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Low concentrations of bacterial melanin prevent secondary
changes after cnslesions in rats and significantly accelerate motor
recvery

T.R.Petrosyan
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ABSTRACT KEYWORDS
Bacterial melanin has been tested in various models of CNS lesion as a Instrumental conditioned
neuroprotector. Different concentrations of have been used in vivo to reflex;
show its ability to stimulate regeneration, nerve sprouting and protective Bacteria melanin;p
action. In the present study 6 different concentrations of BM were used Sensorimotor cortex;
to evaluate their effects on recovery processes. Bacterial melanin, in- Secondary changes,
jected intramuscularly on the day after the unilateral ablation of sen- Acceleration of compensa-
sorimotor cortex, was demonstrated in rats on the model of the recovery tory recovery.

of instrumental conditioned reflexes (ICR) and movements of paralyzed
hindlimb. The obvious difference between the recovery times of the
instrumental conditioned reflex and limb movements in the control and
experimental groups provided evidence of an apparent favourable influ-
ence of low concentations of bacterial melanin in rats after CNS lesion.
Best results with faster recovery rate was obtained in the group treated
with 6mg/ml solution of bacterial melanin. This concentration didn’t have
any toxic effects or secondary complications after neurotrauma. The con-
centration at the rate of 6mg/ml is the most optimal to be used in vitro
experiments to test the antioxidant, anticancer and mitogenic activity of
bacterial melanin. © 2015 Trade Science Inc. - INDIA

INTRODUCTION impaired function. The nervous system of adult or-

) ) , ) ganism contains much more growth inhibitory than

Becterid melanin (BM) hasbeentestedinvarious o th associated factors. However, trophic changes
modelsof CNSlesion asaneuroprotector. Different i the organism can befavorable for the blockade of
concentrations of have been used invivoto sNOWits  growth inhibitory factorsand contributein that way
ability to stimulateregeneration, nervesproutingand 14 the recovery of impaired functions, stimulating
protectlyeax:tl on.BM ephances plagticity inthe CNS, sprouting and formation of new synapses’?, or acti-
supporting the acceleration of recovery processesafter  yatjon of stem cell divisions®. Thusthe application
lesionsof variousstructuresof CNS. Accordingtothe o neurotrophic factors can completely prevent the
current conceptsthe plasticity can ariseafter thele-  gtrophy of axotomized rubrospinal and corticospi-
sonslocated invariouspartsof CNS, notonlyinyoungd  nal neurons® 9. Neuroprotectors also have a defi-
but also inadult animals, promoting therecovery of  pjterolein these processes, particularly for the mini-
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mi zation of secondary damage and for maintaining
the integrity of nerve cells. Other researchers have
shown that after unilateral labyrinthectomy and in-
jections of adrenocorticotropic and melanocyte-
stimulating hormones in frogs the vestibular com-
pensation was accel erated, and the deflection of head
gradually decreased®.

Studies have shown also that neuromelanin con-
taining dopaminergic neurons of the SN are more sub-
ject to degeneration in patientswith Parkinson’s dis-
ease than dopaminergic neuronsthat do not contain
melanin. Theauthorshaveshownthat thefreeextrace -
|ular neuromdaninand microgliossaretheman causes
of Parkinson’s disease. The latest data show that the
human extracellular neurome anininthe absenceof mi-
crogliaitself isnot toxic for neurons. But release of
neuromelanin from destructed neurons causestheacti-
vation of microgliaand subsequent neurodegeneration,
proving that melanin containing neurons of Substantia
Nigraaretargeted in Parkinson’s disease. The ques-
tioniswhether bacterid melanin hasthe sametoxic ef-
fect on CNSneuronsor not.

Based on the above mentioned observations, ex-
perimentswere conducted to study the effects of vari-
ous concentrationsof water soluble bacterial melanin,
obtained by theresearchersof theinstitute of “Biotech-
nology” from the mutant Bacillus Thuringiensis”, onthe
recovery processafter unilatera ablation of sensorimo-
tor cortex (model of cerebral stroke).

Theam of present work wasto study the effects of
different concentrationsof water-solublebacterial mela-
nin(BM) ontherecovery of aninstrumental conditioned
reflex and movementsof aparalyzed limbin rats after
unilateral ablation of sensorimotor cortex. Thestudy
amstoidentify theoptimal concentration of BM which
isnontoxic, prevents secondary changesinthelesion
areaand hasthe most pronounced protective effects.
Theidentification of BM optimal concentrationisre-
quired totest the effects of the substanceinvitroon cell
cultures.

MATERIALAND METHODS
Study was performed on 42 adult white mongrel

mal eratsweghing 180-250g. Anima sof control group
(n=6, no BM solution) and experimenta groups (n=6,
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in each group) were initialy trained to the instru-
menta conditioned reflex®9 and were then subjected
to unilateral ablation of sensorimotor cortex on the
left side’9. The rats underwent craniotomy, during
which a surface 2 mm rostral, 3 mm caudal, and 3
mm lateral to the “0” line of the coronal suture
(Bregma) was exposed and the cortex of this area
was ablated by suction through afine glass pipette
to the level of the white matter. Animals of six ex-
perimental groups (n=6), wereinjected intramuscu-
larly on the day after surgery with BM. Initial con-
centration of melanin (94mg/ml) wasdiluted 1, 2, 5,
10, 15, 20 times (94, 47, 18, 9, 6, 4.5 mg/ml, corre-
spondingly). Thevolumeof injected solution for each
rat was calculated, taking into account its weight
and with the optimally tolerable dose at the rate of
0,17gr/kg.

Theinstrumenta conditioned reflex of baancingon
therotating bar for 250 seconds, with theinterrupted
intervalsof 60 secondswaselaboratedinal animals,
repeating thetesting tentimesdaily. After completing
theexperimentsd| experimenta animasweredecapi-
tated under deep anesthesia (Nembutal 50mg/kg),
brainswereremoved and fixed in 5% neutra formain
(in phosphate buffer pH=7.4). 50-60um sections were
prepared for microscopy. A histol ogical method was
used to identify the microcirculatory bed and amodi-
fied histochemical method was used to identify acid
phosphataseactivity [ 11] providing not only arich mor-
phological picture, but also an assessment of the
morphofunctiona statethestructures. Thesignificance
of differenceson recovery of theinstrumental condi-
tioned reflex and morphometric datawas assessed us-
ing Student‘s ttest [12].

RESULTSAND DISCUSSION

Asitwasreveded by gtatisticd anayssof obtained
data(see TABLE 1) therecovery period of motor func-
tionsinrats, dosed with various concentrationsof BM,
wasdifferent. In general therecovery of ICR occurred
earlier thantherecovery of hindlimb movements, im-
paired after the operation. When injected with three
low concentrationsof BM (9.4, 6, 4.5mg/ml) there-
covery period for ICR and ba ancing limb movements
was significantly shorter. Recovery period for the
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Figurel: Theablation area of

sorimotor cortex isindicated by an arrow. A-D are sectionsfrom animalstreated with

bacterial melanin (6mg/ml). Theablation ar eaisfilled with cell elements. M agnification: ocular - 10; objective- 2,5 (3, N); 6,3

(&), 10(D).

concentration 6mg/ml was 6 days and for the con-
trol group 16 days (p<0.01). The acceleration of re-
covery was significant also for the concentration
4.5mg/ml (p<0.05). The recovery period for limb
movementsin thesetwo groupswasrapid, complete
and clinical picture during the neurological testing
was similar with that of normal rats. The only dif-
ference was the rate of paralyzed hindlimb recov-
ery, which recovered | ater in the group injected with

4.5mg/ml.

Themorphofunctional stateof cdllular structuresin
the brain sections was assessed by performing his-
tochemical and histoangiological studies. Themargins
of ablated areain the brains of experimental animals
dosed with BM at therate of 6mg/ml and 4.5mg/ml
(Figure. 1), were not demarcated by cicatrical tis-
sue. In brain tissue surrounding the lesion moderate
nuclear reaction of glial cellswasrevealed and cica-
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TABLE 1: Mean Datafor periodsof elabor ation of thel CR and ItsRecovery in Control Rats Subjected to Unilateral Ablation
of the Sensorimotor Cortex (A) and in Rats Treated with Different Concentrationsof bacterial melanin solution (B-G)

Recovery period of the Recovery period of

Timeperiod for the  ICR after mggg;“;ts e sblation
Group of animals ICR glabor;tgn, ablation gtfthe . of the
experimental days sensorimotor cortex, sensorimotor cortex,
experimental experimental
days days
Complete recovery
A Contral group (n=6) 21+075 16+22 has not been
achieved
Expeimentd, given BM at arate of 21,4£2.8
B Amg/ml (n=6) 2,4+1,5 11,6+7,4
Experimentd, given BM at arate of
C A7Tmgml (n=6) 2,83+1,03 13,7+2,9 235+2,4
Expeimentd, given BM at arate of
D 18.8mg/ml (n=6) 1,83+0,4 7,8+1,2 20,5+0,5
Expeimentd, given BM at arate of
E 9.4mg/ml (n=6) 3,5£2,1 12,8+4.8 19+4.4
Experimentd, given BM at arate of 6
F mg/mi (n=6) 2,8+1,3 5,8+1,03* 10,2+2,3*
Expeimentd, given BM at arate of
G 45mg/ml (n=6) 2,1£1,1 9,2+1,8 19,6+7,6

trix, which is a strong blocking factor for axonal
growth, was absent.

Theexamination of sectionsfromsurroundingbrain
tissuecarried out after theinjectionswith low concen-
trations, showed that nerve cellswereadmost completely
preserved. Theinjectionsof low concentrationsof BM
being an attempt of induced dlinica recovery after CNS
lesion, possibly entailsalarge number of trophic sup-
port mechanismsasafavorablestimulusfor regenera:
tion®2% When injected with three high concentra-
tions (94, 47, 18.8 mg/ml) therecovery period of ICR
wass gnificantly different from control group results(see
TABLE 1), but therecovery period for thelimb move-
mentsoccurred later than in ratsdosed with lower con-
centrationsof melanin, though thedlinica rehabilitation
compared with control group was more compl ete. Af-
ter theinjectionwithinitial concentrationof BM (94mg/
ml) in brain sectionsdilation of capillarieswasclearly
visble, especidly inareassurrounding thelesion. Analy-
sisof morphometric datarevea ed that 70% of brain
capillariesinanimasinjected with BM weredilated for
morethan 1u, which made up 8.5%, as compared with
control samples(p<0.001). Thusaccording to thedata
obtained from histochemical examination thelowest
concentration of BM isconsidered to bethemost ac-
ceptable.

Injectionsof high concentrationsof bacterid mela-
nin causeanincreasein brain volume, dueto increased
vascul arization and edemaof neurons. Expressed chro-
matolysiswasreved ed in neurons, up to the complete
destruction of cdllular elementsof braintissue (Figure.
2). Moreover, the closer were the brain cells to the
cortex lesion, themore pronounced were changesand
thefaster they occurred.

Innuclei of thadamus(VL, CM) and hypothalamus
(SO and PV) expressed intensity of stainingwasre-
vealed, dueto the activity of acid phosphatase. After
theinjectionswith theinitia concentration of BM (94
mg/ml), brainwereextremely dilated, especidly inar-
esssurroundingtheleson. Indl frontal sectionsof brain,
onthesideof ablated areg, initsthalamic part around,
gangliformformetion, filedwithintensvely sained glid
nucle, wasreveaed (Figure. 2). Therefore, high con-
centrationsof BM, most likely, havetoxicinfluenceand
restrict the regeneration, vessal sbecause of the demar-
cating cicatrix, which formsabarrier for theregenerat-
ingfibers.

DISCUSSION

Of specid interest iseva uation of variousconcen-
trations of bacterial melanin onthe CNS. In different
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Figure2: (a) hippocampusin contral rats;(b) hippocampusinrats,injected by BM solution of 18.8 mg/ml;(c) theablation area
of theSM C in animalsinjected by BM solution of 9.4mg/ml (indicated by arr ow). Thecr ossshowsgangliformformation. (d)
the cross shows accumulation of melanin pigment in the form of dust in thalamus. (€) the cr oss shows accumulations of
melanin pigment in theform of lumpsin ventrolater al thalamic nucleus. M agnification Figure.2. A-B - 0k.10x0b.6,3; C-E -

0k.10xo0b.2,5

series of experiments BM was tested as a
neuroprotector to support recovery processes after
lesions of various CNS structures. In experiments
with induced motor tract lesion*”), BM accel erates
motor recovery in rats by stimulating the axonal
growth and restoring the conductance. BM favors
regeneration, enhances motor and behavioral recov-
ery after SubstantiaNigradestructionin rats*®. Bac-
terial melanin has proved to be non toxic, and it does
not cause activation of microglia when applied di-
rectly to brain tissue or after injections. It is proved
that inflammatory factors may lead to the death of

DA neuronsin SNc. Bacterial melanin supportsthe
survival of neuronsin SNc after induced destruction
and preserves dopaminergic cell bodies. BM causes
dilation of capillariesinthelesionarea, whichincreases
theblood flow inthe braintissue®. In the pathogen-
esisof theParkinson’s disease the activation of micro-
gliais akey factor which supports further destruc-
tion of dopaminergic neurons. After neurona de-
struction the neuromel anin accumulatesin the Sub-
stantia Nigra, which in turn supports the activation
of microglia. In the electrophysiological study per-
formed to test effects of BM on neuronal activity of
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SN neuronsinintact rats bacterial melanin showed
not to have any activating effect on microgliaor any
general toxic effect on the organism.

The data obtained on the recovery times of the
instrumental conditioned reflex and paralyzed limb
movements after sensorimotor cortex lesionin con-
trol rats and animals of the seven groupsgiven three
i/m of bacterial melanin solution revealed that mela
nin plays aclear protective role, accelerating com-
pensatory recovery inthe central nervoussystem af-
ter trauma. Other studies have confirmed the similar
effects of melanocyte-stimulating hormon€e®. The
effectsof BM in the brains of experimental animals
include enhancement of trophic processesduetoin-
creased vascularization, and considerable dilation
of brain cappilaries. The obtained results show that
in control animals limb movements recovered ei-
ther partialy or very late. The main reason for re-
covery of movement deficit isbelieved 89 to be the
ability of the corticorubrospina tract to take over
the functions of the lesioned corticospinal tract.
These two motor tracts interact via numerous
branches at the cortical and stem levels and also
have projections to severa spinal cord levels. In
the present study ablation of the sensorimotor cor-
tex wasfollowed by removal of theinhibitory influ-
ence of the pyramidal tract on the corticorubrospina
pathway at the level of the cerebral cortex and red
nucleus, and the rubrospinal system, by means of
rubroolivary projections, assumed control of vol-
untary motor function and supported the completion
of initialy elaborated instrumental conditioned re-
flex.

Thus, therapid and compete & imination of motor
deficit revedledinratsgiven BM a therate of 6 mg/ml
showstheneuroprotective action of thissubstance. No
activation of glia cellswasobservedinthisgroup. In
animastreated with BM at therateof 4.5mg/ml (lower
rate), therecovey of ICR wasfaster but the paralyzed
movementsrecovered significantly later. Based onthe
accumul ated data™**¥ the concentration of bacterial
melanin at therate of 6mg/ml hasthe most favorable
action on regeneration, plasticity and motor recovery
after induced CNSleson. Thisconcentrationisthemost
optimal to beusedin vitro experimentstotest the anti-
oxidant, anticancer and mitogenic activity of bacteria
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melanin on cell cultures.
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