 1.16e6 9.21e5 

6.90e5 7.64e5 7.88e5 

8.31e5 7.29e5 6.05e5 

8.26e5 8.01e5 7.75e5 
    

306 

2.22e5 2.75e5 2.28e5 

4.36e5 4.24e5 4.18e5 

2.70e5 3.11e5 3.43e5 

5.46e5 2.52e5 3.47e5 

2.38e5 3.44e5 3.72e5 

 

Supplementary Table 59. Chromatographic peaks intensity following the second collision energy 
optimization for telmisartan taking the established value with the first collision energy optimization as 

the starting point (0: 43 eV for m/z 276 and m/z 211, 36 for m/z 497 and 51 eV for m/z 289) and cone 
voltage set to 53 V for m/z 276, 43 V for m/z 497, 41 eV for m/z 211 and 52 eV for m/z 289, in accordance 

to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

276 

1.37e6 1.53e6 1.55e6 

1.45e6 1.91e6 1.63e6 

2.29e6 3.17e6 2.52e6 

1.81e6 2.26e6 2.22e6 
    

497 

1.31e6 1.33e6 1.14e6 

1.17e6 1.25e6 1.27e6 

1.79e6 2.29e6 1.75e6 

1.94e6 1.64e6 1.32e6 
    

211 

2.52e5 2.61e5 2.43e5 

2.60e5 2.32e5 2.34e5 

4.00e5 5.19e5 4.19e5 

2.95e5 4.22e5 3.16e5 
    

289 

3.64e5 3.59e5 3.52e5 

3.70e5 4.21e5 3.66e5 

5.73e5 7.09e5 6.94e5 

4.97e5 5.33e5 4.68e5 
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Supplementary Table 60. Chromatographic peaks intensity following the second collision energy 
optimization for perindopril taking the established value with the first collision energy optimization as 
the starting point (0: 20 eV for m/z 172 and m/z 170, and 30 eV for m/z 98) and cone voltage set to 33 V 

for m/z 172, m/z 170 and m/z 98, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

172 

5.37e6 5.01e6 4.99e6 

3.25e6 3.54e6 3.05e6 

4.17e6 4.19e6 3.39e6 

5.13e6 4.59e6 5.96e6 

2.63e6 4.30e6 3.59e6 
    

170 

7.57e5 8.25e5 9.54e5 

5.67e5 5.94e5 5.60e5 

9.02e5 9.27e5 5.37e5 

1.11e6 1.00e6 1.10e6 

5.85e5 1.03e6 6.14e5 
    

98 

2.33e6 2.68e6 2.63e6 

1.54e6 2.48e6 2.01e6 

2.37e6 2.29e6 1.81e6 

2.03e6 2.85e6 2.73e6 

1.88e6 2.91e6 2.09e6 

 

Supplementary Table 61. Chromatographic peaks intensity following the second collision energy 
optimization for ramipril taking the established value with the first collision energy optimization as the 
starting point (0: 22 eV for m/z 234 and 20 eV for m/z 343) and cone voltage set to 27 V for m/z 234 and 

30 eV for m/z 343, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

234 

3.71e6 3.08e6 3.04e6 

2.92e6 2.84e6 2.70e6 

2.40e6 2.31e6 2.00e6 

1.47e6 1.54e6 1.49e6 

3.27e6 2.47e6 2.22e6 
    

343 

5.04e5 4.22e5 3.73e5 

4.66e5 3.74e5 4.00e5 

2.52e5 2.64e5 2.58e5 

2.17e5 1.83e5 1.87e5 

3.02e5 3.41e5 3.50e5 
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Supplementary Table 62. Chromatographic peaks intensity following the second collision energy 
optimization for lisinopril taking the established value with the first collision energy optimization as 
the starting point (0: 22 eV for m/z 84 and m/z 246) and cone voltage set to 27 V for m/z 84 and 30 eV 

for m/z 246, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

84 

4.13e5 4.49e5 4.36e5 

2.30e5 3.12e5 4.07e5 

3.59e5 5.04e5 5.50e5 

4.72e5 5.02e5 4.90e5 

2.40e5 2.93e5 3.95e5 
    

246 

6.24e4 7.14e4 5.98e4 

4.62e4 4.77e4 5.01e4 

5.86e4 6.26e4 7.82e4 

5.25e4 9.64e4 5.39e4 

4.14e4 5.52e4 5.23e4 

 

Supplementary Table 63. Chromatographic peaks intensity following the second collision energy 
optimization for enalaprilat taking the established value with the first collision energy optimization as 
the starting point (0: 35 eV for m/z 117 and 20 eV for m/z 206) and cone voltage set to 32 V for m/z 117 

and 30 eV for m/z 206, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

117 

7.42e5 1.36e6 1.87e6 

5.70e5 9.21e6 1.45e6 

4.98e5 7.64e5 1.12e6 

4.99e5 7.53e5 1.02e6 

4.09e5 5.91e5 8.63e5 
    

206 

4.88e6 4.34e6 2.53e6 

3.11e6 2.72e6 1.57e6 

2.08e6 1.23e6 9.21e6 

2.10e6 1.59e6 1.01e6 

9.01e5 5.55e5 3.73e5 

 

 

Supplementary Table 64. Chromatographic peaks intensity following the second collision energy 
optimization for amlodipine taking the established value with the first collision energy optimization as 
the starting point (0: 10 eV for m/z 238 and 12 eV for m/z 294) and cone voltage set to 13 V for m/z 238 

and 17 eV for m/z 294, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

238 

1.10e6 1.06e6 2.11e6 

1.10e6 1.23e6 1.32e6 

9.04e5 1.12e6 1.20e6 

9.85e5 1.98e6 9.70e5 
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Ion 
(m/z) 

Collision energy 

-2 0 +2 

294 

6.42e5 6.78e5 6.41e5 

6.39e5 7.07e5 7.12e5 

5.69e5 5.27e5 5.70e5 

6.38e5 7.51e5 5.04e5 

 

Supplementary Table 65. Chromatographic peaks intensity following the second collision energy 
optimization for lercanidipine taking the established value with the first collision energy optimization 
as the starting point (0: 35 eV for m/z 100 and m/z 315, and 23 eV for m/z 280) and cone voltage set to 

40 V for m/z 100 and m/z 280, and 35 eV for m/z 315, in accordance to the second cone voltage 
optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

100 

9.67e6 1.17e7 1.23e7 

7.79e6 8.75e6 9.12e6 

9.04e6 9.79e6 1.90e7 

1.03e7 1.06e7 1.08e7 

3.71e6 3.92e6 3.98e6 
    

280 

7.79e6 1.07e7 8.15e6 

7.00e6 8.47e6 6.72e6 

7.68e6 7.84e6 7.34e6 

7.65e6 8.98e6 8.39e6 

2.85e6 3.09e6 3.26e6 
    

315 

3.94e6 3.84e6 3.47e6 

2.93e6 2.64e6 2.33e6 

2.98e6 2.77e6 3.27e6 

3.95e6 3.22e6 3.09e6 

1.21e6 1.35e6 1.06e6 
 

Supplementary Table 66. Chromatographic peaks intensity following the second collision energy 
optimization for EXP-3174 taking the established value with the first collision energy optimization as 
the starting point (0: 20 eV for m/z 235 and 22 eV for m/z 207) and cone voltage set to 27 V for m/z 235 

and 25 eV for m/z 207, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

235 

2.84e5 3.11e5 2.44e5 

1.82e5 2.07e5 1.68e5 

2.69e5 2.29e5 1.87e5 

1.92e5 2.47e5 1.18e5 

2.83e5 4.05e5 1.76e5 
    

207 

4.42e5 2.35e5 2.57e5 

1.65e5 2.06e5 2.06e5 

2.72e5 2.85e5 2.27e5 

1.33e5 2.38e5 1.23e5 

2.38e5 1.84e5 2.33e5 
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Supplementary Table 67. Chromatographic peaks intensity following the second collision energy 
optimization for nevirapine taking the established value with the first collision energy optimization as 
the starting point (0: 29 eV for m/z 226, 44 eV for m/z 80 and 34 eV for m/z 198) and cone voltage set to 

27 V for m/z 226, 42 eV for m/z 80 and 33 eV for m/z 198, in accordance to the second cone voltage 
optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

226 

7.01e4 6.27e4 5.25e4 

8.79e4 7.62e4 6.45e4 

8.37e4 8.56e4 6.99e4 

7.44e4 3.38e4 5.42e4 

1.16e5 8.79e4 8.55e4 
    

80 

3.73e4 3.23e4 2.53e4 

4.28e4 4.39e4 3.81e4 

4.48e4 4.47e4 4.32e4 

3.70e4 3.22e4 3.56e4 

4.97e4 5.63e4 4.89e4 
    

198 

2.18e4 1.93e4 1.99e4 

1.84e4 2.31e4 2.74e4 

2.63e4 2.60e4 2.79e4 

1.06e4 2.11e4 1.95e4 

2.72e4 2.72e4 3.52e4 

 

Supplementary Table 68. Chromatographic peaks intensity following the second collision energy 
optimization for bumetanide taking the established value with the first collision energy optimization as 
the starting point (0: 22 eV for m/z 184 and 20 eV for m/z 240) and cone voltage set to 32 V for m/z 184 

and 34 eV for m/z 240, in accordance to the second cone voltage optimization 

Ion 
(m/z) 

Collision energy 

-2 0 +2 

184 

1.47e5 1.75e5 2.17e5 

1.88e5 2.34e5 2.60e5 

2.36e5 3.26e5 3.83e5 

1.60e5 1.72e5 2.25e5 
    

240 

1.74e4 1.21e4 1.36e4 

2.69e4 2.38e4 1.91e4 

2.74e4 2.14e4 1.58e4 

1.43e4 1.20e4 1.00e4 

 

 

8.3. Acid and basic extraction optimization 

On the following tables are listed the chromatographic peak intensities obtained for 

each individual injection (triplicates) of each sample (n=3) in the pH optimization 

experiments. Acid (pH ~3) and basic (pH ~8) extractions performed separately with the 
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purpose of evaluating the behavior of each molecule are represented inSupplementary 

Table 69 and Supplementary Table 70, respectively. Hidden numbers (-) are the 

chromatographic peaks intensity values lower than 1.00e3 and with a S/N smaller than 

which were considered negligible. 

On Supplementary Table 71 are listed the chromatographic peak intensities 

obtained with acid (pH ~2) and basic (pH ~11) extractions performed separately with the 

purpose of enhancing the extraction for each molecule. The highlighted values (written in 

white) on this table show which type of extraction was the best on each injection (1st, 2nd 

or 3rd) on each sample (1, 2 or 3), for each product ion being monitored.  

 

Supplementary Table 69. Summarized peak intensity values for the acid extraction part of the 
procedure for each compound (1st, 2nd and 3rd injections of each sample vial) (pH ~3) 

  
Acid extraction 

 Ion 
(m/z) 

sample 1 sample 2 sample 3 

 
1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 

IND 132 4.71e5 5.56e5 3.46e5 5.37e5 5.31e5 6.00e5 4.48e5 4.99e5 4.67e5 

BIS 

116 1.47e6 2.41e6 1.45e6 1.68e6 1.94e6 2.48e6 1.26e6 1.61e6 1.65e6 

74 1.91e5 4.06e5 1.82e5 2.10e5 2.56e5 3.96e5 1.81e5 2.18e5 2.73e5 

72 3.90e4 1.12e5 5.04e4 5.92e4 6.35e4 1.02e5 4.55e4 5.50e4 6.83e4 

NEB 
151 1.23e6 1.37e6 9.27e5 1.22e6 1.44e6 1.50e6 9.28e5 1.17e6 1.16e6 

123 5.38e5 7.08e5 6.06e5 6.39e5 7.34e5 6.31e5 4.5e5 5.81e5 5.85e5 

CAR 

100 1.35e6 1.81e6 1.37e6 1.74e6 1.61e6 2.21e6 7.28e5 9.93e5 8.80e5 

222 1.43e5 2.75e5 1.38e4 1.92e5 1.95e5 3.44e5 8.76e4 1.33e5 2.23e5 

224 8.98e4 1.75e5 8.77e4 1.08e5 1.08e5 1.88e5 8.33e4 6.67e4 6.73e4 

LOS 
207 1.28e5 2.21e5 1.26e5 1.73e5 1.72e5 2.35e5 9.63e4 1.47e5 1.59e5 

139 - 438 - 2.03e3 - 723 - 549 521- 

IRB 
207 4.24e5 3.42e5 4.01e5 5.47e5 6.50e5 3.44e5 3.66e5 5.66e5 2.41e5 

195 3.07e4 6.65e4 4.17e4 2.14e4 5.69e4 3.83e4 3.35e4 5.08e4 5.95e4 

VAL 

235 - - - - - - - - - 

291 - - - - - - - - - 

306 - - - - - - - - - 

TEL 

211 3.99e3 7.07e3 4.84e3 4.65e3 6.48e3 7.71e3 1.50e3 6.14e3 6.04e3 

276 1.47e3 4.30e3 4.64e3 3.85e3 4.83e3 5.47e3 4.05e3 2.97e3 2.70e3 

497 1.98e3 1.97e3 1.44e3 2.48e3 2.44e3 2.23e3 1.71e3 2.59e3 1.78e3 

289 - - 1.02e3 1.04e3 - 1.18e3 - - - 

PER 

172 3.34e3 1.10e4 4.36e3 5.49e3 6.11e3 1.67e4 3.54e3 5.53e3 6.30e3 

98 4.12e3 1.55e4 4.70e3 4.04e3 7.0e3 9.58e3 3.50e3 4.40e3 5.72e3 

170 2.50e3 2.21e3 -  1.51e3 2.70e3 - - 1.08e3 
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Acid extraction 

 Ion 
(m/z) 

sample 1 sample 2 sample 3 

 
1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 

LIS 84 6.32e3 1.38e4 1.13e4 1.16e4 8.72e3 1.34e4 1.01e4 1.32e4 1.60e4 

RAM 
234 3.80e3 4.11e3 2.51e3 2.06e3 2.45e3 4.54e3 1.84e3 1.95e3 2.55e3 

343 - 302 - - 279 254 - 294 - 

ENT 
117 - - - - - - - - - 

206 - - - - - - - - - 

AML 
238 5.84e4 1.15e5 3.70e4 9.41e4 1.00e5 7.44e4 8.18e4 1.03e5 7.86e4 

294 3.93e4 5.43e4 4.27e4 5.29e4 2.15e4 6.25e4 4.04e4 2.51e4 3.88e4 

LER 

100 7.32e5 1.10e6 6.87e5 9.00e5 1.03e6 1.42e6 6.80e5 8.90e5 1.13e6 

280 1.82e4 2.31e4 1.90e4 2.28e4 2.22e4 2.99e4 1.73e4 2.34e4 3.05e4 

315 2.27e4 3.74e4 1.99e4 2.57e4 2.80e4 3.88e4 1.87e4 2.18e4 3.29e4 

EXP 
207 - - - - - - - - - 

235 - - - - - - - - - 

NEV 

226 4.32e4 9.88e4 4.81e4 5.53e4 5.63e4 8.01e4 4.20e4 5.11e4 5.97e4 

80 5.13e4 8.16e4 5.97e4 6.55e4 6.02e4 9.06e4 4.84e4 5.21e4 5.43e4 

198 2.05e4 3.84e4 2.67e4 3.20e4 3.21e4 3.86e4 7.97e4 3.09e4 2.92e4 

BUM 
184 1.15e4 1.38e4 1.23e4 1.48e4 1.55e4 1.85e4 1.26e4 8.70e3 1.46e4 

240 - 1.75e3 - - 1.67e3 - - 1.21e3 - 

 

Supplementary Table 70. Summarized peak intensity values for the basic extraction part of the 
procedure for each compound (1st, 2nd and 3rd injections of each sample vial) (pH ~8) 

  
Basic extraction 

 Ion 
(m/z) 

sample 1 sample 2 sample 3 

 
1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 

IND 132 2.55e5 5.02e5 5.18e5 5.32e5 5.34e5 4.39e5 5.58e5 2.40e5 5.79e5 

BIS 

116 3.63e5 2.67e5 3.18e5 2.13e5 3.74e5 2.04e5 3.60e5 2.26e5 3.21e5 

74 4.76e4 2.79e4 4.95e4 2.25e4 5.04e4 2.40e4 5.33e4 2.31e4 4.96e4 

72 1.60e4 9.90e3 1.15e4 7.79e4 1.35e4 8.42e3 1.33e4 7.61e3 1.20e4 

NEB 
151 1.20e6 9.66e5 1.25e6 4.99e5 1.19e6 1.04e6 1.32e6 1.01e6 1.05e6 

123 5.05e5 5.18e5 6.32e5 5.17e5 6.33e5 4.84e5 6.57e5 4.90e5 5.37e5 

CAR 

100 1.28e6 1.15e6 1.32e6 1.03e6 1.31e6 8.98e5 1.28e6 4.62e5 1.40e6 

222 7.77e4 1.21e5 1.61e5 1.03e5 1.46e5 9.02e4 1.63e5 1.17e5 1.75e5 

224 9.97e4 6.41e4 9.59e4 7.48e4 9.54e4 6.34e4 8.61e4 7.02e4 1.06e5 

LOS 
207 8.91e5 6.05e5 7.99e5 5.82e5 9.75e5 6.44e5 9.58e5 5.09e5 9.09e5 

139 3.44e3 1.85e3 2.33e3 2.07e3 4.19e3 4.03e3 4.87e3 1.91e3 1.96e3 

IRB 
207 1.67e6 1.18e6 7.91e5 8.40e5 1.15e6 1.02e6 1.21e6 3.91e5 1.24e6 

195 1.94e5 8.01e4 1.46e5 4.84e4 1.94e5 8.15e4 1.39e5 3.39e4 1.12e5 
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Basic extraction 

 Ion 
(m/z) 

sample 1 sample 2 sample 3 

 
1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 1

st
 2

nd
 3

rd
 

VAL 

235 1.45e4 1.15e4 1.36e4 1.52e4 2.05e4 1.59e4 2.10e4 8.80e3 1.54e4 

291 4.68e3 3.69e3 4.80e3 4.26e3 6.45e3 4.17e3 5.07e3 3.48e3 4.53e3 

306 2.48e3 2.20e3 1.67e3 1.49e3 2.15e3 1.70e3 2.94e3 2.46e3 1.29e3 

TEL 

211 2.80e4 2.35e4 2.38e4 2.07e4 3.49e4 1.65e4 2.56e4 9.20e3 2.60e4 

276 1.77e4 1.60e4 1.69e4 1.67e4 1.62e4 1.88e4 2.15e4 1.38e4 9.08e3 

497 1.11e4 1.00e4 1.24e4 1.10e4 1.17e4 1.02e4 1.34e4 1.11e4 1.38e4 

289 4.01e3 3.40e3 3.35e3 2.43e3 3.33e3 3.03e3 5.32e3 2.13e3 2.94e3 

PER 

172 8.28e5 2.90e5 8.15e5 2.69e5 5.56e5 3.57e5 9.79e5 3.75e5 7.34e5 

98 5.28e5 5.92e5 8.82e5 3.25e5 6.65e5 3.02e5 8.66e5 3.26e5 5.04e5 

170 1.80e5 6.77e4 1.12e5 9.96e4 1.42e5 5.80e4 1.84e5 6.60e4 1.14e5 

LIS 84 1.22e4 6.97e3 9.33e3 7.96e3 8.68e3 7.54e3 1.22e4 6.93e3 9.63e3 

RAM 
234 6.15e4 5.32e4 6.06e4 5.13e4 7.92e4 4.82e4 6.30e4 4.72e4 8.75e4 

343 5.11e3 3.48e3 5.83e3 4.09e3 5.80e3 3.53e3 6.21e3 3.63e3 4.43e3 

ENT 
117 1.75e4 1.19e4 2.49e4 1.85e4 2.11e4 2.00e4 2.13e4 1.91e4 2.83e4 

206 1.71e4 1.40e4 1.62e4 1.12e4 1.51e4 8.87e3 1.16e4 8.26e3 1.66e4 

AML 
238 3.28e4 2.55e4 3.66e4 5.87e4 1.95e4 4.84e4 3.50e4 5.42e4 4.01e4 

294 4.34e4 3.39e4 1.63e4 2.99e4 9.09e4 2.34e4 2.57e4 8.86e3 1.68e4 

LER 

100 9.51e5 7.68e5 9.58e5 6.89e5 1.01e6 6.67e5 9.24e5 5.46e5 8.39e5 

280 2.23e4 1.85e4 2.34e4 1.64e4 2.31e4 1.85e4 1.89e4 1.51e4 2.05e4 

315 1.93e4 2.42e4 2.45e4 1.80e4 2.21e4 2.00e4 2.36e4 1.45e4 2.21e4 

EXP 
207 2.83e4 3.08e4 3.84e4 3.13e4 3.08e4 2.48e4 4.04e4 2.59e4 4.10e4 

235 6.31e3 4.87e3 5.37e3 5.21e3 5.98e3 3.31e3 6.31e3 2.16e3 5.42e3 

NEV 

226 5.01e4 3.40e4 5.18e4 3.52e4 5.84e4 2.89e4 6.34e4 3.24e4 5.74e4 

80 6.06e4 4.40e4 6.05e4 4.81e4 6.26e4 4.37e4 6.62e4 4.16e4 5.56e4 

198 2.73e4 1.74e4 2.93e4 1.69e4 2.88e4 1.86e4 2.80e4 1.73e4 3.15e4 

BUM 
184 1.51e5 1.27e5 9.95e4 9.84e4 1.43e5 6.71e3 1.37e5 9.62e4 1.14e5 

240 1.33e4 8.46e3 9.87e3 7.79e3 1.07e4 9.77e4 1.18e4 8.22e3 1.12e4 
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Supplementary Table 71. Summarized peak intensity values from the second tested acid and basic 
extraction procedures for each compound (1st, 2nd and 3rd injections of each sample vial) (acid pH 

~2, basic pH ~11) 

  
acid extraction basic extraction 

 Ion 
(m/z) 

sample 1 sample 2 sample 1 sample 2 

 
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

AML 
238 6.96e4 1.44e5 5.30e4 5.07e4 1.55e5 1.60e5 1.91e5 3.48e5 1.57e5 1.42e5 2.03e5 1.24e5 

294 2.10e4 6.91e4 3.38e4 3.65e4 7.21e4 7.86e4 8.13e4 1.61e5 4.48e4 5.50e4 1.22e5 8.70e4 

BIS 

116 3.87e6 2.69e6 6.72e6 3.81e6 2.88e6 8.25e6 2.51e6 3.45e6 1.05e6 1.20e6 2.39e6 1.29e6 

74 5.45e5 1.09e6 1.00e6 5.18e5 4.11e5 1.30e6 3.95e5 7.14e5 1.38e5 1.38e5 4.59e5 1.86e5 

72 1.49e5 2.80e5 2.40e5 1.41e5 3.04e5 3.34e5 7.61e4 1.43e5 2.82e4 2.89e4 1.12e5 4.64e4 

IRB 
207 2.72e3 5.09e3 1.12e3 1.90e3 3.67e3 1.64e3 3.09e6 4.58e6 2.31e6 1.40e6 3.49e6 1.23e6 

195 - - - - - - 3.39e5 6.00e5 2.31e5 1.38e5 4.05e5 1.27e5 

LIS 84 8.77e3 1.25e4 8.55e3 9.99e3 1.12e4 1.19e4 1.70e4 1.89e4 1.09e4 1.61e4 1.61e4 1.62e4 

LOS 
207 - - 1.05e3 - - - 1.29e6 1.99e6 1.14e6 9.88e5 1.55e6 1.35e6 

139 - - - - - - 5.29e3 5.60e3 2.89e3 1.49e3 6.70e3 4.84e3 

CAR 

100 1.38e6 1.69e6 1.71e6 1.19e6 1.76e6 1.93e6 2.02e6 2.45e6 1.38e6 1.72e6 2.11e6 9.61e5 

222 1.35e5 2.71e5 2.48e5 1.32e5 3.35e5 2.77e5 3.11e5 4.07e5 9.49e4 1.86e5 3.41e5 3.06e5 

224 8.84e4 1.32e5 5.08e4 8.46e4 1.56e5 1.49e5 1.50e5 2.54e5 4.49e4 1.05e5 1.85e5 6.79e4 

IND 132 1.04e4 7.35e3 5.53e3 1.04e4 1.23e4 1.45e4 2.82e5 3.09e5 1.36e5 2.54e5 2.98e5 3.33e5 

LER 

280 1.13e4 1.46e4 1.23e4 8.22e3 1.65e4 1.76e4 2.834 4.23e4 2.84e4 2.07e4 3.50e4 2.73e4 

100 4.03e5 8.25e5 6.06e5 4.28e5 8.35e5 8.15e5 1.22e6 1.72e6 9.68e5 8.30e5 1.95e6 1.15e6 

315 9.87e3 1.82e4 1.48e4 1.05e4 2.70e4 2.18e4 3.96e4 5.40e4 2.51e4 2.58e4 5.80e4 2.41e4 

PER 

172 - - - - - - 1.10e6 1.31e6 7.07e5 5.85e5 1.26e6 1.24e6 

170 - - - - - - 2.34e5 3.84e5 1.64e5 1.27e5 2.64e5 2.20e5 

98 - - - - - - 1.03e6 3.09e5 1.36e5 2.54e5 2.98e5 3.33e5 

NEB 
151 6.65e5 1.06e6 1.10e6 8.93e5 1.11e6 1.25e6 1.34e6 1.65e6 1.29e6 1.13e6 1.27e6 1.41e6 

123 3.35e5 5.88e5 5.35e5 4.82e5 5.55e5 7.00e5 7.36e5 7.54e5 6.85e5 5.95e5 8.61e5 5.36e5 

ENT 
117 - - - - - - 4.90e4 7.45e4 3.89e4 3.78e4 4.81e4 4.00e4 

206 - - - - - - 3.88e4 6.49e4 2.62e4 2.24e4 4.79e4 3.39e4 

TEL 

276 - - - - - - 2.76e4 4.41e4 2.44e4 2.66e4 3.37e4 1.67e4 

497 - - - - - - 2.43e4 3.27e4 1.53e4 1.60e4 2.84e4 2.59e4 

289 - - - - - - 8.77e3 1.17e4 4.36e3 8.24e3 6.49e3 4.07e3 

211 - - - - - - 6.52e4 1.10e5 2.46e4 3.92e4 7.77e4 4.72e4 

VAL 
291 - - - - - - 1.97e3 2.45e3 1.92e3 1.23e3 3.00e3 1.33e3 

235 - - - - - - 9.52e3 1.11e4 5.01e3 2.91e3 8.03e3 4.56e3 

RAM 
234 - - - - - - 8.68e4 1.45e5 6.60e4 4.82e4 1.12e5 5.76e4 

343 - - - - - - 4.44e3 8.46e3 5.58e3 3.51e3 9.15e3 8.75e3 

EXP 
235 - - - - - - 5.18e3 9.17e3 5.45e3 3.67e3 4.49e3 5.25e3 

207 - - - - - - 4.53e4 5.06e4 2.79e4 2.83e4 4.79e4 4.10e4 

NEV 

80 5.13e4 6.62e4 6.30e4 4.35e4 7.02e4 6.95e4 1.02e5 1.32e5 8.76e4 8.79e4 1.14e5 1.09e5 

226 3.10e4 6.06e4 4.72e4 3.21e4 6.92e4 5.87e4 8.63e4 1.38e5 6.15e4 6.33e4 1.07e5 7.64e4 

198 1.87e4 3.29e4 2.93e4 1.93e4 3.29e4 3.13e4 5.01e4 6.72e4 3.48e4 3.92e4 6.26e4 4.04e4 

BUM 
184 - - - - - - 7.77e4 7.69e4 6.61e4 6.38e4 8.00e4 6.94e4 

240 - - - - - - 6.78e3 6.16e3 4.79e3 6.03e3 8.40e3 4.01e3 

 


