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ABSTRACT

AIM: To evaluate the effects of methylprednisolone and vitamin B12 injection on the regeneration of the nerves after a mental nerve
crush injury.

MATERIAL and METHODS: A total of 40 albino Wistar rats have been randomly divided into four groups: group 1 (n=10): crush-
like nerve damage was created by pinching the left mental nerve for 60 s with an aneurysm clip and intraperitoneally administered
1 ml of saline for 14 days; group 2 (n=10): the left mental nerve was pinched for 60 s with an aneurysm clip and intraperitoneally
administered 2 mg/kg of methylprednisolone for 14 days; group 3, experimental group (n=10): the left mental nerve was pinched for
60 s with an aneurysm clip and intraperitoneally administered 2 mg/kg of vitamin B12 for 14 days; and group 4, experimental group
(n=10): the left mental nerve was pinched for 60 s and intraperitoneally administered 2 mg/kg of methylprednisolone and 2 mg/kg
of vitamin B12 for 14 days. All rats were sacrificed on the 28" postoperative day, and histopathological evaluation was performed.

RESULTS: Nerve damage was higher in the control group than in other groups (p<0.05). When Neural Cell Adhesion Molecule
(NCAM) expression levels were compared, no major differences were observed between the methylprednisolone and control groups
(p>0.05). The B12 and B12+methylprednisolone groups reached significantly higher NCAM expression levels compared to the
control and methylprednisolone groups. When the myelin basic protein (MBP) expression levels were compared (p<0.05), the MBP
expression was significantly higher in all experimental groups than in the control group (p<0.05).

CONCLUSION: Systemic vitamin B12 and methylprednisolone administration effectively supported remyelination in the crushed
mental nerve by increasing Schwann cell proliferation and differentiation.
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B INTRODUCTION

eripheral nervous system injury deteriorates the dam-
Paged nerve function and changes the arousal threshold
(7,8,16,43). Its symptoms include pain, burning, sting-
ing, loss of sensation, asymmetrical appearance, numbness,

and tingling sensation (1,5,25,36). In oral and maxillofacial
surgery, surgical procedures that may cause nerve damage
are frequently performed (1,29,31). The majority of damages
during procedures are caused by crushing or overstretching
the nerve. Total or partial rupture-like injuries with completely
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disrupted nerve integrity are rare (18). Damages are generally
temporary, and the majority of these heal within 6-8 weeks.
In some cases, sensory loss continues for 6 months or lon-
ger, resulting in permanent neuropathic disorders (22,37). It
can be treated with pharmacological therapies such as ste-
roids, antioxidants, antidepressants, anti-inflammatory drugs,
and vitamins or alternative treatments such as acupuncture,
cryotherapy, biomodulation, ozone therapy, low-level laser
applications, or surgical techniques (17,45). The response of
damaged nerve tissues to treatment depends on the degree
of nerve damage. Pharmacological treatments aim to restore
the functions of the damaged nerve, accelerate nerve tissue
regeneration, and eliminate the aesthetic and psychological
concerns of the patients (11,13).

Among the pharmacological treatments, steroids are the most
preferred agents because of their strong anti-inflammatory
properties (10,33,38). Steroids administered at the early stages
of injury slow the nerve damage progression and accelerate
healing. Steroids reduce perineural edema at the site of injury
in cases where the damage does not impair the nerve integrity
(17,44). In this method, steroids reduce nerve pressure, slow
down axon degeneration, and increase regeneration and
prevent the formation of fibrosis (2,21).

Vitamin B has positive effects on the nervous system, immune
system, skin health, and metabolism. This pharmaceutical
agent has been used after peripheral nerve injuries and has
curative and protective positive effects on nerve regeneration
(4,26). Moreover, steroids reduce degeneration and increase
the regeneration of axons and support the preservation of the
myelin sheath structure and nerve fiber regeneration (19).

Therefore, this study aimed to reveal the possible effects of
methylprednisolone and vitamin B12 injection on rat models
with crush-type mental nerve damage using immunohisto-
chemical methods.

B MATERIAL and METHODS

With the project code 2020-TDU-D-F-0008, the Izmir Katip
Celebi University Scientific Research Coordination Unit
funded this study, which also received approval from the local
animal experimentation ethics committee of Ege University
(No: 2020-007; Date: 29.01.2020). A total of 40 Wistar albino
rats aged 3 months, with an average weight of 250-300 g,
with an equal number of males and females, have been used
in this study. With 10 test animals in each group, the subjects
were randomly divided into four groups. Animals have been
kept on a 12-h day/night cycle and maintained ad libitum on
the standard laboratory aliment and water. We preferred 2 mg/
kg drug doses, guided by a previous study (15).

Experimental Groups

Group 1 (the control group, n=10): The left mental nerves of
rats were exposed and compressed using Yasargil aneurysm
clips (Aesculap, Braun Medikal, Istanbul, Turkey) for 60 s, and
the crush-type nerve damage was created. After the nerve
damage has been created, the skin tissues and muscles were
sutured with simple sutures and 1 ml of saline was injected
intraperitoneally for 14 days.
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Group 2 (the methylprednisolone group, n=10): The left mental
nerves of the rats were exposed and compressed with Yasargil
aneurysm clips for 60 s, and crush-type nerve damage was
created. After the nerve damage has been created, the skin
and muscle tissues were sutured using simple sutures, and 2
mg/kg methylprednisolone was injected intraperitoneally for
14 days.

Group 3 (the vitamin B12 group, n=10): The left mental nerve
of the rats was exposed and compressed with Yasargil
aneurysm clips for 60 s, and crush-type nerve damage was
created. After the nerve damage has been created, the skin
and muscle tissues were sutured with simple sutures, and 2
mg/kg of vitamin B12 has been injected intraperitoneally for
14 days.

Group 4 (the methylprednisolone and vitamin B12 group,
n=10): The left mental nerve of the rats was exposed and
compressed with Yasargil aneurysm clips for 60 s, and the
crush-type nerve damage was created. After the nerve damage
has been created, the skin tissue and muscles were sutured
with simple sutures, and both 2 mg/kg of methylprednisolone
and 2 mg/kg of vitamin B12 were injected intraperitoneally for
14 days.

Surgical Procedures

Preoperatively, each rat was anesthetized with 10 mg/kg of
xylazine (Rompun; Bayer, Istanbul, Turkey) and 90 mg/kg
of ketamine hydrochloride intramuscularly (Ketalar; Pfizer,
Istanbul, Turkey). Following anesthesia, neck hairs were
removed, and the subjects were then placed on the fixing
board. To prevent infection at the surgical site, a povidone-
iodine solution (Poviiodex, Kimpa, Turkey) has been applied
to the shaved region. After establishing the requisite asepsis
and antisepsis conditions, sterile surgical drapes were
used to isolate the surgical region before administering
local anesthetics using 0.5 ml of a 1:200,000 epinephrine-
containing articaine solution (Ultracain-DS hoechst Marion
Roussel, Istanbul, Turkey). The incision line was identified.
The masseter muscle was accessed by making a 1 cm-long
vertical dermal incision at the neck midpoint and descending 1
cm inferior to the lower lip midline. The masseter muscle was
dissected, and the mental nerve was exposed. The exposed
nerve was pinched for 60 s with a Yasargil aneurysm clip
(Aesculap, Braun Medikal, Istanbul, Turkey), and the crushed
nerve damage was created.

After the surgical operations were completed, the skin tissue
has been sutured with a 4/0 silk suture material (Dosan,
Turkey) and the muscle tissue with absorbable glycolide-
based 4/0 suture material (Vicryl, Ethicon, Brussels, Belgium).
To prevent local infection, a topical antibiotic called Neo Caf
Spray (Intervent, MSD, ltaly) was then applied to the wound
region.

Following a 28-day recovery period, the subject’s mental
nerve tissues, including healthy tissues near and far from the
damaged area, were removed and put in a solution of zinc
formalin for immunohistochemistry testing. Then, while under
general anesthesia, the animals were sacrificed using cervical
dislocation.
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Postoperative Care

Enrofloxacin (Baytril-K® 2.5 mg/kg IM) and meloxicam
(Maxicam® 1 mg/kg IM) were administered intramuscularly
to the rats once daily for 5 days postoperatively. To prevent
local infection, the topical antibiotic Neo Caf Spray (Intervent,
MSD, Italy) was applied to the wound region once daily for
5 days postoperatively. For 28 days, an expert veterinarian
periodically assessed the animals’ weight, nutrition, and
overall health. The animals were supplied food and water ad
libitum.

Histopathological and Immunohistochemical
Examination Methods

The nerve tissues were placed into a zinc formalin (Z2902 Sig-
ma-Aldrich, USA) solution, and necessary fixation procedures
were completed. The tissues were then embedded in paraffin
blocks, and 4-5-m-thick sections were cut from the blocks
using a microtome (catalog no. Leica RM2265, Wetzlar, Ger-
many) for immunohistochemical and hematoxylin-eosin stain-
ing (H&E).

The nerve damage level was evaluated after H&E staining of
nerve tissue sections. Myelin sheath swelling, vacuolization,
the presence of myelin ellipsoids, mononuclear cell infiltration,
and edema were considered during the evaluation. The nerve
damage of the obtained sections was scored by assigning a
value between 1 and 4 (1, 0%-25%; 2, 25%-50%; 3, 50%—
75%; and 4, 75%-100%) (8,9,26,27,36).

Neural Cell Adhesion Molecule (NCAM) expression levels were
evaluated after anti-NCAM staining of nerve tissue sections.
The expression intensity was calculated by considering values
between 0 and 4 (0, no expression; 1, minimal expression; 2,
moderate expression; 3, above-moderate expression; and 4,
strong expression) (13).

Table I: Comparison of Groups with Mann Whitney U Test

The myelin basic protein (MBP) expression levels were
evaluated after anti-MBP staining of nervous tissue sections.
The expression intensity was calculated by considering values
between 0 and 4 (0, no expression; 1, minimal expression; 2,
moderate expression; 3, above-moderate expression; and 4,
strong expression) (14).

Statistical Analysis

Fisher's exact, Mann-Whitney U, and Kruskal-Wallis tests
were used to compare variances between the means of inde-
pendent groups using non-parametric analysis tests, multiple
comparisons, and multiple comparisons, respectively.

The R Foundation for Statistical Computing Free Software,
was used for descriptive statistics and test analyses. The re-
sults have been considered statistically significant if the p-val-
ue is less than 0.05 (p<0.05).

B RESULTS
H&E Staining Results

Myelin sheath swelling, vacuolization, the presence of myelin
ellipsoids, mononuclear cell infiltration, and edema findings
were evaluated for histopathological examination. The mean
score values of the samples in the control, B12, methylpred-
nisolone, and B12+methylprednisolone groups were 3.80,
1.90, 2.70, and 1.90 respectively (Table | and Figure 1).

Anti-NCAM Staining Results

NCAM expression levels were evaluated using the anti-NCAM
dye. The mean score values of the samples were 1.80, 3.00,
1.70, and 2.50 in the control, B12, methylprednisolone, and
B12+methylprednisolone groups, respectively (Table | and
Figure 2).

Average Dwerent Kruskal- o ificance
Parameters Groups n Mean Median g (p<0.05) Wallis test 9
Rank level (p)
from groups values

(1) Control 10 3.80 4.00 34.00 (2), (3), (4)
Nerve (2) Vitamin B12 10 1.90 2.00 13.00 (1), (3)
Damage 23.567 0.000
Scores (3) Methyl prednisolone 10 2.70 3.00 22.00 (1), (2), (4)

(4) B12 + Methyl prednisolone 10 1.90 2.00 13.00 (1), (3)

(1) Control 10 1.80 2.00 14.40 2), (4)

2) Vitamin B12 10 3.00 3.00 30.10 1), (3
NCAM 2 (), ) 16.286 0.001
expression (8) Methyl prednisolone 10 1.70 2.00 13.20 2), @)

(4) B12 + Methyl prednisolone 10 2.50 3.00 24.30 (1), (3)

(1) Control 10 1.90 2.00 9.70 2), (3), (4)

2) Vitamin B12 10 2.80 3.00 20.15 1
MBP . @ @ 14.278 0.003
éxpression (3) Methyl prednisolone 10 3.30 3.50 25.85 (1)

(4) B12 + Methyl prednisolone 10 3.30 3.50 26.30 (1)

n: Number, NCAM: Neural Cell Adhesion Molecule, MBP: Myelin Basic Protein.
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Anti-MBP Staining Results

MBP expression levels were evaluated using an anti-MBP
stain. The mean score values of the samples were 1.90, 2.80,
3.30, and 3.30 in the control, B12, methylprednisolone, and
B12+methylprednisolone groups, respectively (Table | and
Figure 3).

Statistical Analysis Results

The results of multiple comparisons between independent
groups using the Mann-Whitney U test and Kruskall-Wallis
values to compare the differences between the means are pre-
sented in Table I. Score evaluations in the four groups made
up of three histological staining parameters have been statis-
tically significant (Table I). Based on the Mann-Whitney U test,
the B12 and B12+methylprednisolone groups were statistical-
ly comparable in H&E staining, although all groups were sta-
tistically different from that of the control group. Anti-NCAM
staining revealed a significant difference between the B12 and
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B12+methylprednisolone groups and the control group but
not between the control and methylprednisolone groups. In
anti-MBP staining, methylprednisolone and B12+methylpred-
nisolone groups were statistically comparable, although all
groups considerably differed from the control group.

B DISCUSSION

Nerve damage can occur during different procedures involving
the oral and maxillofacial regions. A considerable proportion
of patients experience this issue even though losing sensation
as a result of these procedures is a rare complication. The
lingual, mental, and inferior alveolar nerves are the three most
commonly injured nerves (23). Nerve disruption also affects
the central nervous system and functional brain (12). The
peripheral nerve injury treatments aim to accelerate healing,
ensure complete or almost complete healing, and prevent the
occurrence of complications and other possible sequelae (20).
Due to their anti-inflammatory effects, the most commonly

Figure 1: Control (C), vitamin B12
(B), methylprednisolone (M), met-
hylprednisolone +vitamin B12 (MB)
group sections stained with H&E
x400. Edema (0), vacuole (V) and
ellipsoid (E) myelin are observed in
the nerve fiber.

Figure 2: Control (C), vitamin B12
(B), methylprednisolone (M), met-
hylprednisolone +vitamin B12 (MB)
group sections stained with anti-N-
CAM antibody (x400). Arrows: show
immunareactivity.
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Figure 3: Control (C), vitamin
B12 (B), methylprednisolone (M),
methylprednisolone +vitamin B12
(MB) group sections stained with
anti-MBP antibody (x160).
Arrows: show immunareactivity.

prescribed pharmaceuticals are corticosteroids in idiopathic,
traumatic, and infectious peripheral nerve injuries. Vitamin
B12 is essential for many metabolic pathways in the central
nervous system. In cases of vitamin B12 deficiency, many
structures such as that of the brain, optic nerve, peripheral
nerves, and spinal cord may be affected, which may result in
different neurological conditions (35,41).

Sekiya et al. investigated the effects of methylprednisolone
administration before and after the compression-type
injury on the cochlear nerve and reported that the use of
methylprednisolone could prevent cochlear nerve damage
due to its anti-inflammatory effect (34). Our results support
this study. Nerve damage scoring was found to be significantly
lower in both groups receiving methylprednisolone
than the control group. Nachemson et al. reported that
methylprednisolone suppressed scar formation and improved
axonal regeneration after transection and suturing of rat
peripheral nerves (42). In our study, methylprednisolone
positively contributed to regeneration by suppressing axonal
degeneration. Bao et al. reported that methylprednisolone
reduced lipid peroxidation and inhibited arachidonic acid
hydrolysis following a spinal cord injury in early-treated rats
(6). In our results, NCAM levels were low, but MBP levels
were high in the methylprednisolone group. Low NCAM
expression levels in the methylprednisolone group suggest
that methylprednisolone suppresses inflammatory processes
due to reduced axonal degeneration.

Hobbenaghi et al. reported that vitamin B12 has protective
and restorative effects on secondary pathochemical events
after a sciatic nerve injury in rats (17). Our study results
showed that nerve damage scores were lower in the groups
administered with vitamin B12 compared to the methylpred-
nisolone and control groups. Nerve regeneration was higher
in the vitamin B12-administered group. Sun et al. found that
dexamethasone and vitamin B12 stimulated the production of
endogenous neurotrophic factors and thus increased periph-
eral nerve repair (39). Data obtained from our study showed
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that the combined use of vitamin B12 and methylprednisolone
has positive effects on nerve regeneration and may have a
potential role in nerve regeneration. Al-Khalisy and Ali com-
pared the effects of vitamins B12, B6, and B1 on crush-type
injuries in rats and reported that vitamin B12 was more effec-
tive in nerve fiber regeneration and remyelination (3). In our
study, both NCAM and MBP levels were high in the vitamin
B12 group, suggesting that vitamin B12 accelerates regener-
ation (41).

Pan et al. reported that MBP played a crucial role in increasing
functional recovery and promoting nerve regeneration after a
sciatic nerve injury in rats (28,40). In our study, the perineuri-
um structure was more preserved in the experimental groups
compared to the control group, and these data were consis-
tent with high MBP levels in the experimental groups. Ruste-
meyer and Dicke reported a close relationship between MBP
density and functional recovery following a sciatic nerve injury
in rats (32). The high MBP levels in our experimental groups
suggest that B12 and methylprednisolone administration in-
creased the proliferation of Schwann cells, accelerated regen-
eration, upregulated the MBP, and accelerated remyelination
at the injury site (43). Roach et al. investigated the role of MBP
in the peripheral nervous system in mice with mutations in a
part of the MBP gene. They reported that myelin thickness
decreased in peripheral nerves without MBP; however, axonal
integrity was preserved. In our study, low MBP levels in the
control group indicate downregulation of MBP synthesis and
myelin damage after a crush injury (30).

Martini and Schachner investigated the identification of L1,
NCAM, and myelin-associated glycoprotein by immunoelec-
tron microscopy in the crushed and dissected adult mouse
sciatic nerve. The majority of cells tested positive for NCAM.
NCAM and L1 were expressed by growth cones and regrowth
axons at the points of cell interaction (24). In our study, NCAM
expression levels were higher in the experimental groups than
that in the control group.



Data obtained at the end of the study suggest that the vitamin
B12 and methylprednisolone treatment for mental nerve crush
injury in rats reduces nerve damage scoring and contributes
to the preservation of the perineurium tissue.

Our study shows that systemic vitamin B12 and methylpred-
nisolone administration effectively supports remyelination of
the crushed mental nerve by increasing Schwann cell prolif-
eration and differentiation. The MBP and NCAM expression
levels in nerve regeneration after mental nerve injury were
first evaluated in our study. The results showed that the MBP
expression levels increased during myelin sheath repair and
NCAM levels during axonal repair. For the first time, a com-
bination of methylprednisolone and vitamin B12 for the treat-
ment of nerve injuries was administered in our study. Based
on our obtained data, the combined use of vitamin B12 and
methylprednisolone has positive effects on and may have
a potential role in nerve regeneration. In addition, this drug
combination, which has not been previously tried in this ex-
perimental model, sheds light on further studies. Our study
suggests that vitamin B12 and methylprednisolone may have
different and beneficial effects on nerve regeneration when
administered separately or in combination at different appli-
cation doses and at different time intervals. The use of dif-
ferent histopathological or immunohistochemical markers for
histological evaluation may provide a more comprehensive
understanding of the mechanisms of action of vitamin B12
and methylprednisolone on nerve regeneration.

B CONCLUSION

Combined use of vitamin B12 and methylprednisolone, an
untested method on a rat mental nerve crush injury model,
can be used as a potential new treatment to treat nerve
damage, control pain, and accelerate regeneration in mental
nerve injury.
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