PER 2023F98 B54% B 18  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18 = 5941 »

. BEEEK -

ET KR 2 BZ AN RZE o IRARMEAR SIS K E LA
THRERI R

RTEL ASE, MR, tRE!, 3 &, KRR e A%T, &% 483, KRIg LY
1. WL ERZG K2 %0, Wil BisH 310053

2. HENREBEBEREIAE LS TUER, WSS WAEERE 010051

3. WEANRMBEREEEREH ¥R, L 200433
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MEB AR o (estrogen receptor o, ERa) XTACE ME R EIAIEER . 735%  RA & 0 HE sk 48 & TR 2 T JRK 1
RSy THERS BIHRE S 2 A B S CB2R S A3 Eh77 AM630 B ERa 417 ICT Bt A AL FE MC3T3-E1 BB 401, CCK-8
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Abstract: Objective To study the regulatory effects of Cimicifiiga foetida and black cohosh medicated serum on osteoblastic bone
formation based on cannabinoid receptor type 2 (CB2R) and estrogen receptor o (ERo). Methods High-resolution mass spectrum
was used to identify the chemical constituents in C. foetida and black cohosh. The osteoblastic MC3T3-El cells were treated with
various concentrations C. foetida and black cohosh medicated serum or the combination with CB2R inverse agonist AM630 or ERa
antagonist ICI. CCK-8 method was used to determine the proliferation of MC3T3-E1 cells. The assay kit was used to measure the
alkaline phosphatase (ALP) activity. The alizarin red staining was used to detect the formation of bone mineralized nodules in MC3T3-

E1 cells. Western blotting was applied to analyze the expressions of CB2R, ERa and related proteins with osteoblastic bone formation.
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Results A total of 12 chemical constituents were identified in C. foetida, and 14 constituents in black cohosh, with three common

constituents. Both C. foetida and black cohosh medicated serum significantly increased the proliferation, ALP activity and the formation

of bone mineralized nodules, and also enhanced the expression of CB2R, ERa and related proteins associated with osteoblastic bone

formation. Moreover, the promoting effects 15% C. foetida medicated serum on osteoblastic MC3T3-E1 cells could be reversed by

AMG630 and ICI, while the improvement effects of 15% black cohosh medicated serum on osteoblast only could be reversed by ICL.

Conclusion C. foetida medicated serum increased the osteoblastic bone formation via activation of CB2R and ERa and black cohosh

medicated serum enhanced the osteoblastic bone formation only via activiation of ERa.

Key words: Cimicifuga foetida L.; black cohosh; osteoblast; cannabinoid receptor type 2; estrogen receptor a; cimicifugate racemimer
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B DA RE & 16 55 2 A N R B R,
R TV RS s v 4 L g R 8 R e W AL ) B
S P HG 9 AT SRU2 e ol 2 PR AR 4 ) T K
SHACHITRE 2 22 BE R AE S B % . KRR 2
Uz (cannabinoid receptor type 2, CB2R) FlMER#
24K o (estrogen receptor a, ERa) AURTEACHE 4l
LR 40 D) B () O B A . CB2R FEAAAE T
% BN S R 48, FEhiH HU308 R0 B 4
Muf) CB2R, ZRMMEIS = 300 E BT AAGER.
CB2R Wah il B TR O (A R OREM, Lk
AT E A 25T S BT AR . ERa FERCE A
AR E A S EEERIA, ERo Sl Bk 2 A R
PFYEH, WPTE R E S SF . 555,
WHIEUERH, DL ERa ARSI A& 25 B 250
CB2R A —E Mt F). e 4aiEt CB2R Al
ERo FI¥0E AT LAY Wnt/B-catenin JBE, FEIG5H
B AR SR R F- 2 (runt-related transcription factor
2, Runx2). HEAKAEH 2 (bone morphogenetic
protein 2, BMP2) [{J3&RiE, (R@baiemle. K,
[0S CB2R A ERa S8 s 259, ] B3 0 s i,
HYIMIR B TE R, A RETE B BB .

F RN B E R K =1 H R Cimicifuga
heracleifolia Kom.. % FtK C. dahurica (Turcz.)
Maxim. B K C. foetida LW THEMRZE, BHAE P
S PUETRBAAGE . PP ORI S5 2 Ph A YIS B0,
FEWRPNAIAL G, R T [F &Y BRI C. racemosa
L. (1) 5708 FH T 22 M 0 AF JH 28 6 A8 B8 T AL S
a7 0010, B 5T W THRR 55 R T JRR R B0 B o
i e 2% fiff B A SRR IR PR A8 R AR R0, R BT
R TR S AN TRIEIT R, T B AAE |
B IAZR GRS BTG « SRTT, THRRAN B TR
TE A B 7K ST b0 i A 1R T 4% 4 F AL v AN i
2. BIL, ARFFUEET CB2R Ml ERa XUHEAT, b
BTF R 2B T IRR 5 24 LT 0T B 2 B T e T 4%

YER, R T+ RIE AN BT R ot B AARE F 1 PR kb 78 24
VIR AR AR o
1wt
1.1 =

SPF 4% SD K 60 A, A& 200~250g, ¥
HW L R 25 K Sieshybly, YFaliES SCXK
(H#1) 2021-0361, SRR T HEE 245K 7 50 50
R L, BIR (2512) C, MXTIRE 45%~
50%, HHBEFEYOK. AT BTS2 sh P 1
F Pk B SP UL R 25 R AR B (A5
20221207Aazz0619080878)
1.2 “Apm

/AN BRORCE T AR 4 L & MC3T3-El (H% 5
GNMI15) RKEFEBERE (R HE.
1.3 Z4#%f

FHE (65 210901) W 5 # LA BE 25K 24
R ARAT, ZUrLH R 25 K5 257 b 28 5T 24
B N EERMEY TR C. foetida L. TIEARZE .
1.4 @5

BT FRAE I FE LS LG15353.A01) J6 [ M
Nature’s Way A #); HER (fit'5 A800013). HEE (it
5 M921074) W H EigE R AE R A R A F
CNE (it 45983, tita) MEREHRAF; o
MEM #5753 Git'5 TBD41061) W [H KEEEEAEY
B AR AT 4% 2 RHEE (JitS R20497) 1
H B AEREA R AR s BEER NG E B By 0]
AT P1045) Western % IP 4 (L5 PO0131).
EREZ MR (LS PO015), BEARYIHY (b5 PO216).
Western —HiFiBR (JiL5 PO023A). A IiLiE HE E
(4Ik'5 ST023). BCA € &7 & (k5 P0010).
30%A M BRI (FiE'S ST003)+ 1.5 mol/L Tris-HCI
(pH 8.8, #t*5 ST788). 1 mol/L Tris-HCI (pH 6.8,
fIt'5 ST768). i Hiligsk (k'S ST005). TEMED ({it
5 ST728). DAPI 42l (iS5 061819191015). Wi
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PEBEERNE (alkaline phosphatase, ALP) 7l & (it
121820210416 W H i3 = RAEVIHAF R AF;
Tris (35 A501492-0500). HE# (L5 A502065-
0500) W H bilgA TAMRIEERA R fE4 G
(#'5 10091-148). CB2R K IF#3N7 AM630 (L5
GC10147). ERa #li#i71] ICI (#'5 A1428) W H
APEXBIO AW]; HHEx-HER (5 15140-122)
¥ H 3€ B GLPBIO 2 ] ECL & (i (Hit5 1925901)
14 F 3£ [E Millipore 2> ] ; CCK-8 HaFE A7 & (it
5 ab228554). RUE MU LR Osterix 2 il
Pifk (b5 ab22552) 1 R JFE S H (type Icollagen,
COL-1) R rifEdifk (L5 ab138492). Ry v
B CB2 $ifk (b5 ab259323). i 7if% BMP2
ik (5 ab14933). AP EE ER Pk (ks
ab32063) W EHTEE Abcam AF]; Runx2 % wlEHL
R CHt 5 125568 )« H i EE -3- B R I A B
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
R DA (IS AF7021) W H 35 E Affinity A .
1.5 {425

Vanquish ## & AH %4 . Q Exactive PLUS
Mass Spectrometer JFiili{% . ST16R AUIGIR i B0
Ml 371 4 CO, £537#48 (3[E Thermo Fisher Scientific
AF]D; LC-10N-50A RUAETHRNL (i RFRVE
B RHEA TR AT XP105 BT RF Gt Hgks
- R 288 A F]) ; PowerPac Basic X B HLIKAX «
Synergy H1 %! 2 Dise bR (GEEF G 22 71D Eclipse
Ti-s B9 YAl 25481 B B 3%8% (H A Nikon A F]); RE-
2000A UL 7E KA (BT sRA AR ).
2 Rk
2.1 #H&EElE

FHREOA 100 g, FH 60%Z. LA 10 10 KR
EC A4 2 ¥k, AR 2h, JEIRAEEET, &
PR 19.8%. WA CHEZHL) 2020 R —HH
TR B 7oA 10 g, %IRRT R 545 K
B ig FIEN 180 mg/kg; TR TS & v
H 0.667 g, #HARR ig FIHEH 60 mgke.
2.2 AMMEBARLFERTH UPLC-Q-TOF-MS
T
22,1 AEKAIERIHE R R PRI R U AN
T BRI EE N B 40 mg, I 80% HEEIA R 500
uL, 45Hz. 240s IIERERSIIE, OK/KIEE R AbEE 1 h,
—20 C## 1h.4 C. 12000 r/min &> 15 min )5,
HY F3EW0E 0.22 pm LIS T HE R 2%

2.2.2 EHRRAAEGIESME Waters XSelect® HSS T3
g (100mm X 2.1 mm, 2.5 um), A 25
(A) -0.1%FE/KER (B), BEEVE: 0~15min,
5%~95%B; 15.0~15.1 min, 95%~5%B; 15.1~
20.0 min, 5% B. &I EN 0.4 mL/min; iR
30 C; HFFEE 1 L.
223 M AR E 30 Lh; HHESRAR
WE 10 Lh; SFE8EHEE 550 Vi B HE 3.8,
—32 kV; BYIERE 320 C; HHBIAINAIHEE
300 C; ESI EFI6; Z40 AUk 379.22kPa; 4L
379.22 kPa; " SE 241.32kPa; IRJE 550 C; Wi%
HE 5500V CEE T &ilifeiE 40eV; filfERE
#20eV. FIFREHHAF (Analyst TF 1.7, AB Sciex)
B TE BB 49 45 Dy 58 Cinformation dependent
acquisition, IDA) FERF M REENEI T, ikt
P e HORT 100 201 B8 1 REE i s . i
F Progenesis QI 345 N JEab %k, 1347 PR B I 1a)
B R WEPRE. VR AR R4S, R B
LTRSS SRR AR VT VA T E
23 AMREARSHMBGZ

60 KRR EMEE (0 BN 3 NMX4AH,
F1XA 18 H (200g<x<210g), F2 X4 18 R
(210g=<x<<230g), 3 XZH24 H (230 g=<x<250g),
UK RIAT IR T, LR SRR N 3 AN
2921, [ 20 K, Al ig A2BEER /K. 180 mg/kg T
JFRFEE) . 60 mg/kg ETHMRIETEN AN, 1 R/d; &%
HIELe 2 7d 5, MEESBKEUL, 4 CHE 2h,
3000 r/min &0 15 min, 7% LiEW, NHEERAME
WESWK 3 NMEAA TGS NEHE, 56 CKIE
30min, 0.22 um TUFLIEE I BRI G 723, HAF T
—80 CIRIF%H .
2.4 YHEEEEFE

POIRZS BT MC3T3-E1 41 H & 10%4 4 1L
. 1% HER-HERN o-MEM B383E, 75 37 C.
5% COx B F-FaH B 9%, RrdifidK 2 70%~80%HhT
R, HTREEER.)
2.5 EHARALIERIERNE
2.5.1 ZGWPAbEE MC3T3-El ZHf0l%3% 24 h, H 5%.
10%- 15% 0 PREG TR 24 MG A B 5, EATHE
FRIUE . AT W%E CB2R Al ERo I FIST FH RS 24
M X BB 4R F I A, EA LG 21T 30
min, JIA 1 umol/L CB2R JZ [A]¥# 255 AM630, 5
1 umol/L ERa #1177 ICI, $57%, #ATHRFRINIE .
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2.5.2  FCEYNMEIEEEAN ALP SRR K MC3T3- L, EiES 7d J5, FTIA T PBS ME4IRE 3 UK,

E1 4L 1 X 104U T 96 LR, AHPLEEf5,
53 N T IR B2 TH BR324 137, 4k S25 7% 24, 48,
72h, JIA 10 uL CCK-8 #1577 30 min J&5, W5E
450 nm ARG (4D fH

MC3T3-E1 Ziff1 PA 5X 103/FLEEF T 96 FLER +,
22,517 WUR TVEACEE, INNBCE 75 (5X 1073
mol/L B-HiiERE . 100 mg/L HLIAMERFI 1X 108
mol/L #iZEKAN) FHRME b, 4525 7d, 12
FIEL VLA TSI 2 ALP 352 o K45 7% 1 4H it A T304 11
PBS Mk 2 ¥, N ALP e, 37 CHfm 30
min J5, PBS YRR 3 vk, SAET N EHIE,
253 BHH LT IHEFRIERL ARS Jef
MC3T3-E1 ZHMaLL 1 X 10YFLEF 96 FLbkH, 1%
“25.17 BURNJEAE, BEHES 14d)E, AW
(1) PBS ME4ufE 2 Ik, LI 50 pL 4%% 5 H
b & 5E 30 min, 75 40 mmol/L 7§ R4 ARS
(pH4.2) Jeth 30 min, J65% R UEE W52 B 40
H TS EE . F 10%5 4075 et e
RN AR B 45715, FEAE 570 nm AW E 4 1H.
2.5.4 Western blotting 73#7 # MC3T3-E1 i1 LA
2X 105U T 6 FLARH, % “2.5.17 Tk J7iEAt

FFFLANA 200 pL RIPA @, vk EZ# 30 min,
B, B R, SR BCA R & & B FIRE 5 AL
P o B AR 2T b R R - 5 TR A I It Je v
¥k, ¥ % PVDF i, H 5%ia4- & & A E G, o
AR AR E AR (1210000, GAPDH #it
(12 1000), CB2R #if& (1 : 500 ERa HifA (1 :
1000), 4 CHE IR, IAZH (1 :3000), 37 C
55 1h, F MONAD QuickChemi 5100 f¥,2% & Y& B
BRGR R T BT
2.6 FItFESH

SEERAE R X £ s FoR, HdEKH Prism 9.0 K
AT GE T 2E T, KA Dunnett-¢ #6561 58 K 257
203 h %o B LU RRUHR
3 #R
3.1 #HT UPLC/Q-TOF/MS HIFRRFIZEFA L
X5 BOEE B

g B 2 3 [ P A0 T R A AL 5 a3 IE L
FHOROCHR, BV ARSI 1. 4
R KGR 23 ot 2 SRR ERE B4 2 sy S
BRAE BB e, EOR A o RIS B, Al
Bk EAT S E . WE 1 PR, 7EIEE A

9
2
6 |
\/78 /O
S L4 kjt \ J\h L2 TR
\ \
P\w A .,.M}Aﬁ;n}vjk‘k.,,.h’w- _ YL \lf‘\aA‘\»f\J‘\,\A/,mt,,,.‘,,,.,.J‘/"\‘J‘rv/"“m“”\M’f"‘\\,<,
21
6
3 2,
14 7 18, [ ? /23 IR
1617 /3 J\ T
.P'\I\'w—,,,/'\«_/xl\,J\T«,L,,,A{,JA-RM{—«— BYTY.: Aw)\ ATA N \“\A,._,,‘J\/Lu P m}j_;»/./\f\,.\,_A.;.,,/V-‘_/\J\,\/ M . '
o 1 2 3 4 5 6 7 & 9 10 1 12 13 14 15 16 17 18 19 20

t/min
3-THREW iEfR A 4-cimiheracleins A 5-cimigenol-3-O-B-D-galactopyranoside  6-7,8- ~¥2 5 FF BRE  7-25-
8-2"-O-acetyl cimicifugoside H-1 11-& R
12-FHRREE-3-0  13-KHSEEHH,  14-cimicifugolide C  15-FFRRER A 16-15,16-seco-14-carboxyl-16-oxo-hydro-shengmanol-3-O-B-D-xyl ~ 17-3-
18-34- — HI S 2k W FETR  19-F0 ZO4F 3 20-15,16-seco- JF AR B B C - 21-

cimiracemoside J  22-cimicinol 23-24-O-acetylhydroshengmanol

1-JF BB C  2-norkhelloside

methoxy-24-O-acetylisohurinol 9-25-O-methylcimigenol-3-O-o-L-ara  10-cimiracemoside C

O-a-L-ara-24-0O-acetylhydroshengmanol-15-O-B-D-glucose

1-cimicifuge acid C  2-norkhelloside 3-cimicifugate racemimer A 4-cimiheracleins A  5-cimigenol-3-O-f3-D-galactopyranoside  6-7,8-dihydroxy

cohoshol  7-25-methoxy-24-O-acetylisohurinol ~ 8-2'-O-acetyl cimicifugoside H-1 ~ 9-25-O-methylcimigenol-3-O-a-L-ara  10-cimiracemoside C
12-cimigenol-3-one  13-desmodifylline  14-cimicifugolide C
17-3-0-a-L-ara-24-O-acetylhydroshengmanol-15-O-B-D-glucose

seco cohoshenol C  21-cimiracemoside J  22-cimicinol 23-24-O-acetylhydroshengmanol

11-acerinol 15-cimicifuge acid A 16-15,16-seco-14-carboxyl-16-oxo-hydro-

shengmanol-3-O-B-D-xyl 18-3,4-dimethoxycinnamic acid 19-actetil 20-15,16-
1 UPLC/Q-TOF/MS RETHRE

Fig. 1 Total ion current chromatogram of UPLC/Q-TOF/MS
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RS, W OR B I R L RS RAAR X 2T
J Z R GRS EL A AT, AT R B Hh A
8 12 MEEERSy, BFEFRRER C. norkhelloside.
FHRRIE iEfA A cimiheracleins A+ cimigenol-3-O-p-
D-galactopyranoside «  7,8- — ¥ #& FF K B . 25-
methoxy-24-O-acetylisohurinol. 2'-O-acetyl cimicifugoside
H-1. 25-O-methylcimigenol-3-O-o-L-ara. cimiracemoside
C. & Hrs " REANFFRREE-3-H; MBI FE N
P 3L sE 14 MEERr,  BFE X R B
cimicifugolide C+ FFRERZ A+ 15,16-seco-14-carboxyl-
16-ox0-hydro-shengmanol-3-0-p-D-xyl. 3-O-0-L-ara-
24-0-acetylhydroshengmanol-15-O-B-D-glucose- 3,4-
TSR TRERR  THRRVE iefA AL BT TOAFER L 15,16-
seco- T+ BR ¥ B C . 7.8- — & B W .
cimiracemoside J. 2'-O-acetyl cimicifugoside H-1.
cimicinol Fll 24-O-acetylhydroshengmanol, H:H1FJpk
AT RSB v SA RGN B 18 73 D T BRI T4 A
7,8- " F2FETFIREE I 2'-O-acetyl cimicifugoside H-1
32 AMSEARESAHMEET CB2R K ERo X
MC3T3-E1 4HAEE5E R 2200

W1 R, 5% 10%H0 15% ) T BRFT 3 THER
EHMIEER 24h, X MC3T3-E1 4 i 34585 6
ST o 5% 10% T+ RRAT JE TR 35 24 135 78
24 h, X MC3T3-E1 AR50 44 T & & om . Tt

JRRFH BB FH JRR 3 24 1375 43 I A FH 48 h 33 m] 71 & AH S
Hi R 22 3 MC3T3-E1 4 19458 (P<<0.05+ 0.01+
0.001). CB2R Jx[A¥#3h71 AM630 B¢ ERo i
ICT AL G REISHE 15%FH IRR Bk S8 IRR 75 24 L35 5
BSR4 I 8 5 A HEE ] (P<<0.01..0.001); AM630
A ICT S [7) Ab 215 58 N 800 5 R BB TR 5 24
MLIE R R E 4H MG FE R R (P<<0.001), KA
TR Bl T RR 25 24 135 AT e i s CB2R A1 ERa
398 o0 S 8 T
33 AREEARSHIEET CB2R X ERa Xf
MC3T3-E1 40ff ALP jEMERIRN

WE KIS ALP, S5 H W IRy
o ALP V& F T 3RAE BB 40 2 AR B B
TeThfg. Wil 2 FizR, 5% 10%A1 15%17H#R-5 BT
RS 2 MG B s B 4if ALP v, HE2
FEASEME (P<<0.01. 0.001). AM630. ICI }—%
FE[A] FRALFR IS A 3005 15% T IBR-S 24 I 375 X6 7 B 40 A
ALP JEMERMEHHER (P<<0.001), H AM630 Al ICI
LRGBS AR N2 (P<<0.01. 0.001), &
A FHRIE I S CB2R & ERo 3808 E 4HAE ALP 1)
EPE. AM630 TRALFEANREW % 15% ST HIR & 24 I3
XTECE AR ALP FIEEE F, 10 ICT A EE Retg i
15% B FF RS 25 M5 0T ALP W& PEREEE R, 2008
TR AT fESGE IS B0E ERo BN E 40 ALP O35 E.

®1 FRSEFARSHMBEXN MC3T3-E1 HIIEEMFIME AM630 A ICI BIEHAER (Xts,n=3)
Table 1 Effects of C. foetida and black cohosh medicated serum on proliferation of MC3T3-E1 cells and reversal effects of

AM630 and ICI (X £ S, n =3)

, A
45 5
AL AR 24h 48h 72h
pagis 5% 0.5440.02 0.5440.01 0.6340.01
10% 0.60+0.01 0.62+0.01 0.7340.03
15% 0.60+0.02 0.78+0.03 0.7240.04
AN 5% 0.5410.01 0.61+0.01° 0.63+0.01
10% 0.58+0.02 0.76+0.03"** 0.76£0.02
15% 0.6410.03 0.9540.02"** 0.83+0.03"
BT IR 5% 0.53+0.01 0.5940.01" 0.6310.01
10% 0.58+0.01 0.67£0.02** 0.72£0.01
15% 0.6240.01 0.95+0.01*** 0.76£0.01"
FHFE+AM630 15%+1 pmol-L™! 0.64+0.03 0.83+0.02*** 0.77+0.01
PR 0 mol-L~ .67x0. .82+0. 81+0.
F+#R+1CI 15%+1 pmol-L™! 0.67+0.06 0.82+0.02*** 0.81+0.03
PR 0 mol-L~ mol-L~ .660. 76 0. 79 +0.
T+ Bk + AM630-+I1CI 15%+1 umol-L™' 41 pmol-L™! 0.66+0.02 0.76+0.02*** 0.79+0.01
T FE+ AM630 15%+1 pmol-L™! 0.67+0.01* 0.9010.03 0.7240.01
BIER+ICT 15%+1 umol-L™! 0.67+0.04* 0.85+0.03** 0.71+0.03*
2T+ FR+AM630+ICI 15%+1 umol-L™'4-1 pmol-L™! 0.63+0.01 0.82+0.03*** 0.69+0.02*

58 MR EE 35 O IR EE . "P<<0.05 ™P<<0.01 *P<C0.001; 57 AMG630 5% ICI [¥) 15%25 A0 FR4 Lh4:: ¢P<0.05 **P<0.01

*¢¢p0.001

“P<0.05 "P<0.01 "P<0.001 vs control group containing the same concentration of serum; *P < 0.05 **P<0.01 ***P<0.001 vs 15% drug

treatment group without AM630 or ICI
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EE T kK
i-H skt o 4 sal
YD 1.01 ¥ 1.0 :g 1.0
= B £
Z z =
5053 & 053 S 0.5
<
< <
0 . 0 . 0 ;
R 5% THRR 5% ETHRE 5% HE 10% FHFE 10% BFFHE 10% TR 15% FHIRR 15% SBFFRE 15%
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