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Abstract

A simple, rapid, and accurate spectrophotometric method is suggested for the estimation of
phenylephrine -HCI (PHE-H). The method included adding an excess amount (known) of N-
bromosuccinamide (NBS) in an acidic medium to oxidize =~ PHE-E, and then the residual NBS
was estimated by the bleaching color of methyl orange dye(M.0O), the intensity of bleaching dye
at the 518 nm was measured. The NBS amount reacts to PHE-H concentration in the actual
solution. Beer's law was obeyed in the 2-25 ug /20 ml range with good molar absorptivity of
1.0705x 10° I.mol™t.cm™ The proposed method was applied successfully to determine PHE-H in
its pharmaceutical preparation.

Keywords: phenylephrine-HCI, methyl orange, bleaching color, spectrophotometric
determination, N-bromosuccinamide.

Introduction

Phenylephrine hydrochloride (PHE-H),[(R)-1-(3-hydroxyphenyl)2 (methylamino) ethanol
hydrochloride], is a white crystalline powder[1]. It is used to expand the pupil, to raise blood
pressure, to relieve hemorrhoids, and as a decongestant [2]. Many analytical techniques have
been achieved for the quantitative assay of PHE-H, including flow injection analysis [3,4],
HPLC [5,6], RP-HPLC [7,8], HPTLC [9], U.V.spectroscopy[10,11], conductivity titration[12].
Various reagents have been reported in the spectrophotometric method for the determination of
(PHE-H), such as ninhydrin in sulfuric acid [13], uranyl ion in the pH region 2.50-4.25[14],
diazotized 2- amino benzothiazole [15], diazotized metoclopramide hydrochloride [16], Folin
Ciocalteu in the presence of 10% sodium carbonate solution[17],2,2"-bipyridyl with Fe(ll) [18],
ion —pair complexes using alizarine, alizarine yellow G or quinolizidine, alizarine red S [19],
coupling with 4-aminoantipyrine then reacts with copper (I1)[20], reacting with hematoxylin in
alkaline medium to form charge transfer complex [21]. The aim of the investigation reported in
this paper is to suggest a suitable method for the estimation of PHE-H in an aqueous medium,
either in pure form or in its pharmaceutical preparations.

The method is based on the oxidation of PHE-H in an acidic medium by NBS, then
bleaching the color of M.O dye by the unreacted NBS, whose intensity is proportional to the
amount of PHE-H.
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Experimental
Instruments

The absorbance and spectrum were done using a Jasco UV Spectrophotometer (JascoV-
630). Two silica cells were used.The pH was estimated using a HANA pH meter.

Reagents and solutions:

The chemicals used in this investigation are high-purity reagents.

The used solutions:

Standard phenylephrine-HCI, 100 pg.ml*.This solution was prepared by dissolving 0.01 g of
phenylephrine-HCI (SDI-Iraq) in 10 ml ethanol, which was then diluted to 100 ml with D.W. in a
volumetric flask.

Working phenylephrine-HCI solution,20ug.ml?. This solution was attended to with the
appropriate dilution of the standard solution.

Methyl orange solution,1.5x10°°M.This solution was attended by dissolving the accurately
weighed amount of 0.0130 g of methyl orange(Fluka) in 100 ml D.W.

N-bromosuccinimide,4x10#M.This solution was prepared by dissolving 0.0071 g of N-
bromosuccinimide (Fluka) in 100 ml D.W.

Hydrochloric acid solution,1M.This solution was attended by diluting 8.5 ml of concentrated
acid (Fluka)to 100 ml with D.W.

Analytical procedure:

Into a series of 20 ml calibrated volumetric flasks, an increasing volume of PHE-H (20
ug.ml -1) solution was transferred to cover the range of the calibration graph (2 -25ug.20 ml%).
Then 1.0 ml of HCI (1 M) and 2 ml of NBS (0.0004M) were added. The solutions were lifted for
15 min. at room temperature (25°C), finally adding 1.25 ml of M.O, and after 5 min, the
volumetric flasks diluted with distilled water to the mark. The wavelength 518 nm was used in
measuring the absorbance.

Results and Discussion:

The method included oxidizing PHE-H by adding an excess of NBS, and then the unreacted
NBS was used to bleach the color of M.O (Schem 1). Then, the absorbance of residual M.O was
measured at 518 nm, which increased linearly with increasing concentration of PHE-H.
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Scheme 1: Reactions of oxidation PHE-H and bleaching the color of M.O.

The effect of various parameters on the oxidation-reduction reaction was studied to select
the optimum conditions for estimating PHE-H in pharmaceutical preparations.

Chosen the optimum concentration of the dye :

A preliminary experiment was performed to optimize M.O dye's useful and optimum
concentration, which can be determined spectrophotometrically(Fig.1).
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Fig.(1): The optimum amount of methyl orange on absorbance

Figure (1) shows that 1.25 ml of M.O dye was the best volume, it gave high.
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intensity and excellent value of determination coefficient(R?).
The effect of oxidant reagents:

NBS was a useful oxidizing agent; other oxidizing agents such as (NCS,
Ce**and KIO4) have also been tested, but none offered real advantages over NBS.

Fig.(2).
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Fig. (2): The effect of oxidant agents on bleaching the dye, 1 is M.O dye,2 is M.O
with potassium periodide, 3 is M.O with N-chlorosuccinimide , 4 is M.O with
ceric ammonium sulphate ,5 is M.O with NBS.

Effect of oxidant amount:

After choosing NBS as an oxidant agent, the amount was studied by different
volumes from 0.5 to 3 ml of 0.0004M of NBS and their effect on the absorbance of
M.O color. In this experiment, all our studying without PHE-H.Fig. (3) shows that
2ml of NBS solution was enough to obtain a maximum bleaching of the color of M.O
dye; therefore, it was recommended in the subsequent experiments.
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Fig3:The optimum amount of NBS on absorbance
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Choice of acids and their amount

The oxidation of PHE-H was done in an acidic medium, so that different types

of acids were examined (Table 1

Table 1: Selection of the acid

1M acid (1ml) Absorbance pH

H2S04 0.721 3.42
HCI 0.945 3.34
HNO3 0.697 3.26
CH3COOH 0.422 3.60

The results shown in Table 1 indicate that HCI gives the highest absorbance with a
final solution pH of 3.34. Also, the effect of different volumes of 1M HCI of solution
has been investigated. A(1lml) of 1M HCI was selected for using in the next
experiments because it gave the highest value of correlation coefficient (0.9994).
Table (2).

Table2:Effect of acid amount on absorbance

M HCl Absorbance/ug of PHE-H

solution(ml) 5 10 15 20 R

0.5 0.437 0.621 0.732 0.915 0.9830
1 0.467 0.637 0.780 0.948 0.9994
15 0.439 0.651 0.762 0.908 0.9913

The order addition of components

The components of reaction were added in various orders.The optimum order was mention
in the general procedure according to high intensity .whether in other order lose in color occured.
(Table 3).
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Table3:Effect of the order of addition
Order number | Order of addition Absorbance

| PHE-H +HCI+NBS+MO | 0.975

I PHE-H+NBS+HCI+MO | 0.228

Il PHE-H+NBS+MO+HCI | 0.144

A\ PHE-H+HCI+MO+NBS | 0.268

The effect of time on oxidation and bleaching the dye

The effect of time on oxidation of PHE-H by NBS and the time needed to optimum bleaching
color of M.O were studied (Table4).

Table (4): The effect of time on oxidation and bleaching of the dye

Standing time
aft_er _addlng Standing time after adding the dye and before dilution, min
oxidant, min.

5 10 15 20 30 40 50 60
5 0.942 |0.949 | 0.942 | 0.938 | 0.940 | 0.937 [ 0.930 | 0.932
10 0.968 | 0.963 | 0.964 | 0.965 | 0.960 | 0.953 | 0.951 | 0.951
15 0.953 | 0.959 | 0.950 | 0.949 | 0.954 | 0.948 | 0.945 | 0.945

The results in Table (4) show that the standing time of 10 minutes was necessary for the
complete oxidation of PHE-H and 5 minutes was necessary for bleaching of the color of M.O dye
. Stability of dye

The effect of time on the color of residual amount of M.O after oxidation of PHE-H and
bleaching part of M.O dye by NBS was tested under the optimum conditions. The experimental
results (Table 7) show that the change in absorbance is in the accepter value for at least 24 hours.

Table 7: stability of M.O

ug  of Absorbance/ min. standing time

PHE-H "5 10 |15 |20 |30 40 |50 |60 |24hours
5 0472 |0.472 [0.472 | 0475 [0473 [0.473 [0472 [0.472 |0.473

10 0.648 | 0.654 |0.653 | 0.655 |[0.658 |0.654 |0.654 |0.654 | 0.653

20 0.970 |[0.967 |0.967 [0.966 |0.963 |0.964 |0.965 |0.965 |0.973
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Absorption spectrum

Fig. 4 shows that M.O dye has a maximum absorption at 518 nm, and adding an amount of
PHE-H decreases the absorbance value due to the residual NBS bleaching of M.O color.
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Fig.4: Absorption spectrum of (A) M.O dye,(B) residual M.O dye after oxidation 20ug PHE-
H, and (C)blank against distilled water.

Calibration curve:
Following the general procedure, a linear relationship was obtained between the

absorbance and PHE-H concentration within the range (2-25)ug.20ml* (0.1-1.25) pg.ml? ,with
good value of determination coefficient (R2)Figure (5) .
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Fig. 5: The calibration graph of PHE-H is estimated according to the general procedure.

Application of the method



Iraqi National Journal of Chemistry 2021; 21(1)

The suggested procedure has been applied to determine PHE-H in two types of nasal drops.
The results in Table (9) indicate accuracy and good precision.

Table 9: Application of method

Amount Recovery
Drug taken % ’ RSD*,%
Kg/20ml
Nasophrine 10 99.52 +0.89
Nasal Drop
(0.25%)
SDI - Iraq 20 99.69 +0.41
Nasophrine 10 99.74 +0.39
Nasal Drop
(1%wi/v)
Safa — Iraq 20 100.02 +0.41

*Average of four determinations.
Comparison of method

Table (10) compares some of the analytical variables obtained from the suggested method
with those of other literature spectrophotometric methods.

Table 10: Comparison of the method

A:raa%t:;czll’s Present method Literature method | Literature  method
p [18] [22]
Amax (NM) 518 523 425
Beer's AW | 01125 0.1-3.2 2-24
range(ppm)
Mola_g abs_(l)rptlwty 107050 71295 3442
l.mol~.cm
Stability of the 24 h 48 h 180 min
color
Medium of method Acidic Acidic Alkaline
Reagent e Diazotized
Methyl orange 2,2-bipyridyl sulfacetamide sodium
Type of reaction Oxidation —reduction | Oxidation-reduction | Diazotisation
Application of the | o - 1 aceutical Pharmaceutical Pharmaceutical
method : i i
preparation preparation preparation
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The results indicate that the suggested method is sensitive and can be applied successfully to
determine phenylephrine -HCI in pharmaceutical preparation.

Conclusion

The suggested method described a simple, sensitive, and accurate indirect
spectrophotometric method for determining PHE-H using NBS as an oxidant agent. The
unreacted NBS bleached the M.O dye.The method gave satisfactory values when applied to
determining PHE-H in pharmaceutical formulations (nasal drops).
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