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Abstract: Background: Fracture healing is a dynamic biological process involving inflammation, callus formation,
mineralization and remodeling. Osteogenic and apoptosis-related markers may reflect changes during repair, but tissue-
level marker expression alone does not establish a causal apoptotic mechanism. Objectives: To evaluate whether
Compound Miao medicine Jiuxian Luohan bone-setting decoction is associated with improved femoral fracture healing in
rats and with altered expression of runt-related transcription factor 2 (Runx2), Osterix, procollagen type I N-terminal
propeptide (PINP), Bcl-2-associated X protein (Bax) and Caspase-3 at the fracture site. Methods: Twenty-five male
specific-pathogen-free (SPF) Sprague-Dawley rats were used to establish a right femoral fracture model and were
randomized into five groups (n=5/group): model, low-, medium- and high-dose decoction and orthopedic bone-setting
tablet groups. Treatments were initiated 24 h after modeling and administered by gavage twice daily for 30 days.
Anteroposterior and lateral radiographs were obtained on day 15 and scored using the Lane-Sandhu system. Fracture-site
tissues were collected on day 30 for reverse transcription quantitative polymerase chain reaction (RT-qPCR), Western
blotting, immunohistochemistry and Alizarin Red staining. Results: Compared with the model group, the high-dose
decoction group showed a higher Lane-Sandhu score at week 2 and greater callus formation. Runx2, Osterix and PINP
mRNA/protein levels increased, whereas Bax and Caspase-3 mRNA/protein levels decreased in treated groups, particularly
in the high-dose group. Alizarin Red staining indicated greater deposition of mineralized matrix in treated tissues.
Conclusion: Compound Miao medicine Jiuxian Luohan bone-setting decoction was associated with improved
radiographic healing and favorable changes in osteogenic and apoptosis-related markers in this rat femoral fracture model.
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INTRODUCTION

Fractures commonly result from mechanical trauma and
can cause deformity, swelling, pain, bleeding, functional
limitation and disability. Fracture repair progresses
through overlapping inflammatory, reparative,
mineralization and remodeling phases. Although surgical
fixation and postoperative rehabilitation are routinely used,
delayed union and nonunion remain clinically important
complications that increase treatment burden, prolong pain
and may necessitate secondary procedures (Einhorn and
Gerstenfeld, 2015; Bahney et al., 2019).

Osteoblast proliferation, differentiation, extracellular-
matrix maturation, mineralization and survival are central
to callus formation and bone regeneration. Impaired
osteoblast differentiation or excessive cell death may
disrupt the balance between bone formation and resorption,
thereby delaying healing. Runx2 and Osterix are key
transcriptional regulators of osteoblast differentiation,
whereas PINP reflects type I collagen synthesis and bone
formation (Ponzetti and Rucci, 2021; Chan et al., 2021;
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Qin et al., 2021). Bax and Caspase-3 are apoptosis-related
markers; however, changes in their expression represent
indirect evidence of apoptosis unless confirmed by direct
apoptosis assays (Obeng, 2021; Sahoo et al., 2023).
Compound Miao medicine Jiuxian Luohan bone-setting
decoction is based on the Miao medicine concepts of
“expelling toxins,” “tonifying the kidney,” and “promoting
blood circulation.” Experimental studies in rat fracture
models have demonstrated that local biological cues can
influence callus formation and bone regeneration (Zhang et
al., 2016). The present study therefore investigated
whether Jiuxian Luohan bone-setting decoction was
associated with fracture healing and with changes in
osteogenic and apoptosis-related molecular markers in a rat
femoral fracture model. As an animal experiment, the
findings should be interpreted as preclinical evidence
requiring further mechanistic and translational validation.

MATERIALS AND METHODS

Study design and ethical statement
This was a controlled in-vivo experimental animal study
using a rat femoral fracture model. All animal procedures
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were approved by the Animal Ethics Committee of
Guizhou University of Traditional Chinese Medicine
(approval no. 2024005). The study was reported in
accordance with the ARRIVE 2.0 guidelines (Percie du
Sert et al., 2020).

Experimental animals

Twenty-five male specific-pathogen-free (SPF) Sprague-
Dawley rats, aged 7-8 weeks and weighing 180-220 g,
were obtained from Henan Skebes Biotechnology Co., Ltd.
(Animal Production License No. SCXK [Yu] 2020-005).
Male rats were used to reduce variability in hormonal
cycles. The absence of female animals is addressed in the
limitations section. Rats were acclimatized for 1 week
before modeling and housed under controlled conditions
(22 £ 2°C, 50%-60% relative humidity, 12-h light/dark
cycle), with free access to standard laboratory chow and
sterile drinking water.

Drugs and primary reagents

The verified formula of Compound Miao medicine Jiuxian
Luohan bone-setting decoction was standardized as
follows: Dihuang (Rehmannia glutinosa) 20 g, Xiantao
Cao (Scutellaria baicalensis) 20 g, Jiujie Cha (Cynanchum
wilfordii) 20 g, Sanqi (Panax notoginseng) 9 g, Ziran Tong
(Pyritum) 9 g, Xuduan (Dipsacus asper) 9 g, Duzhong
(Eucommia ulmoides) 12 g, Heshouwu (Polygonum
multiflorum) 12 g and Yinyanghuo (Epimedium
sagittatum) 12 g. All herbs were supplied by the Chinese
Medicine Pharmacy of the Second Affiliated Hospital of
Guizhou University of Traditional Chinese Medicine.
Herbs were steeped in 1000 mL sterile distilled water for 1
h and decocted for 30 min; 500 mL sterile distilled water
was then added for a second 30-min decoction. The two
decoctions were combined, filtered and concentrated to the
required gavage concentrations. Aliquots were stored at
4°C for short-term use within 48 h; for longer storage,
aliquots were kept at -20°C and protected from repeated
freeze-thaw cycles. Orthopedic bone-setting tablets (batch
no. 20230367, Dalian Meiluo Traditional Chinese
Medicine Factory Co., Ltd.) were used as the positive-
control medication. Tablets were suspended in sterile
distilled water to prepare the administration suspension.

PCR primers were purchased from Yingwei Jieji; the total
RNA extraction kit was purchased from Tiangen; the
reverse-transcription kit was purchased from Novozymes;
the Western protein marker (Servicebio G2086), protein
lysis buffer (Youke Zhuoye Bio P001), bicinchoninic acid
(BCA) protein assay kit (CWBio 02912E), hematoxylin
stain (Wuhan Siver), xylene (Sinopharm Chemical
Reagent Co., Ltd.) and Alizarin Red S stain (Servicebio)
were purchased from the stated suppliers. All commercial
kits and reagents were used according to the
manufacturers’ instructions unless otherwise specified.

Major instruments
Major instruments included a CFX96 real-time
fluorescence quantitative PCR instrument (Bio-Rad),
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5810R desktop high-speed refrigerated centrifuge
(Eppendorf), Mini Pro 300V power-supply electrophoresis
unit (Major Science), Sub-System 70 electrophoresis tank
(Labnet Inc.), MX-F vortex mixer (Wuhan Saivell) and
BLX-5 mini dental X-ray unit (Zhengzhou Tianjie).

Establishment of the femoral fracture model

After one week of acclimatization, the femoral fracture
model was established with minor modifications,
following a previously described method (Hou et al.,
2021). Rats were anesthetized with inhaled isoflurane and
placed in the left lateral recumbent position. The right hind
limb was immobilized, the femur was palpated and
marked, local hair was shaved and the surgical area was
disinfected with iodine solution. A 1 cm incision was made
along the marked line to the deep fascia. The muscles were
bluntly dissected to expose the femur and the periosteum
was incised and dissected. A 1.5-cm-diameter, 0.1-mm-
thick saw blade mounted on an electric bone saw
(ExampleMed Instruments Co., Ltd., China; Model ES-
1000) was used to cut perpendicular to the longitudinal axis
of the femur at 1000 rpm under continuous saline irrigation
until approximately one-half to two-thirds of the femoral
cross-sectional thickness was reached. Two needle holders
grasped opposite ends of the cut and the femur was
fractured. A 1.5 mm diameter, 18-21 mm long Kirschner
wire was inserted for intramedullary fixation. The incision
was irrigated with saline and closed with layered sutures.
Radiography confirmed fracture alignment and Kirschner-
wire positioning.

Animal grouping, randomization, blinding and
administration

The 25 rats were randomly allocated using a computer-
generated random-number sequence into five groups (n=5
per group): model group, low-dose decoction group,
medium-dose decoction group, high-dose decoction group
and orthopedic bone-setting tablet group. Drug
intervention commenced 24 h after successful modeling.
The model group received an equivalent volume of 0.9%
NaCl by gavage. The adult clinical daily dose of the
decoction was 1.88 g/kg and rat-equivalent doses were
calculated by body-surface-area conversion according to
Xu Shuyun’s pharmacological experimental methodology.
The low-, medium- and high-dose groups received 2.95,
590 and 11.80 g/kg of concentrated decoction,
respectively. The orthopedic bone-setting tablet group
received 0.24 g/kg tablet suspension by gavage. All groups
received twice-daily gavage for 30 consecutive days.
Radiographic scoring, histological image analysis,
immunohistochemistry quantification and Western blot
densitometry were performed by investigators blinded to
group allocation. Group codes were opened only after
primary data extraction was completed. On day 15,
radiographs of the modeled site were obtained to evaluate
Kirschner-wire position and fracture-healing progress. On
day 30, rats were deeply anesthetized with sodium
pentobarbital (50 mg/kg, intraperitoneally) before
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euthanasia and bone tissue from the modeled fracture site
was subsequently harvested. Samples for RNA and protein
assays were snap-frozen in liquid nitrogen using a
cryogenic storage tank (Thermo Fisher Scientific, USA;
Model CY50985) and subsequently stored in an ultra-low-
temperature freezer at —80° C (Thermo Fisher Scientific,
USA; Model TSX60086A) until further analysis. Samples
for histology, immunohistochemistry and Alizarin Red
staining were fixed in 4% paraformaldehyde and processed
for paraffin embedding after decalcification.

Radiographic examination and Lane-Sandhu scoring

At week 2 post-surgery, the right femur of each rat was
examined by X-ray under anesthesia using the BLX-5 mini
dental X-ray unit. Anteroposterior (AP) and
mediolateral/lateral (ML/Lat) views were obtained.
Fracture alignment, Kirschner-wire position, callus
formation and fracture-line clarity were evaluated.
Radiographic healing was graded using the 0-4 Lane-
Sandhu scale: 0 = no visible callus or union; 1 = minimal
callus with a clearly visible fracture line; 2 = moderate
callus with partial cortical bridging; 3 = abundant bridging
callus with incomplete remodeling; and 4 = complete
union/remodeling. Accordingly, lower scores indicated
absent or limited healing, whereas higher scores indicated
more advanced callus bridging and union. Three
orthopedic investigators, experienced in experimental
fracture imaging and blinded to group allocation,
independently scored each radiograph on two occasions, 1
week apart. For each rat, the six ratings (three assessors %
two scoring sessions) were averaged to obtain the Lane-
Sandhu score for the statistical analysis.

RT-qPCR detection of Runx2, Osterix, PINP, Bax and
Caspase-3 mRNA expression

Total RNA was extracted from fracture-site bone tissue
using the total RNA extraction kit according to the
manufacturer’s protocol. RNA concentration and purity
were assessed by spectrophotometry and samples with
A260/A280 ratios of 1.8-2.1 were used. Complementary
DNA was synthesized using the reverse transcription kit.
Quantitative real-time PCR was performed on a Bio-Rad
CFX96 platform using SYBR Green chemistry in a 20 pL.
reaction system. Cycling conditions were: 95°C for 30 s;
40 cycles of 95°C for 5 s and 60°C for 30 s; followed by
melt-curve analysis to verify single-product amplification.
Each biological sample was run in ftriplicate technical
reactions. ACTB was used as the reference gene and
relative expression was calculated using the 224 method.
Primer sequences are shown in table 1.

Western blot detection of Runx2, Osterix, PINP, Bax
and Caspase-3 protein expression

Fracture-site tissue was lysed in pre-chilled Radio Immuno
Precipitation Assay (RIPA) buffer supplemented with a
protease inhibitor cocktail. Lysates were centrifuged at
13,000 rpm for 20 min at 4 °C using a 5810R desktop high-

speed refrigerated centrifuge (Eppendorf, Germany) and
the supernatants were subsequently collected, aliquoted
and stored at —80°C until further analysis. Protein
concentration was measured using the bicinchoninic acid
(BCA) method. A standard curve was generated from
serially diluted protein standards and absorbance at 562 nm
was measured using a microplate reader (BioTek
Instruments, USA; Model Epoch 2). Sample protein
concentrations were calculated from the standard curve.
Equal amounts of protein were denatured at 95° C for 5
min using a dry-block heater (Thermo Fisher Scientific,
USA; Model Digital Dry Bath), separated by SDS-PAGE
using a Mini Pro 300V power supply (Major Science,
Taiwan, China) and a Sub-System 70 electrophoresis unit
(Labnet International, USA) and subsequently transferred
onto 0.45- 1 m PVDF membranes using a wet-transfer
apparatus (Bio-Rad Laboratories, USA; Model Mini
Trans-Blot Cell) at a constant current of 300 mA for 90
min. The antibodies used in this study are shown in table 2.

Membranes were blocked in 5% bovine serum albumin
(BSA) in Tris-buffered saline with Tween-20 (TBST) for 1
h at room temperature and incubated overnight at 4°C with
primary antibodies against Runx2, Osterix, PINP, Bax,
Caspase-3 and B-actin. After three 10-min washes with
TBST, membranes were incubated with the appropriate
horseradish-peroxidase-conjugated secondary antibody.
Signals were developed by chemiluminescence and band
intensities were quantified using ImageJ software. Target
proteins were normalized to B-actin.

Immunohistochemical detection of Runx2, Osterix,
PINP, Bax and Caspase-3 protein expression in
fracture-site bone tissue

Paraffin-embedded fracture-site bone tissue sections were
deparaffinized in xylene I, I and III for 15 min each,
followed by anhydrous ethanol I and II for 5 min each, 85%
ethanol for 5 min and 75% ethanol for 5 min. Sections were
rinsed with distilled water, subjected to antigen retrieval,
incubated to block endogenous peroxidase activity and
blocked with serum. Sections were incubated with primary
antibodies against Runx2, Osterix, PINP, Bax and
Caspase-3, followed by incubation with secondary
antibodies, DAB visualization, hematoxylin
counterstaining, dehydration and mounting. Hematoxylin-
stained nuclei appeared blue and DAB-positive staining
appeared brown-yellow. For each animal, five non-
overlapping high-power fields (x400) around the fracture
callus region were analyzed. Images were captured using
identical exposure settings. Quantification was performed
with ImageJ by calculating the percentage of positively
stained area or integrated optical density per field. Two
blinded observers independently performed the analysis
and the average value was used for statistical analysis.
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Table 1: Primer information used in this study.
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Gene Forward sequence (5'-3") Reverse sequence (5'-3") PCR product (bp)
ACTB CCTAGACTTCGAGCAAGAGA GGAAGGAAGGCTGGAAGA 140
Caspase-3 ATGACGACAGGGTGCTACGA TGAGGCTGCTGCATAATCG 114
Bax AGGACGCATCCACCAAGAA CAAAGTAGAAAAGGGCAACCAC 195
Runx2 CCTTCCCTCCGAGACCCTAA ATGCAAATGCTCCCGCTACT 166
Osterix GCCTACTTACCCGTCTGACTTT  GCCCACTATTGCCAACTGC 131
PINP CGATTCACCTACAGCACGCTT GGATGGAGGGAGTTTACACGAA 196

Table 2: The Western blot antibodies used in this study were purchased from the suppliers listed below and used according
to the manufacturers' instructions after preliminary optimization of dilution conditions.

. . WB
Antibody/reagent Supplier Catalog no. Host/type dilution
Anti-Runx2 primary antibody Affinity biosciences AF5186 Rabbit polyclonal 1:1000
Anti-Osterix/SP7 primary antibody Affinity biosciences DF7731 Rabbit polyclonal 1:1000
Anti-PINP/PINP primary antibody ?cllvel;rt‘l’ﬁ:n/ Thermo fisher  px5.35379  Rabbit polyclonal ~ 1:1000
Anti-Bax primary antibody Affinity biosciences AF0120 Rabbit polyclonal 1:1000
Anti-Caspase-3 primary antibody Affinity biosciences AF6311 Rabbit polyclonal 1:1000
Anti-beta-actin loading-control Affinity biosciences AF7018  Rabbit polyclonal  1:5000
antibody
HRP—conJugat.ed goat anti-rabbit IgG Affinity biosciences 30001 Secpndary 1:5000
secondary antibody antibody

Antibodies were stored at -20°C or 4°C according to the product datasheets and protected from repeated freeze-thaw

cycles.

Alizarin red staining of fracture-site bone tissue

Alizarin Red staining was performed on decalcified
fracture-site tissue sections rather than cultured cells;
therefore, calcified nodules were not counted. Paraffin
sections were deparaffinized, rehydrated, rinsed with
phosphate-buffered saline (PBS) and stained with Alizarin
Red S solution for 30 min at room temperature. After
washing with PBS, the sections were examined using a
light microscope (Olympus Corporation, Tokyo, Japan;
Model BX53) and representative images were captured
using a digital microscope camera (Olympus Corporation,
Tokyo, Japan; Model DP74). For each animal, five non-
overlapping, randomly selected fields per section were
analyzed using ImagelJ software (version 1.54f; National
Institutes of Health, Bethesda, MD, USA). The Alizarin
Red-positive mineralized area was measured in each field
and the mean of the five fields was used as the animal-level
value for statistical analysis.

Statistical analysis

Statistical analysis was performed using SPSS 26.0. Data
are presented as mean =+ standard deviation (SD).
Normality was assessed using the Shapiro-Wilk test and
homogeneity of variance was assessed using Levene’s test.
For outcomes meeting these assumptions, one-way
analysis of variance (ANOVA) was used to compare the
five groups. The variables analyzed by one-way ANOVA
were the Lane-Sandhu radiographic score; the RT-qPCR

relative expression levels of Runx2, Osterix, PINP, Bax
and Caspase-3; Western blot densitometric values for the
same five proteins; immunohistochemistry-positive area
for the same five proteins; and the Alizarin Red-positive
mineralized area. When the omnibus ANOVA was
significant, Tukey’s honestly significant difference (HSD)
post hoc test was applied for pairwise comparisons among
the five groups. All tests were two-sided and p<0.05 was
considered statistically significant.

RESULTS

Radiographic findings and Lane-Sandhu scores
Radiographic findings at 2 weeks post-fracture showed
greater callus formation and a less distinct fracture line in
the high-dose Compound Miao medicine Jiuxian Luohan
bone-setting decoction group than in the model group.
Fracture alignment and Kirschner-wire position were
acceptable in all groups. Lane-Sandhu scores differed
significantly among the five groups (one-way ANOVA: F
=26.091, p < 0.001). Tukey HSD post hoc comparisons
showed that the medium-dose, high-dose and orthopedic
bone-setting tablet groups had higher radiographic scores
than the model group (all p<0.01). In contrast, the low-dose
group did not differ statistically from the model group. The
high-dose and orthopedic bone-setting tablet groups had
the same observed mean score (2.80 + 0.4472). (Table 3;
Fig. 1).
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Table 3: Radiographic findings of fracture healing after fracture (mean + SD, n=5).

Group N Fracture healing score F p-value
Model group 5 0.60 + 0.5477 26.091 <0.001
Low-dose group 5 0.80 £ 0.4472

Medium-dose group 5 2.20 £ 0.4472%*

Orthopedic bone-setting tablets 5 2.80 £ 0.4472%*

High-dose group 5 2.80 +0.4472%*
Note: **p<0.01 versus the model group according to Tukey’s HSD post hoc test. Higher Lane-Sandhu scores indicate
more advanced radiographic healing, whereas lower scores indicate little or no callus formation or union.
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Fig. 1: X-ray images and radiographic scores showing fracture healing after injury. (a) model group; (b) low-dose group;
(c) medium-dose group; (d) high-dose group; () Orthopedic bone-setting tablet group; (f) Lane radiology scores. *p<0.05
and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate comparisons with
the orthopedic bone-setting tablet group.

mRNA expression of Runx2, Osterix, PINP, Bax and

Caspase-3

RT-qPCR analysis showed that, compared with the model
group, Bax and Caspase-3 mRNA expression decreased in
the medium-dose, high-dose and orthopedic bone-setting
tablet groups, whereas Runx2, Osterix and PINP mRNA
expression increased, particularly in the high-dose group.
These findings indicate an osteogenic expression profile
accompanied by lower expression of apoptosis-related
mRNA markers at the fracture site (Fig. 2).

Western blot protein expression of Runx2, Osterix,
PINP, Bax and Caspase-3

Western blot analysis showed increased Runx2, Osterix
and PINP protein expression and decreased Bax and
Caspase-3 protein expression in decoction-treated groups
compared with the model group. The response was most
pronounced in the high-dose group, consistent with the RT-
qPCR findings (Fig. 3).
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Fig. 2: RT-qPCR analysis of (a) Bax, (b) Caspase-3, (¢) Runx2, (d) Osterix and (e) PINP mRNA expression in the model,
low-dose, medium-dose, high-dose and orthopedic bone-setting tablet groups. Relative mRNA expression was

normalized to ACTB and calculated using the 2*—

A A Ct method. Data are presented as mean = SD (n=5 rats per

group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate

comparisons with the orthopedic bone-setting tablet group.

Immunohistochemical protein expression of Runx2,
Osterix, PINP, Bax and Caspase-3
Immunohistochemistry demonstrated stronger positive
staining for Runx2, Osterix and PINP and weaker positive
staining for Bax and Caspase-3 in treated groups compared
with the model group. Representative images and
quantitative analyses are shown for Runx2 (Fig. 4), Osterix
(Fig. 5), PINP (Fig. 6), Bax (Fig. 7) and Caspase-3 (Fig. 8).

Alizarin red staining results

Alizarin Red staining of fracture-site tissue sections
showed a larger positively stained mineralized area in the
decoction-treated groups than in the model group, with the
largest area observed in the high-dose group (Fig. 9).
Because the assay was performed on tissue sections, the
outcome was the Alizarin Red-positive mineralized area

averaged across five fields per animal rather than a count
of calcified nodules.

DISCUSSION

Fractures can cause pain, swelling and bleeding. In this rat
femoral fracture model, Compound Miao medicine Jiuxian
Luohan bone-setting decoction was associated with
improved radiographic healing, particularly at the high
dose. The Lane-Sandhu score increased from 0.60 + 0.5477
in the model group to 2.80 + 0.4472 in the high-dose group,
consistent with greater callus formation by week 2. Early
callus formation and mineralized matrix deposition are
established features of successful fracture repair (Einhorn
and Gerstenfeld, 2015; Bahney et al., 2019).
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Fig. 3: Western blot densitometric analysis of (a) Runx2, (b) Osterix, (c) PINP, (d) Bax and (¢) Caspase-3 protein
expression and (f) representative Western blot bands of Runx2, Osterix, PINP, Bax, Caspase-3 and B-actin in the five
experimental groups. Target-protein band intensities were normalized to B-actin.Data are presented as mean + SD (n=5
rats per group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01
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Fig. 4: Representative immunohistochemical images (x400) are shown for the (a) model group, (b) low-dose decoction
group, (¢) medium-dose decoction group, (d) high-dose decoction group and (¢) orthopedic bone-setting tablet group; (f)
quantitative analysis of the percentage of Runx2-positive staining area. DAB-positive immunoreactivity appears brown-
yellow, whereas hematoxylin-counterstained nuclei appear blue. Data are presented as mean + SD (n=5 rats per
group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate
comparisons with the orthopedic bone-setting tablet group.
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Fig. 5: Representative immunohistochemical images (x400) are shown for the (a) model group, (b) low-dose decoction
group, (c) medium-dose decoction group, (d) high-dose decoction group and (e) orthopedic bone-setting tablet group and
(f) quantitative analysis of the percentage of Osterix-positive staining area. DAB-positive immunoreactivity appears
brown-yellow, whereas hematoxylin-counterstained nuclei appear blue. Data are presented as mean £ SD (n=5 rats per
group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate
comparisons with the orthopedic bone-setting tablet group.

proportion of positive staining of PINP (%)

Fig. 6: Representative immunohistochemical images (x400) are shown for the (a) model group, (b) low-dose decoction
group, (c) medium-dose decoction group, (d) high-dose decoction group and (e) orthopedic bone-setting tablet group and
(f) quantitative analysis of the percentage of PINP-positive staining area. DAB-positive immunoreactivity appears brown-
yellow, whereas hematoxylin-counterstained nuclei appear blue. Data are presented as mean + SD (n=5 rats per
group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate
comparisons with the orthopedic bone-setting tablet group.
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Proportion of positive staining of BAX (%)

Fig. 7: Representative immunohistochemical images (x400) are shown for the (a) model group, (b) low-dose decoction
group, (c) medium-dose decoction group, (d) high-dose decoction group and (e) orthopedic bone-setting tablet group and
(f) quantitative analysis of the percentage of Bax-positive staining area. DAB-positive immunoreactivity appears brown-
yellow, whereas hematoxylin-counterstained nuclei appear blue. Data are presented as mean + SD (n=5 rats per
group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate
comparisons with the orthopedic bone-setting tablet group.

Proportion of positive staining of Caspase-3 (%)

Fig. 8: Representative immunohistochemical images (x400) are shown for the (a) model group, (b) low-dose decoction
group, (¢) medium-dose decoction group, (d) high-dose decoction group and (e) orthopedic bone-setting tablet group and
(f) quantitative analysis of the percentage of Caspase-3-positive staining area. DAB-positive immunoreactivity appears
brown-yellow, whereas hematoxylin-counterstained nuclei appear blue. Data are presented as mean £ SD (n=5 rats per
group).*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas Ap<0.05 and AAp<0.01 indicate
comparisons with the orthopedic bone-setting tablet group.
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Fig. 9: Representative Alizarin Red-stained sections are shown for the (a) model group, (b) low-dose Compound Miao
medicine Jiuxian Luohan bone-setting decoction group, (¢) medium-dose decoction group, (d) high-dose decoction group
and (e) orthopedic bone-setting tablet group.*p<0.05 and **p<0.01 indicate comparisons with the model group, whereas
Ap<0.05 and AAp<0.01 indicate comparisons with the orthopedic bone-setting tablet group.

The molecular findings showed increased expression of the
osteogenic markers Runx2, Osterix and PINP after
treatment. Runx2 and Osterix regulate osteoblast
differentiation, whereas PINP reflects type I collagen
formation and bone-matrix synthesis. These observations
are consistent with evidence that osteoblast differentiation
is critical for bone formation and fracture repair (Ponzetti
and Rucci, 2021; Chan ef al., 2021; Qin ef al., 2021). The
higher expression of these markers in the high-dose group
therefore supports a potential enhancement of osteogenic
activity at the fracture site.

The treated groups also showed reduced expression of Bax
and Caspase-3, two apoptosis-related markers. Apoptosis-
related pathways can influence skeletal-cell survival and
bone remodeling (Obeng, 2021; Sahoo er al., 2023).
However, apoptosis was not measured directly by TUNEL
staining, Annexin V/PI flow cytometry, cleaved Caspase-3
immunostaining or lineage-specific assays. Accordingly,
the present findings demonstrate an association between
treatment and reduced expression of apoptosis-related
markers but do not establish that inhibition of osteoblast

apoptosis is the causal mechanism underlying improved
fracture healing.

This study has several limitations. The experiment used a
relatively small sample and included only male rats, which
may limit generalizability. Fracture repair was assessed at
a limited number of time points, preventing full
characterization of the dynamic inflammatory, reparative,
mineralization and remodeling phases. In addition,
apoptosis was inferred from Bax and Caspase-3 expression
rather than measured directly. Further studies should
incorporate  direct apoptosis assays, cell-specific
validation, biomechanical testing, longer follow-up and
standardized quality control of the herbal preparation.

CONCLUSION

Compound Miao medicine Jiuxian Luohan bone-setting
decoction was associated with improved radiographic
fracture healing and favorable changes in osteogenic
markers (Runx2, Osterix and PINP) and apoptosis-related
markers (Bax and Caspase-3) in a rat femoral fracture
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model. The findings suggest that the decoction may
contribute to fracture repair through enhanced osteogenic
activity and altered apoptosis-related signaling; however,
causality and cell-specific mechanisms remain to be
confirmed. Future research should include non-fractured
sham controls, multiple time points, direct apoptosis
assays, cell-specific validation, larger sample sizes,
standardized herbal quality control and complete source-
data reporting.
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