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Abstract

A simple and sensitive extractive spectrophotometric method is described for
determination of tropicamide. The method is based on the reaction of tropicamide
and bromocresol green. The ion-paired colored complex was extracted with
chloroform at pH 3. The extracted complex showed maximum absorbance at 423
nm. The complex was stable up to 2 days and obeyed Beer's law over the
concentration ranges of 1.32-100.81 pg/ml. No significant interference was observed
from the excipients, coloring and flavoring agents commonly used in the tropicamide
pharmaceutical preparations. The proposed method was applied successfully for
determination of tropicamide in commercial eye drop dosage forms.
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1. Introduction

Tropicamide (TPC), (R,S)-N-ethyl-3-
hydroxy-2-phenyl-N-(pyrid-4-ylmethyl)
propionamide, is a tropic acid derivative
endowed with short duration of anti-
muscarinic activity and available in 0.5
and 1% ophthalmic solutions. Its maximum
effect is achieved in about 20-25 min. and
lasts about 20 min., with complete recovery
being noted in about 6 h. Its action is more
rapid in onset and wears off more rapidly than
most other mydriatics. Its uses are generally
much the same as those described for other
mydriatics [1, 2]. Since tropicamide use is
increasing, it is very much essential to develop
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simple and suitable analytical method for its
quantification in bulks and formulations. Such
method should provide proper sensitivity and
selectivity and could be easily adapted for
routine quality control analysis, pre-
formulation or similar studies.

There is little information in the literature
for quantification of tropicamide in
pharmaceutical raw materials and dosage
forms [3, 4]. The reported analytical methods
for determination of TPC are TLC [5], spec-
trophotometry [6, 7] and HPLC [8]. The
United States Pharmacopoeia (USP) and
British Pharmacopoeia (BP) [9, 10] have
described a non-aqueous titration for
determination of tropicamide in raw material
and an extractive spectrophotometric method
for its pharmaceutical preparations. These
methods are time consuming and costly for
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routine analysis. Therefore, having a simple,
fast and accurate method for determination of
TPC in raw material and pharmaceutical
dosage forms, which can be used in quality
control laboratories is a necessity.

Extractive spectrophotometric procedures
are popular for their sensitivity in the assay of
drugs. Therefore, ion-pair extractive spec-
trophotometry has received considerable
attention for the quantitative determination of
many pharmaceutical compounds [11-16].
So far, no ion-pair extractive spectrophotom-
etry method has been reported for an
estimation of TPC. The present study concerns
the reaction of TPC with BCG followed by
extraction of the ion-paired complex into
chloroform. This method is simple, fast and
successfully applied for determination of TPC
in pharmaceutical formulations.

2. Materials and methods
2.1. Apparatus

A Shimadzu UV-160A, UV-VIS spec-
trophotometer (Japan) with 1 cm quartz cells
was used for all absorbance measurements.
The pH value of all buffers was adjusted

using a Metrohm 692 pH meter.

2.2. Chemicals and reagents

Tropicamide (TPC) was obtained from
Sina Daru Pharmaceutical Company (Tehran,
Iran). All chemicals were of analytical reagent
grade of Merck (Germany) unless otherwise
specified. Double distilled water was used
to prepare all solutions. Freshly prepared
solutions were always employed. USP
standard buffer solution (pH = 3) was prepared
by diluting 50 ml of 0.2 M potassium
hydrogen phthalate and 22.3 ml of 0.2 M HCl
to 200 ml with distilled water. Bromocresol
green solution (BCG, 1x10* M) was prepared
in distilled water. Eye drops containing 0.5
and 1% of active material were supplied from
local stores.

2.3. Standard solution of the drug

A stock standard solution of TPC (1x10-3
M) was prepared by dissolving adequate
quantity of TPC in double distilled water.
Working standard solutions were prepared
by suitable dilution of stock standard solution
with distilled water.
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Figure 1. Absorption spectra of tropicamide (100 ug/ml)-bromocresol green (20x10# M) ion-paired complex in chloroform
obtained through scanning at various wavelengths. The maximum wavelength (max) was 423 nm.
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2.4. Measurement procedure

Into a series of 100 ml separating funnel
flasks, 10 ml of buffer solution of pH 3.0
and 20 ml of BCG (1x10* M) were placed.
An appropriate volume of 104 M standard
drug solution (0.25-20 ml) was added to each
funnel and mixed well for few seconds. The
funnels were shaken vigorously with 2x5 ml
chloroform for 2 min. and then allowed to
stand for clear separation of the two phases.
Each separated organic phase was transferred
to a 25 ml beaker, dried over anhydrous
sodium chloride, and transferred to a 10 ml
volumetric flask and were made up to the
mark with chloroform and mixed well. The
absorbance of the organic phase was measured
at 423 nm against chloroform as a blank. The
standard calibration curve was prepared to
calculate the amount of the analyte drug in
unknown samples.

2.5. Procedure for measuring TPC in dosage
Sform

The content of five eye drop container
were mixed in a beaker and a portion of the
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solution were diluted to 100 pg/ml of TPC and
transferred into a 100 ml volumetric flask. The
volume was adjusted to volume with distilled
water.

3. Results and discussion
3.1. Spectral characteristics

Absorption spectra of the yellow color
TPC-BCG ion-pair complex is shown in
Figure 1 with a maximum absorbance (A,,,,)
at 423 nm. The TPC-BCG ion-pair complex
formation was completed immediately after
all reagents were added, no heating or
standing time was needed. The color complex
was stable for at least 24 h at the room
temperature (25 °C) as determined by
proposed method.

3.2. Optimization of variables

A number of preliminary experiments were
performed to optimize the necessary
conditions for rapid and quantitative formation
of colored ion-paired complex. Optimum
condition was fixed by varying one parameter
at a time while keeping other parameter
constant and observing its effect on the
absorbance at 423 nm.
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Figure 2. Job's method of continuous variation plot for ion-pair complexes of tropicamide (TPC, 1 x 10* M) with bromocresol
green (BCG, 1x10* M) in chloroform. Extrapolation of linear portion can be used to locate the position of break point.
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Table 1. Optical characteristics and quantitative parameters of the proposed method.

Parameters Results
Agpax (M) 423

Beer's law limit (ug/ml) 1.32-100.80
Molar absorptivity (1/mol.cm) 1.65x10*
Sandell's sensitivity (ug.cm2 per 0.001 absorbance unit) 0.039
Linear regression equationa y= mC + b

Slope (m) 0.007
Intercept (b) 0.012
Correlation coefficient (R?) 0.9994

“Where y is absorbance and C is the concentration (ug/ml).

3.3. Effect of pH

The influence of pH of buffer solution on
the development and stability of color were
tested using different buffer systems as
phthalate, potassium hydrogen phthalate,
phosphate and acetate buffers. Potassium
hydrogen phthalate-HCl buffer solution was
the buffer of choice which did not interfere
and gave the highest sensitivity to complex
formation and extraction. The absorbance of
TPC-BCG ion-pair was examined at different
pH ranges (1-6). The maximum color intensity
was observed at pH ranges of 2.5-3.5 and
maximum absorbance were achieved with
10 ml of pH 3 buffer solution.
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3.4. Selecting the extracting solvent

The color intensity of the ion-pair
complexes and extraction efficiency of
solvents were examined using chloroform,
dichloromethane, dichloroethane, toluene and
carbon tetrachloride. Chloroform was
preferred to other solvents for extraction of
TPC-BCG complexes yielding maximum
absorbance intensity and greatest stability of
the extracted product. Consequently, a single
extraction with 10 ml of chloroform was
adequate to achieve a quantitative recovery of
the complex in shortest time to reach the
equilibrium between both phases.
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Figure 3. Mole-ratio plot for tropicamide-bromocresol green (TPC-BCG) ion-pair complex in chloroform (BCG 1x10#M and
TPC = 50 pg/ml). The absorbance reaches a plateau with 20 ml of bromocresol green.
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Scheme 1. Structure of analyte and formed ion-paired complex, positively charged nitrogen of tropicamide and
negatively charged sulfonate of BCG forms an ion-pair complex soluble in organic solvents.

3.5. Composition of ion-pair complexes

Anionic dyes such as BCG form ion-pair
complexes with the positively charged
nitrogen-containing molecule. Each drug-dye
complex, with two oppositely charged ions,
behaves as a single unit held together by an
electrostatic binding. The suggested
mechanism of TPC-BCG ion-pair complex
formation is displayed in Scheme 1.

The composition of the ion pairs associates
was established by Job's method of continuous
variation and mole-ratio method [17, 18]. In
these methods, TPC and BCG were prepared
in the same concentration (1x10* M).
Different amounts of TPC and BCG were
added to each flask and extracted in the same
manner as recommended procedure. The
absorbance of formed ion-pair complex
between TPC-BCG was measured at 423 nm.
The absorbance was plotted against
[TPC)/[TPC]+[BCG] for Job's method (Figure
2) and [BCG]/[TPC] for mole-ratio method
(Figure 3). In Job's plot (Figure 2), the plot
reached a maximum value at a mole fraction
of 0.5, which indicated the formation of 1:1
(TPC-BCG) complex.

The influence of the volume of BCG
(Ix10* M) in the ranges of 3-24 ml on the
absorbance of complex was examined (Figure
3) using the mole-ratio method. The

absorbance of complex increased with the
change of BCG volume up to 20 ml. Above
this value, absorbance remained nearly
constant. Therefore, 20 ml of BCG (1x10 M)
was selected as optimal and used for complete
ion-pair formations throughout the
experiment.

The extraction equilibrium can be
represented as follows:
TPC* ) + D @TPC+D  &TPC+D"
where TPC+ and D- represent the protonated
TPC and the anion of the BCG, respectively.
The subscript (aq) and (org) refer to the
aqueous and organic phases. These findings
supports that the interaction of TPC and BCG
takes place at only one site, which is the
nitrogen atom of pyridine ring.

3.6. Linearity and range

Beer's law range, molar absorptivity,
Sandell's sensitivity, regression equation, and
correlation coefficient were determined for the
proposed method (Table 1). A linear
relationship was found between the
absorbance at 2, and the concentration of the

drug in the range of 1.32-100.81 pg/ml for
TPC in the final measured volume of 10 ml.
Regression analysis of the Beer's law plots at
Aax TEVealed a good correlation (R2=0.9994).

The graph showed negligible intercept and

Table 2. Evaluation of accuracy and precision for the proposed method.

Amount taken (ug/ml) Recovery(%)?* RSD(%)® RE(%)P
3 101.83 1.25 +1.83
10 97.1 3.6 -2.9

50 99.5 0.97 -0.5

aAverage of five determinations.
PRSD = relative standard deviation, RE = relative error.
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Table 3. Determination of tropicamide in the presence of excipients.

Material Amount added (mg) Recovered TPC2+SDP
Lactose 20 99.31+1.33
Dextrose 20 98.92 +1.24
Ethanol 20 99.11 £ 1.01
Starch 20 101.08 £ 0.59
Propylene glycol 20 99.01 +0.97
Hydroxyproyl methylcellulose 10 99.44 +1.43
Sodium alginate 10 99.10 = 1.05
Cellulose 10 99.33 +0.48

350 ug/ml of tropicamide (TPC) taken.
bAverage of five determinations.

were described by the regression equation,
v =0.007C + 0.012 (where y is the absorbance
of a 1 cm layer, 0.007 is the slope, 0.012 is the
intercept and C is the concentration of the
measured TPC in ug/ml). The high molar
absorptivity of the resulting colored complex
indicates the high sensitivity of the method.

3.7. Validation of the method

Samples of pure TPC at three different
concentrations were prepared and tested in
five replicates using the proposed procedure.
The complete set of validation assays was
performed. The results are given in Table 2.
The accuracy of the method is indicated by the
good recovery (97.10-101.83 %), and the
precision is supported by the low relative
standard deviation <3.6 %.

3.8. Interference studies

Various amounts of commonly used
excipients and other additives were added to
a known amount of TPC (50 ug/ml) and were
examined according to the procedure. Results
of the recovery analysis are presented in Table
3. Excipients up to the concentrations shown
in Table 3 do not interfere with the assay.

3.9. Application to dosage forms

The proposed method was successfully
applied for determination of TPC in
commercial eye drops. The applicability of the
proposed methods for assay of TPC in
formulations was examined by analyzing
various formulations and the results are
tabulated in Table 4. Determinations were
made in five replicates. Results were in a
good agreement with the labeled claims (Table
4) for different batches. The results were
reproducible with low RSD values.

3.10. Comparison with the official method

To evaluate the validity of the developed
method, a comparison was performed between
the results of the presented method with non-
aqueous titration method procedure described
in USP and EP [9, 10]. The results were tested
by Wilcoxon test and no significant difference
was seen between these two methods
(p<0.05). The results were reproducible and
accurate with low RSD values as indicated in
Table 2. The reliability of the method was
established by parallel determination against
non-aqueous titration method [9, 10].

The results of analysis of the commercial

Table 4. Determination of TPC in ophthalmic pharmaceutical preparations.

Recovery of TPC + SD?
Drug trade name Label claim (%)
Proposed method Official method"
Tropicamide 0.5 0.49 +0.05 0.49 +£0.09
1 1.01 £ 0.07 1.08 £ 0.11
Tropicamide 0.5 0.48 +0.12 0.50 £ 0.08
1 1.02 £ 0.09 1.06 £ 0.10

aAverage of five determination.
bRef. 9,10
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formulation and the recovery study of drug
suggested that commonly used additives and
excipients do not interfere with the assay
procedure. The proposed method can be used
for determination of TPC in eye drops. The
method is rapid, simple and has a great
sensitivity and accuracy. The proposed method
is sufficiently sensitive to permit
determination of low concentration of TPC
(1.32 pg/ml).

The advantages of the presented method is
its simplicity, sensitivity, and rapidity. Also,
it is economic and does not need expensive
instruments in comparison to reported
techniques and can be used for determination
of TPC in pure form, as well as in
pharmaceutical preparations, and is
recommended for use in routine quality
control laboratories.
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