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Abstract 
The main objective of this research is to conduct a comprehensive study for 
enhancing the aqueous solubility of poorly water soluble gliclazide using hy-
drophilic fumed silica particles (Aerosil® 380) and evaluating the influence of 
silica on drug release profile and pharmacological activity on alloxan induced 
diabetic rats. Solid dispersions (SD’s) of gliclazide were prepared using 
solvent evaporation method. The dissolution profiles and solid state characte-
rization of the SD’s prepared were all evaluated. The dissolution rate of glicla-
zide in the SD’s with fumed silica (weight ratio, 1:1) was approximately 38%, 
which is about 10 fold higher than that of the pure drug after 30 min. After 
forming the SD’s, gliclazide changed into an amorphous state, which can in-
fer from differential scanning calorimetry (DSC) and powder X-ray diffrac-
tion (PXRD). Fourier transform infrared spectroscopy (FTIR) also revealed 
the formation of weak hydrogen bonding through the interactions between 
the secondary amine groups of gliclazide and silanol groups of silica particles 
in the SD’s. The rapid dissolution rate from the SD’s might be attributed to 
the amorphization of drug, improved specific surface area and wettability 
than the original drug crystals. Further, we investigated the antidiabetic ef-
fects of SD’s of gliclazide in alloxan induced diabetic rats. The SD’s of glicla-
zide decrease the blood glucose level 64% whereas the conventional gliclazide 
decreases only 37% in diabetic rats. Lipid profiles, kidney and liver functions 
are remarkably improved in diabetic rat treated with SD’s of gliclazide than 
that of conventional gliclazide. These results suggest that SD’s of gliclazide 
have much more bioavailability and hence are more pharmacologically active 
than that of conventional gliclazide form. 
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1. Introduction 

The dissolution rate of active ingredients exhibiting poor aqueous solubility is a 
fundamental determinant of rate of absorption, and hence oral bioavailability 
[1]. According to the Biopharmaceutics Classification System (BCS), the dissolu-
tion of drugs exhibiting low solubility-high permeability (Class II) may be 
judged as the rate-limiting step through which possible in vivo performance may 
be predicted in terms of onset of action and intensity of pharmacological effect 
[2] [3]. It is, therefore, recommended to carry out the in vitro assessment of dis-
solution of Class II drugs in multiple media as an indicative test of their in vivo 
effect. 

Gliclazide, a class-II drug, is an oral hypoglycemic sulfonylurea derivative that 
is commonly used for the treatment of non-insulin dependent diabetes mellitus 
(NIDDM). Due to possessing low aqueous solubility [4] [5] [6], gliclazide exhi-
bits an unpredictable and slow absorption rate with considerable intra and inter 
subject variability [7]. Therefore, the enhancement of oral bioavailability of glic-
lazide remains one of the most challenging aspects of formulation development. 
Last few years, a remarkable number of approaches aimed at improving solubil-
ity and/or dissolution rate of gliclazide have been reported [8]-[17]. One ap-
proach involves the preparation of solid dispersions of gliclazide with hydro-
philic carriers such as polyethylene glycols through applying different metho-
dologies including fusion techniques [10] [11] [12] [13], co-grinding methods 
[14], and solvent evaporation methods [15] and solvent melting [16]. Further-
more, salt formation of gliclazide with sodium hydroxide has been reported to 
improve solubility and drug dissolution rate [18].  

Dissolution rate as well as bioavailability enhancement by increasing the sur-
face area is also well documented [19] [20]. In recent times, porous and meso-
porous silica materials, characterized by the large specific surface area, have been 
reported to be a step ahead for enhancing drug dissolution and oral bioavailabil-
ity [21]-[26]. It had been reported that SD particles with colloidal silica or por-
ous silica prepared by the spray-drying method improve the dissolution proper-
ties of poorly water soluble drugs [27] [28] [29] [30]. Some studies reported 
preparation of SD’s of indomethacin with silica particles using the co-grinding 
and melt-quenching method [31] [32] [33]. According to a number of earlier 
reports, drug molecules adsorbed onto the surface of the porous materials, due 
to the mixing or heating method were found to exist in the amorphous state [6] 
[34] [35] [36] [37]. 
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To gain a clear understanding of gliclazide-aerosil (GA) interactions and their 
dynamics in the release rate of drug, we prepared their solid dispersions (SD’s) 
using solvent evaporation method and a possible scenario for drug dissolution 
rate has been discussed in this study. The first part of the study consisted to ex-
amine the dissolution behavior of the SD’s of GA and compared it to that of 
pure gliclazide (G) and their physical mixing systems (PMs). Subsequently, a set 
of complementary techniques (differential scanning calorimetry [DSC], scan-
ning electron microscopy [SEM], X-ray powder diffraction [PXRD], and Fourier 
transform infrared spectroscopy [FTIR]) was used to monitor the physical 
changes of gliclazide in the SD’s. 

Therefore, in the present study, the physicochemical investigation is subse-
quently followed by pharmacological study of the formulation. In this portion, 
the hypoglycemic activity of the formulation was evaluated in a separate animal 
study. Moreover, biochemical investigations were carried out for further con-
firmation of activity and seeking possible side-effects associated with the formu-
lation. 

2. Materials & Methods 
2.1. Drugs and Chemicals 

Gliclazide was generously gifted by Square Pharmaceutical Ltd., Pabna, Bangla-
desh. Silica (Aerosil 380) was obtained from Evonik Pvt. Ltd., Hanau, Germany. 
Ethanol and methanol were purchased from Hong Yang Chemical Corporation, 
China and Merck, Germany, respectively. Potassium dihydrogen phosphate, so-
dium hydroxide and hydrochloric acid (35% - 38%) were purchased from 
Scharlab S. L. Spain; Merck Specialities Private Ltd India; and Merck, Germany; 
respectively. Alloxan was purchased from Loba Chemiie, Bombay, India. Blood 
glucose level was measured by using a glucose test meter (CLEVER CHECK-TD 
4226, Germany) during the course of treatment. In-house distilled water from 
Millipore was used for all the experiments. All other reagents and solvents used 
were of analytical grades. 

2.2. Preparation of SD’s and PMs 

The SD’s (solid dispersions) of gliclazide with silica particles (Aerosil 380) were 
prepared using the solvent evaporation method. The drug-to-carrier ratios used 
in this study were 3:1, 2:1, 1:1, 1:2 and 1:3 (by weight) and denoted as GA (3:1), 
GA (2:1), GA (1:1), GA (1:2) and GA (1:3) respectively. The PMs (physical mix-
tures) were prepared by mixing gliclazide with silica particles at ratios of 1:3 
(weight by weight) denoted as PMs (1:3) and then grinding them thoroughly 
using a mortar and pestle until a homogeneous mixture was obtained. 

2.3. In Vitro Dissolution Studies 

The pharmaceutical performance of pure gliclazide in powder form, SD’s and its 
PMs were evaluated using in vitro dissolution tests. Dissolution tests were per-
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formed using USP apparatus 2 (paddle method) in a Tablet Dissolution Tester, 
India [38]. The two media employed for testing were distilled water and pH 7.4 
phosphate buffer. Samples equivalent to 15 mg gliclazide were spread onto the 
surface of the dissolution medium (900 ml), which was thermostatically main-
tained at 37˚C ± 0.5˚C and stirred at 75 rpm for 240 min. At the specified times 
(5, 15, 30, 60, 90, 120 and 240 min), 10 ml samples were withdrawn from disso-
lution vessel and filtered through a 0.45 μm membrane filter (Toyo Roshi Kaisha 
Ltd. Japan) and then assayed for gliclazide content by measuring the absorbance 
at 229 nm using a UV-Visible spectrophotometer (UV-1200, UV-Visible spec-
trophotometer, Shimadzu, Japan). 

2.4. Solid-State Characterization of SD’s of GA (Gliclazide-Aerosil®  
380) 

2.4.1. Characterization by DSC 
Thermograms of gliclazide, aerosil and the different SD’s of GA were obtained 
from DSC (Exstar SII DSC7020, Hitachi High-Tech Science Corporation, Tokyo, 
Japan). SD’s samples (3 - 5 mg) were placed in sealed standard aluminium pans 
that heated from temperature between 0˚C to 300˚C, at a scanning rate of 
10˚C/min, under nitrogen purge, with an empty aluminium pan as reference. 

2.4.2. Characterization by PXRD 
An X-ray diffractometer (RAD-C, Rigaku Denki Co. Ltd., Tokyo, Japan) was 
used for the diffraction studies. The samples were exposed to Cu-Kα radiation 
(30 kV, 50 mA) and scanned from 2˚ - 40˚, 2θ (scanning rate of 5˚/min). Sam-
ples used for XRD analysis were free gliclazide, and the SD’s of GA. 

2.4.3. Characterization by SEM 
The cross-sectional morphology, surface, and shape of gliclazide, aerosol and the 
SD’s of GA were observed using a scanning electron microscope (SSX-500, Shi-
madzu, Tokyo, Japan) after platinum metallization. An accelerating voltage of 15 
kV was used. 

2.4.4. Characterization by FTIR 
Drug-carrier interactions in the SD’s were monitored using IR spectra measured 
by the diffuse reflection method using an FTIR spectrometer (IR-Prestige 21, 
Shimadzu Co. Japan). At first samples were ground and mixed properly with 
potassium bromide. The scanning range was 4000 to 400 cm−1. 

2.5. Experimental Animals and Treatment Protocol 

Male Wistar rats were purchased from ICDDR, B, Dhaka, Bangladesh weighing 
about 120 - 130 gm and housed in colony cages (four rats per cages) under stan-
dard environmental conditions (22˚C - 25˚C) and relative humidity 55% ± 10% 
with 12 h light and dark cycles having proper ventilation in the room. The rats 
were fed with standard rat diet (formulated by ICDDR, B) and water ad libitum. 
The experiment was conducted in accordance with the international principles 

https://doi.org/10.4236/pp.2019.108030


S. Paul et al. 
 

 

DOI: 10.4236/pp.2019.108030 369 Pharmacology & Pharmacy 
 

for laboratory animals’ use and care as found in the guidelines [Communities., 
C. o. E. (1986). “Council instructions about the protection of living animals used 
in scientific investigations.” Official Journal of the European Communities, 
(JO86/609/CEE), L358; Brussels: 1 - 18]. The study protocol was approved by 
Institutional Animal, Medical Ethics, Biosafety and Biosecurity Committee 
(IAMEBBC) at the Institute of Biological Sciences, University of Rajshahi, Ban-
gladesh. The animals were fasted overnight and intraperitoneally injected with 
alloxan monohydrate (Loba Chemiie, Bombay, India) dissolved in 0.9% v/v cold 
normal saline solution at a dose of 100 mg/kg body weight [39] [40]. The rats 
were then kept for the next 24 hours on 5% w/v glucose solution bottles in their 
cages to prevent hypoglycemia [41]. Blood glucose level higher or equal to 250 
mg/dl are considered as diabetic rats. [42] [43] [44]. In our experiment, rats were 
randomly assigned into 5 groups (n = 4): NC (Normal Control), DC (Disease 
Control), GA/H (Diabetic, given GA high dose; 4 mg/kg), GA/L (Diabetic, given 
GA low dose; 2 mg/kg) and CG (Diabetic, given Conventional Gliclazide; 4 
mg/kg). Drugs were administered orally via gastric gavage once a day for 15 
days. 

2.6. Measurement of Blood Glucose Level 

At day 0, 3, 7, 10, 12, 15 the blood glucose level of rats were measured on over-
night fasting by using a glucose test meter. Blood samples were withdrawn by 
pricking with sharp needle from the tail of rat. 

2.7. Oral Glucose Tolerance Test (OGTT) 

Oral glucose tolerance test were performed according to the standard method 
[45]. In short, the treatment and control group were selected for OGT test after 
starving at water for 16 hours. The baseline glucose level was measured by glu-
cometer. After 30 minutes of drug administration (4 mg/kg), the rats were orally 
treated with 2 g/kg of glucose. At 0, 30, 60, 90, 120 minutes, blood samples were 
collected from tail and measured. Male Wistar rats were divided into 3 groups 
consisting of 4 rats in each group. 

Groups: 
NC-Received only glucose. 
GA/H-Received glucose and Gliclazide-Aerosil SD. 
CG-Received glucose and conventional Gliclazide. 

2.8. Collection and Storage of Blood and Serum 

After the end of experiments, the rats were anesthetized, chest opened and blood 
samples were withdrawn directly from abdominal aorta and poured into 
Eppendorf tube by syringes [46]. It was then allowed to clot for 30 min. After 
that serum was collected by micropipette after separation by centrifugation (Ul-
tra-centrifuge, Centurion, UK) at 4000 rpm for 10 min at 4˚C and serum sam-
ples were preserved for the determination of biochemical parameters. 
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2.9. Measurement of Body Weight, Organ Weight and Organ  
Weight to Body Weight Ratio 

The body weight of rats of each group was measured at day 0, 3, 7, 10, 12, 15 
during treatment period. Rats were sacrificed; heart, liver, kidney and pancreas 
were removed and cleaned of the surrounding tissues. The organ weights were 
measured immediately and the ratio of organ weight to body weight (g/kg) were 
calculated. 

2.10. Estimation of Lipid Profile, SGOT, Bilirubin and Creatinine 

Total cholesterol (TC), Triglycerides (TG), high density lipoprotein (HDL) levels 
in serum were determined by the method described by Allain et al. [47], Foot 
and Principe [48] and Bergmenyer [49] respectively. Serum low-density lipo-
protein cholesterol (LDL) was calculated according to Friedewald et al., [50] 
with the following equation: 

TGLDL TC HDL
5

 = − + 
 

 

Serum glutamic oxaloacetic transaminase (SGOT) were measured according 
to Reitman and Frankel by using Randoxkit, Uk [51]. 

Total bilirubin and creatinine levels were estimated by Pearlman and Lee [52] 
and Henry et al. [53] respectively. 

2.11. Statistical Analysis 

Data are expressed as mean ± standard error of mean (SEM). Statistical compar-
isons were performed by t test: two sample assuming equal variances. Results are 
considered as significant when p < 0.05. 

3. Results 
3.1. SD’s Has a Markedly Higher Dissolution Rate of Gliclazide  

Than That of Pure Gliclazide 

The dissolution profiles of the gliclazide and the SD’s composed with different 
ratios in the first 5, 15, 30, 60, 90, 120 and 240 min are shown in Table 1. The 
dissolution profile of pure drug indicates very slow dissolution rate with less 
than 4% of the drug was dissolved in the first 15 min. The total amount of drug 
dissolved in 60 min was just over 8%. Nevertheless, the SD’s of GA (such as 1:3 
ratio) showed significantly higher dissolution rate (5 - 10 fold) of gliclazide than 
that of pure gliclazide in respect to every time point.  

3.2. Presence of Free Drug in SD’s Retards the Dissolution Rate 

At 30 minutes, the release of drug from SD’s of the GA ratio of 3:1 and 2:1 was 
about 20% and 28% respectively, which was approximately a 2 fold and 1.4 fold 
lower compared to that of 1:1 ratio (38%) (Table 1). This result is reflecting that 
large amount of drug in comparison to content of silica carrier affects the disso-
lution rate of drug. This is probably; the SD’s of 1:1 is the optimized ratio to  
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Table 1. % release of drug from gliclazide and various ratios of gliclazide-aerosil SD’s. 

Method 
Time 
(min) 

Pure Gliclazide 
(% release) 

% Release of Drug from SD’s (Gliclazide: Aerosil) in Water 

3:1 2:1 1:1 1:2 1:3 

Solvent method 

5 0.96 ± 0.06 15.85 ± 0.05††† 20.39 ± 0.06††† 30.97 ± 0.06††† 33.85 ± 0.07††† 38.05 ± 0.07††† 

15 3.65 ± 0.06 18.21 ± 0.06††† 24.71 ± 0.08††† 35.71 ± 0.08††† 39.89 ± 0.08††† 39.98 ± 0.09††† 

30 4.19 ± 0.07 20.13 ± 0.07††† 27.60 ± 0.08††† 37.90 ± 0.08††† 41.05 ± 0.08††† 41.15 ± 0.09††† 

60 8.10 ± 0.07 22.31 ± 0.08††† 29.93 ± 0.09††† 39.31 ± 0.09††† 41.86 ± 0.10††† 41.90 ± 0.10††† 

90 9.48 ± 0.08 23.55 ± 0.10††† 31.29 ± 0.10††† 39.64 ± 0.10††† 42.50 ± 0.10††† 42.58 ± 0.11††† 

120 11.20 ± 0.10 24.57 ± 0.10††† 31.69 ± 0.11††† 39.68 ± 0.11††† 42.62 ± 0.11††† 42.65 ± 0.12††† 

240 14.65 ± 0.11 28.24 ± 0.11††† 34.43 ± 0.11††† 39.72 ± 0.12††† 42.68 ± 0.12††† 42.72 ± 0.13††† 

SD’s: Solid Dispersions. Data are expressed as mean ± SEM. (n = 3), †p < 0.05, ††p < 0.01 and †††p < 0.001 versus % release of pure gliclazide. 

 
consume all the drug molecules to be adsorbed on its surfaces and accordingly 
increase the release of drug from the silica surfaces that were saturated with 
dispersed drug. Further increasing the amount of drug may be in the form of 
unabsorbed and agglomerated free drug particles, which ultimately retards the 
rate of drug release from SD’s. 

3.3. Enhancement in Dissolution Rate of Gliclazide Reaches a  
Limit Role 

However, the dissolutions of GA (at 30 minutes) prepared at ratios of 1:1, 1:2 
and 1:3 are very similar, which are 38%, 41.05% and 41.15%, respectively (Table 
1). This result is reflecting that when the ratio of gliclazide to silica increased 
from 1:1 to 1:2 and then to 1:3, the dissolution rate did not show a significant 
improvement, indicating that the improvement in dissolution rate of gliclazide 
reached a limit role when the ratio is 1:1. Therefore, no more significant im-
provement in the dissolution rate was observed. This suggests that, as the con-
tent of silica surface area increases; the drug release increases to a limiting value, 
where in further increase in the silica surface area may not increase the drug re-
lease linearly [54]. 

3.4. Dissolution Profiles of Drugs in Water and Phosphate Buffer 

The prime goal of the dissolution study was to improve the dissolution rate of 
various SD’s over plain gliclazide and physical mixtures (PMs). Release pattern 
of gliclazide was conducted by performing dissolution studies in both distilled 
water (W) and phosphate buffer (P) pH 7.4. The release was compared with 
gliclazide loaded fumed silica (Aerosil® 380) (A) in a ratio 1:3 by solvent evapora-
tion method; and their physical mixtures (PMs). The following rank order with a 
decrease in drug release rate was observed; GAP > GAW > PMsP > GP > 
PMsW > GW, Table 2. The drug release from SD’s of gliclazide-silica was sig-
nificantly faster. This significant enhancement in dissolution clearly confirms 
the superiority of fumed silica carriers for improving the dissolution rate in all 
media. However, no significant difference was observed for release of drug from 
SD’s with silica in both water and phosphate buffer medium. 
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Table 2. Comparison of drug release from SD’s in water medium and phosphate buffer medium. 

Time 
(min) 

% Release of Drug in Water Medium % Release of Drug in Phosphate Medium 

Pure Gliclazide 
Gliclazide + Aerosil, 

PMs (1:3) 
Gliclazide + Aerosil, 

SDs (1:3) 
Pure Gliclazide 

Gliclazide + Aerosil, 
PMs (1:3) 

Gliclazide + Aerosil,  
SDs (1:3) 

5 0.96 ± 0.06  11.4 ± 0.06  38.05 ± 0.07  8.10 ± 0.08ΨΨΨ 21.79 ± 0.06††† 40.99 ± 0.07*** 

15 3.65 ± 0.06  19.92 ± 0.07  39.98 ± 0.09  12.55 ± 0.09ΨΨΨ 29.45 ± 0.08††† 42.16 ± 0.09*** 

30 4.19 ± 0.07  24.13 ± .09 41.15 ± 0.09  26.32 ± 0.10ΨΨΨ 29.57 ± 0.08††† 42.53 ± 0.10*** 

60 8.10 ± 0.07  26.86 ± 0.09  41.90 ± 0.10  29.51 ± 0.11ΨΨΨ 29.68 ± 0.09††† 42.68 ± 0.10** 

90 9.48 ± 0.08  28.44 ± 0.10  42.58 ± 0.11  30.77 ± 0.11ΨΨΨ 29.70 ± 0.10†† 42.72 ± 0.11  

120 11.2 0 ± 0.10  29.20 ± 0.10  42.65 ± 0.12  31.02 ± 0.12ΨΨΨ 29.70 ± 0.11† 42.75 ± 0.12  

240 14.60 ± 0.11  29.25 ± 0.11  42.72 ± 0.13  31.69 ± 0.12ΨΨΨ 29.77 ± 0.12† 43.04 ± 0.12  

PMs: Physical Mixtures; G: Gliclazide; A: Aerosil; P: Phosphate; W: Water. Data are expressed as mean ± SEM (n = 3). Ψp < 0.05, ΨΨp < 0.01 and ΨΨΨp < 0.001 
versus % release of gliclazide in water medium. †p < 0.05, ††p < 0.01 and †††p < 0.001 versus% release of drugs from PMs of GA (1:3) in water medium. *p < 
0.05, **p < 0.01 and ***p < 0.001 versus% release of drugs from SDs of GA (1:3) in water medium. 

3.5. Solid-State Characterization of SD’s of GA 
3.5.1. Particle Morphology by SEM 
To observe the differences in the surface conditions of gliclazide, silica and SD’s 
of GA, SEM measurements were performed. The SEM photographs of gliclazide, 
silica and SD’s of GA are shown in Figure 1. Gliclazide was observed as 
crystalline like structure in Figure 1(a) depicts that silica (Aerosil® 380) Figure 
1(b) appears as cotton like substance with small pores and smooth surfaces which 
may facilitate the adsorption of drug on the surface/pores of silica particles in the 
SD’s of GA at various degree (Figures 1(c)-(e)). On the other hand, when 
amount of silica (Aerosil® 380) was increased in the SD’s of GA (1:2 and 1:3), the 
silica particles formed more agglomerates (Figure 1(f) and Figure 1(g)). 

3.5.2. Confirmation of Interactions by FTIR Spectrum 
The major adsorption sites on a silica surface are hydroxyl groups. The interac-
tion between drug molecules and silanol groups of silica has already been re-
ported [30] [31] [32] [33]. From the FTIR spectra shown in Figure 2, gliclazide 
is characterized by the absorption of carbonyl (C=O) sulphonyl urea group at 
1706 cm−1 [55]. In case of SD’s, this band was shifted towards higher frequencies 
with decreased intensities significantly. Gliclazide alone showed N–H stretching 
vibrations due to its secondary amine groups (–NH–) at 3262 cm−1, which was 
disappeared in the FTIR spectra of all SD’s of GA which indicates a possibility of 
weak hydrogen bonding between gliclazide NH and CO group and silanol 
groups of silica formed during the formation of SD’s [56].  

3.5.3. Changes in Crystallinity Confirmed by DSC 
The DSC thermogram of pure gliclazide (Figure 3(a)) showed a sharp endo-
thermic peak with an onset melting temperature of 175.6˚C indicating the crys-
tallinity, whereas Aerosil® 380 (Figure 3(b)) showed a melting endotherm at 
77.5˚C. Thermograms of SD’s of GA ratio 3:1 and 2:1 (Figure 3(c) and Figure 
3(d)) showed the shifted endothermic peak for crystalline gliclazide. However,  
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Figure 1. SEM photographs of (a) Gliclazide; (b) Aerosil; (c) GA (3:1); (d) GA (2:1); (e) 
GA (1:1); (f) GA (1:2); (g) GA (1:3). 
 

 
Figure 2. FTIR spectrum of Gliclazide, Aerosil 380 and SD’s of Gliclazide with Aerosil 
380 in different ratio. 
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Figure 3. DSC thermogram of (a) Gliclazide; (b) Aerosil; (c) GA (3:1); (d) GA (2:1); (e) 
GA (1:1); (f) GA (1:2); (g) GA (1:3). 
 
the thermograms of SD’s of GA ratio 1:1, 1:2 and 1:3 (Figures 3(e)-(g)) showed 
the broad curves with no endothermic peak corresponding to the melting of 
pure crystalline gliclazide. This observation suggests that gliclazide is trans-
formed from crystalline nature to an amorphous state at the formation of SD’s 
with the solvent evaporation method, which is consistent with the previous sug-
gestion on the absence of an endothermic peak of drug in SD’s [36] [57] [58]. 

3.5.4. Changes in Crystallinity Confirmed by PXRD 
Powder X-ray diffraction patterns of gliclazide and SD’s of GA (ratio 3:1, 2:1, 
1:1, 1:2, and 1:3) are shown in Figure 4. In the gliclazide-Aerosil SD’s (Figure 
4(b) and Figure 4(c)), the distinctive diffraction peaks of gliclazide persisted 
with a marked decrease in their intensity compared with original gliclazide crys-
tals (Figure 4(a)). We observed further decreased intensity of gliclazide peaks in 
SD’s (Figures 4(d)-(f)) when prepared by using more amount of Aerosil 380. 
This observation suggests that the crystalline nature of the gliclazide was still 
maintained with GA ratio 3:1 and 2:1, but the relative reduction of diffraction 
intensity of gliclazide in Aerosil 380 starts at increased silica concentration (GA 
ratio 1:1, 1:2, 1:3), reflecting the transformation of the crystals to an amorphous 
state [59]. 

3.6. Anti-Diabetic Studies 

Intraperitoneal injection of alloxan induced marked diabetes in rats was com-
pared with normal rats. After 15 days treatment with SD’s significantly decreases 
in blood glucose level in alloxan induced diabetic rats. (Table 3). High dose of  
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Figure 4. PXRD diffraction patterns of (a) Gliclazide; (b) GA (3:1); (c) GA (2:1), (d) GA 
(1:1); (e) GA (1:2); (f) GA (1:3). 
 
Table 3. Time course of changes in blood glucose levels (mmol/L) after 15 days treatment 
protocol in alloxan-induced diabetic rats. 

 
Day 0 Day 3 Day 7 Day 10 Day 12 Day 15 

NC 6.35 ± 0.15 6.45 ± 0.44 6.3 ± 0.25 6.45 ± 0.06 6.6 ± 0.24 6.55 ± 0.19 

DC 19.65 ± 1.97 18.55 ± 2.81 18.9 ± 2.97 18 ± 2.27 17.75 ± 1.43 17.9 ± 1.93 

GA/H 21.75 ± 1.47 18.45 ± 1.72 15.15 ± 1.04 11.35 ± .685† 8.85 ± 0.82†† 7.7 ± 0.62 †† 

GA/L 18.6 ± 1.37 16.5 ± 0.842 14.4 ± 0.825 12.35 ± 0.78 10.95 ± 0.87† 8.15 ± 0.858† 

CG 17.75 ± 0.88  16.8 ± 0.522 14.75 ± 0.77 12.85 ± 0.88 12.2 ± 1.33† 11 ± 1.03† 

NC: Normal Control; DC: Disease Control; GA/H: Gliclazide-Aerosil (High dose); GA/L: Gliclazide-Aerosil 
(Low dose); CG: Conventional Gliclazide.Data are expressed as mean ± SEM; n = 4 in each group. †p < 0.05, 
††p < 0.01 and †††p < 0.001 versus Group DC. 

 
GA-380 decreases the blood glucose levels to a great extent and it returns the 
blood glucose levels almost to the normal level (p < 0.01). Low dose of GA-380 
decreases the blood glucose levels from 18.6 ± 1.37 to 8.15 ± 0.85 mmol/L. On 
the other hand conventional dose of gliclazide showed less decrease of blood 
glucose levels compared to SD’s of gliclazide (p < 0.05).  

3.7. Effects on Body Weight and Organ Weight to Body Weight 

Effect of SD’s of gliclazide and conventional gliclazide on body weight and organ 
weight to body weight ratios in alloxan induced diabetic rats are summarized in 
Table 4. The body weights were lower in diabetic rats on the other hand organ  
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Table 4. Effects of SD’s of gliclazide and conventional gliclazide on body weight and or-
gan weight to body weight ratios in alloxan-induced diabetic rats. 

 
Initial body 

wt. (g) 
Final body 

wt. (g) 
LW/BW KW/BW HW/BW PW/BW 

NC 185.35 ± 3.7 214.6 ± 6.03 33.98 ± 0.7 6.57 ± 0.18 3.11 ± 0.06 2.3 ± 0.04 

DC 161.55 ± 3.7 123.2 ± 3.17 41.83 ± 2.76 9.07 ± .49 3.22 ± 0.07 3.34 ± 0.07 

GA/H 186.9 ± 3.60 201.55 ± 4.6 33.75 ± 0.12† 5.22 ± 0.111††† 2.70 ± 0.160† 3.02 ± 0.05† 

GA/L 181 ± 4.19 174.55 ± 6.3 32.40 ± 0.44† 6.52 ± 0.29†† 2.73 ± 0.15† 2.91 ± 0.04†† 

CG 171.95 ± 1.4 154.2 ± 4.9 35.97 ± 0.244 7.75 ± .42 3.05 ± 0.07 3.06 ± 0.21 

BW: Body Weight; LW: Liver Weight; KW: Kidney Weight; HW: Heart Weight; PW: Pancreas Weight. Da-
ta are expressed as mean ± SEM; n = 4 in each group. †p < 0.05, ††p < 0.01 and †††p < 0.001 versus Group 
DC. 

 
weight to body weight ratio (LW/BW, KW/BW, HW/BW, and PW/BW) were 
higher in Group DC than in Group NC rats.  

Induction of diabetes induces loss in body weight. In group DC the body 
weight decreases 23.73%. In case of conventional dosage form the rate of weight 
loss is reduced but it is not satisfactory. On the other hand in group GA/H, the% 
of body weight gain is 7.83%.  

3.8. Oral Glucose Tolerance Test (OGTT) 

Oral glucose tolerance test (OGTT) was performed in order to evaluate the ef-
fects of SD’s of gliclazide and conventional gliclazide on blood glucose level with 
respect to NC group in glucose induced hyperglycemic rats (Figure 5). Most 
significant decrease in blood glucose level had been observed in group treated 
with GA.  

3.9. Effects on Lipid Profile 

Both total cholesterol and triglycerides levels were significantly elevated in 
Group DC comparable to Group NC. Both the levels of total cholesterol and 
triglycerides were significantly reduced among the treatment groups (Table 5). 
The plasma HDL level was lower and the levels of LDL and LDL/HDL ratio were 
significantly higher in Group DC as compared to Group NC. Although drug 
treatment compensated the level of HDL, LDL and LDL/HDL ratio but most sa-
tisfactory result found in group GA/H. 

3.10. Effects on Serum SGOT, Bilirubin and Creatinine 

The levels of SGOT, bilirubin and creatinine are shown in Table 5. The in-
creased level of SGOT indicates the damage or inflammation of liver. Treatment 
with conventional dosage form reduced SGOT levels less significantly but, high 
dose of GA/H cause greater reduction in SGOT levels. In alloxan induced di-
abetic rats both the serum bilirubin and creatinine levels increased almost two 
fold which were normalized after fifteen days treatment protocol. 
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Table 5. Effects of SD’s of gliclazide and conventional gliclazide on serum lipid profile, SGOT, bilirubin andcreatinine in allox-
an-induced diabetic rats. 

 
TC (mg/dl) TG (mg/dl) HDL (mg/dl) LDL (mg/dl) LDL/HDL SGOT (U/L) Bilirubin (mg/dl) Creatinine (mg/dl) 

NC 89 ± 5.11 84 ± 3.21 35 ± 2.66 37 ± 2.08 1.06 ± 0.02 31 ± 2.01 0.63 ± 0.07 0.71 ± 0.07 

DC 146.05 ± 7.05 160.25 ± 6.32 23 ± 2.5 93.9 ± 1.62 4.22 ± 0.43 75 ± 4.45 1.18 ± 0.03 1.42 ± 0.10 

GA/H 90.25 ± 4.64††† 107.75 ± 6.47†† 31 ± 1.63† 37.7 ± 4.57††† 1.24 ± 0.19††† 42 ± 3.8†† 0.71 ± 0.05††† 0.81 ± 0.06†† 

GA/L 103.5 ± 6.07†† 111.7 ± 7.18†† 28 ± 2.41 53.16 ± 9.6† 2.02 ± 0.53† 46 ± 4.14† 0.76 ± 0.07†† 0.89 ± 0.09† 

CG 115 ± 5.11† 127 ± 6.12† 26 ± 3.13 63.6 ± 3.04† 2.56 ± 0.34† 53 ± 4.81 0.89 ± 0.07† 1.07 ± 0.1 

TC: Total Cholesterol; TG: Triglycerides; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; SGOT: Serum Glutamic Oxaloacetic Transami-
nase. Data are expressed as mean ± SEM; n = 4 in each group. †p < 0.05, ††p < 0.01 and †††p < 0.001 versus Group DC. 

 

 
Figure 5. Effects of SD’s of Gliclazide and conventional Gliclazide on OGTT. Data are 
expressed as mean ± SEM; n = 4 in each group; †p < 0.05, ††p < 0.01 and †††p < 0.001 
versus NC. 

4. Discussion 

The low aqueous solubility not only lowers the bioavailability but also hinders its 
clinical application. Low bioavailability may result in the precipitation of high 
doses of an active pharmaceutical ingredient in order to reach the therapeutic 
level. This is associated with toxicity issues and high manufacturing and thera-
peutic cost. Therefore, the main focus of the pharmaceutical field in drug for-
mulation is to improve bioavailability by improving drug solubility and dissolu-
tion rate. 

In this research, preparation of SD’s using Aerosil® 380 as a carrier was suc-
cessfully applied to increase the dissolution rate of poorly water-soluble glicla-
zide. Various possible mechanisms may involve in this improvement. Decreases 
in particle size and increases in surface area were confirmed using SEM, 
amorphous state of gliclazide in SD’s, which was confirmed using DSC and 
PXRD analyses. The others effect, such as hydrogen bonding between the silanol 
groups of silica and both carbonyl groups and amino groups of gliclazide were 
demonstrated using FTIR, suggesting that this interaction could improve the 
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wettability properties of the drug and further increase drug dissolution rates [60] 
[61] [62]. 

Moreover, the particles of pure gliclazide and PMs were found to be floating 
on the surface of the dissolution medium during the dissolution experiment. 
Conversely, the SD’s were well dispersed as soon as they were added to the dis-
solution medium. Accordingly, both the amorphization of the drug and the good 
wettability of SD’s might account for the faster dissolution rate of SD’s com-
pared with PMs. 

Furthermore, the in-vitro dissolution result of our study hence justifies the use 
of effective surface area of carriers for enhancing the dissolution and subse-
quently its oral bioavailability. Since the relationship between enhancement of 
dissolution and surface area is not linear, increasing the content of dispersing 
carriers may not be required to improve the in vitro or in vivo release property 
of drugs and it would be a good formulation strategy to optimize the level of 
carrier surface area or porosity required for the desired release rate. 

The latency in achieving maximum concentration after oral administration of 
gliclazide is long (4 - 8 h) result from low dissolution rate of the drug which 
could be considered a big shortcoming [7]. It is noteworthy that the percentage 
release of gliclazide from SD’s of GA (1:1) reached its maximum within the first 
15 - 30 min, which is about 10 fold higher than that of pure gliclazide in water 
medium. Thus, the prepared SD’s of GA might offer a potential improvement in 
the onset of action of gliclazide, which might lead to better clinical outcomes. 
These findings evidenced that nonporous silica (Aerosil® 380) can be a promising 
carrier to achieve enhanced dissolution rate for drugs with poor solubility. 

We designed in-vivo study to investigate the antidiabetic effects of SD’s of 
gliclazide in alloxan induced diabetic rats, a representative animal model of 
antidiabetic animal model as well as comparing the effect with conventional 
gliclazide to evaluate the antidiabetic efficacy and effect on body weight and sev-
eral biochemical parameters. 

The group GA/H decreases the blood glucose level 64% whereas the conven-
tional group CG decreases only 37% in diabetic rats. These results suggest that 
SD’s of gliclazide have much more bioavailability and hence are more pharma-
cologically active than that of conventional dosage form.  

The decrease in blood glucose level may be due to correcting both defective 
insulin secretion and peripheral insulin resistance. Unstimulated and stimulated 
insulin secretions from pancreatic ß cells are increased following the administra-
tion of gliclazide, with both first and second phases of secretion being affected. 
This occurs via binding of gliclazide to sulfonylurea receptor (SUR 1) on pan-
creatic ß cells which results in a decrease in potassium efflux and causes depola-
rization on the cell [63]. 

Injection of alloxan markedly decreases the body weight in diabetic rats [64]. 
The body weight was lower in Group DC compared to Group NC rats. In group 
DC the body weight decreases 23.73%. On the other hand group GA/H pre-
vented weight loss and the% of body weight gain is 7.83. The loss of body weight 
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may due to lack of sugar in the cells; forcing, the cells to use amino acids and 
fatty acids as a source of energy. 

The marked hyperlipidemia that characterizes the diabetic state may be as a 
result of the uninhibited actions of lipolytic hormones on the fat depots due to 
the absence of insulin [65]. The post-treatment of the induced diabetic rats 
caused reduction in the levels of cholesterol. Furthermore, Neess et al. reported 
that the reduction of cellular cholesterol biosynthesis is associated with increased 
activity of the LDL receptor, which in turn leads to enhanced removal of LDL 
from plasma, resulting in reduced serum cholesterol concentration [66]. The 
present results also suggest that triglyceride levels were improved after fifteen 
days of oral administration of drugs. The reduction in triglyceride levels may be 
due to the suppression of triglyceride production without affecting lipoprotein 
lipase. On the other hand the HDL levels increased slightly compared to the dis-
ease control groups.  

The increased concentration of creatinine is indicative of impaired renal func-
tion induced by alloxan in rats [67]. The effect of drugs on the kidney functions 
was assessed by the determination of the levels of serum creatinine, and the 
study revealed that post administration of SD’s of gliclazide to the diabetic rats 
reduced significantly and nearly normalized the levels of serum creatinine com-
pared to the conventional form of gliclazide. 

The increase in the activities of serum SGOT indicated that diabetes may in-
duce hepatic dysfunction [68]. In support of this finding, Larcan et al. had ob-
served that liver was necrotized in diabetic patients [69]. Therefore, the incre-
ment of the activities of SGOT, in serum may be mainly due to the leakage of 
this enzyme from the liver cytosol into the blood stream, which gives an indica-
tion on the hepatotoxic effect of alloxan. On the other hand, treatment of the 
diabetic rats with SD’s of gliclazide caused reduction in the activity of this en-
zyme in the serum compared to the mean values of disease control group. A 
possible explanation of the effects of drugs on the SGOT in serum is that these 
treatments may inhibit the liver damage induced by alloxan. 

Furthermore, the improvement of the liver damage by oral administration of 
SD’s of gliclazide could be confirmed by studying their effects on the level of se-
rum bilirubin. The results showed that the experimentally induced diabetes in-
creased the level of plasma bilirubin compare to the normal control. After fifteen 
days treatment with SD’s of gliclazide decrease a significant plasma bilirubin in 
alloxan-induced diabetic rats when compared to the disease control rats as well 
as to the conventional treatment group, reflecting that SD’s of gliclazide treat-
ment might reduce the liver damage. 

5. Conclusion 

The dissolution rate of SD’s of gliclazide with Aerosil 380 (1:1) is considerably 
improved which denoted faster and enhanced drug release from the formulation. 
SD’s of gliclazide improved blood glucose level, lipid profiles, liver and kidney 
function better than the conventional gliclazide in alloxan induced diabetic rats. 
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These findings prefer to conclude that the fumed silica particle based SD’s of 
gliclazide could achieve comprehensive dissolution profiles and pharmacological 
activities compared to gliclazide alone, which may provide a basis for carrying 
further research work in future on understanding different kinds of biopharma-
ceutical profile of BCS Class II drug molecules. 
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