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Nerve growth factor (NGF) ameliorates age-related deficits in
certain types of memory in rats. Although the effects of NGF on
reference memory are well documented, the influence of NGF
on recent memory is less well understood. The issue of recent
memory is of primary importance in the design of therapies for
cognitive disorders, because this type of memory is impaired in
elderly humans and is severely affected early in the course of
Alzheimer’s disease (AD). The present study was designed to
evaluate the effects of NGF on recent memory in a task that
used escape from water as the motivating stimulus and used
the same design as forced-choice recognition tasks given to
humans. Fischer-344 rats, 4 months old (4MO) or 23 months
old (23MO), were pretested in a new spatial recent memory task
designed for the Morris water maze, a delayed nonmatching-
to-position task, and infused intraventricularly with recombi-

nant human NGF or vehicle. After 2 weeks of NGF infusion, no
substantial changes in behavior were observed in either age
group. However, NGF treatment extended over 4 weeks im-
proved considerably the choice accuracy of 23MO rats to a
level similar to the performance of 4MO rats. These results,
together with our previous work (Markowska et al., 1994),
indicate that the effects of NGF on spatial recent memory are
more intense than on spatial reference memory. NGF sup-
pressed the body weight gain in 4MO rats but did not affect
23MO rats. In 23MO rats, NGF mildly counteracted age-related
deficits in inhibitory avoidance, but did not have an effect in
young rats.
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Disturbances in recent memory are a principal concomitant of
normal aging in humans (Katzman and Terry, 1983). The prefer-
ential failure to encode or retain new information in the face of
relatively preserved retrieval of older experiences draws a parallel
between age-associated impairments in memory and deficits pro-
duced by atrophic and degenerative neuronal changes in medial
temporal lobe structures, such as the hippocampal complex, and
in the forebrain cholinergic system (Scoville and Milner, 1957;
Damasio et al., 1985; Zola-Morgan et al., 1986). Another parallel
of the “benign” age-associated deficits is the loss of recent mem-
ory in patients with Alzheimer’s disease (AD). Although AD
patients manifest a wide spectrum of cognitive impairments, loss
of recent memory is an early, prominent, and possibly, the most
disabling symptom associated with this illness (Bondi et al., 1994).
Neural substrates critical for the functioning of recent memory

(Olton and Papas, 1979; Markowska et al., 1989; Walsh and
Chrobak, 1991; Markowska et al., 1995a) involve the connections

of neurons in the medial septum-diagonal band with the hip-
pocampus (septohippocampal pathway), a significant proportion
of which are cholinergic (Frotscher and Leranth, 1985; Wainer et
al., 1985; Koliatsos et al., 1990). The cholinergic dependence of
recent memory is consistent with the finding that reduction in
forebrain cholinergic neurotransmission occurs early in the course
of AD and correlates significantly with cognitive impairments in
AD patients (Francis et al., 1994).
Although AD is characterized by disruption of multiple brain

pathways (Francis et al., 1994), the vast majority of the available
pharmacological approaches to treat this disorder target the cho-
linergic system of the basal forebrain (Thal, 1994). Several strat-
egies have been proposed, ranging from simple enhancement of
the existing cholinergic transmission (Thal, 1994) to a structural
restoration of the basal forebrain cholinergic system (Scott and
Crutcher, 1994). The latter strategy uses trophic (growth) factors,
i.e., naturally existing molecules that promote the survival and
enhance the differentiation of selected populations of neurons
(Phelps et al., 1989; Koliatsos et al., 1993; Olson, 1993; Scott and
Crutcher, 1994).
Nerve growth factor (NGF), the founding member of the neu-

rotrophin family of growth factors, is the most potent trophic
molecule available for the cholinergic neurons of the basal fore-
brain (Hefti, 1986; Koliatsos et al., 1991a,b,c; Koliatsos and Price,
1993; Koliatsos et al., 1994). The strongest argument for the use of
NGF in the treatment of cholinergic deficits associated with AD
comes from studies in aged rodents. Like aged humans and
monkeys (Price et al., 1994), these animals also exhibit impair-
ments in memory, which have been found to correlate with a
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decline in forebrain cholinergic neurotransmission (Mandel et al.,
1989; Luine and Hearns, 1990; Dunbar et al., 1993). Continuous
intraventricular infusion of mouse or human NGF for 4 weeks has
been shown to improve reference memory in aged rats (Fischer et
al., 1987, 1991; Markowska et al., 1994; Chen et al., 1995).
In the previous studies, special emphasis was given to place

discrimination tasks in the water maze as a method to assess
spatial reference memory; there was much less interest in the
effects of NGF on recent memory. In one study (Markowska et al.,
1994), treatment of aged rats with human NGF led to improve-
ments in performance in both recent and reference memory tasks.
The effect of NGF on spatial recent memory was more robust than
the effect on spatial reference memory, a pattern suggesting that
NGF may be more selective for certain types of age-related
memory deficits.
In most behavioral tasks, food and water deprivation are used

to motivate behavior. With aged animals, such a strategy fre-
quently jeopardizes the health of the animals and results in
increased mortality. The use of a recent memory task in the water
maze has two advantages: first, it does not require restriction of
nutrients. Second, the use of the water maze allows for a more
direct comparison with results from place discrimination tasks
commonly used in the water maze to assess reference memory.
Under these conditions, the type of reinforcement is identical in
both tasks.
The present study was designed to examine the selectivity of

NGF for spatial recent memory by asking the following questions.
First, does NGF improve spatial recent memory in a water maze
paradigm that uses escape from water, rather than an appetitive
stimulus, for motivation? Second, what is the time course for any
improvement in spatial recent memory, and what is the magnitude
of this improvement compared with the performance of young
rats? Third, are there any effects of NGF on a memory task based
on nonspatial cues (i.e., one-trial inhibitory avoidance)? In con-
junction with the above three aims, we assessed the body weight of
both young and aged rats during the entire course of treatment,
because previous observations were based on changes in young
rats only and for shorter durations of treatment (Williams, 1991;
Lapchak and Hefti, 1992).

MATERIALS AND METHODS
Subjects. Fischer-344 male rats, 4 months old (4MO) and 23 months old
(23MO), were obtained from the NIA colony at Harlan Sprague–Dawley
(Indianapolis, IN). Rats were housed (2–3 per cage) in a colony room
with a 12:12 light–dark cycle and ad libitum access to food and water. All
behavioral testing occurred during the light phase of the light–dark cycle.
Body weight was recorded twice a week. After preoperative training in
the delayed nonmatching-to-position (DNMTP) procedure, rats under-
went surgery for osmotic minipump implantation and chronic NGF or
vehicle administration. To counterbalance preoperative performance
across two treatment groups, rats within each age category were assigned
to one of the NGF or vehicle-control (CON) groups based on their
preoperative choice accuracy during the last three DNMTP sessions.
Each of the four groups of rats was identified by an abbreviation describ-
ing the age (4MO, 23MO) and type of infusion (CON, NGF). The
number of rats in each group is in parentheses: 4MO-CON (9), 4MO-
NGF (8), 23MO-CON (7), and 23MO-NGF (10).
Surgery. Surgical procedures have been described in detail previously

(Markowska et al., 1994). Briefly, rats were anesthetized with a mixture of
33% O2, 66% N2O2, and 2% enflurane (Ethrane, Ohmeda, Liberty
Corner, NJ) via a specially designed nose adaptor attached to a Kopf
stereotaxic apparatus. Chloramphenicol (30 mg/rat, i.p.) was used to
prevent infection, with half of the dose delivered before surgery and half
immediately after surgery. Under sterile conditions, a cannula was placed
into the right or left lateral ventricle. The cannula was connected to an
Alzet 2002 osmotic minipump (Alzet Corporation, Palo Alto, CA) and

filled with either recombinant human NGF (40 mg of NGF per pump)
(Genentech, San Francisco, CA) or with artificial CSF (210 ml/pump).
After surgery, each rat was allowed 1 week to recover before behavioral
testing. After 14 d, all pumps were replaced with new ones filled with the
corresponding NGF or CSF solution.
Experimental design. The timeline for behavioral testing and surgery is

illustrated in Figure 1. Briefly, training in DNMTP in the water maze (see
Fig. 2) was preceded by two shaping procedures.
For preoperative training in DNMTP (PRE), one session consisting of

nine trials was conducted each day for 10 d. Postoperative testing oc-
curred at two different time points during NGF administration. In the
second week after surgery (days 10–12), rats were tested only in DNMTP
(POST 1). During the fourth week of infusion (POST 2), rats were tested
again in DNMTP (days 22–24) and also tested in the inhibitory avoidance
(IA) (see Fig. 7) procedure (days 26–27). POST 1 and POST 2 testing
procedures in DNMTP were identical to that of PRE testing, except that
the shaping procedure was administered only during PRE, and the
number of sessions was 3 rather than 10. The IA was administered only
during POST 2.
Data analyses. Statistical analyses were conducted with statistical pack-

age SYSTAT 5.03. The following independent variables were included in
analyses: age, a comparison between 4MO rats and 23MO rats; drug, a
comparison between type of infusions (NGF or vehicle); group, a com-
parison among four groups of rats (4MO-CON, 4MO-NGF, 23MO-CON,
23MO-NGF); and time, a comparison between different time points. The
values for the latter variable varied depending on the time points taken
into analyses, and they were presented as follows: trials, a comparison
between trials (i.e., for straight swim); sessions, comparison between
sessions (i.e., for preoperative training in DNMTP); weeks, a comparison
between means calculated for each week (i.e., for body weight); and
periods, a comparison between means calculated for each of three periods
of behavioral testing (i.e., PRE, POST 1, and POST 2). The data from
straight swim and all dependent measures from DNMTP were analyzed
with repeated-measures ANOVA. Because the latency scores for the
testing trial of IA were distributed over a broad range of values in all four
groups, the between-group differences were analyzed with the nonpara-
metric statistic, Kruskal–Wallis one-way ANOVA.

RESULTS
NGF delivery
In all cases, the inner reservoir of the osmotic pump was found to
be collapsed when removed at the end of the experiment. The
residual volume left in the pump never exceeded 50 ml, indicating
that all of the solution was delivered. All cannula tubing was clear,
and cannula tips were placed successfully in the lateral ventricle.
One 4MO-CON rat and one 4MO-NGF rat had convulsions at the
end of the behavioral training during POST 2, and the data
pertinent to these animals were excluded.

Body weight
The mean body weight 6 SEM was calculated for the week
immediately before surgery and for each of the 4 weeks after
surgery, separately for each rat. Figure 3 shows the mean body
weight of four groups of rats before surgery and during the 4
weeks after surgery. Animal body weight stabilized quickly after
surgery and returned to preoperative levels in a few days. A
three-way ANOVA (age 3 drug 3 weeks) revealed a significant
effect of age (F(1,30) 5 42.7, p , 0.001) and a significant effect of
weeks (F(4,120) 5 7.8; p , 0.001). Although 23MO rats had a
tendency to lose body weight during the entire period of training,
this propensity was not present in 4MO rats (age3 weeks, F(4,120)
5 5.9; p , 0.001). Interestingly, the age 3 drug 3 weeks inter-
action (F(4,120) 5 3.6; p , 0.01) was significant, indicating that the
tendency toward body weight changes in the two 4MO groups of
rats differed according to treatment condition; 4MO-CON rats
gained some weight in postoperative weeks 3 and 4, whereas the
weight of 4MO-NGF rats remained relatively stable. A focused
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ANOVA used separately for 4MO rats showed a significant drug
3 weeks interaction (F(4,60) 5 3.6; p , 0.01), supporting the
previous conclusion that NGF prevents weight gain in 4MO rats,
and in addition, that this effect was more pronounced in postop-
erative weeks 3 and 4 (p , 0.01). A focused ANOVA for 23MO
rats revealed that although both groups were losing weight during
the experiment (F(4,60) 5 14.7, p, 0.001), most likely attributable
to the physical exercises introduced during behavioral testing,

NGF infusion did not decrease body weight further (effect of
drug, drug 3 weeks interaction; p . 0.5).

Preoperative performance
Straight swim
The 4MO and 23MO rats spent more time to reach the platform
at the beginning of shaping than at the end of shaping, indicating
that the performance improved in both groups (effect of trial;

Figure 2. Schematic diagram illustrating the DNMTP testing apparatus and procedure. A Plexiglas T-shaped partition was inserted in the water tank (1.8
m in diameter) to create a start section and two choice sections. A sliding panel either remained centered, allowing access to both choice sections, or was
moved to one side to block one section. A collapsible escape platform (10 cm2) was located in each one of the two choice sections. In the raised position,
the top of the escape platform was 1 cm below the surface of the water, and in the lowered position, the top of the platform was 19 cm below the surface
of the water. Only one platform was available (raised position) for the rat for each trial. To train the rat to swim and climb onto the platform, a straight
swim procedure (one session, 10 trials) was conducted (for review, see Markowska et al., 1992). A second shaping procedure, using the “T” partition, trains
the rat to swim to the platform located in either choice section of the water maze (2 consecutive d, nine trials/d), with starting point at the entrance to
the choice section (day 1) or in the start section (day 2). For training, each trial consisted of two parts: an Information Swim (IS) and a Choice Swim (CS).
For IS, one choice section was open; the platform was located in the open section in its raised position. The rat was allowed 60 sec to locate the platform.
After 10 sec on the platform, the rat was placed in a holding cage for 1 min. For the CS, both choice sections were open, but only the platform in the
section that was closed previously was available to the rat. If the rat entered the incorrect section, the sliding door was closed, confining the rat for 30
sec. After punishment, the sliding door was opened, and the rat was allowed to locate the platform in the correct section. One session consisted of nine
trials (intertrial interval was ;10 min).

Figure 1. Time line and experimental design. Rats were trained preoperatively. After pump implantation, animals were tested twice in the DNMTP
between day 10 and day 13 (POST 1) and between day 22 and day 24 (POST 2). Testing in IA was conducted only during POST 2 between day 26 and
day 27. Because Alzet 2002 minipumps are functional only for 14 d, pumps were replaced on day 15. Animals were killed, and brains were processed for
morphometric analyses after 28 d of continuous infusion.

Markowska et al. • NGF and Recent Memory J. Neurosci., May 15, 1996, 16(10):3541–3548 3543



F(5,160) 5 8.2; p , 0.001). At the end of training, latency to reach
platform was similar for both groups (p . 0.1).

DNMTP
For analyses of preoperative performance in DNMTP, repeated-
measures ANOVA (age 3 session) was performed on sessions
1–10 separately for each of the three dependent variables: choice
accuracy, time for information swim (IS), and time for correct
choice swim (CS). For time for incorrect CS, the average for each
block of two sessions (instead of single session) was submitted to
ANOVA to avoid missing data points.

Choice accuracy
The 4MO rats learned quickly and performed accurately (Fig.4).
During the last three sessions, mean choice accuracy was 80.7 6
3.5%.
Aging impaired performance (effect of age; F(1,32) 5 12.1; p ,

0.001). Although choice accuracy improved during testing (effect
of session; F(9,288) 5 13.9, p , 0.001), the magnitude of this
improvement was not as great in 23MO as in 4MO rats (age 3 10
sessions; F(9,288) 5 2.6, p , 0.01). Although both groups began
with a similar level of performance (close to the chance level of
50%), by the end of training, choice accuracy was significantly
lower in the 23MO rats than in the 4MO rats.

Swim time for IS
Aging increased mean swim time (effect of age; F(1,34) 5 24.1; p,
0.001). At the beginning of training (session 1), 4MO rats needed
19.26 2.9 sec to find the platform, whereas 23MO took 31.26 2.9
sec. The swim time of both groups decreased steadily as the
number of sessions increased (effect of session, F(9,288) 5 36.4; p
, 0.001). The magnitude of this decrease was greater in 23MO
rats than in 4MO rats (age 3 sessions; F(9,288) 5 2.5; p , 0.01).
However, at the end of training, the swim time was still longer for

23MO rats (10.3 6 1.5 sec) than for 4MO rats (4.7 6 1.5; session
10; p , 0.05).

Swim time for correct CS
The swim time of 23MO rats was longer than that of 4MO rats
(F(1,32) 5 10.8; p , 0.005). During session 1, 4MO rats spent 14.7
6 2.9 sec to find the platform, whereas 23MO rats took 20.56 3.0
sec. The swim time of both groups decreased steadily over re-
peated sessions (effect of session; F(9,288) 5 17.2, p , 0.001). By
session 10, the difference between groups was not significant (p .

Figure 3. For each group, the mean body weight before surgery (PRE)
and during the 4 weeks after surgery is presented. NGF infusion did not
change the body weight of 23MO rats. Both 23MO groups showed de-
creased body weight during the 4 postoperative weeks, and this decrease
was equal in both groups. 4MO-CON rats gained body weight in weeks 3
and 4, whereas 4MO-NGF rats showed a slight nonsignificant decline.
Each point represents the mean body weight (6 SEM) for each group for
each week of testing.

Figure 4. Preoperative DNMTP in the water maze. Preoperative acqui-
sition of the task was slower in 23MO rats compared with 4MO rats. The
mean choice accuracy of the 4MO (circles) and the 23MO (squares) group
is presented during 10 preoperative sessions. Each point represents the
mean choice accuracy (6 SEM) for each group for each session of
preoperative testing.

Figure 5. Comparison of mean DNMTP choice accuracy during the
preoperative training (PRE), and 2 weeks (POST 1) and 4 weeks (POST 2)
after the beginning of the infusion. For each group, the mean value (6
SEM) from PRE, POST 1, and POST 2 is presented. The 23MO-NGF rats
improved continuously during POST 1 and POST 2, showing the greatest
improvement during POST 2, a period in which they approached the level
of 4MO-CON rats. The 23MO-CON rats showed no significant change in
choice accuracy during any of the testing periods. Choice accuracy of
4MO-CON and 4MO-NGF rats in POST 1 and POST 2 remained the
same as in PRE.
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0.2); swim time for the 4MO group was 4.0 6 1.5 sec and for the
23MO group was 7.0 6 2.5 sec.

Swim time for incorrect CS
Swim time generally was longer during incorrect CS as compared
with correct CS, and ranged from 25.4 6 2.5 for 4MO to 36.9 6
2.3 for 23MO in the first block of two sessions. The difference
between 23MO and 4MO rats was significant across sessions
(F(1,32) 5 28.2, p , 0.001). Swim time decreased in both groups
with continued training (effect of session, F(9,288) 5 17.2, p ,
0.001). The difference between groups remained significant until
the end of training (p , 0.05).

Postoperative performance
DNMTP
For analyses of postoperative performance in DNMTP, repeated-
measures ANOVA (group 3 period) comparing PRE perfor-
mance with POST 1 and POST 2 used the mean of three sessions
within each testing period (for PRE, session 8–10) and was
conducted separately for each dependent measure. Two rats did
not complete all testing, resulting in fewer degrees of freedom in
the POST 2 analyses.

Choice accuracy
The overall ANOVA (group 3 period) revealed a significant
effect of groups (F(3,28) 5 9.3; p, 0.001), primarily attributable to
a significant effect of age. Choice accuracy varied depending on
the period tested (effect of period, F(2,56) 5 4.5; p , 0.02).
Additional post hoc analyses showed that 4MO-CON and 4MO-
NGF rats did not differ significantly between PRE and POST
periods of testing (p . 0.5). The choice accuracy of the 23MO-
CON was lower than that of the 4MO-CON in all three testing
periods: PRE, POST 1, and POST 2 (0.005 , p , 0.01).
A robust effect of NGF was observed in aged rats (Figure 5). In

the 23MO-NGF group, focused ANOVA revealed significant
differences among periods of testing (F(2,18) 5 8.3; p , 0.003).
These significant differences were primarily attributable to differ-
ences between PRE and POST 2 (p , 0.01) and differences
between POST 1 and POST 2 (p , 0.005). The choice accuracy of
23MO-NGF rats was improved significantly after 4 weeks of
infusion (i.e., POST 2 compared with PRE level). There were no
differences in choice accuracy between PRE and POST 1, dem-
onstrating that NGF did not produce a significant effect on choice
accuracy after 2 weeks of infusion (i.e., in POST 1). Comparison
of the performance of the 4MO-CON rats with that of 23MO-
NGF rats revealed that choice accuracy of these two groups was
considerably different during PRE (p , 0.003) and during POST
1 (p , 0.01). However, the difference in choice accuracy between
these two groups was no longer significant during POST 2 (p .
0.2), indicating that the age-related impairment in the 23MO rats
was reversed completely after a 4 week infusion of NGF. In the
23MO-CON group, the choice accuracy during PRE training did
not differ significantly from either POST 1 or POST 2 periods (p
. 0.5).
Figure 6 represents the percentage of rats in each group during

POST 2 whose performance was improved, impaired, or remained
the same. None of the 4MO-CON rats were impaired in postop-
erative performance, and only 10% of 4MO-CON rats were
improved. The POST 2 performance of the remaining 4MO-CON
rats and all 4MO-NGF rats was the same as during the PRE
period. In the 23MO-CON group, 10% of rats were impaired and

10% were improved. NGF in aged rats improved choice accuracy
in 50% of the rats, and none of rats were impaired.

Swim time for IS
The overall ANOVA (group 3 period) revealed a significant
effect of groups (F(3,30) 5 8.0; p, 0.001), primarily attributable to
a significant effect of age during PRE period (group 3 period;
F(6,60) 5 2.9, p , 0.02). There were no differences between
periods of testing in either the 4MO-CON or the 4MO-NGF
group. Although the performance of the 23MO-CON and the
23MO-NGF rats differed during PRE, this difference was no
longer significant in POST 1 and POST 2 because of decreased
swim time in the 23MO-NGF. This decrease in swim time was
significant only in POST 2 (p , 0.05).

Swim time for correct CS
The swim time of 4MO-CON and 4MO-NGF rats did not differ
among periods of testing (p . 0.5). This analogous effect was
present in the 23MO group, indicating that NGF did not produce
changes in swim time (p . 0.5).

Swim time for incorrect CS
NGF did not produce changes in swim time in either the 4MO rats
or the 23MO rats (p. 0.5). The 4MO-CON and 23MO-CON rats
did not differ among periods of testing (p . 0.5).

IA
Latency scores for retention of IA were distributed over a broad
range of values in all four groups. The range of differences
between testing and training scores was 35–596 sec for 4MO-
CON, 68–592 sec for 4MO-NGF, 8–597 sec in 23MO-CON rats,
and 25–597 sec in 23MO-NGF rats. As shown in Figure 7, 4MO-
NGF rats were not different from 4MO-CON rats. The 23MO-

Figure 6. To evaluate the effect of treatment not only on a group level but
also on an individual level, the same method typically used to report
human data was used (the individual postoperative performance of each
rat was classified relative to its own preoperative level). A comparison of
POST 2 performance to PRE performance placed each rat into one of
three categories based on the difference between mean postoperative
performance and mean preoperative performance: improved (POST 2
better than 2 SEM from PRE), unchanged (POST 2 and PRE within 2
SEM), or impaired (POST 2 worse than 2 SEM from PRE). For each of
the four groups, the height of the bar indicates the percentage of rats that
were improved (left bar), same (middle bar), and impaired (right bar).
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CON rats had retention latencies lower than those of 4MO-CON
rats. Furthermore, 23MO-NGF rats tended to have longer laten-
cies than 23MO-CON rats. None of the trends in latencies nor in
the retention scores reached statistical significance.

DISCUSSION
NGF and spatial recent memory
The results from the present experiment demonstrate that human
NGF, administered via a ventricular osmotic minipump, amelio-
rates age-related decline in spatial recent memory in 23MO
Fischer-344 rats, as assessed by a novel DNMTP task in the water
maze. This improvement reached a level of choice accuracy equiv-
alent to that observed in the 4MO rats. The fact that NGF
infusion did not significantly affect swim time during the CS of
either group of rats indicates that the improved choice accuracy in
aged rats was not the result of improved swimming ability, but
more likely a consequence of improved memory. This result is
consistent with our previous finding that NGF does not influence
sensorimotor performance of rats (Markowska et al., 1994).
In comparison with our previous finding, the Morris water maze

procedure in the current study, adopted to resemble a T-maze
spatial alternation (so that working memory and reference mem-
ory could be compared under identical conditions), confirm the
superior effects of NGF on working memory compared with
reference memory. The selectivity of NGF for recent memory has
important implications for the treatment of AD, an illness in
which loss of recent memory manifested in its early stages is a

major cause of morbidity. These results provide valuable infor-
mation about the effects of NGF on recent memory, an aspect of
NGF pharmacology for which there is very little information
(Markowska et al., 1994). In light of the evidence that loss of
recent memory is the most prominent cognitive deficit in elderly
humans and in the early stages of AD, the beneficial effects of
NGF therapy on this type of memory are bound to have substan-
tial clinical significance.

Complete or partial reversal of age-related changes in
recent memory versus reference memory: effect
of doses
Age-related deficits in recent memory as observed in DNMTP
were reversed completely by NGF. Previous studies using smaller
doses (10 mg/week) (Markowska et al., 1994) or much lower doses
(1.1–2.1 mg/week) (Fischer et al., 1987, 1991; Chen et al., 1995) of
NGF reported only a partial reversal of deficits in reference
memory as assessed by a place discrimination task in the water
maze. The effects of NGF on reference memory were much
milder, resulting in performance at an intermediate level between
old and young rats (Fischer, 1987, 1991; Markowska et al., 1994;
Chen et al., 1995). These behavioral effects were accompanied by
a partial reversal of the cholinergic cell atrophy in the basal
forebrain (Fischer et al., 1987, 1991; Markowska et al., 1995b).
Higher doses of NGF (40–42 mg/week) resulted in either a

partial reversal (Markowska et al., 1994) or a complete reversal of
reference memory deficits (Fischer, 1994), suggesting that dose
dependence is not the only factor contributing to the magnitude of
the reversal. Because these experiments were conducted on
23MO Fischer-344 male rats (Markowska et al., 1994) or aged
Sprague–Dawley female rats (Fischer, 1994), perhaps the strain or
gender of the rats plays an important role in their vulnerability to
NGF treatment. These issues need additional consideration. Con-
versely, doses of NGF (8.4 mg/week) smaller than the doses
successful in the complete reversal of behavioral deficits have
been reported to reverse some age-associated structural alter-
ations in dendritic spines of neocortical neurons to a level similar
to that observed in young controls (Mervis et al., 1991). Although
these effects need to be studied further and their nature and
mechanisms better understood, they suggest that the duration and
doses of NGF treatment are parameters of equal importance to
the susceptibility of subjects (strain, gender, and possibly chrono-
logical age) in mediating therapeutic effects in the mammalian
forebrain.

Effect of NGF on different paradigms of recent memory
The NGF effects on choice accuracy of old rats reported in the
present study are consistent with previous findings obtained in a
different behavioral paradigm, i.e., spatial delayed alternation in
the T-maze (Markowska et al., 1994). In both behavioral tasks,
which assess recent memory, NGF improved choice accuracy.
Interestingly, the magnitude of improvement by NGF differed in
the two studies. There was a complete reversal of age-related
decline in DNMTP (present study), but only a partial reversal in
spatial delayed alternation (our previous study). This discrepancy
may have resulted from differences in the type of the task used to
assess recent memory. Although both tasks were based on forced-
choice recognition, the type of reinforcement differed between the
two (i.e., appetitive reinforcement was used in spatial delayed
alternation, and aversive reinforcement was implemented in
DNMTP). The food and water intake restrictions used in our
previous study were eliminated in the present experiments to

Figure 7. IA. The training apparatus was a two-compartment, rectangu-
lar acrylic chamber. A start compartment (10 3 14 3 23 cm) was painted
white, illuminated with a lamp (25 W), and separated from a larger dark
compartment (10 3 14 3 37 cm) by a sliding white door. The floor of the
apparatus was composed of stainless steel plates that delivered a foot
shock (0.7 mA, 1 sec) generated by a master shocker. For the training trial,
each rat was placed in the start compartment, the sliding door opened, and
the rat allowed to enter the dark compartment (all four paws inside). After
a brief foot shock (0.7 mA, 1 sec) was delivered through the floor, the rat
was removed immediately from the chamber. For the testing trial 24 hr
later, the rat was returned to the start box, the sliding door opened, and
the rat allowed to reenter the dark compartment. A higher value for the
latency to enter the dark compartment during the testing trial reflected
better retention. Aging resulted in a nonsignificant decrease in retention
latencies, but NGF treatment caused a nonsignificant increase in retention
latencies, which was intermediate between those of 23MO-CON and
4MO-CON groups. Vertical lines indicate interquartile ranges.
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avoid the potential contribution of NGF-induced anorexia (Wil-
liams et al., 1991). Because the dose of NGF (20 mg/week) used in
the present study was within the range of doses used in our
previous study (40 mg/week and 10 mg/week) and still induced a
relatively stronger effect, it is likely that the difference in rein-
forcement rather than the NGF dose contributed to the magni-
tude of the NGF effect.

Time course of NGF effect on behavior
In the present study, 2 weeks of continuous infusion of NGF did
not affect the choice accuracy in 23MO rats. However, extension
of NGF treatment to 4 weeks resulted in substantial improve-
ments in the above measure. Consistent with the results of the
present study, delayed effects of NGF have been observed in
reference memory using both lower (1.1–2.1 mg/week) (Fischer et
al., 1987; Chen et al., 1995) and higher (42 mg/week) (Fischer,
1994) doses of NGF. However, ChAT activity has been shown to
be stimulated only after 2 weeks of NGF treatment, even with
lower doses of the peptide (Vantini et al., 1990; Hefti and
Lapchak, 1993; Koliatsos et al., 1994), and an increase in ChAT-
immunoreactive varicosities, in size of cholinergic boutons and in
the number of synaptic contacts, was reported after 7 d of NGF
infusion (Garofalo et al., 1992). In light of the above neurobio-
logical findings, the delayed effects of NGF on the behavior of
aged rats suggest that changes in the cholinergic system precede
improvements in memory by ;2–3 weeks.

NGF effects on young rats
Neither 2 nor 4 weeks of NGF infusion significantly affected
spatial recent memory in young rats. However, choice accuracy in
the 4MO-NGF group was slightly, but not significantly, decreased
relative to the 4MO-CON group during NGF infusion. The choice
accuracy of 10% of the 4MO-CON group rats improved with
training, whereas the choice accuracy of the 4MO-NGF rats was
unchanged. The direction of this difference (lower choice accuracy
in 4MO-CON rats than in 4MO-NGF rats during POST 2) is
consistent with a previous study (Markowska et al., 1994). How-
ever, in a T-maze delayed alternation task, the magnitude of this
difference was significantly greater. This discrepancy in the mag-
nitude of NGF effects on young rats’ performance between these
two studies may be attributable to the type of paradigm used and
the type of motivation implemented for the performance of the
task. Given the suppression of weight gain induced by NGF,
perhaps choice accuracy in the T-maze was affected by a de-
creased appetite, which in turn could decrease motivation to
perform the task.

NGF and IA
In addition to its positive effect on spatial memory, NGF may
influence nonspatial memory. In the present study, the 23MO-
CON group showed a mild deficit in IA tested 24 hr after the
training trial; only about 25% of the sample had latencies near the
maximum of 600 sec, whereas the remaining rats had much
shorter latencies. Other studies have found similar ranges of
performance in old rats (Stone et al., 1989). In the 23MO-NGF
rats, almost 50% of the sample had latencies near the maximum of
600 sec. However, this effect did not reach statistical significance.
These data demonstrate that the dose of NGF (20 mg/week) that
effectively improved spatial memory was not sufficient to influence
nonspatial memory.

NGF-induced weight loss
A significant reduction in food consumption and weight gain
compared with untreated and vehicle-treated rats occurred after 2

weeks of NGF treatment in young (3–5 months old) Sprague–
Dawley rats (Williams, 1991). Although, the dose of NGF used in
the present study was higher than that used in the previous study
(20 mg/week and 8.4 mg/week, respectively), we did not observe a
significant loss of body weight in the first 2 weeks of treatment.
Weight differences between 4MO-CON rats and 4MO-NGF rats
that emerged during the third week of NGF infusion and persisted
throughout the fourth week were principally caused by a weight
gain of animals in the 4MO-CON group (compared with lack of
weight gain in 4MO-NGF animals). In 4MO rats, a gain in body
weight is expected as a concomitant of continuing growth, and the
lack of weight gain observed in 4MO-NGF rats implies a contri-
bution from NGF-induced anorexia. Similar NGF-induced (injec-
tions of 1.4 mg every second day) suppression of weight gain has
been observed in young female Wistar rats, in which significant
changes in body weight emerged after day 12 of NGF treatment
and persisted until the end of the experiment (Lapchak and Hefti,
1992).
Interestingly, the reduction in body weight was nearly identical

between 23MO-CON and 23MO-NGF rats, a pattern suggesting
that NGF infusion did not contribute to weight loss in aged rats.
In fact, our extensive experience with aged rats (Markowska et al.,
1995c) suggests that physical exercise alone as a concomitant of
behavioral testing results in weight loss. We therefore assume that
the extensive daily training was a major contributor to the weight
loss in all 23MO rats.
Although hypothalamic mechanisms have been postulated

(Buck et al., 1988; Oliveira et al., 1990; Pelleymounter et al.,
1995), the exact nature of the anorexic effect of centrally delivered
neurotrophins in young rats remains unclear. The lack of effect of
intraventricular NGF infusion on the body weight of aged animals
suggests that the brain targets through which NGF affects appetite
suppression may not be intact structurally or responsive in these
subjects.

CONCLUSION
Our findings support the hypothesis that NGF can reverse age-
related deficits in spatial recent memory, the type of memory that
undergoes age-associated alteration in rodents as well as in the
early stages of AD. Recent evidence that demonstrates a positive
correlation between NGF-induced hypertrophy of BFCS cholin-
ergic neurons and improved working memory in aged rats
(Markowska et al., 1995b), and a positive correlation between
NGF-induced synaptic sprouting in the frontal cortex with place
discrimination performance in the water maze (Chen et al., 1995),
implies that NGF-induced enhancements in cognitive function in
aged rats are the result of changes in the basal forebrain cholin-
ergic system. However, the causal relationship of these effects
need to be studied further. The fact that the cholinergic neurons
located in the basal forebrain cholinergic system predominantly
express trk A receptors, the high-affinity receptor for NGF, may
explain their high sensitivity to NGF therapy. The capacity of
NGF to bolster cholinergic neurons of the BFCS may, in turn,
explain the augmented recent memory observed in aged animals.
These findings may increase significantly the relevance of NGF as
a therapeutic agent for AD, in which loss of recent memory
represents one of the earliest and the most debilitating features
associated with this dementing disorder.
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