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Abstract 

Conditioned medium prepared from slices of the rat hip- 
pocampal formation contains an agent that shares the follow- 
ing properties with nerve growth factor (NGF): (7) it promotes 
neurite growth from embryonic sympathetic ganglia in vitro; 
and (2) it is inhibited by affinity-purified antibody against 
mouse submaxillary gland 2.5 S NGF. The NGF-like growth- 
promoting activity is regionally distributed within the hippo- 
campal formation: the activity is consistently higher in the 
dentate gyrusCA3 region than in the CA1 region. Further- 
more, the level of activity is significantly increased within 1 
week after a medial septal lesion, and, in the dentate-CA3 
region, the increased level of activity is maintained for at 
least 4 weeks after the lesion. Control lesions that fail to 
interrupt the septohippocampal innervation, but cause 
equally extensive damage to nearby regions of the central 
nervous system, do not cause increased levels of activity in 
the hippocampal formation. These results provide substantial 
evidence linking the NGF-like agent in hippocampal condi- 
tioned medium to the sprouting of sympathetic axons into 
the dentate gyrusCA3 region of the hippocampal formation 
after a medial septal lesion in viva. 

Neuronal development and the neuronal rearrangements that 
follow injury to the adult nervous system both involve new neurite 
growth. Several lines of evidence implicate a number of different 
neuronal growth factors in the regulation of neurite growth during 
development (Berg, 1984; Collins, 1984a). Much less evidence is 
available regarding the role of the same or analogous factors in 
neuronal growth following injury to the adult nervous system. The 
sprouting of sympathetic fibers into the hippocampal formation 
following damage to the septal innervation in adult rats is a useful 
model for studying the factors that regulate neuronal rearrangements 
following injury (Crutcher and Davis, 1981). The sympathetic in- 
growth is localized to very specific regions within the hippocampal 
formation, suggesting that the response to injury in this instance is 
precisely controlled. A number of studies of this system have 
suggested that sympathetic fibers may be induced to grow, and are 
directed in their growth, by a neuronal growth factor emanating from 
the specific regions of the hippocampal formation in which the 
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sympathetic fibers become localized, the dentate gyrus and CA3 
regions. This putative hippocampal growth factor has been com- 
pared to nerve growth factor (NGF), based on its ability to induce 
and direct the growth of sympathetic axons (Crutcher et al., 1979, 
1981). A key corollary of this hypothesis is that damage to the septal 
innervation of the hippocampal formation should result in sufficiently 
increased levels of this growth factor to induce sympathetic ingrowth. 

We reported previously that hippocampal homogenates contained 
an agent with biological and antigenic similarities to mouse submax 
illary gland NGF (Crutcher and Collins, 1982). The present experi- 
ments confirm these results, using hippocampal conditioned medium 
instead of homogenates, an assay system based on undissociated 
sympathetic ganglia instead of dissociated neurons, and affinity- 
purified anti-NGF antibody instead of unfractionated antiserum. How- 
ever, the more immediate purpose of the present experiments was 
to determine whether a medial septal lesion, known to damage the 
septohippocampal innervation, would result in a sustained increase 
in NGF-like activity within those regions of the hippocampal formation 
that receive the sympathetic ingrowth after a medial septal lesion in 
viva. 

Materials and Methods 

Culture conditions. Culture medium consisted of Ham’s F12 supple- 
mented with 5% heat-inactivated horse serum. Cultures were incubated at 
37°C and 98% humidity with sufficient COn to maintain the pH between 7.2 
and 7.4. All dissections and culture manipulations were performed in a 
laminar flow hood. 

Hippocampal conditioned medium. Adult female albino rats were used. 
Animals were decapitated and the brain was removed. The hippocampal 
formation was dissected from the brain bilaterally and placed with the alveus 
facing down on the stage of a dissecting microscope in a dish containing 
culture medium. The septal (left hippocampal formation) or temporal (right 
hippocampal formation) pole was fastened in place with a dissecting pin and 
transverse slices, 1 to 2 mm in thickness, were cut with iridectomy knives 
beginning at the pole opposite the ptn. The orientation of the hippocampal 
formation allowed for slices to be made from the medial to lateral direction, 
ending at the fimbrial side. This minimized the distortion of the tissue during 
slicing. A total of 8 or 9 slices were obtained from each hippocampal 
formation (16 to 18 per animal). After trimming away excess fimbrial or 
subicular tissue, each slice was dissected into CA1 and dentate-CA3 por- 
tions. The division between CA1 and the dentate was made along the 
hippocampal fissure, and thus plane was extended to bisect the transition 
zone (CA2) between CA1 and CA3. Each slice was transferred to a 6.4.mm 
tissue culture microwell containing 0.15 ml of culture medium. After 48 hr 
incubation, all of the media containing the CA1 slices of one animal were 
pooled (about 2.5 ml total), as were the media containing the dentate-CA3 
slices. Conditioned media were centrifuged at 15,000 x g for 15 min. The 
supernatants were collected and assayed immediately. After removal of the 
medium, hippocampal slices were air dried and weighed. Occasionally, 
individual slices were fixed in 4% paraformaldehyde, dehydrated, and embed- 
ded in paraffin for histological analysis to determine the accuracy of the 
dissection. Histological analysis revealed that, although there were some 
CA1 slices that included small portions of CA3 and the subiculum, the 
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drssection produced a consistent separatron of slices containing granule 
cells and their axons (i.e., dentateCA3) and slices without granule cells (i.e., 
CAl). 

Other conditioned media and tissue extracts. Heart cell conditioned 
medium was prepared from confluent monolayer cultures of embryonic day 
10 (ElO) chick embryo heart cells, as previously described (Collins, 1978a). 
Parietal yolk sac conditioned medium (PYSCM) was prepared from confluent 
monolayers of a mouse panetal yolk sac endoderm cell line (Lehman et al., 
1974) as previously described (Collins, 1984b). Extract of chick embryo 
(E16) eye tissues was prepared as described by Adler et al. (1979). 

Assay of neurite-stimulating activity. Plastic 35mm tissue culture dishes 
were pretreated wrth polyornithrne and PYSCM (see above) in order to 
prepare the culture substratum for neurite growth (Collins, 197813, 198413). 
Each hippocampal conditioned medium was assayed in two duplicate dishes, 
wrth each dash receiving 1.5 ml of medium consisting of equal parts hippo- 
campal conditioned medium and unconditioned medium. The lumbar sym- 
pathetic chain was dissected from E9 White Leghorn chick embryos, freed 
of surrounding tissues, and cut into approximately 1 -mm pieces. Eight to 10 
preces of sympathetic chain were added to each dish. After 48 hr incubation, 
dishes were placed on the stage of a phase contrast microscope to measure 
neurite growth. One edge of an eyepiece grid reticle was visually aligned 
with the edge of each ganglionic explant at four orthogonally directed sites 
around the explant. The number of neurites crossing the other side of the 
reticle, 400 pm from the explant, was counted and averaged over the four 
locations for each explant. The value so obtained for each of the 10 explants 
was averaged for each culture to obtain the neurite index (for details, see 
Collins, 1984b). The neurite index for each conditioned medium was then 
divided by the average dry weight (in milligrams) per slice of tissue used to 
prepare the conditioned medium, in order to obtain the specific activity 
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figure 1. Effect of septal lesion and of antibodies against 2.5 S NGF on the stimulation of sympathetic neurite growth by hippocampal conditioned 

medium. The hippocampal formation was removed bilaterally from rats that either had received a septal lesion 1 week earlier (*) or were unlesioned controls. 
Separate conditioned media were prepared from slices of the CA1 and of the dentate-CA3 (DEN) regions of each animal. Pieces of chick embryo sympathetic 
chain were cultured in these conditioned media for 2 days, at which time the extent of neurite growth (NEURITE INDEX) was measured. The neurite index 
represents a specific activity since it has been corrected for the dry weight of hippocampal tissue used to prepare the conditioned medium, as described 
under “Materials and Methods.” The left bar of each pair of bars represents the mean value of the neurite index +- the standard deviation for at least 11 such 
experiments. In 3 experiments of this series, an aliquot of each conditioned medium was also exposed to 5 pg/ml of affinity-purified anti-NGF before addition 
to the sympathetic chain cultures. The mean neurite index -C the standard deviation for the anti-NGF-treated conditioned medium IS shown as the right bar 
of each pair. In all of these experiments the neurite index of sympathetic chain cultures incubated in unconditioned medium was 0. The statistical significance 
of the results was as follows: (7) the difference between conditioned medium treated with antibody and without was highly statistically significant (p < 
0.001, except for unlesioned CA1 , where p < 0.01); and (2) the difference between conditioned medium from lesioned and unlesroned anrmals was also 
highly significant (p < 0.001). 

neurite index plotted under “Results.” The statistical signrficance of the 
drfference in neurite index for different experimental treatments was deter- 
mined using the Mann-Whitney U test. Except as noted, all of the results 
reported here were obtained using aliquots of the same batch of PYSCM to 
pretreat the culture substratum. When other batches, or different dilutions of 
the same batch, were used, results similar to those reported here were 
consistently obtained (see Table I), but the absolute values of the neurite 
index were different. 

Lesions. Electrolytic lesions were placed in the septal area or bilaterally in 
the cortex overlying the hippocampal formation. The lesion site was located 
stereotaxically and 3 mA of direct current were delivered for 15 set, as 
previously described (Crutcher et al., 1981). When animals were later sacri- 
ficed, the appropriate area of the brain was frozen and sectioned to determine 
microscopically the size and location of the lesion. 

NGF and anti-NGF antibody. Affinity-purified anti-mouse submaxillary 
gland 2.5 S NGF, obtained from Laref, SA (Cadempino-TI, Switzerland), was 
used at a final concentration of 5 pg/ml. Antrbody was added to the medium 
for 30 min before addition of sympathetic chain pieces, Purified mouse 
submaxillary gland fl-NGF was purchased from The Research Foundation of 
the State University of New York (Albany, NY). 

Results 

Culture medium conditioned by exposure for 48 hr to tissue slices 
from the rat hippocampal formation dramatically increased the extent 
of neurite growth from ganglia of the chick embryo sympathetic 
chain in vitro (Fig. 1). In unconditioned culture medium the extent of 
sympathetic neurite growth (neurite index) was below the minimum 
level of the assay. 
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The effectiveness of hippocampal conditioned medium in stimu- 
lating sympathetic neurite growth depended both upon the region 
of the hippocampal formation used to condition the medium and 
upon whether or not the animal had received a prior medial septal 
lesion. Conditioned medium from the dentate-CA3 region stimulated 
sympathetic neurite growth at least 2-fold more than did conditioned 
medium from the CA1 region (Fig. 1). The effectiveness of condi- 
tioned medium from both regions was increased an additional 1.5 
to 2-fold by medial septal lesion 1 week before the preparation of 
hippocampal conditioned medium (Fig. 1, asterisks). 

When the survival period following the medial septal lesion was 
increased to 4 weeks, the neurite-stimulating activity in dentate-CA3 
conditioned medium remained at approximately the same elevated 
level as at 1 week after the lesion (Fig. 2). In contrast, the activity in 
CA1 conditioned medium, prepared 4 weeks after a septal lesion, 
had decreased to about the level of the unlesioned controls (Fig. 2). 
These results indicate that after a medial septal lesion, (7) the 
neurite-stimulating activity is significantly increased in both dentate- 
CA3 and CA1 within 1 week, (2) the increased activity after the 
lesion is maintained for at least 4 weeks in dentate-CA3 but not 
CAl, and (3) the absolute level of activity is significantly higher in 
dentate-CA3 than in CA1 

The lesion data described above were from animals that had 
sustained a medial septal lesion comparable to those which have 
previously been shown to elicit sympathetic sprouting into the 
hippocampal formation in vivo (Stenevi and Bjorklund, 1978; 
Crutcher et al., 1979, 1981). In additional experiments, two types of 
control lesion were given in order to test the hypothesis that the 

increase in neurite-promoting activity after medial septal lesion was 
related to denervation of the hippocampal formation and not to 
nonspecific effects of tissue damage in nearby regions of the CNS. 
One type of control lesion caused approximately the same tissue 
damage as the medial septal lesion but was applied immediately 
caudal to the normal location of a medial septai lesion, in a position 
unlikely to have damaged the septohippocampal innervation. The 
second type of lesion was applied much closer to the hippocampal 
formation, in the overlying cerebral cortex. This lesion was applied 
bilaterally so that the amount of tissue damage was approximately 
twice that resulting from a medial septal lesion, but the septohippo- 
campal pathway was left intact. Both of these types of control lesion 
failed to cause a significant increase above intact controls in the 
levels of neurite-promoting activity in hippocampal conditioned me- 
dium from either the dentate-CA3 or CA1 regions (Table I). The 
control lesion experiments were done under conditions identical to 
those in which a medial septal lesion invariably caused elevated 
levels of neurite-promoting activity (Fig. 1). When animals that had 
received a medial septal lesion were included in these experiments 
as positive controls, they exhibited the typical increase in activity 
above the levels in intact animals (Table I). 

The stimulation of neurite growth by hippocampal conditioned 
medium was significantly reduced by prior exposure of the medium 
to affinity-purified antibody against mouse submaxillary gland 2.5 S 
NGF (Fig. 1). Since the amount of activity remaining in the presence 
of anti-NGF was approximately the same for both hippocampal 
regions, with and without prior medial septal lesion (Fig. 1) the 
actual percentage of inhibition depended on the starting activity. For 
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Figure 2. Effect of time after lesion on the stimulatron of sympathetic neurite growth by CA1 and dentate conditioned medium. Conditioned media were 
prepared from the CA1 and from the dentate-CA3 (DEN) regions of the hippocampal formatron of rats that had received a septal lesion I, 2, or 4 weeks 
earlier. The extent of neurite growth (MURITE INDEX) in these various conditioned media was measured and corrected for the dry weight of hippocampal 
tissue as descrrbed in the legend to Figure 1. Each bar represents the mean neurite index + the standard deviation. The 7 week data are the same as those 
plotted in Figure 1, whereas the 2 and 4 week data are each from two additional experiments. There is no statistical significance between the 7, 2 and 4 
week values for the dentate-CA3 region of lesioned animals (p > 0.25). For the CA1 region, the difference between the values at 1 or 2 weeks and the 
values at 4 weeks is highly significant (p < 0.001). 
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TABLE I 
Effect of control lesions on the stimulation of sympathetic neurite growth 

by hippocampal conditioned medium 
Conditioned medium was prepared from the CA1 and dentate-CA3 (DEN) 

regions of hippocampal formations taken from rats that either had received 
no septal lesion, a medial septal lesion, or a control lesion consisting either 
of a caudal septal lesion or a bilateral cortical lesion, both of which failed to 
denervate the hippocampus. Animals were sacrificed 1 week after lesion. 
The extent of sympathetic neurite growth (Neurite Index) in these conditioned 
media was measured as described in the legend to Figure 1. The data in the 
top half of the table are from the same series of experiments reported in 
Figures 1 and 2. The data in the bottom half are from other experiments 
using a different pretreatment of the culture substratum, which resulted in 
different absolute values of the neurite index but the same relative increases 
after medial septal lesion (see “Materials and Methods”). 

Hippocampal Regron 

CA1 
CA1 
DEN 
DEN 

CA1 
CA1 
CA1 
DEN 
DEN 
DEN 

Lesion Neurite Index 

None 7.2 

Caudal 7.8 

None 18.0 
Caudal 17.9 

None 2.3 

Cortical 3.2 
Medial septal 6.0 

None 8.4 
Cortical 8.7 

Medial septal 17.0 

the particular case of conditioned medium from the dentate-CA3 
region of animals that had received a medial septal lesion, anti-NGF 
caused more than an 80% inhibition of the neurite index (Fig. 1). 

The following experiments were performed to control for a possible 
nonspecific inhibitory effect of the anti-NGF antibody. In place of 
hippocampal conditioned medium, sympathetic chain neurite growth 
was stimulated by a number of conditioned media and tissue 
extracts the effectiveness of which is not due to the presence of 
NGF (Helfand et al., 1978; Collins and Dawson, 1983; Collins, 
198413). The anti-NGF antibody failed to inhibit significantly the 
stimulation of neurite growth by these conditioned media and tissue 
extracts, as shown in Figure 3. Also shown in Figure 3 is the fact 
that the anti-NGF antibody completely inhibited the stimulation of 
sympathetic neurite growth by mouse submaxillary gland P-NGF. 
Together these results suggest that the affinity-purified anti-NGF 
antibody antagonized an NGF-like component in the hippocampal 
conditioned media, rather than directly inhibiting neurite growth. 

Discussion 

A series of in viva experiments has demonstrated that a specific 
denervation of the hippocampal formation causes the ingrowth of 
sympathetic axons. Loss of the septal cholinergic innervation to the 
hippocampal formation, resulting from a medial septal lesion, or 
fimbrial transection, causes sympathetic axons associated with 
nearby blood vessels to sprout and grow into the dentate-CA3 
region of the hippocampal formation (Loy and Moore, 1977; Stenevi 
and Bjorklund, 1978; Crutcher et al., 1979, 1981; Loy et al., 1980). 
The restricted distribution of sympathetic fibers to dentate-CA3 
appears to correlate with the distribution of dentate granule cells 
and their axons, the mossy fibers (Crutcher and Davis, 1982). There 
is little, if any, sympathetic ingrowth into the CA1 region of the 
hippocampal formation, an area that receives a sparse septal cholin- 
ergic innervation and lacks mossy fibers. Sympathetic axons invade 
the dentate-CA3 region in essentially the same way that they would 
invade a region of the CNS that had received a local injection of 
NGF (Levi-Montalcini et al., 1978). These observations led to the 
proposal that the dentate-CA3 region of the hippocampal formation 
contains an endogenous NGF-like agent, the local concentration of 
which is down regulated by the septal fibers. Destruction of these 

fibers would result in a sufficiently elevated concentration to induce 
sympathetic sprouting (Crutcher et al., 1979). This hypothesis 
caused us to examine the hippocampal formation for the presence 
of such an NGF-like agent: one in which the growth-promoting 
effects on sympathetic neurons, regional distribution within the 
hippocampal formation, and elevation after a medial septal lesion 
corresponded to the pattern predicted from the in vivo experiments. 
We believe that the present results, together with previous obser- 
vations (Crutcher and Collins, 1982) provide evidence for the exist- 
ence of such a factor. 

The present results, along with those obtained earlier, indicate 
that the hippocampal formation contains an agent that resembles 
NGF in two ways. The first similarity is the ability to stimulate neurite 
growth from embryonic sympathetic nerve cells in both undisso- 
ciated ganglia (Figs. 1 and 2, Table I) and dissociated neuronal 
cultures (Crutcher and Collins, 1982). The second similarity is inhi- 
bition of the activity by affinity-purified antibody against mouse 
submaxillary gland 2.5 S NGF (Fig. 1) and by anti-NGF antiserum 
(Crutcher and Collins, 1982). Control experiments (Fig. 3; Crutcher 
and Collins, 1982) confirm that the anti-NGF antibody is acting 
selectively on the hippocampal agent and NGF, rather than nonspe- 
cifically inhibiting neurite growth. It has also been reported that the 
denervated hippocampal formation exerts an NGF-like effect on 
transplanted sympathetic ganglia in vivo (Bjorklund and Stenevi, 
1981; Gage et al., 1984). Although the hippocampal formation 
apparently contains an agent with biological and antigenic similarities 
to NGF, it would be incorrect to conclude that the hippocampal 
agent is identical to mouse submaxillary gland NGF. 

The present experiments also extend these findings by demon- 
strating (7) that the neurite-stimulating activity is consistently higher 
in the dentate-CA3 region than in the CA1 region, and (2) that after 
a medial septal lesion the activity is substantially elevated for an 
extended period in dentate-CA3 but not CA1 This elevation in levels 
of activity after lesion is not observed when the lesion fails to interrupt 
the septal innervation to the hippocampus (Table I), even though 
equally extensive damage to areas adjacent to the septum or 
hippocampal formation has occurred. Such lesions are also known 
not to elicit sympathetic sprouting in vivo (Crutcher et al., 1981). 
Also, the maximal increase in NGF-like activity occurs by 9 days 
after a medial septal lesion (Fig. 2) which is the time when sympa- 
thetic ingrowth can first be detected (Milner and Loy, 1980). These 
additional findings strengthen the argument that the neurite-stimulat- 
ing activity observed in vitro has the properties expected of the 
agent responsible for sympathetic sprouting after medial septal 
lesion in vivo. 

The control lesion experiments discussed above suggest that 
increased neurite-promoting activity in the hippocampal formation 
following a medial septal lesion is not simply a consequence of 
damage to nearby regions of the CNS (Nieto-Sampedro et al., 1983). 
Rather, it appears that damage to the septal innervation of the 
hippocampal formation produces the increase. It is not yet known 
whether damage to other hippocampal afferent pathways would 
also cause a similar increase in neurite-promoting activity. This is an 
important question since not all denervations of the hippocampal 
formation induce sympathetic ingrowth in vivo (Loy et al., 1980; 
Crutcher et al., 1981). The next logical extension of the present 
experiments, which we are currently pursuing, would be to determine 
the effect, on the level of NGF-like activity, of denervating lesions 
that do not induce sympathetic sprouting. 

Although the NGF-like activity in hippocampal conditioned medium 
correlates in several ways with sympathetic sprouting in vivo, as 
discussed above, our results also indicate that hippocampal condi- 
tioned medium contains a small background of neurite-promoting 
activity that is insensitive to anti-NGF antibody (Fig. 1). We have 
found that the amount of this antibody-insensitive activity does not 
vary from region to region and is not affected by a medial septal 
lesion (Fig. I). Based on these observations, we conclude that the 
antibody-insensitive activity is probably unrelated to sympathetic 
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Figure 3. Effect of antibodies against 2.5 S NGF on the stimulation of sympathetic neurite growth by agents other than hippocampal conditioned medium. 

One of the following was added to standard culture medium in order to stimulate sympathetic neurite growth: mouse submaxillary gland @-NGF at 2 rig/ml, 
chick embryo eye extract (EYE EXT), or conditioned medium from chick embryo heart cells (KM) or mouse parietal yolk sac endoderm cells (ECM). 
Culture media were then divided into two aliquots, one of which was exposed to 5 pg/ml of anti-NGF (right bar of each pair of bars) and the other aliquot 
serving as an untreated control (left bar of each pair). Sympathetic chain pieces were then cultured in these media for 2 days before the extent of neurite 
growth (ML/RITE INDEX) was determined. Each bar represents the mean neunte index + the standard deviation for two separate experiments. There was 
no statistically significant difference between heart conditioned medium, parietal yolk sac conditioned medium, and eye extract treated with antibody or 
without (p > 0.25). 

sprouting. A low level of anti-NGF-insensitive nerve growth activity 
has also been reported in brain tissues by others (Nieto-Sampedro 
et al., 1983). 

In previous studies, the proposal was made that the granule cells 
and/or their axons (mossy fibers) were the most likely candidates 
for the source of the putative NGF-like growth factor. This conclusion 
was based on the co-distribution of sympathetic fibers with the 
granule cells and mossy fibers in dentate-CA3 and the observation 
that destruction of the granule cells prevented sympathetic ingrowth 
after a medial septal lesion (Crutcher and Davis, 1982). The signifi- 
cantly higher levels of activity in medium conditioned by dentate- 
CA3 compared to CA1 is consistent with this proposal. However, 
there was detectable NGF-like activity in conditioned medium from 
the CA1 region, and the level of CA1 activity increased significantly 
7 days after a medial septal lesion (Fig. 1). This observation was 
unexpected, since CA1 contains no granule cells or mossy fibers. 
There are several possible explanations for this observation. One is 
that we inadvertently included some dentate-CA3 tissue in the CA1 
slices used to prepare conditioned medium. We did find several 
cases in which such contamination had occurred. However, the 
amount of dentate-CA3 tissue included in CA1 was always very 
small, and it seems unlikely that this could account for the activity 
observed in CAl. Another possibility is that the activity in CA1 
diffused there from dentate-CA3. The likelihood of this is difficult to 
estimate. The final possibility is that the NGF-like activity in CA1 was 
generated by elements intrinsic to CA1 , which excludes the granule 
cells and mossy fibers. Whatever the reason for NGF-like growth 
activity being present in CA1 , it is still reasonable to conclude that 
the restriction of sympathetic fibers to dentate-CA3 in vivo may be 

correlated with the higher levels of NGF-like activity in dentate-CA3 
after a medial septal lesion compared to CA1 and the fact that these 
increased levels are maintained for at least 4 weeks, which is the 
time it takes for the sympathetic ingrowth to become fully estab- 
lished, whereas by 4 weeks the levels in CA1 have decreased to 
those of unlesioned animals (Fig. 2). 

Our results suggest that the stimulus to sympathetic sprouting 
after lesion may come from the sustained increase in the concentra- 
tion of NGF-like growth activity above the levels present in the 
dentate-CA3 region of unlesioned animals. However, it is not possi- 
ble from our experiments to determine the concentration of this 
agent in the normal unlesioned animal, since removal of the hippo- 
campal formation to produce conditioned medium for 2 days in 
culture also causes denervation. Therefore, the levels of activity in 
our unlesioned animals may actually represent those appropriate to 
a 2-day denervation, whereas the levels in lesioned animals are 
representative of a 9- to 30.day denervation. Thus, we can only 
state from our results that the NGF-like activity increases substantially 
between 2 and 9 days after denervation in the dentate-CA3 and 
maintains this increased level for up to 4 weeks. 

The increased NGF-like activity observed after a medial septal 
lesion indicates that the availability of the growth factor is regulated 
by the septohippocampal innervation. Since the septohippocampal 
neurons exhibit specific uptake and retrograde transport of NGF 
(Schwab et al., 1979), it is possible that the septal fibers normally 
act as a sink to remove this agent by uptake followed by retrograde 
transport or destruction. However, other possibilities include in- 
creased production of the factor after denervation or increased 
release due to cell damage. Whatever the underlying cause of the 
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increase in activity due to denervation, it is presumably the increase 
in the amount of growth-promoting activity above a certain threshold 
after a medial septal lesion that triggers sympathetic sprouting. 
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