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Abstract  

Locally applied ciliary neurotrophic factor (CNTF) has a powerful effect on retrograde axonal reaction following facial nerve crush in 
neonatal rats. We examined whether it also exerts a strong effect on retrograde axonal reaction in young adult rats when administered 
subcutaneously. The dose was 1 m g / k g  body weight, three times a week, similar to that used in a previous experiment in which CNTF 
was reported to have an effect. We studied changes in the morphology of the motor nerve cell bodies, in the number of perineuronal 
microglial cells and in the expression of five proteins. It appeared that CNTF prevented swelling of the facial motoneuron cell bodies but 
it did not influence the swelling of the nucleus nor the shift of the nucleus towards the periphery. In saline-treated rats, facial nerve Crush 
resulted from day two to day six in a marked increase in the number of perineuronal glial cells. This increase was neither diminished nor 
augmented by CNTF. Following facial nerve crush, the immunoreactivity of the proteins C3bi, GFAP, B-50 and CGRP increased in the 
glial cells and motoneuron cell bodies, whilst the immunoreactivity of synaptophysin at the membrane of the motoneuron cell bodies 
decreased. CNTF had no obvious effect on these changes. It was concluded that in young adult rats under the present conditions, CNTF 
had only a small effect on a specific aspect of the retrograde cell reaction. The small effects might be explained by the minor availability 
of CNTF to the motoneuron cell bodies. The gain in body weight of rats treated with CNTF was less than that of saline-treated rats. 
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1. I n t r o d u c t i o n  

Ciliary neurotrophic factor is a member of a cytokine 
family that includes oncostatin M, leukaemia inhibitory 
factor (LIF) and interleukin-6 [2,27]. It is expressed by 
Schwann cells of myelinated peripheral nerve fibres and 
some subpopulations of astroglial cells [32]. CNTF mes- 
senger RNA is widely expressed in the brain [14,33]. 
Retrograde transport of CNTF has been reported and is 
increased by peripheral nerve injury [5]. The CNTF recep- 
tor complex consists of three subunits [6,8,15]. The alpha 
subunit has been demonstrated in several regions in the 
central nervous system, more specifically in the motoneu- 
rons [7,14]. 

The interest in CNTF was strongly stimulated by the 
observation of several groups that it had a strong effect on 
survival of  motoneurons, in vitro and in vivo 
[4,12,13,30,31]. It enhanced survival of embryonic mo -  
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toneurons in chicks and of neonatal motoneurons in rats 
following a lesion of the facial nerve. CNTF was also 
shown to induce intramuscular nerve branching in normal 
mouse muscle [11] and to improve muscle fibre reinnerva- 
tion after facial nerve crush in young adult rats [35]. In 
addition, it delayed progress of muscle weakness in two 
animal models of rrlotoneuron disease [13,23,31]. CNTF 
appeared to affect not only the motoneurons. It also in- 
duced GFAP expression in vitro in astroglial precursors 
[20], it favoured the maturation of oligodendrocytes [21 ], it 
retarded muscle fibre atrophy after denervation [38] and it 
affected hepatocytes [24,28]. 

Retrograde axonal reaction in adult animals no longer 
causes massive cell death. It does, however, lead to a 
series of changes in the nerve cell bodies and in the 
microglial and astroglial cells around the motoneuron cell 
bodies [34]. In the present study, we investigated whether 
the retrograde axonal reaction in the young adult rats was 
affected by CNTF. To this end, we performed morphomet- 
ric investigations on the motoneuron cell bodies. We inves- 
tigated the microglial cell reaction by quantifying the 
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number of cells in a perineuronal position and examined, 
immunohistochemically, changes in a number of proteins 
in motoneuron cell bodies, astro- and microglial cells. In 
the present paper, we report that the effect of CNTF on 
retrograde cell reaction in young adult rats is only slight. 

2. Materials and methods 

2.1. A n i m a l  t r ea tmen t  and  su rgery  

Six-week-old male Wistar rats (120-140 g) were ob- 
tained from the Central Animal Laboratory (Utrecht, The 
Netherlands) and housed randomly, 2 to 4 in a cage at 
21-23°C and 60-70% relative humidity, in a light-con- 
trolled room (lights on 07.00-19.00 h). They were fed 
Hopefarm pellet food and water ad libitum. Forty six rats 
were weighed and divided into two weight-matched groups. 
The saline- and the CNTF-treated group each consisted of 
23 animals. 

Surgery and treatment have been described previously 
[37]. Briefly, the right facial nerve of the rats was crushed 
(n  = 46). On the basis of previous research in our labora- 
tory and in view of literature reports [16,17], we decided to 
take five animals on day 3, six animals on days 4 and 5, 
and three animals on days 2 and 6. These days were 
chosen because of the presence of many microglial cells 
around the motoneurons at these time points. Beginning 
immediately after surgery (even days: 0,2,4, etc.), recom- 
binant human CNTF was administered subcutaneously to 
one group of rats in the neck region, at a dose of 1 
m g / k g / 4 8  h in 0.5 ml saline. We used this treatment 
schedule as it delayed the progression of motoneuron 
disease effectively in the Wobbler mouse [13,23] and 
improved muscle fibre reinnervation following facial nerve 
crush in rats [35]. Rats in the second group received 0.5 ml 
saline at the same points of time and served as controls. 
One CNTF-treated animal did not recover from anaesthe- 
sia. We decided to limit the number of CNTF-treated rats 
on day 5 (5 instead of 6). 

Fig. 1. Compared with the intact contralateral left facial nucleus (A,C), there is a clear increase in the number of perineuronal glial cells (B,D arrows) in 
the affected right facial nucleus, 4 days after nerve injury in both saline- (A,B) and CNTF-treated (C,D) rats. On visual inspection, there seems to be no 
CNTF-induced difference in morphology between the motoneuron cell bodies of the left and affected right facial nucleus. In the affected neuropil, an 
elevation in the number of microglial cells is noticeable compared with the intact left side in both saline- and CNTF-treated rats. Bar = 20 /xm. 
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All rats were weighed daily, and placed in order of  
ascending weight. From day 2 to day 6 after surgery, the 
required number of  sequentially lightest rats were taken 
from both the CNTF- and saline-treated groups and sacri- 
ficed. In animals allowed to survive up to 5 or 6 days, the 
rectal temperature was measured with a digital thermome- 
ter (Terumo TM Aacofarma, Ommen, The Netherlands) at 
different time points before and after CNTF administration 
on days 4 to 6 after nerve injury. 

Rats were sacrificed and fixative perfused under deep 
anaesthesia. The brainstem was dissected, postfixed, cry- 
oprotected, quickly frozen and stored at - 7 5 ° C .  

2.2. Measurements on microglial cells and motoneuron 
cell bodies 

Histological staining was performed as described previ- 
ously [37]. Briefly, brainstem cryostat sections, 8 /xm in 
thickness, containing the right and left facial nuclei were 
cut. Every third section was stained for 10 rain in a 
haematoxylin solution (Papanicolaous solution lb, Merck) 
with the addition of  4% HAc. The sections were rinsed, 
dehydrated and mounted in DePeX. Finally, the sections 
were randomized, blinded, and renumbered by an indepen- 
dent investigator. 

All the motoneuron cell bodies of  the injured facial 
nerves in the right facial nucleus were photographed from 
blinded haematoxylin-stained cryostat sections ( 2 - 6  pho- 
tographs). After printing, a montage of  each facial nucleus 
was made (magnification × 400). A detail of  a montage is 
shown in Fig. 1. We photographed two randomly chosen 
areas in the left intact facial nucleus. 

The measurements and statistics have already been 
reported [37]. In short, the motoneuron cell bodies with a 
visible nucleolus were marked. The perineuronal glial cells 
at a distance of  < 1.75 /~m from the membrane surface of  
the marked cell bodies were counted by an observer 
unaware of  the treatment a given rat had received. The 
number of glial cells of  100-200 motoneurons on the 
crushed side and of  20 -50  motoneurons on the control 
side were counted per animal, and the mean numbers of  
the perineuronal glial cells per motoneuron per animal 
were calculated. The one-way analysis of  variance and the 
Student's t-test were used to test the effect of  CNTF 
treatment in comparison to saline treatment on the mean 
numbers of  glial cells per motoneurons on the crushed and 
control sides. 

On the photographs of  day 4, we measured a number of  
morphological parameters on the motoneuron cell bodies 
with a nucleolus. To test whether there was an effect on 
the swelling of  the cell body, we measured the diameter of  
the cell and the area of  the motoneuron cell body. The 
diameter of  the nucleus was also measured. To test whether 
there was an effect on the localization of  the nucleus in the 
cell body, we measured the distances from both opposite 
cell membranes to the nucleolus. All measurements were 

performed using ihe shortest diameter of  the cell body with 
a graphic tableau, a Calcomp 2000, connected to a com- 
puter. The localization of the nucleus was calculated by 
dividing the shortest distance of  the cell membrane to the 
nucleolus by the longest one: 0 < d is tance< 1; 0 = 
eccentric nucleus and 1 = central nucleus. The calculated 
localizations were categorized into two groups: a group 
with an eccentric nucleus: < 0.8 and a group with a 
central nucleus: > 0.8. The cell body areas were also 
measured on days 3 and 5. 

The means + S.E.M. of  the distances and areas were 
calculated per motoneuron per animal. The Student's t-test 
was used to test the effect of  the CNTF treatment in 
comparison to saline treatment on the measured diameters 
and areas. The ×2-test was used to test the CNTF-effect on 
the localization of  the nucleus. 

2.3. Glial and neuronal proteins 

Cryostat sections, 8 or 4 /~m,  from different days after 
nerve crush were incubated at room temperature for 3 X 5 
min with 100% acetone, 3 × 5 rain with phosphate buffered 
saline (PBS) with 0.2% Triton X-100, overnight with 
either mouse anti-C3bi-receptor- (1 : 150, PharMingen, clone 
OX42, an antibody to the complement receptor 3bi present 
on microglial cells) or rabbit anti-GFAP- (1:6400, 
Dakopatts, antibodies to glial fibrillary acidic proteins 
present in astroglials) or mouse anti-synaptophysin (1:80, 
Dakopatts, clone SY38, an antibody to a synaptic vesical 
membrane protein) or rabbit anti-CGRP- (1:8000, antibod- 
ies to calcitonin gene-related peptide present in motoneu- 
rons) or mouse anti-NM4-antibodies (1:1600, a mono- 
clonal mouse anti-rat B-50 /GAP-43  antibody charac- 
terized by Mercken et al. [22], a growth-associated protein) 
to demonstrate the activation of  microglial cells, the as- 
troglial hypertrophy, the synaptic stripping, and the expres- 
sion of  CGRP and B-50 in motoneuron cell bodies, respec- 
tively. Subsequently, the sections were incubated for 1 h 
with either biotinylated horse anti-mouse- or goat anti-rab- 
bit-IgG(H + L) (1:220, Vector Labs) and for 1 h with the 
standard ABC-peroxidase (Vector Labs) or streptavidin 
(1:100, Dakopatts). After the DAB reaction on the ABC 
incubated sections, sections were dehydrated and mounted 
in DePeX. The immunofluorescence sections (CGRP and 
B-50) were mounted in a glycerol-veronal buffered solu- 
tion. Between steps, sections were washed for 3 X 5 min in 
PBS. All antibodies were dissolved in PBS with 0.2% 
bovine serum albumin. 

3. Results 

3.1. The facial nucleus 

All sections contained the facial nucleus of  both the 
control and the crushed side. The number of  glial cells 
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Table 1 

Morphometry on motoneurons in the intact and affected facial nucleus of CNTF- and saline-treated rats 

Day Saline CNTF Saline CNTF 

control side control side crush side crush side 

Cell diameter (/xm) 19.83 + 0.72 18.84 + 0.62 21.24 _+ 0.62 ~ 19.61 _+ 0.44 
Nucleus diameter ( ,am) 11.90 +_ 0.8 10.56 _+ 0.36 13.28 _+ 0.93 ~ 11.25 + 0.27 
Cell body area (/*m 2) 3 530.1 + 25.43 574.6 _+ 24.31 629.5 + 17.31 a 542.9 _+ 12.68 

4 519.5 _+ 20.13 500.8 _+ 20.72 631.1 _+ 25.88 ~ 518.4_+ 9.9 
5 501.2 + 31.86 513.4 _+ 27.72 595.7 _+ 26.78 ~ 521.8 _+ 13.01 

Localization nucleus: 

Eccentric nucleus 42% (56/133) " 48% (81/166) 61% (425/700) ~' 61% (433/712) t' 

Values represent the means + S.E.M. 
* The number of motoneurons with an eccentric nucleus/total number of motoneurons. 

a The cell body area of the lesioned motoneurons of the saline-treated animals was significantly increased compared with the non-lesioned motoneurons of 
the saline-treated animals (day 3: P < 0.02; day 4: P < 0.02; day 5: P < 0.05) and compared with the lesioned motoneurons of the CNTF-treated animals 
(day 3: P < 0.004; day 4: P < 0,003; day 5: P < 0.05). In CNTF-treated animals, the cell body area of the lesioned motoneurons was not increased 

compared with the non-lesioned motoneurons. 
b In both saline- and CNTF-treated animals, the nucleus shifted to an eccentric position in lesioned motoneurons compared with the non-lesioned 

motoneurons of the saline- ( X 2 = 15.1, P < 0.0002) and CNTF-treated rats ( X 2 = 7.5, P < 0.007). 
c There was a tendency to increase the diameter of the cell and the nucleus of the injured motoneurons compared with the non-lesioned motoneurons of the 

saline-treated animals. However, this tendency was not significant. 

opposing the motoneuron cell bodies was clearly increased 
on the crushed sides (Fig. 1B,D; arrows) compared with 
the control sides (Fig. 1A,C). 

The glial cells contained elongated or triangular nuclei 
which stained deeply with haematoxylin; this is typical for 
microglial cells [25]. A mitotic figure of  a microglial cell 
could sometimes be observed (not shown). An elevation in 
the number of  microglial cells was also noticeable in the 
neuropil. Other retrograde changes (i.e. swelling of the cell 
body and nucleus, and decentralization of  the nucleus) of  
the motoneuron cell bodies were not obvious on visual 
inspection of  the photographs. 

3.2. Quantitati~,e measurements o f  motoneuron cell bodies 
~Table 1) 

There were no significant CNTF-effects on the localiza- 
tion of the nucleus, nor on the cell or nucleus diameter of  
the motoneurons compared with those of saline-treated 
animals, on either the crushed or the control sides. It 
appeared that measurements of  the cell body area were 
more sensitive than those of  cell diameter. In the saline- 
treated animals, the cell body area of the lesioned mo- 
toneurons was significantly increased compared with the 

non-lesioned motoneurons on days 3-5 .  In CNTF-treated 
animals, the cell body area of the lesioned motoneurons 
was not increased compared with the non-lesioned mo- 
toneurons. CNTF prevented the swelling of the neuronal 
cell bodies, the effect being more pronounced on days 3 
and 4. In both saline- and CNTF-treated animals, the 
nucleus of  injured motoneurons decentralized after facial 
nerve injury. In saline-treated animals, there was a ten- 
dency to increase the diameter of  the cell and the nucleus 
of  the injured motoneurons compared with intact motoneu- 
t o n s .  

We did not measure the area of the nucleus, because the 
membrane could not always be clearly discriminated from 
the cytoplasm on the photographs. 

3.3. Quantitative measurements on microglial cells 

On the control side there was no difference between the 
saline-treated groups at the different time points. Nor was 
there a significant difference between the CNTF- and 
saline-treated animals at each time point on the control 
side. The mean numbers of  perineuronal glial cells per cell 
body of the saline-treated animals ranged between 0.31 _+ 
0.04 and 0.45 _+ 0.06, and of the CNTF-treated animals 

Fig. 2. lmmunoreactivity of several proteins in the facial nucleus. First column (A,D,G,J,M): control left facial nucleus of saline-treated rats. Second 
column (B,E): control left facial nucleus of CNTF-treated rats and (H,K,N): affected right facial nucleus 2 days after surgery of saline-treated rats. Third 
column (C,F,I,L,O): affected right facial nucleus 5 days after surgery of saline-treated rats. C3bi immunoreactivity increased with time on the crushed side 
(C) compared to the control side (A,B). GFAP immunoreactivity increased with time on the crushed side (F) compared to the control side (D,E). 
Synaptophysin immunoreactivity decreased with time on the crushed side (H,I) compared to the control side (G). CGRP immunoreactivity increased with 
time on the crushed side (K,L) compared to the control side (J) and showed more immunoreactivity on day 2 after surgery (K vs. L). B-50 
immunoreactivity increased with time on the crushed side (N,O) compared to the control side (M). On visual inspection of the sections or slides, we could 
not observe differences in the intensity of the stainings between the CNTF- and saline-treated rats on the crushed side (C,F,H,I,K,L,N,O). On the 
contralateral side, there was a slight increase in C3bi (B vs. A) and GFAP (E vs. D) immunoreactivity, which was more pronounced in the CNTF-treated 
rats compared to the saline-treated rats. Bar, 5(I /.tm. 
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between 0.26 + 0.05 and 0.47 _+ 0.05 (Fig. 3: O vs. 0 ) .  
All values are expressed as mean _+ standard error of mean 
(S.E.M.). 

The saline-treated animals showed a marked increase in 

the number of perineuronal glial cells per motoneuron cell 
body on the crushed side compared with the control side at 
each time point (Fig. 3: z~ vs. O). From days 2 to 3 (Fig. 
3: A, day 2: 0 .81±0 .01 ;  day 3: 1 .69+0.04) ,  a clear 
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significant increase in the number of perineuronal glial 
cells per cell body was observed ( P < 0 . 0 0 0 0 1 ) .  From 
days 3 to 6, there was a tendency to increase but this was 
not significant ( A ,  day 4:1 .65 _+ 0.11; day 5 :1 .69  _+ 0.11; 
day 6 :1 .79  _+ 0.09). 

In the CNTF-treated animals, there was a clear increase 
in the number of perineuronal glial cells per motoneuron 
cell body on the crushed side compared with the control 
side at each time point (Fig. 3: • vs. Q) .  From days 2 to 
3 (Fig. 3: • ,  day 2 :0 .85  _+ 0.04; day 3 :1 .48  _+ 0.06), the 
number of perineuronal glial cells per cell body was 
clearly increased ( P  < 0.001). However, from days 3 to 6, 
only a slight, not significant, tendency to increase was seen 
in the CNTF-treated animals ( • ,  day 4 :1 .58  +_ 0,08; day 
5 :1 .65  + 0.05; day 6 :1 .72  _+ 0.19). 

From days 2-6 ,  there was no significant difference in 
the number of perineuronal glial cells between the saline 
and CNTF treatment groups (ANOVA, F1.35 = 1.9, 0.2 > 
P > 0.1). On day 3, there was a significant reduction in the 
number of perineuronal glial cells in the CNTF-treated 
animals compared with the saline-treated animals on the 
crushed side (Fig. 3, zx vs. • ; P < 0.03; Student's t-test). 
However, the one-way ANOVA, when applied to the 
crushed side on day 3, revealed no differences between the 
two groups. On days 4, 5 and 6, no significant reduction 
was found in the number of perineuronal glial cells per cell 
body when the CNTF- ( • )  and the saline-treated animals 
were compared (/x ). 

3.4. ImmunoreactiviO, o f  glial and neuronal proteins 

Histochemistry demonstrated that the microglial im- 
munoreactivity of the complement receptor C3bi, and the 
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Fig. 4. The gain in body weight of the CNTF-treated rats was approxi- 
mately 7% less than that of saline-treated rats on day 6. 

astroglial immunoreactivity of GFAP increased similarly 
with time in both treatment groups on the crushed side 
where it was highest on days 4 -5 .  The C3bi and GFAP 
immunoreactivity became intense at perineuronal sites on 
the crushed side (Fig. 2C,F vs. A,D). On the contralateral 
side, there was a slight increase in the C3bi and GFAP 
immunoreactivity, which was more pronounced in the 
CNTF-treated rats compared to the saline-treated rats (Fig. 
2A,D vs. B,E). Synaptophysin immunoreactivity decreased 
with time on the crushed side (Fig. 2H,I vs. G), while 
CGRP immunoreactivity increased heterogeneously in the 
motoneurons and was strongest on days 2 - 3  (Fig. 2K vs. 
J,L). B-50 immunoreactivity increased with time in the 
neuronal cytoplasm on the crushed side (Fig. 2N,O vs. 
2M). The neuropil always showed intense B-50 immuno- 
reactivity (Fig. 2M,N,O). Visual inspection of the sections 
or slides did not reveal differences in the intensity of the 
stainings between the treatment groups on the crushed 
side. 
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Fig. 3. On the control side, no statistically significant effect of CNTF 
treatment was present at the time points measured (© vs. Q). On the 
crushed side, the number of perineuronal glial cells per motoneuron cell 
body was markedly increased in the CNTF- ( • )  and saline-treated (~) 
animals at each time point. From day 2, a clear rise in the perineurunal 
glial cells per cell body was noticeable in the CNTF- and saline-treated 
animals. From day 3, the number of perineuronal glial cells increased, 
although not significantly, in both groups. The values are expressed as 
mean number + S.E.M. 

3.5, Metabolic changes 

From day 1 onwards, the CNTF-treated rats ( Q )  showed 
a reduced body weight gain compared with the saline- 
treated rats ( ©)  (Fig. 4; day 0: saline 143.5 + 2.8 g and 
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Fig. 5. The average rectal temperature increased at early time points after 
CNTF-injection and decreased slightly at the time points thereafter. The 
time in minutes after CNTF administration on days 4 and 6 are presented 
on the x-axis. 
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CNTF 141.9+ 3.2 g; day 6: saline 182.9_+0.9 g and 
CNTF 165.3 _+ 2.0 g). 

The average rectal temperature was elevated within a 
few minutes after CNTF (Q)  and saline (O)  administra- 
tion. The elevation was far more pronounced in the 
CNTF-treated animals compared with the saline-treated 
animals (Fig. 5; day 4, before the CNTF injection: saline 
38.3 _+ 0.1°C and CNTF 38.4 _+ 0.2°C; day 4, 15 min after 
CNTF injection: saline 38.7 __ 0.1°C and CNTF 39.2 _+ 
0. I°C; P < 0.01). After an initial increase, the temperature 
recovered to normal values (day 5: saline 37.9 _+ 0.2°C and 
CNTF 37.9_+ 0.3°C; day 6, before the CNTF injection: 
saline 38.3 _+ 0.1°C and CNTF 38.1 _+ 0.1°C). On day 6 
there was again an elevation in the temperature of the 
CNTF-treated animals compared with the saline-treated 
animals. However, the elevation was less pronounced com- 
pared to day 4, because of the limited number of animals 
(n = 3, each group). 

4. Discussion 

Retrograde axonal cell reaction following peripheral 
nerve lesion is an extremely complicated process with 
changes in and around the cell bodies and their branches. It 
includes morphometric changes of cell bodies and cell 
nuclei and of the dendritic arborization, migration of the 
nuclei to an eccentric position, dispersion of Nissl sub- 
stance, increase of the RNA content of the nucleus, in- 
crease of expression of some proteins and decrease of 
others [18,19,26,29]. Retrograde axonal cell reaction dif- 
fers in different species, and according to the age of the 
animals and the distance of the peripheral nerve lesion 
from the cell bodies. The changes develop within days and 
disappear within weeks or months. The present investiga- 
tion was concerned predominantly with some of the early 
changes which were quantifiable by simple histological 
methods. The examination of protein metabolism had the 
characteristics of a pilot investigation. 

It is reputed that rat lower motoneuron cell bodies do 
not react to a nerve lesion with volumetric changes [10]. 
Friede and Johnstone [10] quantified the size of the cell 
bodies, the nucleus and the nucleolus in rats following 
sciatic nerve transection. These authors found no cytologi- 
cal differences between the neurons affected by section of 
the nerve and neurons on the contralateral side. However, 
these authors did not describe how they measured the size 
of the motoneuron cell bodies in rats. 

The present study shows, however, that the view of 
absence of volumetric changes in motoneuron cell bodies 
after nerve lesion cannot be maintained. We measured 
changes in the motoneuron cell body areas at early time 
points after nerve crush. As in other species, there is 
swelling of cell bodies but it is slight and can only be 
demonstrated by careful measuring of the cell body areas. 
The swelling is held to be due to an increase in water 

content of the cell body which in turn is the result of 
enhanced osmolarity caused by abnormal influx of sodium 
chloride. The swelling of the cell bodies, as demonstrated 
in saline-treated rats, was entirely prevented by CNTF, at 
least on days 3, 4, and 5 after nerve lesion. This would 
suggest a direct or indirect effect of CNTF on the mo- 
toneuron cell membrane. The CNTF effect did not appear 
to be restricted to swollen cells. There was a small non- 
significant but consistent tendency to decrease the diame- 
ters of the motoneuron cell bodies and their nuclei in all 
the CNTF-treated groups not only at the crushed side but 
also at the control side. 

Migration of the cell nucleus towards a more eccentric 
position also occurs in rats, as shown in the present study, 
though only to a minor degree and only demonstrable by 
quantification. The reason for this shift in position is still 
unknown but it is not likely to be related to the water 
content of the cell bodies or the transport of ions across the 
cell membrane and it is in fact not influenced by CNTF. 
This indicates that CNTF does not influence the whole 
programme of the retrograde axonal reaction but only one 
or perhaps several aspects. 

Facial nerve lesion induces activation and proliferation 
of microglial cells around the motoneuron cell bodies. 
Some of these cells migrate towards the motoneuron cell 
bodies and obtain a perineuronal position [3,17]. Pseu- 
dopods of the perineuronal and peridendritic microglial 
cells intrude into the synaptic clefts and push aside the 
morphologically intact synaptic nerve terminals. The in- 
crease in number of perineuronal microglial cells is easily 
and reliably quantifiable as we demonstrated in another 
study in which we discovered that Org2766, a synthetic 
analogue of ACTH(4-9), (HMet(O2)-Glu-His-Phe-D-Lys- 
Phe-OH), reduced the perineuronal microglial reaction fol- 
lowing facial nerve lesion [37]. CNTF does not have this 
effect, at least not when administered subcutaneously and 
in the dose used. In our experiment, the number of per- 
ineuronal microglial nuclei increased rapidly following 
facial nerve lesion; the increase was similar in saline- and 
CNTF-treated animals. This confirms that CNTF does not 
influence the whole complex of the retrograde axonal 
reaction but just one or several specific aspects. 

The immunohistochemical investigations revealed a 
strong increase in the reaction of the complement receptor 
C3bi on microglial cells and of GFAP in astroglial cells at 
the crushed side. There was also a weak increase in the 
staining of these two proteins at the contralateral side. It is 
reasonable to assume that the signal for the glial reactions 
comes from the motoneuron cell bodies. It is to be con- 
cluded, therefore, that the retrograde reactions of a periph- 
eral nerve lesion are not confined to the cell bodies at the 
lesioned side but extend toward the motoneurons at the 
contralateral side. Similar observations have been reported 
previously by other authors. The immunohistochemical 
reactions for C3bi and GFAP appeared to be slightly 
stronger in CNTF-treated animals. This assessment re- 
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quires conf i rmat ion  with other  methods  in a subsequent  

exper iment .  The  increase in immunoh i s tochemica l  staining 

of  C G R P  deve loped  more  rapidly (already strong at day 2 

after nerve  lesion) than that o f  the growth associated 

protein G A P 4 3 / B - 5 0 .  Staining for these two proteins at 

the contralateral  side did not  change and no effect  of  

C N T F  treatment  was observed.  

CNTF- t r ea t ed  animals  showed  a reduced body weigh t  

gain in conf i rmat ion  o f  our  previous  study [36]. This  is 

readily expla inable  by hypophagia .  Recent ly ,  reduced body 

weight  was also observed  in humans  suffering f rom amy- 

otrophic lateral sclerosis and treated with a lower  dose of  

C N T F  (30 / x g / k g ,  three t imes a week)  [1]. W e  measured  a 

more  p ronounced  increase in body temperature  in the 

CNTF- t rea t ed  animals  compared  to the sal ine-treated ani- 

mals,  h o w e v e r  this aspect  deserves  further research. 

It may  be conc luded  f rom the present  results that C N T F  

- when adminis tered  subcutaneously  - has only a small  

effect  on some (not all) aspects o f  the re t rograde axonal  

react ion fo l lowing  peripheral  nerve lesion in young  adult 

animals.  The  di f ference be tween  this and the strong effect  

in neonatal  animals  is striking and deserves  explanat ion.  A 

plausible  explanat ion would  be that C N T F  reaches the 

motoneuron  pool  only by way  of  retrograde axonal  trans- 

port; local adminis t ra t ion at the proximal  nerve stump 

might  facil i tate this transport  of  CNTF.  Human  C N T F  is a 

22 ki lodal ton polypept ide  composed  of  200 amino  acids 

and proteins of  this size are not  l ikely to pass the blood-  

brain barrier  easily. Sys temic  inject ion of  radioact ive  C N T F  

does not show an opt imal  avai labi l i ty  to motoneurons .  

Only  a very small  amount  o f  radioact ivi ty  could  be de- 

tected in the brain t issue [9] and it is unknown whether  this 

radioact ivi ty  presents  C N T F  or degradat ion products.  Re-  

search should be pe r fo rmed  to f ind a better  means  o f  drug 

adminis t ra t ion and to increase the avai labi l i ty for motoneu-  

rons. 
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