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Abstract. A new analytical methodology based on the competitive aggregation in a dye–surfactant–drug system is developed
for the determination of gemfibrozil. Eriochrome Blue Black R (EBBR) and Didodecyldimethylammonium bromide (DDABr)
were the dye and surfactant used, respectively. In the proposed method, the anions of the dye bind to the cationic surfactant
molecules to form dye–surfactant aggregates, which are monitored from changes in UV-Vis absorption features of the dye. In the
ternary EBBR–DDABr–drug mixtures, the drug competes with the dye to interact with the surfactant, which results in a decrease
in dye–surfactant aggregates formation. This, again, causes a change in absorption properties of the dye. The measurement
parameter is the difference between the absorption of the dye in the presence and absence of the drug. In the appropriate
experimental conditions the absorbance differences are directly proportional to the drug concentration. The influence of several
experimental variables such as pH, concentrations of buffer, EBBR and DDABr on the measurement parameter were studied.
Under the optimum conditions, the calibration graph was linear up to 6.0 µg ml−1 with the correlation coefficient of 0.998.
The limit of detection and quantification were found to be 0.044 and 0.15 µg ml−1, respectively. The method was validated and
applied to the determination of gemfibrozil in pharmaceutical preparations.
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1. Introduction

Surfactants are amphiphilic molecules that have both hydrophobic and hydrophilic groups. As a result
of this special structure, surfactants can form several kinds of self-assembly associations in bulk solution
including normal and reverse micelles, bilayers, vesicles and etc. It is well known that these assemblies
can alter some physicochemical properties of various solutes. Based on this capability, surfactant solu-
tions have been used in many analytical procedures to improve their performances [1,2].

Recently, Pérez-Bendito and coworkers have developed two analytical methodologies based on the
capability of surfactants to form mixed aggregates with other molecules of appropriate properties. In
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one of these methods (named as mixed aggregate method), critical micelle concentration (CMC) of a
surfactant is used as a measurement parameter. In the presence of an amphiphilic analyte the mixed
analyte–surfactant aggregates is formed, which results in substantially lower CMCs than would be ex-
pected for surfactant alone [3,4]. The second method (named as the surfactant to dye binding degree
method) is based on the effect of amphiphilic compound on the degree of binding of surfactant to dye
molecules [5–8]. In the method, a cationic surfactant such as Didodecyldimethylammonium bromide
(DDABr) and an anionic dye, usually Commassie Brilliant Blue G (CBBG) has been used. The anions
of dyes bind to cationic surfactant molecules to form dye–surfactant aggregates, which are monitored
from changes in UV-Vis absorption features of the dye. In the ternary CBBG–DDABr–analyte mix-
tures, the analyte competes with the dye to interact with the surfactant, which results in a decrease in
the degree of binding of surfactant to dye molecules proportional to the analyte concentration. For each
standard or sample a photometric titration by surfactant solution is needed to obtain the corresponding
measurement parameter. This makes the method very time consuming though it is versatile and has low
cost.

Gemfibrozil, 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoic acid (Fig. 1(a)), is a fibrate hypolipi-
demic agent that is clinically effective in reducing serum cholesterol and triglyceride levels. It has also
been demonstrated that this drug lowers the incidence of coronary heart disease in humans [9,10]. Sev-
eral reports on gemfibrozil determination have appeared in the literature. Gas chromatography [11] and
high performance liquid chromatography (HPLC) with ultraviolet or fluorimetric detection [12–19] have
been used for the determination of gemfibrozil and its metabolites in plasma and urine samples. A liquid
chromatography-mass spectrometric method [20] has been reported for the determination of this drug in
water and wastewater samples. Near-infrared diffuse reflectance spectroscopy [21–24] has been applied
to the determination of gemfibrozil in pharmaceutical preparations. Spectrofluorimetric and micelle-
enhanced spectrofluorimetric methods [25] and flow injection spectrofluorimetry [26] have also been
reported for its determination in pharmaceutical preparations. The only spectrophotometric method pro-
posed for the determination of gemfibrozil is based on the direct measurement of its absorbance in basic
medium [27].

In the present work, we have modified the surfactant to dye binding degree methodology to make
it simpler and less time consuming. Eriochrome Blue Black R (EBBR) and DDABr were the dye and
surfactant used, respectively. The measurement parameter is the difference between the absorption of
the dye in the presence and absence of the drug. In the certain chemical conditions, the absorbance

(a) (b)

Fig. 1. Structures of (a) gemfibrozil and (b) EBBR.
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differences were found to be directly proportional to the drug concentration. The proposed method was
used for the determination of gemfibrozil as a model drug.

2. Experimental

2.1. Apparatus

Absorption spectra were recorded by Cary model 100 spectrophotometer (Varian) and absorbance
measurements were made on a Shimadzu UV-120-02 spectrophotometer. 1.0 cm quartz cells were used.
A Metrohm model 654 pH meter was used for pH measurements.

2.2. Reagents

All reagents used were of analytical reagent grade. Doubly distilled water was used throughout.
Gemfibrozil (Dipharma, Italy) was kindly provided with Shahre Darou Laboratory. A stock standard

solution of 1000 µg ml−1 was prepared by dissolving 0.10 g of gemfibrozil in approximately 10 ml
0.1 M NaOH solution and diluting to mark in 100 ml volumetric flask with water. A 2.5 × 10−4 M
solution of Eriochrome Blue Black R (EBBR, Merck) and a 5 × 10−4 M solution of Didodecyldimethy-
lammonium bromide (DDABr, Acros Chemical Company) were prepared in distilled water.

2.3. Recommended procedure

To a set of 25 ml volumetric flasks containing various amounts of gemfibrozil, 1 ml 0.25 M acetate
buffer, 3.25 ml 2.5 × 10−4 M EBBR and 2.25 ml 5 × 10−4 M DDABr were added and diluted to
volume by water. The final concentration of gemfibrozil in these solutions should be in the range of
0.2–6.0 µg ml−1. The solutions were stirred for about 5 min by using small magnets. Then the absorbance
values were measured at 661 nm against the reagent blank. A similar solution was also prepared without
adding drug and its absorbance was measured at the same wavelength and against the same blank. The
absorbance differences between the standard solutions and the latter solution (ΔA = As − Ar) were
calculated and plotted vs. the drug concentration.

2.4. Pharmaceutical preparation

Ten capsules of gemfibrozil were weighed in order to find the average mass of each capsule. Then the
contents were powdered and mixed. A portion of 10.0 mg of this powder was accurately weighed and
dissolved in about 10 ml 0.1 M NaOH solution and filtered into a 100 ml volumetric flask. The residue
was washed several times with water and the solution was diluted to the mark with water. A suitable
aliquot of this solution was taken for the spectrophotometric measurement of gemfibrozil according to
the recommended procedure. The recovery assay was carried out using the same procedure but adding
the known amounts of gemfibrozil.

3. Results and discussion

3.1. Study of the dye–surfactant interaction

It is well known that the interaction of a given surfactant at concentrations less than CMC, with
dye molecules of having opposite charges leads to the formation of mixed dye–surfactant premicellar
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aggregates [28,29]. This may changes the spectral properties of the dye as well as its acidity constants
[2,28]. EBBR (H2D−, Fig. 1(b)) has two ionizable protons and the first pKa value (H2D− = HD2− +
H+) was found to be 6.3 in our experimental conditions. Upon addition of 4.5 × 10−4 M DDABr, this
acidity constant is shifted to 4.8. This can be attributed to the fact that cationic surfactant DDABr (S+)
in the presence of anionic dye EBBR can forms mixed EBBR–DDABr aggregates. Because of greater
electrostatic attraction between HD2− anions and DDABr cations, these anions are more tightly bound to
the surfactant molecules than H2D− anions shifting the dissociation equilibrium to the right (decreasing
pKa value). The relationship between two pKa values can be written as follows [30]:

pK ′
a − pKa = − log

(
1 + βd[S+]m/n)

,

where pK ′
a is acidity constant in the presence of surfactant (conditional acidity constant), βd is the dye-

surfactant binding constant, [S+] is the free surfactant concentration and m/n is the ratio of stoichio-
metric coefficients of surfactant to dye in mixed aggregates (see the following scheme). The formation
of dye–surfactant aggregates can be shown as the following scheme:

mS+ + nHD2− −→ (HD)nSm
(2n−m)−.

The formation of aggregates can also be confirmed by monitoring changes in spectral features of EBBR.
Figure 2 shows the absorption spectra of EBBR in the presence of various concentrations of DDABr.
As can be seen the spectral features of the dye vary as a function of surfactant concentration. This is
due the fact that EBBR–DDABr binding degree is dependent on the DDABr/EBBR molar ratio. Fig-
ure 3 shows the plot of absorbance of the dye at 661 nm as a function of DDABr concentration. The
broken line obtained indicates the formation of EBBR–DDABr aggregates of two different well-defined
stoichiometries in proportion to DDABr concentration (i.e. m/n: 3/4 and 3/2).

3.2. Interaction of gemfibrozil with EBBR–DDABr aggregates

The addition of gemfibrozil to EBBR–DDABr system (at pH 5.5 and DDABr/EBBR molar ratio higher
than 0.5) leads to the modification of the spectral features of the dye (Fig. 2). This effect can be con-
tributed to the competition of the gemfibrozil with the dye to form gemfibrozil–DDABr mixed aggre-
gates. The interaction can be confirmed by study of UV absorption properties of gemfibrozil in various
DDABr concentrations (Fig. 4). As can be seen from Fig. 4A the addition of DDABr to gemfibrozil so-
lution results in an increase in the absorbance measured for the drug in UV region. This can be explained
on the basis of electrostatic interaction between anions of gemfibrozil (G−) and cations of DDABr (S+)
to form gemfibrozil–DDABr mixed aggregates as follows:

G− + S+ −→ GS,

GS + S+ −→ GS2
+,

GSp−1
(p−2)+ + S+ −→ GSp

(p−1)+.

Figure 4B shows the results obtained by plotting the variation of absorbance of gemfibrozil at 275 nm
as a function of DDABr/gemfibrozil molar ratio. The broken line obtained indicates the formation of
DDABr:gemfibrozil aggregates of different stoichiometries (between 1:1 and 4:1) as DDABr concen-
tration increases. From these studies it can be assumed that DDABr forms premicellar aggregates with
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Fig. 2. Absorption spectra of EBBR (3.25 × 10−5 M) at pH 5.5, (1) in the absence of DDABr, (2, 3) in the presence of
(2) 3 × 10−5 and (3) 4.5 × 10−5 M DDABr, (4, 5) same as (4) but in the presence of (4) 2.4 and (5) 4.0 µg ml−1 gemfibrozil.

Fig. 3. Variation of the absorbance of EBBR (3.25 × 10−5 M) at 661 nm as a function of DDABr/EBBR molar ratio at pH 5.5.

both EBBR and gemfibrozil molecules, and that the addition of gemfibrozil to the EBBR–DDABr sys-
tem strongly affects the extents of EBBR–DDABr mixed aggregate formation. This phenomenon can be
monitored from the changes in absorbance of EBBR at a suitable wavelength. This forms the basis of
the analytical methodology for the determination of gemfibrozil.

3.3. Measurement parameter

In the methodology developed by Pérez-Bendito and coworkers, the concentration of analyte (drug) is
determined from the following equation:

m∗
S − mS = βAmA,



314 M. Amjadi et al. / Development of a new analytical spectroscopic methodology

Fig. 4. (A) Absorption spectra of gemfibrozil (16 µM) in (1) the absence of surfactant and (2, 3) the presence of (2) 2 × 10−5 M
and (3) 4 × 10−5 M DDABr at pH 5.5. (B) Variation of the absorbance of gemfibrozil (16 µM) at 275 nm as a function of
DDABr/gemfibrozil molar ratio at pH 5.5.

where m∗
S and mS denote the surfactant concentration required to reach a given degree of dye–surfactant

binding in the presence and absence of the drug, respectively, mA the concentration of the drug and βA

surfactant–drug binding degree. Calibration graph is constructed by plotting m∗
S − mS as a function of

the drug concentration. For the calculation of m∗
S and mS the photometric titration by surfactant solution

should be performed in the presence and absence of drug. Obviously, these steps render the methodology
very time consuming and tedious. However, our preliminary works showed that in the appropriate pH
and DDABr/EBBR molar ratio (i.e. the conditions in which [HD2−]/[H2D−] ratio and therefore solution
absorbance can dramatically change by adding drug), the differences between absorbance of EBBR–
DDABr solution (Ar) and EBBR–DDABr–drug solutions (As) are directly proportional to the drug
concentration. Therefore, in order to obtain a linear calibration graph, we simply plot the absorbance
differences (ΔA = As − Ar) as a function of drug concentration. This makes the method very simple
and rapid.

3.4. Optimization of variables

The effect of several experimental variables on the chemical system have been investigated and opti-
mized to obtain maximum sensitivity.

The influence of pH on the measurement parameter (ΔA) was studied in the range of 4–7. The re-
sults are shown in Fig. 5(a). As can be seen the absorbance difference is reached a maximum at pH 5.5.
Therefore this pH was chosen as optimum value. At pH values lower than 4, gemfibrozil (pKa = 4.7)
is present in the protonated form and so is not able to form mixed aggregates with surfactant molecules.
When the pH of solution is higher than about 7, the ratio [HD2−]/[H2D−] is so great that solution ab-
sorbance would not be changed by adding the drug. Acetate buffer was used for the adjustment of pH and
the effect of its concentration was studied. According to the results, increasing the buffer concentration
decreases the measurement parameter. Electrolytes are known to decrease the electrostatic interactions
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(a) (b)

(c)

Fig. 5. Influence of (a) pH, (b) EBBR concentration and (c) DDABr concentration on the measurement parameter
(ΔA = As − Ar) of EBBR–DDABr–gemfibrozil system. (A) [DDABr] = 4 × 10−5 M, [EBBR] = 4 × 10−5 M,
[gemfibrozil] = 4.0 µg ml−1; (B) pH = 5.5 and other conditions as A; (B) pH = 5.5, [EBBR] = 3.25 × 10−5 M and
other conditions as A.

between oppositely charged surfactant and dye molecules [28]. Therefore, acetate buffer disfavored the
formation of both dye–surfactant and drug–surfactant aggregates. The effect of buffer on the interaction
between dye and surfactant is more pronounced than drug-surfactant interaction, which results in a de-
crease in the measurement parameter (ΔA = As − Ar). A concentration of 0.01 M was chosen as the
appropriate amount.

The influence of EBBR concentration was studied in the range of 1 × 10−5–5 × 10−5 M. The results
are shown in Fig. 5(b). When the concentration of dye is very lower than the surfactant concentration, the
drug molecules will mostly interact with excess surfactant and so there would be no effective competition
between the drug and dye molecules. On the other hand, when the dye concentration is much higher
than the surfactant concentration, the dye–surfactant interaction is not complete and so [HD2−]/[H2D−]
ratio and subsequently solution absorbance is not changed considerably by adding drug. According to
the results, 3.25 × 10−5 M was selected as the optimum value.

Figure 5(c) shows the effect of DDABr concentration on the measurement parameter. The absorbance
difference is reached a maximum at concentration of 4.5 × 10−5 M. Therefore, this value was chosen as
the optimum concentration for the rest of experiments. Again, at high concentrations of surfactant, the
drug is not able to effectively compete with the dye molecules to form aggregates. At lower concentra-
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tions of DDABr, the interaction between the dye and surfactant is not complete and so the absorbance
change upon addition of drug is small.

The effect of stirring time was also studied. The absorbance of dye–surfactant and dye–surfactant–
drug solutions are slightly decreased by increasing stirring time and remained constant after about five
minutes. However, the absorbance difference is remained constant in all cases. We choose the stirring
time of 5 min for obtaining reproducible results.

3.5. Analytical figures of merit

In order to obtain the calibration graph, a series of eight standard solutions of gemfibrozil were mea-
sured by following the procedure under Section 2. The calibration graph was linear in the range of
0.2–6.0 µg ml−1 and its regression equation was:

ΔA = 0.0373(±0.0008)C + 0.0022(±0.0029),

where ΔA is the difference between the absorbance of the EBBR–DDABr system in the presence (As)
and absence (Ar) of the drug and C is the concentration of gemfibrozil in µg ml−1. The values in the
parentheses are standard deviations of slope and intercept. The correlation coefficient (r) was 0.998.

The limits of detection and quantification, calculated as 3Sb/m and 10Sb/m [31] (where Sb is standard
deviation of blank and m is slope of calibration graph), were 0.044 and 0.15 µg ml−1, respectively.

In order to study the precision of the proposed method a series of six solutions containing 4.0 µg ml−1

gemfibrozil were measured at the same day. By applying the IUPAC definition, the relative error and the
relative standard deviation (RSD) were 1.4 and 0.95%, respectively.

3.6. Application

Gemfibrozil was satisfactorily determined in the only one pharmaceutical product commercialized
in Iran (Gemfibrozil capsules with a nominal content of 300 mg) by using the proposed method. The
obtained result for this sample after five replicate analyses was 296 ± 9, which corresponds to (99 ± 3)%
recovery. Statistical analysis of the assay result showed satisfactory precision of the proposed method
with no significant differences between certified and experimental results.

Recovery experiments on pharmaceutical preparations spiked with different amounts of gemfibrozil
were also carried out (Table 1). As can be seen, the obtained recoveries are between 97.4 and 104% and
RSDs are between 2 and 4%.

Table 1

Recovery of gemfibrozil added to a pharmaceutical preparation

Amount added (µM)a Amount found (µM)b Recovery (%)
4.0 3.9 ± 0.08 97.5 ± 2.0
8.0 8.3 ± 0.32 103.8 ± 3.8

12.0 12.2 ± 0.29 101.7 ± 2.4
16.0 16.0 ± 0.55 100.0 ± 3.4

aThe given values are concentrations in final solution. bAverage of three determinations ± SD.
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4. Conclusion

A new spectrophotometric methodology based on the competitive aggregation in a dye–surfactant–
drug system is developed for the determination of gemfibrozil. It was found that in appropriate chemical
conditions the difference between the absorbance of the EBBR–DDABr system in the presence and
absence of the drug (As − Ar) is directly proportional to drug concentration. Therefore, instead of
doing photometric titration for each sample to calculate measurement parameter, we simply obtain these
absorbance differences. The method was validated and applied to the determination of gemfibrozil in
pharmaceutical preparations. This simple and versatile methodology can be used for pharmaceutical
quality control of various acid and neutral drugs.
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