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(INK1) B fk INKI (p-JNK1) ,c-Jun B B2k c-Jun ( p-c-Jun) & [ 2635 /K I 40 4 9047 HL 3R
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TG .TC % LDL-C K-+ B B4 F T2DOP 41, TG, TC }% LDL-C 7K F# 8 & & F sham 41; EM +
AnisomycinZll K FUATE I B F EM 41, FPG TG . TC &% LDL-C /K0 5 F EM 41(P <0.05) .
T2DOP 4 BRI B 5 S5 S 1 (CBF-al ) | T AU B 2 350k 5Bk (P T NP) (B 452 (0C)
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EM 2 K R CBF-al \PINP J OC 7K Jef de R G T8 i s 4855 \BMD \BV/TV [ Th. N,
Th. Th ¥ F AL F sham 2H, CTX-1 7K A Th. Sp 45 F sham 2H; EM + Anisomycin 41 K il 5
CBF-al \P I NP OC J CTX-1 /K JBei e R i A (TR B ffPEASiE \BMD (BV/TV [ Th. N Th. Th
)0 R AKF EM 41, Th. Sp 5 F EM 41 (P <0.05) . T2DOP 41K BB 4141+ INKI  p-JNKI c-Jun
p-c-Jun 2 (KK B & T sham 4 EM 40K BRBCE 443 /R INKI  p-JNKI1 | c-Jun , p-c-Jun 5
22357k W] @K T T2DOP 20 ; EM + Anisomycin 2 K BB 2020 INK1  p-JNKI ,c-Jun  p-c-Jun
FEARBKEHHEET EM41(P<0.05), £t BAE14 0T s T2DOP KRR i 2
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Mechanism study of empagliflozin improving type 2 diabetes osteoporosis through c-Jun N-terminal
kinase signaling pathway Hu Yanlin,Wei Qi. Department of Endocrinology , Wuhan Red Cross Hospital ,
Wuhan 430061 , China

[ Abstract] Objective To explore the mechanism of enggligin improving type 2 diabetes osteoporosis
(T2DOP) through c-Jun N-terminal kinase (JNK) signal pathway. Methods Randomly divide the rats
into sham group ( sham group) ,T2DOP group , EM group( treated with empagliflozin intervention) and EM
+ Anisomycin group ( treated with EM + JNK activator Anisomycin intervention ) , with 10 rats in each
group. Body weight, blood glucose, blood acid levels, bone metabolism indexes and biomechanical
characteristics of the femur in 4 groups were collected. Using Micro-CT to determine the microstructure of
the femur; HE staining was used to detect pathological changes in femoral tissue ; Western bloting was used
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to detect the expression levels of JNK1 , phosphorylated JNK1 ( p-JNKI ) , c-Jun and phosphorylated c-Jun
Weight of rats in T2DOP
group was significantly lower than that in sham group, and levels of fasting glucose ( FPG) , triglyceride
(TG) ,total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) were significantly higher
than those in sham group ; weight of rats in EM group was significantly higher than that in T2DOP group,
while levels of FPG,TG,TC and LDL-C were significantly lower than those in T2DOP group,and levels of
TG,TC and LDL-C levels were significantly higher than those in sham group; weight of rats in EM +

(p-c-Jun) proteins in bone tissue and group them for comparison. Results

Anisomycin group was significantly lower than that in EM group,whereas levels of FPG,TG,TC and LDL-C
were significantly higher than those in EM group( P <0.05). Levels of serum bone-specific transcription
factor(CBF-al) ,type I procollagen amino-terminal pro-peptide (P I NP) ,osteocalcin( OC) ,and type |
collagen cross-linking carboxy-terminal peptide( CTXI) ,the maximal load of femur,the fracture deflection,
the elastic modulus, the bone mineral density of trabeculae (BMD) , the bone volume fraction( BV/TV) ,
the number of trabeculae(Th. N) ,the thickness of trabeculae(Th. Th) in T2DOP group were significantly
lower than those in sham group,and the trabecular spacing(Th. Sp) was higher than that in sham group;
serum CBF-al,P [ NP, OC and CTX-1 levels, maximum femur loading, deflection at fracture, elastic
modulus, BMD,BV/TV,Tbh. N and Th. Th in EM group were significantly higher than those in T2DOP
group,and Th. Sp was lower than that in T2DOP group; serum CBF-al,P [ NP and OC levels, femur
maximum load , fracture deflection, elastic modulus, BMD,BV/TV,Th. N, Tb. Th were significantly lower
than those in sham group, and CTX-1 level and Th. Sp were higher than those in sham group; EM +
Anisomycin group rats serum CBF-al,P [ NP, OC and CTX-1 levels, femur maximum load, fracture
deflection, elastic modulus, BMD,BV/TV ,Th. N, Th. Th were significantly lower than those in EM group,
and Tb. Sp was higher than that in EM group (P < 0. 05). Protein expression levels of JNKI, p-JNKI,
c-Jun,and p-c-Jun in the femoral tissues of rats in T2DOP group were significantly higher than those in
sham group ; protein expression levels of JNK1,p-JNKI ,c-Jun,and p-c-Jun in the femoral tissues of rats in
EM group were significantly lower than those in T2DOP group; and protein expression levels of JNKI,
p-JNK1,c-Jun,and p-c-Jun in the femoral tissues of rats in EM + Anisomycin group were significantly
higher than those in EM group ( P < 0. 05). Conclusion
volume imbalance and bone microarchitecture in T2DOP rats,and its mechanism of action may be related

Empagliflozin can improve bone metabolic

to the inhibition of JNK/c-Jun signaling pathway activation.
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FHYEAETF EM 41, 1fi FPG TG . TC &% LDL-C /K45
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2.4 YUK BUEAREHE AR B AW R B
SERY R 4 AR BUBHR IS AR B 2R ) 1 2 R AE B
T LA 25 A Geih 248 L (P <0.05) , T2DOP
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R By W ER B st A & BMD (BV/TV [ Th. N,
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F1 4 HKEUAE FPC R g/K -4 (2 5,0 =10)

2 5] {ATE (mg) FPG(mmol/L) TG( mmol/L) TC(mmol/L) LDL-C( mmol/L)
sham 2 451.32 +24.81 5.42+0.91 0.51 £0.08 1.06 +0. 15 0.59 +0.07
T2DOP 4] 326.71 £19.62° 25.84 £2.67° 1.52 +0.21° 2.13 £0.24* 1.34 +£0.18*
EM 4 420.54 +21.35" 10.86 =1.53" 0.76 £0.10" 1.34 £0.17% 0.78 +0. 10
EM + Anisomycin 4 331.83 £20.01° 24.61 £2.42° 1.49 +0.18° 2.05£0.21¢ 1.30 £0.16°
FAH 85.190 235.800 146. 100 90. 470 99. 940
P <0.001 <0.001 <0.001 <0.001 <0.001

T : 15 sham 41 He#5,"P <0. 0555 T2DOP 41 4%, " P <0.05; 5 EM £ Hu#, P <0. 05
F2 A HRRBURAR B AW FE R S L3 (x £5,n.=10)

2 CBF-al (pg/L)  PINP(ng/L) 0C(pg/'L) CTX-1(pg/L) e RAM(N) WP (mm)  #PEBIEE (mPa)
sham 41 68.31 £10.06  48.36 £6.91 27.32 +£5.46 14.86 £1.69  123.46 £26.81  1.41+0.25  9012.45 +912.26
T2DOP 4 20.74 £3.51%  20.35£3.42°  15.41 +2.81° 8.31£0.99* 58.71£8.92°  0.82+0.10° 4983.72 +615.93°
EM 4 59.62 £7.48%  41.27 £5.06®  23.15+3.29"™  23.15+3.29" 97.05 +23.04™ 1.26 +0.18" 7892.36 +809.47*
EM + Anisomycin 41 30.15 £3.62°  21.81 £3.84°  16.82£2.96° 13.26+1.45° 59.42+10.01° 0.85+0.09°  5014.61 £620.84°
F1{§ 87.300 116.700 23.130 94.490 27.700 30. 880 74.310
P{H <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

215 BMD(g/mm®) BV/TV(% ) Th. N(mm ') Th. Sp( um) Th. Th( um)
sham 4 0.28 +0.04 29.46 +3.058 3.26 +0.42 95.36 £10.72 65.86 £8.91
T2DOP 4] 0.10 £0.02° 12.31 £1.67° 1.07 £0.18* 249.15 +20.81° 29.74 £3.62°
EM 4 0.23 £0.03® 25.81 +2.46% 2.94 £0.27% 185.47 +17.34% 58.32 +6.84%
EM + Anisomycin 4 0.11 £0.02¢ 13.06 £1.71° 1.08 £0.19¢ 250.26 £20.15¢ 30.15 £3.65°¢
F A 96.200 144. 600 174.200 170. 100 92. 800
Pl <0.001 <0.001 <0.001 <0.001 <0.001

11 5 sham 41 L%, *P <0.05; 5 T2DOP 20 [ #:," P <0.05; 5 EM 4 L%, P <0.05

1 4 HRBUBHE Micro-CT =4 @41 (A :sham 21, - 20 215 H) IE 4 s B T2DOP 21, B 2% BE AR /DRI oK

C:EM 41, B35 e s B /INZR B Bsi /s s D - EM + Anisomycin 4, B85 i AR, B /NG ] B )

2 4 K BB AL SV B 2R I 25 5 ( A s sham 2 ; B: T2DOP 41 ;C:EM 41 ;D :EM + Anisomycin 41 ; HE J&8,, x200)

EM 20 KM CBF-al (P I NP J OC /K- JREIwRK 5%

B, HA /NGRS 5% 5 WK T2DOP 21 K B/

T TR R i PEAR i \BMD (BV/TV [Th. N\ Th. Th
901 50 T sham 41, CTX-1 A% Th. Sp 2585 T
sham 41 ; EM + Anisomycin 4] & FR Ifil /& CBF-al \PINP,
OC Bz CTX-1 K- | JBCB fie KA | W 84578 i | i M A
+ .BMD . BV/TV Tb. N.Th. Th ¥y B F & T EM 4,
Th. Sp i F EM 4{(P<0.05), g2 K1,

3.4 1K BB 4 ZUR B 8Ak S B gl 4 iR
R IB K LEHK : sham 21 K BB /N R S5 K375 0 28

AL sham 2] ek /D, HOR B /NI, & 25
BB A8 K EM 4K B /DN SR A A T2DOP 41 W] i
o AR DB N R, RO AR N AR R, B
B/ INGEECE B 3G O A X 5 %&  EM + Anisomycin
205 T2DOP H K BB /N g i SOE S8, I
K2, 4 4HREBE 4L INKIL  p-JNK1 c-Jun p-c-Jun
HARKKF R 2ZE R A G #E L (P <0.05),
T2DOP 41 KRB 41419 JNKI  p-JNK1 ,c-Jun ,p-c-Jun
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A FR R 5 T sham 41 EM 41 K BUBCE 4
21 JNK1 p-JNKI1 | c-Jun , p-c-Jun £ [ 2 35 7K - 1 B
KT T2DOP 41 ; EM + Anisomycin 21 < B3k B 2H 22
H1 JNK1 ,p-JNKI1 \c-Jun , p-c-Jun 2K [ 33k 7K -2 B i
BT EM4(P<0.05), WF3,

3 A HKEBEHLH INKD p-JNKI |
c-Jun p-c-Jun T H R B KFE (2 £5,n=10)

205 INKI 25 P-JNKL 25 c-Jun 25 p-c-Jun 25
sham 2 0.31+£0.05 0.26+0.03 0.61 +0.07 0.54 +0.06
T2DOP 21 1.69 £0.16 1.46+0.12* 1.82+0.21* 1.70 £0.18*
EM 24 0.62£0.08" 0.42+£0.06" 0.83+0.10" 0.69 +0.08"
EM + Anisomycin 20 1.65 £0.15° 1.45+0.10° 1.80+0.20° 1.69 £0.17¢
F 18 351.100 579.500 163.300 220.200
P{H <0.001 <0.001 <0.001 <0.001

¥ : 5 sham 4 H#,°P <0.05 ;5 T2DOP 4 %, P <0.05; 5 EM
2H 13, P <0.05

ioo®

PR A2 — o LA 3 I Ry REAE 1 L9 , FE 5
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BRI ER R0 249 50% 1 Rk, i Sr AR E LRI L S
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T B AR 2 2 0, S I s A AR, 4
7 T2DOP A5 AU il £ 12
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B S W AT A B /N G R A G RO 5] K
P LB o SGLT2i wl i A B /)N 45 B 15 ic ) 7 4 4
I, AN PR A HET R 0 R ) A
TR SBCHE DT AT R R AR I A7 o S A SR B
YR I, SGLT2i w] el /b B /N4 F WS ) B R 46, PR
AR R (A HIE T A, DA T X B R kAR 5 5 3
JREEHS & 16T VE ™ o BUKS 37 e J2 W R 5 P 1)
SGLT2i Z— , HA mak Pk o 25 A Ay, HLRERS A &k
il SGLT2 #hifhk, AfF7ELE R B, EM 41K FPG K&
1L TG \TC I LDL-C 7K~F-W] 5 AR, s U 51 v vl
ARUGEE T2DOP I RAEAR , X T2DOP Z #5367 7E o
CBF-al \P I NP OC Fl CTX-1 J& 582 VA C iy

AR AR, £ BT IE L, AT 3 1 A i 3
P INP,OC,B-CTx &5 48 bR WU -& i b FE . A
5T 4 R oK, EM 20 K B E H CBF-al P [ NP,
OC .CTX-1 7K & BMD .BV/TV . Th. N.Tb. Th & &
KA W 224 5 B2 R 5 A o 34 T S 3, Th. Sp B
1%, 3277 RS 371 0] %o T2DOP A B FRI 46 i Rl £k
Sk R BGEER o

INK & MAPK F5E L 51 2 — , A WF 5% & B0 ik
A INK (5538 B IOR0E , J00E fL R g 4 i 1 5 %
G0 [ s 3 8 JBR 5 2R HIRPT, S BOLAR AP R 2 i3 3R
P c-Jun AN EEIGEE RN Tt INK R
GrFZ—o DR IINEIRIE B T e-Jun Rk AKF- T+
L AT R R AE S m B IR A SRR
5T KB, INK/ c-Jun {5538 P& /£ T2DOP & 5 i %
PEFR 2% A% 5 38 3% 7T fE 2R 7 T2DOP (i 37 5
W, AN 5T 45 R 5 s, T2DOP 21 K SR H 4 21
JNKI \p-JNKI c-Jun \p-c-Jun # [ 3k KF- B8 &
EM #H K BB 448 JNKI , p-JNKI1 | c-Jun | p-c-Jun
B AR B FEAR, DL 25 R 253 7R UK 51034 ]
] T2DOP K E INK/ c-Jun {55 38 B #00G o DN LA
I, REAK ek T2DOP K R £ Qi 2 4 B i s 14
L] INK/ c-Jun {5538 BTG A G, o T RiEiX —
TR AR FH S SR A INK 305 7). Anisomycin
H[E]T#H T2DOP K, 45 R B8 EM + Anisomycin 2
K ERIATE FEAR FPG FH &, 1Ly 1 CBF-al (P T NP, OC
&+ .BMD .BV/TV Tb. N.Tb. Th I i% B & K A7 fay . Bt
ZLEE B NPT YRR, Th. Sp FHi7, 4875 Anisomycin
AR5 A 51 T2DOP K BB A 26 i R i 2
Fa A E
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