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Abstract OBJECTIVES and METHOdS: The presence of oxytocin (OT) and its putative par-
ticipation to the phenotypic plasticity of CRH neurones in the stressed jerboa was 
investigated. We analysed by immunocytochemistry the OT expression within 
the hypothalamic parvicellular paraventricular nucleus (pPVN) of male jerboas 
submitted to an acute immobilization (30 min).
RESULTS: OT presence was clearly demonstrated in the pPVN of the jerboa and 
no significant difference in the number of OT immunolabeled cells was observed 
whatever the experimental conditions. Interestingly, CRH-immunoreactive neu-
rons coexpressed OT within cell bodies and terminals in a similar way both in 
control and stressed animals. The level of coexpression was regionally heterogene-
ous and was not sensitive to the stress immobilization. 
COnCLUSIOn: The present data reveal for the first time the occurrence of OT in 
hypothalamic pPVN neurons of the jerboa. Moreover, this OT expression level 
does not change upon an acute immobilization stress. These new data, coupled 
together with our previous work in the jerboa, incontestably establish a clear 
dichotomy between a stress-responsive CRH/CCK system and a stress non-re-
sponsive OT/VP system in the pPVN. 

1.

2.

3.

INTRODUCTION

The rat hypothalamic response to an environmen-
tal stress implies the corticotropin releasing hor-
mone (CRH) neuroendocrine system of the hy-
pothalamic parvicellular paraventricular nucleus 
(pPVN). The accessory neuropeptides, such as va-

sopressin (VP), neurotensin and cholecystokinin 
(CCK), probably subserve a putative complemen-
tary function to CRH in the regulation of the pitu-
itary (Swanson et al. 1986; Ceccatelli et al. 1989). 
Unlike the rat, our previous data showed that jer-
boa CCK is not coexpressed within CRH neu-



548 Copyright © 2008 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Youssef Barakat, Jean-Remi Pape, Michel Chaigniau, Seloua El Ouezzani, Abdelilah Alaoui, Latifa Barakat, Rabia Magoul

rons, although immobilization stress stimulates both 
CCK and CRH expressions in jerboas (Barakat et al. 
2006a). Stress response regulatory mechanisms involv-
ing the pPVN CRH and CCK populations are different 
between jerboa and rat (Barakat et al. 2006a). The ex-
treme complexity of the site has been unfolded in jer-
boas with a CRH/VP coexpression within cell bodies 
and terminals not correlated with an increase in VP-
immunoreactivity following the acute immobilization 
stress (Barakat et al. 2006b). Such VP coexpression did 
not fluctuate following either an immobilization stress 
in jerboa (Barakat et al. 2006b) or an acute immune 
challenge in rat (Paulmyer-Lacroix et al. 1995). 

About oxytocin (OT) as an additional accessory 
neuropeptide, previous data showed that OT mRNA 
synthesis can rapidly increase within pPVN following 
an osmotic stress known to activate the corticotrope 
axis (Giovannelli et al. 1992). The present study was 
aimed at investigating an eventual OT participation to 
the phenotypic plasticity of CRH containing neurons 
using the captive jerboa as an original model. The jer-
boa (Jaculus orientalis) is a hibernating nocturnal des-
ert rodent which lives in an environment characterized 
by very large variations of external temperature, water 
scarcity and irregular food supply (Kirmiz, 1962).

A possible OT participation to the phenotypic plas-
ticity of CRH neurons was uncovered by measuring 
the OT intraneuronal expression within the pPVN of 
jerboas submitted to an acute immobilization stress 
and using a double immunocytochemistry procedure 
to demonstrate the OT/CRH coexpression within the 
PVN as well as the median eminence (ME, site of CRF 
and OT corelease).

MATERIALS AND METHODS

Male and female jerboas (Jaculus orientalis) captured 
in the desert of the Ifkern-Boulemane region (Moroc-
co) were housed in the animal facilities at room tem-
perature and under natural photoperiod. The diet was 
supplied ad libitum for at least four weeks. The experi-
ments were performed during the sexually active peri-
od (spring-summer). Two groups of adult male jerboas 
(130 to 170g) were sacrificed 24 hours after injection of 
100 µg of colchicine into the lateral ventricle (Barakat et 
al. 2006a; Barakat et al. 2006b). As previously described, 
a control group (CC, n=5) and a group exposed to acute 
restraint stress for 30 min duration (SC, n=5) were car-
ried out (Barakat et al. 2006a). Sacrifice occurred be-
tween 10-12H when animals are known to be less active 
(El Ouezzani et al. 1999). Animal manipulations were 
performed according to the recommendations of the 
Local Ethical Committee whose approval is in accord-
ance with international guidelines. 

Brain tissue was processed as previously described 
(Barakat et al. 2006b). The animals were anesthetized 
with an intraperitoneal injection of sodium pentobar-

Figure 1. A) Comparison of the number of OT-ir neurons within 
the jerboa pPVN according to experimental groups (CC versus SC; 
n=5 in both groups). Values were quoted as means ± SEM. Student 
t-test revealed no significant change in the average number of 
OT-ir cells (p<0.05). B) Comparison between experimental groups 
of the number of OT/CRH double labelled (DL) cells in the pPVN. 
The histogram showed no significant difference in the number of 
DL cells between CC and SC groups (p<0.05). C) Comparison of 
the number of OT/CRH DL cells within the anterior and posterior 
regions of pPVN between control and stressed jerboas. Significant 
differences are plotted by ** for p<0.01 and *** for p<0.001. DL 
cells are not distributed in a homogeneous way throughout the 
rostrocaudal extent of the pPVN.
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bital (35 mg/kg) and perfused through the aorta with 
50 ml saline, followed by 300 ml of a fixative solution 
containing 4% paraformaldehyde and 0.2% picric acid 
in 0.1 M phosphate buffer (pH 7.4). The brains were 
dissected out, postfixed in the same fixative for addi-
tional 24 h, and then immersed overnight in sodium 
Veronal buffer (pH 7.4, 0.1 M) containing 20% su-
crose. The brains were embedded in Tissue-Tek and 
frozen in isopentane previously cooled at –60°C. Fron-
tal sections (14 µm) were obtained with a cryostat, col-
lected on gelatin-coated slides, and then dried at ambi-
ent temperature. Frontal sections including the pPVN 
were incubated overnight at room temperature in pri-
mary antisera (diluted 1:300 in CB-Triton) directed 
against OT [16083, tebu-bio] and CRH (Barakat et al. 
2006a) synthetic peptides. In the end, peroxidatic ac-
tivity was revealed by the 4-chloro-1-naphtol (Tramu 
et al. 1978).

Photomicrographs related to OT-immunoreactivity 
(ir) were taken and generated pictures digitized using 
a Leica DC 300 camera and ID50 software. To explore 

OT/CRH intraneuronal coexistence, we implement-
ed a double immunohistochemistry using the elution 
procedure (Tramu et al. 1978). Briefly, the slides were 
immersed in acetone, distilled water, a vol/vol mixture 
composed of 0.025% KMnO4 and 0.05% H2SO4 and 
finally 0.1% Na2S2O5. Sections were then processed 
for CRH immunoreactivity using the same protocol 
(see above).

Labelled sections count was performed by direct mi-
croscope observation in a blind fashion. Neuroanatom-
ical identification of hypothalamic structures was based 
on the Atlas of the Rat Brain (Paxinos & Watson, 1986) 
and on comparative data between rats and jerboas (El 
Ouezzani et al. 2000). Quantification of OT-ir cell bod-
ies within the pPVN was performed bilaterally on four 
sections per animal and an average value was calculated 
for each animal. Comparisons of the number of OT-
ir cells or double labelled cells OT/CRH according to 
the experimental group or to the pPVN subregion was 
tested by analysis of the variance homogeneity. Statisti-
cal significance was determined post-hoc by using the 

Figure 2. OT and CRH double immunohistochemistry on frontal sections of control jerboas (CC group) using the elution 
procedure. Efficiency of the erasing (white arrowheads) of the former OT labelling was validated (A, B). OT and CRH coexpression 
was detectable in neurons of the pPVN (black arrows; A, B) as well as in terminals of the external layer of ME (white arrows; C, D). 
Scale bars represent 50 µm.

OT CRH
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Student t-test. The level of significance α was set to a 
maximum of 5%.

RESULTS

The topographical distribution of OT neurons of the 
hypothalamic pPVN in control jerboas is very similar 
to the one previously described for VP-ir cells (Barakat 
et al. 2006b). A robust density of OT-ir cell bodies oc-
cupies the parvicellular subdivisions of the PVN in ad-
dition to the well described magnocellular part. Most 
of the OT neurons are concentrated within the medial 
nuclei of the pPVN along its rostrocaudal extent. In a 
dorsoventral direction, oval-shaped OT neurons are lo-
cated medially with the magnocellular part as a natu-
ral dorsolateral border. In spite of various experimental 
conditions (CC vs SC group), the pattern of distribution 
of OT-ir cells in the pPVN was unchanged. 

The quantitative analysis of the effect of an immobi-
lization stress on the expression of OT-ir in the pPVN 
demonstrated that the number of OT-ir neurons was 
similar between stressed and control animals (t=0.47, 
98.18 ± 2.76 vs 99.86 ± 2.11, p<0.05; Figure 1A). 

To evaluate the OT/CRH co-expression in the pPVN 
and the ME, the elution procedure reliability was vali-
dated by demonstrating on the same section the erasing 
efficiency of the former labeling before the latter labeling 
(Figures 2A, B; see white arrowhead). Numerous OT-
ir neurons appeared immunoreactive for CRH (Figure 
2A, B; see black arrow) and no significant difference in 
the number of double labeled cells was measured what-
ever the experimental group considered (t=0.72, CC 6.5 
± 0.45 vs SC 5.98 ± 0.57, p<0.05; Figure 1B). Accord-
ing to this result, there was an obvious matching area of 
distribution between OT and CRH neuropeptide. The 
number of OT/CRH coexpressing neurons displayed 
a decreasing gradient in the anteroposterior direction 
whatever the experimental group (CC: t=5.11, 4.4 ± 
0.38 vs 2.1 ± 0.25, p<0.001; SC: t=4.93, 4.33 ± 0.34 vs 
2.16 ± 0.28; Figure 1C) and that peculiar distribution in 
one subregion was not affected by immobilization stress 
(Ant: t=0.14, 4.4 ± 0.38 vs 4.33 ± 0.34; Post: t=0.16, 2.1 
± 0.25 vs 2.16 ± 0.28; Figure 1C).

The median eminence, site of neurohormones re-
lease, exhibited in its internal layer a very high densi-
ty of OT-ir fibers coming from the magnocellular PVN 
(Figure 2C). The external zone of the ME expressed few 
OT-ir fibers with a privileged distribution around cap-
illaries (Figure 2C). In that layer, we clearly evidenced 
that OT was co-expressed within CRH-containing ter-
minals of control (Figures 2C, D) as well as stressed jer-
boas (data not schown).

DISCUSSION

The present study has shown that the pPVN of the 
jerboa displays an important OT-immunopositive 
neuronal population. Such hypothalamic site is known 
to play a critical role in the neuroendocrine control of 
the stress response (Paulmyer-Lacroix et al. 1995). The 
pattern of distribution of OT-ir cells in the pPVN well 
correlates the data obtained in rat (Sawchenko & Swan-
son, 1982). OT-containing endings occurred main-
ly within the internal zone of the ME although a less 
dense plexus of OT-ir fibers was visible in the external 
zone. Consequently, the pattern of distribution of OT-
containing nerve endings in the jerboa ME is similar to 
the one of rat (Villar et al. 1994). Such pattern suggests a 
probable hypophysiotropic effect of OT in jerboa. 

The acute immobilization is one form of neurogen-
ic stressors which activates the hypothalamo-pituitary-
adrenal axis. It constitutes a stressful stimulus induc-
ing a parvicellular CRH mRNA expression increase and 
ACTH hypersecretion followed by hypercorticostero-
nemia (Wong et al. 2000). The present work in jerboa 
showed that 30 min immobilization did not affect the 
number of OT-immunoreactive neurons of the pPVN, 
as it is also the case for VP (Barakat et al. 2006b). How-
ever, the same stimulus provoked a robust increase in the 
number of CRH- and CCK-containing neurons within 
this nucleus, indicating a CCK neuroendocrine plastic-
ity involved in the regulation of stress response (Bar-
akat et al. 2006a). Like VP and unlike CRH and CCK, 
parvicellular OT expression does not depend upon an 
acute immobilization stress although it is the case for an 
osmotic stress in rat (Giovannelli et al. 1992). Neverthe-
less, previous data indicate that 2 hours acute immobili-
zation stress was sufficient to up-regulate OT in mouse 
(Pirnik & Kiss, 2005). Consequently, we can not exclude 
that the stressor stimulus duration plays a critical role 
in the control of the phenotypical plasticity of pPVN 
neurons. This well correlates the fact that adaptative 
physiological mechanisms to environmental conditions 
might vary from one mammal species to another.

To go further, we have investigated both the presence 
and level of OT/CRH coexpression in the pPVN. The 
idea was to rule on the possible recruitment of parvicel-
lular OT neurons in the stress-induced CRH neo-syn-
thesis (Barakat et al. 2006a). Although OT-containing 
neurons coexpress CRH within cell bodies and termi-
nals of the external layer of the ME, we clearly demon-
strated that the number of DL OT/CRH neurons was 
stable between control and stressed jerboas eliminat-
ing a possible contribution of OT neurons in CRH ex-
pression. The possibility of a slight effect of stress on 
the parvicellular OT system was definitely discarded 
after the distribution analysis of DL cells which showed 
a clear antero-posterior gradient in both control and 
stressed jerboas. Immobilization stress had no impact 
on the number and spreading of DL OT/CRH cells sug-
gesting a stress non-responsive eventual auto/para or 



551Neuroendocrinology Letters Vol. 29 No. 4 2008 • Article available online: http://node.nel.edu

Oxytocin peptide in the jerboa hypothalamus

endocrine role for parvicellular OT. Our results provide 
an additional evidence for the complexity of the pheno-
typical plasticity of neurons within the pPVN (Pirnik 
& Kiss, 2005).

In conclusion, the present data first reveals the oc-
currence of OT in hypothalamic parvicellular PVN 
neurons of the jerboa. The OT expression level does not 
change upon an acute immobilization stress. These data 
coupled with our previous works uncontestably estab-
lish a clear dichotomy in the PVN between a stress de-
pendant CRH/CCK system and a stress non-dependant 
OT/VP system. This highlights differences between jer-
boa and rat in the neuroendocrine regulatory mecha-
nisms of the stress response.
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