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Abstract

The purpose of the research described herein was to develop and validate a stability-indicating HPLC method for lisinopril, lisinopril
degradation product (DKP), methyl paraben and propyl paraben in a lisinopril extemporaneous formulation. The method developed in this
reportis selective for the components listed above, in the presence of the complex and chromatographically rich matrix presented % the Bicitra
and Ora-Sweet SF formulation diluents. The method was also shown to have adequate sensitivity with a detection limit ofy @005
(0.03% of lisinopril method concentration). The validation elements investigated showed that the method has acceptable specificity, recovery,
linearity, solution stability, and method precision. Acceptable robustness indicates that the assay method remains unaffected by small but
deliberate variations, which are described in ICH Q2A and Q2B guidelines.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction difficulty swallowing tablets. The extemporaneous formula-
tion was prepared from 20 mg PRINIVfLor ZESTRIL®
Lisinopril ((S)-1-[N2-(1-carboxy-3-phenylpropyh)-lys- tablets in the presence of two syrups (formulation diluents):

yl]-L-proline dihydrate, molecular formula: 2@H3;- Bicitra® (NDC 17314-9330-1) and Ora-Sweet $F(NDC
N3Os-2H,0) is an orally active angiotensin-converting 0574-0302-16)3].
enzyme (ACE) inhibitor used for the treatment of hyperten-  There are numerous methods to quantify lisinopril in sin-
sion, heart failure, and acute myocardial infarctjadh It is gle component or multicomponent tablets, including spec-
currently supplied as 2.5, 5, 10 and 20 mg tablets designatedtrophotometryf4—6], high performance liquid chromatogra-
as PRINIVIL® (a product of Merck & Co. Inc.) and phy (HPLC)[7,8], capillary electrophoresif], gas—liquid
ZESTRIL® (a product of AstraZeneca UK Limited). Recent chromatography (GLC}10], and polarographi§l1]. The
studies have been completed in pediatric patients using anpolarographic method can additionally be used for the de-
extemporaneous formulation of lisinopril prepared from termination of lisinopril in biological fluids along with
20mg ZESTRI® or PRINIVIL® tablets[2]. The develop- radioimmuno-assajl 2] and a method utilizing optical den-
ment of this extemporaneous formulation allows physicians sity measurementgl3]. Spectroscopic and spectrofluoro-
to adjust the dose for pediatric patients and provides for metric methods can provide low levels of detection on
a more convenient dosage vehicle for those patients withthe order of 0.1%, however, they are not selective for
lisinopril degradation products. One of the advantages of
* Corresponding author. Tel.: +1 215 652 1019; fax: +1 215 652 2835, HPLC/UV is that methods can be selective and sensitive
E-mail addresschris beasley@merck.com (C.A. Beasley). [14,15]
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Fig. 1. Structures of lisinopril and lisinopril DKP degradation product.

water is defined as purified water obtained by distillation,
ion-exchange treatment, reverse osmosis, or other suitable
process and complies with regulations of the U.S. Environ-
mental Protection Agency with respect to drinking wéiér
Reagents and solvents used were HPLC grade or USP-NF
grade and were used without further purification.

2.2. Equipment

2.2.1. Instruments

The HPLC system consisted of an Agilent (Wilmington,
DE, USA) 1100 series HPLC quaternary pump G1311A, Ag-
ilent 1100 series diode array detector (DAD) G1315A with a
10 mm pathlength cell, Agilent G1316A column heater and
Agilent Degasser G1322A.

200 220 240 260 280 300 320 340
==~ lisinopril Wavelength (nm) 2.2.2. Analytical columns
— DKP Analytical columns investigated were the Alltech (Deer-
Fig. 2. On-line UV spectra for lisinopril (3@g/mL) and DKP (731g/mL) field, IL, USA) Platinum EPS C8 (250 mm4.6 mm i.d.,
in 91:9 30 MM KHPO; (pH 2.2):acetonitrile, 10 mm cell pathlengtiiote 5wm), Mac-Mod Hydrobond AQ C8 (150 mm4.6 mm
no UV features for either lisinopril or DKP were observed past 260 nm. i.d, 5wm) and a Hewlett-Packard RP-8 Licrosorb
(200 mmx 4.6 mm i.d., 1Qum).
It is well known that, the primary degradation product
for lisinopril is lisinopril DKP (DKP), which occurs through ~ 2.2.3. Chromatographic conditions
an intramolecular condensatiokig. 1) [16]. The UV-vis Mobile phase flow rate was 1.0 mL/min. Detection wave-
spectrum of the lisinopril DKP degradation product exhibits length was 215 nm to maximize sensitivity for DKP relative
a slight red shift relative to the lisinopril parent molecule to lisinopril, since DKP amounts are several orders of magni-
(Fig. 2. The observed red shift is attributed to the formation tude lower. Mobile phases contained varying compositions of
of a second amide bond in lisinopril DKP. potassium phosphate dibasic monohydrate and acetonitrile.

2.3. Preparation of solutions
2. Experimental
All samples and standards were diluted using potassium
2.1. Chemicals and reagents phosphate buffer (pH 2.2, 30 mM):acetonitrile (91:9, v/v).

PRINIVIL® and ZESTRII® tablets were manufactured 2.3.1. Preparation of standards
by Merck & Co. Inc. (Whitehouse Station, NJ, USA) and As- Lisinopril DKP stock standard solution was prepared by
traZeneca UK Limited (London, UK), respectively. Lisino- accurately weighing~9 mg into a 100 mL volumetric flask
pril standard (Merck & Co. Inc.), methyl paraben (Aldrich) andthen diluting to the mark with potassium phosphate buffer
and propyl paraben (Aldrich) were used as received. Ora- (30 mM, pH 2.2):acetonitrile (91:9, v/v). Methyl paraben and
Sweet SEM was manufactured by Paddocks Labs (St. Paul, propyl paraben stock standard solutions were prepared by
MN, USA). Bicitra® was manufactured by Alza Pharma- accurately weighing-15 and~10 mg separately into 25 mL
ceuticals (Mountain View, CA, USA). Water was obtained volumetric flasks, respectively. Each paraben was initially
from anin-house USP-quality water purification system. USP dissolved in 5 mL of acetonitrile then diluted to volume with
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water. Lisinopril working standard solutions were prepared Tablel N
by accurately weighing approximately 17 mg of standard into Compositions of Ora-Sweet $ and Bicitrs®

a 500 mL volumetric flask, then dissolving in approximately Ora-Sweet SP* Bicitra®

300 mL of potassium phosphate buffer (30 mM, pH 2.2):ace- usp 10O Sodium citrate
tonitrile (91:9, v/v). An amount of 2.0 mL lisinopril DKP,  Glycerin Citric acid

10 mL of methyl paraben, and 4 mL of propyl paraben stock Sorbitol USP HO

standard solutions were then transferred to the 500 mL voly- S°dum saccharin
Xanthan gum

metric flask, followed by dilution to volume with potassium  wethyi paraben
phosphate buffer (30 mM, pH 2.2):acetonitrile (91:9, v/v).  Propyl paraben
Potassium sorbate

. . Citric acid
2.3.2. Preparation of placebo and sample solutions Sodium citrate

Placebo sample solutions were prepared by placing 10 Flavoring
lisinopril placebo tablets in a 200 mL poly(ethylene tereph-
thalate) bottle. Next, 10 mL of USPJ® was added followed
by shaking for one minute to disperse the tablets. Finally,
30mL of Bicitrd® and 160 mL of Ora-Sweet $¥ were
added to the bottle followed by gentle shaking for 30 s.

Pediatric sample solutions were prepared by substituting
Zestrif® or Prinivil® tablets in place of placebo tablets.

matographed according to this method illustrates two pri-
mary peaksKig. 3), namely lisinopril ¢~8 min) and DKP
(~18 min).

The lisinopril extemporaneous formulation involves dis-
persing lisinopril tablets in Ora-Sweet 8t and Bicitré® to
form 1.0 mg/mL lisinopril suspensions. The compositions of
2.3.3. Preparation of system suitability solution Bicitra® and Ora-Sweet SE are shown inTable 1

System suitability solution was prepared by diluting  As expected, many peaks attributable to the suspension
1.0mL of the placebo solution to 50mL using a solution diluent are present in the first 40 min window of the lisino-
containing lisinopril (3Qug/mL) and lisinopril degradation  pril tablet method. This chromatogram exhibited eight peaks
product (DKP) (0.3qug/mL). over 0.05% Fig. 4), four of that are readily identified
as sodium citrate~2.5 min), citric acid ¢4 min), methyl
paraben {18 min) and propyl parabem@5 min) by spik-

3. Results and discussion ing in authentic samples of each component. Overlaying these
two chromatogramsH{g. 5) shows that a Bicitr&/Ora-Sweet
3.1. Methods development and optimization SF™ component co-elutes with lisinopril and that DKP co-

elutes with methyl paraben.

The method developed herein was used for the simultane-  Therefore, it was necessary to develop a new method in or-
ous determination of lisinopril at 35g/mL and DKP at the der to achieve the desired selectivity for lisinopril and DKP.
0.025ug/mL. The initial method investigated is that devel- Selectivity for methyl parben and propyl paraben was also
oped for lisinopril tablets to quantify lisinopril and lisinopril  desired to gauge the chemical stability of these two preser-
DKP [1]. A mixture of lisinopril and DKP standard chro-  vatives.
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Fig. 3. Chromatogram of lisinopril (30g/mL) and DKP (0.03wg/mL) standard run by the method[ii: Hewlett-Packard RP-8 Lichrosorb (200 ma#.6 mm
i.d., 10p.m). Potassium phosphate buffer (pH 2.2, 30 mM):acetonitrile (82:18, v/v), 1.0 mL/mjdl. 2@ection volume, 40C column temperature, 215nm
detection wavelength.
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Fig. 4. Chromatogram of Bicitfaand Ora-Sweet SF (method concentration) run by method[if}: Hewlett-Packard RP-8 Lichrosorb (200 mm#.6 mm
i.d., 10pm), potassium phosphate buffer (pH 2.2, 30 mM):acetonitrile (82:18, v/v), 1.0 mL/mjnl- 2gjection volume, 40C column temperature, 215 nm
detection wavelength.

The initial changes to the method focused on resolving retention of Ora-Sweet S/ /Bicitra® components increased
lisinopril and DKP from an unknown component of the Ora-  significantly with decreasing acetonitrile concentration. The
Sweet SEM/Bicitra® mixture and methyl paraben, respec- retention of lisinopril was relatively unaffected by decreasing
tively. As expected, the early eluting components were found acetonitrile concentration, thus before resolution between the
to be very sensitive to changing acetonitrile composition. The co-eluting component and lisinopril was achieved, many of
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Fig. 5. Overlay of Bicitra/Ora-Sweet SF and lisinopril/DKP standard by the methidd:irlewlett-Packard RP-8 Lichrosorb (200 mo#.6 mm i.d., 1Gum),
potassium phosphate buffer (pH 2.2, 30 mM):acetonitrile (82:18, v/v), 1.0 mL/mipl4fjection volume, 40C column temperature, 215 nm detection
wavelength.
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Fig. 6. Chromatogram of Bicitfx Alltech Platinum EPS C8 (150 mm4.6mm i.d., Gum) mobile phase A: potassium phosphate buffer (pH 2.2,
30 mM):actonitrile (91:9, v/v); mobile phase B: acetonitrile, at 16 min ramp B 5%/min for 9 min, then hold for 10 min, 1.0 mL/min, column temperature

40°C, injection volume 2@.L, 215 nm detection wavelength.
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Fig. 7. Chromatogram of Ora-Sweet 9 Alltech Platinum EPS C8 (150 4.6mm i.d., 5um) mobile phase A: potassium phosphate buffer (pH 2.2,
30 mM):acetonitrile (91:9, v/v); mobile phase B: acetonitrile, at 16 min ramp B 5%/min for 9 min then hold for 10 min, 1.0 mL/min, column tempefr&ure 40

injection volume 2QuL, 215 nm detection wavelength.
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Fig. 8. Chromatogram of standard (top) and diluent blank (potassium phosphate buffer (pH 2.2, 30 mM):acetonitrile (91:9, v/v), bottom): Ailttech Pla
EPS C8 (150 mnx 4.6 mm i.d., 5um) mobile phase A: potassium phosphate buffer (pH 2.2, 30 mM):acetonitrile (91:9, v/v), at 16 min ramp B 5%/min for
9 min then, hold for 10 min, 1.0 mL/min, column temperaturé @Qinjection volume 2@.L, 215 nm detection wavelength.
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Fig. 9. Component mixture: Alltech Platinum EPS C8 (150 s 6 mm i.d., 5um) mobile phase A: potassium phosphate buffer (pH 2.2, 0.030 M):acetonitrile
(91:9, v/v); mobile phase B: acetonitrile, at 16 min ramp B 5%/min for 9 min then hold for 10 min, 1.0 mL/min, column temperatyéykxtion volume

20pL, 215 nm detection wavelength.
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the early eluting components started co-eluting with lisino- Table 2

pril. Summary of accuracy, recovery and linearity data for lisinopril and DKP
The inability to resolve the components of interest on the Lisinopril DKP

Licrosorb RP-8 column suggested the need to look at the _ '

other stationary phases with increased polarity. Two different APproximate level Mean Approximate level Mean
columns, a Mac-Mod Hydrobond AQ C8 (150 mrd.6 mm 50 992 0.1 1041
i.d., 5um) and Alltech Platinum EPS C8 (150 ma¥.6 mm 133 992 0-3 1037
i.d., 5pm) were first screened to examine retention of lisino- ggg (1)'0 18§
pril, DKP, methyl paraben and propyl paraben. Both columns 54 093 15 1061

showed adequate retention of DKP, methyl paraben and
propyl paraben but the Hydrobond AQ showed poor reten-
tion of lisinopril. Consequently, development on this col-
umn was stopped while development on the Platinum EPS
C8 continued. The desired selectivity for lisinopril, methyl
paraben and DKP was accomplished using isocratic con-3.2. Method validation
ditions and lowering the acetonitrile content in the mobile
phase from 18 to 9%. Subsequently, the elution of propyl 3.2.1. Selectivity
paraben from the column was expedited using a gradi- The diluent blank (potassium phosphate buffer (pH 2.2,
ent (linear, 9-54% over 9 min) to shorten the method run 30 mM):acetonitrile (91:9, v/v)) chromatograrfig. 8 bot-
time. tom), Bicitrd® chromatogramFig. 6), and Ora-Sweet S
Injecting Bicitré® according to the modified method chromatogramFig. 7) show that there are no placebo peaks
showed five peaks, two of which are attributable to sodium co-eluting with either lisinopril or DKP. Two small peaks
citrate (~3 min) and citric acid 5 min) (Fig. 6). Injecting elute on the tail of methyl paraben, however, these peaks con-
Ora-Sweet SF shows an additional 16 pedkg.(7), four tribute to less than 0.3% of the total area for methyl paraben
of which are attributable to sodium citrate-d min), citric and are therefore considered to be neglibible for the pur-
acid (~5 min), methyl paraben{14 min) and propyl paraben  pose of this method. This method is selective for lisinopril,
(~26 min). Injecting a solution mixture of the components of DKP, methyl paraben and propyl paraben in the B @ad
interest Fig. 8) also identifies lisinopril 7 min) and DKP OraSweet SBY matrix.
(~18min). Finally, an injection of a mixture of OraSweet
SF'™, Bicitra®, lisinopril, and DKP Fig. 9 shows the ad-  3.2.2. Accuracy
equate selectivity achieved for lisinopril, methyl paraben, Method accuracy was determined by spiking placebo-
DKP, and propyl paraben from the extemporaneous solution based solutions with lisinopril and determining recovery. Five
components. levels with concentrations ranging from approximately 50
Thompson et al. reported on the stability of an extempo- to 150% of method concentration for lisinopril (28/mL)
raneous preparation of lisinopril using the method discussedwere prepared in duplicate. Recoveries for lisinopril ranged
herein[17]. Several stability studies were carried out on the from 98.6 to 99.8% with a mean of 99.1% and an R.S.D. of
formulation preparations. The first study involved placing ex- 0.3%.Table 2lists these recovery values. Accuracy for DKP
temporaneous preparations at’®335% RH for a period of ~ was also performed in a similar manner with concentrations
6 weeks. Samples were taken at 0, 1, 2, 4, and 6 weeks. Thaanging from approximately 0.1 to 1.5% of method concen-
second study was a photostability study, carried out by ex- tration for lisinopril. Recoveries for DKP ranged from 102.9
posing the extemporaneous preparation to full International to 105.5% with a mean of 104.1% and a R.S.D. of 0.8%.
Conference on Harmonization stressing conditions (a mini- Table 2also lists these recovery values.
mum of 1.2 million lux-hours of visible light, followed by a
minimum of 200 Wh/rf of ultraviolet light). The final study ~ 3.2.3. Linearity and sensitivity
carried out on the extemporaneous preparation was an in- Response for the detector was determined to be linear over
use stability study, were samples are repeatedly taken fromthe range of 12.5-37bg/mL (50-150% of method concen-
the same preparation, stored at2360% RH, over a period tration for lisinopril) and 0.025-0.37%5g/mL (0.1-1.5% of
of 4 weeks. This final study simulated actual usage by pa- method concentration for lisinopril) for DKP. Correlation co-
tients. All three studies concluded that for lisinopril, methyl efficients, and slopes were obtained by plotting theoretical
paraben, and propyl paraben there were no significant dif- concentration versus actual concentration for both lisinopril
ferences over the lifetime of the studies. A 0.1% increase in and DKP {Table 9. Signal-to-noise ratios for a 0.1% solution
DKP was observed for the extemporaneous preparations aftetypically ranged from 13 to 20.
6 weeks at 25C/35% RH and also for the in-use study. These Response for the detector was also determined to be lin-
data confirm that, the method developed can adequately asear for both parabens across the range of 50-150% of method
sess the chemical stability of the lisinopril extemporaneous concentration. Correlation coefficients, and slopes were ob-
formulation. tained by plotting percent of method concentration versus

Correlation Slope Correlation Slope
coefficient R) coefficient R)

1.00 0992 1.00 106
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Table 4

Summary of ruggedness data

Table 3

Recovery and linearity data for methyl paraben and propyl paraben

Methyl paraben Propyl paraben

Approximate level Mean  Approximate level Mean
50 955 50 912
75 957 75 930

100 955 100 919

125 955 125 926

150 951 150 915

Correlation coefficient) Slope  Correlation coefficienRj Slope

1.00 Q949 100 0917

percent measured for both components. Correlation coef-
ficients for both methyl paraben and propyl paraben were
greater than 0.999. Slopes for methyl paraben and propyl

paraben were 0.9494 and 0.9172, respectivieiple 3sum-

marizes these data.

3.2.4. Ruggedness

tablets and three separate lots of Priffividiblets. Each ana-

Tablet lot Label claim lisinopril (%) R.S.DnE4) (%)
Analyst1  Analyst 2

Prinivil® J8227 1038 101.6 1.9
1045 100.3

Prinivil® K5612 996 100.8 0.6
1006 100.7

Prinivil® K6156 1016 100.0 0.8
1015 100.5

Zestri® CSH871 1016 103.1 0.7
1020 101.4

Zestri® CSJ281 10B 102.8 0.4
1020 102.2

Zestri® CSJ151  10B 102.2 0.8
1007 100.5

3.2.5. Robustness

Method robustness was performed by making small in-
Method ruggedness was demonstrated by having two an-cremental changes to buffer ionic strength, pH, column tem-
alysts perform assay testing on three separate lots of Zestril perature and acetonitrile concentration. Column to column
variability was also investigated using two new columns each
lyst prepared samples in duplicate and used separate instrufrom a different lot and one old column (>1 year old). System
ments, reagents, diluent, and mobile phase solutions. R.S.D.suitability solution and placebo solutions were then run after

(n=4) for all of the samples for each lot were less than 2.0% these changes were made.
indicating acceptable robustne3able 4summarizes these

data.

Table 5

Summary of minimum resolution values for method robustness testing

Six critical resolution pairs were identified and num-

bered for this method (numbered 1-6Hig. 9). Resolution

Method parameter

Lisinopril (critical separatidn)

Methyl parabef

DKP (critical separatior)

Propyl parabeh

Column
35°C

Temperature®C)
40
45

pH
2.0
2.2
2.4

lonic strength (mM)
20
30
40

CAN (%)
7
9
11

Column batch
#1
#2
#3

4.96

3.56
3.70

4.02
3.56
3.42

2.83
3.56
4.78

2.72
6.05
4.76

3.79
3.56
3.16

4.43

4.21
3.94

4.29
4.21
4.04

4.25
4.21
4.14

4.07
4.21
4.35

4.07
4.21
4.35

73

54
&2

&7
%4
50

12
b4
2

169
H4
50

26
&4
24

1044

908
1148

946
908
954

1089
908
1089

981
908
1185

1080
908
1199

2 Resolution was defined aBs =

for peaks A and B, respectivel§].

%, where {r)g is the retention time of peak Btg)a the retention time of peak AlVa andWg are the widths
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of methyl paraben with the component eluting at approxi- [2] Prinivil®-Merck, ZestriP—AstraZeneca, Prinizife-Merck and
mately 11.4 min and also those peaks eluting on the tail of Zestoreti®—AstraZeneca, Product Information, Physician’s Desk
methyl paraben not considered critical to the intended use of E‘J*ference (PDR), S0th ed., Medical Economics, Monvale,
this method. Bias introduced by these'peall<s co—elutlng Wlth [3] NDA 19-558 Prinivil (lisinopril) Supplemental New Drug Applica-
methyl paraben was less than 0.3%. Likewise, the resolution ~ ~ tjon, 24 September 2001.
between DKP and the component eluting at approximately [4] A. EI-Gindy, A. Ashour, L. Abdel-Fattah, M.M. Shabana, J. Pharm.
18.5 min was also not considered critical since the response  Biomed. Anal. 25 (2001) 913-922.
of Ora-Sweet SF 14 was insignificant relative to DKP. [5] G. Paraskevas, J. Atta-Politou, M. Koupparis, J. Pharm. Biomed.
) . . . Anal. 29 (2002) 865-872.
A S“mma_rY of the m?thOd alterathns IS pFOVIde I,n [6] F.A. El-Yazbi, H.H. Abdine, R.A. Shaalan, J. Pharm. Biomed. Anal.
Table 5 All critical separations were achieved with the indi- 19 (1999) 819-827.
cated minimum baseline resolution. [7] N. Erk, M. Kartal, Anal. Lett. 32 (1999) 1131-1141.
[8] R.T. Sane, G.R. Valiyare, U.M. Deshmukh, S.R. Sing, R. Sodhi,
Indian Drugs 29 (1992) 558-560.
4. Conclusion [9] S. Hillaert, K. DeGrauwe, W. Van den Bossche, J. Chromatogr. A
924 (2001) 429-449.
An HPLC method has been developed and validated andf10] A.B. Avadhamulu, A.R.R. Pantulu, Indian Drugs 30 (1993) 646—
found to be acceptable for the quantitation of lisinopril, DKP, 649.
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