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ABSTRACT 

Objective: To evaluate the pharmacokinetics (PKs) of a newly formulated immediate-release ibuprofen (IBU) 400 mg tablet administered to 
healthy Arabic volunteers.  

Methods: This was a single-dose study conducted on healthy Arabic subjects under overnight fasting. Each subject received one 400 mg tablet of the newly 
formulated IBU. Blood samples were collected at pre-determined intervals for up to 12 h post-dose. Pharmacokinetic parameters including maximum plasma 
concentration (Cmax), time to reach maximum concentration (Tmax), area under the curve from time zero to last measurable concentration (AUC₀₋ₜ ), area 
under the curve from time zero to infinity (AUC₀₋∞), elimination rate constant (Kₑ), elimination half-life (T 0.5), mean residence time (MRT), 
clearance/bioavailability (Cl/F), and volume of distribution/bioavailability (Vd/F) were calculated using non-compartmental analysis. 

Results: The mean±SD pharmacokinetic parameters of IBU after a single 400 mg dose were as follows: Cmax = 26.1±4.7 µg/ml, Tmax = 1.98±0.56 h, 
AUC₀₋ₜ  = 103.4±23.5 µg·h/ml, AUC₀₋∞ = 107.8±28.6 µg·h/ml, %AUCextra= 3.5±2.6, Kₑ = 0.310±0.047 h⁻¹, T 0.5 = 2.29±0.42 h, MRT = 4.17±0.84 h, 
Cl/F = 3.9±0.71 l/h, Vd/F = 12.6±2.3 l. The newly formulated IBU tablet was well tolerated by all participants with no significant adverse effects 
observed. 

Conclusion: The present investigation introduced the PK parameters of a newly formulated IBU tablet administered to Arabic healthy individuals 
which were found to be comparable to the data presented in literature for other IBU tablets. Consequently, the new IBU formula can be introduced 
to the market as a safe and effective product. 
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INTRODUCTION 

Ibuprofen (IBU) was the first available over-the-counter (OTC) drug 
used and prescribed widely as a potent antipyretic, analgesic, and 
non-steroidal anti-inflammatory. It is available on the market in 
different doses, dosage forms and routes of administration, including 
injection, suspension, capsule, chewable tablet, and sustained-
release tablet, in addition to a wide dose range of 100, 200, 400, 600, 
and 800 mg of immediate-release tablets. As OTC, IBU is usually 
given every 4-6 h orally in doses of 200-400 mg (not more than 1200 
mg daily). It is prescribed orally for inflammatory disease every 6-8 
h in a dose range of 400-800 mg (not exceed 3200 mg daily), for 
osteoarthritis and rheumatoid arthritis in 300, 400, 600, or 800 mg 
doses every 6-8 h (not more than 3200 mg daily) [1].  

Ibuprofen (IBU) is rapidly and very well absorbed orally attaining its 
peak plasma levels within 1 to 2 h after extravascular intake. The 
terminal plasma elimination plasma half-life (t 0.5) of IBU is about 2 h [2-
5]. Administration of IBU tablet directly after food causes a reduction in 
the rate but not the extent of the absorption from GIT [6-8]. In addition, 
other factors may also affect the absorption of IBU [9-13]. 

Due to differences in the PKs of drugs because of many reasons such 
as administration of drugs in different doses, dosage forms like solid 
and ophthalmic dosage forms, routes of administration, food intake, 
concomitant therapy, and among various populations; therefore, 
there are ongoing recent researches for studying drugs PKs, 
bioavailability, particularly for drugs which possess difficulties in 
measuring in plasma and clearly identifying it clinical outcomes [14-
22]. Concerning IBU, it was found that the rate and extent of IBU 
absorption in the GIT from different formulations demonstrate 
significant differences in the onset, intensity and duration of pain 
reduction [23]. Hence, the current study was conducted to evaluate 
IBU PKs following the administration of a newly formulated IBU 
tablet in Arabic healthy men. This is the first study conducted in an 
Arabic population to calculate pharmacokinetics (PKs) by applying a 

newly developed formula, which is intended to be officially 
registered. 

MATERIALS AND METHODS 

Study design 

The study protocol was prepared according to the trial’s objectives and 
ICH guidelines for good clinical practice [24, 25] and the recent version 
of the Declaration of Helsinki [26]. As per the above-mentioned 
guidelines [24-26], the study protocol was ethically approved by the 
research ethics committee at the University of Baghdad under the 
approval number 442024G. The protocol described all details, including 
clinical, bioanalytical, and PKs. All the screened subjects were fully 
informed about all details of this clinical trial involving the objectives and 
any potential risks associated with their participation, in addition to their 
rights to withdraw at any time during the trial. All screened subjects 
were financially compensated. At the screening stage, the clinical 
investigator and the participant and two witnesses signed two original 
copies of the consent forms. Each participant was delivered his original 
copy of the informed consent, and the other copy of the informed 
consent was archived in the study source documents.  

Inclusion criteria 

Arabic healthy adult men who were willing to comply with all 
requirements of the protocol involving pre and post-study clinical 
examinations were chosen to be enrolled in this trial according to 
the following inclusion criteria: 1) ages between 18-50 y, 2) body 
mass index (BMI) range from18-30 kg/m2, 3) non-smoker or light 
smoker (<10 cigarettes per day), 4) no history of alcohol and drug 

abuse, 5) no involvements in any clinical trials such as PKs, 
bioavailability, 6) no recent surgical operation and/or blood 
donation for at least eight weeks prior this trial, and, 7) absence of 
acute infection within at least two weeks prior the study. 
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The screened subjects were considered healthy and eligible for 
participation based on the following inclusion criteria:  

1. Personal interview with the participant to examine mental 
condition. 

2. Complete physical and clinical investigations, including normal vital signs 
(blood pressure, temperature, and pulse), normal ECG, and no significant 
medical history or diseases such as gastrointestinal, cardiovascular, hepatic, 
renal, respiratory, renal, epilepsy, bleeding/coagulation disorders, severe 
anemia, and psychiatric problems. 

3. Clinical laboratory investigations included normal biochemistry, 
hematology, negative (HIV, hepatitis B and C), negative drug abuse 
and alcohol abuse examinations, and normal routine urine analysis. 

4. No history of hypersensitivity or allergy to ibuprofen (IBU) or any 
of its related compounds. 

The exclusion criteria included the presence of any significant acute 
or chronic medical conditions, abnormal clinical or laboratory 
findings, history of alcohol or drug abuse, recent surgical operations 
or blood donation within eight weeks prior to the study, 
participation in other clinical trials within the past two months, and 
current use of any medication that might interfere with IBU 
metabolism. 

Additionally, subjects with a BMI outside the range of 18–30 kg/m², 
heavy smokers (>10 cigarettes/day), and those unable to comply 
with the study protocol were also excluded. 

Ibuprofen administration 

All the participants attended the clinic before about 18 h of IBU 
administration to achieve clinical investigations, including vital signs, 
alcohol and drug abuse tests. After that, each eligible participant was 
given an identification number to be used during the entire clinical 
trial. Standard dinners were served 12 h pre-drug intake. The 
participants were confined in the clinic site during the entire interval 
of the study (30 h) in order to avoid any violation of the study protocol. 

Ibuprofen 400 mg of a newly formulated tablet was administered to 
each participant with 240 ml water after an overnight fasting of 12 
h. Immediately after drug administration, the clinical staff did a 
mouth check to ensure the drug intake by the participant. Water was 
not allowed before 2 h of IBU intake and, for 2 h after dosing (other 
than water given with the drug), after that water was permitted ad 
libitum. Standard lunches, snacks, and dinners were served to the 
participants at 4, 8, and 12 h of IBU administration, respectively. 
Sleeping during the first 4 h of drug intake was banned. The 
participants were asked to stay upright, sitting, standing, and 
moving in the clinic freely, but under complete observation and 
supervision of the clinical staff. 

Blood sampling 

Five ml venous blood samples were drawn from each participant via 
an indwelling cannula placed in the subject’s forearm antecubital 
vein. The cannula stayed until the end of the study period. Blood 
samples were drawn before drug administration (0 h), and then at 
0.33, 0.67, 1.0, 1.33, 1.67, 2.0, 2.5, 3, 3.5, 4, 6, 8, 10, and eventually at 
12 h post-dosing. A total of 15 blood samples were drawn from each 
participant. The total blood volume obtained from each subject was 
85 ml, including the blood samples collected at the screening phase, 
and the last blood sample to achieve the clinical laboratory tests. 
One ml of saline containing 0.5 IU heparin was immediately injected 
after each blood sample withdrawal to avoid closure of the cannula 
due to clotting. Besides, about 0.05 ml of blood was discarded from 
the cannula before each blood sample withdrawal to get rid of any 
residual blood in the cannula. The time for the actual blood sample 
drawn was recorded. Each blood sample was directly placed into a 
heparin tube, followed by centrifugation for 5 min at 4000 rpm to 
separate the plasma. The separated plasma samples were saved as 
two aliquots in two Eppendorf tubes and were frozen at-20±10 °C 
until the day of IBU analysis in plasma. All the tubes used for 
collecting blood and plasma samples were labelled according to a 
specific in-house coding/labelling system specifying the protocol 
number, subject identification number given in admission of the 
participant, and the number of the blood/plasma sample obtained. 

The quality assurance personal and the principal investigator only 
had access to the coding/labelling system applied in the study. 

Ibuprofen analysis in plasma 

A modified high-performance liquid chromatographic (HPLC) 
method with spectrofluorometer detector was adopted from 
previous investigations [27-29] to cover the expected IBU plasma 
concentrations ranges from 0.1-100 µg/ml as shown in previous PK, 
bioavailability studies [28]. The lower limit of quantitation (LLOQ) of 
IBU in plasma was found to be 0.1µg/ml. The standard calibration 
curve was linear across the tested ranges of 0.1-100 µg/ml with a 
coefficient of variation (%CV) for intra-day and inter-day precision 
was lower than or equalled to 9%, and with accuracies within 5% of 
the nominal tested low, medium and high levels. For ibuprofen’s 
levels at the LLOQ, the intra-day and inter-day precision and 
accuracy were within 11 and 14%, respectively. The recovery of IBU 
was found to be 84% or higher. The determination coefficients (r2) 
were greater than 0.9991. The bioanalytical method development 
and validation were carried out according to FDA guidance [30]. 
Each analytical run contained all unknown authentic IBU plasma 
samples collected, in addition to the standard calibration curve and 
the quality control samples at low, medium and high levels of IBU. 
Moreover, ibuprofen’s plasma concentrations were not estimated by 
interpolation and/or extrapolation below the LLOQ or above the 
upper limit of quantitation (ULOQ) of the established standard 
calibration curve at concentrations ranges of 0.1-100 µg/ml plasma, 
as recommended by FDA guidelines [30].  

Safety evaluation  

The tolerability and safety of IBU were evaluated by interviewing each 
participant to register any unusual feelings such as pain, nausea, 
dizziness. Besides, the clinical investigator, together with the clinical 
crew, were found during the entire study period to observe and 
document any potential adverse events (AEs), adverse drug reactions 
(ADR), and serious adverse effects (SAE). The vital signs, including 
temperature, pulse and blood pressure, were recorded at about one hour 
before IBU administration, and then at 0.5, 1, 2, 6, 8, 10, and eventually at 
12 h post-dosing, which is the time of participant’s discharge. 
Furthermore, the clinic was supplied with the necessary clinical facilities 
to handle any urgent cases beyond the clinic's capabilities.  

As per the subject’s termination criteria stated in the study protocol, 
the clinical investigator terminate the participation of any subject 
during any time of the study according to the following criteria: 1) 
poor cooperation, bad compliance and/or violation of the 
participant from any clinical procedures of the protocol, 2) 
appearance of any illness which may threaten and jeopardize the 
participant’s health and well-being, 3) occurrence of clinically 
significant changes in baseline clinical laboratory test and/or vital 
signs of the participant. 

Pharmacokinetic analysis 

All primary and secondary PK parameters of IBU for each subject 
were calculated by non-compartmental analysis using Kinetica 
software. The following parameters were computed from the plasma 
concentrations versus time data of each subject, applying standard 
methods [31, 32]: 

Cmax= maximum observed plasma concentration, Tmax = time to 
attain Cmax, AUC0-t = area under plasma concentration-time curve 
measured by Trapezoidal rule from zero time (t0) and up to the 
time of last blood sample withdrawal (tlast) at 12 h post-dosing, 
AUCt-∞ = extrapolated area under plasma concentration-time curve 
from tlast to infinity was computed from Clast/λz. Clast = last 
ibuprofen’s plasma concentration which meets or above the LLOQ. 
Kelimination (λz) = terminal elimination rate constant determined 
from the log-linear regression equation (log y=log a-bx) by least-
square fitness of more than 3 subsequent concentrations in the 
terminal phase of the log-concentration versus time graph of each 
subject, Thalf = terminal elimination half-life was computed from 
0.693/λz, AUC0-∞ = area under plasma concentration-time curve 
from t0 to infinity measured from [AUC0-t+AUCt-∞], AUCextrapolated = 
extrapolated area under plasma concentration-time curve from tlast 
to infinity was estimated from [AUCt-∞/AUC0-∞], MRT = mean 
residence time was derived from [AUMC/AUC], AUMC is the area 
under moment curve, Cl/F = total body clearance divided by 
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bioavailability (F) was calculated from IBU dose given (400 mg) 
divided by the computed AUC0-∞ of each subject, Vd/F = apparent 
volume of distribution was calculated from [Cl/Kelimination] of each 
individual. Descriptive statistics of all PK parameters were 
presented [33]. The mean±SD of ibuprofen’s plasma 
concentrations-time data were plotted by Excel in rectilinear and 
semi-log graphs. 

RESULTS 

Participants 

Table 1 presents the characteristics of all participants who 
completed the current trial. 

Table 1: Characteristics of subjects completed the study 

Characteristics Mean±SD (%CV) Range 

Age (y)* 28.0±8.2 29.3 19-43 

Height (m)* 1.74±0.06 3.5 1.60-1.86 

Body weight (kg)* 71.1±8.77 12.0 58-89 

BMI (kg/m2)* 24.1±2.32  9.6 18.7-28.4 

Systolic blood pressure (mmHg)* 119.1±6.5 5.4 110-130 

Diastolic blood pressure (mmHg)* 76.1±4.6 6.1 70-80 

Pulse (beat per minute)* 66.5±5.0 7.5 60-77 

Temperature (°C)* 36.9±0.18 0.005 36.6-37.1 

*n (number of subjects=28). 
 

Tolerability and safety 

The new IBU formula was well tolerated by all participants. 
Clinically meaningful changes in the clinical baseline data, including 
vital signs and laboratory tests, were not reported during the 

investigation, and all participants were discharged from the study 
without any significant changes in their safety profiles. 

Table 2 shows the safety profile after administration of the new 
investigated IBU formula. 

 

Table 2: Adverse events (AE) reported following the administration of the newly investigated ibuprofen formula (n=28) 

Subject No. AE Intensity Recovery Medical action 
02  Headache  Mild  Complete  No/Audit only  
05  Abdominal pain Mild  Complete  No/Audit only  
06  Nausea  Mild  Complete  No/Audit only  
12 Dizziness  Mild Complete  No/Audit only  
15  Nausea  Mild  Complete  No/Audit only  
22  Abdominal pain Mild  Complete  No/Audit only  
25  Headache Mild  Complete  No/Audit only  
 

Bioanalytical results 

The modified bioanalytical method applied in this trial [27-29] was 
found to be suitable and successful in demonstrating the entire PKs 
behaviours of IBU after a single dose of 400 mg tablet. 

Plasma concentrations of ibuprofen  

Ibuprofen’s plasma concentrations versus time profiles (mean±SD) 

are plotted in rectilinear and semilog graphs as depicted in fig. 1. 

Pharmacokinetic data  

Table 3 introduces the descriptive statistics of all the primary and 
secondary PK parameters.  

Table 4 show the PKs of IBU tablet administered to different 
populations.

 

 

 

Fig. 1: Plasma concentrations (Mean±SD, (n=28)) versus time profiles after ibuprofen 400 mg tablet plotted in rectilinear (A) and semilog 
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Table 3: Pharmacokinetic parameters of ibuprofen after a single dose of 400 mg tablets (n=28) 

Stat Cmax 
(μg/ml) 

Tmax 
(h) 

AUC0-t 
(μg. h/ml) 

AUC0-∞ 
(μg. h/ml) 

% 
AUCextra 

 z 
(h-1) 

 T0.5 
(h) 

MRT 
(h) 

Cl/F 
(l/h) 

Vd/F 
(l) 

Mean* 26.1 1.98 103.4 107.8 3.5 0.310 2.29 4.17 3.9 12.6 
±SD* 4.7 0.56 23.5  28.6 2.6 0.047 0.42 0.84 0.7 2.3 
%CV* 18 34 28 27 74 15 18 20 18 18 
Min* 17.4 1.0 73.6 75.5 1.7 0.196 1.72 3.26 2.0 9.3 
Max* 33.4 3.0 167.3 203.0 13.2 0.402 3.53 6.85 5.2 18.7 

*n (number of subjects=28). 

 

Table 4: Average pharmacokinetic parameters of IBU obtained from previous studies in comparison to the current one 

Year  Population Dosage form  Cmax (μg/ml)  AUC0–∞ (μg. h/ml)  Tmax (h)  T 0.5 (h)  Reference 

2021  Jordan  Tablet  43.6 150.7 1.6 1.8 [2]  
2017  Korea  Tablet  60.4 162 1.25 2.3 [3]  
2001 UK and Germany Tablet  31.98 109.3 1.3 2.0 [5]  
2015  UK Tablet  30.4 * 1.34 * [6]  
2019  Germany Tablet  31.8 126 1.88 2.13 [8]  
2025  Arabic  Tablet  26.1 107.8 1.98 2.3 Current  

*Not studied 

 

DISCUSSION 

Thirty-three subjects were screened to account for any subject’s 
withdrawal and/or dropout, which is anticipated in any clinical trial. 
As per the inclusion/exclusion criteria of the study protocol, three 
subjects were not eligible to be involved, and two other subjects 
withdrew because of personal reasons. The remaining 28 
participants completed the whole study. 

Table 2 shows the safety profile after administration of the new 
investigated IBU formula, which indicates that all the registered 
adverse effects are mostly mild and appeared in 7 subjects out of 28 
participants completed the study. The most common AEs included 
headache, nausea, abdominal pain, and dizziness. These events 
required no treatment other than monitoring. Besides all of these 
registered adverse effects recovered before subjects discharged 
from the study. 

The method validation was accurate, specific, selective, sensitive, 
and precise based on the current recommended FDA bioanalytical 
method validation guidance [30]. Moreover, ibuprofen’s plasma 
concentration ranges from 0.1-100 µg/ml applied in this 
investigation were quite enough for covering the ranges of the 
resulted ibuprofen’s plasma levels, as illustrated in fig. 1. 

The drug was detected (above LLOQ of 0.1 µg/ml) in all plasma 
samples and all participants at the first blood sample withdrawal (i. 
e., 0.33 h after drug administration) and attained its maximum 
plasma concentrations (Tmax) after about 2 h (range 1-3 h) after drug 
intake (fig. 1 and table 3). Ibuprofen’s plasma levels declined mono-
exponentially with relatively rapid elimination profiles from the 
body, as shown in fig. 1B. The present findings are in good 
agreement with other investigations [2-8]. 

The data presented in table 3 demonstrated low inter-subject 
variability (as shown by low %CV) for all parameters. Moreover, the 
estimated % extrapolated AUC is low, which indicate that IBU LLOQ 
of 0.1 µg/ml used in this study, and blood sampling for 12 h after IBU 
dosing were very enough for identifying the absorption and 
disposition of the drug, and consequently reliable calculations of 
ibuprofen PK parameters were achieved (fig. 1 and table 3).  

Table 4 shows the pharmacokinetics of IBU tablet administered to 
different populations. Concerning Cmax vales: table 4 indicates that 
the study conducted in England and Germany indicates that the 
average Cmax values are almost similar and comparable to the 
current Cmax values. However, the study conducted in Jordan and 
Korea gave a higher Cmax value. 

Regarding Tmax and T 0.5 values: it is apparent that there are no 
clear differences between the Tmax values obtained from different 
populations. 

Concerning the total AUC: it is obvious that the study conducted in 
Uk and Germany gave almost comparable and similar results to the 
current study. However, the AUC obtained from study conducted in 
Jordan and Korea show clear differences to each other and to the 
current investigation.  

Accordingly, it seems that IBU tablet formulation tested in the 
current investigation show different rate and extent of absorption 
since Cmax reflect rate and extent of drug absorption, while AUC 
reflects the extent of absorption. These differences could be due to 
formulation differences. 

The inter-subject variability in IBU pharmacokinetic parameters 
(Cmax, AUC) can be justified through pharmaceutical and/or 
physiological reasons. 

Pharmaceutical factors include formulation characteristics such as 
excipient composition differences that directly impacts dissolution 
kinetics, particularly for BCS Class II drugs like IBU. In addition, 
population metabolic polymorphisms and physiological factors 
could also affect PKs parameters. 

CONCLUSION 

The present investigation introduced the PK parameters of a newly 
formulated IBU table administered to Arabic healthy individuals, 
which was found to be comparable to the data presented in 
literature for IBU tablets. Consequently, the new IBU formula can be 
introduced to the market as a safe, effective and affordable national 
surrogate to the brand product.  
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