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Sulbactam, the penlclllarnc acid sulphone (Fig l), IS a relative new and 
frequently used specific lrreverslble /I-lactamase inhibitor Unlike other drugs 
of the pemclllm type, sulbactam 1s not normally admlmstered alone for Its low 
and restricted anti-bacterial actlvlty but m combmatlon with other p-lacta- 
mase antlblotlcs (penlclllms or cephalosporms) m order to Increase substan- 
tially their activity against /I-lactamase-producmg bacteria [l] The most 
common and commercially avallable 1s the sulbactam-amplclllm mixture 
(Unasyn, Pfizer) 

Several analytical methods have been utlhsed for the evaluation of sulbac- 
tam m blologlcal material for the purpose of pharmacokmetlc studies In ad- 
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Fig 1 Structures of sulbactam (S) and Its hydrolytic degradation product (D) 
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dltlon to the commonly used bioassay, most of the pharmacokmetlc data pub- 
lished have been derived from chromatographlc methods, mvolvmg gas 
chromatography (GC) or gas chromatography-mass spectrometry [2,3], and 
also high-performance hquld chromatography (HPLC) [ 2,4-71 

The lsotachophoretlc (ITP) evaluation of sulbactam purity, as an alterna- 
tive supplementary method, has been pubhshed recently [ 81 The experiments 
presented m this paper show that this techmque, which combines sufficient 
sensltlvlty with high selectlvlty, could be well used for the quantltatlve deter- 
mination of sulbactam m rat serum, and may serve as a way of providing mltlal 
analytical data for pharmacokmetlc studies of sulbactam 

EXPERIMENTAL 

Materials 
All ITP separations were performed with an LKB 2127 Tachophor device 

equipped with a conductlvlty detector and a poly (tetrafluoroethylene ) (PTFE) 
capillary The statlstlcal computations were processed on DS- 15 data station 
(Vanan, Mulgrove, Austraha) 

The chemicals used for the preparation of the electrolyte system were of at 
least analytical grade and dissolved m doubly dlstdled delonlzed water /?-Ala- 
rune (Merck, Darmstadt, F R G) was recrystalhzed from water-methanol 
(1 1)) caprolc acid (Lachema, Brno, Czechoslovakia) was refined by extrac- 
tion mto water and hydroxypropylmethylcellulose (HPMC) (Dow Chemical, 
Midland, MI, U S A ) was delomzed on a Zeroht DM-F mlxed-bed lon-ex- 
changer (BDH, Poole, U K ) Hydrochloric acid (30%), methanol (Merck), 
j?-cyclodextrm (Chmom, Budapest, Hungary), butyl acetate (Lachema) and 
water-ammoma 25% (BDH) were used wlthout further purlficatlon Lyo- 
phlhzate of sulbactam sodmm salt was produced m the Research Institute for 
Pharmacy and Blochemlstry (Prague, Czechoslovakia) 

Methods 
Sulbactam m serum cannot be analysed by direct inJection of the sample 

mto the Tachophor The low concentratlop of sulbactam, together with the 
number of lomc compounds from the rat serum, make a straight ITP analysis 
m a one-column apparatus lmposslble Therefore It 1s necessary to pre-concen- 
trate and purify the serum sample The proposed extraction procedure, de- 
scribed below, ensures an optimal composltlon of the sample without slgmfi- 
cant loss of sulbactam 

The fresh serum sample (0 5 ml) was acldlfied with 0 5 ml of 0 25 M hydro- 
chlorlc acid and extracted with 4 ml of butyl acetate After centrlfugatlon, 3 
ml of the orgamc phase were evaporated m vacuum to dryness The modlfled 
sample was diluted m 5 mM ammoma (40 pl), and ahquots were injected with 
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TABLE I 

ELECTROLYTE SYSTEMS AND CONDITIONS FOR ITP 

Leadmg electrolyte 5 mM HCl contammg 0 08% hydroxypropylmethylcellulose 
with &alamne to pH 3 50, plus 5 mM j?-cyclodextrm 

Termmatmg electrolyte 5 mA4 Caprolc acid with ammomum solution to pH 4 50 
Capillary 37OmmXO55mmID 
Current 100 PA, for detection 50 PA 
Dectectlon Conductlvlty 
Temperature 18°C 
InJection volume 5 ,ul of each ahquot 

L- time - 

Fig 2 Isotachopherograms of extracted blank serum (A) a nd I sulbactam-serum model mixture 
(B) (35 ,Q of sulbactam sodmm salt per 1 ml of serum) D=Hydtolyt~ degradation product of 
sulbactam, L and T = leading and termmatmg zone, respectwely 

a lo-,~l Hamilton syrmge into the ITP column. For ITP conditions see Table 
I 

RESULTS 

A typical lsotachopherogram of an extracted serum sample is shown m Fig 
2 It may be concluded that the mtroductlon of one-step extraction, together 
with the use of an acidic electrolyte system, slgmficantly simplifies the ITP 
spectrum Sulbactam, which was previously detectable only as a serum mrcro- 
component, now forms the main and readily visible zone The addition of p- 
cyclodextrin, as a selective complex-forming agent, ensures the resolution of 
sulbactam and its hydrolytic degradation product D (Fig. 1) , which has an 
opened /3-lactam ring [ 81 
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The cahbratlon curve was obtamed by plotting the sulbactam zone lengths 
against the injected amount of standard sulbactam solution The parameters 
of the cahbration are given in Table II 

The overall recovery of the method was determined by addmg various 
amounts of sulbactam to 0.5-ml ahquots of standard rat serum. After the ex- 
traction procedure, 5 ,LL~ of the sample solution were mjected mto the Tacho- 
phor. The amount of sulbactam m the serum was calculated from the cahbra- 
tlon parameters. The analytical recovery, at ca. 94%, was almost quantitative 
The limit of the correct quantitative determination was taken to be the amount 
of sample that produced a l-s zone In agreement with this definltlon, experi- 
ments with model sulbactam-serum mixtures proved that the method can 
quantify ca 1 pg of sulbactam m 1 ml of serum 

The pharmacokinetic apphcablhty of the assay was verified by the measure- 
ment of serum samples collected m defined time intervals (5,15,30,45,60 and 

TABLE II 

CALIBRATION RESULTS FOR SULBACTAM SODIUM SALT STANDARD SOLUTION 

Calculated for 01= 0 05, number of cahbratlon points 8 

Parameter Value 

Amount injected 1242-9936pg (1-8~1)” 
Standard devlatlon s=o 729 
Intercept a=-0 11+139 (s) 
Slope b=22 06fO 22 (s/jig) 
Correlation coefficient R=O 999 

“Sulbactam standard solution was prepared by dlssolvmg 124 2 mg of sulbactam sodium salt m 
100 ml of water 

D 

Fig 3 Time-based measurement of rat serum samples after the mtramuscular apphcatlon of sul- 
bactam to rats (A) 50 mg of sulbactam sodmm salt per kg, (B) 25 mg of sulbactam sodmm salt 
per kg Samples taken at 5,X,30,45,60 and 90 mm after qectlon 
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90 mm) after the mtramuscular apphcatlon of sulbactam to rats (Wlstar, av- 
erage weight 200 g) Time-based sulbactam serum levels, obtained for two dlf- 
ferent u-utlal doses of sulbactam, are shown m Fig 3 Each point m the diagram 
represents an average of six replicate measurements, marked confidence m- 
tervals (Dean-Dixon, Q = 0 05) confirm that the method 1s sufficiently reliable 
for pharmacokmetlc purposes 

DISCUSSION 

Capillary ITP 1s a separation technique with an “empty” separation com- 
partment without a stationary phase It has proved to be smtable for analyses 
of crude blologrcal materials without special pre-treatment of samples or tlme- 
consummg rmsmg of the separation compartment in order to release and wash 
out strongly bonded or preclpltated components 

The problem of poor resolution of sulbactam and some of its degradation 
products m acldlc electrolyte systems was solved by the addltlon of p-cyclo- 
dextrm to the leading electrolyte. This results m much better resolution, es- 
peclally of sulbactam and its hydrolytic degradation product 

The sensltlvlty and selectlvlty of the proposed method correspond well with 
the sensltlvlty of available HPLC methods, and the extraction procedure en- 
sures even higher recovery [2,4-71 The ITP technique does not require a de- 
rlvatlzatlon step, and therefore it 1s simpler than GC methods [ 21 
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