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In Vitro Screening of Bioactivities of Kjellmaniella crassifolia Extracts
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The biofunctional properties of hot water extract (KHWE) and ethanol extract (KEE) of Kjellmaniella crassifolia
were evaluated and their potential as natural functional ingredients was assessed. Antioxidant, anticancer, antimeta-
static, anti-photoaging, anti-inflammatory, and antiadipogenic activities were investigated. KEE exhibited higher
2,2-diphenyl-1-picrylhydrazyl radical-scavenging activity, nitrite-scavenging activity, and total polyphenol content
than KHWE. Both KHWE and KEE inhibited the proliferation of HT-1080, HT-29, and AGS cells and suppressed
matrix metalloproteinase-9 expression, suggesting antimetastatic potential. In ultraviolet A-induced human dermal
fibroblasts, both extracts reduced matrix metalloproteinase-1 expression, indicating anti-photoaging effects. In lipo-
polysaccharide-stimulated RAW 264.7 macrophages, both extracts inhibited intracellular reactive oxygen species
and nitric oxide production, as well as inducible nitric oxide synthase and cyclooxygenase-2 expression, in a concen-
tration-dependent manner. Furthermore, both extracts suppressed lipid accumulation and downregulated adipogenic
transcription factors, including peroxisome proliferator-activated receptor y, CCAAT/enhancer-binding protein a,
and sterol regulatory element-binding protein 1c. These findings suggest that K. crassifolia extracts possess diverse
biofunctional properties and may serve as promising natural ingredients for functional foods and nutraceutical ap-
plications.
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A4S Z(Neopyropia spp.), W 9(Undaria pinnatifida) 2 t}
AluK(Saccharina spp.) 5 SAC2 o]Fo]x|31 JrHKim
et al, 2017). 22 SE7H2020-2024) F1f 8|53 Arere

1,529-1,769 t =20 2, A AkE ATEH(3,269-3,832 1) 9
OF 40-54%% AHA|5H= 210 2 LR THMOF, 2024). 53]
AJIFRH(34%), 1] 95(32%) D AF(30%)7F =2 H]ES 27|
st A2 yehgton], S sl Aol =8 A F5e
2 31059 tHMOF, 2024). 3|27 7|4, vjebyl, 4ol

oA L=}t o] F EF thA|ul ek Bl & Sl
ttAluk(Kjellmaniella crassifolia)= 74P E A19ke] # A o]
S} pAalo] 21 ol =2 AAIFH Folth(Kim et al., 2007;
Yoo et al., 2018). 4F}A 0= Fe| o] &&= thA|rkrof| B3]
oAbz ARty 0w S8t W2 AAolu, fucoidans:
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H] 538k thd-F-2} phlorotannin A2 9] 2|95 SeES 557
shl ahgti glol 7154 AAEA A A7 S Fo.
2 H7}E 3l QIti(Zhang et al., 2015; Kirindage et al., 2024;
Xu et al., 2025). 7HciA|af 52 fucoidana- SFAFSH EH4 9l Al
2o WAAON S 75 A4S UehE Aes nuE)
o, FPAIE A A B A|ZZARE F=oF T ek &
AJo] ®i1e v} Qltk(Song et al., 2018). =3t /| ThA|n} 2E5&
U 5 AR g5 3 AsHdd 248 B9l 95 5hs o
U A RS g5 Yelf= 2o 2 B g cth(Hu et al.,
2020). #Zoll= ZHepAmtERE EejE Eeus il =
o ehriz 475} F1ES ehyol A FAIsE A=A
o] B8 71554 0] A|AE 2t Wang et al., 2020). £3] 7{ThA|
k= = Agtoll Al 4ok B st ool E+tekal, &
4 714 9 AR A 3§ 7]to] 345 SUE|A] glol 17}
2| 71578 22X 0] g 7 ol titt HETF e E T ®
S RAIA S ATl B A e el Bt
ofl 240] Yol Al glon], % F40] uhe Aej24o] 2]
£ v AR A n] Sk Aotk
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B Ao ARE ANHAITRE Al AR A el
A sreiteh R AT AT AR EAR 13 TIAE
20224 197 A sto] Agaisc. A2 AHsto] AF2
& A7, FAAZ F Basto] ALgsATh. Aol AL
% 1,1-diphenyl-2-picrylhydrazyl (DPPH), Folin-Ciocalteu
reagent, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tetrazo-
lium-bromide (MTT), Griess reagent, phorbol 12-myristate
13-acetate (PMA), dimethyl sulfoxide (DMSO), 2,7-dichlo-
rofluorescein diacetate (DCFH-DA), dexamethasone, 3-iso-
butyl-1-methylxanthine (IBMX)+= Sigma-Aldrich Corp. (St.
Louis, MO, USA)ollA] F-eisto] ARg-sEATE Als2dddofl A
4% Dulbecco’s modified Eagle medium (DMEM), Roswell
Park Memorial Institute (RPMI-1640) medium, Ham's nutri-
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ent mixtures medium (F-12), penicillin/streptomycin, fetal
bovine serum (FBS)+= Gibco BRL (Life Technologies Inc.,
Burlington, Canada)ol| 4 FFuljslo] ARg-slE o, 1 @] AJoF
52 BAS 59 AR A

JHCHAIOH &2 HIZE

NhA|aF 25 (K. crassifoliahot water extract, KHWE)
2 thAul B2 100 gofl 208(wiv) 2] ER4E H7lste] 2k
WZ7)E F23E 44 271 100°Col|lA] SAIZE 52t 23] v
FEoIAL, FEHS TR F 0] 85to] o3t &, FE AR
S A 28T ek} oErE S2E5(K. crassifolia ethanol
extract, KEE)2 thAu} B2 100 gofl 10815 (w/v)2] 70% of
RS H7Fsto] A2(24 £2°C)ollA] 48A17F 54 23] WhE &=
=3 5 Qe 22 o ® outsgl i, KHWESF KEE+= &
A7 2(LP20; IIshin BioBase Co., Ltd., Dongducheon, Korea)
5 Alge] gtk
=2

NehA aE G253t 70% of e
ARERE Al A i8] 25 £ 3]
v &2 A3

=
L
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DPPH radical &7 &4

DPPH free radical 227 4] =72 Blois (1958) ¥ Im et al.
(2017)0l| wk2t 243k} ZF A& 100 pLof 150 uM DPPH
100 uLE 7Fskar eFdoll Al 30+ 59t WAIgE &, 540 nmoj|
A FAws 24stglon, RO Lascorbic acid
(Sigma-Aldrich Corp.) S AME-3}1T}

DPPH scavenging activity (%)=
[1<( sample - sample blank
control - control blank

)] < 100

ZE2o|H= £

ZZ 2|93 3=F2 Folin and Denis (1912)] whe} 24514
th Z+ A]= 100 pLofl 1 N Folin-Ciocalteu reagent 500 uL&
A 2)3te] 37 A3 3 7.5% Na,CO, 400 uLE A |35}
HES-A| 7t 0]3 941 22| (Continent 512R; Hanil Scientific
Inc., Gimpo, Korea)E 53l A5-S #3t | ELISA reader
(Multiskan GO; Thermo Fisher Scientific Oy, Vantaa, Fin-
land)Z o] 3101 760 nmoll A FHE S 255ttt S22
& o2 gallic acid®] FETA1E o]-8-5to] Al4lshelrt.
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A3 o A AF2-E HT-1080 (No. 10121), HT-29 (No. 30038),
AGS (No. 21739), RAW 264.7 (No. 40071, male), 3T3-L1
(No. 10092.1) Al st=A|323E2-3)(Korean Cell Line
Bank, KCLB, Seoul, Korea)of| 4] &9F ¥FFo ™, human der-
mal fibroblast (HDF, No. C-12302) A|2Z+= PromoCell GmbH
(Heidelberg, Germany)oi| 4] -4 /o A3 of] ARE-3}{ .

HT-1080, HT-29, RAW 264.7, 3T3-L1, HDF+= DMEM}
F-12& 3:1 v &2 Z33+ 3, 10% FBS, 1% antibiotic= 37}
o] HfjoFof ARSI, AGSE 10% FBS, 1% antibioticS:
235k RPMI HIAIE ARE-8FAE. A5 37°C, 5% CO,
incubator (MCO-18AIC; Sanyo Electric Co., Ltd., Moriguchi,
Japan)oll A Althufjfste] Aol ARg-5F3ITH
UM = AX| 2

ulj 9F3t HT-1080, HT-29, AGS A ZZ 96-well plateo]] 1 x 10°
cells/well2 E-531 5] 244 7F ok vljokalg i, Al RS e
B2 A2t & 4847 FotF uiFatqict o] ¢ F% 1| mgmLE
A| %3 MTT assay 24 100 uL 2] 2] 5Fo] 44|17k S0t v oFs}+4]
1, 7+ wello] AFZa1-S A 73 5 DMSOZ H7}5}1 540 nm
oA FF=E SAHAUT
UME MOl Ax| 2l

HT-1080 A|3Z+= 24-well plated] 1x10° cells/well2 £
SkaL 24417k 52 vieksgict. Serum-free HiA] = wekglk F,
PMA 10 ng/mLe} A| 25 A 2|sto] FUqt 270fA] 244]7F
o siFsoATt. wieF & A ZujFHE AR 65 g 1+ 5
AA B3 & Bradford (1976) % Kielkopf et al. (2020)=
ARE5lo] AFFe AL, 10% gelatino] $Hr-% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)E- ©|
|-3to] 77| 4533t SDSE A A1 913 renaturing buf-
fer (2.5% Triton-X 100) &4 © 2 305 59t A| 25t 2 devel-
oping buffere]] 48417 2k ¥R A7 7| 4B S w5},
Coomassie blue”} 235 staining buffer® gelatinS 445}
o] destaining buffer2 2Hsl= 1142 E3)| bandsE 7143}
310 matrix metalloproteinase (MMP)-9¢] W& A& &9]
ElPi=
Ultraviolet (UV) A ZALEA

HDF A3+ 24-well plateof] 1< 10° cells/well2 E33}11
24X 7t Zok HjoF5}4i ). 0] 3 phosphate buffered saline (PBS,
pH 7.4)Z A4 3 = PBS 500 uLE A7}k ¥ UVAS 6 J/em?
& APkl A S serum-free B A| 2 A 5ko] F Uk vl
oF 27104 244171 vkt T 540 nmo A SFEE S5t

et
MMP-1 it

o Al ad ~4ed 265

HDF A5 6-wellof] 2447t 52t v F 5 v 2| & A AskaL
serum-free WA 2 WEST, FHES HEUR Ael5Hy
o). 24417k Wi} 3 WX\ A7 5l PBSE 23] Al e,
0] & radioimmunoprecipitation assay (RIPA) bufferE % 7}s}
o AEE FASRE F 343 AlEZ= 13,000 rpmeflA] 155
2k A Relstel B e Aestolrt. Gl Ae SDS-PAGE
S &3] A7|Hg5ske] ], polyvinylidene fluoride
(PVDF) membrane?] transfergt 5, 5% skim milkol| 4] 1A]7F
&3k blockings}ith. 12+ @Al 4°CollA] TAIZE o] 4 HEG-A]
71 & Tris-buffered saline with Tween-20 (TBS-T) buffer=
AlASEaL 22 A A 2jste] Aol A 1A17F BES-AlZiT. o]
3 TBS-T buffer® A Z3}a1 detection solution®]] ¥H-&-A]71 ==
ol HARAE olgslel Th WAREE HAslch
MMP-1 A8&(%) [1-(AH 2l band intensity/t - band
intensity)] X 10022 AF=31%1 11, band A Image] ==
13 (ImageJ version 1.54u8; National Institutes of Health,
Bethesda, MD, USA)S- o]-8-3}%it}.

Reactive oxygen species (ROS) SH| &M

RAW 264.7 cell2 96-well plate] &35t 37°C, 5% CO,
Z719] incubatorol| A 18A|ZFH|%F & ZF J B0 2EES 5
TR AL, 1A 7 1 ug/mLe] 54l lipopolysaccha-
ride (LPS)E #]2]alo] 24417k ok} gic). o] % w2 S A A
3t 5, PBSZ 3415 10 uM DCFH-DAE 7}5}31 3087} WHS-
AlF o1, PBSE A|Z 30| ELISA readerS ©]-8-3f excitation
485 nm, emission 530 nmof| A 7431t

Nitric oxide (NO) 9x| &4

RAW 264.7 cell2 96-well plateo]] 1 x 10° cells/well2 £
SEaL 24417 Fet a kst s E Alw A2 3 AT 5
QFHiFeE ¥ LPS 1 ug/mLE A 2]st3laL, 24417k vl s} gict.
4%} SOULE F/5}o] F32] Griess A12F& H713}e] 10
CFEESAIZ] & 540 nmof| A S3 =5 S8

fr ©
o

oR
O ol

23 IR} Wl 5
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RAW 264.7 cell-2 6-wellol] 24A]17F 5 ujj)
ug/mlL F=2 2A17F st i 7 FE558 s=EE A7
3 24A17F viFskeiTh. RIPA buffers 37Fsto] 25«4
slalar 3]4=3 A2 13,000 rpmof| A 1557F A4l Ee]sho]
Tl et elet. Tl a2 SDS-PAGER] S B3l A
5510 2|3+ & PVDF membrane?]| transferdt 5, 5% skim
milkof| 4 1A]7t &<t blockingstGITt. 12} &A= 4°Coll A 14]
7k ol WHg-AIZ1 5 TBS-T buffer= AJ25kaL 22} 34| 412
ko] A2l Al 1AI7E REG-A| ZAT. ©]% TBS-T buffer= A| 23t
3 detection solution®]] HF-Z-A|A o]n] 2] A2 & 0] &-5)o]
A A =5 EAESIT

==
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o
=
)
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X Mzel 23t R
3T3-L1 A A S AGA 2R 23H1]7]7] 9]3) 6-well
plateo]] 23131 100% confluent A| & 7FA] 247t wljFal ST
5 ug/mL insulin, 0.25 uM dexamethasone, 0.5 mM IBMX2}
10% FBS 3 DMEM Hj2|e} A| 2 & s = 2 A 2fsto] 2¢
7F ABA ZEIE FEsklon, o3 24 7HA o8 8UTES
ug/mL insulin} 10% FBS7} 33 DMEM Hjj 2| 2 1w.l5}0
23} gt
Oil Red O stainingE S8t M| L X|& G
w3F7F 2 3T3-L1 AA|ZE PBSE A5t 70% ofgh
2= 17447 5| Oil Red OF Hel3le] 1417F G443 3 PBS
2 A|Hsto] JME A|2E dnd o= skl XA
2 Awo] 7k isopropanol = §-8l5}] 500 nm -3 =0
A 24 paster.
2AtYSsA HHZ 0|28t HITH 23 QIXHPPARy
C/EBPa, SREBP1c) &sl &d

RIPA bufferg 37Fste] Alzg HZ3}sta 343k A=
+= 13,000 rpmof|A] 1587 H4lielsto] Tl alS eFstel
o}, @ AS SDS-PAGEHE 53l 7| 95ste] et &
PVDF membrane©]| transferd}o] 5% skim milkoj| 4] 147} &
2F blockinga}FSitt. 13} A= 4°CollA] 1417 o4 ¥RG-AIZ]
3 TBS-T buffer2 A2} 23} 3H4 2] 2]5ke] AL Al 14]
7 ¥ES- Atk TBS-T buffer® A 23111 detection solution®]|
HESAIXL £ o|u] 2] 24 AR5 o|-§-oto] Thl A W J s

o
2 Y T
T

FNThAI} G55 EE(KHWE)} 70% o g2 3%52(KEE)<]
TEo SR A3, 247 17.6% B 7.3% % e THTable 1).

Table 1. Extraction yield of Kjellmaniella crassifolia extracts
KHWE KEE

Yield (%) 17.620.2 7.3+0.2
KHWE, K. crassifolia hot water extract; KEE, K. crassifolia etha-
nol extract. The experiments were conducted in triplicate, and the

data were expressed as the mean+SE.
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KHWE= &= 270014 ZekAvte] @ =874 v,
71 8L 7B =84 Aol A L2 ol S WE
O 2 gt ', 70% g FEE2 eFE=ol vis)
W2 e BYlet, ol g 24AM & Ve AR
o Sl AR 37| fE o= ot

DPPH radical A+ &4

DPPH radical 27 84 24 A2 AAsolss 7Hke
23N 2] A S Hrbshs Ao R g o] 8 H 1
S THGulcin and Alwasel, 2023). &/JAFAF(reactive oxygen
species, ROS)2 Aol A k) AAJE 45 Atehs] ~Ed A
£ frdsto, Alzef A T, DNAS| &42 of7]A)7]
AL 9F, AL S, AEA Ae g HYA A A 5
o R AR o] Q= Ao 2 HAlE gtk (Ames et al.,
1993). wahA ThAl o} 22 B 0] Akl 842 7kal7] 9ls)
o] DPPH radical 47 2/3€ 273l9c}. rhAln} 2220
DPPH radical 47] 23 243 ATk= Fig. 13} 2] 2 mg/
mLE #2|5}%S of KHWE % KEE:= 747} 29.6 +3.3%%}
67.310.7%2] £27424S YeER T} Aminina et al. (2020)
2 pAkE S54 9 70% oehe 2 &3 F| DPPH &
A & ST AR T0% oS FEE0A ARE o= -
ot gRAksl &S B Qiokal B slg oo, Kirindage et al.
(2025)2 7fciAlut ofehg F&E2] DPPH radical 4753
AR AW, T oA 02 Aol Qles Harskyth
%31, Ajisaka et al. (2016)2 HThA|ntS Z3H5)E 550 A4xH
SRS S-S |1 BA4519 =8, Cladosiphon okamuranus,
Sargassum horneri, Nemacystus decipiens 2 Fucus vesiculosus
Fofl vl M p-prt e A4S BArekal e Harst

80

< 00.1 mg/mL 00.5 mg/mL
< a
2 01 mg/mL @2 mg/mL
S
S 60 |
®
o
£
g >
> 40 |
3 a
17 c
©
Q
ke
© 20
a o d
5 L ]

0 ! .

KHWE KEE

Fig. 1. DPPH radical scavenging activity of Kjellmaniella crassi-
folia extracts. The experiments were conducted in triplicate, and
the data were expressed as the mean+SE. Means with the differ-
ent letters are significantly different (P<0.05) by Duncan’s mul-
tiple range test. KHWE, K. crassifolia hot water extract; KEE, K.
crassifolia ethanol extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl.
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A B C
120 120 120
010 pg/mL @100 pg/mL @500 pg/mL 010 yg/mL @100 pg/mL @ 500 pg/mL 0 10 pg/mL @100 pg/mL  m500 pg/mL
00| 2 - 100} 1 o w00} 3 @ 4
—&— —E _I_ b b — _I_
3 b 9 ] Q b
& 80 > 80 X 80} b
2 b 2 2
BSoeof 8 807 3 %Or
> > >
G 40t 3 40 8 40
c
20 20 + 20 |
0 . 0 L 0
KHWE KEE KHWE KEE KHWE KEE

Fig. 2. Antiproliferative activity of Kjellmaniella crassifolia extracts against cancer cells. A, HT-1080 cell viability; B, HT-29 cell viability;
C, AGS cell viability. The experiments were conducted in triplicate, and the data were expressed as the mean+SE. Means with the different
letters are significantly different (P<0.05) by Duncan’s multiple range test. KHWE, K. crassifolia hot water extract; KEE, K. crassifolia

ethanol extract.

93\]‘4— ]/K]—___] ﬂl,]»é_.q_’cﬂ—ﬁl—uﬂ 7HE]'/\]U]'ZZD: o 0_,]7@0
DPPH radical &7 @48 Uehlg o, E3] KEEo|A T &=
S DPPH radical &7 42 2%tk

E2oH= £

NepAlnt #2520 SEeHs dde ST 2= able2

of b lch. 1 27k KHWES 1.240.8 g/100 g0] 3.0
KEE: 6.5+ 1.6 g/100 g2 UEFGTE ©]+= Aminina et al
(2020)0] B118F JNHA|vK(K. crassifolia) & F5w2] &

= $HFH(QF 0.2 mg/mL ©|U])¥} Lee et al. (20233)0] Hsk
thA|ul(Saccharina japonica) H|§H-& 229 TE9= o
SH4.63 me tannic acid/glo] ¥]3] & RO Lelyton)
olefgt Aol 2 Eguo] 5 U ek wEBY| Holo] 7]
QIgh Ao el o] 7Sl By 2% gue] 5
spo} ZAulol el Felols wiek 9 A} Bo] el
Z1o g2 Ji1E vl 9l 91, Dai and Mumper (2010)- phenolic
compound =2 I8l ek} 2 7|87 de o]&
Hohal RSkt ESF Lee et al. (2024)0] w2 H of| gk
Qblslel, 43 M]3y B BE EREOR 25U 4 90
™, £3] phenolic compound?} -2 524 a4 0 & &3
2 011:]-_1_ B3} H]— oh;]. 011:1]—7(4 oz 71—7\%_01] :-’:?;,L,Q_ phloro-
tannin?}t 722 E2jols SRRME2 slo] =EE417](-OH)E 55
ot Sz S Ao ® A 3lem(Ahn et

Table 2. Total polyphenol content of Kjellmaniella crassifolia ex-
tracts

KHWE KEE
Total polyphenol content (/100 g)  1.2+0.8 6.5+1.6
KHWE, K. crassifolia hot water extract; KEE, K. crassifolia etha-
nol extract. The experiments were conducted in triplicate, and the
data were expressed as the mean+SE.

al., 2007), 89 g5Fo] =245 =% DPPH radical &~
A4S vrepdichar B v Qlth(Wojdyto et al., 2008). )
2}4] KEE7} KHWEXR t} =2 DPPH radical A 7%-2 Vel
= Ao TE v okt o] Y= Ao R Helrh

OEII-A-”i AHO l;'<| I_-10| 0'Ix| 2|-A‘I

AehAlof 2220] SLHIE AL oA5-S 27 ATR= Fig 2
of| LFER 2Tk, HT-1080 cell (917 4-9-2% A3E)0] KHWE
9 KEEZ %=13(10, 100 2 500 ug/mL)& 48417 2|3t
ATKFig. 2A), 500 pg/mL %o x KHWE®} KEE: 7}7}
30.2%, 50.1%9] Al FA] A& Yehli gl en] HT-29
cell (St A|3E)2] 7(Fig. 2B), 500 pg/mLoj A KHWE
©F KEE+= 27} 11.1%, 79.0%%] 4A|Z F4] AI&S et
Wik AGS cell (219HA1E) 2] A -9(Fig. 2C), 500 ug/mLol A
KHWES} KEE:= 742} 23.1%, 62.1%2] M| 4] A1 8-8
etk HT-1080, HT-29 ¥ AGS cell 2504 KHWE
of Bls KEE7} 32 3¢t 245 Ueh AL, w=7t 57+t
off whet AL SA] Al e oEA R FToh= WS H
k. o] gt Al F4] o ﬂ}i#“ NebAup =55 W =3k
ZoulE Aua B S A o2 FAEL, o= MTT assay
Aol AT FH o= A AlZZARE 71 5178 flsh
M= 7F A7 F Q5hekar AR E T Fresco et al. (2006)->
polyphenol&] 3}a}2] L0} A efghyd 7he] /ol thsf X
15132, flavonoids, catechins, quercetin & resveratrol )

7+ t}oFst polyphenol compounds”} oxidative stress 7%,

apoptosis 7= ¥ signal transduction pathway =4 52 53
ol Aol oIt 4= Qlrkar AW s}kgieh. E3F Lyashenko et
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Fig. 3. Inhibitory effects of Kjellmaniella crassifolia extracts on MMP-9 activity in HT-1080 cells. The experiments were conducted in tripli-
cate, and the data were expressed as the meant+SE. Means with the different letters are significantly different (P<0.05) by Duncan’s multiple
range test. A, K. crassifolia hot water extract (KHWE); B, K. crassifolia ethanol extract (KEE); MMP-9, matrix metalloproteinase-9; PMA,

phorbol 12-myristate 13-acetate.
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Fig. 4. Effects of Kjellmaniella crassifolia extracts on MMP-1 expression in UVA-induced cells. The experiments were conducted in tripli-

cate, and the data were expressed as the mean+SE. Means with the different letters are significantly different (P<0.05) by Duncan’s multiple
range test. A, K. crassifolia hot water extract (KHWE); B, K. crassifolia ethanol extract (KEE); MMP-1, matrix metalloproteinase-1; UVA,

ultraviolet A.
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Fig. 5. Inhibitory effects of Kjellmaniella crassifolia extracts on
reactive oxygen species (ROS) production in RAW 264.7 cells.
The experiments were conducted in triplicate, and the data were
expressed as the mean+SE. Means with the different letters are
significantly different (P<0.05) by Duncan’s multiple range test.
KHWE, K. crassifolia hot water extract; KEE, K. crassifolia etha-
nol extract.
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Fig. 6. Inhibitory effects of Kjellmaniella crassifolia extracts on
nitric oxide production in LPS-stimulated RAW 264.7 cells. The
experiments were conducted in triplicate, and the data were ex-
pressed as the mean+SE. Means with the different letters are
significantly different (P<0.05) by Duncan’s multiple range test.
KHWE, K. crassifolia hot water extract; KEE, K. crassifolia etha-
nol extract.
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Fig. 7. Effects of Kjellmaniella crassifolia extracts on the protein expression of inflammatory mediators in LPS-stimulated RAW 264.7 cells.
The experiments were conducted in triplicate, and the data were expressed as the mean+SE. Means with the different letters are significantly
different (P<0.05) by Duncan’s multiple range test. A, K. crassifolia hot water extract (KHWE); B, K. crassifolia ethanol extract (KEE).
LPS, lipopolysaccharide; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2.
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Fig. 8. Effects of Kjellmaniella crassifolia extracts on adipocyte
differentiation. The experiments were conducted in triplicate, and
the data were expressed as the mean+SE. Means with the differ-
ent letters are significantly different (P<0.05) by Duncan’s mul-
tiple range test. KHWE, K. crassifolia hot water extract; KEE, K.
crassifolia ethanol extract.
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Fig. 9. Effects of Kjellmaniella crassifolia extracts on obesity-related gene expression. The experiments were conducted in triplicate, and
the data were expressed as the mean+SE. Means with the different letters are significantly different (P<0.05) by Duncan’s multiple range

test. A, K. crassifolia hot water extract (KHWE); B, K. crassifolia ethanol extract (KEE). PPARY, peroxisome proliferator-activated recep-

tor gamma; C/EBPa, CCAAT/enhancer-binding protein alpha; SREBPIc, sterol regulatory element-binding protein Ic.
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