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Abstract 

Heart cell-conditioned medium supports extensive neurite outgrowth from dissociated parasym- 
pathetic neurons of the chicken embryo ciliary ganglion. We have shown previously that neurite 
outgrowth in this system depends on the deposition of a substratum-conditioning factor from 
conditioned medium onto the polyornithine culture substratum. However, in the presence of only 
the substratum-bound material, neurite outgrowth is never as extensive as in whole conditioned 
medium. The present report demonstrates that a different and soluble component of conditioned 
medium is required to achieve the rates of neurite elongation normally observed in whole conditioned 
medium. This second component, while unable by itself to support neurite outgrowth, is able to 
increase the rate of neurite elongation approximately 3-fold within 30 to 60 min of its addition. This 
conclusion is based on direct time-lapse observations of the rate of elongation of individual neurites 
before and after the addition of fractions of conditioned medium previously depleted of the 
substratum-conditioning factor. Correlated with the effect of such fractions of conditioned medium 
on the rate of neurite elongation is a change in the morphology of the growth cones, which become 
larger and more spread. The activity of the soluble, elongation-promoting component of conditioned 
medium is nondialyzable and is sensitive to treatments known to affect proteins, such as repeated 
freeze-thawing, heating, and trypsinization. Fractions of conditioned medium which contain the 
elongation-promoting activity also contain all of the survival factor for parasympathetic neurons 
previously shown to be present in heart cell-conditioned medium. The methods described here 
represent a convenient new assay which we have used recently to demonstrate elongation-promoting 
factors with neuronal specificity in extracts of rat hippocampus. 

Growth conditioned medium has proved to be a prom- 
ising source material for characterizing a range of neu- 
rotrophic influences and isolating the responsible mole- 
cules. A large proportion of this work has been done 
using medium conditioned by embryonic heart cells in 
culture. Two distinct effects of heart cell-conditioned 
medium on nerve cells in culture which are relevant to 
the present discussion have been described recently: (1) 
the induction of neurite outgrowth and (2) prolonged 
neuronal survival. 

(1) Conditioned medium has been shown to contain a 
substratum-condit,ioning factor which is a powerful in- 
ducer of neurite outgrowth when bound to the polyorni- 
thine substratum on which nerve cells are cultured (Col- 
lins, 1978b; Collins and Garrett, 1980). Within 20 min of 
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the addition of conditioned medium to dissociated para- 
sympathetic ciliary ganglion neurons, the majority of 
neurons have formed growth cones, and by 60 min, 
greater than 80% of the neurons have extended at least 
1 (and typically 3 to 5) actively elongating neurites (Col- 
lins, 1978a). The active factor must attach to the culture 
substratum in order to induce neurite outgrowth (Collins, 
1978b; Collins and Garrett, 1980). Moreover, when the 
factor is painted onto the substratum in a narrow path- 
way, neurite outgrowth is channeled precisely along this 
pathway (Collins and Garrett, 1980). Not only do embry- 
onic heart cells release this substratum-conditioning fac- 
tor into their culture medium but they also deposit an 
identical biological activity into the extracellular matrix 
microexudate which they deposit directly onto their cul- 
ture substratum (Collins, 1980). This substratum-condi- 
tioning factor may be closely related to those components 
of the ira uiuo extracellular matrix which support and 
direct neurite outgrowth. 

(2) Dissociated parasympathetic ciliary ganglion neu- 
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rons on a polyornithine substratum do not survive for 
more than 24 hr in typical culture media supplemented 
only with animal sera. However, in heart or muscle cell- 
conditioned medium, survival times of up to several 
weeks have been reported (Helfand et al., 1976; Nishi 
and Berg, 1979). During this period in culture, some of 
the normal events of neuronal maturation, such as the 
increase in size of the neuronal soma, occur on schedule 
(Varon et al., 1979; Nishi and Berg, 1979). The survival- 
promoting activity in heart cell-conditioned medium is 
different from the substratum-conditioning factor. The 
two activities can be easily separated from each other by 
taking advantage of the fact that the substratum-condi- 
tioning factor attaches to the polyornithine substratum, 
whereas the survival factor does not (Collins, 1978b; 
Adler and Varon, 1980). 

The present paper reports an additional effect of heart 
cell-conditioned medium on neurite outgrowth. It be- 
came apparent in our work that fractions of conditioned 
medium which contained the substratum-conditioning 
factor, while they supported active neurite outgrowth, 
were incapable, by themselves, of reproducing the high 
rates of neurite elongation and the spread growth cones 
which are characteristic of the effects of the whole con- 
ditioned medium. Therefore, we have examined other 
fractions of conditioned medium for their ability to re- 
store these features of neurite outgrowth. As reported 
here, conditioned medium contains a component (differ- 
ent from the substratum-conditioning factor) which in- 
creases the rate of neurite elongation approximately 3- 
fold within 30 to 60 min of its addition. 

Materials and Methods 
Nerve cells. Ciliary ganglia were removed from stage 

33 white Leghorn chicken embryos and dissociated into 
single cells using trypsin as previously described (Collins, 
1978a). Before use, dissociated ganglia were placed in 
plastic tissue culture dishes in culture medium, 
FlSFCSlO (see below), for 3 hr in order to remove the 
non-neuronal cells (almost all of which adhered to the 
culture dishes) from the neurons (which did not adhere). 
The suspension of single, dissociated neurons then was 
plated onto a dish containing a “conditioned” substratum 
(see below) for subsequent observation of neurite elon- 
gation. 

Culture conditions. Culture medium (FlBFCSlO) con- 
sisted of Ham’s F12 medium (Gibco) containing 10% fetal 
calf serum (Irvine Scientific). “Conditioned” substrata 
for supporting neurite outgrowth were prepared as fol- 
lows: plastic tissue culture dishes (Falcon) were coated 
with polyornithine as previously described (Collins, 
1978a). The polyornithine-coated dishes then were incu- 
bated with heart cell-conditioned medium (see below) 
for 16 to 18 hr at 4°C in order to coat the dish with a 
substratum-conditioning factor which induces neurite 
outgrowth from ciliary ganglion neurons (Collins, 1978b). 
An increase in the amount of the substratum-bound 
inducer will, by itself, increase somewhat the average 
length of extended neurites (Collins, 1978a). Therefore, 
in order to maximize the effect of the soluble conditioned 
medium fractions on neurite outgrowth, we have treated 
the substratum with just sufficient substratum-condi- 

tioning factor (determined by prior assay) to insure the 
initiation of outgrowth. 

Heart cell-conditioned medium. A confluent mono- 
layer of heart cells, prepared by tryptic dissociation of 
embryonic hearts from stage 33 chicken embryos, was 
cultured for 72 hr in FlSFCSlO. The conditioned medium 
was removed from the monolayer and centrifuged at 
10,000 X g for 30 min to remove any cell debris (Collins, 
1978a). 

Fractionation of conditioned medium. The substra- 
tum-conditioning factor was removed from conditioned 
medium by either one of two procedures: (1) 15 ml of 
heart cell-conditioned medium was placed successively 
for 8 hr each in three 100 x 15 mm polyornithine-coated 
plastic tissue culture dishes. The substratum-condition- 
ing factor becomes bound to the polyornithine during 
this procedure so that the resultant polyornithine-pas- 
saged fraction has been depleted of this factor (Collins, 
1978b). (2) Heart cell-conditioned medium was passed 
under nitrogen pressure through a filtration membrane 
(Amicon) with a lOO,OOO-dalton cutoff. The substratum- 
conditioning factor is retained by the membrane so that 
the resultant ultrafiltrate fraction has been depleted of 
this factor (F. Collins, unpublished observation). 

Measurement of neurite lengths. At the times indi- 
cated in the text, cultures were fixed in 2% glutaralde- 
hyde. The total length of all neurites present on each 
neuron was measured using a calibrated eyepiece reticle. 
These data were used to calculate the mean total length 
of neurites per neuron for each culture. The calculations 
were based on data only from neurons which had at least 
one neurite greater than 15 pm in length (i.e., about one 
neuronal soma diameter). 

Measurement of elongation rate. Dissociated ciliary 
ganglion neurons were plated onto a conditioned substra- 
tum in FlSFCSlO. The cultures were gassed in an at- 
mosphere of 5% COS, 95% air for several minutes and the 
lids were sealed against evaporation and pH change with 
silicone vacuum grease. The dishes were fastened to the 
stage of an inverted microscope equipped with phase 
contrast optics and maintained at 37°C with an air cur- 
tain incubator. A single microscopic field (usually con- 
taining 3 to 5 neurons) was followed by continuous re- 
cording of the field on videotape using television time- 
lapse equipment. After 120 min, the medium was changed 
either to fresh F12FCSlO or to either the ultrafiltrate or 
polyornithine-passaged fractions of conditioned medium 
and recorded for an additional 2 to 6 hr. The length of 
individual neurites (from the point of exit from the cell 
body to the center of the growth cone) was measured 
directly from the monitor screen through which the 
videotapes were played back. Since neurites adhere 
firmly to the substratum along their entire length, the 
increase in their length accurately reflects the distance 
traversed by their growth cones during the successive 30- 
min intervals for which rates of elongation were meas- 
ured. This was established by careful examination of the 
continuous recordings of growth cone movement on vi- 
deotape. If a neurite happened to branch during the 
period of observation, both new branches usually elon- 
gated at the same rate. The branch that appeared lower 
in the microscopic field was chosen arbitrarily for sub- 
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sequent measurements. The rate of elongation of most 
neurites reached a constant value within 60 min after 
plating (i.e., 60 min before the medium was changed). 
Neurites which changed their rate of elongation by more 
than +-50% during the 60 min immediately preceding the 
medium change (28% of the total) are not considered in 
the results. 

Neuronal survival. The activity of the survival-pro- 
moting factor in heart cell-conditioned medium was as- 
sayed by the morphological integrity of the neuronal 
soma (Varon et al., 1979). The distinction between the 
intact, phase-refractile somas and the lysed, phase-dark 
somas was easily made. In unconditioned medium on a 
conditioned substratum, more than 95% of the ciliary 
ganglion neuronal somas are lysed within 18 to 24 hr in 
the absence of any survival-promoting agents. In the 
presence of conditioned medium, greater than 80% of the 
neuronal somas are intact after 36 hr, which is the period 
of our assay for survival. 

Enzymatic and other treatments.\ In order to test the 
susceptibility of the elongation rate-promoting activity 
to proteolytic enzymes, serum proteins were eliminated 
by producing serum-free conditioned medium. This was 
made as described above for heart cell-conditioned me- 
dium except that the heart cell monolayer was incubated 
for 48 hr in Ham’s F12 medium without added serum. 
The polyornithine-passaged fraction of this serum-free 
conditioned medium was subjected to the treatments 
indicated under “Results” and then placed on ciliary 
ganglion neurons in order to determine if the ability of 
the conditioned medium to enhance the rate of neurite 
elongation had been affected. Exposure to trypsin was 
accomplished by adding the equivalent of 50 pg/ml of 
crystalline trypsin bound to agarose beads (Sigma) to the 
conditioned medium for 30 min at 37°C. The trypsin 
then was removed by pelleting the beads so that the 
medium could be assayed for elongation rate-promoting 
activity. Incubation at 37°C for 30 min in the absence of 
trypsin had no significant effect on the activity (Ta- 
ble IV). 

Results 

Neurites extended in the presence of only the substra- 
tum-bound material from conditioned medium are typi- 
cally much shorter than those extended after a compa- 
rable period of outgrowth in whole conditioned medium 
(Table I, compare rows 1 and 2). In this experiment, the 
mean neurite length was approximately 4-fold greater in 
whole conditioned medium than it was in the presence of 
only the substratum-bound material from this condi- 
tioned medium. 

This suggests that components of conditioned medium 
other than those which bind to the polyornithine sub- 
stratum are required to obtain the full effect of condi- 
tioned medium on neurite outgrowth. To test this possi- 
bility, fractions of conditioned medium were prepared 
from which the substratum-bound inducer of neurite 
outgrowth had been removed. Two different methods 
were used to prepare such fractions (see “Materials and 
Methods”). One method resulted in an ultrafiltrate frac- 
tion; the other produced a polyornithine-passaged frac- 
tion. Both of these fractions were judged to be free of the 

TABLE I 
The effect of whole conditioned medium and of the ultrafiltrate 

subfraction on neurite lengths 
Culture substrata were polyornithine-coated dishes used as such or 

after “conditioning” by preincubation with heart cell-conditioned me- 
dium. Dissociated ciliary ganglion neurons were plated on the appro- 
priate dishes either in (1) heart cell-conditioned medium; (2) uncon- 
ditioned medium, F12FCSlO; or (3) the ultrafiltrate fraction of heart 
cell-conditioned medium. After 2% hr, the cultures were fixed in 2% 
glutaraldehyde and the total neurite length per initiated neuron was 
measured for at least 50 neurons per culture. Given are the mean f SU 
for each culture. 

Substratum Medium 
Mean Total No. of 

Neurons Neurite 
I,enpth/Neuron 

Polyornithine 
Conditioned 

polyornithine 
Conditioned 

polyornithine 

w 
Conditioned 50 408 f 94 
Unconditioned 57 118 f 32 

Ultrafiltrate 52 471 + 81 

- 

substratum-bound inducer of neurite outgrowth by as- 
says described below. These fractions were added to 
neurons growing on the substratum-bound material to 
determine if they were capable of restoring the neurite 
lengths observed in whole conditioned medium. Table I, 
row 3, indicates that the addition of the ultrafiltrate 
fraction resulted in mean neurite lengths which were 
comparable to those obtained in whole conditioned me- 
dium. A similar result was obtained using the polyorni- 
thine-passaged fraction of conditioned medium (Fig. 1). 

Effect on the rate of neurite elongation. The approxi- 
mately 4-fold differences in neurite lengths reported 
above were manifested in a relatively brief 3-hr period. 
This rapid effect suggests that the ultrafiltrate and 
polyornithine-passaged fractions of conditioned medium 
may affect the rate of neurite elongation directly. To test 
this, the rate of elongation of individual neurites was 
compared before and after the addition of one of the 
fractions. Table II presents the combined results of a 
number of these individual comparisons. The rate of 
elongation during the first 30 min after the addition of 
either of the conditioned medium fractions was not sig- 
nificantly different from the rate before their addition 
(Table II, column 4). However, between 30 and 60 min, 
there was an approximately 3-fold increase in the rate of 
elongation of individual neurites (Table II, column 5). 
The statistical significance of this effect was extremely 
high (Table II, column 5). This increased rate of elonga- 
tion was maintained until observation of the cultures was 
discontinued, from 2 to 6 hr after the addition of the 
conditioned medium fraction. In control cultures, to 
which only fresh unconditioned medium had been added, 
the average rate of elongation of individual neurites did 
not change significantly over the same time period (Table 
II). 

Since neurites tend to branch after reaching a certain 
length, there are typically more elongating branches per 
neuron in the faster growing conditioned medium-treated 
cultures than in control cultures (Fig. 1). The greater 
number of elongating branches per neuron and the 3-fold 
increase in their average rate of elongation are sufficient 
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Figure 1. The effect on neuronal morphology of the polyornithine-passaged fraction of conditioned medium. Dissociated 
neurons were plated onto conditioned substrata in either unconditioned medium (A) or in the polyornithine-passaged fraction of 
conditioned medium (B). Note both the greater neurite lengths and the more spread growth cones in the treated culture (B). The 
arrowheads in B indicate unspread growth cones which are more characteristic of the untreated control neurons in A. 
Magnification x 530. 

TABLE II 
The effect of conditioned medium fractions on the rate of neurite elongation 

Polyornithine-coated dishes were conditioned by incubation with heart cell-conditioned medium. Dissociated ciliary ganglion neurons were 
plated onto these dishes in unconditioned medium (F12FCSlO). Time-lapse video recording was begun and the cultures were followed for 120 
min, at which time the medium was changed to either (1) fresh, unconditioned medium (control cultures) or (2) the ultrafiitrate or polyornithine- 
soluble fractions of conditioned medium (experimental cultures). The results of several experiments using both conditioned medium fractions 
have been combined. The significance levels (p values) were calculated from paired t tests which compared the elongation rate of individual 
neurites before the medium change to their elongation rate 0 to 30 or 30 to 60 min after the medium change. 

Mean Elongation Rate 

Culture No. of Neurites 
O-30 Min Before O-30 Min After 30-60 Min After 
Medium Change Medium Chance Medium Chanee 

Control 14 22 
Experimental 27 24 

pm/hr 

26 (p > 0.2) 22 (p > 0.2) 
37 (p = 0.15) 68 (p < 0.001) 

to account for the increase in total neurite length per 
neuron in the treated cultures (Table I). One additional 
effect of conditioned medium which might have led to 
increased neurite lengths does not seem to occur: the 
conditioned medium fractions did not cause neurite out- 
growth to begin sooner than in control cultures (data not 
shown). 

Effects on growth cone morphology. In addition to 
their dramatic effects on the rate of neurite elongation, 
the ultrafiltrate and polyornithine-passaged fractions of 
conditioned medium have a definite effect on the mor- 
phology of the growth cones. The growth cones of control 
neurons (i.e., those cultured on the substratum-bound 
material in unconditioned medium) tend to be relatively 
small and not flattened onto the substratum; often there 
is a refractile bulge just behind the growth cone (Fig. 
IA). In contrast, in cultures which were exposed to either 
the ultrafiltrate or polyornithine-passaged fractions of 
conditioned medium, the majority of growth cones are 
large, well spread, and free of bulges on the terminal 
portion of the neurite (Fig. 1B). Our time-lapse observa- 
tions show that the less spread growth cones character- 
istic of the control cultures are capable of moving over 
the substratum, although their average rate of translo- 

cation is lower than the more spread growth cones in 
treated cultures. The difference in growth cone morphol- 
ogy between treated and control cultures is only a quan- 
titative difference, since either culture contains a few 
growth cones characteristic of the other (indicated by 
the arrowheads in Fig. 1). Thus, the conditioned medium 
fractions allow neurons to maintain a greater proportion 
of their growth cones in a well spread condition. 

Relationship to other activities of conditioned me- 
dium. The agent responsible for enhancing the rate of 
neurite outgrowth in the two conditioned medium frac- 
tions used above is clearly different from the substratum- 
conditioning factor. To be certain that the substratum- 
bound inducer had been removed from these fractions, 
each batch of depleted conditioned medium was assayed 
for substratum-bound inducer in the following ways: (1) 
the fraction was added directly to dissociated ciliary 
ganglion neurons on a polyornithine substratum (Table 
III) and (2) the fraction was incubated overnight in 
polyornithine-coated dishes; the dishes then were washed 
and dissociated ciliary ganglion neurons were plated on 
in unconditioned medium (Collins, 197813). Whole con- 
ditioned medium of the same batch was run as a control 
in both of the above procedures. Since initiation of neu- 
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rite outgrowth depends upon the presence of the substra- 
tum-conditioning factor (Collins, 1978b), the extent of 
removal of this factor was determined by measuring the 
maximum percentage of the neurons which were able to 
extend neurites. The results (Table III) indicated that, 
within the limits of the sensitivity of the assay, there was 
no remaining substratum-bound inducer. In other words, 
the fractions of conditioned medium were unable by 
themselves to promote the initiation of neurite out- 
growth, although they were able to increase the rate of 
neurite elongation and affect the morphology of growth 
cones as described above. 

Heart cell-conditioned medium also is able to prolong 
the survival of ciliary ganglion neurons in culture (Hel- 
fand et al., 1976; Nishi and Berg, 1979). This survival- 
promoting activity is readily separated from the substra- 
tum-bound inducer (Collins, 1978b; Adler and Varon, 
1980). To determine if the survival-promoting activity is 
present in those fractions of conditioned medium which 
increase the rate of neurite elongation, the survival of 
dissociated ciliary ganglion neurons cultured in those 
fractions was compared to the survival in whole condi- 
tioned medium and in unconditioned medium. The re- 
sults (Table III) clearly indicate that the survival-pro- 
moting activity is retained in those fractions of condi- 
tioned medium which also increase the rate of neurite 
elongation. 

Chemical characteristics. As a preliminary step in 
determining the chemical nature of the elongation-pro- 
moting activity, the polyornithine-passaged fraction of 
serum-free conditioned medium was subjected to various 
treatments and then assayed for its ability to increase 
the average neurite length of dissociated ciliary ganglion 
neurons cultured for 2 hr in its presence. To the extent 
that the treatments had destroyed the elongation-pro- 
moting material, one would expect the neurite lengths 
observed to approach those seen in control, unsupple- 
mented cultures. The results (Table IV) indicate that the 
elongation-promoting activity is nondialyzable, heat sen- 
sitive, destroyed by repeated freeze-thawing, and sensi- 

TABLE III 
Assay of conditioned medium and subfractions for neurite-initiating 

and survival-promoting activities 
Polyornithine-coated dishes were conditioned by incubation with 

heart cell-conditioned medium. Dissociated ciliary ganglion neurons 
were plated onto these dishes in one of the media indicated above. The 
percentage of 200 neurons per culture which were able to initiate 
neurite outgrowth was measured at intervals up to 12 hr. The maximum 
recorded percentage is given. The maximum occurred at 2 hr in whole 
conditioned medium. For assay of neuronal survival, the conditions 
were as above except that the whole conditioned medium and subfrac- 
tions were diluted serially 2-fold with unconditioned medium before 
use. The titer was calculated as the greatest dilution which still gave 
50% or greater neuronal survival at 36 hr. 

Medium Maximum Percentage Titer of Survival- 
of Initiated Neurons promoting Activity 

% 

Conditioned medium 86 I:16 
Polyornithine-soluble 0 I:16 

subfraction 
Ultrafiltrate subfraction 0 1:16 
Unconditioned medium 0 0 

TABLE IV 
The effect of various treatments on the elongation-promoting activity 

Polyornithine-coated dishes were conditioned by incubation with 
heart cell-conditioned medium. Dissociated ciliary ganglion neurons 
were plated onto these dishes in unconditioned medium (FlBFCSIO). 
After 45 min, the medium was changed to the polyornithine-soluble 
fraction of serum-free heart cell-conditioned medium pretreated as 
indicated. TWO hours after the medium change, cultures were fixed in 
2% glutaraldehyde and the total neurite length per initiated neuron was 
measured on 25 neurons per culture. The results of two independent 
experiments are given here. The following procedure was used to 
normalize the values for combined presentation: the mean total neurite 
length per initiated neuron in a control culture (in unconditioned 
medium, FlZFCSlO) was subtracted from the analogous value in each 
experimental culture. The resultant values gave the increase in length 
due to the added fractions. These values then were divided by the value 
for the culture in which there was no pretreatment of the polyornithine- 
soluble fraction to give the percentage of activity remaining after each 
treatment. The values given are the average percentage f the range 
for two experiments. 

Treatment Percent Remaining Activity 

I 

None 100 
Dialysis (retentate) 82 f 13 
37°C for 30 min 91 + 16 
50 pg/ml of bound trypsin -6 + 12 
Five freeze-thawings 18 k 17 
80°C for 30 min -2 + 19 

tive to trypsin. This suggests that a protein component 
is essential for the activity. 

Discussion 

Heart cell-conditioned medium supports rapid and ex- 
tensive neurite outgrowth from dissociated neurons of 
the parasympathetic ciliary ganglion in vitro (Helfand et 
al., 1976; Collins, 1978a). The results that we have re- 
ported here indicate that at least two distinct compo- 
nents of conditioned medium are required for this effect. 
One is a factor which binds to the culture substratum 
and is required for neurite outgrowth to occur, while the 
second is a soluble component which is unable by itself 
to support neurite outgrowth but which increases the 
rate of neurite elongation approximately 3-fold within 30 
to 60 min of its addition. Together these two components 
reconstitute the effects of conditioned medium on neurite 
outgrowth. 

We have shown in a series of papers that the induction 
of neurite outgrowth by heart cell-conditioned medium 
requires the deposition of a substratum-conditioning fac- 
tor onto the polyornithine substratum (Collins, 1978b, 
1980; Collins and Garrett, 1980). In the absence of this 
substratum-bound material, neurite outgrowth fails to 
occur in this culture system. If a pathway of the substra- 
tum-conditioning factor is painted onto the culture dish, 
elongating neurites will change their direction of move- 
ment in order to remain in contact with that portion of 
the substratum to which the substratum-conditioning 
factor is attached (Collins and Garrett, 1980). 

Thus, the substratum-bound material from condi- 
tioned medium provides an adequate and preferred sub- 
stratum for neurite elongation. However, as reported 
here, in the absence of those components of conditioned 
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medium which do not bind to the polyornithine substra- 
tum (i.e., when neurons are cultured on the substratum- 
bound material in unconditioned culture medium), rates 
of neurite elongation are noticeably less and growth cones 
are smaller and less well spread than they are when the 
neurons are cultured in whole conditioned medium. By 
removing the substratum-conditioning factor, we have 
produced fractions of conditioned medium which are 
unable by themselves to support neurite outgrowth but, 
when added to neurons growing on the substratum- 
bound material, are able to restore the rates of elongation 
and spread growth cones characteristic of whole condi- 
tioned medium. The effects of these fractions on the 
elongation rate and growth cone morphology may be 
related. Since motility of the growth cone leads to elon- 
gation, it is possible that the change in the morphology 
of the growth cone reflects a change in its functional 
activity, induced by conditioned medium, which results 
in the increased rate of elongation. 

The agent responsible for these effects is trypsin sen- 
sitive, nondialyzable, heat labile, and susceptible to re- 
peated freeze-thawing. This suggests that the agent is a 
protein. This agent is readily separated from the substra- 
tum-conditioning factor in either one of two ways: (1) by 
pressure dialysis through a membrane with a nominal 
lOO,OOO-dalton cutoff, in which case the substratum-con- 
ditioning factor is retained, while the elongation-promot- 
ing factor is in the filtrate or (2) by passage over a 
number of polyornithine-coated dishes, which removes 
the substratum-conditioning factor, leaving the elonga- 
tion-promoting factor in solution. Both the ultrafiltrate 
and the polyornithine-passaged fractions contain not 
only the elongation-promoting activity but they also 
contain all of the detectable survival-promoting activity 
for parasympathetic neurons present in the original con- 
ditioned medium. An interesting question for future re- 
search will be to determine if these two activities are 
effects of the same component. 

The methods that we have used here represent a 
convenient new assay for potential neurotrophic factors. 

On a polyornithine substratum pretreated with the ap- 
propriate amount of substratum-conditioning factor, neu- 
rite outgrowth is poised to respond to agents which are 
capable of increasing the rate of neurite elongation. Re- 
cently, we have used the assay described in this paper to 
demonstrate that rat hippocampal extracts contain two 
elongation-promoting factors which differ in their neu- 
ronal specificity (Crutcher and Collins, 1982). These hip- 
pocampal agents, one of which is antigenically related to 
nerve growth factor, may be involved in the sprouting 
responses induced in vivo by hippocampal deafferenta- 
tion. 
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