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ABSTRACT Objective: To investigate the effect of IGF-1 combined with BMP-2 on fracture healing in diabetic rats with
osteoporotic femoral fractures. Methods: Sixty 8-week-old female SD rats were divided into groups according to the random number
table method after one week of feeding, with 12 rats in each group. After that, membrane was constructed, and 50 rats were successfully
constructed, with the success rate of 83.33%, which were divided into 5 groups, including normal group (n=10), diabetes + ovariectomy +
fracture group (n=9), diabetes + ovariectomy + fracture + IGF-1 group (IGF 30 pg/kg was injected at the fracture site, n=11). Diabetes +
ovariectomy + fracture + BMP-2 group (100 wL BMP-2 gene lentivirus 1x10* was injected into the fracture site, n=10), diabetes +
ovariectomy + fracture + IGF-1 + BMP-2 group (refer to the above, n=10), and the rest were injected with equal doses of solvent, all of
which were injected for two consecutive days. After 6 weeks of group treatment, the levels of serum calcium, osteocalcin and alkaline
phosphatase in the 5 groups were detected and compared. The maximum stress, maximum load and stiffness of the 5 groups were
compared. The expression levels of IGF-1, BMP-2 and TGF-g1 mRNA in the 5 groups were detected. Results: The rats in group A had
no obvious abnormal reaction, the weight of the rats gradually increased, the urine and feces, diet were normal, and the fur color was
bright. The rats in groups B, C, D and E had listlessness, delayed reaction, poor color brightness, no significant weight loss or increase,
increased water intake and diet, and more obvious polyuria. The levels of serum calcium, osteocalcin and alkaline phosphatase in the 5
groups were as follows: group B < group C < group D < group E < group A (P<0.05). The BMD, maximum stress, maximum load and
stiffness of rats in the five groups were as follows: group B < group C < group D < group E < group A (P<0.05). The expression levels of
IGF-1 mrna, BMP-2 mrna and TGF-B1 mrna in the 5 groups were as follows: group B < group C < group D < group E < group A (P<O0.
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05). Conclusion: IGF-1 combined with BMP-2 can promote fracture healing in diabetic rats with osteoporotic femoral fractures.
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WEIRS + OO SIS + &4 + BMP-2 ZH(D 2H) , Ml s + 5P 5L
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cDNA, Filill A 25 pL PCR R § B4Rk R , 2533 PCR $FFRIY
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<D 4 <E 4 <A 4l , W22 EA G245 L (P<0.05),
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Tablel The levels of serum calcium, osteocalcin and alkaline phosphatase were compared among the five groups

Groups n Serum calcium(mmol/L) Osteocalcin(pg/L) Alkaline phosphatase(IU/L)
Group A 10 2.52+0.41 2.35+0.32 385.42+55.46
Group B 9 1.38+0.20 1.40+0.29 205.62+24.75
Group C 11 1.79+0.23 1.72+0.30 258.74+29.85
Group D 10 1.82+0.30 1.75+0.33 261.52+30.52
Group E 10 2.25+0.31 2.05+0.35 352.75+41.25

F - 20.953 12.297 36.691

P - <0.001 <0.001 <0.001

22 SHRRHWBEE SRR RREHETRRNEKFE
5 R B B RN T e KA S ML K- B 21

<C 4 <D %l <E 4 <A 4, @R HA G245 L (P<0.
05),

R2SHERBRHBEE RANN RABEHRRIEKFE

Table 2 The bone mineral density, maximum stress, maximum load and stiffness levels of the five groups

Bone mineral density

Groups n (o) Maximum stress(MPa) Maximum load(N) Stiffness(N/mm)
Group A 10 0.24+0.03 38.42+8.53 128.75+15.62 240.52+25.75
Group B 9 0.14+0.02 19.25+6.12 75.42+12.15 155.41+18.39
Group C 11 0.17+£0.03 28.75+7.14 89.62+13.25 189.35+21.52
Group D 10 0.16+0.02 27.99+6.89 90.42+14.36 192.41+22.43
Group E 10 0.21+0.04 34.12+7.25 108.22+15.63 224.45+25.46

F - 18.635 9.400 20.090 20.003

P - <0.001 <0.001 <0.001 <0.001

2.3 5 AR R AL B IGF-1.BMP-2 & TGF-B1 mRNA & i
KFE
5 20 K LAY IGF-ImRNA . BMP-2mRNA } TGF-B1mRNA

FikKFBU <C 41 <D 41 <E 4 <A 41, A ESHEAS
2 X (P<0.05),

% 35 HRRALA Y IGF-1.BMP-2 K TGF-B1 mRNA FiAkF
Table 3 The expressionlevels of IGF-1, BMP-2 and TGF-B1 mRNA in the tissues of five groups of rats

Groups n IGF-1mRNA BMP-2mRNA TGF-31mRNA
Group A 10 0.25+0.02 0.29+0.03 0.42+0.06
Group B 9 0.14+0.03 0.15+0.02 0.22+0.03
Group C 11 0.18+0.03 0.18+0.03 0.29+0.04
Group D 10 0.17£0.04 0.19+0.04 0.30+0.04
Group E 10 0.21+0.04 0.23+0.04 0.35+0.05

F - 15.641 26.166 25.852

P - <0.001 <0.001 <0.001

3 Wig

UEAE K, B N R T TR B 4 A 1 R DT A5 A SR 24
SKORWTHA NN , 5625 BT SR ZE Ak B DR 28 (AR TE B A R
BRI, O 2 2 R 190, R PRGBS b S PR

T LA I R , R A R R K 24%~52% , IR IR H 7 )
WELE AT, 2 BUEMER JBEAR fE5CTY, Bk s e, BE
— BB Bt , B A nT e DR T A AR HILR] , X
TSR AT KT AR R, B @S R R AR AL i
T, H K AR MO 5 A AR MG RE B FREA5E 5 sh 01 T S



- 4630 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol22 NO.24 DEC.2022

YA
BT

b ARG R T I TR L R L —
AL

H

GF-1 BEMI TS R IR E A2 MK, AT Dk h 2
3L, 55 R 2 NS R 32 M ELA B R W SR RN T, AT LUAIE 4
LI A 22 53 34, 5% )B4l B 43 77 2R S R, DT 02 B i R
a2 fp A A R BT A T — A EENE R T
NI, e TR 2 5B T 5 i TR A ) P AR I 1
L ARBEETE AL, RS E AP, BMP-2 2 —FhE I Z 0,
J2 FH PR 5] JRy 34 FH A% P Vs AT B — b — 2R AR,
TGF-@ B 5 b , HEA 15 B A 1 B 20 M o3 Ak 35, 2L
HIRUEEAA VERS, HIA ST T IGF-1 B4 BMP-2 X
WEPRIS & T B BB A B BT KR A iS4 & G sz, LUk
I R W8 PRI & OB BB R B AR 1 B A AR T
T EAR AR

2 BRI R B Gy B, A ZHEIBER RS 2
RUBEPRAS, AR EMRIES IR BFIE A A & -6 Kb
JARBLIH T, = le kMR 3 )G, &S R BRI S =K
i, FA TN EFEIRAA B2, X RE B AN TaER, Bl
BRI 2R 4 WA BRI 37 A 2 TOWR PRI (AL TR BT
A EE TR AT S 2 SUAN %) O SR D) RASE 8 i Y P A TR | 2 P A
Y BRI E BT Ak F R TR 2 RIS AR AR A
TR B ELYIBRA ST P BB AAME R, B A A
TR T 3l FHIE R S RS o ASSCEE R, A R
B RN, R BRI T i I, R/ IME IR BIE R B0
5%;B.C.D.E H KRt 2EEE RS B ot i 2 ik
I B K R POKE RERIN, 2 IRAERES N
HH i, SRR . D341, AR RIS A e K BRI o e A e 0
BN R BB ORI R ESEIN, Z2 BGRB8, R E
BRI, 5 Xyt A A ST 45 AR, KRB EIriT iz
FARRAY AR ST A F P S PR A A, RS T i ) .

S 2R B M A AR A SRR AR, AT D R B
TR B ARG P, S AR A — R AR R T, AR
FERIL P, ME TS Z KOS R S R R R 2 YA
5, TRl PRI 22 R o2 A I BRI ¥ P 1) B 45 2 T LA
BB AL A RO ; M REIR G S B0 L WIAHDG ; TGF-B1 2
TGF-B MZRMUA Z — , B R SHFCE CHTE R PE R, AP
AT A ) okt A () 7 5T 2 B L R A Ak SRR
B CETRAPE, AT, 5 R B I RS S R PR
PR o B B KN T R Kk AT M (IGF-1 BMP-2 mRNA
K TGF-B1ImRNA FiAT-:B 41 <C 4] <D 44 <E 4 <A 4, F W
W& AT, B G I B BB s e BB R R B %5
TR 7 e KRBT | NI B 7K B i 85 T 8 A R BRI, T 220 45
7 IGF-1 . BMP-2 IGF-1 It & BMP-2 657697 )5, KREAYE %
B RN T e KA R BT e R v, LA A R
K SV 45 44 g 7 ) IGE-1 BMP-2 &5 3 [RIA IGF-1 . BMP-2,
IGF-1 4 BMP-2 41 1) IGF-1 F{l BMP-2 mRNA 7K - i &0
JRIF G I H B s i BT i sy, KW 455 IGF-1 f
BMP-2 3657 f5 , #2857 KR IGF-1 . BMP-2 7K [Alff 5 41K
SIS B A5 28 BRI . TGF-B1 mRNA Xt LA B
25,5 LRI L,

555 B BB B8 UIAR G ARS8 e 2 00 5 I 18] 50k B
PeRIG 6 JA, ek B3 @ Ja B B, A & 28 IGF-1,
BMP-2 IGF-1 43 BMP-2 3677 i R SUAL TS 985 B 45 3
PERERR A X 2020 TGF-BImRNA WL Ty, B & I8
B AR BT R, RW] IGE-1 By BMP-2 #27 T#
PHERATE et T KRB BIE I, HX B @i A B AR, Al
AEJEH T IGF-1 ] {2 ok - 40 M 7 oAk, i 40 A B T
L ETE R AT REANA, TR A LR =
IGF-1, F#{% T B2 LAY AT BEME S & 3 5 k4t BMP-2 &
BMP Ze i ffe— ] DI S7 5 AR 7, 24457 BMP-2
S FCAT SN SR A Y A3 B 55 43, A A DR B
e, gk mife vEa A 2UE KRR , Ptid i #h 58 IGF-1,BMP-2 ]
DNIIBL R RE P RE TN KN S S = E TN N B it

&2, IGF-1 Bk BMP-2 n] e sl PR £ I8 B f e i
HPREF R BTG, Nl AR & I8 BOsi AL & 4
SR RN S R BERT AR TR R B

& % 3L @ik ( References )
[1] Joslin EP. THE PREVENTION OF DIABETES MELLITUS [J].

JAMA, 2021, 325(2): 190-190
[2] Ambachew Y, Kahsay S, Tesfay R, et al. Prevalence of diabetes

mellitus among patients visiting medical outpatient department of

Ayder referral hospital, Mekelle, Ethiopia: A three years pooled data

[J]. Int. J. Pharma Sci. Res, 2021, 6(2): 5
[3] Wang C, Zhang T, Wang P, et al. Bone metabolic biomarker-based

diagnosis of type 2 diabetes osteoporosis by support vector machine

[J]. Ann. Transl. Med, 2021, 9(4): 316
[4] AQH, A JY, Zhang G, et al. Sanhuang Jiangtang tablet protects type 2

diabetes osteoporosis via AKT-GSK3B3-NFATc] signaling pathway

by integrating bioinformatics analysis and experimental validation[J].

J Ethnopharmacol, 2021, 273(7): 113946
[5] Chia-Mei LJ, Malini C, Darbinian JA, et al. Ethnicity, Ethnic

Language, and Fracture Risk Conditions in Women Initiating

Osteoporosis Therapy[J]. J. Endocr. Soc., 2021, 3(S1): A245
[6] Chinipardaz Z, Liu M, Graves D, et al. Diabetes Impairs Fracture

Healing Through Disruption Of Cilia Formation In Osteoblasts [J].

Bone, 2021, 153(A): 116176
[7] Anastasilakis A D, Tsourdi E, Tabacco G, et al. The Impact of

Antiosteoporotic Drugs on Glucose Metabolism and Fracture Risk in

Diabetes: Good or Bad News?[J]. J. Clin. Med, 2021, 10(5): 996
[8] Mekha M, Shivangi D, Harit B, et al. P142Fracture risk in diabetes: to

FRAX or not to FRAX?[J]. Rheumatology, 2022, 61(S1): keac133.141
[9] Ganesan C, Thomas I, Romero R, et al. Osteoporosis, Fractures, and

Bone Mineral Density Screening in Veterans With Kidney Stone

Disease[J]. J. Bone Miner. Res, 2021, 36(5): 1142-1144
[10] Sheu A, Bliuc D, Tran T, et al. Fractures in type 2 diabetes confer

excess mortality: The Dubbo osteoporosis epidemiology study [J].

Bone, 2022, 159(7): 116373
[11] Julie-Catherine C, Lodie G, Leslie W D, et al. Prevalence of Vertebral

Fractures in Adults With Type 1 Diabetes: DenSiFy Study (Diabetes

Spine Fractures) [J]. The Journal of Clinical Endocrinology &

Metabolism, 2022, 107(5): €1860-¢1870
[12] Farooqui K J, Mithal A, Kerwen A K, et al. Type 2 diabetes and bone



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.24 DEC.2022

-+ 4631 -

fragility- An under-recognized association [J]. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 2021, 15(3): 927-935

[13] Bhatti F, Dadwal UC, Valuch C R, et al. The Effects of High Fat
Diet, Bone Healing, and BMP-2 Treatment on Endothelial Cell
Growth and Function[J]. Bone, 2021, 146(5): 115883

[14] Lli U, Zhang J, Zhang N, et al. POSC18 The Real-World Clinical
Effectiveness of GLP-1 Receptor Agonist Liraglutide Among Patients
with Type 2 Diabetes in China: Based on Existing Healthcare Data[J].
Value in Health, 2022, 25(1): S35-S36

[15] Yang X, Liu Q, Fan Y, et al. Cardiovascular Risk Factor Status in
Hospitalized Patients With Type 2 Diabetes in China [J]. Frontiers in
Endocrinology, 2021, 12(5): 664183

[16] Deeba F, Younis S, Qureshi N, et al. Effect of Diabetes Mellitus and
Anti-Diabetic Drugs on Bone Health-A Review [J]. Journal of
Bioresource Management, 2021, 8(2): 131-148

[17] Kumari C, Yagoub G, Ashfaque M, et al. Consequences of Diabetes
Mellitus in Bone Health: Traditional Review[J]. Cureus, 2021, 13(3):
13820

[18] Zhang J, Zong L, Bai D. Boeravinone B promotes fracture healing in
ovariectomyinduced osteoporotic rats via the regulation of NF-k B
p65/Ik B-o/SIRT-1 signaling pathway [J]. Tropical Journal of
Pharmaceutical Research, 2021, 18(5): 955-960

[19] Mi B, Xiong Y, Zhang C, et al. SARS-CoV-2-induced
Overexpression of miR-4485 Suppresses Osteogenic Differentiation
and Impairs Fracture Healing [J]. International Journal of Biological
Sciences, 2021, 17(5): 1277-1288

[20] Park D, Kitaura Y, Dean T, et al. Therapeutic Potentials of Dimeric
Cys25PTH (1-34) Peptide for Osteoporosis and Fracture Healing of
the Bones- Buy One, Get One Free [J]. Journal of the Endocrine
Society, 2021, 5(S1): A240-A240

[21] Inoue S, Takito J, Nakamura M. Site-Specific Fracture Healing:
Comparison between Diaphysis and Metaphysis in the Mouse Long
Bone [J]. International Journal of Molecular Sciences, 2021, 22(17):
9299

[22] Pan FF, Shao J, Shi C J, et al. Apigenin promotes osteogenic
differentiation of mesenchymal stem cells and accelerates bone
fracture healing via activating Wnt/B-catenin signaling [J]. AJP
Endocrinology and Metabolism, 2021, 320(4): 1141-1143

[23] Chalikias S, Papaioannou N, Koundis G, et al. Evaluation of Femoral
Bone Fracture Healing in Rats by the Modal Damping Factor and Its
Correlation With Peripheral Quantitative Computed Tomography[J].
Cureus, 2021, 13(2): 1045-1048

[24] Ding L, Yin Y, Hou Y, et al. microRNA-214-3p Suppresses
Ankylosing Spondylitis Fibroblast Osteogenesis via BMP-TGFR Axis
and BMP2[J]. Frontiers in Endocrinology, 2021, 11(3): 445-447

[25] Schoonraad SA, Trombold ML, Bryant SJ. The Effects of Stably
Tethered BMP2 on MC3T3-E1 Preosteoblasts Encapsulated in a PEG
Hydrogel[J]. Biomacromolecules, 2021, 22(3): 1065-1079

[26] Xyt A, Zqd A, Dfs A, et al. An UHPLC-MS/MS method for
simultaneous determination of ten sex steroid hormones in
ovariectomy-induced osteoporosis rat and its application in discovery
of sex steroid hormones regulatory components of Xian-Ling-Gu-Bao
capsule[J]. Journal of Pharmaceutical and Biomedical Analysis, 2021,
195(20): 113888

[27] LuB, Zhang T, Yang F. "Bone" in the Brain? Osteocalcin-Expressing
Neurons in Adult Hippocampus Promote Neurogenesis and Suppress
Anxiety[J]. Biological Psychiatry, 2021, 89(6): 539-540

[28] Ando E, Higashi S, Mizokami A, et al. Osteocalcin promotes

of PCI2 cells [J].
Biochemical and Biophysical Research Communications, 2021, 557
(6): 174-179

[29] Stephen-Victor E, Cui Y, Wang Z, et al. Essential functions of

proliferation, differentiation, and survival

regulatory Tcell TGF-B1 revealed by differential gene-targeting
approaches[J]. Immunity, 2021, 54(3): 397-398

[30] Passanha F R, Thomas G, Lapointe V. Cadherin-11 Influences
Differentiation in Human Mesenchymal Stem Cells by Regulating the
Extracellular Matrix Via the TGFB1 Pathway[J]. Stem Cells, 2022, 40
(7): 669-677



