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ÖZ

Kemik iyileşme bozukluklarının klinik tedavisi ciddi zorluklar barındırır. Ancak, kemik dolgu malzemelerinin 
uygulanması yaralanma yerinde cerrahi implantasyon gerektirir, bu da yerel komplikasyonlara yol açabilir. Bu 
nedenle, osteojenik ilaçları almak kemik lezyonlarının iyileşmesine yardımcı olacaktır. Artan osteoblast ve aza-
lan osteoklastlar metforminin osteojenik etkisini temsil eden iki yoldur. Çalışmanın amacı, metformin uygu-
lamasının kemik defekti bölgesinde kemik iyileşmesi üzerindeki sistemik etkisini radyografik ve serum alkalin 
fosfataz testleri kullanarak belirlemektir. Çalışmada, toplam 20 yetişkin erkek tavşan onarlı iki gruba bölünerek 
kullanılmıştır. Tavşanların tamamı genel anestezi altında aynı cerrahi prosedüre maruz kaldılar. Femur cerrahi 
olarak ekspoze edildikten sonra üzerine 3 mm çapında ve 3 mm derinliğinde iki delik açıldı ve delikler boş 
bırakıldı. Çalışma 28 gün sürdü. Çalışma grubundaki tavşanlar, operasyonun ardından 28 gün boyunca günde 
50 mg/kg oral metformin aldı. Hayvanlar araştırmadaki numaralarına ve gruplarına göre iki farklı zaman ara-
lığında, operasyondan sonraki 14'üncü ve 28'inci günlerde sakrifiye edildiler. Femur defekt bölgesinden alınan 
kemik örnekleri, ayrıştırıldı, kesildi, radyografik olarak değerlendirildi ve serum alkalin fosfataz ölçümü için kan 
alındı. Metformin alan hayvanların kontrol grubuna kıyasla çalışma zamanlarının her ikisinde de kemik mineral 
yoğunluğu ve osseointegrasyon artışı olduğunu ve ayrıca serum alkalin fosfataz artışı olduğunu göstermiştir. 
Sonuç olarak, metformin, kontrol grubunda tedavi uygulanmayan tavşanlara kıyasla kemik defekti bölgesinde  
kemik iyileşmesini ve yenilenmesini artırmakta ve osteogenezis ve osseointegrasyon sürecini daha fazla  
güçlendirmektedir.

Anahtar Kelimeler: Metformin, BMD, serum alkalin fosfataz, kemik iyileşmesi, kemik defekti

ABSTRACT

Clinical therapy for disorders of bone healing present serious challenges. The delivery of the bone filling mate-
rials necessitates surgical implantation at the fracture site, which could lead to local complications. As a result, 
taking osteogenic medications will offer a great way to heal bone lesions. Increased osteoblasts and decreased 
osteoclasts are 2 ways that metformin has an osteogenic impact. The aim of the study is to determine the 
systemic impact of metformin on bone healing at the site of a bony defect using radiographic and serum alka-
line phosphatase testing. A total of 20 mature male rabbits, divided into 2 groups of 10 each for the treatment 
group and the control group, were utilized. All rabbits underwent identical surgical procedures under general 
anesthesia. Two holes that were 3 mm in diameter and 3 mm deep were created and left empty after the fe-
mur has been surgically exposed. The study was conducted over 28 days. The rabbits in the treatment group 
received 50 mg/kg of metformin orally daily for 28 days. The animals were sacrificed at 2 different time points, 
according to their groups, on the 14th and 28th day after surgery. Bone samples from the defect site of the fe-
mur were isolated, sectioned, assessed radiographically, and blood was drawn for serum alkaline phosphatase 
measurement. There was an increase in bone mineral density and osseointegration. In addition, serum alkaline 
phosphatase increased in the animals of the group treated with metformin than in the control group at both 
study time periods. Metformin increases bone healing and regeneration at the bone defect sites and enhances 
the process of osteogenesis and osseointegration more than the control untreated rabbits.
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INTRODUCTION

Bones provide a structural function and cover 
vital organs. In addition, bones serve as storage 
for minerals and growth factors as well as a site 
for the creation of blood cells. Their physiolog-
ical function is closely linked to the presence of 
stem cells, which are crucial regulators of cell  
activities.1

One of the most frequent traumatic injuries is 
a bone fracture. Although the majority of minor 
fractures recover within a few weeks, 5% to 10% 
of long bone fractures take 6–8 months to heal 
properly. Current therapies, including autologous 
bone transplants, intramedullary nails or fixation 
plates, and bone morphogenetic protein (BMP)-
based therapy do not always enable full bone res-
toration.2
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Bone regeneration can occur either by endochondral ossifica-
tion or by intramembranous ossification processes. Mesenchy-
mal stem cells (MSCs) immediately differentiate into osteoblasts 
upon intramembranous ossification, which leads to the deposi-
tion of mineralized extracellular matrix. Endochondral ossification 
goes through stages such as inflammation, development of soft 
to hard callus, and remodeling of the fracture site.3

Bone is a highly dynamic tissue. Maintaining homeostatic bone 
metabolism and skeletal strength requires a series of coordinat-
ed steps known as “bone remodeling.”4 Clinical judgments, radio-
graphic analyses, and serological tests are used to evaluate bone 
healing.5 Malignant bone tumors and serious trauma can remove 
a considerable amount of bone, resulting in severe bone defect. 
In addition, bone abnormalities that necessitate bone augmen-
tation treatments are typically present with fractures sustained 
from high energy trauma and osteoporotic fractures.6

Several drugs with very different indications and exhibiting a pleio-
tropic spectrum of actions are used to target the local and system-
ic regulation of bone metabolism. These include antihyperlipidemic 
drugs such as (HMG-CoA reductase inhibitors), antihypertensive 
drugs (such as ACE inhibitors), drugs for osteoporosis (bisphos-
phonates), cancer drugs (inhibitors proteasome), and other drugs.7 
Metformin works by preventing the production of hepatic gluco-
neogenesis, increasing the density of low and high affinity insulin 
receptors, and lowering resistance to the peripheral effects of insu-
lin.8 Metformin treatment for diabetic patients has been shown to 
reduce TNF expression. The pharmacological action of metformin 
goes beyond simple glycemic control, decreasing the markers of 
inflammation, and contributing to the reduction of oxidative stress 
with a confirmed anti-inflammatory effect.9 In the setting of chron-
ic periodontal inflammation, MSCs have a significantly reduced po-
tential for osteogenic differentiation. A highly effective strategy to 
stimulate or restore the osteogenic potential of MSCs in an inflam-
matory environment remains an unrealized goal.10

Metformin belongs to a group of drugs known as biguanides, 
which work well both alone and in conjunction with other hypo-
glycemic medications. Metformin is typically well accepted, has 
few adverse effects, and is relatively inexpensive.11 Therefore, this 
study focuses on the effect of metformin on bone regeneration.

During the maturation and mineralization phases of the newly 
formed osteoid, alkaline phosphatase (ALP), which can be detect-
ed in serum, is secreted into extracellular fluid by osteoblasts. 
However, only around 50% of the ALP activity in healthy people’s 
blood is derived from bone, with the remaining 50% largely com-
ing from the liver. The bone-derived isoform (BALP) can be more 
specifically detected by some techniques.12

MATERIAL AND METHODS

Experimental Model
Twenty adult male New Zealand rabbits weighing 1.75 kg to 2 kg 
and aged between 6 and 8 months were utilized. The animals 
were sacrificed at the end of the experiments (at 14 and 28 days) 
using an overdose of general anesthesia (ketamine 200 mg/kg + 
xylazine 40 mg/kg)13. The study was carried out in agreement with 
the Institutional Animal Research Ethics Board’s guidelines as of 
June 19, 2022 (UoM.Dent/A.L.58/22).

Medication
The drug used in this study is metformin tablets 500 mg (the 
smallest dose available to control the administered dose)  

produced by the well-known German brand company, MERCK un-
der the trade name, Glucophage.

Metformin in Iraq and most of countries is available as tablets 
only. Therefore, we were prepared it in the form of liquid by fine 
grinding of the tablets to obtain fine powder. Each 500 mg tab-
let was ground alone; the resultant fine powder of this tablet was 
filled into a hard gelatin capsule to control the amount of drug 
(500 mg per capsule). For oral administration of the drug, the con-
tent of each capsule was dissolved in 10 mL of distilled water with 
vigorous shaking for at least 2 mins to obtain homogenous solu-
tion containing 500 mg/10 mL of the drug (Figure 1). Though met-
formin is essentially insoluble in organic solvents like acetone, 
ether, and chloroform, it is readily soluble in water.14 Metformin 
liquid was administered to the rabbits orally in a dose of 50 mg/kg 
once daily using a feeding tube and pushed through a graduated 
syringe to give the exact and accurate dose.15 The rabbits in the 
treatment group received 50 mg/kg of metformin orally daily for 
28 days.

Study Design
Group 1: Control group that received no medication (n = 10). This 
group was subdivided into 2 groups of 5 rabbits for each period, 
according to the sacrifice date (day 14 and 28 post-surgery).

Group 2: Treatment group that was systemically treated with 
metformin (n = 10). After the surgical procedure, metformin was 
administered orally in a once daily dose of (50 mg/kg) body weight 
[15] using feeding tube. This group was subdivided into 2 groups 
of 5 rabbits for each period, according to the sacrifice date (day 14 
and 28 post-surgery).

Preparation of Animals for Surgery
All the 20 rabbits received anesthesia by intramuscular injection. 
Each rabbit received an intramuscular injection of a mixture of 
ketamine (KETALROM-50), 40 mg/kg and xylazine (Holland), 4 mg/
kg.16

Animal Surgical Procedure
After 20 mins, the animal gained anesthesia,17 and the surgery was 
performed on the left femur bone.

Two holes, 3 mm in diameter and 3 mm deep, were created in the 
exposed femur diaphysis, using 2000 rpm low speed straight sur-
gical hand piece with a 3 mm round carbide bur and continuous 
normal saline irrigation (Figure 2).18
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Figure 1. Glucophage®(metformin 500 mg) tablets / prepared liquid 
metformin.



The bone defects (holes) were left empty without any material. 
The wound was closed using a 3/0 black silk suture and rubbed 
well with povidone iodine 10% as shown in (Figure 3).

Postoperative Care of Animals
After the surgical procedure, the animals were given oxytetracycline 
20% injection (Limoxin-200 LA® [Holland]) as a prophylactic antibiot-
ic for wound healing, administered as a single daily dose of 0.5 mL/ kg 
intramuscularly for 3 consecutive days from the operation day.

Criteria of the Study

Biochemical Criteria

Blood Sample Preparation
After the surgery, on days 14 and 28, the animals were sacrificed 
and blood was drawn directly from the jugular vein. The serum 
was then separated and stored until it was used for analysis of 
serum ALP.

Determination of Serum Alkaline Phosphatase for Rabbits Us-
ing the Spectrophotometer
Materials Supplied:

The whole kit was stored in a refrigerator at temperatures be-
tween 2°C and 8°C until the time of analysis, during which the kit 
should reach to room temperature (20°C–25°C).

Reagents:

1- Vial R1 (substrate-buffer):

Disodium phenyl phosphate 5 mmol/L

Carbonate-bicarbonate buffer pH 10 50 mmol/L

Stabilizer 

2- Vial R2 (standard):

Phenol corresponding to 20 U king and kind

3- Vial R3 (blocking reagent) (Toxic)

4-amino antipyrine 60 mmol/L

Sodium arsenate 240 mmol/L

4- Vial 4 (dye reagent)

Procedure
Reagents and specimens were at room temperature. Tubes were 
prepared as shown in Table 3.

Reagent 1 was prepared and incubated for 5 mins at 37°C. Re-
agent 2 was prepared and was let to stand exactly 15 mins at 37°C.

The reagents were mixed and then incubated for 10 mins at room 
temperature and were stored away from light. Read absorbanc-
es of the blank specimen, standard, and assay at 510 nm against 
reagent blank. Coloration was stable for 45 mins away from light.

Radiological Criteria
At the time of animal sacrificing, the site of bone defect (hole) and 
around it in the femur bone were taken directly for radiographi-
cal examination. To assess the degree of bone development, the 
specimens were examined using a digital radiography machine.

In this criterion, the linear measurement was not used, instead 
the densitometric analysis were used to measure the bone min-
eral density at the desired area in the hole. (Figure 4).

RESULTS
Serum Alkaline Phosphatase
On day 14, serum ALP was measured for both groups. That of 
the control group was used as a reference to compare with the 

93

Vet Sci Pract. 2022; 17(3), 91-97 l DOI: 10.5152/VetSciPract.2022.223353

Figure 2. Two holes were made in the femur bone of each of the 20 
rabbits.

Figure 3. Suturing and disinfection of the wound



treatment group. An independent sample t test (using IBM SPSS 
26) showed a highly significant difference in serum ALP at day 14 
between the control group (41.2 ± 0.73) IU/L and the treatment 
group (74.2 ± 1.53) IU/L (P ≤ .001), as shown in Table 1 and Figure 5.

Independent sample t test showed highly significant difference in 
serum ALP on day 28 between the control group (59.1 ± 0.9) IU/L 
and the treatment group (67.6 ± 1.36) IU/L (P ≤ .001), as shown in 
Table 1 and Figure 5.

Radiological Results
In this criterion, densitometric analysis were used to measure the 
bone mineral density at the desired area in the hole. Also, gross 
radiographical assessment was used to observe the effect be-
tween various groups. Radiological criteria are a good indication 
of new bone formation at the site of the hole and for comparison 
between the holes of different sites.

On day 14, independent sample t test showed that there was 
no significant difference (P ≥ .05) in bone mineral density (BMD) 
between the control group (134.5 ± 1.5) the metformin-treated 
group (135.75 ± 1.3). The treatment group slightly exceeded the 
control group in BMD, and there was gross observable difference 
in radiopacity between these 2 groups, as shown in Table 2, and 
Figures 6 and 7.

On day 28, obvious difference was observed in gross radiopaci-
ty between the control and treatment groups. In addition, there 
was a significant difference in BMD at day 28 between the control 
group (160.5 ± 1.7) and the treatment group (171.25 ± 0.85) (P ≤ 
.05), as shown in Table 2 and Figures 8 and 9.

DISCUSSION

In this study, serum ALP levels indicate that the metformin-treat-
ed group experienced an increase in the level of enzyme more 
than the control group during both time intervals of 14 and 28 
days. Serum ALP can be used as an indicator to measure the ac-
tivity of bone formation. Studies suggest that assessing markers 
of bone formation such as serum ALP throughout the healing 
of fractures could increase the accuracy of the evaluation of the 
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Figure 4. Radiographical machine, sensor, and control.

Figure 6. Densitometric study of the femur bone hole in the control 
group after 14 days.

Figure 7. Densitometric evaluation of the treated group’s 14-day 
femur bone hole.

Figure 5. The histogram of the statistical analysis of serum alkaline 
phosphatase measured in (IU/L).

Table 1. Alkaline phosphatase levels at both groups at different periods.

Group Time 14 days period 28 days period

Control group 41.2 ± 0.73 59.1 ± 0.9

Treat group 74.2 ± 1.53 67.6 ± 1.36

P value .0001 .0001

Table 2. Bone mineral density mean ± standard error at different time periods.

Group Time 14 days 28 days

Control group 134.5 ± 1.5 160.5 ± 1.7

Treated group 135.75 ± 1.3 171.25 ± 0.85

P 0.085 0.001



bone healing stage and enable early identification of patients at 
risk for developing delayed union or nonunion.19 This supports the 
choice of serum ALP as a marker in our study.

Because of its ease of use in individuals with normal liver function, 
total serum ALP is a frequently applied marker of bone metabo-
lism. ALP levels also suggest normal osteoblast activity and new 
bone development.20

This study uses serum ALP as an indicator of bone healing by 
comparing its level to that of the control group (baseline), despite 
the fact that there are few studies establishing the role of this 
enzyme in the evaluation of the healing process following frac-
tures. The bone-isoenzyme of ALP (BsALP), which is believed to 
be a more accurate marker of bone formation, was not available 
at our center and had a high cost. The healing of fractures is highly 
associated with serum ALP levels. Tissue-nonspecific ALPs make 
up the majority of the enzyme fraction circulating in serum, which 
is of therapeutic importance.21

The circulating enzyme in healthy people is mostly derived from 
liver and bone. The hydrolysis of organic phosphate esters that 

are present in the extracellular space is catalyzed by a group of 
isoenzymes called ALPs, which are found on the outer layer of the 
cell membrane. The cofactors magnesium and zinc are essential 
for this enzyme. Though ALPs are present in a variety of body re-
gions and exhibit a variety of physiochemical properties, they are 
actual isoenzymes because they catalyze the same biochemical 
reaction. More than 80% of the ALP in serum is released from the 
liver and bone, with small amounts from the intestines.22

Serum total ALP activity is frequently used as a biochemical mark-
er of osteoblast function, however, because of contribution of its 
activity, it lacks great specificity. It is particularly derived from the 
liver. About half of the serum ALP activity in healthy people comes 
from bone and the other half from the liver.19

The results of our study in which there was an increase in serum 
ALP at both time intervals of the study, seems to correspond with 
a study on humans after orthognathic surgery in which ALP and 
bone-specific ALP were used as markers of bone formation and 
osteoblastic activity. Enzyme levels significantly decreased 1 day 
and from 1 day to 1 week, respectively, after surgery. They then 
increased to their maximum values by 1 month before gradually 
returning to preoperative levels by six months.23

In agreement with this study, the biochemical parameters were 
assessed during fracture healing in 7 dogs with femoral fractures 
stabilized using string of pearls locking plates, in another study. 
Serum ALP was tested on the day prior to surgery, as well as on 
days 15 and 45 after the surgical operation. The results of a one-
way ANOVA statistical analysis showed that there was a highly 
significant difference between the 3 intervals. The 15th postoper-
ative day showed the highest value, whereas the 45th postopera-
tive day showed the lowest value.24

Metformin significantly stimulated the gene and protein ex-
pression of essential osteoblastic transcription factors such as 
Runt-related transcription factor2 (RUNX2), enhanced ALP activi-
ty, and mineral deposition.25 The increase in ALP enzymatic activ-
ity is a result of metformin’s ability to stimulate cell proliferation 
and promote osteogenic differentiation. The stimulation of cells’ 
proliferative activity and their differentiation into osteogenic cells 
appear to be solely dependent on metformin concentration, and 
this is according to one of the key findings of in vitro research that 
examine metformin-related osteogenic activity26 and the dose 
used in our study exhibit osteogenecity.

Metformin increases BMP-2 expression through increasing ALP 
and osteocalcin (OCN) secretion, and this will increase BMD. 
Through the transactivation of genes via adenosine monophos-
phate-activated protein kinase (AMPK) regulation, metformin 
promotes osteoblast differentiation. The major osteogenic genes 
such ALP have been demonstrated to be expressed more strongly 
when AMPK is activated.27

All the previously mentioned studies agree with the results of the 
present study, which confirms the role of systemic metformin ad-
ministration at a dose of 50 mg/kg on increasing serum ALP levels 
at 14 and 28 days after the surgical induction of bone defect.

It is observed in this study that the animals treated with met-
formin showed greater bone growth and mineralization than the 
control group. Despite the small and insignificant difference be-
tween the 2 groups on day 14, there was a significant difference 
between metformin and the untreated group on day 28.
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Figure 8. Densitometric analysis of the femur bone hole of the control 
group at 28 days period.

Figure 9. Densitometric analysis of the femur bone hole of the treated 
group at 28 days period.

Table 3. Manual procedure of serum alkaline phosphatase measurement.

Reagent blank Specimen blank Standard Assay 

Reagent R1 2 mL 2 mL 2 mL 2 mL

Incubated for 5 mins at 37°C

Specimen 50 μL

Reagent 2 (standard) 50 μL

Let to stand exactly 15 mins 
at 37°C

Reagent R3 0.5 mL 0.5 mL 0.5 mL 0.5 mL

Mixed well

Reagent R4 0.5 mL 0.5 mL 0.5 mL 0.5 mL

Specimen 50 μL

Demineralized water 50 μL



The production of calcium and phosphorus-rich deposits in min-
eralized extracellular matrix is another sign of metformin’s osteo-
genic activity as determined by an in vitro model.28

It appears that metformin’s anti-adipogenic properties may be 
linked to its protective effects on bone tissue.29

Independent of age, BMI, or GFR, metformin administration is 
linked to a decreased incidence of osteopenia and osteoporosis, 
particularly in the female population.30

Other animal studies that examined the impact of metformin on 
bone and supported our findings revealed that metformin can 
raise bone mineral density and lessen bone loss in rats. In addi-
tion, both diabetic and nondiabetic rats treated with metformin 
had better bone repair.31

A recent study examined the effectiveness of metformin and glu-
cosidase inhibitors on BMD in patients with type 2 diabetes mel-
litus (T2DM) and explored its mechanism of action in treating os-
teoporosis induced by T2DM, thereby providing references for the 
prevention and treatment of osteoporosis. It is obvious from this 
study’s data and results that metformin increases the amount 
of bone formed and plays a critical role in preventing osteopo-
rosis.32 By reducing systemic inflammation and encouraging the 
production of osteoclasts, metformin can prevent osteoporosis.33 
Also, by enhancing BMP-2 expression and raising ALP and OCN 
secretion, it increased BMD.34 Metformin promotes stimulation of 
osteopontin (OPN) and lowers RANKL expression in osteoblasts 
in rats with ovariectomies; according to Mai et al., osteogenesis 
was controlled by AMPK through OPN, whereas adipogenesis was 
suppressed.35

There is expectation that metformin can help prevent fractures 
induced by osteoporosis. Through a variety of receptors, including 
AMPK, which is crucial for bone regeneration, metformin regu-
lates bone quality. In addition, metformin blocks the production 
of advanced glycation end products (AGEs), which may enhance 
bone turnover because AGEs inhibit osteoblasts (bone-forming 
cells) and activate osteoclasts.36

These data demonstrate that more complicated metabolic pro-
cesses, particularly in T2DM, are the cause of fragility. The gener-
ation of AGEs and reactive oxygen species is induced by hypergly-
cemia. These substances may lead to improper bone homeostasis 
through oxidative stress.37

Our radiographic findings were consistent with a study showing 
that systemic metformin use improves osseointegration by rais-
ing bone filling percentages. During the 4-week osseointegration 
period, statistically significant variations in bone filling were found 
between the dental implants in the control and metformin-treat-
ed groups.38

Metformin has been proven in numerous studies to have an-
ti-inflammatory and antioxidative stress effects on a number of 
disorders, including rheumatoid arthritis, neuropathic pain, renal 
problems, and Ankylosing spondylitis.39 Therefore, metformin as it 
seems counteracts the oxidative stress and inflammation at bone 
lesion sites and promote osteogenesis.

Metformin use consistently increases the level of bone forma-
tion markers such as serum ALP, bone mineral density, and 
greater radiopacity observed by radiographic evaluation in met-
formin-treated animals compared to that of the control group at 
2 different time intervals.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the ethics committee of Institutional 
Animal Research Ethics Board’s (Date: 19.06.2022 Decision No: 
UoM.Dent/A.L.58/22).

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept  - H.R.M., T.G.A.; Design -  H.R.M., 
T.G.A.; Supervision -  T.G.A.; Resources  - H.R.M.; Materials  - H.R.M.; 
Data Collection and/or Processing  - H.R.M.; Analysis and/or Inter-
pretation  - H.R.M.; Literature Search  - H.R.M.; Writing Manuscript  
- H.R.M.; Critical Review  - T.G.A.

Declaration of Interests: The authors have no conflicts of inter-
est to declare. 

Funding: The authors declared that this study has received no fi-
nancial support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Hayvan Hak-
ları Etik Kurulu'ndan alınmıştır (Tarih: 19.06.2022, Karar No: UoM.
Dent/A.L.58/22).

Hakem değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir  - H.R.M., T.G.A.; Tasarım - H.R.M., T.G.A.; 
Denetleme - T.G.A.; Kaynaklar - H.R.M.; Malzemeler - H.R.M.; Veri 
Toplanmasıve/veya İşlemesi - H.R.M.; Analiz ve/veya Yorum - 
H.R.M.; Literatür Taraması  -  H.R.M.; Yazıyı Yazan - H.R.M.; Eleştirel 
İnceleme  - T.G.A.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek al-
madıklarını beyan etmişlerdir.

REFERENCES
1. Toosi S, Behravan J. Osteogenesis and bone remodeling: A focus on 

growth factors and bioactive peptides. Biofactors, 2020;46(3), 326-
340. [Crossref]

2. Schlundt C, Bucher CH, Tsitsilonis S, Schell H, Duda GN, Schmidt-
Bleek K. Clinical and research approaches to treat non-union frac-
ture. Curr Osteoporos Rep, 2020;16(2),155-168. [Crossref]

3. Pajarinen J, Lin T, Gibon E, Kohno Y, Maruyama M, Nathan K. and 
Goodman, S. B. Mesenchymal stem cell-macrophage crosstalk and 
bone healing. Biomaterials, 2019;196,80-89. [Crossref]

4. Raggatt LJ, and Partridge NC. Cellular and molecular mechanisms of 
bone remodeling. J Biol Chem, 2010;285(33), 25103-25108. [Cross-
ref]

5. Voller T, Ahmed M, Ho S, Kozhikunnath A, Bendall S. Measuring bone 
healing in fractures and fusions. Orthop Trauma, 2022;36(4), 218-222. 
[Crossref]

6. Nauth A, Schemitsch E, Norris B, Nollin Z, Watson JT. Critical-size 
bone defects: is there a consensus for diagnosis and treatment?. J 
Orthop Trauma, 2018;32,7-11. [Crossref]

7. Rothe R, Schulze S, Neuber C, Hauser S, Rammelt S, Pietzsch J. Adju-
vant drug-assisted bone healing: Part III–Further strategies for local 
and systemic modulation. Clin Hemorheol Microcirc, 2019;73(3),439-
488. [Crossref]

8. Bucher S, Bauduceau B, Benattar-Zibi L, Bertin P, Berrut G, Corruble 
E, Becquemont L. Primary care management of non-institutionalized 
elderly diabetic patients: The S. AGES cohort–Baseline data. Prim 
Care Diabetes. 2015;9(4),267-274. [Crossref]

9. Andrews M, Soto N, Arredondo M. Effect of metformin on the expres-
sion of tumor necrosis factor-α, Toll like receptors 2/4 and C reactive 
protein in obese type-2 diabetic patients. Rev Med Chil, 2012;140(11), 
1377-1382. [Crossref]

96

Vet Sci Pract. 2022; 17(3), 91-97 l DOI: 10.5152/VetSciPract.2022.223353

https://doi.org/10.1002/biof.1598
https://doi.org/10.1007/s11914-018-0432-1
https://doi.org/10.1016/j.biomaterials.2017.12.025
https://doi.org/10.1074/jbc.R109.041087
https://doi.org/10.1074/jbc.R109.041087
https://doi.org/10.1016/j.mporth.2022.06.002
https://doi.org/10.1097/BOT.0000000000001115
https://doi.org/10.3233/CH-199104
https://doi.org/10.1016/j.pcd.2014.07.004
https://doi.org/10.4067/S0034-98872012001100001


10. Ren C, Hao X, Wang L, Hu Y, Meng L, Zheng S, Sun H. Metformin Car-
bon Dots for Promoting Periodontal Bone Regeneration via Activa-
tion of ERK/AMPK Pathway. Adv Healthc Mater, 2021;10(12), 2100196.  
[Crossref]

11. Sanchez-Rangel E, Inzucchi SE. Metformin: clinical use in type 2 dia-
betes. Diabetologia, 60(9), 1586-1593 (2017). [Crossref]

12. Vasikaran S, Eastell R, Bruyere O, Foldes AJ, Garnero P, Griesmacher A, 
Kanis JA. Markers of bone turnover for the prediction of fracture risk 
and monitoring of osteoporosis treatment: a need for international 
reference standards. Osteoporos Int, 2011;22(2),391-420. [Crossref]

13. De Lima Santos A, da Silva CG, de Sá Barreto LS, Leite KRM, Tamaoki 
MJS, Ferreira LM, Faloppa F. A new decellularized tendon scaffold for 
rotator cuff tears–evaluation in rabbits. BMC Musculoskelet Disord, 
2020;21(1), 1-12. [Crossref]

14. Kumar AB, Mohan S, Sakthi RS, Ramkanth S. A Review On Clinical 
Pharmacokinetic And Pharmacodynamic Profile Of Metformin (2020).

15. Ikewuchi CC, Ikewuchi JC, Ifeanacho MO. Restoration of plasma 
markers of liver and kidney functions/integrity in alloxan-induced di-
abetic rabbits by aqueous extract of Pleurotus tuberregium sclerotia. 
Biomed Pharmacother. 2017;95, 1809-1814. [Crossref]

16. Ahirwar LK, Kalra P, Sharma S, Mohamed A, Mittal R, Das S, Bagga B. 
Linezolid shows high safety and efficacy in the treatment of Pythium 
insidiosum keratitis in a rabbit model. Exp Eye Res, 2021;202,108345. 
[Crossref]

17. Jiron JM, Mendieta Calle JL, Castillo EJ, Abraham AM, Messer JG, Mal-
phurs WL, Aguirre JI. Comparison of isoflurane, ketamine–dexmede-
tomidine, and ketamine–xylazine for general anesthesia during oral 
procedures in rice rats (Oryzomys palustris). J Am Assoc Lab Anim Sci, 
2019;58(1),40-49. [Crossref]

18. Nguyen-Thanh T, Nguyen-Tran BS, Cruciani S, Dang-Cong T, Maioli M. A 
rabbit femoral trochlear defect model for chondral and osteochondral 
regeneration. Acta Veterinaria Brno, 2022;91(3), 293-301. [Crossref]

19. Sipani AK, Dhar A, Sungte N. Serum alkaline phosphatase: A pro-
spective biomarker for assessment of progress of fracture healing 
in diaphyseal fractures of long bones in adult patients. Int J Orthop, 
2020;6(2),248-251. [Crossref]

20. Seibel MJ. Biochemical markers of bone turnover part I: biochemistry 
and variability. The Clinical biochemist. Reviews/Australian Associa-
tion of Clinical Biochemists., 2005;26(4),97.

21. Castells L, Cassanello P, Muñiz F, de Castro MJ, Couce ML. Neonatal 
lethal hypophosphatasia: A case report and review of literature. Med-
icine, 2018;97(48). [Crossref]

22. Pinart M, Kunath F, Lieb V, Tsaur I, Wullich B, Schmidt S. Prognostic 
models for predicting overall survival in metastatic castration-resis-
tant prostate cancer: a systematic review. World J Urol, 2020;38(3), 
613-635. [Crossref]

23. Abe Y, Chiba M, Yaklai S, Pechayco RS, Suzuki H, Takahashi T. Increase 
in bone metabolic markers and circulating osteoblast-lineage cells 
after orthognathic surgery. Sci Rep, 2019;9(1),1-10. [Crossref]

24. Reddy GAK, Kumar VG, Raghavender, KBP, Kumar DP. Evaluation of 
haemato-biochemical parameters for assessment of fracture healing 
in dogs. Pharma Innovation J, 2020;9(9),123-125. [Crossref]

25. Wang P, Ma T, Guo D, Hu K, Shu Y, Xu HH, Schneider, A. Metformin 
induces osteoblastic differentiation of human induced pluripotent 
stem cell‐derived mesenchymal stem cells. J Tissue Eng Regen Med, 
2018;12(2),437-446. [Crossref]

26. Molinuevo MS, Schurman L, McCarthy AD, Cortizo AM, Tolosa MJ, 
Gangoiti MV, Sedlinsky C. Effect of metformin on bone marrow pro-
genitor cell differentiation: in vivo and in vitro studies. J Bone Miner 
Res, 2010;25(2),211-221. [Crossref]

27. Jang WG, Kim EJ, Bae IH, Lee KN, Kim YD, Kim DK, Koh JT. Metformin 
induces osteoblast differentiation via orphan nuclear receptor 
SHP-mediated transactivation of Runx2. Bone, 2011;48(4), 885-893. 
[Crossref]

28. Śmieszek A, Tomaszewski KA, Kornicka K, Marycz K. Metformin Pro-
motes Osteogenic Differentiation of Adipose-Derived Stromal Cells 
and Exerts Pro-Osteogenic Effect Stimulating Bone Regeneration. J. 
Clin. Med, 2018;7,482. [Crossref]

29. Luo T, Nocon A, Fry J, Sherban A, Rui X, Jiang B, Zang M. AMPK activa-
tion by metformin suppresses abnormal extracellular matrix remod-
eling in adipose tissue and ameliorates insulin resistance in obesity. 
Diabetes, 2016;65(8), 2295-2310. [Crossref]

30. Sun J, Liu Q, He H, Jiang L, Lee KO, Li D, Ma J. Metformin treatment 
is associated with an increase in bone mineral density in type 2 dia-
betes mellitus patients in China: a retrospective single-center study. 
Diabetes Metab, 2022;101350. [Crossref]

31. Mai QG, Zhang ZM, Xu S, Lu M, Zhou RP, Zhao L, Bai XC. Metformin 
stimulates osteoprotegerin and reduces RANKL expression in osteo-
blasts and ovariectomized rats. J Cell Biochem, 2011;112(10),2902-
2909. [Crossref]

32. Kendler D, Chines A, Clark P, Ebeling PR, McClung M, Rhee Y, Stad RK. 
Bone mineral density after transitioning from denosumab to alen-
dronate. J Clin Endocrinol Metab, 2020;105(3), e255-e264. [Crossref]

33. Zhou Q, Guan Z, Liu S, Xuan Y, Han G, Chen H, Guan Z. The effects of 
metformin and alendronate in attenuating bone loss and improving 
glucose metabolism in diabetes mellitus mice. Aging (Albany NY), 
2022;14(1), 272. [Crossref]

34. Zheng L, Shen X, Ye J, Xie Y, Yan S. Metformin alleviates hypergly-
cemia-induced apoptosis and differentiation suppression in osteo-
blasts through inhibiting the TLR4 signaling pathway. Life sciences, 
2019;216, 29-38. [Crossref]

35. Wang YG, Qu XH, Yang Y, Han XG, Wang L, Qiao H, Dai KR. AMPK pro-
motes osteogenesis and inhibits adipogenesis through AMPK-Gfi1-
OPN axis. Cell Signal, 2016;28(9),1270-1282. [Crossref]

36. Gonnelli S, Caffarelli C, Giordano N, Nuti R.  The prevention of fragility 
fractures in diabetic patients. Aging Clin and Exp Res, 2015;27(2), 115-
124. [Crossref]

37. Yang P, Feng J, Peng Q, Liu X, Fan Z. Advanced glycation end prod-
ucts: potential mechanism and therapeutic target in cardiovas-
cular complications under diabetes. Oxid Med Cell Longev, (2019). 
[Crossref]

38. Yıldırım TT, Dündar S, Bozoğlan A, Karaman T, Kahraman OE, Öz-
can EC. The effects of metformin on the bone filling ration around 
of TiAl6Va4 implants in non diabetic rats. J Oral Biol Craniofac Res, 
2020;10(4),474-477.  [Crossref]

39. Afshari K, Dehdashtian A, Haddadi NS, Haj-Mirzaian A, Iranmehr A, 
Ebrahimi MA, et al. Anti-inflammatory effects of metformin improve 
the neuropathic pain and locomotor activity in spinal cord injured 
rats: introduction of an alternative therapy. Spinal cord, 2018;56(11), 
1032-1041. [Crossref]

97

Vet Sci Pract. 2022; 17(3), 91-97 l DOI: 10.5152/VetSciPract.2022.223353

https://doi.org/10.1002/adhm.202100196
https://doi.org/10.1007/s00125-017-4336-x
https://doi.org/10.1007/s00198-010-1501-1
https://doi.org/10.1186/s12891-020-03680-w
https://doi.org/10.1016/j.biopha.2017.09.075
https://doi.org/10.1016/j.exer.2020.108345
https://doi.org/10.30802/AALAS-JAALAS-18-000032
https://doi.org/10.2754/avb202291030293
https://doi.org/10.22271/ortho.2020.v6.i2d.2047
https://doi.org/10.1097/MD.0000000000013269
https://doi.org/10.1007/s00345-018-2574-2
https://doi.org/10.1038/s41598-019-56484-x
https://doi.org/10.22271/tpi.2020.v9.i9Sc.5187
https://doi.org/10.1002/term.2470
https://doi.org/10.1359/jbmr.090732
https://doi.org/10.1016/j.bone.2010.12.003
https://doi.org/10.3390/jcm7120482
https://doi.org/10.2337/db15-1122
https://doi.org/10.1016/j.diabet.2022.101350
https://doi.org/10.1002/jcb.23206
https://doi.org/10.1210/clinem/dgz095
https://doi.org/10.18632/aging.203729
https://doi.org/10.1016/j.lfs.2018.11.008
https://doi.org/10.1016/j.cellsig.2016.06.004
https://doi.org/10.1007/s40520-014-0258-3
https://doi.org/10.1155/2019/9570616
https://doi.org/10.1016/j.jobcr.2020.07.012
https://doi.org/10.1038/s41393-018-0168-x

