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Abstract

N

A new, simple, and sensitive spectrophotometric method has been developed for the determination of Losartan Potassium based on
the host-guest inclusion reaction with hydroxypropyl-3-cyclodextrin reagent. The maximum absorbance intensity of Losartan potas-
sium was found to be at 205 nm whereas for the complex at 208 nm with a slight shift in the wavelength. The inclusion product was
practically examined at optimum pH 1.0. Furthermore, the stoichiometry was found to be 1:1 and it was characterized using FT-IR
spectrometer by comparing the obtainable spectra. We can obviously notice the disappearance of the secondary amine group peak
and the CH aliphatic, methyl, and alkyl halide groups peaks from the Losartan potassium spectrum, which they have been entrapped
into the Hydroxylpropyl-f-cyclodextrin reagent cavity due to the hydrogen bond formation and resulting in a significant change in
the hydroxyl group peak intensity from 3392 cm™ to 3346 cm™ and shape. In addition to that, validation of the proposed method was
clearly interpreted by the obtainable linearity over the concentration range of 1.0-10 mgL™? with good correlation coefficient (R?)
0.9997, the limits of detection (LOD) and quantification (LOQ) were obtained 0.1327 and 0.4022 ugml respectively. All parameters
have been calculated as per International Conference on Harmonization (ICH) guidelines. The developed method is successfully ap-

plicable for the determination of Losartan potassium in pharmaceutical dosage formulations.
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Introduction

Losartan potassium (LoP) Figure 1 is an angiotensin 11 receptor an-
tagonists drug used primarily in the treatment of high blood pres-
sure (hypertension), to reduce the risk of stroke and help kidneys
to work properly especially with diabetic patients. Physically, LoP
is a white crystalline powder, highly soluble in water and alcohol.
Moreover, LoP chemically is 2-butyl-4-chloro-1-[p-(o-1H-tetrazol-5

-ylphenyl)benzyl]imidazole-5-methanol mono potassium salt[1-5].

Various analytical methods for the determination of LoP in phar-
maceutical formulations have been reported such as HPLC, high
performance thin layer chromatography, super-critical fluid chro-
matography [6-8], UV and derivative UV spectrophotometry, and
capillary electrophoresis [9-12]. Additionally, the only supramolec-
ular interaction with LoP was carried out using ESI mass-spectrom-

etry and was characterized by NMR technique [13]. However, some
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of these methods are time consuming, costly, and tedious. Hence a
reasonable demand for a rapid, simple, sensitive, and economical
procedure is noticeable, especially for the routine analysis of phar-
maceutical drugs that containing LoP. Consequently, in this work a
development of a UV spectrophotometric method for the inclusion
complex between LoP and cyclodextrin had been successfully ac-
complished. When it comes to talk about cyclodextrins (CDs), let us
define the CDs concept which is known as a cyclic oligosaccharides
consisting of glycopyranose units in truncated cone shape having
lipophilic central cavity and hydrophilic outer surface. There are
three natural types of CDs; a-,3-, and y-cyclodextrins which con-
tain six, seven, and eight glycopyranose units respectively [14-16].
CDs can readily form inclusion complexes with guest molecules by
either fully or partially entrapping into their cavity, this inclusion
formation depends mainly on significant factors such like polarity,
hydrophobicity, shape, and size of the guest. And as a result of that,
the guest’s physiochemical properties can greatly be improved just
like solubility, reactivity, and stability. Hosting of drugs molecules
occurred by intermolecular hydrogen bonds due to the presence of
the hydroxyl groups on the outer surface of the CDs forming water
soluble host-guest complexes [17-22]. Thence these positive effects
have been widely applied to the remarkable improvement of the
pharmaceuticals stability and solubility in the pharmaceutical in-
dustry field. In addition to that, CDs have a wide range of practical
application in pharmaceutical [23, 24], cosmetic, food chemical [25,
26], and other industries. It uses for a various purposes which in-
clude solubility enhancement of insoluble substances, stabilization
of labile guests against oxidation, light and heat, control of volatil-
ity and controlled release of drugs, flavors and various branches
of analytical chemistry[27-29]. From an analytical perspective the
formation of inclusion complexes allows to enhance fluorescence
intensity [30-33] and induce chiral separation in capillary electro-
phoresis (CE)[34-37] have made comprehensive review on this
topic for determination of several pharmaceutical drugs, pesticides,

and metal ion [38].

Recently, many applications of CDs have been effectively exploited
particularly hydroxypropyl-f-cyclodextrin Figure 2 and that was
justified because of its higher water solubility, greater biocompat-
ibility possession, and its lowest toxicity [39, 40]. The aim of this
work was to develop a rapid, sensitive, and economical UV spec-
trophotometric method for the determination of LoP in pharma-
ceutical dosage formulations using hydroxypropyl-f-cyclodextrin

reagent.
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Figure 1: Losartan Potassium chemical structure.
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Figure 2: Hydroxylpropyl-f-cyclodextrin (HPBCD).

Experimental Materials and Methods

Chemicals and materials

Losartan potassium (LoP) standard was received from Blue Nile
Pharmaceuticals Factory, Khartoum, Sudan. Hydroxylpropyl-§-
cyclodextrin (HPBCD) was obtained from Sigma-Aldrich (ST. Louis,
USA) and used without prior treatment. The two pharmaceutical
formulations Nilozaar and Amilosan (50mg/tablet) were pur-
chased from the local market, which were manufactured by Blue
Nile Pharmaceuticals Factory, Sudan and Amipharma Laboratories
Ltd. Sudan respectively. Doubled distilled water was used in all ex-

periments and all reagents used were analytical grade.

Instruments
A PharmaSpec UV-1700 ultra violet spectrophotometer supplied
with 1-cm quartz cell, Shimadzu, Japan, has been used for all the

quantitative measurement. pH meter model pH-3E for adjusting
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the pH. FT-IR data was investigated by Shimadzu FT-IR-8400S Fou-

rier transform infrared spectrophotometer.

Preparations of standard and sample solutions

Preparation of Hydroxylpropyl-3-cyclodextrin (HPBCD)
reagent

A 0.004 molL™! stock solution was prepared by dissolving 0.5501 g
in 100 ml calibrated flask of doubled distilled water.

Preparation of Losartan potassium (LoP)

A 100 mgL* Stock solution was prepared by dissolving 0.01gin 100
ml standard flask of doubled distilled water.

Preparation of phosphate buffer solutions

A 0.1 molL* 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 1.0 to 7.0 using 0.1 molL* hydro-
chloric acid (HCI) solution.

General recommended procedure

A 0.6 ml of 100 mgL'LoP was transferred into a 10.00 ml volumet-
ric flask, 3.0 ml of 0.1 molL* phosphate buffer solution of pH 1.0,
and 1.0 ml of 4.0x102 molL* HPBCD were added sequentially, then
diluted to the mark with doubled distilled water and mixed well.
Having equilibrated the solution at 35°C for 5 min, the absorbance
was measured at 208 nm against blank reagent prepared with the
same reagents concentrations except the drug. The same method
was applied to obtain the linear calibration graph by using aliquot
volumes of LoP working solutions equivalent to 1.0-10 mgL?, then
following the general procedure and plotting the absorbance ver-

sus the concentration of drug in mgL™.

Assay procedure for Losartan potassium (LoP) tablets

Twenty tablets were carefully weighed and finely powdered. An
accurate weight equivalent to 50 mg of LoP was transferred into
100 ml conical flask and instantly dissolved and extracted in 60 ml
doubled distilled water. The residue was filtered through What-
mann filter paper no. 41 then transferred into 100 ml standard
flask and diluted to the mark to obtain 100 mgL* stock solution.
Correspondingly, the prepared solutions were pursued the general

recommended procedure.

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

The stoichiometry determination of the inclusion complex was
successfully performed using Job's method of continuous varia-
tion [41]. Equimolar 1.0x10* molL* aqueous solutions of LoP and
HPBCD were prepared, then a series of 10.00 ml portions were made
up constituting various complementary proportions (1:9, 2:8, 3:7,
4:6, 5:5, 6:4, 7:3, 8:2, and 9:1 ml). These solutions were properly

treated as described in the general recommended procedure.

Characterization of LoP /HPBCD product
The formed complex was investigated using Shimadzu FT-IR-8400S

Fourier transform infrared spectrometer (FT-IR). The diffuse re-
flectance technique was carried out in the spectral region of 400-
4000 cm™. The procedure consisting of placing the powdered dried
sample which dispersed in KBr with ratio of 1:100 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
LoP, HPBCD, and LoP/HPBCD complex were also obtained following

the same described procedure for comparison.

Results and Discussion

Absorption spectra

The absorption spectra of LoP in the presence and absence of
HPBCD reagent was carefully studied in the range of 200-400 nm.
The obtainable results as shown in Figure 3 had revealed that the
wavelength of the maximum absorbance of 6.0 mgL! LoP was found
to have Lambdamaximum at 205 nm. When 4.0x10* molL-* HPBCD
was added to 6.0 mgL* LoP in a buffer solution of pH 1.0, we clearly
observed theconsiderable increase of the absorbance and the slight
shift in the wavelengthinto 208 nm. This experimentally confirmed
the capability of LoP to form inclusion complex with HPBCD re-

agent.

FT-IR characterization of inclusion complex

The IR spectrum of LoP/HPBCD product was conducted over the
wave number from 400-4000 cm™ using FT-IR spectrometer as de-
scribed in Figure 4. The IR spectrum of LoP was characterized by
the presence of main peaks for secondary amine group, hydroxyl
group, CH aliphatic and CH aromatic groups, substituted amine
-N-K group, methyl CH, group, and alkyl halide C-Cl group. Al-
ternatively, the presence of a strong stretching peak of hydroxyl

group related to pure HPBCD reagent. In the spectrum, not only had
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the peaks shifted, but also some of them disappeared specifically
when comparing the spectra of LoP and the obtainable complex.
LoP showed different peaks at 3614, 3188, 2945, and 2864 cm
for secondary amine stretching group, hydroxyl aromatic stretch-
ing group, CH aromatic stretching group, and CH aliphatic bending
group. Also,at 1662 and 1573 cm™ corresponding to the C=C alkene
bending group and -N-K stretching group, while at 1458 and 1421
cm? for the methyl stretching group and C=C alkene bending group.
The nitrile CN groups peaks at 1255, 1195, and 999 cm™. The alkyl
halide C-CI group at 757 cm-1[42-44]. When analyzing the FT-IR
spectra of LoP, HPBCD, and LoP/HPBCD we can recognize the change
and shifts in the CH aromatic group at 2939 cm, nitrile group at
2339 cm™, alkene group at 1668 cm™, amine group at 1533cm™, and
nitrile groups at 1274, 1139, and 991 cm™ which indicated these
groups were not changed after the inclusion complex formation.
Nevertheless, the disappearance of the secondary amine group due
to the formation of hydrogen bond and that because of the presence
of the hydroxyl group. Likewise, the disappearance of the other
functional groups as CH aliphatic, methyl, and alkyl halide groups
due to the entrapment into the HPBCD cavity. Only once the LoP
had been entrapped into the HPBCD cavity was a dramatic trans-
formation in the HPBCD hydroxyl group peak shape and intensity
inspected from 3392 cm into 3346 cm which clearly interpreted
the formation of LoP/HPBCD inclusion complex Figure 5.
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Figure 3: Absorption spectra of HPBCD (4.0x10* molL?) against
water (-) LoP against water (-), and the reaction product of LoP
(6.0 mgL™) with HPBCD (4.0x10* molL?) against the reagent
blank (-).
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Figure 4: FT-IR spectrum (-) HPBCD, (-) LoP, and (-) LoP/HPBCD complex.
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Figure 5: Formed LoP/HPSCD inclusion complex.

Optimization of the reaction conditions

The inclusion reaction of LoP and HPCD reagent greatly affected
by various experimental parameters just like the pH, volume of buf-
fer, concentration of reagent, temperature, and reaction time that

were intensively studied and optimized.

Effect of pH

The influence of pH on the absorption intensity of LoP/HPBCD
complex was investigated over the range 1.0 -7.0. The acidity of
the solution was carefully adjusted by phosphate buffer solution.
As shown in Figure 6, the maximum absorbance was noticed at pH
1.0 and started to gradually decrease until pH 7.0. Moreover, LoP is
considered to be acidic due to the presence of the protonated sec-
ondary amine groups, so pH 1.0 had been reported as the optimum

pH and properly chosen for the inclusion reaction with HPBCD.
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Figure 6: Effect of buffer pH on the reaction
of LoP (6.0 mgL™) with HPBCD.

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 LoP/HPBCD complex began to in-
crease from 1.5 to 3.0 ml then dramatically decreased as shown in
Figure 7. Therefore, 3.0 ml of phosphate buffer of pH 1.0 had been

selected as optimal volume.

o T

0.70 =

Absorbance
. 2o <o 9
= N (=)
= ] ]

L]
=]
»

0.20

1.00 2,00 300 4.00 5.00

Volume of Buffer (ml)

0.00

Figure 7: Effect of volume of buffer (pH 1.0) on
the reaction of LoP (6.0 mgL™) with HPSCD.

Effect of concentration of HP3CD reagent

The effect of HPBCD concentration was examined in intervals of
(1.0 - 5.0) x10* molL™. It was observed that increasing in the con-
centration of HPBCD reagent caused a noticeable increase in the
product absorbance when reaching 4.0x10* molL?! as shown in
Figure 8. Accordingly, 4x10* molL?* of HPBCD reagent had been

chosen as optimal concentration.
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Figure 8: Effect of HPBCD reagent concentration on the reaction of
LoP (6.0 mgL?) with HPBCD, buffer solution (pH 1.0): 3.0 ml
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Effect of temperature

The impact of temperature was evaluated in the range of 25-40°C.
The obtainable results as shown in Figure 9 indicated that the ab-
sorbance of LoP/HPBCD complex subsequently increase when in-
creasing the temperature up to 35°C. Consequently, 35°C had been

appointed as the optimum temperature.
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Figure 9: Effect of the temperature on the reaction
of LoP (6.0 mgL™?) with HPBCD (4.0x10-4 molL?),
buffer solution (pH 1.0): 3.0 mL

Effect of reaction time

The inclusion reaction was carried out in intervals of 5-25 min. It
was recorded that the maximum absorbance of the reaction com-
plex reached at 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 LoP and
HPBCD, the stoichiometry was well performed by Job’s method and

it was found to be 1:1. The result is shown in Figure 10.

Method validation

The developed method validity wasthoroughlyexamined regard-
ing to linearity, accuracy, precision, limits of detection (LOD) and
quantification (LOQ), selectivity, and robustness according to ICH

recommendations [45].

Linearity and sensitivity
Under optimization conditions, the calibration graph was con-
structed by plotting the absorbance intensity of theinclusion reac-

tion complex at 208 nm versus the concentration of LoP in mgL™.

. The obtainable calibration curve was linear over the range 1.0-10
mgL™*. The regression equation had been reported from the data
analysis with correlation coefficient of 0.9997 which indicating
good linearity due to its high value and conformity of Beer's law.
On the other hand, method sensitivity is numerically represented
in terms of molar absorptivity (g, Lmol® cm™) and Sandell's sensi-
tivity which can be explicitly defined as the number of micrograms
of elements which are in a column of solution having a cross sec-
tion of 1 cm? showing absorbance of 0.001 and expressed as pgml-

1cm™ The calculated values are abridged in Table 1.
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Figure 10: Determination of the product formation by
continuous variation method. VR: HPBCD (1.0x10* molL™?);
V,: LoP (1.0x10* molL™); VR+VD = 10 ml.

Limits of Detection (LOD) and Quantification (LOQ)

The limit of detection (LOD) was determined by establishing the
lowest concentration of LoP that can be readily detected and was
measured according to ICH Q2(R1) recommendation, (LOD = 3.3
§/S) where § is the standard deviation of intercept of regression
line of calibration curve and S is the slope. The limit of quantifica-
tion (LOQ) was determined by evaluating the lowest concentration
that can be calculated (LOQ = 10 6/S). The recorded values of LOD

and LOQ are summarized in Table 1.

Parameter Value
LoP2_, (nm) 205
LoP/HPBCD productA__, (nm) 208
Beer's law limits, (mgL?) 1.0-10
Molar absorptivity, (Lmol! cm™) 4.8x10*
Sandell sensitivity, (pgem2) 0.0050
Limit of detection (LOD), (ugml?) 0.1327
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Limit of quantification (LOQ), (ngml?) 0.4022
Regression Equation, Y*

Intercept(a) 0.0109
Slope(b) 0.0987
Correlation coefficient(R?) 0.9997
Standard deviation 0.0010
Relative Standard deviation** (%) 0.2507

*Y=a+bx, where Y is the absorbance, a the intercept,
b the slope and x is the concentration in mgL™.

** Average of three determinations

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

Accuracy

The accuracy of the developed method was practically confirmed
by performing recovery studies by addition of known amount of
the standard pure LoP to pretreated 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 re-
sult 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 LoP in tablet dosage formu-

lations.
LoP Taken Added Found Recovery %RE
(mgL?') | Sample con- | (mgL?) (% = RSD)*
tent (mgL?)
2 4.18 104.50 +0.14 0.04
4 2 6.32 105.30 £ 0.09 0.05
2 8.38 104.81 + 0.07 0.05

* Average of three determinations

Table 2: Recovery studies for the determination

of LoP by the proposed method.

Precision

The precision of the proposed method was carefully evaluated by
analyzing three different concentrations of LoP working standards.
For intra-day precision, three successive replicate determinations
of each concentration were determined within the same day fol-
lowing the general recommended procedure. The inter-day pre-
cision was carried out over three successive days with the same

concentrations of LoP. The studied results are represented in Table

3, the calculated relative standard deviations which were less than
1.0 and the smaller relative error calculated indicated the good
reproducibility of the developed method. So this precision is ad-

equately required for the routine analysis of LoP in quality control

laboratories.
LoP Intra-day Inter-day
Take_lll Found | Recov- | %RE | Found | Recov- | %RE
(mglL™) (mgL?) | ery (% * (mgL?) | ery (%
RSD)* + RSD)*
4 422 |105.43% | 0.05 424 105.94 | 0.06
+0.14 +0.14
6 6.29 104.90% | 0.05 6.20 103.27 | 0.03
+0.09 +0.25
8 8.27 |103.37% | 0.03 8.08 101.05 | 0.01
+0.07 £0.13

*Average of three determinations

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

Selectivity

The selectivity of the proposed method had been examined by add-
ing a minimal amount of known excipients such as starch, magne-
sium stearate, talc, and microcrystalline cellulose which are used
in the dosage forms to investigate the interference. The analysis of
these prepared samples following the recommended method re-
vealed that the recovery values as shown in Table 4 had proved that
there was no interference with these excipients, so the developed

method is selective.

No. Excipient Recovery (%= RSD)*
1 Starch 105.92+ 0.09
2 Magnesium Stearate 102.37+0.26
3 Talc 105.52+0.16
4 Micro-crystalline Cellulose 100.74+ 0.36

*Average of three determinations

Table 4: Investigation of LoP in the presence of the excipients.

Robustness

The robustness had been investigated by evaluating the major in-
fluence of the slight variation on its analytical performance. In the
experiments, one parameter was changed while others were kept
unchanged and the recovery percentage was calculated each time.

It was reported that the tiny variation in method variables did not
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significantly affect the procedure. So the recovery values that are
shown in Table 5 approved the reliability of the developed method

during the routine analysis of LoP.

Parameter Modification | Recovery (% + RSD)*
pH 0.95 102.71 £ 0.10
1.50 102.09 £ 0.10
Volume of 2.50 102.76 £ 0.10
buffer(ml) 3.50 103.44 £ 0.10
HPBCD Concen- 0.0035 103.83 £0.17
tration (molL") 0.0045 100.00 £ 0.34
Temperature (°C) 30.00 102.93 +£0.10
40.00 102.37 £ 0.26
Time(min) 4.50 104.79 + 0.09
5.50 104.56 £ 0.09

*Average of three determinations.

Table 5: Robustness of the proposed method.

Method Application

The proposed method was successfully applied to the accurately
determination of LoP in some pharmaceutical formulations. The
practical results as shown in Table 6 strongly indicated the high
accuracy of the developed method and can be easily used for the

analysis of LoP in quality control laboratories, since the recovery

obtainable values were satisfactory.

Tablet brand Label claim | Proposed method

name mg/tablet found (% * RSD)*
Nilozaar 50 104.62 £ 0.09
Amilosan 50 103.61 £ 0.10

*Average of three determinations.

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

Conclusion

The developed method was found to be simple, accurate, sensi-
tive, economical, and easy. Such are the reproducible experimental
results regarding the UV spectrophotometric method that it be di-

rectly applied to the routine quality control analysis of LoP in phar-

maceutical dosage formulations.
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