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Aim: 1) To investigate the pharmacokinetic profile of sildenafil citrate in Middle Eastern males and, 2) To
highlight the impact of ethnicity on its pharmacokinetics parameters through comparing Middle Eastern
data to the data estimated from different ethnic groups.
Method: The study was conducted on 24 Middle Eastern healthy male volunteers. Pharmacokinetic data
including Cmax, Tmax, t1/2, AUC0-t, AUC0-1 were estimated from blood samples collected at several time
points within 24 h post-administration of a single 100-mg tablet of sildenafil citrate (Viagra�).
Pharmacokinetic data of sildenafil generic 100-mg tablet (product B) was determined in the volunteers
using the same analytical method. Pharmacokinetic data of other studies published on different ethnic-
ities were obtained and compared to our Viagra�-related data.
Results: Analysis of Middle Eastern data (mean ± SD) revealed Cmax = 398.9 ± 107.7 ng/ml; Tmax = 1.84 ± 0.
22 h; t1/2 = 2.66 ± 0.97 h; AUC0–24 = 1475 ± 515.3 ng.h/ml; AUC0-1 = 1556 ± 567.58 ng.h/ml. There was no
significant difference between Viagra� and product B, confirming the bioequivalence of the two prepara-
tion as well as the reliability of utilized analytical method. Data comparisons between Middle Eastern and
other ethnicities indicated that Iranian, Mexican, and Thai would potentially have twice the effect
observed in Arabs and Caucasians, considering the same prescribed drug formulation and dose.
Conclusion: There is a considerable difference in the pharmacokinetic profile of sildenafil citrate between
Middle Eastern and other ethnic groups. Ethnicity may predispose individuals to unwanted prolonged
activity of sildenafil and adverse events. Thus, it should be taken in consideration by clinicians when rec-
ommending sildenafil dose.
� 2021 King Saud University. Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sildenafil citrate, a selective phosphodiesterase type 5 (PDE5)
inhibitor, is a widely prescribed medication in Saudi Arabia
(AlKhamees et al., 2018) for the treatment of impotence and male
erectile dysfunction (Hatzimouratidis, 2006). It functions by com-
peting with the hydrolysis of cyclic guanosine monophosphate
(cGMP) by PDE5, as it resembles cGMP’s structure. This results in
an elevation of cGMP level, increasing smooth muscle relaxation
and inflow of blood into the corpus cavernosum, hence promoting
penile erection (Bruzziches et al., 2013).

Sildenafil is rapidly absorbed after oral administration, with a
mean absolute bioavailability of �40% (Boolell et al., 1996,
Loprete et al., 2018). Maximum plasma concentrations (Cmax) are
achieved within 30 to 120 min (median 60 min), with a mean of
450 ng/mL after a single oral dose of a 100-mg tablet in healthy,
fasting male volunteers (Pfizer-Laboratories 1998, Nichols et al.,
2002, Loprete et al., 2018). However, a lower therapeutic concen-
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tration of approximately 127 ng/mL is reached after a 25-mg oral
dose (Nichols et al., 2002). It has been shown that fatty meal can
slow the absorption rate of sildenafil, resulting in a delay in the
time to reach Cmax (Tmax) and a reduction of Cmax by approximately
60 min and 29%, respectively (Nichols et al., 2002). The average
steady-state volume of distribution (Vss) of sildenafil citrate is
105 L, indicating high tissue distribution (Nichols et al., 2002,
Loprete et al., 2018). This may explain the enhanced platelet anti-
aggregatory effect of nitric oxide in vitro and increased peripheral
arterial-venous dilatation and inhibition of platelet thrombus for-
mation in vivo observed with its use that is attributed entirely to
lower PDE5 levels in tissues including vascular and visceral smooth
muscle as well as skeletal muscle (Pfizer-Laboratories 1998). After
either oral or intravenous administration, the drug is metabolized
mainly by the liver, primarily via CYP3A4 and to a lower extent
CYP2C9 (Bruzziches et al., 2013, Loprete et al., 2018). Both silde-
nafil and its major circulating active metabolite, N-desmethyl
sildenafil, which is further subjected to hepatic metabolism, have
terminal half-lives (t1/2) of �4 h (Nichols et al., 2002). Interestingly,
both are 96% bound to the plasma proteins, which is independent
of the total drug concentration (Walker et al., 1999). Using a pop-
ulation pharmacokinetic approach, the same pharmacokinetic
parameters have been observed among normal volunteers and
patients (Pfizer-Laboratories 1998).

Racial differences have been reported as one of the factors that
correlates with the variability observed in the pharmacokinetic,
pharmacodynamic, and overall response to medical therapies
(Yasuda et al., 2008). For example, Southern Asians administered
triazolam were found to have a significantly higher Cmax, which
was achieved earlier as compared with Caucasians (Kiniron et al.,
1996). Mexicans showed a significant increase in F% and Cmax of
midazolam in comparison with Caucasians (Cháez-Teyes et al.,
1999). On the other hand, and despite the absence of a difference
between white and Latin American individuals, the F% and Cmax

of tacrolimus among African Americans were significantly lower
as compared with the former two groups (Mancinelli et al.,
2001). These differences paved the way for pharmacogenetics
studies, which attributed them to genetic polymorphism found in
different ethnic groups. For example, Chinese population with alle-
lic variants of CYP2C9 and CYP3A4 were shown to have reduced
sildenafil clearance compared to the wild type carriers (CYP2C9*2
and *60 vs. wild type CYP2C9*1; CYP3A4*2 and CYP3A4*24 vs. wild
type CYP3A4*1, respectively). Whereas those with CYP3A4*3,
CYP3A4*10 or CYP3A4*14 variants had higher clearance compared
to wildtype carriers (Tang et al., 2020). Another study with a
majority of Caucasians demonstrated that CYP3A4*22 carriers
had higher sildenafil concertation, that was more prevalent in this
ethnicity (8%) (de Denus et al., 2018) compared to African Ameri-
can and Asians (4%) (Werk and Cascorbi 2014, de Denus et al.,
2018). Despite the lack of Clinical Pharmacogenetics Implementa-
tion Consortium (CPIC), the Royal Dutch Association for the
Advancement of Pharmacy - Pharmacogenetics Working Group
(DPWG), the Canadian Pharmacogenomics Network for Drug Safety
(CPNDS) of sildenafil dosing guidelines, genetic polymorphisms of
CYP2C9 and CYP3A4 showed an influence on the pharmacokinetics
of drugs such as sildenafil, which may potentially impact its clini-
cal outcomes, therapeutic activity and its toxicity.

Although compelling evidence has highlighted the influence of
ethnicity on the pharmacokinetics of medications, there is a pau-
city of research on its impact in Middle Eastern individuals
(Shilbayeh and Tutunji 2006, Abou-Auda 2014). This study aims
to investigate the pharmacokinetic profile of sildenafil citrate in
Middle Eastern males and to highlight the impact of ethnicity on
its pharmacokinetics parameters through comparing Middle East-
ern data to the data obtained from different ethnic groups.
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2. Methodology

2.1. Subjects

The study was conducted in King Khalid University Hospital
(KKUH) after receiving the approval from the institutional review
board at King Saud University College of Medicine (IRB.21–5783).
All volunteers were Arabs of the Middle East living in Saudi Arabia
for at least 10 years. Data from all participants were included in the
study. Study participants consisted of 24 healthy male volunteers
who aged between 20 and 32 years (mean ± SD; 24.29 ± 3.43 years)
and had a mean body weight of 68.0 ± 9.27 kg and height of 172.
9 ± 5.2 cm that did not deviate more than 10% from the values in
the Metropolitan Scale. The average participants’ body mass index
(BMI) was 22.7 ± 2.6 kg/m2, with a range of 18.7–27.8 kg/m2. Vol-
unteers underwent a comprehensive physical examination, medi-
cal history, kidney and liver function tests, creatinine, Blood urea
nitrogen (BUN), serum glutamic-oxaloacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT), glucose, uric acid,
total proteins, albumin, lactate dehydrogenase, alkaline phos-
phatase, and cholesterol tests prior to drug administration. Hema-
tological tests were also performed (complete blood count and
differentials). Clinical evaluation revealed no history of cardiovas-
cular, renal, hepatic, gastrointestinal, or respiratory disorders.
None of the participants was allergic to the medications in the
study. The study was performed according to the recommenda-
tions of the Declaration of Helsinki. All volunteers were required
to provide informed written consent after receiving detailed
instructions concerning the study performance, restrictions, and
possible adverse effects. Copies of the signed and dated consent
forms were given to each subject. The volunteers were free to
withdraw from the study at any time.
2.2. Study plan

Volunteers were prohibited from taking any medication 14 days
before and during the study. They were also restricted from ingest-
ing caffeine-containing food or beverages 24 h prior to the study
commencement. In the early morning (7:00 A.M.) of the study
day, the overnight-fasting volunteers reported to the site of the
study, and their vital signs were checked. An indwelling venous
cannula was inserted into an antebrachial vein and two blood sam-
ples were taken, the first was 30 min before drug administration
and the second was just before drug administration (0.0 h). A sin-
gle 100-mg tablet of Viagra� (sildenafil citrate tablet) was admin-
istered. Administration of the drug was immediately followed by
the ingestion of 240 ml of water. To measure the rate of absorption,
blood samples (total of 7 ml) were drawn immediately pre-drug
administration (already collected at 0.0 h) and at 0.25, 0.5, 0.75,
1.0, 1.25, 1.5, 1.75, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0,
16.0, and 24.0 h post-drug administration. A total of 21 blood sam-
ples were collected from each participant [one sample 30 mins
before drug administration, one just before drug administration
(0.0 hr), and 19 samples after drug administration]. The samples
were collected in heparinized tubes and immediately centrifuged.
Two aliquots were transferred to labeled polypropylene tubes
and stored at � 20 �C pending sildenafil assay. Food intake during
the study period was permitted in the form of standardized meals
at 5 and 10 h after drug administration for lunch and supper,
respectively. Each volunteer received 240 ml of tap water at 2, 4,
6, and 8 h after drug administration. In addition, tea was served
after 8 h of drug administration. The volunteers remained ambula-
tory, and no smoking or strenuous activity was permitted on the
study day. Pulse rate and blood pressure were recorded before
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drug administration and immediately before each blood sample.
For the period of 16 h following drug administration, volunteers
were under direct medical supervision at the clinical study site.
After the end of the study, volunteers were subjected to the same
medical evaluations as outlined previously.

Another sildenafil citrate preparation (product B) was tested.
This was performed after a one-week washout period (Al-
Ghazawi et al., 2010, Loprete et al., 2018) from Viagra� administra-
tion to assess the bioequivelance of both preparations. As
described below in the analytical method details, a sensitive, selec-
tive, and accurate HPLC method was used for the measurement of
sildenafil concentration in the plasma and two sildenafil prepara-
tions were used to assess the validity of this method. The lower
limit of quantification was 10 ng.ml�1. The rate of absorption
was evaluated through the following ratio: Cmax/AUC0-1 (Schall
and Luus 1992).
2.3. Analytical method

A previously published HPLC–UV method (Abou-Auda 2014)
was adopted to quantify sildenafil in human plasma after oral
adminsteration in Middle Eastern healthy adult males. HPLC was
performed using a liquid chromatography system (Shimadzu,
Japan) that contained the following units: model LC-10Advp sol-
vent delivery pump, a model SCL-10 Avp system controller, and a
model SPD-10Avvp UV–VIS detector. The chromatographic system
and peak data handling were managed by a class VP-5 software
package version 5.03. The stationary phase, which provided a sat-
isfying resolution and run time, was a Waters Novapak C18 (3.9 �
150 mm), 4-mm particle size, HPLC cartridge analytical column,
protected by a sentry guard column, Novapak RP (3.9 � 20 mm),
4-mm particle size (Waters Associates, Milford, MA, USA). The
mobile phase consisted of 33% acetonitrile in 0.05 M potassium
dihydrogen phosphate. A flow rate of 2.0 ml.min�1 was used to
separate sildenafil and internal standard (diazepam) using a UV
detector operated at k225 nm, with an injection volume of 100 ml.

Sample preparation for injection into the HPLC system involved
the addition of 100 ml of the internal standard (1 mg/ml in deionized
water) to 0.5 ml plasma sample, followed by vortexing for 30 s;
7 ml of extraction solvent (ethyl acetate) were added and cen-
trifuged at 3000 rpm for 5 min. The supernatant was evaporated
to dryness at 40 �C under nitrogen gas, reconstituted with 200 ml
of mobile phase, transferred to an Eppendorf tube, and recen-
trifuged at 13,000 rpm for 2 min. A 100-ml aliquot sample (stan-
dard, control, or volunteer sample) was injected into the system.
2.4. Pharmacokinetic analysis

We used the WinNonlin computer program (Scientific Consult-
ing Inc, Gaithersburg, MD, USA) to determine the pharmacokinetic
parameters of sildenafil from the plasma concentration–time pro-
files. All parameters were determined from the true (actual) sam-
ple collection times and assayed plasma concentrations at these
times. Concentration values below the lower limit of quantification
were considered as not detected. We calculated the following
model-independent parameters: area under the plasma concentra-
tion–time curves up to the last measurable concentration (AUC0-t)
and up to time infinity (AUC0-1), the maximum plasma concentra-
tion (Cmax), the time to maximum plasma concentration (Tmax), and
the half-life (t1/2). We computed the elimination t1/2 from the first-
order elimination rate, which was estimated by least-squares lin-
ear regression of the plasma terminal log-linear phase of the log
concentration–time curve. AUC0-t was determined by the linear
trapezoidal method. AUC0-1 was calculated by adding to the AUC0--

1 the quotient resulting from dividing the last measurable silde-
1500
nafil plasma concentration by the negative slope of the final log-
linear phase of the plasma concentration–time curve.

The mean residence time (MRT) was calculated using the fol-
lowing relationship:

MRT ¼ AUMC0�1
AUC0�1

where AUMC0-1 is the area under the first moment curve and
calculated by the trapezoidal rule from a plot of the product of
sildenafil plasma concentration and time versus time.

In addition, we digitized the sildenafil plasma concentration–
time curves from the published literature on different ethnic
groups and extracted their data. All concentrations were normal-
ized to a 100-mg dose, assuming linear pharmacokinetics. The
weighted average concentrations were calculated for each ethnic
group based on the number of subjects included in each study.

2.5. Statistical analysis

The analysis of variance (ANOVA) for crossover design was used
to assess the effect of formulations, sequences, and subjects within
sequence on the raw (untransformed) and logarithmically trans-
formed data of AUC0-t, AUC0-1, Cmax, Kel, t1/2, and Cmax/AUC0-1
parameters. Based on the ANOVA of the mean test/reference ratios
of AUCs parameters, Cmax and Cmax/AUC0-1, parametric 90% confi-
dence intervals were computed under the assumption of the addi-
tive and multiplicative model. All effects of the analyses were
considered statistically significant if the probability associated
with F was � 0.05. All analyses of the data were performed with
SAS using the GLM procedure.
3. Results

3.1. The impact of ethnicity on the pharmacokinetic profile of sildenafil
citrate (Viagra�)

Sildenafil citrate (100-mg tablet) was well tolerated by our Mid-
dle Eastern Arab volunteers (n = 24) living in Saudi Arabia, and we
did not observe any significant adverse events or protocol viola-
tions during the study period. All volunteers completed the study
and were discharged in a good health. Despite undetectable con-
centrations (<10 ng.ml�) in some samples at different time points
(9, 1, 1, 2, 9, 12, and 17 samples at 0.25, 1.5, 8, 10, 12, 14, and 16 h,
respectively), the drug concentrations in all samples withdrawn
between 1.75 and 6 h were quantifiable. The plasma concentra-
tion–time curve of sildenafil exhibited a two-compartment pattern
after oral administration (Fig. 1). The estimated pharmacokinetic
parameters (mean ± SD) of our volunteers are shown in Table 1.
Sildenafil was absorbed rapidly, reaching a maximum plasma con-
centration of 398.9 ± 107.7 ng/ml in about 1.84 ± 0.22 h. As a good
parameter for evaluation of absorption rates in comparative phar-
macokinetics, absorption rate constant of sildenafil was calculated
using the ratio Cmax/AUC0-1 and shown to range between 0.1743
and 0.3919 h�1 (0.267 ± 0.048 h�1). The volume of distribution at
steady state and the clearance rate were 261.5 ± 96.68 L
(3.85 ± 1.27 L/kg) and 72.92 ± 27.19 L/h (1.09 ± 0.43 L.kg�1h�1),
respectively.

3.2. Validation of the analytical method for determining sildenafil
pharmacokinetics in plasma samples

To test the validity of our analytical method, another single oral
dose of sildenafil generic (product B; 100 mg tablet) was adminis-
tered to the same volunteers after a 1-week washout period. We
measured the drug concentrations in the plasma samples obtained



Fig. 1. Mean plasma concentration–time curve of sildenafil after administration of 100 mg as a single oral dose.

Table 1
Pharmacokinetic parameters of sildenafil citrate (Viagra�) after a single oral administration of a 100-mg tablet (n = 24).

Cmax

(ng/ml)
Tmax

(h)
AUC0-t

(ng.h/ml)
AUC0-1
(ng.h/ml)

t1/2
(h)

Vss/F
(L)

CL/F
(L/h)

Vss/F per kg
(L/kg)

CL/F per kg
(L.kg-1h�1)

MRT
(h)

Mean 398.9 1.84 1474.47 1556.14 2.66 261.50 72.92 3.85 1.09 4.45
±SD 107.7 0.22 515.30 567.58 0.97 96.68 27.19 1.27 0.43 0.94
Median 392 1.75 1438.82 1493.7 2.49 236.57 67.05 3.62 0.96 4.21
Minimum 207 1.75 697.13 727.18 1.04 141.18 32.82 1.96 0.46 2.70
Maximum 569 2.50 2682.0 3046.75 5.19 573.49 137.52 7.07 2.18 6.76

Cmax maximum plasma concentration; Tmax time to maximum plasma concentration; AUC0-t area under the plasma concentration–time curve up to the last measurable
concentration; AUC0-1 area under the plasma concentration–time curve up to time infinity; t1/2 the half-life; Vss/F apparent volume of distribution at steady state; CL/F
apparent clearance; MRT mean residence time; SD standard deviation.
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at 1.75, 2, 2.5, 3, 4, and 5 h. Following the same protocol and
method explained earlier, the data showed no significant differ-
ence in the mean concentrations between product B and Viagra�

at each time point (Supplemental Fig. 1). This confirms the bioe-
quivalence of both preparations and reliability of our results. In
addition, it provides an evidence that the analytical method and
protocol used in our study can be adopted in other pharmacoki-
netic studies.
4. Discussion

Differences in ethnicity have been linked to the variability in
pharmacokinetics of different drugs and have been shown to affect
the overall response to medical therapies (Yasuda et al., 2008).
Although multiple studies have investigated this matter in the con-
text of sildenafil citrate and erectile dysfunction (details discussed
below), none have explored this topic in Middle Eastern Arabs liv-
ing in Saudi Arabia (including both Saudis and non-Saudi resi-
dents). Moreover, the current knowledge lacks studies comparing
multiple ethnicities, including Middle Eastern, with respect to
sildenafil citrate pharmacokinetics and its implication on drug use.

In this study, a single 100-mg oral dose of sildenafil citrate
resulted in a maximum mean plasma concentration of 398.9 ± 107
.7 ng/ml, which was reached in about 2 h in healthy young partic-
ipants. Under similar conditions (except for the unknown age of
1501
the volunteers), another study conducted on 11 healthy Iranians
(Mahmoudian et al., 2010) demonstrated an increase in Cmax and
systemic exposure of the drug (AUC0–24) by about 111% and 89%,
respectively, as compared with the Middle Eastern Arab individu-
als in our study (Table 1 & 2; Fig. 2). This could be driven by the
enhanced absorption rate, as the Tmax in Iranians was about 71%
of that estimated in our participants (1.13 vs. 1.84 h), and the
potential reduction in sildenafil metabolism in Iranians as well.

We identified three additional studies conducted in Middle
Eastern Arabs using a 50-mg rather than 100-mg oral tablet of
sildenafil citrate (Table 2). Among Egyptians, Hadaya et al. and
Hegazy reported a Cmax of 236 and 318.35 ng/ml and a Tmax of
1.74 and 1.25 h in 12 and 10 healthy young volunteers, respec-
tively (Hedaya et al., 2005, Hegazy 2014). Interestingly, as com-
pared with the previous two studies, Alghazawi and colleagues
demonstrated a lower Cmax (212.4 ng/ml) and shortened Tmax

(1.25 h) among six healthy Jordanian men (Al-Ghazawi et al.,
2010). When the mean plasma concentrations and Cmax were dig-
itized and normalized to a 100-mg dose, Jordanians were the clos-
est to our participants (414.8 vs. 398.9 ng/ml), despite the
overlapping plasma concentration–time curves of all Middle East-
ern–based studies (Fig. 2).

Marcelin et al. investigated the pharmacokinetic profile of
sildenafil citrate after a single dose of Viagra� (100-mg tablet),
its generic (100-mg tablet) and chewable tablets (50 mg, two
tablets) in 29 healthy Mexican volunteers, who were instructed
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to drink 250 ml water with all doses, except for the chewable
tablets (Marcelín-Jiménez et al., 2012). Despite the nonsignificant
delayed Tmax of chewable tablets as compared with other formula-
tions (0.86 vs. 0.66 h), no appreciable difference in pharmacoki-
netic data was observed between the three formulations.
Intriguingly, when the pharmacokinetic parameters in individuals
administered Viagra� only were compared to our participants, Cmax

stood out as a major concern, as it was almost doubled in Mexicans
(756.9 vs. 398.9 ng/ml; Table 1 and 2). Nonetheless, similar drug
formulations, strengths, and amounts of water were administered
in both groups. Thus, the difference is potentially attributed to the
rapid absorption rate in Mexicans, with the Tmax, accounting for
only 45% of that observed in our population (0.82 vs. 1.84 h). More
importantly, given the shortened t1/2 and enhanced clearance
among Middle Eastern Arabs compared with Mexicans (2.66 vs.
4.12 h and 72.9 vs. 60.3 L/hr, respectively), a reduction in the dura-
tion of activity is anticipated in our participants. On the other hand,
prolonged activity in Mexicans is expected, partially because of the
reduced CYP3A4 activity reported by other studies among persons
of this ethnicity (Castañeda-Hernández et al., 1996, Chávez-Teyes
et al., 1999). Overall, this can explain the noticed difference in Cmax

and AUC0–24 when their results are compared with ours (Figs. 1 and
3; Tables 1 and 2). Additionally, the results of two studies on
healthy young Mexican men using a similar strength of sildenafil
reiterate the notion of an enhanced absorption rate and reduced
sildenafil metabolism in this population, as indicated by the
increasing Cmax by approximately 65% and 161% (658 and
1044 ng/ml; Tables 1 and 2) and decreasing Tmax by 23% and 35%
(1.42 and 1.2 h; Tables 1 and 2) when compared with our partici-
pants’ data (Flores-Murrieta et al., 2000, Valenzuela et al., 2011).
Refer to Figs. 1 and 3 for additional details about the plasma con-
centration–time curves of sildenafil.

Nichols and colleagues conducted a study on 34 healthy British
volunteers to determine the bioavailability and the effect of food
on sildenafil pharmacokinetics (Nichols et al., 2002). After compar-
ing their results of a single oral dose of 100 mg sildenafil citrate
tablet during the fasting state, we observed a close peak concentra-
tion and systemic exposure of the drug relative to ours, despite the
reduced Tmax and increased t1/2 (0.95 vs. 1.84 h and 3.98 vs. 2.66 h),
respectively, when compared with our participants (Table 1 & 2).
Another study published by the Muirhead group (Muirhead et al.,
2000) on the pharmacokinetic interaction between sildenafil and
saquinavir/ritonavir in Caucasian individuals revealed that a 100-
mg single oral dose of sildenafil citrate with placebo resulted in a
Cmax close to what we have reported in this study (Table 1 & 2).
Although an approximate 30% increase in t1/2 (3.48 vs. 2.66 h)
was observed, an unexpected similarity in AUC0–24 and delay in
Tmax by about 69% was found when compared with our population
(Table 1 and 2). In another study of 24 healthy Caucasian males
who received a 50-mg single oral dose of sildenafil citrate, Jetter
et al. found a relatively lower Cmax than reported in the previous
two studies (Table 2), which was reached early with a Tmax of
0.75 h (Jetter et al., 2002). A comprehensive comparison of the
weighted mean plasma concentration–time curves of 100 mg
sildenafil citrate after digitization between Middle Eastern, Mexi-
can, and Caucasians is depicted in Fig. 4.

Finally, in their study of 15 healthy young Thai volunteers, Kan-
janawart and colleagues focused on comparing the bioequivalence
and pharmacokinetics of a single dose of 100 mg sildenafil generic
formulation to Viagra� 100-mg tablet, as a reference drug
(Kanjanawart et al., 2011). When we compared the Viagra� param-
eters obtained from the volunteers to our participants, we found a
66% increase in Cmax in the former (661.54 vs. 398.9 ng/ml) despite
the close systemic concentration in both groups (Tables 1 & 2). This
could mainly be related to the enhanced absorption rate among
Thai volunteers, supported by a reduced Tmax of about 46% relative



Fig. 2. Comparative digitized mean plasma concentration–time curves of sildenafil between Middle Eastern populations after a 100-mg single oral dose (All plasma
concentrations from 50-mg–based studies [Hegazy S, Hedaya et al, and Al-Ghazawi et al] were normalized after digitization).

Fig. 3. Comparative digitized mean plasma concentration–time curves of sildenafil in Mexican individuals after a 100-mg single oral dose.
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to our population (0.99 vs. 1.84 h). An overall comprehensive com-
parison of the weighted mean plasma concentrations–time of
sildenafil citrate 100 mg after digitization between Middle Eastern
Arabs, Mexicans, Caucasians, and Thais are presented in Fig. 5.

There are some limitations to our study. First, the reduced sen-
sitivity of the analytical method, as result of samples dilution or
low drug levels, initially speculated to be drawback. Nevertheless,
this seemed not to be problematic to our method, as all drug con-
centrations greater than 10 ng/ml were detected. Second, the use
of a 50-mg single dose by a few studies could hinder their utility
in our comparative analysis. However, this was overcome by the
use of digitized data. Third, different analytical methods used by
1503
comparative studies carry their own limitations, which might have
had some impact on our comparisons. Despite all these limitations,
this study is unique for the following reasons: 1) the detailed ana-
lytical method that was used could be utilized to investigate phar-
macokinetics of other drugs, and 2) it revealed and compared the
pharmacokinetic profile of sildenafil 100-mg oral tablet in Middle
Eastern Arabs living in Saudi Arabia to individuals of other ethnic-
ities. Overall, our study underlines the significant role of ethnicity
on the pharmacokinetics of sildenafil and other similar drugs.

Based on the estimation of pharmacokinetic data in Middle
Eastern Arabs and different ethnic groups from the previous stud-
ies, the use of lower-strength sildenafil citrate tablets (50 mg) by



Fig. 4. Comparative digitized and weighted mean plasma concentration–time curves of sildenafil between Middle Eastern, Mexican, and Caucasian individuals based on a
100-mg single oral dose.

Fig. 5. Comparative digitized and weighted mean plasma concentration–time curves of sildenafil between Middle Eastern (including Iranians and Arabs), Mexican, Thai, and
Caucasian individuals after a 100-mg single oral dose.
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Mexican, Iranian, and Thai individuals would have an equivalent
impact to 100 mg in Arabs and Caucasians. Thus, to avoid
unwanted prolonged activity and adverse events, it is important
to consider ethnicity of the user upon recommending sildenafil
dose.
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