uwf)\,,&fwu@ﬁ;wu,;,—ﬁuu
FE oYY i TN Ol oY o pled (gl S

WAV /08 2 )= YRV V/Y8 il s LS

99595 & g2 Lslsg] sl s sl 42l 5in Jolge
INVItro &yl p& 58 Blwwgige

% = - o
n.a.ahangran@gmail.com o 1 can g5l e 5 oty (65 5 siag) (s pe 1O AT Sl ouunl

n.delirezh@urmia.ac.ir ol ) caw g, cauny)l RGNS SRS RO B PN S 3y 33 3959 H

m.ahmadi@UIMia.ac.ir «ol ) cawe gl caa gl o 2il5 (65 5T g5 ,Son HLils . ol o >%%o

ol >

=2
13 s Gl 035 S e 53 st oS S bl (Sln 55 59 B o Lt 2 4 4 5 L 40 ARe
sla iy i Sleodl) 53 6 S Liamd e Juslse ik ol bl andllae 51 O (Sl Gla i gie o
.wtouﬁpﬂmmsuob@); s e 35 30
.,\_;;Hsrsuol)\f;\4;,»5@,@%r))g)h,»gb\f,‘\,:;4;,;;@‘,,:\,‘;:;,,:,;:&‘;;5)3019»
LlaJods i bt amh 8 Lalmsise 5 La by 55 (5lolr 5 shie s ol 5 Ve 015 31 a5l 05 4505
oSSl (g 55 5l s e Jal g s (65l o K gt 53 s gisn 5 e K (59,13 31 05linul
ke 53 S 5 S e Ole a3l sy 4 0T )33 gm e s 4 e 5 agg ATCC23219 st/
P s 5 La s 5 5 e o) Ol s e Jul e il Gl ST
A S il sl 5 geal 5 (6 e gt 5l

S LS 3550 53 5 o5 Sl don 3 5 5 S0 At (sl 4 e ulse ol OISE 55 5m 55 LS
Jle o izl 5 s 5 55 5 W sige Sk &5 0 2ty 05 e 53 085 Sa Fr (soles
23 dond o Jalge 5 g oS 5l3 DS (lewy 0 e 5 (Il 19 (sla b5 5 5 nn g gm 53 550 00T Cikie
2 55T B s slan O 53 5 el g ga 535 55 5T 285 or o Wl 01

b 5555 00 o8 G, G290 B 5 55T W1 oy sl of oS oS alidlen] Slonis 5 18 i 4005 § Sy
Sl Job &8 o s Co Sl D158 53 el ol (5 0353 0m slos 5 ol D1 (sl sise 53 02 5
S & e L e e sl 0L 55 5 L s 55 Sl 058 55 3 b 51 iz L 018 S
AL p Sl e Jal g (555 0 S e 0] o oS S ablia] Dl 35 S5l 4 D58 (B3 i 5 polon
56 Sl 5 Sl s (355 el (ol ol T il s 59 5 5 0 Sl b i 30 (S35 (S 2y 5E
S el S8 s 0 g5 4 LOT Joe vulSe 35

o gign o Jbs 55 8 S b st e ol g o slas] o s sShila) (SIS S0 318

S U s okt 55 *



1Y Ol oY o led (gl Lo ‘um;\f)t,ﬁ_.‘. ol § Al

Yf

(e (O 5 F ) uSHls i & 0T Du >
Sl Ol e Coos olad 5 g0 cLacsS oS oLl
sy Glad 5 e oS SLalid o5 S (ko
534S S e 4 (MSCRAMM)' .S 5Ls
o8 el (St Julie g 6 0,5,
o Jate g OIS 4y e kipd e
53 €05 55 b s i e s ¢SS
Joole 5008 mar Jole eVl a0l 5 s
(3) dzes K Slo 4 S i

Sladshe i Ol e Lo sise 5 o L5 5 5
Lo S35 kan ol il 53 Dy ode oo
ol 5, Shes 55 I gy ol b o at s
SLas sie 4 Cod 0L g Cowle (2ol 31 4 ad pho
V) 555 00 petn Ol (2L STl

Ll 3 sl o sS 6S slebli] > o Shos
WJLb ) slad g 5l amwy b 53 w5y 0T
5 Lo 5 bl 525157 caandly il (JL 55T
Wl 0l 03l OLES sdate Olalllas b lajls STLe
255 ) (S b sl s S lil i
oba Wl o se a5 5 58 ol smsl slad 5o s
4S Sl odld et oyl pogde (A 5A) 545 o
i LS S sl ] 3l dme s o (Lt S 55555
A)ls i 6L Al el Lol W 5o cage
()

b e Jlgp el bl AL e s L
D58 e 33 il oSS hled (5 enS 55 F)
aalllae 3 Ll slacssie 53 (15 el enly
S A i e Sl
053 3LS Oty pys )l g0 3l ok llom (Sla sy s/

.

dodo

S ey b L gl S slac S yée
o S sie pl kg g il 255 (gla S
-y ol s 5 (513 g s 4 9
obatl b L (15 (el s g o
e ol el e o (oo s
axdl 0355 a Jlab Caliien G e Loy &5
b e Sl s el b S agrle ST
()

e GLa ST o et a5 S
5 0Ll 55 6L pl oSl st g o 5565 plslen
ez 13 g oo Caliine (Glai i sl o 5o ol
33 sl oSS hdled 51 36 s (glasshe
L) (ol S5 Ol py5 sl Ol 5 clapls
sl Ja 5 OT il 55 Sy 0de pLo3 oS o
S sdion 6 S il d s am aly 5 Ul g0
sladshe pud s Lo 56 4 Llesls Hlas Slallks
AL Ol 0 53 (6 ;S 3555 5 e 2> L
el L s sl A 55 e Jds 55 LUy 5 o)
J1s Caste SRl 5 6L s erles sla ST
o U by is B8 )b el S m Sloy
g8 hs S she (L sk Gl oS I (6 ST o
(V) 35000 oo Sl 53 5 A sy

e N S 5o st 5] o 5SS shili
05 S G 53 Ol pys oS sl Jalye
58S pte b gl (G5l o e
P DO S PSRN g P o IV E SN
V=S 5 o oS 555 51 AT S5 ¢ S
U 5aST gla S 55 K8 5 S 5 ol
2348 Koo M5 ushsl oS 5S phdle] Lo



A INVItro Loyl 5 53 W isn 5 W 355 5 S 2 o slns] o o535 o] s fa Jol g5 5

pie s CMT 2lesT s e o 2l odle 5 2
i Al CiS Lses 53 4 ges Lk
GO9S U9 4g

025 4 Sea 5LS 5 5m iy Sl e la O g5 4 ped
Ioor LaOT 31 sl o s 6 slle] 5 7S1) Ol
,A,;,J,“J;Mm}s,gﬁrswxfgm@,-Uw
SLaapn 51 (S5 b 48 5 2 e oty s 4
Sy s S8 Gl M okate 43y 58 8 3 O
OV s 3Ll S g5 g0 (G5l Iy slate & Ko
b 89595 Gl

oS V) s (515 3 oslizal L s fb 5
YV 5 Olaj il e 8 0 587 (Dls s e
(Ol = by 513) dsdoms 2l haVer 3 p 8
Ak g S 48T i ol 4l g5l e
Lo 538 G5 p e LV o g il 05
b ke ) T S e S s 33
e o a3 (o s U0 2 Jon &S5 5 (55058
L (o e oSS JalS b a5 s b gl
KT 4 oks 33, 055 2 oo 55 oo 1 o3lizul
G55 e K 5l sl 51K p 4 e
55 593 YO+ 53 4ids 10 e s Ladl ) (Lol o
saks Laad ) ) mle Ll 5 Sl aids
S o s34 (G5 5b e b sibecdl (sl sha
3T o Jo el 86 3 g aw Sl gia 5
Ay do,s Al nid g S /000
L e i ool iy e sl 5 3 $LS|
o8 Sad sl s e e DT 2 s Yo 5l oslin
Y00 (555 58 o S e V0 Ao 5 Al )
4355 )3 553 YO 3 AkEs iy Ske 4 5 BLSI Ao

ladbu g addsi add (o) mle dd 5oy Sl

N OIS Sl ol 1 (gla_yw oy of o o5 oS plislens]

A s lie B gige g ba Lo 555 5

b 295 9 3lge
o 4905 dug

) s 45 gl iy 2 V¥ Jlole J3T G e
o 0158 1 b €05 5 Oy 3 4 Sin 0158
Ll b 534S aay,l adbie gt slacs,ldals
CMT" & 55T plol 1 g ik o (55146 OLSS
LSl o ol 4 S <Ol 5 4 Ml b
s 3y 45 )8 2 s 5 LS sz p Jy T L
- TP UMINERC S-S SV PN SR WS T ]
e b ged d e Ve g g UlS w93 4l
o bl IP S 55 8 s e S @ by e
OV ws gysT
93! 95 o bl S5l ur 9 ol

I 2 Ol s A Dl i 25 5ot 4y
Slopls 033 ol Aol 35 5 sl S5 skl
S35 2 i adged 2 ) s S Ve canlllan 5 5o
(V+OF FO+ + oLT - 57 ,0) LBT Sl J sile loma
3™V gl 55 5 deg ad sl CiS conls JUs
ols Al &, 5,5 gl SIS s 4S5l 51 sl
S SS Al 4y &5 S ) Ja s 0l 855
~Las3lig ) 51505 JET Laa 43 5 sl (L sty s/
A b £ 055 dop3 gy S5l (1) 1A L
o5 oS St gl et b ol s
35YB 3T dla g olS o e sdalie p 8 (65T
AL Gl w5 ol plel Y ST S
o S Ol 023 23050 3V psins] o sSsS shile

e s a5 L ol slagls 4 by e gla il



1Y Ol oY o led (gl Lo ‘um;\f)t,ﬁf ol § Al

Y#

¥O iS4 Sl Celu VY 18 Sk
a3 10 (les 53 aads ey e 4 4ads 8 3 9
,L;,ﬂ@?u_w@u.u;x@;uz\;@;u
5o 305530 By w 0T 45 35msm 55 5 Ol5s
31,8 Sl dmys Yo e i b )3 eslinwl Olej b
(0) L 6,1
339832 (295 4 (9 R O o homias

Sleslimal bs, sl Sy opSs p Ol it
CS b Jodlly s ol 5 3y 08 5 S
LsugJ)l.Lg!S%Jsa!q.&r\eJqfoij
s g CoS s LIknl J gl 31V B S U
SRR PR RC NG SRS S P WA TR
Idon ol a Y0) o G35 () Ushoen ) s
A 8L 0T 4 Gops OT Rl deAr 508 (K,
s gy 8,0 53 LOT 5 o 5 ST s ad )
Aol e L0 e Jpb o ole S G
ﬁ,a,uT@,\i@,sg;x?wuﬁwuuw
ot e Jalse 03 35z gn 5 g SBAE e S
O e a3 1kl e wlal 9ol S35
b el A e 93 0 55 Sa ¥
b hd9 595 (Sl o Ol jwe aomiws

0l o e ol e 3T Ol i ) st 4
NS G ia s g e idln by i 5 Sl
Ml ol g (STl el 2o Julge 5 b Lbs 5 5
o 061+ Ol e 4yl e a5 La Js 358 slked
Sl Soalr Sl Sl 7 ol S 6K sl
33 Ol J xS ol oSals g3 5 JialasT
RPMI &S Laos jlgsr U S ojlads lacSals
a0V i oS5 L by s Sa 0t s

Voo g WY A (For glac bale Lol s 5 5

A S5 e 4 o3 S ST b ediladl
Slosliul U La Lds 5 s lo o) 5 slhas ks -Kan
W) s o b 0L 5 &
Bluwwgige Sl luar

G glad s ) o 550 (6 5lluter 5 slite 4
e CEAE S IS 4 0 sk sas (glasn
RPMI 1640 & i8S ba oo coudds a5 8 0 g5t v
@&))ﬁ@T‘*—zﬁm&% O 5 A alsl
ol onze SV —LS ) oS s 2 L
i SelS™ 5 53 &S (5 s & L BLS1 (VAT il
Voor S L O arsame o 0350 ot le
A5 5 s Sl 4253 Yo ke 4 4l35 53 595 YO
3 o 55 (Slatn ST o she 4 by 0¥
S92 2505 0l 5 sl S Sl eslaal b Sl 56
Izl o ol 55 06 A 0555 4 5 55T pax
RPMI S s cad gl e 08 s A5 0313
O SN 5 ESG ses ol hate 4 5 60L51 1640
JANP PP P PETPS ERRRC SRS IR W
azss \» Q.,\.ns\{r\.,\fJ.Acé\i:SJ)J)):M“ o b
gy Sl

O35 o2 3 oy 5 4k (205 e g a0 s
53 s SLSIRPMI i8S baes 2 e S5
o sk Ol 3 G 3l ealitl b am i sn Sl 0.5
OF) s
903! s 35 sl 4l g Solge 4§

sl S 8S sl § 2S5 s 5
Il J 5l CiS” Lasms 53 S5 T (ATCC23219)
¥+) Assay medium s 54 edd esls oiS HLET
L- 7\ 5 FBS/5 RPMIV#F+ i baoe o) s

“ ;\sttsb a= 55 YV gles 4o 5 oS (glutamine



A4 INVItro Loyl 5 53 W isn 5 W 355 5 S 2 o slns] o o535 o] s fa Jol g5 5

,EDTA Cj_f#\‘,BSA p_?_sg_u_i‘ﬂ
o g b Lo g7 oL 5 9LSI (PBS 2] s
(FlowMax 1531 5 5 oLJT—Partec =5 ,_%)
(FY) A okl -
Bluwgign (Flo o) Ol im0 o

S 0 s e Jalss U Ol e
el il 5 o Sns Sn 3l 030l L a5 50
Jlse s S sige plss GBS S 5l w s
CoiS eSS a sl Jas 4 (6 5L 5 aod e
s 055 (glaan &S5 e Vox ) sl T25
a3 YV las jo Celw 95 Oods ds ol ase
.u@ﬁl&;w\@,\.@;@p\f@;u

ok SAC 5 g0 5 Mo ol 128 lad sl
Jeele dile BL eSds 53 Ve XV 00 sl 4
Ve gAY A P Gl ble L am e
G S a5 Ll S 4 e 03 055 S
,\_.pﬁc_f_u;lj_?ds\_w a3V glas ys Cela
i 45Kl oSSl es

Lad god o(gl 4B 70 05l 530 0593 pLasl 51 g
Sde 4 5 10pl/ml PBS 0l 5.6 4 Acridine Orangel
Ao 53 gy 5318 Sl e )3 PV (sles )3 4id5 10
PBSL y2it 51 g ok 5T 55 o S S5
LS S8 PD T s s S Ve
YV slas 53 aids iy Sode 4y 5 L 3Ll (I 0T
SO 1S ST (63 o y3 =y 5318 Sl ar )
AFY) s

¢SS 3l PBS b giznd 1w a0 o 5T s
sl 55T s gladbe 5 oled Jho Ao
OV g b el 53555 6 ST

Al

b LSl a2 ol ge S e 3 0,85 S
RPMI Lo Ol o b biSaly o 4555 5b4
S i 53 e A a5 2y Sa Y s
S5 05y Jbs 5 JS Saly) g glaeSalr
o (L;J'_:AT&_s)l_gJ_:é;JSJJJJ—:f)?;(‘_;HT
10r 50xVT ST 5 L by 5 s S
e 3 4B ) RPMI 28 Lo s 25 S
)3TV slas 5 Celw aw Dl s Sl g S
i S5l J;M\@M,;@pbfdsu
Annexin/Pl b (& ol &y

I S s 10 gy ST 0593 Ll 1 g
by 6 ) e 10 B T (g0 ,SIB s LSl
a,Lc._;zLaoTL;,)ﬁoT,'\ul?sngl;swﬂ.u
SLaad 0T 5l oy 350 0 753 (40 gad) Sl
CASIA Sl a4y a p3 593 VY 5 oSS
S SV s s (s b s s Sl
+/YA sNaCl o, & ANA HEPES o S Y/7) ABB’
Lo Slsl 4 a4 (OT 2 e 55CaCly p 8
8 sl g[S a0 Ll J D gomn Koty L ki
Olje s ST 2 4 cosleT ANNEXIN J s ot 5
les 55 4iss V0 Sode an 5 Lol 2y S b
533 VY s laad s 4SSl SSL0 s oKt le3T
a3 ober Gled ) aids N\ Dl 4 aids a
T AT 40T gs) mle s ok sl 51 S Sl
Al

SLSIABB 1)y S Yo Laad gl 5l pldS” a4
o )lot 4 Ll 4 Laed  ples 0 b s op 5T s s
A5 S ¥ T &5 05k Jbs 55 J S
o s Bl T - L) T ey s
a0, S V) WST6 3 1) e V0 Wad ) 1S



1Y Ol oY o led (gl Lo ‘uwf,t,;\f ol § Al

YA

Live Early Apoptosis

Late Apoptosis

Necrosis

|J_?-L§Lawj}jﬁ);auw|jﬁﬁT6w)ﬁ—\ Jgﬁz
&‘fbjouﬁr)j%wdb\f&m&fj‘ou
(axu\_:g_}ﬂ_gca)}\w.a\_f_;Tdi_;‘))‘oJu;_.wlbz:ngg

1T

S 3wt el 3L ) Jrole s
Sl odiy » ATCC 23219 v sy g/ v o5 o5 slsle/
5 o O15LE Sl odd M (slal o g 5 ba b 55
o\,t_?;),_.,);d;\;owowwwuﬁqm
Fdhe 53 08 5 Sa e (sl am a ol e (I
Gl 0 M 0158 3,550 53 5 (EXTL00) o555
cn e EXTE0) 55 5 2l oo 53 p 55 ¥
Sl ails |y s b5 5 55 5 il g J sk 5 e
Y U
25 -

«Ey

aill

Aelr EXTS0 EXT100 EXT1S0

e
(=
1 1

a3 44 L_;li_'lJ.Lu(%;I

a6 lgd Lu8)

S5l cadsl 55T k) Gad sl duslis =) Jyu

SIS
S g (@3l e STDAO | psdns )Pl
(WInT
o)y ggx:.ja L 9 e LSA.A
Il S g 5 T oS s 5 e )
S5 S pose a5 Sl e
ST o

Graph Pad Prism Software el ; b aslllae o5l il

(version 5.03. Graph Pad Software Inc. San
O Ao lie A w9 s (Diego, California

P<+/+ 0 ldde ols plowif patired t-test Law laeg S
s a8 iy ls S
el

St e falge 4 515 0L bl andlls s
2 ATCC 23219 iyl w55 slisle] 5 SL
Slas 5 @ Jw O1LE s3La f35 5555 Lol i
33550 8T Caldides o0 nls goline ol 30
5 (I O aes 05 10 Ik (gla o 530
esds g 5 gas) ke ST ST Sl eslizal b sley

— &

EXT50 EXT100 EXT150

25

20
15
10
5
0

Al

eSS ahlon] 51 (36 Ol 055 (55l 4 Va5 (L) (Il D158 amms 0 g5 (Slam 50 5 0 O n o g =Y S
ATCC 23219 sy 5/ o 5565 plislo] (g 5SU 3 aomds 2o ol s Calites glaclale 31 Cos (O) wss/



¥4 INVIro Loyl 15 53 o isn 5 ba s 5 58 G\ 2 sl e o5 85 phblon] s a ol g 1

SILa0T &8 0 5 Lsls Olis (6 L 3l a2 Jol se s el gge 53 Ssn T Calbes ol e ooy
D158 3 5T Ol 5 8 8 plnil S T o b 313 0L (5l 4 Mo 5 Il 0158 (sla Jb5 55
(S8 ol i Y o W O15LS 55 o e Jalge g 45
53T Ol e o (6 o g g L S O15LE 53 5 Lalaugisn 53j 55 T 2alS
;lu_zuov_ﬁwgmgljgdud_g,;};,; s L 0T j3 50T Jhlidl e g
@\oMTFp)Jﬂwjjj/wj{;}{J[&«/ MW&MWW%QU\?&U@}AF
70 1 - W osll 80 1 - Bl
50 - L 704 - L o
-t oy
50 - St &0 - I
EE.-H“D 1 E ED | =
K = 40 -
30 7 4 30 -
20 - 2 20 - I
10 -+ 10 -
. l l+
S P LU P PARNS TS w5 gl e as] S

£33 Sobow 4 Man 5 (L) Il 0198 (slan s go 53 ok W 555 5 56 55T cadsl 55T Ol Jls goi =¥ S
3] 5SS hdle] 6 7S Sl amed a Jal g Caliies GBS Lo 5 (Q) alns] s 55 shled 51 (G50 Ol

S55C

.ATCC 23219
L . mDDéGate:m
101: 21.09% 02: 1.28%
150 o
!
—]
100 -
50 - 303; 7.6 1% 04: 0.07%
0 I- T T T T T T T T T L B B L AL
0 50 100 150 200 250 . 1 10 100 1000
FSC FL1 Ann.V

wj{j{j{:ﬁ‘k‘w’j\‘éuc)t‘w{:(’)}A{M::\ﬁ&‘}\f&u‘}:é)j};)Jjﬁ:ﬁTolkﬁw&_}:ﬁwﬁj|ﬁﬂj‘ ‘SHJJ.@.;—’FJQ

el 0 G s 55 oS el ANN-VIPL e,y 03 St oo sy s/



1Y Ol oY o led (gl Lo Mw\fﬂ;ﬁ:‘ ol § Al

40 -

35
. 30
£ 25 -

4 50 4
_.-:LEEI
w15
.a“‘].ﬂ_
|
D_ T T

'h:ﬂ"l

it s

T

EXTS0 EXT100 EXTL150

- *
~10
]
ﬂ_ T T T

Sell ExtS0 Ext100 Extls0

(o) é;)@b‘d%(’)) 6)‘-«-34{3&374}(J\)beb‘f&uOﬁsu&}}jjgfo‘ﬂ—bJii'
.ATCC 23219 v 4715/ oo 65 55 shslew] 6 ;S| 5l amels jia Jolse Calizes la bl

Sl 0 LOT g T JralS” Eel lew 0158

4 S (i ol (Il O3 (sl Ji35 5

5575 5 555 5T Oljme 5 Wl e3ls DL aodi fia Jul
¢ JSK8) Sl i ol 015 s

o550 03 55357 5 (Jsker 65 0 Ol s

23 Ol p 5 40 S 5 oIl OI5LE (sLa 3555 5

! MARY Jg.l

120 -
100
B0
60 -

40 - I I

20 *

J g (%)

- i - . .
ki Dyl e an] S

o) gles €2

OI5LE 55 ames 055 gla hbs 555 05 e O
SB35 Dl 5 4 Sl 5 (I
33 S8 Ll i 55 OT amed e Jalge 5V 55 sty s/
ROW PRA (G-
BYOv- PYR NP sze'-LU cadsl 55 9T 3550 55
el OI5LE Lo Jd5 555 53 aomd e Jul e

SLa s 55 3550 53 5 55K 5 5sm e il 5l

120 -
100
80
60
an
20

b

i . T §a v » o
wilignl sEs] S

Olimg 3 Solear & Do 5 () (o 058 (gl J35 5 5 55 ook W1 55,SG 5 (6B 55 T cadsl 55 T Ol =5 JSCa
.ATCC 23219



Aal

INVIro Loyl 15 53 o isn 5 ba s 5 58 G\ 2 sl e o5 85 phblon] s a ol g 1

40

30 - J"JJ"J"

il“

ls EXTS0 EXTI00 EXT1S0

e
60
50 - -\-rl-ﬂ‘-fl-;-fl:
40
30
20 - i
N N’
U - i

0 0 gl % )
s 8

f=1

SPRECY

w0 slgdgla( %)

Jyle(%)

- . -
= ST TN S T T

25 =
W
20 - e
-
15 -
10
5 . I
0 - T
anll EXTS0 EXTL00 EXT1S0
120 -
- .
100
80 | Sy
60
40

20
: I l -

TR T TARTE ST PURITIC

3 b Ol o5 4 a5 (Il OI5LS (sla s i 5 Lo sipn 53 555 5T 5 (Sl 5 e Ol n aeslie -V IS
SLa s 55 5 Laaasizn 53 (Jobo &8 0 Ol amylin () Il 015 (gl J 5 55 5 Lo in 53 sk &5 050

5 alaipe 3 55 0T Olje amlin 5(2) (o 018 (sla s 555 5 o 5 po 3 55300 T Ol anmlie () ey 0158

ElapaslSe LS 5 (515 e s 3, S
OV9) das 55 516 Cou 1) Sl ode ooy
el S Jal g (6 S danly 4 Jos )
wls 513 S sk ool 5o Jalss ol 5
(oS 5 3D sk ol Glaosss, JSE 4 L s
OB sy (V) J ST Jolds &L o e 3
Jeole A 5 (a0 5 ST (S S5 (sladn
COA) € J—aze 5Y,5 / ST oS o
((12) 3 g5 Il GLS bl GY ST S phit

(Y) \._.au:u\.:_wﬂ c(Sc’Ych(l) L_Au.iﬁj}__o.h

(s) )La._:.: ()l)\f LSL“J:'})J:}"

Ol )5 Syl 4 OIS s e o
domdia Jolgo (L o e o sla )] 85 65 shile]
o o a0 (535 6 5B 6 Sk ) )
WLyl e L3y 5 g
o
J=158 S emen 3 SN resias) s S ksl
) 3 e O g SLE 53 Ol 5 08 3lon|
Slrzes Gk 5l Ok o) 5 sl ) skate 4 6 ST

33 Il 3laul L 5 ol Ol 0de 515 SSliny o



1Y Ol oY o led (gl Lo ‘um;\f)t,ﬁ_.‘. ol § Al

Yy

CAllY ) ol 2 s 55 g0 b s e 552321
SsmnT Olpn ot o Jil g 55 510
Ol e 45 513 ot_.:;,\_‘,ﬁ,rju;,\}t_f@_gwuﬁ
Lo gigo 5| 2t oJl O 55 o Jds 555 55T
T B PIE S P TR T P PRI
i g Jalse ysaim 3 sl 016 5 om il
i gh o ST ol a8 55 5l i bl e

o, Lal LagT as YU s 4T a1 (gadaze Julse
sl o sS BS Shla] Sl odd w5 al g 53 (s
3 el S5 lad e &8 Ll o Lls 3
Nz 555, G b Sl am b by 55 5 w5
(YY) L5s o0 55357 Gk

AL Dl 5 )3 55 n e Jalse 51 (K
oM o7 it Un o S ¢ o8 1 o 5 55 sl
ol ade (el el Dl e s S
s oo Ol okeT as 4 Slalllas .55 o 5,5,
03] e85 S A 3 o i e ST
23 i Gl gla L5555 53 55 5T Wl e o6
NS SIS CIS-TIPURY P SRC URCIr (A PR
(YY)

L as s e DL o plosll Sl aIlas
e fr oS 55 SV S LS bl
3 Lajlhy Sl oSatam & 0 Eely 55 LaY n
L o 50 55,55 5 55m T Gk Sl b S s
YF)

il LacS S plilen] Sl 5 53 &S (5 K05 e
Panton-Valentine Leukocidin (PVL) >33
YU Cble s 5 55T Eob ol Chle js oS

PVL .(Y# 5 Y0) 55b ca La b5 55 55,5 Esls

i Jeate O, d(Ac B) 5l 58T (sla S 5
5 (SEA-SEI) La S 555 51 ¢ 4508 ey sk
(TSST-1) eSS 5 &S 5 oot VS 5
YY) sl

St e Joalso S sl adlllan 53 55 n
oS ATCC 23219 sty s/ o 5555 slile] 5 S
Sla okl oy o Kad g0 35T aes 55 CiST I g
sl 8558 el e e b 90
sadbs s € o5 ol 4 dd g B e
Jloe it glac ble O 5lame )5 Lalow g ge
ST st oo 5 n Ol a3 51§ et
Pl sAnnexin V lacSs, 5l eslimul U 55,55
o il b siesl 35 5 5 e sl oS
b)}.&)bdb‘bﬁ)wdwﬁ\j‘yb-@u.ﬁ
A Cble 5 e 5 Wl 0158 (a5 ge
05 3,5 Fre Chale 5 EXTL00) 2 ke 53 p 55 S
O i Cely ame i e Jul e SHEXTS0) 2 s s
o e Jalgo 5 g (B b s sk 5
L alin 53 5las OLE lac i sse 535
55T W@ o 6 e ST Il 015 G s
sl

198 53 o 50 ilen 35 o b5 55 2550 5
Joolse sma8 Sl sl 0158 3 5 rig il L
23 (3 il e Jske 5 e ey Sl it
Jel 58 5 g (o i g0 DS 1 55 T 2550
Wl 0158 (sla b5 55 53 1) 52 ST ot 2o
5 gad W Mo 01587 L as s s

Fps o a5l s o oS 5ls Ol adlllae ol ol
Joolse s 53 Lafods 55 &S e Ol sl o0
ATCC  osinsl o o555 shslo 6 7SL 5l aoms oo



¥ INVItro Loyl 5 53 W isn 5 W 355 5 S 2 o slns] o o535 o] s fa Jol g5 5

! 3 3o sles 5 Il O5LE (Sl 5o
Sl Jhr & o o Sl 0158 3 lad e
e OsLS 45 b b 5l A n N R g
5 oty i Wi m 5l O3 3 5 la b 5 5
OIS 53 sy on 4l plis 5 el I sl
J=le 53 355 Sl (6 ity Cnglie L b5 5 56 lay
s Sl s T i oo O 0kl W1 5 g T
Jros sl 5 5 6 S Dl 5 D e 350

55 dal g oSS Cllas Os gy 4 LOT

References:

(1) Sordillo LM, Streicher KL. Mammary gland
immunity and mastitis  susceptibility.
Mammary Gland Biology and Neoplasia
2002; 7 (2): 135-46.

(2)Hornef MW, Wick MJ, Rhen M, Normark
S. Bacterial strategies for overcoming host
innate and adaptive immune responses. Nat
Immunol 2002; 3(11): 1033-40.

(3)Marechal C, Seyffert N, Jardin J, Hernandez
D, Jan D, Rault L, et al. Molecular basis of
virulence in staphylococcus aureus mastitis.
PLOS ONE 2011; 6(11): e27345.

(4)Watts JL. Etiological agents of bovine
mastitis. Vet Microbial 1988; 16(1): 41-66.

(5)Watts JL, Pankey J W, Oliver W M,
Nickerson S C, Lazarus AW. Prevalence
and effects of mastitis in beef cows. Anim.
Sci 1986; 62(1): 16-20.

(6) Biberstein E, Hirsh D. Staphylococcuses. In:
Songer JG, Post KW, Veterinary
Microbiology. 1% ed, UK: Blackwell
Science; 2005. P 115-26.

S 5 e ol S s sl s il
YD) Sl DLl Sla L3 55 51t (555 sl

A Ll (i odalin 5o andllas opl 53 &S (glodsy
23 55T 2 g o 4t S Gl s an
Ol g 4o Dl DS Gl b5 5 5 5 bl g gm
V) 2 pdon o ed (ATl I (ISl
(YA

516,553 esle (PSM) Phenol-Soluble modulin
ST Ll Eel a8 Sl oS8 philen] Dl 5
YANA) 355 o b Jds 5 8 5 bl 5 90 (63 55w 3 55
OT Lroww Ole) Sde as 553 0T W1 Ol an adl (¥
3,15 (S ot e Joolse L3555 Sl ey
EsLLPS Colu Y9 b 5 355 o ai€ o5 (g 5ba
ol sla by 5 g slins Jislsl 5 5am 6T als
Sedd 55,5 Glad she do 53 onl oo 35 o0
s Ceglan (FY) b o il 3l Ao ya ¥ 4
Gosb i 2)ls (S 5 oo Bl b 5 5T W
HSP72 Ll oy b 51 Lo 5 g0 0313 &yl o 45
s a0l W55 T ol 53 LOT Canglie Esly
XD 35 00 s s o oS 55 ko]

Sl b b 55 T LI S 550 5o
s o e Sad shes 53 sl sl a5 sS hlen]
Ol (Folise Db bl o sige 5 b 5 5 5 o s
AL ol 25t on ani oS ol e 1350 o0
gt WL 5 (V) 857 glajluls (g5le b 5 b
Sl W Eel bd s o mlaws b o 55 FasL
S amOT () 55 oo La b5 55 5 gm0 53
LT ol G 5 llllas L slaasl
Ll Esly oty 5/ o o5 5 pliileas] s 5 (S

232 s s 55 50 e 5555 6350 b 5 T



1Y Ol oY o led (gl Lo ‘um;\f)t,;:ﬂ ol § Al

Yf

(7)Aarestrup FM, Scott NL, Sordillo LM.
Ability of Staphylococcus aureus coagulase
genotypes to resist neutrophil bactericidal
activity and phagocytosis American Society
for Microbiology 1994; 62(12): 5679-82.

(8) Newbould FHS, Neave FK. The recovery of
small numbers of Staphylococcus aureus
infused into the bovine cistern. Dairy Res
1965; 32: 157-62.

(9)Nickerson SC. Immunological aspects of
mammary involution. Dairy sci 1989; 72:
1665-78.

(10) Loeb L. The influence of certain bacteria
on the coagulation of theblood. Med Res
Inst.1993; 10: 407-19.

(11) Kurjogi MM, Kaliwal BB. Prevalence
and antimicrobial susceptibility of bacteria
isolated from bovine mastitis. Advances in
Applied Science Research 2011; 2(6): 229-
35.

(12) MorRis DD. Collection and submission
of samples for cytologic and hematologic
studies. In: Smith BP. Large animal internal
medicine. 3" ed. USA: Moshy Inc; 2002. P
413-414.

(13) Rezapour A, Majidi J. An Improved
Method of Neutrophil Isolation in Peipheral
Blood of Sheep. Animal and Veterinary
Advances 2009; 8(1): 11-5.

(14) Hay FC, Westwood OMR. lIsolation of
cells. In: Practical Immunology. 4™ ed. UK:
Blackwell Science; 2002. P 179-202.

(15) Mullarky IK, Su C, Frieze N, Park YH,
Sordillo LM. Staphylococcus aureus agr
genotypes with entrotoxin  production
capabilities can resist neutrophil bactericidal
activity. infection and immunity 2001;69(1):
45-51.

(16) Bien J, Sokolova O, Bozko P.
Characterization of virulence factors of
Staphylococcus areus : Novel function of
known virulence factors that are implicated
in activation of airway epithelial
proinflammatory response. Pathogens 2011;
1(2):10(3):2-16.

(17) Riodan KO, Lee JC. Staphylococcus
aureus capsular polysaccharides. Clin
Microbial. Reviews 2004; 17(1): 218-34.

(18) Evelyn J, Walsh HM, Oleg V, Gorkun T,
Foster  J. Identification of the
Staphylococcus areus MSCRAMM
clumping factor B (CIfB) binding site in the
ac-domain of human fibrinogen. Molecular
microbiology 2007; 154(2): 550-58.

(19) Coulter SN, Schwan WR, Ng EY,
Langhorne MH, Ritchie HD,
Westbrockwadman S, Hufnagle WO, Folger
KR, Bayer AS, Stover CK. Staphylococcus
areus genetic loci impacting growth and
survival in multiple infection environments.
Molecular Microbiology 1998; 30: 393-404.

(20) Gravet A, Colin DA, Keller D, Giradot
R, Monteil H, Prevost G. Characterization
of a novel structural member, LukE-LukD,
of the bi-component Staphyloco ccal
leucotoxins family. FEBS letters 1998; 465:
202-8.

(21) Dinge MM, Orwin PM, Schlievert PM.
Exotoxins of Staphylococcus areus. Clinical
microbiology reviews 2000; 13: 16-34.

(22) Yamamoto CH, Yoshida S I, Taniguchi
H, Qin MH, Maymoto H, Mizuguchi Y.
Lipopolysaccharide and granulocyte colony-
stimulating factor delay neutrophil apoptosis
and ingestion by guinea pig macrophages.
Infect. Immun 1993; 61(3): 1972-79.

(23) Genestier AL, Michallet MC, Prévost G,
Bellot G, Chalabreysse L, Peyrol S, et al.
Staphylococcus areus Panton-Valentine
leukocidin  directly mitochondria and
induces Bax-dependent apoptosis of human
neutrophils. Clin Invest 2005; 115: 3117-27.

(24) Vale AD, Costa-Ramos C, Silva ASP,
Silva D, Gartner FMS, dos Santos NT, Silva
M. Systemic macrophage and neutrophil
destruction by secondary necrosis induced
by a bacterial exotoxin in a Gram-negative
septicemia. Cellular Microbiology 2007,
9(7): 988-1003.

(25) Loffler B, Hussain M, Grundmeier M,
Bruck M, Holzinger D, Varga G, et al



o INVItro Loyl 5 53 W isn 5 W 355 5 S 2 o slns] o o535 o] s fa Jol g5 5

Staphylococcus  areus  panton-valentine
leukocidin is a very potent cytotoxic factor
for human neutrophils. Plos Pathogens
2010; 6(1): 1-12.

(26) Fox S, Leitch AE, Duffin R, Haslett C,
Rossi AG. Neutrophil apoptosis: Relevance
to the Innate Immuno Response and
Inflammatory Disease. Innate Immun 2010;
2: 216-27.

(27) Wang JH, Niu HY, Zhang M, He Ping,
Zhang Y, Kan L. Apoptosis induced by
Staphylococcus  arureus in human
monocytic U937 cells involves Akt and
mitogen-activated protein (MAPK)
phosphorylation. Biotechnology 2011; 10
(21): 4318-27.

(28) Tharwat M. Accelerated neutrophil
apoptosis in cows affected with acute
Mastitis.  Agricultural and Veterinary
Sciences 2011;4(2): 125-34.

(29) Weinrauch Y, Zychlinsky A. The
induction of apoptosis by bacterial
pathogens. Annu Rev Microbiol 1999; 53:
155-87.

(30) Liles WC, Thomsen RO, Mahony DS,
Klebanoff SJ. Stimulation of human
neutrophils and monocytes by
Staphylococcal phenol-soluble  modulin.
Leu. Bio 2001; 70: 96-102.

(31) Turina M, Miller FN, Mchugh PP,
Cheadle WG, Polk JrH. Endotoxin inhibits
apoptosis but induces primary necrosis in
neutrophils. Inflammation 2005; 29(1): 55-
63.

(32) Guzik K, Bzowska M, Dobrucki J,
Pryjma, J. Heat-shocked monocytes are
resistant to Staphylococcus arureus-induced
apoptotic DNA fragmentation due to
expression of HSP72. Infection and
immunity 1999; 67(8): 4216-22.

(33) Nwakoby IE, Reddy K, Patel P, Shah N,
Sharma S, Bhaskaran M. Fas-Mediated
Apoptosis of Neutrophils in Sera of Patients
with Infection. Infection and immunity 2001,
69 (5): 3343-3349.

! Microbial surface components adhesive matrix
molecules recognizing

. Californi Mastitis Test

. Meglumin

. Periphral mononuclear cells

. Bio Rad KIt

. Annexin binding buffer

. Propedium iodide

. Cell bound pigment

0 N o o B~ W N


http://www.ncbi.nlm.nih.gov/pubmed?term=Weinrauch%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10547689

1Y Ol oY o led (gl Lo ‘ur..f;@,t,ﬁra ol § Al

\nd




Biological Journal of Microorganism, 1 Year, No. 2, Summer 2012

The effect of Staphylococcus aureus extraction factors on viability of
neutrophils and monocytes in vitro

Nahideh Afzal Ahangaran *
Ph.D student of Immunology, Urmia University, Urmia, Iran, n.a.ahangran@gmail.com
Nouroz Delirezh
Assistant Professor of Immunology, Urmia University, Urmia, Iran, n.delirezh@urmia.ac.ir
Malahat Ahmadi
Associate Professor of Microbiology, Urmia University, Urmia, Iran, m.ahmadi@urmia.ac.ir

Abstract

Introduction: Staphylococcus aureus exoproteins are known to have potent effects on cells of
the immune system in human infections and their primary inhibitory effects in vivo on innate
immune responses. The objective of this study was to determine the effects of bacterial
extractions on viability of neutrophils and monocytes in the healthy and the infected cattle
(mastitis).

Materials and Methods: In order to isolate of neutrophils and monocytes, heparinized blood
samples were taken from the healthy (n=5) and the infected cattles (n=5). Neutrophil and
monocyte isolation was carried out using meglumine and histopaque compounds respectively.
Secretory factors from Staphylococcus aureus ATCC23219 were extracted and its concentration
assayed by Bradford method and were determined to be 400 pg/ml. The effect of different
concentrations of the extract on viability of neutrophils and monocytes was determined by
flowcytometery and immunoflorcent respectively.

Results: The results showed that in the healthy and the infected cattles, extract containing 800
and 400 pg/ml protein, respectively caused the most death in monocytes and neutrophils. It also
seemed that in the infected cattles, monocytes were more sensitive to cell death than the
neutrophils.

Discussion and Conclusion: The extract of Staphylococcus aureus induces apoptosis and
necrosis in both neutrophils and monocytes of both the healthy and the infected cattle but the
cells in the cattle with mastitis are more sensitive to apoptosis than in the non- infected cattles.

In the case of mastitis due to Staphylococcus aureus, the bacterial extracts effects on monocytes
and not the neutrophils. However, determination of bacterial extraction fractions and their effect
on immune system cells are strongly recommended.
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