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Abstract 

Oral mucous membrane of drug delivery is considered to be a promising 

alternative to the oral route. Sublingual route is a useful when rapid onset of action is 

desired than orally administered tablets. The objective of this study was to develop the 

sublingual tablet of captopril and improve its bioavailability. Captopril is the drug of 

choice in treatment of hypertension crisis or acute heart failure. Improvement of drug 

absorption and bioavailability was achieved by decreasing the pH of the mouth using 

citric acid. A 3
2
 full factorial design was applied to optimize the formulations. Nine 

batches were prepared and evaluated to developing and optimizing sublingual tablets of 

water soluble drug (captopril). The optimization design was used to obtained the 

concentration of mixture superdisintegrants X1 (crosscarmellose sodium, crosspovidone 

and sodium starch glycolate at 1:1:1 ratio) and using microcrystalline cellulose 

containing silicon dioxide (Prosolv-SMCC®) as a diluent (X2). Disintegration time and 

t90 values used as dependent variables for optimization to obtain the desirable optimized 

formula. According to the results, the selected variables have a strong influence on 

disintegration time and T90 of captopril sublingual tablets. The lowest disintegration 

time (13.04 sec) and t90 (2.78 min) were showed by sublingual formulations composed 

of 7.82 % of superdisintegrants combination (X1) with 30.50 % of prosolv-SMCC (X2). 

So, this formula was chosen as the optimized formula. The F-optimized formula was 

compared with the marketed tablet pharmaburst® formula. It is clear from the result that 

the F-optimize formula had a very significant lower disintegration time than F-

pharmaburst (12.2 and 16.3 sec respectively), and t90 (3.2 and 5.0 minute respectively). 

The pharmacokinetic parameter for the F-optimized showed a significant (P ≤ 0.05) 

increase in maximum plasma concentration from 180.0 to 286.5ng/mL, and a shortening 

of the time taken to reach maximum plasma concentration to 45 min in comparison with 

the marketed tablet. Finally, the F-optimize improved oral absorption of captopril 

sublingual and a subsequent acceleration of clinical effect, which is favored for 

hypertensive crises and cardiac disorders. 

Keywords: bioavailability, oral absorption, sublingual tablets, response surface design, 

Captopril, crosscarmellose sodium, crosspovidone, sodium starch glycolate, 

Superdisintegrant. 
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Introduction 

Highly elevated blood pressure occurred in hypertension crisis, if not treated, 

can result in severe end organ damage or even death in a short period of time. In this 

case, reduction of blood pressure within few minutes is crucial (Chetty, Chen et al. 

2001). Sublingual route is a useful method of administration when rapid onset of actions 

is required. The drug administration under the tongue lead to drug reaches directly to 

the blood stream through the ventral surface of the tongue and floor of the mouth. The 

absorption of the drug through the sublingual route is 3 to 10 times greater than oral 

route. Sublingual absorption is mostly rapid in action, but also short acting in duration 

(Narang and Sharma 2011). These dosage forms are of particular advantages in certain 

patient groups who have difficulty in swallowing such as pediatric, geriatric, and 

psychiatric patients (Suresh, Ranjit et al. 2011). The sublingual route is ease route of 

administration, patient compliance and improved bioavailability (Harris and Robinson 

1992). To develop sublingual tablet with direct compression method, it was necessary to 

find suitable excipients with good compressibility and disintegrating ability. Although 

the superdisintegrants and type of diluent responsible for the effect of the disintegration 

rate, when used at high concentrations, they can also affect mouth feel, tablet hardness, 

and friability. Thus, several factors must be considered when selecting a 

superdisintegrant (Abdelbary, Elshafeey et al. 2009). The direct compression tablet 

disintegration and dissolution are based on the single or combined action of 

superdisintegrants and excipients. The choice of a suitable type and an optimal amount 

of superdisintegrants are paramount for ensuring a high disintegration rate (Dobetti 

2000). In the new strategy for using the combination of three superdisintegrants 

(crosscarmellose sodium, crosspovidone and sodium starch glycolate) to make a 

synergistic effect for decreasing the disintegration time and improvement of the 

absorption and bioavailability of sublingual drug. Captopril is an angiotensin converting 

enzyme inhibitor which is used in management of hypertension, heart failure and 

myocardial infarction (Sweetman 2007). The physicochemical properties of Captopril 

are water soluble drug having plasma half-life of 2 hrs, make it suitable candidate to 

formulate buccal disintegrating tablets (Dumbare, et al. 2012). It has been reported that 

sublingual administration of captopril is an effective and safe method of lowering 

arterial blood pressure in patients with hypertensive emergencies (Longhini, Ansani et 

al. 1990, Ziller 1992, Wu, Lin et al. 1993). Oral and sublingual usage of captopril is 

quite common in emergency services. There are many studies showed the sublingual 

captopril reduces the blood pressure effectively in hypertensive crises (Öhman, Kågedal 

et al. 1985, Moldovan 2012). The citric acid was added to the formulations to elevate 

the acidic pH in the buccal cavity for enhancement the absorption and improving the 

bioavailability of captopril sublingual tablet. 

In this study, a response surface design approach was used to optimize the 

concentration of ternary phase of superdisintegrants combination of crosscarmellose 

sodium, crosspovidone and sodium starch glycolate (X1) and using Prosolv-SMCC® as 

diluent (X2). Disintegration time (Y1) and T90 values (Y2) used as dependent variables for 

optimization to obtained the desirable optimized formula. Furthermore, it was compared 

with captopril pharmabrust sublingual formulation. Finally, the best formula was 

subjected to bioavailability study to compare with commercially available captopril oral 

tablets. 
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Materials and methods 

Materials  

Captopril was kindly supplied by EIPICO (10
th

 of Ramadan City, Egypt). 

Sodium stearyl fumarate (Pruv®), crosscarmellose sodium (Vivasol®), sodium starch 

glycolate (Explotab®) and prosolv-SMCC were kindly supplied by JRS (Aalen, 

Germany). Crosspovidone and citric acid was received from Sigma for pharmaceutical 

Industries (Cairo, Egypt). Spray dried mannitol (Mannogem TM EZ) was kindly 

supplied by SPI (Grand Haven, MI, USA). Captopril tablets; Capoten
R
, 25 mg from 

SmithKline Beecham, Egypt, an affiliated co. to GlaxoSmithKline. Methanol, HPLC 

grade; Merck. Darmstadt, Germany. Trichloroacetic acid, analytical grade; Merck 

Schuchardt, Germany. 

Methods 

Pre-compression tests 

In a preliminary study, formulation of captopril listed in table 3 was subjected to 

micromeretic study. The angle of repose was measured by using funnel method 

(Cooper, 1986), which indicates the flowability of the granules. Angle of repose is 

defined as the maximum angle possible between the surface of a pile of powder and 

horizontal plane. The frictional force in a loose powder or granules can be measured by 

angle of repose:         

Where,  is the angle of repose, h stands for the height of the pile and r represents the 

radius of the base of the pile (Suresh, Ranjit et al. 2011).  

Bulk (BD) and tapped density (TBD) were measured using the formula:  

                                     

Hausner ratio (HR) is an indirect index of ease of powder flow. It is calculated by the 

following rule.                                                 

Lower hausner ratio (< 1.25) indicate better flow properties than higher ones (>1.25).   

Compressibility index (CI) of the powder formulation was determined by using the 

following rule (Rao and Kulkarni 2010): 

 

Application of response surface experimental design 

The response surface design (RSD) used to study the effects of different 

variables on the characteristics of the produced sublingual tablets. The process was 

optimized to obtain the minimum disintegration time, and rapid release pattern, a three-

level, two-factor RSD was used. These variables are the amount of superdisintegrants 

mixture combination of crosscarmellose sodium (CCS), crosspovidone (CP), and 

sodium starch glycolate (SSG), 1:1:1 ratio (X1) and diluents prosolv-SMCC® (X2). The 

responses selected for evaluation and optimization were disintegration time (Y1) and t90 

of drug released after 30 minute (Y2). The design was performed with Statgraphics 
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Plus® For Windows (Manugistics Inc, Rockville, MD, USA). The design suggests nine 

experimental runs. The dependent and independent variables with their intervals are 

shown in table 1 to perform RSD. The RSD is represented in table 2, while the tablet 

formulations are represented in table 3. The polynomial function represents how the 

components affect on the response. A polynomial model with fewer terms should be 

used. The RSD can be used to fit the following model. The response surface analysis is 

performed by using the fitted surface.  

Y = β0 + β1X1 + β2X2 + β1X1
2
 + β2X2

2
 + β1,2 X1X2 

Table 1. Variables in response surface design  

 

Table 2. Matrix Represented of Response Surface Design 
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Abbreviations: CCS, crosscarmellose sodium; SSG, sodium starch glycolate; prosolv-

SMCC, prosolv silicon dioxide microcrystalline cellulose; CP, Crosspovidone  

Table 3. Formulation of Captopril Sublingual Tablet  

 

Abbreviations  

capto, captopril; SD, superdisintegrant; prosolvSMCC microcrystalline cellulose 

contining silicon dioxide; SSF, sodium stearyl fumarate; TF, tutty frutty. 

Tablet manufacturing  

These formulations mentioned in table 3 are designed to administer through the 

sublingual mucosa. The sublingual tablets are usually small, flat and compressed lightly 

to keep them soft. These tablets are designed in such a way that they must dissolve 

quickly in small quantity of saliva and allow the drug to be absorbed through the 

sublingual mucosa. Formulations of Captopril sublingual were prepared by the direct 

compression method. Nine formulations of 100mg total weight containing 25 mg 

Captopril with different ratios of tablet excipients were prepared according to the 

formulations given in Table 3. Mannitol was used as diluent; SSF was used as lubricant, 

TF, menthol and sucralose were used as sweetener and flavoring agent. The obtained 

blend was directly compressed by 6 mm flat round punches using a tablet machine 

(Royal Artist, Mumbai, India). The tablets were collected during compression for in-

process testing (weight and hardness) and were stored in airtight high-density 

polyethylene bottles pending further testing (Mostafa, Ibrahim et al. 2013). 

Differential scanning calorimetry 

Differential scanning calorimetry  (DSC) was used for thermal analysis of 

captopril alone and captopril sublingual formulation (2 mg samples) using aluminum 

crucibles in a dynamic nitrogen atmosphere (flow rate 50 mL per minute) and at a 
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heating rate of 10°C per minute in the temperature range of 25°C–400°C (Dumbare, et 

al. 2012, Aljimaee, El-Helw et al. 2015). 

Fourier transform infrared spectroscopy 

Fourier transform infrared spectra were recorded on a Jasco FT IR-6100 

spectrometer using KBr discs with a 2 cm-1 resolution in the range of 4,000–400 cm-1 

(Aljimaee, El-Helw et al. 2015). 

Evaluation of the Prepared Captopril Sublingual Tablets 

The prepared Captopril sublingual tablets were evaluated for visual appearance, 

uniformity of content and weight, hardness, friability, and in vitro disintegration time 

according to US Pharmacopeia tests for tablets (Aljimaee, El-Helw et al. 2015). 

Wetting time and wetting ratio  

Ten milliliters of distilled water containing eosin, a water soluble dye, were 

placed in a Petri dish of 10 cm diameter containing circular tissue papers of 10 cm 

diameter. One tablet carefully placed in the center of the Petri dish and the time required 

for water to reach the upper surface of the tablet was noted as the wetting time. The test 

results are presented as mean value of three determinations ± SD (Jonwal, Mane et al. 

2010). The complete wetted tablet was then weighed. Water absorption ratio (R) was 

determined according to the following equation:  

100 

In vitro dissolution studies 

 In vitro drug release was performed for captopril tablets according to the (The 

United State s Pharmacopeia 2007) “Dissolution procedure” for immediate release 

dosage forms. A minimum of 6 tablets of each formula were tested. The USP 30 

(apparatus 2) paddle method was used. Dissolution was carried out in 900 ml phosphate 

buffer pH 6.8 ± 0.05 to simulate saliva fluid. The paddle was rotated at 50 rpm at 37 ± 

0.5 ºC. Samples were tested at specified time intervals (0.5, 1, 2, 3, 4, 5, 7, 10, 15, 20 

and 30 min). Samples were adequately diluted and analyzed for captopril 

spectrophotometrically at wave length 211 nm (Dumbare, et al. 2012). 

Comparing the optimized formula with pharmabrust formulation.  

The optimized captopril sublingual formula was compared to captopril 

pharmabrust® formula a ready ODT system. Table (3) represents optimize sublingual 

formula and captopril pharmabrust formula. Disintegration time, T90 and dissolution 

profiles were evaluated for two compared formulae (Figures 1, 2 and 5) 

In vivo and pharmacokinetic parameters 

Sixteen healthy volunteers were enrolled in this study. The volunteers were 

informed about the objectives of the study and all the procedures were explained to 

them. A written consent form was signed by each agreement to participate in this study 

sixteen healthy male adult volunteers with age ranging from 18 up to 26 years, and their 

weight ranging from 60 to 85 kg were enrolled (non-obese). Physical examination 

showed that all the volunteers had no clinical evidences of chronic diseases. Volunteers 

with liver diseases, smokers, regular prescription medication and chronic diseases 
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(hypertension, diabetes, ischemic heart diseases), were excluded. The volunteers were 

instructed to never receive any medication (over the counter) for the 72 hours before the 

study. On the day before the study the volunteers were randomly divided to two groups, 

each 8 volunteers, and the first group received of F-optimized sublingual tablet, the 

second group received captopril 25 mg orally. Blood samples were obtained after 

captopril administration (Jankowski, et al., 1995).  

The study protocol, which complied with the recommendations of the Helsinki 

Declaration, was fully approved and performed by the Egyptian Research and 

Development Company Ethical Committee (ERDC EC). The ERDC EC is organized 

and operated according to guidelines of the declaration of Helsinki, international 

conference of Harmonization ICH, and United States Codes of Federal Regulations 

(International Conference of Technical Requirements for the Registration of 

Pharmaceuticals for Human Use).  

Blood samples (5 mL) were obtained by using vein puncture cannula after 

captopril administration at 10, 20, 30, 45, 60, 120, 150, 180, 200, 220, and 240 minutes, 

after captopril administration. All samples were collected in heparinized tubes (Maxi 

Mix II, Thermolyne Corporation, USA). Plasma was separated by centrifugation for 15 

minutes at 4000 rpm (Minor 35, England) and then stored at -20 C
0
 until analysis.  

The assay of captopril by UV spectrophotometer (UV-1800 Shimadzu) was 

adopted and validated for analysis of captopril in plasma samples.  To 3ml of each 

standard plasma samples, 2ml of 10 % trichloroacetic acid were added, for protein 

precipitation. The test tubes were shaken well for 2 minutes using vortex mixer, and 

then centrifuged for 15 minutes at 4000 rpm. The supernatant was filtered by membrane 

filter (0.45 mm) then, added to 1.5 ml filtrate 1.5 ml methanol, transferred to clean dry 

quartz cell, and its absorbance was measured at λmax 225 nm. Unknown samples were 

treated exactly as the standard samples (El-Enany, et al., 2008).  

Non-compartmental pharmacokinetic analysis was utilized to analyze the 

obtained results. The maximum plasma concentration (Cmax) and the time of its 

occurrence   (tmax) were determined from the concentration-time data. The area under 

the plasma concentration- time curve from 0 time to last sampling time (240 min) 

( t0AUC  ) was calculated using the linear trapezoidal rule. The elimination rate 

constant (k) was estimated form the slope of the terminal phase of the captopril plasma 

concentration from the following equation:-  

2.303

k-
Slope   The half-life is calculated from the elimination rate constant (k). 

k

0.693
t1/2   

The other pharmacokinetic parameters such as Cl/F where Cl is the total body 

clearance, and F is the bioavailability was calculated. 

AUC

FD
Cl   , 

AUC

D

F

Cl
  , where D is the dose. 
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The area under the curve was calculated utilizing the liner trapezoidal rule. The 

plasma concentration time profile was divided to trapezoids and the area of each 

trapezoid was calculated as follow:- 

Area of a trapezoid =  n1n
1nn tt

2

CC








 


  

The 
t0AUC 
was calculated by adding the area of all the trapezoids. 

          The pharmacokinetic parameters used for comparison were Cmax, tmax, t1/2, k, 

2400 AUC   , and Cl/F. These pharmacokinetic parameters were calculated for each 

individual under each dosage form and the results were presented as the mean ± 

standard deviation (±SD) and were analyzed by Statistical Package for Social Science 

(SPSS) version 20. The Paired t-test was used. The level of significance was set at P 

value of 0.05 or less. The mean is the arithmetic average and can be calculated by; 

n




 Where Σx is the sum of all observations and n is the number of 

observations 

Results and discussion 

Evaluation of pre-compression parameters of sublingual tablets 

The results of pre-compression parameters were represented in table 4 which 

were in between the optimum range and passes normal accordingly pharmacopeial. 

Depending these results, which are easy to use for direct compression tablet 

manufacture (table 4). 

Evaluation of the prepared captopril sublingual tablets 

The prepared sublingual tablet formulations were evaluated for the different 

parameters to ensure uniformity and compatibility of the prepared tablets with 

compendia requirements (Table 4). The weight of each tablet showed variability of no 

more than 2%, which met the specification of the USP limits. The average weight of the 

nine formulations were found to be in the range of 98.6–103.0 mg. Hardness, friability, 

wetting time and wetting ratio of all tablet formulations ranged from 2.6 to 3.1 kg/cm
2
, 

0.485 to 0.940%, 24.8 to 55.6 seconds and 36.5 to 95.0 %, respectively. According to 

the European Pharmacopoeia, so all the prepared tablets met the pharmacopeial 

requirement. Drug content of all the formulations was in the range of 97.50 to 99.90% 

which was within the acceptable limits. These results support the reproducibility of the 

captopril sublingual formulations and tableting process used in this study. The variables 

have strong influence on disintegration time and T90 of the captopril sublingual tablets. 

The disintegration time results were compatible with USP disintegration test for 

sublingual tablets. As per USP sublingual tablet must disintegrate completely within 2 

minutes. 
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Table 4. Results of each experimental design of captopril sublingual tablet. 

 

 

Figure 1. Histogram showing disintegration time (Y1) of captopril sublingual tablets. 

 

Figure 2. Histogram showing T90 (Y2) of captopril sublingual tablets 

Differential scanning calorimetry 

DSC is a tool used to investigate the crystalline or amorphous nature of the drug 

within the developed formulations and to elucidate any possible interactions with other 
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ingredients. The thermal characteristic of pure captopril and F-optimized formula were 

shown in Figure 3. The differential scanning calorimetry thermogram of captopril 

indicates endothermic peak (T peak 103 to 107 °C) corresponding to its melting point, 

which is in agreement with values reported in the literature (Nogueira, Rego et al. 

2011).
 

Moreover, this characteristic peak was retained in also the F-optimize 

formulation. The above finding confirms compatibility of the formulation ingredients.  

 

 
Figure 3. DSC thermogram of captopril pure drug and captopril sublingual tablet 

(F-optimize) formulation. 

From figure 4, the FTIR spectrum of pure captopril showed S-H stretching 

bands at 2650 cm
-1

, aromatic C-N vib bands at 1350 cm
-1

, aromatic C-O stretching 

bands at 1200 cm
-1

, and C–H stretching bands at 2983 and aliphatic O-H bands at 1322 

cm
-1

(Padmaja, Ramakrishna et al. 2014). The F-optimize formulation FTIR spectrum 

showed slightly change of some bands. This indicates that there was no interaction 

between drug and the Additives used in the study. Hence FTIR spectral analysis proved 

the compatibility of the drug and additives used. The presence of ingredients did not 

produce shift in the peaks of other ingredients. The above finding confirms 

compatibility of the formulation ingredients. 
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Figure 4. IR spectra of captopril pure drug and captopril sublingual tablet (F-optimized) 

formulation. 

In vitro dissolution studies 

The drug release profile was studied for all formulations following standard 

procedure and the results are showen in figure 5. According to the scientific literature, 

the amount of captopril dissolved from sublingual tablets must exceed 80% in 15 

minutes (Das and Das 2004). The release of captopril sublingual was varied according 

to the amount of superdisintegrant and prosolv-SMCC diluents added. From cumulative 

drug release profile (Figure 5A) it was concluded that with zero concentration of 

prosolv-SMCC in the formulations (F1 to F3), the drug release rate from the tablet was 

found to be increased gradually with increasing the amount of superdisintegrant used. 

This may be attributed to increased hydration followed by increased swelling index of 

superdisintegrant with increasing its concentration. In contrast, the cumulative drug 

release with highest concentration of prosolv-SMCC in the formulations (F7 to F9), was 

found to be decreased in the start of drug release and the variation of release between 

formulae mainly depend on the concentration of superdisintegrant (Figure 5C).  

 

 

Figure 5. Dissolution profiles of different captopril sublingual formulations (A for F1 to 

F3), (B for F4 to F6), (C for F7 to F9) and (D for F-optimized and pharmabrust).  

This may be attributed to increase of superdisintegrant with highest 

concentration of prosolv-SMCC that lead to increased swelling and gelling which 

retarded the drug release. The overall data on the in vitro dissolution studies closely 

indicated that among the nine formulations, the formulae F5 and F6 (Figure 5B) were 

found to be the best with optimum concentration of prosolv-SMCC and mannitol with 

the concentration of superdisintegrant from 6 to 9%. The F-optimize formula (Figure 

5D) using the superdisintegrant (7.82 %) and prosolo-SMCC (30.46 %) ratio, the drug 

exhibited significant swelling properties with optimum release profile. Hence it can be 

concluded that the F-optimized will be suitable for sublingual administration for the 

treatment of hypertension. 
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Response surface design for optimization of captopril sublingual tablets 

All tablet formulations were prepared according to the matrix of the design 

(Table 2) and according to formulae mentioned in Table (3). The responses measured 

(disintegration time “Y1”, and time for 90% (T90) drug release “Y2”) were summarized 

in Figure 1 and 2. These results indicate that the selected variables have strong influence 

on disintegration time and T90 of the sublingual tablets. The resulting equations of 

analysis for each response variable were as follows: 

Y1 = 50.661 - 3.281 X1 - 1.284 X2 + 0.081 X1
2
 + 0.0112 X2

2
 + 0.048 X1X2      (1) 

Y2 = 14.556 - 1.606 X1 - 0.451 X2 + 0.057 X1
2
 + 0.0048 X2

2
 + 0.028  X1X2     (2) 

Equations (1–2) reflect the quantitative influence of the formulation variables, 

i.e, percentage superdisintegrant (X1) and diluent concentration prosolv-SMCC (X2), 

and their interactions on the responses (disintegration time Y1 and T90 Y2). The main 

effect of process variables (X1 and X2) and their interaction (X1X2) on the responses (Y1 

and Y2) were investigated. A positive sign reflects a synergistic effect while a negative 

sign stands for an antagonistic effect. It can be concluded, from regression equation 1, 

X1 and X2 has an antagonistic effect on the disintegration time (Y1). X2
2
 and X1X2 has a 

synergistic effect on disintegration time (Y1). Pareto charts and main effects plots 

(Figure 6A) are used to demonstrate the effect of the independent variables and their 

interactions on the dependent variables. In this case, 4 effects (X1, X2, 2X2 and X1X2) 

have P-values less than 0.05, indicating that they are significantly affected on the 

disintegration time.  

         

                                                               
Figure 6. Estimated response surfaces of 

Standard pareto (A), plot (B), and contour plot 

(C) showing the effects of X1 and X2 on the 

dependent variable disintegration time (Y1)  

Figure 7. Estimated response surfaces of 

Standard pareto (A), plot (B), and contour 

plot (C) showing the effects of X1 and X2 on 

the dependent variable T90 (Y2)  
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From regression equation 2, In this case, 2 effects (2X2 and X1X2) have P-values 

less than 0.05, indicating that they are significantly affected on the T90 these were 

showed in Figure 7A. On the other hand, the variable X2
2
, X1X2 and X1

2
 has a 

significant effect on the Y2 and X1 has a synergistic effect on the T90. Two-dimensional 

response surface plots and the contours of these estimated response surfaces (Figure 6 

B,C and Figure 7 B,C) were determined graphically using the software to understand 

the relationship between the studied factors and the obtained responses. We concluded 

that tablets prepared with gradually increase the concentration of superdisintegrant from 

3 to 9 % effect on disintegration time and T90 among tablets prepared by direct 

compression method (Zade, Kawtikwar et al. 2009 and Hossameldin, et al. 2016). On 

the other hand variation in the concentration of soluble (mannitol) and insoluble 

diluents (prosolv-SMCC) were showed increased disintegration time with increasing the 

concentration of soluble filler (mannitol). Moreover, water soluble filler causes an 

increase in viscosity of the penetrating power fluids which tends to reduce effectiveness 

of disintegrating agents and as they are water soluble, they are likely to dissolve rather 

than disintegrate the tablet (Gopinath, 2012). In case, when the concentration of 

insoluble diluent (prosolv-SMCC) around 30 % which tend to increase the effectiveness 

of superdisintegrants. In contrast, increasing the concentration of the insoluble diluent 

(prosolv-SMCC) to 60 % tend to increasing the viscosity and reducing the penetrating 

and effectiveness of disintegrating agents. From the composition of the multiple 

responses the optimized desirable formula was identified. The F-optimize formula was 

proposed to contain 7.82 % and 30.50 % of X1 and X2, respectively. This optimized 

formula was prepared and characterized for its disintegration time and T90. The 

predicted values obtained from optimization were compared to the observed ones in 

which the residual was calculated and presented in Table 5 and figure 8. The F-

optimized formula where further characterized and compared with captopril sublingual 

pharmabrust formulation (F-pharmabrust). 

 Table 5. Multiple response optimization of captopril sublingual formulations 

 

 

Figure 8. Contours of estimated response surface to determine the optimized formula 
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Comparative study between F-optimized and F-pharmabrust 

Figure (1 and 2) showed the properties of both F-optimized and F-pharmabrust 

tablets. It is clear from the figures that the F-optimize formula had a very significant 

lower disintegration time than F-pharmabrust (12.2 and 16.3 sec respectively), and T90 

(3.2 and 5.0 minute respectively). Additionally, it was clear from the dissolution 

profiles of both formulations that the F-optimize formula gave significant higher 

dissolution rate than F-pharmabrust formula that were shown in Figure 5D. This may be 

attributed to the F-optimize formulation had three superdisintegrants (CCS, CP and SSG 

1:1:1 ratio) with the 30.50 % of prosolv-SMCC which cause enhancement of efficiency 

of superdisintegrants which lead to decrease disintegration time and T90.  

In vivo and pharmacokinetic evaluation in humans 

An in vivo study was done to compare the pharmacokinetic parameters of 

captopril from the F-optimized sublingual formulation with those of the marketed 

captopril tablet. The mean plasma concentration time profiles of captopril after oral 

administration of a single dose (25 mg) for the F-optimized sublingual formulation and 

the marketed tablet are shown in Figure 9. Cmax, tmax, AUC0–240, half-life, Kel, and mean 

residence time for captopril from these formulations are summarized in table 6. On the 

other hand, the in vivo data showed that the oral absorption of captopril from the 

sublingual formulation was markedly higher than that of the marketed tablet. as a result 

of the significant improvement in Cmax from 180.3 to 286.5 ng/mL for the marketed 

tablet and the F-optimized sublingual formulation obtained respectively (Figure 10). 

Moreover, the tmax of the sublingual tablet decreased to 45 min, compared with the tmax 

of 60 min for the marketed tablet. In Table 6, the mean calculated area under plasma 

concentration time curve (AUC0-240) for captopril that taken orally was 26132.5±231.8 

(ng.min/ml). Whereas, the mean of AUC0-240 for F-optimized captopril taken 

sublingually (35858.44±281.95 ng.min/ml) was statistically significant increased by 

37.21 % (P≤0.05) compared to captopril taken orally as shown in Figure 11. These data 

indicate that the sublingual formulation was improved the bioavailability of captopril in 

comparison with the marketed tablet. This leads to acceleration of the onset of action for 

the sublingual tablet when compared with the marketed tablet. Based on these results, 

the F-optimized as well as its formulation as sublingual tablet is a promising method for 

enhanced the oral absorption and bioavailability of captopril.  

Table 6. Pharmacokinetic parameters of captopril in the two groups each group eight 

volunteers when administration sublingual and oral tablets  
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 Figure 9. Mean plasma levels of captopril (ng/ml) in the two groups each 8 volunteers 

after administration of 25 mg F-optimized sublingual and captopril oral tablet using UV 

spectrophotometer at λmax   225 nm. 

  

 

 

Conclusion  

Captopril sublingual formulations were successfully prepared using direct 

compression method. The composition of sublingual tablet could be optimized using 

response surface design so as to obtain rapid disintegration time (12.2 sec) and T90 drug 

dissolution (3.2 min) along with acceptable tablets hardness and friability. In addition, 

the results of the optimization study showed that sublingual tablet containing water 

soluble filler (mannitol) and insoluble diluent (prosolv-SMCC) (31.18 and 30.5 mg 

respectively) can be formulated successfully using mixture of superdisintegrants at 7.82 

% concentration. Furthermore, by comparing the F-optimized formula with F-

pharmabrust it showed significant lower disintegration time and higher dissolution rate. 

Comparison of the pharmacokinetic parameters of the F-optimized captopril sublingual 

tablet with that of the captopril marketed tablet in healthy volunteers showed a 

significant improvement in the onset of action, drug absorption and hence 

bioavailability.  
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الإوسانقراص انكابتوبريم تحت انهسان وذنك نتعزيز حركية اندواء في و استمثال اتصميم   

 نهسادة اندكاترة

 2حسُٙ ػهِٕٛ *1ػلاء ػثذالله ركٗ

 مــــــــــــه

1
 .لسى انصٛذلاَٛاخ ٔانصٛذنح انصُاػٛح، كهٛح انصٛذنح، خايؼح الأصْش، يذُٚح َصش، انماْشج، يصش

2
 يصش. نصٛذنٛح، كهٛح انصٛذنح، خايؼح انذنرا،لسى انًًاسسح ا

ٚؼرثشايرصاص انؼماسػٍ طشٚك انغشاء انًخاطٙ انفًٙ تذٚلا ٔاػذا ػٍ ايرصاصّ ػٍ طشٚك انفى. 

ٔكزنك ٚؼرثشايرصاصح ػٍ طشٚك ذحد انهساٌ اسشع يُّ ػٍ طشٚك انفى. ٔكاٌ انٓذف يٍ ْزِ انذساسح ْٕ ذطٕٚش 

إٌ كاترٕتشٚم ْٕ انذٔاء انًفضم فٙ ػلاج أصيح   .ٍٛ انرٕافش انثٕٛنٕخٙألشاص ذحد انهساٌ يٍ كاترٕتشٚم ٔذحس

ٔلذ ذحمك ذحسٍ يٍ ايرصاص انذٔاء ٔانرٕافش انحٕٛ٘ ػٍ طشٚك خفض  .اسذفاع ضغظ انذو أٔ لصٕس انمهة انحاد

 نذساسح ذأثٛش RSDذى إػذاد ذسؼح ذحضٛشاخ، ٔرنك تاسرخذاو  دسخح حًٕضح انفى تاسرخذاو حًض انسرشٚك.ٔلذ

انًرغٛشاخ ػهٗ خٕاص الألشاص ذحد انهساٌ انًحضشج. ٔرنك نرمٛٛى ٔذطٕٚش ٔذحسٍٛ ألشاص كاترٕتشٚم ذحد 

ٔلد انرفرد  انهساٌ ػٍ طشٚك اسرخذاو انًٕاد ػانٛح انرفرد ترشكٛضاخ يخرهفح ٔكزنك انًٕاد انًضافح. ٔلذ اسرخذو 

انحصٕل ػهٗ انصٛغح الأيثم انًشغٕب فٛٓا يٍ ٔانٕلد انلاصو لاَطلاق انؼماس كًرغٛشاخ نرؼظٛى الاسرفادج يٍ 

ثاَٛح( ٔ  13.34ألشاص ذحد انهساٌ نؼماس انكاترٕتشٚم.  ٔلذ أظٓشخ انُرائح اٌ أدَٗ يسرٕٖ نٕلد انرفرد  ْٕ )

 انًٕاد ػانٛح انرفرد  ٪ يٍ يضٚح22..ٔذركٌٕ انصٛغح انًثهٗ يٍ  3( يٍ خلال صٛغ ذحد انهساT90ٌدلٛمح  2..2)

(X1)  انًٕاد انًضافح   يٍ  ٪33.53يغ(X2) ٔٚرضح يٍ  انفاسياتشٔسد . ٔذًد يماسَح انصٛغح انًثهٗ يغ صٛغح

ثاَٛح ػهٗ انرٕانٙ(، ٔانٕلد انلاصو  16.3ثاَّٛ ٔ  12.2انُرائح أٌ انصٛغح انًثهٗ كاَد ألم ٔلرا فٗ انرفرد يٍ)

ٔلذ أظٓشخ انُرائح   ٗ انفاسياتشٔسد.دلٛمح ػهٗ انرٕانٙ(ػٍ انصٛغح انًحرٕٚح ػه 5.3ٔ  3.2لاَطلاق انؼماس ْٕ )

يم، ٔذمصٛش انٕلد انز٘  َا226.5َٕ إنٗ  123.3أٌ انصٛغح انًثهٗ لذ َرح ػُٓا صٚادج فٙ ذشكٛض انثلاصيا يٍ 

ٔأخٛشا، فإٌ  .دلٛمح يماسَح يغ ألشاص كاترٕتشٚم انرسٕٚمّٛ 45ٚسرغشلّ نهٕصٕل إنٗ ألصٗ ذشكٛض انثلاصيا إنٗ 

ٕتشٚم لذ ذحسٍ ايرصاصٓا ػٍ طشٚك ذحد انهساٌ ٔانز٘ تذٔسِ ٚفضم لأصياخ اسذفاع انصٛغح انًثهٗ يٍ كاتر

 .ضغظ انذو ٔاضطشاتاخ انمهة

 


