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[FE] BHY &R E FREUR (Cordyceps sinensis extract, CSE) X2 Bl 5/ N Sl E- 57 2 B PR IPAE T LA B XA IA
F kB Z ARG 1L ] F ECAA (receptor activator of NF-kB ligand, RANKL) i 5 A0 8% B 40 g Ak e HOShRE ARG, 53k M
CS57BL/6 /)N KLE 6 FP B2 B S 9 41 il (bone marrow-derived macrophages, BMMs) ; 76 8% 5 4l g 43tk i B2 7, in A CSE T kb

FRILWE A AR, LI 6 S TR (5 H DAPI AL ZE A IO 10 B A A LS B 1 A (F-actin) SEA T4 20, SR 2A P9 4T ARAZ B0 AN ER
JE45; @] g-PCR 461l DC-STAMP, ATP6V0d2, TRAP, CTSK., NFATcl HJZik; i Fil Western blot 461l MAPK 38 #% 5 11 ()
Feik; M BRI, B RVE B 45T CSE, IRYT 6 U BRUBCE AT I A5 243 Bt L Ko ELISA A6 I 40 J] i v -1 B 1 196 1% 1t
(bone alkaline phosphatase, ALP) . ‘H4¥52 (BGP). TRAP % it, Z55% CSE M amifil 1 il i i o34k, H2 50 40
5 9 B AR A T 0 E 4 4 A A ST B B ] T F-actin 3R A9 AR, 980 T B I s 1 AR W) A4l DC-STAMP,
ATP6V0d2, TRAP, CTSK. NFATcl [{555 1 MAPK il % INK. ERK Fl P38 (3% ; CSE 1877t ml ek 2 /N B B i 4%,
LR IMEH ALP, BGP & i, F(IK TRAP & i, 458 CSE il #li MAPK il B350, M il B n i otk K HTigg, 3t
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Cordyceps sinensis extract protects against the ovariectomy-induced bone loss

via the action on osteoclasts
PENG Weibiao'?, WANG Ting'?, FENG Xu', WANG Jiachun', ZHANG Zhenzhen', CHU Zhiyong'?( 1. Naval Medical Center of
the PLA, Shanghai 200433, China; 2. Jiangxi University of Chinese Medicine, Nanchang 330004, China)

[Abstract] Objective To explore the effects of Cordyceps sinensis extract (CSE) on osteoporosis and RANKL-mediated
osteoclastogenesis. Methods Bone marrow-derived macrophages (BMMs) was isolated from the bone marrow of C57BL/6 mice.
CSE was added in osteoclast differentiation. Osteoclasts were stained by tartrate-resistant acid phosphatase (TRAP). The nearly
mature osteoclasts were planted on hydroxyapatite plates and the area of bone lacunae was observed by microscope. The F-actin belt
was stained by DAPI and phylloeptide and the number of nuclei was observed by confocal microscopy. The expressions of DC-
STAMP, ATP6VOD2, TRAP, CTSK, and NFATC1 were detected by q-PCR. The protein expression of the MAPK pathway was
detected by Western Blot. The in vivo experiments were carried out by administering CSE to the ovariectomized mice daily through
gavage. After 6 weeks of intervention, mouse femurs were taken for morphological analysis. Peripheral blood was taken for ELISA.
Results CSE represses osteoclastogenesis, bone resorption, F-actin belts formation, osteoclast specific gene expressions and
MAPK signaling pathways in vitro. In vivo study indicated that CSE prevents OVX-induced osteoporosis and preserves bone
volume by repressing osteoclast activity and function. It also increases the serum ALP, BGP content, and reduces TRAP content.
Conclusion CSE can attenuate osteoclast formation and OVX-induced osteoporosis, suggesting potential clinical therapeutic
effects for osteoporosis.

[Key words] Cordyceps sinensis extract; osteoclast; differentiation; function; mechanism; ovariectomized mice
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b 75 BT 4 /0N BRI 20 i 4 V% R0 T (M-CSF)
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1.1 34

SPF 2% M C57BL/6 /N L (1 363 7 3 SR b 1
LI FRA T, 12 % 24 H, 6 L 7 1, 1k
FiiE 20 ~ 22 g, A& ES : SCXK () 2018-0006.
ARSI 2R VTV R 25 KA SE S Y e B 2 1 St
eI S JZLLSC2019-0194), H %45 v &S BRZ 5

1.2 XA

o-MEM 1575 (€ [ Hyclone, #it5-: SH30265.
01); i 1ML (32 E Gbico, L5 10099-141); F4H
/N RANKL, M-CSF 4 11 (€[5l R&D, #it*5-: 462-
TEC-010. 416-ML-010); TRAP 7t {a,3 5 & (i /L
FLEAENE]); RNAiso Plus., TB Green( H 7k Takara,
fit % : 9109, RR420B) ; p-INK, JNK. p-ERK1/2,
ERK1/2. p-P38. P38 Fl GAPDH 2 5a B i A (3
[ CST, It5: 4668, 9252, 4370, 4695, 4511, 8690,
5174); 1 2EPi % 1gG H&L (IRDye® 800CW) il
Bt — 4t (32 Abcam, HIt*5: ab216773); 24 L
(g Ee o B2l A7 FRA R 5 72 5L 38 K A U A
/96 L (SE[E Corning, L5 3989); /NPT £1 72
PR B RR I . B ES R L B R B RR [ ELISA 7
(BT, #15: D721140, D721126. D721049) .
13 ME

371 7 40 fifg £% 3% 46 ( 3 [ Thermo) ; Cytation
5 Z I RERE AR (£ [ Bio-Tek); CFX96 % SZi 3¢
J65E & PCR X (Z£[H Bio-Rad); SA HIT£T AR WL (7,
RS R 5 (32 odyssey); TI-SR HU{#] & i il
( H A Nikon); RM2016 B FEY) FHL(_E AR
AR F]) 5 JB-PS AU HEAL (BRI
2 7
2.1 CSE #14%

4 W & (Cordyceps sinensis) 2 M 7= Hi o~ 75
B, A BT e 2L A RA R, SR
PR 2 8 R AR S o SR DL | S,

22 BMMs o & 535k

TEHX 6 JEIIE CSTBL/6 /N KR, {6l FHS00AHE 5 1 2 Ak
BE, OB BB RS, {8 PBS KB M- I
Hrh i, IS PBS JFELL, FF LR, il a-MEM
B R, T T75 J539MN (% 10% IS, 1% 7
5 5 A VS 30 ng/ml M-CSF 5845555 58)
g% 3 d. (HH PBS 15 UE L BRAIG BE A ML, A GE
R SE R IR, R AMBUE AR 5x100 M,
2.3 CCK-8 4 m BMMs Zm it i& b

1E 96 fLA 1, BMMs L) 8x10° A4~/4L 10 % i b2
Fifr, WEE 25 40 HIMA 0, 0.125, 0.25, 0.5, 1, 2,
4 mg/ml CSE T i kb 3, ¥ 3% 48 h & 96 h, /il A
CCK-8 fillk, 37 'C ¥ & 1 h JFAE K 480 nm 4k
For IR S BE
2.4 WRINEUR n e A R B

1E 96 FLH 1, BMMs LA 6x10° 4~/FL 1K) 35 i 122
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Fl, B 00 B A 0. 0.5, 1. 2 mg/ml CSE
T FAL B, 5 A AA 50 ng/ml RANKL #1 30 ng/ml
M-CSF, B %5 B A Jin A RANKL; & 2 d 5 4
— KR, HES 5 KX 40 JEFT TRAP
gefa,,

BRI FER B 1Y) BMMs 4270 96 LR, I B
BB G HE 1R, 45 FH 1. 3.5 RIMA
1 mg/ml CSE TRk, 5 2 d e — IR IGFHRE R
97 RUUINZ 1 IR, Z )5 BHIG SR AN CSE),
1T TRAP Je a4,
2.5 F-actin 3R % & Fo B oBOK 55 B

1E 96 FLAL T, BMMs L 6x10° A4~/FL A %5 i 322
b, BEE o8 2 MA 0, 0.5, 1, 2 mg/ml CSE F
AL, RIS HNA 50 ng/ml RANKL A1 30 ng/ml M-
CSF, & 2 d B — kG F 5L, 4 5 RAIRERIK
F1 DAPI 73515t F-actin FRAILHMIAZ EA T YL (5

B SL: BMMs LL 5x10° 4N/FLEY % B #fh
T 6 fLAR, M F 4 ; A 50 ng/ml RANKL Al
30 ng/ml M-CSF 58 & 15 F 5, 19 2 d 0¥, 2%
4 KB/ B ARSI, TR AL LA 8x10° /AL
R R R B R A R AR, IR EIMA 0,
0.5, 1,2 mg/ml CSE 4b#, £:3% 3 d 5, KA
VRS AL, PBS T UE)E T, TR AR N0
W8, Gei ALY B s T AR
2.6 g-PCR #]

16 12 fLAH, BMMs DL 5x10* 4> /fL A 25 i 122
b, B 0 A AA 0. 0.5, 1. 2 mg/ml CSE T
AL ER, [FIEF A 50 ng/ml RANKL #1 30 ng/ml M-
CSF, 1 2 d HH—IGFRHE R 5 Ko At RNA,
WG] q-PCR K2l DC-STAMP, ATP6VO0d2.,
TRAP, CTSK. NFATcl % [H i %35, 51975 1
5 L5 3
2.7 RArpEiAem

1E 6 FLAH, BMMs DL 5x10° > /FL b 35 i 3%
Flt, 0 L5 A8 JC AL 1 a-MEM £ 35 FL 11k
YA 1 h, SCEA E & 1 mg/ml A CSE A58 415
Tk, X B2 T4 O AH [ AR AR PBS 1Y 58 e RE AR,
5 3 h; 248 50 ng/ml RANKL #li# 5. 10, 20,
30, 60 min, ARYFFLATLHHINEH 0 min, FIFLE L
Ja, A EE . 4 SDS-PAGE $EMEHL UK . 5K
5% MRS B 1 h, 4 C F—HWE K, EiR
TYCEMICH) —HiWFE 1 h, H odyssey Bif% R4t
FIE, 43 B INK(1 : 2000), p-JNK(1 : 2000), ERK
(1 :2000). p-ERK(1 : 2000). P38(1 : 2000), p-
P38(1 : 2000) fFik.

2.8 Fhpie, HUR%LH

TE 24 H 12 g /NP BEHLPEIE 6 HAE ik
F AR (Sham A1), HoAy/INRAH = UG UK, 2Bk
TR A, VITF R AT 5, {1 B 5355 5%, YIBR AU
B HE Il AT W ik A AR 2L 48 S (IRTF- AR
VIS 58 R BRFNAE ) U RS 1 8], 4% BRSOk
TN, K O BB /N BB HL 53R 3 21 AR
(OVX 4) . CSE ik 4H . CSE =57 i 4, A4
6 Ko ARJF 7 dFFIRLGZ, I TUSL I 0 25 25 B
k9 312.5 F1 625 mg/kg, $i A3 H 200 pl/d #ELEHE S
e Ji.

2.9 HE % &4 TRAP # &

/INERA BB S5 BROSUIM B, 4% 22 5 W RS [ 2 I
PEAT S b B, 2 05 W BB K . A A R, AR
4 um YIH, 43 BIEFT HE et fil TRAP Yefa, 45t
5 0 e/ SR TR AL (N Oc/BS) 51 400 Jfd Tl
U R AL (Oc. S/BS) MlE R B4 2R FL(BV/
V).

2.10 ELISA A& fo & A ALI5 47

/N ERAL BERTHE— 48155 /I8 BRUAS HR UL, b4 1 e
FEITAE 4 °C FH'E 30 min, ZJ57E 4 C T 2 000 r/min
B0 20 min, WL 35 CE T80 C vKAH -
i B8 Elisa 2 77 & CH P #24E T 08 ) A6 I 1 37
TRAP, ALP, BGP & &,

2,11 “%itFFsik

i F Tmage J 4t 1% B 40 it i AR A%, F-
actin PRI AR FIFANAZEL ., A B s AR B A K
JE{# . N. Oc/BS. Oc. S/BS #1 BV/TV. f{i ] SPSS
21.0 et 2 A R AT 3 A . TR OB Y
BEbn i 22 (xxs) 2R, 2240 18] e A0 1 07 22 50 07,
Ph P<0.05 A ZESHA G2 XL,

3 HR

3.1 CSE % BMMs 28 it /1 69 % @

CCK-8 i R, 575 4l K, CSE Wk
FEl7E 0.125 ~ 4 mg/ml Fif, 48 h 1 96 h P CSE X
BMMs JCAH a7 (& 1) o Paibal Lkt 0.5, 1.
2 mg/ml AE R 2 J5 A0 L S B0 B
3.2 CSE #f RANKL # 589 28 F a0 i 5510 69 % ve)

TRAP 440 s, 525 14 [, RANKL 41
) BMMs 34k A i TRAP PHA: Z24% W 41 g
(A BRI A HA s H =3) . 5
RANKL # [t 48, CSE AN [AFfl 411 TRAP FHEZ
¥ B W A i e B S sk b, H R AR i =R
K, I Lk B 4 B 8 /Nt 8 2 9 o (1A 2A-
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0 0125025 05 1 2 4
CSE (mg/ml)

E 1 CSE %t BMMs ZAR5E DRS00 (1=3)
A.CSE Ab# 48 h J5 1% BMMs Al A7 %; B.CSE 42 96 h J5#Y BMMs 41 HLAH X773 5

C)o S5HFRW] CSE A il e B 248 B i 53 Ak AL BHL
5 1 B A M T AR R M R

£ RANKL FF£2 34 1) BMMs 48 i B A
CSE. Bzt iR, 525 41K, 0 d 41/ BMMs
JUF 253 e i i 20, i 2, HOBAR
SeH, 5 0ddl i, 457 CSEl ~ 3 d 411 BMMs
AR B B AR A B D, 3 ~ 5 d AHHNER,
5~7dHHZ (K 2D, 2E, 2F), 4558 CSE Xf
B 20 M A LA — B B34 VR, FE R IR B A
FH A A 5
3.3 CSE #f RANKL # -3 %) 808 %9 i, F-actin 3875
FR AR B RO T A8 84 % R

BRI DAPI Ze {7 {2 7%, RANKL 4111 F-
actin NP 525, 0w 2 HIR AR, B 08 40 i A% 5
wZ . 5 RANKL 4l #¢, CSE A [a] F #4111 F-
actin FREE AR/ NS T [, 24 PN 4 B A et B
W0 (F 3A. 3B, 3C),

B W IR R, RANKL 2H A W Wi i AR
70%, 1 mg/ml CSE ZHABERIAIF N 85%, 2 mg/ml
CSE 4} 95%, 5 RANKL 4 M 48, A [A] 1) & 1)
CSE ¥4 &y pa 2> 17 8 A W e i) Tn A2 (&1 3D,
3E). 45HREH] CSE M 1 L & 40 i &
WA DI RE .

3.4 CSE % RANKL # F 8988 5 e sy F A R
Kk 8%k

q-PCR 455 %7K, 5 RANKL 4H [b#%, CSE 1.,
o 0 2 S P S T R A R S e S
TRAP, CTSK ., ATP6V0d2, DC-STAMP #l NFATcl
MyZeik, HER SR (K 4), X5 CSE il
B YRSk S D RE R 25 SR A — 3
3.5 CSE 2k g oo it #2  MAPK 8346930

Wsetern-blot 45 5 i /v, RANKL 2H 4% i [a] Bt
JNK. ERK #1 P38 £ I B R fk. i % . 5 RANKL

2 %, CSE 4 p-JNK [ & A7E4 10 ~ 30 min
B 5 F [, p-ERK & 4 I8 7545 20 ~ 60 min B
TRER p-P38 H FRIATES 10 ~ 60 min B &g R,
UL S, 25 R AR A e i Ak B vp, CSE
fEHT MAPK i % INK ., ERK #il P38 (BRR1L
3.6 CSE %F9p £ byik s 9 %5m

HE F11 TRAP L7, SERFARALE, OVX
ZH/INEU Y B/ N AT AR B D (BV/TV (H R
K ELIARE AR, B/ NP R e A i g e £ |
AR K (N. Oc/BS., Oc. S/BSTH FTF) . 5 OVX 4
FbAs, CSE AR i Al e 7 i 2 /N B/ N R A B RN
AFSM(BV/TV {H LT HEIFERY N, B/NER
TR A% 5 &4 L 45 9 /b L T FRAZ /N (N Oe/BS., Oc.
S/BS{H NF%), VLK 6, Z553%H, CSE nJ LA fin o
HYIBR/NRCE /NRECE , T i P, 22
LERTRl
3.7 CSE % TRAP. ALP., BGP 4-&#1 %

ELISA 45 R R, SRFARALLE, OVX 4/
FRMLE ) TRAP & 5 B B30, BGP & & 0 i
/0, ALP % i JoHH i 2% 4k; CSE el it 28 /)N Bl
HH TRAP, BGP i KW B A8 {k, ALP &M
W, 5 OVX 4l b, CSE IR & Al 1 f 41
/NEIME H ) ALP, BGP &+ B 11, TRAP 7
R (B 7). 25 5R 0, CSE 7T LA 5 BAR
WHECHE bR, AP B RS EH .
4 g

B BTBANAE A2 — 5 A I A OC 1 5 A QA
B AR MR R A A BN, R s 2 v
BN 5 A E (A8 R 5. SRR, MEDK
FEXTEENAR R MR B E L, MM E
BB RANKL A5 1915 538 e B s Ak, i
W AT RE S, 48 28 1 s E
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CSE il 3¢ 491 1 MAPK £ 5 3 i 1 3% o 41 W0, 75 RANKL 9 FIBCF , BMMs o)
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