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Abstract: The self-aggregation of itopride HCl in water at different temperatures has been studied. 

Critical aggregation concentrations (CAC) and the degree of ionization (α) have been determined by 

conductivity measurements over the temperature range from 293.15 – 318.15 K. The thermodynamics 

parameters of self-aggregation; the standard Gibbs energy change G°m, the standard enthalpy change, ∆ H°m, 

and the standard entropy change, ∆ S°m, were calculated applying the pseudo-phase model. 
1
H NMR was also 

applied for the quantitative determination of itopride HCl in pure and in pharmaceutical tablets based on the 

change of the aromatic protons chemical shift as a function of concentration that was also used to calculate the 

critical aggregation concentration of itopride HCl The proposed quantitative 
1
H NMR method is fast, selective, 

accurate, and simple compared with other reported methods. 
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I. Introduction 

Itopride hydrochloride, N-{p-[2-(Dimethylamino)ethoxy]benzyl}veratramide hydrochloride, is used for 

its prokinetic and antiemetic actions [1]. Itopride has antiacetylcholinesterase activity as well as dopamine D2 

receptor antagonist activity and it can be safely used for the treatment of functional bowel disorders such as 

functional constipation and constipation-dominant irritable bowel syndrome in addition to other gastrointestinal 

symptoms like nausea, vomiting, non-ulcer dyspepsia, emesis and chronic gastritis [2,3]. Different analytical 

methods were reported for the quantification of itopride HCl in pharmaceutical formulations or human plasma 

using spectrophotometry [4–10], Spectrofluorimetry [11,12], potentiometry [13], chemiluminescence [14], 

HPTLC [15–17] and liquid chromatography [11,17–23]. The aggregation characteristics and surface properties 

of a wide variety of amphiphilic drugs were investigated and found to be a result of the π-π interactions between 

aromatic units and the nature of this interaction is mainly dependent on the electrostatic effect and the type of 

the ring [24–26]. The investigation of aggregation due to the π-stacking interaction of aromatic compounds is 

most frequently achieved using NMR spectroscopy being a precise and easy technique that provides structural 

information for the aggregates by interpretation of the chemical shift data [27–33]. Conductivity measurement is 

another tool for studying the self-aggregation of amphiphilic drugs and determination of their critical 

aggregation concentration (CAC) [34–36]. This work was based on studying the concentration-dependent 

chemical shift variations in 
1
H NMR spectra of itopride HCl in D2O solutions as well as the inflection of 

conductance above CAC. The degree of dissociation (α) and other thermodynamic parameters of aggregation 

were also calculated. 

 

II. Experimental 
2.1. Materials and methods 

2.1.1. Materials and reagents 

All chemicals were of analytical grade. Itopride HCl (purity >98%) was provided by Eva Pharma, 

Egypt. Deuterium oxide D2O (99.9%D) was from Cambridge Isotope Laboratories, Inc., USA. Doubly distilled 

water was used throughout the conductivity study. Garopride®, 50 mg itopride HCl per tablet, Eva Pharma for 

Pharmaceutical & Medical Appliances S.A.E., Kafr El Gabal - Haram - Giza – Egypt. 

 

2.1.2. Conductivity measurements 

The conductance was measured by using a HANNA Conductivity/TDS Meter (HI 8033), with a HANNA 

Conductivity Probe (HI76301W). Specific conductivity was 1413 µS/cm. The temperature was controlled by 

means of a thermstated water bath with a precision of ± 0.01

C. All conductivity measurements were done using 

the direct current (DC) method and the uncertainty of the electrical conductivity measurements k was ±1.0%.  

2.1.3. 1
H NMR measurements 

All NMR measurements were done on Bruker 400 MHz NMR spectrometer (Bruker Corporation, 

Rheinstetten, Germany). Samples were measured in D2O. 
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2.1.4. General procedure 

Itopride HCl (0.06 mol.kg
-1

±0.02) solution was prepared in 100 ml of doubly distilled water and then 

the solution was transferred into the conductivity measuring cell. The temperature of the measured solution was 

maintained constant at the desired measured temperature (ranging from 293.15, 298.15, 303.15, 308.15, and 

313.15 and 318.15 K) by a thermostated water bath. The conductivity data of the solution was recorded after 

stabilization of the display of the instrument scale. 

One - two ml of the solution was removed and an equal volume of pure doubly distilled water having 

the same temperature of the measured solution was added to the measuring cell and the conductivity of the 

diluted solution was recorded. The previous step was repeated till the solution was diluted to a concentration of 

0.01 mol.kg
-1

. 

For 
1
H NMR measurements, different concentrations (2.53-151.9) mmol.kg

-1
were prepared in D2O and 

aliquots of 0.7 ml from each concentration were transferred into 5mm tubes and each 
1
H NMR spectra was 

recorded at T = 298.15 K. 

For commercial tablets, ten tablets of Garopride® were powdered and different amounts equivalent to 

(25.32-126.61) mmol.kg
-1

were dissolved in D2O and filtered through 0.45 μm nylon membrane filters before 

recording 
1
H NMR spectra at T = 298.15 K. 

 

III. Results and discussion 
3.1. Conductivity measurements 

The conductivity of different concentrations of itopride HCl was measured in water at different 

temperatures ranging from 293.15 to 318.15 K. The plots of specific conductivity versus the molal concentration 

of itopride HCl are presented in Fig. 1. The values of the critical aggregation concentrations (CAC) were 

determined from the intersection of the two straight lines of each plot. Different values of CAC at different 

temperatures are represented in Table1. 
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Figure 1: Specific conductance/mS.cm

-1
 vs. concentration/mmol.kg

-1
 plots of itopride HCl aqueous 

solutions at different temperatures. 

 

Table 1: Critical aggregation concentration (CAC), degree of ionization (), standard Gibbs free energy 

change (∆ G°m), standard enthalpy change (∆ H°m) and the standard entropy change (∆ S°m)for itopride HCl 

various temperatures. 

T/K 
CAC 

/mmol.kg-1 


∆ G°m 

kJ.mol-1 

∆ H°m 

kJ.mol-1 

∆ S°m 

J.Kmol-1 

293.15 

298.15 

303.15 

308.15 

313.15 

318.15 

44.4 
43.8 

44.5 

45.2 
47.1 

49.2 

0.623 
0.649 

0.669 

0.688 
0.702 

0.716 

 23.935 

 23.929 

 23.917 

 23.912 

 23.902 

 23.874 

 11.009 

 14.168 

 17.482 

 20.913 

 24.542 

 28.300 

44.090 
32.738 

21.227 

9.732 

 2.043 

 13.911 
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3.1.1. Effect of temperature on CAC 

In general, CAC values decreases as the temperature decreases till a certain temperature (Tm) breakdown, 

then the values increase with further increase with temperature displaying a U-shaped behavior [37]. This can be 

explained as follow: 

a) Increase the temperature decreases the hydration of the hydrophilic head groups of the amphiphilic structure 

and this behavior favors aggregation so aggregation takes place at lower concentration and CAC decrease. 

b) Further increase in temperature leads to the breakdown of the structured water around the hydrophobic tail 

part so the thermal solubility of the amphiphile in water increases. In this case, the aggregation takes place 

at high concentration and the CAC value increase.  

 

So the relative magnitude of these two opposing effects, therefore, determines whether the CAC 

increases or decreases over a particular temperature range. In case of itopride HCl, the CAC versus temperature 

plots show a typical U-shaped behavior [first decrease with increasing the temperature till a certain temperature 

(Tm= 298.15 K) and then increase with further increase in temperature] as illustrated in Fig. 2. The behavior of 

itopride HCl can be explicated as follows: 

Below Tm, the dehydration effect predominates over the thermal solubility effect and so the CAC 

values start to decrease while above Tm, the thermal solubility effect predominates over the dehydration effect. 

The increase in the solubility of the amphiphile hinders its aggregation and a few number of head groups 

aggregate at high concentration so the CAC increases. 
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Figure 2: Temperature dependence of CAC/mmol.kg

-1
 of itopride HCl aqueous solutions. 

 

3.1.2. Degree of ionization 

The degree of ionization of the aggregate (α) can be determined from conductance vs. molal concentration 

plots where α =       

Where S2 = the slope of the conductivity–concentration plot above the CAC and S1 = the slope below the CAC 

[38]. Fig. 3 shows that α increased as a function of temperature due to the increase in thermal vibration [39]. A 

similar behavior was reported for decyldimethylbenzylammonim bromide and cationic surfactant solutions 

[40,41]. Results for the temperature-dependent values of α are provided in Table1. 
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Figure 3: Temperature dependence of degree of ionization (α) of itopride HCl aqueous solutions. 
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3.2. 1
HNMR measurements 

3.2.1. Self-aggregation study 

 
 

The self-aggregation behavior of itopride HCl has been investigated by 
1
H NMR spectroscopy. 

Different concentrations of itopride HCl (2.53-151.9) mmol.kg
-1

were measured in D2O. The NMR spectrum was 

assigned as follow (2.53 mmol.kg
-1

in D2O, δ chemical shift in ppm):  

7.36 (1H, d, H6), 7.29 (2H, d, H2',6'), 7.26 (1H, s, H2), 7.00 (1H, d, H5), 6.94 (2H, d, H3',5'), 4.43 (2H, 

s, Hc), 4.28 (2H, t, Hb), 3.82 (3H, s,4-OCH3), 3.80 (3H, s, 3-OCH3), 3.50 (2H, t, Ha), 2.88 (6H, s, N-(CH3)2). 

The  
1
H NMR spectra of itopride HCl solutions at the studied range of concentrations showed a 

decrease in the chemical shift values of the aromatic ring protons (upfield shift) on increasing the concentration 

of itopride HCl, Fig. 4. The decrease in chemical shift is expected to occur as a result of self-aggregation that 

brings the protons very close to the phenyl ring, which reduces the effective field causing an upfield shift in the 

observed chemical shift.  The phenyl groups of itopride HCl would stack, and thus the aromatic protons would 

be most greatly affected. However, these protons show different degrees of chemical shift variations. The values 

of the upfield shift were   0.221,  0.174,  0.225,  0.353,  0.143 ppm for H6, H2',6', H2, H5 and H3',5' 

respectively when increasing the concentration from (2.53-151.9) mmol.kg
-1

. 

 

 
Figure 4:

1
H NMR of the aromatic protons of different concentrations of itopride HCl in D2O. 
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The chemical shifts of the aromatic ring protons were plotted versus the reciprocal molal concentration 

(Fig. 5) and the CAC values were determined from the intersection of the two linear regions of the plots above 

and below the inflection region. Values obtained for CAC from different aromatic protons plots at T = 298.15 K 

are 40.00, 47.61, 42.55, 40.81 and 43.4 mmol.kg
-1

 for H6, H2',6', H2, H5 and H3',5', respectively, which are 

close to those values obtained from conductivity measurements. 
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Figure 5: Plots of the chemical shift /ppm values against reciprocal molal concentration for different 

aromatic protons of itopride HCl in D2O. 

 

3.2.2. Quantitative determination of itopride 

The 
1
H NMR results of itopride HCl in D2O over a concentration range (2.53-151.9) mmol.kg

-1 
were 

recorded and the chemical shift values for each aromatic proton were plotted against concentration. The plots 

showed a strong dependence of chemical shift on concentration and this dependence was found to be linear over 

a concentration range (25.32-126.61) mmol.kg
-1

 as shown in Fig. 6.  

The regression equation of the linear region for each proton was calculated (Table2). The regression 

equation obtained from H 3',5' showed the best regression coefficient so the regression equation of this proton 

was selected for the quantitative determination of  itopride HCl in the authentic drug and in Garopride® tablets, 

Table3. The results of the quantitative method showed an excellent recovery verified by statistical comparison 

with the results of the reported method [6] using the Student's t-test and the Variance ratio test (F-test) which 

showed no significant difference between them (Table3). 
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Figure 6:  Concentration/ mmol.kg

-1
 vs. chemical shift/ppm of different aromatic protons of itopride HCl in 

D2O. 
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Table 2: Regression equations for different aromatic protons of itopride HCl. 
Proton Regression equation Regression coefficient/r 

H6 

H2',6' 

H2 

H5 

H3',5' 

δ = -0.0029C + 7.2841 

δ = -0.0021C + 7.2551 

δ = -0.0038C + 7.2182 
δ = -0.005C + 7.9284 

δ = -0.002C + 7.9171 

0.9844 

0.9976 

0.9932 
0.9936 

0.9993 

 

Table 3: Statistical comparison between the proposed 
1
H NMR method and a reported method for itopride 

HCl in its pure form and the results obtained from the pharmaceutical tablets. 
 Proposed method Reported method [6] Garopride tablets 

Mean 

SD 

RSD% 

Variance 

SE 

n 

F test 

Student’s t test 

98.627 

1.627 
1.649 

2.647 

0.727 
5 

3.656 (3.84) 

1.907 (2.179) 

99.870 

0.851 
0.852 

0.724 

0.283 
9 

99.477 

1.931 

1.941 
3.728 

0.863 

5 
 

 

3.3. Thermodynamics of aggregation 

Aggregation is sensitive to temperature and the dependence of the CAC values on temperature can be 

used to evaluate the thermodynamic parameters of aggregation.  The standard Gibbs free energy change G


m, 

the standard enthalpy change  H


m and the standard entropy change  S


m were derived according to the 

pseudo-phase model [38,42,43]. 

G


m values were calculated from the following equation: 

G


m = (2-α) RT InXCAC                                                                     (1) 

where α is the degree of ionization, R is the universal gas constant, T is the absolute temperature and XCAC 

is the mole fraction of  itopride HCl at the CAC. 

The aggregation of itopride HCl was associated with large negative values of G


m that increases on 

increasing the temperature. This indicates that the self-aggregation becomes more spontaneous and 

thermodynamically favored at lower temperature. Small differences in the G


m values were observed over the 

studied temperature range. The negative values of G


m, resulting from the large, positive  S


m, support that 

aggregation is an entropy-driven process particularly at law temperature, Fig. 7. 

 H


m was obtained from the Gibbs-Helmholtz relation [44]: 

 H


m = (2-α) RT
2
 (d InXCAC    dT)                                                    (2) 

To obtain (d InXCAC    dT) value, the In XCAC versus temperature plot was fitted to the second order 

polynomial followed by differentiation, Fig. 8. 

The temperature-dependent values of  H


m were found to be negative, confirming that aggregate formation 

is a spontaneous and exothermic process and prove the importance of London dispersion force in the 

aggregation process (Fig. 9) [38]. 

The standard entropy change  S


m was evaluated from the relation: 

 S


m = ( H


mG


m)   T                                                                    (3) 

The entropy of aggregation was positive at lower temperature and becomes negative at higher temperature, 

Fig. 10. 

The decrease in  H


m and  S


m values with temperature suggests that the aggregate formation is an 

energy-driven process at higher temperature.  

Linear relationship was found between   H


m and S


m and effectively led to a negative and temperature-

independent G


m. This phenomenon is called the enthalpy–entropy compensation [38]. 

 The results of the temperature dependence of  H


m and S


m were used to construct the enthalpy–entropy 

compensation plot (Fig. 11) that can be described in the form of a straight line equation [38]: 

 H


m =  H*m + Tc S


m                                                                   (4) 

The slope is the compensation temperature (Tc) that was found to be 298.25 and   H*m is the intercept at 

the origin and was 23.96 kJ mol
-1

. 
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Figure 7: Plots of ∆ G°m/kJ.mol

-1
 vs. temperature/K for itopride HCl aqueous solutions. 
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Figure 8: The second polynomial fit of ln XCAC of itopride HCl aqueous solutions vs. temperature/K. 

290 300 310 320
-30

-25

-20

-15

-10

Temperature/K


H

° m
/k

J.
m

ol
-1

 
Figure 9: Plots of ∆ H°m/kJ.mol

-1
 vs. temperature/K for itopride HCl aqueous solutions. 
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Figure 10: Plots of ∆ S°m/kJ.mol

-1
 vs. temperature/K for itopride HCl aqueous solutions. 
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Figure 11: Typical enthalpy–entropy compensation plot for itopride HCl aqueous solution. 

 

IV. Conclusion 
Aggregation of itopride HCl was investigated in water as a function of temperature. The CAC and α 

value were calculated from the concentration-dependent conductivity data. The values of CAC were confirmed 

by 
1
H NMR based on the concentration-dependent chemical shift variation. Gibbs free energy, enthalpy and 

entropy of aggregation were evaluated as a function of temperature by pseudo phase separation method. The 

calculated enthalpy and entropy of aggregation was correlated by enthalpy - entropy compensation 

phenomenon. 
1
H NMR was also used for quantitative determination of itopride HCl in pure form and in 

pharmaceutical tablets without interference from excipients with the aromatic protons signals. The new 

quantitative 
1
H NMR method is selective, accurate, precise and does not require the use of internal or external 

standard so many disadvantages like solute-solute interaction and broadening of signals can be avoided. 
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