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Abstract

It is well known that the hypothalamic changes in control of hormones de-
termine the chronological sequence of aging in mammals. For decades, it has
been demonstrated in humans that the hypothalamic nuclei manifest hetero-
geneity in degeneration during aging, with the neuron number decreasing in
both the suprachiasmatic nucleus (SCN) and the preoptic sexually dimorphic
nucleus (SDN-POA) in the process of senescence, while the neuron number
remains unchanged in the paraventricular nucleus (PVN). Recently, it was
newly hypothesized some peripheral mechanisms responsible for the senes-
cent changes of the hypothalamic nuclei. It was proposed by Cai that the de-
crease in slow-wave sleep (SWS) caused the degeneration of the suprachias-
matic nucleus (SCN). Besides, when reviewing the proposal by the European
people in television about the senescent pathway for male reproduction on the
degeneration of hypothalamic preoptic area by the common knowledge of
reduction of sperm production from adipose accumulation in the middle/old
age, it was as well demonstrated that the reduced testosterone level from the
increased body fat caused the degeneration of the male preoptic sexually
dimorphic nucleus (SDN-POA). It seems both the activity-dependent and
hormonal regulation of the neuronal numbers are involved in the mechan-
isms causing the senescence of the hypothalamic nuclei. It is further
pointed out that the paraventricular nucleus (PVN) maintaining its neu-
ronal number unchanged in aging may cause many cellular and molecular
changes of aging from chronic stress. It is expected that these preliminary
considerations could elicit more investigations on the other peripheral
causes for the hypothalamic aging, such as the cholesterol, hypertension,
and so on.
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1. Introduction

There have been many mechanisms postulated for the complex processes of se-
nescence, including the oxidative accumulations in cells [1] [2] [3] [4], decrease
in autophagic and proteolytic clearance within cells [5] [6] [7], telomere
length-shortening [8] [9], chronological senescent changes in hypothalamic
neuroendocrine [10] [11], thymic involution [12] [13], brain amyloid-beta ac-
cumulations [14] [15], and so on. Among these various senescent mechanisms,
the hypothalamic neuroendocrine changes in the control of hormones [10] [11]
determine the chronological sequence of aging in the ontogenetic life of verte-
brates including mammals. In this article, it is attempted to review the recently
proposed important hypotheses on the peripheral mechanisms causing the hy-
pothalamic changes during aging, and by which it is hoped to elicit more com-

prehensive studies on the relevant investigations.

2. Heterogeneity of Senescent Degeneration of
Hypothalamic Nuclei
2.1. Heterogeneity in Degeneration of Hypothalamic Nuclei in
Aging

It has been demonstrated for decades of years that the hypothalamic nuclei ma-
nifest heterogeneity in degeneration during aging in mammals [10] [16] [17]
[18] [19]. The paraventricular nucleus (PVN) is responsible for stress response
and is functional throughout the lifespan, maintaining its neuron number in se-
nescence in humans [10] [16]. In contrast, the suprachiasmatic nucleus (SCN),
the main controller of circadian rhythm, is decreased in its number of neurons
during the aging process in humans and marmosets [10] [16] [18]. Moreover,
the sexually dimorphic nucleus in preoptic area (SDN-POA) declines sharply in
cell number after aging in male humans and rats [10] [16] [17] [19]. In these re-
spects, the hypothalamic nuclei manifest heterogeneity in degeneration during

the complex processes of senescence.

2.2. The Homogeneity of Amyloid-Beta in Brain in Contrast to the
Heterogeneity of Hypothalamic Degeneration during Aging

The brain aging is characterized as the accumulation of amyloid-beta [4] [14].
Brain aging is a plausible cause of senescence of hypothalamus. Recently, it was
demonstrated that sleep helped biophysical clearance of amyloid-beta from the
adult brain [15] [20], implicating that the neurons of brain were homogeneously

subjected to the aging toxicity of amyloid-beta. In this regard, the various hypo-
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thalamic nuclei would in turn be subjected to the homogeneous toxicity of amy-
loid-beta from the forebrain, and would be homogeneously affected by amylo-
id-beta during aging.

However, as has just been mentioned, each cell group of the hypothalamic
nuclei has its own specific pattern of aging, some decreasing while others main-
taining in volume during aging [10] [16] [17] [18] [19]. Since the homogeneity
of biophysical clearance of forebrain amyloid-beta [15] [20] would cause the
homogeneous degeneration of the hypothalamic nuclei, the heterogeneity in de-
generation of hypothalamic nuclei [10] [16] [17] [18] [19] indicates that the hy-
pothalamic aging would result from the aging mechanisms other than the toxic-

ity of amyloid-beta from forebrain.

2.3. The Dissociation of the Forebrain Random Learning from the
Patterns of Hypothalamic Aging

Cai suggested early that, due to the neuronal plasticity of learning and memory,
the gradual accumulation of various randomly learned memories in the limbic
structures would inevitably imbalance and disorganize the emotional behaviors
so that sleep should be developed in evolution to adjust and reorganize the emo-
tions [21] [22] [23] [24]. Consequently, the influences from forebrain to the hy-
pothalamus are random and various, changing from time to time. In this regard,
if the hypothalamic aging resulted from the random and irregular plastic
changes in the neural activities in forebrain, it would be difficult for the hypo-
thalamus to specifically maintain the paraventricular nucleus (PVN) intact [10]
[16] while only reduce the neurons in the suprachiasmatic nucleus (SCN) [10]
[16] [18] and male preoptic sexually dimorphic nucleus (SDN-POA) [10] [16]
[17] [19]. Therefore, it is as well deduced that the hypothalamic aging might re-

sult from the mechanisms other than those from the forebrain.

3. The Hypothetic Peripheral Causes of Senescence of
Hypothalamic Suprachiasmatic Nucleus (SCN)

3.1. The Hypothetic Aging Pathway from Skin to Hypothalamic
Suprachiasmatic Nucleus (SCN) via Slow Wave Sleep

Because of the above mentioned dissociation of the hypothalamic aging from the
forebrain changes, Cai recently suggested a new peripheral hypothesis to explain
the hypothalamic aging on suprachiasmatic nucleus (SCN) [25]. On the one
hand, the continuous decrement in duration of slow-wave sleep (SWS) demon-
strated in many senescent observations [25] [26] [27] [28] would cause the con-
tinuous functional degeneration of suprachiasmatic nucleus (SCN) in hypotha-
lamus during aging [10] [16] [18] [25]. On the other hand, the skin underwent
aging from exposure to the environmental sunshine and oxygen as well as
from genetic shortening of the telomere [25]. The skin senescence was re-
ported repeatedly to result in reduction in the electrodermal activities [25],

which would reduce the emotional responses and memories in brain, and
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would in turn reduce the requirement for slow wave sleep (SWS) [21] [22]
[23] [25]. In these two respects, from skin senescence to slow wave sleep
(SWS), it was formulated a new degenerative aging pathway to explain the
chronological change of hypothalamic suprachiasmatic nucleus (SCN) dur-
ing aging [25].

It is noted herein that the key to cause the aging of hypothalamic suprachias-
matic nucleus (SCN) [10] [16] [18] in this hypothesis was the decrement in du-
ration of slow wave sleep (SWS) as demonstrated in many senescent observa-
tions [25] [26] [27] [28]. Besides the skin aging as the good cause to reduce the
duration of slow wave sleep (SWS) in this hypothesis [25], there are still many
other causes which may also reduce the duration of slow wave sleep (SWS), such
as the cholesterol, hypertension, and so on. It is necessary to point out that the
peripheral aging from the intracellular changes is homogenous within an organ,
while that from cholesterol or angiemphraxis is relatively more heterogeneous,

which requires more investigations.

3.2. Further Evidence Supporting the Senescence of Hypothalamic
Suprachiasmatic Nucleus (SCN) via the Slow Wave Sleep
(SWS)

The aging-related disorganization in expression of core clock genes in various
brain regions supports this hypothetic pathway. It is common knowledge that
the hippocampus is responsible for learning and memory [24]. It was demon-
strated that the expression of Clock, Bmall and Per 2 genes in hippocampus lost
circadian rhythm earlier than those in hypothalamic suprachiasmatic nucleus
(SCN) [29] [30], implicating that the hippocampal circadian rhythm relevant to
sleep and memories actually decreased earlier in response to the reduction of
emotional responses, while such dysfunctions later began to affect the hypotha-
lamic suprachiasmatic nucleus (SCN) [25]. If the degeneration of hypotha-
lamic suprachiasmatic nucleus (SCN) during aging results from the changes
in the secretion of growth hormone, there would not have shown this pattern
of disorganization in expression of core clock genes earlier in the hippo-
campus and then in the hypothalamic suprachiasmatic nucleus (SCN) [29]
[30].

Therefore, the decrement in duration of slow wave sleep (SWS) as demon-
strated in many senescent observations [25] [26] [27] [28] is the most plausible
cause for the degeneration of hypothalamic suprachiasmatic nucleus (SCN)
during aging [10] [16] [18] [25]. In further, the senescent decrement in duration
of slow wave sleep (SWS) [25] [26] [27] [28] may in turn result from the skin
senescence as postulated by Cai [25], while may result also from other popula-
tionally more heterogeneously distributed causes such as the cholesterol, hyper-
tension, and so on.

The hypothetic peripheral causes of senescence of hypothalamic suprachias-

matic nucleus (SCN) are shown in Figure 1.
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Skin senescence, manifesting as reduction in the electrodermal activities, results from: (1)
exposure to the environmental sunshine: (2) exposure to the environmental oxygen; (3) genetic

shortening of the telomere.

Slow wave sleep(SWS), for bodily restoration and emotional readjustment, is reduced in many
senescent observations, because of the reduction of the emotional responses and memories in
brain from the reduction in the electrodermal activities by skin senescence.

The reduction in slow wave sleep(SWS), demonstrated in many senescent observations, would
cause the continuous functional degeneration of suprachiasmatic nucleus(SCN) in hypothalamus
controlling circadian rhythm during aging.

Figure 1. The peripheral causes of hypothalamic SCN aging.

4. The Hypothetic Aging Pathway from Lipid to Preoptic
Sexually Dimorphic Nucleus (SDN-POA) via Testosterone
and Aromatase

4.1. The European View of Hypothalamic Aging of Male Preoptic
Area (POA)

In similarity to the aging pathway from skin to hypothalamic suprachiasmatic
nucleus(SCN) via slow wave sleep (SWS), on July 4, 2016, the European people
in television commented that there was an additional senescent pathway for
male reproduction from the common knowledge of adipose accumulation and
reduction of spermatogenesis in middle age/early old age to analogously elicit
the degeneration of hypothalamic preoptic area (POA) [25] [31], while the se-
nescence of female reproduction likewise resulting also from ovary menopause.

Because the senescent degeneration of hypothalamic suprachiasmatic nucleus
(SCN) from skin senescence via slow wave sleep (SWS) would as well affect the
reproductive system of animals, this pathway from adipose accumulation would
provide an additional cause for the degeneration of male hypothalamic preoptic
area (POA) [25] [31], making it degenerate sharply in the course of senescence
as observed [10] [16] [17] [19].

4.2. Regulation of Neuronal Numbers within the Male Preoptic
Sexually Dimorphic Nucleus (SDN-POA) by Sex Hormones

As mentioned above, it was indeed observed that the male sexually dimorphic
nucleus in preoptic area (SDN-POA) declined in cell number after aging [10]
[16] [17] [19]. Besides, it was even shown that the higher estradiol resulted in the
neuronal loss in the preoptic sexually dimorphic nucleus (SDN-POA) in male
rats [17], while the testosterone reversed the neuronal degeneration within the
preoptic sexually dimorphic nucleus (SDN-POA) in male rats [19], demonstrat-
ing that the hormonal levels directly able to result in the neuronal degeneration
within the male preoptic sexually dimorphic nucleus (SDN-POA).

In this regard, via looking at those affecting the hormonal levels of testoste-
rone and estradiol [17] [19], it would be possible to find out the peripheral caus-

es resulting in the neuronal degeneration within the preoptic sexually dimorphic
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nucleus (SDN-POA) during male aging.

4.3. The Lipid Regulation of Enzyme Aromatase Converting
Testosterone to Estradiol during Aging

The European view on hypothalamic aging of preoptic area (POA) from adipose
accumulation [25] [31] implicated the premise that it resulted from the intrinsic
aging process genetically set in development and growth. The morphogenetic
development in animals is controlled by both induction and termination [32].
Induction initiates the morphogenetic development while termination controls
the final shape of the generated organ during morphogenesis [32]. Many animal
models can demonstrate the induction and termination as the key developmen-
tal control for the morphological changes, such as the sexual dimorphism in
mammary glands, the epidermal scale in reptiles, the tail metamorphosis in am-
phibians, the variation in limb digits in vertebrates, and so on [32].

In vertebrates, the fat depot sizes reach a peak by middle age or early old age,
followed by a substantial decline in advanced old age [33]. Fat tissue growth oc-
curs by increase in size and number of fat cells. Beginning at middle age, the
subcutaneous fat loses earlier and consequently the intra-abdominal fat increases
relatively in the course toward aging [33], resulting in insulin resistance and in-
creased risk of atherosclerosis and diabetes, even in lean subjects [33]. Nutrients,
hormonal effectors such as insulin, leptin, IGF-1, glucocorticoids, and so on are
responsible for the regulation of adipose size and redistribution in development
and aging [33] [34].

The enzyme aromatase in vertebrates converts the testosterone to estradiol
and decreases the testosterone levels [35] [36]. The aromatase is expressed in the
differentiated adipose cells [35]. Accordingly, Cohen suggested earlier that the
increase in adipose tissue in middle age be associated with an increase in the en-
zyme aromatase and lead to diminished testosterone levels during male aging
[36].

It seems not convincing to overemphasize the special role of only one enzyme
as aromatase in disturbing the male reproductive functions in aging. However,
aromatase is really a remarkable enzyme and even plays more dramatic roles in
sex determination. Aromatase is an evolutionary conserved enzyme present in
amphioxus [37], fishes [38] [39], amphibians [40], reptiles [41], and mammals
including humans [35] [36]. It is suggested as the key enzyme in the epigenetic
determination of sex as male or female during ontogeny in many species of ver-
tebrates [42], as demonstrated in African cichlid fishes [39], Japanese frog Ra-
narugosa [40] and some reptiles [41].

In this regard, due to the significant effects of aromatase demonstrated in sex
determination in many vertebrates [39] [40] [41] [42], it is obvious that the in-
crease in aromatase from increment of fat size in middle age is sufficient to sig-
nificantly disturb the male reproductive system via converting the testosterone

to estradiol.
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4.4. The Disturbance on Male Sexual Hormones and
Hypothalamus from Adipose and Aromatase in Aging

The disturbance on male reproductive system from adipose and aromatase in
aging can even be assayed in vivo. In one report, it was demonstrated that the
free and bioavailable estradiol levels decreased modestly with age as did the ratio
of free testosterone to free estradiol, the latter testifying to the age-related in-
crease in aromatization of testosterone [43]. The estradiol levels were highly,
significantly and positively related to the body fat mass [43]. In another paper
comparing BMI in relation to sperm count, it was shown that the overweight
and obesity were associated with an increased prevalence of azoospermia or oli-
gozoospermia [44].

In this regard, due to the regulation of neuronal numbers within the preoptic
sexually dimorphic nucleus (SDN-POA) by the testosterone and estradiol [17]
[19], the increment of adipose and aromatase converting the testosterone to es-
tradiol in aging [43] would cause the neuronal degeneration within the male
sexually dimorphic nucleus in preoptic area (SDN-POA).

Because the degeneration of suprachiasmatic nucleus (SCN) from skin aging
via slow wave sleep (SWS) would also affect the function of reproduction, the
cause from adipose accumulation for the degeneration of male preoptic sexually
dimorphic nucleus (SDN-POA) would make an additional contribution to its
senescent degeneration, so that make its cells decline sharply after aging as ob-
served [10] [16] [17] [19].

4.5. The Association of Testosterone with Hypertension during
Aging

It is noted that the regulation of the testosterone by lipid may not solely via the
rise in aromatase during male aging, even though the rise in aromatase is suffi-
cient to remarkably disturb the male reproductive system in senescence. In pa-
rallel, it has also been demonstrated that the level of testosterone is associated
with the risk of hypertension [45] [46] [47]. Due to the limited data available, it
is uncertain about the regulation of testosterone by hypertension during aging. It

is necessary to carry out more investigations on this issue.

4.6. Section Summary

In this section, it is demonstrated the European view on the aging of male hypo-
thalamic preoptic area (POA) from adipose accumulation and the relevant sup-
porting facts, as the followings: 1) The genetic increase and redistribution of fat
tissue in male middle age. 2) The aromatase, able to determine the sex differen-
tiation in vertebrates, being expressed in adipose tissue to convert the testoste-
rone to estradiol during male aging. 3) The observed disturbance on male re-
productive hormones from increment of adipose and aromatase in aging. 4) In
response to the hormonal outcomes from the rise in aromatase, the neuronal

degeneration within the sexually dimorphic nucleus in preoptic area (SDN-POA)

DOI: 10.4236/0alib.1104445

7 Open Access Library Journal


https://doi.org/10.4236/oalib.1104445

Z.-). Cai

after male aging. 5) The necessity to carry out more investigations about the reg-
ulation of testosterone by hypertension during aging.

It is necessary to point out that, for the adipose cause of neuronal degenera-
tion within the sexually dimorphic nucleus in preoptic area (SDN-POA) after
male aging, the European view in television adopted the reduction of spermato-
genesis as the key mediator, while in literature there were evidences that the ra-
tio of testosterone to estradiol played the key role.

The hypothetic peripheral causes of senescence of male hypothalamic sexually

dimorphic nucleus in preoptic area (SDN-POA) are shown in Figure 2.

5. The Intact Hypothalamic Paraventricular Nucleus (PVN)
during Aging

The hypothalamic paraventricular nucleus (PVN), responsible for stress re-
sponse, is functional throughout the lifespan and maintains its neuron number
in senescence in humans [10] [16]. Obviously, the stress response is thus main-
tained in aging, which may cause decrease in proteolytic clearance within peri-
pheral cells during aging [7]. Besides, it was recently reviewed that the psycho-
logical stress might lead to aging via many other molecular processes in cells,
such as the change in length of telomere, increase in DNA damage, alternation
in immunological inflammation, and so on [48].

In contrast to the senescent decrease in number of neurons in hypothalamic
suprachiasmatic nucleus (SCN) [10] [16] [18] and male preoptic sexually di-
morphic nucleus (SDN-POA) [10] [16] [17] [19] in humans, the preservation of
the neurons and functions of PVN [10] [16] in further indicates that: 1) The hy-
pothalamic aging would result from the aging mechanisms other than the toxic-
ity of amyloid-beta from forebrain, since the homogeneity of biophysical clear-
ance of forebrain amyloid-beta [15] [20] would cause the homogeneous degene-
ration of the hypothalamic nuclei. 2) The hypothalamic aging would dissociate
from the aging mechanisms relevant to the random forebrain neuronal plasticity
due to learning and memory [21] [22] [23] [24], since the random and irregular
changes in the neural activities in forebrain from learning make it difficult for
the hypothalamus to maintain the PVN intact [10] [16] while only reduce the

In male middle/early old age. the fat tissue is genetically increased and redistributed.

) 4

The aromatase. able to convert the testosterone to estradiol and decrease the
testosterone levels. is expressed in adipose tissue during male aging

4

With the hormonal outcomes from the rise in aromatase. the higher estradiol results in
the neuronal loss in the preoptic sexually dimorphic nucleus(SDN-POA). while the
testosterone, able to reverses the neuronal degeneration within the preoptic sexually
dimorphic nucleus(SDN-POA). is decreased after male aging.

Figure 2. The peripheral causes of male hypothalamic SDN-POA aging.
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neurons in the suprachiasmatic nucleus (SCN) [10] [16] [18] and male preoptic
sexually dimorphic nucleus (SDN-POA) [10] [16] [17] [19].

6. Discussions

The hypothalamic nuclei manifest heterogeneity in degeneration during aging in
mammals [10] [16] [17] [18] [19]. The suprachiasmatic nucleus (SCN) is de-
creased in its number of neurons during the aging process in humans and mar-
mosets [10] [16] [18], while the male sexually dimorphic nucleus in preoptic
area (SDN-POA) declines sharply in cell number after aging in humans and rats
[10] [16] [17] [19]. However, the paraventricular nucleus (PVN) maintains its
neuronal number unchanged during the aging in humans [10] [16].

The plausible peripheral mechanisms for causing the heterogeneity in dege-
neration of hypothalamic nuclei in aging are reviewed in this article, especially
some newly hypothesized mechanisms.

For the suprachiasmatic nucleus (SCN), Cai suggested [25] that the conti-
nuous decrement in duration of slow-wave sleep (SWS) in many senescent ob-
servations [25] [26] [27] [28] would cause the continuous functional degenera-
tion of suprachiasmatic nucleus (SCN) in hypothalamus during aging [10] [16]
[18] [25]. The observations that the hippocampal circadian rhythm decreased
earlier than the hypothalamic suprachiasmatic nucleus (SCN) [29] [30] sup-
ported this explanation [25]. Many peripheral causes can reduce the duration of
SWS during aging, including the skin aging proposed by Cai [25], and such un-
certain factors as the cholesterol, hypertension, and so on, which requires more
investigations.

For the preoptic sexually dimorphic nucleus (SDN-POA), the European
people in television suggested [25] [31] that the increased body fat would cause
the degeneration of this hypothalamic nucleus during male aging. Many peri-
pheral pathways may mediate this mechanism, especially the testosterone and
estradiol levels which have been demonstrated to be able to regulate the neuron-
al numbers in this hypothalamic nucleus [17] [19]. The rise in aromatase can
convert the testosterone to estradiol during aging [35] [36] [43]. Besides, it is
necessary to carry out more investigations on the regulation of testosterone by
hypertension during aging.

For the paraventricular nucleus (PVN) responsible for stress response, it
maintains its neuronal number unchanged during aging [10] [16] in contrast to
the decrease in both the suprachiasmatic nucleus (SCN) [10] [16] [18] and the
male sexually dimorphic nucleus in preoptic area (SDN-POA) [10] [16] [17] [19]
in humans. In this regard, it can demonstrate many peripheral changes of aging
from chronic stress, including the decrease in proteolytic clearance within peri-
pheral cells [7], change in length of telomere [48], increase in DNA damage [48],
alternation in immunological inflammation [48], and so on.

Because the degeneration of suprachiasmatic nucleus (SCN) from reduction

in slow wave sleep (SWS) would also affect the function of male reproductive
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system, the adipose accumulation causing degeneration of the male preoptic
sexually dimorphic nucleus (SDN-POA) would make an additional contribution
to its degeneration [25] [31], making its cells decline sharply after aging as ob-
served [10] [16] [17] [19].

It is interesting to inspect the evolutionary differences of these two degenera-
tive mechanisms addressing to the two hypothalamic nuclei during aging. In
phylogeny, the forebrain slow wave in sleep is only present in vertebrates more
advanced than reptiles [21] [22], so that the senescent pathway from the slow
wave sleep (SWS) to degeneration of suprachiasmatic nucleus (SCN) [25] would
be applicable only to the higher vertebrates. Whereas, because aromatase is
present in all vertebrates including the fishes, amphibians, reptiles and mammals
[35]-[41], the aging pathway from adipose accumulation to degeneration of male
hypothalamic preoptic sexually dimorphic nucleus (SDN-POA) [25] [31] would
be applicable to all vertebrates, more ancient and conserved in evolution than
the degeneration of suprachiasmatic nucleus (SCN) from slow wave sleep
(SWS).

It is further noted that, as the hypothesized degeneration of suprachiasmatic
nucleus (SCN) during aging results from the continuous decrement in duration
of slow-wave sleep (SWS) [25], it belongs to the functionally usage-dependent or
activity-dependent regulation of neuronal numbers in the neuronal pathways.
Whereas, as the hypothesized degeneration of male preoptic sexually dimorphic
nucleus (SDN-POA) during aging results from the hormonal regulation of tes-
tosterone and estradiol on the neuronal numbers of this hypothalamic nucleus
[25] [31], it belongs to the hormonal regulation of neuronal numbers. Therefore,
both the activity-dependent and hormonal regulation of the neuronal numbers
are adopted for the senescent changes of these hypothalamic nuclei during ag-

ing.

7. Perspectives

These two new theories of the peripheral aging pathways, from reduction in slow
wave sleep (SWS) to degeneration of hypothalamic suprachiasmatic nucleus
(SCN) and from rise of adipose/aromatase to degeneration of hypothalamic
preoptic sexually dimorphic nucleus (SDN-POA) via testosterone, are signifi-
cant. On the one hand, they provide the explanations to account for the chrono-
logical ontogenetic changes of hypothalamic suprachiasmatic nucleus (SCN) and
male preoptic sexually dimorphic nucleus (SDN-POA) during aging. On the
other hand, they provide the useful theories to guide the therapeutic efforts
against aging in future. With regard to the degeneration of suprachiasmatic
nucleus (SCN) during aging, the therapeutic anti-aging efforts should be more
devoted to skin protection, sleep recovery and so on. With regard to the degene-
ration of male preoptic sexually dimorphic nucleus (SDN-POA) during aging,
the therapeutic anti-aging efforts should be more devoted to control of energy

intake, exercise to reduce adipose and so on. With regard to the intactness of
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paraventricular nucleus (PVN), the therapeutic anti-aging efforts should be
more devoted to decrease of oxidative and psychological stress, and so on. In

these regards, these new theories would be important to biomedical sciences.

8. Conclusion

In this article, the peripheral mechanisms are addressed resulting in the hetero-
geneity in degeneration of hypothalamic nuclei during aging in mammals. The
neuron numbers decrease in both the suprachiasmatic nucleus (SCN) and the
male preoptic sexually dimorphic nucleus (SDN-POA) during the process of
aging, while the neuron number remains unchanged in the paraventricular nuc-
leus (PVN). The decrease in slow wave sleep (SWS) causes the degeneration of
the suprachiasmatic nucleus (SCN), while the reduced testosterone level from
the increased body fat causes the degeneration of the male preoptic sexually di-
morphic nucleus (SDN-POA). It seems both the activity-dependent and hor-
monal regulation of the neuronal numbers are adopted in the senescent changes
of these hypothalamic nuclei. The paraventricular nucleus (PVN) responsible for
stress response maintains its neuronal number unchanged during the aging in
humans, causing many peripheral cellular and molecular changes of aging from
chronic stress, including the decrease in proteolytic clearance, change in length
of telomere, increase in DNA damage, alternation in immunological inflamma-
tion, and so on. These preliminary considerations are expected to elicit more
comprehensive investigations on the peripheral causes of the heterogeneity in
degeneration of the hypothalamic nuclei during aging, extending to consider
other populationally more heterogeneously distributed causes such as the cho-

lesterol, hypertension, and so on.
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