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ABSTRACT
Cefixime is a broad-spectrum oral antibiotic used for treating a wide variety of bacterial infections. This investigation was aimed to
study the pharmacokinetics and bioequivalence of a new generic suspension containing 100 mg cefixime trihydrate per 5 ml as a test
product against the reference formulation Suprax® suspension after administration to 28 Arabic healthy male adult subjects under fasting
condition. Ten milliliters of each formulation (equivalent to 200 mg cefixime) were administered as a single dose applying a twotreatment, two-period, two-sequence, randomized crossover design with a one-week washout interval between dosing. Eighteen serial
blood samples were collected from each subject before dosing and then up to 24.0 hours post-dosing. All the calculated
pharmacokinetic parameters, including Cmax, AUC0–t, AUC0–∞, Tmax, Kelimination (z), Thalf, and MRT were statistically analyzed by
ANOVA tests. Ln-transformed values of the primary parameters used for bioequivalence evaluation, namely Cmax, AUC0–t, and AUC0–∞
were also statistically analyzed by ANOVA and 90% confidence interval tests. The ranges of 90% confidence interval tests for the Lntransformed Cmax, AUC0–t, AUC0–∞ were 88.90-108.71, 89.71-109.30, and 89.83-109.23, respectively. Both products were well
tolerated by all subjects. Based on FDA and EMEA criteria on bioequivalence, the results obtained from the present study exhibited
bioequivalence between the test and the reference formulations of cefixime. Hence, the new generic suspension may be considered
interchangeable with the reference product and prescribable in therapy with cefixime.
Keywords: Cefixime, Pharmacokinetics, Bioequivalence, Arabic subjects

Introduction
Cefixime is an orally administered broad-spectrum antibiotic
with high resistance to degradation by beta-lactamase [1].
Cefixime is indicated for the treatment of acute bronchitis and
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acute exacerbations of chronic bronchitis, otitis media,
pharyngitis/tonsillitis,
uncomplicated
gonorrhea
(cervical/urethral), uncomplicated urinary tract infections [16], and recently for early and acute syphilis [7-9]. The available
dosage forms of cefixime are 100 and 200 mg tablet, chewable
tablet and powder for oral suspension containing 100 mg per 5
ml cefixime, and 400 mg capsule [1]. Cefixime is distinguished
by its relatively longer terminal elimination half-life
(approximately 3 hours) in comparison to 1.5 hours for
cefalexin and 0.5 hours for cefaclor which allows twice or, in
many cases, once-daily administration [1]. Attempts were made
to escalate the antimicrobial activity of cefixime by
nanotechnology [10], spray drying [11] and mucoadhesion [12]
pharmaceutical technologies.
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The terminal plasma elimination half-life of cefixime is
independent of the dosage form and the dose given. About 50
% of the drug is excreted unchanged with urine within 24 hours
and about 10% with stool [1]. The disposition characteristics
including Cmax, Tmax, AUC, and Thalf of cefixime obtained from
pharmacokinetic, bioavailability, and bioequivalence studies
after administration of different dosage forms at therapeutic
doses of 200-400 mg indicating that cefixime demonstrates
linear (dose-proportional) pharmacokinetics and its disposition
characteristics are comparable after different oral dosage forms
[1-4].
The use of generic drug formulations for therapeutically wellestablished active ingredients must be justified by a welldesigned, conducted, and evaluated bioequivalence study [13].
Documentation of bioequivalence, especially for generic
antimicrobial products, possesses special concern in therapy
since it is important to obtain the necessary therapeutic plasma
concentrations of the drug, which produce the optimal effect
and minimal adverse effect and consequently assure the
complete extermination of the microorganisms which cause the
infections. On most occasions, when the antimicrobial plasma
concentrations fall below the needful levels to ensure the entire
destruction of the microorganisms, this would lead to failure of
therapy in addition to boosting the potential for the risk of
developing resistance to the drug [14]. Therefore, numerous
bioequivalence studies were conducted for cefixime in different
countries and their populations to prove the bioequivalence of
their marketed generic drug formulations in comparison to the
brand drug products [15-21]. Among these bioequivalence
studies were conducted for German [15], French [16], Arabic
[17, 18], Persian [19, 20] and Pakistani populations [21].
The purpose of the present investigation was to determine the
pharmacokinetic characteristics and to assess the bioequivalence
of a new generic suspension containing 100 mg cefixime
trihydrate per 5 ml as a test product in comparison to the
reference Suprax® suspension produced by Hikma
Pharmaceuticals, Jordan after administration to 28 Arabic
healthy male adult subjects under fasting condition. The
performance of both drug products was compared using the
pharmacokinetic parameters obtained from the plasma
concentrations-time data of each subject, including Cmax, AUC0–
, AUC0–∞, Tmax, Kelimination (z), Thalf, and MRT.

t

Materials and Methods

Investigational drug products
The test formula was a new generic suspension containing 100
mg cefixime trihydrate per 5 ml. The reference formula was
Suprax® suspension containing 100 mg cefixime trihydrate per
5 ml manufactured by Hikma Pharmaceuticals, Jordan.

Study protocol
The study protocol was approved by the clinical investigator
and the institutional review board (IRB) before study conduct.

The protocol described all details of the project, i.e., design of
the study, clinical procedures, bioanalysis of blood samples
obtained from the participants, pharmacokinetic and statistical
data analysis, bioequivalence evaluation, the informed consent
form, and ultimately documentation and final report issuance
[13].

Ethical considerations
The study was carried out adhering to ICH guidelines for good
clinical practice (GCP) [22] and the declaration of Helsinki
provisions [23]. Each subject was given the informed consent
form at the screening phase before starting the study. A meeting
was arranged to the subjects by the principal and clinical
investigators together with the clinical staff to explain all details
of the study, including the purposes, risks, advantages,
procedures, and the right as a research subject to withdraw at
any time during the study, and the compensation in case of any
harm caused by the study.

Study design
A randomized, two-way crossover, open-labeled, laboratoryblind, single-dose, fasting, two-treatment, two-sequence twoperiod design was applied in this study. An equal number (14
subjects) were randomly assigned to each dosing sequence of
the investigational drug products (test and reference
formulations). Hence. At the first period, 14 participants were
administered 200 mg of the test formulation as a single dose (10
ml containign100 mg cefixime per 5 ml), while the other 14
participants were administered 200 mg of the reference
formulation as a single dose (10 ml containign100 mg cefixime
per 5 ml) according to a randomization table established in the
study protocol. In the second period, the order of the test and
reference products administration was reversed. The second
period was carried out after a washout interval of one week.

Inclusion criteria for participation in the
study
The subjects were regarded eligible for participation in this
research based on the following inclusion criteria: adult male
subjects with ages between 18-48 years and body mass index
(BMI) ranges from 18 – 30 kg/m2, non-smokers or light
smokers (less than 10 cigarettes per day) with no illicit drug or
alcohol abuse, no history of hypersensitivity or contraindication
to cefixime and related compounds, no history of using chronic
medications, have normal physical condition and medical
examinations involving vital signs, ECG, respiratory, cardiac,
hepatic, renal, gastrointestinal and psychiatric, have normal
clinical laboratory tests including hematology, biochemistry,
routine urine analysis, negative for HIV and for hepatitis B and
C, have not taken any medications for the last two weeks prior
the study other than paracetamol, no hospitalization or blood
donation or involvement in any clinical trials including
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pharmacokinetics, bioavailability or bioequivalence within the
last 2 months prior the current study.

2, and then at 2.0, 4.0, 6.0, 8.0, 12, and finally at 24.0 of drug
dosing.

Drug products administration

Bioanalysis of cefixime in plasma

The subjects were admitted to the clinical site before almost14
hours pre-dosing and they were confined until the end of each
study period (24.0 hours post-dosing). The subjects were
served standard dinners at 12 hours before drug intake, then
lunches after 4 hours, and dinners after 12 hours of drug intake.
The meals were the same in both periods of the study and the
participants were asked to have all the served meals each time.
Any sorts of fluids and meals were entirely prohibited other
than those served. Products containing xanthine were banned
12 hours before and 12 hours after dosing. Besides, any
products containing grapefruit were prevented one week before
dosing and until the end of the study. After overnight fasting of
12 hours, the test and reference drug formulations were
administered with 240 ml of tap water. Water was not
permissible 2 hours pre- and 2 hours post-dosing, water intake
was free thereafter. The participants were not permitted to lie
or sleep during the first 4 hours of drug administration, they
were remained seated upright and ambulatory but prohibited
from strenuous activity. Any medication other than the
investigational drug was not permitted to be given and for any
reason unless as decided by the clinical investigator.

A sensitive, selective, accurate, and precise, high-performance
liquid chromatography with UV detection method modified
from previous researches was used for the determination of
cefixime plasma concentrations [24-28]. The method was
developed and validated following FDA guidance on
bioanalytical method validation [29]. The standard calibration
curve gave acceptable linearity with a correlation coefficient (r)
equal to 0.9989 over concentrations range from 4-5000 ng/ml
cefixime in plasma using least-squares linear regression analysis.
The lower limit of quantification (LLOQ) was 4 ng/ml . The
precision and accuracy were within the acceptable ranges for
intra-day and inter-day assay. The analytical batch/run for each
subject (including standard calibration curve, quality control
(QC) samples (low, mid, and high), and the unknown authentic
plasma samples obtained from both periods of the study) was
performed after completing the clinical phase of the study. No
determination was done by extrapolation above the upper limit
of quantitation (ULOQ) or below the LLOQ of the standard
calibration curve. Therefore, plasma samples with cefixime
concentrations above the ULOQ (5000 ng/ml) were diluted as
recommended by FDA guidance [29].

Blood samples collection

Pharmacokinetic calculations and statistical

In each study period, 5 ml blood samples were obtained from
each subject by indwelling venous cannula placed into the
antecubital vein. Blood samples were obtained from each
individual prior to cefixime administration of the test and the
reference formulations (zero time) and then at 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 7.0, 8.0, 12.0, 16.0
and ultimately at 24.0 hours following cefixime intake. Eighteen
blood samples were obtained from each subject at each period.
The blood samples were placed directly in pre-labeled
heparinized tubes and then promptly centrifuged at 4000 rpm
for 5 minutes. The separated plasma was directly placed in
Eppendorf tubes and then promptly stored at -30±5 ◦ C until
the day of bioanalysis for assay of cefixime concentrations in
plasma.

analysis

Safety and tolerability assessments
Physical and medical examinations involving vital signs (blood
pressure, pulse, and temperature), in addition to clinical
laboratory tests including hematology, biochemistry and routine
urinalysis, were carried out during the screening phase for the
selection of healthy eligible subjects to participate in the study.
Besides, the medical examinations and the clinical laboratory
test were performed after drug administration of period 1, the
day before drug intake of period 2, and eventually at the end of
period 2 upon subject discharged. Vital signs were registered
before about 1.0 hours of drug administration at periods 1 and
172

The software Kinetica was used for calculating the
pharmacokinetic parameters, statistical analysis, and
bioequivalence testing. Microsoft Excel was used for data
plotting and for measuring the descriptive statistics involving
geometric mean, arithmetic mean, the ratio of means, relative
bioavailability, maximum and minimum values, median,
standard deviation (SD), and coefficient of variation (CV). The
pharmacokinetic parameters of cefixime obtained from plasma
concentration-time data of each subject, including Cmax, AUC0–
, AUC0–∞, Tmax, Kelimination (z), Thalf, and MRT were determined
by standard methods applying non-compartmental data analysis
[30, 31].
The maximum concentration of the drug in plasma (Cmax) and
the time attain Cmax (Tmax) were obtained from the
concentration-time profile of each subject. The terminal
elimination rate constant (Kelimination/λ z) was determined by
linear regression of at least the last three concentrations at the
terminal phase of the log-concentration-time curve of each
subject. The terminal elimination half-life (Thalf) was measured
from 0.693/λ z. The AUC0-t is the area under the plasma
concentration-time curve from time zero, and up to the last
blood sampling time withdrawal (tlast) was calculated by the
Trapezoidal rule. The AUCt-∞ (AUCextrapolated), which is also
called residual area (AUCresidual), is the extrapolated area under
plasma concentration-time curve from tlast to infinity was
t
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estimated as Clast/λ z. The Clast is the last measurable cefixime
concentration which equals to or above the LLOQ of cefixime
in plasma. The AUC0-∞ is the area under plasma concentrationtime curve from time zero to infinity was measured from the
summation of AUC0-t and AUCt-∞. The % AUCextrapolated was
calculated from (AUCt-∞/AUC0-∞)×100. The MRT is the mean
residence time of the drug in the body was calculated as the
ratio of area under moment curve AUMC/AUC [30, 31].
Statistical analysis applying ANOVA tests were used to evaluate
the difference between the data obtained from the test product
versus the corresponding data obtained from the reference
product, including concentration-time data and all calculated
pharmacokinetic parameters Cmax, AUC0–t, AUC0–∞, Tmax,
Kelimination (z), Thalf and MRT. Moreover, the non-parametric
[32] Friedman design and Kruskal-Wallis test were used for
statistical analysis of Tmax and MRT values of the test versus the
reference products. Furthermore, ANOVA and 90%
confidence interval (90% CI) tests were used for the Lntransformed values of the pharmacokinetic parameters used for
bioequivalence evaluation, namely Cmax, AUC0-t, and AUCt-∞ as
recommended by FDA and EMEA guidance [13]. The average
bioequivalence of the test versus reference formulations was
concluded if 90 % CI interval for Ln-transformed values of each
parameter Cmax, AUC0-t, and AUCt-∞ are within 80.00-125.00
%. Differences between test versus reference products are
declared statistically not significant at 5% significance level (
=0.05) when P  0.05. Schuirmann's two one-sided t-tests
were used as further support to 90% CI for evaluation of
bioequivalence [13].

Results and Discussion

Study design
According to the knowledge obtained from the abovementioned literature concerning the low inter-and
intraindividual differences in cefixime pharmacokinetics [1521], the participation of 24 individuals was found to be enough
to get adequate power for bioequivalence testing of cefixime.
Thus, 36 individuals were screened in this study to account for
any withdrawal and/or drop out, which may happen at the
screening phase and during study conduct which is common in
clinical trials. Six subjects were excluded from the study at the
screening phase since they were not eligible to participate in the
study according to the inclusion/exclusion criteria established
in the study protocol. Two more subjects withdrew from the
study for personal reasons before drug products administration

of the first period. The remaining 28 subjects exhibited good
compliance and completed the entire study. The average and
the ranges for the demographic characteristics of the
participants were as follow: age 23 years (range 19-30), height
1.8 meters (range 1.7-1.9), bodyweight 71 kg (range 60-94),
and body mass index was 23 kg/m2 (range 20-27).

Tolerability and safety assessments
The average and the ranges for the baseline vital sign for the
participants were as follow: systolic blood pressure was 116
mmHg (range, 105-130), diastolic blood pressure was 74
mmHg (range, 60-85), pulse was 70 beats per minute (range
60-82), and the temperature was 36.8 °C (range 36.6-37.2).
Both cefixime formulations were well tolerated by all subjects,
and all the participants were discharged from the study without
significant changes in their clinical baseline properties involving
vital signs and clinical laboratory tests (hematology,
biochemistry, and routine urine analysis).

Plasma concentrations of cefixime
The bioanalytical method used in the present study for
measuring cefixime concentrations in plasma was found to be
selective, sensitive, precise, and accurate based on FDA
bioanalytical method validation criteria [29]. Cefixime was not
detected (plasma levels were below LLOQ of 4 ng/ml) in the
plasma samples obtained before drug products administration at
period 2 for all individuals and for both the test and the
reference formulations indicating the absence of carryover
effects from previous dosing (period 1) and confirming that
one-week washout interval between dosing is very sufficient for
bioequivalence study of cefixime with a terminal elimination
half-life of about 3.5 hours. The concentrations of the drug in
the general circulation were above the LLOQ in all subjects and
for both products after 0.5 hours post-dosing, which indicates
rapid absorption of the drug from the suspension. Comparing
all plasma concentrations of cefixime at each time point from
0.5 up to 24 hours post-dosing (17 data points) for the test
product against the corresponding concentrations for the
reference product applying ANOVA tests demonstrated no
significant differences (P > 0.05) between the concentrationtime profiles of both products. Furthermore, the
concentration-time curves of both products are nearly
superimposable, as appear in Figure 1. Thus, these findings
indicate a good similarity in the concentration-time profiles and
disposition properties of both products, including cefixime
absorption, distribution, and elimination (Figure 1).
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Figure 1. Plasma concentrations-time profiles (Mean±SD) of cefixime after administration of 200 mg
suspension as a single dose of the test and the reference products in (a) linear scale and (b) semilog scale.

Pharmacokinetic results
The drug was assessed in blood at 0.0, 0.5, 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 7.0, 8.0, 12.0, 16.0 and lastly
at 24.0 hours post-dosing. This blood sampling strategy applied
in this investigation ensures a reliable determination of all
cefixime pharmacokinetic parameters Cmax, AUC0–t, AUC0–∞,
Tmax, Kelimination (z), Thalf, and MRT since blood sampling were
early enough, for frequent time intervals and for an adequate
period. The pharmacokinetic parameters obtained after
administration of the test and the reference cefixime
formulations are presented in Table 1. It is obvious from visual
observation of Table 1 that both formulations exhibit similar
pharmacokinetic properties since the mean values of all the
calculated pharmacokinetic parameters Cmax, AUC0–t, AUC0–∞,
Tmax, Kelimination (z), Thalf, and MRT were comparable. Besides,
all the pharmacokinetic parameters of both drug products
demonstrated low and similar interindividual differences with a
174

mean %CV of about 20% and a range of 11-29% (Table 1).
Cefixime in both formulations attained its Cmax in plasma within
about 4 hours (range 2-5.5 hours). Thereafter, the drug
concentrations in plasma showed a mono-exponential decline
with a mean Thalf of about 3 hours (range 2-5 hours). Moreover,
the secondary pharmacokinetic parameter, which reflects the
residence of the drug in the body (MRT), confirms the
similarity in the calculated Thalf for both products since the MRT
was found to be 6.6 hours (range 5.4-8.4 hours) as appear in
Table 1. The %AUCextrapolated possessed a very low contribution
to the total AUC (AUC0–∞) since the mean value was 2% (range
0.8-4.3%), as displayed in Table 1. Hence, collection of blood
samples for 24 hours post-dosing and using 4 ng/ml as LLOQ
of cefixime in plasma applied in the present investigation are
very enough for studying the disposition kinetics of the drug.
Interestingly, the values of all the pharmacokinetic parameters
obtained in this research for Arabic individuals are almost
comparable to all data presented in the literature [15-17, 19-
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21], which were conducted in different populations and for
different oral dosage forms of cefixime, which suggest that

ethnicity and the type of dosage form have no remarkable
impact on cefixime pharmacokinetics.

Table 1. Pharmacokinetic parameters of cefixime suspension administered as a single dose (200 mg) of the test and the
reference product
Test product
Parameters

Mean

±SD

%CV

Min

Max

Geomean

Cmax (ng/ml)

3340.1

694.5

20.8

2183.0

4410.2

3268.3

AUC0-t (ng.hr/ml)

24852.3

5897.0

23.7

12466.5

35446.7

24122.9

AUC0–∞ (ng.hr/ml)

25310.6

5898.6

23.3

12932.7

35822.6

24596.9

Tmax (hr)

4.16

0.667

16.0

2.5

5.5

*

λ z (hr )

0.2134

0.0366

17.2

0.1593

0.2979

**

T0.5 (hr)

3.33

0.527

15.8

2.33

4.35

**

MRT (hr)

6.75

0.749

11.1

5.37

8.43

**

%AUCextrapolated

1.924

0.743

38.6

0.942

3.605

**

Max

Geomean

-1

Reference product
Parameters

Mean

±SD

%CV

Min

Cmax (ng/ml)

3473.4

1012.0

29.1

1285.7

5831.7

3324.6

AUC0-t (ng.hr/ml)
AUC0–∞ (ng.hr/ml)

25511.2
25961.5

7428.9
7448.8

29.1
28.7

8417.1
8796.3

43432.4
44269.1

24360.8
24831.7

Tmax (hr)

3.98

0.811

20.4

2.0

5.5

*

λ z (hr-1)

0.2274

0.0457

20.1

0.1584

0.3523

**

T0.5 (hr)

3.16

0.574

18.2

1.97

4.79

**

MRT (hr)

6.56

0.776

11.8

5.46

8.31

**

%AUCextrapolated

1.892

0.896

47.4

0.752

4.31

**

* Median, **Geomean calculations for these parameters are statistically not recommended for
bioequivalence testing.

Statistical

analysis

and

bioequivalence

testing
ANOVA tests for all the pharmacokinetic parameters Cmax,
AUC0–t, AUC0–∞, Tmax, Kelimination (z), Thalf, and MRT of the test
formula against their corresponding values of the reference
formula showed no statistically significant differences (P >
0.05) in the source of variations including formulation (which
has the most important effect), sequence and period (Table 2).
A similar result was found for the Ln-transformed values of
Cmax, AUC0–t, and AUC0–∞ (Table 2). In addition to that, nonparametric Friedman design and Kruskal-Wallis tests
demonstrated no statistical differences between Tmax and MRT
values of the test against their corresponding values for the
reference formulations. Furthermore, the geometric mean ratio
and the relative bioavailability of each of the primary parameters
used in bioequivalence evaluation (Cmax, AUC0–t, and AUC0–∞)
were approximately equal to one (Table 3). The abovementioned statistical tests suggest the close similarity between
the pharmacokinetic properties of the test and the reference
formulations in terms of extent and rate of cefixime absorption

and total drug exposure. Moreover, 90% CI ranges for Lntransformed values Cmax, AUC0-t, and AUC0–∞ of the test against
the corresponding values of the reference formulations (Table
3) were well within the bioequivalence acceptance ranges of
80.00-125% based on FDA and EMEA guidance on
bioequivalence [13]. Over and above, Schuirmann's two onesided t-tests support the results obtained from 90% of tests, as
displayed in Table 4. Hence, it can be concluded from these
findings that the newly formulated generic suspension
containing 100 mg/5 ml cefixime is bioequivalent to the
reference formulation Suprax® suspension containing 100 mg/5
ml cefixime produced by Hikma pharmaceuticals, Jordan.
Therefore, both formulas may be interchangeable in clinical
practice, and the generic product may be prescribable with
adequate safety and efficacy as the reference product.
Table 2. ANOVA tests for the pharmacokinetic
parameters
Parameters
Cmax
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Source of variations and their P values
Formulation

Sequence

Period

0.5018

0.3201

0.2637
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AUC0-t

0.6353

0.3767

0.6460

AUC0–∞

0.6428

0.3872

0.6648

Ln Cmax

0.7746

0.1844

0.2189

Ln AUC0-t

0.8667

0.1881

0.5295

Ln AUC0–∞
Tmax

0.8697
0.3091

0.1962
0.2243

0.5463
0.8373

z

0.1004

0.6050

0.7213

T0.5

0.1162

0.5939

0.8041

MRT

0.1231

0.7088

0.7119

λ

Financial support: None
Ethics statement: The study was conducted in compliance with ICH
guidelines for good clinical practice (GCP) and ethical principles for
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