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Antiserum to nerve growth factor does not prevent the increase of brain 
stem noradrenaline after neonatal 6-hydroxydopa 
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Antiserum to nerve growth factor (anti-NGF) given intraventricularly to newborn rats system- 
ically injected with 6-hydroxydopa (6-OH-DOPA), did not prevent the long-term increase of brain 
stem noradrenaline produced by 6-OH-DOPA when given alone. Since the anti-NGF was biologic- 
ally active and penetrated into the brain parenchyma, the role played by NGF in the outgrowth of 
central noradrenergic neurons, responsible for the elevation of brain stem noradrenaline, does not 
seem to be important. 

The perinatal injection of the neurotoxic compound 6-hydroxydopamine (6- 
OHDA)  or its precursor amino acid 6-hydroxydopa (6-OH-DOPA) to rodents, 
markedly alters the development of  their central noradrenergic neurons. These long- 
term changes are characterized by the reduction of noradrenaline (NA) levels in the 
forebrain accompanied by a striking increase of  endogenous NA in the brain stem and 
the cerebellum (for references see refs. 1, 7, 10, 11, 16 and 19). 

Little is known about  the mechanisms responsible for this peculiar response of 
developing neurons to the neurotoxic compounds. While the decrease of NA in the 
forebrain most probably results from the denervation of this region, its increase in the 
brain stem and in the cerebellum seems to reflect neuronal outgrowth in the proximity 
of  the cell bodies of  lesioned neurons localized in the locus coeruleus 1,16. The nature of  

the events that trigger this outgrowth is unknown 19. Since this response is observed only 
during a very limited period of the early ontogenesis 7, the activity of  some factor(s) 
participating in the normal maturation process should be considered. An obvious 
candidate for this role is nerve growth factor (NGF). This protein is critically involved 
in the ontogenetic growth and differentiation of peripheral sympathetic nerve cells 1~. 
However, in spite of  extensive investigation, its effects on central noradrenergic 
neurons have not been substantiated (for reviews see refs 3, 4 and 6). Since it has been 
suggested that N G F  may participate in the regeneration of lesioned central 
neurons3,4,18, we studied its possible involvement in the outgrowth of  noradrenergic 
fibers that occur in the brain stem of  rats treated at birth with 6-OH-DOPA. For  this 
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we injected intraventricularly an antiserum directed against the N G F  (anti-NGF): ' ,  TM 

to block its biological activity in rats that  were simultaneously given 6 - O H - D O P A  

systemically. Although a similar approach has already been used 9, we analyzed not 

only the long-term effects o f  these treatments on the noradrenergic innervation o f  

several brain regions but also the penetration o f  an t i -NGF into brain tissue by 

immunofluorescence. 

Newborn  Wistar rats of  both sexes were separated into 4 groups receiving 

different treatments starting within 12 h after birth: controls;  6 - O H - D O P A ;  anti- 

N G F ;  and 6 - O H - D O P A  plus ant i -NGF.  6 - O H - D O P A  (t-2,4,5-trihydroxyphenyl- 

alanine, F. Hoffmann La Roche,  Basel, Switzerland) was dissolved in 0.001 N HC1 and 

50 ffg/g body weight were injected subcutaneously in a volume of  0.01 ml/g; controls 

received the diluent. The injections were repeated on alternate days, i.e. days 3, 5 and 

7. Antiserum to nerve growth factor (ant i -NGF) (Wellcome Research Laboratories,  

Beckenham, England, batch 8849) obtained in horse against the fl-subunit o f  7S N G F  
purified from mouse submaxillary glands 5, was injected into the lateral ventricle in a 

volume of  5 ffl. The injection was repeated on alternate days, i.e. days 3, 5 and 7. 

Animals receiving normal  horse serum served as controls. Normal  or immune serum 

was given 30-45 min before the systemic injection o f  6 - O H - D O P A  or o f  its diluent. 

Treated and control rats were killed by decapitation at 50-70 days o f  age. The brain 

was removed, the cerebellum was dissected and the brain stem was separated from the 

tele-diencephalon (by a coronal  section between the anterior colliculi and the 

mamillary bodies) and from the spinal cord (by a cut at the level o f  the caudal margin 

o f  the cerebellum). The concentrat ion of  NA in the brain stem, the tele-diencephalon, 

the cerebellum and the spinal cord was fluorometrically determined 19. 

Fig. 1 shows the content o f  N A  in different brain regions of  adult rats treated at 
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Fig. 1. Modifications in the content of endogenous NA of the brain stem, tele-diencephalon, cereb- 
ellum and spinal cord of 50-70-day-old rats that received either 6-OH-DOPA (4 × 50 ffg/g on alter- 
nate days starting at birth) or anti-NGF (AS-NGF) (4 × 5 ffl intraventricularly on alternate days 
starting at birth) or a combination of both treatments, the anti-NGF injection preceding that of 6-OH- 
DOPA by 30-45 rain (AS ÷ 6-OH-DOPA). Results are expressed as percentages of untreated control 
values that were (ng NA/g wt.): brain stem 625 ± 37; tele-diencephalon 261 ± 12; cerebellum 242 L 
17 ; spinal cord 312 ± 24. Each value represents the mean ± S.E. of 4-5 groups of 5-7 rats each. * P 
< 0.05; *** P < 0.001 when compared with control values. 
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birth. 6-OH-DOPA alone produced a marked elevation of brain stem NA accompa- 
nied by a profound depletion of the amine in the tele-diencephalon and the spinal 
cord. Cerebellar NA was slightly depleted, an effect explained by the multiple 
injections given during the first week of life because cerebellar NA increases only when 
6-OH-DOPA is injected before 3 days of age 7,11. In turn, the intraventricular injection 
of anti-NGF did not modify the normal development of central noradrenergic neurons 
as shown by the normal NA levels in all regions studied. Moreover, the administration 
of anti-NGF preceding the systemic injections of 6-OH-DOPA did not modify the 
response of noradrenergic neurons to the neurotoxic compound, i.e. neither prevented 
the elevation of brain stem NA nor exaggerated NA depletion from the tele- 
diencephalon, cerebellum or spinal cord. 

The ineffectiveness of anti-NGF could be due to its lack of biological activity. To 
rule out this possibility, anti-NGF from the same batch was injected subcutaneously at 
birth to newborn rats (0.1 ml at days 1, 2 and 3; 0.2 ml at day 4; and 0.3 ml at day 5) 
and to mice of the Balb/c strain (0.005 ml/g on days 1-5). Controls received the same 
volume of normal horse serum. At 90-120 days of age, the concentration of NA was 
determined in several peripheral organs to assess the degree of immunosympathec- 
tomy achieved. In rats, heart NA levels were significantly decreased by 51 ~,  salivary 
gland NA by 53 ~ and spleen NA by 85 %. In mice, NA depletion was more profound 
than in rats18: 85% in the heart, 61 ~ in the salivary glands and 93 ~ in the spleen. 

Another possible explanation for the lack of effect of intraventricular anti-NGF 
could be its failure to penetrate into the brain parenchyma after the intraventricular 
injection. Previous studies have demonstrated that anti-NGF does not readily enter 
the brain of adult rats after intraventricular injection ~s. To analyze the extent of anti- 
NGF penetration into the brain of newborn rats, 5 #1 of anti-NGF were injected into 
the lateral ventricle after birth. After varying times (30-120 min), the pups were 
perfused transcardially with buffered formaldehyde. To demonstrate the presence of 
horse serum, cryostat coronal sections at different levels of the brain were reacted with 
the fluorescein-isothiocyanate (FITC) conjugated IgG fraction of goat anti-horse 
serum (Cappel Labs., Downington, Pa.) at room temperature for 30 min using 
different dilutions of the fluorescein conjugate (I :25-1:100). Controls were made by 
performing the complete immunohistochemical procedure on sections obtained from 
the brains of rats that received 5 #1 of saline instead of anti-NGF. As seen in Fig. 2, 35 
min after the injection of anti-NGF, an intense fluorescence was present in different 
brain structures where the cell bodies appeared as negative images in a brightly 
fluorescent background corresponding to the serum distributed in the neuropil. The 
anti-NGF had flowed from different segments of the ventricular system such as the 
aqueduct in the midbrain and the lateral ventricles and distributed in the surrounding 
parenchyma. The serum also vacated the third ventricle at its dorsal apex or its medial 
portion. In these as well as in other regions of the ventricular lining, some ependymal 
cells were completely stained by the fluorescent material. This gave a Golgi-like image 
of the cells, some having processes extending into the brain parenchyma. These images 
could reflect the participation of ependymal cells in the transport of anti-NGF from 
the ventricular lumen into the brain s or alternatively, the presence of endogenous 
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N G F  2. The ant i -NGF could be detected in the brain at all times studied (30-120 min) 
and although its concentration appeared to be greater around 30 min after injection, 
the diffusion of the fluorescence clearly increased with time. Essentially similar 
observations were made in newborn rats killed at different time intervals after 
receiving a direct intraventricular injection of 5 #1 of  a FITC-conjugated horse anti- 

human globulin serum (not illustrated). 
Although peripheral and central noradrenergic neurons share several morpho-  

logical, biochemical, physiological and pharmacological characteristics, they seem to 

respond differently to NGF.  While N G F  has a key role in the normal growth and 
differentiation of peripheral sympathetic neurons 14, a similar influence on central 
noradrenergic neurons has not been demonstrated until now, in spite of  several 
attempts made to identify such a role both in vivo 4,6 and in tissue culture 15,17. Since it 
has been suggested that 'the sensitivity of  central noradrenergic neurons to N G F  is 
revealed only after axotomy '3, the model provided by the sprouting of noradrenergic 

neurons after the neonatal administration of  6-OH-DOPA that produces a chemical 
axotomy, seemed appropriate to study the possible involvement of  N G F  in this 
phenomenon. In accordance with the observations made by Konkol et alp using 6- 
OH-DA, we have failed to demonstrate any effect of  ant i -NGF on the normal 
development of  central noradrenergic neurons as well as on their response to the 
chemical injury. Our results indicate that the ant i -NGF used was biologically active, as 
shown by the immunosympathectomy that its injection produced, both in rats and 
mice. Moreover, the ant i -NGF given intraventricularly at birth, unlike what happens 
when injected into adult rats, rapidly penetrates into the brain. This discrepancy could 
be explained by developmental differences in the permeability of  the ventricular lining 
or by the achievement of  higher concentrations of  an t i -NGF in a smaller brain. 

Thus, the results add to the increasing negative evidence for a role of  N G F  
both during the normal development of  central noradrenergic neurons and in 
mediating their response to chemical injuriesS,7,9, ~6. It  is however very difficult to 

establish if, in the present conditions, the ant i -NGF was present at the right time in the 
right place to block the biological effects of  N G F  since nothing is known about either 
the time or the actions (if any) of  the protein in the outgrowth of central noradrenergic 
neurons. A recent report showing that N G F  given after neonatal 6-OH-DA has a 
protective effect on locus coeruleus neurons 12, maintains open the debate on the 
significance of N G F  in the response of developing central neurons to chemical injury. 

Fig. 2. Fluorescence photomicrographs of different brain regions of newborn rats injected with 5/tl of 
either anti-NGF horse serum or saline intraventricularly at birth and processed for the immunohisto- 
chemical demonstration of horse serum by incubation with FITC conjugated IgG fraction of goat 
anti-horse serum. For comparison, the same region is shown in serum treated rats (on the left) and in 
saline injected controls (on the right): septal area, A and B; hippocampus, C and D; aqueduct in the 
midbrain, E and F; lateral ventricular wall, G and H. These photographs were obtained 35 min after 
injection. Fluorescence is also seen distributed around different portions of the third ventricle such as 
its dorsal apex in I and its medial portion in J, where the passage of fluorescent material into the 
parenchyma is observed 45 min after injection. Some intensely stained cells bodies (note the negative 
image of the nucleus) are seen in the ependymal lining of the third ventricle, sending thin processes to 
the underlying parenchyma (J). Similar exposure and printing times were used in photographing 
material from both treated and control rats. Bars = 100/~m (A-F); 50/~m (G-J). 
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