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Objective. The classically conditioned rabbit eyelid reflex has proven to be useful for studying
memory processes. The role of oxytocin (OXT) dialyzed into the hippocampus or caudate nucleus
in the acquisition and extinction of this reflex was investigated.

Methods. Microdialysis probes were unilaterally, chronically, alternatively implanted into the
mentioned brain structures. OXT was repeatedly dialyzed into each brain structure during the ex-
tinction of the conditioned eyelid reflex. An air puff was applied as an unconditioned and the tone
as a conditioned stimulus to create conditioned eyelid reflex. Eyelid responses were detected by
opto-electronic sensor and recorded. Thus obtained conditioned responses were calculated as
a percentage of all 120, daily applied, trials of stimuli. ANOVA was used for statistical evaluation.

Results. Neither OXT dialyzed into the hippocampus nor into the caudate nucleus significantly
changed the course of acquisition and extinction of the conditioned eyelid reflex. However, some
tendency to the impairment of forgetting when dialyzed into the hippocampus and to its facilitation
during caudate nucleus dialysis was observed.

Conclusion. Conditioning of the eyelid reflex applied as the experimental model for the study of
the memory processes did not show OXT participation in these processes neither in the hippocam-
pus nor in the caudate nucleus, but this problem needs to be further studied.

Key words: Conditioned eyelid reflex — Oxytocin — Hippocampus — Caudate nucleus — Microdia-
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Oxytocin (OXT), in addition to its peripheral hor-
monal effects in mammals, may act as a neuro-
transmitter and/or neuromodulator in various areas
of the central nervous system. In this paper we focus
on OXT function in learning and memory.

A general view exists on OXT as a naturally oc-
curring amnesic neuropeptide, because it affected
active and passive avoidance behaviour in an oppo-
site direction to vasopressin, that is slightly impaired
acquisition and accelerated extinction in rats (Bo-
Hus et al. 1978). However, following higher doses,
this effect disappeared or an opposite effect was ob-
served (Bonus et al. 1978). It can be seen that pas-
sive avoidance data are much more conflicting than

active avoidance data (DE WIED et al. 1991; SAHGAL
and WriGHT 1984). Effect of OXT in passive avoid-
ance in mice depended on the time of treatment (Boc-
cia et al. 1998). Social recognition behaviour also
provided conflicted data on OXT participation in
memory processes. Social memory was attenuated
or facilitated by OXT depending on the dose of the
peptide (Porik and van Ree 1998). Impairment of
memory performance after OXT treatment was ob-
served in humans (FEHM-WOLFSDORF et al. 1984).
Some behavioural effect such as the impairment
of acquisition in active avoidance behaviour in rats
was observed after intrahippocampal administration
of OXT (IBraGgiMov 1990). It may indicate the hip-
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pocampus as the basic structure for OXT action in
learning. An opposite conclusion follows from the
experiments by HEss et al. (1992) in rats selectively
bred for differences in behavioural performance. No
significant differences were observed between OXT
concentrations in the hippocampus of the low be-
havioural performance rat line and high behavioural
performance rat line (HEess et al. 1992).

The objective of the present study was to exam-
ine if OXT dialyzed into the hippocampus affects
memory processes in rabbits and if its action depends
on the applied concentrations of this peptide. Classi-
cal conditioning of the rabbit eyelid reflex was used
as the model of learning. The hippocampus does not
play an essential but a modulatory role in this form
of learning (BERGER and THompsoN 1978) and con-
sistent eyelid conditioning-specific hippocampal
changes were shown (SANCHEZ-ANDRES and ALKON
1991).

The caudate nucleus was also dialyzed with OXT
as the reference structure for the hippocampus. This
nucleus belongs to the basal ganglia traditionally
considered to be involved in the control of move-
ments. It is a rather large structure, of the various
subcortical structures possibly important for condi-
tional motor reflexes (Sapowski 1959) including con-
ditioned rabbit nictitating membrane (equivalent to
the eyelid) reflex (RicHArRDsON and THoMPSON 1985).
There is some evidence suggesting that the caudate
nucleus may be involved in the acquisition and re-
tention of skills or habits (DECoTEAU and KESNER
2000). Pharmacological study proved the involve-
ment of caudate nucleus in memory consolidation in
the Morris Water Maze (SETLow and McGAUGH
1999). Moreover, in awake rats neurons located in
the caudate nucleus responded to peripheral sensory
stimulation including auditory stimuli (SCHNEIDER
1991).The hypothesis exists that a corticostriatal sys-
tem with caudate nucleus, and hippocampal or fornix/
fimbria system contribute to different forms of learn-
ing. The first mediates stimulus-response habit for-
mation whereas the second contributes to cognitive-
spatial learning (PETRI and MisHKIN 1994).

Materials and Methods

Animals and surgery. The experiments were car-
ried out in 23 adult male white New Zealand rabbits,

at least four months old, weighing over 3 kg. They
were housed in single cages in a light regulated (lights
on 06.00 h and off 20.00 h) room with continuous
access to food and water. All experimental proce-
dures were carried out in accordance with the NIH
guide for care and use of the laboratory animals.

Surgical procedure (implantation of guide cannu-
las for dialysis probes) was carried out under pento-
barbital anaesthesia (30 mg/kg). The rabbits were
additionally premedicated with a subcutaneous in-
jection of atropine sulphate (1.0 mg/animal). The
procedure of guide cannulas implantation and mi-
crodialysis of brain structures was described in de-
tail by Traczyk et al. (1997). After reaching deep
surgical anaesthesia the animal was mounted on the
stereotaxic frame (SawyER 1954) and stereotaxical-
ly implanted with a plexiglass headpiece with guide
cannulas: two leading to the caudate nuclei and two
others leading to the hippocampi. The fifth cannula
leading to the 3rd cerebral ventricle was used as
a reference point. It’s tip was positioning 10 mm deep
from the surface of the dura mater. The guide cannu-
las leading to the caudate nuclei and to the hippo-
campi were positioned 6 mm and 8 mm, respective-
ly laterally on either side of the sagittal zero plane.
Typical positions of the probes’ tips in the brain struc-
tures are shown in Fig. 1. After surgery the rabbits
received intramuscular injection of 100,000 IU of
benzylpenicillin potassium and 0.5 g streptomycin
daily for five consecutive days.

The animals were allowed to recover for at least
1 month prior to the commencement of behavioural
experiments.

Training and testing procedures. A special de-
vice, called Phonopneumatic stimulator, was used for
the acquisition and extinction of the eyelid reflex.
The apparatus and whole procedure were described
earlier (Orlowska-Majdak et al. 2001 a). It generat-
ed periodic air puffs and tones and controlled the
recorder. The air puff, used as an unconditioned sti-
mulus (US), exerted a pressure of 0.2 kg/cm? and last-
ed 100 ms, the tone generated by the apparatus, used
as a conditioned stimulus (CS), was 1 kHz, 70 dB
and lasted 450 ms. Photoelectric transducer detect-
ing in close infrared converted the movements of
rabbit’s eyelid into electric signals. When the rab-
bit’s eye was completely closed, maximum light
emitted by an infrared light emitting diode (LED)
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Fig 1 Frontal sections of rabbit’s brain in P8 (on the right — hippocampus) and Al (on the left — caudate nucleus) and the
headpiece with position of microdialysis probe. Arrows indicate outflow and inflow of the fluid perfusing the microdialysis
probe. Stilettes in the guide cannulas are shown contralaterally to the probes. Plane modified from the Sawyer et al. (1954)

atlas.

was reflected from the eyelid and the maximal am-
plitude of the response was observed.

Rabbits were adapted to restraint in attenuation
box one week before the beginning of the condition-
ing procedure. The box restricted the body rotation.
A rabbit in a box was trained in a sound-attenuated
chamber. A holder common for the air puff nozzle
and for the photoelectric transducer was mounted on
the rabbit’s headpiece with a screw. The rabbits were
trained on simple delay classical conditioning (BErRG-
ER and THomMPsoN 1978), pairing of a tone (CS) with
a co-terminating air puff (US) on each trial, directed
at the left eye. The training was given in 120 conse-
cutive trials each day, with an intertrial interval aver-
aged 22 s. Eyelid responses initiated in the time in-
terval between CS and US onsets, exceeded 1 mm in
amplitude, were classified as conditioned responses
(CRs) and were calculated as a percentage of all 120
paired trials applied during one-day session. The rab-
bits typically learned to a maximal level of learning
of 80-90 % in 2-3 days, but were overtrained until

Sth days to strengthen the memory trace. Five days’
extinction procedure was applied, when phonopneu-
matic stimulator generated only 120 tone stimuli
(CS). Eyelid responses elicited by CS alone were
classified as CRs.

Microdialysis procedure. Microdialysis probes
(CMA/Microdialysis, Sweden, Cat.No. 8309504)
were implanted unilaterally into the hippocampus or
the caudate nucleus. The microdialysis membranes
were 4 mm long, with an outer diameter of 0.5 mm
and a 20,000 molecular weight cut off. The last pa-
rameter determines the molecular-weight limit of the
compounds passing dialysis membrane pores. The
outlet tubing was cut shorter to a length of 100 mm,
that is 1/3 of the inlet tubing length. On the day of
implantation the rabbit was put into an attenuation
box and a 20 % solution of mannitol was infused
intravenously at the amount of 600 mg per kg. b.w.
Then, the stilette was removed from the guide can-
nula. The microdialysis probe filled and continuously
perfused with degassed 0.9% NaCl solution and ste-
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Table 1
The course of proceeding during microdialysis of the rabbit hippocampus. In the case of the caudate nucleus dialysis the
experiments were performed in the same way except the NaCl-4 and OXT 50.0 group

day of experiment procedure (group of variables)

1-5 acquisition
6-10 extinction
11-15 acquisition
16 - 20 extinction
21 implantation of the microdialysis probe
22 -26

27-31
32-36
37-41
42 - 46
47 -51
52 -56
57 -61
62 - 66
67 -171
72 -76

acquisition and dialysis of the hippocampus with 0.9% NaCl solution

extinction and dialysis of the hippocampus with 0.9% NaCl solution (control E), Fig. 2

acquisition and dialysis of the hippocampus with 0.9% NaCl solution (control A), Fig.3

extinction and dialysis of the hippocampus with OXT in concentration of 0.05 pug/ml (OXT 0.05), Fig. 2
acquisition and dialysis of the hippocampus with 0.9% NaCl solution (NaCl-1), Fig. 3

extinction and dialysis of the hippocampus with OXT in concentration of 0.5 pug/ml (OXT 0.5), Fig. 2
acquisition and dialysis of the hippocampus with 0.9% NaCl solution (NaCl-2), Fig. 3

extinction and dialysis of the hippocampus with OXT in concentration of 5.0 ug/ml (OXT 5.0), Fig. 2
acquisition and dialysis of the hippocampus with 0.9% NaCl solution (NaCl-3), Fig. 3

extinction and dialysis of the hippocampus with OXT in concentration of 50.0 ug/ml (OXT 50.0), Fig. 2
acquisition and dialysis of the hippocampus with 0.9% NaCl solution (NaCl-4), Fig. 3

rilized with 70 % ethanol, was very slowly inserted
into the guide cannula under the operation stereo-
microscope and tentative microdialysis was per-
formed for 10 minutes. The perfusion was then per-
formed either with 0.9 % NaCl or with OXT solu-
tion (see Experimental protocol and Table 1) at a rate
of 1 Wl/min using 1 ml syringe and a syringe pump
for simultaneous multiple infusions (model SP 2201,
World Precision Instruments).

Experimental protocol. Rabbits with implanted
headpieces underwent 5 days of acquisition and 5 days
of extinction training repeated two times. After this
preliminary training the run of both was regular and
stable to the consecutive comparative studies. Then
the probe was implanted into the chosen structure and
the control microdialysis was performed with 0.9
% NaCl solution simultaneously with renewed acqui-
sition (control A) and then extinction (control E) pro-
cedure. After the control acquisition the extinction
procedure was done simultaneously with microdialy-
sis of the hippocampus with OXT solution at concen-
trations of 0.05; 0.5; 5.0 and 50.0 pg/ml (OXT 0.05;
OXT 0.5; OXT 5.0 and OXT 50.0 groups of variables).
Taking into consideration the time and rate of microdia-
lysis and the in vivo delivery of the probe determined
by ENGELMANN et al. (1992) for AVP as 0.5%, about
0.01;0.1; 1.0 and 10.0 ng OXT could deliver from the

probe into the brain tissue. After each extinction pro-
cedure with OXT treatment, acquisition simultaneous
with 0.9 % NaCl dialysis of the hippocampus was
performed (NaCl-1; NaCl-2, NaCl-3 and NaCl-4
groups of variables) to obtain so called after-OXT
acquisition groups of variables. In the case of caudate
nucleus dialysis experiments were performed in the
same way except the OXT 50.0 and NaCl-4 groups of
variables. Table 1 summarizes the course of proceed-
ing in the case of hippocampus dialysis. Hippocam-
pus was dialyzed in 11 and caudate nucleus in 12 con-
scious rabbits.

Probes position in the brain structures was marked
with 10 % lanus Green microdialysis after the experi-
ments and was histologically verified in sections of the
brain fixed with 10% formalin solution and frozen.

Data analysis and statistical evaluation. Values
of percentage responses were transformed accord-
ing to the formula: 2 x arcsin \/p. Statistical signifi-
cance was determined by two independent (for hip-
pocampal and caudal experiments), three-way ANO-
VA involving the factors of group, stage of training
(acquisition/extinction) and day of training (1-5),
with repeated measures on the two last factors. Five
groups of data were analysed when OXT was dia-
lyzed into the hippocampus (control + four OXT
concentrations), and four groups during caudate nu-
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Fig 2 The course of the extinction of the conditioned eyelid reflex in rabbit during five days of training and OXT dialysis into
the hippocampus (means + SE). The tendency to impairment of forgetting is visible.
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Fig 3 The course of the acquisition of the conditioned eyelid reflex during five days of training in rabbit pre-dialyzed into the

hippocampus with OXT (means + SE).

cleus dialysis (control + three OXT concentrations)
while acquisition or extinction training. Differences
were considered significant if p<0.05.

Results

Influence of oxytocin dialyzed into the hippo-
campus on the acquisition and extinction. The
mean percentage of responses (+SE) on the test day
of extinction is illustrated for each group in Figure

2 and on the day of acquisition in Figure 3. ANO-
VA revealed a statistically significant difference in
day performance (F, ,, =3.5), P=0.01, stage of
training of conditioned eyelid reflex (F, , = 429.2),
P =0.000 and interaction of both effects (F,,,
=51.1), P=0.000. The main effect of group was
insignificant (F,, = 0.8), P=0.537 like group x day
x stage of training interaction (F, ,) =0.9), P=
0.595. It indicates that the NaCl control and OXT
groups (extinction) and after OXT groups (acquisi-
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Fig 4 The course of the extinction of the conditioned eyelid reflex in rabbit during five days of training and OXT dialysis into
the caudate nucleus (means + SE). Some symptoms of facilitation of forgetting are visible on the 4™ and 5" day of the extinction.
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Fig 5 The course of the acquisition of the conditioned eyelid reflex during five days of training in rabbit pre-dialyzed into the

caudate nucleus (means + SE).

tion) of animals displayed similar performance dur-
ing the extinction and acquisition training. Figure
2 shows that OXT treatment of the hippocampus
during the extinction of the learned skill only some-
what insignificantly changed its course especially
on the 3" and 5™ day of extinction when concentra-
tion of 5.0 wg/ml was applied. Figure 3 shows some
small tendency to improving learning. Thus it may

be stated that OXT dialyzed through the hippoc-
ampus during the extinction training did not change
the process of learning and forgetting of the skill in
a significant manner.

Influence of OXT dialyzed into the caudate
nucleus on the acquisition and extinction. Figure
4 presents the mean percentage of responses (+ SE)
on the test day of extinction and Figure 5 shows the
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data obtained on the acquisition days in rabbits dia-
lyzed with OXT into the caudate nucleus. ANOVA
showed a significant effect of the day factor (F4’11 6
=7.20), P =0.000, stage of training (F ,, = 291.35),
P=0.000 and day x stage of training interaction (F,
=40.07), P=0.000. Effect of group factor was not
significant (F,,, = 0.42), P=0.74 as well as group
x day x stage of training interaction (F,,, = 1.52),
P =0.13. As shown above in Figure 4, only insigni-
ficant tendency to acceleration of the extinction was
observed which means the facilitation of the forget-
ting process. This effect is the most visible on the
4th and the 5th day of extinction. As shown above in
Figure 5 either some insignificant tendency to im-
provement or to impairment of learning was ob-
served. Thus it may be stated that OXT dialyzed into
the caudate nucleus during the extinction training did
not change the process of learning and forgetting of
the new association.

Discussion

The data obtained in the present paper point out
that OXT dialyzed into the hippocampus or into the
caudate nucleus did not change significantly the course
of memory processes essential for conditioning of the
eyelid reflex in rabbits. In contrast, AVP impaired for-
getting when dialyzed into both structures in our pre-
vious experiments, but the effect in the hippocampus
was greater and long lasting (ORLOWSKA-MAIDAK et
al. 2001 b). However, TRH dialyzed into the hippoc-
ampus not only restrained the process of forgetting of
the learned task but also improved the process of suc-
ceeding learning (KoLobziesski et al. 2001).

The results of intrahippocampally applied OXT
in rabbits obtained in the present paper are partially
consistent with the results observed by IBrRAGIMOV
(1990) in rats. In his experiment OXT weakened the
formation of active avoidance behaviour during the
acquisition training but did not change the course of
extinction during the six day training. In our experi-
ments OXT neither changed the course of acquisi-
tion nor extinction during the five day training. Dif-
ferences between the results quoted above and our
observations may result from other species used in
the experiments (rat vs. rabbit), other experimental
models of learning (active avoidance behaviour vs.
conditioned eyelid reflex) and the ways of adminis-

tration of the peptide into the brain structure (infu-
sion vs. microdialysis).

In the present experiment the peptide was admi-
nistered repeatedly, during extinction, by a micro-
dialysis probe. It is generally held that microdialysis
causes minute tissue trauma compared with other
methods using direct tissue penetration, i.e. direct
intracerebral injection (BENVENISTE 1989). Moreover,
in the present experiment OXT was dialyzed into
the structure only during the extinction, while in the
study by IBraGiMov (1990) it was 60 min before the
acquisition or extinction. In our experimental model
such protocol was impossible.

In this study the control and OXT evoked respons-
es were observed in the same rabbits in which mi-
crodialysis probe tips were positioned exactly at the
same point of the brain structure (see Table 1). There-
fore the peptide dialyzed into the brain structure act-
ed always at the same area of the structure as the
control solution did. Some inconvenience of such
experimental protocol was multiple administrations
of OXT into both brain structures. Such repetitive
administration of OXT produced a desensitisation of
the OXT receptor on hypothalamic cultured astro-
cytes (D1 ScaLa-Guenor et al. 1994) and could de-
sensitize the OXT receptors on hippocampal and
caudal neurons in our experiments.

There are more other conflicting reports on OXT
participation in memory processes (see Introduction).
When OXT was administered peripherally in rats in
initial experiments of DE WiEDp and Gispen (1977) it
mimicked the effect of AVP on avoidance extinction
that is it increased resistance to extinction. This re-
sult was in accordance with a tendency observed in
the present experiments when OXT was dialyzed into
the hippocampus.

Neuropeptides AVP and OXT act peripherally and
centrally through their receptors. Cerebral OXT re-
ceptors discriminate rather poorly between AVP,
OXT and vasotocin (DE WiED et al. 1991). More-
over, conflicting data were published on the nature
and function of OXT receptor. Although most brain
areas which contain OXT binding sites have been
shown to express OXT mRNA using DNA probes
derived from the uterine OXT receptor, in the hip-
pocampus and in the amygdala the antibodies raised
against rat OXT receptor sequences failed to identi-
fy OXT receptor immunoreactivity (VERBALIS 1999).
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Consequently, the possibility of a second OXT re-
ceptor or OXT receptor subtype persists (Verbalis
1999). Characteristics of this alleged receptor are
unknown. Moreover OXT-binding sites have been
described in both neuron-enriched cultures as well
as in pure astrocyte cultures (D1 ScaLa-GuENOT and
STrOSsER 1992), so a possibility exists that OXT
could additionally act by modulating the efficiency
of the synaptic transmission. This may be the reason
of cited above conflicting results of OXT action on
animal behaviour.

Caudate nucleus was chosen as the reference struc-
ture for hippocampus for these OXT experiments be-
cause OXT receptors were revealed in this structure
(ConpEs-LARrA et al. 1994; TriBOLLET et al. 1988) and
the contents of endogenous OXT in the hippocam-
pus and in the caudate nucleus in the rat were re-
vealed as similar, that is 1.05 pg OXT/mg protein
and 1.71 pg OXT/mg protein, respectively (Haw-
THORN et al. 1984). But none significant effect of OXT
dialysis through the caudate nucleus was observed
in present experiments, similarly as during hippoc-
ampal dialysis.

The possible involvement of OXT in memory pro-
cesses in the eyelid conditioning in rabbit needs to
be further studied. Measurement of the latency of

the reflex perhaps could be better than the percent-
age of conditioned responses counted in the present
paper to distinguish and demonstrate OXT action in
eyelid reflex conditioning. Moreover, the trace para-
digm could be more useful than delay paradigm to
study the role of OXT in hippocampus in eyelid re-
flex conditioning. It is believed that the hippocam-
pus is necessary for acquisition of the trace but not
the delay classical conditioning response (SoLOMON
et al.1986), used in our experiments. In the delay
paradigm, rabbits were given an auditory conditioned
stimulus that coterminated with an airpuff to the eye.
The trace paradigm is similar to the delay paradigm,
except that some interval separates the offset of the
auditory stimulus from the onset of the airpuff.
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