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Abstract

Objective: Postmenopausal osteoporosis (PMOP) is a severe global health issue, and exploring safe
and effective prevention and treatment strategies is crucial. Based on the “gut-bone axis” theory,
this study aims to systematically elucidate the therapeutic effects and multi-dimensional mecha-
nisms of the “Shuanggu” method (electroacupuncture at Guanyuan [CV4] and Zusanli [ST36] acu-
points)—a component of the “Shuanggu-Yitong” acupuncture technique—on the PMOP model in
ovariectomized (OVX) rats. Methods: Eighty female Sprague-Dawley (SD) rats were randomly di-
vided into four groups: sham operation group (Sham), ovariectomized model group (0VX), 4-week
treatment group with Shuanggu acupuncture (OVX + EA-4W), and 8-week treatment group (OVX +
EA-8W). The intervention effects of the Shuanggu Needling Method were evaluated using multi-
scale techniques, including dual-energy X-ray absorptiometry (DXA) for bone mineral density, bone
histomorphometry, and enzyme-linked immunosorbent assay (ELISA). Results: Compared with the
OVX group, Shuanggu acupuncture significantly increased bone mineral density (BMD) and bone
mineral content (BMC) in the lumbar vertebrae and femur (P < 0.01), improved trabecular micro-
structure, upregulated serum bone gla protein (BGP) levels, and downregulated C-terminal telo-
peptide of type I collagen (f-CTX) levels (P < 0.05). Gut microbiota analysis revealed that the
Shuanggu Needling Method effectively reversed OVX-induced dysbiosis, significantly increased the
relative abundance of beneficial bacteria such as Lactobacillus and Bacteroides, reduced the pro-
portion of potential pathogens like Escherichia coli-Shigella, and markedly improved microbial al-
pha diversity. Conclusion: The Shuanggu Needling Method may prevent and treat PMOP through
multi-target mechanisms, including reshaping the homeostatic network of “gut microbiota-metab-
olites-endocrine”, activating osteogenic signaling pathways, and inhibiting osteoclast activity. This
study provides a solid scientific basis for the modern interpretation of acupuncture therapy.
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“Wp - EE” RESIERE, R B E R A R B X T A E . BE R EE T 2
TR AR IR TRR(SCFAS) /I S e 1. BB BERE S 4F 4= A0 T IR . NIREE, Jlid
WS G & A EEZ R (GPR) NG 2 8 1 2 CBEALER(HDACSs), 5875 1% T 4iffd(Treg)DhRe, #ifi] Th17
YRSk, AT AR 28 M DR 57K T, TR 2 B 4 M AR i o o R R S B (1 -0 2 W TS IR Y I
WA 255 B M MEBCR R B NS TR 2, B 4 B MEVRE K P (5]-[7]. OVX S B 1R 25 1
AIHISSUEDRE, T RCETEDE R .

B, JUHR W@ E, BETHE CEFRET . CBENRIEY & YRR Bt d@id
PR B AL R BINUA B SR RE 7). BTIARE FCUE S R SCE B A ) ek Re, (HER BT s “W
- B ORYEAER, BUEER BT ASHIE ST 00T PR B R E0E LA Rl . AU 1A AT REE KR OVX KB
() B T RS, 30T R4 1E R AR CREIE g BRI T ER AR ), (23t YRk M — R AR R B, B
2@ T RANKL/OPG. Wnt/B-catenin 55 XH(E Si@HE, Wk H W74 ik, AR “HME
VI - AR - R BGITHESE, B RGBS EHE R I .

2. MMERHE
2.1. TR

SPF Z¢ Mt SD AR 80 K, 6 AWE, 1A 320+£30g, TWHEBTEEER KA EYh 0. IEsMA
Ya%— RKEEN, B\ LEAERR. Wi FRAE SPF HB R RS, MALEXIERIVO), HE 22T +
2°C, MBJE 50%+10%, 12/12 /MEFeiEE S, HbEXRE.

2.2. LRS54

KB BN E R A, G5 NTE . AT 25T TR 43 F R i b A 60 43 415 O RO A
RPAT . FETFFSLE BMD $EGUN & f=04, a=0.05, f=0.2), [ G*Power 3.1 BfFit5, HHFH
/16 X, FREIERRRIFE, WE n=20. SIVIHBENL S N =41: Sham . XU HIIH, Rizil
BRI EIEGN, AVIER. OVX 4. FREXONEYIERAR . OVX + EA-4W . &85 1 AT s+
T, FFsk4 . OVX +EA-8W 4. &5 1 BTG mer 7, #7488 f.

2.3. PMOP REVE 7 FARFFZRREE B4R

ARATEAAHESR . 250 12 /N, BEK 4 /NI, FREE . JBRIFER H 20% 5% FE4H V(4 mL/kg), T3 5Hd A2
G2l WRIEIR S USSR O e kT S N g o

BROM R TALE: BOSEHMT T Tom, BEAEPLA 15em AUIH, KA 1.5em. Btk 2L
JZ, /NS HAHIEREEIF BT . R B RSN TI7 AR BE b S AL LR ALRINEE . FITIE 4-0 22264
T E A SIS ERA AT ELEIL, ML 2 mm. T LT Qi e VIR IS . AT 4G 25 e TG 2 1
i je, H 5-0 AT s S a8 G LR, TINTE% & Rk .

AJE HAE M R B ARJ5 PRI T RN 37 CIRIBAEE TR . Fja R R . AR
23 RNVATESN B8R4 A RIR)PUR . & HEINEE . SR PoKE LTI AE L.

24. FIA RS H LR

SN AR : B (LI R 22 KRR U B “Seon” M TREE A R4 58RIELF S~
2)05cm;  “JE=HY LTRSS EAMUMER NS TR 0.5 cm.
HEFSEAL: AEFEARER0.25 mm x 13 mm) B 5~8 mm. %3 HANS-200A HEFHX, Bi%5 (2 Hz/10Hz
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2.5.1. HARESHLE

MmyR: MEESCRIM, —#HEANS EDTA-K2 FIESE, 4°CE0(3000 g, 15 min)iLidk, AR
WY A3 E N E LA, EIRE S 30 min 58 OB, T ELISA. 4034 /5-80°C IR 1.

Feff. LHWESHNEY, REDHEE 2 ml TEEHEEE, WEEEEERE-80C.

B ERIUE LI~LS EMER A IS, BIBRERA . —i5 T RIE BMD kil 53 —5 i
B E T 4%2 KPR [ E 48 h, HTEIESIHE.

252. BRESEVYRSERN
K H Hologic Discovery Wi XUfE X Zii % A, /N s #ee izl X EME L1~L5 dH47 %4k
3B, AR RIE I 1/3 XSO ERIX (ROT) . A A H R HE .

2.5.3. HEER 16S rDNA NEFSEMERES R

DNA $#H 5 Jfis: f#F MOBIO PowerSoil® DNA Isolation Kit, ™ #%$% i B451E. F NanoDrop One
il DNA 465 (A260/A280 LLAE 75 7E 1.8~2.0 2 [A]), Qubit 4.0 FEATAEHHE = -

XCER A S i Barcode MI4FSE5I4(341F: CCTACGGGNGGCWGCAG, 806R: GGAC-
TACHVGGGTATCTAAT)# 1§ V3~V4 [X. PCR “¥)2iftf5, ffH Illumina NovaSeq 6000 ¥ & #1T 2 x
250 bp W o

Aoy A QUME2 (202211 JRA) AR . X JRAAEIE AT =il 98, ZM(DADA2 Hik). ik
&, A42E Amplicon Sequence Variants (ASVs)# . 1 SILVA 138 i R (T FiE R . Alpha ZFEH%
1145 Chaol, Shannon, Simpson, Pielou’s evenness 8%{. Beta ZFEVE3E T Bray-Curtis 1 Unweighted Unifrac
PR BSHEAT PCoA F1 NMDS 4347, FFH ANOSIM #4641 8] 22 5 . {#H LEfSe (LDA score > 3.0, P < 0.05)F/l
Metastats 73 H15-# Z 7 EEE . 4 H PICRUS2 Tl & # ThEE

2.54. BHHAERSIHEFXS S FEDFERN

HATHE: BEGENRESZ EDTA 854 &), A, E8Y) )@ um). 737037 HE Z4f.
f F Olympus BX53 {21#5i & OsteoMeasure 5 4t 5 120 & B /NREAAT 20 B(BV/TV) i /NE R FE(Tb. Th)
H/NREE(TO.N) H /NS 3 FE(Tb.Sp) A i 4 M 502 (Oc. N/BS) -

3% ELISA: &% 8 X Ui W B #4E BGP (CSB-E05100r, I EZEAYN A f-CTX (CEA448Ra,
% [H Cloud-Clone)ilifl . Mitr{ N BioTek Epoch2.

2.6. GitFESH

A CAIIE + R IR IR AR R H B = 7 2 0 T(ANOVA) LB IR) 2 57, T7 5%
i LSD v E RS, 77 Z A 5% H Games-Howell 5. AR IEZS 704 208 K Kruskal-Wallis H £ 56 . B #E
Beta £ Ff 441 7] 22 7 H Adonis 73 HT(PERMANOVA). #H < 7341 B Spearman FAH G . Fir A 43 #7148 FH SPSS
26.0 F1 R 4.2.1 #£47, GraphPad Prism 9.0 fE/&. P <0.05 N4t Lo

3. &R
3.1. {RERINEIL S NESEN B RENEMEY A
—HOREEAE: OVX ARG AREE K EZ T Sham (P <0.01), FFEMEMEZFRHE. X
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[ EF VAT 6 R EIG KA — e HIE R .
HEESET YRS E: 5 Sham AL, OVX 4 AREMEA K E BMD. BMC 1% 5% T (5 5

TR 28.5%1 26.3%, P < 0.001). ME4EFTTiE, OVX + EA-4W 21 BMD fil BMC .2 A7+ (5 OVX
HEF212.8%, P <0.05), 1M O. VX + EA-8W ZH [0 ¥ A B (5 OVX 4 EF+2) 22.1%, P <0.01),
2 Sham 4H/KF. BEE g REARBGEE 1, B 1),

Table 1. Bone mineral density and bone mineral content; “P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs OVX group
F1. BEESEVYREE; P <0001 vs Sham £8; P <0.05, *P <0.01 vs OVX £

febr fEHE BMD (g/cm?) JEHE BMC (g) JBE BMD (g/cm?) JBB BMC (g)
Sham 41 0.215+0.012 0.186 £0.010 0.238 +£0.014 0.204 +0.011
OVX A 0.154 £ 0.009" 0.137 + 0.008" 0.175+0.010" 0.150 £ 0.009"

OVX + EA-4W 0.174 £0.010* 0.155 + 0.009* 0.198 £0.011* 0.169 = 0.010*
OVX + EA-8W 0.188 £ 0.011% 0.167 £ 0.010" 0.214 +0.012# 0.183 £0.011%
3.1 BEESBYRESE
(n=20/4H, % +s)
PEHE
0.250 0.250
0.215
0.200 0.186 0.188 0.200
&
0.150 o 0.150
k 10.137 m 0.
i H
0.100 0.100
0.050 |- H 0.050
0.000 0.000
Sham# ovX#Aa OVX+EA-4W OVX+EA-8W Shamf OVXiH OVX+EA-4W OVX+EA-8W
(RIEREA)  (RGPEERH) (AFiaTd)  (CEiEaTA) (RERER)  (HRBAMMIRE) (4@iarrdH)  (BEaTH)

OE#BMD (g/cm?)  mIEEBMC (g) mREBMD (g/cm?)  BREBMC (g)

#88: BMD - B8 (g/cm?), BMC - BirIRSE (9)
ShamiH - RIEBH  OVXEH - XGREMEBIHE OVX+EA-AW - ARAIT4 OVX+EA-8W - 8FEI&FFE *P<0.001, #P<0.05, #P<0.01

Figure 1. Bone mineral density and bone mineral content; “P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs OVX group
1. BEESBYYWREE; "P<0.001 vs Sham 4H; P <0.05, #P <0.01 vs OVX A

HHLEZRNM S, HE 88 OVX A/ MNEM. Wil . &S HE/R, OVX 4 BV/TV,

Tb.Th. Tb.N B EE(K, Tb.Sp BEI AP < 0.001). X[EHEATT, Frhle 8 FITFE, AEEEHUGENHIX
B H(P <0.05 vs. OVX 41). TRAP et /8 OVX 4B H 4ot B %, XUFE R A A Hl o e

YHHETEP < 0.05) (% 2, El2).

Table 2. Bone histomorphometric parameters; “P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs OVX group
2. BALKSIHEZSHE; "P<0.001 vs Sham 4; P <0.05, #P <0.01 vs OVX A

=

Gail BV/TV (%) Tb.Th (um) Tb.N (1/mm) Tb.Sp (um) Oc.N/BS (4~/mm)
Sham 28.5+2.1 853+6.2 3.34+0.25 2145+ 163 21+03
ovVX 123+1.2° 48.6+4.1" 1.89 £0.18" 458.7 +35.2" 5.8+0.6"
OVX + EA-4W 16.8 +1.5% 59.7 +5.0% 2.35 £ 0.20* 352.4 +28.6" 42 +04"
OVX + EA-8W 22.6+1.9% 72.4 +6.1% 2.89 & 0.24% 268.3 £21.7% 3.0 £ 0.3%
2417 Il PR % 2 3k e
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E L
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Figure 2. Bone histomorphometric parameters; ‘P < 0.001 vs Sham group; *P < 0.05, *P < 0.01 vs OVX group
B 2. BEARSIHHEFESH; P <0.001 vs Sham 48; *P<0.05, *P<0.01 vs OVX 4

MiEEAREFREY: OVX 4 BGP KPR FK, A-CTX KPEETFEP < 0.001). XEHETTE,
BGP /KFET;, B-CTX KPR, RIURAKBEOVX + EA-8W AR T OVX + EA-4W 41, P <
0.05) (3 3, K 3).

Table 3. Serum bone metabolic markers (n = 20/group, mean + standard deviation); “P < 0.001 vs Sham group; *P < 0.05, #P

<0.01 vs OVX group
3. MBEBREFEN0 =204, X+s5); "P<0.001 vs Sham 2H; *P <0.05, #P <0.01 vs OVX A

3 BGP (ng/mL) B-CTX (ng/mL)

Sham 8.45+0.72 123+1.1

(0)%:¢ 423 £0.38" 24.6+22"
OVX + EA-4W 5.67+0.51% 19.8 +1.8%
OVX + EA-8W 7.12 £0.63% 154 +1.4%

&R SYIH & E

10.0 - 30.0
*
(P<0.001)
% L 10.0 L 25.0
8.45 (P<0.05)
P 800 ~ [ 20.0 ~
(P<0.01) ) £
=2 BGP
featleon & Lisg o <
o ==B-CTX (ng
i 2 2 /mb O
123 ; : L 4.00 F10.0 =
423
L 2.00 L 5.0
I ! ! ; ; . 0.00 0.0
Sham#d OVX4 OVX+EA-4W OVX+EA-8W

Figure 3. Serum bone metabolic markers (n = 20/group, mean =+ standard deviation); “P < 0.001 vs Sham group; *P < 0.05, #P <

0.01 vs OVX group
3. MEBREHFEYI(n=20/4E, X+s); P<0.001 vs Sham 28; *P <0.05, #P<0.01 vs OVX ¢H
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3.2. MESHEMNFEERHEMNNRASEER

Alpha 5 Beta ZFEME: OVX 4 #f Chaol 1 Shannon FE% % # KT Sham ZH(P<0.05), FHAFREF:
BIEAZ A T M. WEEHEITH, TR OVX + EA-8W 4, Fa%05. 2% 81 TH(P < 0.05). PCoA FEK,
Sham A1 OVX HFEA s B 55055, 1A E £ Gy HAEAR S TE 2 H, H OVX + EA-8W A FEiT
Sham #H, Adonis 73 HTR B Z F B3 (R?=0.18, P =0.001) (% 4, Kl 4).

FRFDIRE TN : PICRUSE2 Tl 27, OVX A5 Z LR Ae & ACUIAH OC 1 d i R A2 0%, T AL
AT UG, XS PR K

Table 4. Gut microbiota alpha diversity indices; “P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs OVX group
3% 4. FAEEEE Alpha ZHEMHE3ES; "P <0.001 vs Sham £H; *P <0.05, P <0.01 vs OVX 28

WAk Chaol 8% Shannon $5%§ Simpson $5%% Pielou ¥4 &
Sham 485.6 £35.2 5.82+0.45 0.924 £0.032 0.856 £0.028
OVX 356.8 +28.4" 4.23 £0.35" 0.782 +0.026" 0.723 + 0.024"
OVX + EA-4W 4123 +31.6* 4.89 +0.38* 0.845 +0.029* 0.789 + 0.026"
OVX + EA-8W 452.7 £34.1% 5.46 £ 0.42% 0.892 +0.031* 0.832 £+ 0.027%
Chaol 15 —e— Sham
06 —o— OVX
—o— OVX+EA-4W
—o— OVX+EA-8W

0./00.750.800.85 0'G -\

W

Pielou 95 E

¥5Ef uouueys

100
Simpson &k

Figure 4. Gut microbiota alpha diversity indices radar chart; “P < 0.001 vs Sham group; *P < 0.05, #P < 0.01 vs OVX group
4. FHEEEE Alpha ZHEMHEIEREIAR; "P <0.001 vs Sham 2H; P <0.05, *P <0.01 vs OVX £R

B RE A R TR B 7K AR ks 7ETTTKF, OVX 4HEBER ] (Firmicutes) AT £ R FE, BT
(Bacteroidetes) [ Ft, ‘T2 F/B HUAEREAR . XUEEHE R TiX—#E#% . ERAKF, LEfSe 24k, Lacto-
bacillus~ Bacteroides. Akkermansia Z51F Sham ZHAIXE £1VAI7 20 B3 & £(LDA > 4.0); 1 Escherichia-
Shigella. Desulfovibrio %(E OVX H R E B % WEE AT G, AawFE R, A% FEZ 2 M
(&5, H5).
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Table 5. Major bacterial genera relative abundance (%, mean + standard deviation); “P < 0.001 vs Sham group; *P < 0.05, P
<0.01 vs OVX group

F 5. FEEBHEMER (%, x+s); P<0.001 vs Sham £8; P <0.05, #P<0.01 vs OVX £
Pail Lactobacillus Bacteroides Akkermansia Escherichia-Shigella
Sham 185+1.6 123+1.1 8.7+0.8 2.1+03
ovX 6.8+0.7" 54+0.5" 3.2+£03" 156 +1.4"
OVX + EA-4W 10.3 £0.9% 7.9 0.7 5.1+£0.4* 9.8 £0.9*
OVX +EA-8W 152 +1.3* 10.6 £ 0.9* 7.3 £0.6" 4.5+0.4%
FERRIENFEREREE q_ﬁ%
‘ —e— 1 ggﬁ%ifnﬁﬁﬁ
18.5 20 10 18
-16
-8
F14
L [l
10 . L 12 @
m| m| M| oeg
AR
£OE| m|sm
ENn > 4 HR \:B
5 =2 L6 e
L2 -4
3.2 L2
21
T T T T 0 -0 -0
Shamd OVX{H OVX+EA-4W OVX+EA-8W

Figure 5. Major bacterial genera relative abundance (%, mean + standard deviation); P < 0.001 vs Sham group; *P < 0.05, #P
<0.01 vs OVX group

E 5 TEEBHEMNEE %, x+s5); P<0.001 vs Sham £8; *P<0.05, #P<0.01 vs OVX 4H

3.3. MRAHEAH S RNESHERFTHIER

AR 7347 OPLS-DA 15943 ¥l 2 /R WU 4 FE A BH (2. 73 5,
(R2Y, Q2)R4f, RIBAHIEE,

ZE Y S E . SRS E 52 FEARIAEAE B35 22 AR . Horr, 32 MYE OVX R4 R AR
A, FELERUEN BT 705 235 B o X LA S A I A IR PR A ALy soPC(16:0), LysoPC(18:0)).
MRV RR(HZ MR GCA). AR (AR RNER) LHTEMEE 6, 1 6).

RPURBHEFAEREZR . HAUBIESH

Table 6. Key differential metabolites concentration (mean + standard deviation); “P < 0.001 vs Sham group; *P < 0.05, #P <
0.01 vs OVX group
Fo. RPERRPMRE (X +5);

*P <0.001 vs Sham 2H; *P <0.05, P <0.01 vs OVX 2

R Sham %1 OVX 4 OVX + EA-4W OVX + EA-8W
LysoPC(16:0) (uM) 456 +3.8 283+2.4" 352 +2.9* 41.8 £3.5%
HRIHEE GCA (uM) 123+1.1 6.5+0.6 8.7+0.8" 10.9 + 1.0%
IR (UM) 68.5+5.4 423+£3.6" 53.7 £ 4.5 62.8 £ 5.2
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Figure 6. Key differential metabolites concentration (mean + standard deviation); *P < 0.001 vs Sham group; *P < 0.05, #P <
0.01 vs OVX group
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Figure 7. This figure reveals that serum estradiol (E2) levels are significantly decreased after ovariectomy (OVX), while
electroacupuncture intervention can effectively increase E2 concentration. Correlation analysis further constructs a potential
positive regulatory network: beneficial bacteria (Lactobacillus)—beneficial metabolites—E2 levels—bone mineral density
(BMD)
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