
645
0097-0549/20/5005-0645 ©2020 Springer Science+Business Media, LLC

Neuroscience and Behavioral Physiology, Vol. 50, No. 5, June, 2020

Changes in the Immunohistochemical Characteristics of 
Neurons in a Number of Hypothalamic Nuclei on Aging

V. V. Porseva,1 M. B. Korzina,2 A. A. Spirichev,2 
P. A. Vishnyakova,2 D. A. Aryaeva,2 
A. D. Nozdrachev,3 and P. M. Masliukov2 UDC 611.814.1.018:612.67:599.323.4

Translated from Morfologiya, Vol. 156, No. 5, pp. 39–43, September–October, 2019. Original article 
submitted April 16, 2019. Revised version received June 4, 2019.

Objectives. To identify changes in the immunohistochemical characteristics of neurons in the arcuate (AN), 
ventromedial (VMN), and dorsomedial (DMN) nuclei of the hypothalamus in rats on aging. Materials and 
methods. Studies were performed using male Wistar rats aged 3–4 months (fi ve individuals) and 12–18 
months (fi ve individuals) using immunohistochemical methods. Results. Aging was associated with a de-
crease in the relative content of calbindin-immunopositive neurons in the DMN, while calretinin-immu-
nopositive neurons in the DMN and VMN increased. The numbers of neurons immunopositive for neuronal 
nitric oxide synthase and the level of immunofl uorescence for this enzyme were greater in all the nuclei 
studied in older animals. Older rats also showed a higher density of neuropeptide Y-immunopositive fi -
bers in the VMN, with a smaller number in the DMN. Conclusions. Aging was associated with changes 
in the neurochemical composition of neurons, mainly in the ventromedial and dorsomedial nuclei of the 
hypothalamus.
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 Introduction. The hypothalamus is a phylogenetically 
ancient part of the diencephalon and plays an important role 
in supporting the constancy of the internal milieu and inte-
gration of the functions of the autonomic, endocrine, and 
somatic, systems. It has been suggested that the hypothala-
mus is involved in the mechanisms of aging, with important 
roles being taken by the ventromedial (VMN) and dorsome-
dial (DMN) nuclei of the hypothalamus [12, 14]. The VMN 
and DMN are involved in regulating trophics and support-
ing energy homeostasis, and also in regulating peripheral 
circadian rhythms [11]. The most important nuclei in the 

diencephalic hypothalamic region with roles in maintaining 
homeostasis include the arcuate nucleus (AN) [12].
 Age-related development is linked with changes in the 
cytochemical characteristics of neurons in the central and 
peripheral compartments of the nervous system. In partic-
ular, changes occur in the contents of calcium-binding pro-
teins calbindin (CB) and calretinin (CR), neuropeptides, 
particularly neuropeptide Y (NPY), and nitric oxide syn-
thase (nNOS) [1, 8]. Aging is associated with changes in the 
expression of various hypothalamic neurotransmitters and 
hormones [7]. There are relatively few data on the neuro-
chemical characteristics of hypothalamic neurons in aging.
 The aim of the present work was to identify changes in 
the immunohistochemical characteristics of neurons in the 
arcuate, ventromedial, and dorsomedial nuclei of the hypo-
thalamus in rats on aging.
 Materials and Methods. Studies were carried out on 
male Wistar rats aged 3–4 and 24–30 months (fi ve animals 
in each group). Experiments were performed in compli-
ance with the “Regulations for Studies Using Experimental 
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 Data were processed mathematically in Sigma Plot 
(StatSoft, USA). All values are presented as arithmetic 
means ± errors of the mean (M ± m). Signifi cant differences 
were identifi ed by ANOVA and the Wilcoxon and Mann–
Whitney tests, p < 0.05.
 Results. The results showed that CB, CR, nNOS, and 
NPY were detected in young and old animals, though immu-
noreactivity to these markers differed in young and old rats.
 Calbindin-immunopositive (CB-IP) neurons displayed 
intense fl uorescence in the AN and DMN (Fig. 1, Table 1).
 CB immunofl uorescence intensity in the VMN was 
lower (p < 0.001). The AN and VMN showed no differences 
in the percentage contents of CB-IP neurons between young 
and old animals (Fig. 2).
 The percentage content of CB-IP neurons in the DMN 
was lower in old animals (p < 0.001). The immunofl uores-
cence intensity of CB-IP neurons in all three nuclei re-
mained unaltered on aging (see Table 1).
 Calretinin (CR) was not detected in the AN of either 
group. intensely fl uorescent CR-IP neurons were found in 
the DMN and VMN. On aging, the relative contents of CR-
IP neurons in the DMN and VMN increased signifi cantly 
(see Fig. 2). The level of immunofl uorescence of CR-IP 
neurons in the DMN and VMN did not change on aging (see 
Table 1). nNOS was not found in the AN in young animals, 
while nNOS-IP neurons with weak immunofl uorescence 
were present in the DMN and VMN. nNOS-IP contents in 
three-month-old rats were 41 ± 3.2% in the DMN and 58 ± 
± 7.4% in the VMN. In old animals, the number of nNOS-
IP neurons and the extent of immunofl uorescence to nNOS 
increased in all the nuclei studied. Old rats showed more 
nNOS-IP neurons in the AN (86 ± 4.5%), while all neurons 
(100%) in the DMN and VMN became IP for nNOS.
 Intensely fl uorescent NPY-IP fi bers were seen in the 
AN in young and old rats; the levels of immunofl uorescence 
(77 ± 5.1 and 71 ± 3.9, respectively) of IP fi bers were iden-
tical in the two age groups. Young rats showed a dense net-
work of intensely fl uorescent NPY-IP fi bers in the DMN 
(47 ± 2.3), while the level of fl uorescence of NPY-IP fi bers 
in the VMN was signifi cantly lower (15 ± 0.9). On aging, 

Animals” (USSR Ministry of Health Order No. 775 of 
August 12, 1977). The study was approved by the Ethics 
Committee of Yaroslavl State Medical University (No. 29, 
of February 21, 2019). Administration of a lethal dose of 
urethane (3 g/kg, i.p.) was followed by transcardiac perfu-
sion with standard phosphate-buffered saline (PBS, 0.01 M, 
pH 7.4) (BioloT, Russia) and then 4% paraformaldehyde 
solution (Sigma, USA) in PBS. After perfusion, brains were 
extracted and parts of the hypothalamus containing the AN, 
VMN, and DMN were dissected out on the basis of coor-
dinates from a rat brain atlas [10]; these were placed in the 
same fi xer used for perfusion for 1–2 h. Serial sections of 
thickness 12 μm were cut on a cryostat. Neurons containing 
nNOS were detected using primary goat antibodies (Abcam, 
USA) diluted 1:300. CB, CR, and NPY were identifi ed using 
rabbit antibodies (Abcam, USA) diluted 1:500, 1:100, and 
1:500, respectively. Secondary donkey antigoat or antirabbit 
antibodies were conjugated with fl uorochromes fl uorescein 
isothiocyanate (FITC, Jackson Immunoresearch, USA) di-
luted 1:100, giving green fl uorescence. Negative controls 
omitted primary or secondary antibodies. The proportion 
of immunopositive neurons was determined by labeling 
the whole neuron population with Neurological Trace Red 
(Molecular Probes, USA) diluted 1:500, this being a selec-
tive stain for Nissl substance with red fl uorescence.
 Preparations were analyzed using an Olympus BX43 
fl uorescent microscope (Tokyo, Japan) and the appropriate 
set of light fi lters with a Tucsen TCC 6.1 ICE cooled digital 
CCD camera with ISXCapture 3.6 software (China). The siz-
es and relative contents of immunopositive neurons on digital 
images of histological sections were determined using ImageJ 
(NIH, USA, http://rsb.info.nih.gov/ij/). The proportion of im-
munopositive neurons was determined as the ratio of neu-
rons to the total number of neurons, taken as 100%. Analysis 
was applied to nerve cells whose nuclei were transected by 
sections. Neuron cross-sectional areas were determined by 
randomly selecting 100 neurons immunopositive for each of 
the study markers in each age group. Fluorescence intensity 
was analyzed quantitatively in relative brightness units from 
black (0) to white (255), also using ImageJ.

TABLE 1. Intensity of Immunofl uorescence of Neurons Immunopositive for Calbindin (CB), Calretinin (CR), and Neuronal Nitric Oxide Synthase (nNOS) 
in the Ventromedial, Dorsomedial (DMN), and Arcuate (AN) Nuclei of the Hypothalamus in Rats

Immunolabeling Age, months AN DMN VMN

CB
3–4 47 ± 2.8 43 ± 1.3 18 ± 1.2**

24–30 49 ± 2.3 38 ± 1.4 16 ± 1.5**

CR
3–4 – 39 ± 2.4 40 ± 2.1

24–30 – 37 ± 2.8 38 ± 1.6

nNOS
3–4 – 18 ± 1.4 18 ± 1.4

24–30 27 ± 2.1 34 ± 2.4* 38 ± 2.5*

*Signifi cant differences compared with young animals, p < 0.001; **signifi cant differences compared with the AN and DMN, p < 0.001.
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to NPY was signifi cantly greater in the VMN (61 ± 3.7) and 
signifi cantly lower in the DMN (23 ± 1.8).

inverse changes in the distribution of NPY-IP fi bers were 
seen in the DMN and VMN. In old rats, immunofl uorescence 

Fig. 1. Immunohistochemical reactions for calbindin (a, b), and neuronal nitric oxide synthase (c, d) neuropeptide Y in the dorsomedial nucleus (a–d) and a 
group of nuclei in the hypothalamus (e, f) in young (a, c, e) and old (b, d, f) rats. Double immunofl uorescent labeling: calbindin, neuronal nitric oxide synthase, 
and neuropeptide Y (green, FITC) and Neurological Trace Red (red). VMN – ventromedial nucleus; DMN – dorsomedial nucleus; AN – arcuate nucleus.
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 Published data indicate that the AN age is associated 
with a decrease in the content of proopiomelanocortin and 
NPY [7]. We found that aging is associated with an increase 
in the density of NPY-IP fi bers in the VMN and a decrease 
in the DMN.
 Conclusions. Thus, aging alters the neurochemical 
composition of the hypothalamic nuclei studied here. These 
changes consist of a decrease in the proportion of CB-IP and 
increases in the proportions of CR-IP and nNOS-IP neu-
rons, with changes in the density of NPY-containing fi bers 
in the VMN and DMN.
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