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Abstract 

Gliclazide is widely used in the treatment of non-insulin dependent diabetes 
mellitus. Its major drawback is the hydrophobic nature, low dissolution rate and inter-
individual variation in bioavailability. 

The objective of the present study was to enhance dissolution rate and 
antidiabetic effect of gliclazide using immediate release tablets. Tablets containing wetting 
agents like: propylene glycol (PG), ethanol (Et) and Solutol H15 (S) in ratios of 1:1, 2:1, 
4:1 to drug and mixed with ProSolv (A) as filler in concentrations of 10, 15, 20% were 
prepared. Sodium starch glycolate as disintegrating agent was added 5% w/w. The 
dissolution of gliclazide in tablets was investigated in HCl 0.1 N. The blood glucose 
lowering effect of tablets was studied in normal and streptozotocin-diabetic rats. 

The developed tablets caused significantly higher drug release rate than 
conventional tablets due to increased wetting properties and increased surface of drug 
available for dissolution. Increasing the ratio of ProSolv from 10 to 20% caused to increase 
drug dissolution rate. 

The area under the normalized blood glucose level vs. time curve up to 25 hr 
after administration of the optimized formulation (PG)4A20 showed significant decrease in 
blood glucose level in both normal and diabetic rats compared to conventional tablets. The 
developed tablets enhance water solubility of gliclazide and its efficacy.  

 
Rezumat 

Gliclazida este un medicament frecvent administrat la pacienţii cu diabet zaharat 
tip II. 

Obiectivul studiului a constat în evaluarea metodelor de îmbunătăţire a ratei de 
dizolvare şi a efectului anitdiabetic al gliclazidei prin utilizarea tabletelor cu eliberare 
imediată. 

În acest scop, s-au folosit diferiţi agenţi de umectare: propilenglicol, etanol, 
solutol H15 în diferite proporţii şi ProSolv drept agent de umplere în diferite concentraţii. 
Tabletele obţinute au prezentat solubilitate crescută în mediu apos şi o eficacitate 
terapeutică accentuată. 

 
Keywords: gliclazide; dissolution rate; streptozotocin-induced diabetic rat; 

blood glucose levels.  
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Introduction 

A drug should be appropriately dissolved within the gastrointestinal 
tract in order to be absorbed. In general drug dissolution can be defined by 
the extent and the rate of dissolution and involves 2 steps: 1) drug release 
from the dosage form and 2) drug transport within the dissolution medium 
[1]. According to the biopharmaceutical classification system (BCS) drug 
substances are classified upon their solubility and permeability to 4 classes 
[2]. For poorly soluble, highly permeable drugs (class II), the rate of oral 
absorption is often controlled by dissolution rate in gastrointestinal tract [3]. 
Therefore together with the permeability, the solubility and dissolution 
behavior of a drug are key determinants of its oral bioavailability [3]. There 
have been numerous efforts to improve drugs dissolution rate [4].  

Gliclazide 1-(3-azabicyclo (3.3.0) oct-3-yl)-3-p-tolysulphonylurea a 
second generation hypoglycemic agent used in the treatment of non-insulin 
dependent diabetes mellitus is a white crystalline powder. Its plasma half-
life is 6-14h. It is rapidly absorbed from the gastro-intestinal tract and 
extensively metabolized in the liver by hydroxylation, N-oxidation and 
oxidation to a number of inactive metabolites. Approximately 60-70% of a 
dose is excreted in the feces as metabolites. It binds to plasma proteins in a 
proportion of 89-95% [4] and its duration of action is 12h or more. As its 
effects are less prolonged than those of chlorpropamide or glibenclamide it 
may be more suitable for elderly patients, who are prone to hypoglycemia 
with longer-acting sulfonylureas [5].  

Gliclazide is a poorly soluble, highly permeable drug (class II of 
BCS). The problem with this widely used hypoglycemic drug is that it is 
practically insoluble in water (40-55 µg/mL at 37°C) [6]. Its low solubility 
and low dissolution rate in gastric fluids may be the reason for its delayed 
and unpredictable absorption. So its bioavailability is limited and variable 
[7, 8]. The slow dissolution can be attributed, at least in part, to 
hydrophobicity of gliclazide powder as evidence by poor wetting of powder 
surface by water [9, 10].  

Numerous attempts have been made to improve the dissolution rate 
of gliclazide to obtain more rapid and complete absorption. Seedher and 
Kanojia [6] used co-solvent crystallization of gliclazide for enhancing its 
solubility. The same researchers used five surfactant systems; a cationic 
(CTAB), anionic (SDS) and a non-ionic (Tween-80) surfactant as well as 
equimolar mixtures of cationic + non-ionic (CTAB + Tween-80) and 
anionic + non-ionic (SDS+Tween-80) surfactants for enhancing the 
solubility of this drug [6]. Hong et al. [11] used a soft gelatin capsule 
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containing PEG 400, PEG 4000, Tween 20 and glycerin as a formulation 
that may accelerate dissolution of gliclazide and Varshosaz et al. [12] used 
in-situ micronization by solvent change method for dissolution enhancement 
of gliclazide.  

The aim of this study was to enhance the dissolution rate of 
gliclazide by formulating immediate release tablets in which wetting agents 
are added. To our knowledge this method has not been used for gliclazide 
yet. Then the lowering blood glucose effect of optimized tablet formulation 
was tested in normal and streptozotocin (STZ) induced diabetic rats.  
 

Materials and Methods  

Materials  
Gliclazide powder was obtained from Labochim Company (Italy), 

ProSolv (JRS. Germany), sodium starch glycolate, propylene glycol (PG), 
ethanol (Et), glacial acetic acid, HCl, and other reagents were all analytical 
grade reagents from Merck Chemical Company (Germany). Solutol H15 (S) 
was obtained from BASF (The Chemical Company, Ludwigshafen, 
Germany) and streptozotocin from Sigma, USA. Gliclazide conventional 
tablet (Zircon®) 40 mg was obtained from Bristol Laboratories.  

 
Effect of different wetting agents on the saturation solubility of 

glyclazide 
Solubility measurements were performed according to the method of 

Higuchi and Connors [13]. In brief, solubility studies of pure glyclazide and 
its 1:1 to 1:4 mixture with PG or Et or S were carried out at pH 1.2 
containing 0.1% Tween 20. Saturated solutions were prepared by adding 
excess drug to the medium and shaking on the shaker (Velp, Italy) for 48 h 
at 25 ± 0.5°C under constant vibration. After this period the solutions were 
filtered, through a 0.22 µ membrane filter and the filtrate was assayed 
spectrophotometrically (Shimadzu, Japan) at 227.4 nm. Three 
determinations were carried out for each sample to calculate the solubility of 
gliclazide. 

 
Particle size analysis 
The size distribution of pure drug powder was measured with a laser 

diffraction particle size analyzer (SALD-2101 Shimadzu, Japan). The 
particle size distribution and mean particle size diameter were automatically 
calculated using the software provided. The size distribution was evaluated 
with the span value defined as follows:  Span = (D90%-D10%)/D50%. 
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Where, DN% (N= 10, 50, 90) means the volume percentage of 
microparticles with diameters up to DN%. The smaller span value indicates 
the narrower particle size distribution. 

 
Compressability percent or Carr’s Index 
About 1mL of drug powder was carefully filled into a mounted 

measuring cylinder with known tare. The powder bed was leveled with a 
spatula, and the maximum bulk volume was read. A single tap was 
employed, and the volume was read again. This procedure was repeated, 
thereby gradually increasing the number of taps between individual 
readings, until three consecutive replicates of 100 taps did not reduce the 
powder volume further. Hence the minimum powder volume (to give the 
maximum bulk density) had been reached. The measuring cylinder was then 
weighed to determine the powder mass. Compressibility percent [14] was 
calculated using equation 1: 

 

Compressibility percent =100 ×(ρt- ρa)/ ρt                             Eq. 1 
 

where ρt is the maximum bulk density, ρa is the minimum bulk density. All 
experiments were performed in triplicate. 

 
Preparation of tablets  
Three different types of wetting agents (PG, Et or S) were used for 

the preparation of tablets. Gliclazide was dispersed in PG, Et or S with 
different ratios ranging from 1:1 to 1:4 (the ratio of drug was 1 in all 
mixtures). Then, ProSolv (A) powder in different concentrations of 10, 15 
and 20% was added to a mixture containing the drug and the wetting agent 
under continuous mixing in a mortar. Sodium starch glycolate (5% w/w) as 
disintegrant was mixed with other ingredients for 10 min.  

The final mixture was compressed using the single punch press 
machine (Kilian Co, KS 43373-202, Germany) to achieve tablet hardness of 
6-7 kp (Table I).  

 
Disintegration time of tablets 
The disintegration time of the tablets was determined in distilled 

water at 37 ± 0.5°C in a six station disintegration test unit (a Pharma-test 
(PTZE) disintegration tester). Tablets were placed on the wire mesh just 
above the surface of the distilled water in the tube. The time taken for each 
tablet to disintegrate was recorded. The end point of the test was indicated 
when the remaining residue had a soft mass with no palpable soft core. 
Results were expressed as the mean of three determinations. 
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Table I 
Formulation of different studied tablets 

Formulation 
code 

Gliclazide 
amount (mg) 

Wetting agent 
type 

Wetting 
agent (mg) 

ProSolv 
(%) 

Sodium starch 
glycolate (mg) 

(PG)1A10 40 Propylene glycol 40 10 10 
(PG)1A15 40 Propylene glycol 40 15 10 
(PG)1A20 40 Propylene glycol 40 20 10 
(PG)2A10 40 Propylene glycol 80 10 10 
(PG)2A15 40 Propylene glycol 80 15 10 
(PG)2A20 40 Propylene glycol 80 20 10 
(PG)4A10 40 Propylene glycol 160 10 10 
(PG)4A15 40 Propylene glycol 160 15 10 
(PG)4A20 40 Propylene glycol 160 20 10 
(Et)1A10 40 Ethanol  40 10 10 
(Et)1A15 40 Ethanol  40 15 10 
(Et)1A20 40 Ethanol  40 20 10 

S1A10 40 Solutol H15 40 10 10 
S1A15 40 Solutol H15 40 15 10 
S1A20 40 Solutol H15 40 20 10 

Contact angle of tablets with water 
For assessment of wettability, contact angle was measured between the 
surface of immediate release or conventional tablets of gliclazide and 25µL 
of simulated gastric fluid (HCl 0.1N solution) saturated with gluclazide or 
gliclazide and wetting agents. The commonly used imaging method is to 
measure contact angle directly for a drop of liquid resting on a plane surface 
of the solid, the so-called imaging method. An excess amount of glyclazide 
and in the case of formulations wetting agents were added to this media and 
shaken for 24 h with constant rate. The upper solution was centrifuged. A 
drop of this solution was put on the surface of tablets, and pictures were 
taken by using a digital camera (Nikon 2200, Japan). The contact angles 
were calculated by measuring the height (H) and diameter (D) of sphere 
drop on the tablet (Figure 1) using AdobePhotoshop [15] and the equation 2: 
 

Ɵ=2 tan-1 (2H/D).                                                       Eq. 2 

 
Figure 1 

Schematic representation of contact angle measurement using imaging method 
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Drug content of tablets  
10 tablets of each batch were selected, weighed and powdered. A 

quantity of the powder containing 10 mg of gliclazide was shaken with 30 
mL of phosphate buffer (pH 7.4) for three times and then was diluted up to 
100 mL with phosphate buffer. One mL of the filtrate was diluted to 5 mL 
and then the drug content was determined spectrophotometerically at 227.8 
nm [16].  

 
In vitro drug release studies  
The USP paddle method (Erweka, Germany) was used for all in vitro 

dissolution studies. In this method HCl 0.1N containing 0.1% Tween 20, 
which simulated gastric fluid (pH 1.2) was used as dissolution medium. The 
rate of stirring was 100 rpm. The drug powder or tablets were placed in 900 
mL dissolution medium (37 ± 0.5 °C). At appropriate time intervals of 10, 
20, 30, 60 min 1 mL samples were taken and filtered through a 0.45µm filter 
and diluted with dissolution medium to 5 mL. The dissolution medium was 
then replaced by 1 mL of fresh dissolution fluid to maintain a constant 
volume. The samples were centrifuged (Hettich, Germany) and then 
analyzed at 227.4 nm by UV/visible spectrophotometer (Shimadzo, Japan). 
The in vitro release studies were performed in triplicate for each sample, 
and drug free tablets were used as the blank. To compare the dissolution 
data, dissolution efficiency (DE) and mean dissolution time (MDT) were 
used [4].  

 
Analysis of release data  
All data were statistically analyzed using analysis of variance 

(ANOVA) and post hoc test of Dunckan by SPSS software version 12. DE 
[17] after 30 minutes of release test was used to compare the results of 
release tests of different formulations:  

100%
100

30 ×= ∫•
ty

ydt
DE

t

                          Eq. 3 

where y is the percent of drug released as a function of time, t is the total 
time of drug release and y100 is 100% of drug release.  

MDT [18] is calculated from the amount of drug released to the total 
cumulative drug, measure of the release process. The lower the MDT, the 
faster the release rate.  
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where i is the release sample number, n is the number of release sample 
time, tmid is the time of the midpoint between i and i-1 and M is the 
additional amount of drug released between i and i-1.  
 

In vivo studies  
Animals  
36 Male albino Wistar rats with a body weight of 180-250g (70-90 

days aged) were selected for all the experiments. Animals were kept in the 
animal house at 23-30 °C and 45-55% relative humidity and were kept 
fasted 12-14 h before blood sampling. The Isfahan University of Medical 
Sciences Ethical Committee approved all animal experiments in the present 
study. 

Induction of diabetes in rats  
Diabetes was induced in rats by a single intraperitoneal injection of 

STZ as much as 55 mg/kg body weight in freshly prepared citrate buffer (25 
mg/mL pH 5). Control rats received only carboxy methyl cellulose 1% 
(CMC 1%) suspension in citrate buffer. The diabetic status of rats was 
assessed by the determination of fasting glucose concentration on the third 
day post-administration of STZ [19].  

Experimental Design  
 Rats were randomly divided into the following six groups: each 

group included six animals (n=6).  
Group I: consisted of normal control (untreated) rats that received 3 

mL of CMC 1% suspension in normal saline using gastric tube.  
Group II: consisted of normal rats that received 3 mL suspension of 

conventional gliclazide tablet (10 mg/kg b.w.) in CMC 1% using a gastric 
tube.  

Group III: consisted of normal rats that received 3 mL suspension of 
optimized immediate release tablets (PG)4A20 (10 mg/kg b.w. of drug) in 
CMC 1% using a gastric tube.  

Group IV to VII were exactly similar to group I to III expect that 
included diabetic animals. The animals were carefully monitored every day 
[20].  

Blood collection and biochemical analysis  
Three days after injection of STZ, when the fast blood glucose level 

of rats was 300 mg/dL, the rats were fasted (12-14 h) and received drugs as 
mentioned above. Then 0.3 mL of blood was withdrawn after 0, 0.25, 0.5, 1, 
1.5, 2, 5, 8 and 25 h through retro-orbital-plexus using a glass capillary and 
collected in ependorf tubes containing 1 µL of 10% EDTA. Collected blood 
was centrifuged for 15 min at 8000 rpm. The plasma thus obtained, was 
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used for glucose measuring (analyzed at 500 nm by UV/visible 
spectrophotometer). Blood glucose concentration (mg/dL) was determined 
using a commercial kit based on the glucose oxidase method [21].  

 

sample glucose concentration(mg / dL) = optic absorption of sample
optic absorption of s tandard solution

!concentration of s tandard solution(100mg / dL)

       Eq. 5 

 
Normalization of blood glucose levels was carried out using Eq. 6 
 

Normalized blood glucose% = Blood glucose level at each time po int! blood glucose level at time zero
Blood glucose level at each time po int

"100
  Eq. 6 

 
Analysis of blood glucose data  
The 25-h area under the normalized percentage of blood glucose 

level-time (h) curve (AUC0-25) was used for comparison of blood glucose 
lowering effect of gliclazide developed tablets with conventional tablets of 
gliclazide [22].  

∫=−

t

t ydtAUC
0                                              Eq. 7 

 

 
Results and Discussion 

Considering low water solubility of gliclazide, different techniques 
have been developed to increase its dissolution rate and consequently its 
bioavailability.  Although micronization using milling process may enhance 
dissolution rate extremely, it is inefficient due to a high energy input, and 
disruptions in the crystal lattice which can cause physical or chemical 
instability. Therefore, in the present study we tried to enhance antidiabetic 
effect of this drug by a non-invasive method for the crystalline lattice of the 
drug that doesn't cause instability. The technique used in this regard is using 
wetting agents. 

Table II summarizes the results of the study on the saturated 
solubility of pure gliclazide or its mixture with different wetting agents. As 
this table indicates all used wetting agents have enhanced gliclazide 
solubility the highest solubility is seen in Glyclazide /PG with the ratio of 
1:4 while its 1:1 ratio has nearly enhanced solubility as much as other 
wetting agent. However, the differences are significant in all of them 
(p<0.05). The mixture of gliclazide/Et showed lower solubility compared to 
PG and S (p<0.05). 



FARMACIA, 2013, Vol. 61, 4 

 

 

828 

Table II 
Solubility of gliclazide and its mixture with different wetting agents in HCl 0.1 N 

containing 0.1% Tween 20.  
Substance Solubility  

Gliclazide powder 142.88±0.01 
Gliclazide /PG 1:1 700.43±0.05 
Gliclazide /PG 1:4 812.59±0.02 
Gliclazide / Et 1:1 670.99±0.04 
Gliclazide /S 1:1 688.22±0.06 

The micromeritic behavior (mean particle size, span and Carr’s Index) 
and of untreated gliclazide powder including particle size diameter, 
compressibility percent and dissolution efficiency (DE) after 15 of dissolution 
test were studied and the results are shown in Table III. It is obvious that the 
original gliclazide (untreated drug) has large mean particle size. Carr’s index 
or compressibility percent which is an indication of powder flow behavior 
was low. A Carr index greater than 25 is considered to be an indication of 
poor flowability, and below 15, of good flowability [14].  

Table III 
Micromeritic properties of gliclazide powder drug 

and its dissolution efficiency till 15 min 
Mean Particle size 

(µm)±SD 
Span 

 
Compressibility 

Carr's Index  (%)±SD 
DE15%±SD 

290±36.05 2.1 20±0.10 23.85±4.13 
By considering all data obtained in the present study it can be 

postulated that there should be two main factors responsible for an increase 
in dissolution rate of gliclazide powder; (a) an increase in wettability of 
drug particles and (b) an increase in saturated solubility of the treated drug 
powder. According to Noyes and Whitney equation [23], DR = [(DS (Cs-
C)]/h, the drug dissolution rate (DR) is directly proportional to its 
concentration gradient (Cs-C) in the stagnant diffusion layer, diffusion 
coefficient (D) and its surface (S) available for dissolution. Cs is the 
saturation solubility of the drug in the dissolution medium which is 
enhanced in the dissolving media (Table II). Since all of dissolution tests for 
formulations were carried out at a constant rotational paddle speed (100 
rpm) and identical dissolving media, we can assume that the thickness (h) of 
the stagnant diffusion layer and the diffusion coefficient (D) of the drug 
molecules remain almost identical. Since treated drug powders with wetting 
agents showed higher wettability (Table IV) (or lower contact angle) and 
consequently higher solubility than untreated drug therefore, the observed 
higher dissolution rates of gliclazide fast releasing tablets are possibly due 
to the significant increase in the wettability (Table IV) of the treated drug 
powders.  



FARMACIA, 2013, Vol. 61, 4 

 

 

829 

Figure 2 shows the effect of the type of wetting agent and ratio of 
drug to wetting agent on the release profile of gliclazide from immediate 
release tablets in comparison to the conventional tablet used. As it is evident 
from this figure PG has caused higher dissolution rates than Et or S specially 
when the ratio of these wetting agents to the drug are higher (1:1 vs 1:4). To 
compare the dissolution data, DE30% and MDT were used (Table IV).  

Table IV 
Contact angle with water, disintegration time, MDT, DE30% and assay of gliclazide 

immediate release tablets and conventional tablets (n=3).  

Formulation code Contact 
angle (°) 

Disintegration 
time (sec) DE30%±SD MDT±SD 

(min) 
Drug content 

±SD (mg) 
Conventional tablet 80.0±3.0 100.5±9.1 49.50±2.42 9.64±0.70 40.15±0.37 

(PG)1A10 42±0 44.0±3.6 58.63±0.75 10.10±0.27 40.37±0.89 
(PG)1A15 42±1 43.6±2.1 66.82±0.77 8.57±0.08 40.12±0.58 
(PG)1A20 42±1 42.3±1.5 68.67±2.48 8.24±1.33 41.50±1.16 
(PG)2A10 40±1 47.0±2.0 69.28±3.6 9.17±1.03 41.11±1.05 
(PG)2A15 40±1 48.0±2.0 71.43±0.81 8.57±0.24 39.34±0.58 
(PG)2A20 40±0 50.0±1.0 74.40±2.72 7.68±0.18 34.93±1.18 
(PG)4A10 35±1 53.0±2.0 73.55±1.41 7.53±0.42 41.14±0.94 
(PG)4A15 35±1 50.0±5.0 81.66±1.01 5.49±0.29 40.66±1.23 
(PG)4A20 35±1 59.0±3.6 83.03±0.52 5.09±0.15 40.45±0.91 
(Et)1A10 52±2 55.0±9.2 51.58±2.7 11.52±0.8 39.4±1.27 
(Et)1A15 52±2 61.3±3.2 53.97±2.16 10.06±0.37 38.77±0.69 
(Et)1A20 51±2 63.6±3.0 56.13±2.05 10.08±0.90 39.56±0.39 

S1A10 45±2 54.6±8.7 46.51±1.77 13.05±0.30 39.67±0.48 
S1A15 44±1 47.3±5.5 49.07±2.13 11.88±0.92 38.27±0.33 
S1A20 45±2 53.3±6.0 56.49±2.57 10.88±1.30 37.37±0.07 

Table IV shows that although all studied wetting agents have 
decreased the contact angle compared to the conventional tablets (p<0.05), 
but the least contact angle was seen in tablets prepared by PG in the ratio of 
4:1 to the drug. This result confirms the results of saturation solubility 
shown in table II. The DE30% value for the conventional tablet is 49.50% 
whereas this value changes to 58.62, 51.88, 46.51% for tablets containing 
PG, Et, S, respectively in ratio of 1:1 to drug and ProSolv 10%. The 
differences are significant (p<0.05) in all cases except for the conventional 
tablets and the (Et)1A10 (p>0.05). A similar trend was obtained with the 
same wetting agents in other ratios of wetting agent to drug. The results 
show that within each formulation series, DE30% values increased 
significantly (p<0.05) as the concentration of wetting agent increased. Table 
IV also shows that MDT was considerably lower for the developed tablet 
formulations compared to the conventional tablet, indicating a faster 
dissolution rate. However, differences between conventional tablet and 
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(PG)1A10, (PG)1A15, (PG)2A10, (PG)2A15, (Et)1A15, (S)1A10 were not 
significant (p>0.05). 

Among different wetting agent ratios used in production of tablets it 
was seen that as the concentration of wetting agents increased, DE30% 
values increased significantly (Table IV) that may be due to higher 
gliclazide solubility at higher concentrations of wetting agents. One may 
also find that PG contributes to a higher dissolution rate (Fig. 2) than other 
agents (P< 0.05) that is probably due to higher solubility of gliclazide in PG 
and its hydrophilicity. 

 
Figure 2 

Effect of type of wetting agent and the ratio of drug:wetting agent on the release profile of 
gliclazide from newly formulated tablets compared to the conventional tablet (n=3). 
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Patil and Gaikwad [7] enhanced the dissolution of gliclazide using 
hydrophilic carrier of polyethylene glycol 4000 (PEG 4000) in its solid 
dispersions. Dissolution enhancement was attributed to decreased 
crystallinity of the drug and to the wetting and solubilizing effect of the 
carrier. PEG 6000 also has been used in preparation of solid dispersions of 
gliclazide and has increased dissolution rate of this drug [9]. In other words 
hydrophilic carriers can enhance dissolution properties of this drug. In this 
regard complexation of gliclazide with beta-cyclodextrin in the presence of 
hydroxypropylmethylcellulose (a hydrophilic polymer) also has enhanced 
the rate and extent of gliclazide dissolution to 2.5 fold [24]. This technique 
produced not only an early onset but also more intense hypoglycemic effect 
as compared to pure drug powder and commercial tablets. The use of in situ 
micronization process through pH change method in the presence of 
hydrophilic stabilizers like, HPMC, PEG and Brij has also been reported to 
produce micron-size gliclazide particles for fast dissolution and hence better 
bioavailability [25, 26]. 

Figure 3 shows the effect of increase in the ratio of ProSolv on the 
release profile of gliclazide prepared tablets in comparison to conventional 
tablets. As this figure shows increased ratio of ProSolv has elevated the 
dissolution efficiency of gliclazide from the tablets significantly (p<0.05). 
For instance in Fig. 3c the amount of DE30% (Table IV) for conventional 
tablet is 49.50% and for formulated tablets with drug: wetting agent ratio of 
1:4 and ProSolv percentages of 10, 15, 20 are 73.55, 81.66, 83.03%, 
respectively. A similar trend was obtained for other ratios. 

Results show that in general, increasing the ratio of ProSolv causes 
an increased drug dissolution rate (Figure 3c and Table IV) which may be 
due to disintegrating effect of ProSolv. So increasing the amount of 
ProSolv, causes faster disintegration of the tablets and consequently faster 
drug dissolution in medium [27]. Possibly the presence of Aerosil as a co-
processed ingredient in ProSolv powder effectively adsorbs wetting agent 
during mixing the powders and prevents its enhancing solubility effect on 
the drug. However, disintegration effect of ProSolv has more pronounced 
effect than decreasing effect of Aerosil on dissolution rate and consequently 
ProSolv has enhanced the dissolution rate of the drug.  

Considering the higher DE30% and lower MDT values of developed 
tablets of (PG)4A20, which contained 1:4 drug/PG with 20% ProSolv, this 
formulation was chosen for in vivo studies.  
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Figure 3 

Effect of different concentrations of  ProSolv on the release profile of gliclazide 
developed tablets compared to the conventional tablet (n=3) 

 

Figure 4 shows normalized percentage of blood glucose level and 
effect of gliclazide conventional and developed tablets in normal (Figure 4a) 
and STZ-induced diabetic (Figure 4b) rats. These two groups both showed 
significant    (p<0.05) lower normalized blood glucose levels compared to 
the control group. As figure 4a indicates, in normal rats the blood glucose 
levels in immediate release tablets was significantly (p<0.05) lower at 0.25, 
0.5, 1, 1.5 and 2 h compared with conventional and untreated group but after 
that the differences between immediate release tablets was not significant 
with conventional tablets at 5, 8 and 25 h (p>0.05). In the diabetic rats (Fig. 
4b) in all studied time points the difference in blood glucose level was 
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significantly different in the immediate release tablets with conventional and 
untreated group (p<0.05). Only after 25 h the difference between immediate 
release tablets with conventional ones was not significant (p>0.05). 

 
Figure 4 

Normalized percentage of blood glucose level after administration of conventional 
tablets and immediate release tablets of gliclazide in a) normal and b) 

streptozotocin- diabetic rats (n=6) 
 

As figure 4 and table V indicate the reducing blood glucose effect 
was registered in both normal and STZ-diabetic rats. The (PG)4A20 tablets 
caused about 7 folds different AUC0-25 compared to traditional tablets in 
STZ-diabetic rats. Although this effect was more pronounced in diabetic rats 
than normal ones, the reduction in normalized blood glucose levels for 
normal rats was also significant (p<0.05). There are different reports 
indicating blood glucose reduction in short term consuming of sulfonylurea 
drugs that may induce more insulin secretion even in normal rats [28-31].   

Table V displays AUC0-25 of normalized percentage of blood 
glucose-time curve that shows more lowering effect of optimized tablet 
formulation (PG)4A20 on blood glucose level in normal and diabetic rats 
compared to the control and conventional tablet groups (p<0.05). 
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Table V 
AUC0-25 of normalized percentage of blood glucose level-time (h) curve for normal 

and STZ-diabetic rats (n=6) 

Groups  AUC0-25 (mg/dL.h) ±SD 
Diabetic rats  Normal rats  

Untreated (control) 804.50±34.02 64.65±30.04 
Conventional tablet  270.39±29.50 1166.22±101.91 

(PG)4A20 1936.39±71.30 1197.26±47.46 
 

Conclusions 

The use of wetting agents is a promising alternative for the 
formulation of water insoluble drugs such as gliclazide into immediate 
release tablets. The higher dissolution rates displayed by them may also 
imply enhanced oral bioavailability due to the increased wetting properties 
and solubility of drug in the wetting agents. Also it has been shown that the 
dissolution rate of gliclazide increases with increasing the ProSolv that may 
be due to its disintegrating effect. The DE30% and MDT from optimized 
formulation (PG)4A20 show that the dissolution rate becomes 1.7 times more 
than those of conventional tablets. This optimized formulation could 
decrease blood glucose level in both normal and STZ-diabetic rats compared 
to conventional gliclazide tablet and control groups significantly (p< 0.05).  

The developed tablets may be considered for further human 
evaluation as a promising rapid release dosage form for gliclazide.  
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