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[ Abstract] Objective To investigate the effects of epimedium sagittatum (EPI) on bone metabolism and tibial bone
microstructure in osteoporosis (OP) rats. Methods Rats were randomly separated into Sham group, Model group, EPI low-
dose (EPI-L) group, EPI high-dose (EPI-H) group, and EPI-H + YC-1 (HIF-l1a inhibitor) group. Bilateral oophorectomy was
performed to construct an OP rat model. ELISA was applied to detect serum IL-10, IL-6, TNF-e, serum calcium (Ca), serum
phosphorus (P), osteoprotegerin (OPG), osteocalcin (OCN), and alkaline phosphatase (ALP) in rats. Dual energy X-ray bone
density instrument was applied to detect tibial bone density (BMD) in rats. Micro CT was applied to detect the microstruc-
ture of tibia bone. HE staining was applied to observe the morphology of tibial tissue. Bone morphogenetic protein (BMP-2),
RUNt-associated transcription factor 2 (Runx2), and cysteine proteinase-3 (cleaved) were detected by Western blot Protein
levels of caspase-3, hypoxia inducible factor HIF-1a (HIF-1e), vascular endothelial growth factor (VEGF), and vascular endo-
thelial growth factor receptor 2 (VEGFR-2). Results Compared with the Sham group, the microstructure and tissue morphol-
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ogy of the tibia of rats in the Model group were obviously damaged, the ratio of tibial bone surface area to volume, trabecu-
lar separation, serum IL-6, TNF-a, ALP levels, and tibial bone tissue cleaved caspase-3 protein expression level were obvi-
ously increased (all P<0.05), the bone trabecular thickness, serum IL-10, OPG, OCN, S-Ca and S-P levels, tibial BMD, tibial
bone tissue BMP-2, Runx2, HIF-la, VEGF, and VEGFR-2 protein expression levels were obviously reduced (all P <0.05).
Compared with the Model group, the damage to the microstructure and tissue morphology of the tibia of rats in the EPI-L
and EPI-H groups was obviously reduced, the ratio of tibial bone surface area to volume, trabecular separation, serum IL-6,
TNF-a, ALP levels, and tibial bone tissue cleaved caspase-3 protein expression level were obviously reduced(all P<0.05),
the bone trabecular thickness, serum IL-10, OPG, OCN, S-Ca and S-P levels, tibial BMD, tibial bone tissue BMP-2, Runx2,
HIF-1e, VEGF, and VEGFR-2 protein expression levels were obviously increased (all P<0.05). Compared with EPI-H group,
the above indexes were partially reversed in EPI-H + YC-1 group (all P<0.05). Conclusion EPI can reduce inflammatory re-

action, regulate bone metabolism balance, and improve tibial bone microstructure in OP rats, possibly by activating the HIF-

1o/ VEGF/VEGFR-2 signaling pathway.
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VEGFR-2 B-actin —#iF H K (4 C), ZHFH,
ECL 4, F Image J #1455t 43 H7 BMP-2 , Runx2
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EPI-H 4K UM 1L-6 Fl TNF-a 7K F i 3K T Model
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(P <0.05) ; EPI-H + YC-1 4 K FUIfiLiE ALP /KF & 2
=T EPI-H 4H, OPG.OCN, Ca il P /K3 & #FH K T
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2.3 HAKEIEE BMD MHEE Model 41K BUE &
BMD(0.29 +0.02) g/cm® /K & Z{E T Sham 41
(0.41 £0.05) g/cm*(t =7. 047, P <0.001) ; EPI-L £
(0.34 £0.03) g/cm® Fl EPI-H 20 (0. 38 £0.03) g/cm’
KEEH BMD /KF 1 2 & T Model 21 (¢ = 4. 385,
7.894,P ¥ <0.001) ; EPI-H + YC-1 #H (0. 32 =+
0.03)g/cm? K R & BMD /K- 2 (% T EPI-H 21
(t=4.472,P <0.001) .

(x £s,ng/L)

Tab.1 Effects of EPI on serum IL-10, IL-6, and TNF-a levels in rats
4 n IL-10 IL-6 TNF-a
Sham 1 10 84.59 +10.63 27.82 + 3.41 36.75+ 4.32
Model 41 10 18.47 + 2.42° 118.64 +14.58° 158.62 +19.84°
EPI-L 21 10 43.38 + 5.27° 85.29 + 9.74% 114.37 £15.76"
EPI-H #H 10 69.75 + 8.51™ 53.61 + 7.29™ 77.49 + 9.53%
EPI-H + YC-1 41 10 40.26 + 5.39¢ 92.78 £11.67¢ 121.28 +18. 464
F1H 130.759 57.731 41.170
P <0.001 <0.001 <0.001
E: 5 Sham 41EHEHE,“P <0.05; 55 Model 41 L6452, P <0.05; 5 EPL-L 41 [b#E,°P <0.05; 45 EPI-H 4110458, P <0.05,
x2 HHKRIME OPG . OCN ALP Ca P AKFEMI AL (5+s)
Tab.2 Effects of EPI on serum OPG, OCN, ALP, Ca, P levels in rats
4 5l n OPG(ng/L) OCN(pg/L) ALP(U/L) Ca(mmol/L) P(mmol/L)
Sham 21 10 11.83 £0.91 16.93 +1.28 42.16 +3.59 2.18 +0.13 2.87 +0.14
Model £ 10 4.65+0.27° 7.51 +0.63" 87.47 +5.23% 1.34 +0.06" 1.52 +0.09°
EPI-L 4 10 6.54 +0.58" 10.26 +1. 14" 72.83 £4.36" 1.62 +0.07" 1.93 +0. 12"
EPL-H 41 10 9.17 +0.82" 13.27 + 1. 46" 56.78 +4.62" 1.87 +0.08" 2.38 +0. 15"
EPI-H + YC-1 £ 10 5.76 £0.43¢ 9.68 +1.124 75.36 +5.11¢ 1.53 +0.06¢ 1.83 £0.12¢
F1i 116.817 44.423 67.935 104.793 85.230
P{H <0.001 <0.001 <0.001 <0.001 <0.001

1.5 Sham 21 H#,*P <0.05 ;5 Model £ H#,PP <0.05 ;5 EPI-L 41 H#¢,©P <0.05 ;55 EPL-H 41 %8, ‘P <0.05,
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JE 5B LB 25 5E 1 ; Model 2H K FRE B 15 71N 2 1] B
Bl AR 58, B /N R B AL HH; 5 Model 21 HEL, EPI-L
41F0 EPI-H 2K BUIE B B 4 SUE 54 W 45 5 ; EPIL-
H+YC-1 KRR EHHLUE S0 B & T
EPI-H 41, VWL 2,
2.6 HHKBRREEHAHL BMP-2, Runx2 . cleaved
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Model 20 KU B B AL H cleaved caspase-3 & H
F3RKF B35 T Sham 2, BMP-2 Runx2 HIF-1a |

T Sk AR B N R R
B SRR E A MR ZA( x10)

Fig. 1

Changes of tibia bone microstructure in each group of rats ( x 10)

®3 BURBREBHEHSEEILE (vxs)

Tab.3 Comparison of tibia bone microstructure parameters in each group of rats

A n HREB S A (1/mm) BN (um) BN B (pum)
Sham 1 10 27.38 £1.03 129.36 +4.87 325.62 +16.53
Model 41 10 32.57 £1.12° 104.27 +2.46° 842.56 £32.71°
EPL-L 41 10 30.81 £0.94" 113.62 +3.74" 659.84 +25.27"
EPI-H # 10 28.46 +0.75" 121.48 4,32 438.73 +18. 62"
EPI-H + YC-1 4 10 31.24 +0. 86" 109.74 +2. 684 713.29 +23.48¢
FiE 34.102 45.636 435.196

P <0.001 <0.001 <0.001

1.5 Sham ZHH#,*P <0.05 ;5 Model £ H#,"P <0.05 ;5 EPI-L 41 0%, <P <0.05 ;55 EPI-H #1048, ‘P <0. 05,

T SR A R/ NI
2 HARRUIEEAHLULE (HE Qe x400)
Fig.2 Morphology of tibia bone tissue in each group of rats (HE staining, x 400)



BEXER 25 2024 4F 8 H %523 %5 8 ] Chin J Diffic and Compl Cas, August 2024, Vol. 23, No. 8 -+ 997 -

VEGF \VEGFR-2 # 1A KF RELT Sham 4 (P <
0.05) ; EPI-L 0 A1 EPI-H £H K U EH 48U cleaved
caspase-3 & FH R 15 /K F 2 & X T Model 41, BMP-2 |
Runx2 \HIF-1a.\VEGF \VEGFR-2 K 4 %A 7K - i % 75
F Model 41 (P <0.05) ; EPI-H + YC-1 4K Bz B
HEU cleaved caspase-3 5 [ A /K . 2% = T EPI-
H 241 ,BMP-2 ,Runx2 .HIF-1a, VEGF . VEGFR-2 %5 H %
RIKF 8 F AR T EPI-H 20 (P <0.05) , LK 3 3k 4,

. A. Sham 41; B. Model 41; C. EPI-L 41; D. EPI-H 41; E. EPI-H +
YC-1 41,
B3 Western-blot il 25 21 K BUIE & & Z1 41 BMP-2, Runx2 |
cleaved caspase-3 \HIF-1a\VEGF ,VEGFR-2 & HFEiA
Fig.3 Western blot analysis of BMP-2, Runx2, cleared caspase-
3, HIF-1 o, VEGF, and VEGFR-2 protein expression in

tibial bone tissue of rats in each group
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MEBCR A BRGSO RE R
T B A ML A A, 3 B T RO R R SR
I A8 G e M N 3 B A543 , 5 | B 2 2 4 i e
MAET, ik OP &R AREFFE LR BR, 0P KR
ML R APER T 1L-6 F1 TNF-o ZKF B T8 R N1
TL-10 7KF I 25 B ARG, B OP A 556 R J v & A=
EPI T 5 v 2 & BEAR R ME R 7K R s dt R A 1
IRV BRI N, B AR B R A0 R 3 R
YRR E B B R O R TS AT 5 R AR
W, OP & A= 3 it B A 5 4, 5 A i o 2k
Ca P, OCN OPG Il ALP &GI8 45, Ca £ P

R4 BHAKRFIEE 4L BMP-2 Runx2 cleaved caspase-3 \HIF-1a\ VEGF \VEGFR-2 ZE A K IEA LI (xxs)
Tab.4  Comparison of rats in each group of BMP-2, Runx2, cleared caspase-3, HIF-1 a, VEGF, and VEGFR-2 protein expression in tibi-

al bone tissue in each group of rats

Mo n BMP-2 Runx2 cleaved caspase-3 HIF-1a VEGF VEGFR-2
Sham £ 10 1.18 +0.15 0.92 +0.10 0.21 +0.03 1.07 +0.14 0.97 +0.13 0.89 +0.10
Model £ 10 0.43 +0.06* 0.35 +0.05" 0.78 +0.10* 0.39 +0.05° 0.36 +0.06" 0.29 +0.04°
EPL-L 41 10 0.68 +0.09" 0.54 +0.08" 0.62 +0.09" 0.63 +0.08" 0.58 £0.07" 0.46 +0.07"
EPI-H 21 10 0.91 0. 11" 0.76 +0.09" 0.43 +0.06" 0.84 +0. 11" 0.76 +0.09" 0.69 +0.08"
EPI-H + YC-1 4 10 0.62 +0.08¢ 0.49 £0.06" 0.67 £0.09¢ 0.56 +0.07¢ 0.52 £0.07¢ 0.40 0. 064
F1H 51.832 56.246 28. 680 53.591 50.791 69.010
P1H <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1.5 Sham 21 H#,*P <0.05 ;5 Model £ H#,PP <0.05 ;55 EPI-L 41 %8, P <0.05 ;55 EPL-H #1048, ‘P <0.05,
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