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Effect of Spinach Extract on RANKL-Mediated Osteoclast Differentiation

Dong-Gyu Kim, Mi-Hye Kim, Min Jung Kang, and Jung Hye Shin

Namhae Garlic Research Institute

ABSTRACT Inhibition of osteoclast differentiation is the most important target for prevention of inflammatory bone
resorption and bone diseases. Here, we investigated the effect of spinach ethanol extract on osteoclast differentiation
in RAW264.7 cells. Spinach was extracted with ethanol at a concentration ranging from 0 to 100% (0, 25, 50, 75,
and 100% ethanol). Inhibitory effects of receptor activator of NF-xB ligan (RANKL)-induced osteoclast differentiation
were evaluated using tartrate-resistant acid phosphatase (TRAP) stain assay. The most effective eanol concentration
for osteoclast differentiation was 100%. Spinach extract (100% ethanol) suppressed RANKL-induced osteoclast differ-
entiation and TRAP activity. Spinach extract (100% ethanol) also suppressed expression of osteoclast differentiation-
related marker genes (NFATcl, c-FOS, cathepsin K, and TRAP) and down-regulated RANKL-induced NF-kB and
ERK phosphorylation during osteoclast differentiation. Taken together, our results suggest that spinach extract is effec-
tive against reducing osteoclast differentiation through the NF-xB-mediated pathway.
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g8t 271 4S F79H8). RANKLS =2 w RAx
oA ZTHEMW, 1a,25-dihydroxyvitamin D3(Vit D3),
prostaglandin E2(PGE2), interleukin 1(IL-1), IL-6, TNF-
a sl o3 FEHETH9-12).

FH < A% Aol RANKSF RANKLo| 3t A #3}
o 23 gt = Aoz LA RANKL signaling
pathway”7} W24 93 x12 Jr}(13). RANKL2 TNF
familye] 99 © 2 t}E adapter moleculeS recruit 3+
A E B3t A NF-xB¢ MAPKs(mitogen—activated
kinase)”7} &4 3}3ktH(14). RANKE ¢-FOS9| inductions

%3 AP-1(activating protein—1)& &4 3}3}+=1] NF-xB
o AP-12 S AIE Eshe] AA A 24AAR NFATc1

(nuclear factor of activated T cell, cytoplasmic 1)9] %=
7198 & 243 t(15,16). RANKL®Y 93 &3} NF-
kBE olv] A5t ¥l NFATc29} 84 NFATc1 pro-
moterol] Z2E3}e] NFATc19 2712 dS 5231, o] 3
NFATc1S o2 ZHARIAe}F A cathepsin K, TRAP,
OSCAR(osteoclast—associated receptor), B3-integrin
5o A E SolAQl Akl wEls 2AEFTH17-20).
A F 2] (spinach, Spinacia olerecea L.)= d|EXo}7} 4
2kQl WolEte] dd A AER §-guhatel = 15009 ti el
Aeleo] AF dubrbgel A &8k Aotk (2]). Ale
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A g A7) vl 2| AFXE AHE A5 2o
+TE THE BEe ol il ®Biaryo] Urk(26). EI
Alg Aol w@ol g FHAS X33 carotenoid A&
52 AEs ikl avE 3 GEAxE E3E oA
= AT AU AATH27,28). AlaAl o] w172 Ak
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T4 AxsQlth 54 AxE Ale 371 (HMF-3450S
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Hanil, Seoul, Korea)Z #313 % 60 mesh ¥T=HAZ
Adste] FEE Axg A EE AR

AlgA] A1z 28 &, S 2 )5S HEEHE

£3H(75:25, 50:50, 25:75)% §ulE 27t 208 (w/v)¥ A
7F & Aol A 3087 28] 1E FESIATh FEAE o3
A (Whatman No 2, Whatman International Ltd., Maid-
stone, UK)Z ojagt of ol 7p7h-& 3] 2 7 h5 57 (N-
1110S-W, EYELA, Tokyo, Japan)i EFHoto] FE8)

2 2% AAs &A4 Ax"H FEEL dimethylsulf-

Table 1. Extraction yield of Spinacia olerecea L. from different
extraction solvent

Extraction solvent ratio

(water : ethanol) Yield (%)
100:0 12.42
75:25 25.34
50:50 27.83
25:75 28.29
0:100 31.98

oxide(DMSO, Sigma-Aldrich Co., St. Louis, MO, USA)
o AEsNAA ~70°Cel s Aeo A& 2t
| F&F &2 F5 A AlFA E2] A dib] A
A #3289 FAN 22 AE50] Table 1] 445
At

M= Y 2 MEZ= "Wt

A AHgR mp-2o] QA A EFQ] RAW264.7 Al
= FF A ZF L3 (KCLB, Seoul, Korea)ol| A} EoFukglo
o, AlE vl S $3] 10% fetal bovine serum(FBS)¥ 1%
penicillin-streptomycing X33} Dulbecco’s modi-
fied Eagle’s media(DMEM; Gibco BRL, Gaithersburg,
MD, USA)E AF&3}e] COz incubator(37°C, 5% COsz)oll A
HlFsklth Alg A FEE] A tid 54 582 3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide(MTT) g S o] &dte] A A x2S
96 well-platec]l welld 5<10*7}7} ¥ == 238} 244]
FEZAZ & 4 AxE v AgA FEES di-
methyl sulfoxide(DMSO; Sigma-Aldrich Co.)el 23
FE®E 3]Aste] 0, 50, 100 pg/mL7} ¥ == Al A2 g
t}S 30% % 1 pg/mL lipopolysaccharide(LPS, Sigma-
Aldrich Co.)& A 2]ate] 24A13F &t v &3t o] 5 A]
25 ¥88l= WA E AAS F serum-free WX} 5 mg/
mL MTT &9& #H7kste] 37°ColA 2A12F 1 w3t
DMSOZ ¥F38}9] sonication dtaL 1083F nWksle] &%
A7 5 570 nmollX FHEE S8 AEAEZES 73513
o AEABEES LPS Aol digh Mg = Y

OIEME 23RE
-2 Fel A A EF RAW264.7(KCLB) S 270+
AEZ 3t 10% FBS® 1% penicillin-streptomycin®] 3
7} DMEM(Gibco BRL)E 8l o 2 5% COy incubator
£ o] &3le] 37°Coll A Al wiFstHA] Aol AF8-aF3it)
RAW264.7 A X E cultured well plate] 44 S &
Fo F 4~6A13F A Fate] AETT wellel T2 wjAE
AAsFA 10% FBS7F A 7FE a-MEM Hj x| o] £
RANKL 50 ng/mL¢} &3] &8 A5 F&55S 0, 50,
100 pg/mL §=7} F =g 33 njgde 500 2
gk A WA S wEEEA 4Y EE 79
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Reverse transcription—polymerase chain reaction(RT—
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RANKLel| =% NFATc1Z} ¢-FOSel = 9%
RT-PCRZ ##agit}, i A 27} Balste] 7%
st o ¥ = 749 TRAPS} cathepsin K] wHalo] m)x
T 9&E RT-PCR=E #E3th AEE 9134 wids 7
Z}o]l M E oA ReliaPrep RNA Cell Miniprep System kit
(Promega Corp., Madison, WI, USA)E ©]&3}¢] total
RNAE &3}l 1-Thioglycerols ¥3}sl+= BL buf-
fer—e‘ platecll #7}3le] 3423} cell lysateS mini-column
w70 5 14,000% g A 30%3F ¥4 218t columnell
Z, A)71 TS DNase$} MnCle €39S columnell #7138}
1557} incubation 22X DNAE A AT} o] F
column wash solution®} RNA wash solution® =2 column
S A7}t
Al EelE AAE total RNA &S 25330tk RNAS
25 984 QuantiFlour RNA system(Promega Corp.)
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reverse transcription system= ©|&3} cDNAZ 34
st o). A E cDNAT Table 2014 YE primerE ©]
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Western blot 24

RANKLe o]& AaddaydS #2str] 98l RAW
264.7 NEZ 6-well plated] welld 5x10°747} &&=
FF3ka 10% FBS7F E3Hsl DMEM(Gibco BRL)S v %
Aoz GAIZE w3t TS, 10% FBSE ¥ &6l a-MEM
o] 0, 50, 100 pg/mL FE2 3X3F A|FH| deh2 FE55
7} 50 ng/mLe] RANKLS 24417+ A 2|3ttt ko] £t
M| X protease inhibitor®}t phenylmethane-sulfonyl
fluoride& %7}t radioimmunoprecipitation assay €%
Moz gastar 13,000 rpm, 4°CollA 2047 914 —‘ﬂmﬂ;}
of A2 AFAE I A RE A9k Lysate 59 ©

28 BCA protein assay kit(Pierce, Rockford, IL, USA)
S 01439 albumin AFLA | Welsle] AP

ngel Al&E SDS-PAGE=® Fgjsle] PVDFHe] 71 & &
A FAE o]&ate] WHgA7] L o] m A 7FH]|(Ez—-Capture II,

ATTO, Tokyo, Japan)E F3 @ wi= & #2319t}
SAX

Zyzte] A# a2 370 o) s A7} g2 SPSS
12.0 package(SPSS Inc., Chicago, IL, USA) T 2133

ARg-sto] F gk Ty } ALrslth, e AL 3
3] o] Wi slo] sk Ad AnE 92 A9 AF Ay
2 ALY 23] A= Student’s t-testE ©]8-31
AT P ghe] 0.05 o3kl A5 FAHeRE {fosth
2o Tkl
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SEAZE W 2204 FAsH W) B3 Peeis
el g2 A AlE] AlER RANKLY 22 574 cyto-
kineoll o]a] ofe] ZA o] EASE W A ATA LR
BE 23}y o] AAo] 7F5EtHG5). B g o A]FX
FZ23 RANKLS] X U] A7t A% S48 sl
2] 2re13}7] 918 RAW264.7 Al E] 50 ng/mL RANKL}
50 pg/mL 2 100 pg/mLe] A3 FEES Agste] 79
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A% AFA ' FEEI] 25~100% AT FEES A

& AE E%Oﬂfﬂ A 54S sk Edk(Fig. D.
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ANFA FEE0] BEFAME Ealol| v A= S Frtst
7] 9l oHH TRAP 48 A5ttt TRAP 44L& 31
H™ RANKL A2 Z 8lA] && xS RAW264.7 Al X
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WS Hol dg ZAAely FEAS W) oo ks
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Table 2. The primer information of gene related to osteoclasts differentiation

Primer

Primer sequence

¢c-FOS sense

¢c-FOS antisense
NFATcl sense
NFATc1 antisense
TRAP sense

TRAP antisense
Cathepsin K sense
Cathepsin K antisense
HPRT sense

HPRT antisense

5'-CTG GTG CAG CCC ACT CTG GTC-3'

5-CTT TCA GCA GAT TGG CAA TCT C-3'
5'-CAA CGC CCT GAC CAC CGA TAG-3'
5'-GGC TGC CTT CCG TCT CAT AGT-3'

5'-ACT TCC CCA GCC CTT ACT AC-3'

5'-TCA GCA CAT AGC CCA CAC CG-3'

5'-CTG AAG ATG CTT TCC CAT ATG TGG G-3'
5'-GCA GGC GTT GTT CTT ATT CCG AGC-3'
5'-GTA ATG ATC AGT CAA CGG GGA C-3'
5'-CCA GCA AGC TTG CAA CCT TAA CCA-3'
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Fig. 1. The effect of spinach extracts on cell viability of RAW
264.7 cells treated with RANKL (7 days). Each bar represents
the mean+SD of three repeated experiments.
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Fig. 2. Inhibition of RANKL-induced osteoclastogenesis by spi-
nach extract. (A) The effect of 100 pg/mL spinach extracts on
TRAP staining of RAW264.7 cells treated with RANKL (7 days).
(B) Each bar represents the meant+SD of three repeated experi-
ments. ~ P<0.01, ~ P<0.001 compared to the RANKL treatment.
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Fig. 3. Spinach extract inhibited RANKL-induced osteoclast differentiation of RAW264.7 cells. (A) TRAP staining of RANKL
with spinach 100% EtOH extract treated cells. (B) Inhibition of RANKL-induced TRAP positive cells by spinach 100% EtOH
extract. (C) Inhibition of RANKL-induced TRAP activity by spinach 100% EtOH extract. Each bar represents the mean+SD of
three repeated experiments. "P<0.001 compared to the RANKL treatment.

2S5 Asl7] 98t housekeeping gene 2 hypoxan-
thine phosphoribosyltransferase(HPRT)2] &S 39l
34l HPRT gene t}E oJE} housekeeping genedl
v 3l Aol Agsttia e ATH30).

RAW264.7 A Zo] RANKLS Az d& uwl c-Fos,
NFATc1, TRAP mRNA @@ o] 7k A9 Ala2] 100%
e FEES A 2|3 Al Eol A= RANKLe 28 57}
€ NFATc13} c-FOS -zt wae] 2717 745t
(Fig. 4). =3 Al 53] 100% ol g F%5-S RANKLe] 9
3 W&l o] Z7}% cathepsin K& TRAP - =}o] 23
FrolF o2 AN

RANKL-2 Z+Z A2 #3lebA o] HAFJIAF] NFATc12
& FEFTHLS). o] NFATcl U dZA % 23}
ol g o) g S -3kt ojul MAPK % ERKS
A Fsbe] 7]ofgitia B ag bp 3, vl
ERKE #8liut opel spZAxe] AEo & gofgto] o
24 91th(31-33). RANKLel ¢]&] fXx%+ NFATcl3}
c-FOS e o] {123 1l ¢-FOSe| &A@l gk AlaA]
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Aok 2 A AR A Y] A Aot ARk A
o RANKLS AHelshA] @& 74 izl % en-
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O o o

g ol 1k
ox fo

dogenousdt NFATcl & o] whao] g2lx ), ¢ <o)
RANKL A&l ¢]8] NFATc19] o] Ai Z71u = kit
S Yeh o 100 pg/mL %22 AlFA 100% o g
FE5°] 98 NFATcl9 #d 247t fE=5 A (Fig.
5A). B T2 ®3lo] T3 dARIAR c-FOSe] #d o
Al RANKLell o3l @A etA F718k3laL, Al 100% ol
the FEE2 RANKLY| 9%t c-FOS9] &4 F7HE 4
g dxw9] ¢-FOS F =8 A4Y o= dA5H
A ZtHFig. 5B, D). #3F 255 ddste Alrd o

d F sl ERKO B2 el disiA = g vAA
gorou S wde FaArle ALS Fdsslt
(Fig. 5C, D). Al=2] 100% l¥+e F=E-2 ERKS] 2@
et A aarh e FEoll o, AL el A4
AR AARIAL c-FOS9| =g+ &dd ] wds Asfg
o2 JEAE E3e] AsdgRg s Ashs Aor
FA
2 %

A Ee] Fatel e AlgA FEE] TS Flsta
A RANKLS 2] gt RAW264.7 Aol A AEZ54, TRAP
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Fig. 4. Spinach extract down-regulated the expression of osteoclast-specific genes. RT-PCR analysis to measure the gene expression
of NFATcl (A), c-FOS (B), cathepsin K (C), and TRAP (D). Each bar represents the mean+SD of three repeated experiments.
“P<0.001 compared to the RANKL treatment.
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