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Central thromboxane A2, prostaglandin F2a, prostaglandin E, and prostaglandin

D contribute to the cardiovascular effects elicited by nesfatin-1

Abstract

Background/aim: Our recent study revealed that the expression of lipoxygenase (LOX)
and cyclooxygenase (COX) enzymes in the hypothalamus is activated by nesfatin-1,
leading to the liberation of leukotrienes and prostaglandins (PG), respectively. Moreover,
our prior report explained that intracerebroventricular (ICV) nesfatin-1 treatment triggers
cardiovascular responses mediated by central LOX and COX enzymes. Building upon
our prior reports, the present investigation sought to clarify the role of cardiovascularly
active central COX products, such as thromboxane (TX) A2, PGF2a, PGE, and PGD, in
orchestrating nesfatin-1-evoked reactions in mean arterial pressure (MAP) and heart rate
(HR).
Materials and methods: The Sprague Dawley rats, which had guide cannula in the
lateral ventricle for intracerebroventricular (ICV) injections and cathater in arteria
femoralis for monitoring MAP and HR, were underwent central pre-treatment with
furegrelate (the TXA2 synthase inhibitor), PGF2a-dimethylamine (PGF2a-DA, the
PGF2a receptor antagonist), or AH6809 (the PGE and PGD receptor antagonist), 5
minutes prior to ICV nesfatin-1 administration. The cardiovascular parameters were
observed and recorded for 60 minutes post-treatment
Results: Nesfatin-1 induced cardiovascular responses in rats leading to pressor effect in
MAP, and tachycardia following bradycardia in HR. Interestingly, ICV furegrelate,
PGF2a-DA, or AH6809 pre-treatment partially mitigated the cardiovascular effects

revealed by nesfatin-1.
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Conclusion: The findings illuminate the role of nesfatin-1 in modulating MAP and HR
through the central activation of specifically TXA2, PGF2a, PGE, and PGD from COX
metabolites. Additionally, the study may also suggests the potential involvement of other
central COX or LOX metabolites beyond these COX metabolites in mediating the

cardiovascular effects produced by nesfatin-1.

Key words: Nesfatin-1, thromboxane A2, prostaglandin F20, prostaglandin E,

prostaglandin D, intracerebroventricular, mean arterial blood pressure, heart rate

1. Introduction

The brain robustly expresses nesfatin-1, initially identified as a hypothalamic
neuropeptide [1-4]. Extensive research has unveiled not only its anorexigenic effects but
also its role as a neuromodulator in various physiological and pathological homeostatic
processes [1,5-7]. Current investigations underscore the significant impact of central
nesfatin-1 on cardiovascular function [8,9]. Its administration has been linked to
hypertension through the activation of sympathetic nerves [10-12]. Our own studies
reveal that intracerebroventricular (ICV) application of nesfatin-1 heightens arterial
pressure by stimulating peripheral catecholaminergic, vasopressinergic, and renin-
angiotensinergic systems [13], as well as the central cholinergic system [14]. The
neuropeptide's presence in cardiovascular-regulating brain region, such as hypothalamus
and nucleus tractus solitarius [1-3,15,16], further supports its role in cardiovascular
regulation. Despite the absence of a known nesfatin-1 receptor, its cardiovascular effects
are modulated by central cholinergic [ 14], melanocortin [11,17,18], oxytocin [10,18], and

corticotrophin-releasing hormone receptors [18].
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Similarly, the central lipoxygenase (LOX) and cyclooxygenase (COX) enzymatic paths
regulate autonomic modulations such as cardiovascular [19-24], respiratory [23-25], and
neuroendocrine systems [19, 26-28]. Products of the central COX pathway act a pivotal
role in governing the circulatory system [26, -29-31]. Notably, our prior research indicates
that nesfatin-1 enhances the expression of hypothalamic LOX and COX enzymes, leading
to increased release of extracellular leukotrienes (LTs) and prostaglandins (PGs) in the
hypothalamus [35]. Recent findings further establish that nesfatin-1's cardiovascular
activity is mediated by central COX and LOX enzymes [36]. Despite this, it remains
unclear which COX metabolites are responsible for these effects, as suggested by our
previous report. To address this gap, our current study aims to explore the impact of
central thromboxane (TX) A2, PGE, PGD, and PGF2a—known for their effectiveness in
central cardiovascular control—on the MAP and HR impacts induced by ICV

administered nesfatin-1.

2. Materials and methods

2.1. Animals and experimental design

The study was practised at the Experimental Animal Breeding and Research Centre of
Bursa Uludag University, involving adult male Sprague Dawley rats with weights ranging
from 255-305 grams (n=70). These rats had ad libitum access to water and pellet food in
suitable ambient conditions. Ethical standards were adhered to, with approval obtained
from Bursa Uludag University's Local Committee of Animal Ethics (2017-13/03).

Each experimental group included 7 rats. Rats in the groups were randomly selected, with

each rat participating once in a single experimental group. On each study day, four

4
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animals were studied, encompassing both control and experimental groups. The
preparation of rats for the experiment commenced at 9 am and concluded at 10 am, with
drug administration and cardiovascular recordings initiating at 2 pm.

Surgical procedures were performed under sevoflurane (2-4% / 100% O2) anaesthesia.
Initially, catheter (PES0 tubing) containing heparine (100 U/mL) were put into the left
arteria femoralis to pursue mean arterial pressure (MAP) and heart rate (HR). Subsequent
inserted femoral artery catheter, the guide cannula was placed the right lateral ventricle
according to coordinate of 1.0 mm posterior to bregma, 1.5 mm lateral to midline, and
4.2 mm beneath the skull's surface for ICV drug injection. The guide cannula was affixed
to the skull using acrylic cement. The animals were placed on a heated platform during
surgery to ensure a consistent body temperature of 37 °C. Post-surgery, rats were housed
separately, given 4-5 hours for anaesthesia recovery, and displayed no signs of agitation,
pain, or discomfort throughout the experiment.

Since we have shown many times in our previous studies that both nesfatin-1 treatment
and nesfatin-1 treatment after vehicle pre-treatment produce similar cardiovascular
effects [13,14,36], the nesfatin-1 produced cardiovascular effects were not demonstrated
in present study as a separate set in the current study. Therefore, in the present series of
experiments, the central mediation of TXA2, PGF2a, PGE, and PGD in the MAP and HR
replies evoked by nesfatin-1 was studied only. For this objective, first the rats were pre-
treated apart with furegrelate (the TXA2 synthesis inhibitor; 250 pg, ICV), PGF2a-
dimethylamine (PGF2a-DMA; the PGF2a receptor antagonist; 10 pg, ICV), AH6809 (the
PGE and PGD receptor antagonist; 10 pg, ICV), or vehicle (saline or 5 % DMSOQO; 5 ul,
ICV). The rats were treated with saline (5 pl, ICV) or nesfatin-1 (200 pmol, ICV) 5 min

after pre-treatments. The changes in MAP and HR were enrolled for the subsequent 60

5
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minutes following nesfatin-1 injection, as the cardiovascular efficacy of nesfatin-1 began
to disappear 30 minutes after ICV injection, according to our previous study data
[13,14,36]. Table 1 shows the experimental groups, the n numbers of the groups and the
experimental time table in detail. The dose of nesfatin-1 [14, 36], furegrelate [25],
PGF2a-DMA, and AH6809 [23] was determined based on our prior studies. The dose of
nesfatin-1 selected for the study was determined based on its ability to elicit optimal
cardiovascular effects, as observed in comparison to our previous studies [13,14]. The
doses of furegrelate [25], PGF2a-DMA, and AH6809 [23] used in the study were chosen
because they were the doses that blocked the cardiorespiratory effects of arachidonic acid

(AA) in our previous studies.

2.2. Measurement of cardiovascular parameters

The enrolment of the MAP and HR parameters was employed MP36 system (BIOPAC
Systems Inc., CA, USA). This system was linked to the volumetric pressure transducer
(BPT 300, BIOPAC Systems Inc., CA, USA) via the arterial catheter. Monitoring of the
rats' MAP and HR parameters was conducted by analysing the electronic pressure signal
within the AcqKnowledge software (BIOPAC Systems Inc., CA, USA). The software
autonomously computed HR based on the MAP signal. Blood pressure values were

denoted as MAP in mmHg, and HR was stated in beats per minute (bpm).

2.3. Drugs and ICV injections
Nesfatin-1 was procured from Sigma-Aldrich Co. (Deisenhofen, Germany), and
furegrelate, AH6809, and PGF2a-DMA were obtained from Cayman Chemical Co. (Ann

Arbor, MI, USA). Nesfatin-1, furegrelate, and PGF2a dimethylamine were diluted in
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0.9% saline, while AH6809 was dissolved in 5% DMSO. The drug solutions were daily
prepared as fresh before being implemented to animals. A 10 pul Hamilton syringe
attached to PE10 tubing with injection cannula was used to administer the drugs. During
the ICV drug injection, the injection cannula was put into the guide cannula, and then the
drug as a volume of 5 pl was pushed to lateral ventricle within 60 seconds. At the end of
experiment, the rats were euthanized with an overdose IV injection of pentobarbital
sodium following ICV injection of Indian ink and then the brains of all animals used were

removed to verify the location of the ICV injection area. (data not shown).

2.4. Data and statistical analysis

The graphs and table show the data as seven measurements’ means, and standard error of
the mean (S.E.M). Data analysis was performed using IBM SPSS Statistics for Windows,
version 25.0. The repeated measures analysis of variance (RMANOVA; two-way) was
employed, and it was followed by the Bonferroni test as a post-RMANOV A analysis for

statistical analysis. The significance level was accepted as p < 0.05.

3. Results

Centrally administered nesfatin-1 after the vehicle pre-treatment (200 pmol, ICV) elicited
a notable increase in MAP and induced a heart rate HR response characterized by
bradycardic/tachycardic phases (p < 0.05; Figure 1, 2, 3). The elevation in MAP
commenced within the initial minutes, reaching a maximum increase of 7.4 + 1.1 mmHg
observed 20 minutes post-implementation. The elevation in MAP persisted up to 30
minutes following nesfatin-1 implementation (p < 0.05; Figure 1, 2, 3). Nesfatin-1 also

exerted an impact on the heart rate, initiating with bradycardia up to 15 minutes, followed
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by tachycardia at 20 minutes, succeeded by bradycardia again (p < 0.05; Figure 1, 2, 3).
The 20" minute marked the simultaneous occurrence of the maximum MAP increase and
tachycardia (p < 0.05; Figure 1, 2, 3).

The central pre-treatment with furegrelate (250 pg), PGF2a-DMA (10 pg), AH6809 (10
ng), or vehicle (5 ul) did not induce alterations in the basal MAP and HR values at the
conclusion of the 5-minute period, just prior to nesfatin-1 saline (5 pl, ICV) or (200 pmol,
ICV) administration (Table 2). Notably, ICV injection of 5% DMSO demonstrated no
toxic effects, at least on the cardiovascular system, as evidenced by the absence of a
significant difference in MAP and HR responses compared to saline pre-treatment (Table
2). Central pre-treatment with furegrelate (Figure 1), PGF2a-DMA (Figure 2), or
AH6809 (Figure 3) significantly (p < 0.05) abated the MAP and HR responses evoked by

nesfatin-1.

4. Discussion

The findings underscore that ICV implemented nesfatin-1 exerts a potential influence on
cardiovascular parameters, eliciting both pressor and phasic HR responses. Significantly,
the data unveil, for the first time, that the furegrelate (the TXA2 synthesis inhibitor),
PGF2a-DMA (the PGF2a receptor antagonist), and/or AH6809 (the PGE and PGD
receptor antagonist) pre-treatments partially inhibit nesfatin-1-evoked cardiovascular
responses.

The current dataset illustrates that centrally injected nesfatin-1, following vehicle pre-
treatment, rapidly induces pressor and biphasic bradycardic/tachycardic heart rate (HR)
responses in the cardiovascular system, consistent with our previous findings [13,14,36].

The initial bradycardia observed for the first 15 minutes, succeeded by tachycardia at 20
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minutes, might be attributed to the rise in MAP following nesfatin-1 injection. This
bradycardic response is likely a result of the prompt elevation in MAP activating
baroreflex in rats. The subsequent tachycardia at the 20th minute of nesfatin-1 application
may contribute to the maximal increase in MAP, given the similarity in the time scale of
the greatest tachycardic and pressor responses. A noteworthy aspect of the findings is the
indication that products of the central COX pathway play at least a partial part in nesfatin-
lI-eliced cardiovascular effects. This inference arises from the partial blockade of
nesfatin-1-evoked pressor and bradycardic/tachycardic cardiovascular responses through
central pre-treatment with furegrelate, TXA2 synthesis inhibitor; PGF2a-DMA, a non-
selective PGF2a receptor antagonist; or AH6809, a non-selective PGE and PGD receptor
antagonist. Previously, we reported that nesfatin-1-eliced cardiovascular responses are
initially mediated by COX enzyme activation, as evidenced by the complete prevention
of these effects in rats pre-treated with ibuprofen, a nonselective COX inhibitor [36]. The
present study builds on this by suggesting that the subsequent mediators following COX
activation in nesfatin-1-induced cardiovascular responses include TXA2, PGF2a, PGD,
and PGE, as products of COX. This is supported by the partial blockade of cardiovascular
responses with pre-treatments involving the furegrelate, the TXA2 synthesis inhibitor,
PGF2a-DMA, the PGF2a receptor antagonist, or AH6809, the PGE and PGD receptor
antagonist.

AA cascades, characterized by a substantial and impactful turnover rate, serve as
neuromodulators or neurotransmitters within the central nervous system [37].
Phospholipase A2 (PLA2) facilitates the release of AA from membrane phospholipids,
subsequently giving rise to LTs or PGs via the LOX or COX pathways, respectively [38].

Previous demonstrations from our research indicate that centrally administered PLA2
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activator melittin influences the cardiovascular system by activating the central COX-
TXA2 signalling pathway, both in normal [27,39,40] and in hypotensive conditions [27].
Moreover, our earlier studies have established that central AA, akin to the PLA2 activator
melittin, induces cardiovascular effects by activating central LOX, COX, and/or central
COX-TXA2, -PGF2a, -PGD, and/or - PGE signalling paths [19-24]. Central PGE2 [29-
31], PGD2 [32,33], PGF2a [30,34], and TXA2 [26] also contribute to the central
modulation of the cardiovascular system as sub-products. These reports collectively
establish the involvement of the central PLA2-AA-COX or -LOX signalling pathway and
their products, PGs and LTs, in cardiovascular regulation. Recent findings from our
laboratory demonstrate that central nesfatin-1 treatment activates the central LOX and
COX signalling pathways, resulting in elevated release of AA metabolites in the
hypothalamus [35]. Additionally, the intercession of central LOX and COX enzymes in
nesfatin-1-induced MAP and HR responses has been reported [36]. These earlier reports
align with our current findings, suggesting that centrally applied nesfatin-1 increases PG
release by activating the central COX pathways. The released cardiovascularly active
PGs, such as TXA2, PGF2a, PGE, and PGD, may contribute to the observed
cardiovascular effects of nesfatin-1. The resemblance between the MAP effect produced
by the central PLA2-AA-PGs signalling pathway and the MAP effect following central
nesfatin-1 treatment supports the notion that nesfatin-1 may exert cardiovascular effects
through increased PGs. Additionally, the partial intercession of nesfatin-1-eliced MAP
and HR effects by TXA2, PGF20, PGE, and PGD, as investigated in the current study,
suggests that other COX or LOX metabolites may also play a role in this effect. The
bradycardic/tachycardic biphasic heart rate (HR) response observed with central nesfatin-

1 administration can be explained by the diverse HR effects of various PGs. Previous
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reports indicate that centrally applied PGE [29-31], PGD [32,33], and PGF2a [34] induce
tachycardic effects, while TXA2 [26] elicits bradycardic responses.

In conclusion, the results affirm that the ICV administration of nesfatin-1 exerts a pressor
impact on MAP and induces biphasic HR actions characterized by
bradycardia/tachycardia. The key observation in this study is that inhibiting central TXA2
synthesis with furegrelate and blocking central PGF2a and PGD/PGE receptors with
PGF2a-DA and AH6809, respectively, partially reverses the MAP and HR responses
elicited by nesfatin-1. These findings propose that these COX metabolites may, at least
in part, mediate the cardiovascular effects of nesfatin-1. Furthermore, the current data
aligns with our last studies on the activation of central LOX and COX by nesfatin-1 [35]
and the mediation of central LOX and COX in nesfatin-1-induced cardiovascular
responses [36]. This study introduces a new perspective on the central pathways involved

in intercession nesfatin-1's actions on cardiovascular regulation.

Acknowledgment and/or disclaimers, if any

This research was financially supported by TUBITAK (215S620). The research presents
a part of the findings of a PhD thesis carried out by Gokcen GUVENC BAYRAM at
Bursa Uludag University under the supervision of Prof. Dr. Murat YALCIN.

The authors do not have any conflicts of interest to disclose.

References
1. OhIS, Shimizu H, Satoh T, Okada S, Adachi S et al. Identification of nesfatin-1 as a
satiety molecule in the hypothalamus. Nature 2006; 443 (7112): 709-712.

https://doi.org/10.1038/nature05162

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Goebel M, Stengel A, Wang L, Lambrecht NWG, Tache Y. Nesfatin-1
immunoreactivity in rat brain and spinal cord autonomic nuclei. Neuroscience Letters
2009; 452 (3): 241-246. https://doi.org/10.1016/j.neulet.2009.01.064

Goebel Stengel M, Wang L, Stengel A, Tache Y. Localization of nesfatin-1 neurons
in the mouse brain and functional implication. Brain Research 2011; 1396: 20-34.
https://doi.org/10.1016/j.brainres.2011.04.031

Palasz A, Krzystanek M, Worthington J, Czajkowska B, Kostro K et al. Nesfatin-1,
a unique regulatory neuropeptide of the brain. Neuropeptides 2012; 46 (3): 105-112.
https://doi.org/10.1016/j.npep.2011.12.002

Garcia Galiano D, Navarro VM, Gaytan F, Tena Sempere M. Expanding roles of
NUCB2/nesfatin-1 in euroendocrine regulation. Journal of Molecular Endocrinology
2010; 45 (5): 281-290. https://doi.org/10.1677/JIME-10-0059

Garcia Galiano D, Navarro VM, Roa J, Ruiz Pino F, Sanchez Garrido MA et al. The
anorexigenic neuropeptide, nesfatin-1, is indispensable for normal puberty onset in
the female rat. Journal of Neuroscience 2010; 30 (23): 7783-7792.
https://doi.org/10.1523/INEUROSCI.5828-09.2010

Stengel A, Goebel M, Wang L, Tache Y. Abdominal surgery activates nesfatin-1
immunoreactive brain nuclei in rats. Peptides 2010; 31 (2): 263-270.
https://doi.org/10.1016/j.peptides.2009.11.015

Schalla MA, Stengel A. Current understanding of the role of nesfatin-1. Journal of
Endocrine Society 2018; 2 (10): 1188-1206. https://doi.org/10.1210/j5.2018-00246
Angelone T, Rocca C, Pasqua T. Nesfatin-1 in cardiovascular orchestration: From
bench to bedside. Pharmacological Research 2020; 156: 104766.

https://doi.org/10.1016/j.phrs.2020.104766

12


https://doi.org/10.1016/j.brainres.2011.04.031
https://doi.org/10.1016/j.npep.2011.12.002
https://doi.org/10.1523/JNEUROSCI.5828-09.2010

10

11

12

13

14

15

16

17

18

19

20

21

22

23

10.

11.

12.

13.

14.

15.

16.

Yosten GLC, Samson WK. The anorexigenic and hypertensive effects of nesfatin-1
are reversed by pretreatment with an oxytocin receptor antagonist. American Journal
of Physiology. Regulatory, Integrative and Comparative Physiology 2010; 298 (6):
1642-1647. https://doi.org/10.1152/ajpregu.00804.2009

Tanida M, Mori M. Nesfatin-1 stimulates renal sympathetic nerve activity in rats.
Neuroreport 2011, 22 (6): 309-312.
https://doi.org/10.1097/WNR.0b013e¢328346107f

Mimee A, Smith PM, Ferguson AV. Nesfatin-1 influences the excitability of neurons
in the nucleus of the solitary tract and regulates cardiovascular function. American
Journal of Physiology. Regulatory, Integrative and Comparative Physiology 2012;
302 (11): 1297-1304. https://doi.org/10.1152/ajpregu.00266.2011

Yilmaz MS, Altinbas B, Guvenc G, Erkan LG, Avsar O et al. The role of centrally
injected nesfatin-1 on cardiovascular regulation in normotensive and hypotensive
rats. Autonomic Neuroscience: Basic and Clinical 2015; 193: 63-68.
https://doi.org/10.1016/j.autneu.2015.07.009

Aydin B, Guvenc G, Altinbas B, Niaz N, Yalcin M. Modulation of nesfatin-1-
induced cardiovascular effects by the central cholinergic system. Neuropeptides
2018; 70: 9-15. https://doi.org/10.1016/j.npep.2018.05.001

Goebel-Stengel M, Wang L. Central and peripheral expression and distribution of
NUCB2/nesfatin-1. Current Pharmaceutical Design 2013; 19 (39): 6935-6940.
https://do1.org/10.2174/138161281939131127124814

Prinz P, Goebel Stengel M, Teuffel P, Rose M, Klapp BF et al. Peripheral and central

localization of the nesfatin-1 receptor using autoradiography in rats. Biochemical and

13


https://doi.org/10.1152/ajpregu.00266.2011

10

11

12

13

14

15

16

17

18

19

20

21

22

23

17.

18.

19.

20.

21.

22.

Biophysical =~ Research ~ Communications  2016; 470  (3):  521-527.
https://doi.org/10.1016/j.bbrc.2016.01.113

Yosten GLC, Samson WK. Nesfatin-1 exerts cardiovascular actions in brain:
possible interaction with the central melanocortin system. American Journal of
Physiology. Regulatory, Integrative and Comparative Physiology 2009; 297 (2): 330-
336. https://doi.org/10.1152/ajpregu.90867.2008

Yosten GLC, Samson WK. Neural circuitry underlying the central hypertensive
action of nesfatin-1: melanocortins, corticotropin-releasing hormone, and oxytocin.
American Journal of Physiology. Regulatory, Integrative and Comparative
Physiology 2014; 306 (10): 722-727. https://doi.org/10.1152/ajpregu.00396.2013
Aydin C, Yalcin M. Peripheral mechanisms involved in the pressor and bradycardic
effects of centrally administered arachidonic acid. Prostaglandins, Leukotrienes, and
Essential Fatty Acids 2008; 78 (6): 361-368.
https://doi.org/10.1016/j.plefa.2008.04.007

Yalcin M. Central mechanism underlying pressor and bradycardic effect of
intracerebroventricularly injected arachidonic acid. Canadian Journal of Physiology
and Pharmacology 2011; 89 (2): 127-133. https://doi.org/10.1139/y11-003

Yalcin M, Aydin C. Cardiovascular effects of centrally administered arachidonic acid
in haemorrhage-induced hypotensive rats: investigation of a peripheral mechanism.
Clinical and Experimental Pharmacology and Physiology 2009; 36 (4): 447-453.
https://doi.org/10.1111/j.1440-1681.2008.05087.x

Altinbas B, Topuz BB, Ilhan T, Yilmaz MS, Erdost H et al. Activation of the central

histaminergic system mediates arachidonic-acid-induced cardiovascular effects,

14



10

11

12

13

14

15

16

17

18

19

20

21

22

23

23.

24.

25.

26.

27.

28.

Canadian Journal of Physiology and Pharmacology 2014; 92 (8): 645-654.
https://doi.org/10.1139/cjpp-2014-0043

Erkan LG, Altinbas B, Guvenc G, Aydin B, Niaz N et al. The acute cardiorespiratory
effects of centrally injected arachidonic acid; the mediation of prostaglandin E, D
and F2a. Respiratory Physiology and Neurobiology 2017, 242: 117-124.
https://doi.org/10.1016/j.resp.2017.04.006

Guvenc Bayram G, Altinbas B, Erkan LG, Yalcin M. Modulation of arachidonic
acid-evoked cardiorespiratory effects by the central lipoxygenase pathway.
Respiratory ~ Physiology = and  Neurobiology = 2020;  278: 103441.
https://doi.org/10.1016/j.resp.2020.103441

Erkan LG, Guvenc G, Altinbas B, Niaz N, Yalcin M. The effects of centrally injected
arachidonic acid on respiratory system: Involvement of cyclooxygenase to
thromboxane signaling pathway. Respiratory Physiology and Neurobiology 2016;
225: 1-7. https://doi.org/10.1016/j.resp.2015.12.010

Yalcin M, Savci V. Restoration of blood pressure by centrally injected U-46619, a
thromboxane A2 analog, in haemorhaged hypotensive rats: investigation of different
brain areas. Pharmacology 2004; 70 (4): 177-187.
https://doi.org/10.1159/000075546

Yalcin M, Savci V. Cardiovascular effects of centrally injected melittin in
hemorrhaged hypotensive rats: the investigation of peripheral mechanisms
Neuropeptides 2007; 41 (6): 465-475. https://doi.org/10.1016/j.npep.2007.07.002
Yalcin M, Cavun S, Yilmaz MS, Cengiz F, Savci V. Involvement of brain

thromboxane A2 in hypotension induced by haemorrhagein rats. Clinical and

15


https://doi.org/10.1016/j.resp.2015.12.010

10

11

12

13

14

15

16

17

18

19

20

21

22

23

29.

30.

31.

32.

33.

34.

35.

Experimental Pharmacology and Physiology 2005; 32 (11): 960-967.
https://doi.org/10.1111/j.1440-1681.2005.04291.x

Ariumi H, Takano Y, Masumi A, Takahashi S, Hirabara Y et al. Roles of the central
prostaglandin EP3 receptors in cardiovascular regulation in rats. Neuroscience
Letters 2002; 324 (1): 61-64. https://doi.org/10.1016/s0304-3940(02)00174-x
Hoffman WE, Leavitt ML, Albrecht RF, Miletich DJ. Central cardiovascular activity
of prostaglandin E2, prostaglandin F2 alpha and prostacyclin. Prostaglandins 1981;
21 (6): 899-904. https://doi.org/10.1016/0090-6980(81)90159-3

Siren AL. Central cardiovascular and thermal effects of prostaglandin E2 in rats. Acta
Physiologica Scandinavica 1982; 116 (3): 229-234. https://doi.org/10.1111/5.1748-
1716.1982.tb07135.x

Siren AL. Central cardiovascular and thermal effects of prostaglandin D2 in rats.
Prostaglandins Leukotrienes Medicine 1982; 8 (4): 349-359.
https://doi.org/10.1016/0262-1746(82)90058-0

Wasserman MA, DuCharme DW, Griffin RL, DeGraaf GL, Robinson FG.
Bronchopulmonary and cardiovascular effects of prostaglandin D2 in the dog.
Prostaglandins 1977; 13 (2): 255-269. https://doi.org/10.1016/0090-6980(77)90007-
7

Siren AL. Differences in the central actions of arachidonic acid and prostaglandin
F2a between spontaneously hypertensive and normotensive rats. Life Science 1982;
30 (6): 503-513. https://doi.org/10.1016/0024-3205(82)90263-6

Guvenc Bayram G, Altinbas B, Igbal A, Cerci E, Udum D, Yilmaz MS et al.

Intracerebroventricularly injected nesfatin-1 activates central cyclooxygenase and

16



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

36.

37.

38.

39.

40.

lipoxygenase pathways. Autonomic Neuroscience: Basic and Clinical 2020; 226:
102670. https://doi.org/10.1016/j.autneu.2020.102670

Guvenc Bayram G, Yalcin M. The intermediary role of the central cyclooxygenase /
lipoxygenase enzymes in intracerebroventricular injected nesfatin-1-evoked
cardiovascular effects in rats. Neuroscience Letters 2021; 756: 135961.
https://doi.org/10.1016/j.neulet.2021.135961

Rapoport SI. Arachidonic acid and the brain. The Journal of Nutrition 2008; 138 (12):
2515-2520. https://doi.org/10.1093/jn/138.12.2515

Rapoport SI. In vivo approaches to quantifying and imaging brain arachidonic and
docosahexaenoic acid metabolism. The Journal of Pediatrics 2003; 143 (4) 26-34.
https://doi.org/10.1067/s0022-3476(03)00399-8

Yalcin M, Ak F, Erturk M. The role of central thromboxane A2 in cardiovascular
effects of a  phospholipase A2 activator melittin  administrated
intracerebroventricularly in normotensive conscious rats. Neuropeptides 2006; 40
(3): 207-212. https://doi.org/10.1016/j.npep.2006.01.003

Yalcin M, Erturk M. The involvement of the central cholinergic system in the pressor
and bradycardic effects of centrally administrated melittin in normotensive conscious
rats. Neuropeptides 2007, 41 (2): 103-110.

https://doi.org/10.1016/j.npep.2006.11.003

17



1

10

11

Table 1. The experimental groups and the experimental timeline

Experimental Groups

Pre-treatment (dose and route) 5 minutes Treatment (dose and route)

“n” number

Saline (5 pl; ICV) + Saline (5 pl; ICV) 7
Saline (5 ul; ICV) + Nesfatin-1 (200 pmol; ICV) 7
5% DMSO (5 ul; ICV) + Saline (5 ul; ICV) 7
5% DMSO (5 pul; ICV) + Nesfatin-1 (200 pmol; ICV) 7
Furegrelate (250 pg; ICV) + Saline (5 pl; ICV) 7
Furegrelate (250 pg; ICV) + Nesfatin-1 (200 pmol; ICV) 7
AH6809 (10 pg; ICV) + Saline (5 pl; ICV) 7
AH6809 (10 ng; ICV) + Nesfatin-1 (200 pmol; ICV) 7
PGF2,-DMA (10 pg; ICV) + Saline (5 pl; ICV) 7
PGF2,-DMA (10 pg; ICV) + Nesfatin-1 (200 pmol; ICV) 7
Total | 70
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Table 2. The impact of pre-treatments on basal MAP and HR parameters of the rats.

MAP (mmHg) HR (bpm)
Pre-treatment Before After Before After
Saline (5 pl) 118 +2.21 | 119+1.93 | 334+6.72 | 336+ 6.14
5% DMSO (5 pul) 120£1.92 | 121 £2.11 | 328£5.82 | 330£6.13
Furegrelate (250 pg) | 119+2.08 | 118 +£2.44 | 331 +6.77 | 334 + 7.48
AH6809 (10 pg) 121 £1.83 | 122+£1.98 | 332+£7.11 | 329+£6.73
PGF2-DMA (10 pg) | 122 +2.24 | 121 +£1.72 | 326 £ 6.38 | 327 £8.12

The measurements obtained just before and five minutes after the first ICV injections are
represented by the values in the table. Data are given as mean + S.E.M. (n = 7).
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Figure 1. Effect of furegrelate pre-treatment on nesfatin-1-evoked cardiovascular
responses. Data are given as mean = S.E.M. (n=7). "0" indicates the time of saline or
nesfatin-1 treatment. *p < 0.05 indicates significant difference compared to the "Saline +
Saline" or "Furegrelate + Saline" group, 'p < 0.05 indicates a significant difference
compared to the "Furegrelate + Nesfatin-1" group.
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Figure 2. Effect of PGF2,-DMA pre-treatment on nesfatin-1-evoked cardiovascular
responses. Data are given as mean = S.E.M. (n=7). "0" indicates the time of saline or
nesfatin-1 treatment. *p < 0.05 indicates significant difference compared to the "Saline +
Saline" or "PGF2,-DMA + Saline" group, p < 0.05 indicates a significant difference
compared to the "PGF2,-DMA + Nesfatin-1" group.
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Figure 3. Effect of AH6809 pre-treatment on nesfatin-1-evoked cardiovascular
responses. Data are given as mean = S.E.M. (n=7). "0" indicates the time of saline or
nesfatin-1 treatment. *p < 0.05 indicates significant difference compared to the "Saline +
Saline" or "AH6809 + Saline" group, p < 0.05 indicates a significant difference
compared to the "AH6809 + Nesfatin-1" group.
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