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Abstract

Pharmacokinetic and bioequivalence of cefoperazone/sulbactam injection in healthy Thai volunteers
Cheardchai Soontornpas'*, Chulaporn Limwattananon’, Bungorn Sripanichkulchai’, Thanee Thesiri', Piroon Mootsikapun®
IJPS, 2011; 7(1) : 18-27

Introduction : Bioequivalence study of a generic drug is a registration requirement regulated by the
Thai Food and Drug Administration. The present study was performed to assess the bioequivalence of a generic
formulation of cefoperazone/sulbactam (1.0/0.5 g) compared with an innovator’s formulation both by intramuscular
injection. Material and method : A single dose, two period, two sequence, double blind, randomized cross-over
with a one-week washout period was used. Twenty healthy Thai volunteers were recruited into the present study.
All subjects were intramuscularly injected with a single dose of cefoperazone/sulbactam (1.0/0.5 g). Blood samples
were collected before injection and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10 and 12 hours after injection. Plasma
concentrations of cefoperazone and sulbactam were assayed by a validated HPLC method. The pharmacokinetic
parameters were calculated using a non-compartmental model and Wilcoxon Signed Rank test and ANOVA were
used for statistical testing. Results : Time to reach the peak concentration of cefoperazone and sulbactam in
all volunteers who were injected with either generic or innovator's product were not significantly different (p >
0.05). Maximum concentration, area under the concentration time curve from time 0 to time t and area under the
concentration time curve from time 0 to time infinity of cefoperazone/sulbactam were 61.9 * 20.3/25.5 = 10.4 ug/
mL, 247.4 * 63.7/64.2 = 21.3 pug.h/mL and 264.8 x 64.7/69.2 = 24.1 ug.h/mL, respectively, for the generic pro
duct and 59.4 £ 17.7/25.5 £ 8.0 pg/mL, 245.0 = 66.5/65.3 = 22.4 ug.h/mL and 258.8 = 67.4/70.6 * 24.8 ug.h/
mL, respectively for the innovator’s product. Conclusion : The generic and innovator’s product of cefoperazone/
sulbactam (1.0/0.5 g) injections used in the present study were bioequivalent. The 90% confidence intervals of
the log transformed data of ratio of Cmax, AUC0-12h or AUCO-« between generic and innovator’s product, both
cefoperazone and sulbactam, were within the bioequivalence range of 0.80-1.25. Other pharmacokinetic parameters

of both products were not significantly different.

Keyword: bioequivalence, cefoperazone, sulbactam

Introduction

Cefoperazone is a parenteral third generation
cephalosporin with a broad antibacterial spectrum
including Pseudomonas aeruginosa. As the preva-
lence of multidrug resistant microorganisms has been
increasing, various methods have been offered to
overcome this problem. Sulbactam, a beta-lactamase
inhibitor, is combined with cefoperazone for synergistic
effect and it expands the spectrum of activity of
cefoperazone against many beta-lactamase-producing
bacteria (Munoz et al., 1996). This combination
has been very useful for treating several types of
infection such as skin, intra-abdominal, urinary tract and

respiratory tract infections as well as gynecological

infection (including pelvic inflammatory disease and
endometriosis), and septicemia caused by susceptible
microorganism (Killion et al., 2003; McEvoy, 2002;
Munoz et al., 1996)

In Thailand, the combinations of cefoperazone
sodium and sulbactam sodium have been commercially
available for parenteral administration as sterile powder
containing cefoperazone/sulbactam 500/500 mg or
1.0/0.5 g. There are many preparations of cefoperazone
and sulbactam injections available on the market
including Sulperazon® injection, the innovator’s
product, and many generic products without well-defined
bioequivalence. As the bioequivalence study of generic

drugs are a registration requirement regulated by both
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the US and Thai Food and Drug Administration (CDER,
2001; DCD, 2007), the objective of the present study
was to conduct a bioequivalence study between a
generic and an innovator’s product of cefoperazone/
sulbactam. If the test products are bioequivalent,
physicians can have an alternative choice for treating
infection in patients with cheaper in drug cost and more

confidence in therapeutic efficacy.

Material and method
Subjects

Twenty healthy Thai volunteers, 14 male and 6
female, aged between 21-28 years old with body mass
indexes within 19-25 kg/m2 participated in the present
study. Volunteers were in good health based on their
medical histories, physical examinations, routine blood
tests including complete blood count with differential
count and blood chemistry profiles as well as having a
negative screening test for hepatitis B surface antigen
and anti-HIV. Volunteers with known contraindication
or hypersensitivity to either cefoperazone or sulbactam
were excluded as well as those with a known history
of alcohol consumption or cigarette smoking. Drug and
caffeine beverage were not allowed 1 week before
the study period to avoid the effects of inducing or
inhibiting hepatic metabolizing enzyme and the risk of
drug interactions. The protocol of the present study
was approved by the Ethical Committee for Human
Research, Faculty of Medicine, Khon Kaen University
(Reference number HE490141) and the Drug Control
Division, Thai Food and Drug Administration, Ministry
of Public Health, Thailand (Reference number 38/49).
All volunteers signed an informed consent form prior to

participating in the present study.

Study drug

The test product was a generic product
(cefoperazone/sulbactam injection, Lot No. RDSC 09,
MFD. 06/10/2007, Utopian Co., Ltd., Thailand) in the
dosage of 1.5 g (cefoperazone 1 g/sulbactam 0.5 g).

The reference product was an innovator’s product

(Sulperazon® injection, Reg No. 2C1/47 (N), Lot No.
739094, MFD. 11-2006, EXPD.11-2008, Pfizer ltalia,
Italy) in the dosage of 1.5 g (cefoperazone 1 g/
sulbactam 0.5 g).

Method of drug administration

A single dose, two treatment, two period,
two sequence, double blind, randomized cross-over
with one-week washout period was used. Subjects
were admitted at Queen Sirikit Heart Center of the
Northeast, Khon Kaen University on the study day.
After an over night fast, each volunteer received a
single gluteal intramuscular injection of either generic
or innovator’s product of cefoperazone/sulbactam (1/0.5
g). Blood samples were collected via an intravenous
catheter with saline lock at pre-dose and at 0.25,
0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10 and 12 hours after
drug administration. Then, the plasma was separated
immediately by centrifugation and stored at -80°C until

analysis for cefoperazone and sulbactam content.

Determination of the plasma cefoperazone and
sulbactam concentrations

Plasma samples were prepared by liquid-liquid
extraction. The concentrations of cefoperazone and
sulbactam in plasma were analyzed using a validated
High Performance Liquid Chromatography adapted
from previous studies (Muder et al., 1982; Reitberg
et al., 1988; Rogers et al., 1983). The HPLC system
consisted of a C18 column (Nova-pack C18 3.9 x 150
mm, 5 ym, Water Technologies, USA) with column tem-
perature of 25°C. The isocratic mobile phases were 0.02
M tetrabutylammonium hydroxide and 0.01 M tribasic
sodium phosphate adjusted to pH 3.5 : acetonitrile
(23:77) for cefoperazone, and 5 mM tetrabutylam
monium hydroxide and 1 mM disodium hydrogen
phosphate and 1 mM sodium dihydrogen phosphate
solution : acetonitrile (75:25) for sulbactam. Column
elutes were monitored at wavelength 205 nm for

cefoperazone and wavelength 320 nm for sulbactam.
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The validations of the analysis method e.g. specificity,
accuracy, precision, lower limit of quantification (LLOQ),
linearity, extraction recovery, were performed before
drug analysis. Standard curves were performed every

day of analysis.

Pharmacokinetic parameters and statistical analysis

Plasma concentration-time course profiles
were plotted and pharmacokinetic parameters were
determined. Maximum plasma concentration (Cmax)
which represented the maximum extent of the drug
entry into the blood circulation and time to reach the
peak concentration (Tmax) which represented the rate
of the drug entry into the blood circulation were taken
from the raw data. Area under the concentration time
curve from time 0 to last measuring point (AUC[H), which
represented the extent of the drug entry into the blood
circulation, were determined using the trapezoidal rule.
The area under the concentration time curve from time
0 to infinity (AUCO_W) was calculated as AUCU..,, = AUCO_t
+ Ct/ke, where Ct is the last measurable drug
concentration and ke is the elimination rate constant
calculated by linear regression of at least the last three
data points. Elimination half-life (t1/2) was calculated
as t1/2 = 0.693/ke. Mean residence time (MRT) was
calculated as MRT = AUMC%/AUCO_M, where AUMCO__’
equal to area under the moment curve from time 0 to
infinity. The 90% confidence interval of log transformed

pharmacokinetic parameters (Cmax or AUC) was

90% CI = A + t5.104r YMSE (2/n)

calculated as follows (Bolton, 1997).

where A is a difference in means of log
transformed pharmacokinetic parameters (Cmax or
AUC) between the test and the reference product,
t0.10,df is the tabulated two-tailed t value for a 90%
Cl, df is the degree of freedom of the mean square
error obtained from the ANOVA table, MSE is the

mean square error from the ANOVA table, and n is the
number of subjects. The antilogarithm of the calculated
confidence interval will yield an exact confidence
interval for the ratio. Bioequivalence between the test
and reference products would be concluded if the 90%
Cl of the ratios of the pharmacokinetic parameters, i.e.
Cmax and AUC, were in the acceptable range of 0.80
—1.25 (Bolton, 1997; USPC, 2005).

Results
Analytical method validation

For the HPLC analysis of cefoperazone, the
retention time of cefoperazone and salicylic acid (internal
standard) were about 14 and 19 minutes, respectively.
Accuracy and precision of the method was validated
with cefoperazone concentrations of 6, 24 and 48 ug/
mL. Accuracy and extraction recovery were 100.48-
104.49% and 97.71-100.67%, respectively. The %CV
of within-run and between-run variations were 0.33-7.25
and 2.96-8.33, respectively. The standard curve was
linear over the concentration ranges of 3-48 pug/mL with
a mean correlation coefficient of 0.9997. The lower limit
of quantification (LLOQ) of cefoperazone in plasma was
3.0 pg/mL.

For the HPLC analysis of sulbactam, the
retention times of sulbactam and ranitidine (internal
standard) were about 7 and 3 minutes, respectively.
Accuracy and precision of the method was validated
with sulbactam concentrations of 3, 18 and 36 ug/
mL. Accuracy and extraction recovery were 91.99-
99.38% and 97.82-99.15%, respectively. The %CV of
within-run and between-run variations were 1.87-2.40
and 5.49-9.42, respectively. The standard curve was
linear over the concentration ranges of 1-40 pg/mL with
a mean correlation coefficient of 0.9998. The lower limit

of quantification of sulbactam in plasma was 1.0 ug/mL.

Pharmacokinetic analysis
The average cefoperazone concentration—
time curves and the average sulbactam concentration-

time curves are shown in Fig. 1 and 2, respectively.
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Pharmacokinetic parameters, i.e. AUC AUC , were not significantly different (p > 0.05).

0-12h’ 0-00
C ,T of cefoperazone and sulbactam are collated in
max max

Table 1. For cefoperazone, Tmax were 1.9 h and 1.8 h,
AUCO_12h were 247.4 and 245.0 pg.h/mL and AUCO_Q
were 264.8 and 258.8 ug.h/mL and Cmax were 61.9 and
59.4 pg/mL for the generic and the innovator’s product,

respectively. All of these pharmacokinetic parameters

a0

ED—J
40—;

Cefoperazone concentration (ugimnl)

For sulbactam, Tmax were 0.8 h and 0.9 h,
AUC0-12h were 64.2 and 65.4 pyg.h/mL and AUCO_‘” were
69.2 and 70.6 pg.h/mL, Cmax were 25.5 and 25.5 pg/mL
for the generic and the innovator’s product, respectively.

All of these pharmacokinetic parameters were not sig-

Tirme ()

Figure 1 Average (and SD) of cefoperazone plasma concentrations at various sampling times of all volunteers

after cefoperazone/sulbactam (1.0/0.5 g) IM injection. () generic product (m) innovator’s product (n = 20)
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Figure 2 Average (and SD) sulbactam plasma concentrations at various sampling times of all volunteers after

Table 1.

cefoperazone/sulbactam (1.0/0.5 g) IM injection. (#) generic product (m) innovator’s product (n = 20)

Pharmacokinetic parameters of cefoperazone and sulbactam from the generic and the innovator’s product.
(n = 20)
Active Pharmacokinetic Generic Innovator’sproduct p-value*
ingredient parameter product

Crnex (Hg/mL) 61.9 +20.3 59.4 +17.7 0.459
Toae () 1.9+08 1.8+ 0.9 0.543
AUC, (LAg.h/mL) 247.4 + 63.7 245.0 + 66.5 0.671

Cefoperazone AUCq.0 (Hg.h/mL) 264.8 + 64.7 258.81 + 67.4 0.419
k, (h") 0.3 + 0.1 0.3 + 0.1 ND
t,, (h) 26+14 2.1+0.6 ND
MRT (h) 42 +12 42+14 ND
Coren (Hg/mL) 25.5 + 10.4 255 + 8.0 0.623
T, (h) 0.8 +0.3 0.8 + 0.4 0.727
AUC, (Lg.h/mL) 64.2 +21.3 65.4 + 22.4 0.431

Sulbactam ) UCoue (Hg.himL) 69.2 + 24.1 70.6 + 24.8 0.334
k, () 0.5+ 0.2 0.5+ 0.2 ND
t,, (h) 18+ 1.7 2.1+20 ND
MRT (h) 26 +0.9 29+12 ND

*Wilcoxon Signed Rank test

ND = not determined
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nificantly different (p > 0.05).
Bioequivalence analysis

For cefoperazone, the 90% CI of the ratio of
AUC

iy AUC, _and Cmax between the generic and

the innovator’'s product were 0.94-1.10, 0.96-1.11 and
0.94-1.17, respectively. For sulbactam, the 90% CI of
the ratio of AUCO_t, AUCO_mand Cmax between the generic
and the innovator’s product were 0.94-1.03, 0.94-1.02
and 0.86-1.09, respectively as shown in Table 2.
Analysis of variance for the two way cross-over

test of these parameters didn’t show any significant

difference between the generic and the innovator’s product.
Assessment of sequence, period and treatment factors
didn’t show any significant effects on the pharma-
cokinetic parameters as shown in Table 3 and 4. The
result supported the bioequivalence between these two
products.
Adverse drug reactions

No serious side effects were noticed except
for mild diarrhea on the next day after drug adminis
tration in 2 volunteers with the innovator’s product and 1

volunteer with the generic product. All of them recovered

Table 2. Pharmacokinetic parameters of cefoperazone and sulbactam from the generic and the innovator’s product

and 90% confidence interval. (n = 20)

Pharmacokinetic

Difference (Ln Unit)

Ratio (Regular Unit)

parameters Mean 90% confidence interval Mean 90% confidence interval

Lower Upper Lower Upper

Crax 0.048 -0.062 0.158 1.0492 0.9399 1.1712

Cefoperazone AUC,, 0.019 -0.058 0.097 1.0192 0.9436 1.1019
AUC, 0.035 -0.038 0.108 1.0356 0.9627 1.1140

Crrax -0.034 -0.153 0.085 0.9666 0.8581 1.0887

Sulbactam AUC, -0.021 -0.067 0.025 0.9792 0.9352 1.0253
AUC, -0.024 -0.065 0.018 0.9763 0.9371 1.0182

Table 3. Analysis of variance for two-way crossover of log-transformed pharmacokinetic parameters of

cefoperazone after given test products by intramuscular injection (n = 20, OL = 0.05)

Tests of Between-Subjects Effects

Dependent Variable: LNC,,,.,

Type Il

Source df  Mean Square F Sig.
Sum of Square

Intercept Hypothesis 638.339 1 638.339 3633.186 <0.001
Error 3.163 18 0.176°

PERIOD Hypothesis 0.057 1 0.057 1.496 0.237
Error 0.691 18 0.038"

SEQUENCE Hypothesis 0.043 1 0.043 0.243 0.628
Error 3.163 18 0.176°

DRUG Hypothesis 0.022 1 0.022 0.574 0.459
Error 0.691 18 0.038"

SUBJECT(SEQUENCE)  Hypothesis 3.163 18 0.176 4579 0.001
Error 0.691 18 0.038"

Dependent Variable: LNAUC,
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Type Il .
Source Mean Square F Sig.
Sum of Square  df

Intercept Hypothesis 1160.418 1 1160.418 8440.466 <0.001
Error 2.475 18 0.137°

PERIOD Hypothesis 0.007 1 0.007 0.373 0.549
Error 0.346 18 0.019’

SEQUENCE Hypothesis 0.045 1 0.045 0.326 0.575
Error 2475 18 0.137°

DRUG Hypothesis 0.004 1 0.004 0.186 0.671
Error 0.346 18 0.019"

SUBJECT(SEQUENCE)  Hypothesis 2475 18 0.137 7.143 <0.001
Error 0.346 18 0.019"

Dependent Variable: LNAUC,, o,
Type Il .
Source Mean Square F Sig.
Sum of Square  df

Intercept Hypothesis 1188.595 1 1188.595 9758.846 <0.001
Error 2.192 18 0.122°

PERIOD Hypothesis 0.016 1 0.016 0.970 0.338
Error 0.305 18 0.017"

SEQUENCE Hypothesis 0.063 1 0.063 0.519 0.480
Error 2.192 18 0.122°

DRUG Hypothesis 0.012 1 0.012 0.685 0.419
Error 0.305 18 0.017°

SUBJECT(SEQUENCE)  Hypothesis 2.192 18 0.122 7.183 <0.001
Error 0.305 18 0.017"

*test against MS(SUBJECT(SEQUENCE))

btest against MS(Error)

Table 4. Analysis of variance for two-way crossover of log-transformed pharmacokinetic parameters of sulbactam

after given test products by intramuscular injection (n = 20, Ol = 0.05)

Dependent Variable: LNC,.,

Tests of Between-Subjects Effects

Type Il

Mean

Source F Sig.

Sum of Square Square

Intercept Hypothesis 390.506 1 390.506  1604.962 <0.001
Error 4.380 18 0.243°

PERIOD Hypothesis 0.005 1 0.005 0.110 0.743
Error 0.812 18 0.045°

SEQUENCE Hypothesis 0.012 1 0012 0.048 0.829
Error 4.380 18 0.243°

DRUG Hypothesis 0.011 1 0.011 0.250 0.623
Error 0.812 18 0.045

SUBJECT(SEQUENCE)  Hypothesis 4.380 18 0.243 5.392 <0.001
Error 0.812 18 0.045°

Dependent Variable: LNAUC,
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Type Il Mean )
Source F Sig.

Sum of Square Square

Intercept Hypothesis 655.161 1 655.161 2463.108 <0.001
Error 4.788 18 0.266°

PERIOD Hypothesis 0.036 1 0.036 5.400 0.032
Error 0.122 18 0.007°

SEQUENCE Hypothesis 0.012 1 0.012 0.047 0.831
Error 4.788 18 0.266°

DRUG Hypothesis 0.004 1 0.004 0.650 0.431
Error 0.122 18 0.007°

SUBJECT(SEQUENCE)  Hypothesis 4788 18 0.266 39.380 <0.001
Error 0.122 18 0.007°

Dependent Variable: LNAUC,
Type llI Mean .
Source df F Sig.

Sum of Square Square

Intercept Hypothesis 677.501 1 677.501  2348.288 <0.001
Error 5.193 18 0.289°

PERIOD Hypothesis 0.024 1 0.024 4.353 0.051
Error 0.097 18 0.005

SEQUENCE Hypothesis 0.001 1 0.001 0.003 0.960
Error 5.193 18 0.289°

DRUG Hypothesis 0.005 1 0.005 0.985 0.340
Error 0.097 18 0.005

SUBJECT(SEQUENCE)  Hypothesis 5.193 18 0.289 53.385 <0.001
Error 0.097 18 0.005

“test against MS(SUBJECT(SEQUENCE))
"test against MS(Error)

without any medication.

Discussion

The pharmacokinetic parameters of
cefoperazone and sulbactam from the generic and the
innovator’s product in 20 healthy Thai volunteers were
not significantly different. The results demonstrated that
Tmax of cefoperazone and sulbactam in volunteers who
were injected with both generic and innovator’s product
were not significantly different (p > 0.05). In addition, the
90% confidence interval of the ratio of AUCo.(’ AUCO.;
and Cmax for both cefoperazone and sulbactam of the
generic and innovator’s product were in the range of
0.80 to 1.25 as required by the United States Pharmaco-
peial 28 (USPC, 2005). and the Thai FDA (DCD, 2007).
Therefore, bioequivalence was indicated between the

generic and the innovator’s product in terms of the rate

and extent of drug entry into the systemic circulation.
As the protocol of this study was approved
by the Drug Control Division, Thai Food and Drug
Administration, Ministry of Public Health, this generic
product could be a candidate for a new registration
product of cefoperazone/sulbactam (1/0.5 g). The
physician could use this generic product as an
alternative to the innovator’s product for cheaper cost
of treatment. However, it should be noted that this
finding was limited only to the drug lot used and healthy
volunteers who participated in the present study. In
addition, the therapeutic effect of long term use with
multiple doses in patients should be considered for

further evaluation.
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Conclusion
We can conclude that bioequivalence of
cefoperazone and sulbactam has been shown between

the test generic and innovator’s product.
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