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Immune-enhancing Effect of Aqueous Extract of Pyropia seriata In vitro
and In vivo

Seul Ah Lee, Jin Shil Choi and Chun Sung Kim*
Department of Oral Biochemistry, Chosun University, Gwangju 61452, Republic of Korea

Pyropia seriata (PS), a seaweed belonging to the red algae family, is mainly cultivated in the coastal areas of Korea and Japan. PS
has been reported to have functions related to heat stress tolerance; however, its other functions remain unclear. Therefore, in this
study, we investigated the immune-enhancing effects of aqueous extract of PS (AePS) using mouse RAW264.7 macrophages and
cyclophosphamide (CPA)-induced immuno-suppressed experimental animals. AePS significantly increased the expression of nitric
oxide (NO), inducible nitiric oxide synthase, interleukin-6, and tumor necrosis factor-a without toxicity in RAW264.7 cells. West-
em blotting and NO assay confirmed that these effects were mediated through the mitogen-activated protein kinase and nuclear
factor kappa B signaling pathways. Daily oral administration of AePS to CPA-induced immune-suppressed animals for two weeks
restored the size of their spleen to that of normal animals and caused a significant increase in splenocyte proliferation. The results of
this study suggest that PS exerts an immune-enhancing effect by inducing the expression of pro-inflammatory cytokines, indicating
its protential application as an immune-related functional materials.
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N = A e WAAE, EFT, S A, A AL A E7) )
sk vl Eo|2] wel whg-2 Subsie] ofi ahele] 1451
A 7001 Wk A MBS 9% GAAG S F wkThIrhGourbal etal, 2018). ¥ 28 Pl e G4l ol

A W Rl ore] S s rh(Khan et al., 2021; 2ol T A|3£o} B H|2£2] 3of & =HIgtrH(Cooper and Alder,

Khatua et al., 2022). 3 A] W/ v &0l Aol #%-st
of AL UGS THE FOR ol Fste] AL
s A] 2] 2.5 o] @7 Zeh(Martinex, 2014). WA, G434
e oahin Wy oz Qe 1Es] 93 WS
FAANE TRk B 9 AL AR T AR Ao uhlgl
Ch(Pezzanite et al., 2021). WY ¥h-5-2 W& E= o] F E4=2
HE JIAIE BEok= UAFH QL AIA| Hro] AlAglo|t) e A|
A7E EFEH A= o] T8-S elal Ano] A EET
3]%2-5 tjt] | $Hc(Yatim and Lkkis, 2015). 917 He] A|28]
& 3A - H3} $H W0 s 4= Itk (Cooper and
Alder, 2006; Yatim and Lkkis, 2015; Gourbal et al., 2018). A1

2006; Suddep et al., 2023). 1 % M| == o] o5 7}
% WA B otE ] T SA] ARSHE ax(nitic oxide, NO)@F
o] 2/ iAo EHIE S7HAA AW -8l dhE| 2 ote] F4
< A $tcH(Hirayama et al., 2017; Monmai et al., 2022). T3+
FF I ARRIAL- L3 tumor necrosis factor-alpha, TNF-¢) 2 ¢1
E]£71-6 (interluekin-6, IL-6)7} 72 JEA] Alo|E7[01S B
Hlgto] AN Sa-5 Bl A AFAMSAE B R A
SO} S A M AJ320] 23S f- =3t (Martinez etal.,
2008; Hirayama et al., 2017). S A2z TA|EZ ZA5}0] 7]
of3taL AlA| W Al SEat W v3-5 w7l st dl S529
3-S5 ol W2 WY e A= AN 2L S, F
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A AP E7R EHl5& A= AAska Qleh

A(lavery 7uleTtof Loh= T2 F2 el A AL E
= Y SRl kAL Itk 718 Bk gFn| 7} F of it th
A3} 2ol §7t Bsto] e okg EL Agom off
%okt (Cho et al., 2021; Kim and Park, 2023). thstil=
QrollA] T2 Q3 == 2 2A 37HAIR & 4= lom, AR
Y4 (Pyropia yezoensis), SH1t]&74(Neoporphyra dentata),
MY (Pyropia seriata)©]tHCho et al., 2021). 713 AAE
o] B AT o2 Aol sl 754 dqts A
x 0.2 yo| miso] YAt QS0 mEYEe] 2
gF el Ats E 2B A WA, AR 07 =5 7ol
H A A LGof ot B4 o|th(Park et al., 2012; Choi et al.,
2019; Cho etal., 2021). &5, AL} g l-8-119} 7He- 3]
0] ARIEH S R SRl chek gheE cheksol o
AR dHA glon, 327 8 v Aol
(Yu etal., 2018; Liu et al., 2019). Z=let S0l 4] op7t2 A, 7}
eI\, 4%, Zesie Faswer ) Sof glow,
Zhep7|dat = ajee oy X, el tiet 7540l
2350} 9tHLiu et al,, 2019). A-7}2}7] e M1 gjA) A 2]
8918 £7}14]7]3L CD4+, CD8+ T Y Z12] 2L Grmgho.
2H AYe VA FARAES sk, 7P Id &
IohgdHE+= IL-2 (interluekin-2)2} TNF-0.2] RS =510
hAA O] A A3 282 ST e 2 HRhe-S ST
t}al B 1% o] Qltk(Luo et al., 2015).

olo|4 M

B AFoAs BREYEY d¢ FEES D8t A 9
(in vitro)2} AA) Ul(in vivo) AE-S B3 A1 &4 € 1

7122 @B,
Mz H L

FH=EY g4+ &= HZ(AePS)

HAFEEA2 20229 249 b= sl A A A
el on, @ 71 A oAslal 328)520) B8 o] 8-5}o]
90-93°Cofl ] 4|7t 54 F&3H. FE=2 -20ColA B
dst] Aol o] gstglan, e =491 A2 4°Cofl By
t}.

MIZEH S

npQ- 2 thAIA|E RAW264.72 SHAi 3-8+ 4 (Korea
Research Institute of Bioscience and Biotechnology, Daejeon,
Korea)of| A| Al ko.m, v A 2= A ds== 58 25t
o] ARg-5F3ITE. RAW264. 74328} H|ZA| 2= DMEM (Dul-
becco’s Modified Eagle’s Medium; Welgene, Geongsan, Ko-
rea)oll 10% FBS (fetal bovine serum; ATLAS biological, Fort
Collins, CO, USA)&} 1% &A1 (100 U/mL penicillin, 100 U/
mL streptomycin, Welgene, Geongsan, Korea)7} g% o] ¢}

o e F F3 677

AePSe| tigh A2 =& 24517 S8l 12 well Al|2LHj
oF H Aol RAW264.7 A|ZEE- 1 X 10° cells/well = H=35F 5, 1
AlZE30.1,0.2, 0.4 mg/mL2] AePSE A 2|3t th2 24417 5
o Hh-2-3F3th A E Y=g B8 MTT [3-(4,5-dimethylthi-
azol-2yl)-2, 5-diphenyite-trazolium bromide] 7] 51 ©]-8-31%1
o, MTT &9%(0.5 mg/mL, Sigma-Aldrich, St. Louis, MO,
USA)S H7Fslo] 3A17F §-5-3F 5 dimethyl sulfoxideE o] &
3to] AA] = formazan P2 8-351 1 T} ©] % microplate reader
(Epoch; Bio Tek instruments, Winooski, VT, USA)E ©]&35
o] 590 nmol|A| FFEE S5t FEES A $+=
Yol FHES 100% AHs}ol AgEe] FHwe) vl
shol wl (%)= L2l
A (Nitiric oxide) £

12 well AlZZrfoF ZAJo RAW264.7 AlZZ 1x10° cells/
well2 ZE35H 5, 1A7F 5 0.1, 0.2, 0.4 mg/mL2] AePS}LPS
(lipopolysaccharide; 0.1 ug/mL)E 2|3t Th- 24417 591
HHS-SFGITE. HiSF 5, 100 uL2] vk 5 M-S F7FC] griess Al
oFy} 2813t 5 microplate readerS ©]-8-5F0] 540 nmoj|A] 3
FeE A5k Aol gt #F A4S NaNO, & ©]
st

o1 H
CHEIS B

6 well Al ZujeF A Aol RAW264.7 A|ZE- 1 X 10° cells/well
Z AE3H, A= 0.1, 0.2, 0.4 mg/mLe] AePSe} LPS
(0.1 ug/mL)E #| 2|3k th3- 2447t &9k HE-g-5} Gl et whal 2o
protein lysis buffer (iNtRON biotechnology, Seongnam, Ko-
rea)E 0|88t 3619 2, =2 Pierce"BCA Protein kit
(Pierce, Rockford, IL, USA)Z o83} oH, AFA T2 E
Bz s,

2y 9] 15 ng Tl AS 33 5, 5X sample buffere} &3t
5Fo] 95°Coll A 3E7F FAAAIZ] ], 10-14% sodium dodecyl
sulfate polyacrylamide gel electrophoresisol| A THi 2 3.7]9
2 Ee5k3tt. o], polyvinylidene fluoride membrane 2.2
A7E s 2ol s o533l Membrane 5% bo-
vine serum albumino| A 1A]7t &9t ¥r-g5t 5, E4 12} &
A€} 4°Coll 4] overnight ¥H-g-8F3ITt. o], tween-200] 35
= tris-buffered saline® 554 % 3¥ A|28F & horseradish
peroxidase7} FEE 22} AL} 1A17F ¥-3-3F th3- ECL kit
(Millpore, Bedford, MA, USA)Z ©]-835}o] ImageQuant™
LAS 4000 mini (GE HealthCare, CHI, IL, USA)E -3} pro-
tein band=S &35}tk
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Hels=E M=

653 CSTBLI6 1922t th& Abo] el 2ol 745
3 RS AREA AHFES Sgon], 4R 5
71202 7Pk AEERY AR 2 A g
51 AR FEEYAAT e SN E: CIA-
CUC2024-A0018).

MH| 9 BoiST Ay

o= =

30ke] APEELe APow Suhely 6 aFsEe
group 12 T %<, group 2+= cyclophosphamide (CPA; Sig-
ma-Aldrich, St. Louis, MO, USA) £, group 3-6& 2z}
CPA+AePS 25, 50, 100 mg/kg, B-glucanwto|tt. 75 3
ol Aol 150 mg/kg®] CPAS Folatar 1Y Aol 110 mg/kg®]
CPAZ Solshglon, cha el 277wl A7 Rolslolel.
AR B2 ¥ AYFES BT U H ARFEY BT
At vz 24 9 2718 24 F ARk

SAH 7old

S~

I

iy

AHA AL Mean+ SDE UERY AT, Z+ Agl 71
S04 AAL Graphpad prism 5.0 ©]-83}0] turkey t-testS
5}3leH, p-value7} 0.05 W|THP<0.05)9] 790l FA 4 F2

p_
dol 9z Aoz ZEst e,

S~

2

OFRA CHAIMZE RAW264.7 MZE=0 gt AePS2
k=2l

R T A1 A 32 RAW264.7¢] tst AePSQ] Al2E5AdS &
A517] 3l AN 220 AePSet LPSE A 2]8}aL 24417 Bk
31 5] MTT assay= $=3)5}3ich. 71 23k AePS 0.4 mg/mL7t
A RAW264.7 M| 320 tjgt A=of o] ¢19l o™, LPS 5t
Aol FokS PR A] A THFig. 1).

OFRA CHAIMZ RAW264.7MZ0A AePS2| Nitric
oxide, iNOS, IL-6 W TNF-°] gt &3}

AePS7} el 22 G317} Q=R Stotz] $lal, @54 o
Al Aol g7lgle] wrale BAsIST). Tt AA|Ee] AcPS
o LPSE #]2]3l1L 24417t ¥ Wt} A2 -8510] NO
ZHTpAoE7LQl EhlkE WBlE RAslgich. 1 A7) o
Z7(1.81£0.38 uM)Z} B]FS 1, AePSE HE-0] 27 0
2 NO AAS Z7H]Z.01, 0.1,0.2 2 0.4 mg/mLojl 4] ZHz}
9.88+0.09 UM, 21.06+0.57 uM 2 40.23+1.82 uMo| .o
], LPS= 60.36+2.29 uMo| A thFig. 2A). &, Fig. 2A 23}
o} 217517 INOS®] Eh#tHlo] AePS ol o 43}
Z7hsl9. 00 ofu), O] E7IRI(IL-6 W TNF-B)e] ¥ &iA]
W3} 27151900k Fig, 2B).
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Fig. 1. Cell viability of AePS on RAW264.7 cells. Cells were
treated with AePS (0.1, 0.2 and 0.4 mg/mL) and LPS (0.1 pg/mL)
for 24 h. Cell viability was determined using an MTT assay. Data
are means+SD of three independent experiments. AePS, Aqueous
extract of Pyropia seriata; LPS, Lipopolysaccharide.

OFRA CHAIMIZE RAW264.7MZ0l A AePS2| MAPKS
e NF-« B AMSTEHAE Set HIAST gt
MAPK®}NF-kB Al S S| A= Al 229] 444, w28k w8 5
ERoty 2t 4, PAteh T 20| e Hofste J o= A2
Ao A H$- 28 AT AG A Ao]ch. AcPSo] o] NO £
u] Z7}9} Ao] £7}2 1w 2717} MAPK 2} NF-xBoi| 2] vl
7N ==& western blot& &3l 245}t 11 23}, AePS+
extracellular signal-regulated kinase, jun N-terminal kinases
3l P389] & A Yoll= FF= A AL bekE frefH e
Z S=3FtH(Fig. 3A). E, AePS kB Skl (=3t
S 24 IkB7F 3% 2131, NF-xB subunit p657} & Y= o
55F3{thFig. 3B). o]2|gt A= AePSell &J3t WY F41 &
37} MAPK S} NF-«xB Al G425 F3f izl = S
2 AR,
HA x| HASSOM AeSPL HABZ F1t
CPAS E7-Folsto] WA d ddgao] 25 AePSE
ool 25 & A gE 27 E v 2E AF st
B A3}, o 2tofl H]El] CPAS Folike Lol A vgke] 2
717} @A) 3] ZFobH 21 50 2 100 mg/kg AePSE Fojuke &
oA BIAHe] 2717} 17} SR E|9 00, 3] p-glucang Fo]
ure 2] MRS BAT SARIA 51251lThFig 4A).
AePSO| HIA|Z T4 520l tigt G&2 245h7] Slsf vl
Z Ao A BIAA ZE E2|5ko] mitogen (LPS 2 ConA)o| 31
Q= 20 A 48171 vjFst ). L 75, mitogeno] 91
Z271889k ofy 2} mitogen©| gl 274 = AePS= HI%
& =3 th(Fig. 4B-4D). o] &gt A3t= AePS
THEPAALE FALE B3] HeE A ANHE ehdS A4k,
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Fig. 2. Effects of AePS on the expression levels of nitric oxide,
iNOS, TNF-a and IL-6 in RAW264.7 cells. Cells were treated
with AePS (0.1, 0.2 and 0.4 mg/mL) and LPS for 24 h. A, Nitrite
production was determined in conditioned medium using Griess
reagent; B, Expression of iNOS, IL-6, and TNF-a was determined
using western blot analysis. a-tubulin served as internal control.
Data are means+SD of three independent experiments. *P< 0.05,
***P<0.001 compared with control group. AePS, Aqueous extract
of Pyropia seriata; iNOS, Inducible mitric oxide synthase; TNF-a,
Tumor necrosis factor-a; IL-6, Interleukin-6; LPS, Lipopolysac-
charide.

7 Atell A 104 7E] o] 53l 447t
Sz, JLol§ B AR S = A
o d AEY A ZFeh= 2429
Hstof| e 27 FA oA &}
2 h(Cho et al., 2021). Park et al. (2012)2 XH Y54 A4
o]<= PsHSP70b cDNA7} £3] o] ZA5h, o] $--27}F &
2EH o] it WS SHEoRH B 2EH L 2705t
A AET S S A oAl Euskglk(Park et al.,
2012). 53], si=Foll vh T T A7 9
o SAFAIE O] TR R AL Z47} w2 n Aejghao] of

o e F F3 679
A
AePS (mg/mL) - 0 0.1 0.2 0.4
LPS (0.1 pg/mL) - + - - -
BRI e s s .
ERK
p- — D — —
p-JNK —
e QD e ——
P — - —
p-P38 — — T
B)
AePS (mg/mL) - 0 0.1 0.2 0.4
LPS (0.1 pg/mL) - + -
kB o — — —
;\ ...:g: 7 _"' N =
wo | ol B B o S
— Cytosol
P65
a-tubulin
P65 .
B Nucleus

Fig. 3. Effects of AePS on MAPKs and NF-kB in RAW264.7 cells.
Cells were treated with AePS (0.1, 0.2 and 0.4 mg/mL) and LPS
for 24 h. A, Total and phosphorylated ERK, JNK and p38 were de-
termined using western blot analysis; B, Expression of IkB-a and
p65 in cytosolic and nuclear extracts were determined using west-
ern blot analysis. a-tubulin and LaminB1 were served cytosolic
and nuclear internal controls, respectively. AePS, Aqueous extract
of Pyropia seriata; MAPKs, Mitogen-activated protein kinase; NF-
«B; Nuclear factor kappa B; ERK, Extracellular signal-regulated
kinase; JNK, Jun N-terminal kinases; IkB-a, kinases.

¢ ol 202 Wil glom, fEHS H2F BFR
= F 016, A, oIk, 7fel7|dolch(Liv etal, 2019;

Hossain et al., 2023). TxFo] 3h5 djE 2 ¢l tdf= 2
geto @ opyfR A, 7lelrd, E2ujho] 9o Ax 719
20-40%+<= thgR 2 LA % o] Qlti(Masnila et al., 2014). &
8] 2R o} ey d-S WS A7) AL Al ZARE Q1

Ao B SR TR ool A & 24 U
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Fig. 4. Effects of AePS on splenocyte proliferation in vivo. Experimental animals were administered CPA to induce immunosuppression
and then orally administered AePS daily for 2 weeks. Data are means+SD of three independent experiments. A The spleen index was cal-
culated using the size and weight of the spleen and body weight. After isolating splenocytes from the spleen, the splenocytes were cultured
under specific conditions [mitogen free-(B), LPS-(C) and Con A-(D)] and splenocyte proliferation was analyzed using MTT assay.Data are
means+SD of three independent experiments.*P< 0.05, **P< 0.015, ***P< 0.001 compared with CPA group. AePS, Aqueous extract of

Pyropia seriata; CPA, Cyclophosphamide; LPS, Lipopolysaccharide.

ok B 1% o] Qlck(Liu et al., 2019). wheba], B HEH =79
ol 13 540 wofe Zxlo) = ofat Aoje} o], 2 ¢
FoAE BEYEL ] 44 222 B WAEH BHE
g,

A= QIA| W A|AH-loA SRt AN E F
m, 54 27 Ao ¥gsto] AM1 9 M2)ys 24ed
Qe 714A A|EZo|th(Martinez et al., 2008; Monmai et al.,
2022). M1 thA]A|220] 2 AfjaE W whe-3 Falf gt
FUE AAH] 918l INOSL}F thefet Ao BRI

[e]

Sl
_]

S
=

olN
N
N
Ral
o
‘H,
2
ml
|
e
i3
j&{t
ol
rir
Z.
@)
i
Eﬁ’i'
ox,
oh
2
oot
e
A=
=
(o]
Lo

A sz A] 8] =] o] St uto| | AE 913 HEt
o= 2Asto AAE FH o2 RE HI gt Apetoh
., 2007; Mansila et al., 2014; Atri et al., 2018). XY=
RAW264.7 Ao A 8]3-S w] MAPK S} NF-xB A&
/& S8 NO, IL-6 5L TNF-a0] HaZ o4 o=
S7HAFE o, olefgt At BEYET e FE1 ot}
BT AR WY $ et AXsH AR, 9l
HI =7 10% oeh-E& 552 RAW264.7 A| 220 4] NF-xB
AFAGA A 2S Faf IL-10, IL-6 X TNF-02 Z7H%
omm Hel AL S Bsigen], dARL Y 9%
FZ52 RAW264.7 A| 3o A MAPKS} NF-kB Al & A2

2 3l NO, IL-6 % TNF-02] Wa Z7HI70R el
S a7} Qlokar B sl¢ith(Song et al., 2017; Jang et al.,

2 g o
=R

N
1 rlo
o,



2023). 2|2 o] A HAHEE A
oMo &2 AT} U 27
ojm, AR LR G5 WY S 87H=0.25
HE FoAl avE Ustl oy R R Y deFEE
5 0.1 mg/mLEE {942l &35 Uepd Ao & Ho
HEgo] ARRER By WY S0 gk =2 24
Wokar AbgE ok Leu o] 2fgh A ke] 2fol=
e S EEA] o] o] Fo| Ao T FEdt o] fE A
o et EAa B E O YRS A
2, R RYE 9] eakE gHeFo] 453 g/100 g
AR E =2 TS UEilon, ofu|ieAl 3 ok
vt &7l § = Uebth E, F Hs o ol
(108.69 mg/100 g)o| HILE7](77.73 mg/100 g) .2 o =
om, gitsl At 95k th(Cho et al., 2021). SlHIH =
At AL O] YR RS Bl wet A4E B, 2oty
WAF e olut S22 743 mg/100 gQl v ALY
125,594 mg/100 g $H-3t AL 2 Yyelton, 712 E] o] =
of F==Y FF A AR E R o] § A UEEth E &
#z S AR R 0] 85.77 mg/mLE SlHH =7 76.35
mg/mLETH A b o, S8 H o] & 3heF 9JA] WA
H71(111.80 mg/mL)o] Q¥ =71(51.91 mg/mL) ¥t} o] 3=
7 Yelth(Park et al., 2014; Baek et al., 2019). A|7}A] 7 &
TolA AR B4 A+ s St R EE oA
T = F St ot o] 7 B Ao m EA S
O PpEao] ofd e 7| BA0|BR S A4S
SEAY AR B4 o] FaEojoF T A SR AR T

HIA2 WY W32 2= 7P A1 A4 2208
B HZeh T 9 2410] A4} 2317t dojub= 7] ol thEl-
more, 2006). THebA] o] S| AlEFA] W B 27]9] Bish=
HAH S 45 mi§- 583k X]3£°|th(Drazen et al., 2001;
Monmai et al., 2018). HY A A 2 AR5 CPA= A7 Y
Fi= W v AghES 2| 2517] el A 02 40 o) A
Soro#Zx HAYAIAR USH ¢, AdsEol |
A& dAlsh] gt =& def AREE AL 9ltHAhlmann and
Hempel, 2016; Kim et al., 2022). & ¢7Loj| A= CPAR H
o] JA|IE AAsEo] BFHEH 44 FE5a2 AT 5T
A1}, mitogeno| QI §li= 271 Adtglo] vlAA| 22 40|
oo 7Kt ConASE LPSE HIAA| L] fAl £
d AR AR 9l o™, ConA= T HZ9] RS skl
LPS:= B P29 A& G 3ttt (Omara et al., 1997). w2t
A BREEED] e 35S T 9249 B g2 B89 3
Ale friesto] A WA Al Z HY HE Tofgho = a HY
& 243 A S AARRIT

2 A 2= b8 S B 2 FE o83 ookt A
A FEEEY WY S AF Aet dAghs Aew, ¢t
EAlopda} 510l o]24%o g o]FX nanocomplex+=
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RAW264.7 A|322} CPA°| 2Jsf o] AH Ad =2 &
Zo)| 4 NO, iNOS, IL-1p, IL-2, IL-6, IL-10, IL-12, 2! TNF-q
ot F7Hs Bl WY T4 avkE Barskgch(Han et al.,
2021). 2ejv, BRYEZ19] 754 A RA 0 8-S S8
THFet 715 ol et mhshA At ofy gl fraAdsoel of
Sk A7} F-28] o] Fo] A of ghrtal At T

A AL
o] :=F2 221 Y oA R 90 2 FjoFarAlalEly|

= g
AFU) A 2L wob 24 H A79)(20210656, 2 o]}
shautol el Alof & ulzluto] 282 ),

=
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