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ABSTRACT

The possibilityof optimization of an HPLC method for determination of
related compoundsin Enalapril mal eate tablets described in official British
Pharmacopeia (BP) wasinvestigated. Columns with different C18 station-
ary phases were tried out. A full factorial design (2%) was used to investi-
gatetheinfluence of four variables (pH of the aqueous phase in the mobile
phase, acetonitrile fraction, flow rateof the mobile phase and column tem-
perature), as BP recommends extreme column conditions regarding to pH
and temperature. Nineresponses were determined in each experiment: re-
tention time (Rt) of enalaprilat (ET) peak, retention time of enalapril
diketopiperazine (DKP) peak, resolution factor between the peaks due to
ET and DKP, resolution factor between the peaks due to DKP and
enaapril USPtailing of ET and DKP,capacity factor (k’) of ET and DKP and
retention time of enalapril. The optimal conditionsfor the chromatographic
procedure were determined:pH of the aqueous phase in the mobile phase
2.2, acetonitrilefraction 37.5% v/v, flow rate 1.0 and column temperature
50°C. Method was found to be selective, linear, accurate and precisein the
specified ranges. The limits of detection and limits of quantitation were
0.024 ug ml*and 0.080 pg ml*for ET, 0.017 ug mlt and 0.055 ug ml* for
DKPand 0.181 ug ml*and 0.603 ug ml*for enal april ,respectively. The pre-
sented HPLC method is to be implemented in the quality and stability
testing of Enalapril maleate tablets 10 mg and 20 mg.
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INTRODUCTION angiotensin-converting enzyme(A CE) inhibitorand

Enaapril is used to treat high blood pressure
(hypertension). Lowering high blood pressure helps
prevent strokes, heart attacks, and kidney problems. It
is aso used to treat heart failure. Enalapril is an

works by rel axing blood vessdal s so that blood can flow
moreeasilyY,

ACE isapeptidyl dipeptidasethat catalyzesthe
conversion of angiotensin | to the vasoconstrictor
substance, angiotensinll. Angiotensin |l also stimulates
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aldosterone secretion by the adrenal cortex. The
beneficid effectsof endapril in hypertensionand heart
failure appear to result primarily from suppression of
therennin- angiotensin- aldosterone system. Inhibition
of ACE results in decreased plasma angiotensin |1,
which leads to decreased vasopressor activity and
adosterone secretion!?.

Although thelatter decreasein small, it resultsin
small increases of serum potassium. While the
mechanism through which enalapril lowers blood
pressureisbelieved to beprimarily suppression of the
rennin — angiotensin- aldosterone system, it is
antihypertensive even in patients with low — rennin
hypertension@.

Enalapril maleate, is 1-{ N-[(s)-1-carboxyl-3-
phenylpropyl]-L-alanyl-}-L-proline 1-ethyl ester
ma estewiththefollowing sructurd formula:

CH,

CH, CH, CH NH CH CO N COOH

CHCOOH

COOC H; CHCOOH

Figurel: Sructural formulaof enalapril maleate

Itisreported that enal april degradesto two major
degradation products.diacid enalaprilat, formed by
hydrolysi sand diketopiperazine, formed by dehydration
and cyclization9. In the solution, the rate and the
pathway of degradation of enal april ma eate depend of
pH. Below pH 5, themg or degradation product isDKP,
however, at pH 5 or above, the majordegradation
product isET . Thestructura formulasfor thesetwo
products areshown bel ow.

CH,

CH CH CH —NH CH CO-—N COOH

COOH

Enalaprilat

C,H.0.C 0

H,C
(W)

Diketopiperazine
Figure 2: Sructural formulasof enalaprilat (a) and enalapril
diketopiperazine(b)
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The chromatographic procedureiscarried out as
per method described in British pharmacopoeid’®. The
major requirements for system suitability are the
resol ution factor betweenthe pesksdueto ET and DKP
to beat least 3.0 and the resol ution factor between the
peaks dueto DKP and enalapril tobeat least 2.0. In
addition, adjustment theratio of thecomponentsof the
mobile phaseis suggested to attain system suitability.
These column conditions are extremeregarding to pH
and temperature, as the most silica columns are not
recommend to be used at temperature above 60°C and
at pH below 2.0.

Theam of thiswork wastoinvestigatethepossibility
of optimization ofan HPL C method for thedetermination
of related compounds in Enalapril maleate tablets,
according to BP. AlthoughHypersil ODS columnis
recommend, columnswith different C18 stationary
phasesweretested out. Inaddition,full factorial design,
asan efficent gatisticd method of indicatingtherdative
significance of anumber of variables(pH, acetonitrile
fraction, flow rate and temperature) and their
interactionswasemployedinthisstudy.

EXPERIMENTAL

Equipment

M ethod optimization and validation werecarried
out onaAgilent HPL C sysem HP 1200 seriesequipped
with binary pump G1312A, vacuum degasser G1379B,
autosampler G1329A, thermostated column
compartment G1316A and UV detector G1315D, from
Adgilent Technologies (Waldbronn, Germany). Data
acquisition, datacollection and system control provided
Chemstation softwarerevison B.03.01-SR1 fromthe
same company.

Hypersl ODS, 5 um, 250x 4 mm column purchased
fromAgilent(New Castle, Delaware, USA)was used
for optimizationand validation.

Theother columns, with the same dimension and
particlesize, but different stationary phases(TABLELI)
were used for optimization.

Other used apparatuses were analytical balance
SartoriusMC 1 with precision 0.1 mg (SartoriusAG,
Gottingen, Germany), and centrifuge SIGMA 2-5
(SartoriusAG Gottingen, Germany).

For experimenta design Design-Expert software,
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verson7.1.6., Stat-Ease, Inc.(Minnegpolis, USA) was
used.

Reagentsand solutions

HPL C-grade acetonitrile,orthophosphoric acidand
potass um dihydrogen phosphatewere purchased from
Merck KgaA (Darmstadt, Germany), whilethewater
HPL C-grade wasobtained bySartorius Stedim
Biotechwater system (Sartorius AG, Géttingen,
Germany).

Asdgtandard, in-houseworking standard of Enal april
mal egte provided by Zheijiang Huaha Pharmaceuticas,
China, was used, standardized against Enalapril
maleateUSP reference standard. Maleic acid USP
reference standard, Enagprilat LGC reference standard
and End april diketopiperazineLGC referencestandard
were used for standard sol ution preparation. Enal april
10 mg tabletsmanufactured by Zdravlje, Actaviswere
used forvalidation purposes. Onetabl et weighted 150
mg and contained 10 mg of enalapril. Solutions 1-5
and solutionsA, B and C were prepared according to
BP. Exception of thiswassolutionA. In optimization
and validationwork, pH of thissolution was adjusted
on1l38,200r22.

Enal april mal eate stock solution was prepared as
follows: 10.0mg of endapril ma eateworking standard
was dissolved in solution A and diluted to 200 ml with
thesame solvent, c=0.10 mgmi-*of ena april maleste.

Enalapril mal eate standard sol ution was prepared
by diluting onevolume of stock solutionto 50 volumes
withsolutionA, c=2.0 ug ml-1 of enaapril maleate.

For selectivity test, except the sol utions described

—> Fyll Poper

above, thefoll owing solutionswere prepared:

P acebo solution: 900 mg of exci pients (mixture of
lactose monohydrate, maize starch, sodium hydrogen
carbonate, colloidal anhydrous silica, magnesium
stearate and colorants) was shaking with 50 ml of
SolutionA for 15 minutes and centrifugated. Theclear
supernatant liquid was filtered through a 0.45 pm
membranefilter.

Male cacid stock solution wasprepared asfollows:
10.0mg of maleic acid CRSwasdissolved in solution
A and diluted to 10 ml with the same solvent, c=1.0 mg
ml* of maecacid.

Six linearity solutionswere prepared by mixing of
adequatevolumesof Solution B, Solution Cand end april
mal eate stock solution and dilutingwith solutionA.

A set of dilute solutions were prepared for
determination of limit of detection (LOD) and limit of
guantitation (LOQ). After determination LOD and
LOQ, six solutions with LOQ concentration were
prepared in purposeto check recovery and precision
at low concentrations.

RESULTSAND DISCUSSION

M ethod optimization

The columns were tested out by using the
experimenta conditionsdescribedin BR. Only solution
for system suitability (solution 5in BP) wasinjected.
Except BPreguirementsfor system suitability, resolution
between ET pesk and ma e c acid pesk was considered.
Resultsaresummarizedin TABLE 1.

TABLE 1: Resolution factor sat different columns

- column Rt (DMalec Rt () Rt (3 Rt 4  Resol (1)-Resol (2)- Resol. (3)-
acid ET DKP Enalapril 2 (3 (4
1 Hypersil ODS 1.64 4.61 6.25 18.11 1156  6.65 7.21
2 Zorbax ODS 1.97 5.94 11.03 29.45 3.36 5.15 3.75
3 Eg;‘gos'f’haloo 233 3.67 13.33 8.65 4.46 6.04° 8.08
4  Purospher STAR 2.01 2.11 9.49 2.74 not resolvec ~ 3.08° 17.66
RP18e

5 Zorbax extend C18 221 221 8.13 2.83 not resolvec  2.23° 22.89
6 Nucleos| C18 2.54 3.07 10.32 451 notresolvec  4.25%  16.67
7 LunaCls(2) 2.71 271 11.39 3.36 not resolvec 1522 8.15
8 Kromasl C18 2.18 2.44 1411 3.52 notresolvec  3.07% 2845
9 Inetsl ODS3 2.73 271 17.75 3.70 notresolvec  3.11%  31.92

a Resolution (2) - (4), considering different order of eluation
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It can be seen that the best resultswere achieved
by recommended ODS Hypersi| column.

Critical chromatographic parameterssuch asthe
pH of the agueous phase in the mobile phase,
percentage of acetonitrilefraction, flow rateof themobile
phase and column temperaturewereddiberately varied
to test their impact onmethod. Characteristics of
chromatogram such asretention time, resol ution factor,
USP tailing and capacity factorwere used to seethe

influence of changes mention above. Theexperimenta
designandresultsareshownin TABLE 2.

Thenumber of experimentsrequired for the study
depends on the number of independent variables. The
responses are measured for each trial and then
interactive (Y=b,+b, X  +b, X +b. X ,+b X X,
+b X X,...) model is fitted by carrying out multiple
regressonanayssand F-datisticstoidentify satisticaly
significant termg™.

TABLE 2: 2*full factorial design layout

Factors Responses
Rn A B crow D R Rt RO Resl.USPUSE o, Rt
AcCN X ET- DK P- tail. tail. :
pH % ml/min  Temp.°C ET DKP DKP Enalaprii ET DKP ET DKP Enalapril
7 18 350 08 50.0 6.102 12.342 14.07 4.63 143 105 159 4.24 22.34
26 18 350 08 50.0 6.135 12369 13.74 4.67 140 105 160 4.25 22.64
6 18 450 038 50.0 5707 6.287 246 6.85 150 103 142 167 15.31
4 18 450 08 50.0 5727 6291 240 6.89 150 102 143 167 15.40
22 18 350 12 50.0 3982 8031 1351 471 135 099 154 411 15.26
3 18 350 1.2 50.0 4119 8282 1193 4.68 162 105 1.62 4.27 15.61
29 18 450 1.2 50.0 3765 4.095 148 6.86 118 098 140 161 10.20
9 18 450 1.2 50.0 3818 4210 210 6.80 169 102 143 1.68 10.45
25 18 350 08 70.0 5920 11.637 14.50 4.92 138 109 151 394 20.95
16 18 350 08 70.0 5687 11.211 17.81 5.04 169 106 141 3.76 20.70
32 18 450 08 70.0 5592 6.060 1.63 7.30 131 105 137 157 14.52
8 18 450 038 70.0 5382 5873 1.80 7.47 136 103 128 149 14.27
10 18 350 12 70.0 3950 7.747 12.28 4.92 152 111 152 393 14.24
30 18 350 12 70.0 3.800 7.443 16.68 5.05 155 106 142 374 13.93
15 18 450 12 70.0 3728 4039 137 7.19 117 097 137 157 9.78
24 18 450 12 70.0 3590 3908 158 7.42 120 103 129 149 9.57
20 22 350 08 50.0 6.850 12552 11.85 525 162 101 191 433 34.08
14 22 350 08 50.0 6.859 12574 11.88 5.25 160 101 191 434 34.13
21 22 450 08 50.0 5570 6.255 4.25 7.20 178 102 136 1.66 25.84
23 22 450 08 50.0 5573 6.263 431 7.20 175 102 137 1.66 25.87
2 22 350 1.2 50.0 4366 8.136 1292 5.15 148 096 1.78 4.8 22.45
28 22 350 1.2 50.0 4550 8405 1094 5.19 161 100 190 4.35 22.78
5 22 450 12 50.0 3662 4071 259 6.78 126 100 133 159 16.77
18 22 450 12 50.0 3.711 4197 3.96 7.06 171 099 136 1.67 17.23
1r 22 350 08 70.0 6.560 11.721 14.79 5.50 149 104 178 397 30.30
2r 22 350 08 70.0 6.436 11.663 16.12 5.26 162 106 173 395 29.87
19 22 450 08 70.0 5596 6.052 224 9.33 135 107 138 157 22.75
11 22 450 08 70.0 5400 5860 229 9.09 135 107 129 149 2214
1 22 350 1.2 70.0 4357 7.806 13.62 5.43 144 106 1.77 3.97 20.17
13 22 350 1.2 70.0 4374 7539 13.60 5.40 165 109 1.79 3.80 20.28
31 22 450 1.2 70.0 3720 4.049 215 9.11 139 107 137 158 15.15
12 22 450 1.2 70.0 3590 3924 227 8.95 130 105 129 150 14.76
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Theestimated effectswereinterpreted graphicaly
and getigticdly, to determinetheir significance. For BP
conditions, an overlay plot was created:

Overlay Plot
45.00 ——_f

2 X1=A:pH
X2=B: AcCN

Actual Factors (const.)
C: Flow = 1.00
D: Temperature = 70.00

40.00 =

Rt of enalapril 4.84554

Rt of DKP:  7.22806
|Efficiency-en 5376.21
Efficiency-D  16122.8
Resolution-En 8.25988
Resolution-D  6.7379

USP tailing fo 1.41927
USP tailing fo 1.05549
Area forenal 219.191
Area for DKP 278.816
Rt of enalapril 18.2022 f,
X1 2.00

X2 40.00

Figure 3: Overlay plot - BP method

AcCN fraction | %

3750 —

L.80

It can be seen that, for the proposed conditions,
method isvery robust.

The half-normal probability plot was used as a
graphical tool to assesssignificance of the effects. In
thisplat, thenon-dgnificant effectsarefound onastraight
linethrough zero, whilethesignificant deviatefromthis
line. Anexampleof graphica methodisgivenonFgure
4, showing pH, acetonitrilefraction, temperature, and
interaction between pH, acetonitrile fractionan
dtemperatureasgatiticaly themost sgnificant effectson
resol ution between pesksof DK Pand ena april.

Interactive statistical first - order complete model
was generated to evaluate DKP peak area. Final

Half-Normal Plot
99 |
- A:pH
(o B: AcCN
C: Flow rate

2 e oB D: Temperature
Z OAB
5 90 | OA
Q] op
8 HBC -
= 80 o O Positive Effects
] — O Negative Effects
§ A Error from replicates
T

30 |

20

10

o

T I I T I
0.00 0.50 1.00 1.50 2.00

Standardized Effect
Figure 4 : Half normal probability plot — statistically
sgnificant effectson DKP peak area

—= Fyll Peper
equationisgivenintermsof actud factors:

114 xAXB—0.75xAXxD—0.04xBXxXD+002xAXBxD (€8]
Equationsfor other responseswere a so generated.
Some examplesaregiven below.

Resolution ET and DKP = 56.11 — 2244 X A—1.25 X B4+ 0.70 X D +

056 X AXB—0.02XB XD )
Capacity factor for DKP = 16,58 — 0.33 X B —0.06 XD + 1.29 X B X D 3)
USP tailing, ET = 1.54 4+ 0.24 x A+ 0.07 X B 4+ 0.05 x D — 0.0013 x B x D 4)

Rtof ET =140+7.08xA4+019%xB—-761xC—880xD—0.16%x AxRB
+0.07 X B x C (5)
Whereare:
A -pH
B - Acetonitrilefraction/ %
C-Flowrae/ml min?
D - Temperature/ °C

After building, model wasinterpreted graphically,
by drawing 2D contour plot. A 2D contour plot shows
theisoresponselinesasafunction of twolevelsof two
factors. As an example, Figure 5 is graphical
representation of USPtailingfor pesk of ET inafunction
of acetonitrilefraction and temperature.

USP tailing for enalaprilat

1.34456

70.00

65.00 —

X1=B:AcCN
X2 = D:Temperature

Actual Factors (const.)
— pH =2.00
I Flow rate = 1.00

¢l

55.00 =

50.00 T T T
35.00 37.50 40.00 42.50 45.00

AcCN fraction | %
Figure5: 2D contour plot - number of theoretical plates

Statistically the most significant factors and
interactionswereobta nedby statisticd andysis. Thisis
summarizedinTABLE 3.

To find optimal conditions, with respect to
experimental results, it was considered that response
factorsshould be:
¢ Reettiontimeof ET:minimum, of DK P minimum.
e Resolution between ET and DKP: inrange5—

17.81,
e Resolution between DKPand endgpril: inrange2
-9.33

e Analytical CHEMISTRY
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TABLE 3: Satistically significant factors

Individual

Response factors Interactions

Retention time

of ET A,B,CD AB, BC

Retention time

of DKP B,C,D BC,BD

Resolution ET

and DKP B AB, BD

Resolution DKP ) 5 1 AB, AD, BD, ABD

and enalapril

USP tailing of

ET B, D BD

USP tailing of

DKP B,D AB, AD

k> of ET A,B,D AB

k> of DKP B,D BD

Retention time AB, AC, AD,

of enalapril A B,CD BC,BD,CD,ACD

e USPtallingof ET: inrange0.8-2.0, of DKP: in

range0.8—1.5.

e k’of ET: maximize, of DKP: maximize

e Reentiontimeof enaapril:inrange9.57-34.13.

From many solutions, proposed by software, two
were chosen:

1 pH of theagueous phaseinthemobilephase 2.2,
acetonitrilefraction 37.84%v/v, flow rate0.98 and
column temperature 50°C - by numerical
optimization.

2  pH of theaqueous phasein themobile phase 2.0,
acetonitrilefraction 38.5% v/v, flow rate 1.0 and
column temperature 50°C - by graphical
optimization.

System suitability test was performed at suggested
conditionsand at BP conditions. Chromatogramsare
showninFigure®6.

Resultsobtained statiticadly and experimentaly are

summarizedin TABLEA4.

Relatively good agreement can be observed
between statistical and experimenta results. Only lower
value forresolution between ET and DKP at BP
conditionswas obtained. Oneof reasonfor thiscould
be column affected by temperature. Based on results
above, the optima conditionsfor the chromatographic
procedure were determined:pH of the agueous phase
inthemobilephase 2.2, acetonitrilefraction 37.5% /v,
flow rate 1.0 and column temperature 50°C.

Method validation

The parametersto bevdidated for theHPLC assay
were according to the |CH guidelines (International

mAU

40 a)

-~ 5.109
S
o 20,672

29.132

[44 ——— 8.629

mAU

——2136 =i
———— 7500
22,358

=)

—— 5.331

o

0 5 10 15 20 25 30 35 min
Figure6: Chromatogramsof system suitability solution at
conditionsof BP (a), statistically obtained (b) and obtained
through overlay plot (c)

TABLE 4: Reaultsat different conditions, statistically and experimentally

Rt Rt Resol. ET- Resol. DKP- USPtailing USPtailing k’ k’ Rt
ET DKP DKP Enalapril ET DKP  ET DKP Enalapril
BP conditions Statistic ~ 4.85 7.23  8.26 6.74 1.42 106 147 268 182
BPresultsExperimental 5.11 647 351 7.93 1.21 116 171 244 209
Optimal conditions 1 547 916  9.63 5.73 157 099 172 351 270
Statistic
Optimal conditions 1 561 863 757 7.56 157 1.08 192 349 2901
Experimental
Optimal conditions 2 512 861 921 5.65 152 101 161 334 213
Statistic
Optimal conditions 2 533 7.60  5.67 6.89 1.53 116  1.83 303 224
Experimental

Hnalytical CHEMISTRY o
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Conference on Harmonization)™2.,
Selectivity

In order to determinethe sel ectivityof the method,
placebo solution, solutionsl — 5 and standard solution
of maleic acid werefiltrated and injected into HPLC
system. Representative chromatograms are shown
below (Figure7).

In placebo sol utionstherewereno interfering pesks
observed at the expected retention time of the active
ingredient and mainimpurities. In addition, thereareno
interference between maleic acid, ET, DKP and
endapril.

Linearity

The linear dependence of peak areaagainst
concentration forET, DKPand enal aprilwereverified
within the range 20-120% specification, which
corresponds to concentrations3.0 — 18.0 pg ml-*for
ET, 1.0-6.0 for DKPand 0.6 — 3.6 ng ml*for endapril.
Thebest-fitlinesthrough least squareslinear regression
were generated. The main components gave linear
response over thetested range, and linear regression
equationswere obtained:
¥ = 27.6097 x X + 0.5827For ET (6)

—— Fuyl] Paper

40 | a)

= |

>

=
28.882

&
40 ff c)
\

0 5 10 15 20 25 30 35 min

27.811

— 2.535

04—t S AL a | R

0 5 10 15 20 25 30 35 min

Figure7: Chromatograms of placebo solution(a), system
suitability solution (b) maleic acid standard solution (c) and

test solution (d)

TABLES: Linearity Of Response For ET, DK PANd Enalapril (Peak Area Residuals)

Conc./ugml™ Area/mAU*s Bestlinepeak area Peak arearesiduals Relative peak arearesiduals

3.00 83.01 83.41 -0.40 -0.48
= 6.00 165.38 166.24 -0.86 -0.52
% 9.00 252.80 249.07 3.73 1.50
E 12.00 329.90 331.90 -2.00 -0.60
w 15.00 413.01 414.73 -1.72 -0.41

18.00 498.82 497.56 1.26 0.25
@ 1.00 28.54 27.65 0.89 3.22
N 2.00 59.15 55.68 3.47 6.23
g 3.00 77.63 83.71 -6.09 -7.27
g 4.00 110.97 111.75 -0.78 -0.69
E 5.00 141.28 139.78 1.50 1.07
Q 6.00 168.82 167.81 1.01 0.60

0.60 11.40 11.45 -0.06 -0.50
_ 1.20 24.25 24.02 0.23 0.94
=3 1.80 37.31 36.60 0.71 1.95
< 2.40 48.13 49.17 -1.04 211
- 3.00 61.07 61.74 -0.67 -1.09

3.60 75.15 74.31 0.83 1.12

— a%a['yttaa[’ CHEMISTRY
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¥ = 28.0336 x X — 0.35383 For DKP )

Y = 20.9538 x X — 1.1197Forendapril  (8)
INTABLE 5theraw datafor thebest linecaculation

isgivenaswell asthecal culated peak areasof the best
line, the peak arearesidua vauesandthereative peak
arearesidud vaues.

The correlation coefficients (r) were0.9998 for
ET,0.9961 for DKPand 0.9990 for enalapril. No
apparent non-linearity was observed. Thisindicates
functiond linearity between the concentration of anayte
and the corresponding peak area.

Limit of detection and limit of quantitation.

ThelLOD and LOQ were determined based onthe
S/N criteriai. e. S/IN =3for LOD and S/N =10 (12),
and werefoundto be:

0.024 pgml*and 0.080ugml?, for ET
0.017 pg ml* and 0.055 pg ml?, for DKP
0.181 ug ml*and 0.603 pg ml?, for ena gpril

Six LOQ solutions were tested against standard
solutions. Obtained RSDof6,08%, 8.85 %, 6.48 % and
mean recoveriesof 102.90, 101.56, 93.2for ET, DKP
and enalapril, respectively, show that acceptable
accuracy and precision were obtained.

Precision
In order to determine repeatability, test was
performed as per method described above, on six

samples. Todeterminetheintermediate precisonof the
method, asecond analyst performed the repeatability

determination on the same batch of 10 mgEnal april
tabletson different day, usingadifferent HPL C system
(TABLE®).

Accuracy

Accuracy wastested asrecovery of ET, DKPand
enalapril at levels80, 100 and 120% of specification,
with 100% content of placebo. Appropriateamount of
ET, DKPand end april ma eatewere added intheform
of standard sol utionsto placebo and dilutewith solution
A to obtain adequate test samples. Accurate
concentrationsofsampleswere: 11.76, 14.70and 17.64
ug ml*for ET, 4.0,5.0and 6.0for DKPand 1.52, 1.90
and 2.28 ug ml* for end april. Thesesamplesweretesting
asper method.

The accuracy results for ET, DK P and enal april
maleatein al samples showed good recovery and are
summarizedinTABLE 7.

Sability of solutions.

Thestahility of ET and DKPin standard duringthe
period for 144 hours was determined. Solution B,
solution C, solution 3 and solution 4wereinjected into
HPL C system at zero point, after 24, 48, 96 and 144
hours. Theareasof ET and DKPin standard solutions,
atinitia time point were compared totheareasof ET
and DK Pin same sol utions at time points. Solutions
weregtoredin autosampler via sa ambient temperature.
Theresultsshow that thesol utionsarestablewhen stored
inautosampler over aperiod of 144 h, since measured

TABLE 6: Repeatability and inter mediate precision results

ET DKP Impurity at RT=3,9
Sample Analyst 1, day Analyst2, Analyst1l, Analyst2day Analyst1, Analyst 2
1 day 2 day 1 2 day 1 day 2
1 0.0836 0.0940 0.0627 0.0660 0.0368 0.0322
2 0.0847 0.1026 0.0588 0.0735 0.0363 0.0351
3 0.0864 0.1034 0.0597 0.0742 0.0317 0.0375
4 0.0853 0.1006 0.0595 0.0734 0.0359 0.0340
5 0.0880 0.1050 0.0602 0.0743 0.0313 0.0369
6 0.0838 0.0898 0.0613 0.0645 0.0384 0.0327
Mean 0.0853 0.0992 0.0604 0.0710 0.0351 0.0347
SD 0.0017 0.0060 0.0014 0.0045 0.0029 0.0022
RSD / % 1.98 6.06 2.34 6.35 8.27 6.26
9506 confid. intervals ~ 0.0840— 0.0867 Oé?f(;‘jo’ 069(;3:125' 0.0674— 0.0746 0(')933277 " 0(.)?(:)3;6(5)57
RSD / % of 12 samples 9,10 9,73 7,02
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TABLE 7: Accuracy resultsET, DK Pand enalapril

n/a Sample 1 2 3 Mean SD RSD / %
Determ. conc. / ug ml™ 11.33 11.32 11.57 1141 0.1411 1.24
80% leve
= Recovery 96.33 96.28 08.38 97.00  1.2001 1.24
= Determ. conc. / pg ml™ 14.01 14.02 13.91 13.98  0.0593 0.42
& 100% level
E Recovery 05.28 05.34 94.61 0508  0.4031 0.42
w Determ. conc. / pg ml™ 17.05 17.09 16.56 16.90 0.2972 1.76
120% level
Recovery 96.66 06.86 93.85 0579  1.6845 1.76
o Determ. conc. / pg ml™ 4.00 4.01 4.01 4.01 0.0063 0.16
= 80% leve
N Recovery 100.06 100.32 100.35 100.25 0.1580 0.16
5 -1
g 100% level Determ. conc. / ug ml 5.16 5.16 5.16 5.16 0.0025 0.05
% Recovery 103.12 103.19 103.22 103.18 0.0507 0.05
T Determ. conc. / pg ml™ 6.20 6.19 6.17 6.19 0.0156 0.25
a 120% level
Recovery 103.34 103.16 102.82 103.11 0.2601 0.25
Determ. conc. / ug ml™ 1.53 1.54 153 153 0.0085 0.55
80% leve
— Recovery 100.35 10144 100.68 100.83 0.5568 0.55
S Determ. conc. / It 1.83 1.82 1.72 1.79 0.0631 3.52
£ 100%leve hgm
i Recovery 96.55 05.68 90.42 0422  3.3187 3.52
w Determ. conc. / pg ml™ 2.20 2.23 2.25 2.23 0.0276 1.24
120% level
Recovery 96.36 97.70 98.77 9761  1.2088 1.24
areasin stored solutionsdiffersby NMT 2.0% from belessthan 5.0% for ET and DKP peak areas
initially measured aress. c) Insolution5, USPtalingshouldbeininterva 0.8-

o 1.5for DKPand 0.8-2.0for ET.

stem suitability.

¥ . y. . o This parameter was demonstrated throughout the
System suitability acceptance criteria are el ygidation work. Theresultsobtainedinthebeginning,

accordingtoresultsobtained through optimizationand  45\vel| as the results obtained when performing the

validationwork, and considering BP: intermediate precision by the second analyst, areshown
a) Insolution5, theresolution factor betweenthe jhTABLESbdow.

peaksdueto ET and DKPtobeat least 3.0 and
theresolutionfactor between the pesksdueto DKP
and enal april tobeat least 2.0. Stresstesting showed that enal april maleateisthe
b) R deivedfromfiveinjectionsof solution5should  most suscepti bleto degradation at hydrolytic conditions.

TABLE 8: ResultsFor System Suitability Test

Stress testing

Resal. Resal. USP USP Peak Peak Resol. Resal. USP USP Peak Peak

Run ET- DK P- tail ET tail. area area ET- DK P- tail ET tail. area area

DKP Enalapril ' DKP ET DKP DKP Enalapril ' DKP ET DKP
Analyst 1 Analyst 2

10.78 7.17 163 122 1713 1609 10.80 7.06 156 122 1841 1824
10.86 7.20 162 123 1703 1609 10.81 7.07 15 122 180.3 1809
10.74 7.19 162 123 1711 1614 1081 7.04 157 122 1850 1828
10.89 7.20 162 122 169.7 1604 10.80 7.03 157 122 1808 1829
10.83 7.19 161 122 1670 1612 10.85 7.07 158 123 1851 1831
Mean 10.82 7.19 162 122 1699 1610 10.81 7.05 157 122 1831 1824
SD 0.060 0.012 0.007 0.005 1733 0378 0.021 0.018 0.008 0.004 2331 0.887
RSD,% 0.56 0.17 044 045 1.02 0.23 0.19 0.26 053 037 1.27 0.49

— a%a['yttaa[’ CHEMISTRY
A ndian W

g b WDN P




144

HPLC determination of enalapril related compounds

ACAIJ, 13(4) 2013

Full Peaper ===

Under akaline conditions, the maor degradation
product wasET, under neutral conditionstherewere
ET and DKP. Under acidic conditions, besidethe DKP
asmajor degradation product, ET and a so two peaks
at retention times 2.03 minuteand 11.36 minute were
observed. Examination showed that enalapril is
resistance to hydrogen peroxide. Also, no
decomposition was observed at dry heat at 80°C after
15and 30 days. Asan example, chromatogram obtained
under acidic conditionsisshown on Figgure 8.

mAU
40

30
20
10

0

29.107

—— 5618
L 11.364

0 5 1 15 20 25 30 35 min
Figure8: Chromatogram of sampletreated with 0.1M HCI

For eval uation of Photostability the solution 1 was
exposngwithoverdl illuminationof 1.2millionlux hours
and anultraviolet (UV) energy of 200 Wh/m2. The
sampleswerepullinginregular intervasand tested. Sight
degradation of enalapril to DKPand ET was noticed,
and equati onsfor degradation were determined:

UV light exposure:

Cer, % = 0.0003 x I + 0.0929 9
Cpppr % = 0.0009 X [ + 0.0500 (10)
Visiblelight exposure:

Cer, % = 0.0333 x 14 0.0933 (11)
Crgp: % = 01179 x 1 4+ 0.0476 (12)

CONCLUSION

By application of experimental design, an HPLC
method for the determination of related compoundsin
Enalapril maleate tablets, according to British
Pharmacopoei a, was optimized. Small changesof four
method variableslead to changes of responses of the
Sysem.

Comparing optimized to the BP method, it can be
noticed that BPmethod hasalittleshorter timeof andyds
and better USPtailing of ET. Ontheother side, better
resol ution factors and capacity factorswere achieved
with the optimized method. In addition, alonger life

timeof column can beprovided, asoptimal conditions
arenot so extremeregarding to temperatureand pH.

Validation of the HPLC method under optimal
conditionsprovided good selectivity, sensitivity, linegrity,
precision and accuracy.

Stress study showed DKP and ET as main
degradation products.

Testing of the sampl es showed that the proposed
method can besuccesstully gppliedinqudity and sability
testing of Enal gpril ma eatetablets.
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