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Abstract: 
The main objective of this paper is to develop and validate flow injection method, a precise, 

accurate, simple, economic, low cost and specific turbidimetric method for the quantitative determination of 

mebeverine hydrochloride (MbH) in pharmaceutical preparations.  A homemade NAG Dual & Solo (0-180º) 

analyser which contains two identical detections units (cell 1 and 2) was applied for turbidity measurements. 

The developed method was optimized for different chemical and physical parameters such as perception 

reagent concentrations, aqueous salts solutions, flow rate, the intensity of the sources light, sample volume, 

mixing coil and purge time. The correlation coefficients (r) of the developed method were 0.9980 and 0.9986 

for cell 1 and 2 respectively and showed the linearity of response against concentration over the range of 1.0 

to 6.5 and 0.7-6.5mmol/L for cell 1 & 2 respectively. The limit of detections (LOD) for cell 1 and cell 2 were 

0.28 and 0.21 mmol/L respectively. The intra-day and inter-day precision for two serial estimations of 3.5 

and 5.5 mmol/L of MBH exhibited a relative standard deviation of 0.46%, 0.28%, 0.23%, 0.26% and 0.39%, 

0.79%, 0.14%, 0.05% for cell 1 & 2 respectively. The accuracy of the developed method has expressed a 

recovery percentage (Rec %) and error % which was between 99.22 to 101.13 and 99.39 to 101.17 for cell 1 

and cell 2 respectively. The ICH guidelines were followed for method validation. The developed method was 

successfully applied for the determination of MbH in pure and pharmaceutical preparations and the method 

can be conveniently used for routine analysis in laboratory as a quality control method since the method 

permits quantitively determination of 60 samples/h. 

 

Key words: Flow injection, Mebeverine hydrochloride (MbH), Pharmaceutical preparations, Quality 

control, Turbidity. 

 

Introduction:  
Mebeverine hydrochloride (MbH) is a 

musculotropic antispasmodic drug without any side 

effects on the normal gut motility. It is chemically 

known as 4-[Ethyl-[1-(4-methoxyphenyl) propan-2-

yl] amino] butyl 3,4- dimethoxybenzoate 

hydrochloride (Fig. 1). Irritable bowel syndrome 

(IBS) and gastrointestinal spasm are mainly treated 

by Mebeverine hydrochloride 
1-3

.  Its action on the 

smooth muscle of the colon is to reveal spasm with 

normal gut motility 
4
. Therefore, it represents the 

most prescribed drug which is currently available 

for treating gastrointestinal spasm and irritable 

bowel syndrome 
5-7

. In 2000, the MbH was 

officially registered in the British Pharmacopoeia 
8
. 

In the literature, several analytical procedures have 

been described for the quantitative determination of 

MbH in the pharmaceutical formulations, bulk and 

biological fluids. Among the described methods are 

electrochemical 
9
, spectrofluorometric 

10-11
, 

spectrophotometric 
12-19

, chromatographic method 
20, 21

, MIP 
22

, HPLC 
23-29

, potentiometric 
30, 31

, online 

micellar chromatography 
32

, HPTLC 
33

, super 

critical fluid GC-MS 
34

, and reversed-phase LC-GC 
35

. Mainly the chromatographic methods in spite of 

their high sensitivity and accuracy but are time-

consuming, expensive and require special 
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laboratory training. The ion-selective methods have 

found their way in the applications of the drug 

analysis fields, being selective, sensitive and low 

cost, and can be applied over a wide range of 

experimental conditions 
36-38

. Recently, many 

sensitive ion-carriers and highly selective which 

were synthesized and designed as sensors of 

molecules have been reported 
39

. However, there 

has not been improvement or development in the 

selectivity of mebeverine hydrochloride sensing and 

still suffering from the interferences. A flow 

injection technique based on turbidity principle 

method is a powerful method and has been used for 

determining lots of pharmaceutically active 

ingredients in pharmaceutical formulations 
40, 41

 Till 

to date and based on the scientific literature, 

analysis of the MbH in pure and pharmaceutical 

preparations using flow injection technique based 

on turbidity detection has not been reported. The 

proposed method could selectively determine MbH 

in the commercial dosage forms without prior 

separation. Thus, it was important to develop a new 

method for the determination of MbH without any 

derivatization in the chemical composition of 

pharmaceutical preparations. The present work 

describes a newly turbidimetric flow injection 

method to establish an easy, rapid, sensitive, 

economic and accurate method for the 

determination of MbH in pharmaceutical 

preparations. 

 

Material and Methods: 
Material: All Standards of Sodium nitrite, 

Potassium nitrate, Sodium chloride, ammonium 

chloride, Potassium bromide were purchased from 

Sigma Aldrich, all with purity higher than 98%. All 

the solvents that were used in the current study were 

HPLC purity. For the preparation of aqueous 

solutions, double-distilled (deionized) water was 

used. Reference standards material of pure MbH 

was a gift from the State Company of Drug 

Industries and Medical Appliances (Samara, IRAQ-

SDI). While the MbH tablets were procured from 

the local market under the brand name ((Colofac ® 

(Abbott, France), Colospasmin ® (EIPICO, Egypt) 

and Duspalina ® (Asia, Syria)) which comprise 

(135 mg of MbH). 

 
 

Figure 1. The chemical structure of Mebeverine 

hydrochloride (MbH) 

 
Preparation of stock and standard solutions: 

5.285 g of MbH was dissolved in 250 ml of double-

distilled water in order to prepare the stock solution 

of MbH (50 mmol/L). The stock solution was then 

stored in an amber bottle for further experiments. 

The standards solutions of MbH were prepared by 

dilution appropriate volumes of stock solution with 

double distilled water to obtain standard solutions 

ranging from 0.25-25 mmol/L. During the proposed 

analytical procedure of the MbH, the stability of the 

MbH was monitored using UV spectrophotometry 

and the results showed there is no decomposition in 

the MbH during the proposed method. 

Preparation of samples (Tablets): Three different 

commercial companies of 135 mg of MbH (Colofac 

® (Abbott, France), Colospasmin ® (EIPICO, 

Egypt) and Duspalina ® (Asia, Syria) were 

investigated in the current study.  The stock solution 

of MbH of each company was prepared by 

following the same procedure. The preparation 

procedure of the stock solution (100 mmol/L) is 

conducted by taking 20 tablets of 135 mg of MbH 

from each commercial drug and then it was 

precisely weighted and finely powdered. An 

accurate amount of the powdered tablet contents 

equivalent to 135 mg of the MbH (active ingredient) 

was transferred into a 100 mL volumetric flask. The 

powdered tablet was completely dissolved in 

distilled water using a mechanical stirrer. The stock 

solution of the tablet was filtered off and transferred 

into 50 ml volumetric flask.  

Apparatus: In order to determine the concentration 

of MbH in tablets using phosphomolybdic acid as a 

precipitation reagent, a new manifold flow injection 

system was used as shown in Fig 2. This system 

contains a peristaltic pump, Y-junction point, 

injection valve (6 ports) and two lines, the line no 1 

is for the carrier streamline and line 2 for the 

precipitating reagent. A NAG Dual & Solo (0-180º) 
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analyser has been used as a detection unit in this 

system. Teflon tubes (0.5 mm diameter) were used 

to connect the flow system parts with each other. 

The manifold system contains A NAG Dual & Solo 

(0-180º) analyser (detection unit) which contains 

two identical twin cells i.e., cell no. 1 and cell no. 2, 

each one of them has 100 mm length, and in 

between of them there is a 20 mm without any 

detection. The obtained profiles of the S/N against 

the time from the A NAG Dual & Solo (0-180º) 

analyser are shown in a chart (Fig 3). The light 

source in the analyser unit is white snow led, each 

measuring cell contains 10 white snow LED 

(WSLED) as an irradiation source (blue-violet 

42.4%, Green 56.73% and 1.15% Red). Each one of 

the WSLED irradiates a circle spot of 3mm 

diameter for the flow cell O 4mm (Outer diameter 

of the flow cell) and I 2mm (Internal diameter of 

the flow cell) of the active total distance of the cell. 

Each cell unit is supplied by 3-solar cells to cover 

up the inlet distance of 100mm (solar cell 

dimension 37.8mm (L)x10mm (W)x1mm 

(thickness). Identical twins’ solar cells are used with 

minimum 2.5VDC at ambient light. The analyser 

unit has been checked and validated based on 

Central Organization for standardization and quality 

control (Patent No: N5490, International 

classification No (G01N33/0013, 6)). For the 

reference’s methods (UV and turbidity), a UV-Vis 

spectrophotometer type double-beam (Shimadzu, 

model 1601) and portable turbidity meter 

instrument (Hanna, model LP 2000) with quartz cell 

size 10 ml have been used. 

 

 
Figure 2. The configuration of the manifold for 

the flow injection system 

 
Figure 3. The signals profiles of the S/N against 

the time obtained for MbH at 5.0 mmol/L 

 

Methods  

The methodology of the proposed method: The 

proposed method is based on the forming of an ion 

association complex by the reaction between the 

precipitation reagent (Phosphomolybdic acid) and 

the drug. The reaction occurs at Y-junction point, a 

certain volume of the drug is injected through the 

injection valve and transferred by the carrier 

streamline to the Y-junction point to mix with 

reagent line at that point. After that, the formed 

complex is transferred into the analyser unit by both 

of the carrier stream and reagent lines.  The 

proposed mechanism of the reaction between the 

MbH and the PMA is shown in Fig 4. The analyser 

device composites of two cells, each one of them 

works separately and acts as a detector. Therefore, 

two signals will be obtained eventually, one of them 

belongs to the cell number one and the other for cell 

2. These signals will be shown on the chart and are 

treated mathematically. After obtaining the treated 

data, the concentration of MbH can be determined. 
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Figure 4. The proposed mechanism of the reaction 

 
Optimizing the chemicals and physical 

parameters: Chemical variables: 

Phosphomolybdic acid  (PMA) concentration: 

The stock solution of phosphomolybdic acid 

(Precipitation reagent) was prepared by dissolving 

PMA in distilled water to obtain the concentration 

of 50 mmol/L. A series of solutions was prepared 

by dilution of stock solution with distilled water to 

obtain the concentrations ranging from (3-20 

mmol/L). The experimental conditions of the 

measurements were: MbH 50 mmol/L, sample 

volume 200μL, light intensity (I=1, 4 for cell 1 and 

cell 2 respectively), open valve mode and flow rate 

of 3.2 ml.min
-1

 for carrier stream (Distill water) and 

4.3 ml.min
-1

 flow rate for reagent. The obtained 

results have shown that there is a gradual increase 

in the peak height during increasing in the reagent 

concentration reaching 20 mmol/L of PMA. 

However, at 17 and 20 mmol/L there is an 

insignificant increase in the peak height which 

probably indicates there is no increase in the 

concentration of precipitation product at these 

concentrations. Therefore, the 15 mmol/L of PMA 

reagent was chosen to be the optimum 

concentration for further experiment as shown in 

Fig 5. 

 

 
A     B 

Figure 5. A: represents the effect of PMA Conc. [mmol/L]; B: the real signal obtained from the 

detector 

 

Effect of aqueous salt solutions: In order to check 

if they can enhance the S/N energy transducer 

response, different aqueous salts solutions (H2O, 

NH4Cl, NaCl, KBr, CH3COONH4, NaNO2, KNO3, 

HCl, HNO3 and CH3COOH) have been prepared at 

100 mmol/L and were used instead of the distilled 

water as a carrier stream. The experimental 

conditions of the experiment were: the flow rate of 

the carrier stream 3.2 ml.min
-1

, while 4.3 ml.min
-1

 

flow rate for reagent with sample volume 200μL, 

light intensity (I=1, 4 for cell 1 and cell 2 

respectively), and open valve mode. It can be 

observed that there is an increase in sensitivity of 

response in aqueous medium as carrier stream 

compared with the use of different salts that it due 

to decreasing the S/N energy transducer response; 

this might be attributed to the disperse of precipitate 

https://en.wikipedia.org/wiki/Phosphomolybdic_acid
https://en.wikipedia.org/wiki/Phosphomolybdic_acid
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particulate in the presence of salts. Therefore; 

aqueous medium was chosen as the optimum 

medium (carrier stream) (Figs 6 and 7). 

 
Figure 6. Effect of using different salt on the 

peak height for cell 1 

 

 
Figure 7. Effect of using different salt on the 

peak height for cell 2 

 

Physical variables: 

The effect of using variables intensities of white 

snow light emitting diodes (WSLEDs): To 

investigate the effect of intensity of light source on 

the S/N profiles, variable intensities of the incident 

light of cell 1 and 2 were used in A NAG Dual & 

Solo (0-180º) analyser. The selector switch of light 

source provides 5 levels of light intensities starting 

from I= 1 (the lowest level) and end up to the I=5 

(the highest level) in addition to the off position for 

both cells which are individually controlled which 

means each one of the instrument cells has its own 

selector switch of the light source. Therefore, at the 

following experimental conditions: 50 mmol/L of 

MbH, 15 mmol/L of PMA,  3.2 &4.3 ml.min
-1

 flow 

rates for carrier stream (distilled water) and reagent 

respectively with sample volume 200 µL and open 

valve mode were used in order to investigate the 

effects of the light intensity on the response 

profiles. From the obtained results it was observed 

that, for the cell 1, the favored light intensity was 

I=1, and this is may be attributed to the nature of the 

formed precipitate particles which means the well-

distributed particles with small size can leave very 

short spaces between them during passing through 

the cell 1, therefore, using a low intensity of light 

source can detect these particles and obtaining a 

signal instead of using high intensity of the light 

source which cannot detect these small sizes of 

particles. On the other hand, cell 2 preferred 

intensity of light I= 5, and this is can be explained 

by the same fact, during passing through the cell 1, 

the particles will start to growing up and suffering 

from conglomeration and as a result of that, the 

particle size will be increased. At this point using a 

low intensity of light source cannot be useful 

therefore, the light intensity of the light source must 

be high. Thus, the intensity of light (I=1, ) was 

chosen to be the optimum intensity for further 

experiment for cell1 and 2 respectively as shown in 

Fig 8. 

 
Figure 8. The effect of light intensities 

 

Effect of flow rate: In order to choose the optimum 

flow rate for both of the carrier stream-line (distilled 

water) and the reagent line 60 mmol/L (PMA),  

ranges of flow rates have been applied for the 

carrier stream which is (0.75-5.3 ml/min) and the 

reagent line which is (0.82-6.7 ml/min). While the 

other experimental conditions i.e.; MbH 7 mmol/L, 

200µL sample volume, light intensity (I=1, 4 for 
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cell 1 and cell 2 respectively) and open valve mode 

are kept constant. The obtained results have shown 

that at a low flow rate for both of the carrier stream-

line and the reagent line there is a gradual increase 

in S/N profiles for cell 1 & 2 up to (2.80 & 3.30 

ml/min) for stream-line and reagent line 

respectively and the bases of these responses are 

wide. At a high flow rate (i.e.; more than 2.80 and 

3.30 for carrier stream and reagent lines 

respectively), the S/N profiles of these flow rates 

have decreased and became very sharp with the 

base of these peaks became narrow, but it is not 

very high due to departure of the precipitate 

particles from the measuring cells at a short time. 

Therefore, the flow rates 2.80 & 3.30 ml/min for 

stream-line and reagent line respectively were 

chosen to be the optimum flow rates (Fig. 9). 

 

 
Figure 9. A: represents the effect of flow rates; B: the real signal obtained from the detector 

 

The effect of the sample volume in CFIA: In this 

experiment, variable of sample volume ranges from 

(32-300 µL) using Teflon tubes (4.07-38.17 cm) 

with 0.5 mm as a dimeter were used. The results 

have shown that there is an increase in the peak 

high during the increase in the sample volume up to 

200 µL, at this point, the maxima peak high was 

recorded as sample volume 200 µL (25.45 cm as a 

length of sample segment). Therefore, 200 µL has 

chosen to be the optimum sample volume and use it 

in further experiments as shown in Fig. 10. 

A 

B 
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Figure 10. The effect of sample volumes 

 

The effect of mixing coil: In order to check 

whether the length of the mixing coil has an effect 

on the formation of the complex, Teflon tubes with 

different length of 10, 15, and 20 cm were used. 

Optimization the length of the mixing coil was 

carried out by 50 mmol/L, flow rate 2.8 ml min
-1

 

and 3.3 2.8 ml min
-1 

for cell 1 and 2 respectively 

and sample loop of 200 µL.  The results have shown 

that there is no improvement in the sensitivity of the 

peak height has recorded in comparison with the 

system without using the mixing coil which 

indicates that the reaction between the MbH and the 

PMA is already complete and the manifold system 

does not need any mixing coil. 

Purge time of the sample segment: The required 

time for the all sample segment to leave from the 

injection valve (Purge time) was investigated at 

periods of times ranging from (3-30 sec and open 

valve mode). The obtained results have come to 

match the dilution factor results. The results have 

shown that 15 sec is the time that the sample 

segment requires to leave from the injection valve 

towards the Y-junction. Therefore, from 15- open 

valve mode considered as the optimum purge time 

of the sample segment and it can choose any one of 

those times that fall in that range as shown in Fig. 

11. 

 
Figure 11. The effect of purge time 

 

Validation parameters of proposed methods: The 

proposed methods have been validated based on 

The International Council for Harmonisation of 

Technical Requirements for Pharmaceuticals for 

Human Use (ICH guidelines) 
42

. Therefore, the 

developed method was validated for precision, 

accuracy, specificity, linearity, LOD and specificity. 

Calibration curve: It is a general procedure which 

is used for determining the concentration of a 

chemical substance in an unknown sample by 

establishing a set of known concentration and 

comparing it with the unknown. For the proposed 

method, the calibration curve was constructed by 

applying all the optimum chemical and physical 

parameters which were chosen. After that, a series 

of MbH concentrations were prepared in the range 

of 0.1-15 mmol/L. The calibration curve was 

constructed using the X- value (concentrations of 

MbH) as independent value and Y-value 

(attenuation of the incident light produces S/N 

energy transducer responses) which represents the 

dependent values. From the calibration curve plot, it 

can observe that there is a direct proportion between 

the concentration of MbH and the peak high up to 

6.5 mmol/L for both cells (1 & 2). This direct 

proportion can be explained due to an increase in 

the concentration of the formed product (precipitate 

particulates) which works to attenuate the incident 

light and leads to an increase in the peak height. 

The mechanism of the precipitate particulates to 

attenuate the incident light is a complex but it might 

be attributed to many factors such as refraction, 

internal reflection, abstraction and absorbance. In 

addition, these precipitate particulates have the 

ability to diverge the incident light when the beam 

of light hit the particles. Above that, concentration 
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of MbH (6.5 mmol/L) will cause to make the signal 

of the energy transducer become independent on the 

concentration. This behavior can be attributed to 

that the precipitate particulates start to aggregate 

and grow up to be in large size which allows 

creating internal spatial distance between them. 

These internal distances allow transmitting the light 

through it towards the detector. The linear 

regression model is the excellent statistical method 

to express the relationship between the 

concentration of an analyte (MbH) and the 

instrument signal in the calibration curve. From this 

model, the dynamic, working and linear ranges have 

been determined as follows: for cell 1, the dynamic 

range is found to be (0.1-10 mmol/L), the working 

range is (1.0-7.0 mmol/L) and the linear dynamic 

range is (1.0-6.5 mmol/L) with r= 0.9980, r
2
=0.9962 

and %R
2
 99.62 as shown in Fig.12 A. While the cell 

2, the dynamic range is (0.1-10 mmol/L), the 

working range is (0.7-7.0 mmol/L) and the linear 

dynamic range is (0.7-6.5 mmol/L) with r= 0.9986, 

r
2
=0.9974 and %R

2
 99.74 as shown in Fig.12 B.  

The linearity of the calibration curve is usually 

expressed through the coefficient of correlation, r, 

or the coefficient of determination, r
2
. If the value of 

the coefficient of correlation close to unity (r = 1) 

this is strong evidence that the calibration curve is 

linear. Table 1 describes the summary of linear 

regression lines.  

 

  
 

 
Figure 12. The linear calibration curve for 

determination of MbH for measuring cell 1 (A) and 

cell 2(B). 

 

Table 1. The summary of linear regression of the proposed method 

Parameter 
Obtained Value 

Proposed method (cell 1) Proposed method (cell 2) 

Linearity (mmol/L) 1.0-6.5 0.7-6.5 

Regression equation 
-5.8558±2.5750+32.1319±0.6237 

[MbH](mmol/L) 

51.5452±10.3581+170.7785±2.6084[MbH

](mmol/L) 

Slope 32.1319 170.7785 

Intercept -5.8558 51.5452 

Correlation coefficient, r 0.9980 0.9986 

Coefficient of 

determination, R
2
 

0.9974 0.9962 

LOD (mmol/L) 0.28 0.20 

Note: All the experiments were conducted at room temperature 

 

The limit of detection (LOD): There are several 

approaches for calculating the limit of detection 

such as visual evaluation, Signal-to-Noise approach 

and Standard Deviation of the Response and the 

slope. However, in the proposed method there is no 

noise in the signal therefore, only two approaches 

will be applied for determining the LOD which are 

visual evaluation and Standard Deviation of the 

Response and the slope as shown in Table 1.  For 

determining the LOD, it can be calculated based on 

the following equation:  

LOD = 3.3 Sa /b (1) 

Where: Sa  = the standard deviation (SD) of the Y-

intercept and b = the slope which can be estimated 

B 

A 
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from the calibration curve. Note that, the Sa is 

usually meant (RMSE) the root mean squared error 

or SD of the residuals which can be taken from the 

regression line. 

Specificity: Based on the official guideline of the 

ICH Q2 in method validation, the specificity can be 

defined as "Specificity is the ability to assess 

unequivocally the analyte in the presence of 

components which may be expected to be present". 

The effect of interference of excipients on the 

analysis of MbH in the tablets dosage was carried 

out by the analysis of sample prepared with all 

potential excipients present in the tablets (a mixture 

of excipients) such as Lactose monohydrate, 

Cellulose, Sodium Starch Glycolate and Magnesium 

Stearate but without the MbH. The response of the 

instrument Yzi (mV) did not show any potential 

interference of the tablet’s excipients. 

Precision and accuracy: For the proposed method, 

relative standard deviation values (RSD) of the 

inter-day and intra-day have been used for 

expressing the precision. RSD % of the obtained 

data have found to be less than 0.8 % for both inter 

and intraday precision.  While a recovery 

percentage (Rec %) and error % have been used for 

expressing the accuracy of the obtained results from 

the proposed method. Rec % of the results have 

ranged from 99.22-101.13 and 99.39-101.17 for cell 

1 & 2 respectively as shown in Tables 2 and 3. 

 

Table 2. The inter- and intra-day assay of precision of the proposed method for the determination of 

MbH 

Expected 

[MbH] 

mmol/L 

Intra-day (n=5) 

Cell 1 

Cell 2 

Peak height (mV) 

(n=3) 
RSD% Ῡzi (mV) (n=3) RSD% 

3.5 
98.5867±0.8714 0.3708 97.9562±0.2353 0.4683 

649.8333±1.9965 0.1244 650.5232±0.1182 0.2319 

5.5 
169.3833±0.7986 0.2410 170.7066±0.2157 0.2827 

971.5000±2.2864 0.1654 972.0976±0.1947 0.2645 

Expected 

[MbH] 

mmol/L 

Inter-day (n=3) 

Day one (n=3) Day two (n=3) Day three (n=3) 

Measured mmol/L 

(n=3) 
RSD% 

Measured mmol/L 

(n=3) 

RSD 

% 

Measured mmol/L 

(n=3) 

RSD

% 

3.5 
98.9664±0.0756 0.1524 97.8666±0.1677 0.3398 97.8439±0.1937 0.3929 

970.9666±0.0594 0.1164 971.5508±0.0895 0.1753 970.8627±0.0735 0.1440 

5.5 
97.9812±0.3550 0.4613 98.6678±0.1760 0.3398 99.2708±0.5996 0.7974 

972.2384±0.1471 0.2005 971.6075±0.1124 0.1528 970.6668±0.0424 0.0576 

 

Table 3. The assay of the accuracy of the proposed method for determination of MbH 

Nominal concentration 

of [MbH] (mmol/L) 

Peak height  (mV) (n=3) RSD% ER %
a
 Rec %

b
 

Cell 1 

Cell 2 

3.0 
85.9664±0.0756 0.1524 -4.746 99.22 

550.5432±0.05948 0.1164 -2.063 99.39 

4.0 
123.9812±0.3550 0.4613 1.0625 101.13 

729.5384±0.1471 0.2005 -0.828 99.17 

Mean   
1.7192 98.17 

2.1859 98.28 

a The calculated accuracy as error percentage 

b The calculated accuracy as recovery percentage 

 

Tablet properties: The majority of the 

manufactures of generic tablets focus on optimizing 

the compositions of the tablets by improving the 

types of excipients mixture to format product that 

meets the standard requirements. These standards 

require materials with high compressibility and flow 

ability. However, the problem is when a large 

amount of active pharmaceutical ingredients are 

mixed with excipients mixture that have poor 

compressional properties. These excipients may 
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affect the solubility of the active ingredient, 

therefore, in order to test it, the physicochemical 

properties of the tablets must be evaluated prior to 

any dissolution studies according to the USA 

pharmacopoeia requirements. The physicochemical 

properties of the tablets were examined in the 

proposed method which are: variability, content 

uniformity and average weight. The friability test 

evaluates the resistance of tablets to friction and 

according to the USA pharmacopoeia, the tablets 

should have a maximum friability of 1.5%. 

Moreover, an excellent degree of the content 

uniformity for the tablet formulations was achieved 

and did not exceed the standard value (6%).  

Finally, the average of the tablets must exceed ±5%. 

The obtained results are shown in Table 4 and 

reported all the tablets are within the required 

properties of the tablets. 

 

Table 4. Physicochemical properties of the studied tablets 

Tablet dosage form 

(mg) 

Friability (%) 

(n=20) 

Average weight (mg) 

(n=20) Weight variation 

Content uniformity (%), (n=10) 

Lower Higher RSD % 

135 France 0.02 402.705(385.20-421.53) 98.52 99.65 0.27 

135 Egypt 0.03 307.32(292.70-322.10) 94.32 101.66 0.36 

135 Syria 0.03 366.81(355.60-380.50) 97.55 102.25 0.45 

Official limits Max. 1.5% ±5% 85-115 % ≤6% 

 

UV-spectrophotometry (Reference method) 
43

: 

Spectrophotometric measurements were made in a 

UV-Vis spectrophotometer type double-beam 

(Shimadzu, model 1601) with 1.00 cm quartz cell. 

The absorption spectra, in the UV region, of the 

MbH is shown in Fig 13. The maximum absorbance 

of the MbH occurs at 262 nm and it was chosen to 

be the maximum wavelength and used in the further 

experiments. In order to estimate the dynamic, 

working and linear ranges, a series of MbH 

concentrations was prepared using a distilled water 

in the range of (0.03-0.6 mmol/L).  By conducting 

the statistical calculation, the drug has shown a 

linear range (0.12-0.5 mmol/L) with r= 0.9945, r
2
= 

0.9892, LOQ= 0.1432 mmol/L (66.7312µg), LOD= 

0.0442 mmol/L (20.5972 µg) at n=12 (n= number 

of measurements).  

 

 
Figure 13. The absorption spectra of MbH 
 

Results and Discussion: 
The proposed method for the determination of MbH 

was optimized by using different aqueous salts, 

varying of PMA reagent concentrations, flow rates, 

light intensities, mixing coils, purge time and 

sample volumes. The optimized method consists of 

line no 1 which is the carrier stream (distilled 

water), line no 2 which is the PMA reagent 15 

mmol/L, flow rates (2.80 & 3.30 ml/min) for 

stream-line and reagent line respectively, light 

intensity (I=1, 5) for cell 1 and 2 respectively, open 

valve mode for the purge time and 200 uL as a 

sample volume. Using all the above-optimized 

parameters, the reagent PMA is reacted with the 

MbH forming a yellow precipitate at the Y-junction 

point, after that the formed precipitate is transferred 

by the streamline to the NAG Dual & Solo (0-180º) 

analyser for the detection. 

Application of the optimized proposed methods 

for the determination of MbH in real 

pharmaceutical samples: The proposed method 

was successfully applied to the determination of 

MbH in commercial tablets of three different 

companies (Colofac ® (Abbott, France), 

Colospasmin ® (EIPICO, Egypt) and Duspalina ® 

(Asia, Syria)) which comprise (135 mg of MbH). 

The standard addition method was followed to 

conducting the recovery experiment by adding a 

known amount of standard MbH to the commercial 

tablet solution. The obtained results from the 

recovery of MbH are satisfactory and in excellent 

agreement with the label claims as shown in Tables 

5 & 6. The one-sample t-test and F-test were carried 

out for the obtained results. Based on the obtained 
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results of the means of three companies, some of tcal 

< ttab (t-calculated is bigger than t-tabulated) at were 

95% confidence interval and 19 as a degree of 

freedom. The t-test analysis has shown that there is 

a significant difference found between the results 

obtained by three methods and the label claims for 

the same batch. The values given by the proposed 

method were also compared with the reference 

using the F-test. The statistical evaluation (F-test) 

has shown that there was no significant difference 

between the methods used as shown in Table 5 and 

6. 

 

Table 5. Determination of commercial tablets containing 135 mg MbH using the proposed and 

reported methods 

Pharmaceutical Preparations 

Label 

claimed 

(mg/tablet) 

Found (mean assay % of label claimed ± SD) (n=3) 

References methods Proposed method 

UV Cell 1 Cell 2 

Colofac ® (Abbott, France) 135 102.27±0.07 100.05±0.06 102.50±0.14 

Colospasmin ® (EIPICO, Egypt) 135 99.80±0.11 99.39±0.36 101.78±0.28 

Duspalina ® (Asia, Syria) 135 100.86±0.12 100.71±0.15 99.80±0.22 

 

Table 6. The recovery results of the proposed method 
Method Pharmaceutical Preparations Added (mmol/L) Found (mmol/L) Rec % 

Proposed Method 

(Cell 1) 

Colofac ® (Abbott, France) 2.0 2.05 102.50 

2.5 2.51 100.40 

3.0 2.98 99.33 

Colospasmin ® (EIPICO, Egypt) 2.0 1.99 99.50 

2.5 2.52 100.80 

3.0 3.02 100.66 

Duspalina ® (Asia, Syria) 2.0 1.98 99.00 

2.5 2.52 100.80 

3.0 3.01 10.33 

Proposed Method 

(Cell 2) 

Colofac ® (Abbott, France) 2.0 2.04 102.00 

2.5 2.48 99.20 

3.0 3.02 100.66 

Colospasmin ® (EIPICO, Egypt) 2.0 2.01 100.50 

2.5 2.51 100.4 

3.0 3.06 102.00 

Duspalina ® (Asia, Syria) 2.0 1.99 99.50 

2.5 2.48 99.20 

3.0 3.02 100.66 

 

Comparison of the results obtained by the 

proposed method and the reference method: In 

order to conduct a full comparison between the 

proposed method and the reference method (UV-

spectrophotometry), 11 standard solutions of MbH 

with various concentrations were prepared and 

analysed using the two methods.  Each one of the 

two methods has shown a linear correlation over a 

specific range of the analysed concentrations. The 

obtained fitted curves obtained from the methods 

can be expressed by the following equations: 

Ycell 1 = -5.8558±2.5750+32.1319±0.6237 

[MbH](mmol/L), (n= 11, r= 0.9980) 

Ycell 2 = 51.5452±10.3581+170.7785±2.6084[MbH] 

(mmol/L), (n= 11, r= 0.9986) 

YUV = 0.5411±0.02946+2.5322±0.0935[MbH] 

(mmol/L), (n= 11, r= 0.9945) 

Where Y is the assay values from the three 

methods. By the examination of the three equations, 

it was found that the differences observed between 

the proposed method and the reference method 

procedures result only from the variability of 

measurements. Also, the comparison between the 

three methods has also been achieved statistically 

by conducting one-way ANOVA test. This test 

provides information about whether there is an 

overall significant difference between the methods 

or it does not depend on the p-value. If the P-value 

(Sig) is equal or less to 0.05, this means there is a 

significant difference between the four methods. On 

the other hand, if the P-value is bigger than 0.05, 

this means there is no difference between the 

methods. By conducting the ANOVA test using 

SPSS software, from the obtained data it can 
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observed that, all the P-values (sig) from three 

different drugs companies have shown P-values 

bigger than 0.05, which means the overall 

significant difference between the methods did not 

occur as shown in Table 7. 

 

Table 7. The statistical analysis of the pharmaceutical preparations 

Type of MbH 

One sample T-Test 

µ=0.135 (claim value) 
F test 

One -way ANOVA  

(𝑷 value at 95%) 

Cell 1 Cell 2 Cell 1 Cell 2 
𝑷𝑪𝒂𝒍 𝑷𝒕𝒂𝒃 

tcal ttab tcal ttab Fcal Ftab Fcal Ftab 

Colofac ® 

(Abbott, France) 
0.080>2.09 3.762<2.09 

Cell 1 VS. UV 

2.16<1.10 

Cell 2 VS. UV 

2.16<1.08 
0.995 0.05<  

Colospasmin ® 

(EIPICO, Egypt) 
1.028>2.09 2.122<2.09 

Cell 1 VS. UV 

2.16>1.03 

Cell 2 VS. UV 

2.16>1.08 
0.986 0.05<  

Duspalina ® 

(Asia, Syria) 
1.604>2.09 0.460>2.09 

Cell 1 VS. UV 

2.16>1.11 

Cell 2 VS. UV 

2.168>1.00 
0.996 0.05<  

The values of tabulated values of t and F at P=0.05 are (2.093) and (2.168) respectively 
44

 

 

Conclusion:  
The proposed method (cell 1 and 2) 

procedure is shown to be sensitive and reproducible 

in the analysis of MbH in the pharmaceutical 

preparations. The proposed procedure has been 

validated according to The International Council for 

Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH guidelines). 

In addition to the advantage of the used proposed 

procedure, the method avoids interference from the 

existence of any degradation products of drugs. At 

the same time, the analytical results from the 

proposed method confirm that the method offers 

precision, short-time analysis, and accuracy with the 

added advantages of the speed, simplicity and low 

cost. Therefore, the proposed method is likely to be 

very suitable for the analysis of MbH. 
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( في MBHد الميفبيرين )التحليل بالحقن التدفق الجرياني مع قياس التعكرية للتقدير الكمي لهيدروكلوري

 المستحضرات الصيدلانية

 
 جلال ناصر جبر                                                             نغم شاكر تركي   

 

 ، كلية العلوم ، جامعة بغداد، بغداد، العراق.الكيمياءقسم 

 الخلاصة:
ة طريقة حقن التدفق، وهي طريقة دقيقة ودقيقة وبسيطة واقتصادية كان الهدف الرئيسي من هذه الورقة هو تطوير والتحقق من صح

تم أستخدام ( في المستحضرات الصيدلانية. MBHومنخفضة التكلفة ومحددة لقياس التعكر من أجل التقدير الكمي لهيدروكلوريد الميفبيرين )

 ( لقياسات التعكر.2و 1اف متطابقتين )الخلية درجة( والذي يحتوي على وحدتي اكتش 180º-0محلي الصنع ) NAG Dual & Soloمحلل 

تدفق تم تحسين الطريقة المطورة من خلال اجراء معاييرات كيميائية وفيزيائية مختلفة مثل تركيزات الكاشف ومحاليل الأملاح المائية ومعدل ال

 2و 1للخلية  0.9986و 0.9980  (r)مطورةوشدة ضوء المصدر وحجم العينة وملف الخلط ووقت الحقن. كانت معاملات الارتباط للطريقة ال

كان حد على التوالي.  2و  1مليمول / لتر للخلية  6.5-0.7و  6.5إلى  1.0على التوالي وأظهرت استجابة خطية ضد التركيز على مدى 

 3.5اليوم لتقديرين تسلسليين مليمول / لتر على التوالي. أظهرت الدقة خلال اليوم وبين  0.21و 0.28 هو   2والخلية 1( للخلية LODالكشف )

٪  0.05٪ ، 0.14٪ ، 0.79٪ ، 0.39٪ و 0.26٪ ، 0.23٪ ، 0.28٪ ، 0.46انحرافاً معيارياً نسبياً قدره  MBHمليمول / لتر من  5.5و 

 101.13إلى  99.22 ٪( ونسبة خطأ تتراوح بينRecتم التعبير عن دقة الطريقة المطورة كنسبة مئوية للاسترداد )على التوالي.  2و  1للخلية 

للتحقق من صحة الطريقة. تم تطبيق الطريقة التي تم  ICH. تم اتباع إرشادات على التوالي 2والخلية  1للخلية  101.17إلى  99.39و 

كطريقة  في المستحضرات النقية والصيدلانية ويمكن استخدام الطريقة بشكل ملائم للتحليل الروتيني في المختبر MbHتطويرها بنجاح لتحديد 

  عينة / ساعة. 60لمراقبة الجودة لأن الطريقة تسمح بالتحديد الكمي لـ 

 

 تحليل بالحقن الجرياني، هيدروكلوريد الميفبيرين، المستحضرات الدوائية، تحليل ومراقبة الجودة، التعكرية الكلمات المفتاحية:


