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Fig 1) Classification of cephalopods based on their class, sub-class, order, and family (6).
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Fig 2) Images of some cephalopods. A: A Nautilus pompilius with outer shell as a main feature; B: Image of
a common cuttlefish Sepia officinalis; C: An lllex coindetii squid; D: Image of an octopus Octopus vulgaris,
and E: its beak-like tip.
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Fig 3) Purification stages of SE-cephalotoxin from the Sepia esculenta salivary gland. (A) A chromatogram of gel
filtration that the peak of the component is indicated by a short black bar; B) The chromatogram obtained from the
hydroxyapatite column is purified again by the specified peak in section A. Similarly, the composition is indicated by

a short bar; C) Results of the SDS-PAGE under non-reduced (lanes 1-3), or reduced condition (lane 4); Lane 1:
reference proteins; Lane 2: salivary gland extract; and lanes 3 and 4: the purified SE-cephalotoxin.
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Fig 5) IR spectra for: A) Hapalotoxin (43), B) Tetrodotoxin (44), and C) Maculotoxin (44).
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Fig 8). The tetrodotoxin families in hydroxyl and ketone forms (56).
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Fig 10) The breakdown site of polymeric chitin by endo and exochitinase enzymes (A); the binding type of a
chitobiose dimer to the active site of the chitinase enzyme.
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yellowish, and amino acids in the active site in red color and tubular model (A); the binding of the enzyme to the
membrane lipids (B).

5l e 53 Ll o5 8 ol Sl phes S
(A 3305 ol 4 5 eld st 355 Gl 4
S baoy 8 K0 O Koo led 4y K Ul e
ol 3 atesleds LSE5 sUls S Lol Jle oKL
Aol Sl 5 it o 3L 5 S Sl e S
05 1480 Jlo 53 o 3T pl (AV) ol oa JSC25
leﬁyo,\;_ﬁéabom;ﬂdj)ﬁw\lu}J...':
gl AY) AS e sbm) ledlis ceolt o)
Gl I Al ol S 2 S e b nl s caalllas
crse PAR g oIl Dosed s
53 LPPLAG Ol5es 31655l 55 oo O 5l Clablms
Ss,p Lol sl Sl 31 S Olse s Ol 055

(AY) 355 o oslizul 5

3N ol 5 Sl
LY ssden o 030500 11l S izl o 551
(sras il dex 5l il glalil js 5o
Dyhe DB Gt sbadde 5 Ll (Olas
5 0dsS @ 0l s 5 oS Joul s OF aid s
AY) dile SRS i 2 Sl 058

pelS Ol Jaee slasldpind Sl phe s
5zl a3l Sl 51144 L s (GPLAY)
Ls lalis Yoo F Il 3l oy 0T Glaes S oa !
Sawls pae Olea iIPLA; Lol S5 .(VA)
ol il e Bms 53 dS 5yl 4 0T s Shes
Cdles Llg e ildsies Sl el s S
V4 e LS 3 g3l il 5 5 (3L pind s 5
Ghls 355 Jles ol 53 CPLAZ asles o5 5 oyl
Aol SO T 4 o s Al e
« IPLA; ;5 s VR IR S S ol
ATP Jlal a8 5 50y o0 Oy go tlis sla s,
OSS glees S s 5 ol Gluls clss

Al e s oy ol 5l eon ST o
2 oV faul el bl S el sand
oU LPPLA) il o SO S e e 5,
ol 5l el 05 8 anSa Ul 1 s
ol ol Llaz § (PAF) =S5, S e Lole SN-2
SN-2 Comdgn 53 15 AL 0diS of oS oS Ll e
b b s il o5 el sl ol
OO iled I 5 ST S 4 6 (lae i

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
http://ismj.bpums.ac.ir/article-1-1501-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-17 ]

[ DOI: 10.52547/ismj.24.4.265 |

VEs OLT 5 e /¥ o5led /psler 5 S e

Oalals 4 e Llg e DLl 5 3 sl
Sk ;S S o 51 (6,8 sl i 5 S !
O L Sl e Solg e s edd )l

(AF) dalily

o oy
2 oS ke oS 055 b I sdSse bl
3ok Al s ey il Glagten
el AGLs Bl b bl
el ae JU Olpe 4 poeliesn 5 (5w
ol DL o 31 (sl 585 53 3lse ol e
s CLel Ll sl (slasys sloul 3505 b s Ll

(AY) Lz S 5o b el il g Sl 3 Lo

lls)
by b s S e S5 el S el
Sl 5 s (Erspamer & Boretti) 5,5 5 el
s st Octopus Vulgaris . kel 315 eis
e pE 5 e GLEIL 2l 3 S 5 ol ()
(e Glapll 1 (ol o ot 3L O e o
O ene G5, Slasl (o 5 o lagltl
ol JUS 53 lST L o sk el Lo 5
SE S Xiea ki e gL
(AQ) X5 o 4t OIS g o 40 Lgs Lol K5 ) g 50
ol pland Sl U5 b oS 5 ol e S
3 bST (Gl tmns o5 ool 0 o Ll 26l
Sl Ollse e 53 SK5l8 5 08 eas 5o
Ll 3140 e S a5 0350 (55km (Slazalid

32 Adelieledone polymorpha
33 Megaleledone setebos

3 pareledone aequipapillae
% Pareledone turqueti

JSize o8 55 Jld ol 5 S Lol 55 0s
PRI\ SOV N % (V- PNC VO PO |
I oSl o5y oo plondl Aen FEV iz
B8 130 ST Y Ges (S B slenl o
355 oo se LIS cplngr s (AD) (10 K)ol
Os sz a6 Sop b Sse 5l (ol S
Sl s iy 5 Ll T s ol o

J})ybdiquﬂjﬁfi

Acyl site /

40‘ Anionic site

S il 5503 0 5 3l S el 5T b o (00 S
=5 S
Fig 15) The active site of the acetylcholinesterase
enzyme and the localization of acetylcholine on the
enzyme.
SLedkiSles oy S sy el
ol e (d Sl wle Gl nad S Ll
ol 5o s ekt bapuban 3 S el sl
ozl pl Lo 03 5 63,00 S50 s
A5 05 e ekiSHlee LS 5l Ll el e
Gosls S slajas 3 s Nsde b sl s
wﬂ 3 G Sl BlediS e us OLL w3l el
TG gedy sl s SLL e a5 55 AChE

Q_}JJ)L; 9 rYdsvka\ GJJJ)L: ‘rrwﬁj:uﬂ QJJ»UKA

U'~'~\ Jli)ﬁ)m)rﬁ)- C,.w‘ ol &LAL.\:AVOJSJS)}:

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
http://ismj.bpums.ac.ir/article-1-1501-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-17 ]

[ DOI: 10.52547/ismj.24.4.265 |

YAY / 0Lk S5 58S 5

O‘JK&A}&N

“loGk Sl OB B s bS]
¢J:4l:ol;"5| .LJJA S 7 94 J:"\j:J QLS )13&5}).&.&
08 K20 55,5 415 36 o

HOOC,

yrosine DOPA
: >—N . )——NH,
tyrosine hydroxy]a%e O

tyrosine decarboxylase

O8 s 53 bl 5 Ollsege 55 bS] &S
O8 jgr e 53 1y ey lST I 16 G5 ) 50 58 5 Shas
BTN O A JC PR WL I - F Jre

S plwasS sy e plellcalivargl

¢JJ)(.>CJJUJ vﬁl{&éiﬁl}d})ﬁ&sj)%ﬁo_};

AV 3535 0 Aol 5 il

HOOC,

DOPA decarboxylase

NH, H,
HO
dopamme dehydroxyla%e

Tyramine
tyramine-b-hydroxylase

NH,
HOW
OH

Octopamine

HO
Dopamine

(AY) bS] a5 S i (glaal, (V8 IS0

Fig 16) The metabolic pathways of octapamine production (91).

Sl Qlaﬁy)u@l{ﬁ:l{wﬁaﬁds.\dﬂ
AY) (F Jsa) 5 0s ng:f»m;-

odé 3 S s el opl Ol s 45 ol 0l 0305 OLES

05 2 p SAL I ey LS e el Sl

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
http://ismj.bpums.ac.ir/article-1-1501-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-17 ]

[ DOI: 10.52547/ism;j.24.4.265 ]

VFes OLT 5 ,ge/f ool /o5l 5 G S

sl Bl edd 55 K5 &:‘I ol Olgee b Cilides Ol g 90 (SOl 55 el ST O e g (F J g
(65 2 ¢S5V oS Ol <L <55 pli $5
AR Ok ples Caenorhabditis elegans b2 5l
YVeee S 0558 Erpobdella octoculata
vr. Srre 0S8
orYe Sl Lumbricus terrestris Ll
YYy> aals
YOuoe Srre 0S8 Macrobdella decora
YA Sy 05K
I Jhy 05868 . L
_ Aplsia californica
) PCEIRINTL
T Jysly 0588
VO« S 0558 .
Helix r
e 5 elix aspersa
Ve ke 0K ok e
Octopus vulgaris
Aial et S
A & ool 05158
MY Sl e
YYeu S [)}:.lf;@ o
Tapes watlini
As Y]
vaa. gen
Veqee & e 0 IS8 Glossina morsitans
VoA &Sla el
VEVO [EE IR EE
VYOY e oy
F10 Sl s 0 5ISE
- Locuta migratoria
Ak 5V essS
2 Y
K [EEAPUNY
GRS
YVEY S 05K Manduca sexta
YT S 0558
Tay. sl s Schistocerca gregaria
APs S bz o d
AR S 0558
FOA & e 0S8
VY Sl e Spodoptera littoralis
V/IA 3o
YV/Y S aals
Ar TR ety
s G
Homo sapiens
Y. S 5SS
Y0 Ju_,?as_,.:.:.h [)b'baﬁa
A4 TR ey
oY oS g Rattus spec.
o p 5l

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.24.4.265
http://ismj.bpums.ac.ir/article-1-1501-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-17 ]

[ DOI: 10.52547/ismj.24.4.265 |

AP 1 3l o (555 5 s 5 o
A5 0y 5 el Bl e il e S b s

S 5 s 0Ll 3 AT) (VK3 343 8
Slapto (8 o Plasl g 3 Shas 2 1) 555
3bsen sl (1S 5 ml S (e - S
b sle i 3 Pl g 0 oS0 (5 5ba
A glslen WMo San 4 e Ol Sl
2> Pl ool lsns ((Fopmdl (558

(AF) 335 0 6555k

Sli el Sl el pl sl a5 ) el Sl
S o Ol 2 S5 sy ka0l el
bl 53 OF (LI 5 Slo dliae G o 5o
Ll s (0Kl el 21 oS 5l il s s e
55 e Olad S 5 ol S 33 OLES sty ol
Sk =0 bt oU L s (AY)

S Sl ol g0 as U (B-HT) sy 5

NH, 5 NH,
CO,H HO CO,H HO
N \
N TRP hydrohylase aminoacid decarboxylase N
H H
Tryptophan 5-hydroxytryptophan Serotonin (5-HT)

A7) 5 4 Ui 3 o e T s WV IS

Fig 17) the enzymatic pathway for the conversion of tryptophan to serotonin (93).
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Abstract
Most cephalopods are venomous organisms whose major venom constituents include protein toxins, small

toxic molecules, enzymes, and amines. Neurotoxic cephalotoxins are protein toxins that were first isolated
from this family. They are categorized into SE-cephalotoxins, a-cephalotoxins, and p-cephalotoxins. The
SE-cephalotoxin compound is roughly a thousand-fold more toxic than other members of the group. Among
the small toxic molecules, tetrodotoxins and tachykinins can be mentioned. Salivary tachykinins of
cephalopods can cause severe hypotension and contraction of gastrointestinal muscles in vertebrates. The
peptide derivatives of tachykinins in the cephalopod brains have more toxic effects than the simple
tachykinins. Chitinases, phospholipases and acetylcholinesterase are the most important integral
components of the cephalopod venom. Phospholipase Az plays an important role in fat metabolism, in the
progression of some diseases, as well as the neurotoxic and myotoxic effects of the venom.
Acetylcholinesterase inhibits the stimulation of muscarinic receptors. In addition to epinephrine,
norepinephrine, dopamine, serotonin, and histamine, one of the most abundant amines found in octopus
saliva is "octapamine”. The inks of many species of cephalopods contain significant amounts of melanin,
which, in addition to biotechnological applications, have antifungal, antibacterial and anti-cancer effects.
Insoluble globules of the complex skin system of cephalopods contain proteins called "reflectin”, which are
responsible for producing a wide range of colors. Reflectins are exclusively found in cephalopods. In fact,
the existing toxinological and biotechnological studies of the venom of this marine life are not
commensurate with their diversity as well as their unique composition, and more efforts are needed to
succeed in this field.
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