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KOSTRZEWA, R. M., A. J. KASTIN AND S. K. SOBRIAN. Potentiation of apomorphine action in rats by l- 
prolyl-I-leucyl-glycine amide. PHARMAC. BIOCHEM. BEHAV. 9(3) 375-378, 1978.--Although the antiparkinsonian 
activity of I-prolyl-I-leucyl-glycine amide (PLG=MIF-I) has been previously observed in several clinical trials, little is 
known of the mechanism of action of this tripeptide on the brain. Our study demonstrates potentiation of the action of 
apomorphine by PLG on the rotational behavior of mature rats which received unilateral 6-OHDA (16 ~g) lesions of the 
striatum as neonates. No change in tyrosine hydroxylase or dopa decarboxylase activities in rat striatal homogenates was 
found after addition of PLG (10-~I0 -'~ M). The results suggest that PLG modifies the dopamine receptor, making it more 
responsive to stimulation by the agonistic agent apomorphine and perhaps by the natural neurotransmitter dopamine. 
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THE effectiveness of the hypothalamic tripeptide I- 
prolyl-l-leucyl-glycine amide ( P L G = M I F - I )  as an antipar- 
kinsonian agent was indicated several years ago in clinical 
trials in man [13]. This observation with PLG has since been 
confirmed by other groups [1, 4, 8, 10], and it has been 
reported that PLG " fa r  surpassed the clinical effect of any of 
the numerous antiparkinson drugs . . . tested . . . over  the 
past 15 years, including levodopa a lone"  [1]. 

Although PLG appears to be capable of  alleviating the 
symptoms of Parkinson's  disease [1, 2, 4, 8, 10, 13], there is 
conflicting evidence concerning actions of the peptide on 
dopaminergic neurons. The activity of tyrosine hydroxylase,  
the rate-limiting enzyme involved in the synthesis of  
dopamine, reportedly was enhanced in vitro in slices of  
striatum incubated in the presence of PLG [9]. However ,  
given in vivo, PLG was not found to alter tyrosine hy- 
droxylase activity in either the substantia nigra or striatum of 
rats [17]. Additionally,  uptake of aH-dopamine in striatal 
homogenates of  rats was unaltered after treatment with PLG 
[16,17]. Previous studies indicated that the levels of 
homovanillic acid were unchanged in the striatum of rats 
receiving PLG [21] and that dopamine turnover was not ac- 

celerated by PLG [16]. Two recent investigations would 
seem to contradict  most of these reports by finding that PLG 
increased dopamine turnover in rat striatal tissue [28] and 
whole brain [22]. 

When administered to rats pretreated with pargyline and 
L-DOPA,  PLG markedly enhanced behavioral arousal [11, 
12, 20, 21, 25, 29] and simultaneously elevated dopamine to a 
level two-fold greater than in the group that received only 
pargyline-L--DOPA [25]. However,  PLG apparently did not 
accelerate this dopamine synthesis through direct activation 
of  the dopa decarboxylase enzyme, since activity of  the 
enzyme was unaltered in the substantia nigra and striatum of  
PLG-treated animals [ 17]. 

These studies, therefore, indicate that the actions of  PLG 
on dopaminergic neurons are uncertain. Although the sug- 
gestion has been made that PLG acts at a postsynaptic site of  
dopaminergic neurons [ i -3 ,  14, 16], there has been a failure 
of the agent to alter levels of the so-called second messenger 
cyclic adenosine monophosphate (cAMP) in the striatum [5]. 
Under  some conditions PLG has been found to potentiate 
the action of  apomorphine [2,19], but other studies have not 
found an interaction [6, 16, 19, 24]. 

~Reprint requests should be addressed to Richard M. Kostrzewa, Department of Pharmacology, East Tennessee State University College of 
Medicine, Johnson City, Tennessee 37601. 
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The present study was undertaken in order to determine 
whether PLG would modify behavior in an animal model 
where supersensitivity to dopamine develops in the striatum 
after lesion of the dopaminergic nerve terminals by the 
neurotoxin 6-hydroxydopamine [27]. After these unilateral 
chemical lesions of the striatum, rats exhibit rotational be- 
havior. This behavior results from an imbalance in dopamine 
receptor activity between the innervated and denervated 
side, with animals turning away from the side of greater 
neuronal activity. In unilaterally lesioned rats, drugs like 
amphetamine which act at presynaptic dopamine terminals 
induce ipsilateral turning toward the lesioned side. 
Dopamine receptor agonists such as apomorphine elicit con- 
tralateral turning away from the side of the lesion which is 
believed to reflect the development of postsynaptic dener- 
vation supersensitivity on the lesioned side [15, 26, 27, 30]. 
Our findings demonstrate that PLG potentiates the action 
of apomorphine. This suggests that PLG can act at a 
postsynaptic site to enhance the actions of neurally released 
dopamine. 

METHOD 

In the behavioral study, Sprague-Dawley rat pups of both 
sexes received unilateral striatal injections of 
6-hydroxydopamine hydrobromide (6-OHDA) (Regis Chem- 
ical Co., Chicago, IL) either 1 day or 5 days after birth. The 
pups were anesthetized with ether and secured in a plasticine 
holder that was mounted on a stereotaxic instrument. An 
injection of 16 /~g of 6-OHDA in 2 p.l of vehicle solution 
(0.85% NaCI+0.1% ascorbic acid) was delivered over a 2 min 
period through a 30 gauge needle, displaced 2.0 mm anterior 
to the bregma, 2.0 mm laterally along the coronal suture, and 
lowered to a depth of 3.5 mm. Controls received 2 /~1 of 
vehicle. 

At 90-120 days of age, drug-induced rotational behavior 
was measured in unilaterally lesioned and control rats 30 min 
after injection of the following materials: (a) PLG (1 mg/kg 
IP); (b) d-amphetamine sulfate (4 mg/kg IP); (c) apomorphine 
hydrochloride (1 mg/kg IP); (d) PLG 30 min before am- 
phetamine; (e) PLG 30 min before apomorphine; and (f) ve- 
hicle [0.85% NaCI slightly acidified with acetic acid (0.01 
M)]. Each rat was tested under all drug conditions; adminis- 
tration of the drugs was counterbalanced and separated by 
5-7 days. 

Rotational behavior was tested in a rotometer which con- 
sisted of a plastic half sphere. A light harness fitted around 
the animal's waist was attached to an electromagnetic 
counter which recorded the number of 360 ° turns in either 
direction. Rotational scores were calculated by substracting 
the number of contralateral turns (away from the lesioned 
side) from the number of ipsilaterai turns (toward the 
lesioned side) completed during a 30 min test session. 

Rotational data were analyzed using a split-plot factorial 
analysis of variance with one between and one within vari- 
able. Post hoc comparisons were made with the Neuman- 
Keuls test. 

In a separate study, the in vitro activities of tyrosine hy- 
droxylase and dopa decarboxylase were determined in rat 
striatal homogenates in the presence or absence of PLG ( 10 s 
to 10 -:~ M). Tyrosine hydroxylase activity was measured by a 
modified method of Coyle [7,23]. Dopa decarboxylase activ- 
ity was determined by the method of Lamprecht and Coyle 
[18]. Dunnet 's  t test was used to compare treated with con- 
trol groups. 

RESULTS 

Both d-amphetamine and apomorphine induced signifi- 
cant turning behavior in adult rats which had received unilat- 
eral striatal lesions as neonates, F(5,50) = 19.17, p <0.01. The 
age at which the rats were lesioned (postnatal Day 1 or Day 
5) was not a significant parameter, F(I, 10)= 1.46. Paradoxi- 
cally, rotations were contralateral for both drugs. However, 
the increase in the net number of contralateral turns per test 
session was significantly greater after apomorphine 
(p<0.05). PLG alone did not induce rotational behavior, but 
pretreatment of rats with PLG resulted in a potentiation of 
apomorphine-induced turning. Rotational behavior after 
d-amphetamine was not significantly altered by pretreatment 
with PLG (Fig. 1). 
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FIG. i. PLG potentiation of the effect of apomorphine on rotational 
motor activity of rats with unilateral lesions of the striatum. Rats 
were lesioned at birth with 6-hydroxydopamine hydrobromide (16 
#.g/2 #.l, free base) and received the following agents at 90 to 120 
days of age: saline-acetic acid (0.01 M)=SAL; L-prolyl-L-leucyl 
glycine amide (1 mg/kg IP=PLG); amphetamine (4 mg/kg 
IP=AMPH); the combination of PLG and am- 
phetamine=PLG+AMPH; apomorphine (1 mg/kg IP=APO); and 
the combination of PLG and apomorphine = PLG +APO. Each bar is 
the mean number of rotations per 30 minute session _+ SEM for 7 
animals. An asterisk indicates a significant difference from the di- 
luent control, p<0.01; a dagger represents a significant difference 

between indicated groups, p<0.05. 

The tyrosine hydroxylase activity of rat striatal homoge- 
hates remained unchanged after in vitro incubation of the 
samples with various amounts of PLG (10 -~ to 10 -:' M) (Ta- 
ble 1). A similar lack of effect of PLG on dopa decarboxylase 
activity was also found, as is shown in Table i. 

DISCUSSION 

The results of the in vitro part of this report support our 
earlier in vivo findings that PLG does not alter the activities 
of tyrosine hydroxylase or dopa decarboxylase in rat 
striatum. This, as stated previously [14], is at variance with 
an earlier study by another group [9]. Much of the evidence 
cited in the introduction indicates that PLG does not directly 
alter dopaminergic neuronal function, but the issue is con- 
fused by varying experimental conditions. 
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T A B L E  I 

ACTIVITIES OF TYROSINE HYDROXYLASE AND DOPA DECAR- 
BOXYLASE lN RAT STRIATAL HOMOGENATES INCUBATED IN 
THE PRESENCE OF L-PROLYL-L-LEUCYL-GLYCINE AMIDE (PLG) 

PLG Concentration Tyrosine Hydroxylase Dopa Decarboxylase 
(v.M) Activity Activity 

(#.Mig tissue/hr)* (#M/g tissuehar)* 

0.00 328.4 _ 26.3 703.2 _ 29.5 
0.01 351.4 ± 63.3 724.3 ± 67.4 
0.10 331.1 ± 24.8 731.3 ± 92.9 
I 354.7 ± 62.1 715.5 ± 59.4 
10 315.3 _ 27.9 734.8 ± 97.8 
100 333.4 _ 45.0 683.5 ± 22.5 
1000 338.3 _+ 47.4 646.9 ± 41.5 

*Each sample is the mean ± SE of 6 determinations. 

In the in v ivo  part of  the present  study,  PLG was found to 
potent ia te  the act ions o f  apomorphine  in a motor  task as- 
sociated with the supersensi t iv i ty  o f  dopamine  receptors .  
This  supports the hypothes is  that PLG may be effect ive  in 
Parkinson 's  disease because  of  an act ion at the dopaminergic  
receptor .  Prel iminary ev idence  o f  similar hypermot i l i ty  af ter  
apomorphine  and PLG has been ment ioned  [2,31. 

There  is o ther  indirect  ev idence  that PLG does  not  re- 
lease dopamine  from the nerve  terminals  [6,191 or  al ter  
dopamine  tu rnover  in the striatum [16]. Moreove r ,  our  be- 
havioral  data  show that PLG did not potent ia te  
amphetamine- induced  rotational behavior .  The  contralateral  
turning that we observed  after administrat ion o f  am- 

phetamine  is in contrast  to previous  reports  that am- 
phetamine  induces ipsilateral rotation in rodents  with chemi-  
cal lesions o f  the str iatum [15, 26, 27, 30]. One  possible ex- 
planation is that in neonatal ly  lesioned rats some regenera t ive  
sprouting occurs  after 6 - O H D A  resulting in a supersensi t ive  
str iatum with some presynapt ic  input. 

The suggestion o f  an action of  PLG at the dopaminergic  
receptor  is consis tent  with the striking findings with PLG in 
the dopa-potent ia t ion task [11, I2, 20, 21, 25,291. In this test ,  
PLG could associa te  with the dopaminergic  receptor  and 
modify it in such a manner  as to enhance  the actions o f  
dopamine  (as with apomorphine  in the present  study) and 
produce  a heightened arousal  state.  At the same t ime,  
dopamine  levels  would tend to increase,  as was found [25]. 
This  would  be explained by a decreased  rate of  release of  the 
dopamine  t ransmit ter  which would occur  after the enhanced  
recep tor  act ivat ion and grea ter  feedback inhibition o f  
dopaminergic  neurons.  

These  exper iments ,  therefore ,  suggest  the possibili ty that .  
the dopaminergic  receptor  is al tered in rats t reated with PLG 
so that the receptor  has a higher  affinity for dopamine  or  is 
act ivated to a greater  degree  by like amounts  o f  dopamine (or 
dopaminergic  receptor  agonists).  Whether  these effects  o f  
PLG occur  direct ly,  by release of  another  substance,  or  indi- 
rectly by a metabol i te  is not known.  
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