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RESEARCH ARTICLE

The effects of lipoic acid and methylprednisolone on nerve healing in rats with
facial paralysis�
Emrah Tekdemira, Arzu Tatlipinara, Dilek €Ozbeylib, €Ozge Tekdemirc and Emrah Kınala

aENT Clinic, Fatih Sultan Mehmet Training and Research Hospital, Kozyatagi, Istanbul, Turkey; bExperimental Animal Laboratory, Marmara
University School of Medicine, Uskudar, Istanbul, Turkey; cInternal Medicine Clinic, Haydarpasa Numune Training and Research Hospital,
Uskudar, Istanbul, Turkey

ABSTRACT
Objective: To investigate the effects of lipoic acid and methylprednisolone on nerve healing in rats
with traumatic facial paralysis.
Materials and methods: The rats were randomly divided into four groups, with six rats in the control
group and eight each in the remaining three groups. The buccal branch of the facial nerve in all
groups except the control group was traumatized by a vascular clamp for 40minutes. Group 1 was
given lipoic acid (LA), Group 2 was given methylprednisolone (MP), and Group 3 was given lipoic acid
and methylprednisolone (LAþMP) for one week. Nerve stimulus thresholds were measured before
trauma, after trauma and at the end of the one week treatment period.
Results: When the groups were compared with each other, post-treatment threshold levels of LAþMP
were significantly lower than LA. Although post-treatment threshold levels of LA and MP were still
higher than the control group, there was no significant difference between LAþMP and control values
(p> .05).
Conclusion: Lipoic acid has a positive effect on nerve healing and can enhance the effect of methyl-
prednisolone treatment. It is a good alternative in cases where methylprednisolone cannot be used.
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Introduction

The facial nerve controls the muscles that permit movement
(and in particular those muscles which convey expressions)
of the face. Facial nerve pathology commonly results in an
enhanced asymmetry of the face, a decrease in the patient’s
ability to communicate emotion, and may result in tempor-
ary or permanent paralysis.

The second leading cause of facial paralysis is trauma,
following idiopathic facial paralysis (Bell Palsy). The course
of the facial nerve is complex with intracranial, intratempo-
ral, and extratemporal segments. The nerve is at risk for
injury along any of these segments from external, surgical,
or iatrogenic trauma [1,2]. Management of facial nerve
trauma is often challenging as spontaneous recovery cannot
be predicted and is often unsatisfactory without
intervention.

The most commonly employed facial nerve monitoring
systems at present are electromyography (EMG) systems.
EMG uses facial muscle response as an indicator of facial
nerve continuity and activity.

Both pharmacological and surgical treatments are
designed to reduce the likelihood of residual facial
dysfunction in patients with acute facial paralysis. The most
commonly preferred pharmacological treatment is cortico-
steroids due to its effectiveness. However, in some cases,

corticosteroids cannot be used due to their side effects.
Therefore, there are many studies investigating the effects of
different treatment agents to be used for the treatments of
facial nerve paralysis [3].

Lipoic acid (LA) is a natural substance found in certain
foods, and it is also synthesized in the human body [4]. Due
to its antioxidant properties, it prevents the generation of
free oxygen radicals and thus cell death by inhibiting lipid
peroxidation and production of reactive oxygen radicals [4].
In the literature, the neuroprotective effect of LA on the
central nervous system and peripheral nerves is mentioned,
but its effect on nerve healing in traumatic facial nerve par-
alysis has not been noted [5].

In this study, the effect of LA and methylprednisolone
treatment on nerve healing was investigated by using the
EMG monitoring system.

Methods

The study was approved by Marmara University Local
Ethics Committee for Animal Experiments and performed at
the Marmara University School of Medicine, Experimental
Animal Laboratory, Istanbul, Turkey.

Thirty healthy male Wistar albino rats were used in the
study. The rats were randomly divided into four groups to
include six rats in the control group and eight rats in the
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remaining three groups. The same standard surgical proce-
dures were performed in all 30 rats. The rats were anesthe-
tized with intraperitoneal injections of ketamine at a dose of
100mg/kg and chlorpromazine at a dose of 3mg/kg.

The regions corresponding to the trace of the left facial
nerve were shaved after administration of anesthesia and
then painted with povidone–iodine. A 2 cm horizontal skin
incision from the anterior part of external auditory meatus
toward the level of the first whisker at the corner of the
mouth was performed. The buccal branch of the facial nerve
was exposed after passing the skin and subcutaneous tissues
(Figure 1).

A Nerve Integrity Monitor (Medtronic NIM-Response
3.0 System) was used for electrophysiological monitoring.
One of the intramuscular needle electrodes of the nerve
integrity monitor was placed in the orbicularis oris muscle,
and the grounding electrode was placed in the sterno-
cleidomastoid muscle (Figure 2). Nerve stimulus thresholds
of all animals in each group were determined beginning
from 0.05mA by means of nerve integrity monitoring. The
intensity of the stimulus was gradually increased until con-
traction in the facial expression muscles and wave form on
the screen of the device were observed. Then, the buccal
branch of the facial nerve of the rats in all groups except
the control group was traumatized by a vascular clamp for
40minutes. After trauma, nerve stimulus thresholds were

determined in these groups again from the proximal part
of the traumatized section by using the same method. The
incision site was sutured appropriately after surgery in all
groups.

After trauma, groups were given the following agents
intraperitoneally for one week: Group 1: LA at a dose of
100mg/kg; Group 2: methylprednisolone at a dose of 1mg/
kg/day; and Group 3: LA at a dose of 100mg/kg and meth-
ylprednisolone at a dose of 1mg/kg/day, respectively. At the
end of one week, the buccal branch of the facial nerve was
found under anesthesia in the rats in all groups, and stimu-
lus thresholds of the facial nerve were determined by means
of nerve integrity monitoring using the same method. The
animals were euthanized after the procedure, and the experi-
ment was ended.

Statistical analysis

The Number Cruncher Statistical System 2007 Statistical
Software program was used for the statistical analysis. A
Kruskal–Wallis test was used for the comparisons of
descriptive statistical methods (e.g. mean, standard devi-
ation, median, frequency, and ratio) as well as intergroup
comparisons of variables without normal distribution due
to the number of subjects. The Mann–Whitney U test was
used for determination of the group causing difference. A
Wilcoxon signed rank test was used for in-group compari-
sons of the parameters. Significance was evaluated at a
level of p< .05.

Results

Subjects in each experimental group were evaluated separ-
ately. All nerve stimulus threshold findings are shown in
Figure 3 and Table 1.

When the groups were compared against each other
regarding stimulus thresholds determined before trauma, no
statistically significant difference was found (p> .05). There
was also no statistically significant difference between groups
regarding measurements of stimulus thresholds after trauma
(p> .05).

No statistically significant difference was determined
between the measurements of stimulus thresholds after one
week compared to baseline measurements in the control
group (p¼ .157; p> .05). There is significant difference
between group 1, 2, and 3 in values before and after trauma
(p< .05). This result shows experimental trauma caused a
significant decrease in nerve response in all groups.

A statistically significant difference was determined
between measurements of stimulus thresholds according to
the groups after medical treatment for one week (p< .01).
Although mean threshold levels decreased significantly after
all treatment models, there was still a significant difference
between pretrauma and post-treatment results (p¼ .012,
p¼ .011, p¼ .042, respectively) in all three groups. These
results support that LA, LA, and methylprednisolone, or
methylprednisolone only had a useful effect on facial nerve

Figure 1. Buccal branch of facial nerve.

Figure 2. Placement of electrodes.
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injury. However, no treatment modality could achieve pre-
traumatic levels.

On the other hand, while post-treatment threshold levels
in G1 and G2 were still higher than control group (G4) val-
ues (p< .05), there was no significant difference between G3
and G4 (p> .05). When the groups were compared with
each other, post-treatment threshold levels of G3 were sig-
nificantly lower than G1. These results show an additional

beneficial effect of the LA and methylprednisolone combin-
ation over other treatment models.

Discussion

The facial nerve is responsible for motor function of the
muscles of face, which are important to express emotion.

Figure 3. Distributions of measurements of stimulus thresholds according to the groups (BT: Before trauma, AT: After trauma).

Table 1. Evaluations of stimulus threshold measurements according to the groups.

Stimulus threshold (mA)

BT AT A.Treat
Difference
(A.Treat-BT) A.Treat-BT; pa

Difference
(AT-BT) AT-BT; p

Difference
(AT-A.Treat)a AT-A.Treat; pa

Lipoic acid
Mean ± SD 0.06 ± 0.01 0.22 ± 0.05 0.13 ± 0.04 0.06 ± 0.04 0.16 ± 0.05 0.09 ± 0.07
Median 0.06 0.23 0.13 0.06 .012� 0.16 .011� 0.10 .018�
Min–max 0.05–0.07 0.14–0.30 0.07–0.20 0.02–0.14 0.08–0.25 0–0.23

Steroid
Mean ± SD 0.06 ± 0.01 0.23 ± 0.06 0.11 ± 0.05 0.05 ± 0.05 0.17 ± 0.05 0.13 ± 0.06
Median 0.06 0.25 0.09 0.03 .011� 0.19 .011� 0.13 .012�
Min–max 0.05–0.07 0.11–0.30 0.07–0.20 0.01–0.14 0.06–0.24 0.04–0.22

Lipoic acidþ steroid
Mean ± SD 0.05 ± 0.02 0.21 ± 0.11 0.07 ± 0.03 0.02 ± 0.02 0.16 ± 0.09 0.14 ± 0.08
Median 0.06 0.20 0.08 0.02 .042� 0.15 .016� 0.12 .028�
Min–max 0–0.07 0–0.30 0–0.10 0–0.04 0-0.24 0-0.23

Control
Mean ± SD 0.06 ± 0.01 – 0.06 ± 0.01 0.01 ± 0.01
Median 0.06 0.06 0.00 .157 – – – –
Min–max 0.05–0.07 0.05–0.07 �0.01-0

pb .883 .947 .001�� .001�� .940 .043�
Post hoc test; pc

G1-G2 1.000 0.533 0.365 0.260 0.505 0.442
G1-G3 0.393 0.952 0.036� 0.031� 0.907 0.383
G1-G4 0.885 – 0.002�� 0.002�� – –
G2-G3 0.393 0.858 0.197 0.288 0.860 0.685
G2-G4 0.885 – 0.003�� 0.002�� – –
G3-G4 0.389 – 0.081 0.010� – –
aWilcoxon Signed Rank test.
bKruskal–Wallis test.
cMann–Whitney U test.�p< .05.��p< .01.
BT: Before trauma; AT: After trauma; A.Treat: After treatment.
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For this reason, its function is important for facial esthetics.
This nerve also has important functions for hearing, taste
sensation, and saliva production. However, facial nerve par-
alysis is very common due to various etiologies [2].

The approach with a patient who has traumatic facial
paralysis should be multifaceted and systematic. Estimation
of the lesion site and a prognosis should be done first.
Indicators for poor prognosis include complete facial palsy
and comorbid trauma.

Both pharmacological and surgical treatments are
designed to reduce the likelihood of residual facial dysfunc-
tion in patients with acute facial paralysis.

Many medical agents are used for the treatment of trau-
matic facial paralysis [3]. Corticosteroids are the most fre-
quently preferred group among these agents. Many studies
note that corticosteroids reduce edema around the facial
nerve.

Edema-induced compression on the nerve, reduce axonal
degeneration, increase axonal regeneration, prevent lipid
peroxidation by increasing capillary permeability; suppress
fibrin deposition, cellular migration and phagocytosis, and
prevent the development of fibrosis [6].

It has been shown that the rate of complete recovery in
facial functions of patients with Bell’s palsy at 3 or 9 months
with steroid treatment initiated within the first 72 hours
after the onset of symptoms was significantly higher com-
pared to placebo [6]. In a similar study, patients given high-
dose intravenous prednisolone with vitamin support within
the first 72 hours after the onset of symptoms were com-
pared with the placebo group receiving vitamin support
alone, and it was reported that facial recovery was better in
the group receiving steroids [7].

Yet another study observed that a normal dose of methyl-
prednisolone was efficient in traumatic facial paralysis, but
this effect increased with a high dose, and recovery was pro-
vided in a short period of time [8].

In addition to these favorable effects of corticosteroids,
side effects such as hyperglycemia can occur, especially in
diabetic patients. Corticosteroids can also elevate blood pres-
sure in patients with hypertension. There are also known
side effects on gastrointestinal system causing difficulty in
usage of these agents for patients.

Reactive oxygen radicals generated from free fatty acids
in cell membrane due to post-traumatic oxidative stress are
believed to have an important role in neuronal cell death.
Antioxidant agents like vitamin E prevent formation of free
oxygen radicals and thus cell death by inhibiting lipid perox-
idation and production of reactive oxygen radicals [9].

Lipoic acid is a natural substance found in certain foods,
and it is also synthesized in the human body. It is found
abundantly in plant and animal tissues and has many mito-
chondrial complexes. Spinach, broccoli, and tomatoes are
vegetables with the highest concentrations of LA. The heart,
kidney, and liver organs are the animal tissues that have the
highest concentrations of LA [10].

The antioxidant effects of LA were shown in both in vitro
and in vivo studies [3]. Lipoic acid is effective against hydro-
gen peroxide and oxygen radicals. Lipoic acid removes the
heavy metals in the biological systems by forming stable

compounds with transition metals such as Mnþ2, Cuþ2,
Znþ2, and Pbþ2 [11]. In addition to its own antioxidant
effects, LA regenerates other antioxidants and increases their
intracellular levels [5].

Besides these effects, LA reduces blood glucose concentra-
tion by increasing the translocation of GLUT4 glucose trans-
porters to the plasma membrane and enabling glucose entry
into the muscle cells [12]. Furthermore, it has been shown
that LA provides neuronal survival by activating the protein
kinase B-dependent signaling pathway [13]. Nitric oxide
(NO)-mediated vasodilation occurs through this pathway.

Although LA is indicated for diabetic neuropathy in clin-
ical practice [14], LA supplementation is also studied in
various human diseases [15]. These diseases include reduc-
ing the blood glucose concentration in diabetes, vascular dis-
eases, metabolic syndrome, multiple sclerosis, Alzheimer’s
disease, and dementia. It has been shown in animal studies
that LA was useful against ischemia-reperfusion injury, cata-
ract formation, neurodegeneration, aging, colitis, radiation
injury, and miscellaneous drug toxicities (e.g. adriamycin,
cyclophosphamide, cyclosporine A) [16]. Again, the neuro-
protective effects of LA were shown in different experimen-
tal models in the literature [17,18]. There are studies
indicating its neuroprotective effects especially on the sciatic
nerve after spinal cord injury [18].

Currently, there is no study to our knowledge using LA
among alternative treatment for the treatment of facial nerve
paralysis. Given the availability of LA in diabetic patients, in
whom it has a blood glucose lowering effect, it is important
to investigate the efficiency of this agent in the treatment of
facial nerve paralysis. To our knowledge, our study is the
first one of its kind in the literature. We have shown that
LA could be an alternative treatment in patients with facial
nerve paralysis in whom steroid use might pose a problem.

Different outcome measures such as behavioral, electro-
physiologic, and histomorphometric evaluations can be used
to report the effect of interventions on facial nerve recovery
[19,20]. In our study, the efficiencies of methylprednisolone
and LA on the facial nerve healing in the experimental ani-
mals with traumatic facial paralysis were evaluated electro-
physiologically. The nerve stimulator can be used to confirm
nerve continuity and give prognostic information regarding
the functional status of the nerve. Stimulus thresholds of the
nerve with injury were found to be higher compared to the
nerve without injury (p< .05, Table 1). This finding shows
that the trauma model is successful. At the end of one week
of treatment, mean nerve stimulus thresholds of the animals
in the groups receiving treatment (Group 1, 2, 3) were
found to be higher compared to the control group. The rate
of reduction in stimulus thresholds in G1, 2, and 3 after
treatment compared to trauma was found to be statistically
significant. Although complete recovery cannot be provided
in each of three treatments, these two results reveal that
treatments are effective in nerve healing.

Determination of the presence of a statistical difference
between the values obtained after treatment with LA com-
pared to the values after trauma showed that LA was effect-
ive in the treatment of traumatic facial paralysis. In
addition, absence of a difference between stimulus
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thresholds of the groups given a steroid and LA obtained in
the measurements performed after treatment have found
that LA might be successful at a rate that can catch up to
the effects of steroid treatment.

Although there was no significant difference between
post-treatment stimulus values of G2 and G3; G3 findings
approached pretrauma values much more compared to the
group receiving the G2. In addition, in contrast to the G2
and G1 groups, there was no difference between the G3 and
G4. These results support that a combined treatment model
of LA and steroid was the most successful one between
groups.

In addition to its antioxidant effects and increasing effects
on nerve regeneration, LA lowers blood glucose concentra-
tion [5]. Lipoic acid has an indication for use in patients
with diabetic polyneuropathy. Since one of the most well-
known side effects of steroids is hyperglycemia, our study
suggests the idea that the use of LA for the treatment of
facial paralysis in patients with diabetes mellitus (DM) may
be suggested.

Although follow up period of our study is short, we
believe that our results are important to support LA as a
potential new treatment modality for facial nerve paralysis.
New studies that use more than one outcome measure and
longer follow up period may be useful to get further infor-
mation about LA as a treatment choice.

Conclusions

Although corticosteroids are the most commonly used med-
ical agents in patients with traumatic facial paralysis, it has
many known side effects that cause limitation of its use.
Due to the blood glucose increasing effect that steroids can
have, patients with DM are the leading group that could
benefit from LA.

When combined with histopathological methods and
future studies, our study may contribute to development of
new treatment algorithms, demonstrating there is a chance
that lipoic acid could be used both as an alternative treat-
ment in certain cases where methylprednisolone is to be
avoided, and as a combination therapy with corticosteroids.
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