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Introduction
The hypothalamus is the part of the diencephalon that
extends from the optic chiasma (Figure 1, OC) to the
caudal border of the mammillary bodies (Figure 1, MB).
It lies below the thalamus and forms the floor and the
inferior part of the lateral walls of the third ventricle.

Anterior to the hypothalamus is a region, the preoptic
area (POA), that is often included (from functional
points of view) in the hypothalamus. Microscopically,
the hypothalamus is composed of nerve cells that are
arranged in groups or nuclei, many of which are not
clearly segregated from one another. For purposes of
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Abstract

Objectives: The aim of the present study was to establish a simple and reliable method for separation of anteroventral
periventricular (AVPV) and arcuate (Arc) nuclei in the rat hypothalamus to evaluate expression of peptide mRNAs in these
nuclei using RT-PCR. 

Methods: Two female Sprague -Dawley rats were perfused transcardially with 10% buffered formalin. Brains were imme-
diately removed and diencephalon was dissected out by two coronal sections. The first section was made at rostral of optic
chiasm and the second section at the caudal end of mammillary bodies. To separate the AVPV and Arc nuclei, the third sec-
tion was made rostral of infundibulum which placed one part of the optic tract in rostral (anterior) division and its other part
in the caudal (posterior) division. The rostral and caudal divisions were separately post-fixed and cut coronally and serially
using a cryostat at 30-μm thickness. Sections from rostral and caudal divisions of the diencephalon were stained with cresyl
violet. Landmarks for Arc and AVPV nuclei were evaluated in each section. 

Results: Arc and AVPV nuclei were not simultaneously detected in any stained section in rostral or caudal divisions of dien-
cephalon. 

Conclusion: By the presented method, it is easily possible to separate AVPV and Arc nuclei to evaluate the expression pattern
of mRNA of peptides expressed in these two hypothalamic nuclei of the rat by using RT-PCR or other molecular methods. 
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description, these nuclei are divided into periventricular,
medial and lateral zones.[1,2]

The arcuate (Arc) and the anteroventral periventric-
ular (AVPV) nuclei are the major sites in the hypothala-
mus that are located in its periventricular zone and
involved in the control of reproduction.[3] There is a gen-
eral agreement that estrogen with positive feedback
effects on AVPV neurons, causes pre-ovulatory surges of
gonadotropin-releasing hormone (GnRH) and luteiniz-
ing hormone (LH).[4] Destruction of the AVPV, but not
neighboring nuclei, were found to result in persistent
estrous and the abolition of the estrogen-induced LH
surge.[5] Unlike AVPV nucleus that involved in GnRH
surge, it has been reported that GnRH pulse generator
has been localized to or near the Arc in rat.[6] Kisspeptin
expressing neurons that have potent stimulatory effect
on GnRH cells are mainly located in the Arc and AVPV
nuclei of rat hypothalamus.[7,8] Since the activity of these
neurons are regulated differently with constant amount
of estrogen,[9] it is clear that for study on this neuropep-
tide, especially for investigation at the mRNA level with
RT-PCR method, separation of these nuclei is essential. 

As it is obvious, if there is a larger quantity of tissue,
RNA extraction will be more applicable, and because the
kisspeptin expressing neurons in the rat hypothalamus
are restricted to AVPV and Arc nuclei, therefore, the aim
of the present study was to set up a simple and reliable
method in which by using just one cut, Arc and AVPV
nuclei could be isolated into two parts.

Materials and Methods
Two adult female Sprague-Dawley rats (Rattus norvegi-
cus) were used in the present study. The rats were anes-
thetized and perfused transcardially with cold 0.9%
saline followed by 10% buffered formalin. Brains were
immediately removed and diencephalon was dissected
out by an anterior coronal section, anterior to the optic
chiasma (Figure 1, AA line), and a posterior coronal cut
at the posterior border of the mammillary bodies
(Figure 1, BB line). For separation of the Arc from the
AVPV, the third coronal cut was made in middle of the
optic tract, just rostral to infundibulum (Figure 1, CC
line). Then, rostral or anterior (contains AVPV nucleus)
and caudal or posterior (contains Arc nucleus) divisions
were post-fixed in the same fixative solution overnight
and immersed in 30% sucrose (Sigma-Aldrich Corp., St.
Louis, MO, USA) in phosphate buffered saline for 48 h
and then frozen and stored at -20 °C until further pro-
cessing. Divisions were sectioned serially and coronally
using a cryostat (SLEE Medical GmbH, Mainz,
Germany) at a thickness of 30 μm and immersed into a

12-well plate containing cryoprotectant solution and
kept them in -20 °C freezer until staining. Sections from
rostral and caudal divisions were slide mounted and
stained with cresyl violet. Stained sections were com-
pared with the atlas ‘The Rat Brain in Stereotaxic
Coordinates’.[10] The septal nuclei, optic chiasma and
anterior commissure were considered as landmarks for
the AVPV nucleus (Bregma +0.12 mm to Bregma -0.12
mm in Paxinos & Watson atlas) and the hippocampus,
fornix and mammillothalamic tracts were considered as
landmarks for the Arc nucleus in each section (Bregma -
1.72 mm to Bregma -4.36 mm in Paxinos and Watson
atlas).[10] All procedures were conducted in accordance
with the Guiding Principles for the Care and Use of
Research Animals. Animals were sacrificed in compli-
ance with the recommendations of Animal Care
Committee for the Shiraz University of Medical
Sciences (Shiraz, Iran).

Results and Discussion 
Five caudal sections from the anterior division and five
rostral sections from the posterior division in both brains
were similar to the coronal planes (from Bregma -0.60
mm to Bregma -1.44 mm) in the atlas ‘The Rat Brain in
Stereotaxic Coordinates’ by Paxinos and Watson[10] and

Figure 1. The ventral aspect of rat brain. Cutting sites are indicated
with lines. The first coronal cut (AA) is in front of optic chiasma (OC).
Second cut (BB) is behind the mammillary body (MB). To separate the
arcuate nuclei from the anteroventral periventricular nuclei (AVPV),
third coronal cut (CC) was made in middle of the optic tract and in
front of infundibulum.
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none of them had Arc or AVPV nuclei (Figure 2b). The
AVPV nuclei were only found in the anterior sections
and none of these sections contained Arc nuclei (Figure
2a). The Arc nuclei were found in the posterior sections,
however, none of these sections contained AVPV nuclei
(Figure 2c). Dissection of the hypothalamus for using in
RT-PCR has been reported before; hypothalamus was
dissected to the boundaries as the followings: rostral to
the anterior border of the optic chiasm (Figure 1, AA),
caudal to the posterior border of the mammillary body
(Figure 1, BB) dorsal to the ventral border of the thala-
mus (Figure 3, AA), and 2mm lateral to the third ventri-
cle (Figure 3, BB).[11]

Punch method was used for sampling of the nuclei.
Bilateral punches (1 mm in diameter) from the medial pre-
optic area, which included the AVPV, were taken from
Bregma +0.2 to Bregma -0.4; a single midline punch (1
mm diameter) was taken from Bregma -1.7 to Bregma -
3.9 to include both Arc nuclei. To confirm correct punch
positioning under the microscope, the punched sections
were fixed with formalin and stained with crystal violet.[12]

This method was used for the investigation on KiSS-1
mRNA expression at the POA and the Arc.[13,14] The
method relatively depends on experience and skill of
researcher and the quantity of tissue is also considerably
small. Therefore, by using the method presented in this
study, it is possible to separate the AVPV from the Arc
nuclei faster and more accurately. In the present study,
fixed tissues were used, but it is obvious that for deter-
mining the expression of neuropeptides that only exist in
the Arc and the AVPV nuclei for real-time PCR, tissues
need to be quickly dissected and frozen.[15]

We recently accomplished a research, in which we
used this method for the expression of kisspeptin in Arc
in lactating rats. In is study, we separated the anteroven-
tral periventricular nucleus (AVPV) nucleus by the pre-

Figure 3. Coronal section of the rat diencephalon. Dorsal (AA line) and
lateral (BB lines) cutting sites for dissection of the rat hypothalamus. Scale
bar = 2 mm. 3v: third ventricle; fx: fornix; th: thalamus; zi: zona incerta.

Figure 2. (a) A section of anterior divi-
sion of diencephalon that shows the
anteroventral periventricular nuclei
(AVPV). (b) Example of rostral sections
of posterior division of diencephalon
that has none of the AVPV and arcuate
nuclei (Arc). (c) Sections from caudal
part of posterior division of dien-
cephalon that shows Arc. Scale bar = 2
mm. 3v: third ventricle; ac: anterior
commissure; cc: corpus callosum; fx:
fornix; hippo: hippocampus; Lv: later-
al ventricle; MTT: mammilothalamic
tract; oc: optic chiasma; sept: septal
area; SO: supraoptic nucleus; RCh:
retrochiasmatic area. a, b and c are
similar to Bregma -0.12 mm, Bregma -
1.32 mm, and Bregma -2.76 mm,
respectively, in ‘The Rat Brain in
Stereotaxic Coordinates’ by Paxinos
and Watson.[10]

a b c
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sented method and used remaining of the hypothalamus
as the Arc containing part. Our findings were similar to
the previous studies that had only separated the Arc
(Nourozi et al., unpublished study).

Conclusion 
By the presented method it is easily possible to separate
AVPV and Arc nuclei anatomically to evaluate the
expression pattern of mRNA of peptides expressed in
these two nuclei of hypothalamus of the rat by using RT-
PCR or other molecular methods.
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