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Abstract

Background and purpose: Solid lipid nanoparticles are in the colloid carriers. The benefits of
these drug carriers are the controlled release of the drug and the protection of the drug being loaded.
Spironolactone is an aldosterone antagonist and androgen receptor. Its oral bioavailability is low due to
the low solubility of this drug and its slow release. Reducing particle size by increasing the level of the
drug leads to increased release, higher oral bioavailability, higher particle size in contact with the
dissolution medium, and increasing the dissolvability of the drug saturation.

Materials and methods: Solvent emulsification/evaporation was used to prepare
spironolactone nanoparticles. For this purpose, the lipid and drug were dissolved in an appropriate
organic solvent and added to the aqueous phase containing surfactant during mixing by homogenizer.
After coated with chitosan, the chitosan was dissolved in dilute acid and was added to the suspension on
the stirrer drop by drop.

Results: By maintaining the amount of lipid in the formulation and increasing the amount of
surfactant, the particle size decreased significantly. In general, the coating of spironolactone nanoparticles
with chitosan increased the particle size and their dispersion, and the zeta potential changed from a
negative value to a positive value.

Conclusion: Spironolactone coated with chitosan was found to have a slower release than solid
lipid nanoparticles and nanosuspension.

Keywords: solid lipid nanoparticles, spironolactone, Tween 20, Span 80

J Mazandaran Univ Med Sci 2018; 28 (162): 25-36 (Persian).

* Corresponding Author: Seyyed Sohrab Rostamkalaei - Pharmaceutical Sciences Research Center, Mazandaran University of
Medical Sciences, Sari, Iran (Email: Sohrab.rostamkalaei@gmail.com)

25


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ohs—3ls (— S W)y ep—L col5 bl as
(PO-W¢) 1WAV Jls 13 9P s)ladd el § Cuny )93

L 0giSUgig pywl anla gy Olja gili gala yinSg) il ) p
Lo gl limgemas p glwginS

'3 ,8 sube Loy
TS| yanz
[ETZVEINEVE S
" lian (55 10 0921
" 0290 Lo
o dld (> dozo Sy
® bl e el
T Ut ) Ol pgan Mg
235
(9l sla Josl ol Ll5e 51yl 513 (s olST (sla ol azws s dal (gl D)3 50 i B2 9 diblw
505 lT (e ST 05 g ol AL o 0k (HMHE L (63,13 51 Clablome 5 551 0k J 287 2, O
5015 ol (SThss () (ol p 0T aaT (5lu 53T 5 08 O 53 Cle oy 5 ol S5550T (lo ) 2
‘;b}_‘ﬁ-ﬁjwﬁ‘}céjl_wju-‘-&lp\\L—Gl{‘j)‘}CL—»O‘J'—:AOJ;DH)Q&‘QJSGJ‘J}\J&K.@‘&Q
b o easls P (s IDomil (2131 s UMl Jame L lad 53 5V 15 o 5
D90 N 05SY g g el D3 S S a5 (gl (2 aalllas T sl R 9 Slg—o
LA A.::;J: ol JT M 53 5505 5t 5 obts s .S oslizul Solvent emulsification/evaporation
30l 1S Olu S U iid g Cogor 0T 51 oy okl 3L51 5 505 500 Lo 55 03500 o 53 S5 g (g5l T
s 8BS el (535 p O geilpe g 0 a8 0 b 5 b Jo (355 ol
Slyd o,'u_;\utfl;,}_.u)lu\_zﬁﬁ\p\}o}gvﬁ;);.\ml)\mo.uuqups.mdou,;@t;:ucélﬁ
S o301 53 (ali8l g0 Ol 28U 0 g8 Y g5 g sl D153 96 0515 285795 IS Heb a4l azils (g ls sae JtalS
S I e e e b Kos (g3ue 4 e oDl b 30 16 il e 5 3 S baoT (SusT, 5 o3
213 8 gl s 55 ol Sk D356 4 Lo (6 FenedT 2y Ol STl ods (25755 055 g el sgliitan]

A Obad Yo s 8 00 sS Y g g el (ol (sd D153 50 2 62uIS (sl 019

4o ddo
sl Josl= ool R plasl Sl ol ) sl sMuller L g Hla 2ay5 184 Jw s
o> LgLaV._:.w_.w sy w}_f.ll:- Olge 4 gyl Gmed O3 50 lac LB ass; 55 (V) Ol LS
Email: Sohrab.rostamkalaei@gmail.com el aly A5 o LT 3 03l WV e kS0 s — (a WS ) i Sans i gianso g0

g!,_u@u;a\),\;)‘uuﬁ;)”,m\i.:;m&”ur,xgou:j,;;,.vggﬂu,u,,fuwu.\
a\,“u_;,mgb.ujué;}‘r,uK;;mé;u”u,.&;;m,_@,,wu,ua}ﬁuu.r

Ol el c0ubi3le (K5 ke o8l ¢ Gl g oS g 01255 ¢ g5 ke Dlidos S0 ¥

Ol el cputi3le (K5 o ghe ol8lils ¢ g 515 p e Sliiond S 1o ¢33 (ot 03,8 ol
o\,_w‘6,1.“;)!)4;»5{;%(,Lpoxi:;uuﬁ,_;uau,s,.;cﬁswu,)u5,?;:;\:.0
o\,_nAé,u‘oi,x;u‘f(.:x(,1;,Lf\:“;uu,)upb;,u?a,.;;fw&;”u,uPHDf.,uuﬁ
WAVYIA : oy gl o, WAP/PV 1 DloSol Cger gl b WAS/O/XD 1 8L s Gl

1BV 113« 1¢P o)ladd (liine g Canyy 5)9s ohdjle (i) eole olEibils alas Py


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ulilSam g 256 yislic bay

sdnn Loss 55 5, 5 oS ol el Lol 5 s
S s Sl sl Sossdms sl aS 555 oo
) 35 3 i s Gl sl 20 8
L g LOT Osls [iS 75, 5 (ke Ol uis (3 50
> 5 g plrl ST 5 Ol 28 ke mko Sl oy
D3 glbard 5058 sla (Shs s g
odre Lases 55 (GHl0L 5 U5 Joily Lo Lo saies
Limeb S Lo (L Ol 4 Olu ST 23 5 o
S DB 03 g b il oo S5 bl
SLaSLN sl o D)3 85 08l (2 ST g, 6l =
22l o e Ol ST Ladlionls 2.5,
Y G 1S o) b A e OUS (sl Lol 2
dudoabwd.\_miwgbb_b\w
(0355 o3 55 B

5 s il Sl 6l O S g g el
ut{@a,ﬁ#)mdu),&wwu:slw;ﬁ
33 S (oo Sy O e s T b gy 40 JLail 5
25 5 03,5 S b adS gy Jls ide
o 03,8 )lga 15 OT Il 5 el — s JUIS
S5 Sl i ep 3 355 O 53 ety L
R0 3558 gl SRl 331 53 S e sl 1 5 45
5053 o lIT od o 09 w5l Te (63 55,5 S ) n
(s gLt gLyl e Wlg e a8 358
OFSY 5 ol ABL S50 oyl 5SS S5 om
3 sy do Jlail (gl Og s T L 0y 3 b 5l
O5SY 55 e S a6 5 gl g3l 5 LT 3l
53 S grals 5 S st O 55 L33 03,57 by 53
OSN35 ol Sl sm (g ] o L Ol
ey B o el e D5l b e
O3S s el (S8 Syl 5513 50 0 O 3
SlaoSs m Ldw e 5l s lacd b
i B g ane Loy

Lol Lo g O S 5 el @93 5 o] il
5 oAb pbe ST 548 8 5l 505 28 b

e BeaSad 5 b0 sred ol Aile 5 gy 8 (535S
SR Y-N W Lr‘\i:jl._ﬁ SLN Gl js s
R g By T Uy JUNNS S
LaoT o il cdalm Oy g Joses (glos y3 ol U
o A5l e e G Ve B0 (6 03 gdmen o
G JSLN Calw ys 4z, HlS 4 glaolus|
5T e e 05,5 1L 6l plnd sl 5 el
s Ol e 3,0l e Sl
5 lapse 5 o bl sy gl oy el 5
ol si b s 055 o ) sl LS 5l )
278 gl ey Ol e Sla il Lol 5
(i sy Sy 5513 S SLN 3 S o)al alS 4l
oy Shade 5 S e oo o5 S (oS o STt
3 U ksl ST Jie &S5 b ) o LS
S Sl el (] i &S5 JSCize el gl
Sl Ay oa) g e bl land sl I 5 L
o LA SLN .(133,8 o Jsl> 53 S350 g luly
L gy 5 4 s bl 4 6l ()
sl b e Jdad gl
lagyls aS s yscasyls JiSea ,SLN
SLN bs o oS5 5le s (b 4y J35 50
b sor SLag,ls 5l 63 35l g0 i S e ) 3
La SLN .#)3)15 5 42 5 Ulods 4 5uuSGI SLN 5 o8
J ST IR U S SUSWE P OP SR WA R L
sl 3l sl LadT 5l g a1y (ud4lST (sla fal-
Lagols oy aim s slop 8 A5 5 (i ool 3
S35 ey 50 &SSOl ST (1)3 55 o 05\l
g AT 5 oSS e St 3 &S S 0
SLa STy G b 5l ey ol o555 o sl
Sl oS 5 53 3 pm Sl Ko b (St s S
2503 5,)8 Jgous o 5 Jglons Gl nSheS” C L
L (ko (5855 oo B Jls ol L nl o sde
03,51 15 (S lnl o g sl 0¥ SO S

SLN &5 50 b oIl JS 5 sba (933 8

PY 1RV 3 ¢ 19 o)ladds celiina g Caunyy 5)9s

ohsjle (Al ek oGRSl das


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

0635003g)a3wl 3als (s3333) Oy 636 sl GhSo)

o ) Jn Yo 3 5 b a5 53 A Ol
St 53 ¢ 2T 50 g sl s 8 Jo 035 4
Yorsohen ¥ oo 3l oS ke 10 66T
s s a0 ST p S A s A Ol p 8 s
Ve 9Lyl LA bu s fol byl
o b o b T 56 5 el g5y s 8 Lot oS aid
Vo Sl ool O ged ol 5 s § wlsl T 56w
N3 8 5 F G e Lo L g el 4>
s onls 13 mal 6oy Celu VP Soe 4 5 45K
D153 51 0 il g 56 5 )l James 51 ST I b
Gl U5 o&ms b S ol 5 dms T Sy 5515
(PDI) SusS1, Lasli 56 Jawily cgloyd ol
Ojan 535 OV 30 3l 0,5 Fr a5 b ol
Colw Y Sl as g 3 S wlsl o ks o o Olu S
00l o3l g3 Olej ol 3l A s slIE ) zul (59,
o3 L &5 503 (PDI) (SaST L le 5 b5 il

s 855l b

S AT sl g oIl b il 6,8 0 jIL
G il 5 Su ST, el s cojlil
b g 0sSYg pel A el g Sl H3 6L
Sleslarul L Dynamic Light Scattering (DLS)
5 a5 YO clas 5 Zetasizer Nano ZS oK

A a8 oIl a5 4 4l

2 ey (s
Bl ansS Gy 5l el @il sl s 6l
Hls s cos el 1 8 Sl YF L ool
Iy orlin (6o Collamil b i y5 abo g Jaie T s
S DIy 50 (gl gls 03,51 5 51 (g las LS
Slaasgad s high Ol S 2575, L I35 el
@313 513 s 4S5 el Ol s 4 Aed Ol )l
22 530 S s iy ol sk 4 0T OB b s

PH=V/F L li 3L ol LYo sl O

FAEL o el VP 35> S 51 e 5o Jlab
o2l RIBl olse SalST S Rl
£353=8 Sosme an L OT OSSN g ol (s 5
G andlas ol 3 (V=)L gos e 3 SIN 5 J S 51
Al gl O3 S0l i ST gy 5l
LT o) 5 Sl suas p Ol 28 L O 55 555 !

Ol 0 4;'5-‘:]1.

59 9 330

O sSY § 5 sl 535 ¢ o s aalllas ol s
SAMCHUN PURE .Korea) Tween 20 L
DAEJUNG ) Span80 «(CHEMICAL CO., LTD
«(CHEMICALS & METALS CO., LTD. Korea
Ole 28 (Sigma. Germany) ol szl 5 ge s el
XY b Il ol Sl p 5 IS Fluka
L 5 UP T «(Millipore filters. Germany) jze 55U
L5 0iU e O o pae) doys 4% SN colans
s 8

Ol siS” pady Sl
oS ke Yoo olen ) Ol S 1 p 8 eV
Sl o 65 5 ) S G 3T 5
553kl 535 5 43 8 6L OT 4 JLwsSE
49 Olajan s oL 0303 515 oslin Sojl o L F e
54038 SLal 0T an aral sl g O (o on
NP8 il Sa) oy oS 0 li b 45 poms

...Ll.stJL.ojosb

ol (ol ) y3 Wl C L
P93 S OSN 5 el S35 g 6l
43 5 eslizwl Solvent emulsification/evaporation
ST 3 g gl il o ST 5 T 56 30 LS
oS ko Voo S g el 535 51 p S ea Yo
S e ¥ore s Skl yige oS Ad )

1MV 113« 1¢P o)ladd cliisa g Canyy 0)9s

ohsjle (Sl ek slEibily alas PA


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ulilSam g 256 yislic bay

)J}d.:;})}}‘;é‘—»dﬁ_?-))\' Cs o b g gl
wﬂ)ﬂ})y}‘ﬁ‘;u&)br'—r" d\.ﬁ)a))w

55

O35 2los 28
s lad st Jds g lwgyls o5 5o
S 8 BB oL Lelr 3 4 a0 el s
S a3l 3550 0387 5153 523 e 55 5 w5
358 O e Gy b Sl demie DT 5,8
o eadllae )5 s Gla oS Sl il
JSE & i (D53 56 g o 53 0387 )
leydojlil 55 L A5 el sdd S35
La Cryopecipitant 3| wlis jldis .35 o o3 28
03 el b D3 U s o 4 L (8
st 3 oy ST (68 e 03,5 s 1 e
oy NY 5l 0T edod i3 gl O s ud sl
235 Y0 IPM He5 Ly Colow ad S a5 4y
it 05 S S 5l 51,8 Sle as s F gl
055323 ST L sy ide 5 b du ) 593 (23)
PSSR TY P P I LT JUNUPPREN
53 La Oyl s a6 55 995 OT L s fuol>
5 adllae oyl 3 ik esls 15 s 58 oS
(ANOVA) Uyl 53UT Sleslizul bodeT S
03 o g3l oy p g OT Clae 5 45 b S
3 b 53 352 n slaesls Kol gl 5 50
P /0L Sl s 8 eslinul S5 gybT OsasT

.M@;ﬁjs)\:dméthﬁjlwﬁja

b a3l
OLle b b ST s (oo O oaT izt ol
e ull 5 O s g0 3 55 a5 5505 Ll
S o0 ISy s O e 4 Ar Ol 5 Y
Ol pdd s (6515 Lms DLyl g3 ST 1y 2als 43
53 $U FasT, jasls b ColSTh ) s i

IVl o ¢SS a4 (5l 3T s £ 59 ab i
035 s Celu YF Olej b IS 6T 4 Sl yb 550 jlas
w)ﬁ;)}_“b?@u@);wém);,% rpm
YPA S F XD bl s 6,8 450055 03
Il Loses 55 5JUs las Ol H1 3 5l de Cols
S o 0 5L 2 s o8 w50 gl 28 5l
XY S L canls p Dol aimme 535 5 g0 J sl
Jsb 53 HPLC o&ws L 0T w5 Ol 05 K
2> od ) Jrolo slael s S35 e 5L YYA £ e
5 Ab osls 5,5 0 eSY gyl Cble Ol dslae
Odsle Col Crgr s 8 dulowe )05 51T Clale
D (il 5 58 4 305 JL o dm (Ihomil Lo

W @Lp\,lz.:méujeb 6’“’6‘"0 hb.:’:ﬂj‘ s

FTIR oKy 25/
oK s SIFTIR b s gl ws o g
GslwesleT (gl i oslizul PerkinElmer Spectrum
S350 sl sl 03,57 3 51 (S S o b & gl
L ad bpdies by ealy (6500 b sl (6]
(..:_.,al:.;) :)J&_(&Wlfjﬁi.\ﬁ&sdﬁ&
f@bT@:Qiju(@|ij)qu>u\f‘Lﬂjj
}MJ—&‘&—’)M)Y}JWJL;{“%’LSJ)
Slad dlesl U238 515 0T 655 0 6 505 6
(Dolis s &G ey Jlasl J1ds ey Y
4S8 sloul 4 03 g KB b ghies 51l o5 5 S50
55 7Sl s 4 gy p b 2 L
o35 5 /0 CMY Sul S35 .5 5 Jaxe FTIR

el 0355 Feo—Feorem? Sl

DSC i/~ nJiT
3y Slmad g ¢l 5 5 gl ls ¢l
Sl i osliul DSC 5yl o= 5JUT ogy 51 slesT
2 5wl absed a5l e, S e d s ol ol

Al esls i 8 o T | R PN P D

P 1BV 13 . 19D ayladh (eIl § Cuwyy 3)9s

ohsjle (Al ek oGRSl das


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

0635003g)a3wl 3als (s3333) Oy 636 sl GhSo)

o 55 5 Ak etalive 4 95 b 5 SsSY g S
SIS 0L el 5 05 1) S ise ol J5I
Jold a5 (S50 bl 0 by o FT-IR D o
3 bS5 O N Sg pl Ar DLl ¥+ 5
Slag s dsb sde 55 (6 i 35 Ol iS5 Syl
3ol 4, I8 4 OLS 5 esls Lgl.mjjf
5915 et gleand S a1 S 015 r s
g 03 S gy (SO bdses p3 1l L
LSy Ol S )35 4 by wFT-IR b
((iS O-H IN-H) FFe ety om? els ¢ s ls
YAFA em? (O &b —uaS C-H) YA A cem'?
(i8S C-0) Vo VA-Y Y emt (0l 28" C-H)
el ‘_;Lmjjf ‘_;Lsei:i el pe Ll 05 g
”,uw@wu:.&@”.u;\‘;uﬁmﬁ

Sl (g 02,313 53 85V 50 b (615

Von s A
AR AN

VL e
Vo i

ssssssssss

FT-IR Cab 2t oyled sloges

Differential Scanning Calorimetry < le/lbs
o1 s lie Sk JFIN oy S
«yll g 2o S (0 g8 g ol 454, DSC
)‘J_;Lf"')j 34 .X_Al> LS"X:::'S &:)‘)J‘}JU)QLM‘}::}‘K

055 557 DSC o1 8 a3 (Y 6)le 3 gad) 23 5

031> A8 gy A Hsbas a)ln a5 s U feily
33 I8 g0 Ol 1S L O sSY g5g eenl N3 50
5358 o alT FusST, jasli 5 ol)d g ojlil
G3ds g e Coadle Ly gade IB Jouily e
O3S e s ek e e U S0
o S Ol 2T Lol (2S5, 055 Y 5 g
OB 00 il g U 5 sl il O3S
PN SR WX ARG Y S L S v P PO |
oS das e JoSi5 (g an Ol bl ees
Olgs g0 45 5525 o0 403 a3l 33T 4 i
g0 Ol 1S s L Sl Osls 2875, oS

.»sta ol lesl3T S ja J 28

Fourier-Transform IR <le/lbs
5O glalis ol S FT-IR glaca b
33,8 o oslial 5ols 5 el oo S| bk 5
Shad S350 Sl el Cwsas FT-IR slacal
O5S Y 555 pml G Ly 0 5S35 ol Aol
Ol 1S 5 LAls Sl ul §ge o mndS alls
A8 8 18 aglie 3y e SNEIAS () p g
by wFT-IR Cab )y 5545 () o)led Lls5ed)
CH) Yad) cm? cls S Ll 0 58S g umsl 4300
om™t o —iiS 055 C=0) \WPA Cm? (( ais
VoV em? o 2iS fawl 55 05,5 C=0) 194)
C=C)yv#\wvem? (i85 C6 s o> C=0)
G by wFT-IR Cab ) 55 Sl 03 (225
oMt (LaeS, Lalls Sl lal e b wedS 554
CH) Y+ v =YADr emt o (28 OH) ¥F oYY
=Yeeremt o 28 C=0) WYy emt (s
FT-IR Cab )y 53 55 ((2S C-0 ) VYo e
SlacSy 055V 5 el dalr (i O3 U
sdaliio 058V g ol oo glooy, S a0 by o
oali0g, 8 sl oSy T30 308 53 ¥ 5 Ll

5 il 55 Jie S slaes S dile 0 58S gy el

1WAV 113 ¢ 10D o)ladd (el g Cuyy 5)9s

ohsjls (S eolc oGSl alas Wo


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ulilSam g 256 yislic bay

Rl o ol T Sty 5 o 5 S g Yo a5
Ol ¥ ojlad g0 5 Y oslad Jod 55 O guwY 40 2
VY SIA Dbl o licd ol liie 2ol 31 b sl okl
S f e ssban D3 o3Il ST 4o S
VAFANY £ /KA ) ol O s 5 353 YAV/OFEE/YO
P</00) Cbl Al ST Y osla s 0w e 3 5o
oS b Oliie plas Lo 7 43 S plonil Slallae

2500
%zmo
3
9 1500
3
—1,1000
a
iSCO W Series]
o 1 am nnll
R SR N VRN FRR SRR SR SR &4
RS U \‘;,@-\a't}*;!**\h*\x«q.\;\
S R T
S a7 X «J»‘D &

W Cigene ga o ad

S35k dale (s 3L (6 o3l ke 3 0l o

VVE 6la O go 2 53 Olu 28 Lol 2S5,

SU G = oS ) adlan 53 0K 5 58

b sl plsil O5SY g5 el ol ol gl Ol 53
Span 60 Span 80 liud sl 4w 5,8 LS 4
lad s 5o 5 53 LOT Ol 43 w5 s Tween 80
33l pol Slie 2l 581 L 48" Wsls OLes cadaze

(81355 0 &S 58 D y3 (5 0101 O s 5 3

sl s3Il SUST o pliad 3ol jllis 5t

b O eolad Sl gai 5) osled Jydr 4 e 5 L
F3 0¥ gn 3V 55 Lias oo 0L (LT Sla g
Ll el ite ylad ol i de 4. S FL F2
S 5 plicd ol Jldie )3 & w5415 gme
Sis (il 53l L aST (5 5b a5yl 5 9 (sle 3 051
/008 5l gloyd o3l SAST, Lasls ,licad el
D3 /YEY /0 Y oled O g g 3 4 /P50
(P <e/00) A o iy 2T o)lad O genY e 3
O, s Muller-Goyman L 5 45" (glanlks s

a3 N s 55 655 S § oSy alls
gjswgbﬁfdu:wQUJﬂjf@b
33 55 S 55 8 ol gy Sl gyl i S
2333 53 055N 53 el Lo il Folis o1 8 0 5
23 ot Ail o Jls ST Il 355 ogyls
s b gl oS o am s Y8 51 V0 gles
30 Jo ol DSC ol 5 50 5 izt S oo 5
a3 O/ F — FV/YEF o3 5ime )3 Sy Ozl
OLss Sl b akaii an by o 45 1y 51,8 sl
23 oty S5y G Ol S o1 8 g s ka3 o
3 b Yl o8 das o 0L 1y dmy3 Y0+ 03 3ome
a5 YO YL sl y3 g Sl ;';T O3ls s
os S 55 Slyd gl gy p 348 o e o3le oyl
DL 1, GMS 3 ay by o o 3 5okl g3 Ol 257 L
ls O3 oas 2S5y Glas 4 sl pl 45 das s

il pdbg o o buy

S g el

DSC ¢1,5 50 5 ¥oslad sloges

= .
.&EQ-&..E:JQ/J.)}L&/@JJ "J/"U/j‘):'Lé"“‘Jj‘/J/"L&j.‘;L'”
Bl C_,_gl.'? Hldae L> (F1 F2 F3) QHY}A}& Aw

3 A Ol (sla L gl 1 Sine Hliaa g 91> 5 A

W 1RV 15 1P o)laid celie g Gy 8)9s

ohsjle (Al ek oGRSl das


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

06350g3g)mwl 3aln (53333) Oy 636 osls (JBSg)

HC: High Chitosan ceds 5,8 b 63,15 5PDI b Jumily o3 (5 o311 ke 5 b 0 g 505 outins JSKi5 LS 500 obed Jguer

Chitosan n=3.LC: Low (MC: Middle Chitosan

Aoy Sk oSl 55 ety oK D3 (5030 8ok oz  Water Tween Span GMS  Spiro
NUR SN <1,3PDI mv nm %‘I) " r o o
high middle Low g g

NAFEVAM /054 YAV D YA/O5EE/YD SLN - - - A \ Va3 \ N F1

O/AEY/D SN AW FYS VYR SLN - - - A Y Lad \ N 2

O/ AV CYFrE YA VAR SLN - - - A Vo ¥ \ N F3
MY /YD ISy YOV YAF/5ks /AAF SLN - - - A Ao ¥ ¥ Y F4
YO/ YEND AV /YA VN YS Y\$/594AV 44 SLN-chitosan - - Aoy /D A N Y \ N F4-0/5%LC
Y/AEYM VAL AL VONE:/FS WYYFAVPA - SLN-chitosan - - Aoy As N ¥ \ N A
AS/AFE 1+ YD N0 /P /0) YAPNTE NS SLN-chitosan - Lo/ - A N Y \ N 4-01%MC
AVIASEN A NN TANEAY Y FIAE VY SLN-chitosan aoys /N - - A N ¥ \ N F4-01%HC
Y/ FE/5D AV WATEND TVONE/ Y SLN-chitosan - 0 A N ¥ \ ‘N F4-0/05%MC
Y/ 5ERI50 CIMFE YT VATV YOSV SLN-chitosan /0 - - A N ¥ \ ‘N F4-0/05%HC

Chitosan - MC: Middle Chitosan- LC: Low Chitosan n=3

15 -  Series1

I T S N S TR R
A & o
,Q\ Q\\’ Q\ \Q Q\Q

» Qb D(’Q ‘("‘I
W et gaf 8 furds

Goeed S350 U il e 56 800 oF 0 leds 510903

V-V (lo 0¥ 03 53 DL skt 3ST55 S35k 5 calor

g5 AU 0l,8a s Rohan Shah c glasilas s

e Sl GlaOleST s e oS
S8 ey e ) el S S350 sl S5
plied gl Chle oy s LUl andles ol 55 sls
S35 Ol Hs s 8L feuily U5 5 Tween 20
ol i odcd gy TweEN 20 L aS™ S1)5 ol WS 5 (sd
Ol Jomily U5 oo 53 0350 a8 55 b din
Lwg oLas o ol sl e s oS Wbl
Carne Dal Pizzol asflas ;5 .0V )l 03 95 3 lad 5ol
O 4 5 USG5 ST e 3 0L
Gla S5 55 dobr sed S5 56 O gon go 5 > ad
Sl 53 o S 0T oty S5
el (polysorbate 80 lecithin S75) lasksSG ) s

Cwd s s 3b as 55 15 ool 355065

(J_.»w.a}_JTJ_Ab-.\_»l:-Lg.L:.:J Sld Pl sy 4o
il LS i el oLt cood § &y po 558
o SaST 0w g 3 53 pliad sol Hlie
Gt gl b e (V)AL o0 SalS (gle 3
56 4w 53 O Kea s Rohan Shah adlas s oeT
ot Ll SLa0leS 5 i Sl £ 5
Oljme 2l 331 L edbal (s S350 sls S50
@loyd o3lasl Fu ST, OV g0 b 53 plid sl

NSl rals

b ily o ol gl It 3l
AN G el s s plid ol S5 5 5b
HL Lo e SO Sadls Jlasl 5 b
L ool oo 9L andls L Olues (S S
b pld gl i B (r G sl s S S 4S5
S s S5l (S S HL s S
e g ldd ails slonl L aSL S o sla!
T =R AN NN PPN JRCH P SEINHE
OLE F ojlacd loges 5V oyl Jauter 55 b il
Cob LFL F2 (F3 0w g 31 5.0l olds 03ls
2lmd pol Ol (21530 5 dd 5 5ol ke e
Voo slecd O g ga b 53 FFAY £ V/FO IG5 il
Sols Lae O ygo 4 OF gV 50 3 53 VWAL N0 4

AP</0) b o 2ol

1WAV 113 ¢ 10D o)ladd (el g Cuyy 5)9s

ohjle (Al ok sl dlas wp


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ulilSam g 256 yislic bay

Shad O350 55 U Jedly a5 (65 5b 4 555 o0
Ly as aS FACYO/O £ \Y/0F) J s b 53 dal
Ll o 0sls 2S5, low amiddle high ol g8
(\F/¥% £ +/0Y) F4-0/1%HC (YA\/V £ «/A\) o
Lol s FA-0/19%LC (Vo/y £ +/F0) F4-0/1%MC
Gl OLen 5 &L Law g 45 (glaallas s
5 e S LA S s Ans (0L 3 s
S s 8 odalie i plowil S35 Sk Ol
5o 53 ok o g Ol ST L O3 SL ST,

®)355 oo b3 Joily 634 Ikis

Calen (sl 5Ky b OlossST SLIL )y
S35l S ST, astls  low-middle- high
Ged S350 sloyd ol ST, esls
g;;-lj& 6\-.” a /0 63 gdoes O ( PDl) .\.A\:-
Q‘))yb&_{})ML@&‘O)JO)‘A;‘jJ.S\ﬁQ)}:
S Sy Sl e Ol S L 055 i e
\ Lsa)l.o_fh J)A_?-)JPDl 4;.19_3;]56\2;.5}&@6\4)3
ua>l_,$: B el ol 03l OLES O LS")L“"': )‘:}oj_}
¥ £ /2 0F) gV o pan by o SUST
i (S8, et ls Ol S Chle i Ly 1aL
S Gosbas (P 0) b e il s 5 sk
0 Ay /b Gl ble Lol s edalis
S /AVE AN S ST, el Ol Ao
C}_,):JU S50 03 rmes W3l oxs o /AMF L /YT
S, sl o e 4S A edalie Ole S
L /¥0 £ +/00F) wil s high Ol oS 4 by 0
S S, aslamiddle 510w & Ole xS g 5 s
RCS IV < o E VR PRV 4 CERVIAY SR
AL 5 Sarmento Law g 4S glaalls s
rLed‘QLu}::lea-U-uif})sz}d\QbS}UL;))
Jb&‘f‘wyuujl;bﬁjjgb‘bquucu

O35 o lyd SuST,

j.J'L;‘)‘J‘S.:M J::L.S QL{E)FW&‘J&‘ cav\.AT
SISy g CLae 2l 3L Ll g Sl Bl G sl

OFAMSIL 2als ) 4 V0 b)) fuily Glae ;8

il sloa 5Ky b OlasiST SLIE
<3 s o1l s low-middle- high
Q;\;u;j,),qksuéuoﬂ\{y;@ug
cadiinn gl S 5 L Ol 257 ey L La0T
St G215 e DL 5L S35 56 2
Slre o (65, Olo S S oa 7555 0 )3
Al e D3 g3 e Y & S 5 o)
low OlwsS™do)s AalSTL Y oslad Jgutor 4 4 5L
VNS EAN e 1 35U oIl /Y & /0
03 WVYY/D £ FAV/Y 4 FA-0/5%LC & sy 50 5 5o
35 o5 S e Iy 2lS FA-O/1%LC 0 oY 50 3
ol /20w v/ I Zbale zals” Lmiddle s se
oplad g a3 3 VIS £ L /AQS 1 il
osleds O gu¥ 50 3 53 YVO/NY £ 4/4¥ 4 F4-0/1%MC
335093 5 A5 o Iy il S I FA-0/0506MC
SOl gojlasl v/00 as v/Y 5l cble JialS” Lhigh
4 FA-0/1%HC o)Lt O se¥ 30 3 53 ¥+ F/A £ +/VY)
FA-0/05%HC o e O sy 50 9 ;5 YOF/7 £ V/FY
L Ol 27 s S e iy 231 ST
o adaliie a5 0 S Calibee laan S s
L g aS laslllas )5 b e high ¢ 5 4 by e
S 5y sl S35k g, 0, s Sarmento
Ly 575 S 31 0Lt dd planil 0l 25 Ly ek

O3 58 0 D3 e 213 G g Olo 2

Ciltts (slo 43Ky b OlosiST SLSL
b feusly . low-middle- high

F bt Hlogad 5V eled Jydar 4 a5

L OsSY 5g el sl gld D13 50 0015 25,

L5 (g3doe Coidle 55 il o gn Ol 25 1oy

WP 1RQY 3 14D o)laid (@il § Cunyy 3)9s

ohsjle (Al ek oGRSl das


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

06350g3g)mwl 3aln (53333) Oy 636 osls (JBSg)

ol Lorea 45 0s ST (G513 Ol oo iy

e SLN a8 8 plonil (sl oy p 4 45 b
Shod 3503 2 4 Lo Ol 28 Lodd 2575
S-S Sl 33T s i (8 gl g 531 5 el
O3SV 55 sl (G5l 35TV ojleds 15 gas Gk 5l
clacels Olea 3l 3Ls slaéjihigh ole eSS, b
Y el 5o ol imn ysbas 5 Al plail (S 4 sl
RISV VIRREE VAL P8 LIPS I INWARYS JL S9i
OFSY 555 ypel O sreilion 3o 5 & S 1) 6 505 65015
O YFCelu U o, s YAF £ +/Y4Y 5IY Sl s
AP < o /00) (Yoylacs Jsds) 5503 35T YV/VE £ AQIA
b OsSY g el (3L 35TV 0 led 15 g0 4y 4 5 L
S A5 o5k 4 s glis jlhigh ol goS™ iS5,
sl a.sj_gjvfc_,:«l..u\'fub): Ll gded OlH3 56
Celw 1 Olw gS Lods iS5, Sly3 4L.(p< +/+0)
Sy 5L 28 5y )l araaT o) dey Celu¥F G J
S n Bl e Y K, 0l S
sy o> T (G3lasliT 4 eie & das o S5
Dl siS ok L O3 g 0sls 287, i Ol g
.:;&djj\séjuab"ri.pﬂ): JiS Cose

Sl sl slaalllan s 0, LSCen 5 <Kl
Ol Oleys 53 Ny e Shd SlH3 50 L),
L ol 2S5, O3 6L 487 sl 0lis 05,5 4 daunl
GLwsl3T o ged D)3 b 4 s Ol 287

00)4 Hls L;4,:<,5

45 -
40 +
335 4
i
530 4
% DT suspension
? 20 | - + —SIN
3 15 —— chitosan
10 -
5
0 T
0 5 1 15 20 25 30

a0 S Y gy el G915 S5l 33T auw s iv o lods 513909
S0 S350 5 Al (s D3 5L 0 il s sl p 2
Calides (5o Ol 55 IMouil Joses 55 Olo 287 L ok

M Series1

R I R JU T S GRS

S WP oS O S s
NQ\ RN S q\é’ ®
< &ML & X

W gt ga o jlads
S35 el s S1y3 46 PDI ke 0 oled sfages

V1P la O gV e 3 5o Lo ST L ods 35T,

315 555 S Ol o
S D3 53 sols 6,55k a by e b
Jodzr 52 Ol Lol (2575, gla 05V 0 8 5
Ol e ool 0l 0303 OLES & 05led s 503 5 ) 0,led
ar p S VY SIA Old Ol (5151 5515 8L
e FL o N e 3 55 NAFEVM Slo o SF
S5 s Sy FA 05 uN g0 3 53 ANFFEY/YD
FA 0 g0 3 05,8 (285, (p</00) b ol 8
—i5(F4-0/1%HC 5 F4-0/1%MC) slw 15" Ly
Danila .ol 4318 5,15 6 S 5L Ol 43 (5 ,lskine
5 Al sl O3 6L g, i1, 5 Ridolfi
31 Ol Lol 2575 el s D5 50
Cfrzé)l;l_:.«.aa_]a{|))u:|:rL>.d|4.dLh»&ﬁ}.;;j
S S350 5 Al s S350 6,80

00) Al Ol g5 8L ol (iS55 Aol

ERTR

W Sariesl

aaali s 33 s b
4 5 4083

-
B B

=)

O
L ¢ \3199’ .u;“’ & dp@ n.PQP
SRR
Y S

L Gt f ot

L}{}JQ‘)S};Ueu\:ﬁé;JlfLSJJ‘JMJ)CSJL:AZ?O)M:?_,&‘

A}VGL&()”AY}&_})AQLA}Z;L::M

1WAV 115 ¢ 17D o)laid (@il § Gy 8)9s

ohsjls Sy eolc olEibsl alss Wwic


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

ulilSam g 256 yislic bay

aw 51 055V g ol Gl G5l 33T duslin Foslod Jedz

S5 D3 Sl el g D53 S O il s 5L p 2

Calies gbd Olej 3 IMoeil Lases 3 high Ol 287 L sl

()?LA:AWI!MQJ).;A;'A.\JJUTéj)bM)> Cels w0k

& gl gon 56 F4 F4-0/1%HC

\/VAE/AYY \/VVEYY AV ==yAY<4 \
LAY ==TVA LR /0L /Y Y/AYE /Y Y
/¥ /ASY YIVAE /8 Y 0/a0E+ /94 ¥
\Y/YAEN/ 0% VY OAY AO /080 i4
\$/FOEY /44 \F/AFE /AFD Vo /AYEY/ON A
YV SEAANA YY/AAEY/FPQ YA/ VYN RS Y¥

References

1.

Mueller RH, Méader K, Gohla S. Solid lipid
nanoparticles (SLN) for controlled drug
delivery - a review of the state of the art. Eur
J Pharm Biopharm 2000; 50(1): 161-177.

. Bhushan B. Encyclopedia of nanotechnology.

Netherlands; Springer 2012,

. Rohit B, Pal KI. A method to prepare solid

lipid nanoparticles with improved entrapment
efficiency of hydrophilic drugs. Curr Nanosci
2013; 9(2): 211-220.

. Dammak I, Bittante AMQB, Lourenco RV,

do Amaral Sobral PJ. Properties of gelatin-
based films incorporated with chitosan-
coated microparticles charged with rutin .Int
J Biol Macromol 2017; 101: 643-652

.Y LuoY, Teng Z, Li Y, Wang Q. Solid lipid

nanoparticles for oral drug delivery: chitosan
coating improves stability, controlled delivery,
mucoadhesion and cellular uptake. Carbohydr
Polym 2015; 122: 221-229.

. Schéfer-Korting M, Mehnert W, Korting

HC. Lipid nanoparticles for improved topical
application of drugs for skin diseases. Adv
Drug Deliv Rev 2007; 59(6): 427-443.

. Limayem Blouza |, Charcosset C, Sfar S,

Fessi H. Preparation and characterization of

Gl O 5 J KL Loy oS (glanllan s

OT slwsl3T J =8 5 edead S350 iay 55
sdoh 2S5y O3 5L 4 s esls 0L o2 8 ol
Lol ol 58 g, Slyd U 4y S OLw 257 L
PLS Ig bods 2S5, 3 $U 5 WM LSy
SAeS $3LasliT S J oS LI 5 VA

10.

11.

12.

. Kelidari HR, Saeedi

(D)1

spironolactone-loaded nanocapsules for paediatric
use. Int J Pharm 2006; 325(1-2): 124-131.

M, Akbari J,
MortezaSemnani K, Gill P,Valizadeh H, et
al. Formulation optimization and in vitro skin
penetration of spironolactone loaded solid lipid
nanoparticles. Colloids Surf B Biointerfaces
2015; 128: 473-479.

. Laouini A, Jaafar-Maalej C, Sfar S, Charcosset

C, Fessi H. preparation using a hollow
fiber membrane contactor--application to
spironolactone encapsulation. Int J Pharm.
2011; 415(1-2): 53-61.

Schubert  MA,

Characterisation of surface-modified solid

Miller-Goymann  CC.

lipid nanoparticles (SLN): influence of
lecithin and nonionic emulsifier. Eur J Pharm
Biopharm 2005; 61(1-2): 77-86.

Shah R, Eldridge D, Palombo E, Harding I.
Optimisation and stability assessment of
solid lipid nanoparticles using particle size
and zeta potential. J Phys Sci 2014; 25(1):
59-75.

Anarjan N, Tan CP. Effects of selected
polysorbate and sucrose ester emulsifiers on

the physicochemical properties of astaxanthin

WO 1MV 13« 19D o)lad (el g Gy 0)9s

ohsjle (Al ek oGRSl das


http://jmums.mazums.ac.ir/article-1-10487-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-02-19 ]

0635003g)a3wl 3als (s3333) Oy 636 sl GhSo)

13.

14,

nanodispersions. Molecules 2013; 18(1):
768-777.

Fonte P, Andrade F, Aradjo F, Andrade C,
Neves Jd, Sarmento B .Chitosan-coated solid
lipid nanoparticles for insulin delivery.
Methods Enzym 2012; 508: 295-314.

Pizzol CD, Filippin-Monteiro FB, Restrepo
JA, Pittella F, Silva AH, Alves de Souza P, et

15.

al. Influence of surfactant and lipid type on the
physicochemical properties and biocompatibility
of solid lipid nanoparticles. Int J Environ Res
Public Health 2014; 11(8): 8581-8596.

Wang JY, Wang Y, Meng X. Chitosan
nanolayered cisplatin-loaded lipid nanoparticles
for enhanced anticancer efficacy in cervical
cancer. Nanoscale Res Lett 2016; 11(1): 524.

1WAV 115 ¢ 17D o)laid (@il § Gy 8)9s

ohjle (Sl ek slEibily dlas Wy


http://jmums.mazums.ac.ir/article-1-10487-en.html
http://www.tcpdf.org

