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ABSTRACT 

Objective: The objectives of the current study were to synthesize thiolated moringa exudate gum (TMEG) via thiolation of moringa exudate gum (MEG) 
and to evaluate TMEG as an improved bio-mucoadhesive agent in semi-solid formulations like dental paste and gel. MEG-and TMEG-based 
mucoadhesive dental pastes of aceclofenac and mucoadhesive gels of metronidazole were prepared and changes in bio-mucoadhesion capability were 
studied. 

Methods: In the current study, extracted MEG was modified to synthesize TMEG via thiolation (by utilizing thioglycolic acid in an acidic milieu) to 
study improvement in bio-mucoadhesive capability. MEG-and TMEG-based mucoadhesive dental pastes of 1% w/w aceclofenac and mucoadhesive 
gels of 1% w/w metronidazole were prepared with MEG and TMEG (as mucoadhesive excipient) in order to evaluate a comparative view of 
improvement in bio-mucoadhesion. 

Results: The yield percentage of TMEG was found to be 44.62% and the thiol group in TMEG was found 4.17 mmol of thiol group/g of MEG. FTIR 
analysis results indicated the thiolation of MEG in the synthesized TMEG. Both types of semi-solid formulations (mucoadhesive dental pastes of 1% 
w/w aceclofenac and mucoadhesive gels of 1% w/w metronidazole) prepared using TMEG as mucoadhesive excipient exhibited excellent improved 
ex vivo bio-mucoadhesion and a sustained pattern of drug-releasing over a prolonged period. 

Conclusion: The synthesized TMEG can be used as an improved mucoadhesive agent in the designing of bio-mucoadhesive semi-solid formulations 
for prolonged drug delivery. 
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INTRODUCTION 

Natural polysaccharides obtained from various sources are being 
used as natural mucoadhesive agents [1-3]. At present times, these 
polysaccharides have multiple uses in various industrial fields, like 
in the processed food, biomedical, pharmaceutical, water 
purification, engineering, and electronics industries [4-7]. These 
natural polysaccharides are biodegradable and biocompatible. Along 
with this, they are very easily available and economical. In the 
pharmaceutical industry, they are accepted as an important group of 
materials for multiple pharmaceutical uses [5, 6]. These polymers 
are modified physically or chemically to improve their utility in 
pharmaceuticals as well as in other existing and emerging fields [8-
10]. Numerous techniques are being explored to exploit their 
application potentiality with high-end accuracy and specification. 
Many researchers approached techniques like thiolation, 
carboxymethylation, grafting, cross-linking, etc., to alter or improve 
the usefulness of natural polysaccharides [8, 10, 11]. The thiolation 
technique among these techniques is very important to improve the 
mucoadhesive potential of these natural polysaccharides [12, 13]. 
Many approaches were there to impart and improve mucoadhesive 
by forming hydrogen bonds, van der Waals force, ionic bonds, etc 
[14, 15]. However, these bonds are weak and provide insufficient 
bonding strength, thereby decreasing the residence time of 
materials in the desired site(s). However, modification of 
polysaccharides by thiolation technique makes the derivatives a 
stronger mucoadhesive agent by forming covalent bonds [13]. 
Thiolated polysaccharides are also called thiomers, which have 
active thiol groups in the molecules [12]. These thiol groups form 
disulfide bonds with cysteine present in the glycoprotein of the 
mucus membrane [16]. Disulfide bond formation enhances the bio-
adhesion capability of the modified polysaccharide [12, 13]. Many 
polysaccharides have been successfully modified to thiomers by 
various investigators to improve mucoadhesivity. Psyllium husk 
[17], pectin [18], alginate [19], tamarind seed polysaccharides [15], 
gellan gum [20], xanthan gum [21], Karaya gum [22], etc., showed 
significant improvement in bio-mucoadhesive after derivatization. 

An exudate from the bark of Moringa oleifera Lam. (family: 
Moringaceae) tree, called moringa exudate gum (MEG), contains 
huge amounts of polysaccharide [23, 24]. Acid hydrolysis of MEG 
produces residues like L-galactose, L-arabinose, L-rhamnose and L-
gluconic acid. MEG has been used as a disintegrant, binding agent, 
and drug release retardant in several pharmaceutical formulations 
[23]. MEG possesses a lot of medicinal applications in the treatment 
of dysentery, intestinal cancer, and asthma [25, 26]. In this study, 
extracted MEG was modified to form thiolated moringa exudate gum 
(TMEG) in order to study improvement in bio-mucoadhesive 
capability. Two semi-solid formulations were prepared with MEG 
and TMEG in order to evaluate a comparative view of improvement 
in bio-mucoadhesion. MEG-and TMEG-based bio-mucoadhesive 
dental pastes of aceclofenac and bio-mucoadhesive gels of 
metronidazole were prepared and changes in bio-adhesion 
capability were studied. The uses of TMEG as a bio-mucoadhesive 
agent in mucoadhesive dental pastes and gels have not been 
reported till date. Therefore, the current research is novel of its kind. 

MATERIALS AND METHODS 

Materials 

MEG was extracted from the crude bark exudate-materials of Moringa 
oleifera Lam. trees present in Jharpokharia area, district-Mayurbhanj, 
Odisha, India (Located at 22.17 °N 86.63 °E with an average elevation 
of 130 m or 430 ft) in the month of June, 2022 and taxonomical 
identification was carried out by the Department of Pharmacognosy, 
Seemanta Institute of Pharmaceutical Sciences, Jharpokharia, Odisha 
India. The voucher specimen number of the sample is 
SIPS/COG/HERB/2201. Sample has been preserved in the laboratory 
for future reference. Both natural exudates and exudate materials 
were produced by stabbing the Moringa oleifera Lam. trees were 
collected from multiple trees. The exudate was purified, extracted, and 
dried. This extracted product (MEG) was used in this study. 

Aceclofenac (BS Traders Pvt. Ltd., India), metronidazole (BS Traders Pvt. 
Ltd., India), thioglycolic acid (99%, Hi-Media Laboratories Pvt. Ltd., 
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India), lactose (SD Fine Chemicals Ltd., India), calcium carbonate (Loba 
Chemie Pvt. Ltd., India), sodium lauryl sulfate (SD Fine Chemicals, India), 
Carbopol 940 (Loba Chemie Pvt. Ltd., India), potassium dihydrogen 
orthophosphate (SD Fine Chemicals, India), sodium hydroxide (SD Fine 
Chemicals, India), Ellman’s reagent [DTNB; 5,5′-dithiobis (2-nitrobenzoic 
acid)] (Hi-Media Laboratories Pvt. Ltd., India), L-cysteine (Merck 
Specialties Pvt. Ltd., India), PEG 4000 (Loba Chemie Pvt. Ltd., India), 
glycerine (Loba Chemie Pvt. Ltd., India), methylparaben (SD Fine 
Chemicals, India), camphor (Qualigens Fine Chemicals, India), and 
hydrochloric acid (SD Fine Chemicals Ltd., India) were used. All other 
chemicals, reagents, and solvents were of analytical grade. 

Methodology 

Purification, isolation, and extraction of MEG 

In brief, 500 g of dried exudate material from the bark of Moringa 
oleifera Lam. trees was soaked in 1 L of warm distilled water (45 °C) 
for 12 h with occasional stirring by a glass rod. The formed slurry 
was filtered with muslin cloth. Filtrate was mixed with an equal 
volume of acetone and the precipitate was separated and washed 
with acetone multiple times. Precipitate was dried in tray drier at 50 
°C. Dried MEG was grounded with a mortar and pestle. Grinded 
powder was passed through a sieve (mesh size 80) and stored in an 
air-tight container inside a desiccator. 

Thiolation of MEG 

MEG was thiol-esterified by reacting it with thioglycolic acid in a strong 
acidic environment [15]. In brief, 12 ml of 80% thioglycolic acid was 
added to 50 ml of 2% w/v aqueous solution of MEG. Then, 4 ml of 7 N 
hydrochloric acid was added to it. The mixture was kept for 2.5 h at 80 °C 
to allow the completion of the esterification reaction. This mixture was 
then mixed with acetone to separate TMEG precipitate and it was dried 
in a tray drier at 50 °C. Dried TMEG was grounded with a mortar and 
pestle. TMEG powder was passed through a sieve (mesh size 80) and 
stored in an air-tight container inside a desiccator. 

Estimation of thiol group content 

Ellman’s method was used to estimate the thiol group content in 
TMEG [15]. In brief, 50 mg sample of TMEG was dissolved separately 
in 25 ml of 1 N sodium hydroxide solution (aqueous) and mixed with 
25 ml of 0.5 M phosphate buffer (pH 8.0). Then, 5 ml of Ellman’s 
reagent (DTNB, 0.03% w/v) was added to this reaction mixture and 
kept for 2 h at room temperature. Thiol group content was 
calculated by measuring absorbance at 450 nm. A calibration curve 
was used in which L-cysteine solution was used.  

Fourier transform-infra-red (FTIR) spectroscopy 

The samples of MEG and TMEG were grinded with a definite 
quantity of KBr and small pellets were prepared by compression in a 
hydraulic press with 75 kg/cm2 pressure for 30 sec. These pellets 
were scanned by a FTIR spectrophotometer (Perkin-Elmer Spectrum 
RX I, USA) in a scan range of 4000-400 cm-1 and analyzed.  

Preparation of aceclofenac dental pastes using MEG and TMEG 

Dental pastes containing aceclofenac (1% w/w) were prepared 
using MEG and TMEG (as mucoadhesive agents) by simple 
trituration method. Glycerin (28 g), methylparaben (0.50 g), MEG 
(2.50 g), sodium laurylsulfate (1.50 g) and half the quantity of 
distilled water were mixed together and then, triturated in a mortar 
and pestle to blend it, uniformly. Aceclofenac powder (1% w/w) was 
dispersed in the remaining half portion of water and it was added to 
the blended mixture in the pestle and mortar. This prepared mixture 
was triturated for 30 min. Calcium carbonate powder (41.50 g) was 
added gradually to this mixture with the help of a sieve (No. 75) and 
trituration continued during addition. Finally, camphor (1.5 g) was 
added to it and blended by trituration until a smooth, uniform paste 
was prepared. Dental pastes containing aceclofenac (1% w/w) were 
also prepared by the same procedure using 2.50 g of TMEG in place 
of MEG. The formulas of different dental pastes containing 
aceclofenac prepared using MEG and TMEG are given in table 1. 

 

Table 1: Formula of different aceclofenac dental pastes prepared using MEG and TMEG 

Codes DP-MEG DP-TMEG 
Calcium carbonate (g) 41.50 42.00 
Glycerine (g) 28.00 28.00 
MEG (g) 2.50 - 
TMEG (g) - 2.50 
Methyl paraben (g) 0.50 0.50 
Camphor (g) 1.50 1.50 
Sodium lauryl sulfate (g) 1.50 1.50 
Aceclofenac (% w/w) 1.00 1.00 
Water qs to 100 g qs qs 

Evaluation of aceclofenac dental pastes  
 

Determination of aceclofenac content 

Dental pastes (5 mg) were separately taken and dissolved in 100 ml 
of distilled water by stirring it for 30 min with the help of a magnetic 
stirrer (Remi Motors, India). Rotational speed and temperature were 
maintained at 400 rpm and 40 °C, respectively. The solutions were 
separately filtered through a Whatman filter paper. Absorbances of 
the filtrates were separately measured in a UV-VIS 
spectrophotometer (Shimadzu, Japan) at the wavelength (λmax) of 
274.5 nm against the blank sample [29]. 

Determination of pH 

Dental pastes (1 mg) were separately taken in glass beaker. Distilled 
water (100 ml) was added to both samples and dispersed uniformly 
with the help of a magnetic stirrer (Remi Motors, India) maintaining a 
rotational speed of 400 rpm. The pH of the solutions was separately 
measured within 5 min of preparation of dispersion [29]. 

Determination of viscosity  

Dental pastes (1 mg) were separately taken in a glass beaker. 
Distilled water (100 ml) was added to both samples and dispersed 
uniformly with the help of a magnetic stirrer (Remi Motors, India) 

maintaining a rotational speed of 400 rpm. A cone and plate type 
viscometer (Brookfield, Middle-boro, MA) was used to measure the 
viscosity of prepared dental pastes at a spindle speed of 100 rpm 
and room temperature. Viscosity calculations were done in Rheocalc 
V2.6 software [29]. 

Determination of tube spreadability and tube extrudability 

Dental pastes (1 mg) were separately taken on a square-shaped 100 
cm2 glass plate. Another plate of the same size and shape was placed 
over it. A weight of 2 kg was applied above the glass plate for 30 min. 
The diameter of the dental paste was measured in cm [30].  

A clean collapsible lacquered aluminum tube with a tip opening of 5 
mm was filled with dental pastes containing aceclofenac (1% w/w). 
The tube was pressed with fingertip and extrudability was 
determined by measuring the percentage of quantity, which had 
come out through 5 mm opening immediately after pressing with 
the fingertip [30]. 

In vitro drug release test 

Dialysis membrane (having molecular cut-off of 10 KDa) and a glass-
made permeation cell (having both the ends open; height 10 cm, 
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outer diameter 3.7 cm, and inner diameter 3.1 cm) were used in the 
in vitro drug release test [29, 30]. Before use, the dialysis membrane 
was soaked with distilled water for a period of 24 h and then, it was 
attached to the end part of a glass-made permeation cell using 
strong glue. Dental pastes containing aceclofenac (1% w/w) were 
separately taken and placed in the permeation cell and were 
immersed below the surface of the medium contained in the 
receptor compartment. To be used as a receptor compartment, 100 
ml phosphate buffer (pH 6.8) was taken in a beaker was employed in 
this test and the receptor medium was agitated by a magnetic stirrer 
(Remi Motors, India) at 37±0.5 °C. Samples (5 ml) from the receptor 
medium were collected at customary time interval and immediately 
replaced with equal volume of phosphate buffer. The collected 
samples were filtered through a Whatman filter paper. Absorbances 
of the filtrates were measured in a UV-VIS spectrophotometer 
(Shimadzu, Japan) at the wavelength (λmax) of 274.5 nm against the 
blank sample. 

Evaluation of ex vivo bio-mucoadhsivity 

Buccal mucosa of goat was used for evaluation of ex vivo bio-
mucoadhsivity of dental pastes containing aceclofenac by modified 
physical balance method [29]. It was collected from a local 
slaughterhouse within 1h of the slaughter of the animal and dipped 
into phosphate buffer (pH 6.8) after initial cleaning and immediately 
brought into the laboratory. The buccal mucosal layer was separated 
from collected buccal mucosa with the help of a sharp scalpel and 
immersed into phosphate buffer (pH 6.8) and incubated for 1 min at 
a temperature of 37±0.5 °C. All fat layers and undesirable tissues 
were removed before the separation of mucosal layers. The 
membrane was finally rinsed multiple times in phosphate buffer of 
pH 6.8 and used. 

A modified physical balance was used to study the mucoadhesion 
capability of the prepared aceclofenac dental pastes. Processed goat 
buccal mucosal membrane was attached to the base below the left 
side of the balance pan with the help of glue. Another piece of 
processed goat buccal mucosal membrane was attached to the 
bottom of the pan with the help of glue. Aceclofenac dental pastes (1 
g) were separately placed in between two membranes and pressed 
with fingertip for 5 min with moderate pressure in order to set the 
dental paste in between the membranes. Weight required in g to 
detach two membranes was noted and shear stress was determined 
[31]. 

Force of adhesion (N)  =  MS x 9.81/1000 

Bonding strength (M/m2) = FA/SA 

MS = Mucoadhesive strength 

FA = Force of adhesion 

SA = Surface area of mucosal surface 

Preparation of metronidazole gels using MEG and TMEG 

In brief, 0.5% w/v aqueous solution of MEG was prepared separately 
and mixed with 1% w/v solution of metronidazole powder. This mixture 
solution was then mixed with a 1% w/v aqueous solution of Carbopol 
974 P. The newly formed final mixture solution was allowed to stand for 
12 h to allow sufficient hydration. The solution was then mixed with 1% 
w/v glycerin and mixed gently to make MEG-containing metronidazole 
gel. TMEG containing metronidazole gel was also prepared by the same 
procedure using a 0.5% w/v aqueous solution of TMEG in place of MEG. 
The formulas of different metronidazole gels prepared using MEG and 
TMEG are given in table 2. 

 

Table 2: Formula of different metronidazole gels prepared using MEG and TMEG 

Codes G-MEG G-TMEG 
Carbopol 940 (% w/v) 1.00 1.00 
Glycerine (% w/v) 0.50 0.50 
MEG (% w/v) 0.50 - 
TMEG (% w/v) - 0.50 
Metronidazole (% w/v) 0.50 0.50 

Evaluation of metronidazole gels using MEG and TMEG 

 

Determination of metronidazole content 

Metronidazole gels (5 mg) were separately taken and dissolved in 
100 ml of distilled water by stirring it for 30 min with the help of a 
magnetic stirrer (Remi Motors, India). Rotational speed and 
temperature were maintained at 400 rpm and 40 °C, respectively. 
The solutions were separately filtered through a Whatman filter 
paper. Absorbances of the filtrates were separately measured in a 
UV-VIS spectrophotometer (Shimadzu, Japan) at the wavelength 
(λmax) of 320 nm against the blank sample [15]. 

Determination of pH 

Metronidazole gels (1 g) were separately taken in a glass beaker and 
100 ml solutions were separately prepared using distilled water. 
Determination of pH was done in the similar way as described in the 
previous section (where pH determination of pastes was stated). 

Determination of viscosity  

Metronidazole gels (1 g) were separately taken in a glass beaker and 
100 ml solutions were separately prepared using distilled water. 
Determination of viscosity was done in the similar way as described 
in the previous section (where viscosity determination of pastes was 
stated) at a spindle speed of 100 rpm and room temperature using a 
cone and plate type viscometer (Brookfield, Middle-boro, MA) [30].  

In vitro drug release test  

Metronidazole gels (1 g) prepared using MEG and TMEG were 
separately taken and placed inside a dialysis bag (having a molecular 

cut-off of 10 KDa) [15]. The dialysis bag (containing 1 g 
metronidazole gel) was attached to the paddle of a USP type II 
dissolution apparatus. The apparatus was filled with phosphate 
buffer (pH 6.8). The paddle was dipped in the phosphate buffer 
release medium and rotated at a speed of 50 rpm at 37 °C. Samples 
(5 ml) from the release medium were collected at the customary 
time interval and immediately replaced with an equal volume of 
phosphate buffer. The collected samples were filtered through a 
Whatman filter paper. Absorbances of the filtrates were measured in 
a UV-VIS spectrophotometer (Shimadzu, Japan) at the wavelength 
(λmax) of 274.5 nm against the blank sample. 

Evaluation of ex vivo bio-mucoadhsivity 

Buccal mucosa of goat was used for evaluation of ex vivo bio-
mucoadhsivity of metronidazole gels using by modified physical 
balance method [29]. The procedure was similar as described in the 
previous section (where an evaluation of ex vivo bio-mucoadhsivity 
of pastes was stated). 

Statistical analysis  

Statistical analysis of all data was completed using MedCalc software. 

RESULTS AND DISCUSSION 

Extraction of MEG and thiolation of MEG to produce TMEG 

MEG is a plant exudate-derived polysaccharide posing an 
arabinogalactan structure reported to contain L-galactose, L-
arabinose, L-rhamnose and L-gluconic acid residues [32]. The yield 
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of extracted MEG from the bark exudate-material of Moringa oleifera 
Lam. trees was found 18.54%. The extracted MEG was found as 
creamy in color and soluble in water (both hot and cold). The yield 
of the thiolated product-TMEG was found, 44.62%. The obtained 
TMEG was creamy-white colored and it was found soluble in water 
(both hot and cold). In the present investigation, the thiolation 
reaction among the hydroxyl (-OH) groups of MEG (from the bark 

exudate-material of Moringa oleifera Lam. trees) and carboxyl (-
COOH) group of thioglycolic acid (used as thiolating agent) was 
performed to synthesize the thiolated product (i.e., TMEG). This 
reaction occurred in the acidic environment as 7 N hydrochloric acid 
was used in the thiolation reaction. A schematic representation of 
the thiolation of MEG using thioglycolic acid to synthesize the 
thiolated product (i.e., TMEG) is presented in fig. 1. 

  

 

Fig. 1: Schematic representation of thiolation of MEG using thioglycolic acid to synthesize the thiolated product (i.e., TMEG) 

 

Thiol group contents in TMEG 

By Ellman’s method, the thiol-group content was estimated in the 
synthesized thiolated product (i.e., TMEG). The content of the thiol 
group in TMEG was found to be 4.17 mmol of thiol group/g of MEG 
as estimated. 

FTIR analysis 

The FTIR spectrum of MEG (extracted from the bark exudate-
material of Moringa oleifera Lam. trees and unmodified) and TMEG 
(synthesized and thiol-modified) is presented in fig. 2. The FTIR 
spectra of MEG (fig. 2a) presented characteristic peaks at 3423.97 
cm-1 for–OH stretching vibration, at 2936.88 cm-1for–CH stretching 

vibration of alkane, at 1623.49 cm−1 for-COOH stretching vibration of 
glucoronic acid and at 1073.65 cm−1 for C-O stretching of primary 
alcohol. In the FTIR spectrum of TMEG (fig. 2b), different 
characteristic peaks of the extracted MEG (unmodified) were 
observed to be present in a very minute/without any significant 
shifting or alteration of peaks. However, a weak shoulder at 2558.64 
cm−1 for-SH stretching of the thiol group was identified in the FTIR 
spectrum of TMEG, which was not observed in the FTIR spectrum of 
unmodified MEG. This occurrence suggested the successful 
thiolation of MEG using thioglycolic acid. In recent studies, it has also 
been reported that the characteristic peaks representing the thiol 
group in polysaccharides is feebly detectable in the FTIR 
spectroscopy analysis [32, 33]. 
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Fig. 2: The FTIR spectrum of: (a) MEG (extracted from the bark exudate-material of Moringa oleifera Lam. trees and unmodified) and (b) 
TMEG (synthesized and thiol-modified) 

 

Preparation of aceclofenac dental pastes using MEG and TMEG 

For the evaluation of the bio-mucoadhesivity potential of TMEG, 
aceclofenac dental pastes were prepared using the conventional 
triturating method, where 1% w/w aceclofenac was incorporated as 
a model drug (table 1). In these aceclofenac dental pastes (DP-MEG 
and DP-TMEG), calcium carbonate was incorporated as an abrasive 
agent, whereas unmodified MEG and synthesized TMEG were 
incorporated as mucoadhesive excipients. In addition, glycerin as 
cosolvent and humectant, sodium laurylsulphate as the surfactant, 
methylparaben as a preservative, and camphor as a flavoring agent 
were incorporated. Both the prepared DP-MEG and DP-TMEG dental 

pastes containing 1% w/w aceclofenac were white-colored and 
sticky in nature.  

Evaluation of aceclofenac dental pastes  

Aceclofenac content 

The prepared DP-MEG and DP-TMEG dental pastes containing 1% 
w/w aceclofenac presented aceclofenac content of 96.08±4.16% and 
97.34±3.24%, respectively (table 3). The obtained result of 
aceclofenac content (within>95%) in both the medicated dental 
pastes indicated uniform mixing and distribution of aceclofenac with 
other excipients [29, 30]. 

 

Table 3: Aceclofenac content (%), pH, viscosity (cps), tube spreadability (cm) and tube extrudability (%) of aceclofenac (1% w/w) dental 
pastes containing MEG and TMEG (DP-MEG and DP-TMEG) 

Results DP-MEG DP-TMEG 
Aceclofenac content (%)a 96.08±4.16 97.34±3.24 
pH 6.50 6.30 
Viscosity (cps) 63240.38 58774.55 
Tube spreadability (cm)a 6.33±0.40 6.40±0.32 
Tube extrudability (%)a 87.02±2.43 91.42±4.75 

Data are expressed as amean±SD, n = 3 
 

pH 

The pH of prepared DP-MEG and DP-TMEG dental pastes containing 
1% w/w aceclofenac were 6.50 and 6.30, respectively (table 3). Both 
the pH of were very close to the standard range of oral pH and 
therefore, the result demonstrated that the prepared DP-MEG and 
DP-TMEG dental pastes containing 1% w/w aceclofenac should not 
exert any irritation at the oral mucosal site after application [30].  

Viscosity  

Viscosities of prepared DP-MEG and DP-TMEG dental pastes 
containing 1% w/w aceclofenac were 63240.38 cps and 58774.55 
cps, respectively (table 3). From the obtained results, it was obvious 
that the dental paste containing TMEG (i.e., DP-TMEG) showed less 
viscosity than that of MEG.  

Tube spreadability and tube extrudability 

The tube spreadability of prepared DP-MEG and DP-TMEG dental 
pastes containing 1% w/w aceclofenac were found at 6.33±0.40 cm 

and 6.40±0.32 cm, respectively (table 3). The tube spreadability of 
DP-TMEG dental paste was found to be higher than that of DP-TMEG 
dental paste. The higher tube spreadability by DP-TMEG dental paste 
could be due to less viscosity, which might facilitate spreading 
swiftly [29]. 

The tube extrudability of prepared DP-MEG and DP-TMEG dental 
pastes containing 1% w/w aceclofenac were found 87.02±2.43% 
and 91.42±4.75%, respectively (table 3). The tube extrudability of 
DP-TMEG dental paste was found higher than that of DP-TMEG 
dental paste. The higher tube spreadability by DP-TMEG dental paste 
could be due to less viscosity, which might facilitate to extrude from 
the tube easily. The high quality of tube extrudability of pastes is 
advantageous for easy removal from the collapsible tubes during 
dispensing and, therefore, improves patient compliance [29].  

In vitro drug release test 

The in vitro drug release studies of prepared DP-MEG and DP-TMEG 
dental pastes containing 1% w/w aceclofenac were studied in 
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phosphate buffer (pH 6.8). The comparative in vitro aceclofenac 
release from both these dental pastes is presented in fig. 3. The DP-
TMEG dental pastes containing TMEG demonstrated a comparatively 
sustained pattern of aceclofenac releasing than that of DP-MEG 
dental paste containing MEG. Both the pastes were found to be 
sustained over a longer time period. The in vitro aceclofenac release 

result of DP-MEG and DP-TMEG dental pastes was not consistent 
with the viscosity result (as the DP-MEG dental pastes showed 
comparatively higher viscosity than that of DP-TMEG dental pastes). 
The comparatively sustained aceclofenac releasing from DP-TMEG 
dental pastes could be on account of in situ cross-linking, which 
might be contributed by the di-sulfide linkage of TMEG. 

 

 

Fig. 3: Comparative in vitro aceclofenac release from 1% w/w aceclofenac dental pastes containing MEG and TMEG (DP-MEG and DP-
TMEG) in phosphate buffer, pH 6.8 [Data are expressed as mean±SD, n = 3] 

 

The model fitting results for in vitro aceclofenac release from 1% 
w/w aceclofenac dental pastes containing MEG and TMEG (DP-MEG 
and DP-TMEG) in phosphate buffer, pH 6.8 is presented in table 4. 
The DP-MEG and DP-TMEG dental pastes followed both the zero-
order model (Q = k0 t+Q0; R2 = 0.9947 and 0.9962, respectively) and 
the Korsmeyer–Peppas model (Q = kKP tn; R2 = 0.9968 and 0.9967, 
respectively) as the best-fit model (table 4). Q and Q0 symbolize the 
aceclofenac released at the time-point, t and 0, respectively; k0, and 

kKP symbolize rate constants in zero-order and Korsmeyer-Peppas 
models, respectively. Besides these, n symbolizes the release 
exponent. The release exponent values (n) of DP-MEG and DP-TMEG 
dental pastes were measured and these were 0.9890 and 0.9265, 
respectively, suggesting that the in vitro release of aceclofenac from 
these dental pastes followed the mechanism of case-II transport (n 
value ≥ 1). It suggested the polymeric chain relaxation-dependent 
drug releasing [30]. 

 

Table 4: The model-fitting results for in vitro aceclofenac release from % w/w aceclofenac dental pastes containing MEG and TMEG (DP-
MEG and DP-TMEG) 

Code Zero-order model First-order model Higuchi model Korsmeyer-Peppas model Release exponent (n) 
DP-MEG 0.9947 0.9069 0.7226 0.9962 0.9890 
DP-TMEG 0.9968 0.9399 0.7343 0.9967 0.9265 
 

Evaluation of ex vivo bio-mucoadhsivity 

The ex vivo bio-mucoadhesion of prepared DP-MEG and DP-TMEG 
dental pastes containing 1% w/w aceclofenac (which were prepared 
using MEG and TMEG as mucoadhesive agents, respectively) onto 
the excised goat buccal mucosal membrane was tested via modified 
physical balance method. The ex vivo bio-mucoadhesion parameters 
(namely mucoadhesive strength, force of adhesion and bonding 
strength) of different dental pastes containing MEG and TMEG are 
presented in table 5. The ex vivo mucoadhesive strength, force of 
adhesion and bonding strength values of DP-MEG dental paste were 
found as 116.38±8.54 g, 1.14 x 10-4N, and 40.20 x 10-2N/m2, 
respectively. The ex vivo mucoadhesive strength, force of adhesion 
and bonding strength values of DP-TMEG dental paste were found as 
144.84±9.39 g, 1.42 x 10-4N, and 50.03 x 10-2N/m2, respectively. The 
ex vivo mucoadhesive strength, force of adhesion and bonding 
strength values of DP-TMEG dental paste were relatively higher than 

those of DP-MEG dental paste. The bio-mucoadhesive potential of 
MEG (extracted and unmodified), when employed as mucoadhesive 
agent in the DP-MEG dental paste can be explicated by the fact of 
developing different kinds of noncovalent bonds (such as ionic 
bonds, hydrogen bonds, Van der Walls force, etc.) among-OH groups 
occurred in the MEG molecular structure and glycoproteins occurred 
in the mucus (as buccal mucosal membrane was used as mucosal 
surface in the ex vivo bio-mucoadhesion testing). However, 
noncovalent bonds are acknowledged for their weaker bio-
mucoadhesion. On the contrary, the improved bio-mucoadhesivity of 
the DP-TMEG dental paste (prepared using TMEG as a mucoadhesive 
agent) can be explicated by the capability of developing stronger 
covalent bonds (owing to the formation of di-sulfide linkage) by thiol 
groups present in the TMEG (thiolated product) in contact with the 
glycoproteins occurred in the mucus. Therefore, TMEG can be 
utilized as an improved bio-mucoadhesive agent in dental paste-
based systems for localized drug delivery. 

 

Table 5: Ex vivo bio-mucoadhesivity results (mucoadhesive strength, force of adhesion and bonding strength) of aceclofenac (1% w/w) 
dental pastes containing MEG and TMEG (DP-MEG and DP-TMEG) 

Code Mucoadhesive strength (g)a Force of adhesion (N) Bonding strength (N/m2) 
DP-MEG 116.38±8.54 1.14 x 10-4 40.20 x 10-2 
DP-TMEG 144.84±9.39 1.42 x 10-4 50.03 x 10-2 

Data are expressed as amean±SD, n = 3 
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Preparation of metronidazole gels using MEG and TMEG 

For the evaluation of the bio-mucoadhesive potential of TMEG, 
mucoadhesive gels of metronidazole were prepared, where 1% w/w 
metronidazole was incorporated as a model drug. In these 
metronidazole gels (G-MEG and G-TMEG), 0.5% w/v Carbopol 940 
was incorporated as a gel-producing excipient, whereas 0.5% w/v 
unmodified MEG and synthesized TMEG were incorporated as 
mucoadhesive excipients. In addition, 0.5% w/v glycerin was 
incorporated as a plasticizer. Both the prepared G-MEG and G-TMEG 
metronidazole gels were white-colored and sticky in nature.  

Evaluation of metronidazole gels using MEG and TMEG 

Metronidazole content 

The prepared G-MEG gel and G-TMEG gel containing 1% w/w 
metronidazole presented metronidazole content of 95.86±3.70% 
and 96.35±4.22%, respectively (table 6). The obtained result of 

metronidazole content (within>95%) in both the medicated gels 
indicated uniform mixing and distribution of metronidazole with 
other excipients. 

pH 

The pHs of prepared G-MEG gel and G-TMEG gel containing 1% w/w 
metronidazole were 6.40 and 6.30, respectively (table 6). Both the 
pH was very close to the standard range of oral pH (pH 6.8) and 
therefore, the result demonstrated that the prepared G-MEG gel and 
G-TMEG gel should not exert any irritation at the oral mucosal site 
after application [15]. 

Viscosity  

The viscosities of prepared G-MEG gel and G-TMEG gel containing 1% 
w/w metronidazole were 726.52 cps and 274.38 cps, respectively (table 
6). From the obtained results, it was obvious that the gel containing 
TMEG (i.e., G-TMEG) showed less viscosity than that of MEG. 

 

Table 6: Metronidazole content (% ), pH and viscosity (cps) of 1%  w/ w metronidazole gels containing MEG and TMEG (G-MEG and G-TMEG) 

Results G-MEG G-TMEG 
Metronidazole content (%)a 95.86±3.70 96.35±4.22 
pH 6.40 6.30 
Viscosity (cps) 726.52 274.38 

Data are expressed as amean±SD, n = 3 
  

In vitro drug release test  

The in vitro metronidazole released from G-MEG and G-TMEG gels 
containing 1% w/w metronidazole was tested in phosphate buffer (pH 
6.8). The comparative in vitro metronidazole released from both these 
gels is presented in fig. 4. The G-MEG gel containing MEG demonstrated 

almost the entire metronidazole release within 6 h. On the other hand, 
the G-TMEG gel containing TMEG demonstrated a comparatively 
sustained pattern of metronidazole release than that of G-MEG gel 
containing MEG. The comparatively sustained metronidazole release 
from G-TMEG gel could be on account of in situ cross-linking, which 
might be contributed by di-sulfide linkage of TMEG. 

 

 

Fig. 4: Comparative in vitro metronidazole release from 1% w/w metronidazole gels containing MEG and TMEG (G-MEG and G-TMEG) in 
phosphate buffer, pH 6.8 [Data are expressed as mean±SD, n = 3] 

 

The model fitting results for in vitro metronidazole release from 
1% w/w metronidazole gels containing MEG and TMEG (G-MEG 
and G-TMEG) in phosphate buffer, pH 6.8 is presented in table 7. 
The G-MEG and G-TMEG gels followed both the Higuchi model (Q = 
kH t1/2; R2 = 0.9967 and 0.9942, respectively) and Korsmeyer–
Peppas model (Q = kKP tn; R2 = 0.9976 and 0.9958, respectively) as 
best-fit model (table 7). Q and Q0 symbolize the aceclofenac 

released at the time-point, t and 0, respectively; kH, and kKP 

symbolize rate constants in the Higuchi model and the Korsmeyer-
Peppas model, respectively. Besides these, n symbolizes the 
release exponent. The release exponent values (n) of G-MEG and G-
TMEG gels were measured and these were 0.4845 and 0.4875, 
respectively, suggesting demonstrated diffusion-dependent 
releasing. 

 

Table 7: The model-fitting results for in vitro metronidazole release from 1% w/w metronidazole gels containing MEG and TMEG (G-MEG 
and G-TMEG) 

Code Zero-order model First-order model Higuchi model Korsmeyer-Peppas model Release exponent (n) 
G-MEG 0.9871 0.9219 0.9967 0.9976 0.4845 
G-TMEG 0.9722 0.8591 0.9942 0.9958 0.4875 
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Evaluation of ex vivo bio-mucoadhsivity 

The ex vivo bio-mucoadhesion of G-MEG gel and G-TMEG gel 
containing 1% w/w metronidazole (which were prepared using MEG 
and TMEG as mucoadhesive agents, respectively) onto the excised goat 
buccal mucosal membrane was tested via modified physical balance 
method. The ex vivo bio-mucoadhesion parameters (namely 
mucoadhesive strength, force of adhesion and bonding strength) of 
different metronidazole gels containing MEG and TMEG are presented 
in table 8. The ex vivo mucoadhesive strength, force of adhesion and 
bonding strength values of G-MEG metronidazole gel were found as 
8.22±0.37 g, 8.06 x 10-2N, and 283.94 N/m2, respectively. The ex vivo 
mucoadhesive strength, force of adhesion and bonding strength values 
of G-TMEG metronidazole gel were found as 10.05±0.48 g, 9.86 x 10-

2N, and 347.15 N/m2, respectively. The ex vivo mucoadhesive strength, 
force of adhesion and bonding strength values of G-TMEG 
metronidazole gel were relatively higher than those of G-MEG 
metronidazole gel. These results were also similar to the results of the 
mucoadhesive dental pastes of 1% w/w aceclofenac as presented 
earlier. Similarly, the improved bio-mucoadhesive by the G-TMEG 
metronidazole gel (prepared using TMEG as a mucoadhesive agent) 
can be explicated by the capability of developing stronger covalent 
bonds (owing to the formation of di-sulfide linkage) by thiol groups 
present in the TMEG (thiolated product) in contact with the 
glycoproteins occurred in the mucus (comparable to the 
mucoadhesive dental pastes of 1% w/w aceclofenac as presented 
earlier). Therefore, TMEG can be utilized as an improved bio-
mucoadhesive agent in bio-mucoadhesive gel-based systems. 

 

Table 8: Ex vivo bio-mucoadhesive results (mucoadhesive strength, force of adhesion and bonding strength) of 1% w/w metronidazole 
gels containing MEG and TMEG (G-MEG and G-TMEG 

Code Mucoadhesive strength (g)a Force of adhesion (N) Bonding strength (N/m2) 
G-MEG 8.22±0.37 8.06 x 10-2 283.94 
G-TMEG 10.05±0.48 9.86 x 10-2 347.15 

amean±SD, n = 3 

 

CONCLUSION 

Natural polysaccharides are natural mucoadhesive agents due to the 
presence of numerous hydroxyl groups in molecules. MEG is also a 
natural polysaccharide and its mucoadhesive potential is improved by 
thiolation. The yield percentage of the thiolated product was 44.62%, 
which is a good production rate. Thiol group content was measured by 
Ellman’s method and it was found that TMEG contains 4.17 mmol of 
the thiol group. Gel and paste were prepared separately by both MEG 
and TMEG to study its impact on drug release and bio-mucoadhesive 
in various formulations. Metronidazole gel prepared with TMEG shows 
22% more mucoadhesive strength as well as force of adhesion. 
Metronidazole release from prepared gel fit into various kinetics 
models and this data suggests diffusion-dependent release. 
Aceclofenac paste prepared with MEG and TMEG showed a 24% 
increase in bio-mucoadhesion potential. Aceclofenac release study of 
the paste fit into various kinetic models suggesting a polymeric chain 
relaxation-dependent drug release. It can be concluded that the 
thiolation of MEG produces a product which can produce formulations 
which show improved bio-mucoadhesivity. 
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