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SUMMARY: Berberis vulgarid.. (BV) is rich in isoflavonoids and essential minerals that may enhance bone repair by promoting
osteoblast differentiation, stimulating osteoprogenitors, and inhibiting osteoclast activity. This study explored thé Bffeeksract
on bone healing using a femur fra@ model in Wistar rats. Eighty rats were divided into eight groups, including a normal control
receiving distilled water (DW), a BV-treated group receiving 200 mg/kg of BV daily, a fracture group treated with DW, arelgraaps
receiving either 200 or 400 mg/kg of BV daily. Additionally, a fracture group was given Osteocare (OC) syrup, while twotagmbina
groups received BV with OC syrup. Radiographic assessments of femur fractures and Bone Mineral Density (BMD) were c@@jucted at
60, and 90 days using Dual-energy X-ray absorptiometry (DXA). Serum levels of calcium, phosphorus, and alkaline phosghptase (AL
were measured, along with calcitonin and parathyroid hormone (PTH) using ELISA kits. Bone tissue was analyzed for pS58sgoe expr
through immunohistochemistry, and osteoprogenitor stimulation was evaluated by measuring OPG, RANK, RANKL, and BMP-2 gene
expression. The results indicated that BV supplementation significantly improved BMD and enhanced serum levels of bome formatio
markers and osteogenesis-relatedhimnes. The study suggests that BV positively influences bone healing through modulation of the
OPG/RANK/BMP-2 pathway and may be a promising therapeutic agent for fracture healing and osteoporosis management.
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INTRODUCTION

Bone repair is a complex process governed hysteoblast/osteoclast ratio and promoting the production of
numerous cellular and molecular factors, with key influencesatrix vesicles necessary for bone tissue repair and
including age, nutrition, systemic health conditions, lifestylenineralization (Babic Leket al, 2022; Xieet al, 2020).
choices like smoking and alcohol consumption, medication
use, and the mechanical stability of the bone (Housatyar Central to the bone repair process is the OPG/RANK/
al., 2020). Younger individuals typically experience fastetRANKL/BMP-2 signaling pathway, which involves
and more complete bone healing due to better bone densigieoprotegerin (OPG), receptor activator of nuclear factor
and quality, whereas older adults may face slowddappa-B (RANK), receptor activator of nuclear factor
regeneration and higher risks of complicationseduhte Kappa-B ligand (RANKL), and bone morphogenetic protein-
intake of nutrients, particularly calcium and vitamin D, i€ (BMP-2). RANKL, produced mainly by osteoblasts,
essential for bone growth and repair (Goodmizal, 2019). activates osteoclasts to resorb bone, while OPG inhibits this
Systemic diseases such as diabetes, osteoporosis, and caactyjity by acting as a decoy receptor for RANKL (Zteo
along with medications like corticosteroids and chemotherapl., 2019; Xueet al, 2021). During repair, RANKL levels
significantly impact bone healing. Hormes like calcitonin initially rise to promote osteoclast activity, which is later
and parathyroid hormone (PTH) are crucial in maintainingountered by increased OPG levels to facilitate bone
bone homeostasis and facilitating repair by regulating tfiermation (Tobeih&t al, 2020). BMP-2 supports bone repair
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by promoting osteoblast differentiation and bone matrigompounds, including genistein and kaempferol, have been
production while also stimulating OPG to moderatshown to enhance BMP-2 and OPG expression while
osteoclast activity. The balance of these interactions ieducing RANK-L, fostering osteoblast activity and
critical, particularly as an elevated RANKL/OPG ratio—inhibiting osteoclasts (Patidaral, 2022). This study aims
common with aging and decreased calcium levels—can letmdexplore BV's potential in bone healing, particularly in
to impaired bone repair by favoring bone resorption ovéemur fractures, through a comprehensive biochemical,
formation (Lvet al, 2019; Zhangt al, 2022). This pathway molecular, and histopathological analysis.
is a key therapeutic target in bone repair and regeneration.
MATERIAL AND METHOD

Reactive oxygen species (ROS) and inflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-Preparation of BV extract. To prepare the BV extract,
6), and tumor necrosis factor-alpha (TNJplay crucial 5550 grams of dried BV was ground into a fine powder
roles in bone repair, yet their excessive production can bsing a soil grinder (Cat. No. H-4199.5F; Humboldt
detrimental. During the early stages of bone healing, RG=mpany, US). This powder was then mixed with a solvent
and cytokines attract immune cells to the injury site, aidirgplution of hexane and methanol (30:70 v/v) and incubated
in tissue clearance and promoting angiogenesis. Howevatr,34°C in the dark for 48 h. Following incubation, the
as healing progresses, it is essential for the productionroixture was filtered through No. 42 paper filter (Cat. No.
these molecules to decrease to allow for osteoblast-drive#42-125; Millipore, US) and concentrated using a rotary
bone formation (Koayashiet al, 2015). Disruptions in evaporator (model 9230; Buchi Rotavapor, Switzerland).
the balance between ROS and cytokines can impair healifigpe final BV extract, yielding 450 g with an extraction
with excessive ROS leading to increased RANKIefficiency of 8.1 %, was subsequently stored atG4
expression and bone resorption, while antioxidants he{fhaldournet al, 2021).
restore the RANKL/OPG balance, promoting bone health.
The IL-13/BMP-2, IL-6/RANK-L, and TNFa/OPG Animal care procedures, group assignments, treatment
pathways are critical in regulating osteoblast and osteoclasbtocols, experimental design, and research timeline
activities during bone repair (Aziziett al., 2019).
Pharmacological interventions like RomosozumalRat fracture model and animal care.To induce femur
Denosumab, and bisphosphonates target these pathwayfsaotures in the rats, a standardized procedure involving
enhance bone formation and reduce resorption. Additionalsgdation and anesthesia was used, administering ketamine
natural supplements rich in minerals and polyphenols, suah45 mg/kg and xylazine at 30 mg/kg. The area around
as isoflavonoids and flavonoids, can promote osteogenettie femur, approximately 1 cm below the femoral head,
by modulating these pathways, often via estrogen receptaras shaved. A closed fracture was then produced using
mediated mechanisms (Ve al,, 2023). surgical scissors, following the protocol established by Sun

et al (2015), (Fig. 1). Eighty adult Wistar rats, each three

Berberis vulgarid.. (BV), aplant rich in berberine, months old and weighing approximately 2280 g, were
flavonoids, and essential minerals, has demonstratbdused in propylene cages under controlled conditions: a
significant anti-cancer, anti-diabetic, antioxidant, and antiemperature of 2% 2°C, relative humidity of 5& 3 %,

inflammatory effects (Rahimet al., 2017). BV's and a 12-h light/dark cycle. The rats were allowed to
acclimate to these standard

laboratory conditions for 72
h prior to the induction of
the closed femur fracture
model. They had
unrestricted access to clean
tap water and standard
laboratory rat pellets. The
Fembur osteogenesis housing and handling of the
related genes/proteins rats adhered to international
standards and ethical

Serum Ca, P and ALP
Serum IL-1B, TNF-a and IL-6

o Femur
Serum PTH and calcitonin

oxidative stress

FARP pide guidelines set by the ethics
Iﬁ:::s FRRIRL committee of Xi'an
BMP-2 International Medical
Fig. 1. Research process. Center Hospital.
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Animal grouping. Following the induction of closed femoral Serum concentrations of calcitonin of parathyroid
fractures, the rats were randomly assigned to one of eidgtdrmone (PTH). On the 91st day, at the conclusion of the
groups. Over the course of the 90-day study, treatments weteady, the rats were euthanized following a pre-anesthesia
administered daily: BV was given at 9:00 am, and osteocalginotocol of 100 mg/kg xylazine (2 %) and an anesthesia
(OC) was administered at 3:00 pm. The BV dosage wasotocol of 15 mg/kg ketamine (10 %). Blood was collected
determined through literature review, a preliminary studgirectly from the heart, and serum was separated by
and the LD, method to ensure both efficacy and safety (Surentrifuging the blood samples at 10,@d0r 15 min. Serum
et al, 2015; Shaldoumst al, 2021). The treatment groupslevels of parathyroid hormone (PTH) and calcitonin were
were as follows: assessed using Novus ELISA kits (Novus Biologicals, USA).
The assay was conducted according to the manufacturer's
1. Normal control: 0.5 cc of distilled water (DW) via gavagénstructions. Specifically, 100L of each standard, control,

for 90 days. and sample was added to 96-well plates. Then L 206f

2. FX control: 0.5 cc of DW via gavage for 90 days. enzyme conjugate was added to each well. After incubating

3. Normal + 200 BV: 200 mg/kg BV daily via gavage for 9Ghe plates at room temperature for 120 min, the wells were
days. washed three times with 4Q@L of washing solution.

4. FX + 200 BV: 200 mg/kg BV daily via gavage for 90Subsequently, 200l of substrate solution was added, and
days. after a 30-minute incubation, 1QMQ of stop solution was

5. FX + 400 BV: 400 mg/kg BV daily via gavage for 90introduced. The absorbance was measured at 450 nm using
days. an ELISA reader (Model No. Spectronic 20; Milton Roy

6. FX + OC: 1 mL OC daily via gavage for 90 days. Company, Spain) (Zhareg al., 2021).
7. FX + 200 BV + OC: 200 mg/kg BV and 1 mL OC daily

via gavage for 90 days. Serum concentrations of calcium (Ca) and phosphorus
8. FX + 400 BV + OC: 400 mg/kg BV and 1 mL OC daily(P) levels, and alkaline phosphatase (ALP) activitfhe
via gavage for 90 days. serum was separated by centrifuging the blood at 1@000

for 20 min. Serum levels of phosphorus (P) and calcium
Acute toxicity test (LD, ) for BV. To identify the optimal (Ca), along with alkaline phosphatase (ALP) activity, were
treatment dose of BV with minimal toxicity, Lork's two-stepassessed using Abcam ELISA kits (Abcam, USA). The
method was employed. Initially, nine rats were divided intassays followed the manufacturer's guidelines and protocaols,
three groups of three (n = 3 per group) and administersimilar to the procedures used for measuring PTH and
doses of 20, 200, and 2000 mg/kg via gavage. Followirgglcitonin levels (Zhangt al., 2021).
this, an additional three rats were divided into three separate
groups and given doses of 50, 500, and 5000 mg/kg. AfteBarum concentrations of tumor necrosis factoat (TNF-
24-hour observation period, the LD50 of BV was calculateal), interleukin - 1B (IL-18), and IL-6 levels Following
using the formula: the separation of serum through centrifugation of blood at
10,000g for 20 min, levels of IL-{, IL-6, and TNFe were
LD50=AxB1/2 quantified using ELISA kits from Abcam (Abcam, USA).
These measurements were conducted using a similar
Here, “A” represents the lowest dose at which toxiprocedure to that employed for PTH and calcitonin hormone
symptoms (including weight loss, diarrhea, nausea, and skigsays, adhering to the manufacturer's guidelines and
rashes) or fatalities were observed, while “B” denotes th@otocol (Zhanget al,, 2021).
highest dose at which no toxic symptoms or deaths occurred
(John-Africa, 2019). The appropriate dose for the study w&gmur total thiol, lipid peroxidation levels (TBARS), and
then selected based on these results. ferric reducing antioxidant power (FRAP) levels.To assess
the total antioxidant capacity of femur tissue using the FRAP
Bone densitometry The rats underwent sedation andnethod, the femur was first dissected, and a tissue homogenate
anesthesia with ketamine (45 mg/kg) and xylazine (30 mgas prepared. A 2Q4L aliquot of this homogenate was then
kg) to achieve ventral recumbency. Dual-energy X-raiycubated with the FRAP reagent, which consists of 5 mL of
absorptiometry (DXA) scans were conducted on days B4,6-Tripyridyl-S-Triazine (TPTZ), 50 ml of acetate buffer,
30, 60, and 90 of the study using a dedicated DXA scannamnd 3 mL of ferric chloride solution, at 3€ for 10 min. The
The resulting scans were analyzed with Small Animalbsorbance of the resulting solution was measured at 593 nm
Analysis Software (LI-COR Biosciences) to assess boneing a Stat Fax ELISA reader (Stat Fax, United States), and
mineral density and other related parameters (Vébag, the total antioxidantapacity was expressed @sol/mg
2018). protein (Shaldouret al, 2021).
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For evaluating lipid peroxidation in femur tissue, thd®CR cycling consisted of 5 min at 80, 15 s at 95C, 1
TBARS assay was employed. In this procedure, l06f min at 60°C, and 5 min at 7« for 42 cycles, followed by
the homogenized femur tissue was mixed with a TBAR& melting curve analysis from 60-95. CT values for target
solution containing 5Ql of thiobarbituric acid, 2L of genes and b-actin were recorded and analyzed with the fold
butylated hydroxytoluene, and %0 of phosphoric acid, change formula.
and then incubated at 3T for 30 min. The absorbance of
the mixture was measured at 532 nm using a Stat Fax ELIBACT = [(CT S - Ct,_ ) - (CT S—CT C)], Fold change of
reader (Stat Fax, United States), and the TBARS level wgsnes = 22/CT (Kuanget al., 2019).
reported as nmol/mg protein (Shaldoetral,, 2021).

Primers were designed using Primer-3 and their

To determine the total thiol content in the femur tissuespecificity was validated through NCBI's blast search. Here
50 g of homogenized tissue was mixed with @b®f Tris-  are the primer sequences used in the study:

EDTA and incubated at 25C for 10 min. The initial

absorbanced) was recorded at 412 nm using a Stat Fax For B-actin, the forward sequence is 5'-
ELISA reader (Stat Fax, United States). Following this, 2CTCTGTGTGGATTGGTGGCT-3’, and the reverse
uL of DTNB (5,5-dithio-bis-(2-nitrobenzoic acid)) was addedsequence is 5-CGCAGCTCAGTAACAGTCCG-3. The
and the mixture was incubated at°Z5for an additional 20 OPG gene uses the forward sequence 5'-
min. The final absorbancg) was measured again at 412TGAGACGTCATCGAAAGCAC-3' and the reverse
nm. The absorbance of a blank solution containing DTNBequence 5-CGCACAGGGTGACATCTATT-3. For

(1) was also recorded. The total thiol concentration was th&ANKL, the forward primer is 5'-
calculated using the formula: Total thiol concentratiplY TTCAGAATTGCCCGACCAGTTTTT-3’, and the reverse
=(B-a-u)x1.07/6.8 (Shaldouret al, 2021). primer is 5’-CCCAGACATTTGCACACCTCAC-3. The

BMP-2 gene's forward sequence is 5'-
Real-time polymerase chain reaction (real-time PCR) CAGGAAGCTTTGGGAAACAG-3’, with a reverse
assay sequence of 5-GTCGAAGCTCCCACTGAC-3'. Lastly, for

RANK, the forward sequence is 5'-
Total RNA extraction. Total RNA was isolated from femur ATCTTCGGCGTTTACTAC-3', and the reverse sequence
tissue using the Bio Basic animal total RNA purification kits 5-TCCTTATTTCCACTTAGACTAC-3'(Xuet al, 2023).

(Bio Basic Inc., Canada) following the manufacturer's

instructions. Initially, 50 mg of femur tissue was ground ifremur tissue histopathology To assess the
liquid nitrogen and placed in RNase-Free 1.5 mL centrifud@stopathological changes in femur tissue, the bone samples
tubes with 35QuL of Buffer Rlysis-AG. This mixture was were dissected and fixed in 10 % formalin. The
incubated for 5 min at 28C, after which 30QL of ethanol decalcification process was carried out using 10 % formic
was added and mixed gently. The mixture was theatid. Sections of fm thickness were prepared and mounted
transferred to a spin column and centrifuged at 12,000 g fon slides. Hematoxylin and eosin staining was performed to
30 s at 25C. Subsequently, 0.5 ml each of the kit's GT andxamine trabecular thickness, mineralization of spicules,
NT solutions were added in two separate steps, witisteoblast density, and bone marrow cell spaces. The analysis
centrifugation at 12,000 g for 30 s after each addition. Finallwas conducted at 100X magnification with an optical
50 uL of RNase-free water was added, incubated for 2 mmicroscope (Model No. BX61TRF; Olympus, Japan) and
at 25°C, and centrifuged at 12,09dor 30 s. The extracted recorded using ImageJ software (Akbetral, 2017).

RNA was stored at -8C (Yanget al., 2013).

Immunohistochemically evolution of bone tissueThe
cDNA synthesis and quantitative Real-Time PCR prepared slides, sectioned atrh thickness, were placed in
(gPCR). To synthesize cDNA from femur tissue RNA, thea microwave with 1X TBS solution (Sigma, USA) and heated
Takara cDNA synthesis kit was used following its protocolt 100°C for 10 min. The samples were then left in the
A reaction mixture of 1000 ng total RNA,LL oligo and solution for an additional 20 min. Following this, the samples
random primers, 1QL Takara Bio Mastermix, and mL  were subjected to three washes with PBS (Sigma, USA),
deionized water was prepared and incubated in a therneaich for 5 min. Next, a mixture of@, (Sigma, USA) and
cycler with specific temperature settings: 10 min at@5 methanol at a 1:9 ratios was applied to the samples for 10
45 min at 60°C, and 5 min at 6. For real-time PCR, the min at 25°C. After washing with PBS, the primary antibody
mixture included 1000 ng cDNA,|iL each of forward and against p53 (Abcam, USA), diluted 1:100 in PBS, was added
reverse primers, and|8. Takara Bio Mastermix, and was and incubated at 258 for 60 min. The samples were then
run in an Applied Biosystems Quantstudio 1 thermocyclewashed three times with PBS, followed by the addition of
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100uL of a linker solution (Diagnostic BioSystems, USA)Statistical analysis To compare quantitative results across
for 15 min. The samples were washed again three times witle groups, one-way analysis of variance (ANOVA) followed
PBS and treated with 1@ of polymer solution (Diagnostic by the Newman—Keuls post hoc test was employed. A p-
BioSystems, USA) for 30 min. After another PBS wash, 10@alue of less than 0.05 was deemed statistically significant.
uL of DAB solution (ScyTek, USA) was applied. After 5Data normality was assessed using the Kolmogorov-Smirnov
min, the samples were washed with water, then stained witst, with p-values above 0.05 indicating normal and
hematoxylin for 1 min, and washed with water once morbomogeneous distributions. Results are presented as means
Finally, after dehydration and clearing, coverslips werg¢ standard deviation (SD). Data analysis was conducted
mounted on the samples, which were then photographesing SPSS software (Version 16; IBM Inc., US), and graphs
using an Olympus CX2 optical microscope connected tovéere created with GraphPad Prism software (Version 9;

KECAM 5 MP camera system (Vellest al, 2021). GraphPad Inc., USA).
400
o m ) = oy RESULTS
3004 [J Normal+400 BV
b I FX+200 BV Acute toxicity test (LD, ). The LD50 of BV was
B FX+400 BV . . .
200+ " K B Fxsoc evaluated by monitoring rats for 24 h, and it was
o B FX4200 BVAOC determined that none of the tested doses resulted

100- i B FX:400 BV+OC in mortality. At a dose of 5000 mg/kg, a reduction
&d in appetite was noted, but no other toxic effects

were observed at this or lower doses. The highest
dose at which no toxic symptoms were detected
was 2000 mg/kg. Using Lorke’s formula, the | .D

of BV was calculated to be 3.162 g/kg, indicating
that doses below 3162 mg/kg are considered safe
for rats. However, the safety and potential toxicity
of BV may differ among various animal species

404

304

Body and femur weight (g) (mean#SD)
S

-
=3
1

(a)° Body (g) Faiiur (§) and humans, necessitating further research to
T establish safe dosage levels for human use.
Weights of body and femur in rats The study
0:10+ results revealed a significant reduction in both
) body weight and femur weight at the end of the
-— /,,.»0‘*”*@ — Normal study following femur fracture, compared to the
s =3 = o sacopy  Mormal control group (p < 0.05). However, BV
£ " SN B p ¥ FX+200 BV treatment improved these weight parameters.
2 0.084 Tm \-'e(i:“i FX+400 BV Notably, the co-treatment groups of BV and OC
= . 8 E;:?o% svsoc  Showed significant weight gain, with the FX+200
o N D A FX+400Bv+0C  BV+OC group (p < 0.05) and the FX+400
0077 v BV+OC group (p < 0.05) exhibiting greater
weight increases compared to the FX group (p <
- A B 0.05)(Fig. 2a).
Bone mineral density The evaluation of bone
0.05 T T T T mineral density (BMD) showed a decrease in all
0 30 60 90 .
groups of rats with fractured femurs compared to
(b) o the normal control group. This reduction was

Fig. 2. (@) Mean femur and body weights (g) and (b) Mean femur tissue Significant (p < 0.05) in the FX group. However,
BMD (g/cm3) by DXA of rats across the normal control, FX, normal+400 on the 90th day of the study, there was a
BV, FX+200 BV, FX+400 BV, FX+OC, and FX+200 BV+OC and  significant increase (p < 0.05) in BMD in the co-
FX+400 BV+OC groups. a (p<0.05) indicates significant differences tregtment groups of BV and OC (FX+200 and

between FX and normal control groups; b (p<0.05) indicates significant 400 BV+OC groups) compared to the FX group
differences between all treated groups and FX group (n = 10 rats/group; (Fig. 2b)

values are presented as mearg&D).
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P and Ca serum levels, and ALP activityFollowing a compared to the FX group. The most pronounced effects
femur fracture, there was a notaldisruption in Ca-P were observed in the co-treatment group with OC,
homeostasis, evidenced by a significant decrease in serpatticularly in the FX+400 BV+OC group. In these co-
phosphorus and calcium levels compared to the nornteéatment groups, there was a significant dose-dependent
control group (p < 0.05) and a significant increase in ALReduction in ALP activity (p < 0.05) and a notable increase
activity (p < 0.05). BV treatment helped restore bone mineria serum calcium and phosphorus levels (p < 0.05) compared
balance, with BV alone significantly raising serum calciunto the FX group (Fig. 3a).

levels (p < 0.05) and reducing ALP activity (p < 0.05)

PTH and calcitonin serum levels The analysis of
serum hormone levels related to osteogenesis revealed

“1 that, in the FX group, PTH levels increased
. — significantly (p < 0.05), while calcitonin levels
2 T . X decreased (p < 0.05), leading to a reduced calcitonin/
T%' E BB " . MmO PTH ratio (p < 0.05) compared to the normal control
@ 400 : [ FX+200 BV
E 3 I FX4400 BV group. BV alone notably decreased PTH levels (p <
; Efe| E B FX0C 0.05) compared to the FX group. In the co-treatment
T = FEEAPEANO0 groups (FX+200 BV+OC and FX+400 BV+OC), both
= 3 Bl FX+400 BV+OC ..
P BV and OC synergistically and dose-dependently
S reduced PTH levels significantly (p < 0.05) and
a increased calcitonin levels (p < 0.05) compared to the
% ad FX group (Fig. 3b).
>
Y
g = IL-6, TNF-a, and IL-1B serum levels After femur
g . fracture and inflammation, the levels of all three pro-
109 2 2 inflammatory cytokines significantly increased (p <
i) a 0.05) compared to the normal control group. However,
— P— r—rr BV, with its anti-inflammatory properties, notably
soq reduced (p < 0.05) the levels of all three cytokines at
a dose of 400 mg/kg compared to the FX group. The
203 - O3 Normal greatest reduction in cytokine levels was observed in
I FX the synergistic treatment groups combining BV and
e I, ™t B = sy OC (FX+200 BV+OC and FX+400 BV+OC), where
- 2 ’ = I FX+400 BV all three cytokines showed a significant decrease (p <
g5 ER SEE 0.05) in a dose-dependent manner compared to the

-
(=)
1

&
1

calcitonin/PTH ratio (meantSD)
T v

Serum PTH and calcitonin levels and

~N
1

14

(b)

PTH (pg/ml)

T
Calcitonin (pg/ml)

El FX+200 BV+OC
HEl FX+400 BV+OC

Calcitonin/PTH ratio

FX group (Fig. 4a).

Femur tissue stress oxidative parameters$-ollowing

a femur fracture, the TAC (FRAP levels) in the femur

significantly decreased (p < 0.05) compared to the
normal control group, leading to increased lipid

peroxidation (indicated by lower TBARS levels) and

elevated total thiol levels in the femur tissue (p < 0.05).
However, BV alone significantly increased FRAP (p <

0.05) compared to the FX group, resulting in reduced
lipid peroxidation (evidenced by higher TBARS levels)

and lower total thiol levels (p < 0.05). Improvements

Fig. 3. (a) Mean serum activity of ALP (Ufl) along with P and Ca (mg/d{, antioxidant parameters were also observed in the BV
Ieyels and (.b) Mean serum levels of PTH and calcitonin (pg/ml) alo d OC co-treatment groups (FX+200 BV+OC and

with calcitonin/PTH ratio of rats across the normal control, FX, normal+4 +400 BV+OC), where, in a dose-dependent and
BV, FX+200 BV, FX+400 BV, FX+OC, and FX+200 BV+OC and FX+400 - ' ! .
BV+0OC groups. a (p<0.05) indicates significant differences between |§Xnerg|st|c_manner, both FR_AP_ f'md TBARS levels in
and normal control groups: b (p<0.05) indicates significant differenctfd€ femur tissue increased significantly (p < 0.05), and
between all treated groups and FX group (n = 10 rats/group; values @@l thiol levels decreased significantly (p < 0.05)

presented as meansSD). compared to the FX group (Fig. 4b).
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400 degradation, with a notable decrease in the
- expression of RANK, OPG, and BMP-2 genes

— (p <0.05) and a significant increase in RANK-
T Normal+400 BV L gene expression (p < 0.05) compared to the

a I FX+200 BV normal control group. However, when BV is

300 y ol combined with OC, there is a synergistic
el improvement in the expression of osteoblast-

l : ';:ZZE :z:g‘( stimulating genes. In the FX+200 BV+OC

R group, the expression of RANK and OPG

genes significantly increased (p < 0.05), while
RANK-L expression significantly decreased
l (p < 0.05) compared to the FX group. The
most pronounced effect was observed in the
FX+400 BV+OC group, where all four
genes—RANK, OPG, and BMP-2—showed
significant upregulation (p < 0.05) compared
b to the FX group, and RANK-L gene expression
significantly decreased (p < 0.05) (Fig. 5).

200

100

Serum IL-1B, TNF-a and IL-6 (mean*SD)
| -
o
o
4
}_4
H
o
o
[
_
]
o

| il |

H—‘ Histopathological findings of the femur
(@ ° 6 (pg/a) TNF-a (pg/dl L1 (pg/dl) tissue Following a femur fracture, the
-~ resulting inflammation, edema, and damage
to the endosteum and periosteum can hinder
JL O Normal mineralization and the development of
o I - X spicules and trabeculae in the affected area.
% g This is often accompanied by a lack of new
© I FX+200 BV
£ 6- B FX+400 BV osteon formation by osteoblasts and the
Py " = Fx+0C presence of fibrous tissue. However, in the
g B3 FX+200 BV+OC groups treated with BV alone and the
= Bl FX+400 BV+0C combined BV and OC treatment, there was
- b evidence of new osteon, trabeculae, and
B B % B mineral trabeculae formation. The healing
g b regions displayed organized bone islands
o x centered around osteocytes and encircled by
é M " b osteoblasts, as shown in Figure 6. These
= = b results indicate that BV, particularly when
< 2 b combined with OC, can enhance bone repair
2 al |1 b and foster the formation of new bone tissue,
b . T leading to improved healing outcomes.
: ’l‘ I Expression of femur bone p53 The
(b) 0= i ! — investigation of p53 gene expression revealed
FRAP (umol/mg) TBARS {nmal/mg) Thiol (pmol/mg) that it was minimal in the normal control

Fig. 4. (a) Mean serum levels of IL-1b, IL-6, and TNF-a (pg/dL) and (b) Meagroup. In contrast, the FX group exhibited
femur tissue levels of FRARifol/mg protein) and TBARS (nmol/mg proteins) significantly elevated levels of p53 expression
of rats across the normal control, FX, normal+400 BV, FX+200 BV, FX+400 BVacross various osteogenic areas. Treatment
FX+0C, and FX+200 BV+OC and FX+400 BV+OC groups. a (p<0.05) indicate\ﬁlith OC and BV at doses of 200 and 400 mg/
significant differences between FX and normal control groups; b (p<0.05) indicatlgs
significant differences between all treated groups and FX group (n = 10 rat
group; values are presented as meagp).

led to a reduction in p53 expression. This

ecrease was observed in a dose-dependent
manner in trabeculae, osteogenic areas near
the endosteum, and hematopoietic islets in the

Expression of RANK, RANK-L, OPG, and BMP-2 genesFollowing BV-treated groups, particularly when

a femur fracture, osteoclast activity increases, resulting in boneombined with OC (Fig. 7).
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Fig. 5. Mean femur tissue genes expression of RANK, OPG, BMP-
2, and RANK-L of rats across the normal control, FX, normal+400
BV, FX+200 BV, FX+400 BV, FX+OC, and FX+200 BV+OC and
FX+400 BV+OC groups. a (p<0.05) indicates significant
differences between FX and normal control groups; b (p<0.05)
indicates significant differences between all treated groups and FX
group (n = 10 rats/group; values are presented as rmesD}
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Fig. 6. The femur bone histopathlogy in normal control A), FX (), 0rm|40 BV (C), FX+200 BV (D) and FX+400
BV (E), FX+OC (F) and FX+200 BV+OC (G) and FX+400 BV+OC (H) groups. (H&E staining ¥ 100, Scale bar = 200
mm). Osteoblast (OB), osteocyte (OC) cells, bone trabecula (T), bone matrix (BM).

2

Fig. 7. Immunohistochemical staining of the p53 in femur bone in norl

mal control (A), FX (B), normal+400 BV (C),

SA e

v

FX+200 BV (D) and FX+400 BV (E), FX+OC (F) and FX+200 BV+OC (G) and FX+400 BV+OC (H) groups. (DAB

staining ¥ 100, Scale bar = 200 mm).
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DISCUSSION Free radicals like }D,, *O,-, and *OH are unstable
molecules that can inflict oxidative damage on cells and
The findings from this study indicate that BVtissues. These radicals are byproducts of normal cellular
enhances bone healing through several mechanisms.ntstabolism but can be produced in greater amounts in
substantial mineral content aids in sustaining serum calcitesponse to injury or inflammation. Excessive production
levels within the ideal range (20-30 mg/dL) and boosts thef free radicals leads to oxidative stress, which disrupts
calcitonin/PTH hormone ratio. Additionally, the highcellular functions and damages DNA, proteins, and lipids
polyphenol concentration in BV enhances the OPG/RANKWanget al, 2020; Marcucagt al, 2023). Research by Shao
L ratio, thereby stimulating osteoblast proliferationet al (2021), has shown that these reactive species can
differentiation, and activity. BV also helps to mitigate thgoromote mitochondrial apoptosis in osteoprogenitor cells and
impact of free radicals, apoptotic pathways, andsteoblasts through the Bax/Caspase-3/p53/Cytochrome C
inflammatory cytokines that could impede bone healinggathway (Shaet al, 2021). Additionally, free radicals can
thereby promoting effective bone repair. inhibit osteoblast proliferation and differentiation by
activating apoptotic signaling pathways, including MAPKs,
Following a bone fracture, low blood calcium levelERK1/2, and JNK, thus interfering with bone repair
(typically falling below 20-30 mg/dL) activate osteoclastprocesses. They also increase the RANK-L/OPG ratio, which
while inhibiting osteoblasts. This imbalance results in aboosts osteoclast activity (Prasadamal, 2021). Bone
increased PTH/calcitonin ratio and suppression of collagémactures trigger a surge of free radicals that overwhelms
aggregate formation and matrix vesicle development, whithe tissue’s natural antioxidant defenses. Research has also
impedes bone repair. This issue is particularly prevalelibked the ERK/NF-kB/TNF/IL-6 pathway, which is
among individuals with naturally low calcium levels, suchinfluenced by free radicals, to osteoclast apoptosis
as postmenopausal women and elderly men. Resea(klerrmanret al, 2011). In this study, bone fractures led to a
indicates that both chemical and natural supplemendecrease in endogenous antioxidant enzyme activity and
containing calcium are beneficial for bone repair byverall antioxidant capacity, accompanied by increased lipid
activating osteoblasts and inhibiting osteoclasts (Shuid peroxidation due to damage to osteoblastic and
al., 2010; Pateét al, 2016). Xuet al (2020), found that osteoprogenitor cell membranes. The presence of
calcium plays a crucial role in bone repair by enhancingplyphenolic compounds in BV, such as apigenin, genistein,
calcitonin levels, which supports bone healing. Additionalljkaempferol, quercetin, and formononetin, appears to boost
serum calcium levels affect the OPG/RANK-L pathway anthe antioxidant defense system and improve markers of
bone metabolism. Low calcium levels are linked to highaxidative stress in serum and tissues. Rafiteg. (2016),
RANKL expression and lower OPG expression, leading lemonstrated that BV offered protection to the testes from
increased osteoclast activity and bone resorption. Conversétye harmful effects of carbon tetrachloride in Wistar rats
higher calcium levels reduce RANKL expression an{Rafieeet al, 2016). This protective effect was attributed to
increase OPG expression, improving bone health hlye increased antioxidant activity of serum catalase (CAT)
decreasing osteoclast activity (Tobeifiaal, 2020). The and a reduction in malondialdehyde (MDA) levels in
study by Soltaniet al. (2024), demonstrated that BV testicular tissue, which helped preserve the testes' structure
promotes the differentiation of ovine fetal bone marrowand function (Rafieet al, 2016). Similarly, Soneét al
mesenchymal stem cells into osteocytes. This effect wé&020), found that barberry extract had a protective effect
achieved by increasing the expression of ALP, Runx2, almth mouse brain tissue exposed to the toxic substance
COL1A2 genes, which in turn stimulated the mineralizatiodiazinon. The extract enhanced the activity of antioxidant
of the cell matrix (Soltaret al, 2024). In another study by enzymes such as glutathione peroxidase (GPx), glutathione
Xu et al. (2020), on glucocorticoid-induced osteoporosis iiGSH), superoxide dismutase (SOD), and catalase (CAT),
rats, it was demonstrated that BV enhances biomechanioaulting in improved behavioral performance and better
properties, including bone mineral density (BMD) andbrain structure (Soneit al, 2020).
trabecular thickness, by inhibiting bone resorption and
promoting bone formation (Xat al, 2020). In this study, Isoflavones like genistein, formononetin, and
BV was found to elevate serum calcium levels and improv@ochanin A can inhibit osteoclast differentiation and activity
the calcitonin/PTH and OPG/RANK-L ratios at both gen¢hrough the ERK, p38, and AKT signaling pathways. These
and protein levels, thereby enhancing bone healing arsbflavones help to reduce the RANK-L/OPG ratio by
increasing bone mineral density (BMD) in BV-treatecenhancing the RANK/OPG system, ultimately boosting the
groups. Furthermore, BV demonstrated synergistic effeqgisoliferation, activity, and differentiation of osteoblasts
with commonly prescribed bone repair medications an@epedaet al, 2020). Additionally, research has shown that
supplements, including OC. pro-inflammatory cytokines such as T&WHAL-1, IL-6, IL-
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7, and IL-17 increase during bone damage. These cytokirded extracto de BV en la curaciéon 6sea utilizando un modelo
hinder the OPG/RANK/BMP-2 and BMP-2/Smad/Wntde fractura de fémur en ratas Wistar. Se dividieron ochenta
signaling pathways, leading to enhanced osteoclastogeneatas en ocho grupos, incluido un control normal que recibi6
and suppressed osteoblast differentiation (Wu & Liu, 2022)gua destilada (DS), un grupo tratado con BV que recibio
Specifically, IL-6 functions as an inhibitor of BMP-2 or200 mg/kg de BV diariamente, un grupo con fractura tratado
the OPG/RANKL pathway, disrupting osteoblast activitycon DW y grupos con fractura que recibieron 200 o0 400 mg/
In the current study, levels of pro-inflammatory cytokinekg de BV diariamente. Ademas, a un grupo de fracturas se
rose following bone fracture, but BV was effective ine administré jarabe Osteocare (OC), mientras que dos grupos
regulating these cytokines due to its polyphenolic contertipmbinados recibieron BV con jarabe OC. Se realizaron
thereby supporting osteogenesis (Sattial, 2021; Arafa evaluaciones radiograficas de fracturas de fémur y densidad
et al, 2023). Based on these findings, BV appears to beraneral 6sea (DMO) a los 30, 60 y 90 dias mediante
promising option for treating bone fractures and even fabsorciometria de rayos X de energia dual (DXA). Se
preventing fractures in at-risk groups, such as the elderyjdieron los niveles séricos de calcio, fésforo y fosfatasa
individuals with low serum calcium levels, postmenopausalcalina (ALP), junto con calcitonina y hormona paratiroidea
women, and those with absorption disorders. In such cas@sTH) utilizando kits ELISA. El tejido 6seo se analizé para
BV could be used alongside calcium supplementation ta expresién del gen p53 a través de inmunohistoquimica, y

enhance bone health. se evalué la estimulacion osteoprogenitora midiendo la
expresion de los genes OPG, RANK, RANKL y BMP-2.
CONCLUSION Los resultados indicaron que la suplementacion con BV

mejoré significativamente la DMO y los niveles séricos de

The study's findings suggest that BV can enhaneearcadores de formacién ésea y hormonas relacionadas con
bone density and expedite bone repair, especially ia osteogénesis. El estudio sugiere que BV influye
individuals with fractures, by modulating antioxidant angbositivamente en la curacién ésea a través de la modulacién
anti-inflammatory pathways, regulating crucial minerals fode la via OPG/RANK/BMP-2 y puede ser un agente
bone healing, and reinforcing the OPG/RANK/BMP-2Zerapéutico prometedor para la curacién de fracturas y el
pathway. Consequently, BV could serve as a preventitatamiento de la osteoporosis.
measure for those at risk of fractures. Moreover, BV may
be beneficial for individuals with fractures to aid in bone PALABRAS CLAVE: Osteogénesis; Densidad
healing and improve overall bone health. Further researatineral 6sea; Cicatrizacion éseaBerberis vulgarisL.;
is recommended to explore additional signaling pathwaysactura de fémur.
influenced by BV in bone repair, as well as to evaluate its
effects in other in-vivo and in-vitro models. Future studieREFERENCES
may also consider developing a prodrug containing the pure
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