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ABSTRACT

One of the most common problems in the fields of orthopaedic surgery and neurology is that of the injured peripheral nerve.
Injured nerve fibers in the adult mammalian peripheral nervous system can and often do regenerate, thereby restoring at least
some lost functions. The surgical repair technique per se plays a minor role for the functional outcome. Critical role is played by
Schwann cells as well as macrophages and inflammatory cells. The importance of neurotrophic factors has also been
elucidated. Yet, functional recovery after peripheral nerve injuries is frequently poor despite the capacity for axonal
degeneration. Nowadays the model of pharmacological stimulation of rat sciatic nerve regeneration is the most popular. The
aim of our study was to determine the influence of PLB treatment on the regeneration processes of the injured peripheral
nerve. Experiment was conducted on twelve white rats. Animals were daily treated by PLB. Treatment was begun three days
before operation. Six animals were treated with PLB, another six were undergone a course of saline treatment. Operation was
carried out by surgeon. Sewed sciatic nerves were obtained and used for morphological observation. Preparation was stained
by hematoxylin-eosin methods, neurohistological method-Nils and immunocytochemical method. These findings suggest that
PLB may play an important role in the regeneration of the injured peripheral nerve. PLB enhances proliferation of Schwann cells
and mast cells, decreases the amount of lymphocytes. The present observations point to PLB as stimulator of regenerative

process in injured peripheral nerve.
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ne of the most common problems in the fields of

orthopaedic surgery and neurology is that of the

injured peripheral nerve. These injuries cause
extensive disability, both immediate and long-term,
represent a constant medical and socioeconomic problem,
and remain a complex challenge to surgeons because the
quality of recovery is considerably varied, despite
significant developments in anatomic nerve reconstructive
with the use of microsurgical technique [1] During the past
decade enormous progress has been made in the
understanding of the cellular events and molecular
changes during degeneration and regeneration of
peripheral nerves. However, our knowledge of the
regulatory mechanisms and signaling cascades underlying
the complex molecular regeneration program is still very
limited [2]. despite an enormous amount of new
experimental data [3]. The surgical repair technique per
se plays a minor role for the functional outcome, it has
been realized that treatment of nerve injuries is not a
mechanical problem but an extremely complex biological
problem. In the laboratory environment, interest has
shifted from primarily focusing on surgical repair
techniques to basic biological mechanisms regulating and
influencing key factors [4] Critical roles are played by
Schwann cells as well as macrophages and inflammatory
cells. The importance of neurotrophic factors has also
been elucidated [5]. Nowadays the model of
pharmacological  stimulation of rat sciatic nerve
regeneration is the most popular. A comparative study of
the effects of Xymedone, Riboxin, and Piracetam upon
the regeneration of sciatic nerve transection in rats [6] It
has been found that the nerve regeneration can be
fostered pharmacologically [2].

The aim of our study was to determine the influence of
PLB treatment on the regeneration processes of the
injured peripheral nerve.

MATHERIALS AND METHODS

Twelve adult male white rats weighing 200 g were used
for this study. Animals had free access to food and water.
Rats were anesthetized with Calipsol (0,5mg/kg). The left
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sciatic nerve was separated from the surrounding tissue,
was transected in its mid-thigh portion and sewed up.
Experimental animals were divided into two groups. The
first group of rats were daily injected intraperitoneally
with 0,5 mg/kg PLB. Treatment was started 7 days before
operation and was being carried out till the end of
observation. Saline injections were administrated in the
second (control) group of animals in the same manner. All
rats were killed with an overdose of anesthetic 1 week or
1 month after trans-section. Sewed sciatic nerves were
obtained and used for morphological observation.

Peripheral nerve segments were fixed in 10% formalin
solution and was embedded in paraffin (paraplast,
SHADON). Paraffin section were stained by hematoxylin-
eosin  method, neurohistological method-Nils  and
immunocytochemical method by wusing monoclonal
antibody S100, visualization system LSAB (secondary
antibodies labeled by streptavidin-biotin). Substrate
diaminobenzedin-DAB (f. DAKO, cytomation, Denmark).

RESULTS

Results of our investigation showed significant
morphological changes as in the first so in the second
groups.

In the injured site of peripheral nerve the quantity of cells
are significantly increased in comparison with the
undamaged site (Fig.1, Fig.2) as in the first so in the
second groups. (The undamaged site width 0,4nm, the
injured site width 1nm). In the both groups in the injured
site of peripheral nerve intense increase of the quantity of
Shwann cells was observed (Fig.3, Fig.4).Quantitative
analysis of the above mentioned parameters showed that
in the first group their increase was statistically reliably
higher than in the second group (Tab.1). Particularly, in the
preparations stained by hematoxylin-eosin under the
influence of PLB the quantity of Schwann cells was 2,9
times more than in the undamaged site. In the second
group this parameter was only 2,17 times more than in
the intact nerve fiber. In the preparations stained by Nils
under the influence of PLB the quantity of Schwann cells
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was 3,53 times more than in the intact nerve fiber and in
the control group only - 2,97 times. Immunohistochemical
method  obtained increase of  Schwann  cells
correspondingly 2,57- and 2,08 times in the first and the
second groups (Fig.5, Fig.6).

It is remarkable that, in the first group infiltration of
lymphocytes was less expressed. Fig.7, Fig.8. The quantity
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of lymphocytes in the preparations stained by
hematoxylin-eosin 2-times and in the preparations stained
by Nils 1,2-times decreased after PLB treatment (Tab.T).

Quantitative analysis of mast cells showed that this
parameter significantly increased as in the first so in the
second groups. Mast cells most intensively enhanced in the
first group (2,57- and 2,08 times accordingly) (Tab.1).

Fig.1 Undamaged site of peripheral nerve.
H & E X 200

Fig.2 [njured site of peripheral nerve.
H & E X 200

Fig.3 Injured site of peripheral nerve. Intense

increase of the quantity of Schwann cells.

H & E, x200

Fig.4 Intact nerve.
H & E, x200

Fig.§ [njured nerve. Intense increase of quantity

of S100 positive Schwann cells. IHC, visualization
system LSAB.
Subs. DAB, x200

Fig.6 Injured nerve. Moderate quantity of S100
positive Schwann cells. IHC, visualization
system LSAB.

Subs. DAB, x200
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Fig.7 Perineural infiltration. Abundance of

lymphocytes and plasmocytes.
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Fig.8 Injured nerve. Significant decrease
of the quantity of lymphocytes.

H & E x150 H & E x200
SHWANN CELLS LYMPHOCYTES MAST CELLS
P-LB Placebo P-LB Placebo P-LB Placebo
METHODS N } X . R .

Injured Intact Injured Intact Injured Injured Injured Intact Injured Intact
nerve nerve nerve nerve nerve nerve nerve nerve nerve nerve
fibers fibers fibers fibers fibers fibers fibers fibers fibers fibers

H&E 480,9+4,8 164,5£3,4 344,615,7 158,8+1,3 37,4+1,8 74,3+2,3 — — — —
NILS 498,9+5,7 140,7£2,2 357,7+4,3 120,5£1,3 64,5+1,8 78,4+1,5 5,4£0,5 | 2,1+£0,3 | 2,5+0,3 1,240,1
IMMUNO-
HISTOCHEMICAL 3754433 125,643,1 254,6%3,1 194,7+2.4 - - - -
S100

Tab.1 Quantitative analysis of cellular elements that are responsible for the regeneration processes of the injured
peripheral nerve.

DISCUSSION

Thus, injured nerve fibers in the adult mammalian
peripheral nervous system can and often do regenerate,
thereby restoring at least some lost functions [7]. The
peripheral nerve response to injury is unique [5]. Injury
initiates a complex cascade of signals involving neurons,
glia, and cells of the immune system that leads to
Woallerian degeneration [8] after which myelin debris is
removed and a suitable environment for growing axsons
is generated [9] Schwann cells play a key role in
Woallerian degenertion [5] by regulating macrophage
infiltration [10]. After peripheral nerve injury the schwann
cells produce cytokines [10]: TNF-a, IL-Tat and IL-28.
First, they could initiate the cytokine network of WD as
they do in other networks of inflammation. Second, they
contribute to macrophage recruitment to inflammatory
sites through endothelial cell activation and chemokine
production [11]. Likewise they could contribute to
macrophage recruitment in WD and consequently to
macrophage-dependent functions (e.g., myelin removal
by phagocytosis) [12]. We also provide evidence for an
autocrine-signaling cascade involving IL-6, LIF, and MCP-
1 in Schwann cells that could result in a gradual
amplification of the macrophage attracting activity
secreted by these cells. Cytokines induced in Schwann
cells after peripheral nerve injury could play a key role in
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the interactions between Schwann cells and macrophages
[10]. An initial Schwann cells role is to help remove the
degenerated axonal and myelin debris and then pass it
on to macrophages [5]. Macrophages form an important
part of the cellular response to peripheral nerve injury
and they cause phagocytosis of myelin. Macrophages
may also be required for Schwann cells proliferation [13].
Macrophages are known to secrete a variety of proteins
that initiate or enhance proliferation in nonneuronal cells
[14,15] Previous studies have led to the suggestion that a
disturbance in the axon-myelin-Schwann cells unit is
sufficient to induce macrophage recruitment, and it is
widely accepted that this is the initiating signal for the
inflammatory reaction in peripheral nerve injury [10]. It is
of interest that the function of Schwann cells in the
regeneration process of injured nerve is not only the
recruiment of macrophages. Crushing of the peripheral
nerve may also induce MHC class Il molecules on Schwann
cells. This strengthens the possibility that in living nerves
Schwann cells are able to function as accessory cells in the
initiation or augmentation of T cell-mediated immune
responses [16]. Therefore it is thought that Schwann cells
are also active regulators of the early inflammatory
response, rather than simply passive targets of extrinsic
signals [10] .
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Endoneurial mast cells also play a pivotal role in this
process. They release histamine and serotonin, which
enhance  capillary permeability and  facilitate
macrophage migration [5]. Except these mast cells are
capable of synthesis and responding to NGF, that is
target-derived factor for survival and maintenance of
peripheral and central neurons, has been implicated in
inflammatory processes [17] .

It is of interest that the contact of axons to Schwann cells
based upon the structural and molecular linkages seems to
be indispensable for stable and successful regeneration.
In addition to cell adhesion molecules, Schwann cells
utilize short focal tight junctions to provide morphological
stabilization of the contact with the elongating axon, as
well as small scale gap junctions to facilitate traffic of
substances between them. Thus, nerve regeneration is not
a simple phenomenon of axonal elongation on the part of
the Schwann cell membrane, but is based on direct and
dynamic communication between the axon and the
neighboring Schwann cell, which may be partly
associated with the mechanisms of neural regeneration.
[18].

Yet, functional recovery after peripheral nerve injuries is
frequently poor despite the capacity for axonal
degeneration [19]. The several experimental strategies to
promote axonal regeneration and functional recovery
have been proposed: nerve regeneration stimulation by
cytokines [19], cyclosporine [20], xymedone, riboxin, and
piracetam [6] and so on.

P LB has been used in our study, for the pharmacological
stimulation of rat sciatic nerve regeneration. PLB is a new
"natural” immunomodulatory drug with minimal side
effects. It has immunomodulatory, anti-oxidant, anti-
ishemic, hepatoprotective and neuroprotective activities
[21]. All this let us to pass an opinion that PLB can
positively affect process of regeneration of the injured
nerve.
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Thus the results demonstrate that the quantity of Schwann
cells in group undergon PLB treatment was more, than in
control group. That confirms the positive effect of the
preparation on the process of regeneration of the injured
nerve. As, Schwann cells are the "key" of regeneration,
increase of their quantity probably will affect cellular
mechanisms discussed above. Besides the second group,
we observed decrease in lymphocytes quantity in
comparison with first group, which indicates the completion
of WD, because the Wallerian degeneration (WD) is the
inflammatory response of the nervous system to axonal
injury. The rate of WD points to the rate of regeneration,
e.g:Schwann cells are activated during rapid-WD but not
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Summary: These findings suggest that PLB may play an
important role in the regeneration of the injured
peripheral nerve. PLB enhances proliferation of Schwann
cells and mast cells, decreases amount of lymphocyte. The
present observations point on PLB as stimulator of
regenerative process in the injured peripheral nerve.

1.  Long-EnChen,MD,PhD . Nitric Oxide in Reperfused Peripheral Nerve. Fall 2001. Orthopaedic Medicine Research Grants.

http://www.aircastfoundation.org/research/index.html.

2. Guido Stoll and Hans Werner Muller. Nerve Injury, Axonal Degeneration and Neural Regeneration: Basic Insights.
SYMPOSIUM: Peripheral Neuropathies Brain Pathology 9: 313-325(1999).

3. Lundborg G (2000a). A 25-year perspective of peripheral nerve surgery: Evolving neuroscientific concepts and clinical

significance. J Hand Surg 25A:391-414.

4. Ma J, Novikov LN, Kellerth JO, Wiberg M (2003). Early nerve repair after injury to the postganglionic plexus: an experimental
study of sensory and motor neuronal survival in adult rats. Scand J Plast Reconstr Surg Hand Surg 37:1-9.

5. Marc G; Burnett, M.D., and Eric L. Zager, M.D.Pathophysiology of perifheral nerve injury: a brief review. Neurosung Focus

16(5): Article1.2004.

6. Chelyshev IuA, Khafiz'ianova RKh, Raginov IS, Vafin Alu. Drug stimulation of the peripheral nerve regeneration. Eksp Klin

Farmakol. 2000 Jul-Aug;63(4):17-9.

7.  Kliot Main. Promoting Recovery In The Central and Peripheral Nervous System Following Axonal Injury. Neurological
Surgery. http://depts.washington.edu/neurosur/research/kliot.html.

8. Cherer SS, Salzer JL (2001) Axon-Schwann cell interactions during peripheral

nerve degeneration and regeneration. In:

Glial cell development, Ed 2 (Jessen KR, Richardson WD, eds), pp 299-330. Oxford, UK: Oxford UP.

9. Kury P; Stoll G; Muller H.W. Molecular mechanisms of cellular interactions in

Neurol 2001 oct; 14(5);635-9 (issm:1350-7540)

peripheral nerve regeneration. Curr Opin

10. George K. Tofaris, Paul H. Patterson, Kristjan R. Jessen, and Rhona Mirsk Denervated Schwann Cells Attract Macrophages

by Secretion of Leukemia

Inhibitory Factor (LIF) and Monocyte Chemoattractant Protein-1 in a Process Regulated by

Interleukin-6 and LIF. The Journal of Neuroscience, August 1, 2002, 22(15):6696-6703.

79



2004 April/June, Volume4, |ssue?2 TBILISI STATE MEDICAL UNIVERSITY

1.

12.

13.
14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Oppenhheim JJ, FeldmanM (2001) Introduction to the role of cytokines in innate and defense and adaptive immunity. In:
Cytokine reference (Oppenhheim JJ, Feldman M, eds), pp 3-20. New York: Academic.

Shlomit Shamash, Fanny Reichert, and Shlomo Rotshenker. The Cytokine Network of Wallerian Degeneration: Tumor
Necrosis Factor-_, Interleukin-1, and Interleukin-1. The Journal of Neuroscience, April 15, 2002, 22(8):3052-3060.

Beuche,W.,and R. L. Friede. 1984. The role of non-resident cells in Walleriandegeneration .J. Neurocytol. 13:767.

Guillian, D., R. L. Allen, T. J. Baker, and Y. Tomozawa. 1986. Brain peptides and glial growth . 1 . Glial-promoting factors as
regulators of gliogenesis in the developing and injured nervous system . J. Cell Biol. 102:803 .

Gordon, S . 1986. The biology of the macrophage.J. Cell Sci. 4(Suppl.):267 .

Bergsteinsdottir K, Kingston A, Jessen KR. Rat Schwann cells can be induced to express major histocompatibility complex
class Il molecules in vivo. J.Neurocytol. 1992 May;21(5):382-90

Skaper SD, Pollock M, Facci L.. Mast cells differentially express and release active high molecular weight neurotrophins.
Brain Res Mol Brain Res. 2001 Dec 30;97(2):177-85

Dezawa M.The interaction and adhesive mechanisms between axon and Schwann cell during central and peripheral nerve
regeneration. Kaibogaku Zasshi. 2000Jun .75(3):255-65

Tessa Gordon. Experimental Strategies To Promote Functional Recovery After Peripheral Nerve Injuries. 2003 Meeting of the
Peripheral Nerve Society July 26-30, 2003 Banff, Canada.

Fansa H; Keilhoff G; Horn T; Altmann S; Wolf G; Schneider W. Stimulation of schwann cell growth and axon regeneration of
perioheral nerves. Handchir Mikrochir Plast Chir 1999 SEP;31(5):323-9; discussion 330-2 9ISSN:0722-181.

Tinatin Chikovani and Vladimer Bakhutashvili. PLAFERON LB - A new immunomodulatory drug. Trans-Caucasian Journal of
Immunoiogy. vol2; number2; october2001.

Reichert F, Saada A, Rotshenker S (1994) Peripheral nerve injury induces Schwann cells to express two macrophage
phenotypes: phagocytosis and the galactose-specific lectinMAC-2. J Neurosci 14:3231-3245.

Saada A, Reichert F, Rotshenker S (1996) Granulocyte macrophage colony stimulating factor produced in lesioned peripheral
nerves induces the up-regulation of cell surface expression of MAC-2 by macrophages and Schwann cells. J Cell Biol
133:159-167.

Subang MC, Richardson PM (2001) Influence of injury and cytokines on synthesis of monocyte chemoattractant protein-1
mRNA in peripheral nervous tissue. Eur J Neurosci 13:521-528.

Brown MC, Perry VH, Lunn ER, Gordon S, Heumann R (1991) Macrophage dependence of peripheral sensory nerve
regeneration: possible involvement of nerve growth factor. Neuron 6:359-370.

Be'eri H, Reichert F, Saada A, Rotshenker S (1998) The cytokine network of wallerian degeneration: IL-10 and GM-CSF. Eur
J Neurosci 10:2707-2713.

Bausinue npenapara miadgepon-J/Ib Ha npouecc peresepauuy mNoBpeKIEHHOT0

nepugepnyeckoro Hepsa

Tamap I'uopeaosze™®, Manana Keezepenu®, Tunanun Yuxosanu™*, Bacunuu I opeaoze™*,
T'eopeuii Bypxaoze™**

*MHCTUTYT MEIULIIMHCKOM OMOTEeXHOJIOrHMAKageMuH Hayk [ py3uu;
**TOumucKuil rocy1apCTBEHHBIN MEIUIIMHCKUN YHIUBEPCHUTET, [ py3us

PE3IOME

MoBpexaeHne nepudepuyeckux HepBOB SIBMSIETCS OAHOM U3 BaXHEMLWMX NpoGnemM HEBPONOrMM M OPTONEAUYECKON XMPYPrUW.
MoBpexaeHHble BOMOKHA HepBa OObLIMHO BOCCTAHABMMBAKTCS, HO WX MOMHOE (PYHKUMOHArbHOE BOCCTAHOBIIEHUE MPOUCXOAUT
BecbMa pefko. Llenb nccnegoBanus - nsydenve BnusiHus nnadepora 16 (PLB) Ha pereHepaumio TpaBMMpOBaHHOIO cefanuLiHoro
HepBa y 6GenbIx Kpbic. B xoge onepauuu cepanuiiHbii HEPB NepepesbiBany U BOCCTaHABNMBAaNM MUKPOXUPYPrUYECKUM METOLOM.
PLB BBOAUNM XMBOTHBLIM 3a 3 AHSA OO onepauny MHTponepuToHearnbHO, exeaHeBHO. KOHTPOSbHbBIM KpbiCaM B T€ e CPOKM BBOOUMNU
cdusmonormyeckmin pacteop. Martepuan gns uccnegoBaHus 3abupancs Ha 30-M geHb akcrnepuMeHTa. [Mpenapatbl okpaluvBanu
remMaToKCUIUH-303MHOM MO HWMAbCY M MMYHOLIOTOXMMWYECKUM MeToaoM. Mopdornornyeckuii aHanua nokasan, 4to PLB gencrteyet
6naroTBOPHO Ha pereHepauuio TPaBMUPOBAHHOIO MepUdEpPUUECKOro HepBa MNyTEM YBENMUYEHUs uucna knetok LBaHa wu
MacToOUMTOB W yMeHbLUEHWUs KonuyecTBa NMMEOLMTOB, BCNEACTBME Yero [JOCTUraloTCs OnTUMarnbHble YCcrnoBuS  Ans
PYHKLMOHANbHON pereHepaunmn ceaarnuiiHoro Hepaa.

KnoueBste comoBa: [IHC, cenajMiHER HEpPB, OjaagepoH JIbE, kaeTkyu lBaHa, MAaCTOLMTE, JIMMQOIIMTE
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