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il (PMP). W% (. DMEM #5353 . RPMI 1640
BRIk BRI, RO R R TR
A FRATH]), Gibco fifi4: Il (ThermoFisher scientific
NFED, HEE, o5 (igai, fEE Merck 23 H]),
CCK-8 A& (M E AR A RAR), HECRHE
Wb R IR ), — AL ENO)K I X 7] & (7
TUHRUEY TS, IR IL-18. TNF-o 1 IL-6
ELISA &5 & (i WAL 4 BRA ) o
1.2 REL5EE

3500 Da B4R ERHARAR), 71
REA AR HL(FW100, KEHETT 28 B A28 A BRA A, Tié
R AN(RE-5205, LI SR A PR AT, 285
A B O AL(TDZS-WS, WA E D ALES A BRA D,
AT HEHL(SCIENTZ-18N, T I8 2 A YRk A R
D), HAAE KA B (HH-2, [E /384 FRA A,
i B AR e 2T A6 (Thermo scientific Nicolet-360,
FH Thermo /vH]), B#priY(iMarkTM BIO-RAD, 3%
¥ BIO-RAD A l), 4ifit 574 (Thermo Forma 3110,
% E Thermo AH]), AL AH A% (Shimadzu-20A,
HA B EA A,
1.3 EBETEHBNHE

PRI AR AEEI Ik, FfEsh. BUEBIGE
THATHR, 24t 100 H i, AR . AEEL4 200 mL
UK, I, PRFFKIRTE 90°C A, FREigE T4
*K 200 g, BIAZEBAKST, 12425 ho KEREEORA
P02 000 t/min, 15 min), FIHE, W EEWR, #
BRI 13 4, S8 FEHR 3500 kDa
(RBATASHEA T BNTBR /N TR, BRI 3 K. 4K
JE AR, FETTARIRIOK OB @ M IRARRIEL 30 1),
4 Cit . WH, #HITE L4000 r/min, 20 min), 7
Vg, WEEUTE, BT Z 0 (SPPS).
1.4 HEETERGLERTDE
141 BHEEE

SR AR PR B -G R TE I S, AR A AR
HESD, ZdlbREhZe . SRIGECH 0.1%0E T 2 MHA T,
B 100 L FEEEA T, INAZREKELAAFIN 1 mL,
WKUIMA 1 mL 5% AEHATR, 5 mL #GRRZ, #5730 min
Ja, ME 485 nm AMMYWOGREE . A =k, BUBOGEEF
YIE, 7 ABERARE L, WA O
142 HMBRBEETFEE

LI 100~110°CHERE 2 5870 T4 19 KoSO4 A hr i

.hmAmmf

i, 2 HIARAERR £, MR IE Bahramzadeh!'™ () Jr ik,
M8 T ZHEOK G, MUK P A2 pH 6~7. i
JFid g, EARE 25 mL, RS FECBIAE i 100 pL,
PN ZEE7K 2 200 pL, A5 KK ANA 0.2 mol/L HCI
3.8 mL, WJiZ BaCl, ¥ 1 mL, 30 min J5 7E 500 nm
Ab ek . BT SO HIH B .
1.5 3R

HRIEARBE A ik, FREL 10 mg s LM T %
WO, A 1 mL 7K, 1 mL 4 mol/L ) =% £ (TFA),
T 105~110 “CKfH 2~6 ho A NaOH H 1% pH 5~6,
FEERZE 10mL, H0.2 mL #E4h, A 0.2 mL HE(E N
PMhr. MHEL 0.1 mL filA 0.12 mL 0.5 mol/L PMP ¥
F110.1 mL 0.3 mol/L NaOH %, &>, 70°C JZ )i 60 min,
BE RS, 0.1 mL 0.3 mol/L HCI, HAIES), Ml
0.5 mL S fFAH, B5.05(7 000 r/min, 5 min), FEAGHL
2, B 3. WHET 0.1 mL #:f7 HPLC /&3, 7
HEFE YMC-Pack ODS-AQ(250 mmx4.6 mm, 5 pm),
iR 25°C, P 1.0 mL/min, KB 254 nm, FRshAH
A 04% = LKA ZNE=9 1. FshH B 1 0.4%
ORI - =4 6
1.6 FT-IR 947

K Seedevil ) )ik, FREL 2 mg 2245 (IR T
Z 0%, KBr JE R, FELLAMEE MG/ 4 000~400 cm™
EEE 1=

1.7 &EHF 380 R EH ML RAW 264.7
& 3 75 4k )

MG Nie 5P SL56 70k, REE. K RAW
264.7 A LL 1x10° 40 /FLEEFAE 96 LAk b, I
IR BE (25, 50, 100, 200, 400 pg/mL)HHE & T2 1
Ab B, 23 PR IR I A SRR G SR 3L, 7E 37°CHI
5% CO, FEEFE 48 /NEE . BEFREE G 7 10, WA
FLPIARA 20 pL CCK-8 MM U5E &R g7 3k, If
URLEEE 4 /NEE, 7 450 nm T IR WO RS ATEAS 48
JRLTE 3 o A BRAH A R A R

YA AH XS A7 15 2R = (Agso B2/ Agso X HRAL) % 100%
1.8 HETHEZEBENSELAMRLERT
mRNA #) &L FHFH

R T 0R U vk, R VERE S SE R S
FI4, Frdipadsss 48 hJE, R &I RNA,
F 8% s i cDNA J&, 85 H IL-1B, IL-6, iINOS
TNF-B, #4T Q-PCR 44, MRAEA R 27245y
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AH OGP F By AR X Feak & o RO s 51 FE A
VIR Z IR B-actin F& K FFF U :

B-actin: 5-GCAGAAGGAGATCACTGCCCT-3'
H 5'-GCTGATCCACATCTGCTGGAA-3";

IL-1B:  5-GGGATGATGATGATAACCTG-3' Hl

S'-TTGTCGTTGCTTGGTTCTCCT-3';
IL-6: 5'-CATGTTCTCTGGGAAATCGTGG-3'HI

5'-AACGCAACTAGGTTTGCCGAGTA-3';
iNOS: 5-GGTCTTCCTGGGCTCGATCTG-3' FlI

5'-GCCGTGGCCAACATGCTACT-3';
TNF-a: 5'-GATCTCAAAGCAAACCAACTAGTG-3'
#1 5-CTCCAGCTGGAAGACTCCCAG-3',

1.9 #&EF 243t A549 ¢4 55 A

K Wang S5 SEg vk, R CCK-8 Kl
i T 2R AS49 BMiIfE- . ¥ AS549 ZHAE L
2x10* 4~ /mL $EFHTE 96 FLMH, £EFL 100 pL. [H] A A
ANTFHEJE (0, 25, 50, 100, 200, 400 pg/mL)HY i 1 £
BEALFE, 23 6 BEZH D A S IR B G 75 3, - 4
JI7E 37°CHI 5%CO, NIFE 48 /I, 7 13, HfLT
IAGRA 20 uL CCK-8 I A S8 215 R4k, WEE 4 /)
. e fi, 7E 450 nm R I OGEE LATEAS 40 i3S T

110 MBATAHXARGRA

M5 Wang ZEUSI i, FFRVEB . ERE A
Bel-2 A1 Bax FFF5T 40/ AS49 i 1= 2
MIEFE 48 h 5, fHiFH A RNA #EEGR K& A549 21

.h@AmUE

J P RIS RNA, SRJFEAT R 3 A i cDNA, X
51 9# 8 SYBR qPCR master Mix 57 & [ A9 1L
AT 9 1 PCR 38T RO it % 5 1 4 A A
HNIRZ R B-actin ZEE #4140

B-actin:  5'-GCAGAAGGAGATCACTGCCCT-3'
1 5'-GCTGATCCACATCTGCTGGAA-3;

Bax: 5-GACCCGGTGCCTCAGGATGC-3"

5'-GTCTGTGTCCACGGCGGCAA-3';
Bel-2:  5-ATCCAGGATAACGGAGGC-3'

5'-CAGCCAGGAGAAATCAAAC-3',

1.11 #&EF S8 L E 24K RAW264.7
ok ta e B T 64 %o

WAk F xR KA B 408 RAW264.7
(1x10° A /mL) R T 12 FLAH, 24 h 53 L8555,
FH PBS Mk E RN . S8R5, A A AN R (25,
100, 400 pg/ mL)ZHEHY | mL 5848 g2 4L, 25 0 1
HAINZ R R IR HE 5 9R 24 h JE, OEE BTV,
ELISA {5 & LW NO. IL-1B. TNF-a Fl
IL-6 MM .

2 EREHH
2.1 ALF R BB BT

Wik 1 ATEL, E T2 RSN
24.32%, WRIRIE &N 5.39%, F B2 45 5 vl 0
W T2 R 23U A H gk,

Gl

x1 BETESHEMUFHEHMRBREERLL
Tab.1 Chemical Composition and Monosaccharides Molar Ratio of the Polysaccharides from Sargassum pallidum
. . - " . OB (BE R L
B RBEAR RS )
Man Rha GlcA Glc Gal xyl Fuc
SPPS 24.32% 5.39% 0.046 Nd Nd Nd 1 Nd 0.140
: Man: ; Rha: ; Gal: ; GlcA: ; Gle: 5 xyl: ; Fuc: ; Nd:

2.2 PR (FT-IR) O #1 23 BHEHTEHE D R EEMmIC RAW264.7

WK 1 iR, 4 000~400 e 4 6 JLAS I g s 2
LR MR AR, 7F 3 498.24 cm ' AL A T I
FE 293227 cm™' A A F5IRCIE 53 ) & O-H Al C-H ()
PR AR . 7E 1 614.57 cm ' F1 1 418.32 cm ™' &b (9
IR FR IR C=0 WA FR 45 315 s AX Bk i
iRz, RGE TR fAfE RS, 125573 cm’
A I iy S=0 X FRM4EIR S . 1039.92 em™' [
Wi I P F C-O-H 28 PR 3h1 7, 831.17 em ™' AbfY
W s 0 i3 BH VAR 15 T 2 W LA o MR

12

R R SR A

FIFH CCK-8 ot 71 & K A [ vk J38 1A o5 1 2
X 2 i RAW264.7 B8 58 ( 52 . W& 2 TR, i
BT ZWEE 25~400 pg/mL kB 915 B P 2 32 30 1 1
BERCR, SXTIRAAR L, BOASOR B ERIE N
25 pg/mL B, RAW264.7 (I TE RAGAR, AN 76 %
H109.82%, 4 5E 2 Bl Vi FE 3G InmiEG n, {H 3G n
FEE A E . 7F 400 ug/ mL B, HE5RIKE]HROK,
AR AE T RN 157.57%, SHHERIIE R .

TEPERLF 12020 4F /5 44 45 /4 11 1)



24

POLRE R

Wit -

2932.27

0 3 T8 e ds
otk § S § g g3
3500 3000 2500 2000 1500 1000
HEyem™
SRR -as e 2 A D EAR] b
Fig. 1 FT-IR spectra of SPPS
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Fig. 2

Effects of SPPS on RAW264.7 macrophages viability

IL-6 Fl IL-1pB il TNF-B i) mRNA F£ikpY 0 & 3a,
b ISR BR 5 X RALAIE, IL-18 5 1L-6 /Y mRNA
FIkm B ENM, 2B, 400 pg/mL
3T F 2 WAL LS TL-18 A TL-6 B9 mRNA #3545 5

X REL Y 20.68 451 2.69 4% .
b o1
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Fig. 3 Effects of SPPS on relative mRNA level of (a) IL-1B, (b) IL-6, (¢) iNOS, and (d) TNF-a
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X HRZHAH b iNOS \ TNF-a f) mRNA ik th i 2 14 i,
SRR, ZPERIETE 100 pg/mL B, iNOS,
TNF-o i) mRNA [ 355250 D0 BT 3.16 £ A
2.36 % AEWEE 200 pg/mL 400 pg/mL i 3 mRNA
TR FREMMS, (AR5 4, KRR
Pt INOS, TNF-a i) mRNA FikEHn, LA E85 R %
W, T8 T 2 M e 08 02 o S e A OC 4 i T mRNA
) I 3R, T T 2 WA e iR v
2.5 HET Z AT AS49 ¢ H| A
R T WS T 2 I AN AS49 (A

YEH, FIRTRIHR BE (i o 2 M 3 A549, AL 4
AT LA S, T 2B BETE 25~400 pg/mL v
BN, iR 25 AR SE T REREH . 100 pg/mL
W, W 2PN AS49 SR ILF] 40.38% 1EHE
200 pg/mL I I TR E R TS, H2S

23 FLALAR LE, ARSR BRI b6 20 i AS49 H3hsE . #
Wi v L 2 W R — o BT IR I R8OR

50%
40%1- ab b

30%

EIEIES

20%f 4

10%

0%

25 50 100 200 400
SPPSIR & /(ug/mL)

4 SPPS X A549 4H g i 71 i 5 () 52
Fig. 4 Effects of SPPS on Inhibition rate of A549 cells

2.6 HETFSENATAE®EEF mRNA
REWHHA

it SR POt B PCR K I 8 7 £ B X
A549 ZHfirf Bax, Bel-2 mRNA (183835 7K B 5400
mEl 5 Fros, W& F2MWESN 25 pg/mL B,
Bax/Bcl-2 X} mRNA ik 1Y HAE R 1.05, 18T
Z B R 100 pg/mL B, Bax/Bel-2 #1%f mRNA ik
W HE 210, & 2R EEN 400 pg/mL B,
Bax/Bcl-2 X} mRNA SRk HER 1.91, WHET
Z Wi 1 32 = Bax/Bel-2 X mRNA &35 & 19 o i)
il AS49 ARG EE, H5 CCK-8 Rl iy 25 R —21.

H@A RTICLE

a 12r

1.0

0.8F

0.6r

04r

Bel-2 mRNA X}k &

02F

0.0

b
c
i i
25 100 400

SPPS¥ % /(ug/mL)

11|

100
SPPS«Z% J£/(ng/mL)

0.6

0.4

Bax mRNA M}k

0.0

5 SPPS Xf Bel-2(a) . Bax(b) mRNA AN} 235 it (1 5 i
Fig. 5 Effects of SPPS on relative mRNA level of (a) Bcl-2,
(b) Bax

2.7 #£EABXE T4 ELISA 447

A S: B F) ] ELISA 6 W ¥ & 7 £ 0 %)
RAW264.7 724 NO & it s, MIE 6 Al IE
AN [ B 0 i 8 T 2 HE I RAW264.7 7741 NO
HEANE, BEERRIERNTHRE, NO B &St i
. 7E 400 pg/mL I, RAW264.7 7242 () NO & i
{514 55.46 pmoL/mL, H 43 5 T X R4 Ui s
TR ZPEGE WP NO 4306, 8717 RAW264.7 [
B T

T WH5E SPPS (e, FIH ELISA A6l
TR BE R T 2050 RAW264.7 40 TL-1P(a)
TNF-a(b) I IL-6(c)H & & 52T, &l 7a, b, ¢ HLS
RERSXT A, %N SPPS J& IL-18. TNF-a 5
IL-6 MR 0, JF LR . 400 pg/mL
SPPS b5 IL-1B. TNF-a Fl IL-6 B &4 ik 5]
87.09 ng/L. 1 063.15 ng/L 1 134.71 ng/L. Z55R %KM,

W T 2 W AT S s

14 TEPERLF 12020 4F /5 44 45 /4 11 1)
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Fig. 6 Effects of SPPS on the NO secretion of RAW 264.7

3 W

ABIE 5% 38 2o A% S8 i K B BE DT R ] A i 2
W8, 38 Ak B o 4 B A RUE A R M A BRI T
ZWE A — & B YIRS . Bahramzadeh 25U FSE 4
B, ok A e 0 4 e e X I A A 3 A B
SR B A VIR C &R ol e, s 2
G P S iR T R PR LA G . FROME ZH B B 4 2R

KW, W T 2R BRI, A SRR iR
B SERTRRTF TS TE Gk B 2 0 A P TR IO

TREM AR 5 Rl R Z RS &, mEa
H B A 1) Z2 W B A AT RE B O 0 40 i 2 1 A7 AR U],
G R AIE RN o AL G T 45 0L, W 2
FFETER IR ER FE PO o WETFFRE . S M AR AE 2
ML AR B 254, [ o BE B 5 2 FUME 4-6m iR 3k AH DT
B2, ik 5 A A AT — B R BRSPS 2 R
HA o-WEHHE N EZ RTINSO . |
IR, fﬁﬁ?zﬁﬁ’]ﬁﬁfﬁﬁ'ﬁﬁ/'\ﬁmﬁﬁﬁﬁ
LA K o W REAT OC . AHFFTIERE, Y T 20
A 1Y G R TS PR ROR
5 4 A 5 v MR 20 M — i, A R T S B
(EE—IE BRI, Hivh, g 20 i R A5 R R E
J A0 S % T+, 40 NO, IL-1p, TNF-o Fl IL-6 45,
HBIE A O ot B PO R B AR D . e R
P FIZ0 M i b 1924 INOS & NF-xB 75 5 1) 56
PRI, B IR R W RS B A, Toll A
% 1K (Toll-like receptors, TRL)$% Z 15 5, %
NF-«kB 1 (05 S -, DT i 200 Jf 7™ A= — &R 91 1) B
BESL PO, NO &G0 28 F I P8 7 5 A B, al L

H@A RTICLE
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80}
d
5, 60F
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b 1200
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~ 800+
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3 600
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120}
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= 60}
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P

Fig. 7 Effects of SPPS on the secretion of IL-1 B (a), TNF -
o (b) and IL-6 (c) of RAW 264.7

RIS HTF 2 AN AR NO W& U B W
YA M AR R S M e e I EEHLE, S5 45 R A AT
I ARPT IL-18. IL-6., IL-10 Fl TNF-a %5 & %41
PRI e DI RE, F W20 7 S K Mk f e vh R ¥ 6 B
R AE R PY . W T 2 0 N BB 40
RAW264.7, {2 it IG5, Jf &4 T R ¢
A IL-1B, IL-6, iNOS Hl TNF-o i) mRNA #H X} 2 ik
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. N BUE B RAW264.7 B NO Fl 43 ik
ML 55, ASLIAT R RINGE T 2MA ﬁﬁﬁ
1) G BERG o TE M, RS LIRS Dife B —
I E -

Bel-2 £ [ G 8 o A T S5 H IR T AR 2 R A A
HAEH SRR T BB VIA G, Bel-2 fi T4kL
VRS b 45 E EAE I B Ik A T Bax s T
21 i J5 35 I P AR 20 L T R T, S T A
BT, ETERAR L gis, 0 IR ZRL A I Y 57 4%
PEI LA P T, 4NM PR TS S Bel-2 5 Bax
(1 Lol e e T 4B AE TG BB T, Bax 3K (L)
AHEFETS, Bel-2 Fik iRt A A7 76 B0, Ao
S BRI s - 228 AT LA o i e A AR 0 3 5, T 4R
Bax/Bel-2 LG, 2 W1 1 22 08 Al DL o) 42 i i
Je 2 M 9 Tk B0 B ek e SR, AR Oy T B A
— R P

AW 38 1L T 2 W EE R AL 5 o b, HEOR
T L EROME 2 RS T B DA G S Vs T 2
X RAW264.7 (5200, F Wi &+ 2 B AR
EWE40 i, f# TNF-a, iNOS, IL-6 F1 IL-1p ) mRNA
FeaRR, JE N RS WA RAW264.7 B NO Al
ST UMM R 45 L B R AT e R AE L AR
il bR ML 3 A, B — o BT IR RSOR

S Z ik
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Abstract: Sargassum pallidum polysaccharides (SPPS), a group of natural polysaccharides, were isolated from
Sargassum pallidum through water extraction and alcohol precipitation. Infrared spectroscopy (FT-IR) and
1-phenyl-3-methyl-5-pyrazolone (PMP) pre-column derivatization were employed to study the physical and chemi-
cal properties, as well as the monosaccharide composition of SPPS. Quantitative real-time Polymerase Chain Reac-
tion (QRT-PCR) and enzyme linked immunosorbent assay (ELISA) techniques were employed to study the mRNA
expression of immune-related and apoptosis-related factors. The total sugar content of SPPS was 24.32%, while the
sulfate content was 5.39%. The FT-IR spectra analysis indicated that SPPS contain sulfuric acid groups and has
a-glycosidic bonds. In regard to the monosaccharide composition, the most abundant components in SPPS were
galactose, fucose, and mannose. Bioassays indicated that SPPS significantly enhance the proliferation of RAW264.7
macrophage cells and also stimulate the corresponding mRNA expression of iNOS and interleukins (IL-6, IL-1p,
and TNF-0) in a dose-dependent manner. In addition, SPPS effectively suppressed the proliferation of A549 cells
and increase the ratio of Bax/Bcl-2, indicating its anti-proliferative activity against A549 cells. The ELISA analysis
revealed that the crude SPPS significantly increased the production of NO, IL-1B, TNF-a, and IL-6 cytokines in

RAW264.7 cells. These results indicate that SPPS demonstrated both immunomodulatory and anti-tumor activities.
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