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Metformin enhances insulinss effect and increases cells’ sensitivity to
insulin. In this paper, nanocomposite was designed and used in the
metformin release system, which was able to release the required
drug in a controlled manner. In this research, nanoparticles of zinc
oxide (ZnO) were prepared via the sol-gel method. The experimental
design central composite response surface method was applied for the
optimization of the nanoparticles based on varied variables such as
the weight of zinc acetate (gr) (X,) and the volume of triethanolamine
(ml) (X,). The particle size of the optimized nanoparticle was reported
to be 21.27 * 28 nm; zeta potential and PdI were 1.64 + 25.54 mV,
0.05 * 0.168 respectively. The chitosan polymer was used to improve
environmental compatibility and increase drug release control; finally,
metformin was loaded on the optimized nanocomposite. Structural
properties were analyzed using scanning electron microscopy (SEM)
X-Ray Diffraction (XRD), Fourier-transform infrared spectroscopy (FT-
IR), and Dynamic Light Scattering (DLS). The SEM images showed that
the average nanocomposite size was 40 nm. The results of XRD patterns
and SEM images were also consistent with each other and the average
particle size was the same. Infrared spectrophotometry showed the
presence of chitosan used to coat nanoparticles on their surfaces and
confirmed the loading of metformin. An in vitro metformin release
from the nanocomposite was conducted in PBS (pH=7.4) and analyzed
by a spectrophotometer at 233 nm. Metformin has a high solubility in
water, and since it is difficult to prepare a slow release form of high-
solubility drugs, the aim of this study was to design a slow-release
formulation of metformin with a suitable profile that could control
release without explosive release for up to 120 hours.
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Table 1.Variables and levels applied in Central composite statistical design

Independent variables Min Level Max Level
Weight of zinc acetate (gr) X, 4 12
Volume of triethanolamine (ml) X, 1.4 4.2
Responses Constrains
Y1=size(nm) Minimize
Y2=zeta potential (mV) 20<Y,<30
Minimize

Y3=PdI
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Table 2. Central composite experimental design.

Formulation Independent variables Responses

No. 7 7 Y, (nm) Y, (mV) Y,

L 2 (mean£SD) | (mean+SD) | (mean%SD)
Al 4 1.4 35+25.87 | 47.54+1.06 | 0.321+0.07
A2 8 2.8 34+38.60 | 55.56+2.48 | 0.458+0.08
A3 8 2.8 36+17.21 | 52.34+2.26 | 0.378+0.06
A4 12 4.2 45+17.82 | 58.25+2.5 | 0.456+0.04
A5 4 4.2 28+21.27 | 25.54£1.64 | 0.168+0.05
A6 12 1.4 42+30.54 | 58.36£2.92 | 0.419+0.04
A7 2.34 2.8 46+21.13 | 23.22+2.62 | 0.388+0.05
A8 8 2.8 37+23.91 | 55.52+2.81 | 0.398+0.07
A9 8 0.82 48+35.56 | 41.58+1.53 | 0.463%0.05
A10 8 2.8 35+42.10 | 44.74+0.87 | 0.392+0.01
All 8 4.78 46+34.95 | 30.07+2.46 | 0.428+0.07
Al12 13.66 2.8 59+23.00 | 46.95+2.85 | 0.589+£0.03
A13 8 2.8 36.5+35.01 | 42.45+1.56 | 0.372+0.04
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Figurel. Response surface diagram showing effect of variables on (a) Size; (b) Zeta potential; (c) PdI
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Table 3 Optimized Variables and Predicted Responses.

Optimized Variables Predicted Responses
X, X, Y, (Size) Y, (Zeta potential) Y, (PdI)
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Table 4. Observed responses and prediction errors for model validation

Responses
Size (nm) Zeta potential (mV) PdI
?ebsssgz?ej Prediction ?:;;;Zig Prediction ?:SS;;KES Prediction
(mean#SD) error (%) (mean=SD) error (%) (meanSD) error (%)
28+21.27 -7.1% 25.54%1.64 8.06% 0.168+0.05 -8.9%
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Figure 2. Size of optimal ZnO Nanoparticle
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Samples Sizes (nm)
A Zn0 nanoparticle 40
Zn0/Chitosan nanocomposite 100
C Zn0/Chitosan/Metformin nanocomposite 130
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