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Puerarin Promoted Bone Marrow Mesenchymal Cells Osteogenesis Differentiation of Rats Through NO
Signaling Pathway
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Hospital, CPLA, a.Spinal Surgery, b.Institute of Orthopaedics, Lanzhou 730050, China)

ABSTRACT: OBJECTIVE To observe whether puerarin promotes rat bone marrow mesenchymal cells osteogenesis
differentiation through NO signaling pathway in vitro. METHODS The rat bone marrow mesenchymal cells were pretreated
with nitric oxide synthase inhibitorstLNMA) 12 h, to observe the presence of puerarin on osteocalcin(OC), alkaline
phosphatase(ALP) and calcification nodules staining, PCR detected the expression levels of osteogenic genes Runx-2, OSX,
BMP-2, and Collagen-1 mRNA and determined NO and 3’-5’-Cycloguanosine monophosphoric acid(3’-5’-cyclic-GMP, cGMP)
after different processing times. RESULTS
concentrations of puerarin, the group of 1x107° mol-L ! significantly increased the activity of ALP in rat bone marrow

After treatment of rat bone marrow mesenchymal cells with different

mesenchymal cells and pre-treated with LNMA. After the rat bone marrow mesenchymal cells. The enhancement of ALP activity,
OC content, calcification ability, and expression levels of Runx-2, OSX, BMP-2, and Collagen-1 mRNA in rat bone marrow
mesenchymal cells were inhibited. It was further verified that puerarin could significantly increase NO and cGMP content, but
the pretreatment with LNMA was inhibited. CONCLUSION
mineralization of rat bone marrow mesenchymal cells in vitro, and NO signaling pathway is required to participate.

Puerarin can effectively promote the maturation and

KEYWORDS: puerarin; bone marrow mesenchymal cells; NO/cGMP signaling pathway
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M, 5 EWT T AR R IR R ) 7S O g R
PE oA i A2 K B AR LA .
1 MR5E%
1.1 k5

HERBERPEGS R, #t5:
110752-201615); g 4= I3 (R MEAE M AL A =) 22
N, #t5: RF-32-01); DMEM/F12 B3R (LS -
11054020). B-BEl HimadL5: 819-83-0). Hidk
MERHES: A4403). HIZERFAGS: D4902). F
FHr(t'S: M7292), BEEZALT: V900929)HH
H 2% E Sigma A F]; — %A E S B H B (nitric
oxide synthase inhibitors, LNMA, fit'5: 475886).
RNAiso Plus Reagent(#t*5: 9108). Prime ScriptTM
reagent Kit(#t 5 : R037A). PCR ™ #il5 &(Ht 5 -
639505)3)14 5 KIEFEEY AT ; BCA HAEER
FMBE(RKELA, #tT: F060); & 4K
(osteocalcin, OC)EIA Kit {7l & (IDS A #], fit's:
H152); —SHAENO)M & A &3S : A012-1).
T 14 ik %% ¥ (alkaline phosphatase, ALP)ll i€ 55 &
(5 A059-2). MR %1 (cGMP)ELISA i f
S A163) I H M B BAE TIEAR: 5
R L (soluble guanylate cy-clase, sGC)—#t
(R abcam AW, ft5: abl55651); & H M
G(PKG)—#i(Cell Signaling A #], #t5: #3248).
1.2 J AR B i 8 1) 78 )02 40 P 335 57

KB B A 78 5 41 B 5% A U SOk g iR R AT
RS, 206 SD KR LT H il PR 2 K3
S R, BWE R A K ES . SCXK(H)
2016-0006-152, — H# SPF 2% SD K, @, 2 R,
L FIALBE G, 75% LR 10 min, TG 45 1F T i
TR S R AR, 2 R R S R A A
HHCE BT 4% 500 U-mL™ () DMEM/F 12 15 950 [
P R, AR TR AT, 4 i
BUSSFTHG WCERAN M BT 150 H 4 fa it 3&,
PS8R A Foy A M2, TR A M
1.0x10" -mL™", $Fh 37 C. 5% CO, MEFIREH
M RRER, B3 d EEREEFREW 1 IR, BIKEH
PBS Pii%k 2 R, frdifudKas 2 80%LL i,
BEAT AR IR, ABAR 3 AT J5 B2 2 BTG 1t 5250 .
1.3 MTT &l 8 59k

KB Rl B) 78 A AR IR 3 IS VR R 2 K
FE 1.0x10° -mL™" R A 96 LT, R
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12h J&, WIKIMAAFWE <107, 1107,
1x107%, 1x1077, 1x10™° mol-L ")y 55 Hd 20 ik
ITREEE, Z5WKbEE 48 h JE NN 0.5% MTT 4k&hs
7% 4 h, JMA DMSO EE57E 10 min, 490 nm 4
M E W OGIE(OD).
1.4 Z5WDIRFE ik

ARG FR RS 3 AR E B8] 70 5 40 i k& 2E
K& 80%LL LIy xd H AT i 1R 15 S 7R (5%
% Mk & 0.1 mol'L™ B- B e H i 4h .
13107 mol-L™" H1ZEKAAF 50 mg-L~" HLIA MR »
I A R (131074 1x107°, 1x107%, 11077,
1x107° mol- L™ A S5 AR K Hdb A7 4 /S 1) 4 d A
6 d J5E ALP 354 .
1.5 FERFIEL NO 15518 B k5 fif 15 70 5 41
i R 43 A 2 Ak 3

FeRIEFR RS 3 QR B B A 70 5 40 M a2 2E
K& 80%LA LIyt H b A7 pled i 4 9%, K59
WAF 0.1 mol- L' B-BERE H Wi, 11077 mol- L™
i FERAARN 50 mg- L PLIRMER, (K5 SL56 Beit 53
N SHERARSERBEER), BRE4
(1x10°mol-L™" % # £ ), LNMA 4 (&
13107 mol-L™' LNMA, ¥ 5% Cilik[7]), BEAA
(& 1x10° mol'L™" B K K& 1x10* mol- L™
LNMA), 4 ER 3 K.
1.5.1  ALP JEPEMIE BR8] 70 03 40 f 7E 55 AR
FWHE S 4, 6 RIE ALP i, FTE ik
PEZ WL UGBS, 1 JaEH 8% 37 101 6 1) 76 o 4 g
PBS ¥ 2 Yk, $%HE 1 1 E A 4 S N 35 R Tk
MM SR G 37 “CKIE 15 min JE AR B,
BEEIR2IE 507 nm J5E OD 18, SR JE KA BB
5% 4 AT
152 OC &&EWsE F#EE 78 i 40 M fE B i
MER S AR 4, 6 RARIMER:FlH oC & &,
B 4T M 35 255 3 500 romin”' 2540 10 min, Kl
OC & &. ™LA aEm e, Meddn, ™
T F2 HE N T2 7 OD BT VEE (it o1 1 s v T 2%
1.5.3 Sugsi g antr  ERRAE KR E
7 A2 14 KI5, N o R kAT a5 a5y
gty EUHESIRANM PBS Bk 2 i, 10% RS [ E
10 mino AN TRGFC 1 4F 96 28 L0 G AT Y e, T
ESE6], IMAWERLAG, 37 C/KIBIHFE 1h,
TKEDE, ARG R,
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1.5.4  BCHMCERN 28 SRR AR TR
YHHE 24 h F148 h J5, F2HUE RNA, £l Runx-2.
0SX. BMP-2 fil Collagen-1 mRNA F£iA/KF. Ffr
FH 51 0ARYE Genbank Ft &A1 7 51 B 1 51 904 B
WL 1. & RNA BI$2HL, KA Trizol #EHUE RNA,
HYH B 772 40 i PBS J523%% 2 YK, I 1 mL Trizol ¥K
FJHCE 15 min, AR, M 200 pL =& H
L B S BUEVE A) 5 % 5 min, 12 000 rmin”' B0
15 min B B3GR, FU00E, W EER T IS
U SRR, =IRHE 15 min J5 12 000 rmin”
20 15 min 7 B3, 3845 RNA UIUE, 75% O REE
e 2 K. KBEKEME-80 CIRAF, KA N EETT
R 2l BT i SR T . R RNA IR RIRE R
50 mg L™, HX 2 L ™ 4 AR 7R o A U K S
W5 cDNA. %3815 ¢cDNA #4T PCR
PR, SR FR e PCR RSB 26 A4 7 44
i TaKaRa 2] (3R 71 50 100 BH 524 « s b 2R
2_AACti§ﬂ——\‘o

%1 PCR 5| 4)F7
Tab.1 PCR Primer sequence

ElEVEA S SIMFFN(5—3) K E bp

Runx-2  [-J# GCACCCAGCCCATAATAGA 140
T TTGGAGCAAGGAGAACCC

0SX Fji# GCCTACTTACCCGTCTGACTTT 131
Fif GCCCACTATTGCCAACTGC

Collagen-I [-ji# TTCCCGGTGAATTCGGTCTC 129
T ACCTCGGATTCCAATAGGACCAG

BMP-2  [-jjf ACCGTGCTCAGCTTCCAT-CAC 130
Fii TTCCTGCATTTGTTCCCGAAA

GAPDH  I-jj TATCGGACGCCTGGTTAC 140

Fi CTGTGCCGTTGAACTTGC

1.5.5 NO E=Al 5 H 2R A3 A4 41 1 B B )
7oA 24 h JE I E NO & &, HSKEL 500 pL 4
MBT R, MR 7Rl IR I & &, DU
ROk R NO MR . BARMEERIE NO
WAE U, AR INE 96 FLR T, Koo
FHE I EIE 550 nm &K OD {H, FIFH NO &
B AXTHEEFEART NO & &,

1.5.6 cGMP ZF &AM B R LR R4
24h 5, 4 CHIAR PBS Myl R4 3 1K,
£ 60 mm MM NN 1.5 mL 0.25%J5 & A g
WWCEELH L, 4 °C. 5000 rmin”' 850> 10 min, 3
F¥EW, n 200 uL PBS RIEEHIRST, KB
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10 min 15, 12 000 r'min~' 20> 10 min, %8
cGMP ELISA {7 &4 AE v WL st B 47 . B A o0
JGIE 450 nm AP TE , HRHE AR AE R LS N
OD T 5 HkEE .
1.6 itk
JIi G Gt ¥R A SPSS 16.0 Gttt
B, SR ULX £ FoR, Hrp Az R B R
Ji 20T, IR 2 EECRA Tukey k400
BT, P<0.05 RREFEHGIEE N, P<0.01 £~
ERAWMEERITEE L.
2 SR
2.1 [EHR P  AR R  1) 70 o A A B Vi P R
FHR R REE AN 48 h J5, M
1x10~* mol-L™" % 1x107° mol-L™" iZ ¥ #2 =i B 4 7]
5B 40 M BB, SR 1x10° molLT &
1310 mol-L™" B i VB Wik 59 » 5% HA 20 L e,
1310 mol-L™" ZH 472 35 17 72 /5 40 i 189 B 36 /) o
BR(P<0.01), It 1x107 mol- L™ B4R 2 M i iE 24
YIWREE, 5% WK 1.
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Fig. 1 Different concentrations of puerarin effect on
proliferation of bone marrow mesenchymal cells(rn=6)
Compared with control group, "P<0.01.
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I 107 mol- L™ N Sei 25k i, WK 2.

20 t
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XAl 104 100 10 107 10
TR R /mol - L

B2 R KB AR & #1970 R4 e ALP V& M 6 %ol
2 H7 (n=3)
SXRA LR, DP<0.05, PP<0.01.
Fig. 2 Different concentrations of puerarin effect on ALP
activity of bone marrow mesenchymal cells(n=3)
Compared with control group, "P<0.05,?P<0.01.
2.3 LNMA X &M R RE e 4l ALP
T 1 AR 5 0 53

HIRETIEREE ARG 4 R5, 5XF
M. LNMA FIECEAE, SHREHEERS
TE B FE R AN R ALP 35 E(P<0.01). T-TILER 6
K, EAREA ALP 354 22 & 15 4L B4 4l
(P<0.05 8% P<0.01), BXAH ALP 35 MR35 & T X
FRZLFT LNMA 4H(P<0.05), LI 3.
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Fig. 3 LNMA effect on puerarin improvement of ALP

activity of bone marrow mesenchymal cells
VP<0.05, ?P<0.01.
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WIRER AT LNMA Fls 66 78 i se 4, 6

PR E IR 2524 2019 4E 9 H 4 36 545 17 )

RIGME OC &8, SrtiEdl. e, %4
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K OC & EEREP<0.01), WK 4.

3 Al
0.9 - RS
=3 LNAMZ] » 2
AL _—
1
; 0.6 4
of
£
e
-
ET 0.3+
0.0 4
4d 6d
4 LNMAXERFREEME L REMESESEDN
T
VP<0.05, ?P<0.01.
Fig. 4 LNMA effect on puerarin improvement of

osteocalcin content of bone marrow mesenchymal cells
P<0.05,”P<0.01.
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Fig. 5 Results effect of alizarin red staining on calcified
nodules

2.6 JBUEPEA R mRNA K&

Runx-2. OSX. BMP-2 # Collagen-1 334K,
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AT 48 h FEHLE mRNA Kl H R IE K 45 R ER,
= AR 2 2H Runx-2 mRNA B3R IE /K238 5 T 5 I8
4 FNEE A 2H(P<0.05 8% P<0.01), AN BEA4 R
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i T R ZH (P<0.05); R R OSX 1 mRNA %
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Fig. 6 Results bone formation related factor mRNA expression(n=3)

YP<0.05, 2P<0.01.
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Fig. 7 Results of puerarin effect on NO and cGMP contents(n=3)
YP<0.05, 2P<0.01.
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2.8 EMREN sGC Al PKG 2 [ F ik 1 520

i1 Western blot frill | & 2% sGC 1 PKG
EHRIARIEW, BREH sGC M PKG & HFRIL
K EER R, MBSl sGC Ml PKG & AR
ACEZ 2] sGC B HHH TS RER, HXf
MR AL A A b A, BR R4 BB sGC BRI
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Fig. 8 Results sGC and PKG protein expression(n=3)
DP<0.05,”P<0.01.
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7857 20 B A0 e AN HE i E A DG T F Runx-2.
OSX. BMP-2 #1 Collagen-1 mRNA #i% /K- 5% 5|
], AHRIRIG LS RPN LNMA FEARE 52 43
B AR 2R AR 2 AR A B 7B B 1) 78 0 A R T
0, TR S A U 5 AR 2 (12 o v i 1) 70 )0 4 L ol i
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BB R I NOS iG MBI e, BIR RIS
B HEIR 78 4 NO F1 cGMP & & 1552 330141,
PR b 3k — 20 UF B T 58 AR 2% 1 2 a3k B 1) 7 o 4 P
U YA AU R 7R B NO/cGMP/PKG/sGC 15
SR AKIEER
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(1) 7 o &40 i P 2 A R R S T NO 55 d
B, DRI DU L ) S AR 2R TR Y R A AT RE AL
il 2, AT B AR S A B Sy AR TR K
24 R P AL ) RO BT B 5T AA S 2 VI ST B —E
B2

REFERENCES

[1]1  Earm, &%F, S, 5. 258 R SR 0T IR
H5HERE[T]. 4B, 2018, 65(10): 236-236.

-2130- Chin J Mod Appl Pharm, 2019 September, Vol.36 No.17

(2]

[3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

ZHONG H B, GUO X, HUANG L H. Puerarin stimulates

osteogenesis and bone formation through ERK1/2 and p38

MAPK signaling pathways [J]. Chin J Comp Med(* [ L4 122

22k ), 2019, 29(2): 78-83.

ZENG S L, SHI X B. Effects of puerarin on osteoporosis and

PLK/AKT signaling pathway in ovariectomized female rats [J].

Hebei Med J( AL EE24), 2018, 40(23): 3566-3569.

S . B R F0 B T R AR RE YR 9T VR B R L 1 52 58 AT

[D]. KHL: KH K, 2016.

BEAEF] B RS RS B U R R R R

WHE[D]. MR FEs T EE 2GR, 2004,

SRR AR e TR T R A A 1) B Y A F R AL

FE[D]. B, WL R2HE 83, 2002.

ZHAI Y K, GUO X Y, GE B F, et al. Icariin stimulates the

osteogenic differentiation of rat bone marrow stromal cells via

activating the PLK-AKT-eNOS-NO-cGMP-PKG [J]. Bone,

2014(66): 189-198.

RALRE. B B P40 AR N R 2L FE[D]. bRt h

[ P AN EE R K22, 2008.

KALYANARAMAN H, SCHALL N, PILZ R B. Nitric oxide

and cyclic GMP functions in bone [J]. Nitric Oxide, 2018(76):

62-70.

LI Q L, SUN H M, ZHANG M L. Nitric oxide, exercise and

skeletal muscles [J]. Chin J Clin Rehabil(H" [ Iifi /K #E &),

2004, 8(290): 6456-6457.

GAO C Y, ZHAO J, HAN D M, et al. The relationship

between nitric oxide and the clinical pathogenesis of

osteoarthritis [J]. J Mudanjiang Med Univ(HtFHTEE 252

), 2011, 32(2): 36-38.

HOLLAS M A, AISSA M B, LEE S H, et al. Thatcher.

Pharmacological manipulation of ¢cGMP and NO/cGMP in

CNS drug discovery [J]. Nitric Oxide, 2018, 2019(82): 59-74.
Weks H . 2018-11-16

(KX Tt o8

o BACR 2522 2019 46 9 H 4 36 45 17 1)



