[SSN : 0974-7419 Volume 10 Issue 2

04)20.4//:640.[ CHEMISTRY

Trave Science Ine. A Tudian W
—= Fyf] Paper

ACAI1J, 10(2) 2011 [122-126]

Ampicillin analysis by fully validated HPL C assay in human plasma

Reem Saleh Alswayeh, Syed N.Alvi, Muhammad M.Hammami*
Centrefor Clinical Sudies& Empirical Ethics, King Faisal Specialist Hospital & Research Centre, PO Box 3354, Riyadh
11211, (KINGDOM OF SAUDI ARABIA)
E-mail : muhammad@kfshrc.edu.sa
Received: 18" July, 2010 ; Accepted: 28" July, 2010

ABSTRACT KEYWORDS
A simpleand rapid HPL C assay for ampicillin measurement in human plasma Ampicillintrihydrate;
was developed and validated. 0.25 ml plasma sample was precipitated with Ciprofloxacin;
50 ul of perchloric acid, and 100 pl of the supernatant was directly injected HPLC,
into 4.6x150 mm, Symmetry Shield, RP8, 4-um steel column at room tempera- Validation;
ture (RT). The mobile phase, 0.05M dibasic sodium phosphate buffer (pH = Stability.

7.3) and acetonitrile (87:13, v:v), wasdelivered at 1.0 ml/minwitharuntime
of 9min. Ciprofloxacin (internal standard, 1S) and ampicillinwere detected at
3.9 and 8.1 min, respectively, using Waters 2998 photodiode array detector
set at 210 nm. The response waslinear over therange of 0.3-15 pg/ml, and
the intra-and inter-run coefficient of variations were < 10.7% and 10.4%,
respectively. Extraction recovery and intra- and inter-run bias were > 86%
(mean 91%), < 11%, and < 7%, respectively. Ampicillin was stablein plasma
for 24 hoursat RT (> 87%), 5 weeksat —20 °C (> 93%), and after 3 cyclesof
freeze at —20C and thaw at RT (= 89%). In precipitated plasma samples,
ampicillinwas stable for 24 hours at RT (> 93%) and 48 hoursat —20°C (>
85%). Stock solution of ampicillin (1 mg/ml inwater) was stablefor 48 hours
at RT (93%) and 5 weeksat -20°C (97%).
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INTRODUCTION bioavailability is39-54% with mean pesk plasmacon-

centrationinrangeof 4.0-5.4 ug/ml, 1.8-2.6 hoursaf-

Ampicillin (CAS; 69-53-4) isoneof theoldest -  ter theingestion of a500 mg therapeutic dosagein the
lactam antibiotic that hasbeen used extensivelyinthe  form of capsule or suspension2?.,

treatment of avariety bacterid infectiong!!. Itsabsolute Most of the reported methods for the analysis of
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Figurel: Chemical structureof ampicillin (a) and theinter nal standard ciprofloxacin (b)
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ampidillinin pharmaceutica formulation™ or biologi-
cal fluidg®?2 havevariousanayticd or practicd limita-
tions. Further, only sparseinformationisavailableon
ampidllingability.

Theamsof thisstudy wereto 1) establishasmple,
fully validated HPL C assay to measureampicillinlevel
in human plasmawith quantitation limitssuitablefor
bioequivaence studies, and 2) determinethe stability
of ampicillinunder variousclinica laboratoriescondi-
tions.

EXPERIMENTAL

Apparatus

Theliquid chromatograph consisted of WatersAl-
liance 2998 photodiode SeparationsModule, a4-pm
(partide-sze) 4.6x150 mm Symmetry Shield, RP8 sedl
column, aNova-Pak C ,4-um insert in conjunction with
Guard Pak pre-column module, and Waters 2998 pho-
todiodearray detector (Water Associates, Milford, MA,
USA) set a 210nm. Datawere collected withaPentium
IV computer using Millennium3® Chromatography Man-
ager Software (Water Associates, Milford, MA, USA).

Chemicalsand reagents

Ampicillintrihydrate (Figure 1a), was purchased
from Boehringer Mannheim, GmbH, Germany, andthe
internal standard (1S) ciprofloxacin (CAS number;
85721-33-1) (Figure 1b) was purchased from Bayer,
Leverkusen, Germany. Acetonitrileand dibasic sodium
phosphate were purchased from Fisher Scientific,
Fairlawn, NJ, USA, and perchloric acid (69-72%) from
Fisher Scientific, Pittsburgh, PA, USA. Water for HPLC
was prepared by reverse osmosisand further purified
by passing through aMillipore-Synergy UV obtained
from Millipore Co., Bedford, MA, USA.

Chromatogr aphicconditions

Themobilephase consisted of 0.05M dibasic so-
dium phosphate buffer (pH = 7.3) and acetonitrile
(87:13, v:v) and wasdelivered at aflow rateof 1.0ml/
min at roomtemperature. It wasfiltered through a0.45
um size membrane filter (Millipore Co., Bedford, MA,
USA) and degassed before use. The autosampler was
programmed toinject 100 pl into the chromatograph
with aruntimeof 9 minutes.
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Prepar ation of stock and wor king solutions

Ampicillintrihydrate (1 mg/ml) stock solutionwas
prepared in water and used for stability studiesand to
prepare aworking solution (15 pug/ml) inplasma. The
working solution was prepared weekly to congtruct cali-
bration curve and quality control (QC) samples.
Ciprofloxacin (1S) working solution (50 ug/ml) was
prepared weekly inthe mobile phasefrom astock so-
lutioninmethanol (1 mg/ml).

Calibration standard/ Quality control samples

Cdlibration andardswereprepared by mixingnine
different volumesaof ampicllinworking solutionsinblank
human plasmato producefina concentrationsof blank,
zero (blank plasmaspiked with1Sonly), 0.3, 0.6, 1.2,
2.0,4.0,6.0,8.0,12.0, and 15.0 ug/ml. QC samples
wereprepared by mixing four different volumesof ampi-
cillin working solution in blank human plasmato pro-
ducefinal concentrationsof 0.3,0.9, 7.5, and 13.5 ug/
ml. Sampleswerevortexed for 10 seconds, and diquots
of 0.25 ml of calibration standards and QC samples
weretransferredinto 1.5 ml eppendorf microcentrifuge
tubes and stored at -20°C.

Samplepreparation

Aliquotsof 0.25 ml of calibration standard or QC
samplesinmicrocentrifugetubesweredlowed to equili-
brate to room temperature. To each tube, 40 ul of the
50 pg/ml IS working solution was added and vortexed
for 10 seconds. After the addition of 50 ul of perchloric
acid, themixturewasvortexed againfor 1 minandthen
centrifuged for 7 min at 13200 rpm at room tempera
ture. Thesupernatant organic layer was carefully trans-
ferred into theautosampler vialsand 100 pl were in-
jected into the HPLC system.

Sability studies

Sability of ampicillinin plasma Adegquate numbers
of aliquotsof two QC samples (0.9, and 13.5 pg/ml)
wereprepared. Aliquotswereanayzed in 5 replicates
immediately (basdline), after being processed and sored
at room temperature for 24 h or at —20°C for 48 h
(autosampler stahility), after being alowed to stand on
the bench-top for 8 or 24 h at room temperature be-
fore processing (counter stability), after being stored at
—20°C for 5weeksbefore processing (long term freezer
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TABLE 1: Specificity of ampicillin assay

Drug name Retention time
Ampicillin* 8.1
Ciprofloxacin 3.9
Diclofenac 4.3
Acetaminophen 5.0
Ranitidine 5.8
Nicotinic Acid 2.0
Ascorbic Acid ND
Caffeine 4.8
Ibuprofen ND
Omeprazole 6.0

1.0 mg/ml solutions in methanol or water* were diluted in mo-
bile phase to 10 pg/ml and 100 pl were injected

TABLE 2: Extraction recovery of ampicillin and ciprofloxacin

Nominal Plasma Mobile phase *
con((;leg/t 1:1 ?;lon *M ?;r;geak o M 2ne§eak < Re((:%v)ery
Ampicillin 0.3 17919 973 20057 752 89

0.9 61235 1163 70742 3318 86
75 760030 14259 806980 6437 94
135 1360830 50697 1419426 19656 96
Ciprofloxacin0.5 865130 20905 969590 16694 89

*Mean peak area of 5 replicates. ** Mean peak area of spiked
plasma sample divided by mean peak area of spiked mobile
phase sample X 100. SD, Sandard Deviation

stability), or after being stored at —20°C for 24 h and
then | eft to compl etely thaw unassi sted at room tem-
perature before processing (with the cycle repeated
threetimes, freeze- thaw stability).

Stock solutionsstability: Fivediquotsof thestock
solutionsof ampicillin and the ISwere anayzed (after
dilutionto 10 pg/ml in mobile phase) at baseline, after
storagefor 48 h at room temperature, or after storage
at —20°Cfor 5weeks. Stability of theworking solu-
tionsof ampicillinand thelS, wereevaluated up to 2
weeksat —20°C.

Assay validation method

The procedures used for validation were as de-
scribedinthe US Food and Drug Administration (FDA)
bioand ytical method validation guidance?.

RESULTS

Optimization of chromatogr aphic conditions
Inorder toimprove specificity and minimizeinter-
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Figure2: Overlay of ten chromatogramsof blank human plasma

spiked with0(B), 0.3,0.6,1.2,2.0,4.0,6.0,8.0,12.00r 15.0 ng/

ml of ampicillin aswell as2 pg/ml of ciprofloxacin (IS)

ferencefrom plasmaor sol vent system that may occur
at lower wavel engths, we optimized the absorbance
wavel ength based on photodiode array extracted spec-
tra. We performed the analysisat 210 nm. Different
ratios of the components of the mobilephasewerein-
vestigated, and aratio of 87:13(v:v) wasfound best to
achieve separation of ampicillinfromISand minimize
background absorbance. Under the described condi-
tions, thelSand ampicillinwerewd | resolved withina
runtimeof 9 minutes, and their retentiontimewere 3.9
and 8.1 minutes, respectively.

Linearity

Linearity wasdetermined intherangeof 0.3-15.0
ng/ml using ten calibration curves. The data were ana-
lyzed by linear regression using theformula: Conc. =a
+ b (PAR), where Conc. isthe concentration of ampi-
cillin, aistheintercept, bisthesope, and PAR isthe
peak areaof ampicillin divided by the peak areaof the
IS. The concentrations of the calibration standards of
theten curveswere back-cd culated usngtheindividua
regressionlines. Linearity sudies(n=10) showed mean
(SD) for R? of 0.9971 (0.0010) a slope of 0.2768
(0.2199), and an intercept of 0.0364 (0.0655). Figure
2 depictsan overlay of chromatograms of arepresen-
tativestandard curve.

Limit of detection

Thelimit of detection (LOD), defined asthreetimes
thebasdinenoise, was0.2 pg/ml.

Specificity
To eva uate specificity of the assay, we screened
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TABLE 3: Intra-run and inter-run accur acy and precision of ampicillin assay

Nominal Intra-run (n=10) Inter-run (n=20)
concentration M ean measur ed Precision  ** M ean measured Precision  **
(ng/ml) concentration (ug/ml) S0 (CV*9%) Bias(%)  concentration (ug/ml) S0 (CV*%) Bias(%)
0.3 0.3 0.03 9.1 0.1 0.3 0.03 1041 4
0.9 0.8 0.07 8.6 11 0.8 0.08 9.1 7
75 6.9 0.54 79 8 7.3 0.60 8.2 3
135 125 1.33 107 7 131 0.64 4.9 3

*Coefficient of variation (CV) = Sandard Deviation (SD) divided by mean measured concentration X 100. **Bias = Absolute value
of 1 minus mean measured concentration divided by nominal concentration X100

TABLE 4: Sability of ampicillinin plasma samplesand stock solution

*Plasma Samples

. . Unextracted Extracted Freeze-thaw **Stock solution
Nominal concentration
(ng/ml) 8h 24h 5wks 24h 48h One Two Three cvdles 48 h 5wks
RT RT —20°C RT -20°C cycle cycles Y RT  -20°C
0.9 89 87 93 98 85 106 110 100 03 97
135 100 99 100 93 94 106 106 89

Sability (%) = mean measured concentration (n=5) at the indicated time divided by mean measured concentration (n=5) at
baselinex100. * Spiked plasma samples were analyzed immediately (baseline, data not shown), after storing for 8 or 24 hours at
room temperature (8 h RT and 24 h RT) or 6 weeksat —20°C (5wks—20°C); analyzed after storing theextract for 24 hoursat room
temperature (24 h RT) or 48 hoursat —20°C (48 h -20°C); or analyzed after 1to 3 cycles of freezing plasma at —20°C and thawing
at room temper ature (freeze-thaw). ** Ampicillin, 1 mg/ml in water

eight frequently used medications (10 pg/ml in mobile
phase) and six different batches of human plasma. All
batchesof blank plasmawerefreefrominterfering com-
ponents. Noneof e ght commonly used drugs co-€l uted
withampicillinortheS(TABLE 1).

Recovery

Theextraction recovery of ampicillin was deter-
mined by dividing mean peak areas of fivereplicates of
four QC samples (0.3, 0.9, 7.5, and 13.5 pg/ml) pre-
pared in plasma (as described under sample prepara
tion), by mean peak areas of fivereplicates of equiva-
lent concentrations prepared in mobile phase. There-
covery of thelSwasdetermined smilarly at aconcen-
tration of 0.5 ug/ml. The results of the extraction recov-
ery studiesof ampicillin and theinternal standard are
presented in TABLE 2. Recovery was >86% (mean
91%) for ampicillinand 8% for thelS.

Precision and bias

Precisionwas cal culated as coefficient of variation
(standard deviation divided by mean measured con-
centrationx100) and bias (inaccuracy) asthe absolute
vaueaf (1 minusmean measured concentration divided
by nominal concentration)x100. Theintra-run andin-

ter-run precision and biaswere determined by analyz-
ing four QC samples: 0.3, 0.9, 7.5, and 13.5 pug/ml
over threedifferent days (TABLE 3). Intra-run preci-
sionandbias(n=10) ranged from 7.9%t0 10.7% and
from 0.1 %to 11 %, respectively. Theinter-run preci-
sion andbias (n=20) ranged from 4.9%t0 10.4% and
from 3%to 7%, respectively.
Sability

Thedgtability of ampicillinin plasma, in precipitated
plasmasamples, and in stock and working solutions,
under usua storage conditionswasinvestigated. The
resultsare presented in TABLE 4. The dataindicate
that: 1) ampicillinin plasmaissablefor at least 24 hours
at room temperature and 5Sweeksat —20°C, 2) inpre-
cipitated samples, ampicillinisstablefor at least 24 hours
at room temperature or 48 hoursat —20°C, 3) ampicil-
lininplasmaisstableafter at |east threecyclesof freeze
at —20°C and thaw at room temperature, and 4) ampi-
cllininwater (1 mg/ml), wasstablefor at least 5weeks
at—20°C.

Further, theworking solutionsof ampicillinandthe
IS (15 pg/ml in plasma and 50 ug/ml in mobile phase,
respectively) were stablefor at least 2 weeksat —20°C
(92% and 97%, respectively) and theISinmethanol (1
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mg/ml) wasstablefor a least Sweeksat —20°C (95%).
Robustness

Therobustness of the proposed method wasevalu-
ated by dightly atering the pH of the phosphate buffer
and the proportion of acetonitrileinthemobile phase.
No significant effectswere observed. Further, chro-
matographic resol ution and peak responsewere stable
over about 700 injectionsof processed plasmasamples
using onecolumn.

DISCUSSION

We describearapid, smple, accurate, and precise
HPL C assay for thedetermination of therapeuticlevels
of ampicillininhuman plasma. Simplicity, rapidity, and
smdler samplevolume arethe main advantages of the
current assay.

The described assay involves asimple precipita-
tion step in sample preparation, avoiding pre-column
dervatization with mercury chloride® or formal de-
hydel*3l, or post-column dervatization with
fluorescaming?, or solid-phase extraction®, and col-
umn switching™@. A short run timeof 9 minutesand a
small plasmavolume of 250 pul favorably compare to
morethan 20 minutes®*Y and from 0.50to 1 ml 7911131
inprevioudy reported assays. Further, therecovery of
ampicillinfrom plasmawas> 86% (mean 91%) com-
pared to previously reported recovery as low as
75%*3. Furthermore, someof theprevioudly reported
assayswerenot vaidated to measureampicillinlevel in
human plasmd*>2U, or did not examineampicillin sta-
bility®11,

CONCLUSION

In summary, the results of this study expand the
information onampicillin stability and indicate severa
advantages of the described assay over previously re-

ported assays, especially for therapeutic drug monitor-
ing and bioequivalencestudies.
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