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Abstract

Background: The present study aimed to determine the pharmacokinetic parameters and bioequivalence of the test

medicinal product, apixaban 5 mg tablet, and its reference product, Eliquis®, in healthy male and female subjects under a fasted
state.

Methods: Before in vivo evaluation, the quality control parameters of the products were evaluated and compared. This study
was a single-dose, double-blind, 2-sequence, crossover, 2-period, randomized bioequivalence and pharmacokinetic study in 24
healthy individuals with a two-week washout period between doses. A series of blood samples were obtained over 48 hours after
dose administration, and the samples were analyzed for their apixaban content using a validated liquid chromatography-
tandem mass spectrometry (LC-MS/MS) technique. The pharmacokinetic parameters were computed using non-compartmental
analysis.

Results: Both products passed the in vitro quality control criteria. Following administration of the apixaban tablet, the area
under curve (AUC),, AUC,.,, and maximum plasma concentration (C,,,) mean values for the test product were 1284.0

ng.h/mlL, 1368.2 ng.h/mL, and 157.4 ng/mL, respectively, and for the reference product were 1310.6 ng.h/mL, 1406.5 ng.h/mL, and
157.6 ng/mlL, respectively. The 90% confidence intervals (CI) of the geometric mean ratio for AUC ; (91.4 - 105.9), AUC,_, (92.9 -

106.9), and C,,, (87.1-101.9) fell within the predefined accepted range of 80% - 125%. No serious adverse events were observed.

Conclusions: The test product (apixaban 5 mg tablet) and reference product (Eliquis®) achieved regulatory requirements for
bioequivalence in healthy individuals under a fasted state.

Keywords: Apixaban, Bioequivalence, Pharmacokinetics, LC-MS/MS
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1. Background affected by venous thromboembolism annually,
resulting in a case fatality rate of about 20%.

Thromboembolic ~disorders significantly impact  cardioembolic stroke, another thromboembolic
global health, with over 10 million people worldwide
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disorder and a severe complication of atrial fibrillation,
affects approximately 33 million individuals globally.
Anticoagulants are the first line of prevention or
treatment for thromboembolic diseases (1, 2).
Traditional anticoagulants such as heparin and warfarin
present challenges and limitations. Warfarin, as an oral
anticoagulant, has an unfixed anticoagulation effect,
interacts with a broad range of drugs and foods, and
requires routine monitoring, complicating clinical
practice. In response to these limitations, direct oral
anticoagulants (DOAs) were introduced to the
pharmaceutical market. The DOAs have fixed effect
profiles without the need for routine monitoring (3, 4).

Apixaban is a DOA that targets factor Xa in the
coagulation cascade. It reversibly inhibits factor Xa
coupled to platelets or inactivated Xa in the
prothrombinase complex as the free factor Xa. Apixaban
is prescribed for venous thromboembolism prophylaxis
in patients prone to blood coagulation, such as those
hospitalized with acute illnesses or following major
orthopedic surgery, as a stroke preventer in atrial
fibrillation patients, or as a treatment for venous
thrombosis. The recommended dose of apixaban is
typically 2.5 to 10 mg twice a day (5, 6).

Apixaban is available as immediate-release tablet
formulations. It is primarily absorbed in the small
intestine, and its absorption decreases as the drug
molecules travel along the intestinal lumen. The oral
bioavailability of apixaban tablets is about 50%. The
maximum plasma concentration (Cp,,,) is reached

approximately 3 hours after oral administration (7).
Following oral administration of apixaban with food,
drug exposure — i.e., area under curve (AUC) the plasma
concentration-time and C,,, — was comparable to that

of the fasting state (8). In the study by Song et al. (9),
administration of the whole tablet with food reduced
Cmax and AUC by 15% and 20%, respectively; however,

these findings were not considered clinically significant.
These researchers also investigated the bioavailability of
apixaban from the crushed tablet. According to the
results, the crushed tablet exhibited a decrease in
apixaban exposure compared to the whole tablet (21%
and 16% reduction in C,,,, and AUC, respectively), but it

was not clinically significant (9). It can be concluded
that administration of apixaban with food or as a
crushed tablet has no significant effect on its efficacy.
Therefore, patients with swallowing difficulties can

administer the tablet by crushing and dispersing it in
water.

With a relatively low volume of distribution (0.3
L/kg), apixaban is primarily found in extracellular fluids
and has a protein binding of 93%, with the highest
affinity for albumin. Apixaban has a total plasma and
renal clearance of 3.3 L/h and 0.9 L/h, respectively (the
renal to total clearance ratio of the absorbed drug is
about 27%). The elimination halflife (t; ;) of apixaban is

about 12 hours, and its elimination from the body occurs
via various pathways, including metabolism [mainly by
cytochrome P450 (CYP) 3A4] and excretion of the
unmodified drug through the biliary and renal systems.
With decreased renal function, t;;, and AUC increased;

however, mild to moderate hepatic impairment had no
discernible effect on the pharmacokinetic profile.
Apixaban is not recommended for patients with end-
stage chronic kidney disease or severe hepatic
impairment. Apixaban is a substrate of both P-
glycoprotein and CYP 3A4, and therefore its concurrent
administration with powerful inducers or inhibitors of
CYP 3A4 and the efflux carrier should be undertaken
with caution (7, 10). Further intrinsic factors such as age,
sex, body weight, and race can slightly affect the
pharmacokinetic parameters; however, clinical trials
confirm that no dose adjustment of apixaban is needed
in these situations (10).

Bioequivalence studies are crucial for the
development of generic drug products. The target of
such studies is to evaluate the therapeutic compatibility
of the brand/original and the generic products when
administered at the identical molar dose of the active
component under similar conditions. The basis of the
bioequivalence assessment is the concept that a
product's therapeutic profile is directly correlated with
the active component’s concentration in the circulating
blood. As a result, two therapeutic products are
bioequivalent if their concentration-time profiles are
similar enough to confer comparable clinical efficacy (11,
12). Therefore, a comparison of the extent and rate of
drug absorption following the administration of
pharmaceutical equivalent products is essential to
ensure the achievement of equal efficacy.

2. Objectives

Due to the clinical importance of the apixaban tablet
and the necessity of bioequivalence for generics, the
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current study was undertaken to evaluate the
pharmacokinetic parameters and determine the

bioequivalence of a generic product of apixaban 5 mg

tablet (test) with a relevant reference product (Eliquis®
5 mg tablet) in healthy Iranian subjects under fasting
condition.

3.Methods

3.1. In Vitro Quality Control Tests

3.1.1. Content Assay

The content assay was performed according to
previous reports (13, 14). In detail, 10 tablets from each
product were weighed. After powdering the tablets, the
equivalent of the average weight of the tablets was
separated from the mixed powder and dissolved in
methanol (50 mL). After vortexing for 0.5 hours and
filtration, 10 pL of the solution was injected into the
high-performance liquid chromatography (HPLC). Then,
a solution with a concentration of 100 ug/mL of
reference apixaban hydrochloride was prepared in
methanol. Next, 10 uL of the filtered standard solution
was injected separately into the HPLC. The content assay
of the products was calculated based on the following
equation. Acceptance criteria for the content assay are
90.0% - 110.0%: Assay% = (1,/T;) x (Cg/Cyy) X (Mp/M,,) x 100,
where r;, and ry are peak area responses of the drug
sample and the drug standard solution, respectively. Cg
and Cy are the concentration of the drug standard

solution and the drug sample solution's nominal
concentration, respectively. M; and M;, are the mean
weight of the batch (mg) and mg of weighed apixaban,
respectively.

3.1.2. Content Uniformity

To perform the content uniformity test, 10 tablets
were randomly selected from each of the reference and
test products. After determining the content of each
tablet separately according to the method mentioned in
the previous section, the acceptance value was
calculated according to the following equation, and a
value lower than 15 is acceptable: Acceptance value =| M -

X | + ks, which M, X and s are the reference value, mean
of individual contents, and sample standard deviation,

Iran ] Pharm Res. 2025; 24(1): 157714

respectively. K is the acceptability constant which is 2.4
forn=10 (15).

3.1.3.In Vitro Dissolution Testing

The 0.05 M phosphate buffer containing 0.05%
sodium lauryl sulfate (pH = 6.8), with a volume of 900
mlL, was used as the dissolution medium. Apparatus II
was used for this purpose. The rotation speed of the
paddles was 75 rpm, and the temperature was fixed at
37°C. At 5, 10, 20, 30, and 45 minutes, 5 mL of the
dissolution medium was sampled (sample solution) and
replaced by the same volume of fresh dissolution
medium (13, 16). The sample solutions were filtered, and
their drug concentration was determined with HPLC. At
least 80% of apixaban must be dissolved within 45
minutes.

3.14. Analytical Method for In Vitro Tests

To measure the amount of drug in the content assay,
content uniformity, and dissolution test, the HPLC
method with a UV detector was used. The measurement
was performed using an Azura solvent delivery pump
(Knauer, Germany), Azura UV detector (Knauer,
Germany), a C18 LiChrosorb-100 RP 18 column (250 mm x
4.6 mm, 5 pm, Knauer, Germany) at 35°C, and with a
gradient elution of methanol and KH,PO, solution

(0.025 mM, pH =3 adjusted by H;PO,) with a 1.0 mL/min
flow rate and detection at 220 nm. Initially, the V|V
proportion of methanol to KH,PO, solution was 50:50;
then at 9 minutes, it was 80:20. At 12 minutes, the

proportion changed to 50:50 and did not change until
the end of the run at 15 minutes. The calibration curve at

the measurement range (1 - 6 ug/mL) was linear (R? =
0.998). The accuracy and precision of the utilized
technique were within an acceptable range.

3.2. Study Population

Adult healthy men and women who passed medical
history, physical exams, and clinical laboratory testing
(blood coagulation, serology, hematology, blood
chemistry, and urinalysis tests) were eligible to
participate in the study. Participants (24 individuals)
were between 18 and 47 years old. For both genders, the

Body Mass Index (BMI) ranged from 19 to 30 kg/m? with
a minimum weight of 50 kg. Female participants had a
pregnancy test performed before the research began,
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and all sexually active individuals were required to
utilize effective contraception methods until one month
following the initial dosage. Subjects taking any
medication within two weeks prior to the initial dosage
were excluded. Active smokers or subjects with any
history of allergy, active hemorrhagic or coagulation
diseases, hematologic abnormalities, and any other
acute or chronic disease were also excluded. All
participants were informed of the study’s methodology
and conditions, including rights, obligations, and
potential adverse effects, and written informed consent
was obtained.

3.3. Study Design

This  single-dose, randomized, double-blind,
crossover, two-period, two-sequence study was
conducted at the Bioequivalence Study Center, Shahid
Beheshti University of Medical Sciences, Tehran, Iran to
assess the pharmacokinetic features and the

bioequivalence of the reference tablet (Eliquis®; 5 mg
apixaban; Lot No. EK3084; manufactured by Pfizer,
Turkey) and test tablet (5 mg apixaban; lot No. 214104;
manufactured by Zist Arvand Pharmed, Iran). Ethical
principles for human subject research were based on
the Declaration of Helsinki (17) and the International
Conference on Harmonization’s (ICH) guidelines for
good clinical practice (18), and the study was approved
by the Ethics Committee of Shahid Beheshti University
of Medical Sciences (IR.SBMU.PHARMACY.REC.1400.138).

3.4. Drug Administration and Blood Sampling

All participants were randomly assigned to take
either the reference or test product, with a two-week
washout period. Each participant fasted overnight (10
hours) before taking the medicine with 240 mL of water;
they were deprived of water and food for 4 hours after
taking the dose, and their diets were standardized on
study days. The on-site medical team monitored the
subjects’ health conditions and vital signs during the
administration and sample times and followed up with
them throughout the study. Blood samples (5 mL) from
each subject were collected in heparinized tubes at 0
(pre-dose), 0.5,1,1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8,10, 12,24, 32, and
48 hours following drug administration. Blood samples
were centrifuged at 4000 rpm for 10 minutes, and the
plasma of the blood samples was collected and stored at
-80°C until the analysis day.

3.5. Bioanalytical Method Development and Validation

Apixaban plasma concentration was determined by
applying a validated LC-MS/MS technique involving
dabigatran etexilate as the internal standard (IS). The
accuracy, precision, and linearity of the analytical
method were evaluated during validation to verify its
reliability (19). The following is a condensed description
of the bioanalytical method: To isolate apixaban from
human plasma samples, a protein precipitation process
was utilized. For this purpose, 250 uL of plasma was
transferred to a microtube, and 20 uL of 0.25 mg|L IS
solution was added. Then, 250 pL acetonitrile was added
to the mixture to precipitate the protein. After
centrifugation at 10000 rpm for 5 minutes, the clear
supernatant solution (20 pL) was injected into the
chromatographic system. The following
chromatographic conditions were established: The
column was Agilent C18 (60 x 4.6 mm, 5 pm), flow rate
and column temperature were 0.6 mL/min and 35°C,
respectively, and the mobile phase was a mixture of
methanol and water (65:35, v|v). Apixaban and the IS
were detected by a triple-quadrupole mass spectrometer
Quattro Micro (Waters-Micromass, UK) in positive-mode
electrospray ionization in multiple-reaction-monitoring
(MRM) mode (m|z 460.1 - 199.2 for apixaban and m/z
628.2 = 289 for IS). Mass Lynx 4.1 was used to compute
peak areas for apixaban and IS, and the content
concentration of the sample was determined by the
peak area ratio based on the calibration curve.

3.6. Pharmacokinetic and Statistical Analysis

The standard noncompartmental method by
PKSolver software (20) was utilized to compute the
pharmacokinetic parameters of apixaban in plasma. For
each volunteer, the plasma concentration-time curve
was directly observed to determine the Cp,, and the
time to reach it (T,,,4)- The log-transformed plasma

concentration-time curve’s terminal segment slope was
used to derive the elimination rate constant (K), and t;,

was calculated as 0.693 x K. AUC,, (the AUC from time

zero to the last time of the quantifiable concentration)
was determined by applying the linear trapezoidal
method, and AUC,_,, as the extrapolated AUC from time

zero to infinity was obtained by the following equation:

Iran ] Pharm Res. 2025; 24(1): 157714


https://brieflands.com/articles/ijpr-157714
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=219760

Abdollahizad E et al. Brieflands

-
(==]
]
=}

100 £ o
- "
£ w = E 0
= 810 £
2 g + 6
£ El B
E 40 g s E 40
= o =
g » 2 g 20
0 2 9
Reference  Test Reference  Test Reference  Test

—a—Test product

—e—Reference product

Dissolved of apixaban (%) T
o

0 10 20 30 40 50

Time (min)

Figure 1. In vitro quality control assessment of the reference and the test product: A, the picture of the products; B, the result of the content assay (n =3); C, content uniformity
(n=10); D, dissolution test (n =12); E, dissolution profiles at different time points (n=12)
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Figure 2. Study design and subjects’ disposition in the present bioequivalence study

AUCy.. = AUC,, + C, x K7, where C, represents the last ~ ™mean ratio of pharmacokinetic values (AUC, AUC,_.,
measurable concentration. and C,,,) after log transformation. The statistical

The study utilized a linear analysis of variance model ~ findings informed the conclusion of bioequivalence
(ANOVA) to establish the 90.0% CI for the geometric between the reference product and the test. If the
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Table 1. The Study Subjects’ Demographic Characteristics

Parameters Mean +SD Range
Male/female 14/10
Age (y) 31.8+93 18-48
Height (cm) 172.4+8.8 150-186
Weight (kg) 71.9+143 50-98
BMI (kg/m 2) 24.0+3.7 19.4-30.2
Abbreviation: BMI, Body Mass Index.
Table 2. The Pharmacokinetic Parameters of Apixaban Following Administration of the Test and Reference Products to 24 Healthy Subjects
Reference Product Test Product
Pharmacokinetic Parameter
Mean + SEM Geometric Mean Mean + SEM Geometric Mean
AUC ¢ ¢ (ng.h/mL) 1310.6 £101.2 1222.9 1284.0 £ 85.1 1207.2
AUC ;_, (ng.h/mL) 1406.5 £105.2 1319.8 1368.2+88.7 1290.6
C hax (ng/mL) 157.6 £12.5 145.7 157.4 £10.1 149.8
T max. () 2.5(1-3.5) 25(15-4)
K (1/h) 0.075+0.005 0.069 0.072+0.004 0.069
typ(h) 11£1.4 9.95 10.4£0.6 10.0

Abbreviations: AUC, area under curve; C,,.., maximum plasma concentration; T, ,,, time to reach C,,.; by elimination half-life.

a .
Values of T, ,, are shown as median (range).

calculated 90% CI around the ratio of geometric means
of pharmacokinetic values fell entirely within the
bioequivalence ranges of 80% to 125%, it concluded that
the test product demonstrated bioequivalence to the
reference product (21, 22). T, Was analyzed by the

Wilcoxon signed-rank test. A significance level of P <
0.05 was considered to indicate statistical significance.

4. Results

4.1. In Vitro Quality Control of the Products

Before evaluating the in vivo bioequivalence, the
quality of the products in terms of content assay,
content uniformity, and dissolution rate was
investigated. The results of the in vitro quality control
tests are summarized in Figure 1.

4.2. Subject Demographic Characteristics

The study was conducted on 24 participants (Figure

2), and Table 1 summarizes their demographic
information.
6

4.3. Bioanalysis and Method Validation

An LC-MS/MS technique was utilized to measure the
concentration of apixaban in plasma samples. Under
the described chromatographic conditions, no
endogenous interference was observed in the blank
plasma samples from six different sources at the
retention times for apixaban (2.6 minutes) or the IS (3.6
minutes). The linearity of the plasma calibration curve
was observed within the concentration range of 4.0 -
300.0 ng/mL with Y = 0.0538X - 0.1298 as the regression

equation (R? = 0.991). The average recovery of apixaban
was 98 * 4%, and the limit of quantification (LOQ) was
4.0 ng/mL. Apixaban plasma samples were stable for at
least one month at -80°C. The intra- and inter-day
accuracies and precisions of the analysis method,
calculated respectively as the percentage of the relative
error (RE%) and percentage of coefficient of variation
(CV%), were less than 15% in accordance with guidelines
(19).

4.4. Pharmacokinetic Parameters

Iran ] Pharm Res. 2025; 24(1): 157714
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Figure 3. A, mean plasma concentration-time curve; and B, semi-logarithmic plasma concentration-time curve of the test and the reference product

Table 3. Bioequivalence Analysis of Maximum Plasma Concentration and Area Under Curve and Nonparametric Test of Time to Reach Maximum Plasma Concentration Between

the Reference And Test Apixaban Tablets in Healthy Subjects

Parameters

T/RGMR (%) 90% CI (%)

C max (ng/mL) 94.2 87.1-101.9

AUC ¢ (ng-h/mL) 98.4 91.4-105.9

AUC g, (ng.h/mL) 99.8 92.9-106.9
Reference Test

T max (h) 2.4310.10 2.41£0.14

Abbreviations: T/R GMR, geometric mean ratio of (reference/test); 90% CI, 90% confidence intervals; C,,,, maximum plasma concentration; AUC, area under curve; T, ,., time to

reachCp,..

Values of T, ,, are shown as mean + SEM.

Table 2 provides an overview of the key
pharmacokinetic characteristics of both test and
reference apixaban products, including AUC,,;, AUC.,
C

max Tmax G2 and K. Moreover, the curves illustrating

the mean plasma concentration-time and semi-
logarithmic curves of the drug following test or
reference product administration are shown in Figure 3.
There was no significant difference in AUCy,, AUC_,
and C,,x between the test product and the reference

product (P> 0.05).

4.5. Bioequivalence of the Generic Product

The 90% CI for the geometric mean ratio of log-
transformed C AUCy and AUCy, of the test

max»

Iran ] Pharm Res. 2025; 24(1): 157714

product to the reference product were 87.1 - 101.9, 91.4 -
105.9, and 92.9-106.9, respectively. The results fell within
the permitted 80% - 125% range (21, 22), indicating that
the test product and the reference product are
bioequivalent (Table 3). Additionally, Wilcoxon’s non-
parametric test for T, showed no significant

difference between the two formulations (P = 0.923).
5. Discussion

Reducing healthcare costs is a concern for numerous
governments worldwide, and the creation of generic
versions of current pharmaceuticals could lead to
substantial cost savings. When a patent of a drug
product expires, generic versions of the drug can be sold
at a substantially lower price because their
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manufacturers are spared the cost of initial registration
trials (23). Since the therapeutic responses of products
containing similar doses of medicine may vary
significantly, these disparities are generally well
associated with disparities in plasma drug levels caused
primarily by changes in the absorption profile.
Therefore, generic medications need to pass a
bioequivalence study to verify therapeutic equivalence
with brand-name drugs (12, 24).

Apixaban, one of the DOAs, is frequently prescribed
for the prevention or treatment of thromboembolic
disease (25). This study aimed to investigate the
bioequivalence between two 5 mg tablet formulations
of apixaban in healthy Iranian subjects. To achieve this
objective, after studying and confirming the in vitro
quality control of the products, a double-blind, two-
period, two-sequence crossover trial was designed, and
24 healthy males and females participated in it. No
serious adverse events were observed, and none of the
observed events adversely affected the subjects’ safety.

Upon bioanalysis of the plasma samples using a
validated LC-MS/MS method and pharmacokinetic
analysis by a non-compartmental method, the values of
major pharmacokinetic parameters including AUCg_,

AUCq.co, /20 Cinaxr Tmax @and K were obtained for both

test and reference products. The obtained geometric

mean of C AUC,, and AUC,,_,, for test and reference

max»
formulations were 149.8 vs. 145.7 ng/mlL, 1207.2 vs. 1222.9
ng-h/mL, and 1290.6 vs. 1319.8 ng-h/mL, respectively.

The mean pharmacokinetic parameter values
observed in our study are similar to those reported in
the literature (8, 9, 26, 27). For example, Song et al. (9)
studied the pharmacokinetic parameters of apixaban
following oral administration of 5 mg tablets to 22
healthy subjects under fasting condition. They reported
that respective mean values for C T AUC,_., and

t, were 1213 ng/ml, 3 hours, 1229 ng-h/mL, and 9.87

max» ~max

hours, which are comparable to our study. Wang et al.
(26), in a study on apixaban’s pharmacokinetic
differences between healthy and end-stage renal disease
subjects, found that mean values for C,,y, Tax and
AUC_, in the healthy subjects who received a 5 mg
apixaban tablet were 126 ng/mL, 2 hours, and 1265

ng-h/mlL, respectively. Two other studies have also found
similar results (8, 27).

No significant difference was observed in the
parameters between the two formulations. In addition,
the 90% CIs for the log-transformed test/reference ratios
of AUC,;, AUC(.., and C,,,, were within the accepted
bioequivalence range of 80% - 125%. These results
indicate that apixaban 5 mg tablets manufactured by
Zist Arvand Pharmed (Iran) and Pfizer (Turkey) are
bioequivalent in healthy human subjects, and the two
formulations can be used interchangeably in patients.

5.1. Conclusions

This study demonstrated that the generic 5 mg
apixaban tablet (Zist Arvand Pharmed, Iran) is
bioequivalent to the reference 5 mg apixaban tablet

(Eliquis®, Pfizer) when administered as a single dose in
healthy Iranian subjects under fasting condition.

Acknowledgements

This study was financially supported by Zist Arvand
Pharmed (Iran). We would like to thank the participants,
clinical investigators, and study coordinators for their
participation in this study.

Footnotes

Authors' Contribution: A. H. and S. D. contributed to
the study’s conceptualization, supervision, and project
administration. Z. A, A. ., E. A,, and M. M. contributed to
the investigation and methodology of the study. E. A.
contributed to writing the original draft and formal
analysis of the current study. The final draft was read
and approved by all authors.

Conflict of Interests Statement: Among the authors
A.H. and S. D. are members of the editorial board of IJPR
at the time of submission. This had no impact on peer
reviewing process and the final decision. The authors
declare no other conflict of interest.

Data Availability: The datasets collected or analyzed
in the current investigation are accessible upon
reasonable request from the corresponding author.

Ethical Approval: The study protocol was reviewed
and confirmed by the Ethics Committee of Shahid
Beheshti University of Medical Sciences, Tehran, Iran
(IR.SBMU.PHARMACY.REC.1400.138 ).

Iran ] Pharm Res. 2025; 24(1): 157714


https://brieflands.com/articles/ijpr-157714
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=219760

Abdollahizad E et al.

Brieflands

Funding/Support: The present study was financially
supported by Zist Arvand Pharmed (Iran).

Informed Consent: Informed consent was obtained
from all participants.

References

1. KhanF, Tritschler T, Kahn SR, Rodger MA. Venous thromboembolism.
Lancet. 2021;398(10294):64-77. [PubMed ID:  33984268].
https://doi.org/10.1016/50140-6736(20)32658-1.

2. Jame S, Barnes G. Stroke and thromboembolism prevention in atrial
fibrillation. Heart. 2020;106(1):10-7. [PubMed ID: 31533990]. [PubMed
Central ID: PMC7881355]. https://doi.org[10.1136/heartjnl-2019-314898.

3. Hurst KV, O'Callaghan ]JM, Handa A. Quick reference guide to
apixaban. Vasc Health Risk Manag. 2017;13:263-7. [PubMed ID:
28744136]. [PubMed Central ID: PMC5513886].
https://doi.org[10.2147/VHRM.S121944.

4. Lopez-Galindo M, Bagan ]V. Apixaban and oral implications. J Clin Exp
Dent. 2015;7(4):e528-34. [PubMed ID: 26535102]. [PubMed Central ID:
PMC4628810]. https://doi.org/10.4317jced.52470.

5. Carreiro ], Ansell ]. Apixaban, an oral direct Factor Xa inhibitor:
awaiting the verdict. Expert Opin Investig Drugs. 2008;17(12):1937-45.
[PubMed ID:19012508]. https:|/doi.org/10.1517/13543780802528625.

6. Nutescu E. Apixaban: a novel oral inhibitor of factor Xa. Am | Health
Syst  Pharm.  2012;69(13):1113-26.  [PubMed  ID:  22722590].
https://doi.org[10.2146/ajhp110418.

7. Kubisz P, Stanciakova L, Dobrotova M, Samos M, Mokan M, Stasko J.
Apixaban - Metabolism, Pharmacologic Properties and Drug
Interactions. Current Drug Metab. 2017;18(7).
https://doi.org/10.2174/1389200218666170424151551.

8. Frost C,Wang ], Nepal S, Schuster A, Barrett YC, Mosqueda-Garcia R, et
al. Apixaban, an oral, direct factor Xa inhibitor: single dose safety,
pharmacokinetics, pharmacodynamics and food effect in healthy
subjects. Br ] Clin Pharmacol. 2013;75(2):476-87. [PubMed ID: 22759198].
[PubMed Central ID: PMC3558798]. https://doi.org[10.1111j.1365-
2125.2012.04369.X.

9. Song Y, Chang M, Suzuki A, Frost R], Kelly A, LaCreta F, et al.
Evaluation of Crushed Tablet for Oral Administration and the Effect
of Food on Apixaban Pharmacokinetics in Healthy Adults. Clin Ther.
2016;38(7):1674-1685 el. [PubMed ID: 27292282].
https://doi.org[10.1016/j.clinthera.2016.05.004.

10. Byon W, Garonzik S, Boyd RA, Frost CE. Apixaban: A Clinical
Pharmacokinetic and Pharmacodynamic Review. Clin Pharmacokinet.
2019;58(10):1265-79. [PubMed ID: 31089975]. [PubMed Central ID:
PMC6769096]. https://doi.org/10.1007/s40262-019-00775-Z.

11. Patterson SD, Jones B. Bioequivalence. Int | Pharmaceu Med.
2006;20(4):243-50. https://doi.org/10.2165/00124363-200620040-
00004.

12. Daousani C, Karalis V. Bioequivalence studies in Europe before and
after  2010. Clin  Res  Regul  Affairs.  2014;32(1):9-21.
https://doi.org/10.3109/10601333.2014.976229.

13. Wang CC, Chen YL, Lu TC, Lee C, Chang YC, Chan YF, et al. Design and
evaluation of oral formulation for apixaban. Heliyon. 2023;9(8).

Iran ] Pharm Res. 2025; 24(1): e157714

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

26.

27.

€18422. [PubMed ID: 37534003]. [PubMed Central ID: PMC10391955].
https://doi.org/10.1016/j.heliyon.2023.e18422.

Jain HK, Nikam VK. Formulation Development and Stability
Indicating Hplc Assay of Tablets of Apixaban. Int | Pharm Pharmaceut
Sci. 2017;9(10). https:/[doi.org/10.22159/ijpps.2017v9i10.20343.

Pharmacopeia US. < 905 > Uniformity of Dosage Units. USA: United
States Pharmacopeial Convention; 2024. Available from:
https:/[www.usp.org/sites/default/files/usp/document/harmonizatio
n/excipients/m99694.pdf.

Research CfDEa. Dissolution Methods for "apixaban". USA: USA Food
and Drug Administration; 2013. Available from:
https:/[www.accessdata.fda.gov/scripts/cder/dissolution/index.cfm.

World Medical A. World Medical Association Declaration of Helsinki.
Ethical principles for medical research involving human subjects.
Bull World Health Organ. 2001;79(4):373-4. [PubMed ID: 11357217].
[PubMed Central ID: PMC2566407].

International Conference on Harmonisation of technical
requirements for registration of pharmaceuticals for human use.
ICH harmonized tripartite guideline: Guideline for Good Clinical
Practice. ] Postgrad Med. 2001;47(1):45-50. [PubMed ID: 11590294].
Research CfDEa. M10 Bioanalytical Method Validation and Study Sample
Analysis  Guidance for Industry. USA: US. Food and Drug
Administration; 2022. Available from:
https://www.fda.gov/media[162903/download.

Zhang Y, Huo M, Zhou ], Xie S. PKSolver: An add-in program for
pharmacokinetic and pharmacodynamic data analysis in Microsoft
Excel. Comput Methods Programs Biomed. 2010;99(3):306-14. [PubMed
1D: 20176408). https://doi.org[10.1016/j.cmpb.2010.01.007.

Research CfDEa. Statistical Approaches to Establishing Bioequivalence.
USA: US. Food and Drug Administration; 2020. Available from:
https://www.fda.gov/media/70958/download.

Research CfDEa. Bioavailability and Bioequivalence Studies Submitted in
NDAs or INDs - General Considerations. USA: US. Food and Drug
Administration; 2020. Available from:
https://www.fda.gov/media/88254/download.

Borgheini G. The bioequivalence and therapeutic efficacy of generic
versus brand-name psychoactive drugs. Clin Ther. 2003;25(6):1578-92.
[PubMed ID: 12860486]. https:|/doi.org[10.1016/s0149-2918(03)80157-1.
Rani S, Pargal A. Bioequivalence: An overview of statistical concepts.
Indian ] Pharmacol. 2004;36:209-16.

Roberti R, Iannone LF, Palleria C, Curcio A, Rossi M, Sciacqua A, et al.
Direct Oral Anticoagulants: From Randomized Clinical Trials to Real-
World Clinical Practice. Front Pharmacol. 2021;12:684638. [PubMed ID:
34122113]. [PubMed Central ID: PMC8188985].
https://doi.org/10.3389/fphar.2021.684638.

Wang X, Tirucherai G, Marbury TC, Wang ], Chang M, Zhang D, et al.
Pharmacokinetics, pharmacodynamics, and safety of apixaban in
subjects with end-stage renal disease on hemodialysis. | Clin
Pharmacol. 2016;56(5):628-36. [PubMed ID: 26331581].
https://doi.org/10.1002/jcph.628.

Barrett YC, Wang ], Song Y, Pursley ], Wastall P, Wright R, et al. A
randomised assessment of the pharmacokinetic, pharmacodynamic
and safety interaction between apixaban and enoxaparin in healthy
subjects. Thromb Haemost. 2012;107(5):916-24. [PubMed ID: 22398784].
https:|/doi.org/10.1160/TH11-09-0634.


https://brieflands.com/articles/ijpr-157714
http://www.ncbi.nlm.nih.gov/pubmed/33984268
https://doi.org/10.1016/S0140-6736(20)32658-1
http://www.ncbi.nlm.nih.gov/pubmed/31533990
https://www.ncbi.nlm.nih.gov/pmc/PMC7881355
https://doi.org/10.1136/heartjnl-2019-314898
http://www.ncbi.nlm.nih.gov/pubmed/28744136
https://www.ncbi.nlm.nih.gov/pmc/PMC5513886
https://doi.org/10.2147/VHRM.S121944
http://www.ncbi.nlm.nih.gov/pubmed/26535102
https://www.ncbi.nlm.nih.gov/pmc/PMC4628810
https://doi.org/10.4317/jced.52470
http://www.ncbi.nlm.nih.gov/pubmed/19012508
https://doi.org/10.1517/13543780802528625
http://www.ncbi.nlm.nih.gov/pubmed/22722590
https://doi.org/10.2146/ajhp110418
https://doi.org/10.2174/1389200218666170424151551
http://www.ncbi.nlm.nih.gov/pubmed/22759198
https://www.ncbi.nlm.nih.gov/pmc/PMC3558798
https://doi.org/10.1111/j.1365-2125.2012.04369.x
https://doi.org/10.1111/j.1365-2125.2012.04369.x
http://www.ncbi.nlm.nih.gov/pubmed/27292282
https://doi.org/10.1016/j.clinthera.2016.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31089975
https://www.ncbi.nlm.nih.gov/pmc/PMC6769096
https://doi.org/10.1007/s40262-019-00775-z
https://doi.org/10.2165/00124363-200620040-00004
https://doi.org/10.2165/00124363-200620040-00004
https://doi.org/10.3109/10601333.2014.976229
http://www.ncbi.nlm.nih.gov/pubmed/37534003
https://www.ncbi.nlm.nih.gov/pmc/PMC10391955
https://doi.org/10.1016/j.heliyon.2023.e18422
http://www.ncbi.nlm.nih.gov/pubmed/37534003
https://www.ncbi.nlm.nih.gov/pmc/PMC10391955
https://doi.org/10.1016/j.heliyon.2023.e18422
https://doi.org/10.22159/ijpps.2017v9i10.20343
https://www.usp.org/sites/default/files/usp/document/harmonization/excipients/m99694.pdf
https://www.usp.org/sites/default/files/usp/document/harmonization/excipients/m99694.pdf
https://www.accessdata.fda.gov/scripts/cder/dissolution/index.cfm
http://www.ncbi.nlm.nih.gov/pubmed/11357217
https://www.ncbi.nlm.nih.gov/pmc/PMC2566407
http://www.ncbi.nlm.nih.gov/pubmed/11590294
https://www.fda.gov/media/162903/download
http://www.ncbi.nlm.nih.gov/pubmed/20176408
https://doi.org/10.1016/j.cmpb.2010.01.007
https://www.fda.gov/media/70958/download
https://www.fda.gov/media/88254/download
http://www.ncbi.nlm.nih.gov/pubmed/12860486
https://doi.org/10.1016/s0149-2918(03)80157-1
http://www.ncbi.nlm.nih.gov/pubmed/34122113
https://www.ncbi.nlm.nih.gov/pmc/PMC8188985
https://doi.org/10.3389/fphar.2021.684638
http://www.ncbi.nlm.nih.gov/pubmed/26331581
https://doi.org/10.1002/jcph.628
http://www.ncbi.nlm.nih.gov/pubmed/22398784
https://doi.org/10.1160/TH11-09-0634

