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Abstract
Objective: To investigate fracture healing and hypoxia-inducible factor-1a (HIF-1a), alkaline
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phosphatase (ALP), runt-related transcription factor 2 (Runx2), and microtubule associated pro-
tein-11/I (LC3I1/I) expression at different time points in T2DM rats with femoral fracture under hy-
poxic conditions. Methods: The rats were randomly divided into high-sugar and high-fat pre-feeding
groups, high-sugar and high-fat feeding groups after 8 weeks of feeding and a T2DM model group,
T2DM was prepared with high-glucose and high-fat diet combined with streptavidin. Femoral frac-
tures were modeled on the basis of T2DM. Experimental rats were divided into a control group (T2DM
with femoral fracture model group, Model) and a treatment group (CoCl: treatment group, Treatment)
and continued to be divided into three subgroups on days 7, 28, and 42 post-molecularization for each
group at the time of measurement. Femoral healing was assessed by X-ray. HIF-1a, ALP, Runx2, and
LC3II/I expression was measured by Western blotting. Result: In the T2DM combined femoral fracture
model, as time progresses, the treatment group shows better recovery compared to the control group
at day 28. The expression of ALP and Runx2 in bone tissue increases, and the detection results of au-
tophagy protein LC3I1I/I indicate that autophagy levels weaken over time. Conclusion: Hypoxia can
induce autophagy to promote fracture healing in T2DM rats.
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1. &

][l

RAEFITF, B im0 AR RS IR S W] AR H IR 45 5 R (hypoxia inducible factor, HIF)-1a
[1], AWFFER2] HIF-1oo AMYEE S5 Wi i) B B 1R 70 08 T 400 & AR IR, I H ARl e i 40 %
e, fEEPTEE MR KERTAN, HEdhEa3]. AWREN—FERMIET R, ERE
S NIRRT 2 5 2 A A0 M 28 AL (VA AR B AR o TN T A B OB JRs BB, A P ) s i A
SREAS R AN S IR RS, M E T AR, SRR H AN, HORTE SRS 4 RE R
S ARSI TR EEENLH . H H AT TR ESRAT LA R Tl B W SR R E 4 @A g AT
W FCAEE 1N WA, A PO ok K R 2 s B it T (IPGTT) B 5 2 AU FE B (1S BEAT AN, 8 S PR
KEBPEA, 8 NS S A (CoCl) R A, XTHAS 7 dv 28 d A 42 d XFHEAL AR YT 4K
AFE ST (HIF-Llo)RA L X erp g4 @ A 2 PR EXT B T A 52 m, WB Rl AR &
(ALP. Runx2. LC3II/M)FEIL, XFAEIN A 5 F P4l T2DM K ECE 3T B WA HEAT R, 450 mrbifds
B WA B 47 @A s AL, AR 6T A I 2 BURE R 18 3 BB S A i BB A DT i

2. MR T5E
2.1. {£IEERA
AWFF T R OB LT 2 — NRERACEZ Rk, A S2is ik 8~y [ brid 47 3 YAE F) 2 e
AN, TIMHAT E A G SL R s A TRRURIECR . 1635 202030301
2.2. SERRIF{L AR

Wistar #EVERE 200 g 7247, 3L 60 A, WEACERRAMRERA AR AR s BEIR 56 R (R
Y, 18883-66-4); CoCl, (SIGMA, MKCL2511); & {L44(CoCly) (£ Sigma A#]); KUK S ZEINS)IRF &
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(MM-0587R1, Fi#f); Mouse Anti-GAPDH (HC301, TransGen Biotech, 1/2000); HRP conjugated Goat Anti-
Mouse IgG (H + L) (GB23301, Servicebio, 1/2000); Rabbit Anti ALP (DF6225, Affinity, 1/500); Rabbit Anti Runx2
(AF5186, Affinity, 1/1000); Rabbit Anti LC3 (#12741, CST, 1/500); HRP conjugated Goat Anti-Rabbit IgG (H +
L) (GB23303, Servicebio, 1/2000); Ifi# MK (KT-6610VET, #7%i): 4 HSEEFR(WD-2102B, 75—).

2.3. T2DM KRIERBE L

KERIERLPEFE 7d, &N FREE AT, A R 2 I % (FPG) 2 I 13 ik &% 25 (FINS), T+
By UM R EL(1SI = 1/(FPG * FINS))AIZEAT 115 Jla v 5 B i B 38 (IPGTT) . I LA < 7.0 mmol/L # A
LG . @RS RS, KR BEHL A i e T 75 AT (Control)4H . b = e 1) 7% 8 A J5 (HFD)ZH ¢
T2DM HBiAY(T2DM)4L, HFD 2K FH bl S e v kb g imas 8 i, AR B i ACR & . mil s s ek i g
SEACRT, AR B FPG. FINS, i 1SI, #HT IPGTT 924 . mimgiaplamsdis, EEFBRET,
P HE K SR EE — MR 15 30 mo/Kg 2% 8ENR I 25 (STZ), 72 h A MR IUBEALILNE, BEHLIIHE ST 30
mmol/L # IEREA R E 1~2 U/Kg;  MUHRHE I IO H IURS 4 22 BEREAR) VE S A A B . 1 A S Al
FPG, ZE[EIMAE > 7.0 mmol/L Bl kkTh T2DM ZHREAY . pRINAAGN FINS, THE 1SI, #H7 IPGTT 5246,

24. RBERBRMEERIS)ITE

b B 5R T (Mode 4L . b g 197 8 & J (HFD)4L & T2DM BAY (T2DM)4L K J, 70 il R 48
KRAME 120 J5 IS, K2 i8I (FPG), ELISA K MLy ik & & (FINS) & &, H5 & R HUR B
(1SI = 1/(FPG * FINS)).

2.5. EEEWE(PGTT)&MN

REERE IR AT (Control) 1. 5 HEE 97 8 45 (HFD)4L % T2DM HUT(T2DM)ALIIEL 5 4 s
FEpl A, Ho T2DM SR LS T bl w1 5% 8 A, ARSI R4 T 1 RIERIEIE AT 30 mo/kg 1)
2% STZ (REMRVETR), 35K Al 12 h RIS 2 g/kg MM &I0E, 7EES /S AT 0. 15, 30, 60, 90,
120 min A3 ML KE[5] .

2.6. BhsT4R

AR B FPGL FINS, THE ISI & IPGTT, i T2DM K RALAL[6]. 3£ 14 H S50 5 K RS«
BRI RS ) T2DM K A9 T2DM & IR B B T [7], Rar LA, Brfs iR BIL R sL I o 4o 78, 1
TFRAER —HEE N o FARE, Bra KRR H SRR NFERRRER S, i 10%7K A S8 (150 mg/Kg) g
Jis e SRR s ORI A 280, R A MM, 7870 S ER 0 R B, — IR & K )4 B2 )5, LA S%RILET, 75%
RS H I EE A N, TEAMUVE BB 3R, A 50 2 2 R VI T R bk, Bl o0 B9 5 R LA,
ME#BERERNRAL, Ry RERET, TREETHEH 3.0 LIEMEATHER Y, &8s T
ITEAT, ARG 1.0 wIRER. ATIRCEEITREN E T, RAEdrams o RiF, TG, 3-0 A1)
W g2k, BEEEGH. RIG 3 RN, Fra RS8R ESK 40 AR, Pk, 14
H T2DM KRB BEAL 5> ARt R AL (T2DM & IE I B a8 4L, Model) A& i67 2H (AL (CoCl) ¥a 97 HI
T2DM &I E-E P4, Treatment), 67741 KR4 T 15 mg/kg 1) CoCly 7 FiES AL, &K 1 I0%E
%:7d,

2.7. X 24
EARJGEE 7d. 28d. 42d 20 HIH X ZeAillg fr &5, BUREASFE R $ICE &3 B H ke A . MR
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Walker EC [8] & AR M E 7%, M H& iR E 55 t(percent bone volume), HETMVFANEHT @& & .
2.8. A REENEE(Western Blotting, WB) 47

18 WB K IER I HIF-1o 2 A WEFR S ALP. Runx2. LC3I/IFK ik . BIEL 50 mg fE 4 4UREA T
O, N TmL BZRARR, BB 7850 ) B O B RIE, BC RIS IMANGETA R, & k 5 min. H BCA
R IR SRR IE R R A BREE, ShlbRdENZ . HI1E SDS-PAGE i, LR, JFiGEAL,
VK60V L4, 80V /B, MK BRI —FIHRECE 1x BB, JFRe . MR &
(47 B 3BT PVDF (%1 1~2 cm), FEEEGE 15 s. P KNG ESA WS EH &, BuE “=
HIIGR 7 (4 - IR - i - B - R4 - 4R), FH Lx BERECK < =R IR, F 300 mA fETERE . ﬂa
1 x TBST A& 3% MR 2E 0 I, #F0 1h. % PVDF & —PHuid . ¥, A 1 x TBST i%if 10
min j5348, BHE 3K, ¥ PVDF I E —Hi2h. M, H 1 x TBST i2if 10 min 554, EE 3 K.
R IGHR PVDF JI 5 75CE T8 i R A 22 RO AR R G il XIS AT R 7 B R

2.9. Gt

i SPSS 20.0 Bt TSt . A SKIRER 3 K, EREHRMIE £ frfEE(X +8)FoR.
FNE TR AT 2R TT 2000, PR LSD .

3. EWHR
3.1. BEEASK T2DM MBS RERMERRM

18 = MR FRE 1T (Control) 1 HE 177 J5 (HFD) K i 8 T2DM SR e Al = I ik &% 3= & &, F SRR 5 R
JEMEFE(ISI = 1/FPG * FINS), T2DM 411 ISI B 5 FEAR (L 2% 1),
T2DM 411 1S1 B PR (W7 1), 5 Control. HFD A LL 1575 22 (P < 0.05) (WL 1).

Table 1. Insulin sensitivity

=1 RBERYURM

251 B (n) FPG (mmol/L) FINS (mU/L) 1Sl
Control 18 5.19944 + 0.50814 2.2631 + 0.53696 0.0857 + 0.01836
HFD 17 6.0059 + 0.33066 3.6819 + 3.11324 0.0608 + 0.02432
T2DM 14 9.8429 + 0.88380 1.9895 + 1.57675 0.0380 + 0.01647
015, I Control
| HFD

I T2DM

18I

T

N Q S
:\‘So .§ QO
°

Figure 1. Insulin sensitivity index
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3.2. EAERAFRR T2DM ZEREHER E(1GPTT)HaM

1E = f T % 1 (Control) &1 B 7R3 J5 (HFD) K A4 78 T2DM 70 J5 43 ) i 2 s W T A« T2DM A7
M JE T B BE 7955, 0. 15, 30. 60. 90. 120 min 5 Control. HFD #1#4 &% % (P <0.05), W& 2,
-e- control

. = HFD
-+ T2DM 3

£
o
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o
1
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o
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Figure 2. Glucose tolerance test

& 2. PEm 24

A, RIFIEM X KR, BaBARKRAE 7d BETHIr X LKW; B. RAFIEM X L, SoaxifdaKERAE 28
d s TEdr X £FRDL; C RFIEAL X 28 F, BaRxARRARE 42d BaTH X &R,

D. RJGIEA X £k, BRBITARBARE 7d BETEI X LXK E. RFIEM X & H, ST aARRAR 28
d BETHIT X LRI F. RFIEM X LR, EREITHRRAR 42d BaTair X LR,

Figure 3. X-ray examination
3 X &KheE

ARJG 7d, X &L REITHE DS, SRARKIOLE 3), ZRAG%i¥ZEREP<0.05); K
J5i 28 d XFFRALAIVAIT 4L X R E 1 E IR 7 d BF BN, HERA S0 7(P < 0.05), [N, £F
i) 28 d XHIERAATEE 85, ARJIG 28 d VAT LA E AR LU IR B AR, bER BEA SR ERP
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<0.05); 42.d i}, XHALRNETTAE X L EMEREREBUSE 28 d GAEK, HERIAASHT2E
F(P<0.05), [y, ARJ542d i, 77 A RALEABUE R, 27 BAA G257 (P < 0.05) (LI 4).

1.0+
Il Model

0.8 treatment

0.6

0.4

0.2 I
0.0 T

> o o>
A x &

Percent bone volume

Figure 4. Percentage of callus volume

B 4. BMAFRES

3.4. FLEBMEALRP HIF-la RiEKFHEM

1.04 Il Model
0.8- Treatment

0'2 -l I I
0.0- T T T

o o> o>
A 3 o

Figure 5. The expression level of HIF-1«
& 5. HIF-1o FIiXKF

TEEE 7 d % 28 d WA IYAYT 41 HIF-1o 85 1R IE KPR BRZH 4 5 5 38 n(P < 0.05), 7 42 d B4
ZRAHE(P > 0.05) (WL 5).

3.5. CoCl,3897%} ALP. Runx2. LC3I/IFIEEN

25+ EA Model 7d
c E3 Treatment 7d
§ 204 E= Model 28d
g Treatment 28d
3154 B3 Model 42d . =
o —
2 Treatment 42d N =
- \ V —-— -
S 104 - 1.2 N ER
] N\ 1=N EN
£ 0s- EEN EN 1EN
: EIE EEZENE BTER
00 =IZ1SIN AUEN AN

ALP Runx2 Lc3imn

Figure 6. Detect the expression levels of ALP, Runx2, and LC3II/T by Western Blot (WB)
& 6. WB &l ALP. Runx2. LC3I/IMFRETER
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T A G B A A AN [F) I 8] fUCE A T ALPL Runx2. LC3I/IR % o BN A 354 ALP. Runx2
HAMREY N ETHEY, BAERTARRERETXEA, 257G REMEP<0.05). HEEH LC3II

(R 0 5 5L S5 B TRV 1 W KA RS, EIR T AL P RIS R Fx R4, 25 A4 B8P < 0.05)
(W4 6).
4. g

ARSI o 3 K BR s W B (IPGTT) A2 JBk &% 2% OB PR FR 2 (IS HEAT R, 07 348 1 795 & 2% A 1Y)
T2DM KRB AY, g 2 37 FRDH PR K SRR AT S B BE AL 40 o R ZH Sy 7 20 o sl o ¥R 97 4 R VS CoCl
BEAMIC A IR, K6 G 4807 S R T (hypoxia inducible factor, HIF)-1o it %34 « V& AF 58 K B 23 1 HIF-
Lo fEARBEE I @A b 5 48 EEHAL[9], HBARNLHRIASAA B . A P REAIHLEZ[10] HIF-1a i F i
H Y F Runx2 AT microRNAs 131k, {21t VEGF 31k Mimi e it 8 i o i il A=, i@t
B - A AR ARG, e A B AR S R AT BB, TR B T A TR .

A5 R I CoCl 69T A KR HIF-1a IFRIEE AT IBA B B0, BERAR)G 7d. 28d M 42d 16974 X 2%
AT EEMREEMAL THRABERIFMIKE, HEREEFSIEE S BIRIEH TIREA S TR
eI RES .

T ERATAIRE AL [11] [12] AR T A WS B 4 A A OPE, 768 4 55™ 550143 i 2 51 &2 = 3B F &
Gt S g% SO, W1 IL-6+ 1L-8/IL-10 LA J&x HMGBI 2548 5525 18 0. ¢ H— 2 F2 5 1 B W ml DA kK R
HIEE. 4, KA AT AW O 7E 2 M AU 2IIESE[13] [14], FRATH AR A WR/E R A e
AL PR AEAE o BRI AR e, FRATTBE 3 7 Rl i 37 J5 AN 1] B 9 1 Wk A 56 2 9 (ALP Runx2., LC311/T)
Tk, WEER] 7 d AT ALR R BT AL ALP. Runx2 KT B A Thimm, X 22 W3 b i i B (2
TERG, 1E 28 d, VA7 A EFrim O B IR E, B4 CEEATESE, JF FARI E1E YT 4 B W bs £ [F
FEHh TR RRZE, X IE B [ KT E — 58 Y0 BBl A 38 e el R A PR K BB T 8 G . 42 d B, FRATUIIER
B LC3WITA BT R, HEME G RIER TR R A B P4, RS B W0 535 PEFIK. Zhang
P 25 N [151 8 4] TGF-BL A5 5 1Y ik [ Wi /K 1 WL 4 B R K BB B i A b . x5 JRA T 52 5]
W 35 BB PR K B T A G —

25 FAF SRS AT LAY I B WK AR BT B G, (R AR AR, BARIIPLH M N2
I
5. &5if

EARG T, BATVKIAREA S ] Lodd B — e 24 FEdE KR E @S, I Har et
I 2 BURE PRI R BRI B T SRR, X N LA VR YT B 3 2 BURE RO B T R SR TR AR T R
EARTFRAAEIRN, TERATE—DwE.
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