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Abstract Two simple, sensitive and specific fluorimetric
methods have been developed for the determination of some
sulphur containing compounds namely, Acetylcysteine (Ac),
Carbocisteine (Cc) and Thioctic acid (Th) using terbium
Tb+3 and uranium U+3 ions as fluorescent probes. The pro-
posed methods involve the formation of a ternary complex
with Tb+3 in presence of Tris-buffer method (I) and a bi-
nary complex with aqueous uranyl acetate solution method
(II). The fluorescence quenching of Tb+3 at 510, 488 and
540 nm (λex 250, 241 and 268 nm) and of uranyl acetate
at 512 nm (λex 240 nm) due to the complex formation was
quantitatively measured for Ac, Cc and Th, respectively.
The reaction conditions and the fluorescence spectral prop-
erties of the complexes have been investigated. Under the
described conditions, the proposed methods were applica-
ble over the concentration range (0.2–2.5 µg ml−1), (1–
4 µg ml−1) and (0.5–3.5 µg ml−1) with mean percentage
recoveries 99.74 ± 0.36, 99.70 ± 0.52 and 99.43 ± 0.23 for
method (I) and (0.5–6 µg ml−1), (0.5–5 µg ml−1), and (1–
6 µg ml−1) with mean percentage recoveries 99.38 ± 0.20,
99.82 ± 0.28 and 99.93 ± 0.32 for method (II), for the three
cited drugs, respectively. The proposed methods were suc-
cessfully applied for the determination of the studied com-
pounds in bulk powders and in pharmaceutical formulations,
as well as in presence of their related substances. The results
obtained were found to be in agree statistically with those ob-
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tained by official and reported ones. The two methods were
validated according to USP guidelines and also assessed by
applying the standard addition technique.
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Introduction

Acetylcysteine (N-acetyl-3-mercaptoalanin), Carbocisteine
(R)-2-amino-3-{(carboxymethyl) thio} propionic acid, and
Thioctic (alpha Lipoic) acid (1, 2-dithiolane-3- pentanoic
acid) are three biologically active substances. Ac and Cc are
two amino acids playing an important role in reducing vis-
cosity of pulmonary secretions and facilitating their removal,
therefore they are used as mucolytic drugs [1]. Ac is also able
to promote the detoxication of paracetamol over dosage (poi-
soning) [2]. Thioctic acid is a biologically active substance,
working as an important co-factor in biological oxidation.
It is used for treatment of liver dysfunction, diabetes neu-
ropathy, optic neuritis and antidote to poisonous mushrooms
(Amanita species) [2]. They have the following structure.
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Structure of the three studied drugs.
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B.P describes an iodometric and a non-aqueous titrimetric
method for the determination of Ac and Cc [3] while USP
describes HPLC method for determination of Ac and Th
[4]. Other methods were reported for their determination
such as spectrophotometric [5–8], spectrofluorimetric [9–
12], electrochemical [13–15] and HPLC [16–18] methods.

Fluorescence spectra of the lanthanide ions especially,
where they are chelated with ligands constituted the basis of
a technique in microanalysis of many organic compounds.
The main advantages of lanthanide chelates in fluorescence
spectrometry include large stokes shifts, narrow emission
bands and long fluorescence life time [19]. In all applications
of lanthanide ions, the intense luminescence originates from
an intramolecular energy transfer through the excited state
of the ligand to the emitting level of the lanthanide ion.
Conversely, energy transfer from an organic compound to
a lanthanide ion can be used to improve the fluorimetric
analysis of organic analytes.

In some instances, when the organic compound has a
triplet—state level below the excited—state level of the lan-
thanide ion, the organic compound can quench the back
ground luminescence of the ion [20]. The sensitizing or
quenching effect is more important with chloride than the
nitrate salts of the lanthanide, because the probability of col-
lision leading to energy transfer is larger for the chloride salt
[21].

Based on energy level considerations and luminescence
quantum yields, Tb3+ and Eu3+ are the best lanthanide ions to
be applied to the determination of organic compounds. Sev-
eral compounds have been determined by using Tb3+ such
as cefazolin sodium, cefoperazone sodium and ceftriaxone
sodium [20]. The terbium metal ion (Tb3+) has been the lan-
thanide of choice in most applications of ternary—complex
formation.

Uranyl acetate is a yellow free flowing, crystalline, wa-
ter soluble uranium compound. It has been used as a chro-
mogenic agent for the spectrophotometric determination of
different drugs through complex formation [22–24]. It is also
used as a fluorescent indicator for TLC chromatographic de-
tection of complexing agents [25]. The first objective of this
paper was to study the formation of ternary complex be-
tween (Tb3+—Tris buffer) and the three cited compounds
whereas the second aim was to determine these mentioned
drugs through the formation of binary complexes between
them and uranyl acetate.

Experimental

Instrumentation

1) SHIMADZU RF—1501 Spectrofluorimeter using quartz
cell (1 × 1 × 4.5 cm).

2) Digital pH meter, PW 9409 Pye Unicum.

Materials and reagents

All chemicals, solvents and reagents were of analytical
grade.

� Acetylcysteine and Carbocicteine were kindly supplied by
Sideco. Co. Egypt. The purity of the samples were found
to be 99.48 ± 0.13 and 99.60 ± 0.22% for the two drugs,
respectively according to the official titrimetric methods
[3]. Parvolex ampoules 2 g Ac/10 ml B.N.13140 were pur-
chased from Celletch Pharmaceuticals Limited. U.K. Mu-
cosol capsules 375 mg Cc B.N.11966 (MUP. Co. Egypt).

� Thioctic acid purity 99.93 ± 0.17% according to official
HPLC method [3, 4], Thiotacid Tablets 300 mg and
Thiotacid ampoules 300 mg/10 ml (Eva. Co. Egypt).

� L-cystine. Otsoka Co, Egypt. certified to be 99.50%
� L-arginine. Otsoka Co. Egypt. Certified to be 99.50%
� Oxidized form of thioctic acid was prepared by adding

about 3 ml of 30% hydrogen peroxide solution to (10 mg
thioctic acid in 15 ml methanol), the solution was left for
15 min and the volume was completed to the mark with
methanol. This solution was warmed over heating water
bath till nearly dry and the resulting residue was dissolved
in 25 ml methanol.

� Reduced form of Thioctic acid (metabolite, dihydrolipoic
acid) [26] was prepared by adding about 5 g Tin metal
and 5 ml of 20% v/v hydrochloric acid to (10 mg thioctic
acid in 15 ml methanol). This mixture was left for 3 h till
complete reduction and the resulting solution was heated
till nearly dry. The residue left was dissolved in 25 ml
methanol.
The complete oxidation and reduction was confirmed by
the disappearance of the characteristic peak of thioctic
acid at 334 nm and by TLC using ethyl acetate, methanol,
ammonia and water (20:20:5:0.5) as mobile phase. More
over the structure of the oxidized form of thioctic acid was
confirmed by IR and mass spectroscopy.

� Terbium chloride (5 × 10−3 M in H2O). (Sigma. Co). Its
purity (99.99%)

� Tris buffer (Sigma. Co.) was prepared by dissolving 2 g of
Tris buffer and 2.4 g of sodium chloride in 100 ml distilled
water, pH was adjusted with 1 M NaOH or 1 M HCl. And
then the volume was diluted to 200 ml with distilled water.

� Methanol (Aldrich. Co).
� Sodium hydroxide and hydrochloric acid (El Nasr. Co.

Egypt.)
� Uranyl acetate 0.2% w/v aqueous solution (Sigma. Co.)

Preparation of standard solutions

1. Ac (0.1 mg ml−1) in distilled water.
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Table 1 Validation report obtained by applying the two suggested methods for the determination of the three cited drugs in bulk powder

Method (I) Method (II)
Items Ac Cc Th Ac Cc Th

Linearity range (µg ml−1) 0.2–2.5 1–4 0.5–3.5 0.5–6 0.5–5 1–6
Slope 119.800 30.928 27.00 41.618 56.192 50.657
SE of slope 1.093 0.311 0.111 0.248 0.265 0.135
Intercept 6.424 1.964 0.714 11.460 1.671 6.533
SE of intercept 1.657 0.838 0.247 0.895 0.804 0.526
Correlation coefficient (r) 0.9998 0.9997 0.9999 0.9999 0.9998 1.00
SE of (r) 0.50 × 10−4 0.56 × 10−4 0.34 × 10−4 0.75 × 10−4 0.98 × 10−4 0.83 × 10−4

Accuracy (mean∗ ± %RSD) 99.74 ± 0.36 99.70 ± 0.52 99.43 ± 0.23 99.38 ± 0.20 99.82 ± 0.28 99.93 ± 0.32
Interday precision ± 0.26 ± 0.46 ± 0.28 ± 0.61 ± 0.59 ± 0.69
Intraday precision ± 0.46 ± 0.28 ± 0.58 ± 0.52 ± 0.56 ± 0.61

∗Mean of five different experiments.

2. Cc (0.1 mg ml−1), was prepared as follows, (10 mg Cc in
100 ml conical flask, 0.5 ml of 0.1 N NaOH and 50 ml
distilled water were added, the resulting mixture was son-
icated till dissolved, transferred quantitatively to 100 ml
measuring flask and the volume was completed to the
mark with distilled water.

3. Thioctic acid (0.1 mg ml−1) in methanol.

General procedures

Method I: Using terbium chloride

Into a series of 10 volumetric flasks, 0.5 ml of aqueous
terbium chloride solution (5 × 10−3 M) was transferred.
Aliquots of the three cited drugs, each according to the work-
ing range 2–25, 10–40 and 5–35 µg ml−1 for Ac, Cc and Th,
respectively were added, followed by, 1 ml of Tris-buffer pH
8.5 for Ac, pH 9.5 for Cc and pH 10.5 for Th. The volume
was completed to the mark with distilled water. The fluo-
rescence quenching at 510, 488 and 540 nm was measured
using 250, 241 and 268 nm as excitation wavelengths for the
three drugs, respectively. To obtain the standard calibration
graphs concentrations were plotted versus decrease in fluo-
rescence intensities, and the linear regression equations were
computed.

Method II: Using uranyl acetate

Into a series of 10 ml volumetric flasks 1 ml for Ac and
Cc or 1.5 ml for Th of 0.2% w/v aqueous uranyl ac-
etate was transferred. Aliquots of the three cited drugs,
each according to the working range 5–60, 5–50 and 10–
60 µg ml−1 for Ac, Cc and Th, respectively were added,
and the volume was completed to the mark with distilled

water. The fluorescence quenching at 512 nm was mea-
sured using 240 nm, as excitation wave length for the three
cited compounds. The standard calibration graphs were ob-
tained by plotting concentrations versus decrease in fluo-
rescence intensities. The linear regression equations were
derived.

Procedures for dosage forms

For ampoules: (Parvolex ampoules 2 g Ac/10 ml and
Thiotacid ampoules 300 mg Th/10 ml) The contents of three
ampoules were mixed well in 50 ml dried beaker. Aliquots
equivalent to 10 mg Ac and Th were transferred into 100 ml
measuring flask and diluted with distilled water to volume
.An accurately measured volumes of the obtained solutions
in the linearity range shown in Table 1 were assayed as de-
scribed under general procedure.

For capsules: (Mucosol capsules 375 mg Cc) The contents
of 10 capsules were mixed thoroughly, an accurate weight
equivalent to 10 mg Cc was transferred into 100 ml conical
flask, and 0.5 ml of 0.1 M NaOH and 50 ml water were added.
This mixture was sonicated for 25 min, filtered, transferred
quantitatively to 100 ml measuring flask and the volume was
completed to the mark with distilled water. Aliquots of this
solution in the linearity range shown in Table 1 were assayed
as described under general procedure.

For tablets: (Thiotacid tablets 300 mg) Five tablets were
pulverized well, an accurate weight of the powdered tablets
equivalent to 10 mg Th was transferred into 100 ml coni-
cal flask. 50 ml methanol were added, shaked well, filtered
and transferred quantitatively to 100 ml measuring flask.
The volume was completed to the mark with methanol, and
proceeded as described under general procedure.
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Results and discussion

Method (I) using terbium chloride

The solution of Tb3+ in Tris buffer has an intense fluores-
cence, if compared with its solution in hydrochloric acid
[20]. On adding the studied compound solutions immediate
fluorescence quenching was observed. The relative emission
spectra are shown in Fig. 1a–c. The decrease in fluorescence
intensity was proportional to the concentration of the added
compounds. (Ac, Cc and Th)—Tb3+—Tris buffer) ternary
complexes were found to exhibit fluorescence quenching at
λex/λem, 248/510, 250/528 and 268/540 for Ac, Cc and Th,
respectively.
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Fig. 1 (a) Excitation and Emission Spectra of the reaction product
of Ac (2 µg ml−1) and terbium chloride 0.5 ml of (5 × 10−3 M) so-
lution. (b) Excitation and Emission Spectra of the reaction product
of Cc (3.5 µg ml−1) and terbium chloride 0.5 ml of (5 × 10−3 M)
solution. (c) Excitation and Emission Spectra of the reaction product
of Th (3.5 µg ml−1) and terbium chloride 0.5 ml of (5 × 10−3 M)
solution
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Fig. 2 Effect of different pH on the reaction between Terbium chloride
and Ac (2 µg ml−1), Th (3.5 µg ml−1) and Cc (3.5 µg ml−1)

The optimum conditions for complex formation were
carefully studied. The maximum fluorescence quenching of
the drug solutions was measured over a pH range 7.5–11 by
using Tris buffer (Fig. 2). The fluorescence quenching was
observed at pH 8.5 for Ac, pH 9.5 for Cc and at pH 10.5
for Th. Also the effect of volume of Tris buffer was stud-
ied, and it was found that 1 ml was adequate for complete
reaction (Fig. 3). The effect of Tb3+ concentration on fluo-
rescence intensity was studied by using different volumes of
terbium chloride (5 × 10−3 M). It was found that 0.5 ml was
appropriate for fluorescence intensity for the three studied
compounds (Fig. 4). The fluorescence signal was linearly re-
lated to the concentration in the range (0.5–2.5 µg ml−1)
for Ac, (1–4 µg ml−1) for Cc and (0.5–3.5 µg ml−1)
for Th, with mean percentage recoveries 99.74 ± 0.36,
99.70 ± 0.52 and 99.43 ± 0.23 for the three cited drugs,
respectively. The regression equations were computed as
shown in Table 1. The ternary complex is formed imme-
diately and the fluorescence signal remains stable for at least
1 h.

The Stoichiometry of the reaction was studied by the mo-
lar ratio and it was found to be (1 Tb: 3 drug) for the three
studied drugs.
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Fig. 3 Effect of volume of Tris buffer on the reaction between Terbium
chloride and Ac (2 µg ml−1), Th (3.5 µg ml−1) and Cc (3.5 µg ml−1)
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Fig. 4 Effect of ml of Terbium chloride (5 × 10−3 M) on the reaction
between terbium chloride and Thioctic acid (3.5 µg ml−1), Acetylcys-
teine (2 µg ml−1) and Carbocisteine (4 µg ml−1)

Method (II) using uranyl acetate

Aqueous solution of uranyl acetate has high fluorescence
intensity. When the solutions of the studied compounds were
added immediate fluorescence quenching was observed at
512 nm (λex 240 nm) [27]. The decrease in fluorescence
intensity and the relative emission spectra of test and blank
solutions are shown in Fig. 5.

The decrease in fluorescence intensity was proportional
to the concentration of the added compounds. Ac, Cc and Th
form binary complexes with aqueous uranyl acetate result-
ing in fluorescence quenching at 510 nm, using 240 nm as
excitation wavelength.

Optimum conditions for binary complex formation were
studied. Different concentrations of aqueous uranyl acetate
ranging from (0.05–0.5% w/v) were tried Fig. 6 and different
volumes of 0.2% w/v solution were also used Fig. 7. It was
found that 1 ml for Ac and Cc or 1.5 ml for Th of 0.2% w/v
aqueous solution was adequate for best results. The reaction
was also done in different media e.g. alkaline medium us-
ing dilute Na OH, acidic medium using dilute HCl and also
in presence of acetate buffer of different pH (4–6). Differ-
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Fig. 5 Excitation and Emission spectra of the reaction between
Uranyl aceta (0.2% w/v) and {Thioctic acid (6 µg ml−1), Carbocis-
teine (3 µg ml−1) and Acetylcysteine (2 µg ml−1)}
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Fig. 6 Effect of concentration of aqueous uranyl acetate on the fluores-
cence quenching of uranyl acetate after its reaction with Ac (4 ug ml−1),
Cc (3 ug ml−1) and Thioctic (3 ug ml−1)

ent diluting solvents for example methanol, ethanol, acetone
and acetonitrile were also tried. It was found that the reac-
tion takes place only in aqueous medium. Addition of acids,
alkali or organic solvents resulted in the disappearance of
the fluorescence intensity of the blank solution. The fluores-
cence signal was linearly related to the concentration in the
range (0.5–6 µg ml−1), (0.5–5 µg ml−1), and (1–6 µg ml−1)
with mean percentage recoveries 99.38 ± 0.20, 99.82 ± 0.27
and 99.93 ± 0.32, for the three cited drugs, respectively. The
binary complex is formed immediately and remains stable
for 24 h.

The Stoichiometry of the reaction was studied by the mo-
lar ratio and it was found to be (1 U: 2 drug) for the three
cited drugs. The two suggested methods were successfully
applied for the determination of the three investigated drugs
in bulk powders, in pharmaceutical formulations a well as
in presence of their related substance as mentioned under
specificity.

The suggested scheme of the structure of the formed com-
plexes is represented in Scheme 1 as follows [20, 23].
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Fig. 7 Effect of volume of 0.2% w/v aqueous uranyl acetate on fluores-
cence quenching of uranyl acetate after its reaction with Ac (3 ug ml−1),
Cc (3.5 ug ml−1) and Thioctic acid (6 ug ml−1)
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Table 2 Determination of Acetylcysteine (Ac) in presence of its
related substance L-cystine using the two suggested methods

Drug % L-cystine %
Method (I)
recovery %

Method (II)
recovery %

90 10 97.45 99.15
70 30 96.99 98.55
50 50 98.77 97.75
40 60 98.25 98.84
20 80 97.35 97.99
Mean ± SD 97.76 ± 0.65 98.46 ± 0.52

Method validation

Linearity range

Under the experimental conditions, Beer’s plot for the three
cited drugs using the two suggested methods show linear
relationship with regression equation shown in Table 1.

Accuracy

The accuracy of the proposed methods was determined by
investigating the percentage recovery at five levels each three
times in the concentration range 0.5–3 µg ml−1 as shown in
Table 1. The percentage relative standard deviation (%RSD)
revealed high accuracy.

Precision

The intraday precision was evaluated by assaying freshly
prepared solutions in triplicate in the concentration range

Table 3 Determination of Cabocisteine in presence of its related
substance L-arginine using the two suggested methods

Drug % L-arginine %
Method (I)
recovery %

Method (II)
recovery %

90 10 99.35 98.43
70 30 96.99 99.15
50 50 97.33 96.95
40 60 99.25 98.64
30 70 98.75 98.35
Mean ± SD 98.33 ± 0.99 98.27 ± 0.72

Table 4 Determination of Thioctic acid in presence of its oxidation
product using the two suggested methods

Drug %
Oxidized
form %

Method (I)
recovery %

Method (II)
recovery %

90 10 99.43 99.35
70 30 98.22 99.68
50 50 97.35 97.55
40 60 95.97 96.98
15 85 96.75 98.25
Mean∗ ± SD 97.54 ± 1.20 98.362 ± 1.03

∗Mean of five different experiments.

0.5–3 µg ml−1 as shown in Table 1. The percentage rela-
tive standard deviations (%RSD) were found to be ±0.255,
±0.456 and ±0.275 for Ac, Cc and Th, respectively us-
ing terbium chloride or ±0.610, ±0.588 and ±0.691 for
the three drugs, respectively using uranyl acetate. While
the interday precision was calculated by assaying freshly
prepared solutions in triplicate for three days. The percent-
age relative standard deviations (% RSD) were found to be
±0.459, ±0.275 and ±0.580 for the three studied drugs,
respectively using terbium chloride and ±0.518, ±0.562
and ±0.605 for Ac, Cc and Th, respectively using uranyl
acetate.

Specificity

For the specificity determination of synthetic mixtures of dif-
ferent percentages of each drug and its related substance were

Table 5 Determination of Thioctic acid in presence of its reduction
product using the two suggested methods

Drug %
Reduced
form %

Method (I)
recovery %

Method (II)
recovery %

90 10 99.50 99.09
70 30 99.12 99.60
50 50 97.45 97.35
40 60 98.89 97.55
15 85 97.65 97.10
Mean∗ ± SD 98.52 ± 0.82 98.14 ± 1.09

∗Mean of five different experiments.
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Table 6 Statistical
comparison of the proposed
methods and the official ones

Method (I) Method (II) Official methodsbc

Items Ac Cc Th Ac Cc Th Acb Ccb Thc

Meanc 99.74 99.70 99.43 99.38 99.82 99.93 99.48 99.60 99.93
% RSD 0.36 0.52 0.23 0.20 0.28 0.32 0.13 0.22 0.17
Variance (V) 0.05 0.04 0.02 0.01 0.02 0.01 0.02 0.05 0.03
SE 0.10 0.09 0.07 0.05 0.07 0.05 0.06 0.10 0.08
t-Test 1.752 (1.86)d 0.74 0.14 1.49 0.76 0.60
F-test 2.630 (6.4)d 1.24 0.81 1.52 2.14 2.12

aMean of five experiments.
bOfficial titrimetric method.
cOfficial HPLC method.
dTheoretical values.

Table 7 Quantitative
determination of Ac and Cc in
pharmaceutical formulations by
the proposed methods and
compared with official and
reported ones

Parvolex ampoules Mucosol capsules

Items Method (I) Method (II)
Official
method [3] Method (I) Method (II)

Reported
method [28]

Meana 99.81 99.69 99.99 100.10 100.25 100.02
% RSD 0.25 0.16 0.28 0.28 0.31 0.31
Variance (V) 0.02 0.06 0.02 0.08 0.08 0.10
SE 0.07 0.11 0.07 0.12 0.13 0.14
t-Test 0.54 (1.86)b 1.84 1.08 0.26
F-test 1.09 (6.4)b 2.60 1.27 1.22

aMean of five experiments.
bTheoretical values.

prepared, it was found that Ac can be determined in presence
of its related substance L-Cystine up to 80% Table 2. While
Cc can be determined in presence of L-arginine up to 70%
Table 3. Also thioctic acid can be determined in presence
of its oxidation product which may result from its expo-
sure to light (photo-oxidation) as well as in presence of its
metabolite (dihydrolipoic cid) [26] up to 85% for both. As
the oxidized and the reduced forms do not undergo com-
plexation reactions as shown in Tables 4 and 5, so these
methods considered to be stability indicating method for the
determination of thioctic acid.

Robustness

Two sets of experiments were carried out using two different
calibrated Spectrofluorimeters SHIMADZU RF—540 and
SHIMADZU RF 1501. Also two sets were carried out on
SHIMADZU RF-1501 by two different analysts, no signif-
icant difference was obtained between the results in this
study.

Method validation for dosage forms

The validity of the suggested methods was assessed by ap-
plying the standard addition technique by adding Ac, Cc
and Th to the previously analyzed pharmaceutical prepara-
tions. Statistical comparison of the results obtained by the
proposed methods with those obtained by official [3, 4] or
reported methods [28, 29] showed that the recommended
procedures are more simple and sensitive without any loss
of accuracy or precision (Tables 6–8).

Conclusion

The two suggested spectrofluorimeric methods are sensitive,
accurate and selective compared with the official titrimetric
methods. The data given above reveals that the proposed
methods are selective as they could determine Ac and Cc
in presence of their related substances and thioctic acid in
presence of its oxidation or reduction product with good
precision and accuracy.

Table 8 Quantitative
determination of Th in
pharmaceutical formulations by
the proposed methods and
compared with official and
reported ones

Thiotacid tablets Thiotacid ampoules

Items Method (I) Method (II)
Official
method [4] Method (I) Method (II)

Reported
method [29]

Meana 100.02 99.88 99.95 100.04 99.93 99.79
% RSD 0.31 0.32 0.20 0.36 0.32 0.19
Variance (V) 0.10 0.04 0.13 0.15 0.10 0.03
SE 0.14 0.09 0.16 0.17 0.14 0.08
t-Test 0.34(1.86)b 0.65 0.79 0.47
F-test 1.27 (6.4)b 3.09 4.33 2.97

aMean of five experiments.
bTheoretical values.
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