Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

o Kb pole SIEES Al

10 (50 (R ol (S 039 293 i
1 Y axio (Original Article)

E oW Pewdede s 5959 Jlail 4ol oS ygh cpus g il 15 sl (ow) g
P w9y 4 Olwgis” 4l g

TSy o 1055 e Ol e odl3 e ol ' ol 31 39 9 ¢ 59305 Bb Sgece

oS> oS3 (ol 3 Sliios 5"

i GBS oS 505 G B A Slase b o i 1 g ey D orT Ul S el
(SiFsml ool bl Clew S 55 Jlasl Aoy s sh e dloul pgdy S Dl
4l S 59 ST Ll o5 sasl Gumsd pl )3 . Cl STy s g srwlis L LS PSS
235 g Pln s 4 Ol siS el 2B e 5 S S 005 sl O e Ko o oKasls

S9y LIBONT/E 55 o ssls Olw oS Ol U ¢ g o anlllas opl 53 2 awy g (99 0l

F5 S S e S G e s g S 5 (SThs Dot s A (S O
was;});gua,,fru“;_iL@;);.,\_;zL,:,ﬁ;_WEL|SAg;,JL.|gG @b =T
0 o5 il sls s S50 050 5T Sl eslinal b baesls s 2llr B o p s 5 5

Al A:éjijJ):p<~/~b céj:@m&..\.lsf
Slros S ) 05051 3,50 slaes 8 aan 53 5 g 5 o 5l w196 (s3b ST 25 bl
LaS oot B o psdp db (oS 555 b Hlr s G 3L 1531 (U S
el e omen (s g el eyl 2o JFI 5 ST Syt 0551 Ssl= Oy 5L
S e 1 LDsp sl s 00+ il 5 (s Sl s STy Oy g |y 05 5T g oS

- = .. - . . ~*
M‘)LD&)JJD;Y"'ﬁ)you\n}m‘&l@,}'md}db‘Lw&‘.}&)ymfdkjﬁ 'UP&JM°M}’
s Dl S o goplyl 3999

. _ mili C}LG av&.ii\: ‘Gwl...z;,....u
B ngbu_:;u u,l:.:l).é\ ‘C)l—vl}:—; Oly3 6l Sl eslawl sls OLES Gusw Cﬁ‘ @\:.. ‘erw s ‘(C) ) (bl C\> Esis
3G o S 5 (ST Gy 02 psd 5 oS $505 oS 55 05 BT (2l O e ol !

2o g8 @l S e G S B 03 (g 40>/ 0)

e 5345 3 0¥ ta ST 0L 1S 10519 s TS SN
febrhimi@ihu.ac.ir

_ AP/ 123l s o b
Tl slaad 55Oy ot dlas ol 4 ik
Bagheripour MJ Ebrahimi F Hajizadeh A Nazarian Sh, Zargan J, Rashidiani -
J :An investigation of immunogenicity of chitosan-based botulinum neurotoxin AP0k B
E binding domain recombinant candidate vaccine via mucosal route.
Qom Univ Med Sci J 2016;10(10):7-16. [Full Text in Persian]

A
W40 ¢ (R oyl R c)}b/rj é.?aﬁ r}l.c a\i.&ﬂ:d?u O


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

Q‘)&.ﬁ})x‘_;}‘.::‘ﬁ-m

wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

5 bl & St o Sy s Ol sS b ek
5 03T Js Gl Glos 8 b wodr 2l
b by O 4y L V) Sl 4B S 15 andllas
S dmn oSy dre g (093 plies (A5 Sla S
5 Shs Wl ol s gl bsy &b 5l L T ole
b i by o1l GBS s dhal S 5 e Slizal
R L e B PR ST S e pe C 5 A
Ll ST bouSTs WJ ol bl (ST Jlezs
ST Caglan 039y ases 5 odre (Gl Lol 3 Hl 5 Al g
Dbl o7 620558 Hs 4 (Shs o 53 Wdpome ke
s 53 5 S s Lamme )3 b 55I0L )
Sl Gl Sl ) e b Sl S Ty B
Lils 55 LA{.{_}JT Sy b oy gl o
Sl b bl e (1S ooy glat = (S5
(&3l b LAA) A7 e sl STy gla STy 1 (6ol
sl b 3 S STy ol B ol
5 o b33l EHE Glae T Llee (olasd Sl
e JEml shten (D3 Se 5 5 Sla g Sl eslizal
She oSl b 5o ke Gl (oS 5
G oSy Jolb Olgea Sy Sa s 50 51 eslizal il
oo L35, 5 el Lol a0 ol 53 Cliblous ol g
03T e GV sb 5 aedT ol b oSl 6ls dal s 55158
LS (o bl g0 sl Gl O sl e 4 OT 45
IR K JRe by Bl e sy (1)
3Gl 4 3590 0)5 8l &S el STy 5l Sb Sss
Gl G5 s s a4 i Sl w8 5 i
s Sl i e DT (s 5 oy &S 555
(o J51s Gla STy Sl onls Ol Slafllas .l 05 5T
S g gr e s gl Sl 5 e ol 6
£ B St Feb Ry oSy dsles
e Osm¥snp Jdo 4 S3SE YY) Cils Ll
WSS oIl STy sdad 2S5 aub ilsy O
bl 5 ol Calies lacil dad gl b 658 5luc 5

o.bu.LJLAQ.MLSL&C_JL)‘ijLmﬁbb{‘flj‘j))w{‘}

3

Ao
oS $a05 by 8 ol (SUks olay edss
Gk I oSS pshe Sl sty pad gl
W 53,5 4055 Jome b 5 4y o3y Aile (bloe (sladl,
s LAl s S faul 0alsl3T 5l Cawiles b 5 3505
4 e sl 55l ee 53 g odd edigy i d)haf—clsslxil el
bes cpsd 5 oS 5058 5 Ca Ol 53 35000 &5
e Ol ) 53 5 035 136 olag DLl 11 E 5B A ¢l
O5SL sl B g s bspo Ol nl 55 o 50 4 Ml 5505
ol e e STy Bl Gl les S Dl
ST g5 bl b 3l 43 8 O b S 55 5
G385 STy S ey GlaysiS Sy 00 s

O aass 0 Wils E 6 A glacs ale 8y
G385 S Sy 4 by DS 1] ) BYos
(altn g e i ) ealinal ey e 5 YL e e
3555 «2lg 5o 5 SU ks Glaw s LK 51 S0 Ol s
Sy adllas (gilupasl Loy 5o O 4 @l 26 o
Alesls 3 5 Sladss Cuglyl jo 1) S 58 sla Sy
S G853 ol (g NS S8 slamSs W5
b s 3L ST A5 5 Gl e 30 6 5 U5
@is ol 3sh g oolital 5 Amen ew O3 A6 5 bl
il Clea S 5,8 Jlasl dly ) Sl sdd edeis
Aol g ST agd g (e LU (G55 gl Sl
5SS syl @il Oonoml Mo 4 pmen
bobolesl 51wl koSl ol GTOE ssg skt
wis ol (P 35 eslial 03T g comlin (SlapEm
Sy ot «lyds S s 56 5 e 05 3T Lialay sbalels
o 1 el 4 8 15 s 03litul 5 4 55 550 (Slod 1S
El S B L 4 Olg e Sh3s S 5 S bl
o O 5 sl s b Dta Y eS¢ gas!
A3 05T Sl 5 (blee glacsl 4 STy e
(@) 35 o)lal (bl 5 o8n Sl g5y, slap 5T
5 adiee A Sl ey S Olg o sshle iy pres

5,5 e3lizal Olu 528" w5le 8 Lo

q
O Y40 <_;:LV.AAa)ucv.hbajjl/rjéjﬁc}\;a&ﬁhd?u


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

Q‘)&.ﬁ})x‘_;}‘.::‘ﬁ-m

wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

oshe oBails 4 Ghate (OSSN 528 Sl Malvern Joe)
WOlo S O3k ag @y 55 eslinel ek Koy
e Jsloes OANY) Lo 05 N4 S OsY5 Gy
Olj ke Jsb 53 5 okl o)l o) p0a Dlind b5
Py 0 e B o S s el
G5 S Jgloen (13 56 LSS 1 ey o L5 02j0 Jl-
WO s o by 3l Kl am )3 F glos )3 4ids Fr Soe 4
28 Sl Aol Ogay e g S5 Sl adds s o
3 8 s eslinal 3 yee o Jls 5 Sy

P o 2 0T S ol Qo gS S35k ag S
ol 3 s B eSKas BU1 gles 43 5 58 15 e smiee T
A osliwl SEM  sua 4 S sl

S e S 1 ey 66 s s S SL O e
5 ebiledl ol HlRe 5 Olu S Jske 4 oddosy 3l 4l
T Cws 4 g9y J gl

s B s gl s Sl e 098 B
S g a.,\,.fucb.d sa,ls Jrlp sl 53 () kel J5us)
AT Dbl LIS sbiiao 5 0158 L Gillas (Ul p
S

A 053 L) lazin A ol (555w sn sVt Jalbos S
oo s S 5 (ST S g s (08 YN0
sl s S Yoo (hge o (S o 0 288
358 asa 0557 085 S0 10 e (sl OlugzS D34k
Jlous 2Js S Yo ge 20 (e JFIs s s Al esls
2325 S 5 05 a8 5 Ol S 5550
038 5 a4 Ls Ol J S 0y S gs  iw JEIs e
0557 O OleszS Sl gim 03 8 4 5 05 5T Laid
sl o)y VW Jold bs o ¥ oo by g olad sy g2
9o M s S m 53 b BT Ol e gt (10) 258
(e G3lder I 5 A8 il 6 S0 g 2 3l
3550 et st SV 205 410G JU Sy (3L ST Ol e
el 51 ST 53 (63U ST 25 py 3 5 13 i
LE o psdsin oS 5008 LDsp Oljes anloes Sl ey

ol el (SLa g s 5 JLd €y 5 o 5T 3l 03l

& 5 b il STy Ja (6l (olin 4 8 15 n 00335 5
Coeal 38 b s b O3k gl ok S5 Slas gas
bl lay Sy O3 SL 1 eslinul ¢ bl sla ST
bl el Dl Gleny Coeal Sl e
3o Ot d G b, eSS Wl bl gls ST
dre YL andal 53 gHlul ( Jie e S YL
b S Ty o ¢ 35168 o sla3lS s, pl s 5 sulul
wb slid 5 e35) 05l 3l (5 dhdsh (i 4 &S5 pH s
Jo 4 QLS 0,8 15 a5 35 055 Ol 4 3505 5
st Yo s pdidsh 5 bl 4 Shiar Shy omib
Sty Gib | o pasa 03T b sl sles 28
blows b Wil oo OloszS” .ol 4 15 andllas 390  bles
SV 038 5L b g eals iSen s (W) sad sl s
A el Yslell @ adidsd (Il o o
3 s g slaiSTls Lo sl SIolp Jeily 1 cas

OY¥=10) syls STy
SL3SU (e s 5 (STHhss s (Gl (m) 5 O
BONT/E Jlail 4ol oS 55 g 0,5 1y Olo S
Sz e o alg )3 5106 ook 5T Ol ronies o

D3 E g psd g e oS 5555 o ki

=22 92
CS,a ) Slid LS e (o adlee ol o
CS e 5D bwge S5 055 L OlegS (Scharlau
WS e sleS a5 slesd sl L 5 (Sigma-Aldrich
4 Jate (855180 4 56 536 2T 05 8 4 Glata 35 O3S
dle s AT 5 e G sl ssm) ads HRP
S S8 e, Ad (ol > Abcam oS ,s 5l His-tag
Slidl S 0 S E od psd 5 S 0005 Sl ab
09) 458 g (p) oo ool el oils calitilons
L gl S sl gl Sl esle (6 g Sla b se
SEM 55,01 0 sSs Sn 3l D3 5L p gedd 4 g
3 &5 sl 5 psle ias ewge (LEO-1455VP Jub)

DLS a&u.\ J‘ LQ‘JJ}_vL_v a‘)‘.l_" I ‘)j_]aa.am. 9 (g_f:"";ﬁ

A
W0 (65 e o)lad (o> a)p/rﬁé.i};r}ls ol aloee O


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

OLas 5 )56 3l 3l s asms ol 2B e S 50058 Il 4l S 5 oS LA ol sl (o

SSSIs 0sasT 315 (sl Lite s (51,) atasly 235 5 Yorr ¥ 0 O gl b glis J51s O son
s 8 eslinel (o 68 28 sloos 5 o Sluglie Zg2) =339 8 51 05T 51 bk JHle LDso il
@5 5 P/l (Sl lad sl 13 gne law @12 58 milsls o 5l (lesls 03 Jlej o sl 2)
94 25 1P 4. SPSS )\J'.é\rj' Sl eslaal b Wesls  oles i Calitee 1o 53 OamwVgap 5t Olads slued awslie

Lk o 03T 3 13 ime gl odalion Sy s 5 (5 =S 031

90 S0y F 4 O3 HT 9 Olwgns” D3350 3905 090 11 o5kl S9ua

29 EY o035 B3)

S 3587 ol Ol 28 Sly3 50 Y

Shs 5T sk Ol iS5 56 r

S s (25 @) 0357 ¢

o s 3587 ol Olw 28 Sly3 50 0

= s 3587 09k Ol 28" Sl )3 5L 1
2 (JS) g sl oo Sl 28 o3Il b S35k W5 asy
L 03T sl OlesS Dbt Wy 55 DLS olSaws w8 Sa sV S b oSn sol OlesS DLt
A oyl yls 4ad) 13 Ol 1) 20 66 YAD o311 S5l P ) S5 Son sy 65 g 5 gl 3 8

s

300nm EHT=1000kV WD= 9mm Mag= 21.00 KX  Signal A= SE1

Institute of Color Science & Technology
BONT/E Jail 4ol cuS 595 i g g (S9l> Olugins™ 153936 1 o

Size Distribution by Intensity
£ 407 e o i i :
) SRS SISO SORRE S AN
5 RN TN T A W
R = o EEA—- i
0.1 1 10 100 1000 10000
Size (d.nm)

(Al oo 0536 TAO 133436 0 31l puSle) &3 T ol D536 03Il =395 1) 0 sled slged

AR
Q AR 6:‘rbaajw‘ra:a)y/r.‘?éi};r}l;a@bd;u


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

OLan 5 5505 AL 3l doms wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

L;JQG'ST}:‘.:J&UHJ{)KM&)&T&MHUT@@}J\{ sjyduajfmjzj}x)bjm)‘ , 19G (oob 2T WS 5
Y GJLQ_«:-' Lg‘.h)‘b".o.v ) S a:‘,_:)bk;';u ‘j,',}".'.Jt{j“)‘ o odalie J;SGL&AJ;JJ J"‘.'.‘.)B‘ d’:-‘ 45&:,&& gf:".'.‘,)&‘ d‘,ﬁ)T
.(Y’) LS
2 .
1.5 -
= I
=
@ 1 - R
= 0wl 4230
o
(=]
1 sl 2 03T
0.5 - 1
’_}‘ I |+‘ I—I—‘ |—X—‘ [T IR T ERCH LY
0 T T
Jol ped F3° 39 o 32895 Foler Rood
O3awY 3033 35927 Silado

< )95 3 31w OD g‘ﬁdu|j|ge“50b‘g;l S oS 1Y oled H13g05

2.5
2 - I
E1s5 |
o 0] wetless 4 590
2
(=] 1
o el 4 03T
05 1 I I B OiT Sl S sil
o LT i i
Jolpe® e ned paeng® pile e
OgeYgayd jagod Solads
o J15 3955 3w OD Olgmo wlel 2 dgG (8L BT sd il ¥ 0 3kods 518903
¥ 5 Y oled o) (P<+/00) 5.9 Hls e (55T Ll (2Ll 350 Gl 5mSTB (ol o (LT b o (5o

3550 (S w5031l b (50b AT i Oliwo y 31955 Dldd dlowd 9 O3 BT 329585 Ogaw a0 B O 1 il 519 4 3505 :F oked Jgus

F ST 4> 59 g,.o)!@l&w
\EA o O3RT 3955 Ogawao b
e v 295 Db S

WO (63 coas o)lad cons 0593 /03 S ¢ sk o sls aloee


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

Q‘)&.ﬁ})x‘_;}‘.::‘ﬁ-m

wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

SIS T b g DS Fhr Sl T osled Jou

Clomo i Il S5 Dl sl T T e pev 4y
4wyl 3590
e Y ZVAAY Y
Jres C/YF —+/FAY v \
e R ZVAF ¥
e Y —VAAY 3
e YR R v y
e R — /BTy ¥
e R _JFAY \
e yRY o Y v
e A Ay ¥
e R ZVAF \
e R — /BTy Y $
e A Ry ¥
o) s OlE ) ol pme Dol 6)[.5T Bld 51 0l ol 9 L)ju:iT == J:‘-l: BRI -1t Lg.sl.gs“JT 5 J:i;l.:a

Ly o gl op e 05 BT s G0 sV g0 5 o 55 ol
oS byl a5 05 ET fu S5 pe @
o) o 8 058T sl Dl S 356 i s
4 bge ool ST 15 S e sl o5, boka (F ojles
Dt S S 5 (S i 53 Ol snS D3 5L

F olads Jguor) 59 ol

W0 s g0 3 sl 5 VL (ol sime Jsbay « ST 03 5T
b 0350 S ps Opa¥sep O 51 G 5 55
Wl 13 03T ol 035l g S pes 5 05T
B35 s JH13 i 3 36 ol ST o Sike i
2l S0 VL ol ysba (S 05T
s JF1 e 4 by e oL ST 25 Js o p Y e b

oS 35 YL ST 05T 6oL ST 25 4 s 05 T

R Qg.ojT b gs.:lg‘s:ﬁ;.g S9) 3 0 3955 OgawY e 8 O 1L ojled Jeu

S HT 5 (Sl 32975 Ogum¥ g0
/A4pc (S 1385) O3HT B9l Olwgas” O34l
Vab (S 1rg) O3HT
ALY (F195) O3 PT V9 Blwghs”™ D346
< IVO¢ (e J519) 03 RT B9l Olwgis™ O34k
V¥a (g J&18) O3 5T
AL (o J512) O3 HT O Olwgins” D346

(P<1+0) Sl 318 Gizo DY oBIUL dlin pé B9 "

L5 0 05 ET U s fw J5ls Sy o oS il 25 5
J3dz) 55 OLSS (e il oy 8 le 3 il cyos

cc.k_:v.l.:.‘j}' LS-’L’@TL;-‘—*S\L—LL‘-"' N:)JII\J w)j)jja..a‘u
E o psdsin b oS 5505 b odd ol gla fise il

b o Jaond Dm0 it 5l 0L 2l gl 23 8 ol

E o poutgio JUd (s 99959 b otdiyml S igo il i 10 osled Jgur

095 3

(0 oyl
JoF Ol pen £
ox)+" LDsg Shs
ox1+" LDg Shs
rx1+" LDs s g
ox)+" LDgg s J

O3 AT ol Ol 28 D3 5

0557 sl OloszS™ 1,5 50

el 05T !

el 4 05T

L S

VY

AT L('.Aé oyl c‘..a.s o)}J/r.; é&j_ (ajl; a&ﬁ\:d;u


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

Q‘)&.ﬁ})x‘_;}‘.::‘ﬁ-m

wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

5 05T sl Olu S Sly3 b 31 eslamal iy e izl
DRI e 3 e S a8 ) ol OT (ST 5
Oy oal 38 DMy Ll sl ol jon (3 ST 0L 5l
23 5 s gxe (T Bl 51 a8 Cils gy als WS
S IRl 58 05T sl il s Sl pew
oNle 55 5be 3 8 edalie o 310G (3L 5T
orzmen (P ojlad dut) 350 /YO cpolgz 52525 53 OD Ol e
03,5 by S5 b 5l ol 4 03T S a5 8
el o3 Lals Ol 1) g8 B (ool BT 25 a1l (s
33 ol amlie 53 35 V¥ poler 5525 55 OD Ol o S
S f ST 25 oSl sl M, o5
S oy 258 S AW Gy et e ol @ 05T
S RIB & Ls g o3 ST 83 1) 05T sl S350

gl gme T blod
o5 S 2 E o ol Jlb S 5555 b Al ol
038 35 ol3 Ol 35 Wn g ed el (ST D) ok oS
Omomad AS Jas 1) LDsp ol 000 Llazudl 5 05037 3550
L3 odkd el gy S Do S oo Sl il
Cabys 1y 05T 0,8 50s Sl S a8 sl Ol
@b Sse bl (S oz 1) LDsp il 5 00+ ilazusdl 5 ciles S
L gs o5 S Tdlys g s Cosen olg aly 05 ST &S
oSl 4 a5 b S S o 1) LDsg gl Yoo il 5

0 oyleds Jgd) 590 J g8 b ames ol caliol- (60b ST 25

S 5 domS
JHs 5 (S e ol 0l e 5l edeTwmse mls
&5 e s S S5 Jlel el S S8 o
5K G asba 1y el e Sl 3B ols « E
0,8 35 Syl Sl eslizul 5 uS sloul Conlis o] o
i 5 @b ST A5 Gl 6 5 03T
sl Bl gl oy (p fe mmen (ZSDs dal g 2hy S
2 e P B oS esdie eS8 Rl 00 S5
I cpl 53 ol anlllas s oS b e 05 ST s JIs

(oS 55 2l m 03 Jeeow 5 3L BT AT 55 Olie o 2t

W)
O3l Sl eslenl oy p ol Sldlas Ll glgdle s
o S1 (T YF) ol 8 g STy el Olgew
Sy Jul= Olge Cow Sly3gl 51 ey b
M a4 oS gk Sldgl Jy sd e eslind
Wadts Siolay Ol (6,8 5l (s pdiay S
5 03g dr g dysm sl OL 53 STy Sl Chblus piaees
Jols Olgiea OT I eslizal o guas 53 ¢(slos 28 Sl
Ghlen ade Caliee S 5 oo S5 STy
01,&es 5 Ravichandran .(Y-¥Y) ol o plonil 0 51,8
s JF1 e 53 Ol st Sl eslizal Lsls Ol (Yo oV JW)
Olje Sl CoLE 3B A Glacssw ade 4w STy
55 (Yeed L) 0lKes 5 Jain (M) 358 0 o3k 3T A5
L AT (ST s s D356 IS5 0V se b
(FF) W S edalin 1) (i o &b 5 SIgA YL
Sl J1 o gast 55 (Y10 L) 0,8 5 Bagheripour
Sl y3 6L Lsls OLas BONT/E 15 sesl 5 Olw oS Sl y3 60
e S5 Ll Lgp Silgsl Wiles Ll5 e Ol i2S
S ol adlas 55 (09) sd Rl Gap amd 53 5 el
Wle oS 55 Sl LA ol Ol geny Ol ST S350
s s S e GRE oS psd e S S5
S Olo S Sl & Sl U odsl cpl s eslizad
3,5 oo o1 eslimal 5y5e STy LUK ol bl s,
(-LJ 4> ols olas ELISA @Lﬂ ol B 9 omen
ad> o a5 119G ‘5>L.L;.JTJ::S Ol 9031 3580 éha}f?
S sles S 53 Ll ol S Jys el Ll
&b ST 25 sl os S 4 03T (ST s A odalie
5575 330D Ol S (g muias 315 Jasl 311y a0 8 510G
S 5 psd 038 53 (F o)t Jsdr) sn /A8 el
ki g (S Ssen 05T 6ol Ol S D)3k
W55 dalie ool 3T 25 Il de e a4 oy
s )3T 2 VY cpoler 22 530D Ol Kol 555 by
035T (Shss s Jalos,S 53 Syl 4y a5 b

300 (58 0B Ol je 4 3L ST A5 4 e ol 4

V¥
W0 (65 e o)lad (o> a)p/rﬁé.i};r}ls ol aloee O


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

OLan 5 5505 AL 3l doms wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

EILSECE R o) 23 2B a8 e sla sy e 3 5 s 8 sdalis
dbl yas ¢ pulid s 5 (65518 5 ple S 5m o s S Al sy Ol Al mls Jy s otalin 196 (3L 5T W 5 Ol e
I e (G ol plenil g 0¥ Ul 05T AP Sy
S ot oMKalT 0l Kaags )Sen 5 Susles
23 8 o Glass 5 S
References:
1. Mansour AA, Mousavi SL, Rasooli I, Nazarian S, Amani J, Farhadi N. Cloning, high level expression and

10.

11.

12.

13.

14.

immunogenicity of 1163-1256 residues of C-terminal heavy chain of C. botulinum neurotoxin type E. Biologicals
2010;38(2):260-4.

Mousavi Gargari SL, Rasooli I, Valipour E, Basiri M, Nazarian Sh, Amani J, et al. Immunogenic and protective
potentials of recombinant receptor binding domain and a C-terminal fragment of Clostridium botulinum neurotoxin
type E. Iranian J Biotechnol 2011;9(3):181-7.

Valipour E, Moosavi ML, Amani J, Nazarian S. High level expression, purification and immunogenicity analysis of a
protective recombinant protein against botulinum neurotoxin type E. World J Microbiol Biotechnol 2014;30(6):1861-7.

Przedpelski A, Tepp WH, Kroken AR, Fu Z, Kim JP, Johnson EA, et al. Enhancing the protective immune response
against botulism. Infect Immun 2013;81(7):2638—44.

Mbow ML, De Gregorio E, Valiante NM, Rappuoli R. New adjuvants for human vaccines. Curr Opin Immunol
2010;22(3):411-6.

. Amidi M, Mastrobattista E, Jiskoot W, Hennink WE. Chitosan-based delivery systems for protein therapeutics and

antigens. Adv Drug Deliv Rev 2010;62(1):59-82.

. Wang JJ, Zeng ZW, Xiao RZ, Xie T, Zhou GL, Zhan XR, et al. Recent advances of chitosan nanoparticles as drug

carriers. Int J Nanomedicine 2011;6:765-74.

Simerska P, Moyle PM, Olive C, Toth I. Oral vaccine delivery-new strategies and technologies. Curr Drug Deliv
2009;6(4):347-58.

Sinha V, Singh A, Kumar RV, Singh S, Kumria R, Bhinge J. Oral colon-specific drug delivery of protein and peptide
drugs. Crit Rev Ther Drug Carrier Syst 2007;24(1):63-92.

Honari H. Special adjuvant for the oral vaccines and the role of that in passive defense. Passive Defense Q 2011;(2):11-
9. [Full Text in Persian]

Rahisunddin, Sharma PK, Garg G, Salim M. Review on nasal drug delivery system with recent advancement. Int J
Pharm Pharm Sci 2011;3(2):1-5.

Alagusundaram M, Chengaiah B, Gnanaprakash K, Ramkanth S, Chetty CM, Dhachinamoorthi D. Nasal drug delivery
system - an overview. Int J Res Pharm Sci 2010;1(4):454-65.

Raut S, Sutar M, Singh S. Nasal vaccine: A novel approach in nasal drug delivery system. World J Pharm Pharma Sci
2015:4(4):1520-36.

Rahisuddin, Sharma PK, Garg G, Salim M. Review no nasal drug delivery system with recent advancement. Int J
Pharm Pharm Sci 2011;3(2):6-11.

Vo
O Y40 <_;_$L(..Aéa)ucv.hbajjl/rjéjﬁr}\;a&ﬁbd?u


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

OLas 5 )56 3l 3l s asms wal pE s e i ge oS 5505 Ml 4l oS 55 STl Ll Ll il (o)

15. Slitter B, Bal SM, Que |, Kaijzel E, Léwik C, Bouwstra J, et al. Antigen—adjuvant nanoconjugates for nasal
vaccination: An improvement over the use of nanoparticles? Mol Pharm 2010;7(6):2207-15.

16. Bagheripour MJ, Ebrahimi F, Hajizadeh A, Nazarian Sh. Immunogenicity effect of chitosan nanoparticles containing
botulinum neurotoxin e binding domain recombinant protein in mice. J Mazandaran Univ Med Sci 2015;25(124):37-47.

17.Zhao LM, Shi LE, Zhang ZL, Chen JM, Shi DD, Yang J, et al. Preparation and application of chitosan nanoparticles
and nanofibers. Brazilian J Chem Eng 2011;28(3):353-62.

18. Vaezifar S, Razavi Sh, Golozar MA, Karbasi S, Morshed M, Kamali M. Effects of some parameters on particle size
distribution of chitosan nanoparticles prepared by ionic gelation method. J Clust Sci 2013;24(2):891-903.

19. Hedrich HJ. The laboratory Mouse. Italy: Elsevier Academic Press; 2004. p. 526-41.

20. Fujita Y, Taguchi H. Current status of multiple antigen-presenting peptide vaccine systems: Application of organic and
inorganic nanoparticles. Chem Cent J 2011;5(1):48.

21.Nnamani PO, Scoles G, Krdl S. Preliminary characterization of N-trimethylchitosan as a nanocarrier for malaria
vaccine. J Vector Borne Dis 2011;48(4):224-30.

22.Bret D, Ulery BD, Kumar D, Ramer-Tait AE, Metzger DW, Wannemuehler MJ, et al. Design of a protective single-
dose intranasal nanoparticle-based vaccine platform for respiratory infectious diseases. PLoS ONE 2011;6(3):e17642.

23.Nazarian S, Gargari SL, Rasooli I, Hasannia S, Pirooznia N. A PLGA-encapsulated chimeric protein protects against
adherence and toxicity of enterotoxigenic Escherichia coli. Microbiol Res 2014;169(2-3):205-12.

24, Jahantigh D, Saadati M, Fasihi Ramandi M, Mousavi M, Zand AM. Novel intranasal vaccine delivery system by
chitosan nanofibrous membrane containing n-terminal region of ipad antigen as a nasal shigellosis vaccine, studies in
guinea pigs. J Drug Deliv Sci Technol 2014;24(1), 33-9.

25. Rezaei Mokarram A, Alonso MJ. Preparation and evaluation of chitosan nanoparticles containing diptheria toxoid as
new carrier for nasal vaccine delivery in mice. Arch Razi Institute 2006;61(1):13-25.

26.Bento D, Staats HF, Gongalves T, Borges O. Development of a novel adjuvanted nasal vaccine: C48/80 associated
with chitosan nanoparticles as a path to enhance mucosal immunity. Eur J Pharm Biopharm 2015;93:143-64.

27.1slam MA, Firdous J, Choi YJ, Yun CH, Cho CS. Design and application of chitosan microspheres as oral and nasal
vaccine carriers: an updated review. Int J Nanomedicine 2012;7:6077-93.

28.Shahnaz G, Vetter A, Barthelmes J, Rahmat D, Laffleur F, Igbal J, et al. Thiolated chitosan nanoparticles for the nasal
administration of leuprolide: Bioavailability and pharmacokinetic characterization. Int J Pharm 2012;428(1-2):164-70.

29. Xu JH, Dai WJ, Chen B, Fan XY. Mucosal immunization with PsaA protein, using chitosan as a delivery system,
increases protection against acute otitis media and invasive infection by Streptococcus pneumoniae. Scand J Immunol
2015;81(3):177-85.

30. Biswas S, Chattopadhyay M, Sen KK, Saha MK. Development and characterization of alginate coated low molecular
weight chitosan nanoparticles as new carriers for oral vaccine delivery in mice. Carbohydr Polym 2015;121:403-10.

31. Millotti G, Perera G, Vigl C, Pickl K, Sinner FM, Bernkop-Schnurch A. The use of chitosan-6-mercaptonicotinic acid
nanoparticles for oral peptide drug delivery. Drug Deliv 2011;18(3):190-7.

32.Patil S, Babbar A, Mathur R, Mishra A, Sawant K. Mucoadhesive chitosan microspheres of carvedilol for nasal
administration. J Drug Target 2010;18(4):321-31.

33.Ravichandran E, Al-Saleem FH, Ancharski DM, Elias MD, Singh AK, Shamim M, et al. Trivalent vaccine against
botulinum toxin serotypes A, B, and E that can be administered by the mucosal route. Infect Immun 2007;75(6):3043-
54.

34.Jain S, Sharma RK, Vyas SP. Chitosan nanoparticles encapsulated vesicular systems for oral immunization:
preparation, in-vitro and in-vivo characterization. J Pharm Pharmacol 2006;58(3):303-10.

AR
W40 ¢ R oyl R c)}b/rﬁ g_;<‘:‘j'.'. r}l.c a\i..idbdeu O


http://journal.muq.ac.ir/article-1-323-fa.html

Downloaded from journal.mug.ac.ir at 14:35 IRDT on Tuesday May 30th 2017

Qom Univ Med Sci 2016 December

[ Original Article J

An Investigation of Immunogenicity of Chitosan-Based Botulinum
Neurotoxin E Binding Domain Recombinant Candidate Vaccine via

Mucosal Route

Mohammad Javad Bagheripour®, Firouz Ebrahimi* Abbas Hajizadeh' Shahram Nazarian',

'Biology Research Centre,
Faculty of Basic Sciences,
Imam Hossein University,
Tehran, Iran.

“Nanobiotechnology
Research Centre,
Bagiyatallah University of
Medical Sciences, Tehran,
Iran.

“Corresponding Author:
Firouz Ebrahimi, Biology
Research Centre, Faculty of
Basic Sciences, Imam
Hossein University, Tehran,
Iran.

Email:
febrhimi@ihu.ac.ir

Received: 20 Dec, 2015

Accepted: 23 Feb, 2016

Jamil Zargan', Jamal Rashidiani®

Abstract

Background and Objectives: Botulism syndrome is caused by
serotypes A-G of neurotoxins of Clostridium genus. Neurotoxin
binding domain is an appropriate vaccine candidate due to its
immunogenic activity. In this study, the immunogenicity of chitosan-
based botulinum neurotoxin E binding domain recombinant candidate
vaccine was investigated via mucosal route of administration.

Methods: In this experimental study, chitosan nanoparticles containing
rBoNT/E protein were synthesized by ionic gelation method and were
administered orally and intranasally to mice. After each administration,
IgG antibody titer was measured by ELISA method. Finally, all groups
were challenged with active botulinum neurotoxin type E. Data were
analyzed using Duncan and repeated ANOVA tests. The significance
level was considered as p<0.05.

Results: After each administration, 1gG antibody titre was increased in
all the test groups (except the control group). According to the results
of challenge with active botulinum neurotoxin type E, the mice
immunized orally and intranasally by nanoparticles containing the
antigen and also the mice that only received the antigen orally, could
tolerate 500 folds of LDsg. The group immunized intranasally with only
antigen tolerated 2000 folds of LDsy.

Conclusion: The results of this research showed that use of chitosan
nanoparticles has no significant increase in the immunogenicity of
recombinant botulinum neurotoxin antigen in oral and intranasal routes
(p>0.05), even intranasal route reduced the immunogenicity.

Keywords: Chitosan; Nanoparticles; Vaccines; lonic gelation;
Botulism.
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