[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

s L wbaligs
JJJU @.\5- é&ﬁ—sﬁ.—.ﬁj em"};

Ay Sloys fblag Dleds 5 (S pghe oKl

Iran South Med J 2016:19(3): 482-510 (\W0 02 45 5 313 0) FAY= 0Vt amis (F o, led o358 L

S9.30 Al SV L0 0 (U JSU S oS o3 (39 Yo

\ R ( *y N |
snsS gl eSS
Q‘ﬁ_‘ 5)@}3 sj.q.niv‘,.: ‘;{..‘5}; r‘,.LF o@‘b stUc:l,' ﬂ}; S ) r‘,.\ﬁ eM}}; ‘u«uu@.li ‘;&L‘ub ‘5)_9\.'.3 [GIw Qu._j?r.? }Sja‘

(O/F/A alie b pds —A0/¥/) + :allie 3L s)

e A~

W i skt 4 Obgs eul e @ Fel 53 by Golem sbml Sua b &S dnes cew OS5 (09 K glaeeS 5 dim)
5 eSS s 5055 cgreS 5 Iy oS 55505 78 AL g ek L S S 2L L el e 1) Malgd s B e
5ol L (ol Glag L il s S b s odd W5 2bys paem i (s alae ol 53 3505 sy 0k
LS g T S

Jp ewap 3,90 SCirus 5 Google ScholarScience Direct [Pubmed ;s sad aled OVl adlas opl 55 tla 29, 5 3l g0
(N 5 Al VY0 Ol Sl pgacms 5o o 5l 5 Collad dlSe (9b 0 Gl S 5 (S Jald g 3550 OBy b S
55 ooyl e V0¥ sl Colg s clia 3 lge i

ol LS P S S 5 LS Sk bS58 slaes S 5l N 58 @b @S sleS s e laadly
e el iy s oSS el slaeki oS Ced ST Sy 4 s s s sk 55 porde SLAJULS sl b s S 5
Hlas o Ul 1y 555 (53 Shas (15 5 o Dlge 9 2A 5\ g5 3bLd Ss e 5T C LS

Bl o LS 5 ol Job il 5 plond 5Ll 51 BT &S das 0 DL oty Sllllae 31 el s & dalpd (g S At
A3l T al3s st b o3ske 55 5 basslem Oloys ik (slagyls (21 b 3 skide 15!

2403 5P 5S 5 als B sams 23 S S 5 al)s s S e AdS 085l

Ol ey bz (S p ke Jisls ol (S S p ke 0 dSCia 5 (ol olss sl s Sliies S e gl
Email: akna85@gmail.com
Gl Ga3k 5 ke Ciglae (5928 Olyuls 5 O Kiass 5l Colem Badine Cgae) (ol K5 sk S bale= b ojsp ol

ey oLl 4 () 5602


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe.J»/rﬁaj_gs Jl

g b TAY

W5 2los e e (oo allae ol s
(b sl S Gl sba S hays el
B Ry P PR P B ISV O

.3l V'?A\J’;

S 5
pb 4 Ol OB 5 53 o315 G 51 (LS 55) w0l
RV F RO PNERE FRNTCa.
LS5l 5 ol sladle bug old Wy
S by b sl sl Pl ) il e
SNl Ksd b e I Ol
oslizel 3,50 (V4Y4-1A¥4) (Ludwig Brieger)
O gl A S g sl 23S 13
Fln pbie eliml e gy L ool
B eSS oS s S
5 (S5 58) A (s (eS8 SSb)

() X,8 0 0 3 sl
sy So S sld SN Do 4SS
led Gk Sl g e oS Al gy L
LooaSer s O sl buy Sl L
Loy bl dax Sl sy @lad S5 S0

S (6 olem bl Il (glaods S

b A5 Sl e 5
e Bsolen lagSh lau g ol A5 o se
BI85 o oyl LS55 cslos Shee Jotls
Sl s Ga popsew () Sl slS
Lol Sl (o b Oldsied nsd (i so0)
oo 2)ls0 Bl 53 iz SIS A Jol 055
w30 15 b SL S glen Jolse Koo b pKan

! Toxikon
2 Biotoxin

4o dle
olillg 1y ey oS cb.w e, Ve 5h i Los
Slosldl Gl s g5 5l bow pl ol
JS 51 Aa3 90 51 i S o5k 4 el las 5
g5 el osls gl 32 53 1) (08 ) s
SlSS Sl Rl g B nl 00 25 S
T g L CIVA I UG P P VI E S WO
Lo ple 5 S 5o olable o5 S LS 5 3
b ens gmie L slopilS il S
b obies ol L VA das Sl 5l s
S Los ile mla Bl pes s g 5 b LS S
(V1) 35 ST alllas S 515 s 23550 S
Ol ansdS Oldlas slaosls eslu Jl 5 4 520
L Mgs 5ol Olge b i O aS das
el ooy agrlye o a5 G VY L5
Sl by sl e il Jl s Olsee ol
LS5 31 e S ooyl S Ol e
Jub slge 5 33 4 jamie b DV pame
S aS il e sledSe 5 eSSkl e

(F YD) 5 5 ad 3l fon S James 5o
dowy 4 S Liesn JLS 5 (05 S eSS
5 Loy dag St Wl bl S
oo Jelse 31 OLS 5l Npd e A8 gl
3 Solem sl Gla b 5 03 05 S 2l3ssles
e & ke 4 Olpe Gl pteew 4 ol 3 L
S a5 e b 0 W S
b e 8 S e o 50 slas 8 sl
Gl Ol a4 gl 5l eslizad 4 015 o Ols ol Sl
Loole o Jobo wbdonns 5 @Sy 02
b Lo g anes 5 05,5 2ol

(P) s 5ed oLl bagyls sl 5t

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe.J»/rﬁaj_gs Jl

Sd S 5 Jsiul KB (8, SIS
V) il Kos alist

33 5 Bl Olgee sk a0 3555 Gl LS 5
S e el V““b/“ &

O35 b o prem Sl P il 3905 )
53 Lok alu B s A ey 5 5L S se
oS w oeSE S B s (g
Syhor Jrate Ol Jsho mlaw )3 350 ol
e Ol Jgbe clis 5o e G ool b e
ooy ol 5l il s L ol G S A
(N e ! J gk 0053

53 10 xS 4 el s g gl L 39,5 Y
Ol dsbos o a5 S 55 LSl 5l g S
© eSS S e Wl Jsle 5s sl il b
53 5den 3ls dhe 000 4 e sl S s
5okt 30y p a3l O5u5 a H laly pKa ol
el Ll 5 T e ol e w0 0T 050 PH
ol 03 S e e A s 51, B sl et A
@y agd e onls e lid Ol A e T B
B i bl 338 e sl dbe vl i oo
Jiho o3 S b 51 5 Ll a3l e a3kl 0553

sLedpls Mg 50 Camer s Sy LB

4 $b
b Vsame G sk 4 wllS s
o5 O a5 2lss DS (g5, Slalllas ¢ Lo
old LB Sl @ x5 Lol oy S 5
Sy slesd axdlas (gl i ngﬂce- Cls g 40
22 e sl 4 L ey el jen (sla il 515 S

)‘ ol ld> LSLAJ)Q}A e g L;éb sl S48

S Sl L Caelie Olge i
V) 2l e s edijlogs Olsee oo

350 ook sbdle @l oLSL s 4 S
ssb Tl S sl LS bl il S 15 andllas
o 5 T b il 5 ok il JulS
Kol pas S5 50

2 a s IS skl b st glapenss
i3 god Lgv\‘.,(,..mu 4w

sbSt sk ol sl S T e 5500 O
w580 5 ) G s Al (o clis Ll
oS S8 530k kg e ST Jams 05
spmse (LPS) aylsle Lot & 05 e b SU
(0) 5 5a5 oLl e 0 S slags SL 5o

5 o e S sdas 55k 4 Tl S 5581 (Y
Gk o) 5 doea sdan b glaskd Gl a8
b 0550 4 8L L L, oLt s
V) Lpdoo 5

T S e & Ypors LS5l
S35 2 GME D S 535 50 o (sl 23,8 0
2 G S 55 (NS oKaws 5 025,
2 M e S (e g 55
S5 2 S usdses (oSS s
SIS SN oS 5 g (055 30 3 IS slad sl
3 (Ol 0y Gladshu 5l slos 1S anls 3,
V59 s,

Slis ek 1S [ pax 4 by e Coslatl
el b mhas (655 05y e S ol
claw 35 2 3L Hsb 4 Ysome & Lo S
Sl 5l Sae Kl &5 e

® Endotoxins
* Lipopolysaccharide
® Exotoxins

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

FAO 7 o90 andllae G thys (2l SL sla S 5 on S

C)b&mk"u&au'

S5 2lod SLoeSS 4 UlFe
STX) S Sl «(Neosurugatoxin)
(VF) 5505 0 Ll a S 55 5l 5 (Saxitoxin)

(TTX) oS 535555

ot I3 P b (S 505 5) (e (S5 0l
S cl SIS J S5 S CpHiZNgOs
o dails L 1808 Tl s L ol
Ssb 31 (Yashizumi Tahara) |lab s 5b
L S sl 5 gslulas (Puffer fish) sl
3315 ke SJUS sl 5 5b 4 e el (OY)
(V) &S g has 5 mae slad o

055 S Sk 038 2 bls TTX
A s by il S e IS
5 4yl 35m s LLOA) (1 JK28) ol Lo e
o o831 3 b sn b oS 55 nl il Jt
o 4 LSl 5 O s s 550 Ll 3 55 s
PH s oSy ol il el s atbis LS
sl Sy 5l ik e SLghls (K55 0
Ol Do Al o8 53 o pl alaze (S5
2l 53 Jske N R T R S W RSP
s YT sglegles B) ol s pslis
ool omamen LOY 5N 55as oslal OF (L seedbs

ol a s s esls ey OLS 5 O ey
Gl 0l asiie 5 AS o Iy Cuaal Sl JIse
Slelenrl dagind Jie Olgs 4 2bss 08 40 52 &
o35 JS 51 dons O sl s nen slags SL
O s o 15 1 Wl (obe go) e
sbadsbe LSt Lo 5 s o) dalys
My Glp die pjam s BB sl sy oo
oy dgmge a4 ol o Sl S oL SL
S E S b il sl a3y el (505
S 55355 el % 2
3550 53 Olidss AL e (Tetrodotoxin)(TTX)
K Ulse 4 TTX a8 sl ol o onl eline
s 5 s SSU SN G pane
& Wb esls 0L Ll Sldlas (V) 355 0 g5
e st 5l s s gl bug TTX
O Sl si e M5 g e Glaa St L s
pr AL O 5 V) sbal @ Ols e Obs
QO0)  sumlost il (V¥ 5 \Y) Sli (1Y)
Wil wlisgo gyl 5 SLgtial o il ga s I ST 40
) 55

e Lo Las sSL &S S e slgiy oMbl
S o,y Gkl cl (Ses oS s TTX
oI s Bl al meas O e 0
Lite b 5 (5505 SlaemS 5 ety 0l 52 Dlalllas

Obe ol 31 leas plulis SLos slas sSL

RS
’ - OH ®
o OH NH,
N///
HO
o NH
OH

OA) 2L 8L €58 pdir a5 0l M55 e e (naS 5335 ,8 ol Sl (V IS0S

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe.J»/rﬁaj_gs Jl

g b /FAF

oS A5 sla SL sl il Dlllee s
ooy DU 4 ol Slgwy 53 S S0 T
530880 Jle s 0LKas 5 (DO) 53 .(10) o
sl St pluld Saa Ll ol Slse ol
Lodsls S8 s 3058 oS S35 5 oS A5
Sl St oS s S jasite Wl 2l 4 s
S5 aSE o5 8w ssdee TTX oS A g
Sl St Sl e glaey S il e ol
skl dhaz Sl B 255 ke oS
ST olisassl St o s 550 500
5 lisasipe SSlipe o g S o olises T
OF) Lo s L TTX e A 55 U155 o s
sy o VAT Jl 3 Gime ol cppommen
i O Sl Gise el s s axlys
sl ) as S TTX swss adg b st
(BB sl Gla i el ags SU
s g pa 5Ly Sl

Jony Jle s obKa 5 (Sousa) L s
ol (3l S 5 55,5 oS U 5 Slas SL
lapl 4 G 2al8) L3 OLL K5 L8 5 5l
33 15 e Silsl Vi e 5 Sl s 0
OY) Lsls i3 s, s s s ol
ol plulis glagg SU oS sl ol 6T glaant
Sl o pelisns oz pee s Slaior 2 Gl
Llos gy e sbls 5 o 5L 508

slaas N4 Jle s ol Ka 5 (SImidu) s
L oS 525,58 o liS Mg 2Ly 8L 4 ¥
05 o (SSb b 5 e S s )

2 suwa

3 Caulobacter

4 Monodonta turbinate
15 Gibbula umbilicalis

Obe 53 TTX w328 miy ol sladle s
sld ooy DU 4 Slagrse Sl op e laey S
Jle ;s 0les 5 (Noguchi) i85 .(VF)
b Glaze S TTX saS g 5,80 sl VAAP
sbos Sz ess Sl L ss s e
(Atergatis  floridus) (st sls  oilS )
lUsesd s 6 8L Il e 3 0 50 (g5lulin
S TTX skis AJgd G e Ol w
o o L) Glos o3 Sal sl
Gl s Sl H(VN) s S5 me 5 sl
Jl 03 Sl (oS 5 ) S A5 L SL
0586 VAP Jla gl oS (osb o tdaen 3 xS
Olge a3l slag SL Bl e YY1
Aot B yme TTX s S 08 0s W) 5
ASITTX kiS5 gbag S polad (s
NSt L SUsss, s ¥ s ey suSt
o S S A s S TS e
5o el Olpe w SLssy LS Ole
O el ok 4l o o

S SRS M s om0 dmpe SbasS
DS W5 i Ol 4 s Y T
Mg o ary L0 5 \V) il e TTX
Mg g st aS bl () oo cnl b S
& e il b 53 e ol ol 0SS
Oldlas 351 S 53 sy ol Lok e kS
M5 2bos Sl se 53 L sy pde sl

(Y.)k;owd‘ I U-L)‘ﬁwsj;j{}):; oS

® Jania sp.

" Proteobacteria

& Actinobacteria

® Firmicutes

10 Bacteroidetes

' vibrio alginolyticus

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

FAV 7 Go9p andllae G thys 2l SU glapmS 5 0n fpee

")b&k‘guép.u'

LS g sla SL aods b 4 ) sl o
Sl 5 o3l Of ale Ciliss e 5l TTX
Lile o 5U 5 gl QBUS Gpas 350 5 oL
(o sle s (pln i S OO
e Xanthid Ko = o)l sl s gy 2§
Ll (giluliz olale KSsb 5 T Jlsail> L

RGN PR A uL;.;

JA Gl s eSSl gl
iluldr slag SL oS sls 0L gl b sl
wuéuaﬁjﬁguu(’x&;mu
o e 0 S e S5 L slaey S s el
Listonella plagia sp. <50 « 1) 45w ¥ o0l
Alteromonas tetraodonis sp. dl ls,. nov.

<13t Shewanella alga sp. nov. 5 nov.

OVF) Ws pes
(TTX) oS 5955 75 oS 55 08 M5 0bys b SL g5 (\ Jod
oA | 2558 Silele ae S| s
Vibrionaceae

VY ACAN Jis (Gibbula umbilicalis) , <
VY Yo Jus (Monodonta turbinate) |, s
Y Yoo ey oS (Fugu vermicularis radiates) sl S5l Vibrio sp.
s 144+ ol b Sl
A YeoA o (Nassarius semiplicatus) , <

Vibrionaceae strains
VY Yon) JW (Monodonta turbinate) ¢ s Vibrio splendidus
'Y ARRA Jus P Vibrio gallaecicus
VY Yo s (Gibbula umbilicalis) |, < Vibrio gigantis
VY Yoy Jes (Monodonta turbinate) L o Vibrio tasmaniensis
\Y Yoy s (Gibbula umbilicalis) , s Vibrio tapetis
VY Yo Jis (Monodonta turbinate) |, s Vibrio cyclitrophicus

Al SSabess,

" e b (Fugu vermicularis vermicularis) Vibrio alginolyticus i‘
YO 1440 Y (Niotha clathrata) |, s Vibrio parahaemolyticus ‘7}‘
\i2 VAAY o5 Xanthid Lo = Vibrio fuscheri .
A Yoiq Kl (Arothron hispidus) _st sst Vibrio harveyi
VY Yory Jus (Monodonta turbinate) |, s Photobacterium
v a b _’au Sk Il 15, Listonella plagia sp. nov.
\f 144, ol Jania sp.) ;. 5 Sl

Pseudomonadaceae
YA YAAV ol (Fugu poailonotus) sl Ssb ey

Pseudomonas sp.

s Va4, ol b Sy
o 1440 Ot (Niotha clathrata) |, s
¥4 VaAs ol Jania sp.) ;3 Sl

Enterobacteriaceae
0 Yor0 LS KL (Chelonodon patoca) sl S5l .
g Yoo¥ LS K (Chelonodon patoca) sl <Ssl Serratia marcescens
vy Yo K5 Koa (Takifugu niphobles) _al sl o35, Raoultella terrigena

http://bpums.ac.ir,



http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

VA0 [ s 5 3130 /Y 0 jlad /a3 5 Il oy b /FAA
oA Jl Y Sl ae ;v-»:-"@ﬂ Ll
WV Y0 o (Yongeichthys criniger) ... .l Enterobacter cloaca
WV Y0 o (Yongeichthys criniger) ... b Rahnella aquatilis
Aeromonadaceae
Y 144+ ol b Sl
Yo 1440 Oyl (Niotha clathrata) |, <x Aeromonas sp.
v YorA o (Nassarius semiplicatus) , <
s Yoy o (Takifugu obscurus) sl issl, Aeromonas molluscorum
Shewanellaceae
Y YouA oer (Nassarius semiplicatus) L e Shewanella sp.
VY Yo Jus (Monodonta turbinate) |, s Shewanella pacifica
i Yoov ol (Pseudocaligus fugu) oL s L Shewanella woodi
VY Yo Jus (Monodonta turbinate) |, s Shewanella surugensis
o YaAQ ol (Takifugu niphobles) sl S5t )
\td YOy b (Lagocephalus lunaris) st <ssl, Shewigily PREgTaciens
VY 144+ ol Jania sp.) ;3 S Shewanella alga sp. nov.
Oceanospirillaceae
A\ YA o (Nassarius semiplicatus) , < Marinomonas
Plesiomonaceae
"N 1440 Ol (Niotha clathrata) |, s Plesiomonas sp.
Alteromonadaceae
Y 144+ ol sthos Sl
v 14A4 (Octopus maculosus) _s st Alteromonas sp.
\E 194+ ol SSal Alteromonas tetraodonis sp. nov.
Moraxellaceae
VY& Vaq. ol b Sl Acinetobacter sp.
Caulobacteraceae
Y yaqy ol Sl Sl Caulobacter sp.
Pasteurellaceae
Yo 1440 Ot (Niotha clathrata) |, s Pasteurella
Moraxellaceae
W Vaq. ol b Sl Moraxella
Alcaligenaceae
Y 144+ R b Sl Alcaligenes
Pseudoalteromonadaceae
VY Yo Js RIS R PR IPN b g
- — . (Meoma ventricosa) - sy Pseudoalteromonas sp.
\Y Yoy Jus R \qu 3 b Pseudoalteromonas marina
Rhodobacteraceae
T Yoy ol (Pseudocaligus fugu) oL s L Roseabacter sp.
Microbacteriaceae
vq Yoof Ks K (Takifuguniphobles ovaryof) sl <S5t Micrpbacterium . 9
arabinogalactanolyticum 9.
Micrococcaceae \7"{‘
) 194y ol 2bos s . -
= e o P Micrococcus sp.

http://bpums.ac.ir,



http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

AR/ sy aalllan 3 ol )3 o S a5 e

")b\i«k‘guéqu'

oA | de 2555 $olulder pa g Ll

Dermacoccaceae
. A La (Arothron hispidus) sl ssl Kytococcus sedentarius

Cellulomonadaceae
£ i La (Arothron hispidus) _al. s, Cellulomonas fimi

Actinomycetaceae
) 144 ol b Sy Actinomycete sp.
v Yoo e (Fugu rubripes) sle Sl olaass Nocardiopsis dassonvillei

Streptomycetacea
) 144 ol LSS Streptomyces sp.

Bacillaceae
Y \aqr ol o ol s
Y 194 ol bos Sl
\Y Yoy s (Gibbula umbilicalis) , < Bacillus sp. -
v VaAq ki (Octopus maculosus) . sl 3
i A0 o (Fugu obscurus) sl <ssb )
f Yoiq o Al KSabas Bacillus horikoshii
VY Yo Jus (Gibbula umbilicalis) | . Bacillus stratosphericus
0 Yo e (Fugu obscurus) sl &S5l s Lysinibacillus fusiformis
Flavobacteriaceae
3 \aay ol s Sl Flavobacterium sp. \7};
w Va4. ol el Sl k3
v YooA . (Nassarius semiplicatus) L pre Tenacibaculum ’
B diLi.i‘« j,\;bd.i\.,b- 5)}{ LSL"Q):SJJi VGSCs WSj‘gb‘gﬂ Cf.sjw MK‘

s S5 (05l S TP W sl S5l S
WIals 5 (FV) o |Sis B SeS 25 5
s oA\ e M S5 S Sles Ol
(F9) 2l o O g ool il (sl 5l 35 JUE
5 Wy 4wl o wly e kgl s
Joho ooz a5 L iiSan ;5 LS (g5l
Wl 28 Jobe s SISl 5 Jsho il S5 5L

(fN) .,\AiLu&A
ol plolid Ohllkuy L3 W a1y 5 5l IR
.L.S@ Jl>u"l b VGSC a}ﬁ ) q B .b)...ZLSA
» (NaX) Ve o550 & .(Navl.1-Navl.9)

s e glad e 0500 4wl b0y 0L~
e Sl 5o peas (LS J&EI s (g5 0
sladle ol 58T OF szl 55 5 o LB
oly Og W slackle Gl ST sl
s e fedly 5 e O ol glec kil
Js & 5 sk 0353 4 e 0 355 b 05T
QA 338 o S i o Gl il G 5 O
(VGSCS) 55 & ails  oske  laJUls
YL slael 5l (Voltage-gated sodium channels)
ol s G JUS s (el ) sl
sl S s (5lal s 3555 4 0315 o3l b LadUlS
DTl 5 g o e b 5 s S sk 5 Shas 5
bl s ladie 5 e gl

(£5) S o

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y GJLM""/VA;}"; Ju

e b /fa

sl (b 5l ik 0) e A las)ls
Lls WS 55,5 iises slaoy S (gl 50 Jlail
i 1 U 3 Shas s JB b 4 ilS e S

(0)) s
2 eSSy kS N Kl 4 S s 8
Jaze (VGSC Jy,m pia 0555 W a5
Al o e 3 S5 TTX &S bl 5l 5 05 00
Sy 255 31U Gy Lle 058 ssdkene L
5 gl dlatt ) (7 S8 1S e (S sl e
apale 5 Slas 4D 55 5 0dd fos Sla fonily Loz
2 S E0s 8 (W) spd o gl ae Jihe s
Ol amd 55 5 mde O JUE 055 55l
S 53 AS e Jae ol SUE e slad s

) 30 elty sl S35 2 S 4G &S

DI DIl

Jos i o 55 KOl 4 S sl oLl
&S a5 35 1, VGSC 5 us s

ol il W laisls 5 5l Sled ol ¥ IS
23 Ser S Aiea (Sop sladiy b il
Sl cpl s S xie S kel L5l g e
wols o a2l e DI-DIV) S Jsen asls ¥ <l
Glatwgly sl —W ks f gl
oS el (6 il o s 5 50 (Transmembrane)
RS ke S35 ke o o Las
(F5) L3 o Joaio

oolgs Wl dly 5wl ol olant| gls JIs
5 dine s Uy S (G gladlls b
Loz JSES 1 S Ot sied Lol
Gl Ilaih ol (sl WT a5 e (F4)
3 05 oal) ot )T A (s s

oll} DIV

\ Extracellular

=2l N
O]

S0 §
CHNE
L Bk

] ]

I

Qj\ S X
I

e o kiS Jld b a5

&
~Intracellular

Lals ¥ 515 4 il y agds JUS 3 W (gladmts 5 51 4 aacls andes JUIS 55 (TTX) S 55 055,5 el ol 5 W sladt s o5 5 g (Y IS5
O sy 5 s ol il S5 i 0 b o (o 5o 3) ¥ andas (=) ool oSdin Wl sl 5 anded & Lol aals 2 . e 1S5 (DI-IV) S Jsen

003 2 53 IFM Cissn) e dlad o 031553 ol 0 3l OLES (o3 s 5355 0015 b o5 &0 PKC) C 5k 55 5 PKAY A LS s 2 slage 5T

Ol 1y s L e3lssn 0,8 LSS 55 S50 el Ssw ol il ol jasiin (Josw 2w ) H G~ L 5 el odd Bl5 ¥ Y slaasls o sk
) DEKA Cisze) Jotls 5 BEDD issn) (or sl slaail dizs OFE-lINING. lalsd 5 wlods 315 (o K5 ) # 50 lagslo o P slac ) s e

U e s ail 53 ol 53 5 g el el sladt s U TTX J80 50 ilods 1025 (o ol s, b olae ls) aisl (sladeal 51 (i 5 e SOl 5 5

(F7) das o iSan 5

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

TN/ a0 e S thys b SL sl S 5 I

Q‘)&@Ju‘i’ﬁ.

O 0 S 55535 5 Jlasl Jows 5 315 4 atml s ordor JUIS Sl (¢ 52

©opslie 5 el GLVGSCs (olal b 4
23 3pmse gad e ol 51 (S 03 oS S35 3
Lpde Ol Syl dile (55 0 s e
otr i WVGSCS & Ay o i 4 el 2 oDl
Aoles Wl dgle ool odile oliy 5 3 Shas 3
Bl b TTX LT 55 o8 ally Sllee oyl by
Lsdp P S5 ras (e 4 TTX 4l
o S0y sras 3 Ses 53 pid il 3 il
(f5) 1,8 13

Sl OLE Slys fodly s 4 WVGSCS o554l
oS WS 0F y igr Ml S Y5 a5
« (Channelopathies)(_JUS ! oL «) VGSCs
Sl Ll Sl sdae slagilen s Olge
sl s Clael 5 e ASl amale (S
25 S &S Sl 0 asde (ol eshe Liledd
Oloys 3 Wilg o VGSC wily yigr o i) Ol
5 el (olay 5 35 dle W 51
(0F) wasb axzls iz (Multiple sclerosis MS)

N3 33 S $ 339 55 e
el 0 2S5 S o S S 55355 4 S
osile S oy ol Sllas S5Uw

ki oLl Ohlikay s & VGSC o5 5,5 4
035 plate W@ aly i 5 St 5 51 o
TTX 4 cos Sl 5 0Ll (gila Joe 2o 5
2o T TX 51 Vel slackle ail o &oslise
Navl.7 , Navl.6 Navli4 t Navil s S
35 S e S L (TTX & ol sVGSCs)
TTX 51 (e So0) 30 s ol oS b
s Navl.8 Navl5 slaes S 3 055 Sub sl ,
sy (TTX & pslie clBVGSCs) Navi.
0Y) el

53 TTX S b bty 3 ol
Slap bl 4 ane il LSS o5 slacidl Ole
Cgline Olmbadde s s 0L VGSC
(%) Ll s

Gadsle Lo S LWVGSC (s Slas sla i
Sl odd patie o 4 Npde Ok (ae
emen VGSCs (Jos sl fonilyy Jlasl 5 |25)
e 03 S5m0 S sbadshe 5l (ol 52
Ry N Al
osba sl ol Jske Jlsl s T 28 55
(OF) ol ok jasein LIS

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLa.f»/rﬁéj_gi Jl

st 607 4 Ll il e 4 slael Ol
o5 &S spd e lesl il shlael Wlg s
s b LSLAJ%L‘}I o 3B 03 5 e slalasl

(00 5,05 13

(NSTX) (Neosurugatoxin) :pms s s, gw g5
CaoHauNsO15Br. HoO iloss dye b b e
Sle oS (F S0 el ladls a5 5 S
g5 SE hag VMY L s L ol
$SL sl o s (Takuo Kosuge)
O35l (o5 215 248 52 s pmse o b 4y S
ol o TRl bbb L S b

0%) L gilulas

G b 5 0dd A 5 e eSS 5 e g8 Gl Sl (F S
Ol ¢ kS 5L

OLE VAAY UL s Ol 5 (Hayashi) _sbls
o dlasl gl oYU Ll e oS5 ol &S sl
k) 5 s e e 03 smse S Slaedi S
4kl el S J s gl Gl anS s
Sl oL s ) e ek 1S 4 Jlasl
S eSSl S S WS s ees v
DS el et S olanl e ST

AOV) dil o 25 5SS

*7 Babylonia japonica

sdd plosil gyls Olsie 4 TTX LBl 5 Gl
oS 53395 3,5 53 5593 8 4 S 0len o
@ el y gl JUS oS sl (6588 S S, 8 S
Mo S ol Ll e ssdes |, (VGSCs) 5
Al (Sdn 03 oSy s 5 eslind
Lyl i s by s 3 Shes 5 e it VGSCs
5 BVGSCs s o il S50 sl 5 SG5gl s 50
AL 038 55 o TTX 4 ol bl
Lpde Gl TTX ) pslie 5 ols
5 0k 5 dd aSTas e OLES i bl Slalllas
TTX « b= WVGSCs i =, 5 Slos
ls L e basys Luld 5l osldas s
S el ) Soml slasss 53 TTX 5 o5l
sbdsle vs Jos sla iy JEl 5 5 5o
sbol I (s canl ) Jl eas
cos ARG Sl 5 ol s dole e
) el 3 S 13 eslinal 5y ge oglite 3,5 Lasl 2
ol Sleys Jole G Olye & TTX ik Sledbl
(F8) das o OLES 1 5,3 () 5

o] 5> el S S 53355 ol pan
Ol 355 b ablie asle Sy Slaal ke o
e Olslins 5> S5 @dle (oSS Ol 4 e
ol Sl 6 5 ke 3 el e
oslial 3550 (530 4w OF JLs 4 5 3n Ko
2 5S 1 B

Sl oS s34 Llaslys WEX  SleS Oliiome
S S S Ol 4 LS e S 55055
S plel b s eS,e pl AS Jes o
S5 e 5l mle a5 el a5 ol 4 peanes

dj@b Ogsle Lol = s B e e

16 Tetrodin

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

FAY /sy aalllan 4 ol )5 b S Sa S 5 e

C)b&mk"ué;.u'

);;Ajjjz.ﬂlf‘\‘jmﬂrnyw; V';H\O shls
5l s e ) S PTX0 J8) il e
SEon 2E 2o DS E e ek e
LoVdbms 5 Wbobre o3 Gles o ol

(OA) Sl ol Ll

(@] (¢} l\{le OH Me d?-P

HO/\/\NHH\/\NH . /

OH OH

Me

(PITX) (Palytoxin) s s Jb
2 CrzoHzaNgOss bass Jpo o b (oS 5 ol
s (Zoanthid) ol> = <G 31VAVY Jle s 5L ol
sl (Palythoa toxica) (Susy /57 L ol
S Sl ol LS L JS05e S PTX s S

() S 5 Y om0 IS

s @Brevibacterium) .. 51 (g5n Gl
OA) 3 8 20l SUss s a opl 5o Sz
oS F I Sl il

oSan 3l gsae ATPASE by - e g
5L« ol P-type ATPases (glaw sl s
ol ) il Lol JEl kS (g )
0553 3 e O 4w JWED 55 e S8 g
O3 35058 55l5 50 5 Jsho zobr slad 4 sk
ol USE) wS e Wl Jle Jsssie 4 el
spbn bl ATP U & i L il

Solse e o Jsha Cld“ S22 o RELRCAD.

Yoor Jle s oS5 ol LS sl slpiy
Sl sl oy o L OLSan 5 (Frolova) 14 3 L 5
S o 0 T S e 5 e
oS W5 s s plisens] e oS Gla Sk
L35 PTX w4 by 35 51 a0 51 a8 Wy LS 5
55 OLKes 5 (Seemann) e Of 51 e (09)
sline syl e b oS (6 Ks adllas s Yol L
pab S 15 ) Sl e 655 55 50 PTX L sL
sl sl 5 (Palythoa caribaeorum)

& 5 (Zoanthus pulchellus zoanthid) ..x/,;

3 i bl 5y (235 el il 45

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y eJL«&/rﬁéjj Ju

s b /FAY

() dsl

inside

ATP +H,0 I ADP + H,PO, + H*

0
Na* O

r)y Lhd}l.w fL«J 6J.“:J9_C~w.3) LS‘J" E) J)‘.) S

53) Jles sl Jals Jae cpl das o OL2S sk 53 1 ATPASE- il s ol a3 Sthas i S oS 5L oo ol (7 JS03
QJLgJﬂf&le:wbw.mpjdjhyb@mtigﬁY 0358 505 5 sk jh ol s 5l 0 V(G ol cg
3)ls e slal g ot 53 335 o JuSS IS S ny S e ATPASE- ol s oy WHasls 25 ol oo 4 S 5

RCADIPRRPRGNIEV le;'-‘\._.djl.w J=ls 5l L NP R Jshw

b Sbybe () L s 5l 53 0p
S o M st Dl s Jeé LSS
S do c b b SLS 5w 0l8 e 0le gl
UV anil 5 sausS clablos s ns Ao s
s boSssla 5 bogl Lolan glaeiis

(FOV 3 g0 5L Loy 5555
o3 G5 b e b Sl GlacS S
Sl LSl gl pome sk S sladshs 53 0
03 3doe 3 WS 5 gl (RSP S-S5 kil
MageSsos KNS e O3 ol ws e
oS ilss 5 daipmSssm  daimS s sla
crms ol LGRS S
Al e pyme S b 1 L S 5 sl
eSSk gz g Sl s SIS ans s

oS5 omSbe (V538 ey S JAlS Lo

O Yl Sy JLal oo 5 & oS5 S
— e g Wl 5 S ol i
S IS Comse al ol Al o ATPaSE ooly
Lo Oup o bl bl Jusls (JUS) ke
oSS Y 5 8Y) 355 o s ey o5
s e JUS LS5 Eol 4 ol o S 5
S B SS slaln S spde cae Al
absll chle s G s ey 5 e Lo
oA e G LS e e s L L
Sl Gk sl o Ve ssde ole Sl 3 (FY) 33 8
b 3 PTX jaam L bl 54d e 0ols 5se JUS

(5 US2) (PF) g go e JUIS 31 g a0 sileo

L SL gl b s 5
Jsene Ll (o] = s LaSda) L SU Lo

N R P T PR P P P W

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

Y0/ sy aalllan 4 13 b S a5 ke

C)b&kjuép.u'

SIS S gt S s 90 3 ik
il bS5l Sl lisds
g e ik 23la o et ST (s S il
Gpiagibl & il USTiel Sy ST
o e Sl n-ui_ o LUl ‘Y\fju;m:f/}ﬂ
S psee el eld (llis .
Lol Lsed ale et O lag St sl
Dok oslses kol 1yl S 550 L (LPS)
Sl dex Sl e b8 e st zin o

(BA) A3l e Lags S

b ALk S 5 Sl e

Laa..S_,S‘”‘,S

A oS LT ()

Sl k2S5 Jole by 45 ol (gl 53
. TR | 1

(\/ J{.;) g:,...w( [ PrEaing B (VFDF) Gfﬂ

S8 was Llsl oo Jb oyl gl eeS SUT

ot A5 @l LS s POl Kl 4l s

6 Ll g SLle 53 VAVY JL s Ol

W) 158 a)lsS (s

s 4 (INVIVO) 5.0 3 kel 5 38 oS 5T

s e ol s ST b LU 658

bbbl 5 S5 opl 235 o st 6 S sl

b IS 5 bl 5l eslizal Lol w by s slass

slogin ol el Al bl 20 S ads

(\/Y)J)Jwawﬁ)}udﬁg.m"»wy

19 cylindrospermopsis raciborskii
20 Umezakia natans

2! Aphanizomenon ovalisporum
%2 Anabaena sp.

% Raphidiopsis sp.

 Very Fast Death Factor

% saskatchewan

% Anabaena flos aquae

s S@ oSl a oS 5L
rbondse 5 S5 Bl 51 e o sl 5 ik
sdas sk 4 OLS 5l ((FF) Lledd asiie
Sl b ke Salil Gl Sal esly
5 ot Sl 02 oSyl Hpa oz
(BY) ol o gLl 55 ol O 5

ol Foa Gua glaplll bl pgen
(s ) oS 5 ap 50 Mgl o huatl
AS Slaplkl) oSG (U8) eSsisla
(S e pms) 5SS 5, Ul 58 cals
055 4w 4 oL Shle glannS s, (FA)
58 ST sega@ S SUD eSS sUT
waal Lol 5 S 5 oSl (((S) @ S 5LT
L el e N - LSS5
LS 5UT Ol cpl 51 L5300 s BMAA)
S o s bag SU gl e LBBMAA
¥ gls 51 o bu g oS WSl oS
RBomS S5 N ipd o e 8 2l
ROV S I PR
sbes S pls L Leg wig. BMAA
5oosh At Ol s 58k
(£8) 225 W5 ol glakae

5 (MCS) (s Koo 055 53 @ LS 55k
K DS L eeE Y
A0l Olge 4 S cl sl Al
wrld Jler 05,28 35 b G5 oS 5l
MC illy A 5l i ol Jb= 5s 55l s
wel ol a3 Ve (Vo) ol es 55158
ek SIUT A s s S el il LS
Al o cilises

18 Cylindrospermopsin

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\\'QOJ‘,&,@JJQBIA/"UW/VA:},JJLA g')jq;..b/\‘\f

)

V) 2l SUsbo 658 i b 0dd A5 rae oo B 10 SUT s Sl lan (v S

5 e dely G e Dl Sl e s hedinS @ s el ool Ll
sdins JUEI O 51 ey 3,8 das 5Ll amgs s Sade et el e D55 SLEE 3 3 ym se
Mo 2 g ol 5l S el e Tol wls 3 plad bl is e el
St Sl S el T e s st e JEE ke oS 5L oS spdp sl S sk

V) (A JS5) 335 o 3 58 5 Sl bl S 5 e ol 4 JUS ol AL e

Skgd o)l e ladshe 0555 4 U das

o85S el el ol oS Jez! . G%/ Sl o sS
. (] . S O g
O Pl
m o i K+
4 1\
a Cr.S_,SLI
calandl sLis v @ ctledls sLis »
Na+ Na+ Na+
oxale LA ol - s azals A5 e K28 dl s aale

B S SUT s Sl 55 5 3le Sl s el Cund s alie (A S

Sp8 oSS s V) Ll 65 e 5 e e ST A Sl
L}’f.j)sg}ﬁ:’w‘f‘f\‘. 3 9> uak;w‘udwl V_L...:.w).) S g0 Lfﬂs}g'f w}js J‘«‘:""‘ L;Laa..bjs

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

YAV / sy aalllan 4 o3 b S S 5 e

C)b&kjuép.u'

S 2 )1.2\:.) QLE:E}J a)'jja\ "J:fgf )b} oalaiul
w0l jlims LS I Ko 5@ Sl
el il S il ezl sl Kol Olgis

VYY) el

8 e 56T 000 (0
Sl P S e ST S e
8 oS LT go50 il o B oS SUT 51 S S san
Logaysd Ly aidbd Slaziy §SUsilw ahows &
shls 5 555 AJg (Oscillatoria formosa)
ol bl s 8 S SUT wlis glasle i
L5l -8 b g @ S ST saps s
058 S shls Blal 0 S G gl e
bl alie ST G w55 350 05 Lo

WY) (4 JK8) 35 5 e

N O N O
CHg
CHs
N N
a oS U a S U1 pasn

V) 8 S 5T 558 58 (oS SUT g bl calis (4 IS

el Rl SR cx e eSS0
S as Jet #) OIS Clasl Bl IS
o sS Jael 0385051 L 5 i esleml LUl
O 5L Gub Sl Jee cnl 338 o e ()15
sl s L g5 ds GladUS Sy5s 5W

V) 5,8

(5) & oS 5L (&
ST L el 3 a8 aald sms b S 5
5 e UK wlise goletle 5l Ll oyls @

A oS g sl &5 ol J= s opl (V) L e
Sy DS Jal Sae kS S5y 2 oS
oS el Gl S @ S SUT (VE) syl
Lo Slbe e Jlail Joee 3 1) 2555
3 el S oS 5l (VO) Ao a 515 L
S R N
Jlasl o oslis ol b 33 S e ras sladshe
5 Al ClS 5 BB b aedi ;S 48 (oS U
S Sl S Jed il g oSSl
& s e SAS alpls dA S00) 555
(b sy K Sl s el 5L Sdse b
Sl psdas e s B s ol
5 XS ol [ LOsslS e oslrl Ko 01,8
CMas gosdis ae Slaazmale JWEl Colg 5o
Sl AVE 5 VE) (Wpd e ) bl S
ST G 4 O3S1 4 5 g I L kS

AVE 5 PA) Al 0@ S ST oiiS I
08 S SUT ll2S 555 Gy oS el onls OLES
LS e dle S 5 S OB sy (s
S (Pl 05Vl Jals gldlis Sle
3 55k (oSS A Sl iy RS (NS S >

A oS LT K3 05l
ol S daad B Gl Cas ST G B oS ST
P R CIN ST S R
Ll a3 S 13 anlas 3550 oyl Slaal gl
5 aals K Olge 4 baee S5
Jol ol C)L-“ LS plagolen oo bl
(Iae By s Bl Lpdp oy 5
330 O3isSh 5 el ologr (sl S Lol

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y eJW/rﬁéjj Ju

e b /YA

;.x,;.xnjjskﬁwwpws_ 5 o-Sh pled srle (N IS
(00 b Sl 85 poir Lo

Jle 53 5L 5 T 53 Jsbe (S5 Sl
RASH SN Olse a5 s o)l
ol st el Gl b glaS s
Aol e JUE Sl sliS sy ne
s 4wl el SdUE s 5 Sl
Sl s 3 5t cou e gadshe 3
Sl 3 s bl e S Sk b 5 S
el o JUIS L(VR) 33,5 o 03 ol L o
srae Sdshe b s Ses Gl SWs 4
ClaiSsn Sope 4 LIS ol .l sy,
S usST dsb s (integral) b ol slas
wals Slem hls 5 daes sSlg peas Job
FeS Febe slie b s S Ll
SWs 5o s 4 als AU ol 0l 5L Lilasly
) Al QUK e SNl Gl 2 L
53 et SIUES mao 5 Shas gl Lyl
Sl WAL ol 15 0 513 Coanl ol a3

(F9) il o 5552 Jos Joily 2 208
Ul & b s badsle (U5 opl O
Oy Sl ladlaie Sl a0t 5 Lt LS
B el e G g S e s S
T 4 el (Sas al cpl 52 e (UL OFF)
b sylse pd e a5 5 5b Cow adkee Oud

Aoled o Bheo S 5 Sl 350 3 0l

Ly o Ol s 5l Salae SGhs e olis
505y Olind 8,1 S 4 Glate (8) @ (S LT
oS lee S Ol a5 il LS 5555
B AP = T TR HEL L

W) O IS2) &S o Jas oze Sla sl

04-ST LY

(6) @ o 56T Sl A
e o i 4

I No b
@ breakdown

Na*

(V) (8) 8 (S SUT 1 oele (V0 S5

(Saxitoxin) s 5 mSle (5
st dsp b Gt S eSS
Vsle S Gdo o5 51U sl 1 CaoHizN7Os
Vsl pesesle QSN &S
osls O & STX ol s en 3 S (3Ll
Sl Sl LS 55l ool slaslrle s
S osorrB sy —Y 5V gl an

VA O JS2) S s

*" Butter clam
% Saxidomus giganteus

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

YR8/ gy aalllan 4 o3 b S Sa S 5 e

C)b&oﬁj‘;&?ﬁ

r_l.l...» L;Lawﬁ &QQEJ})‘)JAS@J)M b ol

.(/\' j\//\) )Jﬁ@wﬁw

@ Al s ool JUS 5 W a1y 5) oKl
osb 4 S s ol OY IS) 58 e e 35
3L JUE wsd s fate 2855 JUES Lle 4 gt

1 v

Site 2

Batrachotoxins
Grayanotoxins

Site 3

| 1l
Site 1 Site 5 Site 4
TTX, STX Brevetoxins Scorpion B-toxins
u-Conotoxins (*) Ciguatoxins l_Spnder B-toxins
O o N L
112|345 1/23/4/5
pva

s 4 il s JUS s WT sl ) oSl 4 S 5 ST il e (VY IS0

Scorpion a-toxins
Sea anemone toxins

ol >

s b 5o S o L

S $ Sl Dl S

LN
®e
Toxin blocks channel ®

§

s ddh 53 S 20 pe

(1) s Sk 5> ol 5 ortes GLUUS 035 4S5k S 5 Sl 1 udlSa (Y JS02

w5550 00 i 4 e Llg 3 as @
b JUS Al ol otle AY) 353 b

SLAUS & W5 s pemas LSy oSk
S el 0T K8 ales sl s LU oyl


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe.J»/r.Mj_gs Jl

oy b /00

o cole b= s slass, s Lls .« BMAA
omgn el (Sae el il 3,8 13 e LGl
ol 55 2 208 01 e 5 (s olitdl (Sa, 50
el J1 sl tangle slagsolen glaslis 51 4G
g CALS) Syl Sl s DSl
Ted Sbem 5 PSP) ekis, he s 1
S cul ool ol aAKalsl Sllas L s
sslm 3 Kl e il 8, 53 BMAA L 21

(AF) 338 Jlen oy -L a1 i

(KTX) (Kalkitoxin) .S s S (5
530k sl S el Aty s D SG eeS S
O P PP P N AR AR WS
gble s dyngbya majuscule) T /iKine
Sladles (A0) (10 IK2) ol ol W) 55 (G o S
Sl s Cos sl s 530 o sl S sl L3
woarg b ail e Jige amse IS o, s s
O 03 ekl B el Wl S lee Rl
i8S Spdens g opl & sl ol pledide dad e
ol s ool L LAP) dibe Nav glaJuls
SUS 5 oS5 S SiSen 5 G35 S

(V) ol o kile a2 lsl Nav

5 CHy CH; CH,
\\C N. A _CH,
N 7(\/

GHy CHy 1 O

W5 e o (KTX) S 5 (SIS plend bl (V0 ST
(V7)) Sz LGS (6 8L gl Jan 5 e

2 Amyotrophic lateral sclerosis
Progressive supranuclear palsy

* | yngbya majuscule

ol Col al ol s i 1) O g 0L > o

A e

(BMAA) &.,S_,s;,‘,s 4..301 s G
S CaHN2O, - slass Jge 3 L S5 ol
g S ol Siigsn s el A
S e S5 ol 028 e M5 e S sk
BRI ) PP S VRPLSCIU B [EPC I W
OF S8 coslan § 51300 ol o0
O
H;C
~
N OH
H
NH,

o BMAA) oS 5555wl dead gl Sl (VY IS

OY) 2l Shgls €658 i b 0dd W5 e

5SS O 0 Dl 8 K 4 S
B s o BMAA s & odd sbul S
6‘-"('%:"& il Sldlas Lol el ollis atlis
s o QLS 1) S 55 ol (6518 3 saaza
s ST Ol &0 Ok 5 Ll .« BMAA
- — sl —WD AMPA slass S s bl I8
Sesmsn JolSsnl -F = fae -0 — S
NMDA ; (kainite) c..uls S 0 sl (Al
ol et 53 Ll Jes (SBoLal =D - Lze -N)
2 Sd s 53 odS Jobe 0555 Chle
Whslasos osb @ mas Sld 5 Ak e SRl 53]
GA) 335 o

Sl S ok 8 O Jld &S Sl cpl p edds
L0550 52 sollenS) L Wl o ge O Sy 5 i

(AY) 53,5 o 055648 w5 3 b

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

00N/ o9 andllae G thys 2l SU eSS 5 on S

C)b&kjuép.u'

s ATX &S ey o B &y (o S 5l 2508
AL e slad sl 53 05ST bty O S
R N P R W PSR Vs CR PRYEIP e P
s 3 Wy 4 s dS sladlls NMDA

(A1) 23 5 o Sl (53 500

S 8 5la

LR - s 5 S0 (A

CaH7aN10O12  slerd Jse 3 L e s So
DL Sl T 3 65 Wl o 5l ladzglin
palie OsowldenSl 5 dooden 2l 03 5 e3s
frogls 5V ulpH 23 el e aed AL
AY) ol aan Y Usles (U b 4 53
e S S il 53 oS glanal Al Cida
3 a e Basel dul SO ls wyls Ll
5 Sbkwlspl - Jee -D-B (YT -D (ADDA)
RTINS TRIY (NS v Py VOOt gg.:.a\.,jlf -D
S Aied 0 e dly 93 Gul sy Ko
s s 3 S il glacil by s les Esol
ool Gladnl wiian iie ais 3 0ol st e
28 sk 4 il Lops ik
e g5 31 el Gl G LR =y S
W IS8) asb e ool s

My GlaeS 5ol nimbl bigtemms Son
Oty Son NSl o Las Ll B s o
i w35 cawls LU S b oo AR
358 lp olaly il Ol e slad sha
bl JEl e Gk 51l el
sbdsle 5 us gladsle o s s sl 4o
Coos Jdo o 0 AL 0 S S 0055 0Ll
S 335 o 35dme gl 4 LS oS 55 Sl

(ATX) (Antillatoxin) ;s s%s1 (G

G CogHisN3Os et Jsap b oS5 ol
S Sl Jseresd S8 Shimsd eSS
LS obw ol oSl S by
AV) (17 ISK2) 33 5 o A 55 JpnSCamms

o ol S 8 pasie NMR 2y, 5l eslizad L
—odls e SN =S by 5 S sl
Sy A Sy S @eSshs KoY
Jraze (diEne) 3 —AF— Jre 55 =A F- L5 -t-4
M) 2l o Ssal (sday CASA O oy S a0l

CH CH; CH; CHy

CHz—N

O

W5 gas o dATX) oS 5T pland b (18§
AV) Sz LGS (6 8Ll Lo 5 e

L 5Ws a0 aily seder aJUIS WT a5 053 ATX
S S eI Osmloths sk 51 4 e
L3l (ol S5kl =D = Jize -N) NMDA 5,8
(AV) 3580 eas Gad e 55,5 5 oS 5505 52
)JM&%J\\)JS@‘ATX“Sw‘d‘jQW
sl Sl dlSe 5550 50 S S e a5 L
e s MBS S5 Stk slane
o ST L 5 S 5535 5 5l ol b &S ey o
S s S oo 0 51 015 s NMDA o5, 8

(Ar) sl p s

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe.J»/rﬁéj_gs Jl

s b /00y

ol Lasie S 4 edd sl - Y L
Sl et Jlee L LS & s S oS
ol b s s 2A 5 B S
o il 55 0f Oly S las asly cnl ﬁ;j
S GlapesdlSe oS iy 0 B 4 s s
OF Ll a5l ety bapptomn S

il e
A JS s - Jhe el Sl W
3 Oty Se ZBE 5 Ol 4wl S A s
ol AL T ROS LSS 4 by e 350 i s
eS| ol el ROS b 0553 - sk
st W paeS] il Sile ki 5 e
Lossunl <ele o 5 LR - s Ko baus
b 3 338 S e s Dok
03 R b oS Wl WIS e s S
A slaans daaniy gy dile b cISUl ol
22 e a e el ol MBSl d g5 See 5 Ll
s Gpdcans 5 Jobe IS ol
the BB 5 e ol el S
bl Ssml 5 sk St 53 gl gbaole,
Sy s LR —gnei3 S bug sl
Sl Ol sl S ol Caliss b8 IUT
o e e g8 S 4 il sl
el sl SUlg 5 PP2A 5 PPl e«

(A0) LS o W 451uS]

(Nodularin) - ¥4 (&
CuHeoNgO10 sl Jso 2 b oS 55l (il
Sl S Sl s b sl Al S

Wle Jyome b SS55Sspn b Al Lol L

¥ Reactive Oxigen Species
* Genotoxicity
% Cytotoxicity

Sl (gl 5) edias JUisl saS oly AS Al

AT asb s Johe gl gs, »

5 S 55l LR = s S Slard sl (W IS
L Sl b s ol

s mpl Sl LR - a S
SST15(PP2A ; PP1) 2A g5 5\ g5 sl il
sl S e e S gladhe el i
2 bl s Osedlpsind LI 4
g OMSean S e S slads
L S K5 L asblied 5 LR = s Son
3 LR =y S ke 055 G VIS
s SdBS Aty 5 3 g Al
o pan 55 | e o3l sl T(PPP) bli
K 355 e bl PP2A 5 PPL e LS
Sro ke b 4 LR —painy S
ssb 4 opdp Jate PPPslag 5T (o) 5U
Al db oKl s e S S
Bn Pl Sl end s bl e S5k
Srha ahied Gl n 5 35d e Jles SULeS
Joims Slhgs opl S 0 S5 1 s glad b

QAF) Wil o LR = s S0 (6US o

% Phospho Protein Phosphatase

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

0F 7 o9 andllae G thys 2l SLglapS 5 n S

")bm"ué;.u'

RNA L 5 DNA Jlle _oiVissS o s0 < 5

a3 e i |
S g 3 VYA Il s L sl CYN
Wl s oo nsr 3 500 Sobew
2B 0 by olew (ol fand s S iiS
b abslile W8 S (sl

el bl 53 Sap ST e 9 pane g solinlie

(QA) 34 Lﬁ"""ﬁ"L“:'T uT s lsS

ACYN) w5 IS s o s s s i pliand Sl (V4 S

(Q8) Lo 5 8L Sl Jae 5 03 A5 0 5 st

G peeSE B s s 38T Jl
s ool bs S 0T ol Hllen oluls
AT e 5 s Yoo JU s ksl
Sk Q) 238 S5 s il 5
S 03 CYN Clvpes Lidas o G350 50
(s e Dlgaicanl sl 3518 s dd e
53 5 sk Dass o e lid T 5 a8
23 oS s Bl e AS enn S e il
cele V8 5l e CYN s 2 5,5
li= (RER) iz el sl ol EYESTNS
s L;Lav.:ﬁ,.:w sbasl ccele YY s 6sd e
$iS oKws 5 (SER) Gilo adl sl aSlis
s SoS okl cell A s s s 5y

Voo BEAS] ‘L’j"‘:’@ ‘U.‘.:ll.u\ Q.b LSL&J).L\.A LS

* proliferation

5 dl S sl ke D - e N
(OA JS2) st o ADDA sl 5l

b 5ok A5 S 5 5 (Y 5 aloard Sl (VA IS

@) s Slsls

4 S BN 85 S b Vs
SIS 5 hasg 5 lamelsd LYy ol
"PCCT804 L,l55,aul L ¥sss ol ,SUsibu
Ll p¥ss (A7) S s Ay
3V 3Bl 5 BT e w38 ity ST
S s O sy pied ol (U 5 5 2A
(39) Aty o S s (S35 sk IS

S F G

(CYN) s ST pamne 98 ponw 55 Kirkons

« CisHuNs07S Sl Jsep L oS 5 oyl
S akd wEld ases eSS Sy Ol
Sdes Oy ke 53 1 s s
35 Soogbl ISl AY) b
b oo eyl 4l SO sladls e 1SS
04 J$2)

S SL shw gl s g go e g sk
sl gl CYN ol W5 el

035 sl ) s n s 5 Sl e 4S5 AS

¥ Nodularia spumigena
% Nodularia sphaerocarpa PCC7804

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJLe...f»/r.Mj_gs Jl

Crer b /00F

S S8 sles S 5l S Ly laS s
gl Aol LA eSS s eSSl
3 et LU Sl 3 b 5l LS 5
il ek S i ST (as sbadshe
ol S Sl (alie slacay Sles (S
Fee Llee 3 2A0 5 g8 lasblis s,
Aales o Wl s o3, Shee B B
ol iy oldlae el s 4 dalgd
e 5 bt bl S AT & das s
2 Ghie Jlpl Ll e LSS pl Jes
s bk Ol i bl b

Al T slsben b ossle

Sl 5 el

2 S GISsasn el Sl e ol OB s
4 Olbadlas o Ologse 5525 5 Oler b
Gacassdoe s 4 5 03 S e dlis cpl &)
Gl a3l 35 gl aled w0 sbaal OISGI s
A5 1 okl Jls

C’et.a;l."a“
Oby OBt iden 5 wile 5ol 45

GO IS o

References:

eSS SRS e o S sladshe el
(V) Ky

JB 5 CYN Leg s sl ]
ol S S Ak sl Ll sl e 2
5 (Froscio) sl sl b oS 55 g
35 shls Blas CYN a5 s 3 slgiy, O
F Dlge il e Bl Sl Sl
S el a8 asial gy 650 5 g
o sk o ool o it 125 350 0 5o
0 (Cele Yo ) Vbl gl wllg e
el Hlgs OLE B 0 st doys 40 S -
O0)) il 8L e

slaey S LLi) CYN Jksle & >y L
V8 g e 4t (Jelysl 5 S Dl s
b 2o 50 1, RNA U DNA Wl o oS 55
Oles 0L en 5 (Shaw) 5.s slaanl .das 13
(Uslbed sl L) CYN VIS Jlasl sdas
o s b (VoY) s ise 5o DNA L
i ol 55 DNA w3, Kss s CYN

(VYY) el

S S oS
3 welesd glajlle ghls oL S glay S 8

gl e AL e e e slas Shas

1.Nabipour I, Najafi A, Bolkheir A. Anticancer
and cytotoxic compounds from seashells of the
Persian Gulf. Iran South Med J 2009; 12: 231-
7. (Persian)

2.Subramani R, Aalbersberg W. Marine
actinomycetes: An ongoing source of novel
bioactive metabolites. Microbiol Res 2012;
167: 571-80.

3.Mohebbi Gh, Nabipour I, Vazirizadeh A. The
Sea, the Future Pharmacy. Iran South Med J
2014; 17: 748-88. (Persian)

4.Nazarian M, Nabipour I, Najafi A. Marine
actinobacteria: a source for discovering of new
drugs. J Microbial World 2015; 8: 76-92.

5.Agrawa A, Gopal K. Microbial Toxicity
Studies. In: Biomonitoring of Water and Waste
Water. India: Springer, 2012, 121-33.

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

000/ o9 andllae G thys 2l SLGlapmS 5 on S

")bm‘gué;.u'

6.Rossini GP, Hess P. Phycotoxins: chemistry,
mechanisms of action and shellfish poisoning.
EXS 2010; 100: 65-122.

7.Lubran MM. Bacterial toxins. Ann Clin Lab
Sci 1988; 18: 58-71.

8.Madani F, Lindberg S, Langel U, et al.
Mechanisms of cellular uptake of cell-
penetrating peptides. J Biophys 2011; 2011:
414729.

9.Miaczynska M, Stenmark H. Mechanisms and
functions of endocytosis. J Cell Biol 2008;
180: 7-11.

10.Valério E, Chaves S, Tenreiro R. Diversity
and impact of prokaryotic toxins on aquatic
environments: a review. Toxins (Basel) 2010;
2: 2359-410.

11.Pratheepa V, Vasconcelos V. Microbial
diversity  associated  with  tetrodotoxin
production in marine organisms. Environ
Toxicol Pharmacol 2013; 36: 1046-54.

12.Sousa ML. Occurrence of Tetrodotoxin
Producing Bacteria on Marine Gastropods of
the Northern Coast of Portugal [dissertation].
Porto: Institute Biomedical Sciences Abel
Salazar University of Porto, 2011.

13.Do HK, Kogure K, Simidu U. Identification
of deep-sea-sediment bacteria which produce
tetrodotoxin. Appl Environ Microbiol 1990;
56: 1162-3.

14.Simidu U, Kita-Tsukamoto K, Yasumoto T,
et al. Taxonomy of four marine bacterial
strains that produce tetrodotoxin. Int J Syst
Bacteriol 1990; 40: 331-6.

15.00 HK, Kogure K, Imada C, et al.
Tetrodotoxin ' production of actinomycetes
isolated from' marine sediment. J Appl
Bacteriol 1991; 70: 464-8.

16.Jensen PR, Fenical W. Strategies for the
discovery of secondary metabolites from
marine bacteria: ecological perspectives. Annu
Rev Microbiol 1994; 48: 559-84.

17.Wei F, Ma T, Gong X, et al. Identification
of tetrodotoxin-producing bacteria from goby
Yongeichthys criniger. Toxicon 2015; 104:
46-51.

18.Saoudi M, Abdelmouleh A, El Feki A.
Tetrodotoxin: a potent marine toxin. Toxin
Reviews 2010; 29: 60-70.

19.Simidu U, Noguchi T, Hwang DF, et al.
Marine bacteria which produce tetrodotoxin.
Appl Environ Microbiol 1987; 53: 1714-5.

20.Wakely JF, Fuhrman GJ, Fuhrman FA, et al.
The occurrence of tetrodotoxin (tarichatoxin)
in amphibia and the distribution of the toxin in
the organs of newts (taricha). Toxicon 1966; 3:
195-203.

21.Do HK, Hamasaki K, Ohwada K, et al.
Presence of tetrodotoxin and tetrodotoxin-
producing bacteria in freshwater sediments.
Appl Environ Microbiol 1993; 59: 3934-7.

22.Lee MJ, Jeong DY, Kim WS, et al. A
tetrodotoxin-producing. Vibrio strain, LM-1,
from the puffer fish Fugu vermicularis
radiatus. Appl Environ Microbiol 2000; 66:
1698-701.

23.Wang XJ, Yu RC, Luo X, et al. Toxin-
screening and-identification of bacteria isolated
from highly toxic marine gastropod Nassarius
semiplicatus. Toxicon 2008; 52: 55-61.

24.Noguchi T, Hwang DF, Arakawa O, et al.
Vibrio alginolyticus, a tetrodotoxin-producing
bacterium, in the intestines of the fish Fugu
vermicularis vermicularis. Marine Biol 1987,
94: 625-30.

25.Cheng CA, Hwang DF, Tsai YH, et al.
Microflora and tetrodotoxin-producing
bacteria in a gastropod, Niotha clathrata. Food
Chem Toxicol 1995; 33: 929-34.

26.Sugita H, Uedal R, Noguchi T, et al.
Identification of a Tetrodotoxin-producing
Bacterium Isolated from the Xanthid Crab
Atergatis floridus. Nippon Suisan Gakkaishi
1987; 53: 1693.

27.Campbell S, Harada RM, DeFelice SV, et al.
Bacterial production of tetrodotoxin in the
pufferfish Arothron hispidus. Nat Prod Res
2009; 23: 1630-40.

28.Yotsu M, Yamazaki T, Meguro Y, et al.
Production of tetrodotoxin and its derivatives
by Pseudomonas sp. isolated from the skin of a
pufferfish. Toxicon 1987; 25: 225-8.

29.Yasumoto T, Yasumura D, Yotsu M, et al.
Bacterial Production of Tetrodotoxin and
Anhydrotetrodotoxin. Agr Biological Chem
1986; 50: 793-5.

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJL«&/er_gs Jl

oy b /007

30.Yan Q, Hoi-Fu Yu P, Li HZ. Detection of
Tetrodotoxin and Bacterial Production by
Serratia Marcescens. World J Microbiol
Biotechnol 2005; 21: 1255-58.

31.Yu CF, Yu PH, Chan PL, et al. Two novel
species of tetrodotoxin-producing bacteria
isolated from toxic marine puffer fishes.
Toxicon 2004; 44: 641-7.

32.Yu VC, Yu PH, Ho KC, et al. Isolation and
identification of a new tetrodotoxin-producing
bacterial species, Raoultella terrigena, from
Hong Kong marine puffer fish Takifugu
niphobles. Mar Drugs 2011; 9: 2384-96.

33.Yang G, Xu J, Liang S, et al. A novel TTX-
producing Aeromonas isolated from the ovary
of Takifugu obscurus. Toxicon 2010; 56: 324-9.

34.Maran BA, Iwamoto E, Okuda J, et al.
Isolation and characterization of bacteria from
the copepod Pseudocaligus fugu ectoparasitic
on the panther puffer Takifugu pardalis with the
emphasis on TTX. Toxicon 2007; 50: 779-90.

35.Matsui T, Taketsugu S, Kodama K, et al.
Production of Tetrodotoxin by the Intestinal
Bacteria of a Puffer Fish Takifugu niphobles:
NIPPON SUISAN GAKKAISHI 1989; 55:
2199-2203.

36.Auawithoothij W, Noomhorm A. Shewanella
putrefaciens, a major microbial species related
to tetrodotoxin (TTX)-accumulation of puffer
fish Lagocephalus lunaris. J Appl Microbiol
2012; 113: 459-65.

37.Hwang DF, Arakawa O, Saito T, et al.
Tetrodotoxin-producing. bacteria from the
blue-ringed ' octopus. Octopus maculosus.
Marine Biol 1989; 100: 327-32.

38.Ritchie KB, Nagelkerken I, James S, et al.
Environmental microbiology: A
tetrodotoxin-producing marine  pathogen.
Nature 2000; 404: 354.

39.Chulanetra M, Sookrung N, Srimanote P, et
al. Toxic marine puffer fish in Thailand seas
and tetrodotoxin they contained. Toxins
(Basel) 2011; 3: 1249-62.

40.Bragadeeswaran S, Therasa D, Prabhu K, et
al. Biomedical and pharmacological potential
of tetrodotoxin-producing bacteria isolated
from marine pufferfish Arothron hispidus

(Muller, 1841). J Venom Anim Toxins incl
Trop Dis 2010; 16: 421-31.

41.Botana LM. Seafood and freshwater toxins:
Pharmacology, physiology, and detection. 3"
ed. Florida: CRC Press, 2014, 20-1215.

42Wu Z, Xie L, Xia G, et al. A new
tetrodotoxin-producing actinomycete,
Nocardiopsis dassonvillei, isolated from the
ovaries of puffer fish Fugu rubripes. Toxicon
2005; 45: 851-9.

43.Wang J, Fan Y. Isolation and characterization
of a Bacillus species capable of producing
tetrodotoxin from <the puffer fish Fugu
obscurus. World J Microbiol Biotechnol 2010;
26: 1755-60.

44.Lu Y, ~Yi R. Bacillus horikoshii, a
tetrodotoxin-producing. bacterium isolated
from the liver of puffer fish. Annals Microbiol
2009; 59: 453:

45Wang J, Fan Y, Yao Z. Isolation of a
Lysinibacillus ~ fusiformis  strain  with
tetrodotoxin-producing ability from puffer fish
Fugu obscurus and the characterization of this
strain. Toxicon 2010; 56: 640-3.

46.Nieto FR, Cobos EJ, Tejada MA, et al.
Tetrodotoxin (TTX) as a Therapeutic Agent
for Pain. Mar Drugs 2012; 10: 281-305.

47 Mattei C, Legros C. The voltage-gated
sodium channel: a major target of marine
neurotoxins. Toxicon 2014; 91: 84-95.

48.Chahine M, O'Leary ME. Regulatory role of
voltage-gated Na channel B Subunits in sensory
neurons. Front Pharmacol 2011; 21: 70.

49.Ulbricht W. Sodium channel inactivation:
molecular determinants and modulation.
Physiol Rev 2005; 85: 1271-301.

50.Ragsdale DS, McPhee JC, Scheuer T, et al.
Common molecular determinants of local
anesthetic, antiarrhythmic, and anticonvulsant
block of voltage-gated Na+ channels. Proc
Natl Acad Sci U S A 1996; 93: 9270-5.

51.Catterall WA, Cestele S, Yarov-Yarovoy V,
et al. Voltage-gated ion channels and gating
modifier toxins. Toxicon 2007; 49: 124-41.

52.Catterall WA, Goldin AL, Waxman SG.
International Union of Pharmacology. XLVII.
Nomenclature and structure-function

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

0V o9 andllae G thys 2l SUglapS 5 on Spee

")bm‘gué;.u'

relationships  of  voltage-gated  sodium
channels. Pharmacol Rev 2005; 57: 397-4009.

53.Black JA, Waxman SG. Sodium channels
and microglial function. Exp Neurol 2012;
234: 302-15.

54 Waxman SG. Transcriptional
channelopathies: an emerging class of
disorders. Nat Rev Neurosci 2006; 2: 652-9.

55.Tetrodotoxin-WEX Pharmaceuticals. (Accessed
December 01, 2015, at
http://adisinsight.springer.com/drugs/800016242)

56.Kosuge T, Tsuji K, Hirai K, et al. First
evidence of toxin production by bacteria in a
marine organism. Chem Pharm Bull (Tokyo)
1985; 33: 3059-61.

57.Hayashi E, lIsogai M, Kagawa Y, et al.
Neosurugatoxin, a specific antagonist of
nicotinic acetylcholine receptors. J Neurochem
1984; 42: 1491-4.

58.Seemann P, Gernert C, Schmitt S, et al.
Detection of hemolytic bacteria from Palythoa
caribaeorum (Cnidaria, Zoantharia) using a
novel palytoxin-screening assay. Antonie Van
Leeuwenhoek 2009; 96: 405-11.

59.Frolova GM, Kuznetsova TA, Mikhailov
VV, et al. Immunoenzyme method for
detecting microbial producers of <palytoxin.
Bioorg Khim 2000; 26: 315-20.

60.Bellocci M, Sala GL, Prandi S. The cytolytic
and cytotoxic activities of palytoxin. Toxicon
2011; 57: 449-59.

61.Rossini GP, Bigiani A. Palytoxin action on
the Na (+),K(+)-ATPase and the disruption of
ion equilibria in bhiological systems. Toxicon
2011; 57: 429-39.

62.Wu CH. Palytoxin: membrane mechanisms
of action. Toxicon 2009; 54: 1183-9.

63.Gadsby DC, Takeuchi A, Artigas P, et al.
Peering into an ATPase ion pump with single-
channel recordings. Philos Trans R Soc Lond
B Biol Sci 2009; 364: 229-38.

64.Pearson L, Mihali T, Moffitt M, et al. On the
chemistry, toxicology and genetics of the
cyanobacterial toxins, microcystin, nodularin,
saxitoxin and cylindrospermopsin. Mar Drugs
2010; 8: 1650-80.

65.Herrero A, Flores E. The cyanobacteria:
molecular biology, genomics and evolution.

Norfolk: Caister Academic Press, 2008,
335-82.

66.Calteau A, Fewer DP, Latifi A, et al
Phylum-wide comparative genomics unravel
the diversity of secondary metabolism in
Cyanobacteria. BMC Genomics 2014; 15: 977.

67.Whittle K, Gallacher S. Marine toxins. Br
Med Bull 2000; 56: 236-53.

68.Corbel S, Mougin C, Bouaicha N.
Cyanobacterial toxins: modes of actions, fate
in aquatic and soil ecosystems, phytotoxicity
and bioaccumulation in-agricultural crops.
Chemosphere 2014; 96: 1-15.

69.Banack SA, Johnson HE, Cheng R, et al.
Production of“the neurotoxin BMAA by a
marine cyanobacterium. Mar Drugs 2007; 5,
180-96.

70.del Campo FF, Quahid Y. ldentification of
microcystins from three collection strains of
Microcystis aeruginosa. Environ Pollut 2010;
158, 2906-14.

71.Botana LM, James KJ, Crowley J, et al.
Phycotoxins: Chemistry and Biochemistry.
Hoboken: Blackwell Publishing, 2007, 65-122.

72.Ardoz R, Molgé J, Tandeau de Marsac R.
Neurotoxic cyanobacterial toxins. Toxicon
2010; 56: 813-28.

73.Purves D, Augustine GJ, Fitzpatrick D, et al.
Neuroscience. 5" ed. Massachusetts: Sinauer
Associates, Inc., 2012, 115-28.

74.0sswald J, Rellan S, Gago A, et al
Toxicology and detection methods of the
alkaloid neurotoxin produced by
cyanobacteria, anatoxin-a. Environ Int 2007;
33:1070-89.

75.Spivak CE, Witkop B, Albuquerque EX.
Anatoxin-a: a novel, potent agonist at the
nicotinic receptor. Mol Pharmacol 1980; 18:
384-94.

76.Lilleheil G, Andersen RA, Skulberg OM, et
al. Effects of a homoanatoxin-a-containing
extract from Oscillatoria formosa

(Cyanophyceae/cyanobacteria) on
neuromuscular transmission. Toxicon 1997;
35: 1275-89.

77.Mahmood NA, Carmichael WW. Anatoxin-
a(s), an anticholinesterase  from the

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

\YA0 00 45 g 3130 /Y aJL«&/er_gs Jl

s b /00A

cyanobacterium Anabaena flos-aquae NRC-
525-17. Toxicon 1987; 25: 1221-7.

78.Cusick KD, Sayler GS. An Overview on the
Marine  Neurotoxin, Saxitoxin: Genetics,
Molecular Targets, Methods of Detection and
Ecological Functions. Mar Drugs 2013; 11:
991-1018.

79.Wang DZ, Zhang SF, Zhang Y, et al
Paralytic shellfish toxin biosynthesis in
cyanobacteria and dinoflagellates: A molecular
overview. J Proteomics 2016; 135: 132-40.

80.Mohebbi Gh, Nabipour 1, Vazirizadeh A.
Neurotoxic Syndromes in Marine Poisonings a
Review. Iran South Med J 2014; 17: 451-75.
(Persian)

81.Su Z, Sheets M, Ishida H, et al. Saxitoxin
blocks L-Type ICa. J Pharmacol Exp Ther
2004; 308: 324-9.

82.Jablonski EM, Mattocks MA, Sokolov E, et
al. Decreased aquaporin expression leads to
increased  resistance to  apoptosis in
hepatocellular carcinoma. Cancer Lett 2007;
250: 36-46.

83.Rush T, Liu X, Lobner D. Synergistic
toxicity of the environmental neurotoxins
methylmercury  and  f-N-methylamino-L-
alanine. Neuroreport 2012; 23: 216-9.

84.Dunlop RA, Cox PA, Banack SA, et al. The
non-protein  amino  acid = BMAA " is
misincorporated into human proteins in place
of L-serine causing protein misfolding and
aggregation. PLOS One 2013; 8: e75376.

85.Berman FW, Gerwick WH, Murray TF.
Antillatoxin ' and kalkitoxin, ichthyotoxins
from the tropical cyanobacterium Lyngbya
majuscula, induce distinct temporal patterns of
NMDA  receptormediated  neurotoxicity.
Toxicon 1999; 37: 1645-8.

86.LePage KT, Goeger D, Yokokawa F, et al.
The neurotoxic lipopeptide kalkitoxin interacts
with voltage-sensitive sodium channels in
cerebellar granule neurons. Toxicol Lett 2005;
158: 133-9.

87.Li WI, Berman FW, Okino T, et al
Antillatoxin is a marine cyanobacterial toxin
that potently activates voltage-gated sodium
channels. Proc Natl Acad Sci U S A 2001; 98:
7599-604.

88.Inoue M. Chemical construction and
structural permutation of neurotoxic natural
product, antillatoxin: importance of the three-
dimensional structure of the bulky side chain.
Proc Jpn Acad Ser B Phys Biol Sci 2014; 90:
56-66.

89.Ca0 7z, Gerwick WH, Murray TF.
Antillatoxin is a sodium channel activator that
displays unique efficacy in heterologously
expressed rNav1.2, rNavl.4 and rNav1.5 alpha
subunits. BMC Neurosci 2010; 11: 154.

90.Berman FW, Gerwick WH, Murray TF.
Antillatoxin and kalkitoxin,  ichthyotoxins
from the tropical cyanobacterium Lyngbya
majuscula, induce distinct temporal patterns of
NMDA _receptor-mediated  neurotoxicity.
Toxicon 1999; 37: 1645-8.

91.Jabba SV, Prakash A, Dravid SM, et al.
Antillatoxin, ‘@ novel lipopeptide, enhances
neurite outgrowth in immature cerebrocortical
neurons  through activation of voltage-gated
sodium channels. J Pharmacol Exp Ther 2010;
332:698-7009.

92.World Health Organization. Cyanobacterial
toxins: microcystin-LR in  drinking-water.
Background document for preparation of
WHO Guidelines for drinking-water quality.
2" ed. Geneva: WHO, 2003, 407-8.

93.Fischer WJ, Altheimer S, Cattori V, et al.
Organic anion transporting polypeptides
expressed in liver and brain mediate uptake of
microcystin. Toxicol Appl Pharmacol 2005;
203: 257-63.

94.Pereira SR, Vasconcelos VM, Antunes A.
Computational study of the covalent bonding of
microcystins to cysteine residues--a reaction
involved in the inhibition of the PPP family of
protein phosphatases. FEBS J 2013; 280: 674-80.

95.Valério E, Vasconcelos V, Campos A. New
insights on the mode of action of microcystins
in animal cells-a review. Mini Rev Med Chem
2016; 16: [Epub ahead of print].

96.Gehringer MM, Adler L, Roberts AA, et al.
Nodularin, a cyanobacterial toxin, is
synthesized in planta by symbiotic Nostoc sp.
ISME J 2012; 6: 1834-47.

97.Froscio SM, Humpage AR, Wickramasinghe
W, et al. Interaction of the cyanobacterial toxin

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

0087 o9 andllae G thys 2l SU S 5 on S

")b\i«k‘guéqu'

cylindrospermopsin ~ with  the  eukaryotic
protein synthesis system. Toxicon 2008; 51,
191-8.

98.Byth S. Palm Island mystery disease. Med J
Australia 1980; 2: 40-2.

99.Poniedziatek B, Rzymski P, Kokocifiski M.
Cylindrospermopsin: water-linked potential
threat to human health in Europe. Environ
Toxicol Pharmacol 2012; 34: 651-60.

100.Terao K, Ohmori S, Igarashi K, et al. Electron
microscopic studies on experimental poisoning in
mice induced by cylindrospermopsin isolated
from blue-green alga Umezakia natans. Toxicon
1994; 32: 833-43.

101.Froscio SM, Humpage AR, Burcham PC, et
al.  Cylindrospermopsin-induced  protein
synthesis inhibition and its dissociation from
acute toxicity in mouse hepatocytes. Environ
Toxicol 2003; 18: 243-51.

102.Shaw GR, Seawright AA, Moore MR, et al.
Cylindrospermopsin, a cyanobacterial
alkaloid: evaluation of its toxicologic activity.
Ther Drug Monit 2000; 22: 89-92.

103.Shen X, Lam PK, Shaw GR, et al.
Genotoxicity investigation of a cyanobacterial
toxin, cylindrospermopsin.-Toxicon 2002; 40:
1499-501.

http://bpums.ac.ir,


http://ismj.bpums.ac.ir/article-1-809-fa.html
http://dx.doi.org/10.18869/acadpub.ismj.19.3.482
www.SID.ir

[ DOI: 10.18869/acadpub.ismj.19.3.482 ]

Downloaded from ismj.bpums.ac.ir at 11:46 +0430 on Sunday April 29th 2018

Iran South Med J 2016; 19(3): 482-510

Review Article

The most important marine bacterial toxins;
a review

A. Najafi ', 1. Nabipour *

! The Persian Gulf Marine Biotechnology Research Center, The Persian Gulf Biomedical Sciences Research
Institute, Bushehr University of Medical Sciences, Bushehr, Iran

(Received 30 May, 2016 Accepted 20 Jun, 2016)

Abstract
Background: Bacterial toxins are toxic compounds which are produced in order to present microbial
pathogenicity or to combat with the host immune system response. There is a cumulating evidence
indicating bacterial origin for marine toxins such as tetrodotoxin, palytoxin, neosurugatoxin, etc. The most
important marine toxins produced by different marine bacteria; their origin, structure and mechanisms of
action were evaluated in a systematic review.
Materials & Methods: Marine bacteria, marine bacterial toxins, and their mechanisms of action and
structure were keywords for a comprehensive search in online databases including Pubmed, Science
Direct, Google Scholar and Scirus.”A total.of 120 papers were evaluated, however, by omitting similar
reports, 103 papers were included in the study.
Results: The most of marine. bacterial toxins are classified in one of the following groups: neurotoxins,
hepatotoxins and cytotoxins. These toxins have distinct mechanisms of action including blocking of sodium
channels in nerve cells, functioning as agonists of acetylcholine receptors, inhibiting of membrane pumps,
the inhibition of protein phosphatases 1 and 2A types' enzyme activities and inhibiting of protein synthesis.
Conclusion: The clarification of the marine bacterial toxins structures and their mechanisms of action
may be helpful for novel drug design, therapeutic measures and to overcome against bacterial
pathogenicity:
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