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Abstract
A new, rapid, economical and isocratic reverse phase high performance liquid chromatography
(RP-HPLC) method was developed for the determination of eptifibatide acetate, a small
synthetic antiplatelet peptide, in bulk drug substance and pharmaceutical dosage forms. The
developed method was validated as per of ICH guidelines. The chromatographic separation
was achieved isocratically on C18 column (150 x 4.60 mm i.d., 5 µM particle size) at ambient
temperature using acetonitrile (ACN), water and trifluoroacetic acid (TFA) as mobile phase
at flow rate of 1 mL/min and UV detection at 275 nm. Eptifibatide acetate exhibited linearity
over the concentration range of 0.15-2 mg/mL (r2=0.997) with limit of detection of 0.15 mg/
mL The accuracy of the method was 96.4-103.8%. The intra-day and inter-day precision were
between 0.052% and 0.598%, respectively. The present successfully validated method with
excellent selectivity, linearity, sensitivity, precision and accuracy was applicable for the assay
of eptifibatide acetate in bulk drug substance and pharmaceutical dosage forms.
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Introduction
The cyclic heptapeptide eptifibatide (N6(aminoiminomethyl)-N2-(3-mercapto-1oxopropyl)-Llysylglycyl-L-α-aspartyl-Ltryptophyl-L-prolyl-L-cysteinamide,cyclic
(1→6)-disulfide) (Figure 1), is a reversible
* Corresponding author:
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inhibitor of platelet aggregation. This potent and
specific glycoprotein IIb/IIIa receptor antagonist
mainly indicated for treatment of acute coronary
syndrome including unstable angina or non-Qwave myocardial infarct and patients undergoing
primary percutaneous coronary intervention
(1-6).
Eptifibatide acetate is a white or white-off
powder, soluble in water and freely soluble in
1% acetic acid in water. Its empirical formula is

(Figure 1), is a reversible inhibitor of platelet aggregation. This potent and specific glycoprotein
IIb/IIIa receptor antagonist mainly indicated for treatment of acute coronary syndrome including
unstable angina or non-Q-wave myocardial infarct and patients undergoing primary percutaneous
coronary intervention (1-6).
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the less complication and readily availability
of HPLC-UV detection, the main objective of
present study was to develop a rapid, economical
and validated method for the assay and quality
control of eptifibatide acetate in bulk drug
substance and finished pharmaceutical dosage
forms (15-21). The validation of chromatographic
parameters was performed in accordance with
ICH guidelines (22).
Chemicals and reagents
The tested pharmaceutical dosage forms
(Integrilin®) were purchased from Merck and
Co., Inc., (New Jersey, USA). Eptifibatide
acetate working standard were purchased from
HangZhou Think Chemical Co., Ltd. (HangZhou,
China). Acetonitrile, methanol and TFA were
of HPLC grade from Merck (Hohenbrunn,
Germany). HPLC grade water was prepared
using a Milli-Q purification system. All other
reagents were of analytical grade.

Figure 1. Chemical structure of eptifibatide.

C35H49N11O9S2 with molecular weight of 831.96.
From the literature survey, it was revealed
that few spectrometric and chromatographic
analytical methods have been developed for
determination of eptifibatide in pharmaceutical
preparations and biological fluids (7-11).
Characterization of eptifibatide impurities during
stability assays by using mass spectrometers
coupled with a reverse phase gradient HPLC
system has been performed by Wang et al. in
2003. Zhao et al. reported an isocratic RP-HPLC
method for the assay of eptifibatide during drug
stabilization studies (12).
In this method, quantification of eptifibatide
was achieved with UV detection at 220 nm (RT:
10 min). Kota et al. and Saksena et al. developed
different reverse phase gradient HPLC methods
for purity checking of synthetic eptifibatide
substance after synthesis and purification
procedures, but validation and applicability of
these methods for marketed formulations were
not reported (13, 14). Kota et al. used ACN
and water as mobile phase. In this method,
eptifibatide analysis time was 20 min. Saksena
et al. presented method using ethanol and water
as mobile phase (RT: 30 min). The drawbacks
of the reported methods were the need for using
gradient LC separation method with long run
time and use of mass spectrometry that might not
be universally available in laboratories due to its
cost implications.
Eptifibatide acetate has been approved by
FDA 1998. However no compendia method
has been published for its determination in bulk
and pharmaceutical dosage forms. Considering

Instrumentation
The LC system used for method development
and validation consisted of an Agilent 1200
Series HPLC System equipped with autosampler
(G1329A), UV detector (G1314B), degasser
(G1379B), and binary pump (G1312A) (GenTech
Scientific, NY, USA). Data acquisition, analysis
and reporting were performed by ChemStation
Software Rev.B.03.01.
Preparation of stock and working standard
solutions
The stock standard solution of eptifibatide
was prepared in deionized water at 10 mg/
mL concentration. Then five working standard
solutions (2, 1.5, 0.75, 0.375 and 0.15 mg/mL)
were prepared by serial dilutions of the stock
solution in deionized water. All the standard
stock and working solutions were daily prepared.
Preparation of quality control solutions
The quality control (QC) stock solution of
eptifibatide independent of the standard stock
solution was prepared in deionized water. Then
the QC sample solutions (1.5, 0.75 and 0.375
mg/mL) were prepared by serial dilutions of the
QC stock solution in deionized water. All the QC
stock and sample solutions were daily prepared.
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Selection of wavelength
Determination of detection wavelength
was based on the scanned UV spectrum of the
eptifibatide acetate solution over the range of 200
to 400 nm. Maximum absorbance was observed
at 219 and 275 nm.

Sensitivity
The sensitivity of the analytical technique
was estimated in terms of limit of detection
(LOD) and limit of quantification (LOQ). LOD
and LOQ were defined based on signal to noise
ratio of 3:1 and 10:1, respectively. LOQ was
taken as lowest concentration of eptifibatetide
that could be quantitatively determined with
acceptable accuracy and precision (22).

Chromatographic conditions
The chromatographic separation was
performed using isocratic elution at ambient
temperature (25 °C) on Lichrospher® C18
column (150 x 4.60 mm i.d., 5 µM particle size)
with UV detection at 275 nm. The mobile phase
was composed of the mixture of Solution A
(0.1% (v/v) TFA in water) and Solution B (0.1%
(v/v) TFA in Acetonitrile) at the ratio of 68:32
(v/v). The flow rate was set at 1 mL/min. The
injection volume was 20 µL for every injection.

Precision and accuracy
QC samples at three different concentration
levels (0.375, 0.75 and 1.5 mg/mL) were
analyzed during three consecutive days (interday precision) and three times during the same
day (intra-day precision). The precision of
proposed method was obtained by calculating
the relative standard deviation (RSD) values for
intra-day and inter-day analysis with acceptance
criteria of not more than 2% (22). The accuracy
of measurement method was assessed via
the methodological recovery. The percentage
deviation of determined concentration of QC
sample and theoretical concentration expressed
the recovery of method (22).

Analytical method validation
The developed RP-HPLC method was
validated in terms of the following parameters;
specificity, linearity, sensitivity, precision,
accuracy and stability of analytical solutions.
The validation was carried out according to
International Conference on Harmonization
(ICH) guidelines for validation of analytical
procedures (22).

Stability of analytical solutions
To evaluate stability of samples during
the analysis, stability of QC samples under 3
different conditions were checked by replicated
analysis (N = 3). After short-term storage (at 25
°C for 24 h), after long-term storage (at 2-8 °C
for 2 weeks) and after going through three freezeand-thaw cycles (from -20 to room temperature
for every 24 h), aged QC samples reanalyzed
versuse freshly prepared standard solution.

Specificity
The specificity and selectivity of method
was investigated by injecting of blank samples
(deionized water and citric acid buffer as
excipient) to demonstrate the absence of
interference with elution of eptifibatide in
standard samples or pharmaceutical formulation.
Linearity
To study the linearity of analytical procedure,
five working standard solutions at different
concentration levels (0.15-2 mg/mL) were
injected into HPLC system in three individually
replicates. In order to determine that the
instrumental response was directly proportional
to analyte concentration, calibration curve
was constructed by plotting concentration of
eptifibatide on X-axis and average peak area on
Y-axis. Regression equation and value of corelation coefficient was calculated using linear
regression analysis.

Assay of marketed formulation
To define applicability of assay method to
commercial formulation, 10 vials of solution for
injection (Integrilin® 2 mg/mL) and solution for
infusion (Integrilin® 0.75 mg/mL) were analyzed,
respectively. Quantification of injections was
achieved using the regression equation.
Results and Discussion
Selection of wavelength
UV spectrum of eptifibatide acetate solution
showed maximum absorbance at 219 and 275
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Table 1. Intra-day and inter-day precision and accuracy of eptifibatide QC samples using the described HPLC method.
Calculated concentration
(mean ± S.D., n = 3)

Precision (R.S.D.) (%)

Accuracy Recovery %

0.375

0.383 ± 0.001

0.053

102.11

0.750

0.783 ± 0.001

0.058

98.39

1.500

1.441 ± 0.001

0.052

96.07

0.375

0.387 ± 0.002

0.598

103.18

0.750

0.740 ± 0.003

0.364

98.60

1.500

1.445 ± 0.003

0.204

96.36

Theoretical concentration
Intra-day

Inter-day

nm (Figure 2). The assay chromatograms at
219 and 275 nm are presented in Figure 3. The
wavelength of 275 nm was selected as suitable
detection wavelength because of clear flat
baseline and being prevented from interference
coming from TFA along with symmetrical
response peak.

peak and optimum resolution.
Specificity
Figure 4 shows overlay of chromatograms for
standard sample and assay sample (solution for
injection) with that of blank samples (deionized
water and citric acid buffer as excipient). No
interference with eptifibatide peak was observed
as blank has no interfering peak at retention time
of eptifibatide. Specificity of the method can be
concluded based on the chromatographic peak
purity observed in the chromatograms (22).

HPLC method development
The present work was aimed at developing
simple, rapid and economical assay method for
eptifibatide acetate in API powder and dosage
forms. The RP-HPLC separation was developed
on C18 column under isocratic condition
with short retention time (<3 min), acceptable
resolution, use of cost-effective solvents and
ease of preparation. Quantitative analysis was
achieved with high chromatographic response

Abs

Linearity
The calibration curve was constructed by
plotting a graph of peak mean area versus
concentration. The linearity of calibration curve
was evaluated using linear regression analysis.

Wavelength
Figure
ofeptifibatide
eptifibatideacetate.
acetate.
Figure2.2.UV
UVspectrum
spectrum of
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Table 2. Experimental values of mean concentration, %RSD and %Recovery for stability studies of QC samples.
Condition

Short term storage

long term storage

Freeze and thaw

Theoretical
concentration

Calculated concentration
(mean ± S.D., n = 3)

Precision (R.S.D.) (%)

Accuracy Recovery %

0.375

0.385 ± 0.001

0.103

102.73

0.750

0.737 ± 0.002

0.225

98.29

1.500

1.472 ± 0.001

0.054

98.12

0.375

0.387 ± 0.001

0.154

103.23

0.750

0.400 ± 0.001

0.103

98.70

1.500

1.549 ± 0.009

0.603

103.27

0.375

0.384 ± 0.001

0.175

102.53

0.750

0.739 ± 0.001

0.148

98.58

1.500

1.511 ± 0.011

0.742

100.74

Regression equation was: Y = 7667X- 99.948.
Co-relation coefficient was 0.997, which meet
the analytical method validation acceptance
criteria (22). Hence linearity of method was
proved over the concentration of 0.15-2 mg/mL

(Figure 5).
Sensitivity
LOD and LOQ of the method were calculated,
using signal to noise ratio method, 15 and 45

Figure 3. Chromatograms of: (A) standard solution, 0.75 mg/mL eptifibatide acetate in 219 nm (B) blank sample (deionized water) in
Figure 3.
Chromatograms
of: (A) standard
solution,
0.75
acetate in water)
219 nmin 275 nm.
219 nm (C) standard solution,
0.75
mg/mL eptifibatide
acetate in
275 nm
(D)mg/mL
blankeptifibatide
sample (deionized
(B) blank sample (deionized water) in 219 nm (C) standard solution, 0.75 mg/mL eptifibatide
acetate in 275 nm (D) blank sample (deionized water) in 275 nm.
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Figure 4. Chromatograms of: (A) blank sample (deionized water) (B) blank sample (citric acid buffer as excepient) (C) standard solution,
Chromatograms
(A) blank
sample (deionized
water) (B) blank sample (citric acid
0.75 mg/mL eptifibatideFigure
acetate4.(D)
Assay sampleof:
injection
(Integrilin®
0.75 mg/mL).
buffer as excepient) (C) standard solution, 0.75 mg/mL eptifibatide acetate (D) Assay sample
®

injection (Integrilin 0.75 mg/mL).

AUC

µg/mL, respectively. However the recovery
Accuracy
of quantification at LOQ concentration level
The accuracy of method was assessed by
was 70%, which does not meet the acceptance
recovery studies on QC samples. The percent
criteria for method recovery.
recovery by the assay of QC samples ranged
Therefor the lowest concentration on
from 96.36 to 103.18%. The good recovery
Linearity
calibration
curve that can be reproducibly
values for accuracy study ascertain that method
quantified with acceptable accuracy and
is accurate as shown in Table 1.
precision,The0.15
mg/mL,
was
experimentally
calibration curve was constructed by plotting a graph of peak mean area versus
considered as LOQ of the assay method
Stability of analytical solution
(22).
resultslinear
obtained
stability
concentration. The linearity of calibration curve wasStability
evaluated using
regressionfrom
analysis.
studies of QC samples stored in different
Regression equation was: Y = 7667X- 99.948. Co-relation
coefficient
was 0.997,inwhich
the on
Precision
conditions
are summarized
Tablemeet
2. Based
The intra-day and inter-day precision of
these results, QC samples are considered stable
analytical method validation acceptance criteria (22). Hence linearity of method was proved over
method was expressed as RSD value. The RSD
for 24 h at room temperature, up to 14 days when
values for
intra- and inter-day
assay (Figure
of QC5). stored under refrigeration and after three freezethe concentration
of 0.15-2 mg/mL
samples did not exceed 2%, thus indicating the
and-thaw cycles.
good precision of the method. The results are
presented in Table 1.
Application of the method for the analysis

Concentration mg/ml
Figure 5. Linearity plot for eptifibatide drug substance.

Figure 5. Linearity plot for eptifibatide drug substance.
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agents. J. Med. Chem. (2000) 43: 3453-73.
(6) Curran MP and Keating GM. Eptifibatide. Drugs.
(2005) 65: 2009-35.
(7) Patil SS, Ganorkar SB and Shirkhedkar AA.
Pharmaceutical analysis of eptifibatide via simple,
rapid, economical UV-spectrophotometric methods. J.
Pharm. Tech. Res. Manag. (2015) 3: 49-55.
(8) Beaudry F, Cicci D, Alton K, Scott M, Donnelly
E, McAuliffe J, Patrick J and Cayen M. (eds.) A
Selective HPLC/MS Method For The Determination
Of Eptifibatide and Deaminated Eptifibatide In Human
Plasma. Proceedings of the 46th ASMS Conference on
Mass Spectrometry and Allied Topics, 1998 May 31June 4, Orlando, Florida, USA. American Society for
Mass Spectrometry , USA (1998).
(9) Wang R, Feder D and Hsieh F. Characterization of
eptifibatide during drug formulation stability assays. J.
Pharm. Biomed. Anal. (2003) 33: 1181-87.
(10) Liu J, Duan X, Chen X and Zhong D. Determination
of eptifibatide concentration in human plasma utilizing
the liquid chromatography–tandem mass spectrometry
method. J. Chromatogr. B. (2009) 877: 527-32.
(11) Zhou ZL, Yu XY, Yang M, Mai LP, Lin QX, Deng CY,
Shan ZX, Kuang SJ, Zhu P and Huang XZ. Improved
liquid chromatography–tandem mass spectrometry
method for the analysis of eptifibatide in human
plasma. J. Chromatogr. B. (2010) 878: 2094-100.
(12) Zhao L and Yalkowsky SH. Stabilization of eptifibatide
by cosolvents. Int. J. Pharm. (2001) 218: 43-56.
(13) Saksena DL, Muralidharan C, Lobo L, Pawar DS,
Mohe NU and Tarur RV. Process for the synthesis of
cyclic heptapeptide. Google Patents (2014).
(14) Kota S and Tallapaneni V. Improved process for
preparation of eptifibatide by fmoc solid phase
synthesis. Google Patents (2009).
(15) Hooshfar S, Mortazavi SA, Piryaei M, Darzi HR,
Shahsavari N and Kobarfard F. Development and
validation of a reversed-phase hplc method for assay
of the decapeptide cetrorelix acetate in bulk and
pharmaceutical dosage forms. Iran. J. Pharm. Res.
(2014) 13: 43-50.
(16) Guo D, Mant CT and Hodges RS. Effects of ion-pairing
reagents on the prediction of peptide retention in
reversed-phase high-resolution liquid chromatography.
J. Chromatogr. A. (1987) 386: 205-22.
(17) Epshtein N. Validation of HPLC techniques for
pharmaceutical analysis. Pharm. Chem. J. (2004) 38:
212-28.
(18) Aguilar MI (ed). HPLC of Peptides and Proteins:
Methods and Protocols (Methods in Molecular
Biology). Humama Press, New Jersey (2004) 256:
3-103.
(19) Günther K, Kunz FR, Drauz K and Müller T. Process
for the one-stage resalting and purification of
oligopeptides. Google Patents (2001).
(20) Mant CT, Chen Y, Yan Z, Popa TV, Kovacs JM, Mills
JB, Tripet BP and Hodges RS. HPLC analysis and
purification of peptides. In: Fields GB. (ed.) Peptide
Characterization and Application Protocols. Humama

of Eptifibatide acetate injection formulation
(Integrilin®)
The validated developed method was applied
for the analysis of eptifibatide acetate injection
forms (Integrilin® 0.75 mg/mL and 2 mg/mL).
The results of average assays (N = 10) yield
103.446 ± 0.001 and 100.100 ± 0.003 for
solution for injection and solution for infusion
formulation, respectively. Short analysis time
and low RSD value with acceptable accuracy
indicate suitability of this method for routine
analysis of eptifibatide marketed injection forms.
Conclusion
A simple, rapid, validated and isocratic RPHPLC method with UV detection was developed
for the identification and quantification of
eptifibatide acetate in pure and pharmaceutical
formulation. The method was successfully
validated as per ICH guidelines and statistical
data confirmed selectivity, linearity, sensitivity,
precision and accuracy of proposed method.
Also, the described method can be used to
stability study of analytical solutions. Because
of importance of short retention time in routine
analysis of drug, the current method sounds to
be applicable as quality control tool for assay of
eptifibatide acetate in pharmaceutical industries.
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