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SUMMARY 

A gradient elutlon high-performance hqmd chromatographlc method IS described for the anal- 
ysls of the Blactamase mhlbltor tazobactam (YTR-830H) and a semi-synthetic parenteral pen- 
lcllhn, plperacllhn, m human plasma, serum, bile and urme The assay for plasma, serum and bile 
involves deprotemlzatlon with acetomtnle and the removal of lrplds with dlchloromethane, urine 
IS diluted with buffer Separation and quantltatlon are achieved usmg a mobile phase based on 
ion-suppression chromatography on a Cl8 reversed-phase column with ultraviolet detection at 220 
nm The hmlt of quantltatlon for both compounds IS 10 /*g/ml m plasma, serum and bile using a 
0 2-ml sample and 50 0 &g/ml m urme using a 0 l-ml sample The method has been validated by 
preparing and analyzing a series of fortified samples (range 1 O-200 pg/ml for each compound m 
plasma, serum and bile and 50 O-10 000 pg/ml for each compound m urme) Excellent lmearlty, 
accuracy, preclslon and recovery were obtained The method was not interfered with by other 
endogenous components, nor by other commonly admmlstered antlblotlcs such as amoxlcllhn, 
mezlocllhn, cefometazole and cefotaxlme The assay has been successfully applied to the analysis 
of samples from pharmacokmetlc studies m man and animals 

INTRODUCTION 

It was not realized until about 1960 that an important factor in determining 
bacterial resistance to P-la&am antibiotics might be the production of j?-lac- 
tamases by bacteria [ 11. These enzymes mactivate /3-lactam antibiotics by 
openmg the P-lactam ring. Research in this field also produced a considerable 
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body of knowledge about these enzymes which helped in the synthesis of new 
cephalosporins. It was also realized that the discovery and use of /I-lactamase 
inhibitors would extend the spectrum of enzyme-sensitive penicillins and 
cephalosporms 

Tazobactam (YTR-830H), [ 2S- (2a,3/?,5a) ] -3-methyl-7-0x0-3- (lH-1,2,3- 
triazol-1-ylmethyl) -4-thia-1-azabicyclo [ 3.2.01 heptane-2carboxylic acid 4,4- 
dioxide (I), is a potent and novel fl-lactamase inhibitor belonging to a class of 
penicillanic acid sulfones (Fig. 1) . It is being co-developed as an intravenous 
combination with piperacilhn (II), a semi-synthetic parenteral penicillin, by 
American Cyanamid Company (Wayne, NJ, U.S.A.) and Taiho Pharmaceu- 
tical Company (Tokushuna, Japan). Compound I has been shown to act syn- 
ergistically with II and a variety of other /3-lactam antibiotics against a broad 
spectrum of bacterial pathogens [ 2-91. 

Preliminary high-performance liquid chromatographic (HPLC) assays have 
been developed in-house for the determination of I and II to support pharma- 
cokinetic and toxicokinetic studies. These assays involved isocratic techmques 
and tended to be time-consuming. In ad&tion, an isocratic HPLC assay for I 
and a number of HPLC methods for II in biological fluids have been reported 

TAZOBACTAM (I) PIPERACILLIN (II) 

BENZYLPENICILLIN POTASSIUM 

Fig 1 Structures of tazobactam (I), plperaclllm (II) and benzylpemcllhn potassium, the mternal 
standard (III) 
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in the literature [lo-161 We have recently developed a gradient elution HPLC 
assay to separate I and II, two compounds of widely different polarities The 
gradient assay has been validated for the simultaneous determination of I and 
II in human plasma, serum, bile and urine. 

The present paper describes this HPLC method, which is not subject to in- 
terference from endogenous components, the metabolite of I or other co-ad- 
ministered antibiotics. The method also offers the advantage of a simultaneous 
assay of I and II in plasma, serum, bile and urine with reasonable simplicity, 
sensitivity and selectivity. Precision and accuracy of the assay, as well as sta- 
bility data, are also presented. 

EXPERIMENTAL 

Mater&s and reagents 
Taxobactam and prperacillin were obtained from American Cyanamid Com- 

pany (Pearl River, NY, U S-A.) and Lederle-Carolina (Puerto Rico), respec- 
tively, with assigned purity greater than 95%. Monobasic sodmm phosphate 
monohydrate, concentrated phosphoric acid and 1 M sodium hydroxide (all 
p.a. from J.T. Baker, Phillipsburg, NJ, US A ) and acetonitrile (HPLC grade, 
Burdick and Jackson Labs., Muskegon, MI, U.S.A.) were used to prepare the 
mobile phases. The dichloromethane used in the sample preparation step was 
from J T Baker Benzylpenicillin potassium (III), the internal standard, was 
obtained from Gallard/Schlesinger (New York, NY, U.S.A.). Water was ob- 
tained daily from a Milh-Ro-Milli-Q system (Millipore, Bedford, MA, U.S.A ) 
All chemicals and solvents were used as received without any further 
purification. 

Standard solutzons 
Plasma, serum and bzle. Stock solutions of tazobactam and piperacillm so- 

dium, both 1.0 mg/ml, were prepared m methanol and deionized water, re- 
spectively. A stock solution of the internal standard (III) (5 mg/ml) was also 
prepared in deionized water. These solutions were found to be stable for five 
days at -20” C. Workmg stock solutions of appropriate concentrations were 
made by dilution of I and II in methanol and deionized water, respectively For 
the calibration curves, a series of blank plasma, serum and bile was spiked with 
each compound to give final concentrations of 1.0,5.0,10.0,50.0, 100 and 200 
pg/ml of I and II An appropriate ahquot of I was taken to dryness with a 
stream of nitrogen gas at room temperature before addmg the requisite amount 
of II and respective biological fluid 

Urzne Stock solutions of I and II (both 5 mg/ml) were prepared m meth- 
anol and deionized water, respectively. A solution of the internal standard (III) 
(5 mg/ml) was also prepared in deionized water. A series of blank urine was 
spiked with each compound to give final concentrations of 50.0,100, ZOO, 400, 
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1000, 5000 and 10 000 pg/ml for the calibration curves The methanohc ah- 
quots of I were taken to dryness before the addition of II and urine. 

Sample processtng 
Plasma and serum To 0 2 ml of plasma or serum, 200 ~1 of 0.05 M sodium 

phosphate buffer (pH 6.0) contaunng 25 pg/ml internal standard (III) and 
800 ~1 of acetonitrrle were added After vortex-mixing for 30 s and centrlfuga- 
tlon at 3000 g for 10 min, the clear supernatant was transferred to another tube 
and 2 ml of dichloromethane were added. After mixing for 30 s and centrifuging 
at 3000 g for 10 mm, 200 ~1 of the upper aqueous layer were transferred to a 
mlcromsert vial and 25 ,ul were injected onto the column 

Bzle To 0 2 ml of bile, 400 ,ul of 0 05 M sodmm phosphate buffer (pH 7 0) 
and 2 ml of acetomtrile were added After mixing the tube for 30 s and centrl- 
fugmg at 3000 g for 10 mm, the clear supernatant was transferred to another 
tube and 2 ml of &chloromethane were added The tube was mixed for 30 s and 
centrifuged at 3000 g for 10 mm; 200 ~1 of the upper aqueous phase were trans- 
ferred to a micromsert vial and 25 ~1 were injected onto the column, 

Urzne To 0.1 ml of urine, 50 ~1 of 5 mg/ml internal standard (III) were 
added The vial was vortex-mixed for 30 s and the final volume was made to 
10 0 ml with 0.05 M sodium phosphate (pH 6) buffer solution. An ahquot of 
the diluted urine sample was transferred to a microinsert vial and 25 ~1 were 
inJected onto the column. 

Instrumentatum 
HPLC analyses were performed using a Waters Assoc (Milford, MA, U S A ) 

chromatograph conslstmg of two Model 590 solvent dehvery pumps, a Model 
680 gradient controller and a Model 712 WISPTM automated mjector. Detec- 
tion was achieved usmg a Kratos 783 (Applied Biosystems, Foster City, CA, 
U S A ) variable-wavelength UV detector The detector’s O-10 mV analog sig- 
nal was recorded with a Model 1200 chart recorder (Linear Instruments, Reno, 
NV, U S.A.) and the O-l V signal was digitized and recorded with a Hewlett- 
Packard Model 3357 laboratory data automation system (Hewlett-Packard, 
Paramus, NJ, U.S A ). An IEC clinical centrifuge (International Equipment, 
Needham, MA, U S.A. ) was employed to separate the plasma proteins. 

HPLC condrt~ons 
All chromatographlc procedures were performed at ambient temperature. 

Injections were made onto a Brownlee guard column (15 mmx 3.2 mm I.D., 7 
pm particle size) packed with C1s material in series with a Keystone Hypersil 
CDS analytical column (250 mm x 4 6 mm I D., 5 ,um particle size). The mobile 
phase for pump A consisted of 97% (v/v> of 0 01 M sodium phosphate solution 
(adjusted to pH 2.7 with concentrated phosphoric acid) m acetonitnle. The 
mobile phase for pump B consisted of 10% (v/v) of 0.01 M sodium phosphate 
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solution (pH 2.7) m acetomtnle. The mobile phases were freshly prepared and 
degassed by filtration. The chromatograms were generated with a linear gra- 
dent program of 95% eluent A and 5% eluent B to 50% eluent A and 50% 
eluent B in 9 mm and a final lmear step to 95% eluent A and 5% eluent B m 1 
mm. The total run time per sample inJection on the WISP was 17 mm The 
mobile phase flow-rate was 1.5 ml/min during the entire gradient run and the 
chromatogram was monitored at a chart speed of 0.25 cm/mm. The UV detec- 
tor was operated at 220 nm with a sensltlvlty of 0.02 absorbance units full scale 
(a u f s. ). The retention times ( tR) for I, II and III were approximately 5 7, 
11 8 and 12.5 min, respectively. 

Data processrng 
Retention times for I, II and the internal standard (III) as well as the peak 

heights were recorded for each chromatogram with the computer system. The 
concentrations of I and II were determined using a calibration curve obtained 
by a linear least-squares regression of either the natural logarithm of the peak- 
height ratio of I or II to the Internal standard (III) or, if an internal standard 
was not used, of the natural logarithm of the peak height of I or II versus the 
natural logarithm of the concentrations of I or II added to the biological ma- 
trlces. The linearity, accuracy, precision (coefficient of variation) and recov- 
ery were determined [ 171. The management of the assay sequence data with 
the Hewlett-Packard 3357 system has been described by Farmen et al. [ 181. 

Assay valdatzon 
Quantitatlon was based on peak-height ratios for plasma, serum and urine 

samples and peak heights for bile samples. Standard curves were prepared by 
splkmg the biological fluids with increasing amounts of I and II. The linearity 
of the assay was assessed from the limit of quantltation of each drug (1-e l-O- 
200 pug/ml for piasma, serum and bile and 50.0-10 000 m/ml for urine). Six 
standards were used to prepare the calibration curve for I and II m plasma, 
serum and bile and seven standards were used for the calibration curve in urme 
A 25-yl sample of each standard solution was analyzed by the present gra&ent 
HPLC method, and calibration curves were obtamed by plotting the natural 
logarithm of the ratio of the peak height of I or II to that of the internal stan- 
dard (III) against the natural logarithm of the concentration of I or II m plasma, 
serum or urine The calibration curves for I or II m bile were estabhshed by 
plotting the natural logarithm of the peak heights of I or II agamst the natural 
logarithm of the concentration of I or II. Each cahbration curve for I and II 
was linear ( r > 0.999 ) . 

Recovery was assessed by comparison of the absolute response (peak heights) 
for the processed standards to the absolute response (peak heights) for non- 
processed standards prepared with water rather than the matrix. 

The intra-assay linearity, accuracy and preclslon of the method were eval- 
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uated in plasma, serum and bile over a concentration range of l-O-200 pg/ml 
and in urme over a concentration range of 50.0-10 000 pg/ml. Triplicate sam- 
ples at each concentration in the range 0 2-40 ,ug of either I or II were added 
to 0 2 ml of plasma, serum or bile and taken through the analytical procedure 
Similarly, triplicate samples at each concentration in the range 5-1000 hg of I 
or II were added to 0 1 ml of urine, diluted and injected onto the column 

The inter-assay linearity, accuracy and precision of the assay were evaluated 
over three days. The concentrations of the solutions used were the same as 
those utilized for the intra-assay study. 

The stability of I and II in plasma, serum and urine was assessed at room 
temperature (25°C). Stability durmg storage at -20°C and - 70°C was eval- 
uated with spiked plasma. Some storage ahquots were thawed, analyzed and 
refrozen to assess the effect of freeze-thaw cycles on storage stability Stability 
of I and II m the final aqueous phase prior to injection was evaluated by re- 
peatedly injecting a processed standard and determining the peak height or 
peak-height ratio as a function of time after processing. 

Interference studies were carried out with some antibiotics that could be co- 
administered with I and II (amoxlcilhn, ampicllhn, cefotetan, mezloclllin, ce- 
foperazme, cefometazole, cefotaxime and cefuroxlme ). 

As I and II were analyzed, the selectivity factor (Y between the two peaks was 
defined as IY = kZ /lz; where k; and k; are the capacity factors of the latter- and 
the earlier-eluting peak, respectively The capacity factor of one peak was de- 
fined by relating the retention time (tu) of the peak to the retention time of 
the unretained peak (to); thus, k’ = ( tR - t,,) /to. Compounds I and II were com- 
pletely separated from the plasma matrix with k; = 1.05 and k2 = 3 90, respec- 
tively, at a flow-rate of 1.5 ml/min. 

RESULTS AND DISCUSSION 

A rapid, sensitive and selective gradient elution HPLC assay was developed 
for the simultaneous determination of I and II in human plasma, serum, bile 
and urine The proteins from the respective biological fluids (except urine) 
were precipitated with acetomtrile. Following mixing and centnfugation, the 
resultant supernatant was further treated with methylene chloride to remove 
any endogenous hpophilic materials. The sample processing and the HPLC 
procedures yielded chromatograms (Figs. 2-5 ) that were devoid of significant 
interference in the regions of the I, II and III peaks for plasma, serum and 
urme. Bile contained an endogenous component that produced a peak m the 
vicunty of the internal standard (III) peak As indicated from the chromato- 
graphic patterns (retention times) obtained from injections of authentic sam- 
ples of other commonly admunstered antibiotics, none of these antibiotics had 
any appreciable mfluence on the measurement of I, II or III The retention 
times of amoxicllhn, ampicillin, cefotetan, mezlocillin, cefoperazine, cefome- 
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Rg 2 Chromatograms of tazobactam (I) and plperacllhn sodium (II) m human plasma (Top) 

Control plasma, (bottom ) plasma with 100 &/ml of I and II ISTD= mtemal standard 

tazole, cefotaxrme and cefuroxime were 8.3,11.1,9.8,14 2, 11.2,10.8, 10 3 and 
10.5 mm, respectively. Although the specificity of the assay was demonstrated 
against these commonly administered antibiotics, it was not demonstrated 
against theu possible metabohtes, if any Thus, the present gradient elutlon 
HPLC assay appears to be of sufficient sensitivity and specificity for the de- 
termmation of 1 and II m human plasma, serum, bile and urine. 

Recouery, accuracy, precision and limrt of quantrtatwn 
The plasma, serum, bile and unne assays were evaluated with respect to 

recovery, linearity of response, accuracy and precision. The UV response was 
a linear function (T> 0,999) of concentration over the ranges 1 O-ZOO fig/ml 
for plasma, serum and bile and 50 O-10 000 M/ml for urine. The assay dem- 
onstrated excellent accuracy and precision over the concentration ranges in- 
vestigated. The mean intra- and inter-assay (n= 3) coefficients of variation 
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Fig 3 Chromatograms of tazobactam (I) and plperaclllm sodmm (II) m human serum (Top) 
Control serum, (bottom) serum with 100 pg/ml of I and II ISTD=mternal standard 

for compound I over its respective concentration ranges were 2.4 and 4.1% in 
plasma, 1.8 and 2.4% in serum, 3.3 and 1.8% in bile and 2.8 and 3.4% m urine, 
respectively. The mean mtra- and mter-assay (n = 3) coefficients of variation 
for compound II over its respective concentration ranges were 2.4 and 5.4% m 
plasma, 1.3 and 6.7% in serum, 4.6 and 6.4% in bile and 4.4 and 4.2% m urine, 
respectively Typical statistical validation data for compounds I and II are 
shown m Table I There were no statistically sigmficant differences among the 
means when comparing the intra- and inter-day precision data (P> 0.05, Stu- 
dent’s t-test). 
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Fig 4 Chromatograms of tazobactam (I) and plperacllhn sodmm (II j m human bile (Top) 
Control bile, (bottom) Me with 100 @g/ml of I and II 

The mean ( 2 SD) recovery of compounds I and II m the biological fluids 
evaluated (based on absolute response) was 98.8 t 4.5 and 104 t 7.1% , respec- 
tively The limit of quantltation was 1.0 pg of I or II per ml of plasma, serum 
and bile and 50.0 pg of I or II per ml of urine. 

Stubrltty 
Compounds I and II were found to be stable m solution at room temperature 

for up to 20 h following the extraction procedure described m this report; hence 
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Fig 5 Chromatograms of tazobactam (I) and plperaclllm sodium (II) m human urme (Top) 
Control urme, (bottom) urine with 5000 &ml of I and II ISTD=mternal standard 

the present assay can be used with an automated qector for automated runs. 
At least three freeze-thaw cycles can be tolerated without substantial (more 
than 10% ) loss of activity of either I or II in plasma and urine. The stab&y of 
I and II m biological fluids was also assessed at room temperature, - 20 0 C and 
- 70” C. Compounds I and II were stable up to a period of 1 h at room temper- 
ature m plasma and serum. Compound I exhibited a loss of 11-S% in plasma 
and serum after 4 h while compound II showed a loss of 21-29% under the 
same time period. Compound I was stable in bile up to a period of 4 h and 
indicated a loss of 11% after 24 h. Compound II was stable up to 1 h in bile and 
showed a degradation of 20 and 75% after 4 and 24 h, respectively. Both com- 
pounds were stable in human urine up to 24 h. Both compounds showed no 
discernible degradation over a nine-day period at - 20 *C in human plasma, 
but were unstable thereafter. Compound I was stable up to 180 days at - 70°C 
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TABLE I 

STATISTICAL VALIDATION OF THE HPLC ASSAY FOR TAZOBACTAM (I) AND PI- 
PERACILLIN (II) IN HUMAN PLASMA 

Added Found concentratmn 
concentration (mean *SD ) 
(&ml) (,&ml) 

Coefficient 
of variation 
(%) 

I zntra-day (n=3)” 
10 090+003 
50 549&008 

100 108 i053 
50 0 502 i076 

100 972 1080 
200 193 2510 

I Inter-day (n=3)b 
10 096+002 
50 569?037 

10 0 104 +050 

50 0 483 f214 

100 953 i235 

200 203 i923 

II tntra-day (n=3) 
10 101~004 

50 504I!IOO8 

10 0 950+054 

50 0 525 +020 

100 986 1149 

200 200 i290 

II mter-day (~=3)~ 
10 098+ 005 
50 531+ 041 

10 0 962f 017 
50 0 49 4 i 4 33 

100 95 9 i 2 66 
200 208 &13 1 

33 

15 

49 

15 

08 

26 

Mean 2 4 

21 

65 

48 

44 

25 

45 

Mean 4 1 

40 

16 

57 

04 

15 

14 

Mean 2 4 

51 

77 

18 

88 

28 

63 

Mean 5 4 

“Three separately spiked samples at each of six concentrations 
“On three different days, plasma spiked at six concentrations and analyzed 

in human plasma while compound II was only stable up to 75 days under the 
same storage condklons 



178 

Appllcatton of the assay to brologtcal samples 
This assay has been successfully applied to the analysis of samples from 

pharmacokmetlc stu&es in man and animals. Routinely, 40-50 inJections have 
been made m each assay sequence with predictable results and no indication 
of chromatographlc interferences. When applied in other laboratories, changes 
in sample handling and mstrumentation were almost unavoidable Therefore, 
quality control samples were prepared, stored, thawed and analyzed with each 
set of study samples, Verification of analysis vali&ty was based on the preci- 
sion and accuracy of the quality control results as well as the standard curve 
statistics. 

CONCLUSION 

The gradient elutlon HPLC assay described m this report is suitable for 
momtormg I and II m pharmacokmetlc studies. The assay is sensitive, specific 
and reproducible to allow precise measurements of I and II m human plasma, 
serum, bile and urine 
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