(in 953 lss)

IS &) s 3T gl B> (3§ (T S g (i g 59 Coows (s 3 99
#PCL-PEG gPLA-PEG asglige ‘Slb}u}ggf hwgs Odw 4’9«;9 é'}T

Vero Jew 09,59,

F Gz 395 (Sl Ol T gDy | 293 10l0ie Zrmd

‘3&5593 (SO0 ‘fQSJﬂ.’ Sl

oS>

Sesliza Lo | o5 sl Shge (oloy Jolo s L8] sl L 2By a2
ok ale gl Sy a0 ol ballie ge lacly 51 Sy e ST
Ao Gk ol Gus il Caee O 5 Bl G L B0 550
33T IS5 & LT sl (Bl 05 5T S 55 S sk
65, 635 » PCL-PEG 5 PLA-PEG L35 o ard S oo 5 b iy S
Olser 03551 s a4y shaie 4 (VEI0) Uy 3T 5 0 saze 4dS JUG 5l I s
A2l e Sl LS ) o e L6

bl Bl 05 BT S 5 s e alllas pl 53ty 2 R0
Oy hled 38 by S s 5 Ol sYST 5,50 53 (PABS) ol T
s PLA-PEG « L5 Sk S b ug PAB3 wlsl 5 a__i Rdss IS
G 03031 ol 53 s s S I 55 33, 5l ool | L PCL-PEG
G 2 MTT syluteal O go51 5l ealizal b ool s 4 1,356 5 PAB3 J Lo
A3 S el VIO J s o3

Ol 1y i s, g0 STy LS s oo MTT §esl 51 Jo - = el
ok iy S 05 1 Jlan 53 Oge3l 3550 Gadshe e 5 S e Olse iz
ol 030 3031 05 5T 5 1S 36 s

o e S1y 50 O g Vg 3 51 015 on sal s w0 gl 4 a5 L g 8wt
53 53,5 eslanal oy Jaes 53 0l 4 O 1 J sk Coanr S Sl (6l 0l
Bl s S S ek i Sl s 5 SIS I ST 4 Salg

.PCL-PEG

\YAV/A/Y 1 ) g p3ke! WAV/ANA o Shsl Wlie 3L )3

SIP P 5 5L § 55 g elils )
F e S (65 Ll Y
(B S5 Al el 8 Y

il g ) S sl
gy el S (6585 Hlslul-0

(bt Sl 0n S sk 5 e S0 <Y
Ol OlLe ‘<C>O:“> ol ol JEsils
P S I JCT L e S
2 ple S O (Pom gl b oS5
pel gl oSl uld cn il
Ol ol,e ‘(@er*"

oy ol iy glagssl b eaSil-¥
Ol Ol ¢ yke

PO T P PO PO PRV % S P
TS Wi Gl g 5 mSly SldS s s
1SS il 5 gap eliis Ol

15 s Sk 57

G o3 S 608 5 ole S g e
Ll Ol @) plol ol oK1 (ol
QAN YFATAVAY : o pils

Email: honari.hosein@gmail.com

VFAV/E/Q e L s

14y & ;Jw "V;Jj: ¢J‘gu‘;&ﬂﬂﬂ%



VEI0 55, 5 ol 51 o ghosls (Bl 05 (ST o g

YVA

(3-(4,5- MTT s luslul o057 51 eslan—d

dimethythiazol-2-yl)-2,5-diphenyl
Vero J . e, 53, » tetrazolium bromide)
S oo Sl gl el Cu S (at;u'\
s OLES 1 sdel s 4y STy g LS & gee Vo 3
b g eSly U 0¥ sa 3 5l Ol e S 5o
A 2058 e STy L Jshs Cas S S 61
Jrolm STy SU ulg 5o 55 S ealial ol las 5o
S8 i 5 IS STy S Ol s |y s
Slglg i Sl oo s S S S5 el o digs

.J}A..J

IR S

3 J e 28 b3l s ey
Sl o s sy Sl S e 505 S o L
Sy e s sy 05 (f) e plel il
S 0) SlacS 1 5l andlas cpl 3 eslinal 350 oland
(\0) w3 5 4 ((Sigma) L&... (MERCK)

5556 g5l esbel 5 S 5 5 ny Ol

G Y551 6 SL b s PAB3 0L 51
Oy, elKia s 5l eds ag) (E. coli BL21-DE3)
Shlp 05 Sl B 53 0,505 iy 4 (01
5 05 Sl el b (o5 5 Jor SIS 5y S oy
Gl ek 5 .008) W (5l (e Shingene) il
2! 5> o3l 5,5 PCL-PEG , PLA-PEG
(RING- 5L il 0 slsz podks (255 Gesb 31 2as
OAY) Las agopening polymerization)
PAG63-PLA- ;PA63-PCL-PEG-NPs 1,3 5
5 PCL-PEG-NPs ual_z 1,556 s PEG-NPs
PAG3 il_wd ;.S b 5| PCL-PEG-NPs
PCL- , PLA-PEG 5 5L 55 gl yolisS o5
W/O/W ) > 5 s, 5l eslin ol L PEG

<38l (A wa—s «.¢ (Solvent evaporation

FVRYY
S ol pls 5 Oledl o S 2o (ole o5 ol

Bacillus ) /o sl ol 6 SL alis &

(Bacillaceae) «. > L o3l 5= 43> @nthracis

;.,\;..LS‘L;)L% o) Lgu;;wj\ KAEAD) :j,.ida:b.;i\

oSl Al o OF Ol s 5L2S1 5 A 5 Vb Sl

Slooly 5l (S e8] sl il s s S A 8

\) 6)[.4).:4 LQJ:SL L«")" JJ‘JJ DL f‘.) 9 Ql_w.v\ k;».]a.‘!l?:.&

(s 55 am oSty gla Sy 5l (F ) sl
SSPA L s el G e 5 S5 s
)jbqsg,_w\wswm_msj;jtwjg_ﬁgﬁ
3550 Sly G I S Ol 4 gles 1S
G 535S Sl Ll 0) cl 4 S 15 axdllas

Silgsl y ol Sl eSS I
pize J1aS plae s Lol (Adjuvant)
Gl 2550 Slacil ol wlind GaSas 5 denS 55
S Sl sdosls ol kil e ST 5T gla STy 5o
Q\;lc)m@‘yjbdjl,x@ijﬁfwﬂ,\:_msb@
S 1 ol (138 3 5 5,108 e PA g5, 5 osllaals
PR PERCH I [ PNRCR Y PP R ST (Y B P
ola ) LYs @ am g LA s 58 e U5l a8

S o Slesliin T4 e ol ladle )3 ol

slas ool Ls‘ﬂjij‘i“."lj’u - ")'L;M(gle)';jju
(V=4) ¢ los s il s 53 45ls Jss

b K «(PLA) (Polylactic acid) a.l<sY L

Aol 3,50 Gyt D5 s 5 pdy o S s
= (Food and Drug Administration) FDA
S S O Ml Gy el b (VFIT)
A 53 PAB3) ot 5T bl Bl 05 5T
SIS 5y S g e 5 0L (E. Ol (Y57
Lo 5 PABS wlbsl j5us el S8 05 Ll
L PCL-PEG , PLA-PEG « Ly sla oS
ol ps s de S P s gy sl esla
Loodal s 40 13 506 s PABS Jle e 0505

14y & ;Jw "V;Jj: 4)%“&#?‘;5435«&%



V4

bb&qA} &ﬁ‘;w@mﬁ-‘:ﬁ

BINC O PRCIVIF SN CE I S ¢ SN S RVt R W
S e 5 CiS las (g5l 5 P BB Sl
sl BBL 5 o 2S haee 5 S (50 Salx
o3l J 28 S SIS 4 b S 55 ol n ol
Ll s Cou o 108 LS cell YY1 s aslsl s 0
Lo 53 gy CO2 Chle Lol S mle a3 YV Jles
LMTT Jsloe 51 25 Son gy Jlbie Sl o«
O3 b oy s Lol ) e 3 S e gy il
SCoe w Ul s Sy rd gladlis S LSS
5 ey S SIS S T8 ot sl
5o LSS caly 8 L S 0k el
5 bSaly 5 adss | MTT g5l ot S bame
0350 Jom Sl e A 0205 52208 PBS e L
s 31 s Son Vov Oy sladle s
Cou K Cad 3l de s wls] Sals a2 4 DMSO
Gl G sl 3 el 5y e 4 SLL al 3
Ol o li3 Ao 53 (YY) s (6, Se3ll jze gl OV s
S il gl el U wled 3l e J o
S8 4o S 53151 50 w PABS S 55
YY) s S ales o dslas

- SO sl / Fdske 0l el Ao o
SN o5l el e gl Jhe (o5 ol
Voo 28 o8 ol -

N S P NS SU P JOR V™ I
3l 5SS e b sl s 4 el (e
(P<+/+0) (3slas SulS w0 7 b 517 455 SPSS
Al eslaial

taassly
S 58 oSan SipAlE 5 0k
0551 (YT s SU 53 PABS ol 5l
Seslined b oS5 e GBS 5k S by gl
3 CeS pms g S s A Ol Al S 0

S el phnd ol s s OF a5 alo -
Av e gbos 5 5L e 0/YO JLES s Celi s e
3,5 (Ol o ) ek 315 5 a3

Sly3 56 le g S5 58 550 Slaseie s

Lol e D350 (SQS 000 Dlas te
( Scanning s =01 o Sy Sl osliz ol

KYKY-EM3200 J.:Electron Microscope)

23S A e e

MTT s Cm 05051

2S5 S Saem F s e &
356 L 5ol WS 53T &) s 4 PAGS
25 4w L (s SRLYMTT e K 25, 5
Ogae S JLL ol sla J ) VIO Johee o35 (55,
25 S e s S Sl et g (ol 31 5
O3l S S onl04) at sl Ol (S5
S el ] gl SLyaS e 2By S sl
U3 ssdens Sl S s o 3T Lo o s 5515 S
(V) el sl oy slad sl oL ouiS 52

slad v lanl s Gua e b cws (¢l
DMEM (g5l> Sodlb w oS ¢l o1y 5,40
(Dulbecco's Modified Eagle's Medium)
5035 Jime 4wy FBS Sigma) L.
Aoys g CO2 ke bam 3 YV 5L STl 55 Sdls
o33 3 el VY s wy ds 3 =y 505 sk
Olaabl 5 (55058550 5 iy Blod 4 bad sl Ll 12 G
o slad sk ket izan 5 (Sl s s
Yl b e Ol shiten VETO
Lad b Cund s O lin Ll ool e sl g0
Gl ol 48 cl s Kals SIMTT 04051 ke«
350 Sk gai i sl (oS cxlw JI o D)
36l sPAB3 S 55 s sl Jgdome s
03,550 *IVY ks 5l osls jae SaS L sl 2 4
ReSs Sl VPl c Bl by s

19y £ .,‘JL«..LW.,‘J}: 4)_}3“‘54%‘;(&3;1‘;«&?1@54



VEI0 55, 5 ol 51 o ghosls (Bl 05 (ST o g

YA+

o et anglie sls QLS 1) b sy g0 STy LS
sy A glackle Loadd s badsle
PAB3- o5 5 sladshe 555 <l sPABS s 55
oLz PAG3-PLA-PEG-NPs , PCL-PEG-NPs
s 53 0031 5550 Gadshes oo 5 S e Oljs oS sl
0350 3131 035 51 51 28 S350 3 e S 0 ]
5 PLA-PEG-NPs uals o3 b comen ool
ol 1y Sl ey Ol o zi PCL-PEG-NPs
e 5 S doys X Y g (Y 5 ) Jlaged) Lsls
ST s slaes S Jlie 53 003l 3550 sladshe

e e 0L 1 J 2S5 4 penS

JS) a oslinad SDS U5 5l el 4 055 kS
QO

by odd e O3S0 SSdBse o
S9N K S0

gl 03 605 G sSes S sl
S sls Ol 1y i st W dsl Bl ol ol
(Y

MTT 04051 gl

ilises ol s MTT 04051 51 Jol- =l
wr 5 JB e pde I o 0 S5 S e 5T

oS PDsse KL N sy gk el sS By 4 0kd el Ky Aoy VY SDS-PAGE 501 s
oS Fken, .o Ys5T 55 0dd 43 5 O PABS (S 55 iy Mkes, . opigp Oby s (Y5, M\W=kDa
J55 0 g bas 5 0 (55l yalls PABS S 5

14y & ;Jw "V;Jj: 4)%“&&‘&435«&&@0



YA\ bl)&aﬁ K} ;ﬁ.ﬁ"‘“"‘ c:m.ﬂ S ey

N o i) 4 0kd 4 D3 SUSEM 55 iU QS S i Y JSS
PAG3-PLA-PEG-NPs :B PA63-PCL-PEG-NPs :A
PLA-PEG-NPs :D PCL-PEG-NPs :C

2 100

1 s

% |

1

% 60 —  mPLA-PEG-NPs
i 40 —  @PCL-PEG-NPs
"j 20 —  mControl

) o

3 10 20 40

ug"ml UEW d)sa bl

PCL- s PLA-PEG-NPS usals o3 60 cilise gla cdake LVEr0 Jsho o3) gladshu Sl okl deo o 1) Hls 50
PEG-NPs

1y £ ijlo..é‘”/a‘)_;.& z‘)j;’lu‘;kﬁxd&u%



VEI0 55, 5 ol 51 o ghosls (Bl 05 (ST o g YAY

o

2, 100

3 80

3 W PA63-PLA-PEG-NPs
4 m PA63-PCL-PEG-NPs
é', 40 m PA63

-?3 20 = Control

o

(7]

=

10 20 40
ug/ml saldin) 3y ga CulalE

3l gPABS S 58 iy ilisee gla cdake LVEr0 Jghu o5, sladghu b o) duo s 1Y ls 50l
PA63-PCL-PEG-NPs ,PA63-PLA-PEG-NPs

100
]
80 -
‘;\ uPAG3
60 -
~ ® PLA-PEG-NPs
X 40
Yy W PCL-PEG-NPs
'; 20 - % Control
3 .0 ...
o ol
>b 10 20 40

ug/[nls.'u:\»\ .}J,‘JJL-;JAE

PCL- s PLA-PEG-NPS uals ol 56 ciltsen sl Cals | VOO sk 03, sbadsh oo 5 S o doys T 15 s

PEG-NPs
100
f
80 -
v’f ® PAG63-PLA-PEG-NPs
60
;; W PA63-PCL-PEG-NPs
1 40 - u PA63
3 20 - Control
> o [ S
é 10 20 40

ug/mloiﬂ.d JJ)..JJ!A..—'LEB

Q‘JBJSU‘,PAGS %S;y O’.‘;-’ﬁ, d"l:uuﬂ::'uéhwﬁ L;VeI’O "J".\-.v 63 L;\Ad}\-.vﬂo_ggs/,o BW- BT Ri J‘:".u'
PA63-PCL-PEG-NPs ,PA63-PLA-PEG-NPs

IPFRY i 5ylasd NV 505 pligdiz Kby ool s



YAY

bb&qA} &ﬁ‘;w@mﬁ-‘:ﬁ

L Oleys 3l oela o eBin 3L 5o L 5 LS sl O
A SYsb Olos e 5 ASL S 8 S S
S b i 1 ol 55 oS S sl ) 552 ol 1
Sa Gl 4 Od 53 g 2 a0l male 0
(YA) A3l

SV Gk w55 S
Poly ) 1 SU8- s-sY L 5 (PLDLA) o
S 2 MTT o451 Lo 5 (lactide-co-glycolide
L929 mouse ) L929 .z 50 oDy b slad sl
E ol 88 5 s, (fibroblasts
oo 5l a3 o 0l o2l l o3legs o MTT
slyls PLGA 5 PLDLA &5 ws ol 5 Lsls olis
(YA) den s Colsy a8

Sl oty sl rass MTT 0405l s
g S 28 0550 Jslome Sl g Vg b 51 pUS mn
e B 5 BB S e S
3 el ploil slatassy el 5 edel Cus 4 s
330 5Ban S opl a5 Ll Clles e 208
3P Sl el WS S S s ek ol B
@3l 5T 5 ads 53 PAB3 (oS 55 s 5 Shos
STy LA S Ol w1 (Sl Ols e (V7)
sl slgi el gla ia st S clis

5 0Lk o liy o,y MTT 0405 R
L VIO Jolw ooy glad oo 5 S o 25
Ak eSS T Y e il e clile
Sb Ll w5l s PABS (S 55 s Jloms
PA63-PLA- ; PA63-PCL-PEG-NPs ., _.si;
S5 5L LU 28 e 5 S e 7 PEG-NPs
O OlF o W s aar 5 Lol QL 1y Lo ks 5
b ok s oSl SU OV se B S il

3 ol oSl A5 g sl el Olge 4 015

sl S 5T S 55 e sl =3 S PA

day on | ol 28 ST 8T e el 53 055 4 0l
3 LS e 5k S sae O s ea 5 3l el
Sla, S oy Saes les o wls ol
o a4 s LYY wsb e EF 5 LRl
LU 51 (S Olpe 4 glos inS | gba PA (L
Vsere (5 0) ol a S5l 5 axlllas 5,40 STy

5 A S 5 yda fwj16w| 35 boias l5sl
05 8l sy glaclesl sl s sla S
s osls OLLS dudi o o aly  S13T (sla sl
Sde Vb IS 3 pan I LS 5 45 ]
ol o 5108 0 PA g, 5 osllasls ol
NUR| NV B PN L ERCH - PG PPN
s b Sy 550 slaSTs LA LY)
S sladln s edd o Ll Vs 4 a5 b il
Olgea 3 el slesla ol 55 3L Slallas
Lo 1SSV L (V) a3 S &y yo STyl
LS b e plicy A5 G Sl ek £l 1 S
5,8 oo o3 eslinal 3550 Sty L 55 mew s Hsb
Gk sl as Wilesls ol il Calse Sl Sl o (YO)
dile Ldssdes gls b U PLA 05 Ul ks S
Ly s 30l e Ot Ol o IS LT
(sl IS Glas Iy (1) 55 b
©eslie 53l ot G wc s 5 g pdylan]
ST S S PR S VS O R V1 [P RO | BN L <
Ll My Glaiis p ol s Col Sls s
oS ke Ll s o 30l &Y S S5 s
V) A2l o ol S e (535 SIS AL )
Sl b als s e g S O
C3 0T el 5 i s e adlaie 3 5)ls g
2oL A S as gl Sl Gas e gla

19y £ .,‘JL«..LW.,‘J}: 4)_}3“‘54%‘;(&3;1‘;«&?1@54



VEI0 55, 5 ol 51 o ghosls (Bl 05 (ST o g

YAY

ol S 55 Sl Silgmal Oady 5 $U O sew Ve
S ol el G 4 s el Bl e o
Al eSS b 5T 0 il gl bl
LB e B syse e STy 56 LIS coslin |5 50
SIPABS 551 55 5 a0 s 5 3l OLES | g
O3l 2550 le Jsbs 03 (S 5S oe 5 S Ol
PLA-PEG- aal_: S35l omman Dy Hla, 2
Iy sl oy Ol o xi PCL-PEG-NPs 5 NPs
O3 60 sl Cansy sdas Ol oS (sls QLS
s ol s S sk 4 Al e esli il s 5
amiw:@&msljjju%xtsoyﬁ!}ﬂ;wvx
Sl 50 Osew Vse 3 51 Ol 55 oo amem 55 by OLAS T,
Sl LU Johe Cen 1 5aS ol el ag
U calgd o oS ealanwl eliy laee 3 L5 e
55 ol e S S Olge a4 el o e e ST
Sl 2 S S S e i )L

PIEPEt

055 5 5,0 OS85 ol X tass sl 3l
21 53 45 () i plal sl s8I bl
3 A8 Loged b b Jb s ede B Sl Lass
23,5 oo S

et Jyoms Gl gzal (Bl 5 (o D13 05
3 g
PLA-PEG- sali <13 56 MTT & a5 b
5 S n Ol cpjiaS 55 PCL-PEG-NPs , NPs
0 4 by el plosil (agss s disls DL | e
S5 5 Ol eslin il )50 Al I3 50
sal s 4 055 3l o 4 5 S0 Sl o 3L
o303 DL 15V 0 o3l ploil 5 A 2ule3T Sl y
L eslinal dals Olge 4y a5 i 3,50 3l &S A2
ot OA) S 13 1) gl i e S s Ol (208
350 ek Vb (O 3w s DS il
e w Sus ol il e D3l ag 5o esle
=S oodea A5 5 ey cpl (6 el KL esles 55 0s
Aol (S 3o b 51 a8 il s Al SLuS 5 S
(7 35 om0 plin S o SIso 5 2l 4 St
wfquwld)lzmcb_drﬂ)ﬁdlﬂl@:}\)s
4505 SPSS 1531 o 5 5115 av b sl s 4 S
);@LGASJJnLi:_Jdé:LAJWlS@JACJb}\?

J\.«-ﬂbkf )\.}b}.& M)JO chw

S S 4omS
u_wS\} )‘ a)Lé.:_,..:l ‘kﬁlﬁ} g_)l.t.“.b.ﬁ @L}b wl_w\ Ba
Sl besbe s e o) ol % -

cl.u

1-Ahmadi A H HH, Ebrahim Minaei M. Cloning, fusion and expression of domain a-1 protective antigen (PA20)
of Bacillus anthracis and N-Terminal ipaD gene of Shigella in E. coli. . Qom Univ Med Sci. 2015;9(4): 20-9

2-Schmidt TR, Scott EJ, Dyer DW. Whole-genome phylogenies of the family Bacillaceae and expansion of the
sigma factor gene family in the Bacillus cereus species-group. J BMC genomics. 2011;12(1):430.

3-Okinaka R, Cloud K, Hampton O, Hoffmaster A, Hill K, Keim P, et al. Sequence, assembly and analysis of
pX01 and pX02. J Journal of Applied Microbiology. 1999;87(2):261-2.

4-Gupta P, Waheed S, Bhatnagar R. Expression and purification of the recombinant protective antigen of Bacillus
anthracis. Protein expression purification. 1999;16(3):369-76.

5-Singh Y, lvins BE, Leppla SH. Study of immunization against anthrax with the purified recombinant protective
antigen of Bacillus anthracis. J Infection immunity. 1998;66(7):3447-8.

6-D. GJ. Vaccines: countering antrax: vaccines and immunoglobulins. . Clin Infect Dis 2008;46: 129-36.

14y & ;Jw "V;Jj: 4)%“&#?&4?5«&%



YAO bbm K} @_,.llaw c:.«.a S ey

7-Wagner L, Verma A, Meade BD, Reiter K, Narum DL, Brady RA, et al. Structural and immunological analysis
of anthrax recombinant protective antigen adsorbed to aluminum hydroxide adjuvant. J Clinical Vaccine
Immunology. 2012:CV1. 00174-12.
8-Manish M, Rahi A, Kaur M, Bhatnagar R, Singh S. A single-dose PLGA encapsulated protective antigen
domain 4 nanoformulation protects mice against Bacillus anthracis spore challenge. J PloS one.
2013;8(4):661885.
9-Lassalle V, Ferreira ML. PLA nano-and microparticles for drug delivery: an overview of the methods of
preparation. Macromolecular bioscience. 2007;7(6):767-83.
10-Venkatraman SS, Jie P, Min F, Freddy BYC, Leong-Huat G. Micelle-like nanoparticles of PLA-PEG-PLA
triblock copolymer as chemotherapeutic carrier. J International journal of pharmaceutics. 2005;298(1):219-
32.
11-Brannon-Peppas L, Blanchette JO. Nanoparticle and targeted systems for cancer therapy. Advanced drug
delivery reviews. 2012;64:206-12.
12-Akagi T, Baba M, Akashi M. Biodegradable nanoparticles as vaccine adjuvants and delivery systems:
regulation of immune responses by nanoparticle-based vaccine. Polymers in nanomedicine: Springer; 2011.
p. 31-64.
13-Anderson JMS, M S, . Biodegradation and biocompatibility of PLA and PLGA microspheres. Advanced drug
delivery reviews. 1997;28(1):5-24.
14-Makadia HK, Siegel SJ. Poly lactic-co-glycolic acid (PLGA) as biodegradable controlled drug delivery carrier.
J Polymers. 2011;3(3):1377-97.
15-Haji Noor Mohammadi A KM, Kamyab A R, Zargan J. Effect of 1% Oxygen Concentration on Conexin 43
Gene Expression in Mouse Bone Marrow-derived Mesenchymal Stem Cells C57 (BL / 6). Journal of the
Medical Council of the Islamic Republic of Iran. 2016;33:205-11.
16-E'temad Aubi S M HH. Cloning and Recombinant Expression modified protective antigen from Bacillus
anthracis In E. coil. . Journal of Sabzevar University of Medical Sciences. 2016; 23.
17-Uhrich KE, Cannizzaro SM, Langer RS, Shakesheff KM. Polymeric systems for controlled drug release. J
Chemical reviews. 1999;99(11):3181-98.
18-E'temad aubi S M HH, Bageri H, Nofeli B. Evaluation of PLA-PEG nanoparticles as vaccine delivery system
for modified protective antigen of Bacillus anthracis. . Unpublished data 2018.
19-Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and
cytotoxicity assays. Journal of immunological methods. 1983;65(1-2):55-63.
20-Shokrzadeh M EP, Omidi M, Shadburestan A, Zal Zar Z. Investigation of the toxicity of Docetaxel
nanoparticles using HepG2 Cancer Cells. J Mazandaran University of Medical Sciences 2012; 22:2-10.
21-Hayon T DA, Spielberg O, Nathan I. Appraisal of the MTT-based assay as a useful tool for predicting drug
chemo sensitivity in leukemia. Leuk Lymphoma 2003;44(11):1957-62.
22-Honari H MH, Saadati M, Minaie ME. Production of polycolonal antibody against domain 2-4 of protective
antigen of Bacillus anthracis in laboratory animal. J ShahrekordUni Med Sci 2014;15(6 ):35-43.
23-P T. anthrax vaccines: past, present and future. Vaccine 1991;9: 533-9.
24-Nazarian S GS, 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.
25-Arvind K. Jain ea. Synthesis, characterization and evaluation of novel triblock copolymer based nanoparticles
for vaccine delivery against hepatitis B. Journal of Controlled Release 2009:161-9.
26-Dong Y FSS. Nanoparticles of poly (D, L-lactide)/methoxy poly (ethylene glycol)-poly (D, L-lactide) blends
for controlled release of paclitaxel. Journal of Biomedical Materials Research Part A. 2006 78(1):12-9.
27-Stolnik S DSE, Garnett M C, Davies M C, Coombes A G, Taylor D C, Illum L. Surface modification of poly
(lactide-co-glycolide) nanospheres by biodegradable poly (lactide)-poly (ethylene glycol) copolymers.
Pharmaceutical research. 1994;11(12):1800-8.
28-E. A. The study of the effect of cytotoxicity of artemisinin nanosilver on breast cancer cells. Journal of Breast
Disease 2013;5 (4): 7-12.
29-Ignatius AA CL. In vitro biocompatibility of bioresorbable polymers: poly (L, DL-lactide) and poly (L-lactide-
co-glycolide). . Biomaterials. 1996;17(8):831-9.
30-Xiao R Z ZZW, Zhou L, Wang J J, Li F Z, Wang A. M. Recent advances in PEG-PLA block copolymer
nanoparticles. International journal of nanomedicine. 2010;5:1057.

19y £ iJM‘?V.a‘JJ.: 4‘/}31";‘54&?‘;(&;8&9%4



VIO sy 5 ol 51 o gy (Bl 05 (ST Conons (i 2

YA

Assessment of Cytotoxicity of Bacillus anthracis Recombinant
Protective Antigen in Free and Encapsulated Forms by Double-block
PLA-PEG and PCL-PEG Copolymers on Vero Cell

Seyed Masih Etemad Aubi?, Hosein Honari?", Ashkan Hajinourmohamadi?,

1-PhD Student of Nanobiotechnology.
2-Associate Professor of Molecular
Genetic.

3-MSc of Molecular Genetics
4-Assistant  professor of Polymer
Engineering.
5-Assistant
Bacteriology.

Professor of Medical

1,2-Department of Biology, Biology
Research  Center, Imam Hosein
University, Tehran.

3-Department of Biology, Biology
Research Center, Imam Hosein
University, Tehran.

4-School of of Technology, Tarbiat
Modarres University, Tehran, Iran
5-Razi Vaccine and Serum Research
Institute,  Agricultural  Research,
Education and Extension Organization
(AREEO), Karaj Iran.

#Corresponding author:

Hosein  Honari; Department of
Biology, Biology Research Center,
Imam Hosein University, Tehran.
Tel:+989123848187

Email: honari.hosein@gmail.com

Received: June 30, 2018

Hamed Bagheri*, Mojtaba Noofeli®

Abstract

Background and Objectives: Bacillus anthracis is the cause of
the fatal anthrax. Use of vaccine is one of the effective ways to
combat anthrax. Vaccines should be biocompatible and non-toxic.
The purpose of this study was to investigate the cytotoxicity effect
of free and encapsulated forms of Bacillus anthraise recombinant
protective antigen by double-block PLA-PEG and PCL-PEG
copolymers on the epithelial cell line of the African green monkey
(Vero).

Subjects and Methods: In this experimental study, the Bacillus
anthraise recombinant protective antigen (PA63) was expressed in
E. coli and purified by nickel column affinity chromatography.
Subsequently PA63 was encapsulated by PLA-PEG and PCL-PEG
double-block copolymers using water-in-oil-in-water solvent
evaporation method. Finally, PA63 and nanoparticles cytotoxicity
test were performed using the standard MTT test on the Vero cell
line.

Results: Results of the MTT test revealed the non-toxicity of the

candidate vaccine. Also, the mortality rate of the cells tested

against the encapsulated antigen in the nanoparticles was lower
than the free antigen.

Conclusion: The nano-vaccine formulation can be used to reduce
the toxicity of a vaccine produced and eventually acquire an
effective and biocompatible recombinant vaccine.

Keywords: Bacillus anthracis, Cell
cytotoxicity, PLA-PEG, PCL-PEG.
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