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Study on the effect and mechanism of Qing'e formula in improving bone injury
in rats with postmenopausal osteoporosis by regulating the "gut microbiota-
inflammation-bone metabolism" axis
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[ Abstract ] Objective To investigate the therapeutic effects of Qing'e formula on
postmenopausal osteoporosis, analyze its influence on bone metabolism, gut microbiota, and
inflammation. Methods An ovariectomized (OVX) rat model of osteoporosis was established.
Animals were divided into a normal group, an OVX model group, and low-, medium-, and high-
dose Qing'e formula treatment groups. Bone mineral density (BMD) and micro-architectural

parameters were assessed by micro-computed tomography. Hematoxylin-eosin staining was used to
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observe histopathological changes in bone tissue. Serum levels of procollagen type I N-terminal propeptide
(PINP), osteocalcin (BGP), bone-specific alkaline phosphatase (BALP), collagen type I cross-linking C-
telopeptide (CTX), tartrate-resistant acid phosphatase (TRAP), calcium, phosphorus, and the inflammatory
cytokines IL-1f, IL-6, and TNF-a were measured by ELISA. Changes in the gut microbiota were analyzed by
bacterial culture. Expression of p-P65 was determined by Western blot. Results Compared with the normal
group, OVX rats exhibited sparse, disordered trabeculae and significantly lower BMD, bone volume/tissue
volume (BV/TV), trabecular thickness (Tb. Th), trabecular number (Tb. N), and serum PINP. Trabecular
separation (Tb.Sp), serum BGP, BALP, CTX, TRAP, IL-1f, IL-6, TNF-a, and p-P65 expression were markedly
increased. Compared with the model group, the high-dose Qing'e formula group exhibited regularly arranged
trabecular bone morphology, with significant increases in BMD, BV/TV, Tb. Th, Tb.N, and PINP, as well as
significant decreases in Tb.Sp, BGP, BALP, CTX, TRAP, IL-1, IL-6, TNF-a, and p-P65. The abundances of the
probiotic bacteria Lactobacillus and Bifidobacterium were significantly increased, whereas those of the
pathogenic bacteria Proteus and Bacteroides were significantly decreased. Conclusion Qing'e formula exerts
anti-osteoporotic potential by modulating gut microbiota composition and suppressing inflammatory cytokine
release, thereby attenuating inflammation and enhancing bone formation.

[ Keywords ] Osteoporosis; Qing'e formula; Bone metabolism; Gut microbiota; Inflammation
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Figure2. Micro—CT images of rat bone in each group
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Table1. Changes in bone microstructural parameters of rats in each group (x+s, n=6)

Vaniil BMD (g/em®) BV/TV (%) Th.Th (mm) Th.N (1/mm) Th.Sp (mm)

IEH 0.234+0.017 17.862+0.076 0.098+0.000 1.868+0.008 0.371+0.002
T2 0.135+0.007 7.326+0.144" 0.079+0.002" 0.907+0.018" 0.516+0.006"
R 0.149+0.008" 7.482+0.029" 0.081x0.000" 0.926+0.004" 0.453+0.002"

rh k2 0.174+0.005™* 11.957+0.097°% 0.089+0.0017* 1.343+0.0117% 0.444+0.009"
ke 0.198+0.016™ 13.598+0.160"* 0.096+0.001% 1.428+0.017"* 0.409+0.003"

F 35.201 4721.802 246.341 2993.869 337.924

P <0.001 <0.001 <0.001 <0.001 <0.001

E: BMD. B % E; BV/TV. B2 85 k; Th.Th BN EEE; Th.N. B E3#F; ThSp. BNESBE, 5EFHI, P<00125; S84k
2, "P<0.0125,

F2 FAKXBEREIESR (v£s, n=6)
Table 2. Bone metabolism markers in rats of each group (x+s, n=6)

il BGP (ng/ml.) PINP (pg/mL.) BALP (ng/mL)  CTX (ng/mL) TRAP (U/mL) 45 (mmol/L) @ (mmol/L)
IEH 0.302+0.055 2143.066+193.976  2.852+0.465 4.012+0.306 2.90620.269 3.739+1.487  4.37120.685
AL 1.004+0.108" 1241.371£73.027°  6.832+0.788"  8.269+0.543" 10.826+0.574"  3.469+1.037 4.6270.714
R 0.901+0.027" 1.329.896+75.620" 6.010+0.419" 8.282+0.440" 9.974+0.392°  3.638+0.913  4.656+0.468
rh k2 0.728+0.041%  1463.88+145.997" 5.267+0.638" 6.620+0.398™ 8.509+0.461%  3.353%1.167 4.557+0.776
[k 0.535+0.053" 1722.996+191.875"  4.282+0.440"  5.760+0.686"" 5.173+0.506"  3.614+0.918 4.411+0.718
F 59.461 18.545 22.245 40314 163.779 0.055 0.106

P <0.001 <0.001 <0.001 <0.001 <0.001 0.993 0.978

. BGP.F45%; PINP. | B AT R A% RAK; BALP. B 45 P PE B B2 B ; CTX. | AR C 3% Ak; TRAP. 3B G B8R B E B BR B, &5 B3 200k
#, "P<0.0125; SEAMLE, 'P<0.0125,

InY

https://ywlxbx.whuznhmedj.com/



1010 Chin J Pharmacoepidemiol, Sept. 2026, Vol. 35, No.9
#*3 BAKXKRHEREE (ixs, n=6, CFU/mL)
Table 3. Abundance of intestinal microbiota in rats of each group (x+s, n=6, CFU/mL)
Gaxa| FLIR DA BB FF B AT AR FUFF P
IEHA 214 33318 339 23 867+1 518 53333+7 506 3 5332839
FEAIL 63 667+6 506" 4 833+896" 214 667+30 271" 16 000+1 664"
I A 68 000+8 888" 70001 179" 193 00025 515° 12 667+1 193"
rh 104 333410 786" 12 9004954 153 667+16 653" 9500+1 217"
fen AR A 170 000+17 5217 16 300+1 3117 102 333+12 097" 72332907
F 74.229 121.907 31.949 48.232
P <0.001 <0.001 <0.001 <0.001
. BIEFAE, P<0.0125; BRI, P<0.0125,
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Figure 3. Effects of Qing’e formula on the protein expression and inflammatory factors
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