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The effects of naftidrofuryl on the reinnewation of the rat 
gastrocnemius muscle after its denervation by localized 
freezing of the sciatic nerve were tested with electrophysis 
logical techniques. Daily intraperitoneal injections of 30mgkg 
of naftidrofuryl do not increase the rate of axonal regenera- 
tion since early signs of reinnewation appeared as in controls 
around the 10th day after surgery. However, axonal sprout- 
ing is markedly increased since the percentage of muscle 

fibers with polyneuronal innewations was almost twice as 
high as in controls at the 15 and 21 day postoperative stages. 
The promoting effects of naftidrofuryl on polyneuronal inner- 
vation which gives rise to a redundant innervation during the 
first period of reinnewation constitutes an improvement of 
motor function which might be efficient for treatment of nerve 
injury and neuropathies. fa 1994 WileyusS, Inc. 
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EVALUATION ELECTROPHYSIOLOGIQUE DES EFFE”S 
DU NAFTIDROFURYL SUR LA REINNERVATION DU 
MUSCLE SQUELETTIQUE DU RAT. 

Monlque PECOT-DECHAVASSINE et Jean-Claude MIRA 
Les effets du Naftidrofuryl sur la rtinnervatlon du 

muscle gastrocnemien du Rat a p r h  dtnervatlon par 
con#latlon localiste du nerf sclatique ont Ct6 t tudlb au 
moyen de techniques 6lectrophyslologlques. 

Des injections intraptoneales quotldiennes de 
Naftldrofuryl (30 mg/k@ n a u  entent pas la vlte-sse. de 
re tntratlon des axones, premiers slgnes de 
r&nervatlon du muscle nYtant dttectb, comme sur les 

muscles temoins. qu‘B partir du lWme pur  post- 
op&atolre. Cependant, chez les rats trait&% une 
augmentation importante du pourcentage de flbres 
musculalres B innervation multl le et polyneuronale, est 
obsemk 15 et 21 jours a p r h  poperation. Cela lndlque 
que le Naftidrofuryl favorise le bourgeonnement axonal 
qul donne nalssance B une innervation motrice 
redondante pendant les premiers stades de la 
rtlnnervation. 

L’effet sur le bour eonnement axonal pourrait apporter 
une amelioration de fa fonction motrice cians le traitement 
des ltsions nerveuses phlphtriques ou de certalns types 
de neuropathies. 

0 1994 wiley-Liss, Inc. 
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Several years are sometimes necessary for recovery of 
functional activity of muscles after nerve lesion. Many stud- 
ies have been undertaken during the last decades to discover 
drugs that would either facilitate peripheral nerve regener- 
ation and consecutive muscle reinnervation after traumatic 
injury or protect neurons against hostile microenvironments 
in neuropathies of various origins. Drugs have been discov- 
ered that intervene successfully at crucial metabolic steps in 
nerve regeneration. They act either by reducing the amount 
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of scar tissue,’” by enhancing protein synthesis in the neu- 
ron,3-9 by accelerating axonal by stimulating 
proliferation of nonneural cells and thereby enhancing re- 
lease of growth fa~tors , ’~- ’~  or by facilitating axonal 
sprouting.4.8.12. 17-22 However, their use in human therapy 
was often limited, since, in most cases, side effects and a 
low therapeutic coefficient did not allow prolonged treat- 
ment. 

It was assumed recently that naftidrofuryl,* which is 
used with success in peripheral and cerebral ischemic acci- 
dents, could act as a protective factor for neurons not only 
by interfering at different levels in blood  vessel^^^-^^ but 
also by interacting directly with nerve cells. It has been 
shown that, in vitro, naftidrofuryl at low concentrations 
activates several enzymes involved in energy transduction 
in synaptosomes prepared from brain cortex of rats submit- 
ted to different types of h y p o ~ i a , ~ ~ - ~ ~  promotes neurite out- 
growth of dorsal root ganglionic neuronsm and facilitates 
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tions. Before any surgical procedure or dissection of the 
nerve-muscle preparation, the animals were deeply anes- 
thetized with a 7% intraperitoneal chloral hydrate solution 
(0.6 mYl00 g body weight). Each animal was weighed at 
the time of surgery and just before sacrifice. The methods 
used in the present experiments are identical to those 
already reported.22s40-46 They will be described briefly in 
this paper. 

axonal growth and microtubule assembly in the tectal plate 
of mice embryos postimplanted in rotatory cultures.31 Fur- 
thermore, this drug is able to interact with a fraction of 
neurons present in cultures of chick embryo forebrain, in- 
creasing the cyclic AMP levels, glucose transport, and gly- 
colysis rate, and thereby promoting neuronal survival by a 
specific neuroprotective effect.32 The suspected beneficial 
effect of naftidrofuryl on the nervous system has been re- 
cently documented by clinical results. An improvement of 
clinical and electrophy siological signs of diabetic polyneu- 
ropathy has been reported in humans.33 The effect could be 
related, according to the authors, not only to the vasodilat- 
ing properties of the drug but also to a specific neurotropic 
action. Moreover, naftidrofuryl is commonly prescribed for 
several months or years, both intravenously and orally for 
the treatment of peripheral arterial d i ~ e a s e , ~ ~ - ~ ’  of acute as 
well as of chronic cerebrovascular  disorder^,^^.^^ and of 
diabetic polyne~ropathy.~~ Hence, the absence of toxicity 
in humans, the efficient action on nerve vascularization, its 
neuroprotective effect and its promoting action on neurite 
outgrowth, in vim,  suggested that the drug might have a 
beneficial effect on nerve regeneration and skeletal muscle 
reinnervation in vivo. To test this possibility, we used an 
experimental procedure previously d e v e l ~ p e d ~ - ~ ~  and al- 
ready applied to a similar study with another drug.22 
Briefly, it consists of denervating a muscle of the limb by 
locally freezing the sciatic nerve in a defined site of the 
sciatic fossa. This procedure of denervation has been shown 
to provide more reproducible results and more complete 
anatomical and electrophysiologic nerve recovery than has 
been observed after other types of injury.43 The basal lam- 
ina surrounding each nerve fiber remains intact all along the 
frozen and the distal segments, axonal sprouts develop in 
the continuous tubes that are formed and are then guided 
directly to the periphery. In the present work, two phenom- 
ena were evaluated by electrophysiology and compared in 
control and naftidrofuryl treated-animals: 1) the rate of 
motor axonal regeneration by detecting the first signs of 
reinnervation in the medial head of the gastrocnemius mus- 
cle, and 2) the degree of intramuscular axonal sprouting by 
comparing the extent and the time course of polyneuronal 
innervation which normally follows the fmt stage of 
monoinnervation at the beginning of muscle reinnerva- 
tion 

MATERIALS AND METHODS 

Experiments were performed on male Wistar albino 
rats, about 6 weeks old, weighing 200 & 20 g at the time 
of operation. The animals were observed closely for at least 
3 days before surgery to eliminate those exhibiting 
abnormal growth or state. Animals were handled according 
to the French laws governing their use for experimental 
purposes. Seventy-six animals were used for the evalua- 

Surgical Procedure 

The left sciatic nerve was frozen locally in situ using a 
liquid nitrogen cryode whose extremity was applied succes- 
sively at three points on the same circumference of the 
nerve, just after its emergence into the sciatic fossa. The 
successive freezing and thawing cycles lasted about 30 sec- 
onds. The center of the 2-3 mm long frozen segment was 
indicated by a non-resorbable Flexilon thread that was in- 
serted into the perineurium before freezing. 

Electrophysiological Techniques 

The nerve-muscle preparation (sciatic nerve, nerve to 
the medial head of the gastrocnemius muscle and gastroc- 
nemius muscle) was rapidly removed from the left hind- 
limb, immediately transferred into a recording chamber and 
bathed with a continuous flow of oxygenated solution.22 
The nerve was stimulated through a suction electrode. 

Each preparation was first examined under an operating 
microscope to detect muscle fiber contraction evoked by 
electrical stimulation of the nerve. After adding (+)-tubo- 
curarine (2-6.lO-’M), the “white” portion of the muscle, 
which is the thinnest, was preferentially explored with in- 
tracellular microelectrodes to record endplate potentials 
(EPPs) evoked by stimulating the nerve. The intensity of 
0.1-0.3 msec pulses delivered at 0.5 Hz was gradually 
increased in order to recruit an increasing number of axons 
and thereby to detect polyneuronal innervation. Muscle fi- 
bers were considered as polyneuronally innervated when 
they exhibited multiple EPPs characterized by abrupt 
changes in their amplitude due to the responses of motor 
axons with different excitation thresholds or when they 
were formed of two or more components of different laten- 
cies (Fig. 1). The percentage of muscle fibers exhibiting 
multiple EPPs was determined for each muscle from the 
responses (simple or multiple) of twenty-five to fifty inner- 
vated muscle fibers examined. Mean percentages 2 stan- 
dard error were calculated on the basis of these individual 
values (n = number of muscles). 

After the electrophysiologic recordings, the distance be- 
tween the approximate center of the frozen area, indicated 
by the Flexilon thread, and the point of entry of the nerve 
into the gastrocnemius muscle was measured and each mus- 
cle was weighed at day 10 (Dlo) and day 21 (D2J postop- 
eratively. 
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Figure 1. Examples of different types of EPPs recorded intracellu- 
lafly at regenerating neunmrwcular junctions in response to eleclri- 
cal stimuli applied on the nerve. A: The response is a single 'War- 
none” dspolerization to stimuli of varying intensity (monoinnervated 
muscle fiber recorded at day 21 (DJ in a mu& of the control 
group). 64: compwnd EPPs from muscle fibers with multiple in- 
nervation. In B and C, doubly innervated muscle fibers. Two EPPs of 
different latencies am obtained in response to a single stimulus, 
indicating that the axons innervating the same neumuscular junc- 

Groups of Rats 
Operated animals were randomized to one of three 

groups: 

1. In the first group (control group, 24 rats), the oper- 
ated animals did not receive any injection. They were fed 
and cared for as were the animals of the two other series. 

2. In the second group (placebo group, 24 rats), the 
animals received a daily intraperitoneal (IP) injection of 
sterile distilled water used in the third group to dissolve 
naftidrofuryl. The volume injected was 1 ml/lOO g of body 
weight. 

3. In the third group (naftidrofuryl group, 28 rats) the 

tion have different conduction velocities (recorded at 4, in muscles 
from the placebo group). 0: Trip& innervated muscle fiber. Nerve 
stimuli of varying intensity permit detection of three elementary EPPs 
with different latencies and atnplltudes. The dxons innervating the 
same neurvmuswlar junction have different conduction vehities 
and different excitation thresholds (for the two last responses) (re- 
corded at 02, in a muscle of the tmated gnwp). (+)-tubommine 
1-3. iO-’M. Calibration bars: 2 mV; 2 msec. 

animals received a daily IP injection of naftidrofuryl (30 
mg/kg as indicated by Oberval Laboratory) dissolved in 
sterile distilled water so that the injected volume was 1 
mYlOO g of body weight as in the placebo group. A new 
solution was made up each week. 

The injections in the placebo and treated groups started 
the day after the nerve injury and ended the day before the 
tests. 

Stages of the Electrophysiological Tests 

The electrophysiologic tests were made at three differ- 
ent stages: at 10 (D,o), 15 (D,J and 21 days (D2J after 
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T a w  1. Body Weights (g r S.E.) Before Surgery and at the Test Time. 

Post- 
operative Before Increase Before Increase Before Increase 
stages surgery Testtime (%) 

D 10 204.7 2 8.9 266.3 f 13.5 30.1 201.3 f 6.0 266.0 f 15.5 32.1 203.1 k 5.8 232.9 * 7.2' 14.7 

Control group (n = 24) Placebo group (n = 24) Naftidropfuryl group (n = 28) 

surgery Testtime (%) surgery Test time ("/I 

(n = 7) (n = 8) (n = 11) 

(n = 7) (n = 7) (n = 8) 

(n = 10) (n = 91 (n = 9) 

D 15 204.7 2 8.1 320.7f 13.9 56.6 193.4 k 4.0 293.9 f 10.1 51.9 203.3 f 12.1 263.9 f 55.5" 29.8 

D 21 197.6 & 24.5 320.8 f 44.6 62.3 179.7 * 22.9 296.4 f 28.6 65.0 192.7 k 23.3 306.9 k 46.5"' 59.2 

nerve injury. These postoperative times correspond to three 
important stages of the curve of reinnervation already de- 
scribed in control rats2,, D,, corresponding to the beginning 
of reinnervation, D,, to the period when multi-innervation 
reaches its highest value and D,, to the period when the 
multi-innervation is increasing. 

All the animals of the two first stages @,, and D15) 
were housed, treated, and tested in the laboratory. Those of 
the third stage @,,) were operated and tested in the labo- 
ratory but they were housed and injected by the Soci6t6 
Trisa (Canly, France). Batches of naftidrofuryl used were 
7005 (analysis 12817M) for stages D,, and D,, and 7005 
(analysis 21623M) for stage D,,. 

Statistical Analysis 
Normally distributed data (animal weights and muscle 

weights) were compared with Student's t-test. 
The Mann-Whitney U-test, non-parametric statistical 

method, was used for comparing the percentages of muscle 
fibers with polyneuronal innervation. 

RESULTS 
It is worth recalling that elimination of polyneuronal 

innervation occurs soon after birth in mammals so that all 
the motor endplates are singly innervated in adults.47 Adult 
muscle fibers exhibit a single "all or none" EPP at the 
endplate in response to stimuli of varying intensity (Fig. 
1A). This characteristic has also been observed previously 
in the unoperated medial head of the gastrocnemius mus- 
cle. 22.45.46 

Control Group 
In this group the animals that were operated on but did 

not receive any injection exhibited normal growth. The 
increase in body weight was 30%, 57% and 62% at D,,, 
DI5, and D,,, respectively (Table 1). In parallel, the mean 
distance (d) between the center of the frozen area to the 
point of nerve entry into the gastrocnemius muscle 

gradually increased with postoperative time from 22.4 ? 
0.8 mm at D,, to 25.0 f 1.2 mm at D,,; that is to say, an 
increase of 1 1.6% (Table 2). No significant change in the 
weight of muscles was observed during this period (Table 
3). 

At D,, no EPP could be recorded in any muscle from the 
superficial layer of muscle fibers. However, slight contrac- 
tions evoked by stimulating the nerve were detected in the 
deep layers of muscle fibers in 1 of the 7 muscles tested at 
that postoperative time. These results, similar to previous 
ones, c o n f i i  the reproducibility of the model and show 
that reinnervation actually begins soon after D,,. At D,,, 
one third to one half of the white portion of the muscles was 
reinnervated. The mean percentage of muscle fibers exhib- 
iting EPPs with two components was 19.7 f 1.2% (n = 7) 
from a total of 36 out of 183 reinnervated muscle fibers 
examined. The mean percentage of polyneuronally inner- 
vated muscle fibers increased slightly to 22.4 f 4.4% (n = 
10) at D,, (Fig. 2), 58 of them being doubly and one triply 
innervated. 

Placebo Group 
The animals of this group exhibiq a body growth sim- 

ilar to that of animals of the control group. At D2,, the 
percentage increase in body weight relative to the initial 
weight was 65.0% (Table 1). In parallel, the distance d 
increased 11.6% between D,, and D,, (Table 2). At D,, no 
sign of contraction of muscle fibers in response to stimula- 
tion of the nerve could be detected under the microscope in 
the 8 muscles examined. The mean percentages of polyin- 
nervated muscle fibres at D,, (20.5 k 2.1%) (n = 7) and 
D,, (23.4 & 4.5%) (n = 9) (Fig. 2) were equivalent to 
those obtained at the same stages in the control group, both 
showing similarly a slight increase between the two stages. 
Hence the injections per se did not appear to interfere with 
the process of reinnervation. In the placebo group, 2 out of 
a total of 60 polyinnervated muscle fibers tested at D2, were 
triply innervated, a proportion equivalent to that of the con- 
trol group. 
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Table 2. Distance (mm f S.E.) Between the Site of Freezing on the Sciatic Nerve and the Gastrocnemius Muscle. 

Control group (n = 24) Placebo group (n = 24) Naftidrofuryl group (n = 28) 

D 10 D 15 D 21 D 10 D 15 D 21 D 10 D 15 D 21 
n = 7  n = 7  n = 10 n - 8  n = 7  n = 9  n = 11  n = 8  n = 9  

22.4 k 0.8 23.4 f 0.8 25.0 f 1.5 22.4 2 0.5 22.9 2 0.7 25.0 2 1.0 22.2 f 0.8' 22.8 f 0.9' 25.3 f 1.2' 

'values rots&Mhmymmt from the oDlse9pondng control and placebo groups. 

TaMe 3. Muscle Weights at Varying Postoperative Stages. 

Control group (n = 17) Placebo group (n = 17) 

D 10 D 21 D 10 D 21 D 10 D 21 

Naftidrofuryl group (n = 20) 

n 7 10 8 9 11  9 
Muscle weight 

(mg f S.E.) 430.1 2 35.2 399.2 f 63.3 381.3 f 44.5 388.4 f 30.7 386.8 f 42.2 369.4 2 64.6 

[7 Control 
Placebo 
Naftidrofuryl 

& 

2 2 c 1 0 1  

a 

* . T 

L 
D15 D2 1 

n= 7 a 1 1  7 7 a 10 9 9 
Postfreezing stages 

figure 2. Incideme of polyneumnal innervation in the three groups 
of animals at three posffmezing stages (DID D,, and D2,). Astetfsks 
indicate that the conesponding values of the treated group am sta- 
tistically difterent (P < 0.cxll) from the control values (contd and 
placebo groups, whose values are equivalent). Mann-Whitney 
U-t-t. Bars: S.E. 

Naftidrofuuryl Group 
The animals of this group showed reduced increase in 

growth, especially at the beginning of treatment, the per- 
centage increases being 14.7 and 29.8 at D,, and D,, re- 
spectively instead of values averaging 30 and 55% at the 
corresponding times in the control and placebo groups. 
However, at D,, the level of normal growth was almost 
recovered since the percentage reached 59% versus 62.3 
and 65.0% for the control and placebo groups, respectively 
(Table 1). The increase in the distance d of the nerve (14%) 
(Table 2) was similar to that of the other groups. A total of 

88 out of 239 muscle fibers examined at D,, in 8 muscles 
were polyinnervated (mean percentage = 36.8 f 3.2%), 
one of them exhibiting a triple innervation. The mean pro- 
portion of polyinnervated muscle fibers was a little higher at 
DZ1 (39.8 -t 2.7%) (n = 9) and corresponded to 90 doubly 
innervated and 5 triply innervated muscle fibers in a total of 
239 muscle fibers examined. The percentages of polyinner- 
vation were statistically different at the 0.001 level of sig- 
nificance from those obtained at the corresponding times for 
the control and placebo groups (Fig. 2). 

DISCUSSION 
The results provide further evidence of the reproducibil- 

ity and reliability of localized freezing, to test the effects of 
drugs on muscle reinnervation. Control values were similar 
to those obtained in a previous study." Moreover, the dif- 
ferent parameters evaluated permitted not only determina- 
tion of the rate of motor axonal regeneration and the inten- 
sity of axonal sprouting but also enabled the changes in 
these parameters to be related to the growth of the animals. 

In spite of reduced increase in body growth observed at 
the beginning of the treatment with naftidmfuryl, no reper- 
cussions on nerve growth were detected at any postopera- 
tive stage. Naftidrofuryl does not appear to accelerate mus- 
cle reinnervation since, as in the control group, early signs 
of reinnervation were detected deep in the muscle at D,, in 
1 of the 11 animals examined. However, naftidmfuryl 
markedly influences axonal sprouting, preterminal or ter- 
minal, which is the beginning of the increase in the level of 
polyneuronal innervation. The proportion of polyneuronally 
innervated muscle fibers was higher than in controls as early 
as D15 and the difference with controls, which was main- 
tained and somewhat increased at DZ1, was highly signifi- 
cant. At the later stage, the propensity of axons to sprout in 
treated animals was further documented by the rather high 
proportion of triply innervated muscle fibers recorded, 
5.3% (995) versus 1 . l% (1/88) at DI5. The lower value of 
the level of polyinnervation observed in the present work in 



both the control and placebo groups is not due to a delay in 
the appearance of the phenomenon since, as shown previ- 
ously,22 D,, corresponds to the period when multiinnerva- 
tion reaches its highest value in similar control animals. The 
redundancy of innervation in treated animals can be related 
to the results of a quantitative evaluation made by another 
team4' which shows that 3 weeks after section of the rat 
sciatic nerve the number of axons in the distal stump of the 
nerve is markedly increased (about 200%) in naftidrofuryl- 
treated animals compared to controls. These observations 
support the view that the increase in the level of polyinner- 
vation observed at D,, results, at least partially, from the 
increase in the pretenninal sprouting which normally occurs 
after any injury.4'*42*43 A correlative increase in motor 
function has also been demonstrated by electrornyographya 
in naftidrofuryl-treated animals. However, it is noteworthy 
that the transitory appearance of polyneuronal innervation 
that occurs during muscle reinnervation corresponds, in 
mammals, to the reexpression of embryonal features of the 
innervated muscle, that is to say to features of immature 
muscle fibers. It could be deduced that the increase in the 
extent of polyinnervation after treatment with naftidrofuryl 
is able to counterbalance, at a higher level than in controls, 
the immaturity of the neuromuscular junctions during mus- 
cle reinnervation. The mechanism by which naftidrofuryl 
promotes motor axonal sprouting remains unknown. How- 
ever, one can postulate that this action does not result (at 
least totally) from its known action on blood vessels but 
from a direct action on the metabolism of the motoneurons, 
as has been demonstrated for other neurons in culture (see 
introduction). This view is also supported by data which 
show that, in contrast to naftidrofuryl, no facilitating action 
on motor function has been detected with two other vasodi- 
lator 

In conclusion, naftidrofuryl does not accelerate the rate 
of nerve regeneration and consequently of muscle reinner- 
vation after a single localized freezing of the nerve. How- 
ever its promoting effect on polyneuronal innervation, 
which gives rise to a redundancy of innervation during the 
first period of reinnervation, might constitute an improve- 
ment in the recovery of motor function. This specific action 
on muscle reinnervation as well as the absence of toxicity in 
humans make naftidrofuryl a possible candidate for mat- 
ment of traumatic nerve injury and neuropathies. 

REFERENCES 

1. Graham W, Davis TS. Miller SH, Ruscnas J Efficacy of triami- 
nolone acetonide following newpathy. An electroneuromyographic 
evaluation. Ann P h t  Surg 9230-237, 1982. 

2. Pleasure D, Bora W Jr. Lane J, Pmckop D: Regeneration after nerve 
transtion: effect of inhibition of collagen synthesis. Exp New01 

3. Berenberg RA, Forman DS, Wood DK, DeSilva A, Demaree J Re- 
covery of peripheral nerve function after axotomy: effects of triiodo- 
thyronine. Exp Neurol57:349-363, 1977. 

4. Cockett SA, Kiernan JA: Acceleration of peripheral nervous regener- 

45~72-78, 1974. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27 I 

28. 

Naftidrofuryl and Muscle Reinnervation 121 

ation in the rat by exogenous triiodothyronine. Exp Neurol39:389- 
394, 1973. 
Cook RA, Kiernan J A  Effects of niiodothymnine on protein synthe- 
sis in regenerating peripheral neurons. Exp Neurol 52:515-524, 
1976. 
Legrain Y: MCthode de cornparaison de la vitesse de dgtdration des 
fibres du nerf sciatique de rat. J Physiol (Puris) 73:13-22, 1977. 
McIsaac G. Kiernan JA: Accelerated recovery from peripheral nerve 
injury in experimental hypeahyroidiim. Exp Neurol48:88-94,1975. 
Sebille A, Bondoux-Jahan M: Motor function recovery after axotomy: 
enhanccment by cyclospermine and spermine in rats. Exp Neuroi70: 

Strand FL, Kung lT: ACTH accelerates recovery of neuromuscular 
function following crushing of peripheral nerve. Peptides 1:135-138, 
1980. 
Kalia M, DiPalma J R  Ganglioside-induced acceleration of axonal 
transpt following nerve crush in the rat. Neurosciku 34: 1-5, 1982. 
McQuarrie IG , Grafstein B , Gershon MD: Axonal regeneration in the 
rat sciatic nerve: effect of a conditioning lesion and of dbc AMP. Bruin 
Res 132443-453. 1977. 
Pichichero ME, Beer 8. Clcdy DE: Effects of dibutyryl cyclic AMP 
on restoration of function of damaged sciatic nerve in rats. Science 

Kanje M, Skottner A, Sjsberg 1, Lundborg, G: Insulin-lie growth 
factor 1 (IGF-I) stimulates regeneration of the rat sciatic nerve. Bruin 
Res 4863%-398. 1989. 
Lindholm D, Heumann R, Meyer M, Thcenen H: Interleukin-1 reg- 
ulates synthesis of nerve growth factor in non nemnal cells of rat 
sciatic nerve. Nuture 330:658-659. 1987. 
Sjsberg J, Kanje M: Insulin-like growth factor (IGF-I) as a stimulator 
of regeneration in frceze-injurrd rat sciatic nerve. Bruin Res 485:102- 
108, 1989. 
da Silva CF, Lima GMCA, Trezena AG: Local administration of 
interleukin-1 increases sensory neuron regeneration in vivo. Bruz J 
Ued Biol Res 23:981-984, 1990. 
Bijsma WA, Jennekens FGI. Schoman P, Gispen W H  Stimulation of 
ACTH4-10 of nerve fiber regeneration following sciatic nerve crush. 
Muscle Nerve 6:104-112, 1983. 
Gershenbaum MR, Roisen F J  The effects of dibutyryl cyclic adeno- 
sine monophosphate on the degeneration and regeneration of crush- 
lesioned rat sciatic nerve. Neuroscience 5:1565-1580, 1980. 
Gorio A, Marini P, Zanoni R Muscle reinmation. III: Motoneuron 
sprouting capacity, enhancement by exogenous gangliosides. Neuro- 
science 8:417-429, 1983. 
Keynes RJ: The effects of pyronin on sprouting and regeneration of 
mouse motor nerves. Bruin Res 253:13-18, 1982. 
McQuanie IG: Nerve regeneration and thyroid homunie treatment. J 
Neurol Sci 26:499-502, 1975. 
PBcot-Dechavassine M. M i  J C  Effects of isaxonhe on skeletal mus- 
cle reinnervation in the rat: an electrophysiologic evaluation. Muscle 
Nerve 8105-114, 1985. 
Fwhgott RF. Role of endothelium response of vascular smooth mus- 
cle. Circ Res 53557-573, 1983. 
Maloteaux JM, Haiech J, De Campaneere D, Berra P, Vidal N: Bio- 
chemical and physiological evidences for antiserotoninergic properties 
of naftidrofuryl. Anneim Forsch Drug Res 361 194-1 198, 1986. 
Vanhoutte PM, Rubanyi GM. Miller VM, Houston DS: Modulation of 
vascular smooth muscle contraction by the endothelium. Annu Rev 
Physioi 48:307-320, 1986. 
Zander JF. Aarthus LL. Katusic ZS, Rubanyti GM, Vanhoutte PM: 
Effects of naftidrofuryl on adrenergic nerves, endothelium and smooth 
muscle in isolated canine blood vessels. J Phurmucoi Exp Ther 239: 

Dagani F, Gorini A, Polgatti M. Villa RF, B e d  G Rat cortex syn- 
aptic and nonsynaptic mitochondria: enzymatic characterization and 
pharmacological effects of naftidrofuryl. J Neurosci Res 10135-140, 
1983. 
Dagani F, Mamatico F, Curti D. Zanada F, Benzi G: Effect of pro- 
longed and intermittent hypoxia on some cerebral enzymatic activities 
related to e n m  transduction. J Cereb Blood Flow Merub 4:615-623. 

507-515, 1980. 

182724-725, 1973. 

760-767. 1986. 

-_ 
1984. 

29. Hoyer S: The effect of naftidrofuryl on cyanide-induced damage to 



122 P6cot-Dechavassine and Mira 

glucose and energy metabolism in brain cortex of rat. Arzneim Forsch 
Drug Res X412-416, 1984. 

30. Hauw JJ, Boutry JM, Guillermin AM, Barbe MP, Boissonnet H: Un 
nouveau pmmoteur de missance nerveuse, le naftidrofuryl. C R 

31. Meininger V. Chaineau E, Soudiere B: Etude de I’effet du Naft- 
idrofuryl sur la pousse axonale. La Revue de Neurologie, submitted. 

32. Louis 1C: Effect of naphtidmfuryl on metabolism and survival of 
cultured neurons. Neurockm Res 14:1195-1201, 1989. 

33. Doucet J, Senant J. Menard JF, Fresel 1, Schrub JC: Amklimtion de 
la polydvrite. diaMtique sous naftidmfwyl. TMrapie 46:315-318, 
1991. 

34. Bruch HP, Schmidt E, Wolter J: Untersuchungen w qualitativen und 
quantitativen Wirksamkeit von naftidrofuryl an sklemtisch verand- 
erten menschlichen Gefassen. Angio 353-58, 1981. 

35. Clyne CAC, Galland RB, Fox MJ. Gustave R, Jantet GH, Jamieson 
CW: A controlled trial of naftidrofuryl (Praxiltne) in the treatment of 
intermittent claudication. Br J Surg 67347-348, 1980. 

36. Koessmann A, Neiss A, Lutilsky L. Beermann M. Krammann B: 
Medikameotose Behandlung der Claudicatio intermittens im Stadium 
IIb der artenellen Verschlusskrankheit. Med Welr 30:888-891,1979. 

37. Mass L. Amberger HG, Boehme H, Kiehm C, D i m t h  H, Heidrich 
H, Hirche F. Moed H, Mueller-Buehl U. Rudofsky G. Truebestein R, 
Truebestein G. Naftidmfuryl bei arterieller Verschlusskrankheit. 
Dtsch Med Wochenschr 1093745-750, 1984. 

38. Admani AK: New approach to treatment of recent stroke. Br Med J 

39. Levy LL, Wallace JD. Cerebral blood flow regulation. II. Vasodilator 

Acad Sci [Ill] 302543-547. 1986. 

2~1678-1679, 1978. 

mechanisms. Smoke 8:189-193, 1977. 

40. Mira JC. Maintien de la continuit6 de la lame basale des fibres 
nerveuses myklini& ap&s cong6latioo. CR Acad Sci [Ill] 273D 

41. Mi JC: Etudes quantitatives sur la rCg6nhtion des fibres rCg6n&ks 
ap& une congklation loCal i .  Arch Anat Micr Morphol Expcr 66: 

42. Mira J C  Quantitative studies of the regeneration of rat myelinated 
fibres: variations in the number and size of regenerating nerve fibres 
after repeated l o c a l i i  freezings. J A m  12977-93, 1979. 

43. Mira J C  Etudes quantitatives sur la dghkration des fibres nerveuses 
mykliniSees. II: Variations du nombre et du calibre dcs fibns dgk- 
n&&s apds un krasement ou une section du nerf. Arch Micr Mor- 
phol E@r 65:255-284, 1976. 

44. McArdle IJ: Complex end-plate potentials at the regenerating neum- 
muscular junction of the rat. Exp Neurol49629-638, 1975. 

45. Mira JC. Pecot-Dechavassine M: Mise en evidence d‘une innervation 
multiple des fibres musculaires squelettiques de rat k la suite de con- 
g6lation.s IocaliSeeS ithtives du nerf sciatique. C R Soc Biol [I l l ]  

46. Mira JC, Pkot-Dechavassine M: Induction of multiple and 
polpuronal innervation in skeletal muscle fibres after repeated 
localized freezings of the adult rat sciatic nerve. Cryokers 1:5-10, 
1979. 

47. Brown MC, Matthews PBC An investigation into the possible exis- 
tence of polyneuronal innervation of individual skeletal muscle fibres 
in certain hind-limb muscles of the cat. J Physiol 151:436-457,1960. 

48. Merle M, Gilbert A, Fredenuci JF, Rtry D, Foliguet B, Mosnier M. 
Experimental and clinical study of the effect of naftidrofuryl on the 
recovery from peripheral nerve lesions. Microsurgery, in press. 

1836-1839, 1971. 

1-16, 1977. 

1721063-1069, 1978. 




