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The findings of reeent studies provide extensive evi
dence that opioid peptides influence learning and memory. 
Generally , when administered posttraining, retention is 
enhanced by opiate reeeptor antagonists (e.g., naloxone 
and naltrexone) and impaired by agonists (e.g., morphine, 
ß-endorphin, enkephalins) (Castellano, 1975; Gallagher 
& Kapp, 1978; Introini, McGaugh, & Baratti, 1985; Iz
quierdo, 1979; Martinez et al., 1981; McGaugh, 1989; 
McGaugh & Gold, 1989; Zhang, McGaugh, Juler, & 
Introini-Collison, 1987). The fmding that retention is in
fluenced by drugs affeeting opiate receptors suggests that 
endogenous opioid peptide systems are involved in the 
regulation of memory storage (McGaugh, 1989). 

Most previous studies investigating the possible role of 
the enkephalins in memory storage have examined the ef
feets produced by systemic injeetions of enkephalins and 
opiate antagonists. The involvement of enkephalins in 
memory can also be addressed by using drugs that affeet 
the metabolism of enkephalin (Martinez, Weinberger , & 
Schulteis, 1988). Two enzymes, arninopeptidase and 
dipeptidylcarboxypeptidase, seem to playa predominant 
role in the inactivation of enkephalins (Schwartz, 1983). 
Enkephalin-hydrolysing arninopeptidase has been found 
to be sensitive to bestatin, a potent arninopeptidase inhi
bitor (Schwartz, 1983). Enkephalin hydrolysis is inhibited 
by bestatin both in vivo and in vitro (Chaillet et al., 1983; 
Giros, Gros, Solbonne, & Schwartz, 1986). If, as previ
ous findings suggest, enkephalins impair memory, then 
memory should also be impaired by treatments, such as 
bestatin, that inhibit the metabolism of enkephalin. To ex
amine this implication, in the present experiments, we in
vestigated the effeets of posttraining administration of 
bestatin on retention in two aversively motivated train
ing tasks. 
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Male CFW mice, 50-60 days old, were used as sub
jeets. After acclimation to the laboratory for a week, the 
mice were trained on a one-trial step-through inhibitory
avoidance (IA) apparatus (Zhang et al., 1987) using a 0.6-
mA or 0.9-mA, 2-sec, 6O-Hz footshock. Immediatelyafter 
training, the animals reeeived i.p., 0.9% saline or drug 
injeetion in a volume ofO.3 mI per mouse. On a test 24 h 
later the latency to step through was reeorded as a mea
sure of retention. The ceiling latency on the retention trial 
was 300 see. 

After a 2-week interval, the mice were then trained in 
a Y-maze discrimination (YMD) task (Zhang et al., 
1987). The mice were first trained to enter the left, illu
minated alley ofthe Y-maze in order to escape from foot
shock delivered through stainless steel floor plates. They 
were trained to a criterion of three successive correet 
choices of the left alley. The animals then reeeived im
~ediate posttraining drug or physiological saline injee
hons (0.3 mi/mouse). On a 24-h retention test, the dis
crirnination was reversed: each animal received six trials 
as o~ original training, but could escape only by entering 
the nght, darkened alley. The number of choices of the 
left alley on the six reversal-training trials was used as 
the measure of retention. The use of this measure is based 
on the assumption that entries into the left alley, which 
was the correet alley on the original-training trials, refleet 
memory of the original training. This assumption is sup
ported by findings of previous studies indicating that er
rors on the reversal-training trials vary direetly with the 
amount of original training (Introini-Collison & 
McGaugh, 1986). 

The drugs, bestatin hydrochloride (Sigma) and nalox
one hydrochloride (Endo), were dissolved into 0.9% sa
line. All doses are expressed as salt weights. Data were 
analyzed by two-tailed Mann-Whitney U tests; p values 
less than .05 were considered significant. 

In the first experiments, we exarnined dose-response 
effeets of posttraining bestatin on retention. The results 
obtained in the IA task are shown in Table 1 (left). Reten
tion was impaired by bestatin in doses of 1.0 and 2.0 
mg/kg. Lower and higher doses were ineffeetive. The ef
feets of administering bestatin following training in the 
:MI? task are also s~own in Table 1 (right). Significant 
ImpaITment of retentIOn was obtained with a dose of 1.0 
mg/kg. The dose of 2.0 mg/kg was ineffeetive. 

In the seeond experiment, we exarnined the effeets of 
bestatin in animals also treated with the opiate reeeptor 
blocker naloxone to deterrnine whether the influence of 
bestatin on memory retention is mediated by opiate recep
tors. The findings obtained in the IA task are shown in 
Figur~ lA. As can be seen, posttraining bestatin impaired 
retentIon. Although there was no significant effect of 
naloxone adrninistered alone, naloxone attenuated the ef-
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Table 1 
Effect of Bestatin on Retention of Inbibitory-Avoidance and V-Maze Discrimination Tasks in Mice 

Inhibitory A voidance* Y -Maze Discrirninationt 

Dose NO.of Retention Latencies NO.of Retention Scores 

Treatment (mg/kg) Mice Mdn IQ Ranget Mice M SE 
Saline 28 235 63-300 12 4.00 0.44 
Bestatin 0.5 21 180 20-300 
Bestatin 1.0 21 145 18-232§ 10 2.80 0.38§ 
Bestatin 2.0 22 146 20-254§ 12 3.33 0.38 
Bestatin 4.0 21 176 22-300 
Bestatin 8.0 15 205 24-300 

Note-All treatments were given (i.p.) immediately after training. *Footshock: 0.9 mA, 60 Hz, 
2 sec. tFootshock: 0.4 mA, 60 Hz. tlnterquartile range. §p < .05 as compared with the saline
injected control group. 

feets of bestatin: the retention latencies of the naloxone 
+ bestatin group did not differ significantly from those 
ofthe controls. Comparable effects were obtained in the 
YMD task (Figure IB): the error scores of the bestatin 
group were significantly lower than those of controls, 
whereas the retention errors made by the naloxone + 
bestatin group did not differ significantly from those of 
the controls. 

In a third set of experiments, we examined the effects 
of bestatin and naloxone in animals trained with lower 
footshock levels in both training tasks. With the higher 
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Figure 1. Effect of naloxone on the impairment of retention in
duced by bestatin in mice trained in (A) inhibitory-avoidance and 
(8) in V-mau discrimination tasks. (A) Footshock 0.9 mA, 60 Hz, 
2 sec; N = 15 mice per group. (8) Footsbock 0.4 mA, 60 Hz; N = 
14 mice per group. *p < .05 as compared with the saline group. 
All treatments were given i.p., immediately posttraining. Bestatin 
1.0 mgIkg, naIoxone 0.1 mgIkg. 

footshock levels used in the experiments reported above 
(lA = 0.9 mA; YMD = 0.4 mA) the controls were at 
ceiling on the IA retention test and the controls trained 
in the YMD task had high retention scores. Under these 
conditions, naloxone administered alone did not affeet 
retention. The findings obtained with experiments using 
a lower footshock levels (IA = 0.6 mA; YMD = 
0.3 mA) are shown in Table 2. As can be seen, posttrain
ing naloxone enhanced retention in both tasks. Further
more, bestatin, in a subeffeetive dose (0.5 mg/kg) which 
did not cause amnesia when administered alone, (Table 1) 
attenuated the facilitatory effects of naloxone in both tasks 
(Table 2). 

The findings of these experiments indicate that 
(1) posttraining parenteral injections ofthe the aminopep
tidase inhibitor bestatin produce dose-dependent impair
ment of retention of IA and YMD training, (2) the effects 
are attenuated by the opiate receptor antagonist naloxone, 
and (3) the retention-enhancing effects of posttraining 
naloxone are attenuated by bestatin. 

These experiments were based on previous findings in
dicating that memory is impaired by posttraining adminis
tration of opioid peptides. Our findings, indicating that 
retention is impaired by posttraining systemic injeetions 
of bestatin, are highly comparable to the findings of our 
previous studies of the effects of posttraining systemic in
jeetions of met -enkephalin (Zhang et al., 1987). 

The dose-response effects obtained with the two tasks 
used in this study are similar to those obtained in previ
ous studies of the effects of morphine, ß-endorphin, and 
enkephalins (Introini, 1984; Introini & Baratti, 1984; In
troini et al., 1985). In those studies, high doses did not 
affect memory. Thus, the lack of an effect of high doses 
of bestatin seems likely to be due to high concentrations 
of enkephalins. It remains unclear, however, why 
memory-impairing effects of opiate agonists are gener
ally found only at modest dose levels. 

In the previous (Zhang et al" 1987) and the present ex
periments' the dose-dependent memory-impairing effects 
of both met-enkephalin and bestatin were attenuated by 
naloxone. The finding that the retention-enhancing effects 
of posttraining naloxone are blocked by a low (and 
subeffective) dose ofbestatin provides additional support 
for the view that the effeets are mediated by the activa-
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Table 2 
Inlluence 01 Bestatln (0.5 mgIkg) on tbe Retention Enhancement 01 Nalollone (0.3 mgIkg) 

In Mice Trained In Inhlbltory-Avoldance and Y-Maze DilIcrimination Tasks 

Inhibitory A voidance* Y-Maze Discriminationt 

No.of 
Mice 

Retention Latencies NO.of Retention Scores 

Treatment Mdn IQ Ranget Mice M SE 

Saline 
Naloxone 
Bestatin 
Naloxone + 

30 
24 
23 

61 
221 
35 

11-282 
SO-300§ 
9-200 

18 
18 
18 

3.00 0.35 
4.06 0.34§ 
3.17 0.29 

bestatin 24 134 11-239 17 3.29 0.38 

Note-All treatments were given (i.p.) immediately after training. 
2 sec. tFootshock: 0.3 mA, 60 Hz. tInterquartile range. 
the saline-injected control group. 

*Footshock: 0.6 mA, 60 Hz, 
§p < .05 as compared with 

tion of opiate reeeptors, and is eonsistent with the view 
that endogenous enkephalins may playa role in the regu
lation of memory storage. There is evidenee suggesting 
that aminopeptidase may affect the metabolism of pep
tides other than enkephalin (Turner, Matsas, & Kenny, 
1985). Thus, our finding that naloxone only partially at
tenuated the effeet of bestatin may be due to bestatin in
fluenees on nonopioid neuropeptides. 

In the present experiments, bestatin was administered 
intraperitonea11y. Thus, we do not know whether the drug 
effects on memory are due to influenees in the brain or 
in the periphery. In previous studies, we have found that 
the amnestie effects of posttraining systemie injections of 
met-enkephalin are blocked by the eentrally aeting opi
ate antagonists naloxone and naltrexone, as weU as by sys
temie injections of an opiate antagonist (MR2263) that 
does not pass the blood-brain barrier (Introini et al., 1985; 
Zhang et al., 1987). Thus, these findings suggest that the 
effects of enkephalin on memory may be initiated at 
peripheral opioid reeeptors. 
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