\V‘V\)ﬁ;@.«idiﬁ)}bf\V@)w &‘J&Gw_}rjlﬁ

Sod S Jolo> iU (3 lowis 950 3d Sluo g 33 (92 E9 P (owy 3
ol 58 59l> Wl

f I %Y . e ) -
CEs Gl ¢ oo Lama ¢ (Gl (6 PR ¢ o sam e sl

Po5ljkems S 1ut

dgien o333 oIS s ol sl s psle (655 Gmiils )
Age o b oAl (e mlio 5 psle os S slad -
A o b oS gle mlo 5 pske 05,8 slud -F
dgden e gn h o8l olds Blo s ke 05 S Lokl -t
dgten (g 53b 513 0 aSCEls ¢ oS gmila )l 05 8 LSS ~0

(QO/'-\/'/\ Uf‘fu';\i GJU A¢/V /00 ZCJL;J) @)U)

o AS>

Slal siss Jg S L 0e (CGDS) wljlinal (65 Jy S IV 00 slie lali o ciliis lado s 36 oy candllas ol 5 s
Slosas , SAIGMS o 00 ; GDS:SA o::00 GDS:GMSerior Lili s x> <S5 5 (SA) Klal awl 7)o+ (GMS)
G 0 G 03 Dols 5 glime sl s 4 Shlnad (65 g a8 Sl eslinad s g il 58 el gl gl ol 50 lend S5 5
ki el o S 5 U5 el o 2t (D3 031 2aS g a5 K03 93 bl 53 e Slig 0503 2L I il
S bad plebawlis ;5 GDS 5, GDS e s GMS+SAc 00 (GMS /) (g5l sls 0V gop a0 by e i 5 40 S
s S0 5V sn 3 53 Gl 0505 LIS A edalin OF 53 D53 4 (S 5 (23 s Olin (0 2S5 23 1055 2 S0 ML
533 bt bl 5 ol sk, abiol (S5 e sla S s skie 455 Ao VYFA B YUAY 03 5dme )3 sl
ol (6 pslad pal sba S5 055 Lls s a4 il 553 sl 0L el A el FTIR ; DSC.TEM (leolKzus 3 (st <1350
Gl 5 pland 5558 sla Sy s 4 GDS L ead Jli s sl il 5S3 Olbe cnl o3 358 JLip U d 56 (sl s 53 L5 0
Sl i 2l 5 B el (L3 o3I 53 Sk S 5 s s e ol 5 SA 5 GMS Lol s oline

L edalie

el s (oL sk sla Jal 1051 s

fshahidi@um.ac.itzus. J en*

AY



gl ol U plard s Slw st 2 a8 A

UL 5 sinden el

> e ol cpl 31 ls (gles 28 sl wl
Sospde el glie 5 BT (gilesls b
OIS Sl (Y eesdl Wl b gl el
by laptacm O gV g3 53 o s SN WT 5 013 28
03 G pSadar S phy ol a0 208 e edlizal 5L
Gl eayslp 5 S e glis Jel5U Wy e
w b sl O 4 Gy o sn el il
5 JWEl s byl lde g pdy ot ey SR sk
el g g easy bl 4 ulu s sl S5 SE s,
LAl el onias e s 15 S0l 5 e slse

b oSan «Dhdan S 0l Ypene pliE s ol 50
g5l (Sl 3 Sl 5 Auls, S ptew Lin L
bopipd b b el g ol 5 Ll i
AUt slis 56 bl s Sl 5 dapss st
Al e sl S0 s gla ol 5 s 6585 23
Gy ey 5 S okins Ll s el 50
Q03 s S Ol s oS dites gy o LS S
Sl Ly o oled 4 el ST gla el ol Bl
Cos Jld Gy DS 5 b Sl e S
Wb Sy oS 5 ol s C P dax 5l Lol 30
Wled Gy oS5 el G slaasid LS 5
Al e 3 0 0 5 8

s Gatss dex Sl s SLS 5wl Gl U
b ol e Slhesliial bl 50 (5L 055 52
Ll Glaa s b sl plsil Ol e b slad)
b s ol 53 3l L3 Gl 3) e e olie o
T dian s SLS S s b 5 5 csiles 5 J 1S
AIB e Jd DS 5 Sl 00 2B Ol
S S 5 R (S ol SR L ol i Ol
@ slse Ladda Ll (G o ol 5U 55 4 e
63l ST S ) Jld (sl 3l eslinad L Oy S0
DIV T sl e (o3 o3l s, e 5 (s

ol 3 dsbe 3le 5lL Ol5 e Jialas St 3
o sl G L Gl Sose o Lo sl il
DY) osed sl b 0> ol LS5 205
sl o= Goob Sl Jedcn; SLs 5 Slsny (ramen
wllas ulal o das e SRl LOT Sleys ol gdedd

AL

aodo —

2B e S, S Olse 4 DL Ls ]
SIVL (S5 ool b N a5 (ol polie ool
baots g S hled W5 1) bapnSyn o S8 dor
Ky S ke ol 53 Jloe glagtiz, 5l glazws
4 Ll VeSS L s s oasls Sl
wif e sSo Bl Sl ey b Jo sl S sladdl>
[Floss

TSan GesSE LS G slacih Clr il
T dsb ) bolbus 2ol S8 08 e o S8 w5 b
OV B EAY =0 Jsb 1) a1 S8 (gl Ve 0
5 Gl W B 04 =5e Jub L) Ll S8 (e 5L
modes (sl N0 LY e ub L) el S T
gl Sl by ot 5 G, 5
53 2 oS S il 5 5 il S I riSS
B WS PR TSSO WO o SV L PR B SRS
SIS, doss it s e oS nke S e s
Wil o OF 4 Bhate iy U g ol Sl 525 3 0l
cen 53 g5 5 S lie 4 ol ST S I s
L8] 253 0 S3L S i) opl 655 50

Skl s gl g 53 (K5 esle Olge 4 ol S8
S R R e g P
o 0] spd e eslinal i b 5 5, dex sl
S e S sla i ple s 5 gk 65
5 eyl ol Sk 5 IS slp b WS
orl ol 038 sl (6 S Sk (bl o slas 1S
Sl Sis 5 Gosls pedle 5 es,meS sl 3 sosld
R Ll e s I SRR P
B R N PP RS T I FERNGM U RPN o
Al 0 gl laesslp A8 4 e Jgaee
Sl Gl sl Sl s s 5o 5L (sl aeen
Py b LSS SLs Gk e S s
vt e

S kgﬂbf 6La=ui..bﬁ LSle Lﬁl.lic 6LAJAL7-}3U S A
S Sl At dd al 2 b ek 2l S
S35 e s 56 e g 5ol 50 K38 o el
sla ol 5L s Sl 5L Shed o Jol= 5 el Shed



\V‘V\)ﬁ;@.&c\i e))b u_\\/ O)LQ.«.:

e Glmpjfjl&

la gy, -Y-Y

S5 ol 50 130) sl V50 b ag ke w
L SA ; GDS GMS Ll wlr ¢l oz ¢l
S A s by SIS S 0L 5wl glads s
lo ol 5l el anl s s s eslined VAL elus L
Jae) Vo 228 JLad b Ol 5 gesm oKaws 51 (s
s eslizad (Ol Heidolph es & cxle ave st
S 3l S 5 by £/0 § goee Aol cpl Ol e
VO 400 5 ards ) Ode 4 d adds V/0 Sl 4 Y gl
5 5 S Ul LAl ke 4 e A eslinal aids
Sonipreb Ju) [ S sw osp oaus 10T el 5
Lol esliul (kS MSE o5, el 130
RS solan 4 o5 458 S S £0 51 0l
w S oa b RIS s ased e
Sl b))  pdss Wl sl 4 SO o0
305 S & &g 0SS e A5l 5 plaS] Sl e s S
35l 4 sas Qm;ﬂj\m.ﬁ :\dezju a5 ¢ ;.jrbo-
S ke 4 e s LSl i b s
Ssa5 SB53 Ceand  USST S g S8 (olie O sl S|
s JolS 55 a0 s o (LdLL Sl esliial b s codia
el i Jls Las @ L 35 ) Sl e
Sl s sla 0sa5T el B ek ped adS A el
£l 5o (Sadl e o paxli 5 65 Jedly (23
NI QTSNP YRR WP E

w.’.}? uﬁ?.'u ‘Qbs 65‘.\3‘ &:\'.Q’ Y-y

B3 Jomily 5 (Saeily
Sy 355 SAH o iy L (D5 eI L
=L 30HS, Nanoserieg.) 'PSA o&s L b
ey A cl o agly s 5 (kIS Malvern cs s
R Vo PN g P PIRCH B S0  B We- SP S | R I SR 008
Chas AE e LOT 035 655 B L s S
By 3l A5 Se V0 S el s opl s 0se5T pll
b5 s e 0 S 51 oy Sp0ben 53 el gl
©) A3 Gy exs s ol s 440 L) oo V/0
SiolS Z-average ..~ ;s o3l (e a) Olge

A0

Obey Shalsl 5 ke o Rl Joeed Gk Sl )
DT 3550 Sl Jsho 53 0T 5

oo A al S les slania OV e s 3
S IM LS d ) b pled sl (Jols ol szl
s gl dady oS (65 bt (e Y0 b5
Sl o sl 5 (Ladsind) oY 5o sladd
ik o (LS (65 5 02 sipn b lis o slaa)
[Ve]

Gl 5L Cer L sl el g o3
Jooden Glassls gl sl i LS > b L]
s G el ol s Sl UK st e eslizd 5
L aS ol O 55 Jsbomn ssls oy 6l LT oS b b
e Y0 & e e s T g St w4 g
S posar a DD3U Gl o ol B pdy b
Skl ole ) s suls C e & Jdaods lagsls
Sl plend 5 (S sltle 5ol 5 A e B
s e osd ah ez 5 b it ol (S s
sl U ) Gl Jies S S8 5 Ad 04 el S
Aol 6,3 b ppamen gl g 360 LS8 s
Do) asl o Jl38 3 Slys o3Il elijle st o
e 03 g 3 el e a addllae ol s
Sl ey Gl Lol g olasl
NV R Y UV PR W R PR PP L TWOW-JC SO

L Sy g 3lee =Y
3l g0 —\-Y
Geleol sl ol b Sl ige JomadS Jass cnl 5o
51 Precirol ATO5 ¢ b L hlaal g3 dy S
oo P s Soslmal anl s 4 4l Gattefosse-s
S, M sls el oWl Merck s 5l A
Futural o s oL L o8l S5k Unigema
slge ple 5 e ROha ws,2 31 Spirulina Blue
Ol S 8,0 cotle 5 ARGLST s 5l ol

Al oslanal 650 400 g?j\u‘\j)@aﬁ.@x{lﬁ); A ag



gl ol U plard s Slw st 2 a8 A

UL 5 sinden el

05 e 0 Ui el 0y G2 255 15 el
oy b 0T s 5 el S5 kS8 w36 SLN
2 SES Fose S SeS L5 S (Som oy
i U5 a el 5 R oy o3k sl OF S
Bispe S8 Ao b wpe G S 15 B
5 SA GDS 3 dhait @ ax 5 L .dpdy s
S mle a3 VY 5 Ve Q0 a3 sde 3 oS 5 4 SGMS
S Kl a3 Yor B f od g 53 oKt los e ls Ll 3
Sl osS sles o Kmle s Ve aids g s s
V] sl

b 53 0psl e ab U -
(FTIR) 4,4

de) FTIR ol 3l eslinal b 5o 3 Ogole s i
(K« Termo Nicolet-s : L. Avatar 370
fors O G 0vs O oy ol Sl s ol
sl ) e b ges Sl e sl s S s
A3 5 U1 5 4 KB

Shed D380 S5 o VY
(TEM)

“Se G O shed DAL B s G2
Jw) TEM Soss S O S Suls
ged s S eslinad (Uds ol oS s cxl CM120
ﬂ}@ﬁ)“)} L'ﬂjs\..»a.l.i: oals &ojlﬁ:ch'wéj) 4 gas
Al S Yo s § K IS A ey 4 T
S 5,8 3 i gy ol 3 Y Skl Ll
SO S LI s p s edalie 3 S Sl S S

[YA]

u;-&"}.; O.l‘ L 4:5) JlS 4.3 6)\46‘ ujo")—/\—*
B @LZ.: 9 r[;u] )]fQ aw S s p s 6LAQ}A‘)Y rLA.?
0k Dl il e 2 1 ol LS - b I
55 Ol glawsls w0031 bl 5 SPSS LT 5l

A awolas (P<S0/00) ds s 0 6)‘%5'"“@"”

A

Shed C3SU (S5 6ol (s 2 2T
b 555 59\~

02 Jel Sl s ol Ol s sk &
Ll 5l a8 gl 565 Sl 5 sla O ga Y 50,
05 Al ooz oa & Glae D3 5 sy BB (68l
o3Il gla, 31 PSA olKis o si ol 15 ) sl Oles
il 2ose B Jedly 5 (SAdl e L el (o3
O3m5T Oyl p L3 b L wpad S 23S 15 s
sles 3 Ctle sy S s pode il il ilke (golL
plmil ke 4 cpizen LS (MK 318 Bl s 8
b 6505 FTIR e il s DSC 5l > sls 05050
DW3 Jue) gslessil oS Kist olKzus Sl eslinad L SLN
s 2o 5w (Slls Heto Hottenes o =L
RSP

(EE) @L‘éﬁ bj,.: L;lblS —i—"

e Ml cl 2N Sla g 0550 GDS Al Sl
33 a&i&&gpﬁé)\bik&udug:&kb); O sl IS
ke /YO BN gla chle el gl bl c O
il e 13 8 g O 3 il S ke 53 p S
W o I 5 s Sl ol b b sl
Gillas Ly 0a,3 b doys [NV A aslbe 246

3 S amle 25 g0

ek (06) = W We)
W,
1O s 3
Ose¥sn b 3 4y SIS & (b sSG3 JS 035 Jolee Wit
B Lol 56

ok ik 50 s T ol Ko Slude Jsbes WE

Sl Ul Sldlas 5 b aais s —0-Y
(DSO

w53 b b S Slosat s skl 4 Sl U
DSC ol&eus 3l osbisd b eyl 555 65l sobd S35t

3,50 (s Mettler Toledocs,: 822e Jw)



\V‘V\)ﬁ;@.&c\i 092 av OJLQ.:Z:

o Sl del w5 SWSU I s
I sesls GBI, 5 SWlsjls &S ol jltle 1
IV 3500 sl SIS 5o sy Sl (6,8l

sl Jol 50 Gla sy 055 2LE 2 o M o b
Cpad 3 odd Sliss 09,5 il 53 lade sl Ol gl

GDSU S5 sl 0pVse 3 s GDSUL ens o sla

Ay gl e banlie 5o e 2D SISl w

uﬂi’u ¢Uj J.:w.r.‘:..l: ‘Q‘JS 6}‘.’3‘ —\-v
SLig 0955 2L 5 (SAdl ks
C}.} )‘ oslanul :}:: ~* odalie o) Jj.,\p- BE) S )}JQJLA.A

SLN (ls wsas Sloy 055 oL 5 SAil el

S 3,5 0 Ll O a4y s ool 3 Ol e 45 (5500 45
Mo a s S wil o il sS85 plied sl

Sl s Gl ) cul s gasd B s caale

Sl gAY S8 ClSE s Ol g5 gl Sl
R T ey e S R N N R SN
bl CobsGy e ol 5l osliel oS 5 3 asdlae cpl s 11
Ol e O Sl gl s 2 e Sl OseVsn b oot sSsd sl (Shs n bes olie
G Sns o5 oblas sip 4 e Ulge ol SO
Ol s LBl Il a8 5 bl el S35
Srlied sl ool opat 53 [YY] Wik Sosete
oo sdsSse (58 a0 S Ol il S
sl ¥ 5 by Sk ey Job as s il SO
b S b e 23S 1Al bl 855 Sl e

G e/ J‘ oslatwl ol rl}u‘ Sladlas B [YV] J_,J:L;d C,u“_y;ﬁ

Sl O g o 513 O ol 14T A ey 03 A5
S S s Il Sl el s¥se bl b anslie o Y
oo a5 aw Ol e 3 Ll (Gao Oley) 55 oy
o Lo elh (Ol eIl Ol s (gl pme Ol s
OgeY 303 (P<e/00)d sdalin U5 Jeslyy 55 5 SASL
s ML Sl OpVge sl b acglie 3 ) ojles
Sl Dbl L5 o ol cpl e 555 1302 2 6
5 C18 e © 2 el 53 L GDS sl s 5
GASOL 5 03 S sl ekl i S s> C16
el e S S s Sl dalet JUs 4 s e

g 0 il oy 006 /0 5 o Aoy T
GDS i eslizul [Y] A3l o cmibie sdd sl ol 4L
Wi @b RIB s S pr Olse 4 (s )
S SRRl 4 e g sl sl e s
S alie s V] as doys A0 L Sl

JJLS &u)jduﬁ O3 L;U\S Loy u:ﬁ‘_)_%‘m_)w
olis c;t.: W [Y'] :}J:L;e Jw S ) CJL.:SJ; ol

debr lagzr Sl el b SIN (o s Slig ) Bl 5 s GDS L st e sbs SLN s das s

oslizul A asiie Ol 55 JsdS GMS GDS
L ol PYsl ol bl s sl Jol> 56 Sli sy

Ll eelis (Sl Sl e ki atlE ol
u.j_JLQS 9 CJ\)J J..v_Lw u..v_j;..,.:; Y a)l.w.: U}:.owy‘,ﬁ‘)ﬁ [\V]

@gadole VOl ke 55 a5k 4 sl OLAS | ol

Table 1 Formulation composition (percent weight/weight é&ian) and zero time analysis of solid lipid
nanoparticles

Formulation (_ScheroI Glycerol Stegric Particle Size  Zeta Potential poly_dispersity en_capsulation
di stearate  mono stearate  Acid (nm) (mv) index efficiency (%)

1 500mg - - 97.13+0.23  -16.14+0.18 0.15+0.08 62.38+1.3%

2 - 500mg - 80.52+0.f0  -21.28+0.23 0.32+0.16¢ 53.91+2.45

3 - - 500mg  310.71+2.35 -29.56+0.19° 0.35+0.1% 32.59+0.7%

4 250mg 250mg - 92.49+026  -19.72+0.46 0.250.02° 57.48+2.85¢

5 250mg - 250mg 193.00+1%2 -24.92+0.3% 0.31+0.08 44.52+3.18

6 - 250mg 250mg 160.19+196 -33.13+0.18 0.43+0.0% 39.80+2.08

for all formulations,0.1% Phycocyanin, 3% surfatt@ween 80+Poloxamer 188 (50-50) and up to 100%pdrivater were added
values in each column followd by different lettars significantly differentf<0.05)
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Table 2 Stability study of produced nanocarries and stimetfC

Characterization formulation zero month third month sixth month
1 97.13+0.23 101.52+0.1% 180.63+1.03
2 80.52+0.16 114.24+0.49 120.36+0.3%
. . 3 310.71+2.3% 490.36+1.43 534.03+2.18
Particle Size (nm)
4 92.49+0.48 100.25+0.20° 113.05+0.2%
5 193.00+1.62 215.28+2.38° 302.00+0.72
6 160.19+1.08 189.42+1.70° 201.59+0.69
1 0.15+0.03 0.19+0.1 0.22+0.02
2 0.32+0.16 0.41+0.08 0.47+0.08
. o 3 0.35+0.1% 0.41+0.19 0.43+0.0%
Polydispersity index
4 0.25+0.02 0.28+0.03 0.29+0.06
5 0.31+0.08 0.53+0.16 0.57+0.08
6 0.43+0.05 0.60+0.0% 0.75+0.1
1 -16.14+0.10 -14.28+0.38 -13.80+0.18
2 -21.28+0.25° -23.11+0.23 -20.40+0.93
. 3 -25.56+0.18 -31.67+1.69 -30.06+0.83
Zeta potential (mv)
4 -19.72+0.46 -16.30+0.58 -15.391.78
5 -24.92+0.37 -26.48+0.29 -25.01+0.54
6 -33.13+0.18 -25.10+0.58 -23.49+0.48

values in each row followed by different letters aignificantly different<0.05)
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Table 3 thermal behavior of nano lipid carriers

Formulation Te Tm
1 56.2 64.7
2 63.3 68.6°
3 52.7 66.5F
4 69.4 659
5 548 655
6 56.2 68.1°

values in each row followed by different letters ar
significantly different(g0.05)
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Fig 9 TEM morphology of Solid lipid nanoparticles

prepared of glycerol distearate

Fig 10 Fig 9 TEM morphology of Solidlipid
nanoparticles prepared of Stearic acid
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The aim of this study, was to evaluate the effdctifferent percentages of lipid contain 100%
glycerol distearate (GDS), glycerol monostearat®I8} stearic acid (SA) and lipid composition of
50:50 GDS:GMS, 50:50 GDS:SA and 50:50 SA:GMS on pig/sicochemical properties of
phycocyanin-loaded solid lipid nanoparticles. Tesuits showed that the use of GDS due to the
different structure and having an irregular lipidtwiork had the better encapsulation efficiency in
compared with other lipids. The minimum particleesi maximum zeta potential and minimum
polydispersity index were belongs to formulatiorss 8, 6 and 1 respectively. The results indicated
that GDS in compared with other lipids had bettabidity during 6 months and the lowest desposition
and adhesion of the particles were observed intjfpse of lipid. The produced nanocarriers had
encapsulation efficieny ranging of 39.80 to 62.3&M, DSC and as well as FTIR were also
employed to evaluate the morphological charactesisthermal behavior and chemical structure of
lipid nanopatrticles.
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