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ABSTRACT: Background: Lisinopril is angiotensin-converting enzyme (ACE) inhibitor, used
primarily in conventional treatment of hypertension (high blood pressure). Aim: The aim of this
research is to investigate the inclusion complex of Lisinopril and Hydroxyl propyl-B-cyclodextrin and
to develop analytical method for analysis of Lisinopril in Pharmaceutical formulation. Methods: The
UV Spectrophotometric method was employed based on the remarkable enhancement of the
absorption intensity. The inclusion complex was studied at pH 2.0 buffer solution with maximum
absorption at wavelength of 206 nm and inclusion complex was characterized using FT-IR
spectrometer. Results: The formation of the inclusion complex was properly interpreted by the
change and shifts in FT-IR spectrum of the formed complex in comparison with pure reagent and
drug spectra, especially the Hydroxyl propyl-B-cyclodextrin hydroxyl group peak from 3392 to 3319
cm-ldue to the formation of hydrogen bond after the guest (Lisinopril) has been entrapped into the
host (Hydroxyl propyl-p-cyclodextrin) cavity. The stoichiometry was found to be 1:2. The proposed
method is valid and obeying Beer's law due to the linear relationship between the absorbance and
the concentration of Lisinopril over the concentration range S5 to 30 mg/L with reasonable
correlation coefficient 0.9997. Moreover, the limits of detection (LOD) and quantification (LOQ) thus
obtained 0.2934 and 0.8862 ug/ml, respectively. The mean recoveries were found to be 101.90£0.15,
105.13£0.16 and 105.60+0.07. All the parameters have been calculated as per International
Conference on Harmonization (ICH) guidelines. Conclusion: The established method is particularly
applicable for the determination of Lisinopril in Pharmaceutical formulations.
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outer surface of the CDs molecules that enable them
forming water soluble host-guest complexes with other
molecules by hydrogen bonds also additiona weak
forces as Van der waas and hydrophobic dipole-dipole
interactions. These molecules such like non-cyclic
oligosaccharides and polysaccharides P®. Likewise,
these inclusion complexes can be formed as a result of
either a complete or partial hosting of the molecules
depending on the polarity, shape, hydrophobicity, and
the size of the guest. The hydrophobic interna cavity
and the hydrophilic externa surface of the CDs
dramatically affect the physiochemical properties of the
guest molecules just as the solubility and reactivity ",
Correspondingly, these effects have been extensively
utilized in different scientific fields including the
pharmaceutical industry resulting in the significant
improvement of the pharmaceuticals stability and
solubility ™€ On the other hand, formation of the
incluson complexes has an important benefit in
progressive enhancement of the absorption intensity
when using UV spectrophotometer, so analysts use this
property in accurate determinations of different
pharmaceutical drugs "%, Many applications of CDs
have been efficiently handled especially
Hydroxylpropyl-B-CD (HPBCD) (Fig 1) due to its higher
water solubility, greater biocompatibility possession, and
the lowest toxicity compared to CDs %24,
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Fig 1. Chemical structure of Hydroxypropyl-3-
cyclodextrin (HPBCD).

Lisinopril (LIS) is angiotensin-converting enzyme
(ACE) inhibitor, used primarily in conventiona
trestment of hypertenson (high blood pressure),

congestive heart failure, and heart attack. Physically LIS
is a white crystalline powder, highly soluble in water
and gparingly soluble in acohol. Furthermore,
chemically LIS is {(9)-1-[N2-(1-carboxy-3-
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phenylpropyl)-lI-proling} (Fig 2) %!, A Number of
analytical methods for the estimation of LIS starting
from the official potentiometric titration and through the
others LC-M S, HPLC, polarography, spectroflourimetry,
and spectrophotometry have been reported 23U,
However, some of these methods are time and chemical
consuming, costly, and monotonous. Hence the
reasonable demand for a rapid, smple, sensitive, and
economical procedure is noticeable, especialy for the
routine analysis of pharmaceutical drugs that containing
LIS. The objective of this study was to develop a rapid,
selective, sengitive, and economical uv
Spectrophotometric method for the determination of LIS
in pharmaceutical dosage formulations.

NH»,

Fig 2. Chemical structureof Lisinopril (LI1S).

MATERIALSAND METHODS:

Chemicals and reagents:
Hydroxylpropyl-B-cyclodextrin (HPBCD) was obtained
from Sigma-Aldrich (ST. Louis, USA) and used without
prior treatment. Lisinopril (LIS) was received from Aza
pharmaceuticals company, Khartoum, Sudan. The two
pharmaceutical formulations Zinopril and Linopril (10
mg/tablet) were purchased from the local market, which
were manufactured by Jazeera pharmaceutical
industries, Saudi Arabia and Pharma International Co.
Amman, Jordan respectively. Doubled distilled water
was used in al experiments. The whole reagents used
were analytical grade.

Apparatus and instrumentation:

A PharmaSpec UV-1700 (Shimadzu, Japan) ultra violet
spectrophotometer supplied with 1 cm quartz cell, Japan,
has been used for al the quantitative measurement. pH
meter model pH-3E for adjusting the pH. FT-IR data
was carried out by Shimadzu FT-IR-8400S (Shimadzu,
Japan) Fourier transform infrared spectrophotometer.
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Preparations of standard and sample solutions:
Preparation of HPBRCD:

About 0.003 mol/l stock standards was prepared by
dissolving 0.4126 g in 100 ml standard flask of doubled
distilled water.

Preparation of Lisinopril (L1S):

About 100 mg/L stock solution was prepared by
dissolving 0.01 g in 100 ml calibrated flask of doubled
distilled water.

Preparation of phosphate buffer solutions:

About 0.1 mol/lI phosphate buffer solution was prepared
by dissolving appropriate amounts of sodium
dihydrogen phosphate (NaH,PO,) and disodium
hydrogen phosphate (Na,HPO,) in doubled distilled
water, the pH was adjusted from 1 to 6 using 0.1 mol/|
hydrochloric acid (HCI) solution.

General recommended procedure:

About 1.5 ml of 100 mg/L LIS was transferred into a
10.00 ml volumetric flask, 1.5 ml of 0.1 mol/l phosphate
buffer solution of pH 2.0, and 1.0 ml of 3.0x10 mol/I
HPBCD were added sequentially, then it was diluted to
the mark with doubled distilled water and mixed well.
Only after the solution had equilibrated at 30 °C for 5
min, it was the absorbance measured at 206 hm against
blank reagent prepared with the same reagents
concentrations except the drug. The same method was
applied to obtain the calibration graph by using aiquot
volumes of LIS working solutions equivalent to 5 to 30
mg/L, then following the general procedure and plotting
the absorbance versus the concentration of drug in mg/L.

Assay procedurefor Lisinopril (L1S) tablets:

Twenty tablets were carefully weighed and finely
powdered. An accurate weight equivalent to 10 mg of
LIS was transferred into 100 ml conica flask and
instantly dissolved and extracted in 60 ml distilled water.
The residue was filtered through Whatmann filter paper
no. 41 then transferred into 100 ml standard flask and
diluted to the mark to obtain 100 mg/L stock solutions.
Consequently, the prepared solutions were pursued the
general recommended procedure.

Stoichiometric ratio of the inclusion reaction (Job's
method):

The stoichiometry determination of the incluson
complex was successfully performed using Job's method
of continuous variation ***3. Equimolar 1.0x10™ mol/I
agueous solutions of LIS and HPBCD were prepared,
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then a series of 10.00 ml portions were made up
constituting various complementary proportions (1:9,
2:8, 3.7, 46, 55, 6:4, 7:3, 82, and 9:1 ml). These
solutions were properly treated as described in the
general recommended procedure.

Characterization of LIS/HPBCD product:

The formed complex was investigated using Shimadzu
FT-IR-8400S Fourier transform infrared spectrometer
(FT-IR). The diffuse reflectance technique was carried
out in the spectral region of 400 to 4000 cm™. The
procedure consisting of placing the powdered dried
sample which dispersed in KBr with 1:100 ratios
respectively into a sampling cup, smoothing the powder
into a disc, and compressing the powder using hand
compressor. Having placed the sample into the light
path, the spectrum was obtained. The FT-IR spectra of
pure HPBCD, LIS, and LIS/HPBCD complex were also
obtained following the same described procedure for
comparison.

RESULTS AND DISCUSSION:

Absor ption spectra:

The absorption spectra of LIS in the presence and
absence of HPBCD was studied in the range of 200 to
400 nm. The obtainable results as shown in Fig 3
revealed that the A Of 15 mg/L LIS was found to be
206 nm. When 3.0x10* mol/| HPBCD was added to15
mg/L LIS in a buffer solution of pH 2.0, we clearly
observed a dignificant increase of the absorbance
without shift in wavelength. This experimentally
confirmed the capability of LIS to form inclusion
complex with HPBCD.
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Fig 3. Absorption spectra of HPBCD (3.0x10™ molL™)
against water (==), LIS (15 mg/L) against water (mm), and
the reaction product of LIS (15 mg/L) with HPBCD
(3.0x10™ mol/l) against the reagent blank (s).
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Fig 4. FT-IR spectra of (wm) Pure HPRCD,

FT-IR characterization of inclusion complex:

The IR spectrum of LIS/HPBCD product was conducted
over the wave number from 400 to 4000 cm™ using FT-
IR spectrometer as described in Fig. 4. The IR spectrum
of LIS was characterized by the presence of peaks for
amine group, carboxyl group, and the aromatic structure
of the pure drug. On the other hand, the presence of the
strong stretching peak of hydroxyl group related to pure
HPBCD reagent. In the spectrum, not only had the peaks
shifted, but also they disappeared as noticed in LIS
spectrum. Furthermore, the obvious shift and change can
be explained as follows: in the spectral region 1400 to
1700 cm™ of LIS we noticed the vibrations characteristic
of the aromatic pure LIS at 1448, 1506 and 1546 cm™,
amine group at 1537 cm™, and carboxyl groups at 1612
and 1654 cm™ were shifted to 1650 cm™ in the complex
spectrum B, Additionally, in 2400 to 3600 cm™ spectral
region the presence of primary and secondary amine
groups at 3344 and 3554 cm respectively, hydroxyl
groups at 2650 and 2958 cm™, we obviously noticed the
disappearance of amine groups in the complex spectrum
due to the intrasintermolecular hydrogen bonding
because of the hydroxyl groups. The significant
transformation and shift of the hydroxyl group peak in
the pure HPBCD reagent from 3392 to 3319 cm™
correctly interpret the formation of the LIS/HPBCD
inclusion complex.

Optimization of thereaction conditions:
Numerous experimental parameters that affect the
inclusion reaction of LIS and HPBCD were studied
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PurelLlS, and (==) LIS- HPBCD complex.

intensively and optimized. The main factors such as pH,
volume of buffer, concentration of reagent, temperature,
and reaction time were included.

Effect of pH:

The influence of pH on the absorbance of LIS/HPBCD
complex was investigated over the range 1 to 6. The
acidity of the solution was carefully adjusted by
phosphate buffer solution. As shown in Fig 5, the
maximum absorbance was noticed at pH 2.0 and started
to gradually decrease until pH 6.0. Moreover, as pH
value LIS is considered to be acidic due to the
protonated amine functional groups * that is why pH
2.0 was reported as the optimum pH and properly chosen
for the inclusion reaction with HPBCD.
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Fig 5. Effect of buffer pH on the reaction of LIS (15
mg/L) with HPBCD.
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Effect of volume of buffer:

The influence of volume of phosphate buffer on the
absorbance of the reaction product was studied using
different volumes. It was found that the absorbance of
LIS/HPBCD complex began to increase from 1.0 to 1.5
ml and then dramatically decreased as shown in Fig 6.
Therefore, 1.5 ml of phosphate buffer of pH 2.0 had
been selected as optimal volume.
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Fig 6. Effect of volume of buffer (pH 2.0) on the
reaction of L1S (15 mg/L) with HPBCD.

Effect of concentration of HPBCD reagent:

The effect of HPBCD concentration was examined in
intervals of 2.0 to 6.0x10™ mol/L. It was observed that
increasing in the concentration of HPBCD caused a
noticeable increase in the product absorbance when
reaching 3.0x10™* mol/L as shown in Fig 7. Accordingly,
3x10” mol/L of HPBCD solution had been chosen as
optimal concentration.
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Fig 7. Effect of HPBCD reagent concentration on the
reaction of LIS (15 mg/L) with HPBCD, buffer
solution (pH 2.0): 1.5ml.
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Effect of temperature and reaction time;

The impact of temperature was evaluated in the range of
25 to 40 °C. The results as shown indicated that the
absorbance of LIS/HPBCD complex subsequently
increase when increasing the temperature up to 30 °C.
Consequently, 30 °C had been appointed as the optimal
temperature. On the other hand, the inclusion reaction
was carried out in intervals of 5 to 20 min. It was
recorded that the maximum absorbance of the reaction
complex reached a 5 min and sharply decreased when
increasing the time. Thus, 5 min had been designated as
optimal time (data not shown).

Stoichiometry of the inclusion complex:
Following the optimum conditions of the reaction
between HPBCD and LIS, the stoichiometry was well
performed by Job’s method and it was found to be 1:2
respectively. Theresult is shown in Fig 8.
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Fig 8. Determination of the product formation by

continuous variation method.

Vgr: HPBCD (1.0x10* mol/L); Vp: LIS (1.0x10* mol/L);

Vg+Vp = 10 ml.

Method validation:

The validity of the proposed method was tested

regarding to linearity, accuracy, precision, limits of

detection (LOD) and quantification (LOQ), sdlectivity,

and robustness according to ICH recommendations 9.

Linearity and sengitivity:

Under optimization conditions, the calibration graph was
constructed by plotting the absorbance intensity of the
incluson reaction complex at 206 nm versus the
concentration of LIS in mg/L. The obtainable calibration
curve was linear over the range 5 to 30 mg/L. The
regression equation had been reported from the data
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analysis with correlation coefficient of 0.9997 which
indicating good linearity due to its high value and
conformity of Beer'slaw.

The limit of detection (LOD) was determined by
establishing the lowest concentration of LIS that can be
readily detected and was measured according to ICH
Q2(R1) recommendation, (LOD = 3.3 &/S) where 0 is
the standard deviation of intercept of regression line of
calibration curve and S is the dope. The limit of
guantification (LOQ) was determined by evaluating the
lowest concentration that can be calculated (LOQ = 10
0/S). The recorded values of LOD and LOQ are
summarized in Table 1. In addition to that, method
sengitivity is numerically represented in terms of molar
absorptivity (g, I/mol cm) and Sandell’s sensitivity
which iswell recognized by the following equation;
SS=(MW x N)/MA ....... (1)

Where, SS is Sandell’s Sensitivity, MW is molecular
weight, N isthe number of atomsin the element and MA
ismolar absorptivity and can be explicitly defined asthe
number of micrograms of elements which are in a
column of solution having a cross section of 1 cm?
showing absorbance of 0.001 and expressed as pg ml
'em™. The calculated values are abridged in Table 1.

Table 1. Parameters for the performance of the
proposed method.

Parameter Value
LIS Amax, (NM) 206
LIS/HPBCD product Ayax, (NM) 206
Beer'slaw limits, (mg/L) 5-30
Molar absorptivity, (L/mol cm) 1.4x10°*
Sandell sensitivity, (ug/cm?) 0.0020
Limit of detection (LOD), (pug/ml) 0.2934
Limit of quantification (LOQ), (ug/ml) 0.8862
Regression Equation, Y~
Intercept(a) 0.0371
Slope(b) 0.0352
Correlation coefficient(R?) 0.9997
Standard deviation 0.0011
Relative Standard deviation ™ (%) 0.2469

*Y=a+bx, where Y isthe absorbance, atheintercept, b the
dope and x isthe concentration in (mg/L).

** Calculated from three deter minations.

Accuracy and precision:

The accuracy of the developed method was practically
confirmed by performing recovery studies by addition of
known amount of the standard pure drug to pre-treated
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formulations at three different concentrations within the
linear range and each one in triplicate. The experimental
results have been described in Table 2. As a result of
these values, being within the acceptable range and
having a smaller relative error, it was obvious that the
method is extremely accurate for quantitative estimation
of LISin tablet dosage formulations.

Table 2. Recovery studies for the determination of
LIS by the proposed method.

LIS ASC Found Recovery %
Taken | (mg/L) | (mg/L) | (%+RSD) RE
5 7 12.23 | 101.90+0.15 | 0.02
5 13 18.92 | 105.13+0.16 | 0.05
5 17 23.23 | 105.60+0.07 | 0.05

* Calculated from three determinations. ASC - Added
samples content. L1Staken in mg/L.

The precision of the proposed method was carefully
evaluated by analyzing three different concentrations of
LIS working standards. For intra-day precision, three
successive  replicate  determinations of  each
concentration were determined within the same day
following the recommended procedure. The inter-day
precision was carried out over three successive days with
the same concentrations of LIS. The studied results are
represented in Table 3 and the calculated relative
standard deviations which were less than 2.0 and the
smaller relative error indicating the good reproducibility
of the established method. So this precison is
adequately required for the routine analysis of LIS in
quality control laboratories.

Table 3. Evaluation of intra-day and inter-day
precision.

LIS Intra-day
Taken Found Recovery %
(mg/L) | (mglL) (%+RSD)’ RE
12 12.12 101.03% £ 0.15 0.01
18 18.35 101.92% £ 0.09 0.02
22 22.23 101.04% £ 0.08 0.01
Inter-day
12 12.75 104.74+0.14 0.05
18 18.92 105.13+ 0.16 0.05
22 22.58 102.63 + 0.08 0.03
*Calculated from three deter minations.
Selectivity:

The sdlectivity of the proposed method had been
examined by adding a minima amount of known
excipients used in the dosage forms to investigate the
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interference. The analysis of these prepared samples
following the recommended method revealed that the
recovery values as shown in Table 4 had proved that
there was no interference with the excipients.

Table 4. Investigation of LIS in the presence of the
excipients.

Excipient Recovery

(%+RSD)’
Maize Starch 103.36+0.41
Magnesium Stearate 104.82+0.30
Sodium Starch Glycolate 101.22+1.71
Dibasic Calcium Phosphate 101.09+0.12
Micro-crystalline Cellulose 100.15+0.31
L actose Monohydtare 100.33+0.12

*Calculated from three deter minations.

Robustness:

The robustness had been investigated by evaluating the
major influence of the dight variation on its analytical
performance. In the experiments, one parameter was
changed while others were kept unchanged and the
recovery percentage was caculated each time. It was
reported that the tiny variation in method variables did
not significantly affect the procedure. The recovery
values as shown in Table 5 approved the reliability of
the devel oped method during the routine analysis of LIS.

Table 5. Robustness of the proposed method.

Parameter M odi- Recovery
fication (%+RSD)’
pH 1.95 95.03+0.12
2.50 95.03+0.12
Volume of buffer (ml) 1.00 95.03+0.12
2.00 96.42+0.21
HPBCD Concentration | 0.0025 100.65+0.12
(mol/L)
0.0035 105.20+0.11
Temperature ('C) 29.50 104.31+0.11
30.50 105.01+0.11
Time(min) 4.50 96.29+0.12
5.50 96.67+0.12

Application of method:

The proposed method was successfully applied to the
accurately determination of LIS in some pharmaceutical
formulations. The practical results as shown in Table 6
greatly indicated the high accuracy of the developed
method and can be easily used for the analysis of LIS in
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quality control laboratories, since the
obtainable values were satisfactory.

recovery

Table 6. Results of assay of tablet formulations for
the proposed method.

Tablet Label claim Proposed method
brand mg/tablet found (%+RSD)’
name
Linopril 10 101.41+0.12
Zinopril 10 99.58+0.12
*Calculated from three deter minations.
CONCLUSION:

The established method is rapid, simple, economical,
selective, precise and highly sensitive. Moreover, it can
be directly used in the routine analysis of LIS in
pharmaceutical dosage formulations in quality control
laboratories. Since the experimenta results are
reproducible regarding to the Spectrophotometric
method.
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