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Abstract 
 

Ketotifen KT is one of antiallergic drugs, due to its first pass effect, the bioavailability of the drug is only 50 %. The objective of 

this study was to formulate and evaluate suppositories containing KT a n d / o r  K T  s o l i d  d i s p e r s i o n .  

The in-vitro release of KT from suppositories was done using dialysis membrane method in phosphate buffer at pH 7.4. The release 

of KT from water soluble suppository bases was higher than that from fatty or emulsion suppositories bases. Among all PEGs 

bases (F4: PEG 6000: PG (20: 80)) showed a relatively higher release of KT.  Formulations prepared with glycerin bases gave 

more or less identical release pattern; relatively formula (F17: Gelatin: Glycerin: Propylene glycol: Water) gave the highest release 

pattern. Formula (F20: Suppocire AM) exhibited the highest release rate among fatty bases. Within all emulsion bases (F23: W15: 

W75: Tween 20: Span 60: PEG 1500: Propylene glycol) showed highest release rate. KT solid dispersion led to a higher release rate 

of the drug from selected bases.  

A histological comparison between control group of rabbits (didn`t take suppository), another group took plain suppositories and 

group that received suppositories containing solid dispersion of KT was carried out. The tested plain and medicated bases didn’t 

injure the rectal mucosa of rabbits. In conclusion the incorporation of solid dispersion in formula (F4) complied with the 

pharmacobeial limits for hardness, dissolution time, content uniformity and weight variation. Also it showed a relatively higher in-

vitro release of KT and considered as safe and useful formulation for clinical use. 
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1. Introduction 

        Ketotifen (KT) is one of antiallergic agents which belong 

to the long term preventive medication of asthma as it is the 

second generation H1-antihistamine drugs [1] 

KT recommended dose is 2 mg/day divided into two doses [2]. 

KT is sparingly soluble in water 15.3 mg/L at 25 °C [3], which 

limits its dissolution prior to its absorption and hence could 

limit its bioavailability upon administration. In addition, KT is 

subjected to severe first pass effect and its bioavailability is only 

50% after oral administration, also the drug is reported to be 

75% protein bound [4]. KT is widely used as tablets, capsules, 

syrups, nasal drops and eye-drops (as fumarate salt) [2]. 

There is shortage of the availability of KT in the form of 

suppositories in literatures. 

The advantages  o f  rectal route over other routes of 

administration are due to the reduced side effects such as 

gastrointestinal irritation and the avoidance of both 

unpleasant taste and first pass effect. Furthermore, rectal 

route is suitable for children patients who cannot swallow 

medication and for patients with vomiting episodes [5, 6]. 

Consequently, rectal administration of KT in suppository 

form may exhibit apriority over its oral administration to 

enhance its bioavailability. Many studies have shown that the 

release characteristics of many suppositories depend on the 

physicochemical properties of the drug, suppository base and 

formulation additives [7-10] and a lot of formulations is 

normally required to optimize the ma x i mu m characters of 

suppository preparations. 

For the preparation of proper suppository formulations, it is 

essential to select the ideal bases. An ideal base should be non-

irritating to the sensitive tissues of the rectum. Unfortunately 

many suppository formulations, especially those prepared with 

the polyethylene glycol bases were reported to induce an 

irritation to mucous membranes [11]. Thus, the main objective 

of this study was to formulate and evaluate KT in a rectal 

dosage form, suppositories for children. Different formulations 

were prepared using water soluble PEG, gelatin bases, fatty and 

emulsion bases and investigated for their weight variation, drug 

content, hardness, disintegration time, melting range and in-

vitro release. Furthermore, histological study on rabbit’s rectal 

mucosa was performed to select the most safe and convenient 

suppository base. 

2. Materials and Methods 

2.1. Materials 

Ketotifen was kindly supplied from (Pharco Co., Egypt.), 

Polyethylene glycol 600, 1500, 4000 and 6000 (Sigma Chem. Co., 

USA).Cocoa butter B.P. grade (Al-Goumhouria Co., Egypt). 

Witepsol H15, Witepsol E75, suppocire AM, suppocire CM 

(Gattefosse etablissements, France). Sodium alginate and sodium 

carboxymethyl cellulose (The General Chemical and 
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Pharmaceutical Co., Ltd., England). Propylene glycol (Evans 

Chem. Co., Egypt).Tween 20 and Span 60 (Chemieliva 

Pharmaceutical Co., Ltd., China).Semi-permeable cellulose 

membrane, 12000-140000 MWCO (Sigma Chemicals, St. Louis, 

MO, USA). All other chemicals were of analytical grade and were 

used as received. 

2.2. Preparation of KT solid dispersion 

Solid dispersion of KT with hydroxypropyl-β-cyclodexetrin, (H-β-

CD) at weight ratio 1:7 was prepared by the solvent evaporation 

method as follows. Weighed quantity of KT was dissolved in a 

minimum amount of absolute ethanol; the appropriate amount of 

(H-β-CD) was added. The resulting mixture was stirred until 

evaporation on magnetic stirrer and then the co-precipitates were 

then scrapped and stored in a desiccator over anhydrous CaCl2, to 

constant weight. The evaporated product was ground in a mortar 

and passed through an 180μm sieve and stored in a desiccator until 

further evaluation. [12]  

2.3. Preparation of KT suppositories 

KT suppositories each containing 1mg of the drug and/ or KT 

solid dispersion with hydroxypropyl- β- cyclodextrin at ratio 1:7  

(this ratio resulted in improving solubility as well as drug 

dissolution rate) [12] were prepared using different suppository 

bases (Table1-4). The fusion method was applied to formulate 

different suppository batches.  

2.3.1. Preparation of KT water soluble and fatty 

suppositories bases 

Firstly, the base was melted using water bath at suitable 

temperature then KT powder was added gradually to the melted 

base. Then, gentle stirring was continued to assure complete 

mixing and to enhance cooling. The mixture poured into a metal 

mold (1 g, standard suppository metal mold was made in 

Faculty of Engineering, Assiut University, Assiut, Egypt.) just 

before congealing.  The metal mold was calibrated for 

displacement value of the drug. The selected water soluble 

suppository bases were blends of different molecular weight 

polyethylene glycol and another set of glycero-gelatin 

suppository bases. The fatty bases used were cocoa butter, 

suppocire CM, suppocire AM and witepsol H15. 

2.3.2. Preparation of KT emulsion suppositories bases  

The emulsion bases consist of witepsol H15, witepsol E75 or 

cocoa butter as the oily phase, while water and PEGs were used 

as the aqueous phase. Certain surfactants as tween 20 and span 

60 were used as emulsifying agents. Suppositories of emulsion 

bases were formulated by solubilizing the surfactant in the 

hydrophilic or lipophilic phase and the polymer was solubilized 

in water phase. The used bases were melted then the aqueous 

phase in which the drug is dissolved was added with continuous 

agitation [13]. The mixture was finally poured into a metal 

mold.  

After solidification at room temperature the formulated 

suppositories were packed in tightly closed containers and kept 

in a refrigerator. The suppositories were left for two hours at 

room temperature before use.  

As KT is hydrophobic, the selection of fatty bases was just used 

to predict the release pattern of the drug from these lipophilic 

bases. 

2.4. Evaluation of plain and medicated suppositories 

2.4.1. Weight Variation 

The weight variation test was estimated according to the British 

Pharmacopoeia 2007 [14].  Briefly, twenty suppositories were 

weighed individually and the average weight was calculated.  

No suppositories should deviate from average weight by more 

than 5% except two, which may deviate by not more than 7.5%.  

2.4.2. Disintegration time  

The test was completed in distilled water at 37°C using the 

U.S.P tablets disintegration apparatus (Erweka DT-D6, 

Heusenstamm, Germany). The disintegration time was 

registered as soon as the suppositories placed in the basket 

either totally melted or dissolved [15].  

2.4.3. Hardness (Fracture point) Determination [16, 17] 

Measuring the brittleness and fragility of the suppositories, a 

hardness teste was adopted. Hardness was determined at room 

temperature using a hardness tester (Erweka hardness tester, 

SBT, Heusenstamm, German.) The weight in Kg required for 

the deformation and breaking of the suppositories was 

determined.  

2.4.4. Melting range determination 

The test was executed using the capillary method [18] in electro 

thermal melting point apparatus (Gallenkamp, England). A 

standard capillary tube of 8 to 10 cm in length and 1 to 1.2 mm 

in diameter, opened at both ends was used. One end of the tube 

was immersed into the suppository bases and sufficient amount 

was packed to fill about 1 cm column. The capillary tube was 

then placed in the apparatus attached to a thermometer. The 

melting range was recorded when the contents of the capillary 

tube started to melt. 

2.4.5. Uniformity of drug content 

The British Pharmacopeia (2007) [14] method was applied. Ten 

suppositories were randomly chosen from each formula and 

individually assayed for drug content. A pre weight suppository 

dispersed in 25 ml of phosphate buffer pH 7.4 and allowed for 

gentle heating to melt in a water bath (Gallenkamp, 

Loughborough, UK) and then the volume was completed to 100 

ml by the same buffer. The containers were allowed to agitate in 

water bath for two hours at maintained temperature 37±0.5°C. 

Samples were withdrawn, filtered using 0.45 μm membrane 

filter (Gelman Instrument Co.), suitably diluted and assayed 

spectrophotometrically (Jenway UV single beam 

spectrophotometer Feslted, Dunmow, U.K.,) at λmax 301nm [19] 
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against a blank solution prepared by handling plain 

suppositories by the same procedure.  

2.4.6. In-vitro drug release in phosphate buffer pH 7.4 by 

dialysis method [20] 

Cellophane membrane previously soaked in phosphate buffer 

pH 7.4 was firmly stretched over the end of a glass tube (about 

20 mm internal diameter and 15 cm in length). The tube was 

suspended in a 100 ml glass beaker containing 50 ml of 

phosphate buffer pH 7.4. A volume of 10 ml phosphate buffer 

was poured into the glass tube. The system was placed into a 

constant temperature shaker water bath (37±0.5°C, 100 rpm) 

and one suppository was introduced into the tube. Samples, each 

of 5 mL, were withdrawn from the release medium at specified 

time intervals and replaced by fresh buffer. The samples were 

filtered through 0.45 μm membrane filter and analyzed 

spectrophotometrically at λmax 301nm [19] against a blank of 

plain suppositories treated by the same procedure for medicated 

suppository.  Sink conditions are maintained during the whole 

experiment. The results are reported as the mean values of three 

release experiments. The cumulative percent drug released was 

plotted against time.  

2.4.7. Kinetics of the KT release from suppositories bases 

In order to determine the drug release mechanism, the in-vitro 

release data were fitted into different kinetic models of zero-

order, first order and Higuchi diffusion models. 

Zero-order release                m0–m=Kt                                           (1) 

First-order release                log m=logm0–Kt/2.303                     (2) 

Higuchi model                     m0–m=Kt1/2                                        (3)  

Where m is the amount of the drug remaining in the formulation at 

time t and m0 is the initial amount of the drug in the formulation [21-

23]. The correlation coefficient values (R) were calculated for all the 

models. 

2.5. Administration of suppositories and investigation of the 

rectal mucosal changes 

Experiments were carried out according to the animal ethics 

guidelines of Assiut University, Egypt. Selected plain and 

medicated suppositories of rabbit size containing KT solid 

dispersion (SD.) equivalent to (1mg) of KT were prepared by 

fusion method. The selected formulations are: 

1- (F4) which contained PEG 6000: PG (20:80 %w/w). 

2- (F17) which contained Gelatin: Glycerin: Propylene glycol: 

Water (14:6:40:20%w/w). 

3- (F20) which contained 100% Suppocire AM.  

4- (F23) which contained Witepsol H15: Witepsol E75: Tween 

20: Span 60: PEG 1500: Propylene glycol (20:10:20:5:1:40:20 

%w/w). 

Healthy New Zealand rabbits of either sex weighing about 1.5-

2.0Kg (Animal house of faculty of Medicine, Assiut University- 

Egypt) were used. The rabbits were kept under control for one 

week before study and were kept on standard pellet-diet and tap 

water and were housed at room temperature [24]. 

For each study, one suppository was inserted deeply into the 

rectum of the rabbit. The anus was closed immediately after 

insertion with a thick plaster for one hour to prevent any 

leakage. The insertion was repeated daily for ten days. At the 

end of this period the rabbit was sacrificed. The rectum 

including the anus was removed as one segment (about 5cm in 

length) and preparations of rectal segments for microscopic 

observations were made. The preparations were stained with 

haematoxylin and eosin and examined by the light micro-scope. 

Three rabbits were used for each formula as well as for the 

control (untreated rabbits). 

2.6. Statistical analysis 

All experiments were carried out in three independent 

experiments, and the results were recorded as mean ± standard 

deviation (SD). Statistical analysis of the release data of KT 

from selected suppositories base F4, F17, F20 and F23 and their 

corresponding formulae containing KT/ H-β-CD (1:7) SD. was 

implemented utilizing one-way ANOVA test by means of 

(Graph pad prism program, version 5, San Diego, USA). All 

statistically significant differences were anticipated when 

p<0.05. 

3. Results and Discussion 

3.1. Variation of weight, disintegration time, hardness, 

melting range determination and drug content 

uniformity 

The formulated suppositories were totally formed with fine and 

shinny surface, white or whitish in color for PEGs, fatty and 

emulsion bases and appeared yellow in case of gelatin base. The 

suppositories did not show any fissures, cracks or holes when 

longitudinally cutting. 

It was found that, the weight variation for all tested 

suppositories within the acceptable range of < 5 % (Table 1-4), 

that indicated ideal standardization of mold. 

(Table 1-4) show dissolution times of different suppository 

formulations. They are either dissolved or softened and melted 

within the range of 13-26 min, 18-23 min, 3-6 min, 5-24 min for 

polyethylene glycol, gelatin, fatty and emulsion, respectively. 

The melting time, for a fat based suppositories should not 

exceed 30 minutes, while dissolution time for water soluble 

suppositories should not exceed 60 minutes as declared by The 

B.P. (2007) [15].  

The mechanical strength for the formulated suppositories was in 

the range of 1 to4.6 kg demonstrating optimum hardness for 

handling, shipping and insertion. (Table 1-4) 

The tested formulations showed remarkable variability in 

melting point determination. A narrow melting range is 

significant in preserving the shape of the suppository in room 

temperature and in controlling the melting time of the 

suppository after insertion. Witepsol H15 (F21) has the lowest 

melting range among the other fatty bases (Table 3). Within 

emulsion bases, Witepsol based suppositories (F23, 24) showed 
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higher melting range than cocoa butter based one (F22) as 

demonstrated in table 4.  

Drug content was established to comply with the demands of 

B.P. (2007) [14], the range was from 98.48 – 101.67 % of the 

incorporated amount. (Table 1-4) 

All the previous results showed no differences between the 

physical characteristics of plain and medicated suppositories.  

3.2. In-vitro release of KT from different suppository 

formulation into phosphate buffer at pH 7.4 

As there is no standard official recognized technique or 

apparatus system designed for the release study of drugs from 

suppositories, many researches have been carried out.  

Both direct contact and dialysis methods have been utilized with 

various modifications [25]. Methods of suppository dissolution 

testing without membrane have been developed by simple 

adjustment of the USP tablet dissolution apparatus [26-30]. 

In this study, the dialysis technique was used because the drug 

release will be in a condition similar to that of the rectum [31-

33]. 

3.2.1. In-vitro release of KT from water-soluble 

polyethylene glycol (PEGs) bases 

The in-vitro release of KT from water-soluble bases (F1-F13) is 

demonstrated in (Table 1) and (Figures 1-4). It is clear that the 

release can be affected by the presence of propylene glycol and 

liquid PEGs (600 and1500) and the percent of solid PEGs (6000 

and 4000) in the suppository base which contributed to enhance 

solubility and dissolution in the aqueous medium. 

Increasing concentration of solid PEGs (6000 and 4000) at the 

same time with decreasing the concentration used from PEG 

600, PEG1500 or propylene glycol resulted in rising the melting 

point and increasing hardness of the base as well as the 

hydration process by water uptake followed by formation of 

gelatinous layers which leading to retardation in the in-vitro 

release of the drug and vice versa.   

According to the obtained results, (F4) which contained 20 % 

PEG 6000 and 80 % PG  showed the highest release of the drug 

among the other water soluble polyethylene glycols suppository 

bases used (F1-F13). These results are in a good harmony with 

the previously reported results that showed a higher release of 

propranolol hydrochloride, fenbufen, mebeverine, lornoxicam 

and diclofenac sodium from hydrophilic bases compared to 

lipophilic bases [13, 31, 34-36]. 

3.2.2. In-vitro release of KT from water-soluble gelatin 

bases 

(Table 2) and (Figure 5) represent KT release from different 

gelatin bases. The tested bases followed the following rank: 

F17>F16>F15>F14  

The percentage of KT released after 120 minutes from F17, 

F16, F15 and F14 were 54.99 %, 47.907 %, 39.667 % and 

30.066 % respectively. These results could be clarified on the 

basis that by increasing propylene glycol concentration lead to a 

decrease in the dissolution time and as well as it has an 

enhancing effect on the drug solubility [28]. 

Due to the hypertonic property of glycerin, it has been reported 

that in gelatin suppository formulations propylene glycol and 

polyethylene glycol 600 have been utilized as complete or 

partial substitutes for glycerin which is also not as good solvent 

as the substitute materials [37]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1: In-vitro release of KT from different water-soluble PEGs                   

                   suppository bases (F1-F4) into phosphate buffer at pH 7.4           

                  and 37 ºC. 

 

 
Figure 2: In-vitro release of KT from different water-soluble PEGs                                                                                                                                                                                                                                                                     

                 suppository bases (F5-F7) into phosphate buffer at pH 7.4  

                 and 37 ºC. 
 

 
Figure 3: In–vitro release of KT from different water-soluble PEGs  

       suppository bases (F8-F10) into phosphate buffer at pH 7.4  

       and 37 ºC. 
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3.2.3. In-vitro release of KT from fatty bases 

The KT release results from these bases were less than that 

obtained from the water-soluble and emulsion bases and this 

was predictable due to the more affinity of the hydrophobic KT 

to the lipophilic bases as shown in the (Table 3) and (Figure 6). 

The tested bases followed the rank of: F20>F21 >F19 >F18 

Suppocire AM >Witepsol H15 >Suppocire CM > Cocoa 

butter 

These results can be assigned to dependency of the release on 

melting behavior, chemical composition of base and the 

partition coefficient of KT between the base and the buffer.  

Synthetic suppository bases are mixtures of fatty acid esters 

with certain amounts of glycerides. Their hydroxyl values 

represent the presence of mono and diglycerides, which also 

indicate the availability of free hydroxyl groups in the bases 

[37]. It was reported that higher release of many drugs was 

expected from bases with low hydroxyl values which reflects 

the low affinity of the drugs to these bases [38]. In the present 

formulations, suppocire AM (F20) gave higher release than 

witepsol H15 (F21), this may be attributed to the lower hydroxyl 

value of suppocire AM (≤ 6) in comparison to witepsol H15 (≤ 

15) [39], in addition to the short dissolution time of suppocire 

AM  as shown in (Table 3).  

Calis et al. [38] reported that the release of the potent 

antimicrobial agent (C31G) was higher from suppocire than 

from witepsol H15.  

Although, Witepsol H15 (F21) has melting range (34-35ºC) as 

same as that of cocoa butter (F18), it gave higher KT release. 

This is can be explained by the difference in chemical 

composition between them. The presence of self emulsifying 

agents in witepsol H15 may facilitate the dispersion of KT in the 

surrounding medium [40]. 

It is clear that cocoa butter showed the slowest release among 

the other emulsion bases. This is due to the existence of 

monoglycerides esters in both suppocire and witepsol H15 bases 

which work as self emulsifiers resulting in high emulsifying and 

water absorbing capacities accountable for increasing drug 

release [13]. 

A good agreement between these results and the reported results 

of higher release of ciprofloxacin hydrochloride and propranolol 

hydrochloride from witepsol H15 based suppositories than from 

cocoa butter suppositories. 

In the case of suppocires, the KT release from suppocire AM 

(F20) was found to be higher than suppocire CM (F19). This is 

may be due to the high melting range of suppocire CM (38-

39ºC) compared to that of suppocire AM (35-36.5ºC) [17, 38]. 

 

 

 

 

 

 

 

 

 

 

3.2.4. In-vitro release of KT from emulsion bases 

The in vitro release of KT from emulsion suppositories is listed 

in (Table 4) and demonstrated in (Figure 7). The emulsion 

bases followed the rank of: F23>F22 >F24  

The melting range and the dissolution time of the suppository 

base are dependent on the base components. In this regard, 

witepsol H15 when used as the oily phase led to the formation of 

an emulsion with low melting range and short dissolution time 

compared to witepsol E75. Presence of PEG 1500 with 

propylene glycol in the base as the aqueous phase instead of 

water resulted in a higher KT release rate. This might be due to 

 
  Figure 4: In-vitro release of KT from different water-soluble PEGs  

                 suppository bases (F11-F13) into phosphate buffer at pH 7.4  

                 and 37 ºC. 

 

 
      Figure 5: In vitro release of KT from different water-soluble gelatin  

                      suppository bases (F14-F17) into phosphate buffer at pH 7.4  

                      and 37 ºC. 

 

 

 
   Figure 6: In-vitro release of KT from different fatty suppository bases  

                    (F18-F21) into phosphate buffer at pH 7.4 and37 ºC. 
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the concomitant rapid dissolution of the suppository and the 

influence of PG and PEGs on the solubility of drug.  

The relative enhancement of KT release from emulsion bases 

may be due to the presence of nonionic surfactant, tween 20, 

which improves the wettability of the base and increases the 

dispersion of the drug into the surrounding medium [31,39]. 

Also, the surfactant may increase the rate of diffusion through 

the cellophane membrane [29]. 

Suppositories contained sodium CMC (F24) displayed small 

lower release in comparison to suppositories containing sodium 

alginate (F22), this could be due to the higher gelling effect 

offered by sodium CMC [42]. 

From the results of the release of KT from different suppository 

bases can be ranked follows: Water soluble bases > Emulsion 

bases > fatty bases 

A good agreement of these results with those obtained by El-

Nabarawi et al., [43] who worked on tramadol hydrochloride 

suppositories and reported that drug released more rapidly from 

hydrophilic bases than lipophilic ones and the release of 

isoconazole nitrate [44] was higher from hydrophilic bases 

compared to lipophilic ones. 

 

 

 

 

 

 

 

 

 

 

 

3.3. In-vitro release of KT from selected suppository bases 

containing KT solid dispersion with H-β-CD (1:7) 

(Figures 8-12) show the release profiles of KT from the 

selected suppository bases (water soluble PEG base, F4), 

(water-soluble gelatin base, F17), (fatty base, F20) and 

(emulsion base, F23) respectively containing solid dispersion of 

KT/ H-β-CD (1:7), into phosphate buffer at pH 7.4. 

The selected suppository formulae were utilized to study the 

effect of solid dispersion incorporation on their physical 

parameters as shown in tables 1-4. The results revealed that 

solid dispersion has no effect on the physical characteristics of 

the tested bases. 

The KT solid dispersion (SD. KT) led to a higher release rate of 

the drug from each of the selected bases compared to that of the 

untreated drug. The improved drug release after the 

incorporation of solid dispersion may be due to the increased 

wettability, solubilization, and transformation of the drug from 

the crystalline state to the amorphous one [45]. This was 

confirmed by DSC, P-XRD and SEM through the formation of 

drug-solid dispersion with H-β-CD in our previous study [12]. 

It was reported that solid dispersions of azapropazone with PVP 

K30 and surface deposition of azapropazone with fluorite were 

used in preparing suppository formulations using hydrophilic 

suppository base (mixtures of PEGs). The drug release rate from 

the base was remarkably increased using solid dispersion and 

solvent deposition techniques in comparison to the untreated 

drug [46]. 

Statistical analysis of the release data of KT from F4, F17, F20 

and F23 in addition to the corresponding formulae containing 

KT/ H-β-CD (1:7) SD. was done by ANOVA test. It was found 

that there was a highly significant difference between the 

release from suppository formulae containing only the drug (F4, 

F17, F20 and F23) and that containing KT SD. (P≤ 0.001). 

Also it was found that there was a significant difference 

between the amount release of KT from formula (F4 SD.) and 

that obtained from formula (F17 SD.) (P ≤ 0.01) till the first 30 

minutes, then a non significant difference between them till the 

end of the 180 minutes (P > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Figure7: In-vitro release of KT from different emulsion suppository  

                    bases (F22-F24) into phosphate buffer at pH 7.4 and 37 ºC. 

 

 
     Figure 8: In-vitro release of KT from the selected base F4 containing  

                      SD. of KT with HP-β-CD (1:7) in phosphate buffer pH 7.4  

                      and 37ºC. 

 

 
      Figure 9: In-vitro release of KT from the selected base F17containing  

                       SD. of KT with H-β-CD (1:7) in phosphate buffer pH 7.4  

                       and 37ºC. 
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Table (1): Composition and characterization of water soluble PEG suppository formulations. 

 
Suppository 

composition 

Average weight 

(g ± S.D)* 

Dissolution 

Time 

(min.± S.D) # 

Hardness 

(kg ± S.D)# 
Melting range (º C) # 

Drug content in 

medicated 

suppositories 

(mg ± S.D)** 

Amount released 

at 180 min (%) 
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F1 

PEG 6000: 

PG 

60:40 

1.096 

± 

0.022 

1.168 

± 

0.007 

 
20 ± 
1.16 

22 
±0.52 

 
1.6 ± 
0.15 

1.8 

± 

0.33 

 - -  
98.99 
± 1.01 

 
27.973
±0.681 

 

F2 

PEG 6000: 

PG 

50:50 

1.11 ± 

0.026 

1.193 

± 

0.014 

 
18 ± 

0.45 

19 

±0.37 
 

1.4  

± 

0.44 

1.6 

± 

0.21 

 - -  
99.93 

± 0.91 
 

31.847

±0.266 
 

F3 

PEG 6000: 

PG 

40:60 

1.118 

± 

0.009 

1.131 
± 0.02 

 
17 ± 
0.76 

18 
±0.68 

 
1 ± 
0.43 

1.20 

± 

0.51 

 - -  
100.12 
± 0.88 

101.87 
±0.56 

45.036
±0.835 

 

F4 

PEG 6000: 

PG 

20:80 

0.989

± 

0.017 

0.966

± 

0.029 

1.023 
±0.044 

14 ± 
1.03 

13 
±0.92 

14± 
1.89 

1.2 ± 
0.35 

1.2 

± 

0.62 

1.4 

± 

0.83 

38-
39 

39-
40 

39-
40 

100.97
±0.34 

 
56.977

±0.911 

99.80± 

0.921 

F5 

PEG 6000: 

PEG 600 
60:40 

1.123

± 
0.011 

1.29 ± 

0.03 
 

24 ± 

1 

26 

±0.27 
 

4.4 ± 

0.78 

4.4 

± 
0.4 

 - -  
100.52

±0.59 
 

13.153

±0.691 
 

F6 

PEG 6000: 

PEG 600      
50:50 

1.006

± 
0.034 

1.086 

± 
0.047 

 
23 ± 

0.2 

23 

±0.49 
 

4 ± 

0.29 

4.2 

± 
0.57 

 - -  
99.16± 

0.37 
 

18.257

±0.898 
 

F7 

PEG 6000: 

PEG 600 
40:60 

1.202

± 
0.006 

1.11 ± 

0.024 
 

21 ± 

0.26 

23 

±0.41 
 

3.8 ± 

0.47 

4 ± 

0.31 
 - -  

100.02

±0.87 
 

24.617

±0.305 
 

F8 

PEG 4000: 

PEG 600 60: 
40 

0.981

± 
0.062 

1.009 

± 
0.087 

 
22 ± 

0.53 

24 

±0.61 
 

3.4 ± 

0.57 

3.2 

± 
0.28 

 - -  
101.37

±0.38 
 

23.417

±0.428 
 

F9 
PEG 4000: 
PEG 600 

50:50 

1.106
± 

0.033 

1.2 ± 

0.06 
 

20 ± 

0.35 

21 

±0.83 
 

3 ± 

0.39 

3.2 
± 

0.19 

 - -  
99.28±

0.73 
 

27.443

±0.480 
 

F10 
PEG 4000: 
PEG 600 

40:60 

0.989
± 

0.071 

1.009 
± 

0.012 

 
19 ± 

1.11 

22 

±0.89 
 

2.6 ± 

0.28 

2.6 

±0.4 
 - -  

100.15

±0.19 
 

38.38± 

0.554 
 

F11 
PEG 6000: 
PEG 1500 

30:70 

0.940
± 

0.087 

0.966 
± 

0.014 

 
22 ± 

0.66 

22 

±0.87 
 

4 ± 

0.42 

4.2 
± 

0.27 

 - -  
99.18± 

0.54 
 

51.187

±0.301 
 

F12 

PEG 6000: 

PEG 1500 : 

water 
50:30:20 

0.906
±0.03

3 

0.972 
± 

0.018 

 
23 ± 

1.04 

24 

±0.91 
 

4.4 ± 

0.37 

4.6 
± 

0.13 

 - -  
98.48± 

0.78 
 

41.37± 

0.459 
 

F13 

PEG 4000: 

PEG 1500 

25:75 

0.991

± 

0.083 

1.006 

± 

0.009 

 
20 ± 
0.58 

21 
±0.84 

 
3.8 ± 
0.11 

4 ± 
0.19 

 - -  
99.97± 

0.61 
 

54.977
±0.761 

 

# Results represent mean ± standard deviation of 5 observations.  
* Results represent mean ± standard deviation of 20 observations.  

** Results represent mean ± standard deviation of 10 observations. 
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Table (3): Composition and characterization of fatty suppository formulations. 

Code 
Suppository 

composition 

Average weight 

(g± S.D)* 

Dissolution 

Time 

(min.± S.D) # 

Hardness 

(kg ± S.D)# 

Melting range (º 

C) # 

Drug content in 

medicated 

suppositories 

(mg ± S.D)** 

Amount 

released at 180 

min (%) 
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F18 Cocoa butter 
0.992±
0.062 

1.004 

± 

0.034 

 
3  ± 

1 
5  ± 
0.2 

 
1.6 

±0.56 
1.8 ± 
0.12 

 
34-
35 

34-
36 

 
100.22
±0.5 

 
7.3866
±0.428 

 

F19 Suppocire CM 
0.953±
0.009 

0.899 

± 

0.085 

 
5 ± 
0.51 

6 ± 
0.78 

 
1.4 

±0.24 
1.6 ± 
0.31 

 
37-
38 

38-
39 

 
100.91
±0.63 

 
15.77± 
0.875 

 

F20 Suppocire AM 

0.987 

±  

0.017 

0.991 
±0.051 

0.995 
±0.077 

4 ± 
0.79 

5 ± 
1.01 

5± 
1.12 

1± 
0.43 

1.2 ± 
0.7 

1.2 ± 
0.92 

36-
37 

36-
37 

37-
38 

99.74 
± 1.07 

100.54 
± 0.92 

27.187

±1.211 

48.51 

± 

1.110 

F21 Witepsol H15 
0.956±
0.078 

0.983 

± 
0.006 

 
5 ± 
1.12 

6 ± 
0.45 

 
1 ± 
0.29 

1.2 ± 
0.52 

 
33-
34 

34-
36 

 
100.99 
± 0.21 

 
23.177
±0.676 

 

 # Results represent mean ± standard deviation of 5 observations.  

 * Results represent mean ± standard deviation of 20 observations.  

 ** Results represent mean ± standard deviation of 10 observations. 

Table (4): Composition and characterization of emulsion suppository formulations. 

Code 
Suppository 

composition 

Average weight 

(g ± S.D)* 

Dissolution 

Time 

(min.± S.D) # 

Hardness 

(kg ± S.D)# 

Melting range (º C) 

# 

Drug content in 

medicated 

suppositories 

(mg ± S.D)** 

Amount 

released at 180 

min (%) 
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F22 

Cocoa butter: 
Sodium alginate: 

Tween 20: 

Distilled water 
74:2:4:20 

0.889±
0.02 

0.991 

± 

0.032 

 
5 ± 
0.92 

7 
±0.27 

 
1.4 ± 
0.61 

1.6 ± 
0.13 

 
33-
34 

34-
35 

 
101.67
±0.46 

 
40.48± 
0.7033 

 

F23 

W15: W75: Tween 

20: Span 60 

: PEG 1500: 

Propylene glycol 

24: 10: 5: 1: 40: 20 

0.875±

0.033 

0.868 

± 

0.051 

0.993 

± 

0.046 

19 ± 

1.03 

19 ± 

0.78 

20 

±0.32 

1.2 ± 

0.34 

1.4 ± 

0.55 

1.4 ± 

0.76 

35-

36 

35-

36 

36-

37 

100.03 

± 0.29 

99.98 

± 0.41 

48.836 

± 

0.605 

60.01 

± 

0.555 

F24 

W75: Sodium 

CMC: Tween 20 

: Distilled water 
50: 1: 4: 45 

0.994±

0.067 

1.001 
± 

0.014 

 
24 ± 

0.56 
23 ±1  

1 ± 

0.19 

1 ± 

0.23 
 

36-

37 

37-

38 
 

99.65 
± 

0.88 

 
37.68 

± 

0.363 

 

   # Results represent mean ± standard deviation of 5 observations.  

   * Results represent mean ± standard deviation of 20 observations.  

   ** Results represent mean ± standard deviation of 10 observations. 

 

Table (2): Composition and characterization of water soluble gelatin suppository formulations. 

Code 
Suppository 

composition 

Average weight 

(g ± S.D)* 

Dissolution 

Time 

(min.± S.D) # 

Hardness 

(kg ± S.D)# 

Melting range (º C) 

# 

Drug content in 

medicated 

suppositories 

(mg ± S.D)** 

Amount 

released at 180 

min (%) 
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F14 
Gelatin: Glycerin: 

Water 14:46:40 

0.948

± 
0.065 

0.997 

± 
0.018 

 
22 ± 

0.84 

23 

±1.22 
 - -  - -  

98.55± 

0.83 
 

35.923

±0.751 
 

F15 

Gelatin: Glycerin: 

Propylene glycol: 
Water  

14:26:20:40 

0.979

± 

0.078 

1.17 ± 
0.009 

 
20 
±1 

21 
±0.78 

 - -  - -  
99.87± 

0.65 
 

47.683
±0.485 

 

F16 

Gelatin: Glycerin: 
Propylene glycol: 

Water 

14:16:30:40 

1.103

± 
0.02 

0.998 

± 
0.053 

 
19 ± 

1.12 

22 

±0.32 
 - -  - -  

100.24±

0.34 
 

58.11± 

1.112 
 

F17 

Gelatin: Glycerin: 

Propylene glycol: 
Water 14:6:40:40 

1.021

± 
0.04 

1.098 

± 0.01 

1.044 

±0.69 

18 ± 

0.21 

18 

±0.69 

17± 

0.58 
- - - - - - 

101.02±

0.11 

99.08 

±0.138 
64.273

±0.146 

98.01±

0.136 

   # Results represent mean ± standard deviation of 5 observations.  

   * Results represent mean ± standard deviation of 20 observations.  

   ** Results represent mean ± standard deviation of 10 observations. 
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3.4. Kinetic analysis of the release of untreated KT and KT 

solid dispersion from the prepared suppository bases 

In order to get insights into the mechanism of drug release, 

linear regression analysis of the data of KT release from the 

water-soluble PEGs bases (F1-F13), water-soluble gelatin bases 

(F14-F17), fatty bases (F18-F21) and emulsion bases (F22-F24) 

as well as the release of  KT solid dispersion with 

hydroxypropyl-β-cyclodexetrin (1:7) from selected 

suppositories bases into phosphate buffer at pH 7.4 was fitted 

into zero, first order kinetics and Higuchi model of diffusion 

equations [22]. Results are summarized in (Table 5, 6).  

In case of similarity in coefficient of variation between zero-

order and Higuchi model of diffusion Schwartz slope was used 

to differentiate between them. Deviation of Schwartz slope from 

0.5 declines the Higuchi model of diffusion [23]. 

The in vitro release results showed that the release of KT from 

different suppositories bases is most fitted to zero order 

mechanism according to the higher correlation coefficient. 

These results are as same as the reported result obtained from 

Muaadh A M Ali [47] who found that, the release pattern of 

metoclopramide Hcl from suppositories was fitted to zero order 

mechanism.  

3.5. Histological studies of the effect of selected suppository 

formulations on the rectal mucosa of rabbits 

For the preparation of proper suppository formulations, it is 

essential to select the ideal bases. An ideal base should be non-

irritating to the sensitive tissues of the rectum. Unfortunately 

many suppository formulations, especially those prepared with 

the polyethylene glycol bases were reported to induce an 

irritation to mucous membranes [11]. 

Photomicrographs of the rabbit rectal mucosa after chronic 

treatment with 8 different samples for 10 days are illustrated in 

(Figures 13-17).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Figure 10: In-vitro release of KT from the selected base F20 containing  

                       SD. of KT with HP-β-CD (1:7) in phosphate buffer pH 7.4  

                       and 37ºC. 

 

 
    Figure 11: In-vitro release of KT from the selected base F23 containing  

                       SD. of KT with HP-β-CD (1:7) in phosphate buffer pH 7.4  

                       and 37ºC. 

 
 

 
     Figure 12: In-vitro release of KT from the selected base F4, F17, F20  

                        and F23 containing SD. of KT with HP-β-CD (1:7) in  

                        phosphate buffer pH 7.4 and 37ºC. 

 

 
         Figure 13: Shows the normal rectal mucosa of the control  

                            group of rabbits. 
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  Table (5): Release characteristics of KT from water soluble suppository formulations. 

Code 
 

Suppository composition 
Zero Order 

R2 

First order 

R2 

Higuchi 

Diffusion 

model 

R2 

K Value 

(mg ml-1  min-1) 
 

Order of 

release 

Order of release 

After Schwartz slope was 

deviated from 0.5. 

F1 
PEG 6000: PG 60:40 

 
0.9777 -0.5402 0.9644 0.1552 Zero order Zero order 

F2* PEG 6000: PG 50:50 0.9667 -0.5358 0.9727 0.17924 Zero order Zero order 

F3 PEG 6000: PG 40:60 0.9827 -0.5174 0.9799 0.248 Zero order Zero order 

F4* 

 
PEG 6000: PG 20:80 0.9476 -0.4932 0.9923 0.3381 Zero order Zero order 

F4 SD. PEG 6000: PG 20:80 0.98832 -0.52925 0.984407 1.513 Zero order Zero order 

F5 PEG 6000: PEG 600 60:40 0.9955 -0.5564 0.9462 0.808 Zero order Zero order 

F6 PEG 6000: PEG 600 50:50 0.9985 -0.551 0.9607 0.099 Zero order Zero order 

F7 PEG 6000: PEG 600 40:60 0.9982 -0.544 0.962 0.134 Zero order Zero order 

F8 PEG 4000: PEG 600 60: 40 0.985 -0.547 0.9323 0.1177 Zero order Zero order 

F9 PEG 4000: PEG 600 50:50 0.999 -0.5403 0.9581 0.1507 Zero order Zero order 

F10 PEG 4000: PEG 600 40:60 0.9957 -0.5223 0.9603 0.2244 Zero order Zero order 

F11* PEG 6000: PEG 1500 30:70 0.9603 -0.503 0.9816 0.3029 Zero order Zero order 

F12 
PEG 6000: PEG 1500 : water 

50:30:20 
0.9601 -0.431 0.8829 0.3025 Zero order Zero order 

F13 PEG 4000: PEG 1500 25:75 0.9649 -0.424 0.8818 0.3199 Zero order Zero order 

F14 
Gelatin: Glycerin: Water 

14:46:40 
0.9216 -0.4592 0.9102 0.2123 Zero order Zero order 

F15 
Gelatin: Glycerin: Propylene 

glycol: Water  14:26:20:40 
0.9372 -0.4393 0.9083 0.2818 Zero order Zero order 

F16 
Gelatin: Glycerin: Propylene 
glycol: Water 14:16:30:40 

0.9434 -0.4175 0.9102 0.2123 Zero order Zero order 

F17* 
Gelatin: Glycerin: Propylene 

glycol: Water 14:6:40:40 
0.9242 -0.3991 0.9268 0.38367 Zero order Zero order 

F17 

SD.* 

Gelatin: Glycerin: Propylene 

glycol: Water 14:6:40:40 
0.8808 -0.0003 0.8915 0.932938 

Higuchi 

Diffusion 
K= 8.2706 

Zero order 

     *Schwartz slope was deviated from 0.5. 

 

Table (6): Release characteristics of KT from fatty and emulsion bases suppository formulations. 

Code 
 

Suppository composition 

Zero 

Order 
R2 

First order 

R2 

Higuchi 

Diffusion 

model 

R2 

K Value 

(mg ml-1  min-1) 
 

Order of release 

Order of release 

After Schwartz slope was 

deviated from 0.5. 

F18 Cocoa butter 0.9887 - 0.5428 0.8425 0.0393 Zero order Zero order 

F19 Suppocire CM 0.9887 - 0.4829 0.8459 0.0859 Zero order Zero order 

F20 Suppocire AM 0.9786 -0.4679 0.8829 0.1639 Zero order Zero order 

F20 

SD.* 
Suppocire AM 0.89735 -0.51418 0.9837 0.294624 

Higuchi 

Diffusion 
K= 3.9346 

Zero order 

F21 Witepsol H15 0.9898 -0.4729 0.8812 0.1384 Zero order Zero order 

F22 

Cocoa butter: Sodium alginate: 
Tween 20: Distilled water 

74:2:4:20 0.8886 -0.4512 0.8755 0.2474 
Zero order Zero order 

F23 

W15: W75: Tween 20: Span 60 
: PEG 1500: Propylene glycol 

24: 10: 5: 1: 40: 20 
0.8996 -0.4374 0.8906 0.2946 

Zero order Zero order 

F23 

SD.* 

W15: W75: Tween 20: Span 60 

: PEG 1500: Propylene glycol 
24: 10: 5: 1: 40: 20 

0.84824 -0.48198 0.9623 0.39604 

Higuchi 

Diffusion 
K= 5.4734 

Zero order 

F24 

W75: Sodium CMC: Tween 20 

: Distilled water 

50: 1: 4: 45 
0.9158 -0.4549 0.8861 0.2295 

Zero order Zero order 

  *Schwartz slope was deviated from 0.5. 
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(Figure 13) shows the normal rectal mucosa with its normal 

mucosal folds in which the simple columnar surface epithelium 

facing the lumen. The mucosal crypts are lined up in parallel 

and their mouths are open to the lumen. A clear lamina propria 

that consists of loose connective tissue surrounds the mucosal 

glands and extends from the surface epithelium to the smooth 

muscle cells of the muscularis mucosa [48]. 

(Figure 14a) shows the rectal mucosa after the treatment with 

plain (F4) PEG base. The lining epithelium exhibited an 

increase in the cell height (E) and displacement of nuclei 

towards the apical surfaces of the cells. The lamina propria (LP) 

showed few cell infiltration and slight oedema at its lower parts. 

However, there is no marked loss in the surface epithelial lining. 

These results can be attributed to the dehydrating effect of the 

base resulting in water withdrawal towards the lumen. Similar 

results were also found by Reid et al., [49] while working on 

Wister rats. 

(Figure 14b) shows the rectal mucosa after the treatment with 

(F4) PEG base containing the solid dispersion of KT [(F4) SD.]. 

The mucosa exhibited an increase in the activity of mucous 

glands (G) which indicated by an increase in the size of its 

lining mucous cells compared with Figure (14 a). The blood 

capillaries (C) in the lower part of the lamina propria (LP) 

showed a slight dilatation of blood capillaries (BV) associated 

with few eosinophil and plasma cell perivascular cell infiltration 

[50-52]. The mucous glands may participate in the drug 

absorption process from the rectal lumen. The dilatation in 

capillaries is also a sign of this absorption process [53]. 

(Figure 15a) shows the rectal mucosa after the treatment with 

plain (F17) glycerin base. Irritation and distortion of the lining 

of the rectal mucosa with marked infiltration of neutrophils can 

be noticed. Also, hyperemia of the rectal mucosa with minimal 

amounts of hemorrhage (H) and mucus discharge has been 

found [54] 

(Figure 15b) shows the rectal mucosa after the treatment with 

(F17) glycerin base containing the solid dispersion of KT [(F17) 

SD.]. The changes were similar to those shown in (Figure 15a) 

with increase in the activity of mucous glands which may be 

attributed to absorption process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

(Figure 16a) shows the rectal mucosa after the treatment with 

plain (F20) suppocire AM suppositories. An increase in the 

number of goblet cells and mucous glands (G) with slight 

perivascular cell infiltration around blood capillaries were 

a) 

 
b) 

 
       Figure 14: Shows rabbit’s rectal mucosa a- after the treatment  

                          with plain (F4) PEG base and b- after the treatment  

                          with medicated (F4) SD. PEG base. 

 

a) 

 

b) 

 
   Figure 15: Shows rabbit’s rectal mucosa a- after the treatment  

                      with plain (F17) glycerin base and b- after the  

                      treatment with medicated (F17) SD. glycerin base. 
 

a) 

 
b) 

 
  Figure 16: Represents the effect on rabbit’s rectal mucosa by  

                     a- plain fatty base (F20) and b- medicated fatty base   

                     (F20) SD. 
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observed. The changes observed cannot be considered as 

damage to the rectal mucosa. [48].  

(Figure 16b) shows the rectal mucosa after the application of 

medicated suppositories [(F20) SD]. The changes were similar 

to those shown in (Figure16a) with slight edema and 

perivascular cell infiltration of lamina propria (LP). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

As can be shown from (Figure 17a) and (Figure 17b), 

representing the effect of plain emulsion base (F23) and 

medicated [F23 SD.] respectively, on the rectal mucosa. They 

exhibited the same appearance as that observed with PEG base 

as they contain PEG 1500 in their composition in addition to 

Witepsol H15 and Tween surfactant which was reported to 

induce histological changes in the rectal mucosa. These changes 

are attributed to their dehydrating effect and may result in 

enhancement of rectal permeability [11]. 

4. Conclusion: 

In conclusion, hydrophilic bases were preferable than lipophilic 

bases in terms of their ability to release KT from the suppository 

formulations. Within the different bases used, water soluble 

PEG base (F4), water soluble gelatin base (F17), fatty base 

(F20) and emulsion base (F23) gave the highest drug release 

rate and they were selected as the bases of choice. Solid 

dispersion of KT / hydroxypropyl-β-cyclodextrin at ratio of 

(1:7) in the form of rectal suppository (F4) composed of 20 % 

of PEG 6000 and 80 % of PG was found to have a higher in 

vitro drug release rate. Also, it exhibited the least effects on 

rabbit’s rectal mucosa. These results confirm the potential of 

KT solid dispersion in suppository dosage form, containing 

(1mg) of KT, as a viable alternative to oral dosage forms for the 

safe and efficient management of the chronic asthma especially 

for children asthmatic patients when taken twice daily. 

Declaration of Interest  

Authors declare that there's no financial/personal interest or 

belief that could affect their objectivity, or if there is, stating the 

source and nature of that potential conflict. 

Also the authors confirm that the validity of research, not be 

influenced by a secondary interest, such as financial gain. 

References 

[1] Sayeed M.A., Farhad F.M., Tareq S.M., Ikram M., Islam M.N., Siddique 

S.A., and Das D., A study of in vitro interaction of ketotifen fumarate with 
Domperidone at different gastric and intestinal PH. Russian Open Medical 

Journal, 2014. 3(204): p.1-6. 

[2] Grahnen A., Lonnebo A., Beck O., Eckernas S.A., Dahlstrom B., and 
Lindstrom B., Pharmacokinetics of ketotifen after oral administration to healthy 

male subjects. Biopharm. Drug Dispos, 1992.13(4): p. 255 – 262. 

[3] US EPA; Estimation Program Interface (EPI) Suite. Ver.3.11. June 10, 2003. 
Available from, as of September 22, 2004: 

[4] Yagi N., Taniuch Y., Hamada K., Sudo J.I., and Sekikawa H., 
Pharmacokinetics of ketotifen fumarate after intravenous, intranasal, oral and 

rectal administration in rabbits. Biolog. and Pharmac. Bulletin, 2002. 25 (12): 

p.1614-1618. 
[5] Tukker J. Rectal and vaginal drug delivery. In: Pharmaceutics, The Science 

of Dosage Form Design (Aulton ME, ed.). Churchill Livingstone, Edinburgh, 

UK, 2009; pp. 534-543. 
[6] Vincent Jannina,,Gilles Lemagnen ,Pascale Gueroult, Denis Larrouture, 

Catherine Tuleu Gattefossé , Rectal route in the 21st Century to treat children. 

Advanced Drug Delivery Reviews, 2014. 73: p. 34–49.  
[7] Zuber M, Pellion B, Arnaud P, Chaumeil JC. Kinetics of theophyline release 

from suppositories in vitro: Influence of physicochemical parameters. Int J 

Pharm., 1988. 47: p. 31-36. 
[8] Onyeji CO, Adebayo AS, Babalola CP. Effects of absorption enhancers in 

chloroquine suppository formulations: I. In vitro release characteristics. Eur J 

Pharm Sci,. 1999. 9: p. 131-136. 
[9] Realdon N, Ragazzi E, Ragazzi E. Effects of drug solubility on in vitro 

availability rate from suppositories with lipophilic excipients. Pharmaz, 2000. 

55: p. 372-377. 
[10] Realdon N, Ragazzi E, Ragazzi E. Effect of drug solubility on in vitro 

availability rate from suppositorieswith polyethylene glycol excipients. 

Pharmazie, 2001. 56: p.163-167. 
[11] Aly A.S., Pharmaceutical studies on the availability of certain drugs from 

suppository bases. Master Thesis, Faculty of Pharmacy, Assuit University, 

1987. 
[12] Fergany A. Mohamed, Dina F. M. Mohamed and Omnia A. E. Mahmoud, 

Solubility and dissolution enhancement of ketotifen by solid dispersion 

technique. Bulletin of Pharmaceutical Sciences Assiut University. 2015. 38 (1): 
p. 1-18. 

[13] El-Shanawany S. and Aly S. A., Formulation of propranolol hydrocholide 

suppositories and pharmacological evaluation in rabbits. Eur. J. Pharm. 
Biopharm., 1994. 40 (5): p. 327-332. 

[14] British Pharmacopeia, Vol. IV, The Stationary Office, London, 2007. 

Appendix XII G, A 304. 
[15] British Pharmacopeia, Vol. IV, The Stationary Office, London, 2007. 

Appendix XII C, A 277. 

[16] Ghorab D., Refai H. and Tag R., Preparation and evaluation of fenoterol 
hydrobromide suppositories. Drug Discoveries & Therapeutic, 2011. 5(6): p. 

311-318.  

[17] El-Majri M. A. and Sharma R. K., Formulation and evaluation of piroxicam 
suppositories. International Journal of Drug Delivery, 2010. 2: p. 108-112. 

[18] Gold M., VePuri M. and Block L. H., Suppository Development and 

Production, Chapter (12). In: Pharmaceutical Dosage Forms, Disperse Systems, 
Vol. 2, 2nd Edn., Lieberman H. A., Rieger M. M. and Banker G. S. (Eds.), 

Marcel Dekker, Inc., New York 1996. p. 447-496. 

[19] Mihun Z., Kuftinec J., Hofman H., Zinic M., and Kajfez F., Ketotifen In: 
Analytical Profile Of Drug Substances, K. Florey (ed.), Academic press, Inc., 

London, UK, 1984. 13: p. 240-262. 

[20] Samy E. M., Hassan M. A., Tous S. S. and Rhodes C. T., Improvement of 
availability of allopurinol from pharmaceutical dosage forms I- Suppositories. 

Eur. J. Pharm. Biopharm., 2000. 49: 119-127. 
[21] Dangprasirt P, Pongwai S. Development of diclofenac sodium controlled 

release solid dispersion powders and capsules by freeze drying technique using 

ethylcellulose and chitosan as carriers. Drug Dev Ind Pharm., 1998. 24: p. 947-
953.  

a) 

 
b) 

            
    Figure 17: Represents the effect on rabbit’s rectal mucosa by  

                        a- plain emulsion base (F23) and b- medicated emulsion  

                        base (F23) SD. 

 



11 

 

 
J. Adv. Biomed. & Pharm. Sci. 

Mohamed  et al. 

 
[22] Martin A., Bustamante P. and Chun A. H. C., Kinetics, Chapter (12). In: 
Physical Pharmacy, 4th Edn., Lea and Febiger, Philadelphia 1993. p. 284-288. 

[23] Martin A., Bustamante P. and Chun A. H. C., Kinetics, Chapter (12). In: 

Physical Pharmacy, 4th Edn., Lea and Febiger, Philadelphia 1993. p. 335-336.  
[24] Takatori T., Shimono N., Higaki K., and Kimura T., Evaluation of 

Sustained Release Suppositories Prepared with Fatty Base Including Solid Fats 

with High Melting Points. Int. J. Pharm., 2004. 278: p. 275-282. 
[25] El-Shaboury K. M. F., El-Nabarawi M. A., and El-Laithy H. M., A Novel 

Emulsified Suppository System Containing Theophylline Prepared Using 
Microemulsion Technology. Bull. Fac. Pharm. Cairo Univ., 2003. 41: p. 47-52. 

[26] Nair L. and Bhargava H. N., Comparison of In-Vitro Dissolution and 

Permeation of Fluconazole from Different Suppository Bases. Drug Dev. Ind. 
Pharm., 1999. 25: p. 691-694.  

[27] Babar A., Bellete T., and Plakogiannis F. M., Ketoprofen Suppository 

Dosage Forms: In-Vitro Release and In-Vivo Absorption Studies in Rabbits. 
Ibid., 1999. 25: p. 241-245.  

[28] Gjellan K. and Graffner C., Comparative Dissolution Studies of Rectal 

Formulations Using the Basket, the Paddle and the Flow-Through Methods: II. 
Ibuprofen in Suppositories of both Hydrophilic and Lipophilic Types. Int. J. 

Pharm., 1994. 112: p. 233-240.  

[29] Hussain A., Hirai S. and Bawarshi R., Nasal Absorption of Propranolol 
from Different Dosage Forms by Rats and Dogs. J. Pharm. Sci., 1980. 69: p. 

1411-1413. 

[30] B. Nagendrababu, P. Venkateswara Rao, K. Keerthi1, L. Vine etha1, P. 
Priyanka,  Formulation and Evaluation of Chlortenoxicam Rectal Suppositories  

ARC Journal of Pharmaceutical Sciences (AJPS), 2018.4 (2) p. 24-28 

[31] Abd El-Gawad A. H., Zin El-Din E., and Abd El-Alim H., Effect of 
surfactant incorporation techniques on sulphamethoxazole suppository 

formulations. Pharmazi., 1988. 43: p. 624-627. 

[32] Krasowska H. and Krowczynski L., The Effect of Inclusion Complexation 
and Surface Active Agent Addition on Suppository Release Characteristics of 

Ketoprofen and Fenbufen. Pharmazie, 1996. 51: p. 353-357.  

[33] Vidras N. J., Reid V. E., Bohidar N. R. and Plakogiannis F. M., 
Medicament Release From Suppository Bases I: Physicochemical 

Characteristics and Bioavailability of Indomethacin in Rabbits. J. Pharm. Sci., 

1982. 71: p. 945-949. 
[34] Hosny E. A., Abdel-Hady S. S., and El-Tahir K. E. H., Formulation, In-

Vitro Release and Ex-Vivo Spasmolytic Effects of Mebeverine Hydrochloride 

Suppositories Containing Polycarpophil or Polysorbate 80. Int. J. Pharm., 1996. 
142: p.163-168. 

[35] Hesham M. Tawfeek , Lornoxicam suppositories : in- vitro formulation and 

in- vivo evaluation. International Journal Of  Pharmaceutical Sciences And 
Research (IJPSR), 2013. 4 (11): p. 4228-4235. 

[36] Tariq Sultan, Shaista Hamid, Sohail Hassan, Kanwal Hussain, Ateka 

Ahmed, Lubna Bashir, Shazia Naz and Tahmina Maqbool Pak. J.,  Development 
and evaluation of immediate release diclofenac sodium suppositories. Pharm. 

Sci., 2018.  31 (5): p.1791-1795. 

[37] Lieberman H. A., and Anschel J., Chapter (19). In: The Theory and 
Practice of Industrial Pharmacy, Lachman L., Lieberman H.A. and Kanig J.L. 

(eds.), Lea and Febiger, Philadelphia, USA. 1970. p. 583-562. 

[38] Calis S., Sumnu M., and Hincal A. A., Effect of Suppository Bases on the 
Release Properties of a Potent Antimicrobial Agent (C31g). Pharmazie, 1994. 

49: p. 336-339. 

[39] Moreton R. C., Suppository Bases, Hard Fats. In: Handbook of 
pharmaceutical excipients, 5th Edn., Rowe R. C., Sheskey P. J., and Owen S. C. 

(Eds.), The Pharmaceutical Press, INC., London. 2006. p. 762-766. 

[40] Moghimipour E., Dabbagh M.A., Zarif F., Characterization and in vitro 
evaluation of piroxicam suppositories. Asian Journal of Pharmaceutical and 

Clinical Researc., 2009. 2 (3): p. 92-98. 

[41] Ho H. O., Chen C. N., and Sheu M. T., Influence of pluronic F-68 
dissolution and bioavailability characteristics of multiple layer pellets of 

Nifedipine for controlled release delivery. J. Control. Rel., 2000. 68: p. 433-440. 
42-Habib F.S., Sayed H. A., Ismail S., Shaker S. and Shaker A., Formulation 

and evaluation of different chlordiazepoxide hydrochloride suppositories. Bull. 

Pharm. Sci., Assuit Univ., 1987. 10 (1): p. 123-145. 
[43] El-Nabarawi M. A., Nesseem D. I., and Sleem A. A., Delivery and 

Analgesic Activity of Tramadol from Semisolid (Topical) and Solid (Rectal) 

Dosage Forms. Bull. Fac. Pharm., Cairo Univ., 2003. 41: p. 25-31. 
[44] Asikoglu M1, Ertan G, Cosar G., The release of isoconazole nitrate from 

different suppository bases: in-vitro dissolution, physicochemical and 

microbiological studies. J Pharm Pharmacol., 1995. 47 (9): p. 713-6. 
[45] EL-Badry M., Improvement of the in vitro release of omeprazole from 

suppository bases using Kollicoat IR®. J. Drug Del. Sci. Tech., 2010. 20 (5): p. 

391-395. 
[46] Gamal M. S., Formulation and Evaluation of Some Pharmaceutical Dosage 

Forms Containing Azapropazone. Master Thesis, Faculty of Pharmacy, Assiut 

University, 2001. 

[47] Muaadh A M. Ali, Mashrai A. and Al-dholimi N., Sustained Release 
Suppositories of Metoclopramide HCl: Formulation and In vitro Evaluation. 

Journal of Chemical and Pharmaceutical Research, 2018. 10 (1): p. 169-175.  

[48] Muynck C.D., Cuvelier C., Steenkiste D.V., Bonnarens L. and Remon J.P., 
Rectal Mucosa Damage in Rabbits after Subchronical Application Suppository 

Bases. Pharmaceutical Research, 1991. 8 (7): p. 945-950. 

[49] Reid A. S., Thomas N. W., Palin K. J. and Gould P. L., Formulation of 
fenbufen suppositories. I. Quantitative histological assessment of the rectal 

mucosa of rats following treatment with suppository bases. Int. J. Pharm., 1987. 
40 (3): p. 181-185. 

[50] Thomas N. W., Lack L. J., Woodhouse B. A., Palin K. J. and Gould P. L., 

Formulation of fenbufen suppositories. III. Histology of the rectal mucosa of 
rats following repeat dosing of fenbufen in Witepsol H12 and polyethylene 

glycol vehicles. Int. J. Pharm., 1988. 44: p.261-263.  

[51] Wilson C. G. and Thomas N. W., Interaction of tissues with polyethylene 
glycol vehicles. Pharm. Int., 1984. 5: p. 94-97.  

[52] Okor R.S. and Nwankwo M.U., Chloroquine absorption in children from 

polyethylene glycol base suppositories. Journal of Clinical Pharmacy and 
Therapeutics, 1988. 13: p. 219-223. 

[53] Gloxhuber C. "Anionic Surfactants". Vol 10, Marcel Dekker, Inc. New 

York and Basel, 1980. p. 35-42. 
[54] Herfindal ET, Gourley DR., Textbook of therapeutics: drug and disease 

management. 8th Edn. Philadelphia: Williams and Wilkins Publication, 2006. 

p.1309-1310. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 


