[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o9y Yo
C)M. " ') ;im).’ ,es.Lc oty alxo
AYY-AYA AYAF pops IF 0y90

JOg Wb pE i podeigy o 999590 S Jgi (S 19 il dng
G 90 00 (S 195 9 (AP 095 90 4 OF (215 s duslie

Fo s ol s T oals Y 19 v ¢ 5
sgdsle e Ol L gl ¢ 0315 b s ¢ ol 391 ¢ 1935 b Sg> e

APAN Wil s AFSNY todis gb 3 ddol ol o AF/FI) + oMol g oiug g5 4 s Jlayl  AF/V/Y allie 2l 5o

4 oouS> )
Ol JLailasly nj 09d o0 slml pedgisn (eI 559,95 b Sl (o b Coragons 1 50 s (5 5lon 130 9 o
Oeem oml il a4 banili oo slen cnl adle 02y 2 oS g STy WalS 5 009 (3gigenl poens
el iz ol 5l Bas .l piibolus] wan sloJoke 4 (58] Giile, Caa caslie ol ool (oS 58
Botulinum Jlail a ol S 5o opulgm (0,5 5 S s poo0 10 Jmal> ol a lugS @l,34l 5l eolaul

.35 Neurotoxin type E (BONT/E)

OgY5 e, L BONT/E Jlail sl oS g oputis n gol> ylwsinS <l 3gil o oo anlllas cpl 1o i gig, 9 Slgo
L poid s (S 5 )93 0 196 (0l BT 52 0 53075 (559m ige 09,5 0 4 (B3 9 (SThsr Sge 4 5 4 s
Sewdy sodls g wad lr B o poidgier JU8 oS 959,98 b ooy S pled el 50 28,5 )18 (o) 2 9590 Y1
288 )13 Jelot g 5 090 HHESE (19051 L osel

28l Gl ese3] 0550 slrog )T aen 10 Gy Lk 8 5l e petgin GeeS 35,58 00 10G ool T wdg (e ALy
Cilas JLss 4o pyidgigr S 55,95 0o 190G (50l BT adg (i 10 (5l cime iul 38l yluginS &l 3L 5l ealasul
G0 3 03T sl D3l Lo el sl e 5 pydgin (e 5i)58 22 106 ol il i avlie L (p>0.05)
o aS plagise B oo prdgis Jd (eaS g0 b My )0 (P20.05) wis cssliv 6ls s Dolds (a5 g (St
..»’o; J—"-”U ‘) LDsgy J.v‘).v AR «Wdg AW u,o)‘ L;‘)P S yge

5 2o 0 9 P50« Slyg e 5 ead ol (el by ols Glis il el gl S5 Sl Zuly S0 4 e
g .MUSL;

E s peddp (umS 59,9 ceaS 59 (mSly o S92 g5 o Shos puSTy oyluogiS &l 3550 1 guads 6“”3"5/

. . /~c P - s A PR - - AR s
‘)‘J:'.‘ “)b.gj' ‘(C)u.:..»:- H.A\ Cal;- SKils A4J”l4y: €)Lc eMﬁ};} oISl “_;Al;.:;:cmw uLa.:a;u ;J.A 45)}.‘)&”};\4 6)53 LE}’.‘:‘"lb -\
Ol Ol ,gs c(t)w» f]ﬁ] CB ali.i}}‘) M.lL; r}lr— a&&}}; 9 0 ils ‘wud,\mﬂ) RalviviSy ;)A Sbsbual (d}.‘.....ﬂ a.A.’....i)}) -Y
febrhimi @ihu.ac.ir : s Sl ey o YA WYY FaYD 55 ¢ VWAL FAXS ;s
. . Z.. . R ae P e | B & - e
ul,ﬂ ‘U‘J'Gj ‘(C)u.:..»:- rw dl;- J&ils m.;bﬁ r)l‘c av\g.:&};pv} LGN :Lg.nl;u&w'.l) uu.:d:u ;JA ‘L§<““J" L;J)J);iv):.: L;JS.(b L;):;.‘;al: y
Ol O () mmom plal ol oKl cagly psle St g5y 5 0aSCails ¢ bty 5 S S m  JsSUpn Sk i) it )87 -


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o g3l Al 5 Ol 28 1l 2 B o p s 9 oS 59555 S 55 815 5 4 AYY

(s adex 5l il G)b a4 Gl oo 1) ST
A o Shhss ne g eolittul Slasiul 5 STye5
5575 6l (erolin s ol oozl et Cemle S
o Camn B9y (2l S Sy abex lallioe (ST
GalS 9 Sl g 00 pelesl pas ()5 b,
w0ads e25 sla STy ( Jl cpul b el G‘f%ﬂ Jle=!
039, e g odre (gl byl b ol po adilen sl
Sy LS 5 oy (Jyere 5k 4 aS Cuglie
Srd= S5 Jdo 4 g o (Shg> Djge 4 &S
5 OleS oBtws e 55 Gl Ik pas g bl oS
(et s e sodez 5l b Ll 5 o o
Ll g ool gy b i e LA i
) cslial (armme ()55 oliws (abiond (S5
N oS e sl (SThes slacmsTs 5l sl 1
5 She slapaSly yie ol Jlo 04z S1N-
Slwio Lol (g oo angd ()5 SO 4 60,8
wi (ShhsS slaSly anwg Jlis 4 Slidos
Conl pldcgsgase lyls ST slo STy 5l ool
LS 5 Shss Joms sl 4 Gl oo oz )] 5l a8
OleS ol 55 STy JlSle o )3 g mas (o9
55 iz (g4 ol Wl 5 e Jlol pas
(s Sy PO Ay yonie Azl 50 a5 5,5 o)Ll
[yy] 35,5 o (N (s
Sl 56 5L 53 late 40 gl sl 55T
Shs s Gl 5 silbwaae ¢l iz
et Sl A5 B9 Sloyd by g basiy

w.l.nl_‘> )| OJLQ.._MJ‘ ‘Lr""bs)" LSLQQ_HSB ‘S:L..o.._w

dodio

L wbes 5150 a8 cd (SBikas s )len s
Ol 30 9 oo Sl peidgigy Gl wSsig,9
Sl E B A gl Base pyidgi slo S 55s) 50
Sl lod S Dlidiod (55351 s s Lo (L]
9o Lo 955,58 (ml ade cenlie STy (380
0 d9zee Sy kS yol b yo el wd)F
By eS8 STy SG iy sl yplS
g Sgrge IEe Bl o B B A claces ade
pord s YL anie ;A GoadeS s sla STy
S5l =0l ol walizes udg e cpaiz l eslaal
Sloinfisn 99,9 ol ;o 5 Jbd SUjks glaagn b
L oot ez 9o silamial Gl )3 o 4 algs b
Py S s sl sSly g5, o Gubod ) Kdagh
STy 53l )o wxms I8 553 Slaiss gl coglsl
i S,55 (2Ll &S (S 55 5] (o5 (>
ool ol i camw Ol 31 0B g a il |y ]
D-#l g oo

ooz Jlasl o=l 1o Sivgm) ol 4 axg
o ol ) oml eeS S e p ol eslitul (S
spbie an o)l 8 4z 850 opuSTy WS plgre
L Laglezal 5lal uzly 55 sloimsTls (ol o9
T gmad osliil 55l g2 clin (sl
= e el ple ) slaaibele o590l ¢ plais
9429 Sjg Slod S D90 an D39, S 5 oL

[yl ol s 5 )3 iz oolial

WA Jlo 1Y o5kt ) F 695

ow,ésﬁf}m&ma@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

avo

O\)&@j)ﬁs)ﬁ\gb\}?w

Dvacy-T oyl Slohs 00,5 lugS 5 Sloill (oY
PAER 5K sty padtudS pw oS Lol
9 e 5 03 Oledl lp 2L SL eariS psen
OgeslmSTly 58 (Byb 5l g 905 o0 208 Conganne
el loisly Jed 5l (Bl ojlsen )55
1) Aol ol s STy 3,5 Sy, SlAl g Il
Jod 5l emlie ilogreal Ghg) 4 litws )ls Jlis
OS5l AU yle b ablis sl (Shr ez
e yso B 4 (55900 pe S

OlbgieS D39l Honw¥ge 8 (Godiod (nl 5l o
oS 59,5 Jail ammb oS 558 e sl
o ol =l e omyn 5 B o pyid s
D9 e 4 STyt 9 Ry e
o9y 9 dlge

bgio Jsse (35 b Qs o225 asdllas ()l 5o
o (O] 58 csle) Sigma-Aldrich < 5 )
y9—iS el Scharlau o8 5 5l wlawd b (5,5
3l FJesse Lo lis 5 &S aleor® Slge (Ll
5 obdl 3S olml il lall S po slocS 1
Sl b S 5 etign o 4 Ol 5l B
Slidog 3 S0 5B oS podgie (unS95 9,9
Ol il 4 (8) G plal gl oRisls  cwliticns )
ol Sliasd 35 0 40 9 WWAY Jlo )0 dslllas
O plal mal> oSiils a4l pole 0uSlighy ¢ 0aSiiils

(=55 sl 3l wosiiS s (65,  polais]
Jeate Lo yordy (O oaiiS s 9 Ll Bl OluS 5
=155 sloigl sl eslinal 5 ()15 ble ay oaigl
Lo, 5ol l aboz 51 STy oz (sl 00 (550
oIl sl oleiin Loty 5l (S il
slodel sloslinul ( STy 59205 )0 (fm) (g s
Sroeky S350 dapgssed daiygendsel LB 5l sadsls
S —oady 31,3550 slie alex 51ail co o you ja50 4
Lopgisrd 9sle Go3ols lool> plw ay Cons
b slodl 4 STy Fge ngad GGl 4 ol o
Soidstig slamisl Jalie o o5l cbiblre
Dyarol o5 o)lal bl oo alKin
Cel b & STy Jol laie a4y b ey 51 oolazl
oBws glajliigy 5 sl Lulyls plp jo il
Gae Vb g atwal jiale, b aslh b aalys o)lsS
ol il (o (el a4 o 4050 g 58]
Jolgse sekie (nl Glp ol sl olml e
e il 9 pdiceFoCen; bk
Sy sarae b gk Sipe 4 a5 Sged ool
O loordoSosd ols> 5 ey comle [VF] wig
inls, Slasine 5 Shdgh o)lwl p wog B 5
b syl alex 5l GlesiS casly salys Ll
(lohg Sluogas g obj 6 pddes JJo 4 a5 ol
Cewl a8,5 18 solainl 3,90 Hlews 3l Olabss o
Ol,39b gmVao, lp sl sla g, [VY-VA]
Sl S oY Ghgy Olee (nl jo a5 ols Sez

aile fdgyane oo gloyely 5l Olydgl el

WA Jlo 1Y oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o g3l Al 5 Ol S w2 B o psid 390 oS 55555 oS i 55 (S 15 5 g AYF

1928 el LEO-14B5VP Jus (g, s S|
) 69l g pole (hpgR Ao 4 Blate 5 (LSSl
o3lal (o) 2 S eigren o ooliiul iy
oS el Malvern Jos DLS oSz ws jl &l346
oolaiwl all asy Sigy pole olRisls 4y laie LSSl
s

(03T 3l Glwgins’ ©ly09i6 ol sl o)y
o osliiwl (hge 095w Sl ali el (svrp vz
s5sly gl (2 taloj] SUilg (i 5l o e
9y 2 o plxl Gla, e Jl e (oled o 9 amtd @S
Lol Sllga b S oo avog pilgs b gollae «llgus
A ool (§yom hgo po Vo ol 09,5 209 a8
Dygo 4 2975 g 08 VooT0 (cu B ()59 b slanie
S5 (Jgl 09,5 an e 8 S Syge (Shhe> 9 )
b 528 (STt Syse 4 58T L olpen GlugiS
Lo po 05,5 5 sl i pgo 05,5 (U8 olsie &
Cbl o (Shss Seme an |y (Uil ) S35k
05T b olyop logneS S35l 5 ooz 09,8 oS
o S lye s S 8l yE Ojge 4 )
28 B3 5Bl g plegiS S3gl eaiy 09,8
V0 sl plwginS D39l Sge 1o a5 e
3 800,8 Gy @l 5 Syge 5T )5S
Ls cosi )l 5o B s She o daog S asn
Ivy] ws sl 59, VF Jolsd

A Jeolgh 50 irmmS 99595 Wb (5 T yid iaw
4 559> Sl wizr 4doS 5l 925 0 5l ey S,

5 e Csie,Sue U3 4 s slodiges el s

O3 and sl tobwgins )34l and (g,
Ly eovv] acs solinl Sem g Ui 5l olwgsS
ol ade an ol e o GluginS (s ol o
S35l (b SIS 4 o] o vz g0 (el sleg S s
aile (ate ;L shyls (sloog ;5 4 il s g oal o
Olawd (6,5 proew 0gd faie Olaud 5 Slddguw
Loy ol ol 5l ol oo a8 el gl
Slrog, S 5 995 Slid slaog ' iy (Sebiwly 21l
wgh Jate oy 4 logiS il
Vol b oland (b 65 mow Jobxe oo 0
Jsb 5o 5 0,had o, ad Ojgo 4y i oo )0 05 e
OlwgsS Jsloe yid (oo VIO @y el S Gloj e
1Y Sl aemal o s e 0 p S e Vo cale
R meblion (o0 59y 2 &S b )0 (9 n 5>
3 olis (Jodore 40 &y9aS sloyl al adlsl gy aid S
5Log s )l 00 a5 0l Slogiss J5 oSS
b 65w Slad sleog 5 (Sbily 1Sl
S5 51 ey ol laoginS el (slmog 5 g lad
¥ les ;0 addo ¥r Goe 4 gubelS Jolowe il 34l
a8.35 ;0 ;e IV0-r Ce L gol, 5 ilwasge
©lyd9l Jolos 4 aliol> gy Gup 3 5302 55l
slod ;0 sz 5 glwoolel >lye o Sz bl
«Sl3g a5l el (gl ol T il ax o F
g 00lo 51,8 cagtmadll sd (55 = 1) O 5l s olaie
o=l 3loed Sis Gl glos Ho b ol ools oll s

P95 S ol Ly SEM g angd S gl

WA Jlo 1Y o5kt ) F 695

ow,ésﬁf}m&ma@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

avy

O\)&@j)ﬁs)ﬁ\gb\}?w

GRS ,S celn SO o an ol ) 5 sl a0 YV
g S Ve 0, S SiS g gl Gl ey 05
OPD (O- Phenilene Diaming) Jsl>xe g9l | wngo

S, e s clyg Ko 5 Aol Seale 5 4y
Sy et ) oo 0 =S plasl GESTs U ol (6,05
LacSaly (5905 ol STy JalS i 5] am 30 5
gl FA0 zg Jobo yo IVl ouiiles olKiws lawss
= Sl (Pl 5 (PR 59,0 S 0algS
S diges 1 oolawl b 1Yl yhg, (600,150 Cursg
285 ol s

Slaige Gl jslaie 4y o el b ige Sz
Al wl?oc u'*—w5945)5-’ LDsg Q‘)—“’" ‘Juu‘ ‘omwl
231 5 eoliinl Ly Jlad ol (S 935,95 <0 51 oy
Glojss L alidee gloog 5 e 9 0l JUd (i 5
J_’$|¢ Q)e_,\ad,_.sLD‘r,o)_g‘).g Yeoo sa” Nee D
8 s 0)90 yids See B0 0 ol p2> b g (Slaw
1) oole s oo oyl LDsp ol [Y8-YY] wis 5
1y 55 990 s e Jlax Shles g 009es asuive
anlllas 5,50 2okl g Cuman 51100 aS
RVIg

Mo Gasglis )y gobl Jelni g a5
5l eolazwl b g Anova (Duncan) 4 T-test slagyge;!
\$ ax.i SPSS (SPSS, Inc. Chicago, IL) ,l33ls,

s alol

a0 YV gl ;o 6,A Sl F celw S 5l
Sl a3 F slad 5 s Sy ool 5 i
Folos ;0 aado Ve Soe dn o ol (5,l0pSS
G980 il agBo jo j90 Vel Lol S cile ax o
SolagS a0 Ve glos )0 ol lax pyw 5 00y )S
oS5535 0 196 JUslS L ool T e o
I8 i)l g owin 3550 1Y By 4 i poid i
Ive-vol co 5

Cbile o oS S eign b IV ey slaSaly
Al losli il Ly y ) (Lo o oy 55,500 ¥
Folos po i Jsb 4o (PH=A/8) oly,S foly,S
IS e Sl g0 i ouiligy ol )5 bl 4z o
AL s 03l baly 5l (S Jols s a5 L
A iy, iS5 Sal o 5 KiiS
(PBS -0.05% Tween 20) PBST i, L LacS_al>
s>l slo STy 5l S ol jolaie 4 5 giiinds
Blocking ) o™l 480 e S Voo a8 9505 gy
(PBST 5L 0 oo,0 b Sis i Jod=e) (Buffer
o, 5 il a0 YV o el SO e 4y g 4y,
9,5 4SSl

Mo 28, 5l labge oy 0)led (Soiitand Iy
5 00,5 Lol LacSials ay ailfss <8, Sl &y00
423 TV HgleSl St jo cel ) Soe 4 Sl Soe
S St g g it | ey ol assSl 8T il
Anti mouse IgG HRP ) 4 5455 51 V/Y -+« » 38, fo!
Voo Ol 4 ol 5l g a5 PBST o (Conjugate

HPLeSSl Sl (0 g b asu; Salx je (9,0 g S

WA Jlo 1Y oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

or stV igtor) Ao 5 Ol S w0l R B o psid 55 50 S 559355 oS 5 5 S5 50 4 AYA

20 Pe—udgi gt (S 97995 9 16 jmt dunnylio

Byl g eSilea 15291 g0l )0 casdllae 590 sbaog S
JeS g WAYE [ A cie J 205 (5555 @iz lxe
CV oo 5l ool b s cpumead < NYY e/ V8 it
9§ S J S (gl Dlymesd o « % =SDIX x 100
STy 2l Sy do s YYNY 5 FAY (5 4 iie
S 95,559 22 106 (ol T Gliee (homiw g 132
Gl Jolpe jlead bz oy sladises poidsisn

Ll 00l sols ul.u.\) Yoy ‘_gl.(b)bg—oi ) ‘(5)&5?

¥ m U= B Jilens
Yo R W Py 37
O el G07F

-
Il

OD¥a40mm
s

Wieo Yoo AFer VAse A1Ser V[¥Yes
IgG (ol (5T p

P3l8is e $80 A& 10G ($b HT 4 peSlo —F 390
T 3l Sodib ) F 2 Il

A digai 9 U5 T (9l deil Jols Cud (Sld4ig0s)
99 8 3 G5 Sloj Jelsd .ol OF T A Od4i ol
M G99 A (S T53 Oloj 9 J90 1F (S5 9 Cund 0955
289 SO S G g0 /e &8y OD Ol 09 S5
(P90 14 polgz G005

R s gy lwginS &lydgib Slasin

3l eSile Ly glustS 1,355 055 Sy DLS
o3lail 35 ool Cewdy polas () loged) 0 yegil YAD
(Y JSs) oo e lid gl Yo e 51 a1y 2,346
SRS plie (39 s Ll pd (glaaige 5o

S+ 1A g (Il )3l jo pigp

Size Distribution by Intensity

% B rpresssaygena ey
%‘ 7 i S Al i S R
}‘E.’ Bl ....... S T
0.1 1 10 100 1000 10000
Size (d.nm)

oy ol OlvssT O3l ol iy - sloged
BONT/E el 4l e yis/

L

EHT=1000K #D= Srm Mag = 2100 KX
Irstitute: of Calor Science & Tecknzlogy

Signal 4= SE1

Wl ey ol Sl Olusi Cldeil -] S
is0sinoglT P83 (55 y ok Cis I34i6) BONT/E Sait
I edlizwl b Mo 4 b (A3 S I g 9 4578 (S5
S35 397 LEO-1455VP fuko (o9 s 59 580! <I95w 500

(A

VAE Jlo V) oyl VF 0y93

Olowind y (S 3y r}lﬁa\ﬁ.ﬁ\é&qu


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

aya

31,8562 3 5 3968 31 g o

ol 05 as (29,5 50 ool Ty Gl
JNaged )3 Wiagy 03,5 Bl (uyH D jge 4 Ly 5 H]
o0 4S5 Sl ol Lo ¥ jlogai 0gd s 0 ¥
ay oS 9,5 wiles 13 05l sl Dly3sl (ST
S Gl A jaie (iogy 0l g ¢ iy D)5
adye ;2 )3 pyd e (S 955 32 106 o3k ]
Gl 00 00,91 F Jloges j0 a5 axil Gl sl oals
Shss ©j9e a9 2l 4 5kl &5 25 e
5 Gl el adpe e )0 5o g oald fugaS
Lo OD (lie (25 45 5976 &1 o ool s]
D Y e 4y g o5le oy 0 VYoo 8, 4

S0l s ol T 5 5l sael Cwas b
sl gl Sldgl b (STyss oads el slabga
S92 4o pod e S 95 05 106 (ool T s
OlwgieS 0,39l oarsS” ;o S 09,5 51 YL 550b
(Y Jgo) 02 (P<+/+ V)

D3 4 0jsl gl D3l eaniSmdl 0 098
0975 Ay S (5, =0 Sjp—0 Ay 5 ()P
S P12 0) (5 GlwsS 0,35l eais im0
oL 1) 63V pydsis (oS 5,98 32 166 ool ]
sleog, 5 50 g0l 5T 55 o (6 lo Sme iglas ol
2 03l 5 O3l sl 3l (S o
AP<+/+0) ais ongs Slyes oless

00 sl Gl ybga 4o ol ylis gob T s b
5 ol (S &b 5l o5 enl sl @ldgl b
dmy S 3l oS 58,55 028 106G (g0l il
Garb 5l 03T sl Sldglh b oad el slabge

(P2 0) el gylo g gy &y, 5

ODfab6mm

B OJol sy
W e &0

e &9

OD¥fa4mm

IgG ol &1y

Pousis Crd 30y o |GG (S2U T 4 eSlo I Hl3g0s
T 3l o936 g 23207 il o

SrS” digai 9 05T (S9l Ssdeil fols Cud (Sl digai)
v 09,7 90 b 40 pem .Cewl T B S)3eil ol
(s Al plil oy IF (Jloj Jolsd o3 9 STsS Syge
23 1/1ee &8y 0D Oljao .oy Sipge y192xi bl oo A
(30 VA polgz 31527 90 5 +/AY (3] 39207

B Jol Gy W P9 BF

W e GF Oes4z 32,5

:

s

ATATZEINRTA B £

il s

[Foe  VAss

ATARTIENR VA 8

IgG ol (&1 yid

P33y ot 080w 10G (934 AT i puBlo —F 390

AT 85 p1977 Sl p
3 T8 g ¢ s il 265 4 OIS ol 4ise)
2 e 80 A Exs3 S Pl oy IF (Sl Jelsd so
/M 3l 3325 33 1/ o+ 2y OD Oljeo .o g G5

(33 17) polez j1925 40 5

WA Jlo 1Y oyl N F 695

ow,ésﬁf}m&m@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o g3l Al 5 Ol S b 2 B o p s 390 oS 59555 oS 5 S 15 56 4 AT

ilizto (GG Yg0 8 b o oyl (SS90 13 (P33T xS 09 i pUIGG) Sligoss st Gl (ol T 16T -1 s

Sl Sxe Szl b (Nl i (Sl ) _
. F } RESIESTEN LI 030!
Y] sk Jlxe Sl il sob !
IORYY L IYEN Y “JAYY - 35T ol ©ldgil
VYV SN Shes )
<[OYAVY DARRYA VYYD d.LQ.’Jd.goj‘gﬁT
ORXY L YEYeY SRR S5iT gl gl
SRR RN 71 3% - Shss ¥
SEVAR L [eYAYY YOV 2l 4 0,390
<JOYAVY DARR YA VYYD ek« Ojg‘:ﬂ
‘/‘ .Y \&/V\“ ‘;b? Y T-test
«[+#YAQ <[+ YOYY <VYOY e led 4 0,340
/TRy R R AY 2 <A YA 35T ol ©ldgil
[+ VeloY Sy F
YAy [+ 103A <[\OAY oS a1 0,393
ORXY L YEYeY -[AVY - o5l sl whidgl  STyes
INA! SARE! )
YRRV JYLENVE S/AVYA il ol lydel sy
— — JANAR 58T gl wlydgil
s>
< IAYY AR —— — V/-YYO el & o5l Anova
(Duncan)
— — <AVYA 05T ol wlydgl s,y

B (o il ool T g pé s e wingy 008
led Jood 1) oanaS 550 pl
Gk ol podsior por indS (6,551 b S 55,55
ooy e Lg ) b sy i (blre zolans
Sl acs olyT 5l camilon b g oo 0,19 95 50,5
Hlas gdd slonl cow (omae slaabl ;o (sS
o yan 5o L LI ol 5 lse 10 45 Wigd o 0ig, i
olis s pFaan sl )y b [F-0] el

Ol 50 pd g 4 Dl 8 lge o plion a5 s e

S 99985 b axdllan 9590 o sige (Wl dunlie

3Ll Gl ()5 9 S5 o3Il e ipgidgiy
wilise laog )5 )0 podsin (S5 ,50 95 106
E ood podsion Jed oS 55,90 L oad (poal slo g0
gl aS g, ol s Ll il wias il
sl a5 (295 Geizmen 5 3 sl logiS
Aiilyd wisgs 00,5 il Slgr e |y oles
29,5 Lol S Jozi | S g5 oaiinS G900 ol B e

bl By Oyge a ]y 5 8l gl O3t as

WA Jlo 1Y o5kt ) F 695

ow,ésﬁf}m&ma@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

avy

O\)&@j)ﬁs)ﬁ\gb\}?w

5 il o Ll e bl eely (o JLad
Irol wgs o (cou 5l 5 Sdg one

J=975 lapionw 390 53 goaaie SVl (ST
w5 S c il oa it iiie S3gls STe 5
Slaslie cpl bl wwl ails of yoo a5 55 sloaisS's Ko
il ciolosl byl i )0 sdel oy Sledlbl yulusl 5
Loty il (B9 5 (F09s0 sl
003 (o g ilihn (glo oy whglite sloclali «cilisea
A .cails sy Jlis a ], SYIsw asid (o aS (o]
05,5 dwlie ma L |) calitis mlis plggod K00 o jle
59551 Sy 1y cnslin B39l e Ladl 0 3l
485 Do pladl )90 50 (oS (b Sl (52
Lol e ludl 4y |y Jols b lgs cos 1 il
= S5 Jelge aile) edelcasay wls 5l (S (Jb o]
L ol |y (05, sloadshw vy )35 i
ojlasilols (18 oy 0550 90,5 aslas 0 S
5 e Loyl 25> 35l mhaw (olys 9 3L
o3lasl o9 4o yiisre slos l_uj.a.: A Jol 4z 0
a>lg s glasl SO as (Reglb Voo — B0 ¢) Cgllas
3 Sl 48 Cglla s olss 3550 50 (Jy Wlosw,
Gl o )las gy e BLasT el oo youky conle
Sl ( Slayo lautisn 9 oty (SThe> s sl
o arg ) Ol o gyl pogeiane 5 sk G sle
Tl Jloy55 5 (sl Comal Sl ok o3l
Irs

3l oolaiwl pgas o 4 (glod iud Clalllae 5924 b

ade iz slacrSTy b gl el plore & lagisS

Agd 0 Og g0 S [YA] Wil o E g9 4 bgspe
Ozl eoliul pgit wades Vb anze L ST
slaagw b )LS 5l (b ol s ca it codg
o wlsm b slagtign 9959 Cules o 9 Jub SL ks
Sz s Lot cozrge gl Gloj o o
S)9—s S (et SLah) Sl esliiul b layuST
1] 3,8 |8 axgs

slapaSly Srae o 50 @l slael, 5l (S
r—a =l )3 ok Sladllas 059yl a5 Cunl (S5
sloiSly =k gl cnl 48,5 & 50 ez 50
YL anal )5 glal asle ole)eslE b (STy>
()13 oiws slajlign L adlie 5 laly codna
ST ndnded (S 4 Seo5 PH )3 LSy coMl>
A1) 053 Ol 4 999 9wl slae g 009, o)l
la i uSly Gi> uwlidl g colaa gilelaul cldls
Slam 51 e (oliod Ol oss Ojp0 4 (Sye5
Slapin jloslitul 5 (5)]g5 Cda 3b3jl g (255155
=k s gbe gloosnl (cwgS oo im 5 JLA
Ival acsb o STys5 sloyuSTy

shosliul 69, = g3l Slalllas p3l slo Jlo o
Sl a8 5 & 90 STy (eals plgie a4 D360
SRR UEIEE JORM SO R RN | O 0 )
ojlasliontlads fols, (olys goiie (gemge?
L o5y 5 (Jobow o3losl 5l ,e8) Sz
@l ol 435 (o calie sladls 5 o sl
Granks S35l 51 oslizl u e il s puSTy o

Lo JsSse yosaialgmnsS b a8 ol ol losiS aiile

WA Jlo 1Y oyl N F 695

OW)ﬁﬁf}l&o&ﬁ\é&u


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o g3l Al 5 Ol S il 2 B o p st 390 oS 55555 oS i 55 S 15 56 g ATY

4 bgiye OD (lie (2 ftian 09,5 (ol )0 ol al> 50 32
a5 09 VA plise a5 )l pgas 0 Ve 28,
) 03t gl lydgil a5 (29 5 b (s o dxe glis
(V7 laged) Cullas caiogs 00,8 <l yo ()5 &0 &
Shss ©ygo a5 2l @ Bl & (29,5 0
e ol sels ald> e 5o )0 5o g 00l g2
by OD (e 00y 45 (59255 & o2 (50L S]
S92 YN lwe am g ol g p3 VYoo 23
ShsF 5s75 05,8 (nl jo a8 plaazg L (Y losed)
JHB ol 4 5oL BT 0y 4 pmie 2l 4 055
ol Slaail 5l oolitul b o Wanl wogy oot Jpud
3 g 03903 Cug 1) Sl )] (SThes 929 9 (3 s8]
= Ll ol 4z lge (0l BT ol Hlm Gl b as
aidl oS 0 olyem alS (oS L (e (nl 4 9ad M

(P14 0) 35 ,ls me (5 ,l] Ll

=

W8S A plsS e Gl @l 285 Sl oL

E psddsis: GeS 559,50 Jlail el oS 595 (s
o ) (ol s Sl 3B S1y95 92 )90 5
Saled sbml el (Gl Gly 5 03903 S5 50 5k
33 650 (05T ol L ol e ly3gil 5l ssliul
NIV RV POV P E T R Lg.)LgLs'Jj adgi il
sl ol sl D3l () e Hlia o
(o=l (S 558 902 106G (ol IT 0y ot e
ohgy W g A bl ]y ST ol yo cblas oUlgs

Do Shss 5 P Soge @ 05U slas e
ol 5 eolawl pgas 15 55 [FeFY] cudl a3 3
ol cuS g g n Gl Sher 9 R,P Syge w
oy sl suis sl glaslllas BONT/E JLas!
s ol s o)L 5 Ravichandran asJUas
(= J210) (blow peo o Hlwsiss 5l oola_wl
ol ceLE 9B A slacaig s ade alfan Sy
s o) en g Jain [FF] sgi o ol 5T adgs ol5me
Ll (STys 525 5 S350 (JsSa59 seVgasd b
Q30,5 oamlin 1) (s (Sl b 9 SIGA YL clale
= s L 35 o,Len 3 Rabiee Rudsari [¥o]
aisls L BONT/E o5 el o Mo &l 345l lgzol
Cels g yd colgzol aiilen ailgy co Olydg5l cpl a8
LEP] sigd guasly 590 a2t )3 5 (ol pitamcnns S 28

09,3 dw ,o ool HLas IVl el ol iaghy o
S5 32106 (ool il 128 pliee siga3l 9590
i Rl ol 4l ll Al e e 58 pidgis
o ) Ot ol Slidgls 4T (mg S 50 ok Kl
139 aly s g 00,8 b o By, g
P S bged)S Jee plezsl plare 4 wlatuilys
S )98 92 196 g any omie (o] s
bgrye OD lime (o yiin 45 (5 5k 0 Wisd poidsis
S5 VIR Glime a9 ol Gy 50 VYo &85 o
(Y loged)

ailer 5 55T gl Dldgls (SThes e
Ay o (Ndgy 00l jr9xS ¢ )y D90 4y A5 09,5

2 polin S 59 25 106 (g0l LT s Gl

WA Jlo 1Y o5kt ) F 695

ow,ésﬁf}m&ma@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

ary

O\)&@j)ﬁs)ﬁ\gb\}?w

‘ssb)b\ss [y

ool ala ly 4y el Olides 35 e 5l dlawgnny

Sloyud g Su (Gaiod )l pll Cg p3Y SU 9,90

(1]

(2]

(3]

D9 s

References

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.

Gargari SLM, Rasooli |, Valipour E, Basiri M,
Nazarian S, Amani J, et a. Immunogenic and
protective potentials of recombinant receptor
binding domain and a C-termina fragment of
Clostridium  botulinum neurotoxin type E.
I[ranian  Journal  of

Biotechnology 2011,

9(3):181-7.

Smith LA, Byrne MP, Middlebrook JL,
Lapenotiere H, Clayton MA, Brown DR.
Recombinant vaccine against botulinum

neurotoxin. United States Patent 7214787, 2007.

Je s sl el alox 5l (6,508 (5 pendy 3530

59 oS 59 (g n (2l Ole ;0 PLGA

B g A alex l ;0 slaculiym Jlail slasxly 5

[4]

(5]

(6]

g (o) 5

Mansour AA, Mousavi SL, Rasooli |, Nazarian
S, Amani J, Farhadi N. Cloning, high level
expression and immunogenicity of 1163-1256
residues of C-terminal heavy chain of C.
botulinum neurotoxin type E. Biologicals 2010;

38(2):260-4.

Smith LA. Botulism and vaccines for its

prevention. Vaccine 2009; 27: D33-D39.

Przedpelski A, Tepp WH, Kroken AR, Fu Z,
Kim JP, Johnson EA, et a. Enhancing the
Protective Immune Response against Botulism.

Infection and Immunity 2013; 81(7): 2638-44.

Kim MG, Park JY, Shon Y, Kim YB, Oh YK.
Nanodelivery systems for mucosal vaccines.
Recent Patents on Nanomedicine 2013; 3(2):

119-27.

WA Jlo 1Y oyl N F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o i3l Al 5 Ol 28 1l 2 B o p s 9 oS 59555 S 55 S 15 50 4 ATY

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Akagi T, Baba M, Akashi M. Biodegradable
Nanoparticles as Vaccine Adjuvants and
Delivery Systems. Regulation of Immune
Responses by Nanoparticle-Based Vaccine. Adv

Polym i 2012; 247: 31-64.

Vilar G, Tulla-Puche J, Albericio F. Polymers
and Drug Deélivery Systems. Current Drug

Delivery 2012; 9 (4): 367-94.

Simerska P, Moyle PM, Olive C, Toth I. Oral

vaccine delivery-new strategies and
technologies. Curr Drug Deliv 2009; 6(4): 347-

58.

Steffansen B, Nielsen CU, Brodin B, Eriksson
AH, Andersen R, Frokjaer S. Intestinal solute
carriers. an overview of trends and strategies
forimproving oral drug absorption. Eur J Pharm

Sci 2004; 2: 3-16.

Sinha V, Singh A, Kumar RV, Singh S, Kumria
R, Bhinge J. Ora colon-specific drug delivery of
protein and peptide drugs. Crit Rev Ther Drug

Carrier Syst 2007; 24(1): 63-92.

Mestecky J, Moldoveanu Z, Michalek SM,
Morrow CD, Compans RW, Schafer DP, et a.
Current options for vaccine delivery systems by

mucosal routes. J Con Rel 1997, 48: 243-57.

Galindo-Rodriguez SA, Allemann E, Fessi H,

Doelker E. Polymeric nanoparticles for ord

[15]

[16]

[17]

[18]

[19]

[20]

delivery of drugs and vaccines. a critica
evaluation of in vivo studies. Crit Rev Ther Drug

Carr Syst 2005; 22: 419-64.

Nandedkar ~ TD. Nanovaccines: recent
developments in vaccination. J Biosci 2009;

34(6): 1-9.

Rieux AD, Fievez V, Garinot M, Schneider YJ,
Preat V. Nanoparticles as potential ora delivery
systems of proteins and vaccines: A mechanistic

approach. J Control Release 2006; 116(1): 1-27.

Makadia HK, Siegel SJ. Poly Lactic-co-Glycolic
Acid (PLGA) as Biodegradable Controlled Drug

Délivery Carrier. Polymers 2011; 3: 1377-97.

Bathasar S, Michaglis K, Dinauer N, von BH,

Kreuter J, Langer K. Preparation and
characterisation of antibody modified gelatin
nanoparticles as drug carrier system for uptake in

lymphocytes. Biomaterials 2005; 26: 2723-32.

Zhao LM, Shi LE, Zhang ZL, Chen JM, Shi DD,
Yang J, et a. Preparation and application of
chitosan nanoparticles and nanofibers. Brazlian
Journal of Chemical Engineering 2011; 28(3):

353-62.

Vaezifar S, RazaviSh, Golozar MA, Karbas S,
Morshed M, Kamai M. Effects of Some
Parameters on Particle Size Distribution of

Chitosan Nanoparticles Prepared by lonic

WA Jlo 1Y o5kt ) F 695

OW)ﬁﬁf}l&o&ﬁquu


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

avo

O\)&@j)ﬁs)ﬁ\gb\}?w

[21]

[22]

(23]

[24]

[25]

[26]

Gelation Method. J Clust Sci 2013; 24(2): 891-

903.

Nesalin AJ, Smith AA. Preparation and
evaluation of chitosan nanoparticles containing
zidovudine. Asian Journal of Pharmaceutical

Sciences 2012; 7(1): 80-4.

Dustgani A, Vasheghani Farahani E, Imani M.
Determination of the Optimum Conditions for
Production of Chitosan Nanoparticles. Iranian
Journal of Polymer science and thecnology

2007; 20(5): 457-67. [In Persian]

Hedrich H. The laboratory Mouse. 1% edition,
Italy, Elsevier academic press, 2004; pp. 526-

141.

Crowther JR. The ELISA guidebook. Methods in
molecular biology, Humana Press, New Jersey,

2001; pp. 115-301.

Schunk MK, Macallum GE. Applications and
optimization of immunization procedures.
Institute of Laboratory Animal Resources 2005;

241e57.

Clayton MA, Clayton JM, Brown DR,
Middlebrook JL. Protective vaccination with a
recombinant fragment of Clostridium botulinum
neurotoxin serotype A expressed from a
synthetic gene in Escherichia coli. Infect Immun

1995; 63(7): 2738-42.

[27]

[28]

[29]

[30]

[31]

[32]

YuYZ, Li N, Wang RL, Zhu HQ, Wang S, Yu
WY, et a. Evaluation of a recombinant Hc of
Clostridium botulinum neurotoxin serotype F as
an effective subunit vaccine. Clin Vaccine

Immunol 2008; 15(12) :1819-23.

Shahcheraghi F, Nobari S, Masoumi Asl H,
Aslani MM. Identification of botulinum toxin
type in clinica samples and foods in Iran. Arch

Iran Med 2013; 16(11): 642-6.

Honari H. Special Adjuvant for the Ord
Vaccines and the Role of that in Passive
Defense.

Passive Defense Quarterly 2011;(2):11-9. [Farsi]

Fujita Y, Taguchi H. Current status of multiple
antigen-presenting peptide vaccine systems:
Application of organic and inorganic
nanoparticles. Fujita and Taguchi Chemistry

Central Journal 2011; 5:48.

Nnamani PO, Scoles G, Krol S. Preliminary
characterization of N-trimethylchitosan as a
nanocarrier for malaria vaccine. J Vector Borne

Dis 2011; 48: 224-30.

Bret D, Ulery BD, Kumar D, Ramer-Tait AE,
Metzger DW, Wannemuehler MJ, et al. Design
Protective Intranasal

of a Single-Dose

Nanoparticle-Based Vaccine Platform  for

WA Jlo 1Y oyl N F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

o g3l Al 5 Ol S b 2 B o psid 390 oS 55555 oS i 55 815 5 g ATF

[33]

(34]

[35]

[36]

(37]

Respiratory Infectious Diseases. PLoS ONE

2011; 6(3): e17642.

Nazarian S, Gargari SL, Rasooli |, 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.

Jahantigh D, Saadati M, FashiRamandi 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. Journal of Drug
Delivery Science and Technology 2014; 24(1):

33-9.

Wang JJ, Zhao ZW, Xiao RZ, Xie T, Zhou GL,
Zhan XR, et al. Recent advances of chitosan
nanoparticles as drug carrier. Int J Nanomedicine

2011, 6: 765-74.

Rieux A, Fievez V, Garinot M, Schneider YJ,
Préat V. Nanoparticles as potential oral delivery
systems of proteins and vaccines: A mechanistic
approach. Journal of Controlled Release 2006;

116: 1-27.

Bakhru SH, Furtado S, Morello AP, Mathiowitz

E. Ora delivery of proteins by biodegradable

[38]

[39]

[40]

[41]

[42]

[43]

nanoparticles. Adv Drug Deliv Rev 2013; 65(6):

811-21.

YunY, Cho YW, Park K. Nanoparticles for oral
delivery: targeted nanoparticles with peptidic
ligands for oral protein delivery. Adv Drug Deliv

Rev 2013; 65(6): 822-32.

Herrera Estradaa LP, Champion J A. Protein
nanoparticles for therapeutic protein delivery.

Biomater Sci 2015; 3: 787-99.

MohammadpourDounighi N, Eskandari R,
Avadi MR, Zolfagharian H, Mir Mohammad
Sadeghi A, Rezayat M. Preparation and in vitro
characterization of chitosan nanoparticles
containing Mesobuthuseupeus scorpion venom
as an antigen delivery system. The Journal of

Venomous Animals and Toxins including

Tropical Diseases 2012; 18(1): 44-52.

Bowman K, Leong KW. Chitosan nanoparticles
for oral drug and gene délivery. International

Journal of Nanomedicine 2006; 1(2): 117-28.

Rajan M, Ra V. Potentia Drug Delivery
Applications of Chitosan Based Nanomaterials.
International Review of Chemical Engineering

2013; 5(2): 145-55.

Chen F, Zhang ZR, Huang Y. Evaluation and

modification of N-trimethyl chitosan chloride

WA Jlo 1Y o5kt ) F 695

OW)ﬁﬁf}l&o&ﬁquu


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

ary

O\)&@j)ﬁs)ﬁ\gb\}?w

[44]

[45]

nanoparticles as protein carriers. International

Journal of Pharmaceutics 2007; 336: 166-73.

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

54.

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.

[46] Rabiee Rudsari A, Ebrahimi F, ArefpourTorabi
MA. Study of Adjuvant Capability of the Gold
Nanoparticles on the Immunity of Botulinum
Neurotoxin Serotype E in Mouse. Journal of
Advanced Defence Science and Technology 2013;

4(2): 87-92. [Farsi]

WA Jlo 1Y oyl N F 695

ow,&ﬁf}ua&uu@


https://dor.isc.ac/dor/20.1001.1.17353165.1394.14.11.4.2
http://journal.rums.ac.ir/article-1-2619-fa.html

[ Downloaded from journal.rums.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.17353165.1394.14.11.4.2 ]

e i) sl 5 Ol i8S 0 R E o p 5 5 oS 5055 oS 5 5 S5 56 4 ATA

Preparation of Chitosan Based Botulinum Neurotoxin E Recombinant
Nanovaccine and Evaluation of itsmmunogenicity asOral &

Intradermal Routein Mice

M.J. Bagheripour?, E. Ebrahimi? A. Hajizadeh® Sh. Nazarian? M.A. Arefpour®

Received: 22/04/2015 Sent for Revision: 01/07/2015 Received Revised Manuscript: 08/09/2015 Accepted: 10/11/2015
Background and Objectives: Botulism syndrome is caused by one of the seven botulinum neurotoxins. The
toxins binding domain have immunogenicity effect and can be used as a recombinant vaccine candidate against
botulism disease. Due to the low immunogenicity of recombinant protein , the use of an appropriate vehicle for
antigen delivery to target cells is inevitable. The purpose of this study was to evaluate the use of chitosan
nanoparticles as carriers for ora and injection administration of Botulinum Neurotoxin Type E (BoNT/E)
binding domain recombinant protein.

Materials and M ethods: In this experimental study Chitosan nanoparticles containing BoNT/E binding domain
recombinant protein were prepared by ionic gelation method and were administered orally and subcutaneously
into 5 groups of mice. 1gG anti-BoNT/E binding domain titers were assayed by ELISA. Finally all groups were
challenged with active botulinum neurotoxin type E and data were analyzed by t-test.

Results.In al groups after each administration, the amount of IgG anti-BoNT/E increased. Chitosan
nanoparticles did not show a significant increase in the production of IgG anti-BoNT/E binding domain
(p>0.05). There was not a significant difference in I1gG anti-BoNT/E titre of the mice immunized with
nanoparticles containing antigens in the oral and intraderma route (p>0.05). The challenge with active
neurotoxin botulinum type E showed that the mice immunized orally, can tolerate 500 folds L Dx,.
Conclusion: The results of this study showed that the recombinant protein of BONT/E is able to be absorbed
through the digestive system and induce an effective immune response. The challenge of immunized mice with
active botulinum neurotoxin type E created immune response in oral administration was effective but it was
ineffective in injection administration.

Key words: Chitosan nanoparticles, Oral vaccine, lonic gelation, Recombinant vaccine, BONT/E
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