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A simple and rapid stability-indicating liquid chromatographic
method was developed and validated for the simultaneous determin-
ation of lisinopril and hydrochlorotiazide (HCTZ) in drug substances
and dosage forms in the presence of degradation products. Forced
degradation studies were conducted on the pure drugs under hydro-
lytic, oxidative, thermal and photolytic conditions. A chromatographic
separation of the two drugs and its degradation products was
achieved with an RP-18 column, using methanol, acetonitrile and
phosphate buffer (pH 7.1; 0.05 M) (15:15:70, v/v/v) as mobile phase
at a flow rate of 0.8 mL min21 and UV detection at 210 nm. Lisinopril
and HCTZ were well resolved from its degradation products showing
the stability-indicating capability of the method. The described
method was linear over a range of 40–200 mg mL21 for lisinopril and
25–175 mg mL21 for HCTZ. The assay was also selective, accurate
and precise for lisinopril and HCTZ determination. This method repre-
sents an alternative to the United States Pharmacopeia (USP)
method showing shorter retention time. The method was successfully
applied for determination of lisinopril and HCTZ in combined commer-
cial tablets. The results showed that the proposed method was found
to be suitable for quantitative determination and the stability study of
lisinopril and HCTZ in pharmaceutical samples.

Introduction

Chemical degradation of a pharmaceutical often results in a loss

in potency; therefore, clinical use of a pharmaceutical prepar-

ation cannot be recommendable if the degradation is relatively

high because this could result in diminution of the therapeutic

activity. Different factors can affect the stability of drug sub-

stances and dosage forms; these include intrinsic factors such as

the molecular structure of the drug itself and environmental

factors, such as temperature, light, humidity and oxygen (1, 2).

Lisinopril and hydrochlorothiazide (HCTZ) are used as com-

bination therapy in the treatment of hypertension of patients

whose blood pressure is not adequately controlled with any of

the substances alone (3, 4). Lisinopril (Figure 1) and HCTZ

(Figure 2) have chemical structures susceptible to degradation;

therefore, it is very important to have suitable analytical methods

to assess its stability.

It has been reported that lisinopril is degradedmainly to lisinopril

diketopiperazine (DKP) by cyclization intramolecular (5, 6) and

HCTZ is degraded to 4-amino-6-chloro-1,3-benzendisulfonamine

(DSA) and formaldehyde by hydrolysis (7–11).

Stability-indicating methods have been reported for assays of

various drugs in drug products containing only one active drug

substance, only few stability-indicating methods are reported for

the assay of combination drug products.

For lisinopril, it has been reported stability-indicating LC

methods for its individual determination as a drug substance (6)

and an extemporaneous pediatric formulation (12). And for its

simultaneous determination with parabens (5). For HCTZ, it has

been reported stability-indicating LC methods for its simultan-

eous determination with losartan (7, 8), enalapril (11) losartan

and atenolol (13), ramipril (14), spironolactone (15), irbesartan

(16) and telmisartan with amlodipine (17). For simultaneous

determination of lisinopril and HCTZ, a stability-indicating LC

method using gradient elution has been reported (18), as well as

a method described in the USP (19). In the present study, we

present a method that is both simpler and faster for the deter-

mination of lisinopril and HCTZ as well as their degradation pro-

ducts (stability-indicating method).

Experimental

Chemicals and reagents

Standards of lisinopril dihydrate, DKP and DSA (.99.0% purity)

were obtained from USP (Rockville, MD, USA). Standard of HCTZ

and enalapril maleate (.99.0% purity) was obtained from Sigma

(St. Louis, MO, USA). Acetonitrile and methanol LC grade,

KH2PO4, sodium hydroxide, hydrochloric acid and hydrogen

peroxide p.a. grade were from Merck (Darmstadt, Germany).

Lisinopril dihydrate drug substance was obtained from Tokyo

Chemical industry (Tokyo, Japan) and HCTZ drug substance was

obtained from Diprolab (Santiago, Chile). Lisinopril/HCTZ
tablets, containing 20 mg of lisinopril and 12.5 mg of HCTZ,

were purchased from a Chilean pharmacy.

Instrumentation

Chromatography was performed by using a Perkin Elmer Series

200 liquid chromatograph (Norwalk, CT, USA) equipped with a

manual injector, a 7125 Rheodyne injection valve (Cotati, CA,

USA) and a 20-mL loop. An Applied Biosystems Model 785A pro-

grammable absorbance detector (Foster, CA, USA) and a Perkin

Elmer Nelson Model 1022 data processor (Norwalk, CT, USA).

Chromatographic conditions

The chromatographic separation was achieved on a RP-18

column (150� 4.6 mm, 5 mm; Purospherw Star, Merck, Darmstadt,

Germany). Methanol, acetonitrile and phosphate buffer (pH 7.1;

0.05 M) (15:15:70, v/v/v) was used as mobile phase. Flow rate of

the mobile phase was 0.8 mL min21 and the detection was moni-

tored at a wavelength of 210 nm. Enalapril maleate (210 mg mL)
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was used as the internal standard. All analyses were performed at

room temperature (23+28C) under isocratic conditions.

Preparation of standard solutions

A stock solution of lisinopril dihydrate was prepared at

1 mg mL21 in methanol/water. A stock solution of HCTZ was

prepared at 1 mg mL21 in methanol. A stock solution of enalapril

maleate was prepared at 2 mg mL21 in methanol/water. A stock

solution of DKP and DSA were prepared in methanol at

1 mg mL21. Standard solutions were prepared from the above

stock solutions after adequate dilution with water.

Preparation of sample solution

Twenty lisinopril/HCTZ tablets were weighed and finely

powered. Tablet powder equivalent to 3.0 mg of lisinopril and

1.9 mg of HCTZ was transferred into a 25-mL volumetric flask,

8 mL methanol and 3 mL of internal standard (1.75 mg mL21)

were added. The solution was then vortexed for 15 s and soni-

cated for 10 min. Then 12 mL of distilled water was added and

the solution was again sonicated for 10 min, and diluted to

volume with distilled water to give a solution containing

120.0 mg mL21 of lisinopril and 75.0 mg mL21 of HCTZ. Finally,

the mixture was filtered.

Stability-indicating capability of the LC assay

The stability-indicating capability of the method for lisinopril

and HCTZ was determined in the presence of their degradation

products; it was established by chromatographic analysis of

standard solutions of the degradation products of lisinopril

(DKP) and HCTZ (DSA) and using the samples generated from

forced degradation studies. The stress conditions used for the

degradation study included hydrolysis, oxidation, heat and light

(explained in Stress testing). The composition, pH and the flow

rate of the mobile phase were changed to optimize separation

between lisinopril, HCTZ, internal standard and the degradation

products.

Method validation

The method was validated according to the ICH guidelines (20).

The parameters validated were linearity, accuracy, precision,

selectivity, limits of detection and quantification (LOD and

LOQ), robustness and solution stability.

Stress testing

The stress study was performed in accordance with the ICH

guideline Q1 A (21). Forced degradation studies of HCTZ were

developed previously by us (11); therefore, only stress testing of

lisinopril is described. Lisinopril was stressed under the condi-

tions of hydrolysis, oxidation, dry heat and photolysis until to

facilitate �5–20% degradation (22). For each condition, a blank

solution was prepared and was subjected to stress in the same

manner as the drug, also a control solution was prepared, which

was stored without the stress condition.

Hydrolysis acidic, neutral and alkaline

Acid, alkaline and neutral degradation of lisinopril were carried

out with sample solutions of 10 mg mL21 prepared in methanol/
water and diluted in HCl (0.1 N), water and NaOH (0.1 N) to

800 mg mL21. Samples of 3 mL were kept on a hot plate at 708C
for 24 h, then they were cooled to room temperature and trans-

ferred to a 25-mL volumetric flask, then they were neutralized,

an aliquot of 3 mL of internal standard (1.75 mg mL21) was

added and finally they were diluted to volume (final concentra-

tion: 96 mg mL21).

Oxidation

The oxidative degradation was carried out with sample solutions

of 10 mg mL21 prepared in methanol/water and diluted in H2O2

(6%) to 800 mg mL21. Samples of 3 mL were kept at room tem-

perature (25+28C) for 7 days in the dark and on a hot plate at

708C for 5 h, then they were cooled to room temperature and

transferred to a 25-mL volumetric flask, an aliquot of 3 mL of

internal standard (1.75 mg mL21) was added, and they were

diluted to volume (final concentration: 96 mg mL21).

Thermal degradation

Bulk drug of lisinopril was spread in a thin layer on a petri plate

and subjected to dry heat at 708C in an oven for 30 days. After

this time, a solution of 800 mg mL21 was prepared in methanol/
water, then 3 mL of this solution were transferred to a 25-mL

volumetric flask, an aliquot of 3 mL of internal standard

(1.75 mg mL21) was added and finally they were diluted to

volume (final concentration: 96 mg mL21).

Photostability

Photolytic studies were performed after exposition of solid drug

in 1 mm layer in a petri-plate and a solution of 800 mg mL21

prepared in methanol/water, under UV (365 nm) and VIS radi-

ation for 10 days. After this time, solutions of 96 mg mL21 were

prepared.

Figure 1. Chemical structure of lisinopril.

Figure 2. Chemical structure of HCTZ.
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Results

Method development and optimization

Optimal separation of lisinopril, HCTZ, DSA, DKP and internal

standard, with good peak shapes was achieved with a metha-

nol–acetonitrile–phosphate buffer (pH 7.1; 0.05 M) (15:15:70,

v/v/v) mobile phase under isocratic conditions. The system suit-

ability results showed that the parameters are within the suitable

range: Rs . 2.2 between all picks; T 1,1 for lisinopril and HCTZ

and N 1800 for lisinopril and 3000 for HCTZ. As shown in

Figure 3, the method was able to resolve all the compounds; the

method thus proved to be stability indicating.

Sample preparation studies

A study was performed in order to determine the optimum

sample treatment for complete leaching of lisinopril and HCTZ

from tablets. Different solvents (acetonitrile, water, methanol,

phosphate buffer pH 7.1), different order of solvent addition

(one or two steps) and times of sonication (5, 10, 15 and

20 min) were evaluated. When methanol, acetonitrile or mix-

tures of methanol:acetonitrile:water, methanol:acetonitrile:pho-

sphate buffer pH 7.1 were added in one step, recovery was

between 77.9 and 96.3%. Optimal results were obtained with

addition of methanol with 10 min sonication time, then water

with 10 min sonication with recovery of 99.6 and 98.8% for lisi-

nopril and HCTZ, respectively.

Method validation

Linearity

Linearity of the method was tested over the concentration range

of 40–80–120–160–200 mg mL21 for lisinopril and 25–50–75–

100–125 mg mL21 for HCTZ (each solution was injected three

times). The calibration graphs were obtained by plotting the ratio

between the peak heights of lisinopril/internal standard and

HCTZ/internal standard against the concentration of the drugs.

The equations of the calibration curves were y ¼ 0.007x þ 0.068;

r
2 ¼ 0.996 for lisinopril, and y ¼ 0.012x 2 0.068; r2 ¼ 0.997 for

HCTZ. According to statistical analyses by ANOVA, both calibra-

tion curves were linear (P , 0.005).

Accuracy

The accuracy of the method was evaluated in triplicate in the

level 80, 100 and 120% of levels in the tablets; recovery test was

conducted by adding known amounts of standard of lisinopril

and HCTZ to common tablet excipients (lactose, starch and

magnesium stearate). The accuracy of the assay was determined

by comparing the found amount with the added amount. The

results are shown in Table I. The obtained values confirm the

accuracy of the proposed method.

Precision

The intraday precision was determined by carrying out three

independent assays in concentrations of 96.0, 120.0 and

144.0 mg mL21 for lisinopril and 60.0, 75.0 and 90.0 mg mL21 for

HCTZ on the same day. The interday precision of the assay was

evaluated by comparing the assays on three different days. The

results are shown in Table II. The obtained values show a suitable

precision for the analytical method.

Selectivity

The selectivity of the method was evaluated by analyzing a

sample of each commercial product; the chromatograms

showed that there is no interference or overlap of the excipients

used in the tablets with the lisinopril, HCTZ, degradation pro-

ducts or internal standard peaks. Additionally, selectivity was

confirmed through the stress studies; results from this studies

indicated that the method is selective towards lisinopril, HCTZ,

degradation products and internal standard as shown in Figure 3.

These results proved the selectivity of the proposed method.

Limits of detection and quantification

LOD and LOQ were calculated using the equations: LOD ¼ 3.3 �
s/S; LOQ ¼ 10 � s/S, where s is the standard deviation of the

Figure 3. Representative chromatogram of lisinopril, HCTZ, degradation product of
lisinopril (DKP), degradation product of HCTZ (DSA) and internal standard (enalapril
maleate): (a) enalapril malete, (b) lisinopril, (c) DSA, (d) HCTZ and (e) DKP.

Table II
Results from Study of Precision

Concentration (mg mL21) Relative standard deviation (%)

Intradaya Interdayb

Lisinopril 96.00 2.43 3.20
120.00 1.03 3.18
144.00 1.12 2.22

HCTZ 60.00 1.13 1.50
75.00 0.72 0.68
90.00 1.09 2.57

aAnalyzed on the same day (n ¼ 3).
bAnalyzed on three different days (n ¼ 9).

Table I
Results from Study of Accuracy

Sample level (%) Added amount (mg) Found amount (mg)a Recovery (%)b

Lisinopril 80 2.40 2.46+ 0.04 102.6
100 3.00 3.03+ 0.21 100.9
120 3.60 3.65+ 0.12 101.3

HCTZ 80 1.50 1.45+ 0.11 96.6
100 1.87 1.81+ 0.24 96.4
120 2.25 2.18+ 0.02 97.1

aMean+ SD (n ¼ 3).
b(Found concentration/added concentration) � 100.

Stability-Indicating LC Method 3



response and S is the slope of the calibration curve. LOD was

0.44 and 0.45 mg mL21 for lisinopril and HCTZ, respectively, and

the respective LOQ were 1.32 and 1.35 mg mL21. These values

are adequate for determination in pharmaceutical samples.

The LOQ were confirmed experimentally by triplicate analysis

of samples prepared at 2.00 and 1.01 mg mL21 for lisinopril and

HCTZ, respectively. The concentration of lisinopril and HCTZ was

found to be 2.34+0.28 and 1.12+0.25 mg mL21, respectively.

Robustness

To evaluate the robustness of the method, the chromatographic

conditions were intentionally altered and the resolution

between enalapril/lisinopril and lisinopril/HCTZ was evaluated.

The flow rate was changed by 0.2 units, from 0.8 to 1.2 mL min

and the pH of mobile phase was changed from 7.1 to 7.4. The

resolution was within 4.0 and 5.0 for enalapril/lisinopril and

within 8.9 and 9.6 for lisinopril/HCTZ.

Solution stability

The stability of standard solution of HCTZ was evaluated previ-

ously by us (11); therefore, the stability of the standard solution

of lisinopril was tested; it was evaluated at room temperature

(23+28C), þ8+18C and 220+0.58C, for 4, 15 and 25 days,

respectively. The stability was determined by comparing the

concentration at each time with the initial concentration. The

results indicate that all the solutions were stable, as there

the concentration remained almost unchanged and there was no

formation of degradation products.

Stress testing

After acid, alkaline and neutral hydrolysis, the lisinopril concen-

tration decreased and an additional peak was observed identified

as DKP. The identification of this peak was performed by com-

paring the chromatograms of stressed samples with chromato-

grams of standard solution of this compound. The degradation of

lisinopril in acid, alkaline and neutral conditions was found to be

11.1, 9.2 and 6.1%, respectively. Lisinopril was found to be stable

under photolytic, thermal and oxidative conditions. According

to a previous investigation developed by us (11), HCTZ degrades

to one degradation products identified as DSA.

Analysis of lisinopril and HCTZ in combined commercial
tablets

The content of commercial products of lisinopril/HCTZ tablets

containing 20 mg of lisinopril and 12.5 mg of HCTZ was deter-

mined by the proposed method. The analysis was performed on

two commercial products and in two batches of each one. The

results obtained are shown in Table III.

Discussion

To separate lisinopril, HCTZ and their degradation products gen-

erated under stress conditions, different mobile phase and flow

rates were tested and optimized to provide the shortest run time

with an adequate resolution and peak shape; the objective was

to achieve the separation between lisinopril, HCTZ, DSA and

DKP. Different mobile phase were tested varying proportions of

methanol and acetonitrile with or without the addition of tetra-

hydrofuran, and change in pH (2.5–4.4–5.7–7.1). At low pH, the

peak shape of lisinopril was not good, by increasing the pH to

7.1 improved peak symmetry with T 1,1. A good resolution

between all peaks was obtained at 0.8 mL min; this low flow rate

guaranteed savings in solvent consumption. This method repre-

sents an alternative to the Ivanovic (18) and USP (19) method

with the advantages of shorter analyte retention times and the

use of an isocratic gradient. In contrast, the method of Ivanovic

used gradient elution, showed poorer selectivity for lisinopril,

and required longer analysis time while the USP method used a

more complicated mobile phase composed of water, aceto-

nitrile, phosphoric acid and triethanolamine at 1.5 mL min.

Lisinopril dihydrate have quite different physicochemical

properties of HCTZ; lisinopril is highly soluble in water;

however, HCTZ is slightly soluble in water; therefore, sample

treatment was very important in order to obtain complete leach-

ing of lisinopril and HCTZ from tablets. Solvent addition in one

step gave low recovery of both drugs; therefore, two steps were

necessary with two times of sonication.

Stress testing shows that lisinopril degraded via hydrolysis, with

formation of one degradation products identified as lisinopril

DKP; this products occurs through an intramolecular condensa-

tion (5). Therefore, care should be taken in the manufacturing

process and during storage of this product in order to avoid deg-

radation, because if the drug is degraded could result in dimin-

ution of the therapeutic activity and safety.

Conclusion

The proposed LC method was validated in compliance with val-

idation requirements; it has the required linearity, accuracy, pre-

cision, selectivity, LOD and LOQ, and was proved to be capable

of separating lisinopril, HCTZ and its degradation products (DSA,

DKP), demonstrating its stability-indicating capability. The short

analytical run leads to a cost- effective and rapid chromatographic

procedure which can be used for routine analysis and for stabil-

ity studies of samples of lisinopril and HCTZ.
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