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Abstract
A fast, simple, accurate, precise, and cheap fluorimetric protocol has been proposed for analysis of a phosphodiesterase-IV 
inhibitor, namely drotaverine hydrochloride. Fluorimetric protocol is based on estimating the decrease in the eosin Y fluo-
rescence intensity by quantitative addition of drotaverine at pH 3.1 (acetate buffer). An ion pair complex is formed, which 
leads to quenching in the fluorescence intensity of the dye without need of prior extraction at 534 nm (λex. 339 nm). Dif-
ferent reaction perimeters which influence the production of complex (ion pair between drotaverine and eosin) were deeply 
investigated and optimized. The developed fluorimetric protocol is capable for quantitative estimation of drotaverine in linear 
range of 0.4 to 2.5 µg  mL−1. After method validation in respect to ICH guidelines, it was applied to determine drotaverine in 
its commercial preparation. By comparing with other reported method, the developed and validated fluorimetric protocol is 
capable for estimation of drotaverine in commercial preparation with good accuracy and excellent precision.
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Introduction

Gastrointestinal drugs are used to treat gastrointestinal dis-
orders and include many different classes, such as: antacids, 
antidiarrheal, digestive enzymes, 5 amino salicylates and 
functional bowel disorder drugs. One of these categories is 
antispasmodics, which can relieve spasm by attaching to the 
muscarinic receptors, leading to preventing the chemicals 
from attaching there so the muscle cannot contract, leading 
to relieving the symptoms caused by irritable bowel syn-
drome. One of the most commonly used antispasmodics is 
drotaverine [1].

Drotaverine, a selective phosphodiesterase inhibitor, 
is widely used in the treatment of various smooth muscle 
spasm-related disorders, including gastrointestinal, biliary, 
and genitourinary tract disorders [2]. In addition, drotaverine 
is therapeutically applied during labor to enhance cervical 
dilation. Furthermore, it could be considered as pain relief 
drug applied for treatment of gastrointestinal pain, biliary 
and kidney stone pain, and abdominal pain [3]. Therefore, 

the accurate determination of drotaverine is of great impor-
tance for pharmaceutical analysis and clinical research pur-
poses. The chemical structure of the studied drug is pre-
sented in Table 1.

As the great clinically significant and wide use of dro-
taverine, numerous analytical techniques have been pub-
lished for its quantitative estimation in various matrices, 
including spectrophotometry [4–12], spectrofluorimetry [13, 
14], high performance liquid chromatography [4, 15–19], 
thin layer chromatography [4, 20], liquid chromatography 
MS/MS [21], membrane selective electrode [22], potenti-
ometry [23, 24], and voltammetry [25].

Spectrofluorimetry has emerged as a sensitive and reli-
able analytical technique for the determination of pharma-
ceutical compounds due to its high selectivity and sensi-
tivity. Spectrofluorimetric methods offer advantages such 
as simplicity, rapidity, and cost-effectiveness, making them 
suitable for routine analysis in pharmaceutical laboratories.

On the other hand, other reported techniques for drotaver-
ine analysis require well trained person or highly sophis-
ticated instrument such in the case of chromatographic or 
electrochemical methods. In addition, sensitivity of spec-
trofluorimetric technique is superior to that of the spectro-
photometric methods.
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Although, two spectrofluorimetric methods were pub-
lished for the analysis of drotaverine, these methods suf-
fered from several limitations including the use of hazardous 
solvent as sulphuric acid which require a great caution in its 
use [13] or utilizing of expensive reagent [14]. Therefore, 
the establishment of a cost effective, highly sensitive and 
reliable spectrofluorimetric method for drotaverine determi-
nation in its pure form and commercial tablet without prior 
extraction is of great importance.

Generally, drugs with cationic basic nitrogen group react 
via ion pair complexation with anionic acidic tetrabromo-
fluorescein (Eosin, green fluorescence) in acidic medium, 
resulting in quenching of the dye native fluorescence [26, 
27]. The objective of the present article is to develop and 
validate a spectrofluorimetric method for the quantitative 
estimation of drotaverine in authentic and pharmaceutical 
preparation with higher sensitivity and cost effectiveness. 
The protocol of the proposed method is depending simply 
on binary complex formation between drotaverine and tetra-
bromofluoresce in a buffer aqueous solution. The method's 
specificity, linearity, precision, accuracy, and robustness will 
be extensively evaluated using validation parameters recom-
mended by ICH guiding rules.

Experimental

Apparatus

Luminescence spectrometer established with a 150-W xenon 
lamp (Perkin Elmer LS; United Kingdom) was used for car-
rying out fluorescence estimation. The measurements were 
carried out by using quartz cell (1 cm bath length). Two 
monochromators were used one for excitation and the other 
for emission with 10 nm as a slit width. FL WinLab software 

connected to luminescence spectrometer was utilized for 
data collection. A SONICOR Sonicator (SC-101TH) and 
ADIIP PH-meter (Adwa, Romania) were utilized throughout 
investigation. Weighing was performed on digital analytical 
balance (Mettler Toledo, Glattbrugg, Switzerland).

Materials and Reagents

Drotaverine authentic sample (99% purity) was afforded 
from Sunny Pharmaceutical Co., SAE Industrial Zone (Badr 
City, Cairo, Egypt). In 100 mL volumetric flask, disodium 
salt of 0.971 ×  10–4 M eosin (Merck, Darmstadt, Germany) 
was composed by solvating 24 mg eosin in distilled water 
followed by dilution of 7 mL eosin to 25 mL with same 
solvent. 0.2 M solution of acetate buffer (pH 3.1) was com-
posed by combining proper volumes of 0.2 M acetic acid 
and sodium acetate.

Pharmaceutical Formulations

Spasmocure® ampoules (40 mg/2 mL; Sunny Pharmaceuti-
cal Co., SAE Industrial Zone, Badr City, Cairo, Egypt) are 
identified to carry 40 mg of drotaverine hydrochloride in 
one ampoule.

Standard Drug Solutions

In volumetric flask (100 mL), drotaverine stock solution 
(100 µg  mL−1) was composed by solvating 10.0 mg in dis-
tilled water. Then working solution of drotaverine (20 µg 
 mL−1) was used by adding water to 5 ml of stock solution in 
25 mL volumetric flask. Standard stock solution was stable 
for at least seven days when refrigerated.

Table 1  Chemical structure,  logP and  Pka of drotaverine

Name Chemical structure logp Pka

Drotaverine

NH

CH

C2H5O

C2H5O

OC2H5

OC2H5

4.19 7.11
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Experimental Procedure for Drotaverine 
Quantitative Analysis

Different volumes of working standard solution of dro-
taverine were transferred into a 10 mL calibrated flask, fol-
lowed by addition of 1.3 ml acetate buffer (PH 3.1) and 2 
mL eosin (9.71 ×  10–2 mM) solutions. Distilled water was 
added to the solution mixture up to the mark. The mixture 
was excited at 339 nm and fluorescence intensity difference 
of the resultant product emission against eosin was measured 
at 534 nm. Controlled experimental procedure was carried 
out at the same time in the same manner, except addition of 
drotaverine.

Analysis of  Spasmocure® Ampoules

In volumetric flask, 0.1 mL of the ampoule content was 
taken (equivalent to 2000 µg of drotaverine) and water was 
added up to the mark to form 20 µg  mL−1 drotaverine solu-
tions. Different volumes of drotaverine solution were taken 
and estimated as described before.

Results and Discussion

Although spectrofluorimetic method of analysis has been 
considered the technique of choice for analysis of several 
pharmaceutical drugs, only two fluorimetric methods have 
been published for quantitative analysis of drotaverine. In 
our study, a spectrofluorimetric protocol has been developed 
based on ion pair complexation of drotaverine with eosin. 
The quenching degree in eosin fluorescence is directly pro-
portional to the concentration of drotaverine added which 
could be used for quantitative measure of drotaverine in 
its pure form and its ampoules. The proposed protocol has 

several advantages over the previously reported fluorimetic 
methods [13, 14]. The previously reported fluorimetric 
method [13] is based on quantitative estimation of drotaver-
ine by measuring of drotaverine fluorescence intensity in 
sulphuric acid medium. However, our proposed method is 
based on measurement of eosin fluorescence quenching in 
presence of acetate buffer using distilled water as diluting 
solvent. Therefore, the proposed protocol could be consid-
ered greener than the reported method [13] by avoiding use 
of hazard solvent. Furthermore, the proposed protocol is 
based on use more cheap and available reagents than the 
previously reported fluorimetric method [14].

Fluorescence Spectra

At 534 nm, the eosin emission intensity was detected upon 
excitation at 339 nm. The formation of eosin-drotaverine 
complex (ion pair) resulted in a significant decrease in fluo-
rescence after drotaverine addition to eosin-Y (Fig. 1). The 
decline in eosin fluorescence was traced after each drotaver-
ine addition. Linear relationship could be observed between 
the eosin fluorescence quenching (∆F) and the added dro-
taverine concentrations.

Experimental Conditions Optimization

Several parameters had been studied to investigate the opti-
mal experimental conditions for the formed complex. These 
specifications were solution pH, reaction time and eosin 
volumes.

Buffer pH and Volume

The effect of pH on the fluorescence quenching value (∆ 
F) had been carefully investigated at pH range of 2.8—4.5 

Fig. 1  Emission spectrum of 
eosin only and eosin after addi-
tion of 2 µg  mL−1 drotaverine in 
presence of acetate buffer
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(Fig. 2) by using acetate buffer. The fluorescence differ-
ence increase up to pH 3 then it was stable to pH 3.2. At 
PH higher than 3.2, there was significant decrease in the 
fluorescence difference. Therefore, the optimum pH selected 
for further investigation was 3.1 Furthermore; the effect 
of acetate buffer volumes (0.3—3.0 mL) was examined 
(Fig. 3). When the volume of the buffer solution increased, 
a slightly raise in the fluorescence difference was observed 
as far as reaching 1.2 mL and no change occurred up to 1.5 
mL. Therefore, 1.3 mL of acetate buffer solution at pH 3.1 
was selected in the experimental procedures of drotaverine 
quantitation.

Eosin Volume

By adding different volumes of eosin (0.2 -3.0 mL) to dro-
taverine, there was a significant increase in fluorescence 
intensity difference. The maximum fluorescence quench-
ing value was achieved by using 1.5 ml of eosin (Fig. 4). 
Adding more eosin resulted in no marked changes in fluo-
rescence quenching values up to 3.0 ml. As a result, 2.0 ml 
of eosin solution (9.7 ×  10–2 mM) was used throughout the 
investigation.

Time Effect and Complex Stability

At ambient temperature and just after combination of dro-
taverine and the dye solution, the reaction was completed. 
Moreover, the originated complex was stable for at least 
30 min after the final dilution (Fig. 5) as the fluorescence 
quenching effect did not change over this time. Accordingly, 
the fluorescence emission measurements were examined just 
after combining the drug and eosin without standing.

Method's Validation

Several parameters had been studied including linearity, 
limits of detection and quantification, accuracy, precision, 
and robustness to determine quality and validity of proposed 
fluorimetric protocol confirming to ICH Q2 guidelines [28].

Linearity and Range

By using the previously discussed optimized parameters 
for carrying out the fluorimetric assay, calibration curve 
was fabricated by using different concentrations of dro-
taverine. Calibration curve was made by tracing the decline 
in eosin's fluorescence values on y-axis upon mixing with 

Fig. 2  Effect of pH on the reac-
tion of the studied drug (2.5 µg 
 mL−1) of Drotaverine

Fig. 3  Effect of acetate buffer 
volume on the reaction of the 
studied drug (2.5 μg  mL−1) of 
Drotaverine
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serial drotaverine's concentrations on x-axis. Relationship 
was found to be linear between the fluorescence difference 
and drotaverine concentrations as indicated by high cor-
relation coefficient value of about 0.9997. Slope with its 
standard deviation and intercept with its standard devia-
tion were computed and summarized in Table 2. Declining 
of eosin fluorescence upon adding drotaverine was in a 

linear over the drotaverine's concentration range from 0.4 
µg  mL−1 up to 2.5 µg  mL−1.

Detection and quantitation limits

To figure out the detection (LOD) and quantitation (LOQ) 
limits, the following formulations; LOD = 3.3б /S and 
LOQ = 10б /S (б; the intercept's standard deviation & S; 
the slope) have been used. The estimated limits values were 
found to be of 0.058 and 0.177 µg  mL−1 for LOD and LOQ, 
respectively. These numerical data point to extraordinary 
sensitivity of the fluorimetric assay protocol.

Accuracy

The accuracy of the proposed fluorimetric protocol was 
verified by using three different concentrations 0.4, 1.0, 
and 1.6 µg  mL−1. The results were summarized in Table 3 
and represented by percentage recovery and relative standard 
deviation. The percentage recovery values were in the range 
from 99.60% to 101.13%, which means good accuracy of 
the developed method and its suitability for quality control 
measurements.

Fig. 4  Effect of volume of 
Eosin on the reaction of the 
studied drug (2.5 μg  mL−1) of 
Drotaverine

Fig. 5  Effect of time on the 
reaction of the studied drug (1.6 
μg  mL−1) of Drotaverine

Table 2  Summary of quantitative parameters and statistical data of 
the proposed method

*Number of determinations for construction of calibration curve is 
eight

Parameter Result

Linear Range* (µg mL−1) 0.4–2.5
Slope 115.5
S.D (standard deviation) of slope 1.309
Intercept 34.394
S.D (standard deviation) of intercept 2.042
R (correlation coefficient) 0.9997
R2 (determination coefficient) 0.9995
LOD (limit of detection) 0.058 µg  mL−1

LOQ (limit of quantification) 0.177 µg  mL−1
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Precision

Three different concentration's levels (0.4, 1.0, and 1.6 µg 
 mL−1) of the working standard drug solutions for check-
ing the intra-day precision of the developed method were 
investigated on the day. Inter-day precision was evaluated by 
replicating fluorimetric assay on three distinguishable days. 
Data of evaluated different precision levels are tabulated in 
Table 4. The estimated relative standard deviation numeri-
cal values were less than 2%, meaning acceptable reproduc-
ibility and repeatability of the fluorimetric assay protocol.

Robustness

Robustness of the proposed fluorimetric protocol has 
been checked to clarify the influence of introducing minor 
changes in the experimental conditions, such as buffer vol-
ume, buffer pH, eosin volume, and reaction time, on the 
accuracy of measurements. From the result in Table 5, it 
was concluded that minor changes in experimental param-
eters have no effect on accuracy of the measurements as % 
recoveries were nearly in the range of 98 – 102%.

Application to  Spasmocure® Ampoules

Fluorimetric assay protocol was experimentally used to 
determine the drug contents of  Spasmocure® ampoules. 
The estimated data were compared statistically with reported 
method's data [11] in regard to precision and accuracy 
(Table 6). The proposed spectrofluorietric protocol and other 
reported method have been applied for determination of five 
different concentration of drotaverine within the linearity 
range in both methods. Each concentration was repeated for 
three times and the results were expressed as percentage 
recoveries and standard deviation. The results obtained for 
analysis of drotaverine by two methods were compared by 
student's t-test. It was observed that calculated t-value (1.87) 
was less than tabulated one (2.306) providing evidence for 
the acceptable accuracy of the method. Furthermore, the 
obtained data were also compared by F-test. The calculated 
F-value (2.14) was less than tabulated one (6.338). There 
were no marked differences between the two methods' 
results whereas the tabulated values for t- and F-test were 
higher than the calculated ones. These verify the applicabil-
ity of the proposed method for assay of drotaverine in its 
dosage form by high degree of accuracy and precision.

Table 3  Evaluation of the accuracy of the proposed spectrofluorimet-
ric method

# RSD relative standard deviation; *mean of three replicate measure-
ments

Sample no. Taken conc.
(µg mL −1)

Found conc. *
(µg mL −1)

Recovery %

1 0.4 0.398 99.60
2 1.0 1.011 101.13
3 1.6 1.61 100.67
Mean 100.47
SD 0.785
RSD# 0.781

Table 4  Intra- and inter-day precisions for the analysis of drotaverine 
by the proposed spectrofluorimetric method

*Mean of three determinations. #Relative standard deviation for intra-
day precisiion evaluation

Concentration level 
(µg mL−1)

%Recovery* ± SD RSD#

Intra-day Inter-day

0.4 99.93 ± 1.53 100.30 ± 1.24 1.53
1.0 99.78 ± 0.79 100.07 ± 1.30 0.79
1.6 101.86 ± 0.31 101.29 ± 0.59 0.30

Table 5  Robustness of the proposed method for determination of dro-
taverine

Parameters Minor changes in experimental parameters

Buffer pH 3.0 3.1 3.2
% recovery 99.95 98.91 99.60
Buffer Volume 1.2 mL 1.3 mL 1.5 mL
% recovery 99.26 99.95 101.68
Eosin Volume 1.8 mL 2.0 mL 2.2 mL
% recovery 100.29 102.02 100.64
Time 0 min 5 min 10 min
% recovery 100.20 98.31 101.93

Table 6  Statistical analysis of the obtained results using the proposed 
spectrofluorimetric and reported method for analysis of drotaverine in 
commercial preparation

*Tabulated values at 95% confidence limit; t = 2.306 and F = 6.338

Investigated
Drugs

Commercial
Preparation

Proposed Method
 ± SD (n = 5)

Reported 
Method
 ± SD (n = 5)

Drotaverine Spasmocure® 
ampoule

100.03 ± 1.30 101.95 ± 1.90

t* = 1.87, F* = 2.14
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Conclusion

A green, economic, instantaneous, and sensitive fluores-
cence quenching protocol was adapted for drotaverine analy-
sis. The protocol is contingent on ion-pair complexation with 
eosin which has low-price and available in the market. Due 
to the protocol's high sensitivity, it could estimate drotaver-
ine at very low concentration of approximately 0.177 µg 
 mL−1. Contrasted with HPLC analytical techniques, fluori-
metric techniques of analysis are relatively easy, less labori-
ous and quick. Due to using of water as solvent with no need 
for any polluting or organic solvent for extraction or dilution, 
the proposed fluorimetric protocol satisfies the preliminary 
conditions of green chemistry. As such, the proposed fluori-
metric protocol could be fruitful for assay of drotaverine in 
quality control purposes.
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