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Abstract. Peripheral nerve injuries often cause significant sensory and motor 
dysfunction, but current treatments provide limited neurosensory recovery. Beyond 
its antidiabetic use, metformin shows promise as a neuroprotective and regenerative 
agent by modulating autophagy and reducing inflammation. This study aimed to 
investigate the potential therapeutic effects of metformin on inferior alveolar nerve 
(IAN) regeneration following crush-type injury in a rat model. Thirty male 
Sprague–Dawley rats were randomly divided into metformin, placebo, and control 
groups. A crush injury was performed on the IAN in all but the control group. The 
metformin group received daily intraperitoneal 5 mg/kg injections for 10 days. 
Regeneration was assessed on day 28 by histological and immunohistochemical 
analyses, and functional recovery was evaluated using the von Frey test at day 0 
(preoperative baseline) and on postoperative days 1 (T1), 7 (T7), 10 (T10), and 28 
(T28). Histologic results showed reduced inflammation, oedema, fibrosis, and 
degeneration, and greater regenerated nerve fibre density in the metformin group. 
Immunohistochemical analysis showed a marked elevation in GAP-43 expression in 
the metformin group compared to the placebo and control groups (P  <  0.05). Von 
Frey results showed gradual improvement in mechanical sensitivity in the 
metformin group, suggesting better recovery. Metformin showed neuroregenerative 
effects on crushed IAN in rats by promoting repair, increasing GAP-43, and 
reducing inflammation. These findings support its therapeutic potential in 
peripheral nerve injury and warrant further research for clinical application.
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Peripheral nerve injuries occur fre
quently; however, efforts to understand 
the devastating functional and 

psychological effects and to develop 
evidence-based treatment methods have 
taken place only recently. The 
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acceleration of research on neuro
trauma in the mid-twentieth century, 
the development of animal models, and 
the introduction of the surgical micro
scope marked significant turning points 
in the diagnosis and management of 
nerve injuries1.

Peripheral nerve injuries result in 
partial or complete loss of motor, sen
sory, or autonomic function. Sensory/ 
motor changes are most commonly 
observed following traumatic nerve in
juries, and they can occur in acute or 
chronic forms depending on the type of 
injury, such as compression, stretching, 
crushing, or cutting2.

The inferior alveolar nerve (IAN), 
which contains sensory fibres, is highly 
susceptible to injury during lower jaw 
surgeries due to its location within the 
inferior alveolar canal (IAC), and such 
injuries can lead to significant patient 
morbidity. Therefore, IAN injuries are 
clinically significant and require careful 
management to prevent long-term sen
sory and functional impairments3,4.

The regenerative capacity of periph
eral nerves is limited, and, during the 
period required for functional recovery, 
permanent alterations may occur in the 
somatosensory cortex of the brain. 
These changes can disrupt signal 
transmission, potentially leading to ir
reversible impairments in nerve func
tion at the central level5.

The development of non-surgical 
treatment protocols used in the early 
stages following peripheral nerve injury 
may reduce the need for invasive sur
gery subsequently, and may also in
crease the success rates of future 
treatment(s).

Following peripheral nerve injury, 
the accumulation of damaged biomo
lecules (e.g. neuropeptides) in the af
fected area disrupts the regenerative 
capacity of Schwann cells in nerve 
tissue repair. Among the molecular 
mechanisms involved in peripheral 
nerve regeneration and repair, the au
tophagy mechanism plays a crucial role 
in facilitating the removal of damaged 
biomolecules intracellularly and extra
cellularly, thereby ensuring the effective 
progression of the regenerative 
process6.

Metformin, in addition to being an 
anti-diabetic agent, is suggested to 
protect neural tissue from various 
neurotoxins and prevent neurodegen
eration. Furthermore, it is believed to 
accelerate axon regeneration by mod
ulating the intracellular autophagy 

mechanism, thereby contributing to 
nerve healing6,7.

The literature reveals that there is 
limited research on conservative treat
ment methods used in cases of nerve 
injury and agents that may be effective 
in the regeneration process, and no 
definitive success has been achieved in 
the complete restoration of sensory 
function with these protocols. The aim 
of this study is to investigate the effects 
of metformin, an agent known to ac
celerate autophagy, on IAN regenera
tion following crush-type peripheral 
nerve injury, through histological ana
lysis and neurosensory and behavioural 
testing8.

Materials and methods

Animals

Thirty healthy 8–10-week-old male 
Sprague–Dawley rats, with an average 
weight of 250 ± 50 g, were used in this 
study. The animals were maintained on 
a 12 h light/dark cycle, with a stable 
temperature of 22–25°C and consistent 
humidity levels of 65–70%. The housing 
environment was regularly cleaned and 
ventilated.

The subjects were randomly assigned 
to three groups, each consisting of 10 
rats (Table 1). Animals were randomly 
assigned to the groups using a simple 
randomization (lottery) method, in 
which each animal was assigned a un
ique number and group allocation was 
determined by drawing lots. To mini
mize potential confounders, the order 
of treatments and measurements was 
randomized, and cage positions were 
rotated on a regular basis. Group al
location was known only to the in
vestigator performing the surgical 
procedures. The experimental animals 
were administered 5 mg/kg of met
formin intraperitoneally for 10 con
secutive days6. The drug, supplied in 
sterile powder form (Ant Teknik), was 
prepared daily in sterile distilled water 
(1 mL) according to the manufacturer’s 
recommendations, with the dosage 

adjusted to 5 mg/kg based on each an
imal’s body weight.

The exclusion criteria were defined as 
mortality due to anaesthesia-related 
complications, animal death, excessive 
haemorrhage, surgical site infection, 
significant weight loss resulting from 
impaired food or water intake, and 
systemic toxicity associated with the 
administered treatment.

Surgical procedures

The surgical procedures were per
formed under general anaesthesia using 
50 mg/kg ketamine hydrochloride 
(Ketalar; Pfizer, New York, NY, USA) 
and 10 mg/kg xylazine hydrochloride 
(Rompun, Bayer, Leverkusen, USA) 
administered intramuscularly. After the 
induction of anaesthesia, the subjects 
were positioned in lateral recumbency 
on the surgical table with their right jaw 
positioned superiorly and the heads 
were immobilized. No procedures were 
performed on the contralateral side to 
enable comparison with the intact side 
in the behavioural testing protocol. The 
right mandibular area was shaved and 
disinfected with a povidone–iodine so
lution. After subcutaneous administra
tion of 1 mL of maxicaine (40 mg/mL 
articaine, 0.005 mg/mL epinephrine 
hydrochloride) for local anaesthesia at 
the operation site, an incision 10 mm in 
length was made 2 mm inferior to the 
lower border of the right mandible 9. 
Following the skin incision, the muscles 
were dissected to expose the mandible 
from the ramus to the mental foramen, 
including the mandibular foramen. 
Starting from where the antilingula is 
prominent inferior to the mandibular 
foramen, a bone window was created 
using a piezoelectric surgical tip under 
saline irrigation extending anteriorly to 
the ramus (Fig. 1). Subsequently, a 
crush-type injury was induced on the 
IAN extending beneath the bone 
window by applying pressure with fine 
flat #5 jeweller’s forceps for 
30 s10,11. The surgical site was 

Table 1. Experimental groups and treatment protocols.

Group n Treatment protocol

1 (metformin) 10 Exposed to a crush-type nerve injury and subsequently 
administered metformin

2 (placebo) 10 Exposed to a crush-type nerve injury, followed by administration 
of 0.9% isotonic sodium chloride

3 (control) 10 Underwent surgical exposure without nerve injury, followed by 
closure and observation without any pharmacological 
intervention

2 Gundogdu et al.
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sequentially closed with 4/0 polyglactin 
910 (Vicryl; Ethicon, Raritan, NJ, 
USA) sutures in a layered fashion in
cluding muscle, subcutaneous tissue, 
and skin.

On day 28, the experimental animals 
were killed under high-dose anaesthesia 
with 50 mg/kg ketamine hydrochloride 
(Ketalar) and 10 mg/kg xylazine hydro
chloride12. Nerve samples were collected 
to evaluate the effects of metformin on 
the IAN, following established proto
cols (Fig. 1)6,9,13. Following euthanasia, 
the nerve injury site was exposed, and 
tissue samples were excised in 10 mm 
segments, ensuring that the injured 

nerve segment remained centrally posi
tioned (Fig. 1).

Immunohistochemical and histological 
analysis

The nerve tissue samples were fixed in a 
10% buffered formalin solution, and 
underwent routine tissue processing. 
From the resulting paraffin blocks, 3- 
µm-thick sections were prepared and 
stained with haematoxylin and eosin (H 
&E) and Masson’s Trichrome. The 
stained sections were subsequently ex
amined under an Olympus BX60 light 
microscope. For immunohistochemical 

staining, the GAP-43 antibody was 
applied. GAP-43 expression was con
sidered the primary outcome measure 
of the study.

Tissue samples were prepared as 
both transverse and longitudinal sec
tions. In the obtained nerve samples, 
histopathological assessments included 
oedema, inflammation (characterized 
by leucocyte, monocyte, and lympho
cyte aggregation), fibrosis, degenera
tion, and regeneration14–16. Digital 
images of the sections were analysed 
using the Olympus AnalySIS 5 imaging 
software to ensure precise measure
ments. Histological evaluation was 

Fig. 1. Representation of the surgical margins and the harvested inferior alveolar nerve samples. (A) The dimensions and anatomical 
limits of the bone window created to access the inferior alveolar nerve were standardized across all groups. (B) Removal of the bone 
window and exposure of the inferior alveolar nerve. (C) Obtaining nerve tissue sample following death. (D) Positioning of the nerve 
section for histological examination (*crush-type injury site).

The effect of metformin on inferior alveolar nerve regeneration following crush-type injury 3
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performed by an investigator who was 
blinded to the group allocation. All 
histological and immunohistochemical 
procedures and evaluations were per
formed at the Department of Oral Pa
thology, Faculty of Dentistry, Istanbul 
University.

Von Frey test

The contact detection neurosensory 
test, frequently employed in clinical 
practice, was adapted for laboratory 
usage to evaluate neurosensory deficits 
in experimental animal models. To 
evaluate sensory recovery, the mech
noreceptor response threshold in rats 
was measured using a series of von Frey 
filaments. Prior to testing, the rats were 
kept in a quiet, dark environment to 
ensure acclimatization and relaxation. 
The testing procedure was conducted in 
a blinded manner, with the investigator 
unaware of the group assignments. To 
evaluate mechanical sensitivity, a set of 
five calibrated Semmes–Weinstein 
monofilaments (von Frey hair test; 
Stoelting, Wood Dale, IL, USA) ar
ranged in a logarithmic series was em
ployed. Each rat was first placed in a 
plastic enclosure to acclimate, after 
which the von Frey filaments were ap
plied to the skin area surrounding the 
left and right lower jaw. The mono
filaments used had log10 stiffness values 
of 2.83 (0.070 g), 3.22 (0.160 g), 3.61 
(0.407 g), 4.08 (1.202 g), and 4.31 
(2.000 g). The assessment began with 
the 0.407 g filament as the starting 
point for stimulus application.

The smallest force to which the subject 
responded was considered the ‘with
drawal threshold’. To ensure accurate 
recording of behavioural responses, the 
experiments were conducted in a quiet 
environment by a blinded independent 
observer at day 0 (preoperative baseline), 
and on postoperative days 1 (T1), 7 (T7), 
10 (T10), and 28 (T28), during the 
morning hours.

To prevent desensitization to the 
stimulus, testing commenced with the 
filament exerting the lowest pressure, 
and, if no response was elicited, the fi
lament diameters were progressively 
increased. Each filament was applied 
for 5 s, with a total of three applications 
at 30 s intervals, ensuring that different 
points were stimulated. The threshold 
value was recorded as the average of 
the three responses17,18. Failure to re
spond to the strongest stimulus 4.31 
(2.000 g) was considered to be the cut- 
off value.

Positive responses were defined as 
follows: slowly turning the head or 
rapid head withdrawal; spontaneous 
and rapid lateral head movements; one 
or multiple ipsilateral head movements 
directed toward the stimulated or
ofacial area; and actively attacking the 
stimulus object, including biting or 
grasping movements19.

Statistical analysis

Based on a-priori power analysis with a 
statistical power of 80% and a sig
nificance level of α = 0.05, it was de
termined that a minimum of 10 subjects 
per group was required. Data obtained 
in this study were analysed using IBM 
SPSS Statistics version 22 (IBM Corp., 
Armonk, NY, USA). Given the non- 
normal distribution of the data, the 
Wilcoxon signed-rank test was utilized 
for comparisons between measurement 
time-points, while the Mann–Whitney 
U-test was applied for intergroup 
comparisons. P < 0.05 was considered 
statistically significant.

Results

Immunohistochemical analysis

In the metformin-treated group, the 
expression of GAP-43 used for im
munohistochemical evaluation was sig
nificantly higher compared to the 
control and placebo groups (P = 
0.0001). Moderate GAP-43 im
munoreactivity was observed in the 
placebo group. The expression of this 
antibody in the placebo group was 
found to be significantly lower com
pared to the level observed in the met
formin-treated group (P = 0.0001). The 
expression of the GAP-43 antibody was 
found to be significantly lower in the 
control group compared to the placebo 
and metformin-treated groups (P = 
0.0001) (Fig. 2; Table 2).

Histological analysis

Histological analysis revealed sig
nificant differences in oedema, in
flammation, fibrosis, degeneration, and 
regeneration across the groups. The 
metformin-treated group exhibited sig
nificantly lower levels of inflammation, 
oedema (P = 0.0001), and fibrosis (P = 
0.001) compared to the placebo group. 
The density of degenerated cells was 
also notably reduced, while the density 
of regenerated cells was significantly 
higher (P = 0.0001) (Fig. 3; Table 2). In 

the placebo group, histological sections 
revealed degenerated nerve bundles and 
oedema. Inflammatory reactions were 
prominent and dystrophic calcifications 
were observed (Fig. 3). Damaged or 
injured nerves exhibited demyelination, 
evidenced by vacuolated axons and 
fragmented axons. Oedema, inflamma
tion (P = 0.0001), and fibrosis (P = 
0.001) scores were significantly higher 
in the placebo group compared to the 
metformin group. Furthermore, the 
density of degenerated cells was mark
edly higher, while the density of re
generated cells was significantly lower 
than in the metformin-treated group (P 
= 0.0001) (Fig. 3; Table 2). The control 
group nerve structure seemed similar to 
that of normal and healthy individuals 
(Fig. 3). The levels of oedema and in
flammation were significantly lower 
compared to the other two groups (P = 
0.0001). Similarly, fibrosis, degenera
tion, and regeneration rates were also 
significantly lower in this group (Fig. 3; 
Table 2).

Von Frey test

In the metformin-treated group, the 
mechanical withdrawal threshold va
lues at T1 (P = 0.004), T7 (P = 0.003), 
and T10 (P = 0.020) were significantly 
higher than those at T0. However, at 
T28, the withdrawal threshold values 
did not differ significantly from those at 
T0. Notably, the withdrawal threshold 
at T1 showed a significant increase, and 
this trend persisted until T10 (Table 3). 
In the placebo group, the mechanical 
withdrawal threshold values at T0 were 
significantly lower compared to those 
measured at T1 (P = 0.006), T7, T10, 
and T28 (P = 0.007; Table 3). In the 
control group, no significant differences 
were observed between the mechanical 
withdrawal threshold values across all 
time-points (Table 3). When comparing 
the right (operated) and left (non-op
erated) within groups, the metformin 
group showed significantly higher va
lues on the right side at T1 (P = 0.002) 
and T7 (P = 0.016) compared to the left 
side. However, no significant difference 
was observed at T10 and T28 (Table 4). 
In the placebo group, results on the 
right side were significantly higher 
across all time-points (T1, T7: P = 
0.003; T10, T28: P = 0.001; Table 4). In 
the control group, no significant dif
ference was found between the right 
and left sides at any time-point 
(Table 4). On the left side a significant 
difference was found between the three 
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groups at T0 (P = 0.032), T1 (P = 
0.013), and T10 (P = 0.040). At T0, the 
left-side values in the metformin and 
control groups were significantly higher 
compared to the placebo group 
(Table 5).

Discussion

Despite being a significant global clin
ical challenge, the non-surgical treat
ment of peripheral nerve injuries 
remains limited. Millions of cases are 

reported annually, with as many or 
more unreported, with suboptimal re
covery or regenerative failure con
tributing substantially to patient 
morbidity and loss of quality of life. 
Accordingly, research continues to ex
plore the molecular mechanisms un
derlying peripheral nerve regeneration, 
aiming to develop novel therapeutic 
strategies that enhance nerve regenera
tion20. Owing to its anatomical acces
sibility and sufficient length, the sciatic 
nerve containing both motor and sen
sory fibres has been the primary focus 

of most previous animal studies in
vestigating the effects of therapeutic 
agents on nerve injuries. Nonetheless, it 
is important to recognize that findings 
derived from motor nerve models may 
not directly apply to purely sensory 
nerves such as the IAN, since the re
generation processes and recovery me
chanisms differ between motor and 
sensory nerve fibres21.

Given the complexity of peripheral 
nerve regeneration, therapeutic strate
gies that enhance the cellular micro
environment and support Schwann cell 

Fig. 2. Representative photomicrographs of Gap-43 immunohistochemical staining of rat inferior alveolar nerve sections (×400). (A) 
Group 1 (metformin), showing extensive expression. (B) Group 2 (placebo), showing moderate to severe immunoreactivity to Gap-43. 
(C) Group 3 (control), showing mild Gap-43 expression.

Table 2. Histological evaluations.

Group 1 Group 2 Group 3 P-valuea P-valueb

(metformin) (placebo) (control) Group 1 vs Group 2 Group 1 vs Group 3 Group 2 vs Group 3

Gap-43 2.60 ± 0.52 1.30 ± 0.48 0.30 ± 0.38 0.0001* 0.018* 0.002* 0.016*
Oedema 0.70 ± 0.67 2.00 ± 0.67 0.20 ± 0.27 0.0001* 0.003* 0.025* 0.0013*
Inflammation 0.60 ± 0.70 1.50 ± 0.53 0.00 ± 0.00 0.0001* 0.025* 0.001* 0.0001*
Fibrosis 0.70 ± 0.48 1.30 ± 0.82 0.00 ± 0.00 0.001* 0.022* 0.001* 0.0001*
Degeneration 1.00 ± 0.00 2.60 ± 0.52 0.60 ± 0.52 0.0001* 0.041* 0.035* 0.011*
Regeneration 2.40 ± 0.52 0.60 ± 0.70 0.00 ± 0.00 0.0001* 0.003* 0.001* 0.025*

Values are mean ± standard deviation. 
aMann–Whitney U-test test; Group 1 vs Group 2 vs Group 3.
bPairwise comparison; Group 1 vs Group 2 vs Group 3.
*Statistically significant (P  <  0.05).

The effect of metformin on inferior alveolar nerve regeneration following crush-type injury 5
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functionality have attracted significant 
interest22. In the present study, met
formin, a well-established activator of 
autophagy, was shown to exert a pro
nounced regenerative effect in a crush- 
type peripheral nerve injury model. Its 
administration was associated with 
improved histological and behavioural 
outcomes compared to both the pla
cebo and control groups, suggesting 
that metformin promotes axonal repair 
and functional recovery through dif
ferent mechanisms that extend beyond 
glycaemic control.

A growing body of evidence under
scores the neuroregenerative potential 
of metformin and other autophagy- 
based therapeutic interventions in the 
context of peripheral nerve re
pair6,23. Alterations in autophagic flux 
and their impact on nerve regeneration 
have been extensively investigated, re
vealing that enhanced autophagy is as
sociated with reduced cell death, 

improved myelin sheath integrity, and 
better motor function recovery22–24. In 
line with these findings, experimental 
studies have demonstrated that the ac
tivation of the autophagy system con
tributes to peripheral nerve 
regeneration by preventing neurode
generation25–27.

Although the underlying molecular 
mechanism responsible for metformin’s 
neuroprotective action is still unknown, 
GAP-43 is an axonal phosphoprotein 
that is highly expressed during devel
opmental stages and reappears in re
sponse to axonal regeneration. Its role 
in peripheral nerve repair has been well 
documented in the literature28–31. Liu 
et al.6 and Wang et al.32 reported a 
significant increase in GAP-43 levels in 
metformin-treated groups, which fa
cilitated axonal growth. In a study 
conducted on diabetic rats with sciatic 
nerve injury, it was reported that the 
density and mean diameter of 

myelinated axons were significantly 
higher in the metformin-treated groups 
at all time-points33. Furthermore, 
compared to the control and placebo 
groups, the metformin-treated group 
exhibited a significantly higher density 
of regenerative cells, along with an in
creased expression of GAP-43, a key 
marker of axonal growth and differ
entiation. These findings underscore the 
potential of metformin to directly sup
port axonal growth, highlighting its 
pivotal role in nerve repair strategies.

Inflammation, oedema, and fibrosis 
also play a significant role in shaping 
the healing response. Following nerve 
injury, the inflammatory response in
itiates a cascade of events, including 
oedema formation and fibroblast acti
vation, ultimately leading to fibrotic 
tissue development. While a certain 
degree of inflammation is essential for 
the clearance of cellular debris and the 
activation of repair mechanisms, 

Fig. 3. Representative longitudinal sections (haematoxylin and eosin) ×200 from the three study groups. (A) Group 1 (metformin), 
showing regenerated nerve bundles with remyelination. (B) Group 2 (placebo), showing oedema, severe degeneration, extensive fibrosis, 
and dystrophic calcifications. (C) Group 3 (control), showing normal nerve structure.

Table 3. Von Frey test results, right (operated) side: correlation between different time-points within each group.

Group Time (days)

P-value

T0 T1 T7 T10 T28

1 (metformin) T0 – 0.004* 0.003* 0.020* 1.000
T1 0.004* – 0.157 0.020* 0.004*
T7 0.003* 0.16 – 0.025 0.003
T10 0.020* 0.020* 0.025* – 0.020*

2 (placebo) T0 – 0.006* 0.007* 0.007* 0.007*
T1 0.006* – 0.32 0.32 0.32
T7 0.007* 0.32 – 1.0 1.0
T10 0.007* 0.32 1.0 – 1.0

3 (control) T0 – 0.10 0.10 0.10 1.0
T1 0.10 – 1.0 1.0 0.10
T7 0.10 1.0 – 1.0 0.10
T10 0.10 1.000 1.0 – 0.10

*Statistically significant (P  <  0.05).

6 Gundogdu et al.
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excessive or prolonged inflammation 
disrupts the regenerative micro
environment, thereby impairing axonal 
growth and remyelination34. Oedema 
contributes to increased endoneurial 
pressure, which compromises micro
circulation and results in ischaemic 
damage to the nerve tissue35. More
over, uncontrolled fibrotic responses 
lead to scar tissue formation that not 
only physically obstructs axonal re
generation but also alters the compo
sition of the extracellular matrix, 
further hindering functional recovery36. 
It has been found that early treatment 
with metformin for 7 days was suffi
cient to resolve oedema in mice37. In 
this study, the lower levels of in
flammation, oedema, and fibrosis ob
served in the metformin-treated group 
suggest that metformin supports per
ipheral nerve regeneration by suppres
sing inflammatory responses and 
reducing tissue degeneration. More
over, the persistence of inflammatory 

findings at the end of the experiment in 
the placebo group indicates the anti- 
inflammatory effect of metformin.

Axonal regeneration is not equal to 
functional recovery, because the func
tion will not recover until the nerve 
regenerates through the injured area. 
Functional recovery constitutes a key 
endpoint that complements cellular and 
molecular improvements in peripheral 
nerve repair. In daily practice, the 
Medical Research Council Scale is 
commonly used to assess the degree of 
sensory and motor recovery following 
nerve injuries38. It provides a standar
dized and semi-objective framework for 
evaluating functional improvement. In 
experimental animals, one of the most 
commonly used methods in the litera
ture to clinically evaluate sensor
y–motor recovery is the assessment of 
responses to mechanical stimuli using 
von Frey monofilaments, which apply 
calibrated pressure to the skin to elicit a 
withdrawal response39,40.

Ma et al.33 reported that in a rat 
sciatic nerve injury model, mechanical 
withdrawal thresholds were significantly 
lower in the metformin-treated group 
compared to the placebo group, in
dicating enhanced sensory responsive
ness. Similarly, Kim et al.41

demonstrated, in a diabetic neuropathy 
model, that tactile sensation, as assessed 
by the von Frey test, was preserved in 
the metformin-treated group. In this 
study, the von Frey filament test was 
employed to assess the sensory out
comes of nerve regeneration. In the 
group treated with metformin, beha
vioural test results obtained on day 28 
returning to baseline levels suggest that 
clinical recovery has occurred. By con
trast, the significant deviations from 
baseline values observed at earlier time- 
points are likely attributable to the pre
dominant inflammatory and oedema
tous responses during the acute phase of 
injury, which may have temporarily 
hindered the regenerative process. Also, 

Table 4. Von Frey test results for the right (operated) and left (non-operated) sides within each group.

Time (days) Group Right Left P- value

T0 1 2.30 ± 0.52 2.50 ± 0.71 0.67
2 2.30 ± 0.82 2.40 ± 0.84 0.94
3 3.00 ± 0.94 3.10 ± 0.32 0.95

T1 1 3.70 ± 0.48 2.50 ± 0.71 0.002*
2 3.70 ± 0.67 2.40 ± 0.84 0.003*
3 3.40 ± 0.52 3.30 ± 0.48 0.65

T7 1 3.50 ± 0.53 2.60 ± 0.84 0.016*
2 3.80 ± 0.42 2.50 ± 0.97 0.003*
3 3.40 ± 0.70 3.20 ± 0.42 0.34

T10 1 3.00 ± 0.94 2.60 ± 0.84 0.32
2 3.80 ± 0.42 2.40 ± 0.84 0.001*
3 3.40 ± 0.70 3.20 ± 0.42 0.34

T28 1 2.30 ± 0.67 2.60 ± 0.70 0.42
2 3.80 ± 0.42 2.60 ± 0.70 0.001*
3 3.00 ± 0.94 3.10 ± 0.32 0.93

Values are mean ± standard deviation. 
Group 1: metformin; Group 2: saline; Group 3: no drug treatment (control). 

*Statistically significant (P  <  0.05).

Table 5. Von Frey test results for the right (operated) and left (non-operated) sides and statistical comparisons between groups 
over time.

Time 
(days) Side

Group 1 
(metformin)

Group 2 
(placebo)

Group 3 
(control) P-value

T0 R 2.30 ± 0.67 2.30 ± 0.82 3.00 ± 0.94 0.094
L 2.50 ± 0.71 2.40 ± 0.84 3.10 ± 0.32 0.032*

T1 R 3.70 ± 0.48 3.70 ± 0.67 3.40 ± 0.52 0.24
L 2.50 ± 0.71 2.40 ± 0.84 3.30 ± 0.48 0.013*

T7 R 3.50 ± 0.53 3.80 ± 0.42 3.40 ± 0.70 0.28
L 2.60 ± 0.84 2.50 ± 0.97 3.20 ± 0.42 0.078

T10 R 3.00 ± 0.94 3.80 ± 0.42 3.40 ± 0.70 0.094
L 2.60 ± 0.84 2.40 ± 0.84 3.20 ± 0.42 0.040*

T28 R 2.30 ± 0.67 3.80 ± 0.42 3.00 ± 0.94 0.001*
L 2.60 ± 0.70 2.60 ± 0.70 3.10 ± 0.32 0.081

Values are mean ± standard deviation. 
Mann–Whitney U-test; Group 1 vs Group 2 vs Group 3. 

*Statistically significant (P  <  0.05).
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the outcomes observed in the placebo 
and control groups were consistent with 
the corresponding histological findings. 
These findings demonstrate that met
formin not only promotes tissue re
generation but also contributes to 
clinical recovery by attenuating early 
inflammatory responses, thereby func
tionally supporting sensory nerve repair.

Although the von Frey filament test 
is widely used in experimental animals 
to assess mechanical sensitivity, it is 
difficult to fully control environmental 
variables42. The accuracy of such tests 
can be influenced by various factors, 
including the observer’s experience, the 
animal’s adaptation to the testing en
vironment, differences in threshold va
lues, and external conditions43. In the 
present study, differences in baseline 
behavioural scores between groups on 
the non-operated side were considered 
to potentially result from the afore
mentioned limitations reported in the 
literature44. Therefore, to enhance the 
reliability of the results, direct inter
group comparisons of right–left side 
differences were avoided, and only in
tragroup evaluations were interpreted. 
Moreover, excessive expression of 
GAP-43 particularly in the central 
nervous system has been associated 
with abnormal synaptic remodelling 
and sensory disturbances45. Ad
ditionally, studies conducted in Par
kinson disease models have produced 
conflicting results regarding the neuro
protective effects of GAP-43 up-reg
ulation46. In this context, while our 
findings suggest that metformin pro
motes regeneration by increasing GAP- 
43 expression, the potential adverse ef
fects of overexpression should not be 
overlooked. Defining the optimal ex
pression range of GAP-43 is essential 
and should be the focus of future re
search.

Although a well-established animal 
model was employed in the present 
study, it is important to acknowledge 
that findings derived from animal re
search cannot be directly extrapolated 
to human conditions. Differences in 
physiology and anatomy may influence 
the observed outcomes; therefore, fur
ther clinical investigations are war
ranted to confirm the translational 
relevance of these findings.

The findings of this study demon
strate that metformin possesses ther
apeutic potential in the regeneration of 
the inferior alveolar nerve. Its ability to 
promote axonal repair, reduce in
flammation, and support the recovery 

of mechanical sensory function high
lights its regenerative and anti-in
flammatory properties. These findings 
indicate that metformin contributes to 
nerve regeneration through multiple 
mechanisms, and they provide a scien
tific basis for future research in
vestigating its potential as a 
neuroregenerative agent.
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