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ABSTRACT

Objective: Characterization and structure elucidation of the degradation products which resulted from the acidic hydrolysis
of lisinopril under drastic condition. Method: Ultra-performance liquid chromatography coupled with mass/mass
spectroscopy (LC-MS/MS) with simple and sensitive method was used to detect the formed degradation products. The
fragmentation patterns of the degradation products were investigated. Results: The validation of analytical method was
satisfied to the recommend criteria of international conference of harmonization. Four degradation products were formed
due to the acidic hydrolysis of lisinopril. Conclusion: Two degradation products were described in E. Ph. (8™ as impurities.
While both of 6-amino-2-((1-carboxy-3-phenylpropyl)amino) hexanoic acid (m/z 309*) and 1-(2,6-diamino-
hexanoyl)pyrrolidine-2-carboxylic acid (m/z 244*) were formed and identified.

Keywords: Chemical structure elucidation; Degradation products; LC-MS/MS; Lisinopril analysis.

INTRODUCTION paper presents a modified validated method for
determination of lisinopril with high resolving from the

Lisinopril,2S)-1-[(2S)-6-amino-2-{[(1S)-1- formed degradation products or impurities by LC-

carboxy-3-phenylpropyl] amino}hexanoyl] pyrrolidine- MS/MS in addition to identification of the four formed

2 carbo-xylic acid is an angiotensin converting enzyme degradation products by employing LC-MS/MS analysis

(ACE) inhibitor, used for the treatment of hypertension, technique and studying the fragmentation behavior of the

heart failure, and acute myocardial infarction'2. A wide resulted product ions to elucidate their chemical

variety of separation and detection techniques have been structures.

applied to the analysis of lisinopril, such as gas

chromatography coupled with mass spectrometry MATERIALS AND METHODS

(GCIMS)34, high performance liquid chromatography

(HPLC)®%, and high performance liquid chromatography Materials

coupled with mass spectrometry (HPLC/MS)"8. The Lisinopril certified reference standard (CRS),

degradation profile of a drug substance is critical to its USA Pharmacopeia, USA. Lisinopril raw material was

safety assessment and formulation process in addition to purchased from Sigma aldrish, Germany. Formic acid

dosage form administration. For safety reasons, the was from Sharlu, Spain; Acetonitrile and methanol

degradation products or impurities of a drug that exceed HPLC grade were brought from J. T. Baker, USA. All

0.1% must be identified prior to clinical trials®. This other reagents were of analytical grade. Distilled
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water was obtained from jancon distillation equipment
and filtered using 0.2 um millipore filtration system.

Instrumentation

Digital balance, Keren, Germany; Magnetic
stirrer, Thermo, USA; Ultra-sonicator path, Jenway,
UK; UPLC chromatographic C18 column (1.7um
2.1X 100 mm) end capped Ethylene Bridged Hybrid
(BEH), Waters, USA; LC-MS/MS model UPLC
Acquity auto sampler, binary solvent pump, Tandem
TQ mass detector, and Mass lynx V4.1lsoftwar
integrator, Waters, USA.

Mass spectroscopy conditions

LC-MS/MS separation was performed on 40°
C with injection volume of 2ul on C18 (1.7um 2.1X
100 mm) end capped (BEH). Mobile phase flow rate
was 0.2 ml/min. The optimum TQ mass spectrometer
parameters were equipped as following: the ionization
process was done by ESI in positive ion mode, Source
temperature was at 120°C, drying nitrogen was used
as dissolving gas at flow rate of 700 I/h and dissolving
temperature was at 400°C, Capillary voltage was at
3Kv and cone voltage at 40 Kv, dwell time per
transition was 0.112 (sec), and ion transition for
screening degradation products fragments was at m/z
1000. The selected collision energy value for every
degradation product was applied to screen its fragment
ions pattern with accepted relative abundance values
for molecular characterization.

Method
Preparation of mobile phase

The mobile phase was prepared according to
Zhou et al.®with a slight modification in its
composition (agueous to organic ratio) to resolve
lisinopril and degradation products. It consists of an
acidified aqueous solution with formic acid (pH 2.9):
methanol: acetonitrile in a ratio of (75: 15: 10, v/v),
respectively. The mixture was stirred continuously for
30.0 min to ensure complete equilibrium. The final
mobile phase solution was filtered on 0.2um millipore
filtration system and degassed on ultra-sonicator path
for 20.0 min to get rid of air bubbles.

Preparation of serial standard solutions

A stock solution was prepared by dissolving
a respective weight of Lisinopril CRS in mobile
phases to obtain a concentration of 5ug/ml. Serial
concentrations of 50, 100, 150, 200, 250,300 and 350
ng/ml were prepared from the stock solution to
construct a calibration curve.

Preparation of sample solutions
Serial concentrations of sample solutions
were skipped with 50 ng/ml of lisinopril standard

solution to obtain concentrations of 150, 200 and 250
ng/ml.

Acidic hydrolysis of lisinopril

Lisinopril  solutions of 50  pg/mi
concentration were exposed to acidic hydrolytic
degradation under the effect of 0.1 N HCI for 4 h at a
temperature of 90°C. At the end of the experimental
period, the solutions were diluted with the mobile
phase and filtered through 0.2um membrane to be
injected into LC-MS/MS.

Validation of the analytical method

Validation of the analytical method was
performed according to the international conference of
harmonization guidelines (ICH) ' for terms of
linearity, accuracy, range, precision, specificity,
sensitivity, and robustness and governed by United
States pharmacopeia [USP 38 NF 29]*2 criteria for
chromatographic separation.

Identification of the degradation products using LC-
MS/MS

LC-MS/MS was employed for
characterization of the degradation products?®
resulting from exposure of lisinopril to drastic
hydrolysis conditions. First; the study was based on
injecting lisinopril standard solution at concentration
200 ng/ml into LC-MS/MS system for determining the
relative standard deviation percentage %RSD to
confirm the precision and integrity of LC-MS/MS
system conditions. Second; the study was extended to
determine and follow the fragmentation pattern
pathway of the degradation products which formed
under the effect of acidic hydrolysis conditions of
0.1N HCI at temperature 90 °C for 4 h on lisinopril
molecule. Three replicates were obtained from the
acidic hydrolysis of lisinopril and diluted with the
mobile phase, filtered through 0.2 um membrane filter
and injected in duplicates into the LC-MS/MS system.

lon transition of screen spectrum was applied
to m/z 1000 to detect the main separated degradation
products and subsequently followed by running the
spectrum to m/z 600 for every degradation product.
The collision energy in a range of 10-35v at a fixed
cone value was screened for every degradation
product to select the appropriate value, which enables
the detection of the fragment ions with accepted
relative abundance value for degradation products
characterization.

RESULTS AND DISCUSSION
Validation of the analytical method

Table 1 summarized the results of the
validation of the analytical method of lisinopril analysis
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by LC-MS/MS which revealed a high linear calibration
curve as represented by Figure 1 at a range between 50-
350 ng/mL with mean recovery 99.93% of SD + 0.42 for
the spiked samples. The precision of the method
evaluated by means of the relative standard deviation
percentage (%RSD) of intraday ruggedness between two
analysts at three different times per day (morning, noon,
evening) was 0.29 and % RSD inter-day ruggedness
between two analysts at three successive days was 0.74.
The sensitivity of the method was represented by limit of
detection 9.38 ng/ml and limit of quantitation
28.43ng/ml. The method is robust and can tolerate
different labs variations according to robustness studies
results. Specificity of the method to separate lisinopril
from its degradation products was achieved with
resolving of lisinopril from its degradation products with
resolution factor of 3.28. System suitability of the
validated method was accepted as described in Table 2.

Table 1. Validation of the analytical method results for
lisinopril determination by LC-MS/MS.

Validation of the analytical method Results
arameters
Correlation coefficient R? | 0.9990
Linearity Slope 1530.5
Intercept 10013
0, 0,
Accuracy Mean % recovery 893;23 % + SD
Range 50:350 ng/ml
Precision Intraday (RSD %) 0.19
Interday (RSD %) 0.74
o Limit of detection 14.91ng/ml
Sensitivity Limit of quantitation 45.18ng/ml
Recovery % in 0.1 N HCI | 82.56 % + SD
0.68
A Recovery % in 0.1 N 97.28 %+ SD
Specificity NaOH 054
Recovery % in 10% H20. | 93.86 % + SD
0.96
pH 2.4 (RSD%) 0.37
pH 3.4 (RSD%) 0.45
Flow rate 0.14 mL/min 0.21
Robustness (RSD %)
Flow rate 0.24 mL/min 0.26
(RSD %)
Column temperature 45 0.22
(RSD %)

Table 2. system suitability results of the chromatographic
method for lisinopril separation and analysis by LC-
MS/MS.

System suitability Result | USP 38 NF 33
parameter Criteria

Number of theoretical | 6050 Not less than 2000
plates

Tailing factor 1.24 Not more than 2
Capacity factor 3.57 Not Less than 2

Studying the fragmentation pattern of lisinopril and
its degradation products

LC-MS/MS could identify the degradation
products of lisinopril by studying its fragmentation
patterns represented by the mass spectrum 425, First,
protonated lisinopril [M+1] (m/z 406*) fragments under
collision induced by dissociation energy (CID) of 27.21v
showed maximum relative abundance ion products at
(m/z 246%) and (m/z 84%) as shown in Table 3 and Figure
3. The spectrum of protonated lisinopril (m/z 406%)
shows a product ion at [406*—360%] resulting from
elimination of formic acid in a single step with a larger
possibility than consecutive loss of water then carbon
monoxide as there was no signal detected for water loss
[406"—388*]. The signal of (m/z 309%) resulted from
elimination of dihydropyrrole and carbon monoxide and
migration of hydroxyl function group®Y, it can’t be
obtained the elimination process produced two
molecules of dihydropyrrole and carbon monoxide or
one neutral compound of dihydropyrrole carbaldehyde as
there was no signals for their precursors.

Linear calibration curve
600000
2 _
400000 R”=0.9990
300000 /
200000 &
100000 /
0 : : : )
0 100 200 300 400
Concentration ng/ml
Figure 1. Linear calibration curve of lisinopril

concentrations and their corresponding peak areas.

Figure 2. Separation of lisinopril (200ng/ml) after applying
modified chromatographic conditions for LC-MS/MS
analysis at m/z 406* in positive ion mode; it shows retention
time of lisinopril at 6.61.

Signal of (m/z 291) is resulted from cleavage
of dipeptide bond and formation of N-terminal b
[H.NCH(R)COJ*®  because  of  elimination  of
dihydropyrrole with carboxylic terminal and formation
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of seven membrane ring and cyclization of the N-
terminal.

The signal at (m/z 263*) resulted from the
elimination of carbon monoxide and Pyrrolidine-2-
carboxylic acid moieties from the product ion [4067].
The product ion of [m/z 246*] resulted from elimination
of the amino group from the [m/z 263*]. The signal of the
maximum relative abundance at (m/z 84*) indicates the
formation of tetrahydropyridine ring after cyclization of
the butyl side chain of the lysine residue with the imine
group and its release from the product ion of [m/z 246*]%
as represented in Figure 4.

Table 3. Summary of chemical formulae, relative
abundance, measured and exact mass of major ions
observed in the product ion MS/MS spectrum of [M+ H]
(m/z 406).

Measured | Exact E itf\flsrerr]\ce
Chemical Relative mass mass etwee
measured
formulae Abundance | m/z m/z and exact
[H+1] [H+1] | mass
C21H31N305 41'871§SD 406.362 406.230 0.132
C2oH20N303 8'43 2175D 360.325 360.228 0.097
CisH24N04 32'(1)31§SD 309381 | 300.174 | 0.207
CaoHz2N:0 6'830 ?fSD 201372 | 291166 | 0.206
CisH2:N,0," 19'(6)82§SD 263.91 263.175 0.735
CisHNO," 54'(2)212313 246561 | 246.148 | 0413
CsHyoN* 79'8203813 84.259 84.081 0.178

[LISINGPRIL 406 DAUGHTER 1 €0 306) Gaughters o1 408ES+
ooy 27.2108|

263201

T e *j: #1200 :,:L, (AT I AR P R AR TS U i
Figure 3. Product ion collusion induced d|550C|at|on (CID)
mass spectrum for [M+1] ion (m/z 406*) of lisinopril.

The formed degradation products as a result of
acidic hydrolysis of lisinopril had been separated and
detected by LC-MS/MS as shown in Figures 4 and 5
respectively. It was observed that the product ions of
lisinopril as well as each formed degradation products
appeared at mass peaks of m/z [M+1] of 406*, 388",
309%, 244* and 180"
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Figure 4. Separation of lisinopril and the resulted
degradation products showed the main peak of lisinopril at
6.63 min and the peaks of degradation products at 4.79,
6.27, 9.34 and 10.31 min.

o .
f
1 Bl
O
- HCOOH o e
—' M,
2-( { 6-amino-1-{ 2,3-dihydro-14-pyrrol-1-yl)-1-oxohexan-2-yl)
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Chemical Formula: CygHo4N-04
mjz 309

N
"
.
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2-( { 2-oxoazepan-3-yljamino)-4-phenylbutanoic acid
Chemical Formula: CygHpN,04
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@

CsHgNO, - €O !
.l 2.3.4.5-tetrahydropyridin-1-ium

-NH3 ’G—/}OH Chemical Formula: CgHygN*
mjz 84
Figure 4. Possible schematic mechanism of the
fragmentation pattern pathway of the product ion (m/z

406") from lisinopril.

Figure 7 shows the fragmentation pattern of the
protonated degradation product (m/z 388*) which has
been investigated in Figure 8 and revealed that the
product ion (m/z 388*) resulted from the elimination of a
water molecule from lisinopril and formation of
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piperazine ring with two carbonyl groups. The
fragmentation pattern of the protonated product (m/z
388") under CID energy of 24.5v shows peaks at (m/z
343*) due to the elimination of formic acid, (m/z 208*)
due to the elimination of the but-3-en-1-ylbenzene group
with the amino group of the lysine residue and
cyclization of the lysine residue to form the
tetrahydropyridine ring attached iopiperazin ring, ( m/z
182*) due to elimination of a carbonyl group, and (m/z
84*) due to elimination of both pyrrolidine and carbonyl
group to give tetrahydropyridine moiety as presented in
Table 4.

Table 4. Summary of chemical formulae, relative
abundance, measured and exact mass of the major ions
observed in the product ion MS/MS spectrum of [M+ H]
(m/z 388%).

Measured Exact
Chemical Relative mass mass Differ
formulae Abundance miz [H+1] m/z ence
[H+1]
CarH29N30; 30'%311i5D 388421 | 388.21 | 0211
CaoH2:N;0,* 16'%1225[’ 343436 | 34321 | 0.226
CitHisN,O7* 62'%5325'3 208321 | 20811 | 0211
CioHiN;0* 21'%91;3-'5'3 182481 | 18213 | 0.351
CsHioN* 90'%721i5D 84.581 84.08 | 0501

LISNOPRIL 30604
100,

AUGHTER 1(0:306) Daughters of 360

20831

999,421

343,430

miz
75 100 125 150 175 200 225 250 275 300 335 330 375 400 423 450 475 500 535 350 575 60D

Figure 7. MS/MS spectrum of the product ion [M+1]
C21H29N303 at m/z (3887).

MS/MS spectrum of the product ion (m/z 309%)
was represented by Figure 9 and studied in Figure 10.
The protonated degradation product (m/z 309%) resulted
from hydrolysis of lisinopril and removal of pyrrolidine
ring and carbon monoxide with migration of hydroxyl
group to form with carbonyl group a carboxylic
groups:7,

The fragmentation pattern of (m/z 309%) under CID
energy of 28.4v shows peaks at (m/z 246%) due to
elimination of formic acid with the amino group and
cyclization of the |lysine residue to from a
tetrahydropyridine ring, (m/z 200%) due to elimination of
formic acid, ( m/z 142%) is the same pathway for
formation of the product ion of (m/z 246%) with
elimination of the styrene!®, and (m/z 84%) due to
elimination of CH,COOH group from product ion of (
m/z 142%) or elimination of the but-3-en-1-ylbenzene
group from the product ion of (m/z 201*) as presented in
Table 5.
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| HCOOH
= i 3
:\[ ( 2)-3-( 4-aminobutyl)-1.4-dioxo-2

o o ( 3-phenylpropylidene) .

octahydropyrrolo[1.2-alpyrazin-2-ium
Chemical Formula: CogHzgN205* l
mfz 343

W

2-(3(4 1
[1.2-alpyrazin-2( 1H)-yl)-4-phenylbutanoic acid HCOOH  -NH,

Chemical Formula: CpyHzgNAO4 [yt
m/z 388 fN <o
5.11-diox0-1.2.3.5,50,6,7.8,11.11a-deca

hydropyrido[1.2-a]pyrrolo[1.2-d]pyrazin-10-ium
Chemical Formula: CyyHqsN;05*
m/z 208

-
e
i
O )
2+( 1 y1)-2.3.4.5 1-ium

Chemical Formula: CygHy7N,0*
mfz 182

2.3.4 5-tetrahydropyridin-1-ium
Chemical Formula: CsHygN*
mfz 84

Figure 8. Possible schematic mechanism of fragmentation
pattern pathway of the product ion (m/z 388*).

-HCOOH ~NH4
-CyoH192 -Co

-HCOOH -NH3
- CygH21NO,

Table 5. Summary of chemical formulae, relative
abundance, measured and exact mass of major ions
observed in the product ion MS/MS spectrum of [M+ H]
(m/z 309%).

Exact Difference
. . Measured between
Chemical Relative mass
mass exact and
formulae Abundance m/z
m/z [H+1] measured
[H+1]
mass
+
C16H2sN>04 34'340;'3 309.375 309.174 0.201
CisHaoNO,* 58'24325'3 246572 | 246148 |  0.424
CisHigN* 17'37311-SD 200.442 200.143 0.299
+
C7HNO,* 27'212£SD 142.291 142.086 0.205
+
CsHigN* 91'?)61gSD 84.579 84.081 0.498
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1-( 1-carboxy-3-phenylpropyl)-

2.3.4 5-tetrahydropyridin-1-ium

Chemical Formula: C15HgNO>*
mlz 246

6 2-( ( 1-carboxy-3-pl
amino)hexanoic acid
Chemical Formula: C1gHp4N304
mfz 309

ylpropy

- 2( HCOOH)

( £)-1( 3-phenylprop-1-en-1-yl)-
2,34 5-tetrahydropyridin-1-ium
Chemical Formula: CgH1gN*

mjz 200

- 2( HCOOH) - NH:l

1 car yl)-2.3.4.5 pyridin-1-ium
Chemical Formula: CyH;,NO,*
mjz 142
- 2( HCOOH) O/

- .
- NH,
- 2,34 5-tetrahydropyridin-1-ium

Chemical Formula: CgHygN*
m/z 84

Figure 10. Possible schematic mechanism of fragmentation
pattern pathway of the product ion (m/z 309*).

The fragmentation ions produced by the
protonated degradation product (m/z 244%) was
represented in Figure 11. It resulted from hydrolysis of
lisinopril and elimination of the 4-phenylbutanoic acid.
According to Figure 12, the fragmentation pattern of
(m/z 244*) under CID energy of 30.2v shows peaks at
(m/z 225*) due to elimination of the amino group and
cyclization of the lysine residue to form the
tetrahydropyridine ring, (m/z 179*) due to the same
pattern of (m/z 225%) in addition to elimination of formic
acid and formation of dihydropyrrole®®, (m/z 114*) due
to elimination of the 2,6-diaminohexanoyl molecule, and
(m/z 84*) due to the same pattern of (m/z 225*) with the
elimination of carboxypyrrolidine-1-carbonyl resulting
in the formation of tetrahydropyridine moiety as
presented in Table 6.

Table 6. Summary of chemical formulae, relative
abundance, measured and exact mass of the major ions
observed in the product ion MS/MS spectrum of [M+ H]
(m/z 244%).

Measur Exact Dkifgence

Chemical Relative ed mass mass ex:ct E;]n d

formulae Abundance m/z m/z measured
[H+1] [H+1] mass
C1iH21N303 58'%3045'3 244.492 | 244.158 0.334
C1:H17N2035" 15'%6181 Sb 225291 | 225.123 0.168
C1oH15N,O* 42'%7];SD 179.324 179.118 0.206
CsHsNO,* 29'%14§SD 114.267 114.055 0.212
CsHioN* 86%4335'3 84572 | 8408l | 0491

T“'?’:J [T MR T IN T MT I T ST T TIET T T I T T TIP MT T AP TIPT I I T I I T

Figurell. MS/MS spectrum of the product ion [M+1]
C11H21N3Os at m/z 244",

HO,
o {e]
.
f
N N

2-( 2-carboxypyrrolidine-1-carbonyl)-
2.3.4.5-tetrahydropyridin-1-ium
Chemical Formula: CqyH1;N05*
mjz 225

SR

2-( 2.3-dihydro-1/-pyrrole-1-carbonyl)-
2.3.4 5-tetrahydropyridin-1-ium
Chemical Formula: CgH1sN,0*

mjz 179

1-( 2.6-diaminohexanoyl)pyrrolidine
-2-carboxylic acid
Chemical Formula: C11H;N303

244

HcooH

HO,

o
- CeH1aN2Og
Hﬁ\

2-carboxy-3.4-dihydro-2//-pyrrol-1-ium
Chemical Formula: CsHgNO,*
mjz 114

- CgHgNO3
L "Z6stH3
NH, Y

2.3.4.5-tetrahydropyridin-1-ium

Chemical Formula: CsHigN*™
m/z 84

Figure 12. Possible schematic mechanism of fragmentation
pattern pathway of the product ion (m/z 244*).
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Figure 13 shows the fragmentation ion
produced from the protonated degradation product (m/z
180%) by MS/MS. The protonated degradation product
(m/z 180%) resulted from hydrolysis of lisinopril to give
2-amino-4-phenylbutonic acid due to removing 6-
aminohexanoyl pyrrolidine-2-carboxylic acid. The
fragmentation pattern of (m/z 180%) under CID energy of
42.86vshows peaks at (m/z 162%) due to elimination of a
water molecule, (m/z 134*) due to elimination of formic
acid, (m/z 105*) due to elimination of 2-aminoacetic
acid, and (m/z 72*) due to elimination of water and
toluene molecules as represented in Table 7 and Figure
14,

Table 7. Summary of chemical formulae, relative
abundance, measured and exact mass of major ions
observed in the product ion MS/MS spectrum of [M+ H]
(m/z 180%)

Difference
Exact between
Chemical Relative :\nllssassured mass the exact
formulae Abundance miz [H+1] m/z and
[H+1] measured
mass
CioHisNO, 38'706325'3 180.716 | 180.095 | 0.621
CoHuNO | 22050 | 162424 | 162084 | 034
CHuN | 873 *SP 1 134303 | 134089 | 0304
CsHs 11'%53§SD 105.279 105.063 0.216
CsHsNO 8'0% S0 | 72348 | 7208 | 0309

LISNOPRIL 180 DAUGHTER 1 (0:306)

100 428807

108270
72348

miz
075 100 175 130 175 200 225 230 275 300 325 350 aF3 400 43 430 475 500 523 550 575 600

Figure 13. MS/MS spectrum of product ion [M+1]
Ci1oH13NOz at m/z (180%).

From the previous studying of the
fragmentation pattern pathways and schematic analysis
of the degradation products resulted from the acidic
hydrolysis of lisinopril, it was found that four main
degradation compounds were formed as summarized in
the Table 8. Both degradation products of m/z (388* and
180*) were described in Eur. Ph. (8") as lisinopril
impurities®.

o\j,H

= NH,
2
-Hy0
—
NH,
( £)-2-amino-4-phenylbut-2-enal
Chemical Formula: C1oHy{NO
m/z 162
2-amino-4-phenylbutanoic acid
Chemical Formula: CgH1aNO,
mjz 180 H
Z NH,
-HCOOH
( £)-3-phenylprop-1-en-1-amine
Chemical Formula: CgHyqN
m/z 134
N H
-C,HsNO,
—
styrene
Chemical Formula: CgHg
mjz 105

[e] *H
-C,HgO ;\
—
NH,

2-aminoacrylaldehyde
Chemical Formula: C3HsNO
mfz 72

Figure 14. Possible schematic mechanism of fragmentation
pattern pathway of the product ion (m/z 180%).

Table 8. Formed degradation products resulted from acidic
hydrolysis of lisinopril under stress condition.

Measured | poative Chemical .

mass Abundance formulae Chemical name

[M+1]
1-(6-amino-2-
((1-carboxy-3-
phenylpropyl)am

406" 861'14 D | CHaNsOs | ino)hexanoyl)pyr

' rolidine-2-
carboxylic acid
[Lisinopril]
2-(3-(4-
aminobutyl)-1,4-
dioxohexahydrop
. 20.68 +SD rrolo[1,2-

388 0.11 CaaHsNsOs Z]pyra[zin-Z(lH)-
yl)-4-
phenylbutanoic
acid
6-amino-2-((1-
carboxy-3-

309" 351'5 D | ¢ eHuN,Os | phenylpropylam

' ino)hexanoic
acid
1-(2,6-
. 55.42 +SD diaminohexanoyl

244 0.11 C11H2iNOs )pyrrolidine-2- g
carboxylic acid
2-amino-4-

180* 15.26 £5D CioH13sNO, phenylbutanoic

011 acid
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CONCLUSION

Four degradation products were resulted from

acidic hydrolysis of lisinopril under drastic conditions.
The formed degradation products were separated and
detected by means of LC-MS/MS. The chemical
structures of the degradation products were elucidated
through studying the fragmentation pattern pathway of
the fragmentation ions produced in MS/MS spectrum.
Slight modification on the chromatographic conditions
reported by Zhou to be applied for separation of lisinopril
and degradation products was successively validated for
determination of lisinopril by LC-MS/MS.
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