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Comparative pharmacokinetics of cefuroxime
lysine after single intravenous, intraperitoneal, and
intramuscular administration to rats

Long-shan ZHAO, Ran YIN, Bin-bin WEI, Qing LI, Zhen-yuan JIANG, Xiao-hui CHEN, Kai-shun BI*

School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China

Aim: To compare the pharmacokinetic parameters of cefuroxime lysine, a new second-generation of cephalosporin antibiotics, after
intravenous (1V), intraperitoneal (IP), or intramuscular (IM) administration.

Methods: Twelve male and 12 virgin female Sprague-Dawley rats, weighing from 200 to 250 g, were divided into three groups (n=4 for
each gender in each group). The rats were administered a single dose (67.5 mg/kg) of cefuroxime lysine via IV bolus or IP or IM injec-
tion. Blood samples were collected and analyzed with a validated UFLC-MS/MS method. The concentration-time data were then calcu-

lated by compartmental and non-compartmental pharmacokinetic methods using DAS software.
Results: After IV, IP or IM administration, the plasma cefuroxime lysine disposition was best described by a tri-compartmental, bi-com-
partmental or mono-compartmental open model, respectively, with first-order elimination. The plasma concentration profiles were simi-

lar through the 3 administration routes. The distribution process was rapid after IV administration: the value of t; 5 was 0.10+0.11
h, 1.36+0.65 h, and 1.25+1.01 h after IV, IP or IM administration. The AUMC,_,, is markedly larger, and mean residence time (MRT)

is greatly longer after IP administration: the value of AUMC,_,, was 16.84+4.85, 55.33+20.34, and 36.17+13.24 mg-hQ/L; the value
of MRT was 0.37+0.07 h, 0.93%£0.10 h, and 0.65+0.05 h after IV, IP or IM administration. The C,,,, after IM injection was significantly
higher than that in IP injection (73.51+£12.46 vs 49.09+7.06 mg/L). There was no significantly sex-related difference in other pharma-
cokinetic parameters of cefuroxime lysine between male and female rats, except the value of AUC,_,, via IM administration that was
significantly larger in male rats than that in female rats (66.38+16.5 vs 44.23+6.37 mgh/L).

Conclusion: Cefuroxime lysine shows quick absorption after IV injection, a long retension after IP injection, and a high C,,., after IM
injection. After IM administration the AUC,_,, in male rats was significantly larger than that in female rats.
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Introduction

Cefuroxime lysine, a new second-generation cephalosporin,
has been invented by Shenzhen Qingdazhong Biotech Co Ltd
(patent No 201010191440.1). A related cephalosporin, cefu-
roxime sodium, has been listed in the Catalogue of Basic Med-
icines of the State in China for the treatment of patients with
infections of soft tissue, respiratory tract, urinary tract, bone
and joint tissues". With the merits of greater water solubil-
ity and reduced irritation to the veins, cefuroxime lysine may
become a suitable substitute for cefuroxime sodium in these
indications. The two cefuroxime formulations currently used
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in clinic are the injectable cefuroxime sodium and cefuroxime
axetil, for oral administration; both formulations must be
converted into cefuroxime, in vivo, to act against most Gram-
negative aerobic bacteria. There are numerous pharmacoki-
netic studies on cefuroxime sodium and cefuroxime axetil per-
formed both in human beings and animals (rats, dogs, goats,
and calves, etc)[4'7]. The elimination half-life in the studied
species ranges from 0.5 to 2.3 h.

As a lyophilized crystalline powder, cefuroxime lysine may
be administered by intravenous (IV), intramuscular (IM), or
intraperitoneal (IP) injection routes in the clinic. However,
there was only one report about its pharmacokinetic parame-
ters after intravenous infusion of 108 mg/kg cefuroxime lysine
in beagle dogs®. There were no reports about the other dos-
ing routes. Therefore, the objective of the present study was
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to characterize the pharmacokinetics of cefuroxime lysine after
IV, IM, and IP administration to rats as well as to investigate
any sex-related differences in this species to provide enough
information for further study of cefuroxime lysine.

Materials and methods

Chemicals and reagents

The cefuroxime reference standard (91.6% purity) and cefo-
taxime (86% purity, as internal standard) were obtained from
the National Institute for Control of Pharmaceutical and Bio-
logical Products (Beijing, China). Cefuroxime lysine for injec-
tion (98% purity) was supplied by Shandong Luoxin Phar-
macy Stock Co, Ltd (Shandong Province, China). Methanol,
acetonitrile and formic acid (HPLC grade) were purchased
from Fisher Scientific (NJ, USA). All other chemicals were of
analytical grade. Water was purified by redistillation and fil-
tered through a 0.22-pm membrane filter before use.

Animals and treatments

Twenty-four male and virgin female Sprague-Dawley rats,
weighing from 200 to 250 g, were obtained from the Experi-
mental Animal Research and Development Center of Guang-
zhou Institute of Pharmaceutical Industry (Guangzhou,
China). The animals were housed four per cage in a 12 h light-
dark cycle, with a constant temperature environment, and they
were fed an antibiotic-free diet and water prior to study. Food
was withheld 12 h before initiation of the experiment, but the
animals had free access to water during this period. The study
was carried out in accordance with the Guidelines for Animal
Experimentation of Shenyang Pharmaceutical University (She-
nyang, China) and the protocol was approved by the Animal
Ethics Committee of the institute.

The rats were divided into three groups containing eight
animals (half of each gender) in each group. Each animal
received a single IV bolus or an IP or IM injection of cefu-
roxime lysine at a dose of 67.5 mg/kg.

A cefuroxime lysine solution (10 mL/kg) was injected into
either the tail vein or intraperitoneal cavity of Sprague Dawley
rats to assess the pharmacokinetics of IV or IP routes of admin-
istration. To assess the pharmacokinetics of the IM route, a
2 mL/kg solution of cefuroxime lysine was injected into the
semimembranous muscle based on the body weight. Blood
samples (0.3 mL) were drawn from the ophthalmic venous
plexus at 0, 0.083, 0.167, 0.333, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, and
12 h after administration, and the samples were centrifuged at
2500xg for 10 min; the supernatant plasma was subsequently
collected and frozen at -80 °C until analysis.

Analytical method

A UFLC-MS/MS method, modified from a similar proto-
col found in the literature, was applied to determine the
plasma concentrations of cefuroxime lysine!*™"!
employed a protein precipitation method using a 2% formic

. This protocol

acid in acetonitrile solution as the precipitator. A Shimadzu
LC-20AD series UFLC system (Shimadzu, Japan), coupled to
an Applied Biosystems Sciex Q-TRAP™ 4000 mass spectrom-

eter (Foster City, CA, USA) via an electrospray ionization
(ESI) source, was used for analysis. The mass spectrometer
was operated in multiple reaction monitoring (MRM) mode
with a negative ESI interface. Cefuroxime and IS cefotaxime
were separated on a Shim-pack XR-ODS column (75 mmx3.0
mm, 2.2 pm) with Pre-filter (2 pm) (Shimadzu, Japan) using an
isocratic elution of acetonitrile-0.1% formic acid water (40:60,
v/v) at a flow rate of 400 pL/min. The linearities ranged from
0.01 to 1 pg/mL and 1 to 400 pg/mL (r>0.99) with a lower
limit of quantification of 0.01 pg/mL. The relative standard
deviations (RSDs) of intra- and inter-day precisions were both
less than 11.5%, and the accuracy was between -7.1% and
2.2%. The mean extraction recovery was more than 83.5%,
and mean matrix effect was between 98.4% and 109.5%. The
analyte was stable under various plasma sample conditions
including storage at -80°C for a month, three freeze-thaw
cycles at -80°C, 6 h storage at room temperature and pretreat-
ing samples in autosampler for 4 h. RSD values of less than
10% were observed for all of these plasma conditions. The
precision, accuracy, recovery, matrix effect and stability of this
method met the requirements for analysis.

Ko oo
CIM=AX ka_kgx (e kLt_e kat) (1)
Cp=Axe"'+Bxe?' ¢)
Cy=Axe™+Bxe+Cxe™" €)

Pharmacokinetic analysis

A pharmacokinetic program named DRUG AND STATISTICS
software (DAS, version 2.1.1, Mathematical Pharmacology
Professional Committee of China) was used to analyze the
plasma concentration-time curves of cefuroxime lysine by both
non-compartmental and compartmental modeling approaches.
The pharmacokinetic model with the best fit was determined
by the application of Alkaike’s Information Criterion (AIC)!"".
The mono-, bi-, and tri-compartment open models were

(12331 where Cpy, Cip, and Cpy are the concen-

depicted as follows
tration of drug in the plasma; A, B, and C are the y intercepts
of extrapolated lines for the central, tissue, and deep tissue
compartments, respectively; and a, f§, and y are the first-order
rate constants for the central, tissue, and deep tissue compart-
ments, respectively. The variables k, and k. are the absorption
rate constant and elimination rate constant, respectively.

For each rat, the maximum plasma concentration (C,.,),
and its corresponding time (Ty.x), for cefuroxime lysine was
determined by visual inspection of the profiles. The apparent
terminal elimination rate constant (\) was calculated by linear
regression of the natural logarithms of the terminal plasma
concentrations. The terminal half-life (t,,) was derived from
0.693/\"). The area under the curve to the last measured point
(AUC,.) was calculated using the trapezoidal rule. The area
under the plasma concentration versus time curve from 0 h to
infinite time (AUC,_,) was calculated as the sum of AUC, and
Ci/\, where C, was the last quantifiable concentration™. Total
body systemic clearance (Cl) was determined as the given
dose divided by the AUC, and this value was normalized to
the body weight. The total body weight-normalized apparent
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volume of distribution (V) was calculated as CL/(AxW), where
W was the body weight of the rat. The mean residence time
(MRT) was calculated by MRT=AUMC,_,,/ AUC,_,. The mean
absorption times were calculated as MAT= MRTp ;i-MRT}y.
The absolute bioavailability (F) of cefuroxime lysine was cal-
culated using the following equation!™*

F(%)=[AUC %t 2eav)/ (AUCy Xt jep,my) X100 @
where AUC,y, AUCp, AUCyy, and ty2evy, trj2eary tij2eqmy are the
areas under the concentration-time curves and the elimination
half-life for the IV, IP, and IM routes of administration, respec-
tively.

Statistical analysis

The statistical analyses were performed by using SPSS soft-
ware (version 16.0; SPSS Inc, Chicago, IL, USA). A one-way
analysis of variance (ANOVA) was used to determine the dif-
ference between the dosing routes and sexes. The values for
Tmax Were compared using the non-parametric Wilcoxon two-
sample test. Comparisons of the pharmacokinetic parameters
between the different sexes were evaluated by paired t-test.
Descriptive statistics were expressed as the means*standard
deviation (SD) values. A P-value of less than 0.05 was consid-
ered statistically significant™” ¥,

Results
Mono-, bi-, and tri-compartment models with first-order elimi-
nation were used to describe the cefuroxime lysine plasma
concentration data to assess the disposition characteristics after
three different routes of administration. The results indicated
that the plasma cefuroxime lysine disposition was best fit by a
tri-compartmental, bi-compartmental and mono-compartmen-
tal open model with first-order elimination after IV, IP, and
IM administration, respectively. The observed cefuroxime
lysine concentrations exhibited excellent agreement with the
predictions obtained from the selected model. The correlation
coefficient () of the curves deriving from the predicted versus
observed drug concentrations was greater than 0.99, demon-
strating that the tri-, bi-, and mono-compartment open models
could predict the plasma concentration of cefuroxime lysine
after IV, IP, and IM administration well.

The final, corresponding pharmacokinetic model is math-
ematically described by the following set of equations

Cr=9995.48x (¢ *%4-¢7%)
Cip=321.48x¢ 435 27x¢
Ciy=6323.44xe ™1 +74,09%¢ > 15426 54x¢ 15

Cefuroxime lysine had the characteristics of extensive distri-
bution, high clearance and short half-life after all three admin-
istration routes. The plasma concentration increased quickly
during the first 0.333 h after IV administration when compared
to IM or IP administration (Figure 1).

The distribution process was rapid after IV administration
[t1/2) 0.10£0.11]. The AUMGC,_,, is markedly higher and MRT
is greatly longer after IP administration than that in IV, or
IM routes indicating cefuroxime lysine has a long retention
after IP injection. The C,,, after IM injection was significantly
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Figure 1. Plasma concentrations (mean+SD) of cefuroxime lysine at a
single dose of 67.5 mg/kg body weight (n=8) by IV, IP, and IM administra-
tion routes plotted on semi-logarithmic plots.

higher than that in IP injection (73.51£12.46 vs 49.09+7.06
mg/L, Table 1).

The AUC,_. in male rats were significantly higher than that
in female rats after IM administration (66.38+16.5 vs 44.23+6.37
mg-h/L). There was no significantly sex-related difference
in other pharmacokinetic parameters of cefuroxime lysine
between male and female rats (Table 2).

Table 1. Pharmacokinetic parameters (mean+SD) of cefuroxime lysine in
rats after IV, IP, and IM administration at a single dose of 67.5 mg/kg body
weight (n=8). °P<0.05 vs IV. °P<0.05 vs IP.

Parameters v IP IM

Cl (Lhkg™) 1.51+0.20 - -

V (L/kg) 1.20+0.64 - -
AUC,_,, (mgh/L) 45.29+5.42 58.12+15.47 55.31+16.57
AUMC,_, (mgh?/L)  16.84+4.85 55.33420.34"  36.17+13.24"
MRT (h) 0.37+0.07 0.93+0.10° 0.65+0.05"
t1/20m () - 0.61+0.51 0.77+0.69
t1o00) (h) 0.10+0.11 1.36+0.65" 1.25+1.01°
t1o0) (h) 0.56+0.32 0.62+0.64 0.75+0.55
Crnax (Mg/L) - 49.09+7.06 73.51+12.46°
tra (D) - 0.37+0.15 0.16+0.03°
MAT (h) - 0.565+0.103 0.283+0.062°
F (%) - 86.5+33.9 90.8+29.2

Cl, the total body clearance of drug from the plasma; V, the apparent
volume of distribution; AUC,_,., the area under the plasma concentration-
time curve from zero to infinity; AUMC, area under the moment curve.
MRT, mean residence time; ty,,.), absorption half-life; t,/,q, distribution
half-life; t;/5e), €limination half-life; C,..,, peak plasma concentration. t.,,
the time to reach peak concentration; MAT, mean absorption time; F, the
fraction of the administered dose systemically available (bioavailability).

Discussion

This is the first report detailing the pharmacokinetic study of
cefuroxime lysine after IV, IP, and IM administration routes
in rats. The tri-compartment model obtained after IV bolus
administration is in agreement with that obtained following IV
infusion to beagle dogs and an IV bolus of cefuroxime sodium
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Table 2. Pharmacokinetic parameters observed in male and female rats after IV, IP, and IM administration of 67.5 mg/kg cefuroxime lysine (n=4,

mean+SD). °P<0.05 vs male.

Parameters \% IP IM
Males Females Males Females Males Females

trax (D) - - 0.42+0.10 0.31+0.21 0.15+0.04 0.17+0.00
Crnax (ME/L) - - 51.10+4.48 49.45+9.88 81.8+10.1 65.25+8.85
t1/2 (h) 0.46+0.08 0.65+0.42 0.57+£0.14 0.73+0.11 0.64+0.24 0.86+0.78
Cl (Lh™kg™) 1.38+0.09 1.61+0.20 - - - -

V (L/kg) 0.91+0.18 1.42+0.80 - - - -
AUC,_., (mgh/L) 49.22+3.16 42.33+4.99 61.66+18.9 53.40+11.2 66.38+16.5 44.23+6.37°

Cl, the total body clearance of drug from the plasma; V, the apparent volume of distribution; AUC,_.,, the area under the plasma concentration-time
curve from zero to infinity; t;,,.), €limination half-life; C,.,, peak plasma concentration; t,, the time to reach peak concentration.

in humans®

. However, these results differ from other phar-
macokinetic studies for cefuroxime sodium in humans, rats
and goats that observed that a bi-compartmental model pro-
vided the best fit!'**. The reasons for this disparity may be
related to interspecies variation, health status, or assay method
employed™..

After IV administration, the distribution process was rapid
(t/2@y 0.10£0.11). The elimination process of cefuroxime
lysine in rats after IV bolus seems to be faster than in dogs
following IV infusion, reflected by the elimination half-life
(ti/2ey 0.5620.32 h vs 0.91£0.10 h) and total body clearance (CI,
1.51£0.20 L-h™ kg™ vs 0.319£0.031 L-h™"-kg™)®. The possible
reasons for this discrepancy include differing metabolic rates
and wider distribution into the peripheral compartment. The
rapid decline in plasma concentrations is likely due to the
wide tissue distribution (1.20+0.64) L/kg and metabolic clear-
ance (1.51+0.20) L-h™kg™.

Following single IP administration of cefuroxime lysine at
a dosage of 67.5 mg/kg, the plasma concentration increased
quickly to reach its maximum concentration of 49.09+7.06
mg/L at 0.37+0.15 h post-injection and then declined gradu-
ally. The higher mean residence time (0.93+0.10 h) showed
that cefuroxime lysine has the capability of long retention;
the MRT is significantly longer than that in IV, or IM routes
(0.374£0.07 h, 0.65+0.05 h). The area under the curve for the
IP route was higher than the corresponding values after IM
route; this finding indicates a better absorption for the IP route
compared to the IM route. The significantly longer distribu-
tion half-life after IP administration, compared to that after IV
injection, was the possible reasons of carry-over in the absorp-
tion phase. The inter-animal variation occurred in the absorp-
tion phase after IP administration, which is indicated by large
variations (SD) in t,,, (0.3720.15 h), t5, (0.61£0.51 h), and
MAT (0.565+0.103 h).

The mean observed peak concentration (C,,) after IM injec-
tion was 73.51 mg/L, which was significantly higher than that
in IP injection. There was a significantly longer distribution
half-life (f;/,q) after IM injection compared to IV injection, pos-
sibly due to variation introduced by the difference in injection
site. Similar to the pharmacokinetic phenomenon observed

following IP administration, inter-animal variation was also
found after IM absorption. This variation is most likely due
to changes in local perfusion at the injection site®. For each
administration route, there was no significantly difference
between males and females except for the pharmacokinetics of
AUC,_, in IM route.

The minimum inhibitory concentration (MIC) of cefuroxime
against most (290%) strains of the microorganisms was
4 pg/mL or lower® ®1. The results indicated that the
antibacterial effects of cefuroxime lysine could last for no more
than 2 h after IV bolus injection and no more than 3 h after
IP and IM administrations in the present study. However,
antibacterial effects lasted at least 4.5 h after intravenous
infusion in beagle dogs®, which indicated that IP and IM
administration may be an effective substitution for IV
injection. The superior administration route was continuous
infusion, which had the merits of a more reliable plasma drug
concentration that was higher than the MIC of susceptible
bacteria. The duration should be higher than the MIC with
40%-60% of the inter-dose interval to ensure therapeutic
success” ¥l Therefore, the recommended dosage regimen
of cefuroxime lysine was 5-7.5 h, which is similar to that of
cefuroxime sodium in the clinic.

A high bioavailability of 86.5% and 90.8% as well as a more
extended mean residence time of 0.93 h and 0.65 h after IP and
IM injections were observed in this s tudy; these findings indi-
cate that cefuroxime lysine has almost complete absorption
for improved therapeutic potential compared to cefuroxime
sodium. However, these data should be considered cautiously
as this study was not a randomized, cross-over trial®®.

Conclusion

To our knowledge, this is the first report to thoroughly study
the comparative pharmacokinetics of cefuroxime lysine in 24
healthy Sprague-Dawley rats after IV, IP, and IM injection.
After all three administration routes, cefuroxime lysine had
the characteristics of extensive distribution, high clearance and
short half-life. The plasma concentration profiles were similar
to each other, except for higher plasma concentration during
the first 0.333 h after IV administration when compared to IM
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or IP administration. There were significant differences in
MRT, t/5q and AUMGC,_, among the three routes of injection;
there were also differences in the AUC,_, between male
and female rats after IM administration. The present study
suggests that this new cephalosporin, cefuroxime lysine, could
be administered by either the intravenous, intraperitoneal, or
intramuscular route.
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