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ACTH, «-MSH and p-LPH: pituitary hormones with similar activity in
an amnesia test in rats
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In addition to its classical endocrine effect, adreno-
corticotrophic hormone (ACTH) also influences be-
haviour through direct effects on the brain. Thus its
administration to rats during the extinction of shock-
motivated responses (Greven & de Wied, 1973) or
food-motivated responses (Garrud, Gray & de Wied,
1974) delayed the extinction. Extirpation of the adrenal
gland did not abolish the behavioural effect of ACTH
(Miller & Ogawa, 1962). Moreover, fragments, e.g.
ACTH,,,, and analogues lacking the endocrine activity
of ACTH still appeared to have behavioural actions
similar to the parent hormone (Greven & de Wied,
1973; de Wied, Witter & Greven, 1975). Besides, cor-
ticosteroids in general have been found to exert be-
havioural effects opposite to those of ACTH-like
peptides (Bohus, 1970; van Wimersma Greidanus,
1970; Garrud & others, 1974).

Using the pole jump test, de Wied and associates
sought the smallest amino acid sequence of ACTH that
possessed essentially the same behavioural activity as
the parent hormone and found ACTH,_, to meet the
essential requirements for the inhibitory effect on
extinction (Greven & de Wied, 1973; de Wied & others,
1975). This amino acid sequence is shared by several
pituitary hormones, including melanocyte-stimulating
hormone (MSH). Both «-MSH and porcine 8-MSH
affect extinction of shock-motivated (Greven & de
Wied, 1973) and food-motivated responses (Kastin,
Sandman & others, 1975) in the same way as ACTH.

In addition to extinction of shock- or food-motivated
responses, several other paradigms have been used to
assess the behavioural effects of ACTH-like peptides.
We have studied the effect of ACTH,-,, on carbon
dioxide (CO,)-induced amnesia for a one-trial passive
avoidance response. When during the so-called acquisi-
tion trial of the passive avoidance test a rat is punished
by an electric footshock for performing a preferred
response, i.e. entering a dark chamber, it usually avoids
making that response again on a subsequent trial
(retrieval trial). CO, was able to induce amnesia for
this passive avoidance behaviour, when it was adminis-
tered immediately upon the acquisition trial. The CO,-
induced amnesia could be attenuated by subcutaneous
treatment with ACTH,-14 1 h before the retrieval trial.
Given 1 h before the acquisition trial the peptide was
ineffective (Rigter, van Riezen & de Wied, 1974). Since
«-MSH contains the amino acid sequence ACTH,-,,,
it may be assumed that it also possesses anti-amnesic
activity. The present study was undertaken to test this
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hypothesis. In addition, we examined the effect of
B-lipotrophic hormone (8-LPH), a pituitary hormone
thatalso contains the sequence ACTH (= 8-LPHy;_g)

In each experiment 7 groups of 10 male Wistar rats,
170-210 g, were trained in the one-trial passive avoid-
ance apparatus described by Ader, Weijnen & Moleman
(1972). This consisted of a 40 X 40 x 40 cm Lucite
chamber with black walls and a grid floor. A 6 ¢y
wide, 25 cm long elevated runway protruded from the
front wall of the chamber. The runway was illuminateq
by a 40 W lamp while the chamber was dark. When
placed on the runway, a rat could enter the dark cham-
ber through a 6 x 6 cm opening. A scrambled footshock
(0-5 mA for 3 s) could be delivered through the grid
floor of the chamber.

On both day 1 and day 2 of each experiment the
animals received two pretraining trials during which
the rat was placed at the end of the runway and the
time it took to enter the chamber was recorded and
defined as the step-through latency. On day 3 a single
acquisition trial was given. This was similar to a pre-
training trial except that the rats received a footshock
(FS) 10 s after entering the chamber. Immediately after
the application of the FS the animals were subjected to
amnesic treatment with CQO, (FS-CO, groups) or to
‘sham’ amnesic treatment (FS-NoCO, groups) according
to the procedure described by Rigter & others (1974).
Amnesic treatment consisted of placing the rats in a
box with 1009, CO, until respiratory arrest occurred.
They were then revived by artificial respiration. Sham-
treated rats were placed in an identical but air-filled
box. Since our previous work has shown that CQO; itself
does not affect later performance (Rigter & others,
1974), control groups receiving CO, but no FS were
not included in the present experiments. On day 4
(24 h after acquisition) a single retrieval trial was given
and the step-through latency recorded. When a rat
did not enter the chamber within 180 s, it was taken
from the runway and a score of 180 s was assigned.

ACTH;_,,, x~-MSH, ovine B-LPH (10 pg per rat) or
saline were injected subcutaneously 1 h before the
acquisition trial and/or the retrieval trial according to
the schedule given in Table 1. ACTH,-, in a hydro-
chloric acid solution of pH 3-5 was diluted with saline
to a concentration of 10 wg ml-! and the solution
neutralized to pH 7 with sodium bicarbonate beforé
injection. x-MSH and B-LPH were dissolved in saline.
B8-LPH was a generous gift of Dr C. H. Li, Hormone
Research Laboratory, University of California, Sap
Francisco.
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Table 1. The influence of ACTH,_,,, 0-MSH and B-LPH
(10 ug per rat) on COs-induced amnesia for a one-trial

assive avoidance response. (A = no avoidance. B in-
plete avoidance. C compete avoidance.)

com

Group Treatment 1 h before: %% of rats showing:

0= 10) acquisition  retrieval A B C
FS-COs saline saline 80 20 0
FS-CO‘ ACTH,-,, saline 90 10 0
Fs_co,“ saline ACTH,_,, 30 60 10
ES-COs** ACTH,.;, ACTH, 30 50 20
FS_NoCO,.“' saline saline 0 30 70
FS_NOCO,*" ACTH,.,, saline 10 10 80
FS-NoCO,***  saline ACTH, ;0 0 30 70
FS-COs saline saline 100 0 0
FS-COs «-MSH saline 90 0 10
FS-COs saline a-MSH 60 0 0
FS-CO.** «-MSH %-MSH 333 55-5 111
FS-NoCO,***  saline saline 30 20 50
FS-NoCO,*** o MSH saline 20 0 80
FS NoCO,*** saline «-MSH 0 20 80
FS-COa saline saline 70 30 0
FS-COs (3-LPH saline 60 40 0
FS-COaf* saline B-LPH 333 444 222
FS-COy** 3-LPH 3-LPH 10 50 40
FS-NoCO,*** saline saline 0 20 80
FS-NoCO,*** (-LPH saline 0 20 80
FS-NoCO,*** saline g-LPH 0 40 60

ACTH ¢-10,®-MSH and {-LPH (10ug per rat) were studied in separate
experiments. . )

1] animal lost due to CO,, ®: difference to corresponding saline-saline
FS-CO, group: P < 0-05; **: P < 0-0L; ***: P < 0-001.

The test scores were divided into three classes: (1)
latencies of 0-10 s; (2) latencies of 11-179 s; (3) latencies
of 180 s. Rats entering the chamber within 10 s were
considered as not showing passive avoidance; previous
experiments had shown that 10 s represented the maxi-
mum latency for rats which had not received a footshock
at the time of the acquisition trial.

Rats entering the chamber between 11-179 s dis-
played incomplete passive avoidance while those that
failed to enter within 180 s were considered to show
a complete passive avoidance response. In the analysis
of the results, the three classes received a weighting of
0, 1 and 2, respectively. The retrieval scores were
analysed with the one-tailed Yates test (Yates, 1948).
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The results are shown in Table 1. In accordance with
our previous finding (Rigter & others, 1974), ACTH,—,
attenuated COy-induced amnesia when administered
before the retrieval trial but not when given before the
acquisition trial. The group of rats treated with the
peptide before both acquisition and retrieval did not
differ statistically from the group receiving the peptide
only before the retrieval trial. ACTH,_,, did not change
passive avoidance behaviour in the FS-NoCO, groups.

a-MSH and B-LPH exerted an anti-amnesic effect
which was essentially similar to that of ACTH,_,,; both
hormones reduced amnesia but only when given before
the retrieval trial. Although treatment before both
acquisition and retrieval tended to increase the anti-
amnesic effect, this was not statistically significant.
o-MSH and $-LPH did not affect the retrieval scores of
FS-NoCO, rats.

These results indicate that pituitary hormones sharing
the amino acid sequence ACTH,_, (and ACTH,-)
have similar behavioural actions in our amnesia test.
This is in agreement with the results of Greven &
de Wied (1973) who demonstrated a similar inhibitory
effect of ACTH, «-MSH and g-MSH on extinction of
a shock-motivated response. In the present experiments
ACTH;—j, ®-MSH and B-LPH were administered in
a dose of 10 ug per rat. Dose-response studies are
needed to assess possible differences in potency.

B-LPH has rcceived considerable attention lately as
oligopeptides derived from the C-terminal part of this
hormone (amino acid sequence 61-91) appeared to
have strong morphinomimetic actions (Hughes, Smith
& others, 1975; Cox, Goldstein & Li, 1976; Lazarus,
Ling & Guillemin, 1976;. It has been suggested that
B-LPH functions as a prohormone for peptides with
morphinomimetic activity (Cox & others, 1976;
Lazarus & others, 1976). The present data raise the
interesting question of whether B-LPH also functions
as a prohormone for ACTH-like peptides.

September 6, 1976

REFERENCES

ADER, R., WEDNEN, J. A. W. M. & MoLEMAN, P. (1972). Psychon. Sci., 26, 125-128.

Bonus, B. (1970). In: Pituitary Adrenal and the Brain, Progress in Brain Research, vol. 32, pp. 171-184. Editors:
de Wied, D. & Weijnen, J. A. W, M. Amsterdam: Elsevier.

Cox, B. M., GoLpsTEIN, A. & Li, C. H. (1976). Proc. natn. Acad. Sci. U.S.A., 73, 1821-1823.

DE WIED, D., WITTER, A. & GREVEN, H. M. (1975). Biochem. Pharmac., 24, 1463-1468.

GARRUD, P., GRrRAY, J. A. & DE WIED, D. (1974). Physiol. Behav., 12, 109-119.

GREVEN, H. M. & DE WIED, D. (1973). In: Drug effects on neuro-endocrine regulation, Progress in Brain Research,
vol. 39, pp. 429-442. Editors: Zimmerman, E., Gispen, W. H., Mars, B. H. & de Wied, D. Amsterdam: Elsevier.

Hucnes, J., Smite, T. W., KosterLitz, H. W., FotHErRGIIL, L. A., MORGAN, B. A. & Morris, H. R. (1975).

Nature (Lond.), 258, 575-579.

Lazarus, L. H,, Ling, N. & GuILLEMIN, R. (1976). Proc. natn. Acad. Sci. U.S.A., 73, 2156-2159.
Kastin, A. J., SANDMAN. C. A., STRATTON L. O., SCHALLY, A. V. & MILLER, L. H. (1975). In: Hormones, Homeo-
stasis and the Brain, Progress in Brain Research, vol. 42, pp. 143-150. Editors: Gispen, W. H. and others.

Amsterdam: Elsevier.

MiLigR, R. E. & OGawa, N. (1962). J. comp. physiol. Psychol., 55, 211-213.

RicTER, H., VAN RiEZEN, H. & DE WIED, D. (1974). Physiol. Behav., 13, 381-388.

VAN WIMERSMA GREIDANUS, TJ. B. (1970). In: Pituitary, Adrenal and the Brain, Progress in Brain Research, vol. 32,
pp. 185-191. Editors: de Wied, D. & Weijnen, J. A, W. M. Amsterdam: Elsevier.

Yartes, F. (1948). Biometrika, 35, 178-181.



