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1. INTRODUCTION

During the course of aging, long-term trends emerge in the regulation of energy
balance resulting in middle-aged obesity and aging anorexia that in turn leads to cachexia and
also to sarcopenia of old age [Morley 2001], [Di Francesco et al. 2007], [Pétervari et al.
2011a]. Both energy excess and deficit present important worldwide challenges affecting
more and more people with serious impact on health status and health cost. That makes it
essential to achieve deeper understanding regarding the functions and mechanisms of healthy
and pathological energy processes and it underlines the importance of research aimed at age-
related alterations in energy metabolism.

1.1. Peptidergic regulation of the energy homeostasis

Regulation of body weight (BW) may be considered to be a homeostatic system. The
central nervous system receives various forms of afferent signals from the periphery, which
modify the activity of central neurotransmitters, modulator substances, and consequently,
efferent mechanisms are activated. Some afferent signals represent the actual feeding state,
while others, called adiposity signals indicate the nutritional state [Wilding 2002], [Székely
and Szelényi 2005]. One of the most important adiposity signals is leptin, which (among other
sites) binds primarily to receptors of the nucleus arcuatus of the hypothalamus (ARC)
[Palkovits 2003], [Székely and Szelényi 2005]. An elevated level of leptin stimulates the
expression of anorexigenic neuropeptides [i.e. those inhibiting food intake (FI)] in the ARC,
such as alpha- melanocyte- stimulating hormone (alpha- MSH) and its precursor pro-
opiomelanocortin [Palkovits 2003]. Alpha- MSH activates ‘second-order’ neurons in the
paraventricular nucleus of the hypothalamus (PVN), that are responsible for the secretion of
further catabolic peptides (i.e. anorexigenic and hypermetabolic), like corticotropin-releasing
factor (CRF) [Valassi et al. 2008].

Earlier studies demonstrated age-related shifts in the responsiveness to centrally
administered catabolic mediators such as leptin [Pétervari et al. 2014] or alpha- MSH
[Pétervari et al. 2010], [Rostas et al. 2015]. Intracerebroventricular (ICV) leptin injection- and
infusion-induced anorexia was strong in the youngest groups, weaker in aging rats and
became more pronounced again in the oldest group. In contrast, leptin-induced
hypermetabolism declined continuously with aging [Pétervari et al. 2014], [Rostas et al.
2016]. Central acute and chronic anorexigenic effects of alpha-MSH showed similar patterns
during aging to those of leptin administration [Pétervari et al. 2010], [Pétervari et al. 2011b].
A similar age-related pattern was observed also in the hypermetabolic effects of central alpha-
MSH injections [Rostas et al. 2015], while infusions of this peptide induced weak
hypermetabolic response in the youngest group and strong hypermetabolic effects in older
animals [Pétervari et al. 2011b]. Based on these observations, the question arises, whether
CRF, which lays downstream to leptin and melanocortins may also contribute to age-
associated obesity and/or to the development of aging anorexia and sarcopenia.



1.2. Corticotropin- releasing factor (CRF)

CRF is a 41-aa peptide, which is produced predominantly in the PVN [Morin et al.
1999], but it has been also detected in the cerebral cortex, locus coeruleus, medial preoptic
area, stria terminalis, amygdala or in the hippocampus [Morin et al. 1999], [Janssen and
Kozicz 2013]. In the PVN CRF level is increased in states of energy excess or poor glucose
utilization [Seeley et al. 1996], whereas, states of negative energy balance like fasting or cold
exposure reduce CRF and CRF receptor level [Fekete et al. 2000]. Age may also have an
impact on the amount of CRF in the central nervous system. Several studies have reported
increased hypothalamic CRF expression in elderly humans and old rats, but others detected
unchanged hypothalamic CRF expression [Bao and Swaab 2007], [Aguilera 2011].

1.2.1. Effects of CRF

There is a considerable body of evidence indicating that CRF and other members of
the corticotropin family are endogenous catabolic agents, their anorexigenic and
hypermetabolic effects result in weight loss [Richard et al. 2002]. During acute stress CRF
reduces FI through the stimulation of anorexigenic neurons in the ARC [Chrousos 2000],
although CRF is able to decrease FI even in the absence of stress [Crespi et al. 2004]. Acute
central administration of CRF suppresses spontaneous food consumption and fasting-induced
re-feeding [Morley, 1987], [Cullen et al. 2001], which were accompanied by
hypermetabolism and increased brown-fat thermogenesis [LeFeuvre et al. 1987], [Carlin et al.
2006]. Not only acute, but also chronic central administration of CRF has catabolic effects, it
enhanced the weight of brown adipose tissue [Cullen et al. 2001] and caused a fall in BW
partly by suppression of Fl partly by enhancement of metabolism [Arase et al. 1988]. Thus,
both acute and chronic central administration of CRF evokes catabolic effects, that appear to
be coordinated.

In addition to its roles in energy homeostasis CRF, as a member of the hypothalamo-
pituitary- adrenal (HPA) axis, participates in stress processes and in the development of
anxiety and depressive disorders [Bale and Vale 2004], [Fekete and Zorilla 2007], [Janssen
and Kozicz 2013]. It has been proven, that CRF plays an important role in thermoregulation,
both central CRF injection and infusion were shown to induce hyperthermia [Buwalda et al.
1997], [Heinrichs et al. 2001], [Richard et al. 2002]. In addition, this peptide is known to
influence the motor activity [Contarino et al. 2000], [Ohata and Shibasaki 2004], the immune-
[De Souza 1995] and the reproductive systems [Heinrichs and Richard 1999], reward-[Koob
2013] and learning mechanisms [Hashimoto et al. 2001].

1.2.2. Receptors of the corticotropin system

Two subtypes of G-protein coupled receptors (CRF1 and CRF2) mediate the effects of
corticotropins. CRF elicits its effects by binding predominantly to CRF1 and to a lesser extent
to CRF2 receptors [Perrin and Vale 1999], [Reul and Holsboer 2002].

CRF1 receptors are found mainly in hypothalamic nuclei, in the anterior pituitary, in
the amygdala and in the cerebral cortex [Van Pett et al. 2000], [Reul and Holsboer 2002].
Anxiogenic  actions, depressive  behavior, increased locomotor activity and
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hyperthermic/hypermetabolic effects have been attributed to the activation of this receptor
type [Van Pett et al. 2000], [Reul and Holsboer 2002], [Figueiredo et al. 2010]. It is also
capable to evoke moderate anorexigenic effects in emotional stress [Hotta et al. 1999].

CRF2 receptor expression appears to be more restricted in the brain relative to that of
CRF1 receptors. Its main expression sites are the ventromedial nucleus in the hypothalamus
and the lateral septum [Van Pett et al. 2000], [Fekete and Zorilla 2007]. Various studies
established the primary role of CRF2 receptor in mediating the anorexigenic actions of CRF
[Cullen et al. 2001], [Stengel and Taché 2014]. Moreover, CRF2 receptors are known to
mediate the late phase of the stress response and anxiolytic-, antidepressive behavior [Van
Pett et al. 2000], [Reul and Holsboer 2002].

2. PRIMARY HYPOTHESES AND AIMS

l. According to our first hypothesis acute catabolic (i.e. anorexigenic and
hypermetabolic) CRF effects contribute to middle-aged obesity and aging anorexia. We also
hypothesized, that catabolic CRF effects vary with aging similarly to those of melanocortins
and leptin. Moreover, acute catabolic effects of CRF change in differential, non-parallel, i.e.
disparate ways in male and female Wistar rats during the course of aging.
Therefore we aimed
1. to assess anorexigenic and hypermetabolic effects of ICV CRF injection in different
age-groups of male and female Wistar rats,
2. to analyse the potential involvement of acute central catabolic CRF effects in the
development of age-related obesity and aging anorexia.

. We also hypothesized, that age-related changes in central chronic CRF effects take
part in the development of the special pattern of long-term BW regulation in male rats, similar
to the catabolic activators of CRF.
Thus, we aimed
1. to investigate the anorexigenic and hypermetabolic responsiveness to a 7-day ICV
CRF infusion in different age-groups of male Wistar rats,
2. to analyse whether age-related variations of CRF effects may also contribute to
middle-aged obesity and aging anorexia leading to weight loss in old age-groups.

1. We proposed that age-related changes of endogenous CRF activity in the PVN
contribute to the life-long BW development in male rats.

Thus, we aimed to analyze mRNA expression of CRF in the PVN in different age-
groups of male Wistar rats. We also aimed to assess the potential contribution of the CRF
expression to the above mentioned long-term BW development.



3. MATERIALS AND METHODS
3.1. Animals

Various age- groups of male and female Wistar rats were used in the experiments of the
present studies from the Colony of the Institute for Translational Medicine of the Medical
School, University of Pécs, Hungary. In acute experiments ICV CRF or pyrogen- free saline
(PFS) injections were administered to young adult (3- months old), younger and older middle-
aged (6- and 12- months old), aging and old (18- and 24- months old) male and female rats.
For thermoregulatory analysis and for tests of FI separate groups of animals had to be used.
However, in chronic experiments 7-day ICV CRF- or PFS infusions were applied to 3-, 12-,
18- and 24-months old male rats. For CRF gene expression analysis different age- groups
(aged 3-, 12-, 18- or 24- month) of intact male rats were used. Following experiments,
animals were sacrificed; no repeated testing across age-groups was possible.

After they have reached the appropriate age, rats were housed in individual plastic home-
cages under controlled illumination conditions (with 12:12 hours dark-light regime, lights
were on from 06:00 am) and at an ambient temperature of 24-25 °C. Standard rat chow (11
kJ/g; CRLT/N rodent chow, Szindbad Kft., G6doll6, Hungary) and tap water were available
ad libitum, except for the 24-h fasting period in acute experiments when only water was
provided for the appropriate groups. Spontaneous daily FI and BW were measured every day
at 09.00 h, consequently the animals were habituated to regular handling.

All experimental interventions and procedures were in good accord with institutional
(University of Pécs, Medical School) and international standards (86/609/EEC, Directive
2010/63/EU of the European Parliament and of the Council).

3.2. Substances applied

During our experiments corticotropin-releasing factor (CRF-41, Bachem, AG
Switzerland) dissolved in PFS or PFS alone (as control) was delivered into the right lateral
cerebral ventricle.

In acute experiments 5 ul CRF solution or PFS was applied. Each animal in each age-
group received CRF and its solvent in random order. Based on pevious reports of the
literature [Zorilla et al. 2004], [Semjonous et al. 2009] and our observations, two different
doses of CRF injection were used for tests of Fl after 24-h fasting (0.3 ug CRF) and for
thermoregulatory analysis (1 pg CRF).

In chronic tests CRF solution or PFS alone was administered via Alzet osmotic
minipumps at a flow rate of 1 pl/h for 7 days. The applied dose of CRF (0.2 pg/ul/h) was
chosen according to earlier observations [Rivest et al. 1989].

3.3. Surgeries

In acute experiments after an at least 7-day adaptation to the experimental systems and
at least 7 days before the ICV injection, an ICV guide cannula was implanted into the right
lateral ventricle using a stereotaxic apparatus (coordinates relative to bregma: A: -1.0 mm, L:
1.5 mm, V: 3.5 mm) according to the Rat Brain Atlas [Paxinos and Watson 2006]. Several
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days before the first experiment, angiotensin Il (Sigma, A9525, 20 ng/5 ul) was injected
through the implanted cannula in order to check its correct location. Appropriate location was
assumed if at least 5 ml water was consumed within 30 min.

In chronic experiments after at least one week of adaptation to the biotelemetric
system and 5-7 days prior to the start of the infusion, an e-mitter (HR E-Mitter, Sunriver, OR)
was implanted intraperitoneally into the rats. The ECG electrodes of the e-mitter were
attached to the chest of the animals subcutaneously. After full recovery from the e-mitter
surgery a Brain-Infusion-Kit (Alzet) was implanted intracerebroventricularly with the same
coordinates as those of the ICV cannula in acute experiments. Simultaneously an Alzet
osmotic minipump filled with the appropriate solution was inserted subcutaneously
underneath the nape of the neck and was attached to the Brain-Kit.

All surgical interventions were performed under intraperitoneal (IP) ketamine + xylazine
[78 mg/kg (Calypsol, Richter) + 13 mg/kg (Sedaxylan, Eurovet)] anesthesia. Moreover
Gentamycin injection (2 mg IP) was also applied to avoid infections.

3.4. Experimental methods

3.4.1. Assessment of central acute CRF effects on food intake

To assess the anorexigenic effects of the CRF injectction, an automated FeedScale
system (Columbus, OH) was used. The system allowed continuous recording of the amount of
consumed food and prevented food hoarding. Data were registered every 10 minutes. On day
1 at 09.00 h food was removed for 24-h. Five minutes before the re-feeding started (on day 2
at 09.00 h) assigned rat groups received ICV CRF or PFS injection to test the inhibitory effect
of the peptide on 3-h cumulative FI.

3.4.2. Assessment of central acute CRF effects on thermoregulation and
metabolic rate

During acute experiments thermoregulatory analyses were performed in an indirect
calorimeter (Oxymax, Equal Flow, Columbus, OH). The tests were performed between 09.00
h and 15.00 h and data was registered in 10-min intervals for 3 hours. Semi-restrained rats
were singly enclosed in metabolic chambers immersed into a thermostatically controlled
water-bath. Oxygen consumption [VO2, representing metabolic rate] was determined by
indirect calorimeter from the air flowing through the chambers. For the recording of core
temperature (Tc) in the colon, tail skin- (Ts) and ambient temperatures (Ta), copper-
constantan thermocouples were applied and data were collected by a Digi-Sense Benchtop
Thermometer (Cole-Parmer). The rate of heat loss (heat loss index, HLI) was calculated from
the relationship of the monitored temperatures: HLI = (Ts-Ta) / (Tc-Ta) [Romanovsky and
Blatteis 1996]. HLI near O suggests vasoconstriction as a heat conserving mechanism, HLI
near 1 shows vasodilation as indication of heat loss.



3.4.3. Biotelemetric measurements during central chronic CRF administration

During chronic experiments, a biotelemetric system (MiniMitter-VMFH series 4000,
Sunriver, OR) was applied. The intraperitoneally implanted e-mitter (with subcutaneous ECG
electrodes) detected Tc, heart rate (HR, representing metabolic rate) and spontaneous
horizontal locomotor activity (Act). The system registered data every 5 minutes that were
integrated into mean values of 12-h periods, equivalent to the daytime inactive and to the
nighttime active phases. For primary data analysis, the VitalView software provided by the
manufacturer (MiniMitter) was used. In this biotelemetric system FI and BW were measured
manually daily.

3.4.4. CREF gene expression analysis in the paraventricular nucleus using
guantitative real-time polymerase chain reaction (QRT-PCR)

CRF gene expression analysis was performed in collaboration with the Department of
Anatomy and Department of Pharmaceutical Biotechnology of University of Pécs. The RNA
was isolated with the Pure LinkTM RNA Mini Kit (Life Sciences, Carlsbad CA, USA) from
PVN samples of different age-groups of intact male Wistar rats as described previously
[Fiiredi et al. 2016]. The total amount of RNA was determined by NanoDrop (Thermo
Scientific). High-capacity cDNA kit was applied (Applied Biosystems, Foster City, CA,
USA) to perform cDNA synthesis and for CRF gene expression analysis, gRT-PCR was
performed using SensiFast SYBR Green reagent (BioLine). Amplifications were run on ABI
StepOnePlus system, its software was used to analyze gene expression, which was normalized
to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) housekeeping gene. PCR conditions
were set according to previous studies [Fiiredi et al. 2016] and the amplification of PCR
products were calculated according to the 244¢t method.

3.4.5. Other post mortem examinations

After acute and chronic experiments rats were euthanized and the position of the
injection sites were checked macroscopically using brain coronal sections of the removed and
fixed brains. Only rats with appropriate cannula location were included in the analysis.
Indicators of body composition of the animals (epididymal and retroperitoneal fat, anterior
tibial muscle) that received ICV infusion were removed and weighed.

3.5. Statistical analysis

Each animal group contained at least 6 rats. SPSS 11.0 for Windows was used for the
statistical analysis of the data with application of one-way, two-way (univariate or repeated-
measures analysis) or repeated-measures ANOVA complemented by Tukey’s post hoc test,
when more than two groups were compared. The significance was set at the level of p < 0.05.



4. RESULTS

4.1. Acute anorexigenic CRF effects in male and female rats during the course of
aging

In young adult and younger and older middle-aged male rats the ICV administered
CRF injection caused a strong suppression of 3-h cumulative FI during re-feeding following
24-h fasting. The peptide failed to induce a significant anorexigenic response in aging and old
rats. These results suggest that the anorexigenic effects of an acute central injection of CRF
show a gradual decline with aging in males.

In female rats, the most pronounced anorexigenic effects were detected in young
adults, although they were also significant in the older age-groups. Therefore, acute central
CRF administration- induced anorexigenic effects were maintained at a significant level in all
female age-groups.

4.2. Acute hypermetabolic/hyperthermic CRF effects in male and female rats
during the course of aging

The young adult male age-group showed a CRF-induced increase in VO, with a
consequent significant rise in Tc. No compensatory activation of heat loss was detectable, as
indicated by HLI. Based on these data, CRF-induced hyperthermia appears to be coordinated,
in which case both heat production and heat conservation (lack of vasodilation) promote the
rise in Tc.

Regarding age-related variations of these reactions, similar CRF-induced hyperthermic
and hypermetabolic reactions were observed (regarding maximal Tc and VO2 changes) of
young and older male rats. Although these responses proved to be significant in all age-
groups, the maximal increase in Tc and VO, declined with aging. Heat loss mechanisms did
not show any age-related alteration.

Young adult and younger middle-aged female rats showed a significant CRF-induced
increase in metabolic rate and Tc without vasodilation, indicated by HLI. However, this
response was weaker than in the corresponding male groups. On the other hand older female
age-groups failed to show any significant change in Tc or VOa. Thus, the
hyperthermic/hypermetabolic effects of CRF showed a gradual age-dependent decline in
female rats.

4.3. Effects of chronic CRF administration on body weight and body composition
in male rats during the course of aging

Body composition values and mean BW-s of different age-groups of control animals
were in accord with those observed in our previous studies [Pétervari et al. 2010], [Balasko et
al. 2013]: BW of young adult rats was significantly lower than that of older animals.
Concerning body composition indicators, BW of young adult rats was significantly lower than
that of older animals. Concerning body composition indicators, epididymal fat values were
found to be significantly higher in 12- or 18-month groups than in the youngest and the oldest
observed animals, whereas retroperitoneal fat pad of young adult rats differed significantly



from values of 18-month, aging animals. No difference in muscle mass was detected in any
group, except for the oldest sarcopenic animals (24- vs. 12 months of age).

Regarding the age-related effects of a 7-day ICV CRF infusion on BW values, CRF
treatment suppressed BW throughout the infusion period in the 3-month, 18- and 24-month
age-groups, but not in middle-aged animals. By the end of the CRF infusion, significant
reduction of retroperitoneal fat developed in the oldest groups, while no change occurred in
epididymal fat or muscle mass in any group.

4.4. Chronic anorexigenic CRF effects in male rats during the course of aging

Concerning the anorexigenic effects, ICV CRF infusion elicited the strongest
suppression during the first two days in all rats. Significant anorexia was detected for 2 days
in the 3-month, for 7 days in the 18- and 24-month animals, whereas no change was observed
in middle-aged animals.

Measurements of 7-day cumulative energy intake in CRF-treated vs. respective control
groups demonstrated the age-dependence and short-term feature of CRF-induced anorexia.
Anorexigenic effects of the CRF infusion were strongest in the oldest rats.

4.5. Results of biotelemetric measurements in chronic CRF administration in
male rats during the course of aging

Our data demonstrate that mean nighttime control HR values of young adult rats
differed from those of older age-groups. These results are in accord with our previous findings
that demonstrated a decline in the control nighttime HR values of rats in the course of aging
[Pétervari et al. 2014]. During the ICV CRF infusion mean daytime HR (inactive period, nadir
of the circadian rhythm) failed to show significant increase. A slight rise in HR was detected
in middle-aged and old rats on day 1 of the infusion, which is likely to be attributable to the
surgery.

Mean basal (pre-infusion) day- and nighttime body temperature values did not change
across our age-groups. Regarding hyperthermic effects of CRF, the infusion induced a 2-day
elevation of mean daytime temperatures in young adult rats. Otherwise only a slight rise was
detected in the mean daytime Tc value of day 1 in aging animals. This rise was probably due
to the surgery, while differences in other groups did not reach statistical significance.

Act of young adult rats exhibited some diminishment on day 2 of the infusion that did
not reach statistical significance. Otherwise no CRF-related alteration of Act was detectable.

4.6. CRF gene expression in the paraventricular nucleus in male rats during the
course of aging

In our study gRT-PCR measurements revealed that in the PVN of different age-groups
of male rats, CRF mRNA expression showed significant changes with aging. CRF mRNA
expression appeared to increase until 18 months of age with a subsequent slight decline in the
24-month animals. Post hoc analysis showed a significant difference between the young and
aging groups. In addition, a rising tendency was observed between the middle-aged and aging
groups.



5. DISCUSSION OF FINDINGS
5.1. Age- and gender- dependence of central acute anorexigenic CRF effects

In males, acute ICV CRF administration-induced suppression of re-feeding was
pronounced in the young adult and also in the younger and older middle-aged groups, whereas
this effect failed to develop in older animals. This age-related pattern distinctly differs from
that of acute central alpha-MSH- and also from that of leptin- induced FI suppression
[Pétervari et al. 2010] [Rostas et al. 2016]. The age-related patterns characterizing alpha-
MSH- and leptin-induced anorexia potentially contributes to the explanation of middle-aged
obesity and aging anorexia. In contrast, the age-related pattern derived from our experiments,
characterizing acute central CRF-anorexia is unlikely to promote the development of either
the middle-aged obesity or the aging anorexia in male Wistar rats.

CRF2 receptors may play a decisive role in the above described age-related pattern,
since the vast majority of the related literature attributes anorexigenic CRF effects to CRF2
receptor mediation [Cullen et al. 2001], [Ohata and Shibasaki 2004], [Stengel and Taché
2014]. In addition, contribution of CRF1 receptors to anorexigenic effects is mainly attributed
to emotional stress [Hotta et al. 1999] and their activation results in the increase in peripheral
plasma corticosterone level, which has been shown to be coupled with increased FI [Chrousos
2000]. Thus, our present findings may have implications for the potential lack of involvement
of CRF2 receptors in aging-induced variations of BW in male rats.

In females, CRF-induced anorexia was maintained in all age-groups. This continuous
anorexigenic efficacy of CRF may have helped to prevent rapid weight gain in middle-aged
and older female animals, but apparently failed to induce weight loss up to 24 months of age.
However, it cannot be excluded that even older age-groups of female rats (e.g. 30-month)
would show anorexia and weight loss as a result of this maintained efficacy. In summary, a
gender difference emerges in the age-related patterns of CRF-induced anorexia and of CRF2
receptor responsiveness in Wistar rats: these CRF effects decline in males, but they are
maintained in females during aging (until 24 months of age).

5.2. Age and gender-dependence of central acute hyperthermic/ hypermetabolic
CREF effects

Concerning hypermetabolic/hyperthermic effects in young adult males, ICV CRF
administration elicited a prompt rise in VO and induced a steady rise in Tc, which was
accompanied by continuous heat conservation as indicated by the HLI. This thermoregulatory
response appears to be similar to fever-like coordinated hyperthermias [Balasko et al. 2013].
Some studies suggested a role of CRF in the development of fever in a prostaglandin-
independent way [Figueiredo et al. 2010], while others consider prostaglandins to be
important factors in it [Telegdy and Adamik 2008]. However, antipyretic effects of centrally
applied CRF were also demonstrated previously [Holdeman et al. 1985]. Our results failed to
detect compensatory vasodilation arguing for a coordinated hyperthermic response.

Regarding the age-related pattern of hypermetabolic/hyperthermic acute central CRF
actions in males, these effects were significant across all age-groups, although a decline began
in the young middle-aged group. This pattern was similar to those of leptin injection in male
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Wistar rats [Rostas et al. 2016] and may contribute to the development of middle-aged
obesity. These findings may also suggest the potential involvement of CRF1 receptors in
aging-induced variations of BW, since hyperthermic CRF effects were shown to be mediated
predominantly by CRF1 receptors [Figueiredo et al. 2010].

Young female rats exhibited a much weaker hypermetabolic/hyperthermic response
upon acute central CRF administration as compared with that of males. This phenomenon
cannot be explained by a diminished thermogenic capacity of females, as febrile responses of
male and female rats to toxic agents did not differ in previous studies [Gordon and Mack
2003]. Moreover, heat production capacity of the brown adipose tissue was even enhanced in
female rats [Justo et al. 2005].

5.3. Age-dependence of central chronic CRF effects on body weight and body
composition

During the course of the ICV CRF infusion young adult rats showed significant, but
weaker BW reduction compared with the oldest animals (18-, 24-month), which showed
strong weight loss, while middle-aged male rats failed to lose weight. This pattern was similar
to those of alpha- MSH and leptin infusions [Pétervari et al. 2011b], [Pétervari et al. 2014]
and it suggests the potential contribution of CRF in age-related body weight changes.

Regarding body composition indicators ICV CRF infusion induced the biggest change
in the two oldest age-groups. Aging and old rats showed a loss of retroperitoneal fat tissue by
the end of the 7-day infusion, whereas epididymal fat did not show any decline. Although
CRF-infusion—induced decreases in fat mass were reported previously by other researchers in
young age-groups of different rat strains [Arase et al. 1988], [Cullen et al. 2001], in the
present study no change in fat mass indicators was detected either in young adult, or in
middle-aged groups. In previous experiments chronic CRF1 receptor activation was shown to
increase fat mass by the end of the infusion [Cullen et al. 2001], thus failure of fat
accumulation in rats of our study supports the dominance of CRF2 receptor activation.

Muscle mass indicators did not show any CRF-induced change in any group,
indicating a lack of sarcopenic effects of our 7-day CRF infusion. This lack of sarcopenia (a
typical consequence of overactivity of glucocorticoids) [Kayali et al. 1987] in all our CRF-
treated age-groups also indicates that effects of CRF-induced HPA axis activation [Rivest et
al. 1989], [Cullen et al. 2001] and those of the inevitable rise in peripheral corticosterone level
[Rivest et al. 1989], [Cullen et al. 2001] did not influence our results significantly. On the
other hand, enhancement of CRF-induced weight loss in the oldest age-groups in our study
may be, at least in part, ascribed to the relative diminishment of peripheral glucocorticoid
release in old rats, as demonstrated by previous studies [Rebuffat et al. 1992].

5.4. Age- dependence of central chronic anorexigenic CRF effects

With regard to CRF infusion-induced anorexia, the FI suppression was of short
duration in the young, but strong and persistent throughout the infusion in the two oldest age-
groups. The above described findings strongly support the contribution of CRF in aging
anorexia and cachexia and they do not contradict a potential role of these changes in middle-
aged obesity. This age-related pattern was similar to those of activators of CRF such as
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melanocortin agonist alpha- MSH or adipose tissue derived leptin [Pétervari et al. 2011a],
[Pétervari et al. 2014].

As CRF also activates the HPA axis, the question arises, as to what extent would the
inevitable rise in peripheral corticosterone level [Rivest et al. 1989], [Cullen et al. 2001]
contribute to the CRF infusion-induced changes in energy balance. Previous reports
demonstrated that a 13-day ICV CRF-infusion increased the serum level of corticosterone
[Rivest et al. 1989], [Cullen et al. 2001]. However, central injections of CRF proved to be
efficient in suppressing FI even in hypophysectomized rats [Morley and Levine 1982]. This
finding argues against a crucial role of peripheral corticosterone in CRF effects. Moreover
corticosteron is reported to increase Fl by inhibition of CRF and stimulation of orexigenic
peptides [Chrousos 2000]. Thus, age-related diminishment of glucocorticoid release
(antagonizing central anorexigenic CRF effects) from the adrenal cortex of old rats upon
ACTH activation [Rebuffat et al. 1992] may take part in the enhanced anorexigenic effects of
CRF in the older age-groups.

Potential contribution of other factors, such as divergent age-related alterations in the
activity of different subpopulations of CRF receptors may be also considered. In the present
study, an important role of the CRF2 receptor emerges, since several studies have
demonstrated the CRF induces anorexia primarily via CRF2 receptors [Cullen et al. 2001],
[Ohata and Shibasaki 2004], [Stengel and Taché 2014].

5.5. Age- dependence of central chronic CRF effects on metabolic rate and
locomotor activity

A transient moderate CRF-induced hyperthermia was observed in the young adult
group, but no change of Tc (day- or nighttime) developed in middle-aged or older rats. In
addition, increase of HR failed to reach a significant extent in any age-group.

Hyperthermia/hypermetabolism induced by an ICV CRF infusion differed from those
induced by the infusions of leptin or alpha- MSH [Pétervari et al. 2011b], [Pétervari et al.
2014]. Hypermetabolic effects of the ICV CRF infusion, at a dose appropriate for induction of
anorexia in young adult rats, appear to be much weaker than those of corresponding doses of
melanocortins or leptin [Pétervari et al. 2011a], [Pétervari et al. 2014] and did not show any
remarkable age-related variations.

The lack of increase in HR during the CRF infusion supports the potential contribution
of CRF2R activation to the observed effects. Previous studies reported acute elevations of HR
upon acute central CRF injections based on the activation of CRF1 receptor [Nijsen et al.
2000], whereas specific agonist of CRF2 receptor is able to elicit bradycardia [Nakamura et
al. 2009]. Here again, we hypothesize the mutual quenching of effects of CRF1 and CRF2
receptors concerning HR.

Apart from some surgical procedure-induced suppression Act failed to change in
CRF-, alpha- MSH- or leptin-treated rats alike in all age-groups [Pétervari et al. 2011a],
[Pétervari et al. 2014]. Previous studies reported activity-enhancing effects of CRF1 receptor
[Contarino et al. 2000], and inhibitory influence of CRF2 receptor on motor activity [Ohata
and Shibasaki 2004]. So, the lack of rise in nighttime Act may indicate CRF infusion-induced
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additional activation of CRF2 receptors, counteracting the locomotor activity—inducing effects
of the inevitable CRF1 receptor activation.

5.6. Age-dependence of CRF gene expression in the paraventricular nucleus

Our results suggest an age-related rise in the endogenous gene expression of CRF in
rats until 18 months of age. Our observations are in accord with several previous studies
demonstrating maintained or even increased CRF expression in old age [Bao and Swaab
2007], [Aguilera 2011]. These findings support the potential contribution of endogenous CRF
effects to aging anorexia but not to middle-aged obesity.
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6. SUMMARY OF NOVEL FINDINGS

Novel findings of acute experiments:

Anorexigenic effects of ICV CRF injections declined with aging in both male and
female Wistar rats, although CRF-induced anorexia remained significant in all female
groups.

Regarding hypermetabolic effects, female and male rats appear to share the tendency
for age-related decline in the responsiveness to acute central CRF administration,
nevertheless all age-groups of male animals showed significant hypermetabolic
responsiveness.

Only age-related decline in the hypermetabolic responsiveness to central CRF
injection proved to be similar to the effects of central leptin injections. Other CRF-
induced changes differed from the effects of central alpha- MSH or leptin injections.
The maintained anorexigenic efficacy of CRF in females may contribute to their lack
of middle-aged obesity and may possibly promote later weight loss in older female
animals. In males, no such association may be observed.

However, hypermetabolic effects declined with aging in both males and females. The
high remaining level of CRF-induced hypermetabolism of old male rats—may
contribute to their age-related weight loss.

Novel findings of chronic experiments

o Chronic ICV CRF administration induced pronounced anorexia and BW loss in
young adult, aging and old male rats in contrast with middle-aged animals.

o Central CRF infusion did not show any remarkable age-related changes in
hypermetabolic/hyperthermic effects.

o Unlike hyperthermia/hypermetabolism, CRF-induced anorexia and consequent
weight loss, appears to show similar age-related patterns as those previously described
in case of chronic central melanocortin and leptin administrations.

o With regard to our hypothesis, our results confirm the potential contribution of
age-related changes in the anorexigenic responsiveness to a CRF infusion to aging
anorexia and consequent weight loss in the old age-groups.

Novel findings of the investigation of CRF gene expression in the PVN:

o In the PVN, CRF gene expression increased with aging until 18 months with a
subsequent slight decline in the 24-month group.
o Age-related changes in CRF gene expression in the PVN may contribute to the

phenomena of aging anorexia.

14



7. ACKNOWLEDGEMENTS

First and foremost | would like to acknowledge the help of my supervisor, Marta
Balaskd, who introduced me as a student research fellow into the word of neuroscience. I am
really gratheful for her enormous support and motivation and for tutoring me in the past 7
years.

| am indebted Prof. Miklés Székely for his wise support and for showing me the
fundamental rules of research.

I would like to express my gratitude to Prof. Péter Hegyi, Prof. Akos Koller and Janos
Garai for their support and for providing opportunity for my work.

I am also grateful to Pétervari Erika, who followed and facilitated my scientific work
for several years.

Special thanks must be expressed to Rostas Ildiko for her indispensable help and
support not only as a collegaue but as a friend, as well.

I am also grateful to Margit Gasparné Koncsecskd, Adrienn Kissné Boka, Andrea
Mihalffyné Jech, Eva Sés for their valuable technical assistance in our experiments and to
Agnes Kocsisné Halas and Istvanné Sziics for their administrative support.

I would like to thank the support and help of the other members of the research group,
Margit Solymar, Szilvia So6s, Andras Garami and Alexandra Miké. They always provided
their generous help in all aspects of my research work.

| am indebted to Balazs Gaszner, Nora Firedi and Diana Feller for the excellent
execution of tissue sampling and qRT-PCR experiments and for their great cooperation.

Furthermore, | cannot be grateful enough to my parents and my brother for
encouraging me on my way and standing by me all the time; and to my husband, who gave
me unlimited support, love and patience.

15



ok wdE

34.
35.
36.
37.
38.
39.
40.

8. REFERENCES

Aguilera G. Exp Gerontol. 2011;46:90-95.

Arase K, York DA, Shimizu H et al. Am J Physiol. 1988;255:255-259.
Bale TL, Vale WW. Annu Rev Pharmacol Toxicol. 2004;44:525-557.
Bao AM, Swaab DF. Neuroendocrinology. 2007;85:27-36.

Balaské et al. Exp. Gerontol. 2013;48(11):1180-1188.

Buwalda B, de Boer SF, Van Kalkeren AA, et al. Psychoneuroendocrinology.

1997;22:297-3009.

Carlin KM, Vale WW, Bale TL. Proc Natl Acad Sci USA. 2006;103:3462-3467.
Chrousos GP. Int J Obes Relat Metab Disord. 2000;24:S50-55.

Contarino A, Dellu F, Koob GF et al. Endocrinology. 2000;141:2698-2702.

. Crespi EJ, Vaudry H, Denver RJ. J Neuroendocrinol. 2004;16(3):279-288.
. Cullen MJ, Ling N, Foster AC et al. Endocrinology. 2001;142:992-999.

. De Souza EB. Psychoneuroendocrinology. 1995;20(8):789-819.

. Di Francesco V, Fantin F, Omizzolo F et al. Dig Dis. 2007;25:129-137.

. Fekete C, Légradi G, Mihaly E et al. Neurosci Lett. 2000;289(2):152-156.
. Fekete EM, Zorrilla EP. Front Neuroendocrinol. 2007;28(1):1-27.

. Figueiredo MJ, Fabricio AS, Machado RR et al. Regul Pept. 2010;165(2-3):191-199.
. Fiiredi N, Mik6 A, Aubrecht B et al. J Mol Neurosci. 2016;59(4):521-530.

. Gordon CJ, Mack CM. J Toxicol Environ Health A. 2003;66(3):291-304.

. Hashimoto K, Makino S, Asaba et al. Endocr J. 2001;48(1):1-9.

. Heinrichs SC, Richard D. Neuropeptides. 1999 Oct;33(5):350-9.

. Heinrichs SC, Joppa M, Lapsansky J et al. Physiol Behav. 2001;74(1-2):5-13.

. Holdeman M, Khorram O, Samson WK et al. Am J Physiol. 1985;248:125-129.

. Hotta M, Shibasaki T, Arai K et al. Brain Res. 1999;823:221-225.

. Janssen D, Kozicz T. Front Endocrinol (Lausanne). 2013;4:28.

. Justo R, Frontera M, Pujol E et al. Life Sci. 2005;76(10):1147-1158.

. Kayali AG, Young VR, Goodman MN. Am J Physiol. 1978;252:621-626.

. Koob GF. Curr Top Behav Neurosci. 2013;13:3-30.

. LeFeuvre RA, Rothwell NJ, Stock MJ. Neuropharmacology. 1987;26:1217-1221.
. Morin SM, Ling N, Liu XJ et al. Neuroscience. 1999;92:281-291.

. Morley JE, Levine AS. Life Sci. 1982;31:1459-1464.

. Morley JE. Endocr Rev. 1987;8(3):256-287.

. Morley JE. Nutrition. 2001;17(7-8):660-663.

. Nakamura T, Kazumi K, Sapru HN. Am J Physiol Heart Circ Physiol.

2009;296:H325-H332.

Nijsen MJ, Croiset G, Stam R et al. Neuropsychopharmacology. 2000;22:388-399.
Ohata H, Shibasaki T. Peptides. 2004;25:1703-1709.

Palkovits M. Ideggyogy Sz. 2003;56(9-10):288-302.

Paxinos G, Watson C. 6th ed. New York: Academic; 2006.

Perrin MH, Vale WW. Ann N Y Acad Sci. 1999;885:312-328.

Pétervari E, Garami A, So6s S et al. Neuropeptides. 2010;44:315-322.

Pétervari E, Soos S, Székely M et al. Curr Protein Pept Sci. 2011a;12:316-324.

16



41.
42.
43.
44,
45.
46.
47.

48.
49.
50.
51.
52.
53.
54,
55.
56.
S7.
58.
59.

Pétervari E, Szabad AO, Soos S et al. Regul Pept. 2011b;166:105-111.
Pétervari E, Rostas I, Soos S et al. Peptides. 2014;56:59-67.

Rebuffat P, Belloni AS, Rocco S et al. Cell Tissue Res. 1992;270:265-272.
Pétervari E, Rostas I, Soos S et al. Peptides. 2014;56:59-67.

Reul JM, Holsboer F. Dialogues Clin Neurosci. 2002;4:31-46.

Richard D, Lin Q, Timofeeva E. Eur J Pharmacol. 2002;440(2-3):189-197.
Rivest S, Deshaies Y, Richard D. Am J Physiol Regul Integr Comp Physiol.
1989;257:1417-1422.

Romanovsky AA, Blatteis CM. J Appl Physiol. 1996;81(6), 2565-2570.
Rostas I, Firedi N, Tenk J et al. J Therm Biol. 2015;49-50:9-15.

Rostas I, Tenk J, Miko A et al. Exp Gerontol. 2016;85:118-127.

Seeley RJ, Matson CA, Chavez M et al. 1996;271:819-823.

Semjonous NM, Smith KL, Parkinson JR et al. Int J Obes. 2009;33(7):775-785.
Stengel A, Taché Y. Front Neurosci. 2014;8:52.

Székely M, Szelényi Z. Curr Protein Pept Sci. 2005;6:327-353.

Telegdy G, Adamik A. Peptides. 2008;29(11):1937-1942.

Valassi E, Scacchi M, Cavagnini F. Nutr Metab Cardiovasc Dis. 2008;18:158-168.
Van Pett K, Viau V, Bittencourt JC al. J Comp Neurol. 2000;428:191-212.
Wilding JP. Diabet Med. 2002;19(8):619-627.

Zorrilla EP, Reinhardt LE, Valdez GR et al. J Pharmacol Exp Ther.
2004;310(3):1027-34.

17



9. LIST OF PUBLICATIONS AND PRESENTATIONS

9.1.Articles related to the thesis

1. Judit Tenk, Ildik6 Rostas, Noéra Fiiredi, Alexandra Miké, Szilvia Soods, Margit

Solymar, Baldzs Gaszner, Diana Feller, Mikl6és Székely, Erika Pétervari, Marta
Balaskd: Acute central effects of corticotropin- releasing factor (CRF) on energy
balance: effects of age and gender. Peptides. 2016;85:63-72. IF: 2.778

Judit Tenk, Ildik6 Rostas, Nora Fiiredi, Alexandra Mik6, Margit Solymar, Szilvia
So6s, Balazs Gaszner, Didna Feller, Miklos Székely, Erika Pétervari, Marta Balasko:
Age-related changes in central effects of corticotropin-releasing factor (CRF) suggest
a role for this mediator in aging anorexia and cachexia. Geroscience. 2017;39(1):61-
72. 1F:2.123 (in 2016)

9.2.Articles not related to the thesis

1.

Marta Balaskd, Ildikd Rostas, Noéra Firedi, Alexandra Miko, Judit Tenk, Péter
Csépld, Margit Koncsecsko-Gaspar, Szilvia Soo6s, Miklos Székely, Erika Pétervari:
Age and nutritional state influence the effects of cholecystokinin on energy balance.
Experimental Gerontology. 2013;48:1180-1188. IF: 3.529

Erika Pétervari, Ildiké Rostas, Szilvia Sods, Judit Tenk, Alexandra Miko, Nora
Fiiredi, Miklos Székely, Marta Balaskdé. Age versus nutritional state in the
development of central leptin resistance. Peptides. 2014;56:59-67. IF: 2.618
Alexandra Miko, Péter Balla, Judit Tenk, Marta Balasko, Szilvia Sods, Miklds
Székely, Susanna Brunner, Barbara Kofler, Erika Pétervari. Thermoregulatory effect
of alarin, a new member of the galanin peptide family. Temperature (Austin).
2014;1(1):51-56.

Ildik6 Rostas, Nora Fiiredi, Judit Tenk, Alexandra Miko, Margit Solymar, Szilvia
So6s, Miklés Székely, Erika Pétervari, Marta Balasko. Age-related alterations int he
central thermoregulatory responsiveness to alpha-MSH. Journal of Thermal Biology.
2015;49-50:9-15. IF: 1.621

Nora Fiiredi, Alexandra Miko, Bianka Aubrecht, Balazs Gaszner, Diana Feller, I1diko
Rostas, Judit Tenk, Szilvia So6s, Marta Balaskd, Andras Balogh, Marianna Pap,
Erika Pétervari. Regulatory Alterations of Energy Homeostasis in Spontaneously
Hypertensive Rats (SHR). J Mol Neurosci. 2016;59(4):521-530. 1F:2.229

Alexandra Mik6, Nora Firedi, Judit Tenk, Ildik6 Rostas, Szilvia Sods, Margit
Solymar, Miklés Székely, Marta Balask6, Susanna Brunner, Barbara Kofler, Erika
Pétervari. Acute central effects of alarin on the regulation on energy homeostasis.
Neuropeptides. 2016;S0143-4179(16):30087-30097. 1F:2.486

18



7.

10.

Judit Tenk, Péter Matrai, Péter Hegyi, Ildikd6 Rostas, Andras Garami, Imre Szabo,
Margit Solymar, Erika Pétervari, Jozsef Czimmer, Katalin Marta, Alexandra Miko,
Nora Fiiredi, Andrea Parniczky, Csaba Zsiboras, Marta Balaskd. In Obesity, HPA
Axis Activity Does Not Increase with BMI, but Declines with Aging: A Meta-
Analysis of Clinical Studies. PLoS One. 2016;11(11):e0166842. IF: 2.806

Csaba Zsiboras, Robert Matics, Péter Hegyi, Marta Balasko, Erika Pétervari, Imre
Szabd, Patricia Sarlds, Alexandra Miko, Judit Tenk, Ildiko Rostas, Daniel Pécsi,
Andras Garami, Zoltan Rumbus, Orsolya Huszar, Margit Solymar. Capsaicin and
capsiate could be appropriate agents for treatment of obesity: a meta-analysis of
human  studies. Crit Rev  Food Sci  Nutr. 2016 21:1-9. doi:
10.1080/10408398.2016.1262324. [Epub ahead of print] I1F:6.077

Ildiké Rostas, Judit Tenk, Alexandra Mikd, Nora Fiiredi, Szilvia Sods, Margit
Solymar, Anna Lengyel, Miklos Székely, Balazs Gaszner, Diana Feller, Erika
Pétervari, Marta Balasko. Age-related changes in acute central leptin effects on energy
balance are promoted by obesity. Exp Gerontol. 2016;85:118-127. IF: 3.340

Zoltan Rumbus , Robert Matics, Péter Hegyi, Csaba Zsiborés, Imre Szab6, Anita Il1és,
Erika Pétervari, Marta Balasko6, Katalin Marta, Alexandra Mik6, Andrea Parniczky,
Judit Tenk, Ildiké Rostas, Margit Solymar, Andras Garami. Fever Is Associated with
Reduced, Hypothermia with Increased Mortality in Septic Patients: A Meta-Analysis
of Clinical Trials. PLoS One. 2017:12;12(1):e0170152. IF: 2.806 (in 2016)

Cumulative impact factor (without citable abstracts): 32.413
Citations: 35
Independent citations: 15

9.3.Presentations related to the thesis

1.

Tenk J. A CRF hatasa energetikai folyamatokban. IV. Grastyan Endre Szakkollégium
Intézményi Konferencia 2010, Pécs

Tenk J. A corticotropin- releasing factor életkorfliggd hatdsai az energia haztartas
egyes paramétereire PTE AOK Hézi Tudomanyos Diakkori Konferencia 2011, Pécs
Tenk J. A corticotropin- releasing factor anyagcsere folyamatokban betdltott szerepe
az é¢letkor fliggvényében. III. Nemzetkozi IX. Orszagos Interdiszciplinalis Grastyan
Konferencia 2011, Pécs

Tenk J. A corticotropin- releasing factor életkorfliggd hatasai az energia haztartas
egyes paramétereire. XVI. Koranyi Frigyes Tudomanyos Forum 2011, Budapest
Pétervari E, Tenk J, Balogh Z, So6s Sz, Balaskd M, Székely M. Age- related shifts in
the responsiveness to corticotropin- releasing factor (CRF) energy homeostasis.
FAME 2011, Pécs 2011.

Tenk J, Lérincz O. A corticotropin- releasing factor életkorfiiggd hatasai az energia
héztartasban. PTE Minésité Konferencia - TAMOP 4.2.3. , Nyitott Egyetem- a PTE
tudasbazisanak disszeminacioja” 2011, Pécs

19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tenk J, Lérincz O, Sods S, Székely M, Pétervari E, Balasko M. Disparate age-
associated alterations in corticotropin effects on energy homeostasis. IBRO
International Workshop 2012, Szeged

Tenk J, Miko A, Fiiredi N, Lorincz O: Age- associated alterations in corticotropin
effects on energy homeostasis are disparate. CROSS, 8th International Biomedical
Croatian Student Summit 2012, Zagrab

Balasko M, Tenk J, So6s Sz, Jech-Mihalffy A, Székely M, Pétervari E: The central
effects of corticotropin releasing factor (CRF) on energy homeostasis show disparate
shifts in the course of aging. BPS Focused Meeting on Neuropeptides 2012, London
Balasko M, Tenk J, Polotzek SBF, Jech- Mihalffy A, Sods Sz, Székely M, Pétervari
E. Age-related disparate shifts in the central anorexic and hypermetabolic effects of
corticotropin releasing factor (CRF). The Eleventh International Symposium on
Neurobiology and Neuroendocrinology of Aging 2012, Bregenz

Tenk J, Fiiredi N. Disparate age-associated alterations in corticotropin effects on
energy homeostasis. 5" HMAA, Balatonfired Amerikai Magyar Orvosszovetség
Konferencidja 2012, Balatonfiired

Tenk J, Rostas |, Fiiredi N. Age-related shifts in the responsiveness to corticotropin-
releasing factor (CRF) affecting energy homeostasis Janos Szentagothai Memorial
Conference and Student Competition 2012, Pécs

Tenk J, Fiiredi N, Mik6 A. Korfiiggé eltérések a corticotropin-releasing factor (CRF)
akut centrélis energetikai hatasaiban. PTE AOK TDK Konferencia 2012, Pécs

Tenk J, Fiiredi N. Disparate age- associated alterations in acute corticotropin effects
on energy homeostasis. CROSS, 9th International Biomedical Croatian Student
Summit 2013, Zagrab

Tenk J, Miko6 A, Fiiredi N. Korfiliggé eltérések a corticotropin-releasing factor (CRF)
akut centrdlis energetikai hatdsaiban. XXXI. Orszagos Tudomanyos Didkkori
Konferencia, Orvos- és Egészségtudomanyi Szekcid 2013, Szeged

Tenk J. A corticotropin-releasing factor (CRF) akut ¢letkorfiiggd hatasai az energia
haztartasban. V. Nemzetkézi XI. Orszagos Interdisciplindlis Grastyan Konferencia
2013, Pécs

Balask6 M, Tenk J, Rostas I, Gaspar-Koncsecskdé M, Soos Sz, Székely M., Pétervari
E. Age-related pattern of acute effects corticotropin-releasing factor on energy
balance. X. Congress European Neuropeptide Club Summer Neuropeptide Conference
Polish Society of Veterinary Science 2013, Gdynia

Balaské M, Tenk J, Miko A, Gaspar- Koncsecskd M, Sods Sz, Székely M, Pétervari
E. Korfiiggd eltérések a corticotropin- releasing factor (CRF) akut centralis energetikai
hatasaiban. Magyar Elettani, Farmakologiai és Mikrocirkulacios Tarsasagok 2013. évi
ko6z6s Tudomanyos Kongresszusa 2013, Budapest

Tenk J. Age-related shifts in acute central corticotropin effects on energy
homeostasis. Amerikai Magyar Orvosszovetség (HMAA) Hungary Chapter
Conference 2013, Balatonfiired

Tenk J. Age-associated alterations in acute corticotropin effects on energy
homeostasis. 2nd International Doctoral Workshop on Natural Sciences 2013, Pécs

20



21.

22.

23.

24.

25.

26.

27.

28.

Balasko M., Tenk J, Mik6 A, Gaspar- Koncsecsko M, Sods Sz, Székely M, Pétervari
E. Age-associated alterations in the acute effects of corticotropin- releasing factor
(CRF) on energy balance. Periodicum Biologorum- 3rd Congerss of Croatian
Physiological Society and 1st Regional Congress of the Phisiological Societies 2013,
Rijeka

Tenk J, Rostas I, Pétervari E, Sods Sz, Székely M, Balaskd6 M. A corticotropin-
releasing factor ¢letkorfliggd hatdsai az energia haztartdsban. Egymast értd
szakemberek nemzetk6zi konferencia 2013, Budapest

Tenk J, Rimai T, Varga E, Rostas I, Sods Sz, Székely M, Balask6 M. Age-associated
alterations in the acut central effects of corticotropin-releasing factor (CRF) on energy
balance. IBRO International Workshop 2014, Debrecen

Tenk J, Rostas 1. A corticotropin-releasing factor életkorfliiggd akut centralis hatasai
az energia haztartasban. XIX. Koranyi Frigyes Tudomanyos Férum 2014, Budapest
Tenk J, Szakacs Zs, Rostas I, Sods Sz, Pétervari E, Balasko M. Age-related alterations
in acute central corticotropin effects regarding the parameters of energy balance. YES
Meeting- 9th Young European Scientist Meeting 2014, Porto

Tenk J. Korfliggé eltérések a corticotropin-releasing factor akut centralis energetikai
hat4saiban. Pécsi Tudomanyegyetem Idegtudoményi Centrum és Szentdgothai Janos
Kutatokozpont PhD és TDK konferencidja 2014, Pécs

Tenk J, Szakacs Zs, Pilisi R, Rostas |, Balaskd6 M. Corticotropin releasing factor
(CRF) in age-related metabolic dysregulation. Third International Symposium on
Hypertension 2014, Eszék

Tenk J, Pagats R, Rostas |, Soos Sz, Pétervari E, Székely M, Balasko M. Age related
shifts in the responsiveness to corticotroopin-releasing factor concerning energy
homeostasis. 5th Central European Congress on Obesity 2015, Budapest

9.4.0Other presentations

1.

Laszlo K, Tenk J, Toéth K, Kertes E, Ollmann Ts, Péczely L, Lénard L.
Intraamygdaloid neurotenzin-1 receptor és dopamin D2 receptor szerepe helytanulasi
folyamatok szabalyozasaban. Magyar Elettani Tarsasag LXXIV. Vandorgyiilése 2010,
Szeged

Lorincz O, Tenk J. A testOsszetétel ¢és életkor hatdsai az energia-haztartas
szabalyozasara: a leptin szerepe. PTE Minésitd Konferencia - TAMOP 4.2.3. , Nyitott
Egyetem- a PTE tudasbazisanak disszeminacioja” 2011, Pécs

Lorincz O, Tenk J. A leptinnel végzett kisérletek és modszerei. Grastyan Endre
Szakkollégium altal szervezett: Fiatal kutatok a magyar tudomanyért Konferencia
2011, Pécs

Lérincz O., Tenk J., Polotzek SBF, So6s Sz., Balaské M., Szé¢kely M.: Hypothalamic
thermoregulatory effects of leptin depend on age and body composition. IBRO
International Workshop 2012, Szeged

Firedi N, Tenk J, Mik6 A. Age-associated alterations in cholecystokinin effects
concerning energy balance are disparate. CROSS, 8th International Biomedical
Croatian Student Summit 2012, Zagrab

21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mik6é A, Firedi N, Tenk J. Complex changes in the energy homeostasis of
spontenously hypertensive rats (SHR). CROSS, 8th International Biomedical Croatian
Student Summit 2012, Zagrab

Fiiredi N, Tenk J. Disparate age-related alterations in cholecystokinin (CCK) effects
on energy homeostasis. 5" HMAA, Balatonfiired Amerikai Magyar Orvosszovetség
Konferenciaja 2012, Balatonfiired

Fiiredi N, Miko A, Tenk J. Complex changes in energy homeostasis of spontaneously
hypertensive rats (SHR). 22" Annual BioCity Simposium 2012, Turku

Fiiredi N, Tenk J, Rostas I. Central and peripheral effects of cholecystokinin (CCK)
on food intake during the course of aging. Janos Szentagothai Memorial Conference
and Student Competition 2012, Pécs

Rostas |, Fiiredi N, Tenk J, Miko A. Thermoregulatory effects of alpha-melanocyta-
stimulating hormone depend on age. Janos Szentagothai Interdisciplinary Conference
and Student Competition 2012, Pécs

Miko6 A, Fiiredi N, Rostas I, Tenk J. Metabolic adaptation to food deprivation in
spontaneously hipertensive rats (SHR). Janos Szentagothai Memorial Conference and
Student Competition 2012, Pécs

Miké A, Tenk J, Firedi N. Orexigén és anorexigén neuropeptidek hatasanak
vizsgalata spontan hipertenziv patkdnyokban. PTE AOK TDK Konferencia 2012, Pécs
Fiiredi N, Miko A, Tenk J. A cholecystokinin kor- és testosszetételfliggd anorexigén
hatasanak vizsgalata. PTE AOK TDK Konferencia 2013, Pécs

Firedi N, Tenk J, Miko A, Rostas 1. Cholecystokinin effects on energy balance
depend on age. LIMSC- Leiden International Medical Student Conference 2013,
Leiden

Mik6 A, Rostas |, Tenk J, Fiiredi N. Spontanously hypertensive rats (SHR) show
complex changes in their energy homeostasis. LIMSC- Leiden International Medical
Student Conference 2013, Leiden

Rostas I, Miko A, Fiiredi N, Tenk J. Complex effects of neuropeptide alpha-
melanocyta- stimulating hormone on energy homeostasis during the course of aging.
LIMSC- Leiden International Medical Student Conference 2013, Leiden

Firedi N, Mik6 A, Tenk J, Rostas 1. Effects of neuropeptides in spontaneously
hypertensive rats. CROSS, 9th International Biomedical Croatian Student Summit
2013, Zagrab

Mikéo A, Tenk J, Firedi N. Orexigén és anorexigén neuropeptidek hatasanak
vizsgalata spontan hipertenziv patkanyokban. XXXI. Orszagos Tudoményos Didkkori
Konferencia, Orvos- és Egészségtudomanyi Szekcid 2013, Szeged

Fiiredi N, Miko A, Tenk J. A cholecystokinin kor- és testosszetételfliggd anorexigén
hatdsanak vizsgalata. XXXI. Orszagos Tudomanyos Didkkori Konferencia, Orvos- és
Egészségtudomanyi Szekcié 2013, Szeged

Fiiredi N, Rostas I, Tenk J, Miko A, Pétervari E, Balaské M. Cholecystokinin effects
on energy balance depend on age and body composition. The Student Scientific
Conference on Biotechnology and Biomedicine 2013, Brno

22



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Rostas I, Miko A, Fiiredi N, Tenk J. Az alpha-melanocyta-stimulalé-hormon szerepe
az energiahaztartds szabalyozasaban. V. Nemzetkozi XI. Orszagos Interdiszciplindris
Grastyan Konferencia 2013, Pécs

Miko A, Tenk J, Rostas I, Firedi N. Taplalékfelvételt befolyasold neuropeptidek
hatasanak vizsgalata spontan hipertenziv patkanyokban. V. Nemzetkozi XI. Orszagos
Interdiszciplinaris Grastyan Konferencia 2013, Pécs

Fiiredi N, Rostas I, Tenk J, Miko A. A cholecystokinin (CCK) anorexigén hatasanak
vizsgalata: az ¢letkor és a testOsszetétel befolyasold hatdsa. V. Nemzetkozi XI.
Orszagos Interdiszciplinaris Grastyan Konferencia 2013, Pécs

Fiiredi N, Rostas I, Tenk J, Miko A, Pétervari E, Balaské M. Cholecystokinin effects
on energy balance depend on age and body composition. 9" Janos Szentagothai
Memorial Conference and Student Competition 2013, Pécs

Rostas I, Tenk J, Mik6é A, Firedi A. Complex effects of alpha- melanocyta-
stimulating-hormone during the course of aging. Periodicum Biologorum- 3rd
Congerss of Croatian Physiological Society and 1st Regional Congress of the
Phisiological Societies 2013, Rijeka

Miko A, Fiiredi N, Tenk J, Rostas I. Changes in regulatory effects of neuropeptide Y,
cholecystokinin and melanocortins on energy homeostasis in spontaneously
hypertensive rats. 2nd International Doctoral Workshop on Natural Sciences 2013,
Pécs

Rostas I, Tenk J, Miko A, Fiiredi N. Complex effects of alpha-MSH during the course
of aging. 2nd International Doctoral Workshop on Natural Sciences 2013, Pécs

Rostas I, Novinszky P, Tenk J, Sods Sz, Székely M, Pétervari E, Balasko M. Central
catabolic effects of leptin during the course of aging. IBRO Workshop 2014, Debrecen
Balask6 M, Nagy P, Rostas I, Tenk J, Sods Sz, Székely M, Pétervari E. Age-related
central leptin-reistance in different nutritional states. IBRO Workshop 2014, Debrecen
Fiiredi N, Rostas I, Tenk J, Miké A, Balaskd6 M. Cholecystokinin effects on energy
balance depend on age and body composition. AIMS Meeting 2014, Lisbon

Tenk J, Varga E, Rimai T, Rostas I, Soos Sz, Székely M. Peripheral CCK-1 receptors
in age-related regulatory alterations affecting energy balance FEPS 2014- Joint of the
Federation of European Physiological Societies and the Hungarian Physiological
Society 2014, Budapest

Rostas I, Rimai T, Varga E, Tenk J, So6s Sz, Székely M, Pétervari E, Balasko M.
Age- and nutritional state-related catabolic effects of a central leptin infusion. 2014.
08. 27.-30. Joint Meeting of the Federation of European Physiological Societies
(FEPS) and the Hungarian Physiological Society, Budapest

Rostas I, Varga E, Rimai T, Tenk J, So6s Sz, Pétervari E, Balaskd6 M. Catabolic
effects of central leptin infusion during aging. 9th Young European Scientist Meeting
2014, Porto

Rostas |, Pagats R, Klespitz P, Tenk J, Balask6 M. Leptin in age-related metabolyc
dysregulation. Third International Symposium on Hypertension 2014, Osijek

Balask6é M, Rostas I, Miké A, Fiiredi N, Tenk J, Soos S, Székely M, Pétervari E.
Age-related shifts in the acute anorexic effects of leptin: the influence of body
composition. 15th Meeting of the Hungarian Neuroscience Society 2015, Budapest

23



36.

37.

38.

39.

40.

41.

Nagy P, Novinszky P, Tenk J, Miko A, Fiiredi N, Rostas I, Pétervari E, Balaské M,
Székely M, Sods S. Changes of efficacy of the centrally applied alpha-melanocyte-
stimulating hormone (alpha-MSH) or neuropeptide Y (NPY) and peripherally
administered cholecystokinin (CCK) in male and female rats of various ages. 15th
Meeting of the Hungarian Neuroscience Society 2015, Budapest

Novinszky P, Nagy P, Fiiredi N, Tenk J, Rostas I, Miké A, Pétervari E, Balaskdé M,
Székely M, Soos S. Investigation of complex effects of central insulin infusion on
energy balance in male Wistar rats of different ages. 15th Meeting of the Hungarian
Neuroscience Society 2015, Budapest

Miké A, Balla P, Tenk J, Balask6 M, Sods Sz, Brunner S, Kofler B, Pétervari E.
Thermoregulatory effects of alarin, a new member of the galanin peptide family.
Neuropeptides 2015, Aberdeen

Rostas I, Csernela Zs, Tenk J, So6s Sz, Pétervari P, Székely M, Balasko M. Leptin in
metabolic dysregulation: the influence of age and nutritional state. 5th Central
European Congress on Obesity 2015, Budapest

Balask6 M, Pagats R, Serényi D, Tenk J, Rostas I, Székely M, Pétervari E. Akut
centrdlis energetikai urocortin 2 hatdsok fiatal felnétt patkanyban. Magyar
Farmakoldgiai, Anatomus, Mikrocirkulacios és Elettani Tarsasagok Kozos
Tudomanyos Konferenciaja (FAME) 2016, Pécs

Tenk J, Csernela Zs, Pagats R, Miko A, Pétervari E, Balaskdo M. Urocortin 2 kronikus
centrdlis energetikai hatdsai patkanyban Magyar Farmakologiai, Anatomus,
Mikrocirkulaciés és Elettani Tarsasagok Kozos Tudomanyos Konferencidja (FAME)
2016, Pécs

24



