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ABSTRACT: A sensitive and simple flow-injection chemiluminescence (FI-CL) method, which was based on the CL intensity
generated from the redoxreaction of potassium permanganate (KMnO4)–formaldehyde in vitriol (H2SO4) medium, has been
developed, validated and applied for the determination of naphazoline hydrochloride and oxymetazoline hydrochloride.
Besides oxidants and sensitizers, the effect of the concentration of H2SO4, KMnO4 and formaldehyde was investigated. Under the
optimum conditions, the linear range was 1.0 × 10−2–7.0 mg/L for naphazoline hydrochloride and 5.0 × 10-2–10.0 mg/L for oxymeta-
zoline hydrochloride. During seven repeated inter-day and intra-day precision tests of 0.1, 1.0 and 10.0 mg/L samples, the relative
standard deviations all corresponded to reference values. The detection limit was 8.69 × 10−3 mg/L for naphazoline hydro-
chloride and 3.47 × 10-2 mg/L for oxymetazoline hydrochloride (signal-to-noise ratio £3). This method has been successfully
implemented for the determination of naphazoline hydrochloride and oxymetazoline hydrochloride in pharmaceuticals.
Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Naphazoline hydrochloride and oxymetazoline hydrochloride
(Fig. 1 shows the structures) belong to the group of sympathetic
agonists of adrenergic receptors. They all have vasoconstrictive
effects, due to which they reduce the lumen of capillaries, and help
relieve the oedema of nasal tissue. As allergic rhinitis is accompa-
nied by eye irritation, the final dosage form of drops containing
these compounds is often designed as both nasal and eye drops.

The Chinese Pharmacopoeia (ChP) recommends nonaqueous
titration or spectrophotometry for naphazoline hydrochloride’s
dosage (1). For the analysis of naphazoline hydrochloride and
oxymetazoline hydrochloride, several methods, such as potenti-
ometry (2), capillary electrophoresis (CE) (3), spectrophotometry
(4–7), high-performance liquid chromatography (HPLC) (8, 9),
thin-layer chromatography (TLC) (10) and also flow-injection
chemiluminescence (FI-CL) (11) have been reported.

The FI-CL method has some advantages such as sensitivity,
short analysis time, wide linear range and simple instrumentation.
As a result, this method has received much attention and has
been used for the analysis of many drugs. There has been only
one report of the analysis of oxymetazoline hydrochloride. Garcia
Campana et al. (11) used the system of potassium permanganate
(KMnO4)–luminol for the determination of oxymetazoline hydro-
chloride, with a linear range within 1.9–20.0 mg/L and a detection
limit of 1.2 mg/L. Until now, there has been no report on the deter-
mination of naphazoline hydrochloride utilizing FI-CL.

In this work, it was observed that naphazoline hydrochloride
and oxymetazoline hydrochloride could be oxidized by KMnO4

and generated weak CL signal, and formaldehyde could enhance

this signal. Based on these observations, a sensitive and simple
FI-CL method is presented for the analysis of naphazoline hydro-
chloride and oxymetazoline hydrochloride. Compared with the
reported method of oxymetazoline hydrochloride, lower detec-
tion limit and wider linear range were achieved. This method
has been successfully used to determine the content of these
drugs in pharmaceutical preparations, and may also be applicable
in biological fluids.

Experimental

Reagents and chemicals

KMnO4, formaldehyde and vitriol (H2SO4) were all obtained from
Xi’an Chemical Reagent Factory (Xi’an China). All reagents were
of analytical reagent grade, and double-distilled water was used
throughout the experiments.

KMnO4 (1.0 × 10−2 mol/L) stock solution was prepared freshly
following the official method. For formaldehyde stock solution,
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25.0 mL formaldehyde solution (40%) was dissolved and com-
pleted with water to 100.0 mL to ensure the concentration reached
10.0 mol/L.

Materials

Pure naphazoline hydrochloride and oxymetazoline hydrochlo-
ride standard samples were purchased from National Institute
for the Control of Pharmaceutical and Biological Products (Beijing,
China). Naphazoline hydrochloride nasal drops (8 mL: 8 mg)
were purchased from Cangzhou Gangming Pharmaceutical Ltd
(Hebei China) and oxymetazoline hydrochloride eye drops (5 mL:
1.25 mg) from Chengdu Hengrui Pharmaceutical Ltd (Sichuan
China).

Apparatus

The system (Xi’an Ruimai Electronic Equipment Corporation, Xi’an,
China) used for determination was composed as follows: one
peristaltic pump was used to drive formaldehyde solution (4.0%);
the other was used to deliver sample solutions and KMnO4 (5.0 ×
10−4 mol/L) solution dissolved in H2SO4. Each pump ran at the
flow-rate of 1.8 mL/min. PTFE tubing (0.8 mm i.d.) was used to
connect all components. The CL signal was measured by photo-
multiplier tube and recorded with an IBM-compatible computer,
which employed IFFL-D model flow-injection chemiluminescence
analysis system software (Xi’an Ruimai Electronic Equipment
Corporation, Xi’an, China).

Procedure for calibration

The 1.0 × 102 mg/L naphazoline hydrochloride and oxymetazoline
hydrochloride stock solutions were prepared separately by accu-
rately weighing 0.050 g of their standard samples, dissolving
with double-distilled water. After 10 min, the solutions were
diluted accurately to 500.0 mL with doubly distilled water. The
stock solutions were stored in fridge under 8°C.

Procedure for naphazoline hydrochloride and 
oxymetazoline hydrochloride samples

A portion equivalent to 10.0 mg naphazoline hydrochloride nasal
drops and oxymetazoline hydrochloride eye drops was diluted
appropriately with double-distilled water. After 10 min, a suitable
volume of this solution was diluted to the volume of 100.0 mL,
giving a final concentration of 1.0 × 102 mg/L. An aliquot of this
solution was analyzed for the samples following the procedure
described for the calibration curve.

Results and discussion
In the research, both naphazoline hydrochloride and oxymeta-
zoline hydrochloride were used to test the effects of the reaction
variables, and the results were exactly the same. So the data for
naphazoline hydrochloride were chosen to show the experiment
results.

The oxidants
The possible FI-CL determination of naphazoline hydrochloride and
oxymetazoline hydrochloride was investigated in acidic or alkaline
media using several oxidants, including potassium permanga-
nate, potassium perchlorate, potassium dichromate, cerium sulphate,
hydrogen peroxide and potassium ferricyanide. The CL signal was
obtained only when KMnO4 acted as the oxidant in acid medium.

The sensitizer

With the presence of KMnO4 in acid medium, some sensitizers, such
as Rhodamine B, Rhodamine 6G, methylene blue, fluorescamine,
formaldehyde and luminol have been tested. It was observed
that only formaldehyde could enhance the CL signal. As a result,
the system of KMnO4–formaldehyde was chosen for the analysis
of naphazoline hydrochloride and oxymetazoline hydrochloride.

When the concentration of KMnO4 was fixed at 1.0 × 10−4 mol/L,
formaldehyde at 3.0% and naphazoline hydrochloride at 1.0 mg/
L, the CL signal of the reaction in several acids (HCl, HNO3, H2SO4,
H3PO4) was tested. It was observed that HNO3 and H2SO4 had a
sensitization effect on the CL intensity. When H2SO4 was used as
the sensitizer, the CL signal was stronger than HNO3, and lower
background signal were observed. Therefore H2SO4 was selected
as the most suitable medium for present CL reaction.

The effect of H2SO4 concentration within the range 0.1–
2.0 mol/L on the relative CL signal is shown in Fig. 2, from which
we can learn that the relative CL intensity continued to increase
sharply with the concentration of H2SO4 increasing up to1.0 mol/
L, and then, with further increase in H2SO4 concentration, the
relative CL intensity changed little. Considering the corrosion
of H2SO4 and the stability of the baseline, the concentration of
H2SO4 was selected as 1.0 mol/L in the experiment.

The effect of sample injection sequence

Several injection sequences were examined for optimization. The
strongest CL emission was obtained when KMnO4 solution was
first mixed with the sample solution and then with formaldehyde
solution.

Figure 1. Structures of naphazoline hydrochloride and oxymetazoline hydrochloride.
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The effect of flow-rate

When the concentration of KMnO4 was fixed at 1.0 × 10−4 mol/L,
formaldehyde at 3.0% and H2SO4 at 1.0 mol/L, the effect of flow-
rate on the CL intensity emitted by 1.0 mg/L naphazoline hydro-
chloride was studied over the range 1.44–2.16 mL/min in each
stream. The CL intensity continued to increase with increasing
flow-rate up to 1.80 mL/min; after that, the CL intensity did not
change any more. Thus, a flow-rate of 1.80 mL/min was chosen.

The concentration of KMnO4

The effect of KMnO4 concentration in the range of 1.0 × 10−5 to
1.0 × 10−3 mol/L in H2SO4 (1.0 mol/L) medium on the CL signal
was investigated while the concentration of formaldehyde was
fixed at 3.0% and naphazoline hydrochloride at 1.0 mg/L. As
shown in Fig. 3, the relative CL intensity continued to increase
with the concentration of KMnO4 increasing up to 5.0 × 10−4 mol/
L; after that, the signal changed little. Considering the stability of
the CL signal, 5.0 × 10−4 mol/L was chosen.

The concentration of formaldehyde

The influence of formaldehyde concentration in the range 1.0–
8.0% on the CL intensity was investigated. The strongest relative

CL intensity was obtained when the concentration of formalde-
hyde was 4.0 and 6.0% (Fig. 4). Considering the toxicity of for-
maldehyde and the analytical precision, we selected 4.0% in this
work.

Working curves, detection limits, and precisions

Under the selected conditions given above, naphazoline hydro-
chloride and oxymetazoline hydrochloride were analyzed. The
linear range for the determination was 1.0 × 10−2 to 7.0 mg/L
for naphazoline hydrochloride and 5.0 × 10−2 to 10.0 mg/L for
oxymetazoline hydrochloride. During seven repeated inter-day
and intra-day precision tests of 0.1, 1.0 and 10.0 mg/L samples,
the RSD corresponded to reference values. The detection
limit was 8.69 × 10−3 mg/L for naphazoline hydrochloride and
3.47 × 10−2 mg/L for oxymetazoline hydrochloride (signal-
to-noise ratio ≤3). The regression equations and the relative
standard deviations are shown in Table 1.

Interference studies

In order to assess the selectivity of the proposed method, the
interference of some common inorganic ions and organic
compounds in the CL reaction was examined by preparing solu-
tions containing 1.0 × 10−6 mg/L naphazoline hydrochloride
standard. The tolerance of foreign species was taken as the
largest concentration yielding an error of less than ± 5% in CL
signal. No interference was found when the samples contained
1000-fold Ca2+, Na+, K+ and NO3

−; 500-fold glucose, SO4
2− and Cl−;

200-fold lactose, sucrose or ascorbic acid; 50-fold Al3+, Mg2+, Zn2+

and CO3
2−; and 10-fold amino acides, phosphate, Fe3+, Mn2+ and

Co2+.

Analysis of naphazoline hydrochloride and oxymetazoline 
hydrochloride

The proposed method was successfully applied for the deter-
mination of naphazoline hydrochloride nasal drops and
oxymetazoline hydrochloride eye drops. The results are listed in
Table 2 and agreed well with those obtained by pharmacopeia
method.

Figure 2. The effect of H2SO4 concentration: naphazoline hydrochloride, 1.0 mg/
L; KMnO4, 1.0 × 10−4 mol/L; formaldehyde, 3.0%; HV = −650 V.

Figure 3. The effect of KMnO4 concentration: naphazoline hydrochloride, 1.0 mg/
L; formaldehyde, 3.0%; H2SO4, 1.0 mol/L; HV = −650 V.

Figure 4. The effect of formaldehyde concentration: naphazoline hydrochloride,
1.0 mg/L; KMnO4, 5.0 × 10−4 mol/L; H2SO4, 1.0 mol/L; HV = −650 V.
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Possible CL mechanism of the reaction

In order to get an idea of the CL reaction mechanism, we examined
the spectrum of the system of potassium permanganate, formal-
dehyde and naphazoline hydrochloride (1) with and without the
presence of rhodamine potassium permanganate, (2) with and
without the presence of formaldehyde and (3) with and without
the presence of naphazoline hydrochloride with a model 751GW
Spectrofluorophotometer (Shanghai China). From the spectra
of each situation, it was observed that there was no change in
situations (1) and (3). In situation (2), when formaldehyde was
present, the maximum wavelength of the spectrum was at 634 nm
which was very similar to that of singlet oxygen chemilumines-
cence (630–650 nm). However, when formaldehyde was not
present, there were no obvious absorption peak in the spectrum.
The results were shown in Fig. 5. This suggested that the possible
emission species should be singlet oxygen [1O2 (1Δg)]. Based on

the above discussion, the possible reaction mechanism was
suggested as follows:

MnO4
− + H+ + formaldehyde + naphazoline/oxymetazoline → 

1O2 (1Δg) + H2O + Mn (II) + products

2 1O2 (1Δg) → 1O2 
1O2 (1Δg

1Δg)
1O2

1O2 (1Δg
1Δg) → 3O2 (3∑g) + hν

Table 1. Calibration curves of naphazoline hydrochloride and oxymetazoline hydrochloride

Species Linear range (mg/L) Linear equation Correlation 
coefficient (r)

Detection 
limits (mg/L)

RSD
(%)

Naphazoline 
hydrochloride

1.0 × 10−2 to 1.0 × 10−1 ΔIa= 0.770Cb + 50.393 0.992
1.0 × 10−1 to 1.0 ΔI = 0.890C + 85.473 0.991 8.69 × 10−3 3.96
1.0–7.0 ΔI = 35.262ln(C) + 104.296 0.987

Oxymetazoline 
hydrochloride

5.0 × 10−2 to 1.0 × 10−1 ΔI = exp(C) + 50.971 0.999
1.0 × 10−1 to 1.0 1.0–10.0 ΔI = 0.968C + 60.262 0.991 3.47 × 10−2 4.01
1.0–10.0 ΔI = 1.086C + 81.352 0.992

a The relative CL intensity.
bConcentration of the samples.

Table 2. Inter-day and intra-day precision of naphazoline
hydrochloride and oxymetazoline hydrochloride 

Species concentration RSD (%)

Inter-day a Intra-day a

Naphazoline 
hydrochloride

0.1 mg/L 8.58 11.01
1.0 mg/L 3.89 6.39
10.0 mg/L 6.33 13.27

Oxymetazoline 
hydrochloride

0.1 mg/L 9.32 12.35
1.0 mg/L 4.12 6.39
10.0 mg/L 7.57 14.22

a Mean value of seven measurements.

Table 3. Determination results of naphazoline hydrochloride and oxymetazoline hydrochloride in pharmaceutical preparations 

Preparations Claimed
(mg)

This method ChP. method

Founda (mg) RSD (%) Founda (mg) RSD (%)

Naphazoline hydrochloride nasal drops 8.00 8.03 0.5 8.01 0.4
Oxymetazoline hydrochloride eye drops 1.25 1.23 0.4 1.25 0.2
aMean value of five measurements.

Figure 5. The spectrum of KMnO4–naphazoline hydrochloride–formaldehyde and
KMnO4–naphazoline hydrochloride: naphazoline hydrochloride, 1.0 mg/L; KMnO4, 5.0 ×
10−4 mol/L; formaldehyde, 4%; H2SO4, 1.0 mol/L.
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Conclusion
Formaldehyde has an enhancing effect on the reaction of
KMnO4 and naphazoline/oxymetazoline reaction. Based on these
observations, a sensitive FI-CL method for the determination of
naphazoline hydrochloride and oxymetazoline hydrochloride
was developed. The proposed method exhibited high sensitivity
and wider linear calibration range. Moreover, the combination
with FI-CL technique promised good precision and high analytical
speed. The method was suitable for automatic and continuous
analysis of naphazoline hydrochloride and oxymetazoline hydro-
chloride. The proposed method was applied for the analysis of
naphazoline hydrochloride and oxymetazoline hydrochloride in
some pharmaceutical dosage forms, and the results compared
well with the official method.
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