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Abstract

Antibiotic resistance continues to rise due to frequent and often indiscriminate use of antimicrobial
agents. This escalating challenge has intensified the need to discover new, safer, and more effective
antibiotics. Marine ecosystems and their organisms represent a rich source of bioactive compounds
and have recently attracted significant research attention. The mucous layer covering fish skin
contains numerous antimicrobial components that serve as the first line of defense against invading
pathogens. This study investigated the biological effects of epidermal mucus from Persian Gulf
catfish (Arius dussumieri). Catfish were collected from the coastal waters Bushehr, and their
epidermal mucus bacterial was extracted. Bacterial susceptibility testing was performed using the
disk diffusion method against various clinical and standard bacterial strains. The proteolytic and
hemolytic activities of the epidermal mucus were also examined evaluated. The proteolytic and
hemolytic activities of the epidermal mucus were also examined. The results demonstrated that
among Gram-positive bacteria, only Staphylococcus aureus ATCC 6539 showed an inhibition
zone in response to the catfish mucus. Among Gram-negative bacteria, inhibition zones were
observed only for Serratia marcescens, Vibrio cholerae, and Salmonella spp. Furthermore,
bacteria exposed to the catfish mucus demonstrated reduced capacity for weak biofilm formation.
No proteolytic or hemolytic activity in was detected in the epidermal mucus. These findings
indicate that catfish mucus can inhibit the growth of certain bacteria and reduce their biofilm
formation capacity. Its combination with industrial antibiotics may enhance antimicrobial efficacy.
Evaluation of this compound against pathogenic bacterial and fungal strains in aquatic organisms
is recommended, and it may serve as a promising source of natural antimicrobial compounds for
further investigation.
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Figure 1. Mucus collection protocol

02 9)90 3)lailiwl g (Sl slaas g

odls 5yl b 2LySL sbagw ) adlas cpl o
Ralesl s (Shn pole (shslsmg e olKiylejlyo
Cgle (559059 Sme olKiiolojl g seigr o)l geals (s Lo
Sliolej] ol oy gus (gad .o soliiu] g g 1o 4138
5 9l abgiye She 0 igS 5 iz @ ogate plrdsn
35 ) e )bl (slady g (B (rmizmen iud Cago >
b gleyen g ol )l Olpl (G 9 (S8 RS e
8,5 8 oy 2 )90 (Sl sladig

Journal Homepage:

areas to avoid

5 Mucus storage
-80°C

Mucus collection

(V) Lo s pslaaz Ghs) ) IS

8530 (53l o3Lel

Soleaz ole 4,5 5l St j3b 4 45 g0 (sladiges
Vi) Sl & b il (658090 508 oy Gl oo b gy 00l
9 0d .lojlza
Slllas gl 29y @b dias 5eud yile ol F il a0 F
Olej U g 8,5 1,8 oolinul o )50 o ialejl plo 5 (29,500 02
O0) w6, ol)S il az 0 F (glos ;o ool

Glod ;0 4280 VO oo 4y 4By ye0 B 0

https://ibhf.shandiz.ac.ir/




JF-F o,z ) o)lads .V o,50

az 0 YOEY gloo jo cele Vo-VF Goed o G,k
Y el sl s o ol e 00) 005 483l o5 il
dsle jlme Bl 2 Sl S50 4 @l 5 S5 L

OF) asF

o (5iluluzr sla 8L )o pledgm JaSld (o)

A7 Cod 79,50 P 3 6551 S phdom 0y (o2 1
4. (V) ol oolatw! "(MHB) &ly ygiis Joe e b ails
b JeSis Ul a5 (ol 25T syl oo ploxi sl
Lo 5) (uplys) usS 3 pblon] 5 T A5 Lt pud) sl
G S ol )T il az 0 VY jo celw VA-YY g s (5103
et 5 00300 Zeails MHB Laoes 4y 1, azdly w205 oS5 ins
aed Sz Ol 5l 0lS (le 4z )3 TV 5o ailid (geslisSl
oolaiwl wax MHB lasxe [0 ad,B Ko /0 ¢y guilnsgus
Sy Saly a4 ol cpl s S Voo el
Voo it JS Salr 4 b LA (S5 0) s e
wasb) baa> jelate 4y 0y3,8 adlol MHB e iy )See
5 0 0izd 2l s)hae by coly 50 b 90 Salz o, S
09,5 Sl oIS (il 4z 0 YV 5o 55, ez D 4 e
Lok 5 adss gl B)6 jo o i Shgie p)loz ) 5
S s D 00l g b oaw bl ojses ol
gy S S S5, 5l 0 s Jlozml L3l (5500l
10 Sal> o 0 a5 g ek @ 0T colaiul wsys NN
Lo glos ;o aldo Yo g aisny) algyy Jliwy)S 51 ydg S
ojeps Sl L aw Sy oS5, S ) G Al 6l
S0k ool 18 lases glos jo ol Slis le U g gt
Yo g don, ao,o Ve ol Soul s e 10 Sal> o
g Jie wux CubgySe 4 Slgie b odls Gloj adSs
Toe Jsb 5o oIVl ol jloslaul b 5)88 i lie
OA) )5 calyd gl 00

oaSulgs ¢ siie i Jloz )0 kg oy Sl el
4s5 (pos 58 0aS Oy g gt coiSudy (i
4 ODC (5:Sko b sl ol cutoff (5,55 Qe saius b5
Silie a5 gloaghir ODe las ool il ¥ st ol
sy cutoff 5,5 Lz Sile 51 S Lagl (5,8 iz
aB,S L e ki phidse oy Ll 5 (ODs'< ODCY)
S i o] 65 i Sl 4 Sloaslas i

3 Staphylococcus aureus
*+ Optical Density of Sample
’ Optical Density of Control

tswyp 090 Sl slods g

Staphylococcus  aureus ~ CAMPY,  Staphylococcus
saprophyticus, Serratia marcescens, Pseudomonas
aeruginosa U/C, Citrobacter freundii, Corynebacterium
diphtheriae, Pseudomonas aeruginosa B/C, Salmonella
sp., Shigella flexneri, Vibrio, Enterococcus faecalis,
cereus, Shigella soneei, Staphylococcus
epidermidis, Enterobacter cloacae, Staphylococcus
aureus, Streptococcus pneumoniae,

Bacillus

st slaay gus

Staphylococcus aureus ATCC 6538, Staphylococcus
epidermidis ATCC 14990, Streptococcus pyogenes ATCC
19615,  Streptococcus  agalactiae  PTCC 1768,
Streptococcus  sanguis  ATCC 10556, Clostridium
perfringens ATCC 13124, Listeria monocytogenes ATCC
19115, Klebsiella pneumoniae ATCC 10031, Klebsiella
prneumoniae ATCC 13883, Escherichia coli ATCC 8739,
Proteus mirabilis ATCC 4371, Salmonella thyphimurium
ATCC 14029, Shigella flexneri ATCC 12022,
Pseudomonas aeruginosa, Acinetobacter baumannii

ATCC 190606, Yersinia enterocolitica PTCC 1477,
Enterococcus faecalis ATCC 1394, Bacillus cereus.

S 51 HLal gy b (29,500 b Callad (o
sl LB Le (59, 2 ojlaibial s (b lads g SSL )
4 olF le a0 YV sles [0 5 ol CiS sabwsS 9>
Silwoslal 51 G 28,5 )18 eiilisSSl o el Y o
gl )3 35290 Slp (s Yse Lo )0 g o llaciS
Celo ¥ ooy ol 5 il a0 YV sles jo g ol mals
A BSe 10 (sl grmibimsgos 51 Dlgms SaS 4y 0505 445SC
Ao b BT psin oo laoe mhas (59, 00d 4 (25,50
(0 S Satge $lp) GatiegS 93 b BT e
CSuss byl eyl oolatnl Lol ooly g cuiS
Sl s 3 508, ] ale e, bl Jslowa 1, O30
Voo G Beyb jo ammad il el gl aasal ools )8
U SRR VIRV N JL NG GO A B FR L  KCS L O VO
NI 5 PFIO St JCHPRINE SRS P
as) o laste! g_i...g.uu’_ﬂ Seasd das SO g (00,5 colazul
(559550 V) (s sy S Sl ol ooliiul (6,25 g9 &
(p5 9,550 0) emsleS 9lg pos Sawd 5l g b Coe 05 (61
Ve gl oads anagl S vae daw g (w25 iy
Wy pae dlle Jlad o Fojlail ol al ags bl iy S

1 Mueller Hinton Broth
2 E.coli

Journal Homepage: https://ibhf.shandiz.ac.ir/




£\ ol @l ole 45 oy blo (Sglpr ST (o) o -5y B0t 5 (skidior LS le

codld 4 Glyiee Sal> GLLI s dlls olxyl b cels YF

Dy 2 sS ge Sl stig

Gyl T
YV 555 SPSS 158l o5 g il anlllae g Lo (sla T
2,5 ol

Sawd 1 Lt gy b 80 Comlus i
Oy — Jge Jame 10 lag ySL caiS 5l saeliwws 4 =l
Ay gz bl 4 aidl slaSuws ol jen 4 5
5 (e Jr9) (Ssml Sews ¢ bl obpshas
OIS i ol & (ke Sy yhie Of 4y annél Sgs
@ (ao)3) 0 e p)F g Cute 05 Slas Sl den
5 bt Sl @ Cand 03 o gale o
So S Sae )5 (lacs Sl G 1ol (releS 9l s
4 bl & Cond PYVRA ughysf usSsSslslin] s xS
2 LS o) pas Al yuzran ol lis ol pac dla oale
Sty 5 rteeylo LSl Dligalls e 0,5 5 7Sy

(VU5 9 ) Jgoz) o 2, O

Blo )5 (o) b 1S 5 il cos @l N o

Lo SL sl (S p s,
Table 1. Antibiogram results of catfish epidermal
mucus against some bacteria.

S lilin] glag sl bliwo diged  'Cude J S
S.aureus ATCC 6539 A ff
Salmonell Clinical Y YA
Serratia marcescens % Y
Vibrio cholerae VY Yo

S S sl St J 7S o 4 alaS gl poon Sigm T
oS Sli] Gl St 7S leis 4 ek (5 5 R 25
gd)f )|)3 oolaw! Sy94 u.u}f)}/

4 Salmonella sp.
3 Serratia marcescens

% Vibrio cholerae

AR Y bl b a8 5 (e S35 688 @i Sk
(ODc< ODs< 2.0Dc) wsog cutoff (5,5 ds (Xl
o ologl i h e pldyn Cia 5 oaSay
232 5k pln ¥l e by syl )9 w32 Sl
&8 iz oS plp Vol i g i J5S 6)8
God—Sadg (2.0Dc< ODs< 4.0Dnc) a—z_ils cutoff
65 PIz Sl a5 pleadlazr wisg pldsn bsie
4.0Dc< ) azils cutoft 5,5 iz (Kl ol 5l iy
D8) S 455, 5 59 pldse 58 seaiSulss (ODs

(Y-

bl jlsod 5l (ow) 2

Gy 3V RBO) aiisS a3 sla JsdS sidyes i
GhrwsS o5 elite ek 4y .0 oolaiul Zlotkin g Primor
e RBC g5 o oty il daBo O Soe ay Yoo g o any oo
PBS ;0 a0 Ve b Lo Joko .aiod ate "PBS 3L L L Y
Y sbeo jooolaiul le B g (auoyo) s o )S gilen) ool 5.8,
PSRRI NASSPRE JPSIVEINE R DPRY:
Lle Jslowe sl So 8+ RBC ygmlgms 25 Son )+
led ;o ladiges dan 09 PBS g e T g iolojl 0,50
39 e il 4SSl Cels Y o @y o5 Sl 4z o YY
2 sy mle @iz g e il AlSs Ve Dae Ve eg
2o olyie & selsad b (s eSoshal agls OF+ e Jobo
S 5l oel oy e a4y S 00l ST (gl ge
aly Skl 5 Ojge 4 Gelges V- 0T) Shate
22yd B0 yo5dblS (g n ke & bgyye (HU) Sitdgon
el LRBC ;)00

Hemolysis= [OD Test—OD Saline]/[OD

H20—-0DSaline]x100
$ilan 1 2Lyl Ry
O dlass 4y cnS Lo o laml Ll ouls eolaiul (g5l il
@S e a4 bSals S [0 500,5 sbul Sals sue
&5&0[} &.)owm) OMU50)€1)|w)fQ)9AD|}4W
okl () Jslome Sz Sy o9 (hie Jy29) Jhike o
P e 4 (blre mls 5,500 Salz anys 5 (Cote J5)

Do g a0 YO [0 (5,080 )5 5l el aisy, idg S

' Red blood cell
2 Phosphate-buffered saline
3 Skim milk

Journal Homepage: https://ibhf.shandiz.ac.ir/




JF-F o,z ) o)lads .V o,50

LSl il (o) Blo 45 oyl bl ol T ST s mls ¥ S
Figure 2. Antibiogram results of catfish epidermal mucus against some bacteria.

45 (ool sSge wgd oo osaline T KD j0 &5 shailen

50,8 U5 L ale 4T ool blie o5dpen colled ¥ S

VGO UEL S VSR L SOV S SURIR L P SO JUet
Figure 4. Hemolytic activity of catfish epidermal
mucus.Red box: Negative control, Black box: Test

sample, Purple box: Positive control.

(W 7]
50 Coglie ;0 sagee i ble ol el 4l o138l el
sble pomgySan sl oo &5 0 (oo W] plocy Ss
M)‘SA)JGJ a \A...»S).’)JJJWJT ‘) GbLnj o\)‘é).»...u ‘) ‘SQLQ
ol dnnsi sl o 6423 bla s, Sn a5 il 45
lraiss olaws 9wl ludl jo Chgas yloyo (sl waz Sl jo
J& 50 45l sbbadsalie oxns )0 adlas 0,50 b0

009y 3l eoliiwl b plidgm JuSid (bl gl

O a8 gateie HolpYl @lS i by ) Jouz 4 4z g b
g o5t 4 50l (ale )8 ble & jglone ,0 Lags 25U
B yiiow OD cutoff | boas g (gdan OD 155 wivg cas
5 S5 Shy U5 Ld il 65l & bgrye ELEZE3 cladises
E sladiges 0535) w5/ T35 sl (5 21 & Loy 0 S6
5 LS byt a bae iy w0 S
iy oo bl j9a> pae Lyl )0 (ughysl wsT s plsli]

&g callad (o)

Ll gyl Sals lbl iy, gale VUSE @ axg b
5 Cowl 03gs 555 gz Ul pae gonm Ll oyl
Al )55 e Ced (o e 4

Figure 3- Proteolytic activity of catfish epidermal mucus.

Journal Homepage: https://ibhf.shandiz.ac.ir/




al ol @l ole 45 oy blo (Sglpr ST (o) o -5y B0t 5 (skidior LS le

NYY £ ) 2 it osleh 1 5| o 5 Gasleo
a8 oanlice (o loo ANVE £ /0 A) L5 Les, 5 5 (e Lo
Sedgen S dled 10 dussumieri (wgS g0 a5 ol ax g5 I
WihsS lyo Gige o oy At sladiged 9y 2 )
ojlas o (YA) ol lis ludl 5 & 0 g8 ¢ 565 ,5 ¢ JineglS
cdigosly MewedS Glp uwnlbliz> o P osophore g5 ge
itz oligagses s wishysl rosS3Tphebli] o 5 L)
o)las g5 o cbrolad laazdl ws sanlive 133l oa il
a5 0,5 ol g ol lad [b ool Sl 1) P osophore sS 5o
b oS 8T sl il ol & Wi iS5 ol
B i (owyp 3590 (oleend o jiw plidgn T Jelge
YO- Jobee L5l yil o MBC g MIC aslllas (] jo 25,5
Liszg il polizegage 1> 9 Sl o 55,5 000 5
S 53 (V) v Sl s )3 o550 Vet 5 O 0 Jolae
@) Sy bl 1 (CFG) (alo )5 (5259 05505 aslllas
&9 2t 5 Tl pasigel Slilges gmsy awsgi (s pae plo
oS 5 opl ol Lalls (Sephadex G-50) 5 ¢yguml 2l ygies
Ol MIC L L b 6550 R plp 0 (obyShas codlé
Sk 5o 1 5o a5 wols lai 1) (id oo 2 575,50 04)

g ikl 5 Y aplyl Lprien) Soie oS
2° L"”)P )° Q‘)Lio-‘b 9 Balaraman (Y'+) Loy u—’)-’u*‘Lw?

sbosy olulis 5 silelie gy p» Gladlas Y-Y- Lo
el Mystus gulio ols 43,5 o0 bl 5l oy Jled
A 59y 29,5000 Bl oS 5l aS ol lis mls g wisle
(YN o,ls hydrophila

Loz ople b eyl (wsSse (G D)8 cw)p
Fosdee Y8 XY Lo ddlais yiSlo> Epinephelus tauvina
O 0 a8 o jo ol (i 1)t edolie wpti g plp o
5 ks YO B 4 g anl oty oale slogisil
AR JLHJ)Q (VY) A sdelive \.w}x...ﬂ_/}o.ibyﬂj J"‘)"
oS Solld byl gaddllae 4 (] Ses sMomoh
b e gl sl )lg S (59, 2 (Ble 42)5 @Dl (amige
Ogey) ams sy  alaole;l Luls jo BT el o,
5 B A 0 @SB e ke a2

¢ Pseudomonas aeruginosa
7 Listeria ivanovi

8 Staphylococcus pyogenes
° Proteus mirabilis

0y hemolyticus

aS 0 0] eedS (S sladist b anslie o conl iljdl
by Dlogzge yo o hcdglio (8l o Cudbse ol
@ i ) g Sote p)F lag SSL den il Ghag
5 s Sl 4 Cans Wl e sdlls oS g
S e Sue )5 (6las S () asidls (LS 5l s
o oledy )3 blowe a4y Cos POV ugd)sf Slih o 2SU
GrShaw ;o g ab; pae calla cpzran ol lid ol sue
s a5y b et 5 oyl Lblpos gl i 0,5
b 36 ale 48 Lo gl 19 los 251 50 53
Doy hnd whedgn oSS

el ploas )T ajunl bl a5 oly lid ol dslllas gl
JS—i jh ol oo izmen g Sl (e 0,5 g S p S
39 Cppmiiy, Slallae L loazdly cpl oS (6,55l oLdsn
Pangasianodon g Clarias gariepinus sl aassS bl o
FB 2bShas el Gliswe lalllas o Aypophthalmus
5 ATl Taigopty M5 SlasySLade >y
(Y\C—YY) a.\.v.‘o«)‘\) uL..M.v wf)j/w}f}f}uu/

byShas lacnign 5 oy 550 sboasss blxs ;o
Wyl s ST sy sl 50 @ualS & T (a3l azeen
(Y0) oS sl 1y Sl 50,8 sloJ5dS sudgan a5 1 a0
s soleay )8 bl o jolo asllas ;o a5 conl Jb> o oyl
Oeimed g h g e Sape So (G (Sl S ]
G s slaaisS bl 10 45 (ujgrd plis olam ;]
Sk 0)l58 oy j0 aS sis lelge alez 51 55 sleas
(Y)Wl oS )i as ST

Ol () wsS g a5 W55 ,S ol (WYWAY) o) e ¢ ooljins
lSbas cadls s T, L 655k pln
J.‘.L?U 9 A A YoV JLAJ o ul)l.iw 9 Raja (YY) S
$ole 45 5l (o)) bbe Siidgen 5 (oL iSL wl elss
adlhe pl b axsls, Tachysurus dussumieri ol o
VBN 1Y) oosdsl s pli] 15 oo 4l o i

U Arius dussumieri

2 Klebsiella pneumoniae
3 Parasin 1

4 Yersinia ruckeri

5 B. subtilis

Journal Homepage: https://ibhf.shandiz.ac.ir/




JF-F o,z ) o)lads .V o,50

90 A S 5 S5 g jo bean e et uldl cels
gy bl

355015 9 ,Shos a5 355 g0 UL Loy 31 51 (o295 44 55
ole ble g ol boyetis . gy Sy 525,000 lag]
ol Glapaslin 3 (cote (5 oS Zesl sl el (51>
2le s LGIEL o5 Jte Gl lajlign ool jlo S
Cwd gz 4 00,8 b bajlay a2 Slge
G Ot gy gl ge ganail bajls pgllie 5 Sl
oo 855 iz o (ol (ke (slolissy (S ol
Rita «Catla catla [Labeo rohita Cirrhinus mrigala sl
Q0,0 YO 5| i g cenl ol w138 Channa punctata 4 rita
blre dasllas op) )0 om0 i 1) GlebeeS i 5l
(YP) 09 559, Coals A8l als 4y, o0l

5 Wlg e Blo 44T ble a5 ols lis 50yl garllhas
G5 35 iS5 ) S izan 20l Lngs S 5 o
sl 5 I L] Sas Sl 5 s wols
el o Jolos (oldgn S jo .l ooly lid usds/
Sy 95 23 Jalse plp )0 Ceglie lp I gouste
30 pldgn JSis ollg a5 SluS 5 5 dims oo )8 colatul
Ol 9 6 peS Gha 5o i3 oo RS ) 1 Lo slacs S
Q) diwd 5o Cigace

Sl laple )5 (oo,0) bl (ol Gl o ot )
wile el slodgle iz o wilgioe &5 Codd SLoS
Sel el (sl oty 4ty G5 lacudlig yed 9 Lo LS9 o5
)‘ QMC‘PL..MJ | (SS) (5‘9 ’........15 u.»JjJL».A 9 (F6) ‘:‘)53 e
ol sl ek Cd> S50 9o Arius bilineatus bl
GiBu izan . (YY) Silodds o035 mueyi al)d )0 &yl g
Gloassil; ool in als b atuily 4 -l bl gond
BT S gauil)] o pad b oows g PGE2 a5 L
(YA a2 lis 0s5 51 e BB oledlos

5 $FSad b Shy p Sy pol adlae 3 a4 S
($laigS Cald 4z b o) ey 4 g 3 (2jekdsn
SlaS 5 sl o Arius dussumieri bl a5 Cawl Joixo

4 B. cereus

5 Streptococcus

9l » sy U a5 WS sloml wsdsl usTTplesli]
(YY) s cogs 4y s

o) Bl 5l 09,80 o wty " lste Lo ladlllas 5o
Comgy gy (g5 Seend Solled il "olale 48 (S
dgad ol 00l lad lig)lens 65k 00 il po (ale 48
SrSLaiss o, 5l diged 90 5l ool (5,5l aen Congy bl
oty MooodlS s ool s s AT L3 30) s 05
25 6xSslr (U o] Mool s [ipimmg il olipogopes
Mool 5 ocolis oS o A5 bispedl 0T o S
Al (6oh; Cawlus Slwg Dbl 4 Cad Aot
sy o A maculatus bl o HLpShas colld b
toipasy MowelS Jlin 33 5 Gioishoo A) 51 (U L35
VV) Sl M ogulio o sasliv (ys Lo £10) JElos
V) Blas g gty il wligogosw plp jo 1) Sollad (o s
O0) o ssalie B3 oS? Mewcd5 ply 55 (e o
bl guw) ply> samlin 4 55 o)), Ken  Subramanian
Gl (b slaolac aisls y ale iz 1o 7l el
cdles M. glutinosa ¢ M. aeglefinus « S. fontinalis
M. 8. fontinalis JV usS g0 o las sisls ojlis a8 St
o ol plas ]y Solialg xSU edlsé C. carpio g saxatilis
il gz ol blke slaelas ;o canseas LB el
(V%)

Ao sl gasllas 4 YoV Jls o o, Ses 5 Hellio
5 Pl S SenSeisw 9 2Lk WS (2B
odbl el slacs] 51 as ale 4565 VY 00 sleo)lac
o) e 4 e bojlas aiSlyy Wisdhoe Sre Jlod
bigogoge cagonty MewedS (LT Lipdl glag St
«roshg) sSpphlil T e (g eptis g istrg
SoaisS 5 T gl usbeol o7 b bl
EAADIRSEI gX g oW

LS5 S ol Bl YoVY Lo o o)Sen 5 All casdlia
195 Olple Cang bl 5l as oV Jgbl b oads 7l sl
e lySlas Cols b s JUb oS sl
gadbe ppizmen (V) cel ol e slogisl
3 oeolazul asm ol olas o o) )Kes ¢ Bragadeeswaran

Oy i a5ile oloaa 3T b gl 3 Zlgel aiile adgl slo Lo

! Klebsiella oxytoca
2 P. vulgaris
3 B.subtilisv

Journal Homepage: https://ibhf.shandiz.ac.ir/




7o ol @l ole 45 oy blo (Sglpr ST (o) o -5y B0t 5 (skidior LS le

‘_.;La&.'g;%&:.}’l S 5 ol 4,8 Cangy ble 1 oolal
Fae Sl ool 55,6 G W e i
2 05750 50 SlasS 5 580 b sl i ol b il

2 ol sa3uil g Caems b)) g Arius dussumieri bl
5 J55e Sldlas (hpl alex ) dilise nj slaos

Sy oy a5 SalsSle s

@'é}u\ﬁ 9 )‘uﬁ
SatS 5 6,00 Wigad ol 15 a5 SIS )5 (eSSl abiwsy (nn
Dydise (G108 wails; 65l 1) Lo )8zl ole @S

Refrances

1. Aminov RI. A brief history of the antibiotic era: lessons
learned and challenges for the future. Frontiers in
Microbiology.2010;1:134.d0i:10.3389/fmicb.2010.00134
2. Aminov RI, Mackie RI. Evolution and ecology of
antibiotic resistance genes. FEMS Microbiology Letters.
2007;271(2):147-161.doi:10.1111/5.1574-
6968.2007.00757.x

3. Kokare C, Chakraborty S, Khopade A, Mahadik KR.
Biofilm: Importance and applications. Indian Journal of
Biotechnology. 2009;8(2):159-168. Not found; journal
appears to use a non-DOI system.

4. Khezri M. Effects of biofilm formation in bacteria from

different perspectives. Nova Biologica Reperta.
2019;6(1):70-78. https://nbr.khu.ac.ir/article-1-3044-
en.html.

5. Behzadnia A, Moosavi-Nasab M, Oliyaei N.
Anti-biofilm activity of marine algae-derived bioactive
compounds. Frontiers in Microbiology.
2024;15:1270174. doi: 10.3389/fmicb.2024.1270174.

6. Mishra BB, Tiwari VK. Natural products: an evolving
role in future drug discovery. European Journal of
Medicinal Chemistry. 2011;46(10):4769-4807.
doi: 10.1016/j.ejmech.2011.07.057

7. Diaz-Puertas R, Adamek M, Mallavia R, Falco A. Fish
Skin Mucus Extracts: An Underexplored Source of
Antimicrobial Agents. Marine Drugs. 2023;21(6):350.
doi: 10.3390/md21060350

8. Alvarez CA, Toro-Araneda T, Cumillaf JP, Vega B,
Tapia MJ, Roman T, et al. Evaluation of the Biological
Activities of Peptides from Epidermal Mucus of Marine
Fish Species from Chilean Aquaculture. Marine
Drugs. 2024;22(6):248. doi: 10.3390/md22060248

9. Dash S, Das SK, Samal J, Thatoi HN. Epidermal
mucus, a major determinant in fish health: a review.
Iranian Journal of Veterinary Research.2018;19(2):72—
81.doi: 10.22099/ijvr.2018.4849

Slalllas jo ol 03 e s Wy, )0 P G 5 o]
o Sle> Jow o Clarias gariepinus 455 bl (L3
S gbar el oud (L 5Ll g (Jobe yrles S
Sl 035 iy 5o eoly e dse 5o O (i

(YYX9)

S 5 A
ey, Slalllas 2lgls b ol o i ol (slodidly (£ goxe jo
B sy gl Lo _aaloas 5 ooyl boleo a5 ss so Lt
Jolge g ormb (9,50ens slaod gl anwyi slp >y
3,59y 5 s Ll SV 5 lacigie (loyd jo (S

10. Gobinath RAC, Ravichandran S. Antimicrobial
peptide from the epidermal mucus of some estuarine cat
fishes. World Applied Sciences Journal.2011;12:256—
260. No DOI assigned for this journal issue

11. Ali S, Nasir Khan Khattak M, Ullah W, Rauf M,
Zaman S, Ullah Dawar F. Bactericidal activities and
biochemical analysis of skin mucus of Cyprinid fish.
Journal of King Saud University -
Science. 2023;35(6):102731.

doi: 10.1016/j.jksus.2023.102731

12. Hussain A, Sachan SG. Fish Epidermal Mucus as a

Source of Diverse Therapeutical Compounds.
International Journal of Peptide Research and
Therapeutics. 2023;29(3):36.  doi: 10.1007/s10989-023-
10505-6

13. Al-Lahham A, Al-Hassan JM, Thomson M, Criddle R.
A hemolytic protein secreted from epidermal cells of the
Arabian Gulf catfish, Arius thalassinus (Ruppell).
Comparative Biochemistry and Physiology
B. 1987:87(2):321-327. doi: 10.1016/0305-
0491(87)90146-5

14. Fernandez-Alacid L, Sanahuja I, Ordofiez-Grande B,
Sanchez-Nufio S, Viscor G, Gisbert E, et al. Skin mucus
metabolites in response to physiological challenges: A
valuable non-invasive method to study teleost marine
species. Science of the Total
Environment. 2018;644:1323—1335.
doi:10.1016/j.scitotenv.2018.07.083

15.Balasubramanian S, Prakash M, Senthilraja P,
Gunasekaran G. Antimicrobial properties of skin mucus
from four freshwater cultivable fishes (Catla catla,

Hypophthalmichthys molitrix, Labeo rohita and
Ctenopharyngodon  idella).  African Journal of
Microbiology Research. 2012;6(24):5110-5120.

doi: 10.5897/AJMR11.532
16. Balouiri M, Sadiki M, Ibnsouda SK. Methods for in
vitro evaluating antimicrobial activity: A review. Journal

Journal Homepage: https://ibhf.shandiz.ac.ir/




JF-F o,z ) o)lads .V o,50

of Pharmaceutical Analysis.2016;6(2):71-79. No DOI
found in online indexing; journal uses non-DOI system
17.Abdul-Lateef LA, Gatea AK, Jwad TS. Biofilm
formation by Streptococcus agalactiae is affected by pH
changes in vitro. Journal of Pharmaceutical Sciences and
Research. 2018;10(12):3216-3218. DOI: Not assigned;
indexed via ProQuest.

18. O’Toole GA. Microtiter Dish Biofilm Formation
Assay. Journal of  Visualized  Experiments
(JOVE). 2011;(47):e2437. doi: 10.3791/2437

19. Kaur H, Kumar P, Ray P, Kaur J, Chakraborti A.
Biofilm formation in clinical isolates of group B
streptococci from north India. Microbial
Pathogenesis. 2009;46(6):321-327.

doi: 10.1016/j.micpath.2009.04.004

20. Abdul-Hamza HK, Mohammed GJ. The inhibitory
effect of some nanoparticles on biofilm formation of
Streptococcus agalactiae. Al-Qadisiyah Journal Of Pure
Science. 2019;24(2).
https://journalsc.qu.edu.iq/index.php/JOPS.

21. Hellio C, Pons AM, Beaupoil C, Bourgougnon N, Le
Gal Y. Antibacterial, antifungal and cytotoxic activities of
extracts from fish epidermis and epidermal mucus.
International Journal of Antimicrobial
Agents. 2002;20(3):214-219.doi: 10.1016/S0924-
8579(02)00172-3

22. Akunne TC, Okafor SN, Okechukwu DC, Nwankwor
SS, Emene JO, Okoro BN. Catfish (Clarias gariepinus)
slime coat possesses antimicrobial and wound healing
activities. Pharmaceutical and Biosciences
Journal. 2016:81-87. doi:10.20510/ukjpb/4/i3/108393.
23.Lirio GAC, DelLeon JAA, Villafuerte AG.
Antimicrobial activity of epidermal mucus from top
aquaculture fish species against medically-important
pathogens. Walailak  Journal of Science and
Technology. 2019;16(5):329-340.
doi:10.48048/wjst.2019.6287

24. Gomathy M, Pappuswamy M. Wound Healing, Cell
Viability and Antimicrobial Potency of Mucus from
Pangasianodon hypophthalmus. Journal of Pure &
Applied Microbiology. 2024;18(4).
doi:10.22207/JPAM.18.4.14

25. Kim SC, Park 1Y, Park CB. Antimicrobial peptide
isolated from Parasilurus asotus and its uses. Google
Patents. 2001.
https://patents.google.com/patent/US6316594B1/en.

26. Widiyani T, Astuti RD, Azizah RR, Listyawati S,
Purwoko T, Budiharjo A, Setyaningsih R. (eds.)
Antimicrobial potency of catfish (Clarias gariepinus)
mucus. AIP Conference Proceedings. 2024.
27.Sheikhzadeh N, Heidarieh M, Pashaki AK, Nofouzi K,
Farshbafi MA,  Akbari M.  Hilyses®, fermented
Saccharomyces cerevisiae, enhances the  growth
performance and skin non-specific immune parameters in
rainbow trout (Oncorhynchus myKkiss).
Fish & Shellfish Immunology. 2012;32(6):1083—-1087.
doi: 10.1016/j.£51.2012.03.003

28. RajaK, Jayakumar T, Sahayanathan GJ,
Padmanaban D, Neelan K, Chinnasamy A. Evaluation of
Anticancer, Antibacterial and Haemolytic Activities of
Crude Mucus from Marine Catfish Tachysurus

dussumieri. International Journal of Life Sciences and
Pharma Research. 2020;10(2):38-45.
doi:10.22376/ijpbs/1pr.2020.10.2.L.38-45
29. PatelM, AshrafMS, Siddiqui AJ, Ashraf SA,
Sachidanandan M, Snoussi M, et al. Profiling and Role of
Bioactive =~ Molecules  from  Puntius  sophore
(Freshwater/Brackish Fish) Skin Mucus with Its Potent
Antibacterial, Antiadhesion, and Antibiofilm Activities.
Biomolecules. 2020;10(6):920.
doi: 10.3390/biom10060920
30.Abdel-Shafi S, OsmanA, Al-Mohammadi A-R,
Enan G, KamalN, Sitohy M. Biochemical, biological
characteristics and antibacterial activity of glycoprotein
extracted from the epidermal mucus of African catfish
(Clarias gariepinus). International Journal of Biological
Macromolecules. 2019;138:773-780.
doi: 10.1016/j.ijbiomac.2019.07.041
31.Balaraman D, Subramanian V, George EGJ.
Characterization of Bioactive Peptide Derived from Fish
Mucus. In: Encyclopedia of Marine Biotechnology.
2020;3:1475-1492. doi:10.1002/9781119143802.ch62
32. Manikantan G, Lyla S, Khan SA, Vijayanand P, Jothi
GEG. Bioactive potency of epidermal mucus extracts
from greasy grouper, Epinephelus tauvina (Forsskal,
1775). Journal of Coastal Life Medicine. 2016;4:510-520.
doi:10.12980/jclm.4.2016J6-34.

33. Momoh M, Mora A, Ogbonna J, Agboke A. In vitro
evaluation of antimicrobial activity of cat fish slime mucin
on selected micro-organisms by agar diffusion method.
Pakistan Journal of Zoology. 2014;46(6):1747—-1751.

34. Subramanian S, Ross NW, MacKinnon SL.
Comparison of antimicrobial activity in the epidermal
mucus extracts of fish. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology.
2008;150(1):85-92. doi: 10.1016/j.cbpb.2008.01.011
35. Bragadeeswaran S, Priyadharshini S, Prabhu K, Rani
SRS. Antimicrobial and hemolytic activity of fish
epidermal mucus Cynoglossus arel and Arius caelatus.
Asian  Pacific Journal of Tropical Medicine.
2011;4(4):305-309. doi:
10.1016/S1995-7645(11)60091-6
36. Kumari U, Nigam AK, Mitial S, Mitial AK.
Antibacterial properties of the skin mucus of the
freshwater fishes, Rita rita and Channa punctatus.
European Review for Medical and Pharmacological
Sciences. 2011;15(7):781-786. PMID: 21780547
37. Al-Hassan JM, Hinek A, Renno WM, Wang Y, Liu
YF, Guan R, et al. Potential mechanism of dermal wound
treatment with preparations from the skin gel of Arabian
Gulf catfish: A unique furan fatty acid (F6) and
cholesta-3,5-diene (S5) recruit neutrophils and fibroblasts
to promote wound healing. Frontiers in Pharmacology.
2020;11:899. doi: 10.3389/fphar.2020.00899
38. Yang P, Ding J, Tang L, Rhea P, Pan Y, Afzal M, et
al. Anti-inflammatory, Anti-proliferative Activities from
the Skin of the Catfish Arius bilineatus, Valenciennes.
The FASEB Journal. 2016;30:612.
doi.org/10.1096/fasebj.30.1_supplement.612.6
39. Widiyani T, Iriansyah AH, Listyawati S. Biological
Activity of Catfish (Clarias gariepinus) Mucus Gel on the
Wistar Rats (Rattus norvegicus) Wound Healing Process.

Journal Homepage: https://ibhf.shandiz.ac.ir/




Y ol @l ole 45 oy blo (Sglpr ST (o) o -5y B0t 5 (skidior LS le

Tropical Journal of Natural Product Research. 2023. doi:
10.26538/tjnpr/v7i2.12.

Journal Homepage: https://ibhf.shandiz.ac.ir/




