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Effect of a Sargassum serratifolium Extract on Neuroinflammation
Induced by Lipopolysaccharides in Mice
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The common hallmark of several neurodegenerative disorders, including Alzheimer’s disease (AD), is the presence
of chronic neuroinflammation, which contributes to the loss of neuronal structure and function. This study investi-
gated the effects of an ethanolic extract of Sargassum serratifolium (SSE) in a lipopolysaccharides (LPS)-induced
murine neuroinflammation model. Mice were administered SSE (100 mg/kg body weight) or vehicle for 5 days by
oral gavage, and then treated with LPS or saline by intraperitoneal injection. Thereafter, the brain tissues were col-
lected, and the expression of pro-inflammatory cytokines was analyzed by quantitative real-time RT-PCR. There
was a marked increase in the spleen weight index in the LPS-treated groups, which indicated the induction of acute
systemic inflammation. Based on significant increases in the levels of IL-1 and IL-6 expression, the induction of neu-
roinflammation was also evident in the cortex and hippocampus of the LPS-treated groups. The overall expression of
IL-1 and IL-6 was decreased slightly by SSE administration, compared with the LPS group, and a marked change in
IL-1 was observed in the cortex of the SSE-treated (SSE/LPS) group. These results suggest that SSE has potential as
an anti-neuroinflammatory nutraceutical.
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et al., 2016; Molteni and Rossetti, 2017; Schain and Kreisl,
ot=5}to| ] (Alzheimer's disease, AD), 2] 2Z3Kprion 2017).

diseases), 7}71<=H(Parkinson’s disease), 9% SM 748t nAlotmA 2= QY B LI Aol o8 EAdskEH
%(amyotrophic lateral sclerosis)?} 2> Q. E|3)/d 417 gt interleukin (IL)-1p, IL-6, tumor necrosis factor-o. (TNF-0,)2}
(neurodegenerative disorders)2] ¥-5-21¢1 H2|et4 £442 4l -2 AS5E74 cyokines} nitric oxideE 2 &6 -2 2t
A3 0] A (neuronal loss) W E/J 315 v] Aol Al E (acti- ZH(free radical)& A3 HO 2R F5HES-of o THcH(Molteni
vated microglia)7} =A|3tth= Zo]tH(Soto, 2003). 55417 and Rossetti, 2017; Schain and Kreisl, 2017). o|=|3t @Zx4t
Aol ZdF=sh= i 4 Hl#(macrophages)?] Ul A|ofaA| 2] 2 oo & Y A=l disl sF(hos)E HI8H] ffet T8t
doh= A7 <5 (neuroinflammation) €] 8. S4Jo|aL, 11 2 of7]e]ar A A Q1 Hhg-oltk. Tefu; 21 ]l &3] A
L7t BRI ARe] eshA B ESoA HEEoR A=A GFoH A&29] AE-SHol A 4 qlar, =g w
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4R ol A4 S SHe] 240l &
TH(Molteni and Rossetti, 2017; Schain and Kreisl, 201
719 8 EPAEATHS] A9 v Rl T AR
E(protein aggregates)©] A== Ao| 1 EFol, o]z
H] A0 A ESS H 22 9 A Q] dSHES
Ao =M AlZA|E 2AS FehE Ao dEA ot
(Soto, 2003; Schain and Kreisl, 2017). A& 2 © 2 in vitro X
in vivo s=REA o5 Tl A Zof ofsf A HSe
= Ao A QlaL, d=stolmy W xe] 22 gk} 2
& 2R} 22 O] R ELRof|A o] 5 Tl A-3F]
217 w7 Al Eo] A O EN LA HSe
o] ZQ A% 3l ItK(Soto, 2003; Molteni and Rossetti, 2017,
Schain and Kreisl, 2017). whebaA] 2 7HR] =313 2| 2 HH o]
Qe F2 HA AT WS o Ei 21N 9
A= TRt R A QL A1 He A = o= R AN
o] Al¥steha & 4 glek

LA (Sargassum)S AT Sargassace)ol| &5h= 2
2579 stz =t FolA AE H AgeERA o8
59 A& o] 931, meroterpenoids, phlorotannins, fucoxan-
thins, fucosterols¥} 72 tofst A&y S3tE-8 $HG-5lal
A= Ao =2 dHA thLiu et al., 2012). 5Y ZARH( Sargas-
sum serratifolium)-2 Tt U2.0] Qo] 3 2J5HA| A A5}
A Q1AL gk o7 £7] 7P At o Eol ZHFHE 7HA|
I Qlth= 7o) EAo|thOak and Lee, 2006). |- S 24}
Hho] 255 9 o StEES o183t in vivo ¥ in vitro ¢
ol Al ehekRt Ael@dEol ik ¢l=d], 3F¢H(anti-cancer)
(Kang et al., 2015), v]@¥(hypopigmentation) (Azam et al.,
2018), &FAFSKanti-oxidant) (Lim et al., 2018; 2019), &=
(anti-inflammatory) (Gwon et al., 2015; 2017; 2018; Joung et
al,, 2015; 2017), 7+ 5 (hepatoprotective) (Lim et al., 2018),
417 2 3 (neuroprotective) (Oh et al., 2016; Choi et al., 2017;
Seong et al., 2017)2} Z-2 E4d=0] SISt o]2fgt FY
L2bof|l = AL 2 & (Sargachromenol, SCM), AF7H =
o] AK(Sargaquinoic acid, SQA), Al7}slo]l= 272 K Sar-
gahydroquinoic acid, SHQA)™} -2 meroterpenoids7} 11
E2 3H-Eo] 13 (Gwon et al., 2015), o]& Al =2
L2 EAO 1 FABHLim et al.,, 2018; 2019) 2 3]
< (Gwon et al., 2015; 2017; 2018; Joung et al., 2015; 2017)
S UEPd o2 FYEAEY] =0 SR O S8
Boict. B Ee} peiE At Wehou oS
(B-amyloid) T 441 A o] that S0 wtElo] QAT
(Choi et al., 2017; Seong et al., 2017), A A5 AHE &
A& Bl w1 Q120 A= 0922 lipopolysac-
charides (LPS)E ¢ 5to] 94414 52 sl o5 &
=of| YA =4 FZE(ethanolic extract of S. serratifo-
lium, SSE)& Folsto] 1 A a5 Sy skalat shgich
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Poly (ethylene glycol)-400 (PEG-400), phosphate-buffered
saline (PBS), 2,2,2-tribromoethanol (avertin), LPS+= Sigma-
Aldrich (St Louis, MO, USA)o{| 4] F-ull8}%1 32, dimethyl sulf-
oxide (DMSO)+= Life Sciences (Tewksbury, MA, USA)°]
A FfskAt RNA 52 93 TRIzol AJ2F2 Invitrogen
(Carlsbad, CA, USA)°J|A], tert-amyl alcohol (2-methyl-2-bu-
tanol)= Fisher Scientific (Pittsburgh, PA, USA)of|A] 22 <+
ufi5lSet, High Capacity cDNA Reverse Transcription Kits
and RNase Inhibitor®} PowerUp™ SYBR™ Green Master
Mix+= Applied Biosystems (Beverly, MA, USA)f|A] <Luljal
et

EUZAHE FHYFES(SSE) Al=ef ME

EYAHWKS. serratifolium)S 0] A2 i (Gwon et al.,
2015; Joung et al., 2015; Choi et al., 2017)2] B+ o] wha} ]
2J3ick. 20161 5% 3k o4 AT, o] Sl
& nogel At Esta A3 Bk sReinh Fu
Ao Az 5 L5, B 50 gofl 100 o] +
78(95% oEE)E WL 70T ol A 4413F 23] WhESto] ShRy
7} 2231900}, o] % AT E7| 2 40T 4L A7

T, FEE AR FEES A olgA ¥ FUEA
HE A FZ=(SSE) AR A7HA] -220C WEatof| Hashel
o} o] AtEoll Al SSE° FHE 8 RS APIslo|ER
=] XK(sargahydroquinoic acid, SHQA), A7} =2} Ak(sar-
gaquinoic acid, SQA), A7} 2 M| (sargachromenol, SCM)
2 YolRow, o5 SRS FAREEC| 4548%E A
SFIL 71 Foll A SHQAS] gHdo] 7H & Ao = SRl= qlet
(Joung et al., 2017; Lim et al., 2018).

SEAY E7F0, LPSo| ot gMMEESe R

AT T2 1259 9] 4A C57BL/6T vl-9-2(9ut2])E Jack-
son Laboratory (Bar Harbor, ME, USA)oj| 4] 7-¢18}$ict. &=
Ay A-3717F F 3ut A FA = Al Eo ' UL, 22t
Control, LPS<%, SSE/LPST- 0. & 35}9ith

SSE+= DMSO¢f =21 3 vehicle (25% DMSO/75% PEG-
400)0]| 2| F&=E ol BFFA AlRE A% 3(Ge-
renu et al., 2015), SSE/LPS-2 tiAt2. 2 A% kg 100 mg
O] TR 5UZE 770 (oral gavage)stiitt. o] 7|3t E4t
Control ¥ LPS<-2 5 U3t 2] vehicle 7-15of3t3itt.
LPSo] 2J3t FAAF A5 Jo et al. (2017)2] Wiof w2t 5
AR 2] FoIgt 0] 5 2417k FHof| LPS (5 mg/kg body weight)
£ LPS9} SSE/LPSTHo]| E7Fof5t0] =3}l t}. Control2]
7 5 o] PBSE Folalict. 4417k o) avertin §9}
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(250-500 mg/kg body weight) .2 QFEFARA|Z|AL 225
2 &3}o] o] 3] A (cerebral cortex)™} djuH hippocampus) -
NS ZesiA -80Col Rttt E3F o] 5 mhe-0f Bl%
(spleen) A&Esto] FAE S7dskaL, Alsthe] vl 74
(spleen weight index)& Al1tot3iT). o/de] S a2 Aok
EY 9 BAAS=H k3l (University of Texas at San Antonio)
9] FEAIHS-2] 93] (Institutional Animal Care and Use
Committee, IACUC)2| 517 ol whet a3t 3ict.

Quantitative Real-Time RT-PCRO{| 2|st HEH
cytokine Xt &sio| A

TRIzol -£-9(Invitrogen, Carlsbad, CA, USA)Z o]-8&-35}o] tff
Wyl gl sfjo} 22]0 27 E total RNAS FE3H3{H. Total
RNA (400 ng)= A8-51o] high capacity cDNA reverse tran-
scription kits (Applied Biosystems, Beverly, MA, USA)Z A|
zAbe] o] ket cDNAZ 3Hskich 245 cDNA (10
ng)E PowerUp™ SYBR™ green master mix (Applied Bio-
systems, Beverly, MA, USA), 3 4-3- A&} £0] % 2] primersE
AFg81] real-time POR S 4-a519ik. 714 wralore] v)m
LA Aol vl w2 98] A ACtHHHS 0] 8813 21 (Choi et
al., 2017), real-time PCRo|| ©]-8-% Z- primers®] &7]q &S
Table 1] LERH ATt
s X2

EAATE Hotgh 9 EE2H 2K (mean + SD)E AAkslo]
BRI, AEE 7H] 94 A5 Student’s t-test® 3

s,

Table 1. Primers used for quantitative real-time RT-PCR analysis

-
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B ATeldt ARYEe da Bumdw FYFEE

of et =S YA D AT HDTA S flgh
g g o] 851l gltk(Catorce and Gevorkian, 2016).
LPS Eoof o) u|AjotimAla 9 Aol alA| E (astrocytes)
9] gAIglut o}y 2} cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS)Q} 72 57 &4 2 F5
74 cytokines59| O] WA FiE= Aoz o
2] tH(Qin et al., 2007; Erickson and Banks, 2011; Jo et al.,
2017). o]€]o]l LPSE A 2|3t d=sto|ny FaRdoA Al
ZUY| amyloid precursor protein (APP) & B-amyloid, Z+Q14F
3}l (hyperphosphorylated) tau T2 9] &2 o] Z7}3} Bk
ofUje} 7]oj 2 Ago] otahEli= 10| BhelE|9irk(Sheng et al.
2003; Kitazawa et al., 2005). APP, B-amyloid 2] hyper-
phosphorylated taus= $Z=slo|u{ o] 2ha}o] w204
Ze= gy ahE o] EXEo|thMceGeer et al., 2016). wahA
LPS-oio] oJg A4 A5 mue 574 2ol
e BEAEH] e 2 mdolgtar & 4= Qi

UA SSES 59 &3t A-Fol3t gl whAluh & LPSS #
olsto] A7 9%5E SEstelch 2 AREo) At 2wy
O] FAE Table 20] UEFH GIT Al o8 257 Fof AE 2} H|w
sko] 59 A 1 g Helo] AlS57he Ao 19491 ®ish=

Gene Sense Antisense
GAPDH 5-AGGTCGGTGTGAACGGATTTG-3' “TGTAGACCATGTAGTTGAGGTCA-3'
IL-1B 5'-CCAAGCAACGACAAAATACCC-3' 5-GTTGAAGACAAACCGTTTTTCC-3'

IL-6 5-AGTTGCCTTCTTGGGACTGA-3'
TNF-a 5-ATGGCCTCCCTCTCAGTTC-3'

5-TCCACGATTTCCCAGAGAAC-3'
“TTGGTGGTTTGCTACGACGTG-3'

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-1f, interleukin-1f; IL-6, interleukin-6; TNF-o, tumor necrosis factors-a.

Table 2. Body weight change and spleen weight index in C57BL/6J mice treated with or without ethanolic extract of Sargassum serratifo-

Iium (SSE) followed by lipopolysaccharides (LPS)

Body weight (g)

Groups Spleen weight (g) Spleen weight index
Day 1 Day 5

Control 20.0£1.0 21.141.2 0.067+0.006 3.17£0.17

LPS 19.8+1.6 20.6x1.1 0.084+0.009* 4.11+0.66*

SSE/LPS 19.3+1.4 19.5¢1.4 0.089+0.006** 4.44+0.26**

Data are expressed as mean+SD (n=3). SSE or vehicle only was administered by oral gavage in mice for 5 days. On day 5, the mice were

sacrificed after 4 h of intraperitoneal injection of LPS (5 mg/kg body weight) or PBS. The spleens from mice were isolated and weighed,

and spleen weight index were calculated as organ weight (mg) per gram (g) of mouse body weight. *P<0.05 and **P<0.01 compared to

control group.
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Table 3. Gene expression profile of pro-inflammatory cytokines in the brains of C57BL/6J mice treated with or without ethanolic extract of

Sargassum serratifolium (SSE) followed by lipopolysaccharides (LPS)

) ) Genes
Brain regions Groups
IL-1B IL-6 TNF-a

Control 1.04+0.39 1.00£0.12 ND'

Cortex LPS 14.30+2.48** 76.88+26.26* ND
SSE/LPS 7.20+£3.41% 47.21+18.74* ND
Control 1.02+0.30 1.05+0.39 ND

Hippocampus LPS 19.53+7.96* 66.19+£9.03* ND
SSE/LPS 12.20+4.09* 45.97+25.59* ND

Gene expression levels were determined by reverse transcription followed by real-time PCR and were normalized with the housekeeping
gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The transcription levels were analyzed after 4 h of intraperitoneal injection of
LPS (5 mg/kg body weight) or PBS. Data (mean+SD, n=3) are expressed relative to control group. IL-1p, interleukin-1p; IL-6, interleukin-6;
TNF-a, tumor necrosis factor-o. 'ND, not detected. *P<0.05 and **P<0.01 compared to control group; *P<0.05 compared

AL, EF vehicleh-S FofRt th 25t 9l LPS3} H] a5}o
SSE FolH(SSE/LPS)9| Al5%= 551 2to|7} glltt. LPS
£ Foldle o) SAHANASY f=e HIAEE A S (spleen
weight index)E H| w0 2K EA43F 4= QIck(Li et al., 2016;
Wang et al., 2017). Table 2¢]] LFEFH Z 3} o] v]%(spleen)
O A of 2 HF A= LPS A 2of ofsf| AR5}
Al 7V Aol FRIE QT o] = v WE o] FAT 571
Uetl= 2 &2, LPS oo oJsf 3243 MAHSo] f=g
<= ou|st= Aotk

ol Al dE3lzol LPS Fojof &gt 417 H52 o oy
H 5o A 2l I THQin et al., 2007; Erickson and Banks,
2011, Jo et al,, 2017). & A A= E[F A St F{oF
ok | 22]Q1 o =] (cortex)?} sl{mH(hippocampuse) % ]|
A G&Z71A cytokines®] BHEF2 real-time qunatitative
RT-PCR "o 2 v|w i3s3 1 A= Table 3°] Le}
Weleh 7 =22 HiEoA LPS Fofof ofsf IL-1p ¥ IL-6
o] kg o] A A|51A| Z7}8F%11(P<0.05-P<0.01), L Z7}Z-2
IL-6°14 B & A o= UEbgTh 059 cytokines®] Wd 43
2 SSE F0{(SSE/LPS<H)ell oalf sl ok HlaL, of
1] 2 0] 9 IL-1p A o] o)A o= a5 21dh 4= 9l
AUTHP<0.05). o] 2|3t Aol A SSE| &Jgt A 52| A
aE 2elgk 4= Q)8

LPS Folof o3t A4 A5 a2 thefet P 2 o]
A3 QUek LPS fol 5% W 314, npe-A 0] £/ LPS 7
= BT Wi 7ER] O] A7t 5 of 2] o] 29to] Qlal,
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&4 gltk(Catorce and Gevorkian, 2016). & &1+
z27 ol A =38 A (Jo et al., 2017)°]| 4], LPS
o] A7kl w2 €54 cytokines®] WE4=20] 3}

2w, IL-18 % IL-6 F 7FA] B 2417 of] 7H3¢
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El= AZEA e AR gRIE e 2 Ao A= LPS
o] o] 7 4417 o]l 243 Helstel BASHCh o] AlZH
e =22 9] G243t cyokines WS} Al =4 HAIH
= AJ7toleka B 4= 917, wjebA] SSES] 2H0l H 315 shelst
T olebe 2% S IS A0 Tk 35 o]
A= ot opeket Al 3 9] Afol & Bl alE Al s A
£ dske Zo] B Ao r Az

72 HBAA AN FEH BALS vz S
AEo] ZA 3= Aotk (Soto C, 2003; Schain and Kreisl,
2017). 225t0]] ] 79 B-amyloid, 222 £ 43k} 44 v]
A& Q1 prion protein, 11 9] ¢ a-synucleind} 22
BRIl o]2olx] HlgAHQ] S4B BAET, olejg =
JollA Zt Agh=o] W o] =8 ARIEARE dHA ot o]
S DHASHES HRA M A A5 Fdshe HdEE
= 283}

1=
o

483 45 93, A4H02 FAu] AL AFS &
oo 2 A7 A 22 Aalof] PaFE m]E 4= 3ltk(Soto, 2003;
Schain and Kreisl, 2017). wj2}A] & o Lof| 4] kol x| SSEC] &
AR Z TN 70 SR AT o 58 A RE 3t
A 2719 ol 87 S AXshe 7|24 = = o862

o] = T ARe Ao etE AR|(2017'd)0l ofst
of A5 U5
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