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ABSTRACT  

In this study, healthy volunteers in Pakistan were asked to compare the single-dose pharmacokinetics of 16 mg 

of the angiotensin receptor blocker candesartan cilexetil following oral administration. Blood samples were 

taken over a 72-hour period while the medication was administered orally to 16 healthy individuals. Following a 

freeze-thaw cycle, the samples were subjected to reversed-phase HPLC analysis at a wavelength of 258 nm 

using an isocratic mobile phase consisting of potassium dihydrogen phosphate and methanol (25:75 v/v). 

Pharmacokinetic parameters such as Cmax, Tmax, t1/2, Ka, Vd, and AUC were computed. 
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INTRODUCTION 

Angiotensin Receptor Blockers (ARBs) and 

Angiotensin Converting Enzyme Inhibitors 

(ACEIs) are two classes of medications effective in 

treating cardiovascular diseases (CVDs) [1]. 

Candesartan is one of the ARBs approved in the 

United States for the treatment of heart failure [2]. 

It has a longer-lasting ability to bind to AT1 

receptors compared to losartan [3]. Candesartan is 

marketed as an antihypertensive prodrug, known as 

Candesartan Cilexetil, which contains a chiral 

carbon atom in the cyclohexyloxycarbonyloxy 

ethyl ester group [4]. After oral administration, it is 

metabolized into its active form, candesartan, by 

intestinal wall esterases [5]. Candesartan has a 

partition coefficient greater than 1000 across a pH 

range of 1.1 to 8.9 [6]. Its pKa value is 6.0, and it 

has a molecular mass of 61 kDa [7]. 

Candesartan is considered safe, even when a 

double dose is taken. Its antihypertensive effects 

and tolerability are comparable to those of 

amlodipine [8] and hydrochlorothiazide [9]. Major 

adverse events associated with candesartan include 

hypotension, renal dysfunction, and hyperkalemia. 

While no dose adjustment is necessary for patients 

with liver impairment, a lower starting dose is 

recommended for those with severe renal 

impairment [10]. 

Candesartan is characterized by low oral 

bioavailability (40%), high plasma protein binding 

(99%), and a volume of distribution of 0.13 L/kg. 

The primary site of clearance is the kidneys, with 

an oral clearance rate ranging from 3.4 to 28.4 L/h. 

Currently, there are no reported drug-drug or drug-

food interactions. Non-compartmental models are 

not suitable for explaining pharmacokinetic data, 

while two-compartment models account for the 

significantly longer half-life of 29 hours. 

Pharmacokinetic data remain unaffected by age, 

gender, or ethnicity. However, renal impairment 

does impact the pharmacokinetic profile, although 

elimination by hemodialysis is not observed; thus, 

a dose of 8 mg is deemed safe. Mild to moderate 

hepatic impairment does not alter 

pharmacokinetics, allowing for doses up to 12 

mg/day without special precautions. Doses ranging 

from 8 to 32 mg/day are considered clinically 

effective [11]. 

The impact of gender on pharmacokinetics and 

pharmacodynamics has been well-documented in 

animal studies, yet there has been limited focus on 

its influence in humans. Several factors can affect 

the determination of pharmacokinetic parameters 

between genders, including differences in muscle 

and fat composition, physiological and hormonal 

variations, gastrointestinal blood flow, gastric acid 

secretion, gender-specific cytochrome P450 

isozymes, plasma protein levels, and renal blood 

flow [12]. Studies have shown significant 

variations in the pharmacokinetics of 

antidepressants [13]. Additionally, opiates 

demonstrate a greater transfer from blood to brain 

is some volunteers [14]. 
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Many studies have shown that the 

pharmacokinetics of candesartan are consistent 

between men and women. However, the 

pharmacokinetic parameters of a drug can vary 

significantly under different geographical 

conditions. In countries where the pharmaceutical 

landscape relies partially or completely on drug 

imports, it is crucial to re-evaluate drug 

prescriptions for the local population in their 

specific environment. This is due to "geonetical 

variations," which can lead to different responses to 

a particular drug among individuals in varied 

conditions [15]. 

For the first time, our study sought to ascertain the 

pharmacokinetic characteristics of candesartan 

tablets in healthy, fasting adult participants from 

Pakistan. Plasma samples were taken at different 

times from 0 to 72 hours after a single dosage of 16 

mg candesartan cilexetil was given. A two-

compartment model was used to derive the 

pharmacokinetic parameters, which included AUC, 

Vd, Cl, Cmax, tmax, t1/2, and Ka.  

MATERIALS AND METHOD 

Subject and Study design 

This study was a single-dose pharmacokinetic 

evaluation of candesartan cilexetil aimed at 

assessing potential variations in pharmacokinetic 

parameters among healthy volunteers. The 

participants, aged between 19 and 22 years and 

weighing between 52 and 70 kg, provided written 

informed consent. Volunteers were included in the 

study only after undergoing complete physical 

examinations. Exclusion criteria for all participants 

included any type of disease, smoking, alcoholism, 

and abnormal liver and renal function test (LFT 

and RFT) results. Additionally, female participants 

were excluded if they were pregnant, menstruating, 

or met any of the other exclusion criteria. All 

volunteers received a single oral dose of 16 mg of 

candesartan cilexetil, marketed under the trade 

name Treatan® by PharmEvo Pvt. Ltd. 

Blood Sampling 

Blood samples of 5 ml were collected at 0, 0.5, 1, 

1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 24, 48, and 72 hours 

using an indwelling cannula. The samples were 

collected in heparinized vacutainers, then 

centrifuged to separate the plasma, which was 

preserved at -80 °C for further analysis. 

Preparation of Drug Solution for Standard 

Curve 

A stock solution of Candesartan cilexetil (1000 

ng/ml) was prepared in methanol. Further dilutions 

(20, 40, 80, 120, 160, and 200 ng/ml) were made in 

blank plasma from this stock solution to construct a 

standard curve. 

Validation of Analytical Methods 

The analytical HPLC method was validated for 

specificity, linearity, limit of quantification, 

precision, and accuracy [16, 17]. 

Determination of Drug Concentration in Blood 

Samples by HPLC  

Reverse phase HPLC was used to determine the 

levels of candesartan cilexetil in each blood 

sample. A Shimadzu 20-A (Japan) HPLC system 

with an auto-sampler and a photodiode array 

detector linked to a data gathering system was 

used. The RP-C18 (150 x 4.6 mm, 5 µm particle 

size) analytical column was utilized, and it was 

kept at 30 °C. The Quaternary Pump Model No. 

20AT from Shimadzu, Japan, was the pump that 

was used. Candesartan cilexetil's detection 

wavelength was established at 258 nm. A 

potassium dihydrogen phosphate buffer (0.01 M) 

that had been pH 3.0 adjusted using 

orthophosphoric acid and methanol in a 25:75 (v/v) 

ratio made up the isocratic mobile phase. Each 

sample had an injection volume of 55 µL, and the 

flow rate was kept constant at 1 ml/min. An 

Eppendorf tube containing 500 µL of plasma and 

500 µL of acetonitrile was vortexed for five 

minutes prior to being centrifuged for ten minutes 

at 10,000 rpm as part of the extraction procedure. A 

syringe was used to collect the supernatant, which 

was then filtered through a 0.2 µm filter and placed 

in an HPLC vial before being injected into the 

system. 

Pharmacokinetic Parameters Calculation 

Pharmacokinetic parameters, including AUC0-∞, 

t1/2, ka, tmax, Cmax, Vd, Cl, and kel, were 

calculated from the plasma concentration-time 

curves, taking into account the bioavailability of 

Candesartan cilexetil following oral administration 

[18]. 

RESULTS AND DISCUSSION  

Validation of Analytical Methods 

Specificity 

The chromatographic methods and conditions 

employed demonstrate no interference in control 

samples at the retention time of candesartan 

cilexetil. 

Linearity 

The standard calibration curve across each 

concentration showed strong linearity within the 

range of 20-200 ng/ml for candesartan cilexetil in 

human plasma. A linear relationship was observed 

between peak area and drug concentration, with an 

R² value of 0.998. 

Limit of Quantification 

The limit of quantification was determined based 

on a signal greater than five times the baseline 

noise, with sufficient precision (<20%) and 

accuracy (80-120%). Consequently, the limit of 

quantification for candesartan cilexetil was 

established at 18 ng/ml. 

Precision and Accuracy 

Intra-day and inter-day precision and accuracy 

were assessed using quality control samples in 

plasma, referencing a calibration curve on the same 

day  and  on  different  days.  The   mean   intra-day 
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Table 1. Pharmacokinetic parameters of candesartan cilexetil in healthy volunteers. 

Pharmacokinetic Parameters 
Healthy Volunteers 

Mean + SD 

AUC (h.ng/L) 1450.82 + 123.7 

Elimination half life (hrs) 30.72 + 8.25 

Absorption rate constant (hr-1) 0.331 + 0.059 

Time to peak (hrs) 3.82 + 0.7 

Peak Conc. (ng/ml) 101.13 + 6.64 

Volume of distribution (L) 0.4865 + 0.14 

Clearance (L/h) 0.0146 + 0.0129 

 

accuracy as a percentage of the relative standard 

deviation (% RSD) at low, medium, and high 

concentrations was 94.4%, 99.1%, and 100.2%, 

respectively. The intra-day precision values were 

0.03%, 0.02%, and 0.01%, while the inter-day 

precision values were 0.05%, 0.03%, and 0.01%. 

Pharmacokinetic Parameters of Candesartan 

Cilexetil 

Mean values and standard deviations for volunteers 

are presented in Table 1. The variance in 

pharmacokinetic parameters for groups was 

calculated using an unpaired t-test. The results 

indicated that there were no significant differences 

in all pharmacokinetic parameters (Cmax, tmax, 

t1/2, Vd, Cl, and Ka) except for AUC. Candesartan 

plasma concentrations were measured using a 

validated reversed-phase HPLC method, and 

pharmacokinetic parameters were calculated. The 

area under the curve (AUC) for Candesartan after 

oral administration in healthy volunteers was 

1450.82 ± 123.7 ng·h/ml, which is significantly 

higher than previously reported values of 909 

ng·h/ml [19] (P<0.005). This difference may be 

attributed to gender effects on drug absorption after 

oral administration, as well as varying 

environmental conditions. 

The volume of distribution (Vd) calculated in 

healthy volunteers was 0.4865 ± 0.14 L/kg, 

compared to previously published data of 0.13 

L/kg. This discrepancy may also be linked to 

different environmental factors. The maximum 

concentration (Cmax) of Candesartan was reached 

at 3.82 ± 0.7 hours, consistent with previously 

reported data of 4.3 hours [20]. The observed 

Cmax for a 16 mg dose of Candesartan was 101.13 

± 6.64 ng/ml, aligning with earlier findings of 95.2 

ng/ml. 

The absorption rate constant (Ka) was determined 

to be 0.331 ± 0.059 per hour, and the half-life of 

Candesartan was found to be 30.72 ± 8.25 hours in 

healthy volunteers, which closely matches the 

previously reported value of 29 hours. 

CONCLUSION 

Candesartan plasma concentrations were measured 

using a simple, accurate, and reliable HPLC 

method after the drug was administered orally. The 

developed method effectively determines the 

pharmacokinetic parameters of Candesartan, 

including AUC, Cmax, Tmax, volume of 

distribution, absorption rate constant, and 

elimination half-life, in healthy volunteers. 
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