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ABSTRACT

A gradient, reverse phase liquid chromatographic (RPLC) method was
developed for the quantitative determination of related substances in
ampicillindrug substance. The chromatographic separation was achieved
onHypersi| BDS C8 (150mmx4.6 mm, 5pum) columnusing 0.025M sodium
dihydrogen orthophosphate dihydrate buffer, adjusted to a pH of 5.00 +
0.05 with 1M sodium hydroxide as mobile phase A and acetonitrile as
mobile phase B. Flow rate was 1.5ml min'* and eluents were monitored at
220nm. Column oven temperature was maintained at 40°C. Forced degra-
dation studies were performed for ampicillin drug substance using acid,
base, oxidation, temperature, humidity and photo light. Thelimit of detec-
tion and limit of quantification of all related substances were found to be
below 0.043 and 0.070 (%w/w), respectively. The percentage recovery for
each related substance in bulk drug sample wasin the range of 95 to 105.
The ampicillin sample solution in mobile phase was found to be stable for
at least 2 hours at 25°C and for 5 hoursat 6°C. The devel oped method was
validated with respect to specificity, linearity, accuracy, precision, rug-
gedness, and robustness and forced degrading studies to prove the sta-
bility indicating nature of the method. This method was applied to three
quality control samples and results are reported.
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INTRODUCTION

Ampicillin(Figurel) isap-lactamantibiotic. Itis
bactericidal and anaminopenicillin with amino group
side-chain attached to the basic penicillin structure.
Ampicillinisableto penetrate the outer membrane of
some gram-negative bacteriaand has abroader spec-
trum of activities Ampicillinismoreactivethan benzyl
penicillin againgt somegram-negativeorganisms. Mini-

mum inhibitory concentrationsfor gram-positiveand
gram-negati ve organisms have been reported to range
from 0.02 to 1.5ug ml* and 0.03 to 3ugml-*¥ respec-
tively.

A number of HPLC methods have been reported
inliteraturefor the determination of ampicillininbio-
logica samples??. Some methodswerereported for
theseparationof ampicillinfrom other penicillin’s or other
drugg’®13, A number of methods has been reported
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for theseparation of ampicillin*+8 anditsrelated sub-
stanced 4151718 However no validated LC method
wasreportedfor the better separation and quantitative
anaysisfor 18individua related substancesincluding
isomersinampicillindrug substance. Intheliterature,
reported anaytica method*>*¥ selectivity towardsre-
lated substanceswas not discussed. Zhu et a proposed
an anaytical method*¥, but the selectivity towardsre-
|ated substances was poor. Thismethod was not sta-
bility indicating and wasnot vaidated.

Based on these observations, it wasfelt necessary
to devel op stability indicating LC method for the deter-
mination of Ampicillin (1) and itsrelated substances D-
Phenylglycine (2), 6-Amini penicillanic acid (3),
Pencilloic acidsof ampicillin-1(4), Pencilloic acids of
ampicillin-2(5), L-Ampicillin (6), Penilloic acids of
ampicillin-1(7), Ampicillin diketopiperazine-1 (8),
Penilloic acids of ampicillin-2 (9), Ampicillin
diketopiperazine-2 (10), 3-Phenyl pyrazine 2-ol (11),
N-Pivaoyl Phenylglycine(12), (3R,6R)-3,6-Diphenyl
pirazine-2,5-dione(13), Dimer of ampicilloicacids(14),
D-Phenylglycyl ampicillin (15), N-Piva oyl 6-APA (16),
Dimer of ampicillin and ampicilloic acids (17),
Ampicillinyl D-Phenylglycine(18) and Trimer of ampi-
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Figurel: Molecular structureof Ampicillin and dimer of
ampicilloicacids
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cillinand ampicilloicacids (19) in drug substance. All
therelated substances except substance 14 (Figure 1)
arelistedin European Pharmacopoeia. Thispaper ded's
withthedeve opment of agtability indicating LC method,
separating al related substances from each other and
from themain peak. The devel oped method was sub-
jectedto stressstudy as per ICH guiddlines®? likeacid
hydrolysis, basehydrolysis, oxidation, hest, photolytic
and humidity. This paper also ded swith theanaytical
method validationfor accurate quantification of al indi-
vidua related substancesin ampicillin drug substances
asper ICH guidelines??. The devel oped method was
appliedtothreereal quality control samples.

EXPERIMENTAL

Chemicals

Samplesof ampicillinand rel ated substances 2-19
wererecelved from Process Research Department of
Aurobindo Pharma Ltd, Hyderabad, India. HPLC
grade acetonitrile (Merck, Germany) andA.R. grade
potassium dihydrogen orthophosphate (Rankem,
Mumbai, India) were used. High pure water was pre-
pared by usng Millipore Milli-Q pluspurification sys-
tem.

Equipment

The LC system used for the method devel opment
and forced degradation studieswas WatersAlliance
2695 separation modulewith 2996 Photo DiodeArray
(PDA) detector. The output signa wasmonitored and
processed with Waters Empower software. The LC
system used for the validation and intermediate preci-
sion study wasWatersAlliance cons sting of 2695 sepa-
ration module with thermostatic compartment and a
2487 dud wavel ength detector. Themass(m/z) of im-
puritieswas recorded on Perkin Elmer triple quadru-
polemass spectrometer (API 2000, PESCIEX). Ana-
lyst software was used for dataacquisition and data
processing. 1H experimentswere performed on Bruker
Avance DPX-300 M[Fadllanden, Switzerland] NMR

spectrometer.
Chromatographic conditions

The chromatographi c column used was Hypersil
BDS-C8 150 mmx4.6 mm with Sum particles(Thermo

Au Tudian Yournal

TABLE 1: Chemical shift valueof TDI
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Electron Corporation, USA). The mobile phaseA was
aqueous sodium dihydrogen orthophosphate dihydrate,
adjusted to apH of 5.00+0.05 with 1M sodium hy-
droxide and acetonitrile used as mobile phase B. Fi-
nally agood separation wasachieved between dl indi-
vidua substances 1-19 using mobile phaseA:B linear
gradient time program mentioned in Tablel. Theflow
rate of themobile phasewas 1.5ml min. Thecolumn
temperature was maintained at 40°C and the absor-
bance was monitored at awavelength of 220nm. The
injection volumewas 20ul. A mixtureof pH 5.00 buffer
and acetonitrile 98:02 was used as diluent.

L C and mass spectrometer (MS) conditions for
deter mination of mass(m/z) values

Thesubstances 2-19isolated by preparative HPLC,
were used for mass determination. For massdetermi-
nationon LC-M S, where 0.01M ammonium acetate
buffer (adjusted to apH of 5.0 with diluted AcOH)
was used asmobile phaseA and acetonitrile was used
asmobilephaseB. Theratiosof A and B were changed
inlinear gradient program from 100:0to 50:50, ina
duration of 50 minutes. For L C separation Hypersil C8
column was used and eluents monitored at 230 nm.
The mass spectrometer detector turbo ion spray volt-
agewasmaintained at 5.5 kV and temperature was set
at 375°C. Theauxiliary gasand sheath gasused was
high pure Nitrogen. Zero air was used as Nebular ges.
Mass spectrawererecorded from m/z 100to 1500in
0.1 amu stepswith 2.0 secdwell time.

Prepar ation of standard and samplesolutions

Standard sol utionwasprepared by dissolving ampi-
dllinqudifiedgandard (0.015mgmi?) indiluent. Sample
solutionwasprepared by dissolvingampidillindrug sub-
stance (1.5mgml) indiluent.

Specificity

Specificity istheability of the method to measure
the analyteresponseinthe presence of itsrelated sub-
stances. The specificity of thedevel oped LC method
wasevaluated for ampicillinin the presence of thesub-
stances 2-19. The sample (0.75mg ml) solution was
also subjected to stress conditionslike heat (105°C/30
min), acid (1M HCI/85°C/20 min), base (0.5M NaOH/
initid), oxidation (10%H,0,/85°C/10 min), photolytic
(20,000 [ux/432 hrs) and humidity (92% RH/25°C/
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432 hrs) to evaluatethe ability of the proposed method
to separate ampicillin from its degradation products.
Peak purity of ampicillin peak waseval uated by using
PDA detector in stress samples and control sample.
The peak purity test was a so performed for the pesks
of the substances 1-19 in thetest solution spiked with
all related substances.
Method validation
Precision

System precision of themethod wasevaluated by
injecting ampicillin standard solution six timesand by
calculating %RSD for areacount of ampicillin peak.
Themethod precision was evaluated by injecting six
individua preparationsof ampicillin drug substance
spiked with al related substances 2-19 at 1%wi/w con-
centration. The% RSD for content of individua and
total related substancesin six determinationswerecal -
culated. Theintermediate precision of themethod was
evaluated a so by using different column, differentin-
strument and different analyst inthe samelaboratory.
The %RSD for results obtained by two analysts for
each individua and total related substanceswere cal-
culated.

Limit of detection (L OD) and limit of quantification
(LOQ)

The LOD and LOQ values of each related sub-
stancewere predicted from aseparatelinearity experi-
ment performed at lower concentration of theimpuri-
ties. Each predicted concentration wasverified, by pre-
paring solutions at about predi cted concentration and
injecting each solution six timesinto theHPLC by fol -
lowing test method and conditions as specified in sec-
tion 2.3. The%RSD for each rel ated substanceat LOD
and LOQ levelswerecal cul ated.

Linearity

A seriesof solutionswere prepared usngampicillin
qudified standard anditsrelated substancesat six con-
centrationlevelsfromthe LOQ to 1.5% w/w. Thecali-
bration curveswereplotted for peak areasof ampicillin
and the related substances 2-19 versus their corre-
sponding concentretions. Thedope, Y-intercept, resdud
sum of squaresand correl ation coefficient werecalcu-
lated from linear calibration curves. Responsefactor
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Figure2: Themassspectrum for dimer of ampicilloic acidswhereA ismolecular ion peak[(MH)*] and B issodium

adduct of molecular ion peak[(M H)*]+Na

Figure3: Theproton NMR spectrum for dimer of ampicilloicacids

for eachimpurity was cd cul ated by comparing d ope of
thelinear cdibration curveof eachimpurity with that of
ampidllincurve.
Accuracy

Prepared solutionsintriplicateusngampicillindrug
substance spiked with substances 2-19 substances at
50%, 100% and 150% of specificationlevel (1% w/w)
prepared wereinjected as mentioned in Section 2.3.
The % recovery was cal culated for each level of con-
centration.

Robustness

To determine the robustness of the developed
method, thefollowing parameters of the experimental

Hnalytical CHEMISTRY o

conditionswerepurposely dtered: theflow rate of the
mobile phasewasatered by +10% (1.35ml mintand
1.65ml min't); the percent organic strength by +2%
absolute; the detector wavelength by +£5nm,; the col -
umn oven temperature by +5°C; and pH of themobile
phasewas atered by +0.2 unit. Therest of the chro-
matographic conditionsfor each ateration study were
held constant asper the Section 2.3. Theeffect of these
ddiberate changeson USPresolution, USPtailingand
USP platecount for system suitability and on sdlectivity
of eachimpurity comparing ampicillin peak asrefer-
ence peak intest solution spiked with all related sub-
stancesat 1.0% level were checked.

Solution and mobilephasestability

Au Tudian Yournal
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Figure4: Chromatogram of ampicillin drug substance spiked with substances2-19 usng mobilephaseA (pH 5.00) as
diluent, linear gradient program of A and B specified in Tablel and proposed method conditions specified

Thesolution stability of ampicillinintest solution
wastested by analyzing sample solution (prepared us-
ing ampicillindrug substance spiking with known re-
lated substancesat 1.0%w/w level) initialy and at dif-
ferent timeintervals(1hr) by keeping samplesolution at
room temperature (25°C) and at refrigerated (6°C)
conditions separately. The % difference between the
responsesobtainedat initial and differenttimeintervas
were calcul ated.

Range

Range of and ytica method wasinferred fromthe
linearity and accuracy data.

RESULTSAND DISCUSSION

Optimization of chromatogr aphic conditions

Themaintarget of the chromatographic methodis
to get the separation of ampicillinanditsrelated sub-
gancesinampicillin drug substance. Al therel ated sub-
stances except the substance 16 werereported earlier
intheofficial monograph of the European Pharmaco-
poe d*. Thenew substancefound in processwasiso-
lated using preparative HPL C and characterized using
LC-MSand NMR spectrometer. The Mass spectrum
and NMR spectrum mentionedinfigures2 and 3 re-
spectively. As per the analytical method reported by
Zhu*® with Hypersil ODS C18 column, thefollowing
impuritiesaremergingwith eech other: ampicilloicacid

(59) andampicillin(59), piperazine-2,5-dione; ampilloic
acid (BR) andampicillin (5R) piperazine-2,5-dione; 2-
hydroxy-3-phenylpyrazine, diphenyl piperazine-2,5-
dioneand D-phenylglycylampicillin. Poor sdlectivity was
observed, using other two columns mentionedinthe
method (Bio-sl C18 and Spherisorb ODS-1) and some
of the peakswerefound to be merging. Thesubstances
2-19 were spiked with ampicillin drug substance and
andysed using European pharmacopoeiamethod™. It
was observed that as per the method*¥ all the sub-
stanceswerefound not to be separated well and some
of theimpuritieswered uted a thesameretentiontimes
or separated with less resolution. For example sub-
stances 4,5 are merging with 6; substances 11 and 13
aremerging; substance 12 ismergingwith 14; 6-APA
peak haspoor UV response at 254nm. Our effortsto-
wards modification of this method could not achieve
better separation of theindividuad substances(including
isomers). But a chromatographic separation was
achieved using 0.05M sodium dihydrogen orthophos-
phatedihydrate (pH 5.0+0.05) solution as mobile phase
A and acetonitrileasmobilephase B. Different trials
were madewith stationary phase C18, Phenyl and C8
to achieve good sdlectivity towardsindividua related
substances. Findly good selectivity towardsadl related
substanceswasachieved (Figure 4) by different trials
madeby changingflow rate(findly fixed at 1.5ml/min),
composition of mobilephaseA and B at different time
intervals (Gradient program) and C8 stationary phase
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(Hypersil BDS-C8). Column oven temperature was
maintained at 40°C for good separation and peak shape.
At 254 nm 6-APA haslow UV response. Ampicillin
and al related substances response was good at 220
nm. Gradient composition of mobilephaseAandB is
mentioned in TABLE 1. Theresolution between sub-
stances 12 and 13 not less than 1.5, and USP plate
count for ampicillin peak not lessthan 7500 wasfixed
assystem suitability. Peak purity angleisameasure of
spectral homogeneity determined from the weighted
average of all spectral contrast anglesacross apeak.
Spectral contrast anglesare cal culated by comparing
the spectrafrom each datapoint in an integrated peak
against the peak apex spectrum. Peak purity threshold

TABLE 1: M obilephaseA and B linear gradient program at
different timeintervals

Time Buffer (pH 5.0) Acetonitrile
(min) (M obile phase A) (M obile phase B)
0.01 98% 02%

20.00 90% 10%

40.00 85% 15%

50.00 80% 20%

55.00 75% 25%

60.00 75% 25%

62.00 98% 02%

isthelargest spectral contrast anglethat can be dueto
noi se or sol vent contribution aone, and not dueto an
actual component absorbance differencein spectral
shgpe. Thepurity anglevauelessthanthepurity thresh-
old valueindicates spectral homogeneity. Peak purity
vauesgrater than purity threshold indicate spectrd in-
homogeneity. The peak purity angle and peak purity
threshold were collected from Empower software,
Copyright@2002 Waters Corporation, Service pack
A-D and ICH guiddlines?”. Theretentiontimesand
peak purity datafor each rel ated substance mentioned
INnTABLE 2, confirm good sel ectivity towardsthe 19
substances. The purity and mass (m/z) valuesfor all
related substancesweregivenin TABLE 2.

Resultsof for ced degradation experiments

Degradation was observed for ampicillin drug sub-
stance during stress conditionsliketemperature, oxi-
dation, acid and base degradation and no degradation
was observed for photolytic and humidity degradation.
Thepesk purity dataof ampicillinin control sampleand
thesample spiked with all rel ated substances, and the
peak purity dataof ampicillininal stressconditions,
indicated that the peak was homogeneous and had no

TABLE 2: Summary of experiments(purity, mass, retention times) for each related substance, method validation (Linearity,
LOD, LOQ, responsefactor, peak purity and specificity) and theresultsof real samples(samples1,2& 3) using chromato-

graphic conditions specified

Subst. Purity Mass RT LOD LOQ Ré;gr)lse Purity Purity g o y- Rs?n?%?l Sa’“lple Samzp'e Sa”;p'e

number (%) (m/2) (min) (% w/w) (% w/w) Factor # angle threshold inter cept squares (%wiw) (%wiw) (% wiw)
1 9950 349 11541 -- -- 100 0.133 0.320 15665 -139 2056 -- -- --
2 100.0 151 1.636 0.010 0.020 100 0.300 5.146 15708 809 2462 BLQ** 0.02 BLQ**
3  99.90 216 2427 0.022 0.040 195 0381 5606 8020 1597 2029 ND BLQ** ND
4 96.74* 367 4.646 0.026 0038 161 0540 5735 9701 -186 3368 0.04 0.04 0.04
5 96.74* 367 6.719 0.026 0.038 161 0431 5550 9701 -186 3368 0.18 0.18 0.17
6 9947 349 7.326 0.017 0.024 1.00 0.223 5191 15741 1948 3993 0.06 0.15 0.06
7 96.75* 323 13.457 0.026 0.035 154 0413 5519 10166 -1255 3129 0.04 0.05 0.04
8 99.16* 349 14540 0.027 0.049 1.03 5.619 14433 15173 -249 2415 ND ND ND
9 96.75¢ 323 16.273 0.026 0.035 154 0.679 5.846 10166 -1255 3129 0.06 0.05 0.06
10 99.16* 349 17.208 0.027 0.049 1.03 0138 5.201 15173 -249 2415 ND ND ND
11 97.83 172 20.479 0.013 0.025 0.66 1229 5.149 23709 -1572 4920 ND ND ND
12 99.67 235 21.785 0.019 0.033 1.07 0.251 5.273 14632 1476 4225 0.04 0.06 0.04
13 9584 266 22523 0.014 0.024 057 0178 5.172 27439 4212 10785 ND ND ND
14 7858 716 24.374 0.035 0.067 210 0546 5.836 7475 2192 1654 ND ND ND
15 96.23 482 25.978 0.010 0.017 0.83 0.074 5.079 18876 -3920 7092 0.17 0.30 0.18
16 9420 300 29.690 0.043 0.070 242 0.618 5.849 6462 618 1510 ND ND ND
17 8322 698 36.688 0.026 0.038 1.17 0.789 5.430 13403 -2765 3337 041 0.45 0.39
18 79.74 482 44,959 0.022 0.034 1.00 0.282 5.366 15643 -697 5035 ND ND ND
19 79.30 1047 48.898 0.035 0.056 1.95 0.363 5.509 8029 85 1396 ND ND ND

Regression equation y=mx+b (‘x’ is concentration and ¢y’ is peak response of the substance); # Multiply the R.F of each impurity
with the same impurity obtained by direct quantification against ampicillin standard (0.15mg ml ! solution) area to get the result

(Yo w/w);

*Total purity of isomers 1& 2. ** - Detected. BLQ- Below Limit of Quantification. ND - Not Detected
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TABLE 3: Forced degradation studies conducted for
specificity using contr ol sample (0.75mg ml ) solution
Degradation Purity Purity

(% Area) angle threshold
- 0.106 0.275

Condition

Un-degraded
Acid
degradation 20min
(1M HCl/ 85°C)
Base
degradation Initia
(0.5M NaOH)
Peroxide
Pegradation 10
(10% min
H,0,/85°C)
Thermal
degradation
(105°C)
Photol ytic
degradation 432 hr
(10,000 Lux)
Humidity
degradation 432 hr
(92%RH/25°C)

co-eluting peeks, confirming the pecificity and stability
indication nature of themethod. Thesummary of forced
degradationisgivenin TABLE 3.

Precision

Time Ampicillin
99.45

86.86 12.70 0.066 0.264

91.70 7.80 0.058 0.266

80.35 19.20 0.049 0.259

3hr 8105 18.50 0.056 0.261

99.42 0.00 0.089 0.278

99.54 0.00 0.087 0.273

The% RSD for areacount of ampicillin standard
solution (system precision) waswithin 2.0%. The %
RSD for concentration of each related substance and
total rel ated substancesin six determinations (Method
precision) was within 3.0% and the % RSD for the
results obtained by two analysts (intermediate preci-
sion) waswithin 5.0%, confirming good precision of
themethod.

LODandLOQ

The % RSD for peak area of each related sub-
stance at LOQ and LOD levels were less than 10%
and 26% respectively. The LOD and LOQ values of
eachimpurity aregivenin TABLE 2.

Linearity

Linear calibration plot for related substanceswas
obtained over the calibration rangestested, i.e. LOQ
to 150% of specification level (1.0% w/w). Thecorre-
|ation coefficient was greater than 0.999. Thedope, Y-
intercept, residua sum of squares and responsefactor
arelisted inTABLE 2. Theresults show that an excel-
lent correlation exists between the peak areaand con-
centrationfor al therelated substances.

—= Fyll Poper
Accuracy

The percentage recovery for the substances 2-19
wasfoundto beintherange92.0to 108.0. Therecov-
ery results at 0.5%, 1.0% and 1.5% w/w concentra-
tionsindicatethat thetest method has an acceptable
level of accuracy for the determination of al related
substancesinampicillin drug substance.

Robustness

Indl thedeliberately varied chromatographic con-
ditions, viz., flow, percentage organic strength, column
temperature, wavelength, mobile phase pH etc., the
resol ution between substances 12 and 13 is not less
than 1.5, and USP plate count for ampicillin peak isnot
lessthan 7500. Sdlectivity of each substanceisa so not
affected by varied chromatographic conditions. This
showsrobustness of the method.

Solution stability

Thetest solution wasfound to bestablefor 2 hours
at 25°C, and at least 5 hoursat 6°C.

CONCLUSIONS

The RPLC method devel oped for the determina-
tion of ampicillinand itsrelated substanceisrapid, pre-
cise, accurateand sdlective. Themethod wascompletely
validated showing satisfactory datafor al the method
vaidation parameterstested. Thedeveloped methodis
stability indicating and can be used for assessing the
sability of ampicillinasdrug substance.
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