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[ Abstract]
using high-throughput micro-RNA (miRNA) sequencing analysis. Methods

Objective To explore the molecular mechanisms of moxibustion in improving osteoporosis in rats
A total of 18 female Sprague-Dawley
(SD) rats were randomly divided into an operation group (12 rats), which was subjected to ovariectomy to induce
osteoporosis, and a sham operation control (SO) group (6 rats). The 12 osteoporosis model rats were randomly
divided into a model (OVX) group and a moxibustion ( MOX) group (6 rats per group), which were treated with
once-daily moxibustion at the “Shenshu” (BL23) and “Guanyuan” (CV4) acupoints for 20 minutes each time, for
12 weeks. Micro-computed tomography ( CT) scans of the rat femur were taken to analyze the trabecular bone
thickness (Th. Th) , trabecular separation (Th. Sp) , and bone volume total volume (BV/TV) ratio of the trabecular
bone. Hematoxylin and eosin staining was used for morphological observation of tibial tissues. Serum alkaline
phosphatase ( ALP) and osteocalcin (OCN) levels were measured using ELISA. Three randomly selected rats from
each group were used for miRNA high-throughput sequencing to screen for differentially expressed miRNAs, which
were subjected to functional enrichment analysis and target gene prediction. Results Micro-CT images showed that,
compared with the OVX group, the MOX group had superior bone density, significant increases in the Th. Th and BV/
TV score, and a significant decrease in Th. Sp (P<0.05). ELISA indicated that, compared with the OVX group, the
MOX group showed a significant decrease in serum ALP activity and a significant increase in serum OCN content ( P
<0.05). The miRNA sequencing result showed that 34 miRNAs were commonly expressed between the OVX group
and the intervention group, and 15 miRNAs were commonly expressed between the OVX group and the intervention
group. KEGG pathway enrichment analysis showed that the differentially expressed genes were mainly enriched in
signaling pathways involving MAPK, Ras, FoxO, TNF, and cancer-related microRNAs. For the top five most
differentially expressed microRNAs, namely miR-153-5p, miR-201-5p, miR-449¢-5p, miR-451-3p, and miR-153-
3p, target gene predictions yielded 10 major targets;: Ebf2, Rin4, FbxI3, Naal5, Vamp2, Daaml, Akap6, Camtal,
Ptprzl, and Lampl. Conclusions Acupuncture slowed the progression of osteoporosis, improved bone
microstructure, and balanced bone metabolism in rats. This therapeutic effect may be achieved through regulation of
the expression of microRNAs and their target genes; however, the underlying mechanism requires further exploration.

[ Keywords)

osteoporosis ; moxibustion; microRNA sequencing; bioinformatics analysis

Conflicts of Interest: The authors declare no conflict of interest.

‘B BB FAE (osteoporosis , OP ) J&— Fjvig PE 5
PR , 230 A 9 SR 0 i 0 S B
OS5 S B0 B i 2D A B b M sz 4
BiE N H Ak, HR e 3 0 3 1S 0, ™ E 5 e
TERENA RS2, EE T
R —TE XWX OP SR R A 3 & A= 1
ARGV R WK HLIX 2 10% ~40% 1 40 % L)
LA e 10% B 40 2 UL B BRA OP,
100 000 A 2547 50 ~ 1000 44 50 % L) | F &
Ak bEE P OBURE R £5 2 B AT E ST
B AN AE 259, (B K A B FH i 25 0 A AE T
GG ZARRI N AN, — TR X R

(B9 87, OP 259136 97 R MPETE A& 3k [ R AL
50% , KR EZ WAL hEAEGIT PR
R, SR Hh R A7 iR AL, 38 2 8 A KA
R DL RS B 28 B I 2 1 RS A A8 B
2 BREZE S R MR8 75 3l 18 26 97 5
FRIH A, IR TFIE & B, L RIAIT OP Jrak
WY, BEME 3 N, 0 1 B AR S AR, (ELH
LRI o A 5 4= B i 707

Bt 2 X3t 15 2 (R A BIE 5T, A E 4 %
microRNA (miRNA ) 5B | 2 P50 5 &
A R R DIRAOET  Wast A5 AR A A S o % 3
T TSR 52 ) 1) 81 247 o, 02 OP & ANk &



24 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

BRI R B 558 miRNA H12Y 15~25 4
BT TR AE 9% T /N RNA 43 41 A, 58 5 38 1)
miRNA 2 5% 35 SR 3k 05 RIS Erih
7R R S AR R . ST A BT R
miRNA REHS 5 154 JE AN LS5 IO HE B ML, VA 4
R RN 126 44 £ 9 B 095 0T T 9
7, miRNA FERH AN 545 28 7 OP Hk &L IE A
KT PRI A B e A O P R A A A BT
AR ARBIFANR A TSR LRI T7 8RB K953
FHLH, % miRNA £ OP &% 53 5eiay7 h i
fEAL

1 #MHEINTTE

1.1 s

VEFH 18 H 9 JEi& SPF gt SD AR, 745
T (220+10) g, W 3K [ BRCAR IR AR S 55 3h ) A R 2
F [ SCXK(J1])2020-0030], KEAEE 2 H, 7%
T RLHR v R 24 K A Bl ) S R0 B R R AR Y
[SYXK(JI)2024-0049 ] , i J&F 23 ~25 C, FHXHE
JE55% ~60% ,12 h/12 h BRE B, KB B ke
BB FR K 3 B A N DR AR 3R B 3R
ANBREREKR AR THEN, AF5Re
SRR el Tl N S Ml (o L S A A 1
(2024133) ; i 2 5525 i N 51 34 28 30 52 55 )
YR A BRIG I, S2 50 o A8 A% 357 3R ) H
JIT A S 50 20 R 4 0 BB R 2006 AR A 1 6T
ERFLI SRS PR IL)
1.2 FERFISNZE

IS5 (A LAH,0.9 emXx 12 em) ; Bf P
WiPR [ (alkaline phosphatase , ALP ) 3% P4 6 il 12 51
& (F  d s, A059-1-1) ; ‘B 45 & ( osteocalcin,
OCN) i & ( il R AW, ZC-36660) ; 75 K2R
YLy (BRI FELE R, G1004 ) 3 DT Yuii (A e85
HH1, YE2080) ; EDTA2Na (& B35, YE0105) ;
Took 2. ([E 254 41, 100092680 ) 3 — 2 ([H 24
£EW, 10023418 ) ;5 H P 18 ( Biosharp, BL704A) ;
4% 22 58 F 8% %] 5 W& ( Biosharp , BLS39A ) ; 5 N %
( Bk AR 70, 80109218 ) ; S 15 ( [H 25 4 41,
10006828 ) ; DEPC 7K ( 3¢ [ sigma, 693520 ) ;
Marker ( TaKaRa, DI2000/DL15000 ); Agarose
( Biowest, 111860 ) ; TRIzol Reagent ( I ¥ 1% {5,
15596018) ; #h k1A 4l fk Maxi 7] & (& K,

Norgen) ; 31 ¥ 5. RNA 73 8 350 5] & (0 [ R #E,
Foregene ) ; RNA 6000 nano Kit ( % £ /&, 5067-
1511) ; Quant-iT PicoGreendsDNA Assay Kit & &
B F & ( Invitrogen, P7589 ); Quantifluor-ST
fluorometer ( Promega, E6090 ) ; /=5 & & DNA i
Fl & (L4 ,5067-4626)

Quantum  GX2 W1B R 4
(QUANTUM GX2, PerkinElmer Inc) BTV R A
A (%9 4 ) 3DHISTECH , Pannoramic250) ; ¥
PLOEEDRR A F], PR~ -2016) 5 7J (B A K
PHE, MX35)  H VA3 & () M A% 07 4= D Bt
$£,2200037P) ; ZHLVELHEAL (B HIRRIX L
BMJ-A) ; BEFRIY ( 3E4F , SpectraMAX Plus384) ; Hi,
TR KR (AEAT %L, DZKW-4) ; BT K
- (FE L F W, BSA224S-CW ) 52100 4= 143 B A
(‘Z4EAE, 2100Bioanalyzer ) ; = & R 25O ML (36
Thermo, ST 16R ) ; B ¥K AL (L mL /X —, DYY-
6¢) ; BEIE 1% 22 55 ( Bio-Rad , GelDoc2000) ; Aff
(55, Tissuelyser-48) ; PCR 1X ( Bio-Rad,
T100) ; Nanodrop %8 #b 5& & 1% #5 ( 32 [E Thermo,
Nanodrop 2000) ; #ll 5#4% ( llumina novaseq Xplus) .
1.3 EWHE
131 ShWor 2l RAsomt il &

REGE W PEME SR 1], 1 58 2 R IR B IS I
GRIERSLE . DAREMLECR L 4% 18 HOREFEHL A
HETFARSO) 416 H)FMTFARA(12 H), FA
HR FUERLLE 5, LA R AL 43 A A
(OVX) AL & (MOX) 41, 41 6 H,

SR FOBUI B8 SO0 B T AR vk il 45 OP K LS
R BRGNR  BERIGT R R ALK R AT &
ARIK 12 h, BRI AT 29% 8% B LY 2 A W
(40 mg/kg) BRI, R BL5E 2 BRI, IR FibMZ
JE L EET ARG IEP AT 1.5 em &b, 0K
2 em EJT I XA B2 06 TR TR, A 1m DT
FeR1.5~2 em, Fish RIX B, DT A28 1 em, Bl
PR3 18 B SRR 8 I8, LA ZH 2R R s 21
268 T el R EROP S, HAMRHE & 2
Xof B9 55T i O A5 R RS I 4 AT XU BRIE A5 4L,
SYRROE L B TC S IS R W s O A T e] R
JE  BEAIZ LA, AR [R] 25 BR U 5 A i B 51 f
JEHER R, HRIEEARR, RE3d,BRKTK
BB ALIA) A T 25 75 2 3R 80 000 U By, i

micro-CT



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 25

FARUA K BAAT FAE A (AR ST 45 S
R ON
1.3.2 XHRTM

OISR DIBRA 8 JH T, X 3L A 20 K B AT 3 5%
ARSI Rl = e e STV EE =2
(g sh Wy X 24 5 e 2 375 K
BL) 1 QS R B A 2 ) R BB A BT o o
WO BT 2 MEME R W5 T IR Th kSR TT 6
mm; JETG: KB 5 R AR ey b i, IF R 2
25 mm &b, BT EE /X B K, B R B SEIR RO
(8] T F ISR T A G [ 7 R Ty
SHREE G B R BAE SR 0.9 emx 12 em
VRBTHEEaT7 O 1 em AHITRARIGIT,
S5 S LA RV (4 7 XA Mz [ e 81 4 1Ak 5
X RTCTGHEATIR I IR YT, 3L AR A 8 B i B R T F
R SRR IR R TR R A A
[f] —BR L b HUE e 98 SE 5k, B R /X R 20
min, 5K 1 %,6 YON— 7R, BT RRAS RS
RE 1 d, 31247 R (12 ) .
1.3.3  #iide s K7k

(1) Micro-CT 4 5 5347 . UM 5 75, 3L
R TISEG 5 2 K, R BRUE BRI, HCAE I
B, R B AR A 251 0. 9% SEALBA v W v gk
T, DL 4% 22 R B RE [ € £ T, @micro-CT $
1 PR PR 42 %% small bore cover, T HE
i EALEE P QuantumGX Ff T, LR 5 | A
325 W IR K BB B AR AR [ 7 T o0 B IR T 1/3 Ak, 3%
AR, P43 =X 360° ek , ML =
U Acquisition ; 72, Recon ;45 , Voxel ;90 pum , F i
A High Resolution , 4§} [6] 4 min, 5671 % 4
BAEARNE , T HE, @0 i Calipers
Analyze WA TS S o br . ettty
EUGHT IE. , 3 OB i s A K AR T ] | 50 J2 K
PHR DI, Se e SO BT R TE L, R SCRNEE B
R 2 RS BE AR B o b B /N B JR
(trabecular thickness, Th. Th) . & /N 3% 43 & &
(trabecular separation, Th. Sp) . ‘B AT 4341 ( bone
volume/total volume ,BV/TV) .

(2)HE B0, B 49% 22 5 W [ 19 2 il g
B RN 15% EDTA Bis5 ot A7 s 4 5, 4% 3 d
WL 50 B RO T B 5 e IS, L B2 52 4
S . AP (3 pm) 522 H S BKHLBLK

AL HEAT IR ARG Y RN 2r e ) R
I R A T 15 W AR AL B 5 i ) R b e e
&, f# F Pannoramic 250 07V /- H 5O il 25
U] 7 AT v U A AR R OR 5, e TR
£ T RSB AR A 2R AR AR O, 5 S0 T 7 1Y
W& X R4 100 A% F1 400 475 & F, WgE K BUIR
Hr gt B B BRI AL

(3) ELISA &€ . R TS MG 2 K,
K BRI s RIS, I 2 S KR I 24 4 mL A ALP
K OCN I, WM EHRKE2hE, T4 C
BLHLH 2500 v/min #5015 min, B Z ILE F
HAEE N, -80 CHRAER . 4% B & vl 45
HEATERAER I ML TS ALP K2 OCN f4 & &, bRt i
FLA R B A B AR UE i 50 L, 50 A T s AR
JCE T 37 CHEIRAHET 60 min, Vb . 77 L LA
R, TR AR 2 4R FLRE DL 25 PR AR AT IR,
FUNNE VR, T 1 min, B VRV, FRURAE
WoKAFAT PR ER 5k, B0 AL 3
IIAJEY) A F1 B 45 50 wL, B 7E 37 °C b3R8
TWEE 15 min, M6 B AR &4, mAEFLINA
Zb W 50 L Pk SN, LAAS A TR, R
B FRAAE 450 nm AN 2 £ FLIR DGR EE (OD)
{8, AR bR 0 & g

(4) SCPER S miRNA W - 4 K BB 21
ZUE TURATE -80 CHEAT, BHE LI IRAR 4D
B2 F] (Personalbio ) #E47 SCEM A Y . B
Je LA, (5 FH AN PR 4l Ak Maxi 3057 &\
B0 PR W BRI AR R S
W) RNA 4 &3 ) & 4 3 A W 1 P A L
RNA, {#i F§ Nanodrop ¥l & RNA f9 3 BE FI 4l E
[P 2 RNA A 5 2 B0 0 A O Je b ok 360 i
RNA M58tk (el 3° #5230 f 5 #:3k3%
1%, FH Superscript 11 35056 SERRREE RNA S8 566 A
WHE cDNA ,#17 PCR 9738 & 4 DNA F B, #& I
F BN A 15% PAGE BER 43 55 B AR BOR
INTE W, B 23R A5 SC P, ff ] Agilent 2100
Bioanalyzer 1 Agilent /55 R 8 DNA {57 &t 1T
SCIE BRI o JE TR A 1 SR 2 2 T B
A 7E Mumina AL EHEFT PE15O #2CF ,

(5) 2= 51 miRNA i e DI AE & 41 5
FE R T . X5 F3h%) , % H mirandav3. 3a LUz
) mRNA [ 3° UTR J¥ 58 HAR T 51, % 25 57 3%



26 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

KA miRNA J7 8 AT 88 B R 15000 . {5 FH DESeq
V1. 390 BAFHEAT S LB 2H 22 8] 1Y) 22 S 3R 3K 1)
SIHT, O % 25 5 2R 3K miRNA, 22 B A5 80R Log2
Fold Change > 1, ¥ % #£ P-value < 0.05; fif H
ClusterProfiler(4. 6. 0) /43172 % miRNA 11§
BN KEGG i & 700 # i B 3% & SRl g (P
<0.05) AR P AER/INHEFR , U 2 H HE44 HiF 20 7Y
ERERl8

(6) F251H7 . # F OriginPro 2024 {4 %} 21
(] FL AT e 3R A5 ) 22 5 miRNA #1750 2 R 255
B, R IE LR B AT R A8 miRNA 47
BB B[] —f

(7) PPL43Hr Ad FHFE LB 42 STRING A 4
FREHE e i A St 2 B R S 5 1 2 Y
PP, %8BS HF4r =0. 9, #5 PPT W45 &1 1)
WERAPE, 5 TSV SCHEE Cytoscape 3.9. 1 8k {2k
i LB s R R (T
1.4 HHFEFE

F A BUE T 28 £ bR i 22 (x+s) Fom,

A flZFARH SO group

A OVX group

SPSS Statistics 25 4t ¥ & 4 ¥ 17 70 #r, i H]
GraphPad Prism 8 YEGETTEl, LLAAS ] 4H 51 Z 1]
122 52k H L 2R 7 225341 ( One-way ANOVA)
P LR T LSD #6155, P<0. 05 b 22 5+ A1 42 it

PSSV
R,

2 ®#R

2.1 X &3 OP #E X RAETT R ITEM
211 SCRX B a5

Micro-CT 1 48 < B Z2 M) A% 5 I 4%, W &
1A, JrHrE /NRIERE /NI B R
B Micro-CT HHE 25 B R, SR F AR LM L, 4
BRI R BUCE S0 /N BT B B B |
B K i HAUE /N R R i R AR A B
IR (P<0.05) , B/NGEA B B 2 TR (P<0. 05) ;
SRRV AR L, 3R AR R A S B N
RO, 25 R AR SE AT, LAV N AR
U 2 T (P<0.05) B /NG 1 1 I 2 AR
(P<0.05), WL 1B,

W H#H MOX group

03 —_ 1.5+ p 50 - P
*
—_ - . .
2 :_F L4 g8 E 40 ¢
é é 02 * . E % 1.0 - N %
PN 3 ms 7 i 13 = 30
= ] B 2V
i - € 2 N K=
%2 . &5 X 2 o
z2 3 :E S 5 & 2 204 o
gr g 0.1 NG - 0.5 . =
a T e } s g 10 -
m
L ]
0.0 0.0 0-

S & B R B 2 S B > N
S F& F e S8 FE
or B b o & P ) o0 PV
S <F & Ce¥ Nt S V¥ T4 S

S ~ 3 > 9 D>

AR R B ZE BB Micro-CT 998 KM% ; B 4% 20 K Bl Micro-CT FA B8R 081 . SIRTF-ARAMLL, * P<0.05; SHEBIAM L, *P<

0.05,

1 KREZERHE Micro-CT i 5047 (x+s,n=6)

Note. A, Micro-CT scan images of the left femur in each group of rats. B, Analysis of Micro-CT scan data from each group. Compared with

the SO group, " P<0.05. Compared with the OVX group, *P<0. 05.

Figure 1 Micro-CT imaging and analysis of the rat’ s left femur(x+s,n=06)
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Note. Black circles indicate the trabeculae, and the arrows point to the fat cell-induced lacunae.

Figure 2 Comparison of the histomorphological structure of tibia tissue in rats ( HE staining)
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Note. A, Serum alkaline phosphatase activity in each group of rats. B, Serum osteocalcin concentration in each group of rats. Compared

with the SO group, * P<0.05. Compared with the OVX group, *P<0. 05.

Figure 3 Comparison of serum ALP and OCN levels in each group of rats(x+s,n=6)
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Note. A, Volcano plot of differentially expressed miRNAs between the SO group and the OVX group in rats. B, Volcano plot of differentially
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C, Venn diagram of differentially expressed miRNAs that were

upregulated in the OVX group and downregulated after moxibustion treatment. D, Venn diagram of differentially expressed miRNAs that were

downregulated in the OVX group and upregulated after moxibustion treatment. The overlapping regions represent the number of co-expressed

differentially expressed genes.

Figure 4 Volcano plots and Venn diagrams showing differentially expressed miRNAs across rat groups
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Figure 6 Clustering analysis of miRNA in each group of rats
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Figure 7 Pathway enrichment analysis of target genes in each group (top 20 pathways)
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Figure 8 Network diagram of the most significant differentially expressed miRNA target genes across groups
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