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its regulatory effects on bone metabolism
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Abstract: Objective To investigate the agonistic activity of Shudihuang (Reimanniae Radix Praeparata, RRP) on cannabinoid
receptor 2 (CB2R) and its regulatory effects on bone metabolism. Methods The CB2R regulator screening system was established
by using double luciferase reporter gene. After treatment with RRP extract or CB2R selective agonist HU308 or CB2R inverse agonist
AMG630, the proliferation of osteoblasts and osteoclasts was detected by CCK-8. The activities of alkaline phosphatase (ALP) in
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osteoblasts and tartrate resistant acid phosphatase (TRAP) in osteoclasts were determined by disodium phenylphosphate method. The
cell cycle of osteoblasts was determined by flow cytometry. The osteoblastic differentiation was observed by ALP staining. Alizarin
red staining was used to observe the formation of bone mineralized nodules in osteoblasts. The number of osteoclasts was observed by
TRAP staining. The structure and morphology of F-actin ring in osteoclasts were stained with rhodamine-phalloidin and observed with
laser confocal microscopy. The expressions of CB2R and related proteins with bone metabolism were detected by Western blotting.
Results 500 pg/mL RRP significantly increased CB2R expression in HEK293-CB2R cells (P < 0.001), inhibited the production of
cyclic adenosine monophosphate (cAMP) in HEK293-CB2R cells stimulated by forskolin, and its agonistic activity on CB2R could be
reversed by AM630 (P < 0.001). 500 pg/mL RRP significantly promoted the proliferation of osteoblasts (P < 0.001), increased the
activity of ALP (P <0.001), promoted the formation of bone mineralized nodules, and up-regulated the expressions of CB2R and bone
formation-related proteins (P < 0.05, 0.01, 0.001), inhibited the expression of p38 (P < 0.05); 500 pg/mL RRP inhibited the formation
and differentiation of osteoclasts, decreased TRAP activity (P < 0.001), inhibited the formation of F-actin ring, down-regulated CB2R,
p-p38 and bone resorption-related proteins expressions (P < 0.05, 0.001); The effect of RRP on osteoblasts and osteoclasts could be
reversed by AM630 (P <0.05, 0.01, 0.001). Conclusion RRP has specific CB2R agonistic activity, and can regulate the functions of
osteoblasts and osteoclasts through CB2R.
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TCM13). A ZEIEAR B 41l HEK293( H 35 GNHu43)
T ERE B A RS R B IR O
1.3

IR (A5 200501) T H WA BE 25 K24
FAERATF], GWLA B2 K52 2 b R i P 807
LENXZHREY T R glutinosa (Gaetn.)
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Novoprotein A ® ; pIRES2-EGFP . pGL4.29

[ luc2P/CRE/Hygro J.pRL-TK9 1 _bifg 4 TAY T2
HIRAF A H; DMEM mifily 7R (ks 8117161
4 H 3% B Gibco A Fl; o-MEM ¥R (5
TBD41061) W F REEEE A B A TR 2 7
Lipofectamine 3000 #4471 (5 2369247) I H
Z[E Thermo Fisher Scientific A &]; WilRE & A
FOHIF (S P1045). Western & IP il (it
P00131). 5X LREZE i (A5 PO015). it g hHs:
(5 P0216) Western —HLH R (L5 P0023A).
AMiEAEE itS ST023). BCA & AE &R
& (k5 P0010)- 30% A Bk e i (k5 ST003).
1.5 mol/L Tris-HC1 (pH 8.8, #lt*5 ST788). 1 mol/L
Tris-HCI (pH 6.8, flt5 ST768). iR Gits
ST005). TEMED (#lt5 ST728). DAPI i (it
5 061819191015) X5 s 22 B 7 J5 RIS MK 71
& (LS 121820210416 Bk #EEEEF Calkaline
phosphatase, ALP) 7| & (k'S 121820210416)

WH EEESREVEARBRAF; ZHEF«B 32
PRIEALIRFHCAK (receptor activator of nuclear factor-
kB ligand, RANKL, #t'5 0615612F1322) i H Hi/H
BB EDH AR BAT AR A 7w Tris (#'5 A501492-
0500). H&EM (iS5 A502065-0500) W H _EifFAE
TAYREARAR; MBS 5 10091-148)
R BRI B B0 75 forskolin (L5 S1612). CB2R
SN AM630 ('S GC10147). HH R-Fi%
7 (5 15140-122) WHZEE GLPBIO AF]; A
PR FR i® 7 (cyclic adenosine monophosphate ,

cAMP) FEIIHAFI & (k'S5 MM-0006H1) 1 H B
B R A A Pl AR (tartrate
resistant acid phosphatase, TRAP) #etik7 & (3t
5 SKK0946) I H A< Wako A 7] ; ECL & ik (it
5 1925901) I H 3% [E Millipore /A 7; CCK-8 M5
KRR & (LS ab228554). CB2R & FR 07
HU308 (45 ab254226 )« BB 2l 5 77 25 (K] Osterix
T2 v PR (S ab22552) . B E A
(osteopontin, OPN) g 51 v BE T4 (L5 ab214050)
p38 TSR (LS ab182453). T AU JEE A
(type I collagen, COL-1) fHsfEdifk (k5
ab138492) MY H JE[E Abcam 7] ; FEJH 4 )& & 1
9 (matrix metalloproteinase 9, MMP9) %% 7 £ T
& (k5 BA2202) I8 B G A8 A TAEA R 2
A5 BCE R PR BT 2 (runt-related transcription

factor2, Runx2) L wEHiA (5 12556S). i
W T A% T 1 (nuclear factor of activated T-cells
cytoplasmic 1, NFATcl) %o [ZHiik (it 5
8032S). c-Fos L afEHIMAR (5 2250S). p-p38
H T ERUA (S 4511S) IEEE CST A,
v g -3- T R I U ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) %% wi&diik (L5
AF7021). HRP #ridfilisEdif 1gG Pk (s
S0001) M4 H £ E Affinity A .
1.5 {45

RE-2000A A jie#% 25 A (b0 5@ AE A A 2
] XP105 BUHL PR CHii AR 8- F0 R 21X 3%
ANFD; BREBUE ZIhREMKIS (DL TS
IRTTAEATD; ORWI.5S-5E HUGHR 57 2% %
CR R R R A PR A FD s B0l KT s
BOML. A ikEEFR4H (£ E Thermo Fisher
Scientific A 7] ); X B PRI B BE RS0, K
J63E & PCR X 8% (£ Bio-Rad AF]); £ IHERY
PR (EE Bio-Tec A F]D)s 2 GAH 2 (8] B B (H
% Nikon A#F] ).
2 7k
2.1 ZHREEEFE

R AP E 1 H# Wistar KRS, H
B O10% 64 s X 1% 5 B R -5 R WL -
MEM 15775, HEK293 41 f RAW264.7 41 il FH &
10% i 4 I3 A 1% 75 %5 2 - 55 85 22 AL DMEM 5%
FRHE, T 37 C. 5%CO B FRAahREFE, b
A& 80% AT,
2.2 CB2R M REGIFIEARAVIESL

{fi B Primer Express %X ff ( Application
Biosystems) %11 CB2R 5 &L K151 ¥%F, LA
GAPDH #:H{E NN, &R Eco RI &4 %1 Bam
HI Zh4506 1 55 ERE 555849, Jexd HghATi8 kb
, BT . Eco RI AN Bam HI W] 73 B
WEE SR, FH TADNA ARG R, 7% 3
pIRES2-EGFP #fAk b5t 2 My dfih X 1 b3

# 5X 1054 HEK293 4B/ 60 mm 577
I, $53% 12h 5, F PBS SZErlivkikanie, 25
F Lipofectamine 3000 X774 5. IRAWRF &
AR IR S FURL G 5% ' 2% i P o) HE R 5 R
BN JFRL, 5 YL JiRL LE I pIRES2-EGFP-CB2R
pGLA4.29 [luc2P/CRE/Hygro] : pRL-TK=2 pg : 10
ng o 1pgo ¥4 24 h )5, EH#OYE G418(800 pg/mL)
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A A2 (400 pg/mL) [FE5FREE, 3d B 1 kK
ks, 2 AL ARRIRR T R I A k. BEALIZEL
96 fLIR ) 60 A~FL, 30 NFLA—H, LR
5X10° /> HEK293 4Hfiuf5, 43N H 1 umol/L
forskolin [F)35 FRIEAE A BH PRI, 5 0.1% DMSO =
A FRRE N A, E 6 h Rl RN L ER
BRI R G, DAAE 2 5t 2 i A '8 R i Kk B2
TS RO B T R AL 2 RO, oA
Jfl CB2R [RIA/KT. Sl =ik R4 € Z1FM 5
SR E S AL, F9E. BRIk, F9ARA
TR ZHATE, DR SR AR T
=Bk A E e

2.3 FAMERIYIANEIERES CB2R HI#shE
e sxiiy

231 AMEIRBINHE S5 g AhERORT
250 mL [BJEFEHMF, TN 50 mL 4K, Jn#dalii
1 h, Wi EEER, B 50 mL 4K # B
Lh, AIFRRG, FIAT RN, KD v e e Ak
FHERZE 10mL, HRAEZGEN 0.1 g/mL KK
Y. KA (FREZGH) 2020 fE— 348 d 2t 3 5B R
LT 7 iR SR bR i i & i, A TR
HFEE D FRESECN 0.15%.

232 FMIEIREINT CB2R HIBEhTE 20br
HEK293-CB2R ZHff1 LA 5 X 104 N/FLEEF T 6 FLIK,

MG EE S, LS IE 24 h, F 500 pg/mL 2L
TIEUIALEE 6 h, I E R R B R OGAE -

233 X CB2R WahfEH MR w4
HEK293-CB2R ZHff1 LA 5 X 104 N/FLEEF T 6 FLIK,

YHMNGERE S, YUHkIESE 24 h, F 500 pg/mL f A
FEEE, [FIBASINECE AN 1 pmol/L CB2R % 1]
BEh77 AM630 AL FHYHMI 6 h, I XU KB
RIAH

234 A cAMP KPFRIIIE % “2.337 TR
IJTFAC TR, RS, MO 100 pL 1P £fE
W, ZH# 30 min, UCEEANME B3, TR i
Tl E i P cAMP ZKF-

2.4 EhAHbEIREVIXS R B YRR AU1E AR

2.4.1 CCK-8 g faydte ks o & 40 g LA
1 X104 AN/FLEFT 96 FLIR, 37 CH;#% 24 h, H
500 pg/mL AR EEHE I F 1 pmol/L HU308 AL 2
YHff: fEE S CB2R HOBER, A 1 pmol/L CB2R
RN AM630 THALFE 30 min, T 500 pg/mL
{2t B R EUI B, 1 pmol/L HU308 AbFE4H il . 1577

48h J&, B 10 uL CCK-8 V&% 7% 30 min, I5E
450 nm AEFIROGRE (4D 1H

242 ALP JE VRN E A gL KRR M 3
“24.17 BUR kA, KR 7d f5, fERHI &
P50 ALP WGP, 37 L3577, AT PBS
Vedmiu 2 IR, N ALP B2, 37 ‘CH4f% 30 min,
Y, AR 3 IR, TR TR
243 BUEARET TS S AP RL ARS
et KRATEMMIE “2.4.17 TR 3405, B
14 dJ5, FTAR PBS MyE4m 2 ik, T 3.7%
HE & 72 10 min, A& 40 mmol/L 76 Z 4111 ARS
Jukl (pH 4.2) 4t 10 min, TG S TS
BB AR E T S TS FEH .

244 BCE R HA D KRR 4 4%
“24.17 WURHVEALEE, K53 7d )5, Z9MAbER )5
BCE SIS0 5 min, FEE BT, FHTAE PBS
VEudum 1k, FHANMEET 1 mL 2 A A
A A A 10 uL K57 B o, dRJE 10s, FIRIEE 30
min, SR A AL AN S 4 A A

2.5 FAMEIREWIS R B BRI ER IR

2.5.1 CCK-8 il 4iffaiE 14+ RAW264.7 41 LA
X 10* NMALEFT 96 LK, 37 CH:FE 24 h, H
500 pg/mL )AL TESZEUYI AN 1 pmol/L HU308 Ak
YA FEFE%E CB2R HPER, A 1 umol/L CB2R
KA N7 AM630 THALHE 30 min, i 500 pg/mL
BB R BT 1 umol/L HU308 AbFEANAL . 1557
48 h J5, 1%ME CCK-8 )& B 5l i 4t i v 1%
2.5.2 TRAP JETENEMGLE B RAW264.7 21/
DL IX 104 AN/FLEFN T 96 FLARL, 4HaNseEfE, H 25
ng/mL ] RANKL %55, 00 A& a0, 4%
“2.5.17 TR AR ERGEM, #5597 3d 5, DA E
Pl e 4 2 Ik, BAFLIIA 10 uL 0.1% Triton
X-100 X 10 min, AN TRAP K 100 pL,
37 CW# & 30 min, &FLAIA 100 pL 1 mol/L NaOH
VIR 1B OB, W5E 405 nm AbH) 4 1. T PBS ¥
LR, BEFLIN 50 pL4%% R € 20 min, 44
JE I 50 uL 0.2% Triton X-100 3% 4k 5 min, % TRAP
Gt i U B AT S, T B T .
253 WEME F-AEhE A (F-actin) MR
JeGett ¥ 5X 104 RAW264.7 41l i f T3 58 =
Rl (HAZR 35mm) 1, B398 24h, #% “25.17
TR 70 5d, F 4%% K HEE [ 2 30 min, A
5g/mL BEEIFRLLE 37 C F YLt 40 min, F PBS ¥t
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%, FH 4,6 & IE-2- R EN R = R 10
min, THOLILRE BB N WS E 4T F-
actin FA 5544
2.6 Western blotting #ll CB2R. By BHHXE B F1
WEHEXERERE

T “2.4.17 TR “2.5.17 TR kA g, $REL
B A AR B 4L R, R BCA EEE &I
G E E R EE, AR ME T IR N -
PGB GG B bk, %% % PVDF i, F 5%As2E)
HHJE, 25N CB2R Fitfk (1 1 500). GAPDH it
A& (1110000 HeEAHREBPUA (1110000
BHE AU (1010000, 4 CHEFEER; A
N4t (1:1000), 37 CHE 1 h, | MONAD
QuickChemi 5100 14252 K I R G870 B 571
2.7 Sitoth

SEEAER X £ Kon, BdKH prism 9.0 3K
PTG hT, 2 R R R R 2 2%
S M7 F1 Dunnett-¢ #5546 .
3 &
3.1 FAHEREIA CB2R HzNiEM S

AT FUIRENL T — PP BT X' 21 g 1) e e =
JERERRAG I CB2R 2 Hb 3 FEE ) 2 (8] (1 AH ELAE

A HitH

FH. EFAHYZ ) HEK293-CB2R ZHfAA 2 PR He i
i CB2R PFIHIMIMERE, KBUE 5 AR N 4.8, 15
RSN 31,1, FRBAAR K0 i B ik i 45 R0
B35 R . forskolin [H X HEZH AN DMSO =% (%
&5 F I E AR HE R 2 70 0 (63.3£4.4) %A
(13.1+1.6) %, E5HEHN 502%, [HE5AKERR
By RN 7.0%F 7.6%, Z'HTN 0.64, FIAR
RIVERRRRGF, BEAR ST T AT S

N T BGIE 1% R GULE Tk CB2R #7551 i Al
A7, B T CB2R 3N 71 HU308 Ab3E (1) HEK293-
CB2R A I AR e R Mg 1, Wil 1-A o,
5 N YL 34 () HEK293 4HiufH b, HU308 &3
BT AEX R R (P<<0.001), 1 pmol/L
HU308 1EH 6 h AT 9 e R R e fE e . AR
FEH T AR FH AR G =B IROE AR AN 16 Fhd 2442
BT IR JG, RIS R B CB2R )
WA R AR . W 1-B iR, 100, 250,
500, 750. 1000 pg/mL A Hb % $& B 16 H T
HEK293-CB2R 4iiffl 6 h Ji5, LA 500 pg/mL ZAMh 342
HWYER AR BB . Rk, JEERFsid, H 500
pg/mL ZAHL T SE YU EEH CB2R Bl i 11 S &
AR . W 1-C Bz, 1 pmol/L HU308

o " o

E PN 50 a XfHE RENN 50

®E 40 o PAHL TR 10 nmol L™ o & .

% 2 30 = P TEHEEY) 100 nmol-L! ié'%: 3 45

¥a o « FAHESEIREN) 1 pumol L ¥ b

® A = BB FIRI 10 pmol L1 8 4w0f

=10 o BOBBHY 100 ymol LT 2 2 i I

= 0 = 35

45 67 8 100 250 500 750 1000
/ HLHR I (ug-mL )
E

CB2R | == @e ==& 4.0%10*

GAPDH - - 3.6X 104 s
B 50 i s AM630+ = HU308 Pt
= 3 RN A B 3R
o & 40 e 9 AM630— 3¢ 1003 ¥ 1007 =+

= 23 30 #itt E 5 E

% i 2 20 ok % g . = 90 .

3 ESEY sk 80 T

= RIS ] 2 : :
a =z 0 , Z 70 = 80!

O ES STHE HU308 ZAdt ©  3-2-1 01 S 0 200 400600800

YRR HU308 2435 I 1gC Cl(pgmL™")

ity
A-HU308 %} HEK293-CB2R 4l %4 Y REHE AT B-2Ah 3325 HEK293-CB2R 4/l CB2R KUK MG ZBHE T IREm]  C-ZAtth 4RI
Pyt HEK293-CB2R 40/l CB2R & IR D-AM630 X HU308 @it # 2 HUY)7E HEK293-CB2R 4iiJfii CB2R zh i M (i 41 1)

*P<0.001

B-effect of Rehmanniae Radix Praeparata extract on double luciferase activity
D-reversal effect of AM630
E-inhibitory effect of Rehmanniae Radix Praeparata

E-PAh B FE U HEK293-CB2R 41 cAMP FIHI{E  SxII@ATLAE: #P<0.001; 575 AM630 HRIZ1ELE: ""P<0.01
A-double luciferase luminescence analysis of HU308 on HEK293-CB2R cells
of HEK293-CB2R cells
on CB2R agonistic activity of HU308 and Reiimanniae Radix Praeparata extractin HEK293-CB2R cells
extract on cAMP level in HEK293-CB2R cells  ##P <0.001 vs control group; P <0.01 "P <0.001 vs same group without AM630

1 FAHFIREIST CB2R HIEEMER (X£s,n=3)

Fig. 1 Agonistic activities of Rehmanniae Radix Praeparata on CB2R (X £ s, n=3)

C-effect of Rehmanniae Radix Praeparata extract on CB2R protein expression in HEK293-CB2R cells
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H1500 pg/mL ZHh B HR Y)Y e 2 E R HEK293-
CB2R 4fijfd CB2R & HFRIE (P<0.001).

HE—PH CB2R )7 AM630 i 2
TR CB2R Bl iE M RE =14, Wil 1-D o,
F AM630 Tl Ab# HEK293-CB2R 4iiffd 30 min,
AJ LA HU308 24 5552 i) HEK293-CB2R
Y1 CB2R HIBEN1ER (P<<0.001), FHI#h#E H
AR CB2R #shiE . CB2R IS G &EH
TR IRAN I 2 b B EF BREAMLR  (adenylate cyclase,
AC) WG, HHI4HH cAMP [7=2E . A7 H
forskolin 7] HEK293- CB2R 4Hf, 1 41 fif2 )y cAMP

SrEEIN, FH CB2R Wzl HU308 szt s i
YIALFEAR M, I E4HM A cAMP S & . & 1-E B
7N, HU308 1A 25 3 BN 35 Re i FMii forskolin 3l
P HEK293-CB2R 4Hfirf cAMP (17742, HAf4

P

A 1.0 i Hi
sk
% ‘ |
a b c d e
C
D 6001 MSD 5.27% 1200
151.1% 900
400 18.9%
130.2% 600
200- | 300
(0} B \SO/S U— 04—
-3 03 6 9 -3
a b
E 4

FMH#¥ B (half inhibitory concentration, 1Cso) 1EH 4>
%14 60.57 nmol/mL ! (482.3+59.9) pg/mL.
3.2 EMELL CB2R KSR & &
RRAER

Wil 2 fras, CB2R & #EIEHENH] HU308 A1k
BRI AT (2 B PRI 3G T . ALP VPR
WAL (P<0.001). #hth B HREUYIME B %
HYIMLE, G M LL I RS, S JH & G2 BI4E Mt
50, 2 B sk 4 B mT f e i DX S 4 i A
M G R IE R S B K Go JASRAR 2 BS54 e 1 5
(K] 2-D). CB2R X IAIEN7H] AM630 f PR 2 35
FEEU T R A M T R HEE L (P<<0.01,
0.001), 5% 2t B B BV B 40 B o) B PR 7

TER, RIS IR E — €2 L L CB2R #
SRR 5 2R HE 1Y i S A I ) T A
B 300

Eﬂ 200

g ok %k
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Fig. 2 Effect of Rehmanniae Radix Praeparata extract on bone formation of osteoblasts based on CB2R (X £ 5, n=3)
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Fig. 3 Effect of Rehmanniae Radix Praeparata extract on expressions of CB2R and bone formation-related proteins in

osteoblast (X £ s, n=3)
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Fig. 4 Effect of Rehmanniae Radix Praeparata extract on formation and differentiation of osteoclast induced from RAW264.7
cells based on CB2R (Xt s,n=3)
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Fig. 5 Effect of Rehmanniae Radix Praeparata extract on expressions of CB2R and bone resorption-related proteins of

osteoclast (X £ s, n=3)
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