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ABSTRACT

A simple, selective, precise and stability indiegtHigh Performance Liquid Chromatographic
(HPLC) method of analysis of Terlipressin in puredapharmaceutical dosage form was
developed and validated. The chromatographic camist comprised of a reversed-phasg C
column (250 x 4.6 mm), 5 p with a mobile phase istng of a mixture of Acetonitrile-
monobasic potassium phosphate solution (35:65vid) @ adjusted to 3.5. Flow rate was 1.5
mL / min. Detection was carried out at 280 nm. Tfiétention time of Terlipressin was 10.05 min.
Terlipressin was subjected to acid and alkali hygsts, oxidation, photochemical degradation
and thermal degradation. The linear regression ge@l data for the calibration plots showed
good linear relationship in the concentration ran@l12ug/ml. The value of correlation
coefficient, slope and intercept were, 0.9995, 1848d 62.786, respectively. The method was
successfully validated in accordance to ICH guitkedi acceptance criteria for specificity,
linearity, precision, recovery, ruggedness and ihess. The drug undergoes degradation
under acidic, basic, photochemical and thermal degtion conditions. All the peaks of
degraded product were resolved from the active piameutical ingredient with significantly
different retention time. As the method could éffely separate the drug from its degradation
product, it can be employed as a stability-indiocgtone.
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INTRODUCTION

Terlipressin is described chemically as 1-{[(4R,, ®S, 13S, 16S, 19R)-19 {[({[(amino
acetyl)amino]acetyl}amino) acetyl] amino}-7-(2-ami2-oxo  ethyl)-10-(3-amino-3-0xo
propyl)-13-benzyl-16-(4-hydroxy benzyl)-6, 9, 14, 118-penta oxo-1,2-dithia-5, 8, 11, 14, 17-
penta azacycloicosan-4-ylJcarbonyl}-L-prolyl-N-(2agno-2-oxoethyl)-L-lysinamide (Figure: 1)
is an analogue of vasopressin used as a vasodctigen the management of hypotension [1, 2].

Figure: 1 Chemical Structure of Terlipressin

The objective of this work was to develop an anedytHPLC procedure, which would serve as
stability indicating assay method for Terlipresgthorough literature search revealed none of
the reported analytical procedures describe a Igyalmdicating method for simultaneous
determination of stability indicating HPLC methoak fTerlipressin [3, 4, 5]. To establish the
stability indicating nature of the method, forcesjchdation of drug substances and drug product
was performed under stress conditions (thermaltgitec, acid and basic hydrolytic and
oxidative), and stressed samples were analyseldeyyroposed method [6].

In this paper, we describe a reversed-phase HPLtaudor the assay of Terlipressin and

estimation of its related compounds. This method haen demonstrated to be sensitive,
accurate, linear, precise, reproducible, repeataplecific, and robust, and therefore suitable for
routine analysis of Terlipressin in quality contlaboratories. This method is also demonstrated
to be stability indicating because it can sepathée degradation peaks from the Terlipressin
peaks that are present in typical stability sampfegerlipressin. From the best of our knowledge

via literature search, this is the first known RPHL method that can separate all the related
compounds of Terlipressin from each other and fienipressin and is therefore suitable to

conduct stability studies of Terlipressin.

EXPERIMENTAL SECTION

Materials

Terlipressin was supplied by Sun Pharma and Ampé&uteduct Name: Terlyz (100 mcg x 1 mL
x 10ml) and Manufacturer: Sun Pharma was procw@d the market. Acetonitrile, Monobasic
potassium phosphate AR Grade, Methanol, were psechtom RFCL Ltd., New Delhi, India.
High purity water was prepared by using MilliporalIMQ plus water purification system.
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Instrument used

The HPLC used was a shimazdu HPLC LC-20AT serigh ®PD-20A UV photodiode array
detector and LCsolution software, Japan was usedllfthe experiments. The column used was
XTerra® RP18, 250 x 4.6 mm, 5 p (water, Ireland) and LOB4Octylsilane), 250 x 4.6 mm, 5 p
(Phenomenax, USA). Thermal Stability studies werdgsmed in a dry air oven (Thermo labs,
India). Micrositer syringer-50 pL (Hamilton CompanySA).

Methodology

Chromatographic conditions

Chromatographic separation was achieved at amisemperature on a reversed phase column.
The mobile phase consisted of Acetonitrile-monabasitassium phosphate solution (35:65v/v)
at a flow rate of 1.5 ml/min. Monobasic potassiutnogphate solution was prepared by
dissolving 1400 mg KEPQO, in 100ml double distilled water. Final pH of the bole phase was
adjusted to 3.5 by diluted orthophosphoric acide Thobile phase so prepared was filtered
through 0.22 pum nylon membrane filter and degagsesbnication. Flow rate of 1.5 mL / min
was maintained. Detection was carried out at 280Time injection volume was 20 pL for assay
and degradation level.

Standard preparation

10 mg of Terlipressin working standard was acclyateighed and transferred to a 100 mL
volumetric flask. Solution was sonicated and ddiutg to the mark with mobile phase. A series
of standard solutions in the concentration rang2,04, 6, 8, 10 and 12ug/ml were prepared
followed by a suitable dilution of stock solutiontkvthe mobile phase.

Sample preparation

Solution equivalent to 50 mcg of Terlipressin weansferred to a 100 mL volumetric flask.
About 60 mL of mobile phase was added and the isolutas sonicated for 15 min and make up
to the mark with mobile phase. The resulting solutwas filtered through 0.22um nylon
membrane filter. The solution was mixed welldacentrifuged at 2500 RPM for 10 min.

Method Validation

Linearity

The linearity of response for Terlipressin assaytho@ was determined by preparing and
injecting solutions with concentrations of abou#i26, 8, 10 and 12ug/ml of Terlipressin.

Precision

Precision was measured in terms of repeatabilitgppiication and measurement. Repeatability
of standard application was carried out using splicates of the same standard concentration (6
p1g / mL for standard application). Repeatabilitysample measurement was carried out in six
different sample preparations from same homogebtarsed of marketed sample (6 ug / mL for
sample application). It showed very low % tigla standard deviation (% RSD) of peak
area of Terlipressin.

Accuracy

Accuracy (Recovery) study was performed by spik#0g 50 and 70% of Terlipressin working

standard to a preanalysed sample. The preanalgseples was weighed in such a way that final
concentration is half or 50% of the sample prepamabefore spiking. The percentage sum level
of preanalysed sample and spiked amount of drugldhme 80, 100 and 120% of simulated
dosages nominal or target concentration of sammpgpation. The accuracy of the analytical
method was established in duplicate across itserangording to the assay procedure.
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% AmountRecovered N
%SumLeve

100

% Recovery =

Ruggedness and robustness of the method

Method robustness and ruggedness was determinednélysing same sample at normal
operating conditions and also by changing someaipgr analytical conditions such as column
make, mobile phase composition, flow rate, instmimand analyst. The robustness and
ruggedness of the method was established as thevPAtion from mean assay value obtain from
precision study is less than +2.0%.

Analysis of marketed formulation

Solution was equivalent to 50 mcg of Terlipressirat100 mL volumetric flask. Add about 60
mL of mobile phase and sonicate for 15 min and mgke&olume with mobile phase. Mix well
and centrifuge the solution at 2500 RPM for 10 nidlute the solution up to the desired
concentration and inject it into the HPLC system.

Forced degradation studies

Preparation of acid and based- Induced degradatioproduct

Solution equivalent to 50 mcg of Terlipressin wassferred to 100 mL volumetric flask. To it,
10 mL of mobile phase was added and sonicated3anih with intermittent shaking. To it 5
mL of 1 N HCIl was added and 5 mL of 1 N NaOH wedeled separately. The sample was
heated on a boiling water bath for 30 min, cooleddom temperature and diluted to volume
with mobile phase, mixed well. The acidic forcedg@elation and the alkaline forced
degradation was performed in dark in order to edelthe possible degradative effect of light.
This solution was centrifuged at 2500 rpm for 10hmand 5 mL of supernatant liquid was
transferred to 25 mL volumetric flask, diluted tolwume with mobile phase, mixed well and
injected into the HPLC system.

Preparation of hydrogen peroxide - induced degradabn product

Solution equivalent to 50 mcg of Terlipressin wassferred to 100 mL volumetric flask. To it,
10 mL of mobile phase was added and sonicatedSanih with intermittent shaking. To it 5
mL of 3.0% HO,was added. The sample was heated on a boiling watkrfor 30 min, cooled

to room temperature and diluted to volume with rfelpihase, mixed well. This solution was
centrifuged at 2500 rpm for 10 min and 5 mL of supé&nt liquid was transferred to 25 mL
volumetric flask, diluted to volume with mobile e mixed well and injected into the HPLC
system.

Photodegradation product

Solution equivalent to 50 mcg of Terlipressin (poesly kept in UV light for 24 hr) was
transferred to 100 mL volumetric flask. To it, 1@ rof mobile phase was added and sonicated
for 15 min with intermittent shaking and diluted tgpthe mark with mobile phase. This solution
was centrifuged at 2500 rpm for 10 min and 5 mkwgfernatant liquid was transferred to 25 mL
volumetric flask, diluted to volume with mobile e mixed well and injected into the HPLC
system.

Thermal degradation product

Solution equivalent to 50 mcg of Terlipressin wassferred to 100 mL volumetric flask. To it,
10 mL of mobile phase was added and sonicated 3omih with intermittent shaking. The
sample was heated on a boiling water bath for 3Q) ouoled to room temperature and diluted to
volume with mobile phase, mixed well. This solutias centrifuged at 2500 rpm for 10 min
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and 5 mL of supernatant liquid was transferred SonfL volumetric flask, diluted to volume
with mobile phase, mixed well and injected into tHeLC. The specificity degradation study
data for the determination of Terlipressin anddégradants in pharmaceutical dosage form is
given in Table: 5 & 6. The no stress treatment dar(gs control) has been evaluated relative to
the standard concentration where as rest of tlessstd condition samples (Figures: 2 to 5) is
evaluated relative to the control sample with respe the % assay and % degradation. The
percentage degradation results are calculateddayraormalization method.

Detection of the related impurities

Solution equivalent to 50 mcg of Terlipressin iansferred to a 50 mL volumetric flask. Add
about 30 mL of mobile phase and sonicate for 20 anmith make up volume with mobile phase.
Mix well and centrifuge the solution at 2500 rpnn 1® min. inject the clear supernatant solution
into the HPLC system.

RESULTS AND DISCUSSION

Method of development

The chromatographic conditions were optimized vathiew to develop a stability- indicating
assay method. Two different columns were triedradeu chromatographic conditions namely,
XTerra® RP18, 250 x 4.6 mm, 5 p (water, Ireland) and LOBHOctylsilane), 250 x 4.6 mm, 5 p
(Phenomenax, USA). XTeffaRP18 column had given a good peak shape with nsspat
affordable retention time than Luna C8. The chramatphic conditions finally comprised of
Acetonitrile-monobasic potassium phosphate solu{@Bi65v/v) at a flow rate of 1.5 ml/min
using XTerr& RP18 column; 250 x 4.6 mm; 5 p (G. L. Sciencegadpat 280 nm.

Validation of the method

Linearity

These results indicate that the response is lioear the range of 2, 4, 6, 8, 10 and 12ug/ml of
Terlipressin with coefficient of regression? Rvalue as 0.9995. The value of correlation
coefficient, slope and intercept were, 0.9995, 1848d 62.786, respectively the results were
shown inTable: 1.

Table: 1 Regression characteristics of the proposd@P-HPLC method

S. No Drug Terlipressin
1. Range (ug/ml) 2-12pg/ml
2. Detection wave length\(max) 280 nm
3. Mean'R? value 0.9995
4, Slope (M) 1848.2
5. Intercept (c) 62.786
6. Run time 20min
7. Retention Time (min) 10.05
8. Theoretical Plates (N) 10326
9. Tailing Factor 0.94

Precision

The %RSD for repeatability of sample preparatio®.89%. This shows that precision of the
method is satisfactory as % relative standard diewias not more than = 2.0%able: 2
represent the precision of method.
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Table: 2 Method precision of Terlipressin

Sample % Assay % Deviation From Mean Assay
Preparation Terlipressin value Terlipressin
1 99.59 0.34

2 98.65 -0.6

3 100.05 0.8

4 97.57 -1.68

5 99.78 0.53

6 99.87 0.62

Mean 99.25

+SD 0.88

%RSD 0.89

Ruggedness and Robustness of the method

Method robustness and ruggedness was determinedabglysing same sample at normal
operating conditions and also by changing someatipgr analytical conditions such as column
make, mobile phase composition, flow ratetriiment and analyst The deliberate
aforementioned changes in parameters altees résult of Terlipressin 0.01% to method
precision study, which is not a significarttange. The robustness and ruggedness of the
method is established as the % deviatiormfrmmean assay value obtain from precision
study is less than +2.0%able: 3 represent the ruggedness and robustness of tihednet

Table: 3 Ruggedness and robustness of Terlipressin

Parameter Normal (Original) Changed conditions

X Terra® RP18 column; 250 x 4.6Luna G (Octylsilane), 250 x 4.6
Column make ) .

mm; 5 | mm; 5
Flow rate 1.5 mL/min 1.2 mL/min
Mobile phase Acetonitrile: Buffer Acetonitrile: Buffer
Composition (mono basic KPO4) (35:65) (mono basic KPg) (45:55)
Pump Jasco PU-2080 plus series Shimazdu LC-20AT
Detector Jasco UV-2075 plus series Shimazdu UV-dédtector
Analyst Kalyan.B Narasimha.V
% assay of Terlipressin 99.25% 99.22%
% deviation from mean assay value obtained in nekfitecision studies for Eprosartan : 0.01%

Accuracy

The accuracy of the method was established by esgostudies. Results indicate that the
individual recovery of Terlipressin ranges from 8% to 101.8% with mean recovery of
101.1% and % relative standard deviation of 0.3T#e recovery of Terlipressin by proposed
method is satisfactory as % relative standard ¢iewias not more than £ 2.0% and mean
recovery between 99.0 - 102.0%able: 4 represent the accuracy of method.

Analysis of the marketed formulation

The drug content was found to be 99.22% with a YD R% 0.87%. It was noted that no

degradation of Terlipressin had occurred in theketad formulation that were analysed by this
method. The low RSD value indicated the suitabibfythis method for routine analysis of

Terlipressin in pharmaceutical dosage form.
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Table: 4 Recovery of Terlipressin

S . % simulated | % sum | % amount

ample preparation d % recovery
osage normal level recovered

Preanalysed sample 99.25

1 80 80.23 81.17 101.2

2 80 79.86 81.32 101.8

1 100 100.32 101.24 100.9

2 100 100.02 101.19 101.2

1 120 120.45 121.12 100.6

2 120 120.12 121.23 100.9

Mean 101.1

+ standard deviation 0.374

% relative standard deviation 0.369

Stability- indicating property
The chromatogram of no stress treatment samplecdasrol) showed no additional peak

(Figure: 2& 3). The retention time (RT) of standard and sampéeewl0.5 min and 10.1 min
respectively.

Estimated at 280 nm

0.2

105 min

“oltage [mv]

0.1+
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Figure: 2 The simple chromatogram of standard Terlpressin

Estimated at 280 nm
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Figure: 3 The simple chromatogram of test Terlipresin
The chromatogram of acid degraded sample showextidibional peaks. The chromatogram of

alkali degraded sample showed no additional. Thenchtegram of hydrogen peroxide degraded
sample showed additional peaks at RT of 7.12 a@8 @in respectivelyKigure: 4).
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Figure: 4 The simple chromatogram of Hydrogen Peroxle degraded sample.

The chromatogram of UV degraded sample showed dai@uhl peaks. The chromatogram of
thermal degraded sample showed additional peakl atfF.99 min Figure: 5) and the values
were shown imable: 5& 6.
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Figure: 5 The simple chromatogram of Thermal degraéd sample
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Table: 5 Stressed study data of Terlipressin

S. No Condition % . assay Retention time of % Degradation
Terlipressin drug

1 No stress treatment 99.25 10.5 Nil

2 Acid - - Nil

3 Alkali - - Nil

4 H,0, 98.57 7.12,8.98 0.08

5 uv - - Nil

6 Thermal 99.64 7.99 0.06
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Table: 6 Summary of forced degradation results

%Assay of Mass balance (Y%assay

S. No Stress condition Time active + %degradation Remarks
substance products)

Acid degradation

1 (1N HCl) 1/2hr - - -
Alkali degradation (1 N

2 NaOH) 1/2hr - - -
H,0, degradation (3%)  1/2hr  98.57 98.7 mid  degradation
UV degradation 24 hr -
Thermal degradation No degradation
(60°C) 12hr 99.64 99.7 products formed

Rest of the peaks, if any, were from its blank lacebo in each of these specified conditions. In
each forced degradation sample were additional peate observed, the response of the drug
was changing from the initial control sample. Timslicates that the drug is susceptible to

hydrogen peroxide degradation and thermal deg@ualiut not susceptible to acid-base

hydrolysis degradation and UV degradation. The loR/€ of the degraded component indicated

that they were more polar than the analyte itself.

Detection of the related impurities
The sample solution showed no additional peak othan principal peak. Hence, related
impurities are not present in the market sample.

CONCLUSION

Introducing HPLC into pharmaceutical analysis représ a major step in terms of quality
assurance. The developed HPLC technique is prespsejfic, accurate and stability-indicating.

Statistical analysis proves that the method isabigtfor the analysis of Terlipressin as bulk drug
and in pharmaceutical formulation without any ifgegnce from the excipients. This study is a
typical example of a stability-indicating assaytabished following the recommendations of
ICH guidelines. The method can be used to deterthi@gurity of drug available from various

sources by detecting any related impurities. Itpreposed for the analysis of drug and
degradation products in stability samples obtatha&thg industrial production.
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