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Abstract

Bacterial melanin, obtained from the mutant strain of Bacillus Thuringiensis, has been shown
to promote recovery after central nervous system injury. It is hypothesized, in this study, that
bacterial melanin can promote structural and functional recovery after peripheral nerve injury.
Rats subjected to sciatic nerve transection were intramuscularly administered bacterial melanin.
The sciatic nerve transected rats that did not receive intramuscular administration of bacterial
melanin served as controls. Behavior tests showed that compared to control rats, the time taken
for instrumental conditioned reflex recovery was significantly shorter and the ability to keep the
balance on the rotating bar was significantly better in bacterial melanin-treated rats. Histomor-
phological tests showed that bacterial melanin promoted axon regeneration after sciatic nerve
injury. These findings suggest that bacterial melanin exhibits neuroprotective effects on injured
sciatic nerve, contributes to limb motor function recovery, and therefore can be used for rehabil-
itation treatment of peripheral nerve injury.
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Introduction
Reconstruction of injured peripheral nerve is one of the
main problems of modern reconstruction microsurgery.
Nervous system injury causes local reactions in damaged
tissue including inflammation, ischemic necrosis, second-
ary cell destruction, and scar formation. During the first
2 weeks after nervous system injury, axons poorly interact
with Schwann cells. Their growth is also blocked by changes
in microstructure of denervated distal segments (Roytti
and Salonen, 1988). “Crumpled bands of Bungner” are
formed and exist for 18 months after nerve transection
(Terenghi et al., 1998). Therefore, suppression of secondary
changes after nerve damage is not less important. Evidently,
nerve regeneration depends more on the application of cells
and/or exogenous peptides (Liu et al., 2013; Ma et al., 2013;
Tamaddonfard et al., 2013), than on the most perfect micro-
surgical technique (Roth et al., 2011; Breshah et al., 2013).
That is why application of physiologically active substances,
regulating the cascade of degeneration and regeneration
processes of nervous tissue, is important for the optimiza-
tion of regeneration process. Peripheral nerve injury entails
sprouting of motoneuron axons, activates growth factors,
neurotrophins, and glial reaction (Gupta and Steward, 2003).
Mentioned factors (growth factors, neurotrophins, and other
peptides) are used for rehabilitation treatment of peripheral
nerve injury.

Bacterial melanin was obtained from the mutant strain of
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Bacillus Thuringiensis at the Institute of Biotechnology in
Armenia. Special attention was paid to the role of bacterial
melanin in neurodegeneration (Gevorkyan et al., 2007). Bac-
terial melanin has been shown to exhibit effects on recovery
after injuries to different central nervous system structures,
such as corticospinal tract, rubrospinal tract, lateral cerebel-
lar nuclei, and sensorimotor cortex (Fanardzhyan et al., 2001;
Manvelian et al., 2008; Petrosyan et al., 2009). In rats with
pyramidal tract damage, bacterial melanin accelerated motor
function recovery and restored motor nerve conduction, as
confirmed by electrophysiological experiments (Petrosyan et
al., 2012). In experiments using rats with destruction of sub-
stantia nigra, bacterial melanin benefited for cell viability, re-
generation (Petrosyan et al., 2014a) and functional recovery
(Petrosyan et al, 2014b). Therefore, in this study we analyzed
functional recovery and histomorphological changes in in-
jured sciatic nerve of rats after intramuscular administration
of bacterial melanin.

Materials and Methods

Animals

Twelve adult white mongrel male rats weighing 180-250 g
were used in this study. They were housed with their litter-
mates in plastic boxes covered by a wire lid and maintained
on a standard light-dark cycle with food and water available
ad libitum. All rats were randomly and evenly divided into a
control group and a bacterial melanin-injected group. They
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were initially trained to induce instrumental conditioned
reflex (ICR) and then were subjected to unilateral sciatic
nerve transection. Care and use of rats were in accordance
with institutional guidelines and national and internation-
al laws and policies (EEC Council Directive 86/609, OJ L
358, 1, December 12, 1987; NIH Guide for the Care and
Use of Laboratory Animals, NIH Publication No. 86-23,
1985). The study was approved by the Ethical Committee
of Armenian National Academy of Sciences. All efforts were
made to minimize the number of rats used in this study
and their suffering.

Elaboration of ICR

The ICR was developed as follows: rats were trained to bal-
ance on a slowly rotating (9 rounds/min) horizontal bar
(diameter 2 cm and length 30 cm) located at a height of 90
cm above a soft pillow. Training to the balancing reflex was
assessed in terms of the time spent by the rat on the rotating
bar, on which the rat balanced exclusively using the hind-
paws, which they alternated. At the moment the rats were
placed on the bar, they clung to it with their forepaws, but
after establishment of body balance they lay calmly on the
bar or hung freely from it. Trials were repeated 10 times dai-
ly, with intervals of 60 seconds. Initial training to ICR was
conducted in 4 days. The criterion for performance of the
reflex was the time spent for balancing on the rotating bar
being at least 250 seconds (Kennedy, 1990; Fanardzhyan et
al., 2002). After elaboration of ICR, when strengthening of
the conditioned reflex was completed, rats underwent uni-
lateral sciatic nerve transection. ICR tests were resumed 1
day after unilateral sciatic nerve transection.

Surgery

When training to ICR was performed, all rats were anesthe-
tized with Nembutal (35-40 mg/kg, intraperitoneally) and
were subjected to unilateral sciatic nerve transection. The
right sciatic nerve was exposed in the upper thigh region
and the transection was performed with microscissors. Im-
mediately after transection, an anastomotic procedure was
conducted under a microsurgical microscope (Carl Zeiss AG,
Switzerland). The anastomoses were performed by suturing.
The epineurium of both nerve endings were approximated
using 10-0 prolene sutures.

Administration of bacterial melanin

On the day after surgery, six rats in the bacterial melanin-in-
jected group were intramuscularly administered bacterial
melanin solution (obtained from the mutant strain of Bacillus
Thuringiensis at the Institute of Biotechnology in Armenia and
prepared into 6 mg/mL solution). Intramuscular injection of
bacterial melanin solution was performed in femoral region of
operated limb on the second day after unilateral sciatic nerve
transection. The volume of bacterial melanin solution for in-
tramuscular administration was determined according to the
optimally tolerated dose of 170 g/kg. In the control group,
bacterial melanin administration was not performed, but
ICR tests were resumed.

Histomorphological observation

At 55 days after unilateral sciatic nerve transection, be-
havioural experiments were performed. After deep anesthe-
sia with 45-50 mg/kg Nembutal, rats were decapitated. After
unilateral sciatic nerve transaction, the anastomotic area was
harvested. Frozen longitudinal sections (50 pm thick) were
transferred into a freshly prepared mixture for identification
of Ca**-dependent acid phosphatase activity (Gevorkyan et
al., 2007). The initial mixture contained 20 mL 0.38% lead
acetate solution, 5 mL acetate buffer (pH 5.6), and 5 mL 2%
B sodium glycerophosphate solution. This mixture was ad-
justed with 3% calcium chloride solution (non-fused) to 100
mL, and then filtered. Incubation of sections in this mixture
was carried out in a thermostat at 37°C for 1-3 hours. Then
the sections were rinsed with distilled water three to five
times for 5 minutes each, developed in the sodium sulphide
solution, washed repeatedly, and finally mounted in the bal-
sam. Finally, the sections were carefully inspected at different
microscopic (Carl Zeiss Microscope OPTON, Switzerland)
magnifications (Figure 1).

Statistical analysis

Values indicated throughout the results are presented as the
mean + SD. Whenever possible, significance of the results
was assessed using Student’s t-test (computed in Microsoft
EXCEL 2010, Microsoft).

Results

Behavioral tests

After unilateral sciatic nerve transection, ICR tests were
resumed on the next day. ICR tests showed that all rats on
the third day after sciatic nerve transection started using
the operated hindlimb in locomotion. Both control rats
and bacterial melanin-treated rats used the operated limb
in locomotion, putting it on the floor and holding the paw
vertically to the floor. The hindlimb and paw phalanxes
were paralyzed in all rats. At that time, the movement of
bacterial melanin-treated rats was faster than that of control
rats. The control rats were trying to put their knees on the
rotating bar, but without success, and in 5-10 seconds they
fell down. Rats injected with bacterial melanin were able to
put their knees on the rotating bar, but in 10 seconds the
limb slid from the bar and hanged down. However, bacterial
melanin-treated rats kept the balance on the rotating bar for
a considerably longer period (30-50 seconds) than control
rats; moreover, during the whole testing period, bacterial
melanin-treated rats were trying to put back the hanging
limb. Not always the rats succeeded in their efforts to hold
the operated limb on the bar, and after balancing on the
bar for 100-120 seconds, they fell down. Paralyzed paw and
phalanxes of bacterial melanin-treated rats became active
after the 23" experimental day, and after 54 testing days
(testing the animal 10 times daily), balancing movements of
the operated hindlimb were close to normal (250 seconds).
At that time, the rats were able to hold the limb on the bar
and put the phalanxes on it, only for some short episodes the
limb slid from the bar, but the rats were able to put the limb

125



Gevorkyan OV, et al. / Neural Regeneration Research. 2015;10(1):124-127.

150 ym

1000 um
—

300 pm
—

Figure 1 Longitudinal sections of the sciatic nerve of control (A, C) and bacterial melanin-treated (B, D) rats prepared 55 days after unilateral

sciatic nerve transection.

The sections were stained by Meiksetyan’s method (Meiksetyan, 2007) and observed under a light microscope. (A, B) White arrow: transection
area. (A-D) d, p: Distal (d) and proximal (p) parts of the transected sciatic nerve. (B) Black arrows indicate blood vessels of epineurium. (C) Black
arrows show hollow Schwann tubules. The box presents gross appearance of reconstructed sciatic nerve in control rats. (D) Nerve regeneration is

explicit with dense bundles of nerve fibers.

back to keep the balance till the testing period was over (250
seconds). The time spent for ICR recovery for the control
rats, or the balancing time spent for their injured hind limb
in 54 testing days gradually increased, but the activity of the
paw and phalanxes was not changed. The paw and phalanxes
gradually became atrophied and were almost shriveled at the
end of the experiments. Thus, the criteria for the recovery
of hindlimb’s motor function after sciatic nerve transaction
were not only the rat’s ability to hold the injured limb with
paw and phalanxes on the rotating bar but also to keep bal-
ance by moving them. Only the rats injected with bacterial
melanin managed to complete the task, whereas in control
rats the balancing movements of injured limb did not re-
cover for the whole period of study (55 days). At that time
point, control rats managed to keep balance for 166 + 19.6
seconds, whereas all bacterial melanin-treated rats were able
to complete the task and keep balance on the rotating bar for
250 £+ 11.2 seconds (P < 0.05).

Histomorphological observation
Histomorphological data revealed absence of regeneration
processes in transection area of control rats (Figure 1A).
As a rule, the distal segment of the anastomized nerve has a
stub end, because of necrosis and destruction of afferent and
efferent fibers. After sciatic nerve transection, secondary de-
generation occurred, characterized by diameter irregularity
of nerve fibers and structural changes in the form of swelling
and fiber delamination.

In the bacterial melanin-treated group, axonal thickening,
convolution, vacuolization and fragmentation (in some ar-
eas) were observed. Along with degeneration processes, at
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the proximal nerve segment, slight proliferation of Schwann
cells was observed. Cell mass formed around the transected
nerve ending, which was of small size and narrowed progres-
sively, but it never reached the distal segment and did not
grow into it. Bacterial melanin preserved the enzyme activity
along almost the whole length of the nerve, with an insignif-
icant prevalence in the proximal segment (Figure 1B). In the
area of compression, random alternation in the activity of
kreatine phosphate was revealed, which was manifested with
weak or strong staining of nerve fibers. In middle and distal
parts, blood vessels dilated. Histomorphological data of this
study indicate that bacterial melanin can induce regenera-
tion of damaged peripheral nerve.

Discussion

Results from this study suggest that bacterial melanin has
neuroprotective effects and promotes regeneration and mo-
tor function recovery. Similar effects have been observed in
a study on the effects of melanocyte-stimulating hormone
(Luneberg and Flohr, 1989). In this study, recovery of ICR
after unilateral sciatic nerve transection also started, but
limb movements did not recover, in control rats, and so the
control rats were not able to complete the ICR task. Dif-
ferent time periods spent for ICR recovery in sciatic nerve
transected rats treated with or without bacterial melanin
provide evidence that bacterial melanin can accelerate the
recovery process after sciatic nerve injury. It remains possi-
ble that bacterial melanin can accelerate the process of axon
sprouting or nerve invasion (Murakami et al., 1987). Histo-
morphological results regarding the sections of experimen-
tal rats also showed that bacterial melanin administration
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with the aim of promoting clinical recovery after peripheral
nerve damage probably activates a series of trophic process-
es contributing to nerve regeneration (Griffin et al., 1992;
Deckert-Schulter et al., 1992; Raivich et al., 1999). The main
challenge in the facilitation of nerve regeneration is to pre-
vent scar tissue formation in the injured area (Castafieda and
Kinne, 2002). Results from this study showed that bacterial
melanin stimulated vascularization and led to capillary di-
lation. Nerve sections of bacterial melanin-treated rats con-
tained more newly generated nerve fibers without scar tissue
formation than the sections of control rats. These findings
suggest that bacterial melanin can improve the directional
growth of regenerating axon sprouts and therefore can be
used for rehabilitation treatment of peripheral nerve injury.
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