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Table 1: Biological mechanisms and effects of bioactive compounds at different stages of wound healing.

Wound-healing stage

Predominant compounds
or mechanisms

Key biological effects

Implications for wound
healing

Initial phase

Inflammation regulation

Proliferation phase

Tissue regeneration

Maturation phase

Overall outcome

Phycocyanin,
polysaccharides, bioactive
peptides

Inhibition of inflammatory
signaling pathways

Activation of reparative cells

Enhanced synthesis of
structural proteins

Activation of antioxidant
pathways

Synergistic biological
mechanisms

Reduced production of
reactive oxygen species
(ROS)

Reduced expression of pro-
_inflammatory cytokines,
including TNF-a and TL-6

Increased proliferation and
activity of fibroblasts and
eratinocytes

Increased collagen synthesis
and extracellular matrix
remodeling

Enhanced keratinization and
epithelialization

Acceleration of the overall
healing process

Cellular protection and
establishment of a stable
microenvironment for
initiating the healing process

Shortening of the
inflammatory phase and
prevention of chronic wound
development

Accelerated wound closure

Improved tissue strength and
structural integrity

Improved tissue remodeling
quality and reduced scar
formation

More effective, stable, and
higher-quality wound healing
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* Vascular endothelial growth factor (VEGF)
% Transforming growth factor-beta (TGFp)

® Epithelialization

" Gamma Linolenic Acid (GLA)

Sbpl 5 i Jdlan ; GluS 5 a8 wims o olis Sladllae
S oo S 03 e 5 Al o (Lol s 4 351
Opzles 5 2S5 S6P alanaST eyl g Sledl rals
& rooledl o ye . Joboz )5 (1S 5le 3l g Jshe
b Ly sl )3 99290 GilonssSid pulai Jladuns; LS 5
ag gmels 5 (COX-2) V-3l5mslolim w3l e
JrsS zge ¢ IL-65 TNF-0t alax 5 ol slalS 5l
oo 2S5 al> e a4 035 3555 @ 5 S Eub
collsd (ljes (Husain et al, 2024) wsi
el 9 331 laJIS0s]) o 5 bS5 ol (Gl
g ooy (iS5 al>ye 5005 (0 (655 gk b ok 4 4530
ahy sleasls ol RIBEH L Jldcun; slacessy
5 ko Dy2le (23S slaal ) (TGF-B 5 VEGF)
St o Liedlad (plaiS oo Cusl ) ol LB S
oyl S8l (gilujl @l 5 03 s A Glayos
o sylesl dd>,e ,0 (Rahimi et al., 2018) wgi o
Ol jl Ghde pluglsS 5 (2l )0 QI sy Loy
() wob e e Laas g 8l slacans )lo ol b
Pl g A8 (oo ot | OIS S0z (3 lojls g it
Jayakumar et al., ) e o (iolidl 1) codipme 5 2l
(2011; Refai et al., 2023

OBl 8l (pwaige 5 $U 5yl o Bl slacd i
Wldgl LB o 1 bl b olaS 5 5l eolinul
Lol 035 @13 ) Slade)ls 5 b 5,000 (SLIgL
@loalil Jlb lasSUse 55luly Gl b laaills ol
oo sl Jolo b Jolss 390 9 (Sloyd OlaS 5 oads J 508
&l gycnl 5l aad oo BN 035 e 5 ]2 i
Judcany; SlaS 5 5l (28 G Slsie 4 ksai ol (53]
N> b drng glp aned)l alapyithy ploie 4 ash
laosygld g aidpinn Slgalen) wiadsn laglensly
dghge Flid (F3lojl (S5

) o ST 118 SU 50 Ol g2 90

;% (Limnospira platensis) Ludg mww! Sod> o las
5 o

L St oS (Limnospira platensis) LJg el >
Spirulina platensis 5 Arthrospira platensis slesl
O


http://dx.doi.org/10.22034/JOA.13.2.47
http://ornamentalaquatics.ir/article-1-429-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-11-04 ]

[ DOI: 10.22034/J0A.13.2.47 ]

YE JW /Y o lods / o2 sy Jlw

o) oyl

oSl 2L o o lw

5 Ophiocoma > 4 by e legas 0S5 ) 0l
03, 4 Gl by ki, 51 Ophiothrix
Silosb o axgs BB LUl s 4y a5 el Ophiuroidea
ey soe 5l S plaie 4 wd s 5l slapla!
555 ol 99 e axlis il g5losl Sldllas 45 diadss)|
5l Glacgame dagil wuad ol b adad 5l e ] 408
Soles yo 45w JLb |) Scales JoSdge 5 (Jobo slaguly
3 6l Db 0 e oSl JlSl JolS (g5l 4
Dl Sy ez Sl sslasl cnl po s slaanl
oS 5le sazme (aopleile g ook 2355 (ol & 2l
025 e SlapesilSo b 2§ B slacald ( Jolug >
by ooyl o gilesl anld asle koo see o
oSaile S LSS 5 ol e gy it L oSS
) Sl Ol oS le cnl 9o ST (g
besY llyd g aiS oo Joe (oone s sladsho &2l 12
calol o ojle oo @2l 8l sume 2onleile sl
sl Sny bl gladshe 5 adlinls sl she
03 S iS5 by g a8l e o oo j0 ailecadlg pud
Sl s Lo S oo o] B 1) i S8l JSS ans
oSl Gileil g Jeke ple ) eanSedas
bbb (05 silesl 9 Sed oo Jbb sk 1>
Candia Carnevali et al., ) oS o coloa 1) a8 caws
(2019

55 el o3l s by liwsy By eadalol Slallas
il slegeme sl Ghslr cnl sileil J o slacdl
2l s LoesnsSlS (Jldtan; Glooy ity
(ol slageuly J S 50 o8 axtus 0aiS elass sl J5Sse
SlasS 5 orl)ls (5 28l same (a3 pleslo 5 (Jobo 135
Gl ok (Gluyely (slo e melai 55l 5l akilys o
Cogl g Sleitle lagetyy Fiw So daJole <l
&S )l S8l e 5 ]P0 o Jobuzyla S0 5l s3lasl
So ol @ sl Gl (GEldiin; (Bl 2 ogdle nanles
@l e Sl Al claS 5 sl Joe
lr ol mlie plsie 4 o3 sladlo jo (liwgy )5 calox
Wl S 18 azgi 350 055 oS o i (5loos 518 Arsss
(Sl olym b Jlbcan; sladsSse 2529

311 00 el dshos 0, suiiS ey 5 lellos
O

SHlsilasl s Ll slagly Gl Jobss Lis oo (285
Belay,) 553 oo wgmine o35 B850 me 5 5 59l Jelse
(2013

b b b maliod )3 99290 (adgigdld g (Joid LS 5
9 DNA ool (goud fygumlanaSTy 51 YL (53‘%5“5131
e Sny il wS o0 Sl ek slalae o5
Joo sladobe Gl il g (Jobo LSle (S LS, Lad>
Slagntiyy Fw @zl )0 09dioe 035 ey Wlp 5
ol oSSl el s dglS el Jses gl le
Abdel-Daimetal.,) s .5 o plosl 6 i 25 L Jokos
(2015

ozl by sl o5 wilosls Lis i olallas
b pe Glosple Sl e pelais 8 5k 5155008 Lidg ol |
S gl |y 05 e 0l B e Joke 22855 SN
ol J5 5l (xdge eslial (olas (b ol Sy
bl a8 crge Lidg el 5l Bt Jidenj slooiy
Sl padding @l 9 pp S3b peey S Sgnte
Laazbly () s o 0 JagSs atd il > 5l e oo
Sloys sloes j5l )8 axgi 61y |, Sl cnl (YL cud )l
Jalali et al., ) aes oo oylid Jedlans ) sloylomils 9 s
(2025

Wlg5 oo Lid g a8 e 45" 0l LS 00 ;S LT g0 s
503,5 SeS (LS 15 )3 o (257 w00 s BMI a5 o,
o5t Sl galiom I8 Codls o 2Ll (B o5 e
g ol Sl oad andlas 09d (95 ,LaS 5 g g
e g Bpas 93 (Sl Cardg om wile Jalse 5L
(Fuetal., 2025; Lak et al., 2025) s,ls |3 al>-low
el lasgazme 35k 5l Lyl cggame o
(el lagesly Jaowd egeilansT oyl o Jols JoSo
F sl o235 Gl Jobe Sirles 9 235 S 20
obed o (ol )5 Sl iluil s g B
b Sy ol WS Wl G5 B 035 pees Sl
Sy ) @l G 50aS lgaal 51 (S a1 Tylia
Sir soplS 5 03 mees (g Glaopal) arug
el 03,87 o (3Ll


http://dx.doi.org/10.22034/JOA.13.2.47
http://ornamentalaquatics.ir/article-1-429-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-11-04 ]

[ DOI: 10.22034/J0A.13.2.47 ]

oo Lo g it 31 Gl JUuus § 3190

Ol yed g (w2 )

Aj).n a‘;ﬂ.m Coouw LSLQ‘Q.M...Q[SA I 6‘).» oé).';.mf
S8 oolaiul 0j90 omac Cbli> g Joku ouligi a6l y
Sl addllac o giwny Jow ol poe slos )l 51 (S6 slad 3
35550 50 697 L a5 cewl |(AB42) Ly assboel aity
8 a8 Wlosls oL sadplnl wldllas .o )ls aglylT (o Lons
San ez APAZ oy 5 (2bys Gl lagz (2855
o g leal () 09l co (29SS Al o 4y atinly slo g lials
by b b adyl oo Slepuis jo P! Juls
39 s oY Sl JSas s ST ¥y als
aS aed oo lis baudl plcal 5, slogil o (o lxials
Olas ) 5o APA2 & w2l o 155 sk Slo s
Forz 69> laptu b g BB Calid ol
3 )90 WS 959599 (SLopansilin (s 2 s W51g5 o0 g 05l

(Buznikov et al., 2008) ux .5 1,8 solazul
a5 Sl 4y ool o B APA2 Coas ( J5S0g0 o5y
e 0ol aS” Wilosls lis ldlae .ol anly oy oyl
Codles (&l 6 D b Slaazs b aylie o AB42 Jolne
ooyl (6 500 S Joluw ol 35,08 g 051> (6 i o
sk sLid s Shee jo P G b 5 Sleans ol oS
(&S Ll il bt g geilannST gl il
0 ua?h.wo o J.HSLSA sS.:).?u ‘) )B.A.tg.t] (5me
Gk 5l e (sadsheal (slads yod g Lo yesSl a5 ol
WS sl ‘) JjL» o..&.'.i»é‘}l)mliﬁ uf).a “53'5&‘).’1.0 Lgl.b).u.wo
e ok 9, Sles g5l all 4 cules )0 90 50 4z S
oS ol ] a5 L8 4SS .(Picone et al., 2009) wigs o
e Bl slie 4 38 LB ST s
e aidly (laadeinllS 5 iy (oS Juil)
Sz 0 1, APA2 Sl ool slas lwal 5l 4>g5 B
S SJLT bS5 cpl le yo aias rals by sl
S ey ol sy (3l 5 e s oS el
3 o6 slooa b allie jo ras aly Ul olp s pge

(Buznikov et al., 2008) ceua Ly sSglsl
S3bsl 5 Joho cbliz (oogee laanlp S50 50 Wl o
ooy SLpeile Gilold 5 (ol slagealy polas

! amyloid beta 1 to 42 (Ap42)

SER g ey sbagles (b o]y b il
(Rahimi et al., 2018) el axs-lu w2l 8 Slosl
5l eolatul Coeal 5 (H9psy] Olllas I Jol> aales
3 S ool ) 035 e S )0 (b LSS
o585 (Carassius auratus) ;.8 ale p (glaallas
055 S g 0 o)las aoys Ve (gl slay (x40
333902 oy (RS 5 035 e 5 W9y Kol @ pud g
& ol las meei ol mls b sl 69,8 b awslic
S3bosl wld Wlgi oo (LS Jldcany; ©liS 5 5l eolanul
(Rahanandeh et al., 2024) &5 & i lale o 1, il
Souse olas gluds G Ko degh 0 icxed
a0 o35 », »(Eugenia caryophyllata)
L85 18 wyp 0,50 (Clarias gariepinus) ol 81
sl 4 S olas 0,5 V0 0938 a5 sl lis s
G (6 50lisS e 45 o3 oS St g 138 o FoLS
ST S 5 ol low) b dals 055 4,
5 gwsnlS gelite bl il il e
g ond Lo Glabe jo SMac cdl e (K8l bl
o b sl JoSie 3l ool 4 0id F A o Kimgs,
e & Sln S )8l Wl oo Jladannsy ©LaS 5
2B (sByen plale udle dgun g Sl alS o2
(Adeshina et al., 2021)
Ophiocoma ,s solal 398 cxmds (553l (S Ulgs e gommo 5o
50 0gill Jdaw; SLuS 5 s9>9 L ol en €rinaceus
eloled gl ared )l e & 1) o Geil> onl ol
slosyal, dnng 9 caiiSpee wax slaJySse
03,5 Jod Gronsil 5 s losl Sy 5o b Sl
il 51 L S0 wilgh so 4sS ol axdllas .ol
e Ty aeey 5 w0 Gl b glel g e ook
il 0218 055 S5et 53 S5 (g Slood 318 Anuss

by ol
) St pazie Gl Shy Jds @ abs ples
o red g Sl i ol Wb gl YL Ul
2 kel slo Jow lgre ar o (o655 calisee o jo as L]
asls S5leil g cuss (Jobe cwbibcun; Sldlas
ol 5 Aol g5l b da o Slallae s ogdle igd oo

sba 35 ol Glg slagyY g b waiSs oLy
oy


http://dx.doi.org/10.22034/JOA.13.2.47
http://ornamentalaquatics.ir/article-1-429-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-11-04 ]

[ DOI: 10.22034/J0A.13.2.47 ]

YE JW /Y o lods / o2 sy Jlw

o) oyl

25k 4 48 Wsd oo wgme Jlblewys b lowy Lo Ly
s @l emoses dex jl nl @l 5l 0oy
ol (Moeini et al., 2020) wgs o !5l oyliwss =
(Srdyen P Vb )l Jdo & bS5
Mlr el gl i AUl 5 b Slad Conols
Pesterau) ailos )" law 8l cwdige 9 055 loyo 4o Slodg
(etal., 2025

N-acetyl-D- slaxly 5l JSice s jeudy SO uiS
@ JolS L S5 ol el 5l a5 2ol glucosamine
Sl 5o o3l el (sloog 5 3925 3950 oo logtS
Sl 5 9900 JsSge nl e b Gl el lustS
5 b, lagasls (Jolo glalic L o] jie iSpmy
Jayakumar et al., ) oS o o2l 3 |, Joloz 5 S5l
(Y Jso=) (2011

bl s Jobo ey old s slaJsSge alulid
I Gte Jlblon) LS5 aalllas Gl cnl Sl asil
Limnospira ,ls sob sbe plo s b by =
ey e (g o, Sl anwgs o ilgs splatensi
25 oo 5555 5 B 38 5 Sl J 55 il o i
S sl poge (1B 8L (s3lesl 5 v e 0]
slp eledae Gl @ ke 2k Glg) s nlple
o )y g 3 Slrailolis lgie 4y asy plasl (65l 5b axdllas
K53 5 o3l (slas S b Jlebis SluS 5 olilis
1 (k2 BB Conl 5 035 mee 5 g (ISl

) a0 g5 99 1 yoadsCums ) ud
OlwgsS g (s
Ot ) (obesiS) Gl oad o el e 5 i

Table 2: Comparative framework of marine bioactive compounds and their roles in tissue regeneration.

Characteristics Spirulina

Brittle star

Sea cucumber Chitin—chitosan

Cyanobacterium
Phycocyanin,
polysaccharides
Anti-inflammatory,
antioxidant
Dietary supplements,
wound-healing gels
Clinical and animal
studies

Organism type

Key compounds
Mechanism of action
Primary application

Scientific evidence

Marine echinoderm
Peptides, proteins

Stimulation of cell
proliferation

Wound-healing

extracts

Animal studies

Marine animal Crustacean-derived

Collagen, saponins Chitin, chitosan

Extracellular matrix
regeneration

Antibacterial,
biocompatible

Dressings and

Biological dressings hydrogels

Animal studies In vitro studies
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Table 3: Comparison of marine sources and bioactive compounds involved in wound healing and tissue regeneration.

Characteristics

Predominant type of
effect

Main therapeutic
applications

Level of scientific
evidence

Commercialization
status

Key advantage

Challenges and
limitations

Spirulina
Biochemical—
systemic
Dietary supplements,
wound-healing gels
and creams

In vitro, animal, and
clinical studies

Widespread global
commercialization

High safety profile
and oral consumption

Variability in product
quality

Brittle star

Biological—cellular

Wound-healing
extracts, regenerative
research

Animal and cellular
studies
Research and
development (R&D)
stage
High potential for
bioinspired
applications
Limited accessibility
and dependence on
natural resources

Sea cucumber Chitin—chitosan

Structural-mechanical ~ Physical-biological

Collagen-based gels
and dressings

Dressings, hydrogels,
nanocomposites

Animal and
preclinical studies

In vitro, animal, and
clinical studies

Limited to moderate
commercialization

Widespread
commercialization

High similarity to
human extracellular
matrix (ECM)

Low cost and
scalability

Extraction cost and
sustainability

Control of the degree
of deacetylation
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Table 4: Comparison of the characteristics of aquatic bioactive materials with wound-healing potential.

Characteristics Spirulina

Brittle star

Sea cucumber Chitin—chitosan

. . Photosynthetic
Biological category cyanobacterium
Level of biological

D08 Microorganism
organization

Phycocyanin,
polysaccharides,
peptides, vitamins

Key bioactive
compounds

Anti-inflammatory,

Main mechanisms of ~_antioxidant, and
action immunomodulatory

Inflammation and

Predominant stage of r ]
proliferation

wound healing

Marine echinoderm
(Echinodermata)
Multicellular animal
with high regenerative

Peptides and growth-
promoting proteins

Stimulation of
fibroblast proliferation
and accelerated

effects epithelialization

Proliferation and
tissue regeneration

Crustacean-derived

Marine animal structural biopolymer

Collagen-based gels Structural
and dressings polysaccharide

Collagen, saponins,
and other bioactive
compounds

Chitin, chitosan,
oligosaccharides

Antibacterial activity,
inflammation
modulation, and
biological scaffold
formation
All stages, from
hemostasis to tissue
remodeling

Extracellular matrix
remodeling and tissue
regeneration

Tissue regeneration
and remodeling
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Abstract

Wound healing and tissue regeneration are essential biological processes for maintaining the health, welfare, and
survival of ornamental fish, particularly under conditions associated with high stocking densities, transportation
stress, aggressive interactions, skin diseases, and mechanical injuries. In recent years, increasing attention has
been directed toward the use of natural bioactive compounds to enhance tissue repair and regenerative responses
in aquatic organisms. Among the promising sources of such compounds are the microalga Limnospira platensis
(Spirulina) and brittle stars, both of which contain a wide range of biologically active molecules with potential
applications in regenerative aquaculture. Numerous studies have demonstrated that phycocyanin,
polysaccharides, bioactive peptides, and other Spirulina-derived metabolites can promote wound healing by
reducing oxidative stress, modulating inflammatory responses, stimulating cellular proliferation and migration,
and enhancing collagen synthesis. Similarly, bioactive compounds isolated from brittle stars have shown
considerable potential to support tissue regeneration through the activation of angiogenic pathways, cellular
differentiation, and tissue remodeling processes. In addition, the antioxidant, antimicrobial, and
immunomodulatory properties of these compounds may contribute to the management of wounds and common
lesions in ornamental fish. This review summarizes the major bioactive compounds derived from Spirulina and
brittle stars, while also briefly addressing other marine-derived biomaterials such as sea cucumbers, chitin, and
chitosan. The molecular and cellular mechanisms underlying their regenerative activities are discussed, together
with their potential applications, current limitations, and future prospects for use in ornamental fish health
management and regenerative aquaculture.

Keywords: Wound healing, Tissue regeneration, Ornamental fish, Spirulina, Brittle stars, Bioactive compounds,
Regenerative medicine, Aquatic animal health.


mailto:samin.karchin74@gmail.com
http://dx.doi.org/10.22034/JOA.13.2.47
http://ornamentalaquatics.ir/article-1-429-en.html
http://www.tcpdf.org

