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RBARSs, 4. B ZMARASE (P<0.05 & P<0.01) , 3EiedeiF FIRF I FE (parathyroid hormone, PTH).
— & (estradiol, E2) K-F, M1&F45% (osteocalcin, BGP) . # 1t ## 5 (alkaline phosphatase, ALP) . 5@
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Abstract: Objective: To investigate whether bone polypeptide (GDT) exerts protective effects against osteoporosis in rats
through autophagy and apoptosis pathways. Methods: A postmenopausal osteoporosis rat model (POMP) was established
via ovariectomy. Rats were randomly divided into Sham-operated, model, diethylstilbestrol (25 pg/kg), and GDT low-,
medium-, and high-dose groups (50, 100, 200 mg-kg ). Intragastric administration was performed for 90 days post-surgery.
Bone mineral density (BMD) was measured using dual-energy X-ray absorptiometry. Bone biomechanical properties were
evaluated via three-point bending tests. Bone microstructure was analyzed by morphometry. Serum bone metabolism
markers were detected using enzyme-linked immunosorbent assay (ELISA). mRNA and protein expressions of autophagy-
related genes (p62, Beclin-1, LC3-1I) and apoptosis-related genes (Caspase-3, Caspase-9, BAX, Bcl-2) were determined by
RT-qPCR and Western blot. Results: GDT significantly increased calcium, magnesium, phosphorus, and hydroxyproline
contents in bone tissues (P<0.05 or P<0.01), elevated serum parathyroid hormone (PTH) and estradiol (E2) levels, reduced
osteocalcin(BGP), alkaline phosphatase (ALP), tartrate resistant acid phosphatase (TRAP), and testosterone (T) levels, and
improved bone metabolism. Bone trabecular number was increased, trabecular separation was decreased, and biomechanical
properties and BMD were enhanced, with improved bone microstructure. Within the 50~200 mg-kg™' dose range, GDT
activated the autophagy pathway and inhibited apoptosis. mRNA and protein expressions of p62 were down regulated,
while Beclin-1 and LC3-1I were upregulated. Expressions of BAX, Caspase-3, and Caspase-9 were reduced, whereas Bcl-2
was increased. Significant differences were observed in the high-dose group compared to the model group (P<0.05 or
P<0.01). Conclusion: GDT ameliorates osteoporosis through dual regulatory mechanisms: Activating the autophagy
pathway via the Beclin-1/LC3-II axis and inhibiting mitochondrial apoptosis via the Bcl-2/BAX-Caspase cascade. This study
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provides a novel strategy for targeted osteoporosis therapy.
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#6225 5 B 5 B A SiE ( postmenopausal osteopor-
osis, POMP ) J&—Fh B ME R i 2 M55 K W R G E
AR BT . TRATIR AT SR /R, POMP &
ORI S e B BN AE D, 50 %2 L _E 2 POMP
FYERP SR IR 32.1%, [AIRT POMP B s BB
1 AENBET- R ik 23.5%%, BEF Bk fain
FHl, POMP 2 A T 55 3 A4 21 21 i 13 G v I iR A5 f
Y RN A [RERT, HATIG R POMP 259034
IR S AT B W25 CAN AR R £k . MEVRE S5 A
AR-B T 24 CAnAse ST a R 2R =3, (A E I 2 4k
IR R TR DA 25 KB 43 245 9T R R S AR
SR BRI, SRR YT BERIVERT/NS, BT E IR
BIENEIT 2 a VTR .

AR ST 2R B, WL 30 B R R VR B 2 IRAE
R —FhNEEREALERKETF, B E & Gly-Pro-
Hyp =¥ . 43 FH/NT 10 kDa PYAURE S T 4%
ik, HEFERR A RS, & B [FUR, 25 & g il i im
T, BB ) RS, B S 40 G 58 0 431k
VAT B A e B Es A SR DL AN
BTGS2 EEN, B ChTiReE R 2 A
AR . BEE I ) PISK/AKT {5538 B2 2 il
B AR B T L SR FIE TR A i POMP™; £
B IR ESEE G W T AR 32 /S BRUVR G BB 440 B T 14 4 i
MC3T3-E1 4uifadb%d, 8 hna fe st m AU fbgh 1y
B, P75 Runx2. CoL I. Osterix %555 A0 AH & 3R K]
mRNA FYFRINE, fE 3B I M il B W Bom 2o R
Bl POMPY % 155 B IR AT sl ALP £ 3B JE W,
TUE TRAP BRI, BEIN-B PSR Es . B
L, PR, R TR A BEE R B POMP! Y
52 7B BRTE SR AT I DB BB AARE 4% T et

HPTEBE N EEARSG T IREK ., IR, s
B, RUEEYrmar T, BRTIER a2 s
Z LB E BN, MR BT ALE I RS 32, 2R
3% POMP 43 TFHLHI A B

F W S5 R T i s S A X i B 4 R S B
Pz EVEA, B A A DL . ITAFE AR ST
TESE, B 40 A mgE-J8 TR DR S PR B TN SE
R I R A B 14 A S R A B
R FEE VR ZGHE A BT, R al R
o= Y A WERD S P T O, AR TR R
ARG AP, 18 PT B 52 i ol B A M7 e
KA%, FECFERRM, TR LR M, H A
FERI (AN Beclin 1. DRAM) W54 iR Tl T PR 4k
BAASRAEE IR TG S S, EESE B 4l fris P
RE: Beclin 1 FERSEAEAAAM ] B BE G M:, B 7] Gei
SRS PR TS 538 BENURI-B 25255 1T DRAM ZEEH 19
VA R B R AR . TRAWTSE A WEIH T4
Ay BB A SE VR YT PR ALHT SR SR g O
POMP HRUFENS B B8 22 )5 IRl 22 i = S
P BTN, B B BN 2 PPN AR . AR
BT R FH R B 25 I LB T B AR Y, R B R U5 Y
B 22 R B TR R BRI BRIV E T LA A 75 5 1A
W HES T IR %
1 MR5RE
1.1 MRS5S

EME SPF 2% SD K 60 H, 3 H %, )i i
220~240 g, 4w (dbm) G BRAFL, #FATIES: SCXK
(51)2019-0010; K ER4idpiA el b5 20230614, Hr
DIAE (AL s AR A F, R AT IES: SCXK (5 )2019-
0010; ‘B 2k b R Py hl 25 A0 A6 R =15 74
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W GRHE) AR E A BRI A SR
HF(4000 U/g) T AEAERE A YR G R IHE
Nl CUEHER e SR A2 A R A E; SR
7% iff (alkaline phosphatase, ALP) . $LI7 1 R R 14 i
P2 B} ( tartrate resistant acid phosphatase, TRAP) . ‘&
#5522 (osteocalcin, OC) . FIRSZR K (parathyroid hor-
mone, PTH) . Miff — % (estradiol, E2) . i ( testo-
sterone, T)IMiX&  FIGEEGER A YRR IR A5 B85
(Magnesium, Mg) . #§ (phosphorus, P) . ¥ i & &
(hydroxyproline, Hyp) . 525 (BCA protein) Mz &r
B AR ) TR T /N BTN B bk E i
I8 -2 JER (B-cell lymphoma-2, Bel-2) B FTREdiik
J&[E Santa Cruz Biotechnology; #2$Tt A\ BCL2-Asso-
ciated X [ %E 1 JiE (BCL2-Associated X, BAX) £ o7,
FEPUIA . fRPT N A BEAE SCHEEE (B-cell lymphoma-2-
interacting myosin-like coiled-coil protein 1, Beclinl)
ZaEPUAR 3 Proteintech Group, Inc.; fafit A
e = 1R R 4 2 25 I I 3( cysteine aspastic acid-
specific protease 3, Caspase-3) B gD . RIT A
B & 12 R 4 & PR 55 F B 9( cysteine aspastic acid-
specific protease 9, Caspase-9) £ FaEPiiA . Pt A
p62 ZFEENUIA & Abcam Ple; Hbt AT HHE
1 4%248% 3 II(Human microtubule-associated protein
light chain 3-I1, LC3-ID HAFeEdLiA 2= KAYH:
ARAH RT-qPCR 514 _Bifg B TAEWIHIAR A ]
Leica 2155 fifiZH Z1Y) 7 HL . MC170HD Wif% 5
4t TEEPR R/ Nikon NIS-Elements >+ [ /14
Bt B A e bR s Al YM-TT R A5
FTEEDL VUL P AL AR AR AIAT BR 2S5 RS36 4= [ 3l
el E IR AS BRIT iR A R A E] ;s PHY - 55
PR VA o e B A BR A 5 XD
711 BgEAR AT ATA I Gk BR YT AN 28 4N F 5 GE
Lunarprodigy ‘B 2 FE 1Y 3£[E General Electric
Company 2\ Fl; 7300 U SZH 25 G 5E 8 (QRT-PCR )X
& [E Applied Biosystems Inc.Z2y 7] ; EPS-300 Hi, 7k
L ERHERRERHA BRZ F]; Mini Trans-Blot 25 F15%
EPRERG AQRAEarEssr A IR Rl KSS BMRSr
Mrixfd  KSS Scientific Consultants, UT, USA,
12 SWHE
1.2.1 B Z ARG St AR S L
N, 35k FH i R B £ (A O ) 0 1 -, 488 L SRR TS
Ve BRJEHEE, #5218 1:4 EEBIMATKHATT 140 C 42
Y 3 h, $REURREZE 40 °C B EsER 20805, $REGEN
5% HE AR 40 °C ZKfE 2 h, 100 °C Ji#4 15 min
%, 130 °C KA 50 s, 1 pm 38T
VENEWR S, VEAS TR T &0t 10 kDa BB I 1E
V&, TREFE 25 RASCHAE 22T, (BIABIBAR IR T4, 3RA5
B ERURAE OIS E B 2 IR R RS e SR
TR EP, B 2R, SR
1.2.2 BhWsred . SRS 2 R BUE N M R 3R

1 J8)G, ¥R ERAL A 6 4 5F R4 (Sham) | &
B ZH (OVX) | BH 4 25 21 C 4% E % 40 ( DES, 25
pg/kg-day), ‘B 2 BRI =40 (GDTL, 50 mg/kg-day,
0.5 £% Il IR &5 24 50 &) . v 57l 3 2H ( GDTM, 100
mg/kg-day, IIfi RS2 2= | &7 & 40 (GDTH,
200 mg/kg-day, 2 fFImIRERGH &), B4 10 H.o B
RFARLES, HAA-LHNE s ST 40 mg/kg Ba Lb 22
FMPETTIRRER, Z5FLFF, VIBRXUNIBREL, &2 il 4a 4 s &
FBRAASERIEY, Sham 2HA ]R3 BP 55 Bl EB4r S 5y
ERFLHE . RIGEZESE 3 d 44 T & 2N IEYY; R
Jr g 4 dE A& A HEH T LUAH N 25 %), Sham 41 FI
OVX ¢HF L% 0.5% CMC-Na, 10 mL-kg™!, & H
L IR, HLeh 2 128, SLE i B~y A 4Bk
YR AR B2 1 2R SCRE , (BB 5 20230216002
1.2.3 FEACRAE SCoo iRl SR BRUAHE | IR,
BRI . SR 2585, KRS R,
SN ES PeZZ BARR IS, I B TKCR I, 4 1 s 2501
TG . PERBCHLHEZL, 53 brip s LR M s 4id
2, AR . A A B R K VR VR Y 2D A A,
ERIEURAUEE, JR'S, —20 °C LRATA I 22 % A
—80 C MR VKFEIRAFAK, T . Z2MIE-EH
10% i /R EMRBIEI 5 1 A [ o 25100

1.2.4 BHEELN B 1.2.3 AMRE, R HEE
X ER TSR B4 B

1.2.5 HAMIJISFRM B 1.2.3 2% 20 K B AT
A, B S AR ES 20 mm, BEE o B 2 ey R R
2 mm-min ', B2 BCEWIER, SR = S i S, #iit
A fai-f A LR, TR RIS M 7. PUasTmEs . Wi
PR | BT A T 15 S8

1.2.6 BEESAMEE  BUAE /K TR [E e i 22 iz
B, NS A | B Y] LY R, B ORI
(toluidineblue, TB) Bt (7, Bii/K | B | &7, T-RA%
5 TR 100 f5 UL B LR R4 1k, IR FH EIMS
ST RS T ETE IR SANE, SEEFE S /N
PR FUE 43 Lk (percentage of trabecular bone volume,
TBV%) . ‘B /NG W 3% T H 43 kb (percentage of
trabecular bone resorbed surface, TRS%) . ‘& /NEEIE
J% 3% i 43 bb (percentage of bonetrabeculation sur-
face, TFS%) . i 144 = 1l B 47 Lk (active surface
fraction, AFS%) . ‘B /W1t # (mineralization rate
of trabecular bone, MAR) . Z&H Fi-F-1 55 FF (average
osteoid width, OSW) . ‘B Bz iif)" ft.>3& (mineralization
rate of cortical bone, mAR ),

1.2.7 AR B 1.2.4 K058 5 %5 B 0 A5 )
a2, EhRRTH AL, W E pH = 6,
FERFN SR A Ca, Mg, P, Hyp.

1.2.8 s EACEHFR bR I8 SR N, 7
4 hJ5,4 °C,3000 rrmin' B0 10 min 53 B L7, $%
AR S U 55 A A G FE PR ALP, TRAP, PTH,
BGP. E2. T,
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Table 1 Primer sequence of PCR

BEH AP RS 1(5—3") NS (5'—3") K (bp)
po2 GAAGATAGCCTTGGAGTCGGT CTGGAGTTCACCTGTGGATG 127
Beclin-1 GCCTCTGAAACTGGACACGA CCTGGGCTGTGGTAAGTAATG 86
LC3-T CTCCCAAGAAACCTTCGGCT AAGCCTAACAAGACTGGCCC 215
BAX GGTTGCCCTCTTCTACTTTGC TCTTCCAGATGGTGAGCGAG 239
Caspase-3 GCGGTATTGAGACAGACAGTG GGGTGCGGTAGAGTAAGCATA 95
Caspase-9 ACTGCTTCGTGGTGGTCATC CATCCATCTGTGCCATAGACA 85
Bcl-2 GGATGACTTCTCTCGTCGCTAC TGACATCTCCCTGTTGACGCT 100
GAPDH TG AACGGGAAGCTCACTGG GCTTCACCACCTTCTTGATGTC 120

1.2.9 RT-qPCR Kl B W5 -5 98 T-4H ¢ 3 Pl mRNA
Tk KM E TR E PR, T IO RR B A B0
b, IR S PR B RNA I B, W05 Sk
cDNA, RT-qPCR §" 34K p62. Beclin-1. LC3-11 |
BAX, Caspase-3. Caspase-9. Bcl-2 i) mRNA ik,
PCR P #8F2)F: 95 °C A5 305,95 “C iRk 55,60 °C
AEfd 30 s, FHAT 40 DMEIR, UL GAPDH 23,
RS 2700 14 F AR mRNA A%k, 2158
=1,
1.2.10 B A PEENEE: (Western Blot) A& [ 4
FEEFERFE A FEIK p62. Beclind 1 LC3- 1T LI KT
FFKILEAY BAX, Caspase-3. Caspase-9. Bel-2 TE [
ik,

>R FH RIPA 524 KX BB 28U v, PR R 2R
1, BCA RSB HLUB B M E . BAE. dyk
JEIATE I, PVDF % 5% Wilg 4=+ 36 30 min,
IMA—3T(1:1000), 4 °C BFHF L%, Blk—PL, K H
JIAZHT(1:10000), EIRIZFERFE 60 min, [Fllg—
P, FH TBST iEVEE, S5 A ECL i 52 i k17
%o RH Imagel FAFXTEERS 507 K BEAES3HT, LA -
actin SHNZ, T4 H IR FAMAEXT 26k 5 .
1.3 HELIE

S 06 B HE FH B 1 22 (x+s) /7R, FH SPSS
26.0 Kb, FFG ER A0 B R S T R 3R T 255
BT, 07 2255, PN LR FH e/ fnd 25 2275 (LSD) -
t K558, 5 T7 Z2AN5F 2R Dunnett’s T3 &304 7T W9 A
OB UNASTT & B0 A0, W HAESERG 10#1 7581 T
4B, P<0.05 FoRZEFEAGITHE X,
2 BERSH
21 BERPZRAEERERNSE

AR Z ke (LLUEEIT) A 11.11 g/100 g, %
BN 69.43%, Hirb 431 H/T 10 kDa 92 ik & L
100%; HFEs 2 Beme (LLUBAETT) v 3.30 g/100 g, & i
A1 20.63%, K R i e R L A IR R, Ho R i A
2 | A5 e . R . NERR . 52 2R FTH 2R, 1t
T 17 R s a3 (B2 1, FE WA 'E ™ http:/
www.spgykj.com/SCEE I RILERR) o
22 BEMIERRAREENR I

FHIEL 1 AT U, £ 2l wl s iR R e g itk 25 5 (P>

0.05), = UPHL 4 JE, OVX 2H J FA 8 194 B e
TR T AL (P<0.01), 5 Yeh 2529 438 —3, OVX
KEWARE SIS VIBRUE S MERER | 2R
JRERISAT G . WMEER 2 SR U A R, SR il
ARG METR KO- BRAR T IL A I N R, BB
DU BRAE R IR 2 P78, 5 OVX ZHAH EL, FHE
2j DES 2H 4 JE AR E L i FFFK(P<0.01); GDTL.
GDTM. GDTH ¥ AR MIAE kS, (HIJs1t
24225 (P>0.05), YLEHE Z KX POMP K Bl 48 1
hinJeHA s

500 -
[ 1 Sham
_ ovX
= DES
Eﬂ 250 1 [0 GDTL
0 T

s a] ()

BT 22 IOns 25 B SR BT A2 R
Fig.1 Effects of bone polypeptides on body weight of

ovariectomy rats
. 5 Sham LA, *F R P<0.05, **P<0.01; 5 OVX Lt %%,
AFETR P<0.05, AAP<0.01; & 2. &l 4~ 8 [7,

23 GDT M BREMRAREZEEMNBEENHFIER
0=

2 TR T e — A LA 2 v A I M A AR SR A
JE, AR WA SR AR A, A B
FRBE, PEE TN 2 T R BT B, 2
R = O DAV /N L Mg 77 AP = 02 X 7/ A =% (=7 7Y 5
BB ) i B AR, IR 2 BT UL, 5 Sham 41 4H
b, OVX ZHH %5 B e 45101 A ) 1 24 Fa bR Yo bt =5
TRE(P<0.01), W] POMP FiRIF T, 5 OVX
LHAH LG, 96T TR BB 25 5 S A 1248 hRs
ANFEIFRE TS, ARG T4 s bt E R 77
g T s, H: GDTH #il DES /B AH X4, ¥4
OVX #H i 3T 155 (P<0.05 &% P<0.01) ., 5y 4409
it —3%, F2A CIRE Z2 Bk AT USSR POMP K BLE
2R
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Fig.2 Effects of bone polypeptides on bmd and bone biomechanics in ovariectomy rats

2.4 GDT X EBRFMAR B MEI8950m

P 3 B R T A A L LU PR AE fE: Sham
R EUE /NG AT EI 5], HEFV O, H/NRERR
ZEFIE R OVX ZH-B /NGRS AL, HEFIZEEL, A/
PR | Sy B RN, PRGEFIREIR . AR T
B OVX B/ NREECH I 2, 70 B RN, HESAR XS
A, Hoh DES XSS it &N ks e
. A 4 FAES A BB TR 55 Sham 21

L. OVX 4 TBV% PR, TRS%. TFS%. AFS%. B erse v
MAR., OSW. mAR #2357 (P<0.01), 2 SLAA 3 KRR INERR | TS B R
FI B RBPSIRAS . 5 OVX dUAHEL, B 2 ka5l (TB #+£4, 100 pm)

B 7 N Y Yo 1= 0 N2 G S = 4 S~ YT SRR A Fig.3 Number, morphology, and distribution of tibial
B /INGE Sy B B A S IR 254G, LR R A R trabeculae in rats (TB, 100 pm)

20 30 30

3.0
5 5
\%1.5 52
& z
= =
0 - :
S TFHLIIL S F LoD & S DL
SIS ST IFES RS A

K4 EZ MO LI R E B AT S

Fig.4 Effects of bone polypeptides on the microstructure parameters of tibial bone in ovariectomy rats
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58, Hor DES #1 GDTH % TBV%. TRS%. TFS%.

AFS%. MAR., OSW Fll mAR W/EFA B3 g0t
225+ (P<0.05 5%, P<0.01), 5 3CHK [25] i —3L, ¥4
B Z2 UGB BB SR AT — 2 MG EH -
2.5 GDT WERBRMARE Cav Mg, Py Hyp &=
oA

MTEES . 5. BEEwmw fhdets, A e a=ms
BAEFH, S B i B FIE B LAl R A E
BTN 2H 21 10 S ) o s i 8, 1 ) B B G 4,
HoAE FARE ] DU e RS . i s T, 5
Sham ZHAHLY, OVX 4HKEH Ca. Mg. P. Hyp #&
EHFRR(P<0.01), $R LI AT B A VLU S5H 0
HLBREBF £, 2F 2 POMP (., 5 OVX 41
A, GDT #5367 4H ¥ n] LA 32 B 45 . B8k .
W . Hyp(P<0.05 8% P<0.01) ., I GDT B AL
B, [RI2E A B e LS M LT 2%, A
PR AR TEAE T, SR s 5P i 3.
2.6 GDT MILEEKIRHEXIEFRIIR

K 6 frs~, 5 Sham HAH L, OVX ZH1ML7E E2
B FRR(P<0.05), ILiE T(P>0.05, )., IliE BGP FlE
(P<0.05), PTH B&A T [ (P>0.05); ‘BT LA A E-40
faE AR Y ALP 5B TRBCRIS B A0 s bR R
¥ TRAP 34 i 319 25 (P<0.01), 554 4o 2o W v 4t
HIF BT AN RSP, 5 OVX g EL, GDT A B
AR R A, H GDT X FiR+Ebrig/E
R R NG s, GDTH 4045 B 5 REE OVX
ZH k3t HoA gt 2 5 X (P<0.05 8% P<0.01), $5iHH
GDT W LI I U85 S 3800 BER SR PRV, [RI2D 4

500 =

Ca (mmol/L)

P (mmol/L)

ML 35 30 2R 7KV, O AR PN TR ZE L, Gl R
BGP. PTH f1 ALP {2 #FHTE A%, P85 TRAP &
W, 2Rt EE K EL POMP,
2.7 GDT MEREMARFHLABRSATHERIE
mRNA FiEHIF20T

F AR T 5B BB A 19 & AR e, Rl TE
2 238 5 WEIR ZR KO- HGET T R AN U B I g 175 25
Y BB AR UIARSCR? MESGER HA R4
3% JIVEI, 25 D8 885 MEGR = 25 BEAR F w3 m
JHT-PY, & 7 o, AHEETF Sham 4H, OVX 4H-E2H 2R
F WEAR G HE K] p62 mRNA FRiEFHE, Beclinl . LC3-
T mRNA FILREAL, FAT-AHSCILE BAX, Caspase-
3. Caspase-9 mRNA ik i3T5, Bel-2 mRNA 3£
Ik RRAR, IR IEAR AL B W s i 2
(P<0.01), 53CHk [35-36] IRiFE—3. 5 OVX ZHAH
I, DES ZHAN GDT AR50 2 4 AN [RI R BE 3 5 |-
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Fig.5 Effects of bone polypeptides on the content of Ca, Mg, P, and Hyp in the tibia of ovariectomy rats
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