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ABSTRACT

A simple, rapid, precise and accurate stability indicating reverse phase
liquid chromatographic method (RP-HPL C) was devel oped for the determi-
nation of a beta-lactum antibiotic agent doripenem Doripenem (DPN) in
pure and dosage forms. The degradation products formed under different
stress conditions were successfully separated on a chromosil C18 column
using a mobile phase of mixture of water, methanol and ortho phosphoric
acid intheratio 78:20:02 (v/v/v) at arate of flow of 1.0 mL/min and were
detected at a suitable wavelength of 290nm. The degradation products
thus formed were well resolved with an acceptable retention time. The
developed method was statistically validated for precision, accuracy, lin-
earity, ruggedness, robustness, forced degradation, solution stability sen-
sitivity and selectivity. Recovery studies of the dosage form were also
carried out at three different concentration levelswithinthelinearity limits
and the calculated percent of relative standard deviation (% RSD) was
found to be acceptable. The response of the instrument (peak area) with
concentration was observed to be linear in the range of concentration 5.0-
40 pg mLL. Duetoitssimplicity, rapidity and accuracy the proposed method
may be considered as an alternative method for routine quality control
analysisin any pharmaceutical laboratory.
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INTRODUCTION

Doripenem (DPN) isarecently devel oped mem-
ber of carbapenem class of beta-lactum antibiotic.
Doripenem was shown to have broad-spectrum activ-
ity againg Gram-positiveand Gram-negetive pathogens,
including strains of Pseudomonas aeruginosa™. Itis
similar to other carbapenems and was devel oped for
thetreatment of hospitalized patientswith moderate or
severebacteria infectiong?.

Doripenemischemically knownas(+)-(4R, 5S,
6S)-6-[(1R)-1-Hydroxy -ethyl] -4-methyl-7-oxo-3-
[[(3S,55)-5- [(sulfamoyl amino)- methyl]-3-
pyrrolidinyl] thio]-1-azabicyclo[3.2.0] hept-2-ene-2-
carboxylic acid with molecular formulaand molecular
weight C .H,,N,O,S,and 420.50 g/mol respectively.
The pharmaceutica preparations, sudopen 500 mgand
250 mg vid swereinjectables, each 500 mg vial con-
tain 0.5 mg of doripenem asdoripenem monohydrate.
Thechemica structure of the drug moleculewas pre-
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sentedinFigure 1.

Figurel: Chemical structureof doripenem.

Literaturesurvey reved stheuseof ultraviol et spec-
trophotometer (first-derivative, first-derivativeof ratio
gpectraand bivariateanalysis) wasused in the stability-
indicating determination of ertapenem!(%,
meropenem!®” and doripenem®, A few high-perfor-
mance liquid chromatographic methodsfor the deter-
mination of doripeneminintravenoussolutions®, inbody
fluidg¥, in human plasmd™ weredso reported. A lig-
uid chromatography!*? assay for a quantification of
dori penem, ertapenem, imipenem, meropenem concen-
trationsin human plasmaand s multaneousdetermina-
tion of eight B-lactam antibioticsin human serum by
liquid chromatography-tandem mass spectrometry!*3
were also presented in literature. Nora H and Al-
Shad an* reported visible spectrophotometric and ki-
netic methodsfor the determination of doripenemin
pharmaceutical forms. Fromtheentireliteratureit was
noticed that no HPL C method reported for the deter-
mination of doripenem in pharmaceuticals, hencethe
authorswereinterested in devel oping astability-indi-
cating high performanceliquid chromatographic method
for thedetermination of Doripenem (DPN) inbulk drug
and pharmaceutica formulations.

EXPERIMENTAL

Equipment

HPL Cinstrument equipped withaL C 20AT pump
and variablewave ength programmable UV-visiblede-
tector SPD-10AVP, 20uL Hamilton syringe and a
Chromosil C18 column (250 mm x 4.6 mm, 5u) col-
umnwasused for the present investigation. A Denwar
bal ance and L obaul trasoni ¢ bath sonicator wereused
for weighing the material sand degass ng of themobile
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phase respectively. ElicoSL 159 UV-Visible spectro-
photometer wasused for spectral studies. Thedatawas
analyzed by using peak software.

M aterialsand methods

HPLC grade Methanol, ortho phosphoric acid
(Merck) and water were used for the preparation of
mobile phasein the present investigation. Pure sample
of Doripenem (standard) wasgifted by Orchid, Chennal
and its pharmaceutical formul ationswere purchased
fromlocal pharmacy.

Preparation of ssandard drug solution

10 mg of the pure DPN was accurately weighed
and transferred into aclean and dry 10 mL volumetric
flack, dissolved in methanol, made up to themark, soni-
cated and filtered through a0.45 p nylon filter. Then
stock solution of 100 ug mL* wasprepared by trans-
ferring 1 mL of theabove solutionwithahigh precison
pipetteinto 10 mL volumetric flask and made upto the
mark with mobile phase, the sol ution was sonicated and
filtered through 20.45 p nylon filter. A series of work-
ing standard sol utions of different concentration rang-
ingfrom 10 pg mL* t0 40 pg mL* wereprepared from
thestock solution.

Prepar ation of samplesolution

Anamount of formulation (injection) equivaent to
10 mg of doripenem was transferred into a 10 mL
volumetric flask, mixed with 5 mL of methanol, soni-
cated for 30 minutesand finally the contents of theflask
were made up to volume with the mobile phase and
filtered through a0.45p membrane filter. This solution
was adequately diluted to obtain test solutionsinthe
concentration range of 5-40 ug mL™.

M ethod development and chromatogr aphic con-
ditions

Themobilephasewasalowed to passthrough the
column at aflow rate of 1.0 mL/min at ambient tem-
peraturefor 30 min. to equilibratethe column. Theop-
timum chromatographi c conditionswere obtained by
performing different traill sby injecting different volumes
of working standard of different concentrationsat dif-
ferent wave engthsusing different composition of mo-
bile phaseand different columns. Thebest chromato-
graphic conditionswerefound to beachromos| column
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of 250 mmlength, 4.6 mminterna diameter and Sation-
ary phasewith particlesize5u, mobile phase was a mix-
ture of water, methanol and 0.1 % agueous ortho phos-
phoricacidintheratio 78:20:02 (v/iviv), flow rate 1.0mL/

min and detection wavelength at 290nm. A reasonable  inFigure 2 and Figure 3 respectively.

256.00

retentiontimeand vaid sysem suitability parametersauch
asnumber of theoreticd plates, tailingfactor and resolu-
tion wereobta ned under the above conditions. Typica
chromatograms of blank and standard were presented
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Figure2: Atypical chromatogram of sandard doripenem solution.
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Figure3: Atypical chromatogram of for mulation of doripenem.
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Procedur efor method validation
(a) Precision

Method repeatability wasevad uated by carrying out
gx replicate solutions against areferencestandard. The
intraday andinter day precison of thedeve oped method
wasevaluated. The percent RSD valueswerefoundto
be 0.735% and 0.527% respectively. The results as
shownin TABLE 1indicated thegood precision of the
developed method.

TABLE 1: Intraday and Inter day precision of the proposed
method.

Inter Day Precision Intra Day Precision

SamplelD Peak area SamplelD Peak area
1 143290 1 143197
2 142120 2 143456
3 142349 3 144420
4 144798 4 142726
5 142042 5 144736
6 143302 6 143857
Mean 142983.50 Mean 143732.00
Standard Deviation 1050.95 Standard Deviation  757.82
%RSD 0.735 %RSD 0.527
(b) Linearity

Thelinearity between the response of theinstru-
ment and concentration of thedrugwasverified at seven
concentration levelsranging from 5-40 pg mL™. The
calibration curve (Figure 4) was constructed by plot-
ting mean areaagainst concentration. Theregression
equeation obtained for Dori penem wasy=4708x+2199
(r=0.9997). Theresultswereshownin TABLE 2which
indicatesthat an excellent correl ation existed between
peak areaand concentration of Doripenemwithinthe
concentration rangetested.

(c)Accuracy

Accuracy of the method was studied by recovery
experiments. Therecovery was performed at threelev-
es15ugmL?, 30 ug mL*and 45 ug mL of thesample
concentration. Cal culated amount of Doripenem from
stock solution was added to the fixed amount of pre-
andyzed formulation solution to attain 15 pg mL*, 30
png mLtand 45 ng mL! of sample concentration. Each
samplewasprepared intriplicate at each leve . Blank
and standard preparationswereinjected and the chro-
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matograms were recorded. The recovery values for
Doripenem were presented in TABLE 3 and ranged
between 98.89 to 102.31 %.

TABLE 2: Linearity between mean areas of the peaksand
concentration of thedrug.

Concentration Areaof Statistical Values of
(ngmL?Y)  thePeak* Parameters parameters
5 25487  Correlation coefficient  0.9998
10 50201
15 74809
20 97849 Slope 4665.5
25 118861
30 143197
35 166866 Intercept 3406.7
40 189774
*Mean of two measurements
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Figure 4 : A linearity plot of area of the peak against
concentration of doripen.

(d) Assay analysis
Thevalidated method was applied for theandysis
of Doripenemincommercia formulations. Theamount

of Doripenem obtainedinformulationwasshowninthe
TABLEA4.

(e) Robustness

To determine the robustness of the developed
method, experimental conditionswere purposely al-
tered. Onefactor at atimewas changed to estimatethe
effect. Doripenem at 30 ug mL* concentration was
andyzed under these changed experimental conditions.
It was observed that there were no marked changesin
chromatograms, which demonsirated that thedevel oped
method wasrobust in nature. Theexperimentd results
werepresentedin TABLEDS.

(f) Ruggedness
Ruggedness of the devel oped method was experi-
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mentally determined by performing assay andysisindif-
ferent |aboratories, using different instrumentsand dif-
ferent columnsunder the sameexperimentd conditions.

It was observed that there were no marked changesin
chromatograms, which demonsirated that thedeve oped
method wasfound to berugged (TABLE 6).

TABLE 3: Accuracy of theproposed method.

15 pg mL* 30 pg mL* 45 pg mL™*
SampleID Peak Area % of Recovery SamplelD Peak Area % of Recovery SamplelD Peak Area % of Recovery

1 74702 99.66 1 145349 101.29 1 167684 100.28

2 74262 99.07 2 146798 102.30 2 167729 100.31

3 75274 100.42 3 142042 98.99 3 167151 99.97
Mean 74746 99.71 Mean 144729 100.86 Mean 167521 100.19
SD 507.43 0.6769 SD 2437.73 1.6989 SD 321.50 0.1922
%RSD 0.68 0.68 %RSD 1.68 1.68 %RSD 0.1919 0.1919

TABLE 4: Resultsof analysisof doripenemin for mulations.
Labeled

Amount found Percent Recovery

Formulation amount mg/vial  (mg) + SD +% RSD
Via -1 Sudopen-500mg 499.33+5.71 99.86+1.143
Via -2  Sudopen-250mg  250.40+1.17 100.16+0.469

TABLE5: Areport on study of robustness of the proposed
method.

Value Retention Peak  Tailin Number of
Par ameter of the Time 9 Theoretical
. Area  Factor
Par ameter (min) Plates
0.8mL 4.726 142364.9 0.96 16641
Flow rate
1.2mL 4.181 142651.4 0.76 11564
Mobile Phase  72:25:2 4410 1409006 1.02 13831
Composition  g3:15:2 4490 1412859 1.11 13428
292nm 4411 144604.3 0.84 16054
Wave ength
288nm 4.399 144799.5 0.63 12496

TABLE 6: Areport on study of ruggedness of the proposed
method.

Parameter Ret(_antion Peak  Tailing Num_ber of
Time Area  Factor Theoretical Plates

Laboratory-| 4399 1421314 1.04 12956
Laboratory-11 4410 1455459 0.76 12555
HPL C-System-1 4.473 1424747 0.74 8893
HPL C-System-1 4490  141910.7 1.07 13310
Column-I 4.399 141182.2 0.72 12960
Column-II 4410 140089.1 0.88 13553

Procedurefor for ced degradation

Themain objectiveof study of stability testingisto
provide an experimental evidence of how much the
guantity of adrug product that can bedegraded into
other rel ated substancesunder avariety of environmenta
conditionswithtime. Acidic, basic and peroxide deg-

radation was studied using 0.1N HCI, 0.1 N NaOH
and 3% hydrogen peroxide solution. Photo degrada-
tion study was performed for the same samples by ex-
posingthemto UV light. Thermd degradation wascar-
ried out by heating at 40°C for 48 hours. All the de-
graded drug solutions after appropriate dilution with
mobile phase wereinjected into the chromatographic
Sysem.

Hydrolyticstudies

For the study of hydrolysis of drug in different
mediaslmg mL* solution of thedrug was prepared by
dissolving 10.0mg of drugin 10.0mL of 0.IN HCI, 0.1N
NaOH and pure distilled water respectively and the
solutionswererefluxed for 12hours, 8hoursand 10hours
respectively, then ImL of theeach refluxed solution was
diluted to 10mL with mobile phase so asto obtain 100
ng mL* stock solution. Further 3.5mL of the above
solution (0.5mL in case of base hydrolysisand 2.5mL
incaseof aqueoushydrolyss) wasagaindiluted to 10mL
to get thefina concentration 35 ug mL* (5 pg mL for
basic and 25 ug mL" for agueous) and chromatogram
was obtai ned under the similar chromatographic con-
ditions. Theamount of drug present after stressed con-
ditionswascalculated from theratio of the peak area
of the drug to that of total area of all the peaks and
found to be 70.9%, 79.58 and 84.59 respectively. The
degradation (29.1%) of thedrug resultedin giving three
additional pesksat 3.631,4.276 and4.739 mininacid
hydrolysis, in case of base hydrolysisfour additional
peaksat 2.765, 2.873, 6.307 and 6.342 and in aque-
oushydrolysisone peak at 3.724 min. Therespective
chromatogramswere represented in Figure 5-Figure
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7. Thisindicatesthat the drug was hydrolyzed under  acid, base and aqueous conditions.
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Figure5: Atypical chromatogram of acid degradation of doripenem.
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Figure6: Atypical chromatogram of basedegradation of doripenem.

177.00
mAL J

E
1-!32.UD—:
107 QD-:
72 on—j
37 oo-:

GUD — — e E—— —_— s —
= = e Py A T T . L L

0.000 0.800 1.600 2400 3200 4.000 4800 5.600 5.400 7.200 8,000

Minutes

Figure7: Atypical chromatogram of aqueousdegr adation of doripenem.
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Oxidativestudies

For oxidativedegradation study, initialy 1 pg mL*
strength of drug was preparedin 10% H,O,. Thedrug
waskept for aperiod 12h under the conditionsat room
temperature and then for 24hours. Thedrug degrada-
tion wasfound to be very more (61.4%) when it was
exposed to 10% H,O, for 24h. Eleven degradation
product peaksat measurabl e retention timeswere seen
and therewassignificant riseinthe height of the peak
with time (Figure8). Thissignifiesthat thedrug was
degraded in oxidative conditionsto chromatographic

213.00

compounds.
Thermal studies

Susceptibility of the drug to dry heat was studied
by exposing the solid drug to 60 °C for 15 daysin ahot
air oven. Samplingwascarried out every day to study
itsdegradation behavior. Dorifenem wasfound to be
degraded in negligible amount 19.33%. Two degrada
tion product pesksa measurableretention times (2.200
and 2.642 min., Figure9) were seen, thissignifiesthat
thedrug wasstableinthermal conditions.
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Figure8: Atypical chromatogram of oxidativedegradation of doripenem.
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Figure9: Atypical chromatogram of thermal degr adation of doripenem.

Photolyticstudies

The photochemicd stability of thedrugwasstudied
by exposing the stock solution (1 pg mL?) aswell as
solid drug to direct sunlight for 10 days on awooden
plank and kept on terrace. Photolytic study was carried
out indry form. Herethedrug wasdirectly exposed to

Hnalytical CHEMISTRY o

thesunlight for 10 dayson ahot sunny day. Dorifenem
wasfoundto bedegradedin negligibleamount (19.28%)
asfour new pesaksof degradation productswere appear
at 4.042, 4.078, 5.227 and 5.558 min respectively as
shownin Fgure10. Only 19.28% of thedrug wasfound
to bedegraded hence doripenem wasamost stable af -
ter exposing thedrugto 60 °C for 10 days.
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SN Degradation Retention Area of Tailing Plate Total Per cent of drug
) Par ameter time the peak factor  count Area Retained Degraded
1 Acid 4.44 113541.50 1.22 13087  160123.70 70.91 35.00
2 Aqueous 4.44 98989.80 1.46 12588 117021.70 84.59 25.00
3 Base 4.42 31021.20 1.29 12572  38979.70 79.58 5.00
4 Heat 4.40 44527.50 1.25 13732  54454.30 81.77 10.00
5 Peroxide 4.34 134086.50 1.15 9384  346516.20 38.70 80.00
6 Sunlight 4.50 116273.40 1.43 12611  144053.10 80.72 30.00
7 UV-Light 4.44 127242.70 1.42 11920 181917.60 69.95 40.00
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Figure10: A typical chromatogram of UV degradation of doripenem.

RESULTSAND DISCUSSION

The separation of the degradation productsfrom
Doripenem was achieved on chromosi| C18 stationary
phase and water, methanol and 0.1 % ortho phospho-
ricacid (78:20:02 v/v/v) asamobilephase. Thesystem
suitability parameters such as number of theoretical
plates, tailing factor and retention timewerefound to
be 13072, 0.99 and 4.5 min for themain peak and less
than 6.3minfor the degradation products. Theintraday
and intermediate precision of the method wereeval u-
ated, the percent RSD va ueswerefoundto be 0.735%
and 0.527%for respectively. The drug had obeyed lin-
earity between theresponse of theinstrument and con-
centration of thedrugin theranging from 5-40 pg mL*
with good corrdation coefficient 0.9997. Therecovery
studieswere performed a three different concentration
level sbetweenthelinearity and theva ueswerefound
to be between 98.89 to 102.31 %. A study of robust-
ness and ruggedness was conducted and proved that

the proposed method wasrobust and rugged. The study
of degradation encompassestheinfluenceof diluteacid
(0.1N HCI), dilute base (0.1N NaOH) temperature
(48°C), humidity, UV-light, oxidizing agent (10%H,0,).
Drug at aconcentration of 1 pg mL*wasusedinall
degradation sudies. The pH of the buffer was checked
before and after reaction and no changewas observed.
Conditionsemployed for stability studieswereasfol-
lows. The observed degradation of Doripenem was
29.1%inacidic conditions, 20.4% in basic conditions,
61.4% under oxidation conditions, 30.1% under UV
light conditions and 19.3% under thermal conditions
after 48 hours. High peak purity resultsindicatethat the
Doripenem peak washomogeneousin al stresscondi-
tionstested.

CONCLUSION
Theproposed stability indicating method wasfound

to besdective, rapid, precise, accurate, robust and rug-
ged. This can be used for assessing the stability of
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Doripenemin bulk and pharmaceuticd formulation.
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