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ABSTRACT

A stability- indicating HPLC method was developed for the quantitative
determination of trandolapril in pharmaceutical dosage formsin the pres-
ence of degradation products. It involved aX terraRP18 150 mm x 4.6 mm,
5 um column. The separation was achieved on gradient method. The mobile
phase A contains amixture of pH 3.0, 10mM Na,HPO, buffer: acetonitrile
(65:35, v/v) and the mobile phase B contains a mixture of pH 3.0, 10mM
Na,HPO, buffer: acetonitrile (45:55, v/v). Theflow ratewas 1.2 mL min™and
the detection wavelength was 210 nm. The retention time of trandolapril is
5.7 min. The total runtime was 20 min within which drug and degradation
products were separated. Trandolapril was subjected to different ICH pre-
scribed stress conditions. Degradation was found to occur in hydrolytic
and oxidative stress condition, while drug was stable to thermal and pho-
tolytic stress conditions. The drug was subjected to stress conditions of
hydrolysis, oxidation, photolysis and thermal degradation. The method
developed was successfully applied to the determination of trandolapril in
pharmaceutical preparations. The developed RP-HPLC method was vali-
dated with respect to linearity, accuracy, precision and ruggedness.
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INTRODUCTION

Present drug stability test guidance Q1A (R2) is-
sued by international conference on harmonization
(ICH)™ suggest that stress studies should be carried
out on adrugto establishitsinherent stability charac-
terigtics, leading toidentification of degradation prod-
uctsand hence supporting thesuitability of theproposed
andytica procedures. It dsorequiresthat analytical test
proceduresfor stability samplesshould be stability in-
dicating and they should befully validated.

Accordingly, theaim of the present study wasto

establishinherent stability of trandolapril through stress
studiesunder avariety of ICH recommended test condi-
tions’3 and to devel op astability-indicating assay!*€.
Trandolgpril isinadassof drugscaled angiotensn-
converting-enzymeinhibitors(ACEinhibitors). Itischemi-
caly described as (2S5 3aR, 7a9)-1-[(29)-2-[[ (19) -1-
(Ethoxycarbonyl)-3-phenyl propyl]amino] propanoyl]
octahydro-1H-indole-2-carboxylic acid. It isused to
lower high blood pressure. Itisavailablein1 mg, 2mg
and 4 mgtabletsfor ord adminigtration (Figurel).
Intheliteraturethere arelimited reported methods
referring to the determination of trandol april ininvesti-
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gation onthestereo chemica purity of trandolgpril and
octahydro-IH-indole-2-carboxylic acid by HPLC
method!™. A liquid chromatography and tandem mass
spectrometry using solid-phaseextraction hasbeenre-
ported for quantification of trandol gpril and itsmetabo-
litetrandolaprilat in human plasmd®. A reversed-phase
HPL C method with UV detection has been reported
for thedetermination of trandolapril in capsules® anda
reversed-phase HPL C method has been reported for
the determination of trandol april and verapamil in cap-
sules¥, A LC method for analysis of trandol april has
been reported for pharmaceutica dosageformg™. But
inthese procedures stability indicating nature of ana-
Iytical method was not described.

Sofar, to our knowledgeno stability-indicatingLC
assay method for trandolapril has been devel oped.
Accordingly, theaim of the present study wasto estab-
lishthestability of trandolapril through stress studies
under avariety of ICH-recommended test conditions
[1-3] and to develop a stability-indicating assay
method ¢,

Hencearapid simplereproducible stability indi-
cating RPliquid chromatography method was devel -
oped for the quantitati ve determination of trandol april
in pharmaceuti cal dosageformsinthe presence of deg-
radation products.

EXPERIMENTAL

Chemicals

Sandardsand tabletswere supplied by Dr. Reddy’s
laboratories limited, Hyderabad, India. The HPLC
gradeacetonitrileand andyticd gradetriethyl amineand
ortho phosphoric acid were purchased from Merck,
Darmstadt, Germany. Water was prepared by using
MilliporeMilliQ Pluswater purification system.
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Equipment

TheWaters HPL C system we used consists of a
binary solvent manager, asample manager and aUV
detector. The out put signal was monitored and pro-
cessed using empower software, water baths equipped
withMV controller (Julabo, Seelbach, Germany) were
used for hydrolysisstudies. Photo stability studieswere
carried out in a photo stability chamber(Sanyo,
Leicestershire, UK). Thermd stability studieswere per-
formed in a dry air oven (MACK Pharmatech,
Hyderabad, India).

Chromatogr aphic conditions

The chromatographic column used wasaX terra
RP18 150 mm4.6 mmi.d with 5um particles. Thesepa:
ration was achieved on gradient method. Themobile
phaseA containsamixtureof pH 3.0, 10mM Na,HPO,
buffer: acetonitrile(65:35, v/v) and themobile phase B
containsamixtureof pH 3.0, 10mM Na,HPO, buffer:
acetonitrile (45:55, viv).

Theflow rate of mobilephasewas 1.2 mL min™.
TheHPLC gradient program was set as: time (min)/%
solution B: 0/0, 8/0, 12/100, 16/0 and 20/0. Thecol-
umn temperature was maintained at 35°C and the de-
tection wasmonitored at awavelength 210 nm. The
injection volumewas 10pL.

Preparation of stock solutions

A working solution of trandolapril standard and
sample (0.08 mg mL ) was prepared by dissolving an
aoproprigteamount indiluent (mixtureof pH 3.0, 10mM
Na,HPO, buffer: acetonitrile 40:60, v/v).
Prepar ation of samplesolution

20 tablets, containing 1 mg of trandol april were
weighed and transferred to a 250 mL standard volu-
metric flask. Thedrugwasfindly dissolvedin 250 mL
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of diluent. The solution wasfiltered through 0.45 um
Millipore PV DFfilter. Then 10 uL of these solutions
wereinjected in the column and chromatogram was
recorded and shownin figure 2. Theretention time of
trandol april wasfoundtobe5.7 min.

Stress studies

Specificity istheability of themethod to measure
theandyteresponsein the presense of itspotentia im-
purities¥. Stresstesting of adrug substancecanhelpto
identify thelikely degradation products, which canin
tern hel p establish the degradation pathwaysand the
intringc stability of themolecule.

All stress decomposition studieswere performed
at aninitia drug concentration 0.08 mgmL™. Acid hy-
drolysiswasperformed in 0.01N HCl at 50°C for 15
min. Thestudy inbasicsolutionwascarriedoutin 0.01N
NaOH at 50°C for 30 min. For study in neutral solu-
tion, drugs dissolved in water was heated at 50°C for
90 min. Oxidation studieswere carried out at 40°Cin
1% hydrogen peroxidefor 2 h. Photo degradation stud-
ieswerecarried out at accordingto option 2 of Q1B in
ICH guiddines®. Sampleswereexposedto light for an
overdl illuminaionof 1.2millionlux hand anintegrated
near ultraviol et energy of 200 watt hm?. Thedrug prod-
uct wasexposed todry heat at 105°C for 12 h. Samples
werewithdrawn at appropriate time and subjected to
HPLC analysisafter suitabledilution (0.08 mgmL2).

Method validation
Precision

The precision of the assay method was eva uated
by carrying out six independent assays of trandolapril
(0.08 mgmL 1) test samplesagaingt qualified reference
standard. Different analyst from the samelaboratory

eva uated theintermediate precison of themethod. The
percentage of RSD of six assay valueswas cal cul ated.

—— WNoZe@

Linearity
Linearity solutionswere prepared from stock solu-
tion at five concentration levelsfrom 12.5% to 150%
of analyte concentrations (from 10 to120 ug mL™?).

Thedope, Y-intercept and correlation coefficient were
caculated.

Accuracy

Theaccuracy of themethod wasevaluated intrip-
licate at three concentration levels, i.e. 50%, 100% and
150% of target test concentration in tablets. The per-
centages of recoverieswere calcul ated.

Solution stability and mobile phase stability

Thesolution stability of trandolapril wascarried out
by leavingthetest solutionintightly capped volumetric
flask at room temperaturefor 48 h. The same sample
solution wasassayed for a24 hinterva upto thestudy
period against freshly prepared standard sol ution of
trandolapril. Themobile phase stability wasalso car-
ried out by assaying thefreshly prepared standard so-
lutionfor 24 hinterval up to 48 h. Themobile phase
preparation waskept constant during the study period.
The percentage of RSD of assay of trandolapril was
cd culated for the study period during mobilephaseand
solution stability experiments.

Robustness

To determinethe robustness of themethod the ex-
perimental conditionsweredeliberately changed and
the% RSD for fiveinjectinsareaof sandard wasevau-
ated. Themobilephaseflow ratewas 1.2 mL min%; to
study theeffect of flow rateon resolution it was changed
to1.0and 1.4 mL min. Theeffect of pH was studied
at pH 2.8 and 3.2 (instead of pH 3.0). The effect of
column temperature was studied at 30 and 40°C (in-
stead of 35°C). Indl theseexperimentsthemobilephase
componentswerenot changed.

RESULTSAND DISCUSSION

Degradation in acidic solution

In0.01 N HCl at 50°C for 15 min, drug underwent
degradation, forming degradation productsat RRTs of
0.27,0.39and 2.51. Thetota degradation was about
6.1% (Figure3).

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



Trandolapril tablets sty essed with 001 N HCL for 15 maimn

268

Stress degradation studies on trandolapril

ACAIJ, 8(2) June 2009

Note ===

Trandolapril tabletsstressed with 0.01
NHCI for 15min

Time(min)
Trandolapril tabletsstressed with 0.01
NaOH for 30min

Tistade Ipm..l-l.-l-r! 1 ri] wirk ©U0L 1 HOH Tar M0 i

- ..ﬁu;i____

Timé(mi n)

Trandolapril tabletsstressed with 1%
H,O, for 2h

|,

j_'_n.

;45:%

oy Tomdalapril rabileds aix wisnd wath 1% HIO2 fa 2h

Time(min)
Trandolapril tabletsstressed with

water for 2h

Trandelapail rablers avessed with wane for 2 b

= impre
—— k T ™1 T LA S B i (e s e i e |
L) i L] LL ) o 1208 Rt e .o E1)

Time(min)
Trandolapril spiked with impurities

I T

Tvanded aprl qikesd wiih inpoomnes

12
ey
i e
o]
]

AU

E |
ﬁh— |

Wm | M den | mue

b | ‘5-—
z e W dm

Time(min)
Figure 3: Chromatogramsindicating the degr adation of
Trandolapril inacid, base, peroxide, water and spiked with
related impurities

Degradation in basic solution

In0.01 N NaOH at 50°C for 30 min, drug under-
went degradation, forming degradation products at
RRTsof 0.31, 0.39 and 1.11. The total degradation
was about 13.2% (Figure 3).
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Oxidativeconditions

The drug was exposed to 1% hydrogen peroxide
at 50°C for 2 h. Major degradation was observed at
RRTsof 0.39, 1.10 and 2.51. The total degradation
was about 27% (Figure 3).

Degradation in neutral aqueoussolution

The drug was exposed to water at 50°C for 90
min. Mg or degradation wasobserved at RRTsof 0.39
and 1.10. Thetotal degradation wasabout 21% (Fig-
ure3).

Photolytic conditions

Thedrug was stable against the effect of photoly-
ss. When the powdered drug was exposed to light for
anoverdl illumination of 1.2 million lux h and an inte-
grated near ultraviolet energy of 200 watt h m?inapho-
tostability chamber, no degradation was observed.

Thermal degradation

When the drug powder was exposed to dry heet at
105°C for 24 h, no decomposition was observed.

Theimpurity whichwasformed at RRT 0.39inacid,
base, peroxide and water degradation was ‘(2S,3aR,
7aS)-1-[(29)-2-[[(1S)-1-carboxy-3-phenyl propyl]
amino] propanoyl]octahydro-1H-indole-2-carboxylic
acid’ (Impurity-1). This was confirmed with spiking
andysiswith quaified reference standard of Impurity-1
and al so with spectral matching and with mass spec-
troscopy. The mass number of peak at 0.39 RRT ob-
served is403.Theimpurity whichwasformed at RRT
2.51inacid and peroxide degradation wasthe ‘ethyl
(2S)-2-[(3S,5aS,9aR, 10aS)-3-methyl-1,4-dioxo
decahydropyrazino[ 1,2-a]indol-2(1H)-yl]-4-phenyl
butanoate’ (Impurity-2). This was confirmed with spiking
andysswith qualified reference standard of Impurity-2
with spectra matching and with massspectroscopy. The
mass number of peak at 0.39 RRT observedis413.

Mass bal ance (Yoassay + % degradents+ % impu-
rities) isca culated for stresssample. Themassbaance
of stressed samplewas > 99.0% for all stresscondi-
tions(TABLE 3).

M ethod development and optimization of stability
indicating assay method

The method was optimized to separate mgjor deg-
radation products formed under varies stress condi-
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tions. Themain target of the chromatographic method
isto get the separation for closdly eluting degradation
products, mainly thedegradation productsat 1.10 and
2.51 RRT. Thedegradation sampleswererun using dif-
ferent stationary phases like C18, C8, Cyano and
M obile phases containing bufferslike phosphate, sul-
phate and acetate with different pH (2-8) and using
organic modifierslikeacetonitrile, tertahydrofuran and
methanol in the mobile phase and different ratio’s of
solution B. But the separation was satisfactory inthe
adopted chromatographic conditionsonly.

Interference of excipientswasa so checked by in-
jecting sample solutionsof theseexcipients. Therewas
no interference of excipientswith degradation peaksor
with thetrandolapril peak.

Validation of devel oped stability-indicating method
Precision

The percentage RSD vauefor the precision study
was 0.4% (inter-day precision) and 0.2% (intra-day
precision). Thisis confirming good precision of the
method (TABLE 1).
Linearity

Linearity calibration plotsfor thismethod was ob-
tained over thecdibrationrangestested; i.e. 10t0120ug
mL *trandol gpril and the corre ation coefficient obtained
was greater than 0.999. Theresults show that an ex-
cellent correl ation existed between the peak areaand
concentration of theandyte. Thed opeand Y-intercept
of thecalibration curvewere caculated. Themeanre-
gressions equation wasfound asA =16777 C - 4445
(r?=10.9999, n=6). A =aC + b, whereA isthe peak
arearatio of thedrugs, aisthedope, bistheintercept
and Cisconcentration of the measured solution in ug
mL. Theresultsshow that an excellent correl ation ex-
isted between the peak areaand concentration of the
andyte.

Accuracy

The percentage recovery of trandolapril in phar-
maceutical dosage formsranged from 99.8to 101.6.
Excellent recoveries were made at each added con-
centration (TABLE 2).

Solution stability and mobile phasestability
The solution stability and mobile phase stability ex-

———— MNoZe@
TABLE 1: Precision resultsof trandolapril fromtablets

% Assay
Precision % %
1 2 3 4 5 6 RSD Mean
Intra-day 101.7102.7102.2102.5103.0102.7 0.4 102.5
Inter-day 102.8102.4102.3102.7102.3102.5 0.2 102.5

TABLE 2: Percentagerecovery of trandolapril from tablets

Added (ug) Recovered (ug) Recovery (%) RSD (%)

41.0 41.0 100.0 0.21
82.0 81.8 99.8 0.18
123.0 125.0 101.6 0.05

TABLE 3: Summary of results from forced degradation
experiments

Mass
0
Assay of balance (% Remarks
; assay + % .
Stress Ti active . . (Major
o ime impurities i
condition substance % degradation
0,
(%) degradation products)
products)
Acidic Degraded to
hydrolysis min 93.0 99.1 Impurity-1 and
(0.01 N HCI) I mpurity-2
Basic
hydrolysis 30 Degraded to
(0.01N min 864 996 I mpurity-1
NaOH)
Oxidation Degraded to
(1% H,50,) 2h 24 938 I mpurity-1
Aqueous 785 993  Degradedio
hydrolysis I mpurity-1
No
Thermal .
reament 10 085 g9 degradation
0 days products
(60°C) formed
. No
Light .
(photolytic .0 989 1001  cegredarion
degradation) ays products
formed

TABLE 4: Resultsfrom study of robustness

% RSD for five
injections area

Condition Variation for standard
Temperature 30°C 01
(£ 5°C of optimum temp.) 40°C 0.2
Flow rate 1r'gi 2} 0.1
(& 0.2ml/min of optimum flow

rate) 1'4. rr_11L 0.3

min ’
. 2.8 0.2
pH (£ 0.2 unit of set pH) 32 00

periment dataconfirmsthat samplesolution and mohbile
phase used during the assay were stable up to 48 h.
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Robustness

When mobilephaseflow rate, pH and column tem-
peratureweredeliberately varied % RSD for areaof
fivereplicateinjections of standard waslessthan 1.0,
illustrating therobustness of themethod (TABLE 4).

Tablet application

Anaysswasperformedfor commercidly available
trandolapril 4 tablets. The Mean assay (n = 6) for
trandol april was 99.8%. The percentage RSD value
for the six assay valueswas 0.5%.

CONCLUSION

A rapid gradient HPLC method proveto besmple,
linear, precise, accurate and specific. Thetotal runtime
was 20 minwithinwhich activedrug and their degrada:
tion productswere separated. The method was com-
pletely validated showing satisfactory datafor al the
method validation parameterstested. The Developed
method is stability indicating and can be used for the
guantitative determination of thetrandolapril inpres-
enceof degradation productsin stability by theindustry.
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