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ABSTRACT - This study was performed with hot water extract (LJF-W) and 70% ethanol extract (LJF-70E) of
Litsea japonica fruit to investigate the immunostimulatory activity and bone health-promoting effect of L. japonica
fruit. The production of pro-inflammatory mediator (nitric oxide) and pro-inflammatory cytokines (TNF-a, IL-6 and
IL-1P) in murine macrophage RAW264.7 cells were estimated to examine the immunostimulatory activity of the fruit
extracts. The immunostimulatory activity of LJF-W was higher than that of positive control (geinsenosides). How-
ever, there was no effect in LIF-70E. Futhermore, both LJF-W and LJF-70E appeared to stimulate the proliferation of
MC3T3-El cells, proving the effect as a bone health agent. From this result it could be presumed that L. japonica fruit
extracts not only stimulate the immune system, but also the ability to promote bone health.
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= AWe] BE 2F o X3 12FOE Aoy
volg &) 7] WA oy} =3} Ay 2 T
of tisl §A#8-S do7|= Wojzg-g 7L Q). &
Aste dAAxEE 4 5E e 57, nitric oxide, TNF-o,
IL-6 52 thF3t cytokine S S7MA7| 2R HGukS-
< FUsA7IE Fa8gk viZiA] &S S, g Al
= 0,, H,0, 5% #HEo =AM FAMEE AASI?, &
JstE di2 M zvre] FH|gthal 47 nitric oxide= A
SFHEE T WS Bole 7AAY FEAIZA=
Zhg-ste] frast avE JEpdTi B oo, o
A EZE RZHE o2 FUS Ax BHol HA
A TAIFE stolg 2 FA& A2 sHA st FAE T
EA gt S, AN HAE H@dete BRI 7]
T YAE AT R o FAd dF st WY 5F
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Materials and Methods

IOHZEUR G F:EE HE

AFZ st A e 7hAZ U dvlE
20199 5€o AF st B Aol ARSI 7w
UF doje] Kot Est &, #A§ FES $44A%
(7751041, Labconco, Kansas City, MO, USA)3}$ith. 7}u}
A s471x Dufol 2087 SHRTE WL S
FE2AAANA 95°CAlA 4N ZF & F FEA e, 208
9] 70% oSS ¥Wil 3F FEX| A 85°ColA 4
AIZE ot B FEEAU A7) WS 23] AAIE
o, 1zt 9 23 A] Ao FEES &3t filter
paper (ADVANTEC, Tokyo, Japan)Z o33t ths 44 &
T7HA] 53(N-1300, Eyela, Tokyo, Japan)3r ¥ SA471%
(7751041, Labconco)ste] E4FZ LA E(LIF-W)<}t
70% oNeH&FE EUA| S (LIF-70E)E AUt

Total anthocyanins THFEAM

% UdEAOId g HA1S Mitsunaga 5°°9] vanillin-
hydrochloric acid WS Wy sl =43ATh 2 A&
0.5 mg= methanol 0.5mLel &3] ¥ 0.5% vanillin-HCI
solution (0.5% vanillin (w/v) + 4% HCl in MeOH)S 3
7} o] A&t o A 20 min F<F WS & 500 nmoll
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A FHEE S48 7HE11(0.0625-1.0 mg/mL) X
F& o] &dte] T AEAOM FFS ALSAT

NZBiY

]2 M| 32 (murine macrophage cell line)?]l RAW264.72 gt
A =23 (Seoul, Korea)oll Al o}l Dulbecco’s
modified eagles medium (Hyclone Laboratories, Logan, UT,
USA)®i Aol 10% fetal bovine serum (Gibco RBL Co.,
Grand Island, NY, USA)3}
streptomycin (Hyclone Laboratories, Logan, UT, USA)S
7Fske] ARE-SF L, Z2F 7 A 2 (preosteoblast)?] MC3T3-
E12 SH=AM| 2323 (Seoul, Korea)ol| A F4ol aMEM
(Gibco RBL Co., Grand Island, NY, USA) HjZ] ] 10%
fetal bovine serum (Gibco RBL Co., Grand Island, NY,
USA)3} 100 units/mL  penicillin-streptomycin ~ (Hyclone
Laboratories, Logan, UT, USA)S H7}sle] AF&3819 2
37°C, 5% CO, incubator (311GP, Thermo Fisher Scientific,
Waltham, MA, USA)ol|A] vl 3}

100 units/mL  penicillin-

HESY 573

RAW264.7 cell& 5x10° cells/100 pLo] FE=S 96-well-
platedl] Z3L 24x17F &<t 37°C, 5% CO, incubatorl 4] Hl
&3t T LIF-W, LIF-70ES 7t} 10 pg/mL, 100 pg/mL,
1,000 pg/mLe] FE=2 24X]7F F7F A28ttt MTT assay
kit (Dozen, Seoul, Korea)2 Al8-3}%1t}. Microplate reader
(Epoch, Biotek Instruments Inc., Winooski, VT, USA)E
0|83t 450 nme] FF=oA S sHATH

Nitric oxide (NO) =%

RAW264.7 cell& 5x10° cells/mLo] =5 48-well-plate
off ¥F-3}aL 24X 7F F<t 37°C, 5% CO, incubator (311GP,
Thermo Fisher Scientific, Waltham, MA, USA)ollA]l 8] <k
gt th LJF-W, LJF-70ES 7Z}7Z} 10 pg/mL, 100 pg/mL,
1,000 pg/mLe] FE=Z 48A17F B3F A Eltal, Gt ERT
o2 ZARAAMxAFe]=  Rgl+Rbl+Rg3 5.5 mg/g)3t
lipopolysaccharide (LPS, 1 pg/mL)& AFE-3}FIT}. 100 puL
9] FENS F sk 96-well plateol] %71 F NO assay kit
(Intron, Sungnam, Korea)S ©]8-3lo] A& A2l NOE
microplate reader (Epoch, Biotek Instruments Inc.)E ©]-&
ske] 540 nme] FF=olA FAg sk,

Cytokines =7

RAW264.7 cell& 5x10° cells/mLo] =5 48-well-plate
off ¥F3}aL 24X 7F E<t 37°C, 5% CO, incubator (311GP,
Thermo Fisher Scientific)oll A Wi %3t th-3 LIF-W, LIF-
70ES 7Hz} 10 pg/mL, 100 ug/mL, 1,000 ug/mLe] TEZ
48717k Ft A s, PR O R FAHEIA AR =
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Rgl+Rb1+Rg3 5.5 mg/g)3} lipopolysaccharide (LPS, 1 pg/
mL)yS AHE3IITE. 100 pLe] 354 F8te] 96-well plate
o] %71 ¥ Enzyme-Linked Immuosorbent Assay (ELISA)
kit (R&D systems, Minneapolis, MN, USA)E ©]-&3}o] 4
=W 9] TNF-a, IL-65 microplate reader (Epoch, Biotek
Instruments Inc.)E ©]€3t 450 nme] §F=olA &4}

ik,

FRHESA 2%

MC3T3-E1& 5x10° cells/100 uLe] = =% 96-well-plate
o ¥F3laL 2477+ F<F 37°C, 5% CO, incubator (311GP,
Thermo Fisher Scientific)ollA] Wl %3t Th& LIF-W, LIF-
70ES 2+t 10 pg/mL, 100 pg/mL, 1,000 ug/mLe] F=2
4877k &<t A3tk MTT assay kit (Dozen)2 A&
319t} Microplate reader (Epoch, Biotek Instruments Inc.)
£ ©]-&3t 450 nme] FF=A S8t

ALP =%

MC3T3-EI(ZZH E)E 5x10° cells/250 pLE  48-well-
plateell &F3}aL 24417 52t 37°C, 5% CO, incubator
(311GP, Thermo Fisher Scientific)ol|4] ]St LIF-W, LIF-
70ES ZzHzb 10 pg/mL, 100 pg/mL, 1,000 pg/mLe] F=
48717F <+ skt v $ PBSE AlH3EAL Lysis
buffer® 371l lysis A7 5 16,000xgol A 1587F ¢
Aglate] AEe AR 55 JAANA Aeds 6t
3, 4E5H Ul ALP activityS ALP assay kit (ab83369,
Abcam, Cambridge, UK)E ©]-&3}f ARE-A} vjmde] 7]
AE R gk sk

SAXE

AFA Hoizl FAA 9’42 GraphPad Prism 8.0
(Graph Pad software, San Diego, CA, USA) package
programe ©]-&3to] AP F HdH FTHUAE FAISH
%3, Student’s t-test?} one way analysis of varance
(ANOVA) tests A 12438 AA 3

Results and Discussion

OB UR Boff FEZ(LJF-W, LIF-70E)2]

g d ME=sy

Anthocyanine | g4tsl g ooz g50] uh=
A7F BarE o] §lof? 7mpAZ TGl FEE(LIF)ol A
o] F StEAoPde] 7S gRIstarA} sttt 7betH &L
FGul|FZE(LIF-W, LIF-70E)°] disted F s 435
A= Table 13 2t} LIE-WSF LIF-70E9] &= SHEAJoRd
Sheke 7b7} 325.50445.58 mg CE/g# 136.99+8 44 mg CE/g
O & LJF-W¢] ko] LJF-70E Bt} & Zlog B9

o

QrEAjo}

Table 1. Total anthocyanin contents of Litsea japonica fruit
extracts

Total anthocyanin Standard range

Samples (mg CEV/g) (mg CE/g)
LIF-W? 325.50+45.58" 250-380
LJF-70E? 136.99+8.44 100-160

YCE: catechin equivalent.

ILIF-W: Litsea jaonica fruit water extract.
YLJF-70E: Litsea jaonica fruit 70% ethanol extract.
YAll values are mean+SD of triplicate.
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Fig. 1. Effect of Litsea japonica fruit (LJF) on the cell viability of
RAW264.7 cells.

TKTable 1). =3 RAW264.74] E(5x10° cells/mL)°ll LIF-W
o} LIF-70ES A 2|3t 24A17F &<t vjst & MTT assay
kits o]838t] AEHAS Itk FAAE S &l
g A3, iz o] frojAo] glo AlEsdol gle Ao
2 gRI=|o(Fig. 1). FEAOPIS] T} A5 T= 4
HHATE RS FRIES

TOIIZRUR BUf FEE2] NO 3’do] UlX|= ¥

RAW264.7 A|ZFE ©]£-5}] nitric oxide (NO)2| A343
2 WH3lE I A nitrited] FEES =4 sle] <18}
Atk A EZ7E &3 HH NO ¥ TNF-052 9354
Al EFRIES EHEH=H NO29| AL HGA A W
o]28-S she SR8 9 Jrha SHA U FA )
2?0 &4t 1,000 pg/mLS A2 ES w NO A3 o)
oF 45% Z7}3F WhHo, LIF-W 1,000 pg/mLS 2] A9
£t SANET Yl ¢F 67%, LIF-70E 1,000 pg/mLS =]
g Aol o 87% 718 tHFig. 2). ©] AHE EAA
e A3 g2 giv] H2l2olAM Fo)8 ez NO A4
Fo] 7t o R A EUT G FEE°] tAA
xo] At A B T F AeS HoFrh

TOIZELUR BUff :E82] cytokine g ] D)X= FF

243lH marcophages WHHHSI ASHHS
cytokineS AJAHFO 2, W AxE7} fgEde o
wolgs 28 5 Al ZEste] ol ol 5

o e
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Fig. 2. Effect of Litsea japonica fruit (LJF) on nitrite production
in RAW264.7 cells. Macrophages were stimulated with LIF-W,
LJF-70E or Escherichia coli lipopolysaccharide (LPS). Stable
metabolite of nitrite in the medium was measured by the Griess
reagent. The values are mean+S.D. Significant difference from
control group by student’s t-test: **P<0.005, ***<0.001.
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Fig. 3. Effect of Litsea japonica fruit (LJF) on the secretion of
TNF-0. Macrophages were stimulated with LIF-W, LJF-70E or
Escherichia coli lipopolysaccharide (LPS). The level of TNF-a
supernatant of cultured RAW264.7 cells was detected by ELISA
kits. The values are mean+S.D. Significant difference from con-
trol group by student’s t-test: **P<0.005, ***<0.001.

AEE F3t 2 AT 988 gdgint A E7}
AAs= 9S54 cytokineS TNF-q,
oY, 53] TNF-o= Vs TR AlXeo|smro) whuld
S St Ao © FAZAMER vEEo] THZT9}
gote] THZT &4, dA X AN EZAPE S F =
59 HHAA ‘FOWJ‘“ YERATS, 2 5L o
M EZ2HE HAS5A cytokine! TNF-a, IL-6, IL-1f A4

iy

o ox
fr fol rgt
I

D4 o

o W= ZAZUE de) FEE 58 IRlst
2 skt A A3 TNF-a2] YA S LIF-W 100 pg/
mLﬁ AY3sdS W F 367 pg/mL, 1,000 ug/mLS A2
319 uﬂ oF 595 pg/mLe] TNF-a2] A4 o] Loyt

(Fig. 3) HYstE A TE 65 AATo N W
HEe-& 23 IL-6= T/H]i %Hﬁ} o W2l
de] A % FX8ks 5 vhdd 98-S UEpi .
IL-6 A2 LIF-W 100 ng/mLS xialé}oa—g— o <F 1705
pg/mL, 1,000 pg/mL<S #2359 S Wl 9F 2,317 pg/mLe]
IL-69] A o] F7lek3dth(Fig. 4). T3 IL-1[3t helper
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Fig. 4. Effect of Litsea japonica fruit (LJF) on the secretion of IL-
6. Macrophages were stimulated with LJF-W, LJF-70E or Esche-
richia coli lipopolysaccharide (LPS). The level of IL-6 superna-
tant of cultured RAW264.7 cells was detected by ELISA kits. The
values are mean+S.D. Significant difference from control group
by student’s t-test: **P<0.005, ***<0.001.

1500~

‘-'—; LR

2 1000 ok -

s

=3 * %

- #k

=

~ * %

S 500(

@

=

0
Control 10 100 1000 10 100 1000 10 100 1000 LPS (ng/mL)

L ] L 1 L J
gemsenoside LIF-W LIF-70E

Fig. 5. Effect of Litsea japonica fruit (LJF) on the secretion of IL-
1B. Macrophages were stimulated with LJF-W, LJF-70E or Esch-
erichia coli lipopolysaccharide (LPS). The level of IL-1p super-
natant of cultured RAW264.7 cells was detected by ELISA Kkits.
The values are meantS.D. Significant difference from control
group by student’s t-test: **P<0.005, ***<0.001.

A71 3L IL-2%59] cytokine?] &S 7}
A= Q@% b7, IL-189] A &2 LIF-W 100 pg/
mLE AF3skS wWl F 550 pg/mL, 1,000 pg/mLES 2]
Al olE oF 747 pg/mLe] IL-1p2] A Fo] F7Hsttt
(Fig. 5). 5311020170084331¢] W= 7pu}AZEUF L)
FEES dAAIE AstS ol TNF-ao] A7l o
Z= U] °F 150 ng/mL Z718F3 AL, IL-1B2] A e oF
0.8 ng/mL Z7FslR o} IL-62] & Wto] Ith), &
Ayl A3 LIF-We HIgA4S FH7e 2= vy
Ebt oy, LIF-70E9lA <= TNF-q, IL-6, IL-1p ¢ =%
B7F AFEA] skT) o) AHE B 7S
T A EFFEE(LIF-W)S WM 2] ASS ZH3}
= RS 7 o, ZpuAE G UHReE 1 E
A 2] &S B cytokine B FE S
Azt gz in] Al felF oz FA7)

]
A% degons NASH 2AE B8 ThsAol
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Fig. 6. Effect of Litsea japonica fruit (LJF) on the cell viability of
MC3T3-E1 cells. The values are mean+S.D. Significant differ-
ence from control group by student’s t-test: *P<0.01, **P<0.005.
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Fig. 7. Effect of Litsea japonica fruit (LJF) on the ALP activity of
MC3T3-E1 cells. The values are mean+S.D. Significant difference
from control group by Student’s t-test: *P<0.01, **P<0.005.

OB Jufj =EZ20] TIME T UjX|= %

ZZAH ES MC3T3-E1A| Z(5%10° ceus/mL)oﬂ LIF-W ¢}
LIF-70ES A g|3slo] 48A17Fg<Qt ul kst & MTT assay kit
£ o|-&3to HIALE*:J = E}OL; Az}, LIF-W 1,000 pg/mL
< AstdE "W SR HE] oF 35%, LIF-70E
1,000 ug/mL2 2] A= <zr 2% ZTAE 225
gkt sAAR A3 FoHoRE 2FME S48

I} Yee AASHAL NBe FEE vls) iAo
2 95FEE0 52 HAHATHFiR 6)

TOIHZEYS GO FE20] AP DX = F%

ZZA| ol EA3Fe ALPE A2 S48 Yeh)
B AT, ZZA| £ MC3T3-E1HZ(5%10° cells/mL)
o LIF-W ¢} LIF-70ES X2]8te] 25:7F ulj<kst & ALP
activitye ALP assay kit (ab83369, Abcam)E ©]-8-3}] &
23k A3}k ALP activity> LIF-W 10 pg/mLS A2 3k
S w oF 25%, 100 pgmLS A RS w F 51%,
1,000 pg/mL-S A 2skdS ® F 102%°] ALP activity7}
Z7}¥sTh. LIE-70E 10 pg/mLS A2 k39S u] <F 23%,
100 pg/mL-g X2 3H3S o F 59%, 1,000 pg/mLS A 2]

S w oF 83%2] ALP activity’} 718 THFig 7).

o MAEGT Auf G5FEEL BE VS 33

Eo] MALER L ALP activityS SAAE A3 iz
o] AEtelA] fFeld e g S7M7IE e a3
Hof 7bmAE by WS W WAgEzl A2
ME 8§ 750l =S Ielskit

T e E T w

M

oo
a5

-

2

Rl

2 Age 7S de) FEE0] A E
RAW264.74| Zo| M o] MAZ7F G537 ZZA £ MC3T3-
El M ZoA MA7} G50 vx= a4= delstuxt z‘s}
Atk HAF7 B5S gotrr] flaix 7hutA S

] FFEFEE(LIF-W)Z 70% ol&-&FZ=(LIF- 70E)~
AFE(10 pg/mL), %%5(100 pg/mL) ¥ 3F5%(1,000 pg/
mL)E ZH7} ARE-SISLL, PR OB = F4F XA AL
°]=(Rgl+Rbl+Rg3 5.5 mg/g)g— o]-gste] HAES WPt
ok A A3 G5FESE(LIF-W) 70%eH-FE 2 (LIF-
70E) AglwtellAl NO A4 ol FAlg]7 25l Hlsto
EAH R FosHl F71e9 T 954 cytokine®l TNF-
a, IL-6, IL-1B°] B FE FFEE(LIF-W)ollA T4 2
Toll vlsl FAHCRE FosHl Skttt 70% ol e

SFZE(LIF-T0E)A = zbol7F 9l2S ##S &+ 3R
oh B3 WA 852 gRlsh] AsiA ZhAEUTE
S5 93 ZIAHEQ MC3IT3-EIXM XY AN EZ2
g A A9, dFFEETS 0% SEEFEE AP
oA ZIZAME F2Eo] FA T Hlste] FAACR
frolstAl F7tetint. o] AxE §3l 7Sy
GFFE=(LIF-W)o] AYZ7tet W7ol theh 2543
o= 7ol U gl
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