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Abstract 
Domperidone Maleate (DOM), an antiemetic drug, has been used in treatment of adults and child- 
ren. It has low aqueous solubility and hence low bioavailability. In present study, an attempt has 
been made to enhance the solubility of DOM by inclusion complexation with Hydroxypropyl-β- 
Cyclodextrin (HP-β-CD) using kneading technique and formulation of fast disintegrating tablets by 
using Sodium Starch Glycolate as superdisintegrant. Solubility analysis of DOM in different con-
centrations of HP-β-CD was carried out. Design of experiment (DOE) is done by using MINITAB 
15.1 software to find out the variable for dissolution and disintegration time. HP-β-CD and SSG 
were identified as the variable for disintegration time and dissolution. For optimization of the 
concentration of HP-β-CD and SSG, two factors at two levels design through central composite de-
sign (CCD) were used which gave 13 formulations. All formulations are evaluated for characteris-
tics such as weight variation, hardness, friability, disintegration time and dissolution of drug. 
Solubility of DOM increases linearly with increase in concentration of HP-β-CD. The optimum con-
centration of HP-β-CD is found to be in 1:2 molar ratios and SSG of 7%. The In-Vitro dissolution 
studies of opti- mized formulation and market sample were carried out in USP type II apparatus at 
different time intervals of 5, 10, 15 and 30 minutes at 50 rpm in 0.1 N HCl. The dissolution and 
disintegration time of optimized formulation is found better than market sample. 
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1. Introduction 
Oral route is the most popular route of drug administration for both local and systemic actions. Among various 
oral dosage formulations, tablet is the most widely used formulation due to the various advantages that it offers 
in terms of drug manufacture and use [1]. Fast disintegrating/fast dispersible tablet (FDT) is the solid dosage 
form that disintegrates or dissolves into suspension or solution within 10 seconds to 1 minute in the oral cavity 
without requirement of water [2]. It is also known as Fast dissolving, Mouth dissolving, Rapid dissolve, Quick 
disintegrating, Orally disintegrating, Rapid melts, Fast melts, Melt in mouth, Quick dissolving, Porous and Ef-
fervescent drug absorption system (EFVDAS) [3]. It is a novel dosage delivery system where rapid disintegra-
tion of drug occurs after saliva reaches into the pores of formulation [4]. 

It is easy to use, and has palatable taste, manufacturing elegance, improved stability and cost effectiveness [5]. 
Such formulation improves the therapeutic efficacy and patients compliance especially in paedriatic, geriatric 
and bedridden patients who have dysphagia [6]. There are various non-patented and patented techniques of 
manufacturing of such tablets [2] [7]. Oral drug delivery has drawback of low aqueous solubility and permeabil- 
ity through intestine leading to poor dissolution rate, poor absorption which ultimately cause lower oral bioavai- 
lability and hence therapeutic failure [8] [9]. Therefore, solubility plays an important role in dissolution of drug. 
There are various approaches to enhancing the dissolution profile of such drugs viz complexation, size reduction 
and solid dispersion. Formation of inclusion complexes is one of the precise methods of improving dissolution 
by complexation [10]. There are various techniques of inclusion complexation [11]. Among all, kneading me- 
thod is convenient and economic. Inclusion complexation can be done in such formulation by the use of phar- 
maceutical excipients like Cyclodextrin (CD) where complexation occurs between guest and host molecules and 
hence, improves the aqueous solubility and which causes increase in oral bioavailability [12]. Chemically mod- 
ified CD like 2-hydroxypropyl ß-CD (HP-ß-CD) has various applications in the field of drug delivery with im- 
proved pharmaceutical properties where the hydrophobic internal cavity of CD forms complex with the guest 
molecules to increase aqueous solubility [13] [14]. Domperidone is a poorly water soluble dopamine antagonist, 
antiemetic agent. It is a orally active prokinetic agent. Preparation of FDT by the use of Cyclodextrin would be 
very beneficial to the elderly and pediatrics with swallowing difficulties due to various physiological and neu- 
rological conditions by overcoming the drawbacks of oral drug delivery [15]. 

2. Materials and Methods 
2.1. Materials 
Domperidone Maleate and its reference standard and other excipients; Hydroxypropyl-β-CD, Microcrystalline 
cellulose (Avicel PH102), Sodium Starch Glycolate, Crospovidone, Croscarmellose Sodium, Sodium Saccharin, 
Vanilla, Colloidal Silicon Dioxide and Magnesium Stearate were received from Deurali-Janta Pharmaceuticals 
Pvt. Ltd, Dhapasi, Kathmandu, Nepal as gift samples. A marketed oral disintegrating tablet was purchased from 
local retail pharmacy and was used as reference product for data analysis. 

2.2. Preparation of Standard Working Solution 
60 ml of methanol was added to 20 mg Domperidone maleate weighed accurately and sonicated for 10 minutes. 
Volume was made up to 100 ml by further addition of methanol. Then absorbance was measured at the range of 
200 - 400 nm using UV Visible spectrophotometer (Shimadzu, Japan). λmax was found to be 287 nm. 

2.3. Analytical Method Development 
All the analytical procedures were validated for Accuracy, Precision, Limit of Detection, Specificity, Limit of 
Quantitation, Linearity and Range [16]. 
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2.3.1. Standard Calibration Curve 
Absorbance of solutions of concenterations10, 15, 20, 25 and 30 µg/ml was measured using UV visible spec- 
trophotometer at 287 nm. Then, linear equations as well as Correlation Coefficient (R2) were determined using 
the calibration curve. 

2.3.2. Accuracy 
It was determined by using the solutions of concentrations 16, 20 and 24 µg/ml of Domperidone Maleate that is 
±20% the assay concentration. Recovery of the analytical result indicates the accuracy of method. 

Analytical resultRecovery 100%
True value

= ×  

2.3.3. Precision 
Assay was done of both the formulated batches and optimized batches. Relative Standard Deviation (RSD) less 
than 2% indicated the precision. 

2.3.4. Specificity 
Absorbance was measured of both working standard and excipients at the range of 200 - 400 nm in UV-visible 
spectrophotometer. No peak at 287 nm indicated specificity. 

2.4. Solubility Analysis of Domperidone Maleate 
50 mg DOM was mixed with 10 ml of HP-β-CD of 0%, 0.5%, 1%, 2%, 3% and 4%. The solution was then sha- 
ken for 24 hours and filtered through Whatsman filter paper No. 42. 1ml filtrate was then further diluted with 
water and volume made up to 50 ml. Finally, 2 ml of the above dilute solution was measured and volume made 
up to 20 ml with methanol. Then, absorbance was measured and solubility was determined [17]. 

2.5. Design of Experiment (DOE) 
MINITAB 15.1 software was used for DOE. Initially, nine excipients (HP-β-CD, SSG, CPVP, CCMC, SS, Va- 
nilla, CSD, Avicel PH 102 and Magnesium Stearate) were chosen to formulate DOM FDT. Then, Plackett- 
Burman Design (PBD) was applied to determine their role in dissolution and disintegration of tablet. 

2.5.1. Preparation of Inclusion Complexes and Formulations of Plackett-Burman Design 
DOM and HP-β-CD were mixed separately in the molar ratios of 1:0.5 and 1:2 respectively, sieved through 
sieve number 60 and mixed in mortar and pestle. Then the mixture was kneaded for 45 minutes by the addition 
of water. It was then dried at 40˚C in hot air oven, and pulverized and passed through 60 mesh sieve and stored 
in a desiccator [17]. Avicel PH102 and CSD were sieved through mesh size 40, whereas all other excipients 
were sieved through mesh size 60. The drug complex previously prepared was then mixed with excipients by 
geometric dilution method, except Magnesium Stearate in a double polythene bag for 15 min then this mixture 
was lubricated by Magnesium Stearate for 5 minutes. Finally, tablets were prepared by compression in a 10 sta- 
tion compression machine with punch size of 7.95 mm. 

2.5.2. In-Vitro Dissolution Studies 
Dissolution test was done by using USP dissolution apparatus type II where the DOM tablets were placed in 900 
ml of 0.1 N HCL that acts as dissolution medium and maintained at 37˚C ± 0.5˚C and 50 rpm. 10 ml of the ali- 
quot was taken out within 30 minutes and passed through Whatsman filter paper No. 1. Absorbance was meas- 
ured at 284 nm using UV spectrophotometer [18]. 

2.5.3. Surface response Design using Central Composite Design (CCD) 
Based on PBD, two factors two levels CCD was applied and 13 experiments were carried out. Inclusion com- 
plexes of five different molar ratio of DOM: HP-β-CD was prepared as per experiments and experiments were 
carried out in same manner as previously described in PBD. Pre-compression parameter like, initial density, 
tapped density, Carr’s Index, Hausner’s ratio of the formulation were evaluated. Physiomechanical parameters 
like weight variation, assay, disintegration time, in-vitro dissolution test were performed. 
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2.5.4. Preparation of Optimized Formulation 
On the basis of surface response plot and contour plot obtained from CCD, further optimization of concentration 
of HP-β-CD and SSG was carried out. DOM and HP-β-CD were taken in 1:2 molar ratios and SSG 7% (w/w). 
Preparation of inclusion complex and formulation processes were carried out as described in PBD. In-vitro dis- 
solution was carried out by withdrawing 10 ml of aliquot at time intervals 5, 10 15 and 30 minutes, filtering 
through Whatsman filter paper No. 1 and measuring absorbance at 284 nm [18]. The result of dissolution and 
disintegration of optimized formulation was then compared with a marketed sample. Similarity and dissimilarity 
factor between CCD formulations, optimized formulation was compared with marketed formulations using the 
Equations (1) and (2) respectively. 

1) Similarity Factor 
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∑                          (1) 

where n is the sampling number, Rj and Tj are the % dissolved of reference and the test products at each time 
points j respectively. fs value higher than 50 and close to 100 show the similarity of the dissolution profiles [19]. 
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The percentage error is zero when the test and drug reference profiles are identical and increase proportionally 
with the dissimilarity between the two dissolution profiles. Fd values should be close to 0 to be similar. In gen- 
eral, the values lower than 15 or between 0 and 15 show the similarity of the dissolution profiles [19]. 

3. Results 
3.1. Validation of Analytical Method 
3.1.1. Linearity 
Absorbance was measured by UV Visible Spectrophotometer at 287 nm of the solutions of 10, 15, 20, 25 and 30 
µg. From the working standard solution, the curve was plotted by taking absorbance on y-axis and concentration 
on x-axis (Figure 1). The graph shows that there is linear relationship between concentration and the absorbance 
with correlation coefficient (R2) 0.9994 and regression Equation (3). 

0.0282 0.002y x= −                                       (3) 

3.1.2. Specificity 
After scanning the active ingredient and excipients in the range of 200 - 400 nm, in the UV-visible spectropho- 
tometer, a prominent peak was observed by the active ingredient in methanol at 287 nm, while a flat line was 
 

 
Figure 1. Standard calibration curve of Domperi-
done Maleate in Methanol.                      
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observed of the placebo at the same range of wavelength. 

3.1.3. Accuracy and Precision 
To determine the accuracy and precision, 16 mg, 20 mg and 24 mg (each n = 3) of Domperidone Maleate was 
taken at 287 nm using UV-Visible spectrophotometer. This method was found to be accurate as the recovery 
values laid within the limit of 98.00% to 102.00% with a lower limit of 100.22% and upper limit of 101.88% 
while the relative standard deviation (RSD) was calculated and was found to be 0.927%. Thus, the method of 
analysis was found to be accurate and precise. 

3.2. Solubility Analysis of Domperidone Maleate 
DOM shows concentration dependent solubility in HP-β-CD as shown in Figure 2. Solubility of DOM increases 
linearly with increase in concentration of HP-β-CD. This shows that HP-β-CD is useful for enhancing the solu- 
bility of drug. 

3.3. Plackett-Burman Design 
Results of in-vitro dissolution test and disintegration time of PBD formulations were tabulated in Table 1. 
Among all 12 formulations, F8 shows lowest DT whereas F3 shows highest DT. Likewise, highest dissolution is 
achieved by F2 and F6 shows lowest dissolution. From the main effect plot Figures 3 and 4, HP-β-CD shows 
significant role in enhancing the dissolution of drug whereas SSG shows effect in minimizing the disintegration 
time. Thus both of these excipients were considered as factors for dissolution and DT respectively. 
 

 
Figure 2. Solubility of DOM in different con- 
centration of HP-β-CD.                     

 
Table 1. Design of experiment by Plackett-Burman design along with the parameters.                                 

Run 
order 

HP-β-CD 
(molar ratio) 

Avicel PH 
102 (%) 

SSG  
(%) 

CPVP 
(%) 

CCS 
(%) 

SS  
(%) 

Va  
(%) 

CSD 
(%) 

MgS 
(%) 

Assay 
(n = 3) ±SD 

Parameters 
DT 

(sec) 
Dissolution 

(%) 
F1 2 40 2 2 5 4 0.5 0.5 1.5 100.97 1.27 107 98.53 
F2 2 40 8 5 1 4 0.1 0.5 0.5 100.59 0.57 70 101.57 

F3 0.5 60 2 2 1 4 0.5 1.5 0.5 99.94 1.65 214 90.53 

F4 0.5 60 8 2 5 2 0.1 0.5 1.5 99.93 2.34 41 93.67 
F5 2 60 8 2 5 4 0.1 1.5 0.5 99.95 1.42 44 101.2 

F6 0.5 40 2 2 1 2 0.1 0.5 0.5 99.61 0.62 205 90.12 

F7 2 40 8 2 1 2 0.5 1.5 1.5 99.47 0.96 75 100.4 

F8 0.5 40 8 5 5 2 0.5 1.5 0.5 98.66 1.37 40 93.10 
F9 2 60 2 5 5 2 0.5 0.5 0.5 99.80 0.50 50 99.5 

F10 2 60 2 5 1 2 0.1 1.5 1.5 100.16 1.17 76 98.12 

F11 0.5 60 8 5 1 4 0.5 0.5 1.5 100.21 1.19 46 94.14 
F12 0.5 40 2 5 5 4 0.1 1.5 1.5 98.58 1.2 100 92.80 
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Figure 3. Main effect plots for dissolution (DS).                        

 

 
Figure 4. Main effect plot for DT.                                    
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whereas formulation CCD F9 gives highest Carr’s Index value 21 indicates poor flow ability among other for- 
mulation. Carr’s Index of the formulated products was found in between 14% - 23% while tapped density ranges 
from 0.438 - 0.473 g/ml. Details of pre-compression parameters were tabulated in Table 2. Physicomechanical 
properties were presented in Table 3. Weight variation was in the range of ±5%. The hardness of the formulated 
products was found in between 2.11 - 4.06 Kg/cm2. The friability was found in the range of 0% - 1.1%. Thick- 
ness was found in the range of 1.893 - 1.986 mm. The assay values of the formulated tablets were found in be- 
tween 95.22% and 103.87%. Disintegration time ranges from 19 - 125 sec. Result of in-vitro dissolution test and 
DT is shown in Table 4. Formulation CCD F6 shows lowest dissolution whereas highest dissolution is achieved 
by formulation CCD F1. Similarly, formulation CCD F4 has least disintegration time and formulation CCD F3 
shows the highest DT. These results illustrate that HP-β-CD and SSG aid to improve dissolution and DT of 
DOM FDT. Further optimization of concentration of HP-β-CD and SSG by plotting contour plot and surface 
plot as shown in Figure 5, Figures 6 and 7 demonstrate that the optimum concentration of DOM:HP-β-CD is 
1:2 molar ratio and SSG 7% w/w. Comparison of dissolution profiles of market sample and optimized formula- 
tion were shown in Figure 8. The result showed that the dissolution profile of market sample in 30 minutes was 
93.06% whereas the optimized formulation had 100.12%. 
 
Table 2. Result of pre-compression parameter of formulated batches by CCD.                                       

Formulation 
Code 

CCD 
F1 

CCD 
F2 

CCD 
F3 

CCD 
F4 

CCD 
F5 

CCD 
F6 

CCD  
F7 

CCD  
F8 

CCD  
F9 

CCD  
F10 

CCD  
F11 

CCD  
F12 

CCD 
F13 

Initial Density 
(gm/ml) 0.572 0.575 0..553 0.545 0.551 0.512 0.576 0.560 0.600 0.567 0.590 0.571 0.613 

Tapped Density 
(gm/ml) 0.470 0.472 0.459 0.455 0.457 0.438 0.466 0.472 0.474 0.465 0,472 0.471 0.473 

Carr’s Index (%) 18 18 17 16 17 14 19 15 21 18 20 18 23 

Hausners Ratio 1.22 1.22 1.20 1.19 1.21 1.17 1.24 1.18 1.27 1.22 1.25 1.21 1.29 

 
Table 3. Physiochemical properties of formulated batches by CCD (weight variation, hardness, thickness, friability and as- 
say).                                                                                                  

Experiments 
Average  

Weight (mg)  
(n = 20) 

±SD 

Average 
Thickness 

(mm)  
(n = 10) 

±SD 

Average 
Diameter 

(mm)  
(n = 10) 

±SD 

Average 
Hardness 
(Kg/cm2)  
(n = 10) 

±SD Friability 
(%) 

Assay 
(n = 3) ±SD 

CCD F1 161.15 ±3.87 1.948 ±0.02 6.48 ±0.03 3.621 ±0.3028 0.1 101.3 ±2.41 

CCD F2 160.25 ±3.85 1.941 ±0.022 6.48 ±0.03 3.568 ±0.3102 0.2 97.87 ±2.65 

CCD F3 160.2 ±3.07 1.938 ±0.022 6.48 ±0.07 3.491 ±0.3981 0.06 101.05 ±2.37 

CCD F4 161.5 ±3.75 1.893 ±0.023 6.48 ±0.05 3.934 ±0.2280 0.05 100.61 ±1.41 

CCD F5 160.4 ±3.31 1.93 ±0.023 6.48 ±0.03 3.421 ±0.2748 0.2 99.66 ±1.41 

CCD F6 160.05 ±2.56 1.898 ±0.019 6.48 ±0.04 4.059 ±0.3084 0 99.61 ±0.61 

CCD F7 161.5 ±4.02 1.924 ±0.025 6.48 ±0.03 3.664 ±0.2920 0.1 99.91 ±1.56 

CCD F8 160.2 ±3.84 1.907 ±0.025 6.48 ±0.03 3.96 ±0.2426 0.09 101.96 ±0.46 

CCD F9 160.1 ±4.07 1.97 ±0.019 6.48 ±0.03 2.652 ±0.2662 0.7 99.51 ±0.80 

CCD F10 160.8 ±2.82 1.935 ±0.021 6.48 0.07 3.616 ±0.2779 0.1 97.25 ±1.54 

CCD F11 162 ±3.71 1.982 ±0.026 6.48 ±0.02 2.508 ±0.2576 0.9 98.61 ±1.10 

CCD F12 160.25 ±2.79 1.938 ±0.019 6.48 ±0.02 3.747 ±0.2668 0.1 96.91 ±1.65 

CCD F13 159.65 ±5.6 1.986 ±0.023 6.48 ±0.04 2.113 ±0.171 1.1 98.07 ±0.42 
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Figure 5. Contour plot of disintegration time vs. SSG and HP-β-CD.     

 

 
Figure 6. Contour plot of dissolution vs. SSG and HP-β-CD.           

 

 
Figure 7. Surface plot of dissolution vs. SSG and HP-β-CD.                   
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Figure 8. Dissolution profiles of optimized formulation and market 
sample in 0.1 N HCL.                                         

 

 
Figure 9. Comparison of disintegration time 
of market sample and optimized formulation.   

 
Table 4. DT and % drug release in 30 min in 0.1 N HCL.    
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% Drug release in 0.1 N 
HCL at 30 minutes 

CCD F1 35 102.24 

CCD F2 28 100.81 

CCD F3 125 99.4 

CCD F4 19 89.88 

CCD F5 32 101.23 

CCD F6 30 68.26 

CCD F7 23 101.22 

CCD F8 77 83.6 

CCD F9 38 100.37 

CCD F10 34 101.3 

CCD F11 80 100.15 

CCD F12 41 100.6 

CCD F13 49 99.508 
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3.5. Similarity and Dissimilarity Factors 
For the more adequate dissolution profile comparison, similarity and dissimilarity factors were applied. The 
value of similarity and dissimilarity are given in Table 5. CCD Formulations that were similar to the market 
sample were CCD F1, CCD F2, CCD F4, CCD, F5 CCD F7, CCD F8, CCD F9, CCD F10, CCD F11, CCD F12, 
CCD F13 and OPT F14. The values in Table 5 clearly indicates that the drug release profile of market sample 
and these formulation are identical as the range of Fs value is 50 to 100 and the range of Fd is 0 to 15.  

4. Discussion 
Analytical method validation was done according to ICH guidelines to ensure the reliability of analytical method. 
Figure 1 shows a linear relationship between the absorbance and concentration of Domperidone Maleate. The 
λmax was observed at 287 nm in UV-Visible spectrophotometer. The recovery value of DOM was in the range of 
98.00% - 102.00% and the RSD was also within the limit i.e. ±2%. All these values are as per the specifications 
of ICH guidelines. Hence, the procedures carried out were validated methods. The complexation of DOM with 
HP-β-CD was investigated by Phase Solubility Study. The concentration dependent increment in the solubility 
as shown by Figure 2 indicates that HP-β-CD is the major factor to enhance dissolution of drug. This can be 
further illustrated by the main effect plot of Plackett-Burman Design. Disintegration and dissolution time for the 
formulations made by Plackett-Burman Design as shown in Table 1 was different and hence to find out the rea- 
son of such variations, Main effect plot was plotted. After analyzing the results from Main effect plot obtained 
from Minitab 15.1, it is known that increase in dissolution was due to HP-β-CD and disintegration was due to 
SSG as shown by Figures 3 and 4. Hence, CCD was applied to find out the optimum concentration of HP-β-CD 
and SSG. Carr’s Index value 14% - 13% and Hausners ratio 1.22 - 1.29 as shown by Table 2 indicates that the 
powder has good blending property and hence is suitable for compression while preparing tablets. The tablets so 
prepared also are in the limits of pharmacopoeial standards. Hardness value 2.11 - 4.06 Kg/cm2 and friability 0% 
- 1.1% indicates that the tablets can be handled well. Figure 9 shows that disintegration time of optimized for- 
mulation is lower than that of marketed formulation. Moreover, Figure 9 shows that dissolution of optimized 
formulation was higher than marketed formulation. This value of disintegration and dissolution supports higher  
 

Table 5. Similarity and dissimilarity factor.                             

Formulation Similarity (Fs) Dissimilarity(Fd) 

CCD F1 52 10 

CCD F2 55 8 

CCD F3 32 45 

CCD F4 74 3 

CCD F5 54 9 

CCD F6 30 27 

CCD F7 56 12 

CCD F8 51 10 

CCD F9 57 8 

CCD F10 54 9 

CCD F11 57 8 

CCD F12 56 8 

CCD F13 59 7 

OPT F14 80 4 
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bioavailability of the optimized formulation. This strongly supports the role of HP-β-CD in enhancing the bio- 
availability of Domperidone. 

5. Conclusion 
Fast disintegrating tablet of Domperidone was prepared by inclusion complexation using HP-β-CD by kneading 
method. Solubility of Domperidone was significantly enhanced by the use of HP-β-CD. Likewise, disintegration 
was enhanced by use of SSG. The optimized formulation meets all the criteria of FDT. Hence, HP-β-CD is ef- 
fective in enhancing solubility of poorly water soluble drugs of lower molecular drugs like Domperidone. 
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