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ABSTRACT

A simpleand precise reversed-phase high performance liquid chromatogra-
phy (HPLC) method for simultaneous determination of sulfamethoxazole
(SU2), and trimethoprim (TMP) in human plasmawas developed and vali-
dated. Using cefmetazole sodium as an internal standard (1S), separation
was achieved on Symmetry Shield C18 (4.6x150 mm, 4 um) column. The
mobile phase, 30 mM sodium phosphate (pH 5.8), acetonitrile, and 0.05%
triethylamine (83:17:0.05,) v/v, wasdelivered at aflow rate of 1.2 ml/min. The
eluent was monitored using spectrophotometric detection at 235 nm. Plasma
samples were precipitated using acetonitrile, and extracts were evaporated
and recongtituted in sodium phosphate buffer. No interference in blank
plasma or of commonly used drugs was observed. The relationships be-
tween the concentrations of TMP and SUZ with their corresponding peak
height ratiosto the |Swere linear over the range of 0.10-6.0 and 1.0-70 pg/
ml, respectively. Theintra-day and inter-day coefficients of variation were
<5.2% and 8.7% and <7.0 and 11.3% for TMP and SUZ, respectively. The
extraction recovery of TMP, SUZ, and the I Sfrom plasmasampleswere 95,
85, and 80%, respectively. The method was applied to assessthe stability of
TMP and SUZ under various conditions generally encountered in the clini-
cal laboratory. TMPand SUZ in plasmawere stablefor at least 24 hr at RT,
8 weeksat -20°C; and after three freeze-thaw cycles. TMP and SUZ in pro-
cessed samples were stable at least 24 hr at RT, and 48 hr. at -20°C. Stock
solutions of TMP and SUZ in mobile phase were stable at 24 hr at RT, 8
weeksat -20°C.  © 2008 Trade SciencelInc. - INDIA
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INTRODUCTION

Sulfonamides are one of the oldest recognized
groupsof antibacteria agent. During recent years, these
agents have been used in combination with other drugs;
such assulfaquinixaline/pyrimethamine, sulfadiazine/
trimethoprim, and sulfamethaoxazole (SUZ)/trimethoprim
(TMP) to potentiatetheir antibacterid effect. Themost
widely used combinationisSUZ and TMPB, iseffective

intreating infectionsdueto varioustypes of bactrid®2.
Dueto thecommon use of drug combinationinformu-
lationsand the formation of metabolitesthere hasbeen
need for creating reliable methodsthat can be used for
smultaneoudy quantification both thedrugs.

Several analytical methods have been reportedin
literaturefor the determination of SUZ individually or
combinationwith othersagents. A spectrophotometeric
method based on the Bratton-Marshall procedure has
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been widdy used for the determination of total content
of sulfonamides¥. Thebinary mixtureof SUZand TMP
has been studied by spectrophotometric or spectro
fluorometeric methodsfor the s multaneous determina-
tionin authentic mixturesand pharmaceutica prepara-
tiong*19. Whilemost of these methodsaresimple, they
however, till requireal ot of datamanipulation, making
their clinica gpplicationdifficult. Further, they could not
be applied directly for the determination of SUZ and
TMPinbiologicd fluids, whereendogenous metabolic
products and commonly used pharmacol ogica agents
may interfere. For routineanalysis, wherethe analyte
appears together with other compounds, separation
techniquesare often required, and HPLCismore com-
monly used*?, Most of thereported HPL C methods
havecomparabledetectionlimits, however, requirelarge
samplevolume. Inregard to stability of SUZ and TMP
only limited dataisavailabl€?*. Wedescribe thevali-
dation of asmpleand reliable HPLC method for the
3 multaneous quantitative determination of therapeutic
levelsof SUZ and TMPin 250 pl of human plasma.
Themethod was applied to determinethe stability SUZ
and TM P under various conditionsencountered inthe
clinica laboratory.
EXPERIMENTAL

Apparatus

Chromatography was performed on WatersHPLC
System (WatersAssociatesInc, Milford, MA, USA)
consisting of an autosampler (717 plus), 515 HPLC
pump, and 2487 UV dual 2690 A absorbance detec-
tor. A reversed-phase Symmetry Shield C18 (4.6x150
mm, 4-um) column in conjunction with aguard Pak
pre-column modulewith Bondapak C18, 4-uminsert
wereused for separation. Thedatawere collected with
apentium |V computer using empower chromatogra-
phy manager software.

Chemicalsand reagents

All reagentswere of ana ytical-reagent grade un-
less stated otherwise. Acetonitrile (HPLC grade), tri-
ethylamine, Potassium phosphate, and phosphoric acid
were purchased from Fisher Scientific, Fairlawn, NJ,
USA. Di-potassium hydrogen ortho phosphate was
purchased from BDH ChemicalsLtd, Poole, England.
Sodium acetate was purchased from Chemia, Switzer-
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land. Water for the HPL C analysiswas generated by
“reverse-osmosis” using Milli-Q-Water (Millipore Co.,
Bedford, MA, USA). TMP, SUZ, efmetazole sodium,
and dibasic anhydrous sodium phosphate were obtained
from sgma-adrich chemie, Steinheim, Germany.

Chromatographic conditions

The mobile phase composed of 30 MM sodium
phosphate (pH 5.8 + 0.05, adjusted with phosphoric
acid), acetonitrile, andtriethylamine (83:17:0.05) (v/v).
Beforeddiveringinto thesystem, themobilephasewas
filtered through 0.45 um polyestersulfone membrane
and sonicated under vacuum for 5minutes. Theanaly-
siswascarried out under isocratic conditionsusing a
flow rate of 1.2 ml/min at room temperature (23°C)
and arun time of 10 minutes. Chromatograms were
recorded at 235 nmusingaUV detector.

Prepar ation of stock and wor king solutions

The stock solutions (1000 ug/ml) of trimethoprim,
sulfamethoxazole, and the cefmetazol e sodium (interna
standard, |S), were prepared separately by dissolving
25 mg eachin 25 ml mobile phase. Working sol utions
of TMP and SUZ were prepared by diluting 500 and
1000 pl of the stock solutionsof TMPand SUZ upto
10 ml inblank plasma, to produceworking solutions of
50 and 100ug/ml respectively. 1000 ul of stock solu-
tion of ISwasadded to 9 ml of 30 mM sodium phos-
phate buffer (pH 5.8) to produce aworking sol ution of
100 ug/ml. Theworking solutionswere used within one
week of their preparation.

Calibration standar ds/Quality contr ol samples

Cdlibration sandardswereprepared by mixingnine
different volumesof TMPand SUZ working solutions
inblank human plasmato producefinal concentrations
intherangeof 0.10-6.0 ug/ml and 1-70 ug/ml for TMP
and SUZ, respectively. Quality control sampleswere
prepared by mixing four different volumesof TMPand
SUZ working solutionsin blank human plasmato pro-
duce Quality control (QC) sampleswithfina concen-
trationsof 0.1, 0.3, 3.0, and 5.4 ug/ml (TMP) and 1.0,
3.0, 35and 63 pg/ml (SUZ). Sampleswerevortexed
for 20 secondsthen 250 ul aiquotsweretransferred
into 1.5 ml eppendrof microcentrifugetubesand stored
at-20°C until used.
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Samplepreparation

To 250 pl of human plasma, calibration standards,
or quality control samplesplacedinal.5 ml eppendrof
microcentrifugetubes, 50 ul of thelSworking solution
(5.0 ngof I1S) wasadded. Thesolutionswerevortexed
for 20 secondsand then 375 pl acetonitrileand 100 pl
saturated potassium phosphate were added. The solu-
tionswerevortexed again for 20 secondsand then cen-
trifuged at 10,000 rpm for 10 min at room temperature
(23°C). Thedear supernatant sol ution wascolleted and
dried under agentlesteam of nitrogen. Thedried samples
werereconstituted in 250 ul of 30 mM sodium phos-
phate buffer and 100 ul wasautoinjectedintotheHPLC
Sysem.

Sability studies

A totd of 40 diquotsof thefollowing QC samples
werefreshly prepared: TMP0.3and 5.4 pg/ml and SUZ
3.0 and 63 pg/ml. Five aliquots of each QC sample
were extracted and immediately analyzed (baseline),
fivealiquotswere allowed to stand on the bench-top
for 24 hours at room temperature before being pro-
cessed and andyzed (counter stability, 24 hoursat room
temperature), five aliquots were stored at -20°C for
e ght weeksbefore being processed and andyzed (long
term freezer storage stability), and fivealiquotswere
processed, reconstituted, and stored at room tempera-
turefor 24 hoursor 48 hours at -20°C beforeanaysis
(autosampler stability). Findly, fifteen diquotsof each
QC samplewere stored at -20°C for 24 hours. They
werethen left to completely thaw unassisted at room
temperature. Five aliquots of each sample were ex-
tracted and andyzed and the rest returned to -20°C for
another 24 hours. The cyclewasrepeated threetimes
(freeze-thaw stahility).

RESULTSAND DISCUSSION

Optimization of chromatogr aphic conditions

Figure 1 depictsthe chemicd structuresof the com-
pounds used inthe present study. In order to optimize
the absorbance wavel ength for smultaneousdetection
of SUZ and TMP, we performed the analysis at 235
nm. Wavel ength was sel ected based on photodiode
array (PDA) extracted spectra (Figure 2). A mobile
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Figure 1: Chemical structuresof (a) Trimethoprim, (b)
Sulfamethoxazoleand (c) Cefmetazole (inter nal sandard,
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Figure2: PDA extracted ultraviolet spectraof (a) Trimetho
prim (b) Sulfamethoxazoleand (c) Cefmetazole (inter nal
gandard,|S)

phase composed of acetonitrile and sodium phosphate
buffer wasinitidly employed to achievebase-line sepa
ration of these compounds and minimize background
absorbance. A satisfactory resol ution of the peaks of
interest was obtained. However, theaddition of asmal
amount of triethylamineimproved pesk symmetry, reso-
lution, and signd intensity. Under the described condi-
tions, thelS, TMP, and SUZ werewd | resolved within
aruntimeof 10 minutes, and their retention factors (k')
were1.42, 2.34, and 4.84, respectively. An Overlay of
cdibration curvechromatogramsof SUZ and TMPis
showninfigure3.

Validation of method

Theproceduresused for vaidation areasdescribed
inUSfood and drug adminigtration (FDA) bioana ytica

—— a%a['yttaa[’ CHEMISTRY
A ndian W



662

Simultaneous determination of sulfamethoxazole and trimethoprim

ACAIJ, 7(8) August 2008

Full Peper ——

BAE

240

| : 1 Y
%
50 ED

Retention Time {min)
Figure.3: Overlay of Calibration curvechromatograms
for smultaneousdeter mination of sulfamethoxazole (SUZ)
and trimethoprim (TM P) with | S(Inter nal sandar d)
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Figure4: Representativecalibration curvesof combined
trimethoprim (TM P) and sulfamethoxazole (SUZ) assay

method validation guidance®Y.
Specificity

To eval uatethe assay specificity, we screened for
potentia interferencesix batches of human plasmaand
elght frequently used medi cationsfor potentia interfer-

ence, namely: acetaminophen, diclofenac sodium,
lansoprazol e, ranitidine, nicotinic acid, ascorbic acid,

caffeine, and omeprazole. Nonewasfound to co-elute
withTMP, SUZ, or thelS. Caffeine, ranitidine, nico-
tinic acid, acetaminophen, ascorbic acid, and
omperazoleduted duringtheruntimeof theassay. Their
retention factors (k') were0.74,0.33, 0.01, 0.77,0.01,
and 6.03, respectively.
Linearity

Linearity waseva uated by anaysisof aseriesof
sandardsat ninedifferent concentrationsover therange
of 0.10-5.4 ug/ml for TMP and 1.0-70 ug/ml for SUZ.
The peak height ratio and concentration of each drug
wassubjected to regressiveanalysis. Themean regres-
sive equations obtained were Y =4.6961x-0.0152,
r?=0.9966 (n=8) for TMPand Y =18.0400x-0.0947,
r2=0.9983 (n=8) for SUZ. Figure 4 depictsrepresen-
tativecaibration curvesof TMP and SUZ inthe com-
bined assay.
Limit of quantification

Thelimit of quantification (LOQ) was established
at an average signal to noiseratio of 10. The LOQ of
SUZ and TMPwerefound to be 1.0 (n=5) pg/ml and

0.10(n=5) pg/ml, respectively.
Accuracy and precision

Accuracy and precision were determine by apply-
ing the method to mixtures of drugsin blank human
plasmato which known quantities of each drug sub-
stance corresponding to LOQ, low (3 xLOQ), middle
0.5xupper limit of quantification, (ULQ), and high
(0.9xULQ) concentrations. Theintra-and inter-day

TABLE 1: Precision and accur acy of combined trimethoprim and sulfamethoxazole assay

Trimethoprim sulfamethoxazole

Nomi naI_ Found . *Precision **Accuracy Normal_ Found . *Precision *Accuracy
concentration concentration (CV. %) (%) concentration  concentration (CV.%) (%)
(pg/ml) (pg/ml) ’ (pg/ml) (pg/ml) '
Intra-day (n=10)
0.1 0.107+0.006 39 107 1.0 0.877+0.104 7.0 88
0.3 0.289+0.011 2.7 96 3.0 2.922+0.136 25 97
3.0 2.965+0.091 21 99 35 33.901+0.884 1.6 97
5.4 5.163+0.321 52 96 63 61.413+3.446 3.4 97
I nter-day (n=20)
0.1 0.100+0.013 8.7 100 1.0 0.958 £0.192 11.3 96
0.3 0.288+0.026 4.8 96 3.0 2.801+0.105 39 94
3.0 3.032+0.184 32 101 35 34.063 +£1.887 3.0 97
5.4 5.215+0.265 3.8 97 63 60.496 +1.898 3.6 96

*Precision as coefficient of variation (CV, %) = Sandard Deviation divided by mean measured concentrationx100, ** Accuracy=M ean

measured concentration/Nominal concentration
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TABLE 2: Sability of trimethoprim and sulfamethoxazoleunder variousconditions

Stability (%)

Plasma samples

*Stock solution

Nominal Unprocessed Processed Freeze-Thaw
oncentration - »; nrsRT 8wks20°C  24hrsRT 48 hrs-20°C Cvle  4hrsRT 8wks-20°C
(ug/ml) 1 2 3
Trimethoprim
0.3 98 100 108 98 102 100 93
5.4 93 106 102 101 93 97 92
10 - - - - - - - 99 90
Sulfamethoxazole
3.0 93 96 106 103 108 103 95
63.0 95 109 103 96 97 95 9
10 - - - - - - - 101 98

*Trimethoprim and sulfamethoxazole stock solution, 1 mg/ml in mobile phase.

precision and accuracy of the assay, determined over
threedifferent days. Theintra-day precisonsmeasured
over ten replicates were <5.2% and 7.0% for TMP
and SUZ, respectively. Theinter-day precisionswere
<8.7 % and 11.3%, for TMPand SUZ, respectively.
Theintra-day and inter-day accuracy wereintherange
of 88%-107% for both compounds, resultsarerepre-
sentedinTABLE 1.

Recovery

Therecoveriesof SUZ and TMPwereevaluated
at four different concentrationsof LOQ, low, middle,
and high from peak height ratios of plasmato mobile
phase samples. Themean recovery of SUZ, and TMP
was 85% and 95%, respectively. The mean recovery
of thelSat concentration of 5 ng/ml was 80%.

Robustness

Therobustnessof amethod isameasureof itsca-
pacity toremainunaffected by smdl variaionsin method
conditions. It providesan indication of thereliability of
the method during normal gpplications. Therobustness
of the proposed method was evaluated by dightly al-
tering the strength of sodium phosphate buffer, pH, and
amount of acetonitrilein mobile phase. No significant
effectswere observed. Further, the chromatographic
resol ution and peak responseswere stable over about
600 injections of processed plasmasamples.
Sability

Thestability of the SUZ and TMPin plasmaand
processed samples, during analysisand usual storage

conditionswasinvestigated. No decreaseinthe mea-
sured concentration or changein chromatographic be-

havior of the SUZ, TMP, or IS were observed. The
stock/working sol utions, plasmasamples, or processed
samplesweredableafter being mantained at roomtem-
peraturefor period of up to 24 hours. Plasmasamples
(TMP: 0.30and 5.4 pg/ml, SUZ: 3.0 and 63.0 ug/ml)
stored at -20°C werefound to be stablefor at least 8
weeks and at least after three freeze-thaw cycles.
TABLE 2 summarizesthegability sudiesof SUZ, TMP,
and|S.

CONCLUSION

Insummary, the HPL C method for thesimultaneous
determination of TMP and SUZ described hereisrapid,
sensitive, reliable, and reproducible. It has been ap-
pliedfor sudying TMP and SUZ stability under various
clinica laboratory conditions. Potentially, it could be
used for the S multaneous determination of therapeutic
levels of TMP and SUZ in small volume of human
plasma
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