
 
 SINAI International Scientific Journal (SISJ) 

 Volume 1, Issue 3, January 2025 

 
 

SINAI International Scientific Journal (SISJ), 2025, 1(3) 47 Online ISSN: 2974-3273 
                                    Print ISSN:3009-6334 

 

Characterization of Buccal Mucosa as Barrier for Drug Absorption; A 
Mechanistic Study via Solvent Uptake and Model Drug Permeation Studies 

Ossama M. Sayed1,* 

1Department of Pharmaceutics, Faculty of Pharmacy, Sinai University-Kantara Branch, Ismailia, Egypt 
*Corresponding author 

Correspondence: 

Ossama M. Sayed 
E-mail: osama.sayed@su.edu.eg 

Citation: 

Sayed, O. M., "Characterization of Buccal 
Mucosa as Barrier for Drug Absorption; A 
Mechanistic Study via Solvent Uptake and 
Model Drug Permeation Studies", SINAI 
International Scientific Journal (SISJ), 
vol.1 issue.3, pp. 47-63, 2025 

Received:18 April 2024 

Accepted: 12 November 2024 

 ABSTRACT  

 
Porcine buccal mucosa is abundantly used in drug delivery studies. With the 
emergence of new buccal barrier models, such as cell culture models, a link between 
these models and traditional porcine models should be established. The examination 
of buccal mucosa was divided into two experiments: the uptake of different solvents 
into the buccal mucosa and an infinite dose permeation study of domperidone from 
different solvent systems through porcine and EpiOral™ tissue culture models; this 
aims to find a correlation between the two models. The solvent uptake experiment 
revealed superb uptake of water by the dried mucosa (>300% increase in weight) 
and a high uptake of solvents with high solubility parameters (24.8 and 16.6% for 
propylene glycol (PG) and polyethylene glycol 200 (PEG200), respectively). An 
unexpected decrease in weight was observed for Transcutol P and Isopropyl 
myristate (IPM), emphasizing the lipid extraction effect of these solvents. The 
increase in the weight of dried buccal mucosa by hydrophilic solvents was mainly 
due to the high level of total phospholipids and the low percentage of lipophilic 
ceramides. Permeation studies of domperidone (as a model drug) depend on single 
and binary solvent systems using Franz diffusion cells. Transcutol® P (TC), 
polyethylene glycol 200 (PEG 200), and polyethylene glycol 400 (PEG 400) were 
used as the single-solvent systems. Binary solvent systems were prepared using 
binary mixtures of Transcutol® P and water in three different ratios (20, 40%, and 
60%). The flux (J) of domperidone from different solvent systems through both 
models showed the same system rank: 60% TC > 40% TC> TC > PEG 200> PEG 
400> 20% TC. Plotting the values of flux (J) and the permeability coefficient (kp) 
of domperidone from different systems in the porcine buccal model against the 
EpiOral™ tissue culture model showed a correlation coefficient (r2) greater than 
0.8, which confirms good correlation. Copyright © 20xx by the authors. This 

article is an open access article distributed 
under the terms and conditions Creative 
Commons Attribution-Share Alike 4.0 
International Public License (CC BY-SA 
4.0) 
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1. INTRODUCTION 

Buccal drug delivery has received much attention lately. This is mainly because the 
buccal route provides an alternative to the conventional oral route in terms of avoiding the first-
pass effect of drugs and the independence of the GIT factors that affect drug absorption, such 
as gastric emptying rate and gastric acidity [1]. In addition, the buccal mucosa is relatively 
permeable, has a rich blood supply, and has substantial resistance to irritants and damage [1-
3]. The permeability of the buccal mucosa is 4 to 4,000 times greater than that cross the skin. 
As a result, a faster onset of action has been observed for several drugs [4]. The application of 
the oral mucosa as a site for drug delivery has resulted in the presumption that it constitutes a 
tissue with high permeability; however, in actuality, the permeability characteristics of the oral 
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mucosa represent a multifaceted concern that is contingent not merely upon its structural 
attributes but also on the intrinsic properties of the penetrative agents involved [5]. Squier et 
al. studied the lipid content and water permeability of porcine skin and oral mucosa, and they 
concluded that water permeability across buccal mucosa is about 10 times more than the skin 
[6].Ganem et al. provided a comprehensive review of the lipid composition of the oral mucosa 
and its effect on the mucosal permeability barrier [7]. 

The use of different solvents for buccal drug delivery has been discussed in many 
studies [8-10]. The majority of enhancers have been documented to exert their influence on 
intercellular lipids through mechanisms such as fluidization, extraction, or reorganization of 
the lipid microdomain, consequently disrupting the integrity of the membrane. These 
occurrences are frequently associated with the thermotropic transitions that lipids experience 
when exposed to variations in temperature, alterations in hydration, or certain chemical agents. 
[7]. The permeability characteristics of tritiated water across porcine buccal mucosa have been 
demonstrated by Lesch et al. to exhibit a high degree of similarity to those observed in human 
buccal mucosa [11], and more recently, Nielsen and colleagues did not find any noteworthy 
distinctions in the permeability of mannitol or testosterone across the buccal mucosa of porcine 
and human origins. [12]. Due to the significant quantities of porcine oral mucosa sourced from 
abattoirs and their analogous architecture and permeability characteristics to human tissues, a 
majority of research facilities employ porcine buccal mucosa in the evaluation of mucosal 
permeability and the impact of diverse chemical penetration enhancers on the delivery of 
pharmacological compounds via mucosal routes [9, 13-36]. It is consequently advocated that 
the preclinical assessment of compound permeability across the buccal mucosa is conducted 
utilizing porcine buccal mucosa, given its structural and permeability attributes that closely 
resemble those observed in human buccal mucosa. The challenges associated with the 
extraction of buccal mucosa from porcine sources, coupled with the limited availability of 
domesticated pigs in certain regions, necessitate the exploration of alternative options.  

The utilization of buccal cell cultures for the evaluation of the permeability of the 
buccal mucosa has garnered significant scholarly interest in recent times. In order to cultivate 
buccal epithelial cells, it is imperative that they be extracted from a suitable source and 
maintained under meticulously defined conditions, employing an appropriate growth medium, 
as well as regulating temperature and humidity [37]. Tavakoli-Saberi et al. effectively 
cultivated cell cultures from the hamster cheek pouch. In contrast to the keratinized hamster 
cheek pouch mucosa, these cultured cells did not differentiate to form a fully keratinized 
surface, as observed in the normal hamster cheek pouch. Consequently, they exhibited a higher 
degree of permeability to compounds [38]. Therefore, cultured hamster cheek cells are more 
closely mimicked the human buccal mucosa owing to their lack of keratinization, suggesting 
that this may be an appropriate model for predicting permeability through the human buccal 
mucosa. Another cell culture model that has been proposed as a model of the human buccal 
epithelium is the TR146 cell line by Nielsen et al. [12, 39-42]. Rupniak et al. stated that TR146 
cells originate from a human buccal carcinoma [43] when cultured. Jacobsen et al. showed that 
they form an epithelium, resembling the buccal mucosa [40] with the appropriate 
differentiation patterns observed in human non-keratinized epithelium [44]. Nevertheless, 
Nielsen et al. demonstrated that the TR146 cell culture model has a lower barrier nature than 
human and porcine buccal epithelium. This was demonstrated by the significantly greater 
permeability to tritiated water, mannitol, testosterone, dextrans, and nicotine [12, 41, 45, 46], 
which may be attributed to the cancerous composition of the original cells. Recently, a cell 
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culture derived from biopsies of healthy human buccal mucosa was developed by Selvaratnam 
et al., with remarkably similar morphology, membrane-coating granule structure and 
appearance, and lipid composition to intact buccal tissue [47]. The barrier properties of this 
cell culture model resemble those of intact buccal mucosa, suggesting that it may serve as an 
alternative to TR146 cell culture. The advancement of tissue culture techniques suggests the 
potential development of cell culture models exhibiting morphological and barrier properties 
akin to those of normal intact buccal mucosa. These models can be valuable for evaluating the 
buccal permeability and metabolism of various compounds. One of the most commonly used 
cell culture models is the EpiOral™ model, which represents a highly differentiated, three-
dimensional, cultured buccal tissue equivalent. EpiOral™ consists of normal, human-derived 
epithelial cells cultured to form multilayered, highly differentiated models of human buccal 
phenotypes. Morphologically, these tissue models closely parallel human tissues, thus 
providing a useful in vitro model. This model has been used extensively to study the 
carcinogenic and irritant effects of different agents on the buccal mucosa [48-50]. In addition, 
this type of tissue culture has been used to assess the buccal drug delivery of different drugs 
and the effect of different penetration enhancers on the diffusion of these drugs [51-53]. 
Domperidone is a selective peripheral dopamine antagonist of the D2 receptor and is used for 
the prevention and symptomatic relief of acute nausea and vomiting. Buccal delivery of 
domperidone could therefore be convenient to avoid oral administration. The molecular weight 
of domperidone is 425.92 (gm/mol) with a logP (octanol–water partition coefficient) of 5.95 
and Van Krevelen’s solubility parameter of 13.35 (cal/cm3)1/2 (calculated using Molecular 
Modeling Pro® software according to Van Krevelen and Hoftyer [54]).  

The aim of this study was to explain the effect of different solvents on heat-separated 
buccal epithelium using the solvent uptake technique. To find a correlation between the porcine 
buccal model and the EpiOral™ model using a lipophilic drug, domperidone, in different 
solvent systems. 

2. METHODOLOGY  

2.1. Materials 
The materials listed next were acquired for this study: Domperidone was provided by 

Amoun Pharmaceuticals in Egypt, Lauroglycol P (propylene glycol monolaurate), Labrafac 
PG (propylene glycol dicaprylate/dicaprate), and Transcutol P (diethylene glycol monoethyl 
ether) were received as complimentary samples from Gattefossé (France). PEG 400 and PEG 
200 were acquired from Fluka GmbH, Germany. Miglyol 810 was acquired from Sasol GmbH 
in Germany. Isopropyl myristate (IPM) was sourced from Avocado (UK). Geraniole and 
cineole were sourced from Acrōs Organics (USA). Propylene glycol (PG) and D-limonene 
were sourced from Fisher Scientific (UK). Tissue-engineered human buccal mucosa 
(EpiOral™) was sourced from MatTek Corporation (Ashland, MA, USA) and maintained 
under refrigeration (4°C) for a maximum of 24 hours before application. Samples of porcine 
cheek were obtained from a local ranch. HPLC solvents were sourced from Fisher Scientific 
(UK). 

2.2. Preparation of Porcine Buccal Epithelium 
Whole-pig cheeks were supplied by a local ranch. Once the cheeks arrived, they were 

stored in Krebs-Ringer bicarbonate buffer and frozen until use. On the day of the experiment, 
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the cheeks were thawed and the buccal mucosa was separated using scalpels and surgical 
scissors. The buccal epithelium was separated from the underlying connective tissue by 
immersing the buccal mucosa in a normal saline solution at 60 oC for 1 min. The buccal 
epithelium was carefully peeled off from the connective tissue using surgical forceps. 

2.3. Solvent Uptake Experiment 
The separated buccal epithelium was cut into square pieces (1 cm2 area) and dried in a 

desiccator chamber in the dark until a constant weight was reached. After drying the epithelia, 
each piece was placed in a test tube containing 2 ml of solvent. The test tubes were kept in a 
temperature-controlled water bath at 37±0.5o C for 48 h. After incubation, the pieces were 
removed from the test tubes, and excess solvent was removed using filter paper. The pieces 
were reweighed, and the percentage of solvent uptake was determined using the following 
equation: 
 

%   =  ( − / )   100  (1) 
 

where  is the weight of dried epithelia and  is the weight of the epithelia after 
immersion in the solvent. All samples were weighed using a Sartorius Ultramicro microbalance 
(Satorius, Germany). Each solvent was tested in triplicates. 

2.4. Preparation of Porcine Buccal Mucosa for Permeation Studies 
Fresh pig cheek samples were obtained from a local ranch and stored in Krebs Ringer 

bicarbonate buffer at -30°C until use. After thawing, the underlying connective tissue was 
removed using a scalpel blade, and the remaining buccal mucosa was carefully trimmed to a 
uniform thickness of approximately 500 µm using surgical scissors. Tissue thickness was 
measured using a digital micrometer and recorded to ensure consistency across tissue 
specimens. 

2.5. Permeation Studies 
The saturated solutions of domperidone prepared in each solvent system were used in 

this step. The barrier membranes of the porcine buccal mucosa or EpiOral™ membrane 
samples were mounted in vertical Franz diffusion cells (with a receptor compartment capacity 
of 5 ml and a diffusion-available surface of 1 cm2). The receptor compartments were filled with 
isotonic phosphate buffer saline (1.55 M and pH 7.4) and stirred at 600 rpm in a 
thermostatically controlled water bath (Grant Instruments, UK).  

The biological membranes of porcine buccal mucosa were equilibrated by introducing 
phosphate-buffered saline into the donor compartment at 37°C and maintained for 30 minutes 
before the experiment. Subsequent to this period, the phosphate buffer saline was meticulously 
extracted from the donor compartment. A 1-mL volume of a saturated drug solution in different 
solvent systems was subsequently added to the donor compartment. Following the application 
of the donor solution, the donor compartments were sealed with glass slips to replicate the 
occlusive environment of the oral cavity. Permeation studies were performed over a duration 
of 12 hours, during which 1-mL samples were extracted from the receptor compartment at 
designated time intervals and replaced with an equivalent volume of phosphate-buffered saline 
maintained at 37°C. All experiments were conducted in triplicate. For EpiOral™, the 
experiments were carried out under the same conditions as for porcine buccal mucosa for 6 h 
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(to avoid compromising the barrier properties of the membrane after 6 h). All experiments were 
conducted in triplicate. The permeation of domperidone was evaluated by plotting the 
cumulative amount permeated per unit surface area of the membrane (in μg.cm-2) against the 
collection time (in minutes). The total permeated amount was determined using equation 1, 
considering the volume of the receptor phase (VR), the volume sampled at each time point 
(Vs), and the quantified concentration of the sample collected at the nth time point (Cn). The 
cumulative amount determined at each time point via Eq. (2) was subsequently divided by the 
diffusion area of the Franz Cells (cm²). 

 = ×  +  � + � + � (2) 

2.6. Data analysis for Permeation Studies 
The steady-state flux Jss (μg.cm-2.hr-1) at time t was determined from the slope of the 

linear segment of the cumulative drug permeation profile per unit area against time. The total 
drug concentration in the receptor compartment after 6 hours and 12 hours was designated as 
Qcum (μg.cm-2). The permeability coefficient kp (cm-1. hr-1) of domperidone for each 
formulation was determined by dividing Jss by the starting concentration of the medication in 
the donor compartment, represented by the saturated solubility of domperidone in each 
formulation (Co), as illustrated in Eq. 3. Results are expressed as mean ± standard deviation 
(SD). 

 =   (3) 

 
Data analysis of flux was performed using ANOVA to compare fluxes and cumulative 

drug amounts in the receptor compartment of different formulations, followed by Tukey’s 
significant difference test using IBM SPSS® version 20 for Windows®. A probability of less 
than 5% (p < 0.05) was considered significant. 

2.7. HPLC Analysis 
A reverse-phase HPLC column (Supelco LC-18, 5 μm, 150 mm × 4.6 mm) was utilized. 

The HPLC system utilized was the HP Agilent 1100, which included a binary pump (HP 
G1312A) and a UV-VIS detector (HP G1314A Variable Wavelength Detector). The mobile 
phase consisted of methanol, acetonitrile, and 10mm triethylamine (pH 7) in a volume ratio of 
20:33:47, with a flow rate of 1 mL/min. The detection wavelength was established at 285 nm, 
with a retention time of 5.5 minutes. The assay demonstrated linearity (r2 = 0.9997) across a 
concentration range of 0.05–100 μg/mL, with a minimum detection limit of 0.03 μg/mL. The 
recovery percentages varied between 98.0% and 101.0%. 
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Table 1: Percentage increase in weight of buccal epithelium corresponding to each solvent (mean ± SD) 
(n=3). 

Solvent Solubility Parameter % weight increase (±SD) 
Miglyol 818 7.82 10.01±2.4 
IPM 8.21 -3.42±0.99 
Cineole 8.65 9.05±3.71 
Labrafac PG 8.72 4.17±0.98 
Transcutol P 10.62 -3.69±0.92 
PEG 200 11.24 16.61±1.64 
PEG 400 12.06 3.52±1.54 
Ethanol 12.26 1.62±0.5 
PG 14.06 24.8±2.44 
Glycerol 17.1 11.67±3.9 
Water 22.97 494.47±5.6 

3. RESULTS  

3.1. Solvent Uptake Experiment 
The results of solvent uptake by porcine buccal epithelium are shown in Table 1 and 

Fig. 1. The increased solvent uptake in the case of solvents with high solubility parameters is 
higher than that in solvents with low solubility parameters. The highest percentage uptake was 
recorded in water with almost a 500% increase in weight, while the lowest was in the case of 
Labrafac PG and PEG 400 (4.17 and 3.52%, respectively). There was a negative uptake in the 
case of IPM and Transcutol P (-3.42 and -3.69% respectively).  

 

Fig. 1: The uptake of different solvents into porcine buccal epithelium (mean±SD) (n=3). 
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3.2. Permeation Studies 
This study investigated the permeation of domperidone through porcine buccal tissue 

and tissue culture models, using various solvent systems. Figs. 2 and 3 illustrate the permeation 
profiles of domperidone from various solvents, utilizing the EpiOral™ tissue culture model 
and porcine buccal mucosa. The flux of domperidone across porcine buccal mucosa was 
maximized with Transcutol, yielding a value of 2.327 µg/cm²·h, which was statistically 
significantly different from the values obtained with PEG 200 and PEG 400 (p < 0.05). PEG 
200 exhibited a flux value of 1.091 µg/cm²·h, while PEG 400 a value of 0.947 µg/cm²·h. 

 

Fig. 2: Permeation profiles of domperidone using the EpiOral™ buccal model from different solvent 
systems. (Means ± S.D.; n=3). 

 

 

Fig. 3: Permeation profiles of domperidone using a porcine buccal model from different solvent systems. 
(Means ± S.D.; n=3) 

Mixing Transcutol with water at concentrations of 40% and 60% v/v produced 
significantly higher flux values (p < 0.05) compared to Transcutol alone. In contrast, the 20% 
v/v binary mixture exhibited the lowest flux value of 0.413 µg/cm²·h, which was significantly 
different from the other formulations (p < 0.05), except for PEG 400 (p > 0.05). The findings 
from the EpiOral™ tissue culture model were consistent with those derived from porcine 
buccal mucosa. The flux data (Table 2) indicated that Transcutol produced the highest flux 
values at 15.905 µg/cm²·h, which was significantly different from the values obtained with 
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PEG 200 and PEG 400 (p < 0.05). PEG 200 demonstrated a flux value of 13.367 µg/cm²·h, 
whereas PEG 400 showed a value of 1.39 µg/cm². The flux values from PEG 200 were not 
significantly different from those of PEG 400 (p > 0.05). Mixing Transcutol with water at 
concentrations of 40% and 60% v/v produced significantly higher flux values (p < 0.05) than 
Transcutol alone, yielding 17.45 and 29.39 µg/cm²·hr, respectively. The binary mixture of 20% 
v/v exhibited the lowest flux value (1.087 µg/cm²· h), which was significantly different from 
the other formulations (p < 0.05), with the exception of PEG 400 (p > 0.05). The solvent 
systems were ranked as follows: 60% v/v, 40% v/v, Transcutol, PEG 200, PEG 400, and 20% 
v/v. 
Table (2): permeation parameters of domperidone through different buccal models in different solvent 
systems (mean ± S.D.) 

SOLVENT Flux, J (µg. cm-2. h-1) Qcum (µg. cm-2) kp (cm. h-1) 
Porcinea EpiOral™,b Porcine EpiOral™ Porcine EpiOral™ 

PEG400 0.948 ± 
0.11 

1.4 ± 
0.18 

7.45 ± 
0.99 

7.6 ± 
0.1 

0.00012 ± 
1.8E-05 

0.00019 ± 
2.82E-05 

PEG200 1.092 ± 
0.13 

13.368 ± 
1.6 

7.62 ± 
0.96 

44.36 ± 
5.8 

0.00015 ± 
2.22E-05 

0.0018 ± 
0.00027 

Transcutol 2.328 ± 
0.28* 

15.906 ± 
1.9* 

20.46 ± 
3.8* 

73.8 ± 
9.6* 

0.0001 ± 
1.52E-05* 

0.00069 ± 
0.0001* 

20% TC 
(v/v) 

0.413 ± 
0.05 

1.086 ± 
0.13 

2.98 ± 
0.4 

4.5 ± 
0.6 

0.001 ± 
0.00015 

0.0026 ± 
0.00039 

40% TC 
(v/v) 

2.67 ± 
0.32 

17.5 ± 
2.1 

19.6 ± 
2.6 

79.26 ± 
10.3 

0.0017 ± 
0.00026 

0.011 ± 
0.002 

60% TC 
(v/v) 

3.306 ± 
0.4* 

29.4 ± 
3.5* 

29.3 ± 
3.8* 

153.1 ± 
19.9* 

0.0008 ± 
0.0001* 

0.00675 ± 
0.001* 

                 a  n=5 
                 b  n=3 
                      * p<0.05 

By plotting the values of fluxes, Qcum, and kp of domperidone through porcine buccal 
mucosa against those through EpiOral™, correlation coefficients (r2) of 0.8555, 0.9147, and 
0.8052, respectively, were obtained, as shown in Figss (4,5 and 6), respectively. 

 

Fig. 4: Plot of flux values obtained from permeation of domperidone through porcine buccal mucosa 
against values obtained from the EpiOral™ buccal model 
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Fig. 5: Plot of cumulative amount values permeated of domperidone through porcine buccal mucosa 
against values obtained from EpiOral™ buccal model 

 

 

Fig. 6: Plot of permeability coefficient values obtained from domperidone permeation through porcine 
buccal model against values obtained from the EpiOral™ buccal 

4. DISCUSSION 

The high uptake of water and other hydrophilic solvents can be attributed to the 
hydration of buccal epithelial lipids with water and polyhydric alcohols such as PG, Glycerol, 
PEG 200, and PEG 400. Buccal epithelial lipids (mainly phospholipids and glycosylceramides) 
undergo thermotropic mesomorphism (interchange between the gel and liquid crystalline 
phases). Additionally, specific molecules can be prompted to form liquid crystals through the 
incorporation of a secondary chemical component, such as a solvent like water, a process 
known as lyotropic mesomorphism [55]. The disorder in lipid structure, induced by 
thermotropic or lyotropic transitions, is associated with a reduction in the diffusional resistance 
of the tissue [56]. Hydration significantly affects lipid fluidity, modifying differential scanning 
calorimetry (DSC) profiles and infrared (IR) spectra. Increased hydration results in a reduction 
of transition temperature (TM) [57] and thus increased membrane fluidity [56]. A decrease in 
TM has also been observed with some substances frequently used as oral mucosal permeation 
enhancers, i.e., fatty acids [58-61], surfactants [62, 63], Azone® [26, 64] and ethanol [65, 66]. 
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The increase of polar solvent uptake into the buccal epithelium could be explained if 
we take a look at the work done by Wertz et al. and Squier et al. to study the difference in lipid 
content and water permeability between skin and buccal mucosa [6, 67-69]. These differences 
can be seen in Table (3). From the table, it can be seen that buccal mucosa contains more 
phospholipids than skin, which is mainly in the form of phosphatidyl ethanolamine. In the case 
of ceramides, buccal mucosa is very deficient in free ceramides if compared to the skin, while 
it is rich in the more hydrophilic glycosylceramide due to the deficiency in the glycosidase 
enzymes in the buccal epithelium and this may result in the higher water permeability of this 
region [70]. From the previous findings, it is clear why polyhydric alcohols and water had more 
uptake than the less hydrophilic solvents like oleic acid and Labrafac PG. The highest uptake 
was recorded in the case of PG after water due to its low molecular weight. The molecular 
weight effect is well shown in the cases of PEG 200 and 400. Being higher in its molecular 
weight, PEG 400 shows a lower uptake than PEG 200. In the case of Ethanol, the low uptake 
of ethanol can be attributed to the lipid extraction mode of action of ethanol as a penetration 
enhancer [71]. This will have a negative effect in the increase of weight of the epithelium. The 
lipid extraction mode of action can also be illustrated in the data obtained from both 
Transcutol® P and IPM. Both solvents are considered powerful fat solubilizers. This extraction 
mode of action leads to the negative weight difference in the buccal epithelium. 
Table 3: composition (weight percent) of lipids from skin and buccal mucosa (adapted from references [6, 
67-69]) 

Lipids Skin Buccal mucosa Model 
Total phospholipids 24.1 38.2 Pig epith. 
Phosphatidylethanolamine 8.4a 14.9a Pig epith. 
Cholesterol sulphate 0.2 7.8 Pig epith. 
Cholesterol esters 2.6 5.9 Pig epith. 
Glycosylceramide 2.3 16.5 Pig epith. 
Total ceramide 12.2 0.8 Pig epith. 

a Expressed as mg/g dry tissue. 

 
The diffusion of a solute across a membrane is chiefly governed by the thermodynamic 

activity of the solute in the solvent and the solvent's activity within the membrane [72]. This 
notion clarifies the permeability characteristics of domperidone through biological membranes. 
In single solvent systems, PEG 200 and PEG 400 exhibit limited diffusivity across both 
membranes due to their high viscosity, which hinders their passage through the membrane's 
intricate structure. Furthermore, the amalgamation of these solvents with back-flux water alters 
the solubility parameters, resulting in an elevated value and a reduction in the thermodynamic 
activity of the lipophilic medication within the tissue. Transcutol, which can be characterized 
as a hygroscopic liquid with the remarkable ability to completely mix with both polar and non-
polar solvents, exhibits a unique property that facilitates its widespread application in various 
chemical and pharmaceutical contexts. Recognized for its efficacy as a transdermal permeation 
enhancer, Transcutol is distinguished by its non-toxic nature, remarkable biocompatibility with 
both skin and mucous membranes, and its superior capacity for solubilization, which 
collectively contribute to its utility in enhancing the delivery of therapeutic agents. 
Furthermore, it is noteworthy that Transcutol significantly amplifies the accumulation of 
compounds that are applied topically to the skin, while avoiding any increase in the rate of 
transdermal permeation, thus ensuring a targeted delivery without compromising safety [73]. 
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Transcutol demonstrated a significantly higher flux of domperidone when compared to 
both PEG 200 and PEG 400, an outcome that can be attributed to its notably reduced viscosity, 
which facilitates easier movement, its enhanced diffusivity that allows for a more rapid and 
effective distribution, and its superior solubilizing capacity, which is particularly effective for 
the lipids present in the buccal mucosa. The solubilizing characteristics of Transcutol with 
respect to buccal mucosal lipids were rigorously investigated through a detailed solvent uptake 
experiment, which effectively illustrated a pronounced extraction effect on the lipids found 
within the buccal mucosa, thereby providing substantial evidence of its efficacy in this context. 
However, the hygroscopic characteristics exhibited by Transcutol lead to the concurrent 
diffusion of water molecules from the receptor side of the biological membrane as the 
Transcutol compound traverses this membrane barrier, effectively altering the equilibrium of 
moisture on either side. This opposing flux of water molecules significantly impacts the rate at 
which a particular pharmaceutical agent permeates through the membrane by modifying its 
partitioning behavior within the membrane itself and consequently affecting its thermodynamic 
activity within the donor solution from which it originates [74].  

The selection of Transcutol for integration into binary systems was primarily guided by 
its established ability to enhance the flux of pharmaceuticals in buccal delivery models, as well 
as to facilitate an investigation into the influence exerted by water on its hygroscopic properties, 
which are critical for understanding its behavior in various formulations. The synergistic 
interaction between Transcutol and water in these binary systems had a significant impact on 
the permeation of the drug domperidone through biological membranes, particularly at specific 
concentrations of Transcutol, which were determined to be 40% and 60% (v/v). This 
underscores the importance of precise formulation in drug delivery applications. The 
combination of Transcutol and water was served to alleviate the hygroscopic tendencies that 
were observed when Transcutol was utilized in isolation. These tendencies had previously 
resulted in water backflux and a subsequent reduction in the thermodynamic properties of 
domperidone present in the donor compartment, ultimately affecting the overall efficacy of the 
drug delivery system. Additionally, the varying concentrations of Transcutol were shown to 
have a profound effect on the flux of the drug across both biological membranes, a phenomenon 
attributed to the synergistic action of water, which conferred a lyotropic effect on the mucosal 
lipids while simultaneously enhancing the solubilization of Transcutol itself, thereby 
optimizing the drug's bioavailability [55].  

The binary system, which is composed of a mixture containing 20% Transcutol and the 
remaining proportion of water in a volume/volume ratio, exhibited the minimal impact on the 
permeation of domperidone, a phenomenon that can presumably be ascribed to the limitations 
imposed on the solubility of domperidone when it is subjected to this particular mixture. 
Numerous scholarly articles and empirical studies available in the existing literature suggest 
that Transcutol functions effectively as a penetration enhancer when utilized at concentrations 
that approximate 50%, thereby enhancing the overall permeation of various pharmaceutical 
compounds [75, 76]. The similar behavior of different solvent systems on domperidone 
permeation through both models suggests that there is a similarity on lipid barrier structure in 
both membranes. Squier et al. studied the lipid content and water permeability of porcine skin 
and oral mucosa and he concluded that water permeability across buccal mucosa is about 10 
times more than the skin [6]. Ganem et al. gave a comprehensive review about the lipid 
composition in the oral mucosa and its effect on the permeability barrier of the mucosa [7]. 
From these studies, it can be seen that buccal mucosa contains more phospholipids than skin, 
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which is mainly in the form of phosphatidyl ethanolamine. In case of ceramides, buccal mucosa 
is very deficient in free ceramides if compared to the skin while it is rich in the more hydrophilic 
glycosylceramide due to the deficiency in the glycosidase enzymes in the buccal epithelium 
and this may result in the higher water permeability of this region [70]. For EpiOral™ model, 
lipid analysis showed that this model is rich in polar phospholipids with small amounts of 
glucisphingolipids and ceramide 2 [77]. 

5. CONCLUSIONS 

A Solvent uptake experiment can be used as a valuable tool to study the effect of different 
solvents on the barrier membrane. The huge uptake of water and the high uptake of the polar 
cosolvent suggest the relative hydrophilic nature of the buccal mucosal lipids. The permeation 
of domperidone through the buccal mucosa of porcine and tissue culture origins showed the 
same rank of solvent system. More experiments with more model drugs and solvent systems 
are required for full establishment of correlation between the two buccal models. 
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