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Abstract

A fast, high-performance liquid chromatography method was established to estimate Oxymetazoline hydrochloride and
Isoxsuprine hydrochloride in pharmaceutical preparations HPLC. It consists of an Azorbax-C8 (250mm x4.6 mm, 5um ) column
with a mobile phase composed of methanol:acetonitrile: buffer (0.01 M) potassium dihydrogen phosphate with triethylamine
(pH 5.5) (50: 10:40, V/V/IV ) eluted at 1.5 ml/min flow rate. The detection was done using a photodiode array (PDA) detector.
The proposed method was validated in linearity, precision, and accuracy. The retention times of IsoxsuprineHCI and
OxymetazolineHCI are 3.6 and 6.2 £0.4 min, respectively. For both drugs, the linear range and detection limits were 1-250
pg/ml and 0.5 pg/ml, respectively. The proposed method was successfully applied to determine ISX and OXY in pharmaceutical

preparations.
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1. Introduction

Isoxsuprine hydrochloride is a vasodilator
that stimulates beta-adrenergic receptors. It causes
blood vessels and uterine smooth muscle relaxation,
and its vasodilatory effect is more pronounced in
arteries supplying power than those supplying skin [1].
USP XXI [2] uses UV spectrophotometry to measure
aqueous solutions of ISX around 269 and 300 nm,
while the British Pharmacopoeia [3] recommends
using HCIO4 and 1-naphtholbenzene as indicators for
non-aqueous visual titration.

Oxymetazoline hydrochloride is an imidazoline
derivative. This non-selective adrenergic drug used in
eye and nose drops, acts on adrenergic receptors,
causing severe vasospasm and increased blood
pressure [4]. Oxymetazoline overdose does not cause
serious toxicity, except for minor side effects in the
central nervous and/or cardiovascular system caused
by systemic absorption of the oxymetazoline drug into
the nasal mucosa [5].

Various analytical methods have been used to
determine isoxoprene hydrochloride, including high
performance liquid chromatography[6-8],
fluorescence[9], flow injection[10,11],
spectrophotometry [12-17], gas chromatography[18]
and for the determination of oxymetazoline

hydrochloride, including HPLC[19-22],
spectrophotometry[23-29], flow injection chemistry
Luminescence[30], lon Selective Electrode[31- 36]
and Fluorescence Spectrophotometry[37] methods.

The goal of this study was to create a
sensitive, fast, and repeatable HPLC technique for
detecting  Oxymetazoline  hydrochloride  and
Oxymetazoline hydrochloride in pharmaceutical
formulations.

2. Experimental

2.1. Apparatuses

- HPLC, short for High-Performance Liquid
Chromatography (Agilent, USA). A quaternary pump
from 1200 series, a photodiode array detector, An
autosampler injector from Agilent, and a vacuum
degasser come from the United States. HPLC present
in Sohag Clinical Toxicology Lab— Sohag University
Hospitals.

2.2. Materials and solvents:

- Isoxsuprinehydrochloride (99.9% m/m) was
purchased from sigma and pharmaceutical grade

-Oxymetazoline hydrochloride (99.9 percent m/m)
was acquired from the Iraqgi state enterprise for Drug
Industries, and Medical Appliances, SDI.
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- triethylamine liquid (TEA) purchased 99% from
Merck, Germany.

-Methanol and acetonitrile (ACN) (all are HPLC
grade) were purchased from Sigma-Aldrich (German)

-Potassium dihydrogen phosphate powder and
Orthophosphoric acid liquid were purchased from
Sigma- Aldrich Company (Germany)

-sodium hydroxide powder was purchased from an
Egyptian Company

-Deionized water is obtained from human power
one water deionizer, Sohag clinical toxicology
laboratory.

Prepared all solutions with analytical grade
chemicals and deionized water.

-We also made Isoxsuprine stock solution with a
concentration of 1000ug/ml by dissolving 0.01g
Isoxsuprine hydrochloride in 10 ml of deionized water

.- In addition, we prepared a stock solution of
oxymetazoline with a concentration of1000pg/ml by
dissolving 0.01 g of Oxymetazoline hydrochloride in
10 ml of deionized water,

-Working mix standard of (Iso + Oxy) solutions
was prepared by diluting the stock solution for Iso and
Oxy to a final concentration of 500 in deionized water.

-Phosphate  [6,18] buffer preparation with
triethylamine: 1.36 gm of potassium dihydrogen
phosphate (KH2PO4) dissolved in 800 ml deionized
water, then added 1ml triethylamine. The pH was
adjusted by adding sodium hydroxide (1M) and ortho-
phosphoric acid (1M) and measuring with a pH meter
until the proper pH values were attained. Then the
volume was filled to 1liter with deionized water.

2.3. Instrumentation and chromatographic
conditions

The proposed method was performed using HPLC
(Agilent, USA). At 25°C, the analytical column was
kept. The analytes were eluted from the column using
a mobile phase that was pumped at 1.5 ml/min.
Methanol, acetonitrile, and buffer (0.01M) potassium
dihydrogen phosphate with triethylamine (pH 5.5)
were used to make the mobile phase (50:10:40,
viviv). The column was equilibrated for two minutes.
According to the absorption spectra for drugs, as
shown in Figures 1&2, the detection was done at 220
nm.
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Figure (1): Absorption spectra of 1SO (10 pg/ml)
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Figure (2): Absorption spectrum of OXY (10 pg/ml)

2.4. Solutions of pharmaceutical forms

« Twenty commercial 1SO (Isoxuprine® Cairo
industry, Egypt) tablets were precisely weighed and
finely pulverized. A quantity of the powder
corresponding to 10 mg of ISO was precisely
measured and dissolved in D.W, stirring well into a
100 mL volumetric flask. After filtering, the solution
was utilized as a stock solution (200 g/mL). Distilled
water was used to make other pharmaceutical tablet
solutions.

*Oxymet nasal drops 0.05%, (200 pg/ml): Provided
from the Cairo company for drug industries, Cairo-
Egypt. We combined two containers of the medication
(each containing 10 mL of 0.05 percent OMZ), and 2
mL of the resultant solution was diluted with D.W to
50 mL in a volumetric flask to prepare a concentration
of 200 pug/mL OXY concentration.

3. Results and discussion
3-1.Chromatographic condition optimization

Several factors, including acceptable detector
wavelength, mobile phase composition, pH, and flow
rate, were investigated to establish the optimal
condition that provides the optimum separation and
peak shape for both pharmaceuticals (figure3). The
choice of the UV spectra showed the highest peak
height for analytes at 220 nm. The mobile phase ratio
between organic solvents and aqueous was changed
using various methanol or acetonitrile:phosphate
buffer combinations (30:70, 35:65, 40:60, 45:55,
50:50, and 60:40). With a sample injection volume of
100L, the pH of the mobile phase ranged between 2.0
and 7.0. Equilibrating the HPLC system with the first
mobile phase composition, followed by five injections
of the same standard, was used to assess system
appropriateness. Agilent ChemStation Software
determined system appropriateness characteristics
such as resolution (Rs) and tailing factor (T) for the
HPLC system. Rs and T are advised to be 2 and 2,
respectively. General standards verified the approach
to fulfill USFDA recommendations. We evaluated the
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method’s specificity, sensitivity, linearity, accuracy,
precision and recovery to test its integrity [32].

[VD1A Si=220 4 Reofl CWETAZOLYNE D)

The lowest concentration at which the analyte
signal-to-noise ratio was ten was defined as LOQ.
. The linearity of the method was assessed

using the

regression line.

coefficient of

determination is used to represent it (r2). We used a
minimum r2 of 0.99 to establish linearity.

Table 1: Statistical treatment analytical values
for calibration curves

Parameter Value OXY Value I1SO
Regression y = 103.6x + y = 48.76x +
! : ] H ! T T B equation 148.4 106.2

Figure (3): Typical chromatogram of 1SO (50ug/mL) Correlation 0.9989 0.9989

and OXY (15 mg/ml) under the optimum coefficient, r

chromatographic conditions at ambient temperature. g /tr']rl‘_e)ar range 1-250 1-250

_ Limit  of 0.50 050
3.2. Analytical performance detection, LOD
Working calibrators (1, 10, 50, 100, 200, and 250 (ug/mL)

pg/ml) for Iso and Oxy were made in deionized
water. Calibration curves (n = 6) were constructed
over the concentration range of 1 — 250 pug/ml for
each drug. The normalized peak area of Oxy and Iso
was measured and plotted against the theoretical
concentration of the spiked standards. The
correlation coefficients, slopes, intercepts, linear
range, detection, and quantification limitations in
Table (1) were determined using least-square linear
regression analysis. At each calibration level, the
mean accuracy was tested using back-calculated
concentrations. The quantitative accuracy ought to
be within 20% of the objective. Negative quality
control samples were analyzed after each linearity
sample to determine any carry-over.

« Six distinct blank specimens (no analyte) were used
for evaluating specificity. We achieved this
specificity by looking for any signal to assess the
manner of co-eluting chromatographic peaks that
might interfere with analyte identification. A blank
samples (no analyte added) were evaluated with
each batch to identify peaks that could be interfere
with analyte detection.

e Each analyte detection limit (LOD) and
quantification (LOQ) were calculated to determine
the method's sensitivity. The lowest concentration at
which the analyte signal-to-noise ratio was three
was designated as LOD. An adequate retention
period and suitable chromatography (peak shape
and resolution) were used to determine peak height.
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The accuracy and precision for each analyte (Oxy
and Iso) were calculated in three repetitions at LQC,
MQC, and HQC (5,75,and 220 g/ml). The accuracy
was determined by comparing the mean computed
Oxy and Iso concentrations in validation samples to
the target amounts. It is given as a percentage bias.
Precision was obtained by dividing the standard
deviation by the computed mean concentration and
represented in terms of percent relative standard
deviation (RSD %). See table (2) .

3.3. Analytical applications

We validated the new HPLC technique to
determine ISO and OXY in pharmaceutical forms
under optimum conditions. Two concentrations for
ISO tablets, OXY nasals, and two spiked
concentrations in river water samples for each drug
were studied after their solutions were prepared as
recommended previously. Table (3) show that the
results of three replicate analyses of each piece
obtained by the proposed method were in acceptable
agreement with the spiking amounts. The results
obtained (recoveries values) are summarized in Table
3 and compared with those of standard methods [2].
Two tests (Student’s t-and F-test) [38] were used to
compare the performance of the current process with
standard procedures. The calculated values at a 95%
confidence level did not surpass the theoretical ones,
showing a considerable difference in the accuracy and
precision of the examined approaches.
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Table (2): precision and accuracy of method for determination of Oxy and Iso for (n =9; 3 sets for 3 days)

OXY I1ISO
Actual spiked Measured Accuracy | Precision Measured Accuracy | Precision
concentration concentration (Bias%) | (RSD%) concentration | (Bias%o) (RSD%o)
(ng/ml) Mean ‘ SD Mean ‘ SD
(Intra day )with in- day (n=3)
5 4.62 0.26 -7.60% 5.63% 4.95 0.70 -1.05% 6.11%
75 79.71 5.56 6.28% 4.98% 75.48 5.16 0.63% 5.41%
220 232.80 | 6.68 5.82% 3.73% | 228.63 | 6.34 3.92% 2.77%
(Inter day) between- day (n=9)
5 4.57 0.17 -8.59% 3.72% 4.68 0.41 -6.40% 4.31%
75 77.99 3.85 3.99% 4.94% 76.58 4.35 2.11% 5.68%
220 227.70 | 11.09 3.50% 4.87% | 226.30 | 0.13 2.86% 4.48%

Table 3: Applications of the proposed method in pharmaceutical samples and comparison of the proposed
method with standard method using t- and F-statistical tests

Isoxsuprine hydrochloride

Dosage proposed method Official method
form Takenco | Found Rec.% Mean | RSD | Takencon | Foundc | Rec.% | Mean | RSD
nc. (ug/ | conc.(ug/ % c. (ug/mL | onc. (ug %
mL) mL) ) /mL)
Duvaline 35.00 36.64 104.68 101.76 | 5.13 8.00 7.86 98.29 97.24 | 231
Tablet 175.00 172.98 98.84 3.11 12.00 11.54 96.19 1.45
(10 mg)
Pure 1SO 101.16 99.65
t (4.30)¢ t-test =2.98
F (19.0)° F-test =16.11
Oxymetazoline hydrochloride
Oxymet 35.00 31.99 91.40 96.28 4.30 1.00 0.973 97.30 99.81 | 1.01
Nasal 175.00 177.03 101.16 5.35 3.00 3.07 102.33 0.79
drops
(0.05%)
Pure 101.50 102.00 | 0.70
oxXy
t (4.30)¢ t-test=0.87
F (19.0)° F-test =5.68

C: theoretical values of t-test and F-test at degree of freedom ny=n,=2

4. Conclusion

This paper describes a validated HPLC method to
determine 1SO and OXY in pharmaceutical
formulations. Showed the technique to be accurate,
precise, and suitable for analyzing ISO and OXY in
tablet and nasal drop formulations. The results of this
method show the ISO and OXY peak responses to be
precise and linear over the range of 1-250 pg/mL. The
mean percent recovery of ISO and OXY was less than
101.16 and 101.50, respectively.

This method has been successfully applied to
determine 1SO and OXY in pharmaceutical tablets and
nasal formulations. It is evident that, compared to
previous published HPLC techniques, the proposed
approach has distinct benefits such as high sensitivity,
low organic solvent consumption (100pl), and a quick
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analysis time of fewer than 7 minutes. The method can
be applied in quality control laboratories using a basic
chromatographic apparatus to determine both
medications in one chromatographic run due to its
strong validation requirements.

5. References

1- D.Medina-Ruiz, B.E.Luna, F.J. Luna-Vazquez, A.
Romo-Mancillas, A.Rojas-Molina and C.lbarra-
Alvarado, “Vasodilation Elicited by Isoxsuprine,
Identified by High-Throughput Virtual Screening
of Compound Libraries, Involves Activation of the
NO/cGMP and H2S/KATP Pathways and
Blockade of al-Adrenoceptors and Calcium
Channels”, Molecules, 2019,24(5),987.




DEVELOPMENT HPLC METHOD FOR SIMULTANEOUS DETERMINATION OF OXYMETAZOLINE..... 783

2- The United States Pharmacopoeia XXI, National
Formulary 19, Rockville, USP Convention, USA.
2007.

3- British Pharmacopoeia, Her Majesty's Stationary
Office, London.Vol. | & 11, 2009: p. 3285.

4- J. E. F. Reynolds and W. Martindale, in
TheEtraPharmacopia (The RoyalPharmaceutical
Society, London) 31th ed., (1996).p. 2739.

5- T. R. Covington and A. K. Pau, “Oxymetazoline: A
Monograph,” Am. Pharm., 1985, vol. 25, no. 5, pp.
21-26.

6- F.Belal, H.A.Al-Malag, A.A.Al-Majed, F. A.
Godkariem, “ A stability indicating HPLC method
for the determination of Isoxsuprine in dosage
forms. Application to kinetic studies of
Isoxsuprine”, Journal of liquid chromatography
and related techniques”, 2000, 23(20), 3175-3189.

7- D. T. ElI-Sherbiny, M. E. Abd EI-Ghaffar, D. R. EI-
Wasseef,and S. M. El-Ashry, “Simultaneous
Determination of Ritodrine and Isoxsuprine in
pharmaceutical ~ preparations  using  liquid
chromatography”, Journal of Liquid
Chromatography & Related Technologies, 2010,
33, 1476,1489.

8- F. Volpe, J. Zintel, and D. Spiegel, “High-
Performance Liquid Chromatography of Two
Peripheral Vasodilators, Nylidrin Hydrochloride
and Isoxsuprine Hydrochloride, in Pharmaceutical
Dosage Forms”, Journal of pharmaceutical
Sciences”, 1979,68(10), 1264-1267.

9- N.A. Alarfaj, “Fluorimetric determination of
isoxsuprine hydrochloride in pharmaceuticals and
biological fluids”, Journal of pharmaceutical and
biomedical analysis, 2002, 25 ( 2), 5-331.

10- A. Constantinos, Georgiou and K. A.Michael,
“Automated Flow Injection Spectrophotometric
Determination of para- and meta-Substituted
Phenols of Pharmaceutical Interest Based on Their
Oxidative Condensation With 1 -Nitroso-2-
naphthol”, Analyst, 1990, 115, 309-313.

11- N.W.Begene, J.F. Vanstaden, R.stefan and
H.Y.Aboul-Enein, “Determination of isoxsuprine
hydrochloride by sequential injection visible
spectrophotometry”, II-Faramco, 2005, 60 (7),
613-619.

12- A. Dolly, P. Mishra, N. K.Jain, “New
spectrophotometric method for determination of
isoxsuprine hydrochloride in tablets”, Analytical
chemistry,2007, 6(2), 82-85

13- P.Saritha, T.Charan Singhl and C. Gyanakumari,
“Spectrophotometric Determination of Isoxsuprine
in Pure and Pharmaceutical Forms”, IOSR Journal
of Applied Chemistry,2015, 8(8), 43-49.

14-K. Basavlala, K. Tharpa and K. B. Vinay.“Simple
Spectrophotometric Determination of Isoxsuprine
Hydrochloride in Spiked Human Urine and in
Tablets Using Folin-Ciocalteu’s Reagent”,

Egypt. J. Chem. 65, No. 11 (2022)

Procedure Indian National Science Academy,
76(3), 149-156.

15- A. M. Sekar, A. Jerad Suresh and V .Niraimathi,
“Spectrophotometric Methods for the Estimation
of Isoxsuprine Hydrochloride in Bulk and Oral
Dosage Form”, Journal of Pharmacy and
Biological Sciences, 2012, 4(1), 9-12.

16- H. D. Revanasiddappa and M. A. Veena, “A
Sensitive Spectrophotometric Determination of
Ritodrine, Pentazocine, Isoxsuprine
Hydrochlorides and Amoxicillin in Pure and
Pharmaceutical Samples”, E-Journal of Chemistry,
2008, 5(1), 100-106.

17- N. El-Enany, F. Belal and M. Rizk, “Kinetic
Spectrophotometric Determination of Isoxsuprine
in Dosage Forms Through Derivatisation with 4-
Chloro-7- nitrobenzo-2-oxa-1,3-diazole (NBD-
C1)”, ScientiaPharmaceutica, 2006, 74, 99-119.

18- J.M. Bosken, A.F. Lehner, C.G. Hughes, W.E.
Woods, F.C. Camargo, J.D. Harkins, J. Boyles, and
T. Tobin, “A GC-MS Method for the
Determination of Isoxsuprine in Biological Fluids
of the Horse Utilizing Electron Impact lonization”,
Journal of Analytical Toxicology, 2004, 28, 27-34.

19- B.Stanisz and W. Nowinski, "determination of
oxymetazolinehydrochloride and decomposition
products by  high  performance liquid

chromatography”, Actapeloninpharmaceutica-
drug research, 2000, 57(6), 399-401.
20 - TJ. Hoffmann, R.D.Thampion and

T.R.Seifent, "determination of nasal decongestant,
oxymetazoline hydrochloride in pharmaceutical
formulation by HPLC", Drug development
and industrial pharmacy, 1989, 15(5), 743-757.

21-S.Sudsaki, L.Kaplan and  D.A.Williams,
"simultaneous determination of
trimcinoloneacetonide and

oxymetazolinehydrochloride in  nasal spray
formulation by HPLC, J. of pharm. And
Biomed.analysis", 2006, 40, 1273-1280.

22- P. N. Kulkarni, A. M. Dodake-Supekar, A. S.
Niptel, C. K. Jadhav, Charansingh H. Gil,
“Analytical Method Development and Validation
for Anti Asthamatic Drug Oxymetazoline
Hydrochloride in Nasal Spray Formulations by RP-

HPLC”, Journal of Drug Delivery and
Therapeutics, 2019, 9(4), 505-510.

23- R. Sinan, M. Q. Al-Abachi, "Simple
Kinetic ~ Spectrophotometric ~ Methods  for

Determination of Oxymetazoline Hydrochloride in
Pharmaceutical Preparations”, Proceeding of 3rd
scientific conference, 2009, 1647- 1657.
24-T.N.Al-Sabha, N. M. S. Mohammed and P. A.
Abdul-Jabar, "Spectrophotometric determination
of oxymetazolinehydrochloride via charge transfer
reaction using 2,3-dichloro-5,6-dicyino-1,4-



784 Zaid Alnedawi et.al.

benzoginon (DDQ) reagent", Eur. Chem.
Bull., 2015, 4(8), 372-377.

25-S. A. Zakaria, "Spectrophotometric Determination
of Oxymetazoline Hydrochloride Via Oxidative
Coupling Reaction with 4-Aminoantipyrine in the
Presence of Potassium Periodate", Raf. J. Sci.,
2011, 22(4), 97-108.

26- 1. T. Humeidy," Spectrophotometric method for
Determination of oxymetazoline, HCl in a
Pharmaceutical ~ formulation using 2,4 -
dinitrophenylhydrazine”, Tikrit Journal of Pure
Science, 2015, 20 (2), 89-96.

27-T. N. Al-Sabha and B. A. Rasheed,”
Spectrophotometric determination of
Oxymetazoline  Hydrochloride  based  on
the oxidation reactions”, Jordan Journal of
Chemistry, 2011, 6 (4), 403-411.

28- J. O. Abdulsattar, H. Hadi, S. Richardson, A. lles,
and N. Pamme, “Detection of doxycycline hyclate
and oxymetazoline hydrochloride in
pharmaceutical preparations via
spectrophotometry and microfluidic paper-based
analytical device (WPADs),” Anal. Chim. Acta,
2020, vol. 1136, pp. 196-204.

29- B. Hassan and H. Hadi, “Development of
continuous flow injection analysis method for
determination of oxymetazoline and vancomycin
hydrochloride in pharmaceutical preparations,”
Bull. Chem. Soc. Ethiop., 2022, vol. 36, no. 2, pp.
303-313.

30- Nan-Nan Wang, Yan-Qing Shao, Yu-Hai Tang,
He-Ping Yin and Xiao-Zhong Wu, “Flow-injection
chemiluminescence method for the determination
of naphazoline hydrochloride and oxymetazoline
hydrochloride”, Luminescence, 2009, 24(3), 178-
182.

31- Y.M. lIssa and S.I.M.Zayed, "Construction
analytical applications of plastic membrane
electrode for oxymetazolinehydrochloride”, The
Japan society for analytical chemistry, 2004, 20,
297-300.

32-M.S.Rzik, E.M. Hussien, R. T. EI-Eryan and A. M.
Daoud, " All-solid-state polymeric screen printed

Egypt. J. Chem. 65, No. 11 (2022)

and carbon paste ion selective electrodes for
determination of oxymetazoline in pharmaceutical
dosage forms", European Journal of Chemistry,
2019, 10 (4), 273-280.

33- A. M. Abdel-Raoof, A. H. Abdel-Monem, A.
A. Almrasy, T. F. Mohamed, Z. A. Nasr, and G.F.
Mohamed , "Optimization of Highly Sensitive
Screen Printed Electrode Modified With Cerium
(V) Oxide Nanoparticles for
Electrochemical Determination of Oxymetazoline
Hydrochloride ~ Using  Response  Surface
Methodology", Journal of The Electrochemical
Society, 2020, 167, 447-502.

34- M. Giines, S. Karakaya, T. Kocaaga, F. Yildirim,
and Y. Dilgin, “Sensitive voltammetric
determination of oxymetazoline hydrochloride at a
disposable electrode,” Monatshefte fiir Chemie-
Chemical Mon., 2021,vol. 152, no. 12, pp. 1505—
1513.

35- Y. M. Issa, M. M. Khalil, S. I. M. Zayed, and N.
Mustafa, ‘“Potentiometric Determination of
Oxymetazoline Hydrochloride Using Modified
Carbon Paste Electrodes,” Port. Electrochim. Acta,
2021, vol. 39, no. 5, pp. 381-392.

36- F. Salam, K. Abdel-Salam, A. Abdel-Halim, R.
Said and A. Madkour, "  Validated
Spectrofluorimetric Method for The Determination
of Oxymetazoline Hydrochloride
via Derivatization with 4-Chloro-7-nitrobenzo-2-
oxa-1,3-diazole (NBD-CI)", European Journal of
Analytical Chemistry, 2018, 13(4), 9 pages.

37- J.R. Beaver; J.E. Kirsch, C.E. Tausz, , E.E.
Renicker, T.R. Scotese, K.C. Mcmaster, H.A.
Blasius-Wert, B.J. Zimba, P.V. Casamatta, “Long-
term trends in seasonal plankton dynamics in Lake
Mead (Nevada-Arizona, USA) and implications
for climate change”, Hydrobiologia, 2018, 822(1),
85-109.

38- Miller, J.N.; Miller, J.C. Statistics and
Chemometrics for Analytical Chemistry, 5th
ed.,Prentice Hall: England; 2005.



