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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.

*To whom correspondence should be addressed:

bagheri.gita@yahoo.com



[ V39S a3 gm0l 90 31 (oo oo s y (5 jlw At 9 (>0
S oS |

T 6 5 LS | ol pl 55

Vol b e axly (oodbul ol5T olKiilsi s s (oond 09,5
BV ol b bjed axly (codlul 5T olKailse ot (wiiige 09,5

L) gl Lo Jolbow Comalas 5 03,5 ol 1) Gl gl 751 ooy 9o
atd Jid b9y 4o 9yeeST 13550 Bdios (] )0 s (e 2B
S35y Smigeels Gy s by Sl esliil Ly Gilosl (ol 5l 5 00
<X (D) 9, Sliwl (39) slp e pebosl o D395 (g5l a1
Q|).S9_IL§ o)’L\_;‘ ] 00 oolail (X‘,) ()_..:J QTL"‘) O—i"‘°| J5_’l4| S =
Pdl 4 YO/ £ V/#¥F mV Lo Joeuils YA £ YVYY M o0l (g3l digo
el 0d i )5S (DLS) Lygy yos o SaiSTy Lo ugs -/\PA £ +/+0 e
Sl Slrogas 5 (a6 5w Sete Sl GlieS eah 5l
Oepgiie Smleg 5o g ot osliiul o)l (g5lls, J S 2l g ol ySet
P95y S 5l esliinl Ly )bl (plp sl 65055k S eS8l (s,

TP o b «XRD) S5l (555 2 ol ,— (SEM) —9) gr;ﬁ):ﬁ‘

Lgie g ol )55l ;55050 L SEM 1 slas s XRD (slagSl gl oy iomon RUPSRRCSTE
oolazul Sy9—0 Q‘)M Sg—>9 ‘C)_...»”s &5’79_»: g.,Q_..]o | ul—“‘"i." ul)é o)L\_o‘
Grreapite §)55 5 ol ol |y Le o gl 59, 1 S350 by sl §9ysS]
Jol el S 5o eSSl G psiie (=5 9= il 05 0l ) N
pH =) Sla 8L L 00y, oo s 5 0020 00 (g3l d i o0 yo "‘"‘)9‘“'55""’
=gl YYY )0 (6595 o cands 5l oolaiul L Cds (i g ol plol (VUF
aS sl ollgals ol e = Yb gl ¢ e ygiie Al (6, ol 9lo 0uls s Juls,
ol 5l Baie ol S ie Y co D> L Laglo i ai wal o) a5
099 g.,\_wL..a LJ_Jﬁ)J l_’ u_uo)}n:uo w._b)d.»_m.b‘ (S‘A—‘JJHJB ‘r‘>|).'a cdaJllas
WSS S el VYV U g bl pola, g 1) (g5lwolsl il a S

HEA P Ly PLowes s

bagheri.gita@yahoo.com



Srb g oad JuS Anle; g (om0 (et wlse
2 Shdg Sl ol cnd )b Lilie ) oo s
b o Glwyg)ls a0 Lo ioagh Ceosd 092y
5 o= s b, 6)—.5ng au b olygiS Ol)ds,See
lien ols5 on o T ol L 4t sl (oS 5
J—=B =y e eSS Dly3esl a s ail esls s
sy 9 6B 5l Gy J—do a5 i 0l
qu)_..u..\..a (.SLQE)‘Q ‘L)_"“"j)" dLms)b Sd_l.o_? )| LQ5)|J
il sla pg, [VF-10] s Lo g0 ]
B 4 olies @il ssle sl abslw s sl
O)LA_J sile ‘fj.a‘}c a La Q"j) U_’l)‘ 554)_505)‘;0
Jlsd ool gloas g (5> golanl Gls 9,50 S
Dsals,ls
- i, L (Zn0) (gg,0uST Dl 3650 asllas ol o
oals w._wy ul),_...S l_u u‘)éj_ul_v e e 4_..9‘) J)
Sly39b 59y 2 rnysiie Sl 50 9 0d ()
BRI S ¥ JURCIUE SUU S IR I VISR W -S| N g P W O
ol il o lee JolS Ba> Ly ials (Sl sl
09— l_ibu\.ubf - Awd )‘ wla.b;.\..a 65)‘0 au_..a)s.n...a
b a M e jo cnls S jedaiean aS
SIS e ygiite A ST a g5 Lo g 0,0 0,015 g0 E9—
39 ok p3 3l g Slado g Gl (oeal b Cnn;
Sblwg ol L Gion, awal ot Joo 8« oogo
olonl b Bus 05 oo (sl 2 l5c ials cel
L el > pjlee oS gl a gy bl o
05_....1 db‘ 03— J)_...S u)ﬁ_.o a4 u—hﬂ)ﬁm

e Al

é‘}o -y

S 5 3l s Gy (i amy g Sl Sy
039 L Olis=S 5 VA0 g/mol (sSIge 59 Ly LS
SRS (5 Jisl a3 g (yollaglS 00 (HgSge
o9l &8 7B 5l e giie g il (S 2S5
Jotlomo as i sl ojiges T 5l as 5l >
. (HYPO,) 5 5 S Gy e ol
« (NaOH) ,gl56—w o9 (HCD) sl S5 0.0
Jsie (55 crmenl J9b1 (5,5 « (CH,COOH) il
Sy b ol S e 5l Jslg gl (DMF) al6ld
Lol ol g5l > Y oy 1>

o) o3 solax

w3l e psiie Gl (s5le e 5 b

doudo )

Cydbe (Hleys Dloogas 1o ogde Lag)ls 5l ()l
o=l ool wl as o yls 55 oellael il &l Sl
3 5y =il asS o sl JSio |y Lglo
Lag,ls sl jodais an fymgd Slow,gls slo slaluw
o asloas =lhb aadon &hgo ay 3l o an
Ol g ogi awlS La o] sl ol 5151 5 )b o]
sle wllv oles e 5hanl Liolidl Le o] (Sleyo
(S ks Gl Jslogil loolawl (g Sl jgyls
NS SN [N SL SR WY IR ESWES U S VY Y
G )l 6 mdy e B iy () 5w
O3, ol 3450 (BN JSis e LB 3i g e
(SEi et 3 Sl Lo )5l 590
. [\]u_w‘ )‘0)9_’5).3 (=9 @L“"Jﬁ)“) 05—9 4

8 ot Jgo 3 IV o, g ls SISl o g9
2 &S 9 0lS 5 G )l 4 e SIS
39 (oo Vb (G ola s ey 5 Pl
Sgmrtpt § (5=3bay® 33l 10 &ty ey yuirits Altns (el 9
Sy i Sy g 2l o Lagls (5 0l
ol i sl (suiy Jo—s 3 ouee WS ine I oS
B A 6590 Wi (il ) sl Lo Jsl>
ot 0ol ol sla alelw ool [$-0] s,
aaS eolaiwl g )l B pae gl m (S cd,b gl aa il
5)‘0 u.u_:L(b) J)Jg 6)—“? R ulLa‘ ‘U_")" 03)1_‘2
590 L gls Jgeu [Plaal iy ol e o] lawgs
o=l slalie ddas 5l et b GBlacal a ool S
Iv-A 1oy

Sygm0 Jore j0 amlicojls Hleys i gle 48 Ll )
£ 3l =SS (9, Ly los boas | oy 5
S8 g il o g9 L e b lwgl o
4y .>)L> 6)_Jaa—‘5: 6Lmaﬁ)l55 La ij.xs 9 sl
el 50 0 )l (el 5 B Sy S
é_,L...a 29 Q)_:f = )|)_9 oola Sy9—a @ Llise
G Gt = g ] 4 (S 5 sl
RSN SURRN EUSENIN I R R TR O YN L S
Sl Gy 5 g 5 Ol a el L 35S
Slads an (Jlad Jslge glo sl L[5 5 g g9so ags
= JsSge ol po g Lag lo glg sl Jal> lee 4y
JLal o g8l liemiS Bl e cail ool i La
3 adoz 31 6,550 GLilie 5l Jlad Jooloe aadon

VA ok - oo owiiien 505 o gl (ol 4y (o (A9 (oale aolilad



w3l e ysiie ol (g5l a9 >k

el J5U 65 5 Pl pls—ie s Jslg gl s
e Flasolog s o oolail o lauly lge a
s ssinl il laa ¥+ 5o Sl s ol S
O 9 g0 0015 dalol 85 n o g 00,5 adlal Pl
o,ab g 05 4 el Jgibl 6, ) L)Y
So Bame o Jodome ol g o adlol ] a6, s
Sgds oals &yl > ol 5 lw a0 fe sles jo g el
395 99 Cde dn (g5l anl B jg late 4 sus] G
J5 59y 90 3l am w81 g b gl A Lol gl yo
ST eogd eole ) 500 59, S g cdid JuSid
Job 5 G J5 JeSeid asS solawl ol Pl 5

(S sale>
0 yb a8 5 JSd um dw A O o A Jois
2l (e a5 4o powge 15 Gl plSl
VWelos oaJgl ool > 31w nalsos
s el w¥-Ff oo sasol, 5 slwasy
Gl ol B aslol jo e g 00 s > el
oaads ol § o a0 V-F 8 Job L aises
Sdo do 0,55 9,0 0oL, S lw a0 gl
a0 Zn0 s w ;090 Sl 0ed d S celw S

b g, Y-¥
Design-Expert® (V. 7.0.0, |53 o, 5 5| 38z 0l jo
CJa_.,; by 5o, b (Stat-Ease, Inc., Minneapolis, USA
5 Lo psie e baly) e Sl 655 10 S jelS
8 bl ol ol Lol su s ool b
et e s s o ot 55 U ke 2 ol
4538 YL aallle 5 4yl slo Giolojlan azg Ly
J53Ul 65 > 5 59y Dbl (35 5 Lo 5 Lo Tt
59 ad)S a0 5o Jie loyerite plyie dy (el
ad> 0 50 loy g Los 13U ouds plasl sl ol L
le o 5l s 090 byl S350 s
S Sl el J51 (655 5 Dbl Sy s
Slwl Sooy b molie oo solaiwl Jw o g
sbe Jow iz g odls 1nii ) el S5l (55 o
Lo of Comd jeti Lo g 0d (6,5 ojlaslond ags
5 e s LS S 0,8 i iy s
Ol 5 Sy s 5 Sl s 035l 5o el g0 ol
O il jolie Cir Jlogeianazr g L psile
55 Lo 655 0 S onals )lol b 5l gy il o
>« X)) () 555 Sliowl 059 Jolids Jiimans i
3l i sl () Gl ) el S5 5,5
ol ool g)lel &jg0 4 s Jo— B slo el
3 oslasl dlex 5l aiaily sla jaitte o Lo e , 56
ol elasl Sausly el . X)L Jemils )
Tobw g lo asls .85 1,8 ) 9,90 (PAD) @)
el ool ool HLis V Jgaz j0 oud as e Jslee
el L8 0590 g3l 00lg VY 0ga > =, b ol b

S35 e SaiseelS olel b yo 4, 5w zshas 5 Lo iie ) oo
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. % % 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)
4 4.2 30 23.48 0.183
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Table 4. Observed responses and prediction errors for model validation

Responses
Size (nm) Zeta potential (mV) PdI
?:SS;;X(;S Prediction ?:SS;(:ZES Prediction ?:SS;(:KES Prediction
(mean+SD) error (%) (mean+SD) error (%) (mean+SD) 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 ZnO nanoparticle 40
Zn0/Chitosan nanocomposite 100
C Zn0/Chitosan/Metformin nanocomposite 130
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