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Study on the mechanism of Danggui buxue decoction regulating neutrophil extracellular traps to improve
osteoporosis in rats with premature ovarian failure

HUANG Chuigiao, CHEN Shuai, LI Qian, GUAN Liancheng, GAO Jie, QIN Zhong, CHEN Yunzhi (School of
Basic Medicine, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China)

ABSTRACT OBJECTIVE To investigate the mechanism through which Danggui buxue decoction regulates neutrophil
extracellular traps (NETs) to improve osteoporosis (OP) in rats with premature ovarian failure (POF). METHODS Female SD rats
were randomly divided into normal group, model group, calcitriol group, and Danggui buxue decoction low-dose, medium-dose
and high-dose groups, with 9 rats in each group. Except for the normal group, all other groups were administered cisplatin via
intraperitoneal injection on days 1 and 8 to establish a POF complicated with OP model. Each group received the corresponding
drugs or normal saline intragastrically starting from day 5, once a day, for 4 consecutive weeks. After the last medication, serum
levels of estradiol (E.), NETs, 25-hydroxyvitamin D, [25(OH)D:], receptor activator of nuclear factor-kB ligand (RANKL), and
osteocalcin (BGP) were measured. The histopathological changes in bone tissue were observed. The expressions of vitamin D receptor
(VDR) , myeloperoxidase (MPO) , neutrophil elastase (NE) and citrullinated histone H3 (CitH3) in bone tissue were detected; the
protein expressions of 25-hydroxyvitamin D-1c-hydroxylase (CYP27B1) and la, 25-dihydroxyvitamin D:-24-hydroxylase (CYP24Al1)
were also determined. RESULTS Compared with the normal group, the bone tissue of rats in the model group showed a significant
reduction in the number of trabeculae, which was thinner broken and poorly connected, with significant destruction of the reticular
structure, and an enlarged marrow cavity. Serum levels of NETs and RANKL, the protein expressions of MPO, NE, CitH3 and
CYP24ALl in bone tissue were significantly increased or upregulated, while serum levels of E., 25(OH)D; and BGP as well as
protein expressions of VDR and CYP27B1 were significantly decreased or downregulated (P<<0.05). Compared with the model
group, the histopathological changes in the bone tissue of rats in each administration group showed some degree of recovery, with
significant improvements observed in most quantitative indicators (P<<0.05). CONCLUSIONS Danggui buxue decoction can restore the

AEATRE [H% [ AR5 47 H (No.82260890) s BN & 277 E: level in POF complicated with OP rats, and improve OP.
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The mechanism may be related to its ability to upregulate VD
level and inhibit the formation of NETs.
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‘B I Hi A (osteoporosis , OP ) 2&—Fh A B E B 58 1
W e A S B ARG | R A i i D A Tl
Fa 2245, A RE B B RO 3 ™, B BE 5 52 (prema-
ture ovarian failure, POF ) /248 2 PETE 40 27 Hif B EL D g 5+
WAER , EERMIE MR KO B R e R IR R
IKV-SEH Th i, R Z ANZEEEREIR ™ R A
A B RV ARMERE™ , A5 EE U0 By R iR 5| A i
WK 82 T S R ECETE LS W CEd 2 8 , in
A2 AR RO AR E OP M kA= & Y LAk, R
i S VAL 2 OP 1) HE ZE B0 [ R 22—, AT 38 2o 52 W) B 4
ES B SR N R e DR g i e T R TR NTITRC =3¢
R R AR S S 2 B — R RE IR
Y XRG4, BV e A 240 A A 4 D754 I (neutrophil extra-
cellular traps, NETs) , H:ff DNA 4145 H . figid ALY il
(myeloperoxidase , MPO ) FllH P47 41 A 3 8 1§ (neu-
trophil elastase, NE) 25 i 7344 B, BE 6% 4/ 2K I 1 M [
A, 25 KM B g% 2R 0 1) L M AT B AR B T, AR
M, #7 NETs a3 5 16 4k 58 4 A7 76 0 0] B 2 XL = A
BTS2, b AR S AR R BE O B A A BT R, AT
T B 2L B nB I, DT R IR B APy, S 3R
TR, 4z R D (vitamin D, VD) AE Sk 56 5 i 4 58 74
R AR R R SO A B 17
.38 1o B AR MPO \NE | JIVZ 2 Ak 21 7 11 H3 (citrulli-
nated histone H3, CitH3 ) 7K -S4 NETs 4= 1, 7 £ Ff
RIE B TR T HA EEAEHT,

MR AR T2 AR B K AMG B RRGE ), B Y
A B A A, B ANV AR I 2 A A PR 2 i )
TR IR, S IA %R L7 e A RL AR POF K RIS £ B i
TER AR BAAR A R KT, 42 T I3 M — B (estradiol ,
E.) FHOK 8 W KT R 3% 07 i AT & OP KRR
B/NGREER TR A VD BRI 1o, 25- i K
Do-24-F3 AL (L FR CYP24A1) ik  AEF-K N VD 7k
S-S B B 55 4 1 (osteocalcin, X FRBGP) 2635 , M ifii
5 POF FIOPY Y LT A BIFSE i ik 1 57 POF I
OP K R JUUAN VD 45 NETs i BE &, 832415
A7 24035 POF K B OP (A/E AL, AR A 24 U b afi
IR N RS2

1 #F
1.1 FEUEE

AW B A A6 BX53 RUIE B s (H
7% Olympus A ) ) . Multiskan MK3 %! 4> F ZhFbr{% (38
[¥] Thermo Fisher Scientific /A ] ) \DYCZ-24DN %I 3 7
LKA (bt 7S — A R A RS F] ) L ChemiDoc %44k
2 R CEE IR MAZ AN (35 [ Bio-Rad /A &) \RM 2016 %%
iU A AL (FEE Leica /A 7)) %5
1.2 FEHBSIAH

MO E R R (RO BN S 40k
20230301.,20231101) #4017 b 5% [R14~ 4 5% BH 25 )5 A7 B
ONTE] B R S 2 K 2 FE R R 2 e T 2 SO A o
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Ak = R R (5 2110051, HA& 0.25 pwg) 0 A
T 5 IE RN 254 B 5 MUEDGT IEG S, (5 HY-17394, 40
J& 99.70% ) W H 3 [El MCE 23 ) ; S 414k 8 (iR 7 &
(L5 K5007) 1 [ 35 [ Agilent 23 &) ; E. %K 1 kB 3244
P0G 2 I BC A (receptor activator of nuclear factor-kB li-
gand, RANKL) \NETs . 25-%2 4k & D,[25(OH ) D;] .BGP
Tit 5% G 28 W B 52 (ELISA) 357 & (4523 51 oy IM-
01981R1.,JM-01911R1 . JM-10980R1 . JIM-01918R1 ., IM-
02028R 1)1 F VLI S AW RH AT FRA A 5 BRAt4eE
# D %K (vitamin D receptor, VDR) Fii 44 . fa 4/t MPO i
1 Gt B-LEh B 1 (B-actin) FiiA (354351 K 67192-1-
Ig.22225-1-AP 20536-1-AP) ¥4 1 [ 5 = 0 L - R
F BN 7 5 T 25- F2 R 4 A R D-1a- £ L Bl ( SOFR
CYP27B1)Hifhk it CYP24A1 Hiik  BAR 3 & Ak Wy i
(HRP)ARIC I e Bk 1 G —Hi L 540 9
A1716 A1805.AS014) ¥ [ D& 28 e cE M RHA
B2 7 5 St NE Hk (4L AF0010) 1 [ 25 [/ Affinity
25 ) Pt CitH3 BT ik (45 NB100-57135) i H 5%
Novus Biologicals 2 7 s HRP A7 12 A9 - 9T B S 2 B3R 2 11
G ¥t (4it*5 BS12478) Iy FI 3 [¥] Bioworld Technology
VNI
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i, 0 T DA (65 A AR AT BR A Bl B A 7= 17
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BN R R 2 K E S S R B A B S E (1R PR
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FRA N SME RS ) RS AR A ALy 245 4 FH
FE— T, 00 R (B B b 50 D FRERGE EE 60 g
MIT12 g, IRA, WIKIRW 1 h), AT 30 min X2 K ;4
IR, e, 49 i v R 0.72 g/mL (DA A= 233 f)
B2 TR 2590 . BUE A = B N 254, LA il
SV AR R B R 0.025 we/mL AL = B2 MR
o BUBUEA X IR 1 B, DA BEER /K R ), A5 5R
A 1 mg/mL ARSI , 25 o
22 H4E EBES5%RY

B A R BRE MR SR 7 d S BEAL > M IE H 4 B
RIZH B AL = R4 (0.1 pg/kg) SV AMILIA M L 7
w2 (1.8.3.6.7.2 ghkg, WA 1T, Fl &S H AR
ARG B ) A9 o BRIEF A14h, HARK AR
S22 A0 OC SR 77 T30 1.8 R LA 6 mg/kg 157
B T S IR I A ST POF J- % OP A58, M3 i
T U BT, TR 5 RIFUG , 44 T B ik =i )
YRR I 37 45 770 1 20 R R R I 2, 1 2 B AR
ZH K R SRR R K BER LIRS 4 A
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FEREAS A ] 0 S 1% F AR 1k - SRR B, ZR R D13,
TR MR 28 A FLER /KR ) G B A 2 4 A LI, e e
2~ 3l LAHI MR BRI T 3050 5 4 53 WA 30 ST U R e 2
b, FH0.19 37 35 G €00 G €0, Bl £ P b Tl L5
FFHARE . AR EE 2 1Y 40 B S AR FE R, 0 B K BRURT Ak
) B4 By Be—— A A F A R b R 4 i ELA DL JE % A 4k
AN, 2 R s G R A B E I LA e o S
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S A SRR R AR A A B N 4 Ak T A —
s 0, 0 a0 iy JEL 50y 7 T30 o8 B T 25 6L, $R POF AR 7Y 4t
24 MRARESLE

KRG , TR R EREEE AEEK 24 h, 5T 53
3% I LU LU 2244 (30 mg/kg) HEA TR, MAIE = 8 iR A i
FE, ¥ E 2 h )5 L 3 000 r/min 2.0 15 min, 15 3] |2 1
R T —80 °CMRAE, & H o SRILG , LASITHEN
PR K R AR SE , TR S S FL I JRe By O B AR i 2L
LA B U 4% 22 5 W s W v 1 DR AT, A il
B LN F —80 °C FARAE, & .
2.5 XRINiE E..NETs.25(0OH)D;. RANKL . BGP 7k
R Rl

B2, 47300 R URAF B 45 41K SR (R B AL L 6 1)
FAY LR o, 7 e B A 7 3 7] & v BH 5 A SR
ELISA % LA A5 A i) L 1l % E.. NETs. 25 (OH) Ds.
RANKL .BGP /K-,
2.6 KRBALARETILINE

HU“2.47 TR 25 4% 22 58 I s WL 11 2 1 45 2 KB
(A BEMLEI 3 H) BeE 2 EUREAS iU 15% & — [
CFR BB I rP A B 85 A B 5 B A R AR AL S, AT R
CEEK CE A WIS Y A B A R T IR R
K g, BB CRENIK W 2REM E , L
PR L B, 6 S B A B 2 B AR AL
2.7 KERBHALH VDR MPO NE.CitH3 EQRMEX
pesy g

K G e AR ARSI . BL“2.67 T 4% 4 K BRI
MBI R, 2k LK IS %1 0.01 mmol/L Tris-Z,
e SRS (pHI.0) L F 15 min; AR R £h 2% e
W (PBS) TRV 5, TN 3% 1o S04k & LA BH Wy oA Tl ek 4
AWt , T2 8 T 58 15 min; L PBS FRRIEYES , INA
113 F 37 °C R 30 min; i il VDR .MPO \NE
CitH3 — 4T (F B L34 1:100) , 7E 4 °C F & 1 1%
DL PBS V5 , T i & T (AP e gl Ak i el
B A W) , = IR E 30 min; LA PBS ¥ 5 , T il DAB i
O A0, FELLIRAKE B YL 10 s, JHBSEE 2Bk .
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B, D A e R, ol S s s O R 4
1% . R JH Image-Pro Plus 6.0 A4 %) iR F FH MR IR
X3 (2t B e 0 b o ) A 7 28 B i, FH AR e
FIkKE
2.8 KBEBHLHF VDR.CYP27B1.CYP24A1 MPO,
NE ZEBRiEHN

K JH Western blot 7K o HU“2.47 0 R ZR A7) 45 21
KR (BRI FEMLEEE 3 H) BB Al SR A BT & T A
ZH AR 2R R BRI R AY 1.5 mL i 204
o, A% 7E VK 4% 30 min, FELA 14 000 t/min 250> 15
min, WAE T35, IF08 FH BCA 200 % 8 (e i . 11 2K
FIRE S A 5 X loading buffer i, 75 95 °C FN#k 15
min {85 AP . UGS A&, T T LR
- 58 T 045 T g 958 Je FL Uk (SDS-PAGE) 43 15 I 5 it JH
5% A ML AR A 1 hg 55 53 P, LA VDR |
CYP27B1.CYP24A1 MPO NE B-actin — 3t (5 F H. 4]
432 1:5000,1:2000,1:1000,1:5000,1:2 000.,1:
5000), 74 °C T E L ; LA TBST 22 bl Ve , Jin
AR B[R L 51 535914 1:2 000 (St 4) (1:5 000
AP EZEIR TS 1 h; DL TBST 28 Mk ve i
i AL 2E RO T B3 T 8 TR RO CBEIR %
{CF BG4 FH Image JFA53 B 8 1 2%l 19 K BE (L,
PLH B 5 28 A (B-actin) YK FLEE S B Y
A FRIBAKTE, 45 R LUIE W 4 o S ikt 0 —1k
JOSL
29 SFitEFE

% Ji§ GraphPad Prism 8.0.2 # X 54t 1 7 414
Mo XFRFEIERD AR NEEE , R x+s 3R, 2410
L3R F B 2R 5 22 43 i (O 2555 ) 38 Weleh J5 25 43t
(7 22 R5%) , #E—2E i ELHCR H Tukey s 25 K46 O
5% )8 Tamhane’s T2 S5 Ki e (7 22855 ) o KB K
a=0.05,
3 H#HE
3.1 KENERAHRETK

TEH AR BRI 301G 91 3 5 10 2 1) 1)
PEERA] L, SIS RIE R (- D). 5IEW A, A%
2R BRI R ZE L, 2800k T ah i i, L ok L5
FEN I IE R, WK B B3z 401, o RE sz 230, 12
7 POF BEH 42 Tl 1 g
3.2  HIFAMMIAHXFHEE K R 0% E. NETs .25(OH)Ds.,
RANKL .BGP 7K - # 241)

5 IEH A H, B RY 2H SRR MLV NETs \RANKL 7K
S 2 THER 1 Es . 25 (OH) Dy . BGP 7K - 34 i 25 [ A%
(P<<0.05). SR, 8k =B S H M7 45
712 41 K BRI NETs 7K LA K Ak = B2 L 24 04 ifi
i e A 2H R B T RANKL 7K 34 5 B R4, B ik =
P2 | 24 05 #b I 7 45 570 2 2H K BUIAL Y B.. 25 (OH) Ds,
BGP /K- & THE (P<0.05) . 255K 1,
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AL TEH 2 A HiT)
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C.AEH AT E M
BTk AT LB AN 2T 3k O A AR RSk
2L
E1 KRERAENEEEREREMEE(TREERLE,
*I]_‘R :20 ILHI)

*1 LHAKXRINFEE..NETs. 25 (0OH) D;. RANKL .
BGP/KELLE (x+5,n=06)

415 Ey/(pmollL) NETs/(ng/mL) 25(0H)Dy/(ng/mL) RANKL/(pg/mL) BGP/(ng/mL)
FEH THE04677 1176941623 53314465 18414448 838076
R 559545710 3106943163 21684324 B6E204 3405056
Bl=E 0933 ITLIE255Y 43545306 U5 1162066
SIMLAIAES 838248670 2598812449 2858+3.06° 30044319 490081
LRMATAES 862727620 24325427300 30784329 3641435 5241062
S AEFEA 95301259 1982343024 35714385 03357 609+087

a: GIERAMIL, P<0.05;b: SHRH M, P<0.05,
3.3  HIFMLIAHITIER K R F H R R IR FHE A RN

T AR R GG W, B/ N B 5%
TEROL AL e R S, B RE I N AT DL R R
Mo AHECZ T B2 R BB 2 2L AT DB /NGRS
A R W H AN e R RS R W W S A i
JESE R HL RS W, A BRI 4 2 . SRERYZH A
LU, E A = B RS DR i 37 25 50 S A KRR A2
R PRSI A AN RS RAE  2E R LA 2.

L

A ER L C. =Rl

A 4L BATHAL

LUk « PR RIL AN .

D. HIRM L IR
SR s WA 2 5 M€ S A/ NRE AN SRS o F/INRRMTRL s B € S/ NRA L AE
2 BFAXBBARRELTNEHME GFABE-FLLE FRR:100 pm)

34 HFFMMIAITER KR HHLEF VDR MPO NE
CitH3 EHPAERIZMN M

5IEF AR, B 2 K RCE 4140 h VDR & 1 FH
PEZRIK B 8/0 , MPO \NE | CitH3 75 [ P26 1k il 35 184
n(P<<0.05), SEAIIAH L, B = FE S Ia R L
&) 2H K B 2H 4 b VDR R PR A 1 I
Jin, MPO \NE ., CitH3 25 [ BH ¥ 2 18 ¥ i 3 B AR (P<
0.05), 45K 3(LAVDREH M) F2,
K2 RVRAKXREHAL VDR .MPO NE . CitH3 E HFH

MRIELB (x+5,n=3)

4151 VDR MPO NE CitH3

&4 051003 031£0.03 0304001 0164003
] 0224001 046+0.02 038£0.05 022£001°
F=EA 046004 0394002° 028+0.01° 015001
BIEEN Wi 045£002° 0394002° 0294004 0.16£0.01°
E1ERN b 0463004 040£0.02° 028+0.02° 017004
Bl e 044£0.04 041£001° 0274003 0.15£001°

a: SIEHHM L, P<0.05;b: ST AL, P<0.05,
3.5 HFFMMIAHITIEE KR FHLEH VDR .CYP27B1
CYP24A1 MPO NE & B RiZ B &M

5IE % A M, B8 g K RCE 4140 VDR,
CYP27B1 & 1 WA ¥ 8 2% T, 1M CYP24A1 . MPO
NE & [ A 238 ) i 2 B (P<<0.05) ; SAERIZH b,
A =L YRR Y7 25 5 2R BB 40 2 H VDR
CYP27B1 & H W F A B E iH, 1 CYP24A1 . MPO
NE & 1By R A B 8 E T M (P<0.05) . 454 W KA
4,723,
4 Ttig

05 20 LAY 7 100 PR A e 20 A S 1 T
AR AR, EE AR PE R G s ST
HARAS . POF HATRMESLZR AKCE AUARHE , MER ZE KT 5
gl o T I R A 11 O 9 = 11 A R
RANKL &3k L8, DA T {o A 1 40 M3t A BT B4 o, 1 ol
BRI RESZ B, FECEWSCR T B IR, 54 5]
RERERT, BGP M SCE AT A B BERCA L, I
IR R A s B T RSB AR A 3 SR A SR B A R

F. 2 37 5 70 B2

E UMM AREEL M

3 HFMMAN KR EEHRAVDREARENZI(REAULLE FRR:50 pm)
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Mpo |+ D D G S TS e | 50 i0:

NE | w— e S cm— a— | D),

CYPZAL | e WS W s S S | 50 0:
S D G G | )

VDR_! - -g,- 48 kDa

| v v M

SRR I A L
B4 &AHAKXKBRBHLF VDR, CYP27Bl.CYP24A1,

MPO NE EBRIAREXE

R3 HBAHAKRBHELAD VDR.CYP27B1.CYP24A1,
MPO\NEﬁf’:’l%u*qzttiﬁ(xis,n:@

CYP27BI

413 VDRfBactin -~ CYP27BI/B-actin - CYP24AI/B-actin -~ MPO/B-actin  NE/B-ctin
54 | | | | |

i 052£010°  050£0.10° 1872048 214£023 166019
Fi-RA 1162022 113£0.06° 0891023 139£0.12 1212006
B AR 1095016 0942016 07810300 1324026 103022
SEMMATAED 1072008 0912014 LITE002 133032 0.94£0.18°
S AEREE 0912007 097£022° 1082006 109013 096%0.16°

a: FIEH AL, P<0.05;b: SHIRIZIAH L, P<0.05,
U WSR2 I RR L B A SR Y AR AT
i A& B /NG O, XF OP HAT B 2 1Y) ok 3 A
Y AHFEE SR B W R A, 5 IE R 4
el i e N R S AN G A Sl N TR
AREEA I 5 AZ 400, B R K HL 5 A B, A5 6 OP 1 28
ﬁfjﬁ%%f)ﬁl-ﬂﬂﬂ%* Pt S S AR 7 T B, KR
ZUrheE NGRS 22 S5 SE R RG] AR AT,
%E'ﬁ%ﬂcéﬁ%%ﬂé{)ﬂ%l\m%ﬁOPﬁjﬁﬂﬁt%ﬁfﬁﬁo lig
A AR R R Y UM L B e S T R AR AR 4 KRR
I3 E. FTBGP K-, H H &5 55 5 4 UM L7 AR 35 P 1K
1ML RANKL /K-, $75 HOW OP iy et/ F vl e i aod
Pk 52 MEBLZE K, TR 1Y RANKL A5 09 5803 40 i AN 8
YRR AR, s B B S B . BRI ARG Hr R 2
FP LA KT RANKL 7K (4 5% W 3 0 48 1127 8 S, o &
WO R M ATE—R &
RAESEG | OP W HE LN R Z —, 58 4 U K
W R A 2 I AE OC™ NETs S2& Hh i 4 i 57 1) 58 4 19
FisF i 86 P X R 85 g, AR O T R S 2 1 Ot IV 2 g 4
(peptidylarginine deiminase 4, PAD4) i 1k &z 41 5 FH H3
JNZ R TE B Hodr 41 85 [ H3 R R 1k 19 7= 4
CitH3 J& NETs AnE 2 — , W S 51875 SO kA= M
FEE R, WFFTHE I NETs 1] i & il RANKL /5
PR B A0 M 4 Ak, DN T 2 5 R A A U T
PADA 11 il 51 0] 7] g 2 Ui /b NETs 14 1 B , 1F 1 Ikl 559
RANKL 1755 f4) 1% 1 240 ot A= ol fn B A= o™, B9 3R BT,
NETs [ 3221843 MPO R 1 15 95 1 A R A il s

TEZD; 2025455 36 £:4 6 1]

B 0 A A A W, TR REER MPO i % [R5

/INERL OP R BB L W AT 5™ s NE ]l ik e A i

PEORAE b VDIE R BRI L, 25 JAEFR

T A L P A ORI ™ s ARBIFFE A SR B BT 2]

R ML NETs 7K-F- K 5 4141 CitH3 \MPO \NE 1

RBKV 3w TR 4L 2 2904 T HUS , B

RAE BRI FE 2 B RZ D], 3278 TR L7 Y RE IS I

D NETs AL, iX 7] g Je1% 75 il OP Rt TEHL ] o

VD & — TR TS [ BER A VDL H1 VD, 7

FEIRR . ARITT 0 VD, 25 B 52 Hb BRI E B2

JRN B B, TEAR N 22 25- 32 AL g2 46 O 25 (OH) D, J 48

CYP2TBIAEHI G WO TE I A 1, 25- R4 E R D,

Ji 8 L 45 A PR AR B P Y VDR OR & 5 AR W24 80w

1L 25(OH) Do K FE AN RN VD /K- 19 2455, E

PR S H AT fE R A ER TOAR LB/ N AE |, HOK P AT

FECE BRI ER BIRER DRI , T K B T

RPN, WEFEAR Y, OP S 3 % 3k Ak T 25 (OH) DR,

#h3E 25 (OH) Ds REGSAT B2 THH 5 L, BAT R4 B9 1 R

REHRCR™, CYP24A1 Hfith B2 XS 1, 25- ZFe 4k R

Do s S W e s O FE Y, 25 1, 25- 484 5 DAY

R AT AR S 1, 25- ¥R 4E2E 38 Dy 92 UK,

ARBFFESE R W, 50 AR b, A5 A2 R BRI 7 25

(OH) Dy /K- S 4141 VDR . CYP27B1 2 [ KA K
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