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Abstract Asthma is a complex inflammatory disease of the lung characterized by variable airflow
obstruction, airway hyperresponsiveness, airway inflammation, and reduction of respiratory
function. Its prevalence and incidence are increasing because of the effect of various environmental
and lifestyle risk factors. Steroid inhalation, long-acting agonists, and other synthetic drugs are
used for the treatment of this disease. However, they have some side effects and show unsatisfied

result and response after treatment. Therefore,

many researchers have focused on the development

of natural product-related treatment for asthma to suppress the side effects and unsatisfied results.
Seaweeds contain various bioactive compounds with anti-inflammatory, antibacterial, and anti-
oxidant activities. Thus, we investigated the asthma treatment-related literature using marine algae
via the Google scholar search engine. Consequently, the literature is rarely investigated, but is

increasing steadily. The literature was performe

d as a comparison study with an ovalbumin-induced

group or drug-treated group, and investigated the antiasthma activity of algae ethanol extract.
Although many researchers have studied marine algae-derived therapeutic agents for asthma, the

amount of literature is rare compared with th

ose of herbal medicine-derived therapeutic agents.

Conclusively, we suggest that many researchers should investigate and develop algae-derived ther-

apeutic agents for asthma treatment.
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of Ysix= vebd = = T3 7] #A A (Chronic
bronchitis)Z} 7] &A] ¥ &X(Bronchial smooth mus-
cle, BSM)2] 91 A (Irritability) & 2 &5 = 713
(Cough), <& Z(Dyspnea), 7}%5 B E 3 (Chest
tightness) ¢]ol = 542 Q1 &3 A 7HA A< 7]
7 A gk(Variable airflow obstruction) 52 944 F
s UERAT [3-5]. AACdE A dE=r] 4
SH(Allergic disease) = sHIE A2 A Tk HT 4

H
g, #7304, 77 2 A% §7 wskE s A Al
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FTHES AEH 0 E F78to 2016L3 2.7%2 A
How, AFEEE 604 o] TAFTAA A
&2 02 W3t FA 0t} [7]. Olﬂid e A
+ 183} Ao Rdetal e f-Evete] A
T Mol AFHT © & A3 A FEgo] & F
Ron, B= 9 F= 5 FH 7Y 9 trjed
FEFoE HA MX 1 L o] A&HIL o] A T
gEo] F7H $E7k ATk (8],
=3
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7] 4 ﬂx]’«] EH TS ZHEOE FY
(Steroid inhalation), X </3 W€} 2 3% A|(Long-act-
ing beta 2 agonists, LABA), 3 E ] 3l(Leukotriene)
ZHAAE B3l A5HH, TF A4 A A5 A
A 2 ZoEE RERA o2 ARRSHA AT [9-11].
SEAIRE M2 X 5A B A5yl w3k A7)
FF38] AYHIL S = B3t B2 A7
A3 HAo=Z QlF) pES Hky 9}\0:4 27 4
ol ik &9k —f—(Dlssatlsfactlon) e F2H8(Side
effects) 522 A3 A= X5 A sl &
AS Holal It} [12-14].

A Wty oz b3 & HA4ol s
st ] HE 49 FL9 12430 AAE 9
3 Fst= ol A Ml 3 (Macrophage) 7} €4 3}
(Activation)ﬂ H, S 2 AM 27} ol tis] o]l
A (Antibody) A 4HS 18l BAIZE A58t &
ol 5ol WY == E7 E (Immunoglobulin E,
IgB)E Evgth A4t W =2 EY EE HITE A
3Z(Mast cel)E &Ad3tstal, e Ads F3i
HITE A 3zo| A 2y =, o] 34L& 53l 7] 3HA

52 o) 27) A2 whgo] FuHET EF, BAE

= Fdol =EH °o]F CD4+ THEE A3l A
08 BZ= T M 3E(Type 0 T helper cell, Th0)= O]Ei—?—
Z1-4 (Interlukin-4, IL-4), 1E]FZ1-5 (IL-5), B F

-13 (IL-13) &< #4](Secretion)st= A 23 E__% T
M Z(Type 2 T helper cell, Th2)Z &3} = o] #| 13
HZ T M 3Z(Type 1 T helper cell, Thl) Ate]e] &+
gol TR [15]. 2L A 7] =2] F-F(Edema)}
tEo] 9 E:rL(Lymphocyte) & 4+ (Eosinophil), &

ZT-(Neutrophil) 5 T3 IF MEE9 &
(Infiltration) ¥} ¥ /ﬂ] g4 U= 7]—01] e MEZ T
% 7HCellularity), %32 M| 3£ 2] B¥}2H(Denudation) 5 ©]

3 Y [16].

44 ABAE A 9% A= FH A=
AeL A9=E2EHY E, 3] 2E¥](Histamine), < E
H & Zrol(Interferon-y, IFN-y), 1B F31-4, A EF
Z1-5, JEF21-13 53 22 A 2 Ao EFIQ
(Cytokine)®] 8] 2 A4k oA, WA Z(Immune
cel) 59 H& JAE T3 A 4 9 X5 F
e Fia ATE A Folth [1, 4, 13, 17-19].
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(Marine algae)t= I HE A& F= 3= 5 ofA
of Zt=roll A AnlEeH, F2 ARk 9 A4 F
o7 AHEY ot HT S0 FH E FHAH
A% v & (Mineral), 2] ©]/d f-(Dietary fiber), = 4
A W4H(Essential fatty acid), &4~(Enzyme), TFdF
(Polysaccharide) ¥ 7]5A4 ZddHsd =2
(Polyphenolic compound)= 3-+3tal o] 2 F &
gk g 1A 716 TR E /1ol A A=
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O
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A ELD 2 FL8 2 7] (Anti-allergic), FHF
(Anti-inflammatory), 33X (Anti-diabetic), ¥4+s}
(Anti-oxidant) & TFYF3H &35 Ad 2108 HIiY
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W A7 Y Folur, A ASAZAY F
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HF HH
o =]

A=/ el BB AEDS 83 1A 9A =
ol 3 A= Google ScholarE 53] 7443t
“Asthma”,”Algae” B “Z 2" 78| 2/7ef 22 7140
£ st =l sl 242 AAskit 2010d
F-E 202003 7FA] “Asthma”,”Algae” =2 A sl= 749,
53 2 A2 ARE AL]stal & 137007019 =&,
APz 2 AAskes 739, & 90719 =&°]
A AT A E =70l thet] 25, AFWHE
slsted 2 Ao #E =i 18U Y=

AT 5F B FEe B4 2 1A,

2 3

In vitro 913t

2010858 Pd =7 i A2 =49
22 A &tel] thgh In vitro A= SHOE, 2000
Ao 13, 20109 43 9] A7 A HAoH, S
Z7F 78 93/ (Polysaccharide) & & &%t AT+
29, Zg)3&4 EZ(Polyphenolic compound)S &
&3 A= 13, FEES 283 A7 13, Y
7} 2 Y% 0] =(Marine carotenoid)E &-83F A7+ 1

Ho g FAFHAT

Table 191 In vitro AT-E= AR A=} Aol )
gk gt om, Alg, A=A, AMS MEF W Fa
AT W&ol thisll A3kt 2008' Yong Li, et al.
[24]< Ecklonia cavaZ5-E] E2ld9 @Y Zssd &
AE9 2] JAF el ATt Ah E cava el
fucodiphloroethol G2} phlorofucofuroeckol A= T/ Al
ZFOA S E=1= 2N H R A Y TR (B
-Hexosaminidase, 3-HEX)2] 1] &4 2 Ho==283
E} W9 ==2 83 E 48 (Receptor for IgE, FceRI)<2}
o A¥s HAE T 2 A At A EA
Song, E.-I, et al. [25] E. cava & F=E°] Al APE
(Apoptosis) $lo] ALS=E2EHY E, QT4 2 AEH
£ 8] GAE Sal HAEs A s A e
SRISIAT}. Eisenia bicyclisZHE F=E3+ FIFE
(Fucoxanthin)& HWIER-3] AAM U THA 2] EHIE AT
¥ ol 2} nuclear factor-kB (NF-kB) T2 3} mitogen
activated protein kinase (MAPK) T & % extracellular
signal regulated kinase (ERK)<} c-Jun N-terminal kinase
(INK)2] <14FsKPhosphorylation) SIAIE F3F 4] A
A= 9T} [26]. 9 24 7192 QMarine Biotech
International Ltd.ol|l A A4Fsh= Hi-Q oligo-fucoidan™+
A AFAEREH  AHT LDxIEAIEHA|E
(Peripheral blood mononuclear cells, PBMCs)®l| thall =7}

Table 1. Marine algae-derived anti-asthma compounds through in vitro studies.

Publication

Year Authors Sample Source Stimulator Cell lines Outcomes Ref

| Human IgE-induced histamine release

o IeE on KUS812 cells

Fucodinhloroethol G umlar) &b, | A23187-induced histamine release on
2008 LiY.etal oL E _calelum - gyjg12 and RBL-2H3 cell ~ KUS812 and RBL-2H3 cells 24
1 Y, et al an - cava_inonophore lines | DNP-BSA-induced B-HEX release in (24]

phlorofucofuroeckol A (A23187), KUS12 cells

or DNP-BSA | Binding activity between IgE and FeeRI

in human IgE -stimulated KUSI2F cells

Song, E.-J Splenocytes isolated from | OVA-induced secretion of IFN-y, IgE
2010 g L.l Water extract  E. cava OVA OVA-induced asthma . T, 185 [25]

et al. murine model and IL-4 without cell apoptosis

IgE-antigen | IgE/DNP-BSA-induced B-HEX release

Namkoong, . E. bicy complex Rat basophilic leukemia | IgE/DNP-BSA-induced activation of
2012 g Vet al. Fucoxanthin clis” (IgE/DNP- (RBL-2H3) NF-«B and phosphorylation of ERK [26]

BSA) and JNK
| PDGF-induced cell proliferation

Yang, C.-H., . . 1 Gi/Gy cell cycle arrest without apoptosis

2016 et al. Oligo-fucoidan . PDGF ASMCs | PDGF-induced phosphorylation of ERK (28]
and NF-kB
PBMCs isolated from . S

2018 Yanegt, aCI.-H., Oligo-fucoidan - Con A allergic asthma subjects or ! —rraggu stimulation-inhibited Th1/Th2 [27]

healthy subjects
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L A (Concanavalin A, Con A) F5 T Al A=&
B3l B Al 18 B2 THIES} Al 28 B TH 2]
7S JAAIIH, EATFE %A 2K Platelet-de-
rived growth factor, PDGF) A}= 7] =3 &4 3 (Airway
smooth muscle cell, ASMCs)°ll thall A= A3 3% A
D M E APEE FE5HA v GUIGAHIE F7] AR 9
NF-«xB T2 9l ERKE] 14k} JAIE B3 2] <A
3ol thef AT [27,28].

In vivo %13

2010858 P d =7 i A2 =49
A2 A @3] ek In vivo AT 13HOE,
20001t 43, 20104t 9] ATV P E O
o, =/ il e &8 A7 29, FF
=5 83 AT 109, s EF Y AAE &8
3 AT 1HeE BAFEAY.

In vivo A7l AHEE AlE, A=A, 5= 2 9
AT W-8oll thalix= A Aot Aol ot v
3t Table 20 A eSS, Undaria pinnatifida®) XA}
4 (YgMHEFEH FET FIO|ES 2BYEA
(Ovalbumin, OVA)®] 57} Fof Bl £5-5 Tl A<
F3t H(Murine) 2ol t&f A 28 Rx T M E7}
HHskE Al EZIRI(IEF714, /I F71-5, JIE]F
2-13)3} H=2EY E9] Athe oA, QBT
59| FE FAE Tl Sl o7 22 S e
A ZATF [29]. 2008' Kim, S.-K., et al. [30]°l 2|34
qgE  FEEol ZIBAFHEIAHAY
(Bronchoalveolar lavage fluids, BALF) W] FASA|3Z 9] =
729} QIE 2714, QIE| 2715 9 Foks)AlRlz} o)
(Tumor necrosis factor-a, TNF-a) 1] <A, 7|= 771
A A, AR 2 g 79 B WA J&
AAeh= Z o2 FEEo] L BARY F 5 M2 =g
of thall M4 A Be& FESAT S horneri®]
Be FEE31]S A 28 BE THAE WY vk &
H ¥ Signal Transducer and Transcription (STAT) 33}
STATS AsHgzzel @48 © gz
(Lymphokines)@ T A3 =4 Alo] E7}R1e] W&
AsATE (Fig. 1C, D). LBYRT th7]&
(Airborne particulate matter, PM)ol] 2J3]] H4 =% &

= B gi&f 71 k=20 Z# =Y <E(Predonisone)

E  cava

™

I FARE FEOE 7|5 NI WS THIE 43R
Q1%+ 7] %(Trachea) W HINHA|E 2433}, H|(Lung) W
Bl A 3 (Goblet cell)2] 3HA(Metaplasia)= A5}
A& JAletE Ao2 AFEHAT (Fig 1A, B). L
undulata®) NEHE FE2E32]2 LEUHY F 5 2
= 2do tiste] 7] BAHZAH Y B ol A<
HAAAE 7, Ao E7RQI 7, LB 4RI tig &
A FEs A, olF B3l V1= A RS 2
AAAY (Fig. 2). T©IES Callophyllis  japonica}
Polyopes affinis |&-& FZES 7] AR H ZA 2 A 1
HAMEZ 7, 7|5 A vhs A 52 B8l 24
A A= Ad ZoR
Sargassum wightii NS 25
713 Z1(Guinea pigs) &=
ANA A2 A 7hsdE 3
Z

==

HAZZEY B9 gilES TAAA 2 94 2%

BYARE €A W HY=2EH E =
Tat] F7HE0 A7 BaE A
25]. B2 ATFAEL Eisenia arborea -2 AA|1 2] A
FH7F BT A3 o8 HAo] f=d sE= Ed
of sl HH=2EH E9F S| 2B i 4, v
(Spleens)™ A 324 (Mesenteric  lymph  nodes,
MLN) W IE# & 7Hute} Q1B F31-10 A4 <A, H]
o] JIEF214 AL A& S8l 24 A a3
AY= A& GRASHAT} [2]. 201539 = Eucheuma cot-
tonii MEE FEE0] LEYRY {5 A4 FE(Rat)
mdof s Bz T A9 #3& 2™, Y9
A A 55 T A A AR RaEHAS
[37]. Chlorella vulgarisZ=5-E F=% AE] thdF
(Extracellular polysaccharide)= LELHT {5 22
7Y 2de o8] X% -55%(Ciliary beat fre-
quency, CBF) 7+4~, 715 AWIA ¥k3- oA, 7| A H =
AZ Y W A 28 B2 T ME A ETRRI(JIE F314,
JE]F21-5, JEF21-13)3 SEFHARIA}F &3} &4
QA& B3 M2 A &35 BT} [38]. Chlorella
T FEES LB {5 4 2ol tis)
AL A, 712 A Al T TR HA S Z
#A AAES] 1] JAIE Bl A =
= BuEAY 39].
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Table 2. Marine algae-derived anti-asthma compounds through in vivo studies.

Publication

Year Authors Sample Source Stimulator Model Major outcomes Ref
S ol | Production of IL-4, IL-5, and IL-13 before intraperitoneal
porophy injection of OVA
2005 Marug;al;ia, H, Fucoidan of U. pinna Sengit\i/zle?tion Murine | IgE production in serum [29]
’ tifida | Tissue damage induced by eosinophils
| Generation of a Th2-type immune response
| OVA-induced number of inflammatory cells in BALF
| OVA-induced infiltration of inflammatory cells within the
peribronchiolar and perivascular regions
1 OVA-induced luminal narrowing in the airway
| OVA-induced eosinophil peroxidase (EPO) levels and cytokine
Kim, S.-K., OVA . secretion of IL-4, IL-5, and TNF-a in BALF
2008 et al. Ethanol extract  E. cava Sensitization Murine OVA-induced airway responsiveness (AHR) (30]
OVA-induced IgE levels
Generation of a Th2-type immune response
OVA-induced MMP-9 expression and gelatinolytic activity
OVA-induced expression of suppressor of cytokine signaling
(SOCS)-3 and SOCS-5
Sugiura. Y OVA Brown OVA-induced level of IgE and histamine
2008 get al Algal powder E. arborea Sensitization Norway 1 Production of IL-10 and INF-y in the spleens and MLN [2]
) rat IL-4 production in the spleens
| OVA-induced number of eosinophil in BALF
| OVA-induced infiltration of inflammatory cells into the lung around
Jung. W.-K OVA blood vessels and airways
2009 g’t L Ethanol extract L. undulata Sensitizati Murine OVA-induced luminal narrowing in the airway [32]
et al cnsitization OVA-induced AHR
OVA-induced cytokine secretion of IL-4, IL-5, and TNF-a in BALF
OVA-induced level of IgE in the serum
2010 Song, E-J., Water extract E. cava OVA Murine | OVA-induced level of IgE in the serum [25]
et al. Sensitization
| OVA-induced number of eosinophil in BALF
| OVA-induced infiltration of inflammatory cells into the lung around
blood vessels and airways
Lee, D.-S., . OVA - 1 OVA-induced luminal narrowing in the airway
2011 ot al. Ethanol extract P. affinis Sensitization Murine | OVA-induced AHR [33]
| OVA-induced EPO levels and cytokine secretion of IL-4, IL-5, and
TNF-a in BALF
| OVA-induced level of IgE in the serum
S.L.V.VSN,, . ... Nebulization  Guinea - p
2012 K S K. et al Ethanol extract S. wightii of histamine pigs 1 Latent period of convulsions (PCT) [36]
OVA-induced number of eosinophil in BALF
Park, W. S., C. japonic OVA . OVA-induced AHR
LUK et al Ethanol extract a Sensitization Murine OVA-induced cytokine secretion of IL-4 and IL-5 in BALF [34]
OVA-induced level of IgE in the serum
Inflammation at higher doses
OVA-induced nasal symptoms
Spracue- OVA-induced lung inflammatory scores and bronchiole smooth
2015 Bakar, N. A., Methanol E. cottonii OVA ]ga “%e muscle thickness [37]
et al. extract : Sensitization rat y OVA-induced infiltration of eosinophils
OVA-induced overproduction of mucus and goblet cell hyperplasia
OVA-induced expression of TNF-0, NF-kB, EGFR, and MMP-9
Regulated Th1/Th2 balance
Citric acid-induced cough
0o . Bronchoprovoking agents-induced AHR
2019 Barborikovd, - Extracellular gy OVA. - Guinea | GyAinduced CBF [38]
- et al polysacchande censitization pig OVA-induced cytokine secretion of IL-4, IL-5, IL-13, and TNF-a
in BALF
Intraperitoneal
injection of | OVA and PM-induced expression of COX-2, iNOS, IL-1p, IL-6,
Asanka Sanjeewa, Ethanol . OVA and . and TNF-a
2019 K. K., et al. extract S. horneri nebulization of Murine | OVA and PM-induced activation MAPK (351
particulate 1t OVA and PM-inhibited expression of Nrf2 and HO-1
matter (PM)
| OVA-induced AHR
| OVA-induced number of eosinophil in BALF
Kuwahara, N., How water OVA . | OVA-induced cytokine level of IFN-y, IL-4, IL-5, IL-13, and TARC
2019 et al. extract Chiorella Sensitization Murine in BALF (391
| OVA-induced airway fibrosis
| OVA-induced production of mucus
| OVA and PM-induced AHR
Intraperitoneal | OVA and PM-induced infiltration of eosinophils and lymphocytes
h K H injection of 1 Sth,r: 0?11(13(;. PM-induced infiltration and activation of mast cells
Herath, K. H. . .
2020 L N. M., et al Ethanol extract S. horneri  OVA and Murine | OVA and PM-induced IgE production in serum [31]

nebulization of

| OVA and PM-induced overproduction of mucus and goblet cell
hyperplasia
| OVA and PM-induced activation of STATS5 and STAT3
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Figure 1. Asthma inhibitory effect of Sargassum horneri extract in a murine asthma model. (A) Effect on PM induced airway

OVA +PM +
Prednisone

-

£

hyperresponsiveness. (B) Histological analysis. (C) Effect on STAT5 and STAT3 signaling pathway. (D) Effect on

expression of cytokines.
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Figure 2. Asthma inhibitory effect of Laurencia undulata in a murine asthma model. (A) Effect on total cell numbers in
the BALF. (B) Histological analysis. (C) Effect on cytokine levels in the BALF. (D) Effect on Airway responsiveness.

(E) Effect on Serum OVA-specific IgE levels.

Table 3. Information of marine algae with potential for asthma treatment.

Subclassification Scientific name Algae-derived therapeutic agents Ref
Fucodiphloroethol G and phlorofucofuroeckol A [24]
Ecklonia cava Water extract [25]
Ethanol extract [30]
Eisenia bicyclis Fucoxanthin [26]
Phaeophyta
Undaria pinnatifida Fucoidan [29]
Sargassum horneri Ethanol extract [31,35]
Sargassum wightii Ethanol extract [36]
Eisenia arborea - 2]
Laurencia undulata Ethanol extract [32]
Polyopes affinis Ethanol extract [33]
Rhodophyta
Callophyllis japonica Ethanol extract [34]
Eucheuma cottonii Methanol extract [37]
Chlorella vulgaris Extracellular polysaccharide [38]
Chlorophyta
Chlorella How water extract [39]
- - Oligo-fucoidan [27,28]
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