
Brain Research, 293 (1984) 191-195 191 
Elsevier 

BRE 20024 

Microinjection of vasopressin and two related peptides into the amygdala: 
enhancing effect on local dopamine neurotransmission 
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The effects of local microinjection of ArgS-vasopressin, cyclo[Lys-Gly] and L-PrO-L-Leu-GIyNH 2 (PLG) were studied on the a- 
MPT-induced disappearance of dopamine and noradrenaline in the amygdala and in a number of other brain regions. A dose-depen- 
dent increase in dopamine utilization was found in the amygdala after local microinjection of ArgS-vasopressin, cyclo[Lys-Gly] and 
PLG at doses of 0.1, 2.7 and 18 pmol respectively. No effects were found on noradrenaline utilization in this brain region. Using a mi- 
crodissection method, it was found that cyclo[Lys-Gly] enhanced dopamine utilization in the nucl. amygdaloideus centralis, whereas 
the effect of PLG was mainly located in the nucl. amygdaloideus corticalis. These effects of ArgS-vasopressin, cyclo[Lys-Gly] and 
PLG on dopamine utilization in the amygdala are correlated with those on avoidance behavior and can be interpreted as in support of 
the role of dopamine as neurotransmitter involved in retrieval processes. 

In the mammal ian  brain extensive neuronal  net- 

works containing vasopressin and oxytocin have 

been found to occur,  with intra-  and ext rahypotha-  

lamic cell body  regions with fibers projec t ing  to the 

pi tui tary and various l imbic-midbrain  and hindbrain 

regions4. Vasopressin  and oxytocin are secreted from 

the pi tui tary into the b loods t ream and act as hor-  

mones for per iphera l  target  organs. In the brain va- 

sopressin and oxytocin act as neuropep t ides  involved 

in the control  of a variety of physiological  functions 

such as brain deve lopment ,  neuroendocr ine  and car- 

diovascular regulat ions,  materna l  behavior ,  memory  

processes,  self-st imulation behavior ,  as well as the 

deve lopment  of  to lerance  and addict ion to narcotic  

drugs (for l i terature  see ref. 16). Whereas  for the 

per iphera l  action of the hormones the whole molecule 

appears  to be necessary,  CNS processes can also be 

influenced by fragments  and derivatives of  the mole-  

cule 9,11,16. In par t icular  the structural  requirements  

for the effects on memory  processes are well docu- 

mented11. 

Lesion and microinject ion studies have indicated 

that regions rich in terminals  of both  neurohypophys-  

eal hormone-conta in ing  neurons  and ca techolamine 

neurons are the site of action for the effects of  vaso- 

pressin and oxytocin on memory  processes9,10, 20. Va- 

sopressin and oxytocin and fragments  of these neuro-  

pept ides  affect the activity of  distinct catecholamine-  

containing systems in the brain20. A strong correla-  

tion was found be tween the facilitating effect of vaso- 

pressin on memory  consol idat ion and its enhancing 

effect on the uti l ization of noradrena l ine  in distinct 

terminal  regions of the coeruleo- te lencephal ic  nor-  

adrenal ine system9, to. It seems likely that  not  only 

consolidation but  also the retr ieval  of s tored informa- 

tion might be cor re la ted  with al terat ions in the activ- 

ity of par t icular  ca techolamine-conta ining neurons.  

Lesion studies have shown that  the amygdala  is 

one of the brain sites involved in memory  process- 

es 19. Results of  studies in which vasopressin and re- 

lated pept ides  were microinjec ted  into the amygdala  

showed that  these pept ides  could antagonize dis- 

turbed retr ieval  processes3, while they did not influ- 

ence the consol idat ion process 10. In the present  study 

we investigated the effect of microinject ion of ArgS- 

vasopressin, cyclo[Lys-Gly] and L-Pro-L-Leu-GlyNH2 

into the amygdala  on the a -MPT- induced  disappear-  

ance of dopamine  and noradrenal ine  in a number  of 
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brain regions including the amygdala. The aim of the 
present study was to obtain further information as to 
whether effects in catecholamine metabolism might 
be related to the behavioral effects of vasopressin 

and related peptides. The doses used in the present 

study were therefore in the same range as those used 

in the behavioral studies (refs. 3 and 10 and L. Conti, 
D. de Wied, D. H. G. Versteeg and B. Bohus, Proc. 

l l th  Int. Congr. Soc. Psychoneuroendocrinology, 

Florence, 1980). 
Male Wistar rats, weighing 140-160 g at the time 

of the operation were used. The animals were kept 
on a controlled light-dark schedule (light on between 

06.00 and 20.00 h) and had access to food and tap 
water ad libitum. Stainless steel canulae (outer diam- 

eter 0.6 mm, inner diameter 0.3 mm) were im- 

planted bilaterally into the amygdala under Hyp- 
norm anesthesia. The coordinates were 1.3 mm pos- 

terior to bregma, 5.6 mm lateral to the midline and 
7.1 mm below the dura at the point of penetration. 
The canulae were inserted under an angle of 10 ° to 

the sagittal plane. A recovery period of 10 days was 
allowed. The rats were handled during the 5 days 
preceding the experiment. 

Rats were injected intraperitoneally with a-meth- 

yl-p-tyrosine methylester HCI (a-MPT; Labkemi 
AB, Goteborg; 300 mg/kg, i.p.) followed 30 rain lat- 

er by bilateral microinjections of 0.5 btl saline or pep- 
tide in 0.5 #1 saline. Three hours after local microin- 

jection the rats were decapitated; the brains were 
rapidly taken out of the skull and frozen on dry ice. 

The brains were cut in 300pm sections in a cryostat at 
--10 °C. From these sections the location of the can- 
ulae tips was verified. The amygdala was cut out with 

TABLE I 

a knife, ultrasonically disintegrated in 400 pl 0.1 N 
HC104 and the sonicate was centrifuged (15 min, 
15.00 g, 4 °C). Alternatively, brain nuclei were 

punched out according to the microdissection meth- 
od described by Palkovits 17, homogenized in 70~10.1 

N HC104 and the homogenates were centrifuged (15 
min, 15.000 g, 4 °C). Dopamine and noradrenaline 

were assayed in a 20 pl aliquot of the supernatant us- 
ing a radioenzymatic assay 18. The pellet was redis- 

solved in 1.1 N NaOH and an aliquot of this solution 
was taken for protein assay 15. Data are expressed as 

pg catecholamine//~g protein + S.E.M. The data 

were analyzed by one-way ANOVA and subsequent- 

ly Student's t-test. 
Two types of experiments were performed. In the 

first series of experiments after i.p. injection with a- 
MPT, rats were microinjected bilaterally into the 

amygdala with 0.5/~1 saline or Arg8-vasopressin in 

doses of 0.01, 0.1 and 1 pmol, cyclo[Lys-Gly] in 
doses of 2.7 or 27 pmol or L-Pro-L-Leu-GlyNH 2 in 
doses of 1.8 or 18 pmol, all in 0.5/A saline. After de- 
capitation and dissection the amygdala was cut out 

from 300/~m sections. In a second series of experi- 
ments after i.p. injection with a-MPT, rats were mi- 
croinjected, bilaterally into the amygdala with 0.5 pl 

saline or cyclo[Lys-Gly] in doses of 0.27, 2.7 or 27 
pmol or PLG in doses of 0.18, 1.8 or 18 pmol, all in 

0.5 btl saline. After decapitation and dissection the 
following brain nuclei were punched out: nucl. ac- 

cumbens, nucl. amygdaloideus basalis, nucl. amyg- 

daloideus centralis, nucl. amygdaloideus corticalis, 
nucl. amygdaloideus lateralis, nucl. amygdaloideus 
medialis, nucl. parafascicularis and nucl. paraven- 
tricularis. 

Effect of microinjection of  ArgS-vasopressin, cyclo [Lys-Gly] and PLG into the amygdala on the a-MPT-induced disappearance of do- 
pamine and noradrenaline in the amygdala 

Rats received a-MPT (300 mg/kg, i.p.) 3.5 h and subsequently, saline or peptide (dose indicated in the Table) 3 h prior to decapita- 
tion. For further details see text. ANOVA for dopamine F (7.53) = 2.33 (P < 0.05). 

Dose of the peptide (pmol/0.5 /~l saline), microinjected bilaterally 

ArgS-vasopressin cyclo[Lys-Gly] PLG 

0 0.01 0.1 1 2.7 27 1.8 18 

Dopamine 
(pg/#gprotein) 2.31+0.19 2.63+0.34 1.54+0.23" 1.73+0.34 1.63+0.24" 1.98+0.22 1.90+0.25 1.69+0.14" 

Noradrenaline 
(pg/#g protein) 3.78+0.25 4.21+0.44 3.74+0.46 3.70+0.31 3.81+0.25 4.07+0.28 3.58+0.19 3.74+0.32 

* P < 0.05 Student's t-test (two-tailed). Mean + S.E.M. are given, n = 8. 
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The results of the first series of experiments are 

shown in Table I. The data represent the concentra- 

tions of dopamine and noradrenaline 3.5 h after a- 
MPT treatment, i.e. 3 h after the saline or peptide in- 

jection. A lower concentration of the catecholamine 

indicates an increased disappearance, whereas a 
higher concentration represents a decreased disap- 
pearance. Bilateral injection of vasopressin, PLG 

and cyclo[Lys-Gly] into the amygdala increased the 

disappearance of dopamine in the amygdala at doses 

of 0.1, 18 and 2.7 pmol, respectively. No effect was 
found on the a-MPT-induced disappearance of nor- 
adrenaline after microinjection of either of the 3 pep- 

tides into the amygdala. 
Using a microdissection method the effects of PLG 

and cyclo[Lys-Gly] were further investigated. The 
results of these experiments are summarized in Ta- 

ble II. At doses of 1.8 and 18 pmol PLG, bilaterally 
injected into the amygdala, facilitated the disappear- 

ance of dopamine in the nucl. amygdaloideus cortica- 
lis. At a dose of 2.7 pmol cyclo[Lys-Gly] facilitated 

the disappearance of dopamine in the nucl. amygda- 
loideus centralis. In the other nuclei no dopamine 
could be detected or no significant effects were found 
(nucl. accumbens). No significant effects were found 

on noradrenaline disappearance in any of the brain 
nuclei studied (data not shown). 

The present results show that microinjections into 
the amygdala of ArgS-vasopressin as well as of the C- 

terminal tripeptide of oxytocin, PLG and of the vaso- 

pressin derivative cyclo[Lys-Gly] cause a local in- 
crease in the utilization of dopamine in this region, 

whereas they leave the utilization of noradrenaline 

TABLE II 

unchanged. A further analysis on the site of action of 

PLG and cyclo[Lys-Gly] within the amygdala re- 

vealed that PLG mainly enhanced dopamine utiliza- 
tion in the cortical amygdaloid nucleus, while cyclo- 
[Lys-Gly] did so on the central amygdaloid nucleus. 
The latter findings could indicate a difference in the 

site of action of these two peptides, but can also be in- 

terpreted as being the result of slight differences in 

the sites of injection. It should be realized in this re- 
spect that the effects of PLG in the central amygda- 

loid nucleus and those of cyclo[Lys-Gly] in the corti- 

cal amygdaloid nucleus were close to significance. 
Amnesia is believed to be a deficit in the ability to 

retrieve stored information. Many treatments, e.g. 
electroconvulsive shock, CO 2, pentylenetetrazol, a- 

MPT, diethyldithiocarbamate and protein synthesis 
inhibitors produce retrograde amnesia 5. A variety of 

pharmacological agents, including general stimu- 
lants, adrenergic agonists and neuropeptides related 
to vasopressin, can protect against or reverse amne- 

sial Most of these compounds also facilitate the re- 

tention of the performance in the absence of amnesic 
agents 5. Structure-activity studies have shown that 
not only Arg8-vasopressin but also LysS-vasopressin 
and its C-terminal derivative cyclo[Lys-Gly] and the 

C-terminal tripeptide of oxytocin, PLG, are effective 
(ref. 3 and L. Conti, D. de Wied, D. H. G. Versteeg 

and B. Bohus, Proc. l l th  Int. Congr. Soc. Psycho- 
neuroendocrinology, Florence, 1980). Various data 

indicate that the amygdala is involved in retrieval 
processes. Evidence has been presented that both 

catecholamines and vasopressin in the amygdala 

might have a role in these processes. Local applica- 

Effect of microinjection of cyclo[Lys-Gly] and PLG into the amygdala on the a-MPT-induced disappearance of dopamine 

Treatment schedule as in Table I; for further details see text. ANOVA for the nucl. amygdaloideus corticalis dopamine (PLG) F(3,32) 
= 3.42; P < 0.05. ANOVA for the nucl. amygdaloideus centralis dopamine (cyclo[Lys-Gly]) F(3,30) = 4.44, P < 0.02. 

Dopamine (pg/l~g protein) 
Dose of cyclo[L ys-Gly] pmol/O. 5 tzl saline micro- 
injected bilaterally 

Dopamine (pg/12g protein) 
Dose of PL G pmol/O. 5 t~l saline micro- 
injected bilaterally 

0 0.27 2.7 27 0 0.18 1.8 18 

Nucl. accumbens 17.68+1.39 17.26+1.63 18.33+1.99 18.05+2.36 15.66+1.42 16.57+1.28 17.35+0.94 17.21+__0.94 
Nucl. amygda- 

loideus centralis 2.69+0.39 1.77+0.20 1.04+0.19" 2.15+0.40 2.20+0.19 2.59+0.53 1.64+0.35 1.98+0.43 
Nucl. amygda 

loideuscorticalis 1.09+0.20 1.37+0.22 0.84+0.16 1.00+0.23 1.65+0.21 1.25+0.36 0.88+0.16" 1.29+0.13" 

* P < 0.05 Student's t-test (two-tailed). Mean values + S.E.M. are given, n = 5-8. Dopamine was not detectable in the nucl. amygda- 
loideus basalis, lateralis, medialis, nucl. parafascicularis and the nucl. paraventricularis. 
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tion of adrenergic substances in the amygdala has 
been found to be antiamnesic 6. Electroconvulsive 
shock, which impairs the learning abilities of rats, 
also causes a decrease in the concentration of dopa- 

mine in the amygdala 1. Local microinjection of low 

doses (in the low pmol range) of ArgS-vasopressin, 
and of cyclo[Lys-Gly] and PLG into the amygdala re- 

sults in the reversal of pentylenetetrazol-induced am- 

nesia (ref. 3 and L. Conti, D. de Wied, D. H. G. 
Versteeg and B. Bohus, Proc. l l t h  Int. Congr. Soc. 
Psychoneuroendocrinology, Florence, 1980). The 
present data, showing an enhancing effect on local 

dopamine utilization after microinjection of these 

neuropeptides into the amygdala in the same dose 
range as used in the aforementioned behavioural 
studies, suggest that vasopressin and related peptides 

might exert their effects on retrieval processes via 

dopamine-containing terminals in the amygdala. 
A number of neuroanatomical and neurochemical 

data form indirect evidence in support of this pos- 
tulate. A relatively high concentration of immunore- 
active vasopressin has been measured in the amygda- 
la (for literature see refs. 4 and 16). Vasopressin-and 
oxytocin-containing neurons are known to terminate 
in the amygdala, while recently the occurrence of va- 

sopressin-containing cell-bodies in the amygdala has 
been reported 4. These systems could well be part of 

the circuitry of this vasopressin-dopamine interac- 

tion. In this respect it is interesting to note that a good 
correlation exists between dopamine turnover in the 
amygdala and the performance of rats in operant and 
passive avoidance behavior7,8.11,14. Also, it has been 

found that the amount  of immunoreactive vasopres- 
sin in the amygdala is increased immediately after the 
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In conclusion, the present data suggest that ArgS- 
vasopressin, cyclo[Lys-Gly] and PLG,  by interacting 
with dopamine neurons in the amygdala, might facili- 
tate the retrieval of stored information. 
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