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Summary 

 
Background: After injuries, infections, or tumor removal, endogenous healing depends on bone repair. 
Disorders of bone healing are difficult to treat in clinical settings. There are numerous induced methods 
for correcting bone abnormalities, such as the induced membrane technique, allogenic bone grafting, 
synthetic bone grafting, artificial joint replacement, and autologous bone grafting. However, the delivery 
of the bone graft and bone filling materials necessitates surgical implantation at the fracture site, which could 
cause edema, infection, and the development of heterotopic bone locally. Therefore, systemically administered 
osteogenic drugs will provide an excellent method for bone lesion healing. Aim of the study: to evaluate 
the systemic effect of metformin on bone healing after surgical induction of bony defect and to determine 
the amount of newly formed bone using histological, histomorphometric analysis, and the surface area 
measurement of newly formed bone. Also to study the safety of metformin administration at the administered 
dose for this purpose. Materials and methods: Twenty mature male New Zealand rabbits were separated 
into two groups, each including ten rabbits for the study. The same surgical procedure was performed on all 
rabbits. Two holes were made at the femur (3 mm in diameter and 3 mm in depth) and left empty. Metformin 
tablets were ground into a fine powder and the resultant powder was dissolved in 10ml of water to prepare 
a liquid dosage containing 50 mg /1ml of metformin. Metformin is administered orally to the rabbits through 
a feeding tube at a dose of 50 mg/kg body weight. Animals were euthanized at two-time intervals, 14 and 
28 days. The femur was separated, sectioned preserved, and sent for histological analysis and histomor-
phometry. Results: The results revealed that there is an increase in new bone formation and bone-forming 
cells in the metformin-treated group. Conclusion: Metformin increases bone healing by increasing the number 
of bone-forming cells and the surface area of newly formed bone tissues and causes less inflammatory 
response at the site of a bone lesion. So it possesses an osteogenic effect. 
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Introduction 
 
Bone accomplishes a variety of functions, such as serving as the primary supporting structure for the activity 

of muscles, ligaments, and tendons, providing mechanical support, and protecting vital tissues (1). The bone is one 



of the few tissues in the human body that can regenerate and repair without leaving scars. A complicated bone 
healing process is carried out after a bone injury to restore bone structure and function (2). After injuries, infections, 
or tumor removal, endogenous healing depends on the tightly controlled process of bone repair. Disorders of bone 
healing, such as non-union or significant bone abnormalities, continue to be difficult to treat in clinical settings (3). 

 
Bone regeneration can occur through either endochondral ossification or intramembranous ossification processes. 

Mesenchymal stem cells (MSCs) immediately differentiate into osteoblasts during intramembranous ossification, 
which leads to the deposition of a mineralized extracellular matrix. This kind of healing is frequently observed 
in fractures that are tightly repaired, have a small fracture space, and include bone metaphysis. The standard stages 
of endochondral ossification which are inflammation, soft and then hard callus formation, and lastly remodeling 
of the fracture site are used to treat fractures in the diaphysis, which have poorer mechanical stability and a fracture 
gap (1). 

 
Bone homeostasis constantly undergoes remodeling, including bone resorption by osteoclasts and bone formation 

by osteoblasts (4). Inflammation, proliferation, and bone remodeling are three closely related and overlapping 
stages of the healing of bones (5). 

 
Malignant bone tumors and severe trauma can remove a significant portion of bone, resulting in massive bone 

deficiencies. There are numerous methods for correcting bone abnormalities, such as the induced membrane 
technique, allogenic bone grafting, synthetic bone grafting, artificial joint replacement, and autologous bone grafting. 
The size and location of the problem are two parameters that are taken into consideration when determining 
the treatment strategy (6). 

 
The only FDA-approved treatments for long bone fracture non-unions and recalcitrant long bone non-unions, 

respectively, are bone morphogenetic protein-2 (BMP-2) and BMP-7 (7). However, the BMP supply needs surgical 
implantation at the fracture site, which could cause local problems such as edema, infection, and the creation of hetero-
topic bone. Additionally, to obtain therapeutic effects, the administration of supraphysiological doses is frequently 
necessary, which results in unfavorable side effects, clinical difficulties, and prohibitive and high costs (8). 

 
Several medications with widely divergent indications that exhibit a pleiotropic spectrum of actions are used 

to target local and systemic regulation of bone metabolism. These include medications for hyperlipidemia 
(HMG-CoA reductase inhibitors), ACE inhibitors for hypertension, bisphosphonates for osteoporosis, proteasome 
inhibitors for cancer, and others (9). 

 
Metformin belongs to a group of drugs known as biguanides. Biguanides are a significant class of oral 

hypoglycemic medications that work by decreasing resistance to the peripheral effects of insulin, increasing 
the density of low and high-affinity insulin receptors, and lowering the liver's ability for gluconeogenesis (10). 

 
From the oral antihyperglycemic drugs, metformin is the most often recommended one for the management 

of type 2 diabetes. Metformin treatment for diabetic patients has been demonstrated to lower TNF expression (11), 
with documented anti-inflammatory action (12). Mesenchymal stem cells (MSCs) have significantly less osteogenic 
capacity when there is persistent periodontal inflammation. An essential objective is to develop a highly efficient 
approach to enhance or restore the osteogenic potential of MSCs in an inflammatory environment (13). Metformin 
is the first-line oral treatment for type 2 diabetes due to its inexpensive cost, reasonable safety, minimal risk of hypo-
glycemia, lack of weight gain, and few side effects (14). Therefore, this study focuses on the effect of metformin 
on bone healing. 

 
Material and methods 

 
Experimental model 

 
In our investigation, 20 mature male New Zealand rabbits weighed between 1.75 and 2 kg, and those 6 to 8 months 

old were used. The animals were kept in uniform conditions, under identical housing and feeding arrangements, 
and were fed a conventional diet of wheat and fresh vegetables. Under the supervision of a veterinarian to monitor 
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their general and overall health. The rabbits were kept in their cages in the College of Veterinary Medicine's animal 
facility at the University of Mosul where the study was done. The animals will be euthanized at the end of the experi-
ments using an overdose of anesthesia (ketamine 200 mg/kg) with xylazine (40 mg/kg) (15). The study was 
done under the institutional animal research ethics committee's guidelines. The study was performed according 
to the requirements of the institutional animal research ethics committee on 19/6/2022 (UoM.Dent/A.L.58/22). 

 
Experimental Medication 

 
The medication used in this study is metformin tablets 500 mg (Glucophage)R. Metformin tablet was prepared 

in the form of liquid by the fine grinding of the tablets to obtain a fine powder. Each 500 mg tablet was ground 
alone, and the resultant fine powder of this tablet was packed into a hard gelatin capsule to control the amount 
of the drug (500 mg per capsule). For the oral administration of the drug, the content of each capsule was dissolved 
in 10ml of distilled water with good vigorous shaking for at least two minutes to obtain a homogenous solution 
containing 500 mg/10ml or 50 mg/1ml of the drug. Metformin is freely soluble in water and is practically insoluble 
in organic compounds like acetone, ether, and chloroform (16). 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 (17). 

 
Study design 

 
Twenty healthy male rabbits were taken and divided based on weight randomization method into two groups 

(Figure 1): 
 

Group #1: (n = 10, control) received no drug and was further divided into two subgroups. Five rabbits in each •
according to the sacrifice date on the 14th and 28th days. 
Group #2: (n = 10, treated). After the surgical procedure, metformin was administered orally in a once-•
daily dose of 50 mg/kg body weight (17) using a feeding tube. This group was subdivided into two groups 
(5 rabbits/period) according to the sacrifice date (14th and 28th day).
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Figure 1. Experimental protocol for the studied groups.

20 rabbits
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day 14
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Preparation of animals for surgery 
 
All twenty rabbits received anesthesia by intramuscular injection. Each rabbit was given a mix of 40 mg/kg 

ketamine (KETALROM-50, romvac company, SA) with xylazine (Holland) 4 mg/kg injection intramuscularly 



in the thigh muscle of the rabbit (18). The site of the operation was shaved using an electrical hair clipper. 
Then the site was cleaned well and disinfected with povidone-iodine 10% solution thoroughly and left to dry before 
incision. Now the animal is covered with sterile towels except at the site of operation. 

 
Animal surgical procedure 

 
The time required for the induction of anesthesia is about ten minutes to enter the non-surgical tolerance, 

but the surgical tolerance was started after twenty minutes, while initial recovery occurred after more than 60 
minutes (19). Animals were placed in the right lateral position, covering the animal with a sterile towel except 
for the incision site, which was sterilized well with povidone-iodine. An operation was performed on the left 
femur bone. Without causing any muscle damage, a 1.5 cm incision was made over the femur bone toward its head 
using surgical blade number 15. The femoral bone was displayed as the two muscles parted. The periosteum 
was elevated, and the compact bone was exposed by blunt dissection using the Hawarth periosteal elevator. Two 
holes were made in the exposed femur using a 3 mm round carbide bur linked to a low-speed straight surgical 
handpiece with a dental engine spinning at 2000 rpm and continuous irrigation with normal saline. For all 
animals, the bone defect (holes) was left empty without any material. The surgical space dried well using sterile 
surgical gauze, then the wound was closed using a 3/0 black silk suture and rubbed well with povidone-iodine 
10% disinfectant. 

 
Postoperative care of animals 

 
After the surgical procedure, the animals were given Oxytetracycline 20% injection- Limoxin-200 LA® (Holland) 

as a prophylactic antibiotic for wound healing. It was given as a single daily dose of 0.5 ml/kg intramuscularly 
for three consecutive days from the operation day. Rabbits were placed alone until recovered from anesthesia and 
regained full consciousness, they also undergo twenty-four hours of supervision after the operation to monitor their 
general health, physical activity, and feeding. 

 
Bone specimen preparation for histopathological examination 

 
Samples for histological studies were taken from the hole site at the end of the experiment and fixed in neutral 

buffer formalin 10% for hours to one week. Fixation is done immediately after taking the sample for examination. 
It serves to preserve and immobilize the sample. It can be done by freezing or using a fixative solution. All fixed 
specimens are washed in moderately flowing tap water for at least 30 minutes. Do not rinse with water that is 
moving quickly, then fixed samples were decalcified in formic acid (10%) for three weeks, and change the solution 
periodically until the decalcification is complete. It can take 24 hours, several days, or even months, depending 
on the size of the specimens, then washing in phosphate buffer saline (PBS) to remove the used fixative. Decalcified 
samples were trimmed and washed again to remove formic acid, dehydrated in ascending grades of ethanol (70%, 
90%, and 100%), cleared in xylene, infiltrated, and embedded in paraffin wax. Using a microtome, serial sections 
of 5 microns were cut, and they were then stained with hematoxylin and eosin (H and E) (20). 

 
The procedure could be explained briefly as follows (21): Sections first are deparaffinized in two xylene 

changes, each for 10 minutes, and dehydrate in two changes of absolute alcohol, each for 5 minutes (alcohol 95 % 
for two minutes and 70 % for two minutes, gently wash with distilled water. Stain for 8 - 10 minutes in (Harris 
hematoxylin solution). Wash for 15 minutes under running water then differentiate for 30 seconds in 1% acid 
alcohol. Wash again for one minute under running water and rinse with 10 dips in 95 % alcohol. Counterstain 
for 30 seconds to 1 minute in eosin Y solution and dehydrate using two changes of 95%  absolute alcohol, each 
lasting five minutes. Clear in two xylene changes that last five minutes for each and mount with xylene as a mounting 
medium. 

 
Examination of prepared histopathological slides 

 
The specimens were stored in 10% formaldehyde and then were processed to create slides stained with hematoxylin 

and eosin reagents and inspected under a light microscope at three power levels (40x, 100x, and 400x). The degree 
of repair of the bone defect was evaluated histopathologically using an Olympus CX31 light microscope.
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Histomorphometry analysis 
 
A histomorphometry analysis was done to count the number of osteoblasts, osteocytes, and osteoclasts 

for the new bone developed in the lesion location and to quantify the thickness of the trabecular bone. Scope Image 
9.0 China, a USB 2.0 color digital camera was utilized for the measurement along with image-processing software. 
The software of the camera was calibrated to all lenses of the microscope with the aid of a 0.01 mm stage micrometer 
(ESM-11/Japan). By trapping the bony spicules within a field area of the field surface area = 5242701 µm2 field area 
at 40x power level, the newly formed bone area was measured in square micrometers. By calculating the number 
of cells per 400X field (five fields for each group), the average number of osteoblasts and osteoclasts was determined 
(23). In these criteria, the number of osteoblast, osteoclast, and osteocytes was measured together with the surface 
area of newly formed bone. 

 
Statistical Analysis 

 
Statistical analysis was done using IBM SPSS Statistics 26.0 for all the results. Data were expressed as (means 

± stander error). One-way ANOVA was used for analysis followed by Tukey’s test for comparison between different 
groups of the study at two different time intervals. Statistical analysis comparisons were considered insignificant 
if (p ≥ 0.05), significant at (p ≤ 0.05), and p-value (p ≤ 0.001) considered highly significant. 

 
Results 

 

Histopathological results 
 

On day 14 

 
In the control group, the site of the hole shows the poor formation of new trabecular bone (bonnie spicules), 

scanty and small areas of woven bone, and infiltration of inflammatory cells. Also, the surface area of the newly 
developed trabecular bone is much less than that in the metformin-treated group (Figure 2). In the metformin-treated 
group, the femoral bone hole is shown to have a well-developed new trabecular bone growth (bonnie spicules), 
modest infiltration of inflammatory cells, more woven bone and connective tissue than in the control group, fresh 
trabecular bone growth has a larger surface area (Figures 2).
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Figure 2. A representative image for histological findings of femur bone of the control versus a metformin-treated group over 
two-time points at 14 days and 28 days. H&E stain, scale bar 100µm.



On day 28 
 
In the control group, the hole's area is seen with fully formed new trabecular bone development (bonnie spicules) 

without any signs of inflammation. The surface area of newly formed bone is greater than in the 14th day control 
group but less than in the 28th day of treatment group as shown in Figure 2. A very well-developed new trabecular 
bone formation (bonnie spicules) is present at the site of the hole in the group that received metformin treatment, 
with good or well-developed vascularity, without inflammation, and the greatest surface area of newly formed bone 
among all other groups (Figure 2). 

 
Histomorphometric results statistical analysis 

 

The number of osteoblasts 
 
On day 14, the treatment group's osteoblast formation rate significantly increased more than the control group 

and the one-way ANOVA test showed that there was a highly significant difference between the groups during 
this period (p ≤ 0.001). 

 
In the 28th day period, the number of osteoblasts in the metformin-treated group decreased, and it was less than 

in the control group, but one-way ANOVA also showed a highly significant difference was found between these two 
groups in the 28 days (p ≤ 0.001) (Table 1 and Figure 2). 

 
Tukey’s test in one-way ANOVA expressed that highly significant differences exist between all groups at both 

periods of the experiment.

105

Hussein, Taqa: Metformin Effect on Bone Healing in Rabbits

Table 1. The number of osteoblasts per field (0.06 mm2) in the control and treated group after 14 and 28 days of femur bone 
hole operation.

14 days period 28 days period

Control group 31.5 ± 0.26 19.3 ± 0.56

Treat group 43.3 ± 0.46 16.5 ± 0.4

P value 0.000 0.000

The number of osteocytes 
 
On day 14, there was an increment in the number of osteocytes found in the treatment group over that in the control 

group, and the one-way ANOVA test showed that there was a highly significant difference between the metformin-
treated and the control groups during this period (p ≤ 0.001). 

 
On day 28, there was an increase in the number of osteocytes in the treatment group over the control group, 

and a highly significant difference was found between these two groups during the 28 days (p ≤ 0.001) (Table 2 
and Figure 2).

Table 2. The number of osteocytes per field (0.06 mm2) in the control and metformin group at two-time intervals of the operation.

14 days period 28 days period

Control group 21.8 ± 0.4 35 ± 0.18

Treat group 39.4 ± 0.42 50.6 ± 0.5

P value 0.000 0.000

Tukey’s test in one-way ANOVA expressed that highly significant differences exist between all groups at both 
periods of the experiment.



The number of osteoclasts 
 
On day 14, The osteoclast number found in the treatment group was slightly lower than in the control group, 

but according to the one-way ANOVA test which revealed no statistically significant difference between the groups 
at this time. (p ≥ 0.05). 

 
At 28 days period, the number of osteoclasts both in the treatment and the control group is approximately equal 

and one-way ANOVA test results revealed that there was no significant difference between these two groups at day 
28, and (p ≥ 0.05) (Table 3 and Figure 2).
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Table 3. The numbers of osteoclasts per field (0.06 mm2) in control and treated groups at 14 and 28 days.

14 days period 28 days period

Control group 2.07 ± 0.20 1.04 ± 0.15
Treat group 1.36 ± 0.31 0.95 ± 0.22

P value 0.158 0.992

Tukey’s test in one-way ANOVA expressed that a significant difference was found between the control group at 14 
and 28 days (p = 0.025), and between the control group at day 14 and the treated group at day 28 where (p = 0.014). 

 
The surface area measurements of new bone formation in cubic micrometers 

 
The field surface area = 5242701 µm2. It is observed that the entire surface area of newly formed trabecular 

bone increased significantly in the treated group after 14, and 28 days (Table 4 and Figure 2). 
 

At 14 days 
 
The total surface area in (µm2) of newly formed trabecular bone in the treated group (185432 ± 1143) is much 

more than the control group (85855 ± 1405), and the one-way ANOVA test showed a highly significant difference 
existing at this period between the two groups (p ≤ 0.001), (Figure 2). 

 
At 28 days 

 
Also, the treatment group exceeds the control group in the total surface area of newly formed bone. The surface 

area in the treated group was (237520 ± 6.86) greater than in the control group (226281 ± 7.10), but the one-way 
ANOVA test revealed that a non-significant difference was found between the metformin-treated and the control 
groups at this time of the experiment (p = 0.124), (Table 4 and Figure 2). 

 
Tukey’s test in one-way ANOVA expressed that a highly significant difference was found between the groups 

at both time intervals except that between the metformin-treated and the control group at day 28 where the difference 
is insignificant (p ≥ 0.05).

Table 4. The total surface area of new trabecular bone formed in control and treated groups at two-time intervals (14 and 28 days).

14 days period 28 days period

Control group 85855 ± 1405 226281 ± 7.10
Treat group 185432 ± 1143 237520 ± 6.86

P value 0.000 0.124

Discussion 
 
The results of this study show that systemic metformin exhibits more osteogenic effects, a larger surface area 

of a new bone formation, and a healing tendency in the metformin-treated group at both time intervals, the 14th and 



28th days of treatment. This result is in agreement with a recent study that demonstrated that metformin promoted 
osteogenesis in UC-MSCs (UC is one of the most important sources of mesenchymal stem cells) (24). Also, results 
in parallel with numerous studies have shown that metformin regulates bone marrow homeostasis and metabolism 
(25). It protected against glucose-damaged osteoblasts, encouraged their differentiation and mineralization of MSCs 
and osteoblasts produced from induced pluripotent stem cells, and even directly contributed to osteoblast 
proliferation (26). 

 
This study showed a decrease in the number of osteoclasts in the metformin-treated group, this result may 

belong to the ability of metformin to suppress osteoclast differentiation and explain how it has osteogenic effects (27). 
Osteoblast and osteoclast cells are responsible for bone remodeling, where there is resorption and then mineralization 
occurs. The receptor of nuclear factor-B (RANK) ligand (RANKL) and osteoprotegerin (OPG) are the two main factors 
that control osteoclastogenesis, the process by which osteoclasts (bone-resorbing cells) are formed. The osteoblast 
produces RANKL, which binds to the pre-osteoclast RANK to form a fused polykaryon, a multinuclear cell that 
develops into a mature and functional osteoclast (28). 

 
On the contrary, (OPG), which is expressed by osteoblasts as well, is a RANKL fake receptor and can thus stop 

osteoclastogenesis (29). The formation, activation, differentiation, and survival of osteoclasts can all be directly affected 
by the inhibition brought on by OPG. Since osteoblasts produce both RANKL and OPG, it follows that osteoblasts 
are essential for maintaining balanced bone remodeling and for ensuring a balanced RANKL/OPG ratio 
required (30). 

 
Metformin has the ability to the polarization of the macrophages and the inhibition of inflammatory activation 

(31). Metformin treatment for diabetes patients has been demonstrated to lower TNF- expression, (12) with verified 
anti-inflammatory action (13). 

 
According to some research, metformin promotes preosteoblast and MSC differentiation, which has an osteogenic 

effect (32). This study showed that metformin has the ability of pro-osteogenic action, which highlights its potential 
application in bone regeneration medicine as a medication to enhance bone tissue's ability for self-renewal and 
as a catalyst for osteoblast lineage differentiation of adipose-derived multipotent stromal cells (33). The mechanisms 
that explain the metformin osteogenic effect may be explained by both in vivo and in vitro studies, which showed 
that metformin had an osteogenic impact that may have been mediated through Runx2 (Runt-related transcription 
factor 2) and activation of AMPK (adenosine monophosphate-activated protein kinase) (34). The mesenchymal 
stromal cells (MSC) produce osteoblasts, which build up bones during osteogenesis. The differentiation of MSC 
can either produce adipocytes or osteoblasts, depending on the body's signal. Increased bone production can result 
from the differentiation of MSC into osteoblasts, which is facilitated by AMPK stimulation. Runx2 is necessary 
for the maturation of chondro-cytes and the proper development of the skeleton mediates these effects through 
activating AMPK which will start the Runx2 pathway (35). Additionally, because AMPK is inhibited, less alkaline 
phosphatase, osteocalcin, and type 1 collagen are produced, all of which are necessary for the development of healthy 
bones. Furthermore, it is demonstrated that AMPK inhibition will result in reduced Runx2 and alkaline phosphatase 
cellular activity (36). 

 
Runx2 has been reported to have two main activities: promoting osteogenesis and inhibiting adipocyte 

differentiation. It has been found to play an essential role in MSC osteogenic differentiation ability (37). As determined 
by western blotting, it is confirmed that metformin might directly stimulate AMPK phosphorylation (38). 

 
Several receptors, such as adenosine monophosphate-activated protein kinase (AMPK), are involved in metformin’s 

effects on bone quality. Therefore, AMPK is essential for bone regeneration (35). Metformin also inhibits advanced 
glycation end product (AGE), which can raise bone turnover (39). 

 
The differentiation of the osteoblasts and the formation of bone may be significantly influenced by metformin 

administration, which acts as an AMPK activator. This may be related to metformin's indirect or combinatorial effects, 
as well as the direct effects of the AMPK signaling pathway, Runx2/AMPK signaling pathway, and their interactions 
(40). Further studies and research are required to confirm the effect of systemic administration of metformin 
on the healing of bone lesions. The results of a recent study showed that metformin monotherapy was superior 
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to other antidiabetic treatments for reducing oxidative stress and enhancing antioxidant defenses and as a result, 
offer protection from harm brought on by oxidative stress during diabetes and its side effects (41). 

 
Metformin may improve bone quality by lowering blood sugar decreasing hepatic gluconeogenesis and improving 

insulin sensitivity and secretion. This process is thought to occur independently of AMPK and is currently understood 
to involve hepatocyte-based fructose 1,6-biphosphatase inhibition (40). Metformin’s effect on bone in our results 
may also belong to its favorable effects on lipid profile, liver function, and bone mineral density as well as bone 
turnover (42). Metformin was shown to improve liver metabolism during glucocorticoid excess, which in turn could 
have positive effects on bone health (43). Metformin has been shown in preventing osteoporosis-related fractures. 
It modulates bone quality through numerous receptors, including adenosine monophosphate-activated protein kinase 
(AMPK), which is of most importance for bone regeneration (44). Metformin also inhibits advanced glycation end 
product (AGE), which may promote bone turnover (39). Despite the aforementioned effects of metformin bone-
inducing effects via mesenchymal stem cells, there might be variation between different studies due to variations 
in the response of stem cells according to localized oxygen concentration because the differentiation itself is oxygen-
dependent (45, 46) and responsive to the localized milieu of present immunomodulatory cytokines (47, 48). In addition, 
Metformin can suppress osteoclastogenesis in cell cultures in a dose-dependent manner by reducing the expression 
of RANKL and by stimulating the expression of OPG. Systemic metformin application positively affects 
osseointegration by increasing the percentages of bone filling (BF) ratios. Statistically significant differences in BF 
were detected between the dental implants of the control and metformin treatment groups during the four-week 
osseointegration period (49). The ability of metormin to lower glucose levels without causing hypoglycemia is a key 
benefit of the medication. Additionally, this drug normally has few side effects and is well-taken. Gastrointestinal 
problems like nausea and diarrhea are frequent metformin side effects Metformin has also been shown to prolong 
life in animal models and decrease overall mortality in humans (50). 

 
Study limitations 

 
The limitations of this study represented by that liquid dosage form or topical preparations of metformin is not 

available in Iraq and most countries therefore we prepared it daily at the time of the study before each dosing 
process. The number of sample animals in each group was little than desired for a more accurate study analysis, 
despite we obtained good and expressive results. 

 
Conclusion 

 
The administration of metformin systemically can induce bone regeneration, clear and quick results was obseved 

at the early stages (14 days) of the study. Systemic metformin increased bone healing by increasing the number 
of osteoblasts, osteocytes, bone matrix deposition, osteoid, and new trabecular bone formation, it counteracts 
the effect of hyperglycemia on bone tissue, reducing oxidative stress and enhancing antioxidant defenses and 
as a result, offer protection from harm brought on by oxidative stress during diabetes and its side effects. It also 
exerts an anti-inflammatory effect at the site of bone lesions and counteracts the deteriorating effect of excessive 
inflammatory response at the lesion or fracture site. 
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