[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

V&= )93 paahs 9 313 yo (A€ (3 € o plouds ¥ Sl - yirogs
g 9 53l PLA-PEG aS'gh 99 (5 yoalt g gl SOUHT 5 (owy ¥
3T gl oS 3 giS'6 g Bdlro ()5 S5T S 3035 S g

) St () o o) el oK ¢ posliins § 515 5 e 35 0

WWAYANY 0m ds 5B AYAR/Y/0 sl yu 7,5 Honari.hosein@gmail.com YV -0V YY—+ Y\ (a0 ¢ shuwe suicus 53 %

Q-.’.‘ 39 Sl ol KWy J‘lﬁo.\g’l G’..mflg g Lol touis auslw P}O‘*ﬂ) ‘S)Log'.f ‘_;l).g ‘Solg.)' ‘_;Ubo.w.ﬂ, 3950l & [T RV-
S S o5 S gl (pdig g 3 (gOledtin (ymSTly (2151 ]380 g 99 g0 (Sla STy I (LU NSl 28 (g 9« Fudi
s oolistwl (5 pouds o5 JomesS 93 33 a7 puglinsls Ldlone (45 5T F (rand g 00l Hg3SB Y (e

2956 g Lidlono (45T S y0alS S Fgi (i p S3l> GBJS 95U ddgi (5l o2y anlllan (pl 58 Wa sy g Slgo
G5 5L 6330 (3936 U ) il g 031l s o5liiwl JMo yuded ailF9S yqmndgol gy 3! oo/ pii/ uslowls 00ouinS
(PLA-PEG JoSelS oyl oy — ol S5 (g 3950 adgi gy Jloir| pdl e 599 i . iy (68501 el 350
Ol 4 (59w g0 il e hosl Fwly (w2 9 (U T adgi jglio 4y .y oy 1 S i g5 (S g 1 5Bk (59 )
Al oslawl sl g Cawd diged

S 3T A o ol ()T, g a4 S ylS Sbmisy dde oy @OL KTy il laaiil
g o0 6,08 ,3L 1,5 5 99 5 ol (105 )L G2y 4L Sy oy S (o o3 T i S s 0 LS Ty gyI0 Sre
SIS L B o o Sl 0ol (61855 33535 )b 90 4 by po (GO BT T (9 ¥ e 9 Sl Hlo Sxe (3T (45 ]
‘sl.bu)‘sui ‘s)l&f)lg L Q‘S:"@ 4 Cawl o.g] )i’bo o C,.g] ...\g'o)f oo Lio ‘5)|.>‘5'~u s | 5.>I3T 9 By F SO ool
Sg0d dlgi (655 it (0L T i (32,5 k2 Gl @) G2, Hb Sy 9 PLA-PEG wil)dgili jo &G pouls

owsbewls 005iS HgiSB gl cmed 3 Lblre (5T Hlz cmed a5 ol (Lis allle cnl I ol gl :(g e Az
Jid (LFD1-PA4) ooy adgi S poul5 (sl 5T ol - lod g0 i 1y (Jlad (45361 9 i iy pléd! )00y b peee/pii]
Guley b gadgr (5T g3l s ol il e Wil (BRI L;T Glane (L1 o S5 4 06 g ol
wlod Sy 1y (s Lo 3T ylgus o] i KlgF 0 o J S

55 ol (L punnS T ¢ sl 56T gliawls 2l 35SL (b (45 (KT e P g9 Awig vkt S (5T 9 5y g lS slaoslg

Shxlas 5518 adllas 5,50 66)\?::-3 ads g_é-.'.L“"" a‘““ A.‘:-Jg‘ Gl r\ﬁ) ol o Sie ol S p—;'}°\r?“

S Y JeS olie bossl ol opseasaslis e ol K wwadS sl s el
W 20 fb L s Slacton 5 (e sl A 2oyl 5 o5 slad 4 Jal Sl s (golasl
Wil 1 @k S5 S b S pbods DS clin loys — pailig olas e b 5lan o
Sote [Y¥]ass o olelis L ool ol Wy esly
Db\ ngﬁT S 2 O Al o Sl
oSty Lol Js s Lases(Protective Antigen PA)
dgme S8 51 (AVP) Qe s 48 5 5 s o5l

St 4 s Slag o e Jole s el sas
o3> ans adsl Jol e 53 s Selen olan STV 35500
aian e Ll 153 o liss S s s51 | isie 52
) ) A2l S50 Sosmsl ol b sz plb g 4
(AlUM) o 1 sy 5o 0 b agsee 5/ e sl ¢ 52 s e 5 oS ol Culas Gl o gy ol

x5 PA g, Slas Gl ams o i) o Cnny 6\-‘”&36‘55 5ol syl 5[] el el ez

¥¥


http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

VEe o s s ol dAY L) Pl oYY U

esS

dowlin o581 ol &y 55) sas sl el 35
Solel A 5 ilee 33 5 OBl o g polasl
S ) (o S s 50 3 5l ealinad b Jle ol g2 @)
5 LouSly e Gl SR salo b F o )
355 4 gl mel ol Gl clie aneY e e
IV el ooy

Sy by s Gl oS o ol il Sl
[ CE N P PU PN PRTRL Gt PR BN TS BEW LS
Al sy eaiaS 586 sl 0 &S Sbo g gl s
eVl 380l ke (s W) saz 5 ool gl s
JUskS s slaggaly ] &l sas oo 3 b 51 [F]
BN s L (S s st LF ads snzady
ol el ) et oatnag Lt o) &S 1615 (LFD1) sazeS
5P a5 L LFDL w5 ) iz VY]
o3 A YT o0l i ol Bl ad s o Kes ol
5 smse oSy 5l Al OIS 8, Gl oo
SE e u*" 9 5heolgan oSl QLB sl 3l
S AL claps Hshie cpoy as oolinad was S5 L SL
S e alfdl-pad S5 asks 5 oz sl o2 4 pad
(28 813wl 550

o9, 9 Slgo

Gzl il JIg) Ifdl gy Jolo Ll 5 anks

5L s 0V ) pad 5 (anzS 586l slgsl 51V -YoV
SWAF b 1) (e 581 S S sl )
Ecoli 58k & (Ml o581 JuSs S slesl YYAF
S cwl S5 a Y s ol 2L SL obse s Jlsl
e S e slpadd 5 Ifdl clags Sl JBU ol lags S,
4 (§) e Pl pals Wil oz sl s
5 o2 (o U L ol ) S s aelsl s s S
PEG-PLA &S5lss ks sl iusil 3 LS o5 ]
ooedoal o) 5 eSSl W Gl e 1L
s olul s sl VY] s esliad Pl s PPN
w3l sas a5 ol,5 56 (Zeta Potential) b3 sl
S&ails & Glate LSl 528 csle Malvern Ju. DLS
S8 sz Sl s oslizal (o)) iy Sy ke
J5uS5U SILFDI-PAL S S oS 55 o5 2 il
23 555 0 S ke Y55l PLA-PEG &l)3 5L 5l (o)l
Vo oosss S 0300 PBS Jooe iy Se 00 o
0900 oy Sun Ak o A8l 005 @b 5 At (g e
DY erpm 5ol 8 sle an 5o YV gles o 5L S0l S

¥YY

solizal o3l ISl sime VL) 55 oS 1Sy s ol
psnime )l AeaSso0 So5 058 el (AVA) ws £
Ao Jlon) Al 51 5538 Ll slappuSly 558 g0 odr
L1 6l S5 layss 4 gl el oS Lol g il
S sl 331 a8 LIS ole i) el S
J cbliz cnl (Sas &S il 5250 Bl pE iz en
JSae @l 5a apa bl (8L ol Ga e Pl ads
o) oSl GYsb aly LSl ) ol
3pdoe i sl 5 b K5l e sazma (b o senlieS
[0] el sl

s ol pas PA uSly Gal (i sism) o
L IP] el w3l 5 coe Ll s sl3TPA S cusli
S Ul 51 sl pll eas S5 JYs & an
Sy el g b ingl 5 5 S Jes
0S5 b PEG 5 Gy B bl b Ao
Sl 43 8| 3 4z 553,550 5 00 &) gans sb 4 s uls
g ooy Jus Slaptane cnl Gl dex ) [FY]
el GYsb Sl S sl s 0as0 sl clile il
A el Joe & S ke i ssb 4 0l oy 51 oS
sl el g 45 STy ol ol 4oy 3l eslic
salys 1S o8 G35 el Bl s Ll 0
ol 422 5 0531 aaVsb 5wl (2l L asl s
Sl ol s sl S5 gl fly o ) e 4
PR U Ky S T | R PP SR P - SO
s reb O oS s sa sslinal i S5
[A] S52 e My o500

IESS) p—--.~.5\§)| Gsle sty bl a5y
o) Sl 5 ol b plgie a0l 3525 5 (SIS
K 5LS 5550 (gl (b C“‘L e UW@)\
Ssmae Oh A Sly Olsis 4 ‘(weé@)‘ I des 50 Js
L sl oo Blol sl iy cpl Wsa o i sas acuSly
Ll slap gl hlin s sas sbol cblis mlan alS
o 3n sl e 20 5 bl el culg s
e s 3 )lee 0 s ”Jf OolinSly oL als
3)l5e B 50 3 8 o auSly 353 50 o NS I P
Jers 353 lolen o bt Gind iS55 00
V] 8 055 392 0 55 Golow Sl e

b Sty a5 W ST, NP PUPESS R ¥
TGO RO 5 B RS - P S O I VT =
5 Magwse Sl sl plse cou sy
e Sl s Sty gy LB slac e


http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

o‘ﬂsﬂ-“ﬁdﬂw

S 5y 93 gy S aw U 3 T 25 s n

b Sos i pll g aw 5o e 5l 600>
G5 O o ain G Y 59)) o o5 Sl o iy S
PR 500) ol Gy 3l o ain K5 (YO 55)) psm
A oms shle 4 Sk O)so ige A i aaS
4 pees e Sl Ghas 5l Ghae g 50 352 50 oL g5l
ZJe.ij sl 5 3y,

A os e 530 85 Sa 0 ke b 58T s
NUNC, ) 39 ey (slae i 4 iy Son \+ + aonm L PBS
O b e sl 90 S Lo 43Lo] (Maxsorb, Denmark
G 1S il a3 b sles ot K e 4 55
do5 /0 s> PBS L) saces 3L L L A e ol
V ol PBS 3L 51 5 S 4S5k g ot diecs (Yo o g8
s Sen Yooz a 03l (BSA) 58 e sl ao
s 53 ele Ko e s Bl o im a4 5L ol
DI P VS PV CN 1 Y PSR P KV N LA W
FooaV e ) e, b e cbasal 5 as as
ol i pa iy S Ve e s g A 4
R NP RV NS VS P RSRTSPLT CIEVPVRCN
w3l b 58 e ol gadsced
a5 Lol e i ol 4 Voo e 4\ 85 bls laS
FRCOV PPN SRS S| RN WP KWL CRNCIP IV SCIRW
ke a3 £ 65l e jis 4 OPD ol (sl g g
alee 4 Vs /0 Sosdlan al iy S Ve
(OD) &, s a6l Sals a 5o 28] 508U se
e 5 VW s 3l oalizd | e 55 40 £ m Job o
clle syl gmie g5, 5l a8 o Stat Fax-2100
V] a5 )5 6 Seslul 5ysm sl ]

25 3 Jols laesls ol s ) sbel 5IUT
S 3 e it Y by as a5 ol ul
S oses) opl cas ol Totest s ANOVA lag se )
Sl oSOl ope) baiges ol sl 25 il amlia
Lo aons g sl o 5o (boy 5 o sl o)
4 ool YF 455 SPSS )3l i 51 sl

3l Jshons g itls s slos Al e a5 el
9550 0l ga Ve el Laids 0 Sue 4 S350
Aol oles a5 awsls o) Joboe 5 1y Se 04
S 53 333 535 wSS5 5 ey 5 A e u»;v‘o- 514
alsl 555 ¥4 S s 551 ! Pl S e )3 L5 S
53 a3l s 5 ey ol 51 e el ¥ sl s ol
S eslizad b e 28 8 ol 5y, can p Sl Aol
o ke DS DL an bs, sl e s 1 2
S Aoy g Culg 23S e Kgad 53 5 g
odepmas ol Sae 5o OLISE ) eaala, 5
AL e 5

0350 Wyt s f\‘ D35ed Lasda Gl
S 55 s so8xb 5 oIl s, » PLA-PEG
4 Mg 5l e 0350 ol Jslow 5l patine e
5 5 e o 5 e 5l e 10 556 A S
Al e Y Lol o) & (ss ke Bds 5l
NaOH 5 10,50 SDS (oslo Jskos) 6,050 Lila,
VP ol Sae 5o OhLish 4sad e aa 43l (0.1M
S @‘)I 4 St S Er oiela) Joow 5o cel
J o5 5l sad oslpan wisel e V0] Wiz
PSSP s Aie eme oles 4 OL3SU
5343 8 5,985 Sl ao,5 SDS-PAGE 12 J5 s Sals
Gl 352y b as o5l K, SDS-PAGE J5 colg
Dl asiae Slyd gl 5leas b, L

b LFD1I-PAL (S 55 055 5 e ol il )0
g5 ) Gosm stz als 5 o 055 4 s Ller
o (aan ¥ oo 50 S Y-=Y0 535 b ssle Mus musculus
GF ) Cose A FY S YAAY D 5o, 50 c s
5% 0ad Ay S LFDI-PAL .S535 op5s 5 coimad 0
355\ 59)) A, 5 S Oyse 4 5w PLA-PEG of)350
Joaz) 4 S Pl g 25 Sop0 4 (YA 5 55)) a5
56 356 51 5508T e 4 s ks Sl o, 0

03wl PBS 5 55

Sibe ol d2lpe 50 (R 0ad NS )L pd (Setign polie g plej dwog SN Jeu

, . B ERRRAR S VO Y&,y VO Y&, ARPRN35Y
OPoy | oo b hge Sl = = = < R o GCE b
- . (p 59,5 (555,55 (P55 5,55 (P55 5,55 P oeSsn ©
Sy °9
V35, YAss, V355 Jslss,

+ + + ol; LFD1-PA4 olS cpsigp | )

B LFD1-PA4 5 pussgp
S| 09 RS e 0 - + + ol . e y

3l yo oads (5,05,
" N + PBS ¥



http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

\\coo )}Q.J@nijé\bf ‘(/\\c L;‘Lu)\c a)\auz Y _,\.L>

esS

sl AY/Y o5l ke U PEG-PLA s sai 5,138,
onl s 4@ PDI=+ /YA 5 g Joe =YY/ U5 Jesls
¥,y Ji&)a)\ggag\.lzaoutlza)\u;'-j\.g@u

LFDL- S lacnssp coilas Jobe 51 aslizl |
Sz 3leaslay w5y 5 ol e PEG-PLA &l,3 50 4 PAS
5 S a5 el o ol AL S0 g
Sty bbb sleasls, ey, w2 5l oy
sl (F JSa) SDS-PAGE J3 <5, » 18,0 5l L
235 san b

S Gy Slead Mg 6>\e6‘~'ﬂ A5 bl sk 4
(G5 Ob L) sl JSs aw 4 (LFD1-PA4) oS
5 G b 99 ead IS 5 G LSS sas I
B s 5 Gy A s ol ol Al
LFD1 , PA4 LFDI-PA4 slays sl ade i 8
UZ Y RS G W N PN A A ER N e
Db a5 asluld g 5 (V/Y e 25)) 2w 32,5 (OD)
el s anli 0 e s mls s LSl LS
ol 3 @bl CllE Gl VL 4S5 5l saiaap s
S m ain S S g o S0 4 by b
el ael a4 bt 5l 605 G oS
ade (ool Bl e le gt AT S0 0 i
LFD1-PA4 o8 o551 L osas 18,0 olisb
A Sl

SMasl ans e ol oSl g5l Sl sael ooy gl
SHIESL MY ylez 65 8) 55T o3l Jels ey
Gy 90 oad SIS0 5 (VY oslas 05 8) Gosy Sy sad
sPBS Lla) ¥ 5\ J a8 elaey 8 5 5 (VY o)lei 0 5)
Jsaz) conl Jlsgms w055 i glas o 55 (PLA-PEG
RO DN A LS ) C ST PO < WU VL ¢

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 152 Peak 1: 937 1000 296
Pdl: 0.280 Peak 2: 0.00 00 000
Intercept: 0.951 Peak3:  0.00 00 0.00
Size Distribution by Number

Number (%)

01 1 10 100 1000 10000

Size (d.nm)

590 YA0ae 4 PEG-PLA &l,3 50 51 sy 5 uls,
2oy bl s sp (S0 Al e e 0l3)
ssboles i esls Gl Hlasas 5o B GRla, aeas
Sy 5o oles e opl Sl dm s sa e sdalin N K2 5o &S
e s r\.eu" PEG-PLA o155 50 51 Lola, as s YA

Release%

Time(Day)

S relS S 59 g n Gule) (e w0 gl N S8
55, FA o Job s PEG-PLAC 346

o0 455 PEG-PLA &5 50 o 5o s 3leslal 51 ey

Loy s 255 5 LFDI-PAG WS 555 g o
oarle 5 b5 Jeile B 5l mas e DLS o&aws
Azsls Hl 3 6:.«4\.2.4 035w 3 598 L3 6L (PDI) 6?.,\.5\))
LY Jsa2)
3 ool b Sl3gil oliondsfi e Slovgas (cyn ¥ ooz
s )s Lol

e p ol )34l
LEDV-PA¢ I8

<IYA- Yy -YYN

Diam. (nm) % Number  Width (nm)

Z-Average (r.nm): 6678 Peak 1:  13.88 100.0 3955
Pdl; 0.337 Peak2:  0.000 00 0.000
Intercept: 0959 Peak3:  0.000 00 0.000

Result quality Refer to quality report

Size Distribution by Number

Number (%)

0 /
01 1 10 100 1000 10000
Size (r.nm)

B

¥rY


http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

LS 5 68 e S S 53 ey S au 5L 6>L.L;“~5T S A

Results Result quality Mean (mV) Area (%) Width (mV)
e YA Zeta Potential (mV): -33.5 Peak 1: -32.1 100.0 670
Zota SO (mV): 711 Mean (mV) Area (%) Width (mv) Zeta Deviation (mV): 17.9 Peak 2. 000 00 0.00
Moniity (umermivs): -1 814 s ¥k it 744 Conductivity (msiem): 1.17 Peak 3: 0.00 00 0.00
Mobiiity SO (pmemvs): 05571
Pesk2: 000 oo 0.00
Wall Zeta Potential imV): 182
ENscave Vorios (V): 147 Posk 3: 0.00 00 0.00 Zeta Potential Distribution
Conductiviy (mS/cm): 0.135 1000000
e 800000
Zeta Potential Distribution _
£ 600000
- =
£ 400000 g :
S L B 400000k < cevveeeemeeeeepemeeeeeeacd
3. H
© 200000 200000
8 L
2 0 ‘
200 100 0 100 200 20 100 o 100 200
Zeta Potential (mV)
A Zota Potontial (mV) B

o L aigy Lyl 45 (B) (puiigyy w8 s LEDV-PAE (A) yoylS (5555 (g5t PEG-PLAGI 353 (63 Jmdly (o2 o505 ¥ S5

DLS
35 - a\j AL iSO 48y W g 1 2 3
34 - W — S
e B
by 25 + - . 135
£, 1 g . o 100
! _.T w—l 75
~15 4
£N R 63
_45 1 4 —_—_—— 48
X o5 4 — 35
. . . . LFD1-PAS - 55, | e
0 T T T T T 1 25
LFD1-PA4 LFD1 PA4 .
S g slagiip p Adle gL Al wlle 17
G5 3l 2L ond g ol (T 5 (Sile alin £ IS LFDY- 1olS gy cuisS b)) 599,580 (oo - Gl F S
Gy e odd NS bl S 4w & LFDV-PAE 0I5 .55 ofsn -V ogiw PEG-PLAGI 34 5l adl ils, PAS
LFD)-PAL o5 il ale 5,55 90 00 5,135 )1 5 =Y s . PEG-PLAGL39L 5l sl ils, LFDV-PAf olS
PEG-PLACI35L s (5,l35,L 5| L3 LEDV-PAf IS o5
5 3P e oad 5,8k bl 1f (T oSils (03T @l ¥ Jgaxr LFDY- 555 (50l (65501 aunlin b 0y JsSho S0t -Y g
Nlaz5 5 15 Lo sls 05,5 45 B3 99 odd (5 5L coimley 5l w3 PEG-PLA oI350 0 (6,l35,L 51 i PAS
ol oaits sl ] CedS )8 (6 i
G31_G32
Duncan®
Subset for alpha = 0.05 45 -
VAROD0Z 1 N 1 2 3 4 5 g
1.00 3 1427 41
2.00 3 .2347 3.5
31.00 3 2.7330 Q 4]
32.00 3 3.0830 2 I
33.00 3 3.8310 S 251
Sig. 1.000 1.000 1.000 1.000 1.000 “_,,' 2
Means for groups in homogeneous subsets are displayed. kS
a. Uses E!arr:onic Meangsample Size =t3.000. B ¢L 151
-
0.5 1
0 g
PBS PLA-PEG S50 S sl G,Fe sl

oS g s gy ke oL (T i

oad aiile (5o gl 50l SlagSly 5yl 4 b ]
ool s Sllae ol snzs a5 o) oSl 558 Ll 25D e B Sl o ead g sl (L Bl oges & S

- oM&‘ﬁLeélTQde;LFD\—PAi J.o.o'Su.J.ojf(\/Y“
ool 4 cmnlie 5 A8 81y 4 hcws ) S e T h
’ LFDY-PA%. glocyuiigy ade aiy,55 90 ool (6,105 L 5 a5 SO

b S5 Lo (LF) sz 5586 5 (PA) asbe o551 5 PA% 4, LFD)
5 o [IVAA] cud 5L el 5 KK

¥Yo


http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

VEe o s s ol dAY L) Pl oYY U

esS

<Gl [Y¥] als 13 6""“\ s\l 5o 1) sanas 8l S
e Sl B s, el ol olbSes ; Makam
eSS gl 5l sy adds S, Ll 05@3T
1P VY O PRV W W S B KR
Y] wsls 5l 5 el

S s M )y o), 5 Sheherbinin sl
19G2a ol 5T FC cas 5 Jaslows 05,81 ¥ s 5l
N3 S s eSS Sl annd 3 15 g e
Al s e S]] 0ols 15w S sl
[YP] 550 sl gilie ol sl s 55

& olbas 5 Varshney Bl s Ks aloe asdlas ;s
e 3 B3lone 5550 FY slapes ;|J~\su;~}, el
s 86 S
[YV]

3ol e STy a5 s bSan 5 st
(ol 5356 il s\gs) ness) EFDL 25y, asks an
cre33) PADA 5 (50 5586 a5\l ess) LFDL
Olss (Bl 5381 s S sl
D3l by el e e Kl
S5 eeSs S sl 5o 1, PADA (Sl sl
Sl 8 s s ] s ol L3 ol K, w8

.,\JJ‘.\ )‘JB (f*‘\ k_g\.@...v\ BE] \) & LJ’“" «

oS K

3590 oS p Il Instability Index 5 5,05 1, ol o e
Al s o aiS0nl 2l s S alons Fe/VY L
[YA] 938 o Cmimn 5 o aalllas

s b NI 20, 410G sl b)) el
2 @l i s sbes S Pl s 8 als ol
O AR R NP RGN e | A B SOPESv R g
olel B 51 gls gtme Ml sl 5 iy 5 sy S
ol g

ol Sasl oS Lley § s ol sl x5 Ll
D153 5 oS ans e L5 K3 g 03505 il |y Ll 15 5]
5 clin L, b a8 e colgmal ol 4 Kilazdl s
(sl e (B 53 03 U s 058l S Vb
PR E < R C VRN PP NP g
S 02 (18,0 S50 a1 S by ade gl
R T e B R e 51w
.MJ@

N K bes S o sobisl s Ol s
QJ&T 5008 IOk Gy 5b 5 5 ead I Gy
A SOk 5 Sl Slo gae 0o s o) s CE-N el
e el oz 513850 355 5\ 53 4 b e 6&53\4.‘_;‘J

¥rs

DLt o5 pleal Giliie Glaay e 5 2S5
pag s lef o5 s slSs Qj\j:,lz}\ Loy o plas &S a3 o
u‘-’-"p-"" (L8l u)gv‘ 5 oS 586 A 5 J st slag)
I & oalize ditd Sy 0kt g dielannd JI
(IPA) S 55 Bsloe 05080 1 i oty cale
e 5o o) S Bl 05T e (3 5ok )
e el el VYO 5l 85 o 5oke 8 au o a5l
51 e 58T i o LSt e Sl 5l 45 33,5
Il olsmn Joker o 53 353 02,8 4 ¥ poed 3 b
ol PA blis by ol 81 el s cpl 5 b s
5551 S 5SSl 31 Tl AT s e
ans g Bz 1, (VYO b 087 51 latealon) JIg) Lislona
V4]

il o380 cale @l sas pll Sllas s
slesl ol wie 3b JIg el o b oS
dem 5ol s § Ol il o5 81 Sy S
5 Makam Gl Y] 54 cas 00Y o,Kas 5 Baillie
S Fee gl 5 2lo) 5 [TV 5L i TN oS
15 a5 1y Jaslona o3 8T JonSse S Ll [YY] 5L
Kloals

3oy & 1 sl ol o5 sl e a8 A cole
WPA 5o 58l wile (e Ko Sl 455 5]
B e sl sl s s
2556 Glesan s oS Sl s sanlie ilise Slallas
Sl L rse 5o PA e ool sl ol PA 5 sacaS
G 4y by e saisS 56 5T msl il cf‘ 5 AR
b 65,050 53 4l ol (Gl LFDL iy 5] el sl
S eslial 3550 Gilibe bags sl Sl o)y i
b by el Gzl S cul sas sanlis 5 w8
[¥Y¥] wl e sl 1, CD8* , CDA* (T sk

b;\;,g,y&\,;mru\»muu\z‘w”u
XY w‘é‘-&u‘wjn 1S 5556 ) u“’ Sl
058 eSS S\l 53 anb sk 4 PA4 Sk
LFD1- S ,mlS s culg Lo S o ol 3 Laslowa
a5 S Ol PA4

5556 (K e 51 a8 s o, 5 Baillie T
b el 5 wxwubtmu)w\fw;pw
HeS S el o 1y Bl o5 5l F w: 5 XS
s oban 5 WU BT [Y+] wols 13 S s,
Y wl iatis ool 5l S s ;.;u,u}\}
(PAB3) ;5315 shS FY Lislone 15 51 5 oS 586


http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

OLKas 5 6 e

S 5y 53 ey 5w 5L 3k ) 25

https://doi.org/10.1086/341902
PMid:12228822

[3] Flick-Smith HC, Eyles JE, Hebdon R, Waters EL,
Beedham RJ, Stagg TJ, Williamson ED. Mucosal or
parenteral administration of microsphere-associated Bacillus
anthracis protective antigen protects against anthrax
infection in mice. Infect Immun 2002; 70: 2022-2028.
https://doi.org/10.1128/1A1.70.3.1653-1656.2002
https://doi.org/10.1128/1A1.70.4.2022-2028.2002
PMid:11895967 PMCid:PMC127835

[4] Chichester JA, Musiychuk K, de la Rosa P, Horsey A,
Stevenson N, Ugulava N, Yusibov, V. Immunogenicity of a
subunit vaccine against Bacillus anthracis. Vaccine 2007;
25:3111-3114.
https://doi.org/10.1016/j.vaccine.2007.01.068
PMid:17280756

[5] Hepburn MJ, Dyson EH, Simpson AJ, Brenneman KE,
Bailey N, Wilkinson L, Baillie LW. Immune response to two
different dosing schedules of the anthrax vaccine
precipitated (AVP) vaccine. Vaccine 2007; 25: 6089-6097.
https://doi.org/10.1016/j.vaccine.2007.05.018
PMid:17604880

[6] Wei Y, Wang Y, Kang A, Wang W, Ho SV, Gao J, Su
Z. A novel sustained-release formulation of recombinant
human growth hormone and its pharmacokinetic,
pharmacodynamic and safety profiles. Mol Pharm 2012; 9:
2039-2048.
https://doi.org/10.1021/mp300126t
PMid:22663348

[7] Zhang Y, Wu X, Han Y, Mo F, Duan Y, Li S. Novel
thymopentin release systems prepared from bioresorbable
PLA-PEG-PLA hydrogels. Int J Pharm 2010; 386: 15-22.
https://doi.org/10.1016/}.ijpharm.2009.10.045
PMid:19895878

[8] Makadia HK, Siegel SJ. Poly lactic-co-glycolic acid
(PLGA) as biodegradable controlled drug delivery carrier.
Polymers 2011; 3: 1377-1397.
https://doi.org/10.3390/polym3031377
PMid:22577513 PMCid:PMC3347861

[9] Des Rieux A, Fievez V, Garinot M, Schneider YJ,
Préat, V. Nanoparticles as potential oral delivery systems of
proteins and vaccines: a mechanistic approach. J Control
Release 2006; 116: 1-27.
https://doi.org/10.1016/j.jconrel.2006.08.013
PMid:17050027

[10] Donati C, Rappuoli R. Reverse vaccinology in the
21st century: improvements over the original design. Ann N
Y Acad Sci 2013; 1285: 115-132.
https://doi.org/10.1111/nyas.12046
PMid:23527566

[11] Moyle PM. Biotechnology approaches to produce
potent, self-adjuvanting antigen-adjuvant fusion protein
subunit vaccines. Biotechnol Adv 2017; 35: 375-389.
https://doi.org/10.1016/j.biotechadv.2017.03.005
PMid:28288861

[12] Albrecht MT, Li H, Williamson ED, LeButt CS, Flick-
Smith HC, Quinn CP, Groen H. Human monoclonal
antibodies against anthrax lethal factor and protective
antigen act independently to protect against Bacillus
anthracis infection and enhance endogenous immunity to
anthrax. Infect Immun 2007; 75: 5425-5433.
https://doi.org/10.1128/1A1.00261-07
PMid:17646360 PMCid:PMC2168292

[13] Nguyen ML, Crowe SR, Kurella S, Teryzan S, Cao B,
Ballard JD, Farris AD. Sequential B-cell epitopes of Bacillus
anthracis lethal factor bind lethal toxin-neutralizing
antibodies. Infect Immun 2009; 77: 162-169.
https://doi.org/10.1128/1A1.00788-08
PMid:18981257 PMCid:PMC2612257

[14] Ghasemi R, Abdollahi M, Zadeh EE, Khodabakhshi K,
Badeli A, Bagheri H, et al. mPEG-PLA and PLA-PEG-PLA
nanoparticles as new carriers for delivery of recombinant
human Growth Hormone (rhGH). Scientific Rep 2018; 8:
9854.
https://doi.org/10.1038/s41598-018-28092-8
PMid:29959339 PMCid:PMC6026132

[15] Singh N, Mandal AK, Ahmed Khan Z. Fabrication of
PLA-PEG nanopatrticles as delivery systems for improved
stability and controlled release of catechin. J Nanomaterials

¥V

Sl sime SVl b3l 5 oy 5 S sas IS G5 o
L oolsiee oSl Gl Sl e ) s 8 sanles
Jb K 5 PLA-PEG ol Ly a8 QB@‘JT $38\
My ok @bl ol (G Ll cl &) @y
. gad

Sl a8 381 sl D3 el 4 a5 L
KB ol sl e & 0 455 5 s G, L
03,5 55 4 3l ol Ll s e a5 osligsl s
bl 5l eV e alS o5l sl il
el s a5 ol gl ol jen ol 5 5T 4 s

8 ls05 55 (e S t cSly A s 5
036‘3] S i A e Nl ol 6}‘5)\‘. ol
315 JGs 4 1 0551 e 3leals] oS ol 5 e
IS5 a3 ol 0 4 0381 S 25 m Jlae sl
Fotm cblim 5 508 i w s LI el oy
s S, 5l ool 4 s I3 5L 5o O)gsj Wl
35S aum (Sl (ool 2l 5SS Gus U s
< gsf"“\‘;"‘ mjf Sh3gl ) salamal (o9 b, sl
S b el e b b opas S
Bl g bt el sl slites ool sl oS8 Sa
Sola 3,050 ads B 9 e alie ol e 2y,
Q":jﬁj‘ 6}\.‘» u\)bf\a )\ A.}\.G.....;‘ A&wf w_‘:-(‘.h .;\.w\a
Sl (2 ae 03 St &S @l Gl el S
a,\.u.S g.J‘j;\Q' ;J:}A Lg«.m‘ J\.”u‘ \4 .f\a‘fdc (Al P_‘»)AL..-/
ol 3 ol s ey S (o S ean sk 4 1 sl
3556 o) 5 Blne 5551 Jlem s 48 sl ol adlllae
Wy b Je o5l 5wl plsl K b saas
(e S 4o 5 el Jlad 0§ Qj@j o)l o
Sbhls U e sl e AT ol sl
e 813 gn w0t IS s b sl 038 sl
S Ko |y 23] g el

S35 9 S
23 p e oL 5 ol S sl sl
d"a’”u‘\ QMJAMAJ))‘\S‘(t)MrL“ Co\:- a\i,u‘)

258 o SIS el s St s S olsl b 2k

el.io

[1] Patocka J, Splino M. Anthrax toxin characterization.
Acta Medica (Hradec Kralove) 2002; 45: 3-5.
https://doi.org/10.14712/18059694.2019.49

[2] Bartlett JG, Inglesby TV Jr, Borio L. Management of
anthrax. Clin Infect Dis 2002; 35: 851-858.



https://doi.org/10.14712/18059694.2019.49
https://doi.org/10.1086/341902
https://doi.org/10.1128/IAI.70.3.1653-1656.2002
https://doi.org/10.1128/IAI.70.4.2022-2028.2002
https://doi.org/10.1016/j.vaccine.2007.01.068
https://doi.org/10.1016/j.vaccine.2007.05.018
https://doi.org/10.1021/mp300126t
https://doi.org/10.1016/j.ijpharm.2009.10.045
https://doi.org/10.3390/polym3031377
https://doi.org/10.1016/j.jconrel.2006.08.013
https://doi.org/10.1111/nyas.12046
https://doi.org/10.1016/j.biotechadv.2017.03.005
https://doi.org/10.1128/IAI.00261-07
https://doi.org/10.1128/IAI.00788-08
https://doi.org/10.1038/s41598-018-28092-8
http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

AM RIS PIRVRAPRH EYPINV ¢ &\ﬁ)\cwu‘\,r&

esS

[23] Price BM, Liner AL, Park S, Leppla SH, Mateczun A,
Galloway DR. Protection against anthrax lethal toxin
challenge by genetic immunization with a plasmid encoding
the lethal factor protein. Infect Immu 2001; 69: 4509-4515.
https://doi.org/10.1128/IA1.69.7.4509-4515.2001
PMid:11401993 PMCid:PMC98526

[24] Wu G, Hong Y, Guo A, Feng C, Cao S, Zhang CC,
Liu Z. A chimeric protein that functions as both an anthrax
dual-target antitoxin and a trivalent vaccine. Antimicrob
Agents Chemother 2010; 54: 4750-4757.
https://doi.org/10.1128/AAC.00640-10
PMid:20713663 PMCid:PMC2976106

[25] Makam SS, Kingston JJ, Harischandra MS, Batra HV.
Protective antigen and extractable antigen 1 based chimeric
protein confers protection against Bacillus anthracis in
mouse model. Mol Immunol 2014; 59: 91-99.
https://doi.org/10.1016/j.molimm.2014.01.012
PMid:24513572

[26] Shcherbinin DN, Esmagambetov IB, Noskov AN,
Tutykhina IL, Shmarov MM, Logunov DY, Gintsburg AL.
Protective immune response against Bacillus anthracis
induced by intranasal introduction of a recombinant
adenovirus expressing the protective antigen fused to the
Fc-fragment of IgG2a. Acta Natur 2014; 6: 20.
https://doi.org/10.32607/20758251-2014-6-1-76-84
https://doi.org/10.32607/20758251-2014-76-84

[27] Varshney A, Puranik N, Kumar M, Goel AK.
Immunogenecity of a chimeric protein of Bacillus anthracis
protective antigen and lethal factor in murine model. Int J
Infect Dis 2016; 45: 426.
https://doi.org/10.1016/.ijid.2016.02.906
https://doi.org/10.1016/}.ijid.2016.02.907

[28] Abdous M, Hasannia S, Salmanian AH, Shahryar Arab
S, Shali A, Alizadeh GA, Mohseni A. A new triple chimeric
protein as a high immunogenic antigen against anthrax toxins:
theoretical and experimental analyses. Immunopharmacol
Immunotoxicol 2018; 1-7.
https://doi.org/10.1080/08923973.2018.1510419
PMid:30621469

YA

2017; 1-9.
https://doi.org/10.1155/2017/6907149

[16] Mosayebi G, Abtahi H, Ghazavi A, Zareinfar N.
Design of enzyme-linked immunosorbent assay method for
detection of anti-streptolysin-O antibodies on base of
recombinant streptolysin-O. Koomesh J 2012; 13: 362-367.
(Persian).

[17] Brey RN. Molecular basis for improved anthrax
vaccines. Adv Drug Deliv Rev 2005; 57: 1266-1292.
https://doi.org/10.1016/j.addr.2005.01.028
PMid:15935874

[18] Bell M. DNA vaccine protects against anthrax. Am
Soc Microbiol Biodefense Res Meet Baltimore. 2004.

[19] McComb RC, Martchenko M. Neutralizing antibody
and functional mapping of Bacillus anthracis protective
antigen-the first step toward a rationally designed anthrax
vaccine. Vaccine 2016; 34: 13-19.
https://doi.org/10.1016/j.vaccine.2015.11.025
PMid:26611201

[20] Baillie LW, Huwar TB, Moore S, Mellado-Sanchez G,
Rodriguez L, Neeson BN, Altmann DM. An anthrax subunit
vaccine candidate based on protective regions of Bacillus
anthracis protective antigen and lethal factor. Vaccine 2010;
28: 6740-6748.
https://doi.org/10.1016/j.vaccine.2010.07.075
PMid:20691267 PMCid:PMC3008506

[21] Makam SS, Kingston JJ, Harischandra MS, Batra HV.
Protective antigen and extractable antigen 1 based chimeric
protein confers protection against Bacillus anthracis in
mouse model. Mol Immunol 2014; 59: 91-99.
https://doi.org/10.1016/j.molimm.2014.01.012
PMid:24513572

[22] Rezaee M, Honari H, Kooshk MR. Cloning,
expression and purification of binding domains of lethal
factor and protective antigen of Bacillus anthracis in
Escherichia coli and evaluation of their related murine
antibody. Mol Biol Rep 2014; 41: 2445-2452.
https://doi.org/10.1007/s11033-014-3099-4
PMid:24430302



https://doi.org/10.1155/2017/6907149
https://doi.org/10.1016/j.addr.2005.01.028
https://doi.org/10.1016/j.vaccine.2015.11.025
https://doi.org/10.1016/j.vaccine.2010.07.075
https://doi.org/10.1016/j.molimm.2014.01.012
https://doi.org/10.1007/s11033-014-3099-4
https://doi.org/10.1128/IAI.69.7.4509-4515.2001
https://doi.org/10.1128/AAC.00640-10
https://doi.org/10.1016/j.molimm.2014.01.012
https://doi.org/10.32607/20758251-2014-6-1-76-84
https://doi.org/10.32607/20758251-2014-76-84
https://doi.org/10.1016/j.ijid.2016.02.906
https://doi.org/10.1016/j.ijid.2016.02.907
https://doi.org/10.1080/08923973.2018.1510419
http://dx.doi.org/10.52547/koomesh.23.4.441
https://koomeshjournal.semums.ac.ir/article-1-6347-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-05-19 ]

[ DOI: 10.52547/koomesh.23.4.441 ]

Koomesh -Volume 23, Issue 4 (July and August 2021), 441-448

Antibody titers of PEG-PLA block copolymer nanosphere
containing chimeric recombinant protein of protective
antigen and lethal factor of Bacillus anthracis

Hossein Honari (Ph.D)", Mohammadebrahim Minaei (Ph.D), Hossein Mirhaj (Ph.D), Seyyed Masih Etemad- Ayoubi
(Ph.D)

Dept. of Biology, Faculty of Basic Science, Imam Hossein Comprehension University, Tehran, Iran

+ Corresponding author. +98 21 77105122  Honari.hosein@gmail.com Received: 24 Apr 2020; Accepted: 7 Dec 2020

Introduction: To date, many vaccines have been developed for anthrax but not yet an ideal vaccine. In this study,
chimeric protein containing domain 1 lethal factor and domain 4 protective antigens of Bacillus anthracis in copolymer
nanocapsules were used to solve the problems caused by existing vaccines and to increase the efficiency of the
proposed vaccine.

Materials and Methods: In this experimental study, dual solvent evaporation method was used to produce
nanocapsules containing chimeric recombinant protein of protective antigen and lethal factor of Bacillus anthracis.
Zeta potential of nanoparticles, nanoparticle loading efficiency, recombinant protein release pattern, potential effect
of poly (lactic acid)- poly (ethylene glycol) nanoparticle (PLA-PEG) production on the viability of recombinant
proteins were investigated. Mice were used as test and control samples for antibody production and immune response
evaluation.

Results: The mean antibody titer produced against chimeric proteins loading was significantly different from that
of free antigens. Correspondingly, the difference in antibody titer was significant between the groups of one and two
times’ injection of loading and free antigens and the most antibody titer was related to two times injections of loading
antigens. In addition, there was a significant difference between one times injection of loading and the free antigens.
This suggests that the loading chimeric antigen on PLA-PEG nanoparticles and one time injection (instead of four
times injections) could produce more antibodies.

Conclusion: The results of this study showed that the domain 4 protective antigens and the domain 1 lethal factor
of Bacillus anthracis could chimeric with each other and produced the active antigen. This chimeric antigen (LFD1-
PAA4) is active and able to inducing the animal's immune system. In addition, nanocarriers containing controlled release
antigens can induce the immune system of the animal.
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