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HAYASHI, T., A. ]. FISCHMAN, A. J]. KASTIN AND D. H. COY. Some analogs of Tyr-MIF-1 affect passive avoidance
behavior but not motor activity in rats. PHARMACOL BIOCHEM BEHAV 21(5) 809-812, 1984,.—The effects of three
analogs of the brain peptide Tyr-MIF-1 (Tyr-Pro-Leu-Gly-NH,) were tested in several behavioral tests after peripheral
injection in rats. In the passive avoidance test, rats injected SC with 1 mg/kg Ala-MIF-1 or Phe-MIF-1 entered the second
compartment of two-chamber shuttle box significantly faster than did rats receiving diluent. Leu-MIF-1 failed to produce
significantly faster entry compared to diluent. None of the peptides significantly affected ambulation, rearing, or defeca-
tion. Flinch and escape thresholds were not affected by Ala-MIF-1, the only analog tested for this behavior. The results
demonstrate that some analogs of Tyr-MIF-1 can exert behavioral effects similar to those exerted by the parent compound

whereas other analogs resemble MIF-! in being inactive under these experimental conditions,

Tyr-MIF-1 analogs Passive avoidance Flinch

Escape

Locomotion Behavior Peptides

THE apparent existence of Tyr-MIF-1 (Tyr-Pro-Leu-Gly-
NH,) in rat brain as a substance distinguishable from MIF-1
(Pro-Leu-Gly-NH,), a peptide with known CNS effects [8],
has been demonstrated by radioimmunoassay (RIA) [6), re-
ceptor binding [11], gel permeation chromatography [6], and
high performance liquid chromatography (HPLC) (unpub-
lished observations). In both chromatographic systems the
peptides have different elution positions, and in the RIA the
antibody to Tyr-MIF-1 cross-reacts only 1.5% with MIF-1
[6]. MIF-1 does not effectively compete for the high affinity,
saturable binding sites of Tyr-MIF-1 that have been demon-
strated to exist in rat brain [11].

These findings and the structural similarity to MIF-1
suggest the possible involvement of Tyr-MIF-1 in behavioral
and motor activities. Recently we have shown that Tyr-
MIF-1 affects passive avoidance behavior but not motor ac-
tivity in rats [4], but MIF-1 had no observed behavioral ef-
fect in these systems at the same dose. In order to further
elucidate the molecular structural requirements for the be-
havioral effects of Tyr-MIF-1, a series of specifically de-
signed analogs of Tyr-MIF-1 were prepared and the effects
of peripheral injection of these compounds were investigated
in several behavioral tests.

'Requests for reprints should be addressed to A. J. Kastin.

809

METHOD
Animals

Adult, male albino rats weighing about 200 g were ob-
tained from Zivic-Miller Laboratories, Allison Park, PA.
They were housed, 4 per cage, on a 12:12 light:dark cycle
(lights on at 0700 hr) and laboratory chow and tap water were
freely available.

Peptide Preparation

Ala-Pro-Leu-Gly-NH, (Ala-MIF-1), Leu-Pro-Leu-Gly-
NH, (Leu-MIF-1), and Phe-Pro-Leu-Gly-NH, (Phe-MIF-1)
were prepared by solid phase methods using benzhy-
drylamine resin to generate peptide amides after cleavage with
liquid hydrogen fluoride and concomitant deblocking. The
crude synthetic products were desalted by gel filtration
chromatography on Sephadex G-10 (2.5X60 ¢m) eluted with
1.0 M acetic acid. For final purification, the desalted product
was rechromatographed on the same column eluted with 0.02
M acetic acid. Thin layer chromatography of all three pep-
tides revealed single spots in the following systems:
n-butanol: acetic acid:water 4:1:5 (upper phase), ethyl ace-
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FIG. 1, Mean (+5EM) latencies for the passive avoidance trials on
Day 5.

tate: acetic acid: n-butanoliwater 1:1:1:1, and
chloroform: methanol:water 8:5:1, Reversed phase HPLC
(C-18 column, 0.45%15 cm) with a linear gradient from 2%
methanol/0.1% TFA to 35% methanol/0.1% TFA showed a
single peak for each peptide.

Procedures

On Days 1, 3, and 5 of a 5-day procedure, rats were
placed in a two-chamber shuttle box (apparatus previously
described [4]). On Days 2 and 4, no tests were performed. On
Day 1, rats were observed in the box for 3 min, during which
time ambulation (number of grids crossed), rearings, and
defecations were recorded. This procedure was repeated on
Day 3, but a single passive avoidance session was conducted
at the end of the 3 min observation period. As each rat
entered the lower compartment, a 0.2 mA electric shock was
applied. The latency for Day 3 was recorded as the time
elapsing between the point at which the animal was returned
to the upper chamber and that at which he again had all 4
paws on the floor of the lower chamber, Rats having Day 3
latencies of less than 15 sec and the outliers from the tests of
ambulation and rearing were excluded from further studies.
If the latency to enter the lower compartment exceeded 15
min, the trial was terminated at that time.

On the fifth day, injections were made 15 min before the 3
min period of observation. Injections consisted of coded so-
lutions of Ala-MIF-1 (1 mg/kg), Leu-MIF-1 (1 mg/kg), Phe-
MIF-1 (1 mg/kg), or diluent (0.9% NaCl acidified to 1.0 M
with acetic acid) in a volume of 1 ml/kg SC. The rats had
been divided into 4 balanced groups based on the latencies
determined on Day 3 and were randomly assigned to re-
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FIG. 2. Mean scores during the 3 min observation periods on Days
1,3, and 5. Ambulation: number of grids crossed; rearing: number of
hind-leg rearings; defecation: number of boli.

ceive diluent or one of the peptides. After the observational
tests were performed for 3 min, the rats were tested for
passive avoidance as described above. The passive
avoidance procedure was repeated in succession for a total
of 3 sessions and the latencies recorded each time. The 5-day
procedure was performed on 6 separate occasions, with 5-6
rats receiving each treatment (diluent or peptide) in every
replicate.

The procedure for the Flinch/Escape test was performed
on a separate set of experimentally naive rats as described
above with the following changes. The “‘flinch threshold”
was determined by recording the current (mA) at which the
rats initially made withdrawal movements of their legs. As
the current was further increased, the rats escaped the shock
by entering the other chamber. The current at which this
“*escape’’ occurred was defined as the escape threshold.
Flinch and escape thresholds were measured on Day 3 (no
injection) and Day 5 (immediately after the 3 min observation
period, 15 min after injection). Only Ala-MIF-1 and diluent
were tested for this.

Statistical Analysis

The means were evaluated by analysis of variance fol-
lowed by Duncan’s new multiple range test.
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RESULTS

A preliminary analysis of variance run on the Day 5
latencies from the passive avoidance experiments failed to
reveal a significant effect of the days of replication and daily
means were used in subsequent analyses.

Analysis of variance on these mean latencies yielded a
significant main effect of peptide treatment, F(3,18)=3.18,
p<0.05. As is shown in Fig. 1, the rats treated with Ala-
MIF-1 and Phe-MIF-1 had significantly (p<0.05) shorter
latencies than the diluent group. The latencies for rats
treated with Leu-MIF-1 were not significantly different from
those for the diluent group. A main effect of trials was also
significant, F(2,36)=85.33, p<0.001, with latencies increas-
ing over the 3 trials. No other effects were significant, includ-
ing a separate analysis of variance made in order to test
whether the rats had been appropriately separated into 4
groups based on their latency scores on Day 3.

Analysis of variance performed on the data for am-
bulation showed a significant main effect of trials,
F(2,352)=426.33, p<0.001. This reflects the decreased
motor activity over trials (Fig. 2). Analysis of variance on the
data for defecation also showed a significant main effect of
trials, F(2,352)=26.91, p<0.001, with number of boli increas-
ing slightly over trials (Fig. 2). The data for rearing also
showed a reliable effect of trials, F(2,352)=56.64, p<<0.001,
the number of rearings decreasing over trials (Fig. 2). No
significant effects of peptide treatment were found for ambu-
lation, defecation, or rearing.

Analysis of variance of the results obtained in the tests of
flinch threshold and escape threshold either before (Day 3)
or after (Day 5) injection failed to indicate any significant
effects for Ala-MIF-1. The mean {=SEM) flinch thresholds
(mA) for Ala-MIF-1 were 0.119+0.001 (Day 3) and
0.120=+0.002 (Day 5) and for diluent were 0.119+0.001 (Day
3) and 0.119%0.001 (Day 5). The mean escape thresholds
(mA) for Ala-MIF-1 were 0.160+0.002 (Day 3) and
0.164x0.004 (Day 5) and for diluent were 0.158+0.002 (Day
3) and 0.163+0.003 (Day 3).

DISCUSSION

Ala-MIF-1 and Phe-MIF-1, but not Leu-MIF-1, reliably
influenced behavior in the passive avoidance paradigm and
were clearly effective at a dose of 1 mg/kg. The decreased
latencies after Ala-MIF-1 and Phe-MIF-1 suggested either
interference with the original learning that occurred on Day 3
or attenuation of the effects of pain from the shock. The
observation that neither flinch nor escape threshold was af-
fected by Ala-MIF-1, the only analog tested for this, argues
against a pain-attenuating effect. The decreased latencies
over trials is consistent with most studies in which explora-
tory behavior and general activity are measured. Further-
more, the fact that ambulation, rearing, and defecation were
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not differentially modulated by peptide treatment indicates
that the results with passive avoidance were not a function of
the influence of the peptides on motor activity or emotional-
ity.

Since the Tyr-MIF-1 analogs are structurally related to
MIF-1 and it has been shown that Tyr-MIF-1 can be con-
verted to MIF-1 by a specific brain aminopeptidase [9], it is
likely that the analogs (particularly Phe-MIF-1) may also be
substrates for this enzyme. This possible conversion would
argue for similar actions of MIF-1, Tyr-MIF-1, and Tyr-
MIF-1 analogs. Under the conditions of the present study,
none of the peptides tested affected ambulation or rearing.
MIF-1 has been shown not to affect motor activity [4, 7, 10];
the present results extend the observation to Ala-MIF-1,
Phe-MIF-1, and Leu-MIF-1. However, the reliable effect of
Ala-MIF-1, Phe-MIF-1, and Tyr-MIF-1 [4], but not MIF-1
[4] or Leu-MIF-1 on the passive avoidance response
emphasizes the dissociation in actions that may occur be-
tween closely related peptides.

The results of this study provide new insight into the
molecular structural requirements for the behavioral effects
of Tyr-MIF-1 analogs. It appears that a tetrapeptide struc-
ture is required to affect passive avoidance behavior at the
dose tested. The results with Phe-MIF-1 are not surprising,
considering the close structural similarity of phenylalanine
and tyrosine side chains. Similarly, the lack of effect of
Leu-MIF-1 in the passive avoidance model is consistent with
previously reported differences in the spatial orientation of
leucine and tyrosine side chains in peptides [1-3, 5]. The
observation that Ala-MIF-1 has substantial activity in the
model suggests that an aromatic side chain is not essential
for passive avoidance activity. The observation that Tyr-
MIF-1 [4] but not Ala-MIF-1 affects flinch and escape
thresholds, however, suggests more stringent structural
constraints for this activity.

Changes in peptide dose might be expected to result in
different patterns of response among the analogs. The in-
verted U-shaped dose-response pattern that has been ob-
served in several systems with MIF-1 [8] raises the
possibility that different doses of the analogs might cause
similar effects.

Regardless, the results show that Ala-MIF-1 and Phe-
MIF-1 can affect behavior and perhaps memory. This action
is not readily explained by effects on motor activity, emo-
tionality, or sensitivity to electric shock. The results also
show that some of the analogs can act like Tyr-MIF-1 but,
under these experimental conditions, unlike MIF-1.

ACKNOWLEDGEMENTS

These studies were supported by the VA and ONR. We thank
Dr. James E. Zadina for critical review of the manuscript and useful
suggestions. We also thank Sandra Serio for the art work and
Melody Landry and Linda May for typing the manuseript.

REFERENCES

1. Benedetti, E., G. Morelli, G. Nemethy and H. A. Scheraga.
Statistical and energetic analysis of side-chain conformation in
oligo peptides. Inr J Pept Protein Res 22: 1-15, 1983.

2. Cowburn, D., D. H. Live, A. J. Fischman and W. C. Agosta.
Side chain conformations of oxytocin and vasopressin studied
by NMR observation of isotopic isomers. J Am Chem Soc 105:
7435-7442, 1983,

3. Fischman, A. J., H. R, Wyssbrod, W, C. Agosta and D. Cow-
burn. Heteronuclear vicinal coupling constants and site specific
isotopic substitution in the investigation of rotational isomerism
in leucine. J Am Chem Soc 100: 54-58, 1978.

4, Hayashi, T., A. J. Kastin, D. H. Coy and R. D. Olson. Tyr-
MIF-1 affects passive avoidance behavior but not motor activity
in rats. Brain Res Bull 11: 659-662, 1983,



812

5. Iuy, M., H. Lam-Thanh, K. Lintner and S. Fernandjian. Con-
formation and mobility of tyrosine side chain in tetrapeptides.
Int J Pep Protein Res 22: 437-449, 1983,

6. Kastin, A. J., S. P, Lawrence and D. H. Coy. Radioimmunoas-
sayable N-Tyr-MIF-1-like activity in rat brain is increased by
pinealectomy. Brain Res Bull 7: 697-702, 1981,

7. Kastin, A. J., M. C. Miller, L. Ferrell and A. V. Schally. Gen-
eral activity in intact and hypophysectomized rats after adminis-
tration of melanocyte-stimulating hormone (MSH), melatonin,
and Pro-Leu-Gly-NH,. Physiol Behav 10: 399-401, 1973.

8. Kastin, A. J., R. I, Olson, A, V. Schally and D. H. Coy. CNS
effects of peripherally administered brain peptides. Life Sci 253
401-414, 1979.

9.

10.

1.

HAYASHI, FISCHMAN, KASTIN AND COY

Marks, N., M. J. Berg, A, J. Kastin and D. H. Coy. Evidence
for conversion of N-Tyr-MIF-1 into MIF-1 by a specific brain
aminopeptidase. Neurochem Int 6; 347-353, 1984,

Plotnikoff, N. P. and A. J. Kastin. Pharmacological studies with
a tripeptide, prolyl-leucyl-glycinamide. Arch Int Pharmacol
Ther 211: 211-224, 1974,

Zadina, J. E., A. J, Kastin, E. F. Kreig and D. H. Coy. Charac-
terization of binding sites for N-Tyr-MIF-1 (Tyr-Pro-Leu-
Gly-NH,) in rat brain. Pharmacol Biochem Behav 17: 1193-
1198, 1982,





