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Abstract
Nesfatin-1 is an anorexic nucleobindin-2 -derived peptide and it has directly and centrally effect on the heart. The current study was designed 

to determine the effect of centrally and peripherally administered nesfatin-1 on electrocardiography (ECG) of healthy both fasted rats for 12 

h and satiated rats fed ad libitum. In order to record ECG, the electrodes were placed limbs of at lead II under ketamine (50 mg/kg; im) and 

xylazine (20 mg/kg; im) anesthesia mix. 

Centrally administered different doses of nesfatin-1 (100 and 200 pmol; icv) resulted in dose- and time-dependently a statistically significant 

increase (p <0.05) in T wave, Q-T interval, and R-R interval duration without changing in ECG waves’ amplitude in both satiated and fasted 

rats. In a similar way, peripheral administration of nesfatin-1 (80 μg/kg; iv) in satiated rats prolonged statistically significant (p <0.05) T wave, 

Q-T interval, and R-R interval without producing a change in ECG waves’ amplitude. Moreover, icv administered nesfatin-1 in fasted and

satiated rats, and iv injected nesfatin-1 in satiated rats induced a statistically significant decrease in heart rate (p <0.05).

In conclusion, our findings suggest that centrally and peripherally administrated nesfatin-1 caused a delay in T wave, Q-T interval and two

R-waves interval duration in ECG so that leading to a bradycardic effect in heart rate.
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Introduction

Nesfatin-1 is an 82 amino acid anorexigenic endogenous 
peptide produced by the proteolytic processing of nucle-
obindin-2 (NUCB-2).1 Nesfatin-1 and its precursor mol-
ecule NUCB-2 show widespread distribution throughout 
the central nervous system2,3 and the peripheral tissues 
such as gastric mucosa4 and heart ventricles.5 The central 
and peripheral nesfatin-1 expression is modulated by star-
vation and refeeding.1,4 Experimental evidence supports 
the involvement of nesfatin-1 in the modulation of feed-
ing, neuroendocrine functions, stress, metabolic responses 
and cardiovascular control.1,6-9

Indeed it was reported that central administration of nes-

fatin-1 increases blood pressure and renal sympathet-
ic nerve activity following intracerebroventricular (icv) 
administration in conscious and urethane-anesthetized 
rats.10,11 Moreover, nesfatin-1 modulates the excitability 
of nucleus tractus solitarius (NTS) neurons and produces 
hypertensive and tachycardic responses upon microinjec-
tion into the NTS.12 When nesfatin-1 is injected intrave-
nous (iv), the peptide also increases peripheral arterial 
resistance through a direct action arterioles.13 Nesfatin-1 
expression in the heart has been correlated with negative 
inotropism and protection against ischemia-reperfusion 
injury.5 Recently it was reported that central administra-
tion of nesfatin-1 exerts pressor and bradycardic effects in 
normotensive animals8,9 and produces pressor and tachy-
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cardic effects under hypotensive conditions produced by 
severe hemorrhage.8 It was also shown that icv adminis-
tered nesfatin-1 increased the plasma catecholamines, va-
sopressin, and renin concentrations and those hormones 
contributed to the pressor effects of the peptide in both 
normotensive and hypotensive conditions.8 Previously it 
was reported that nesfatin-1 expression in the heart has 
been correlated with negative inotropism and protection 
against ischemia-reperfusion injury.4 Evidence on the ef-
fects of cardiovascular parameters following central ad-
ministration of nesfatin-1 raises the possibility that it may 
modulate arterial pressure and heart function. However, 
there is no any report showing the effect of nesfatin-1 on 
electrical activity of the heart when it was administrated 
via icv or iv. Moreover, it was not known how central or 
peripheral injected nesfatin-1 was able to affect electrocar-
diography (ECG) waves in fasting or satiety condition.
Considering the above data, the primary aim of the current 
study was to show the effect of centrally or peripherally ad-
ministrated nesfatin-1 on ECG in fasted for 12h and in sa-
tiated fed ad libitum anesthetized rats.

Materials and Methods

Animals
The experiments were performed on 56 adults, male 
Sprague–Dawley rats (3 months old, 280–340 g). The rats 
were provided from Experimental Animals Breeding and 
Research Center, Uludag University, Bursa, Turkey. The 
animals were accommodated as 4-5 rats in a cage and 
maintained on a 12 h light/dark cycle at 20–22 °C with 60–
70% humidity. All experimental protocol was approved by 
The Animal Care and Use Committee of Uludag University 
(2018 – 01/07). Each group had 7 rats and each rat was 
used in a single experimental protocol.

Surgical procedures
The rats anesthetized with ketamine (50 mg/kg) and xyla-
zine (20 mg/kg) mixture. Under anesthesia, rats were 
placed in a stereotaxic frame to insert the icv guide can-
nula. For this reason, a burr hole was drilled through the 
skull 1.5 mm lateral to midline and 1.0 mm posterior to 
bregma, which those coordinates were used from the atlas 
of Paxinos and Watson.14 Then, the guide cannula, which 
was made 22-gauge stainless steel hypodermic tubing, was 
directed through the hole toward the lateral ventricle and 
lowered 4.5 mm below the surface of the skull and fixed to 
the skull with acrylic cement. 

Experimental protocol
In the present study, first, the dose and time relation of 

ECG responses to icv injected nesfatin-1 were studied in 
fasted for 12 h or/and satiated fed ad libitum rats. Follow-
ing baseline ECG measurements, nesfatin-1 (100 and 200 
pmol) or saline (5 μL) was delivered i.c.v. and changes of 
ECG were recorded for the next 60 min. Hence to deter-
mine the effect of centrally injected nesfatin-1 on ECG, to-
tal 6 groups were constituted as so 3 groups from fasted for 
12 h and as so 3 groups from satiated fed ad libitum rats: 1, 
control (saline 5 μL; icv); 2, nesfatin-1 (100 pmol; icv); and 
3, nesfatin-1 (200 pmol; icv). 
Secondly, to determine the effect of peripheral injected 
nesfatin-1 on ECG of satiated fed ad libitum rats, saline 
(1 mL/kg) or 80 µg/kg dose of nesfatin-1 were iv injected 
via tail vein. Before and after injections, changes of ECG 
were recorded for the next 60 min. So total 2 groups were 
formed from satiated fed ad libitum rats as 1, control (sa-
line 1 mL/kg; iv); and 2, nesfatin-1 (80 µg/kg; iv) in terms 
of the effect of peripherally injected nesfatin-1 on ECG.

ECG recording
In order to record ECG, the electrodes (SS2L, BIOPAC 
Systems Inc. California, USA) were inserted limbs of at 
lead II.  Findings were recorded and analyzed by using the 
MP36 system and AcqKnowledge software (BIOPAC Sys-
tems Inc.). The ECG was used to determine the P waves, 
P-R intervals, QRS complexes Q-T intervals, T waves, R-R 
intervals durations. Heart rate was calculated from R-R in-
tervals according to the following formula: heart rate=60/
(R-R intervals in seconds) and was expressed beats per 
minute (bpm).

Drug and icv injections
Nesfatin-1 (Sigma-Aldrich Co., Deisenhofen, Germany) 
solutions were prepared in saline on the day of the experi-
ment. The dose of nesfatin-1 was chosen from the previous 
studies.8,9

Icv injections were made by using hand-made injection 
cannula (28 gauge stainless steel tubing). Injection cannu-
la was connected to polyethylene tubing, which was filled 
with saline or saline solution of the studied agent in a 10 
μL microsyringe. For the icv injection, 5 μL volume of the 
solution was infused within 60 s. During the injection, an 
air bubble moving in the polyethylene tubing was closely 
watched to ensure the drug was delivered in its entirety.

Data and statistical analysis
All values are given as mean ± standard error of the mean 
(SEM) with p<0.05 considered as the level of significance. 
Statistical evaluation was performed by analysis of vari-
ance (RM-ANOVA; two-way) and the post-ANOVA test 
of Bonferroni by using Sigma Stat 3.5 software (CA, USA).
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Results
Effects of central or peripheral injected nesfatin-1 on 
ECG
There was no difference in basal value of the P waves (Table 
1), P-R intervals (Table 2), QRS complexes (Table 3), Q-T 
intervals (Table 4), T waves (Table 5), R-R intervals (Ta-
ble 6) durations and heart rate of both fasted (Fig 1A) and 
satiated (Fig 1B) rats. Icv injected nesfatin-1 led to dose- 

and time-dependently statistically significant increase (p 
<0.05) in Q-T interval (Table 4), T wave (Table 5) and R-R 
interval (Table 6) duration without changing in P wave 
(Table 1), P-R interval (Table 2) and QRS complex (Table 
3) duration in both fasted and satiated rats. Also centrally 
injected nesfatin-1 induced dose- and time-dependently 
statistically significant (p <0.05) decrease in heart rate of 
both fasted (Fig 1A) and satiated (Fig 1B) rats. 

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. 
To make peripheral injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injec-
tions, ECG was monitored for the next 60 min. Data was given as mean ± SEM of seven P wave duration measurements ob-
tained from the ECG. Statistical analysis was performed using two-way RM-ANOVA with a post hoc Bonferroni test.

Table 1.  The effect of central and peripheral injected nesfatin-1 on P wave duration.

Table 2. The effect of central and peripheral injected nesfatin-1 on P-R interval duration.

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. 
To make peripheral injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injec-
tions, ECG was monitored for the next 60 min. Data was given as mean ± SEM of seven P-R interval duration measurements 
obtained from the ECG. Statistical analysis was performed using two-way RM-ANOVA with a post hoc Bonferroni test.
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Iv injected nesfatin-1 had a similar effect on the ECG pa-
rameters with icv injected nesfatin-1. Iv injected nesfatin-1 
also prolonged Q-T interval (Table 4), T wave (Table 5) and 
R-R interval (Table 6) duration but no effect on P wave (Ta-
ble 1), P-R interval (Table 2) and QRS complex (Table 3) 

duration in satiated rats. Moreover, iv injected nesfatin-1 
caused the bradycardia in satiated rats (Fig 1C).
Both central and peripheral injection of nesfatin-1 did not 
cause any change in amplitude and shape of the ECG waves 
and intervals (Fig 2).

Table 3.  The effect of central and peripheral injected nesfatin-1 on QRS complex duration.

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. 
To make peripheral injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injec-
tions, ECG was monitored for the next 60 min. Data was given as mean ± SEM of seven QRS complex duration measure-
ments obtained from the ECG. Statistical analysis was performed using two-way RM-ANOVA with a post hoc Bonferroni test.

Table 4.  The effect of central and peripheral injected nesfatin-1 on Q-T interval duration.

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. To make peripheral 
injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injections, ECG was monitored for the next 60 
min. Data was given as mean ± SEM of seven Q-T interval duration measurements obtained from the ECG. Statistical analysis was performed 
using two-way RM-ANOVA with a post hoc Bonferroni test. *p<0.05, significantly different from the value of the saline-treated group.
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Table 5.  The effect of central and peripheral injected nesfatin-1 on T wave duration.

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. To make peripheral 
injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injections, ECG was monitored for the next 
60 min. Data was given as mean ± SEM of seven T wave duration measurements obtained from the ECG. Statistical analysis was performed 
using two-way RM-ANOVA with a post hoc Bonferroni test. *p<0.05, significantly different from the value of the saline-treated group.

Table 6.  The effect of central and peripheral injected nesfatin-1 on R-R interval duration.

For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 pmol; icv) was injected to the fasted or the satiated rats. To make peripheral 
injection saline (1 ml/kg; iv) or nesfatin-1 (80 µg/kg; iv) was injected to the satiated rats. After injections, ECG was monitored for the next 60 
min. Data was given as mean ± SEM of seven R-R interval duration measurements obtained from the ECG. Statistical analysis was performed 
using two-way RM-ANOVA with a post hoc Bonferroni test. *p<0.05, significantly different from the value of the saline-treated group.
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Figure 1. The effect of central and pe-
ripheral injected nesfatin-1 on heart rate. 
For central injection, saline (5 µl; icv) or nesfatin-1 (100 ve 200 
pmol; icv) was injected to the fasted (A) or the satiated (B) rats. 
To make peripheral injection saline (1 ml/kg; iv) or nesfatin-1 
(80 µg/kg; iv) was injected to the satiated (C) rats. After injec-
tions, ECG was monitored for the next 60 min. Data was giv-
en as mean ± SEM of seven heart rate measurements obtained 
from the ECG. Statistical analysis was performed using two-
way RM-ANOVA with a post hoc Bonferroni test. *p<0.05, sig-
nificantly different from the value of the saline-treated group. 

Figure 2. The effects of central and peripheral injected nesfatin-1 on ECG waves and intervals. 
The fasted rats were treated with saline (5 µl; icv) (A), nesfatin-1 (100 pmol; icv) (B) or nesfatin-1 (200 pmol; icv) (C); 
the satiated rats were treated with saline (5 µl; icv) (D), nesfatin-1 (100 pmol; icv) (E) or nesfatin-1 (200 pmol; icv) (F); 
the satiated rats were treated with saline (1 ml/kg; iv) (G) or nesfatin-1 (80 µg/kg; iv) (H). The bar shows 0.3 second.
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Discussion and Conclusion

These data demonstrate that icv administered nesfatin-1 
dose- and time-dependently increases T wave, Q-T and 
R-R intervals durations but not any changes in P wave, P-R 
intervals, and QRS complex durations in both fasted and 
satiated rats. Furthermore, central injection of nesfatin-1 
causes dose- and time-dependently bradycardic respons-
es in fasted and satiated rats. When nesfatin-1 injected iv, 
it produces a similar effect with its central administration 
and causes the delay in T wave, Q-T and R-R intervals 
along with bradycardia. Central and peripheral injection 
of nesfatin-1 does not alter the ECG waves’ amplitude of 
the rats. 
ECG in rats is a widely applied experimental method in 
basic cardiovascular research. It has become one of the 
most widespread diagnostic tools in clinical medicine. 
ECG recording reflects the electrical activity of the heart 
and may provide important insights into the function-
al and structural characteristics of the myocardium. The 
physiological and pathological criteria of ECG recordings 
have been thoroughly described in multiple handbooks 
and research papers.15,16 An action potential in the heart 
is generated in the sinoatrial node and subsequently con-
ducted through the atrioventricular node, His bundle, His 
bundle branches, and Purkinje fibers, finally reaching ven-
tricular cardiomyocytes. A typical ECG tracing mirrors the 
repeating cycle of three major electrical events, including 
atrial depolarization (P wave), ventricular depolarization 
(QRS complex) and ventricular repolarization (T wave). 
In the current study, central or peripheral injection of the 
nesfatin-1 prolonged the T wave and Q-T intervals with-
out changing other waves and intervals durations. It could 
be considered that nesfatin-1 has a direct effect on heart 
tissue. It was reported that heart, particularly ventricles, 
had the presence of both nesfatin-1 protein and NUCB-2 
mRNA in rat cardiac extracts according to western blotting 
and QT-PCR analyses.5 On isolated and Langendorff-per-
fused rat heart preparations, it was found that exogenous 
nesfatin-1 depressed contractility and relaxation without 
affecting coronary motility by inducing dose-dependent 
negative inotropism.5 Our results are consistent with this 
report. Because the iv injected nesfatin-1 had to have af-
fected the ventricles of the heart so that there was a delay 
in T wave and Q-T interval. Also, it could be considered 
that nesfatin-1 has indirectly effect heart tissue via sympa-
thetic or parasympathetic neurons. Principally, parasym-
pathetic stimulation causes a marked decrease in heart rate 
(negative chronotropic effect) and a slight decrease in heart 
muscle contractility (negative inotropic effect). Activation 
of sympathetic10,11 and parasympathetic cardiac tones17 

with the central injection of nesfatin-1 has been observed. 
It appears that injected nesfatin-1 has a potency of a para-
sympathetic effect on the heart. Recently it was reported 
that the central cholinergic system modulated the central-
ly injected nesfatin-1 induced cardiovascular responses.9 
Because icv injected nesfatin-1 increased the level of the 
hypothalamic acetylcholine and choline, and also central 
muscarinic and nicotinic receptors mediated pressor and 
bradycardic responses to centrally injected nesfatin-1.9 Ac-
tivation of the central cholinergic parasympathetic path-
way with the icv injection of nesfatin-1 might lead to a de-
crease in T wave and Q-T interval in ECG.
Heart rate represents the number of heart contractions in 
1 min. There is a correlation between R-R interval dura-
tion and heart rate. In the present study, both central and 
peripheral injection of the nesaftin-1 caused the bradycar-
dia. Central administration of nesfatin-1-evoked bradycar-
dic effect in normotensive animals was demonstrated.8,9 It 
was also reported that nesfatin-1 decreases heart rate when 
injected intracerebroventricularly.10,11,18,19 Moreover, mi-
croinjection of nesfatin-1 into the NAmb generated a de-
crease in heart rate in conscious rats.17 Those reports and 
our current data clearly explain that nesfatin-1 might have 
a bradycardic effect. 
The first report determined the anorexigenic effects of 
nesfatin-1 and its precursor NUCB-2.1 In this first report, 
it was shown that NUCB-2 mRNA expression in the hy-
pothalamus was significantly down-regulated after 24-h 
fasting in rats.1 On the other hand refeeding after a 48-h 
fast resulted in an increase of activated nesfatin-1 immu-
noreactive neurons in the hypothalamus.20 It was also re-
ported that gastric mucosa abundantly expressed NUCB-2 
mRNA.4 Again NUCB-2 mRNA expression in gastric mu-
cosal tissue was significantly down-regulated after 24-h 
fasting in rats. Those reports evidently indicate that the 
fasting suppresses the production of nesfatin-1 in central 
and peripheral. Considering the change in the amount of 
nesfatin-1 in both periphery and central according to the 
condition of fasting and satiety, we performed nesfatin-1 
application to both fasted and satiated animals, but we did 
not obtain any significant differences between the two con-
ditions.
In summary, the present results suggest that icv or iv ad-
ministration of nesfatin-1 causes an increase in T wave, 
Q-T and R-R intervals durations in ECG without affecting 
fasting or satiety conditions. Moreover, central or periph-
eral injected nesfatin-1 produces the bradycardic response 
by directly affecting the heart or indirectly activating the 
central nervous system. 

Ciftci et al. 2019



17

References

1.	 Oh-I S, Shimizu H, Satoh T, et al. Identification of nes-
fatin-1 as a satiety molecule in the hypothalamus. Na-
ture. 2006;12:709–712.

2.	 Brailoiu GC, Dun SL, Brailoiu E, et al. Nesfatin-1: dis-
tribution and interaction with a G protein-coupled re-
ceptor in the rat brain. Endocrinology. 2007;148:5088–
5094.

3.	 Goebel M, Stengel A, Wang L, et al. Nesfatin-1 immu-
noreactivity in rat brain and spinal cord autonomic 
nuclei. Neurosci Lett. 2009;452:241–246.

4.	 Stengel A, Goebel M, Yakubov I, et al. Identification 
and characterization of nesfatin-1 immunoreactivity 
in endocrine cell types of the rat gastric oxyntic muco-
sa. Endocrinology. 2009;150:232–238.

5.	 Angelone T, Filice E, Pasqua T, et al. Nesfatin-1 as a 
novel cardiac peptide: identification, functional char-
acterization, and protection against ischemia/reperfu-
sion injury. Cell Mol Life Sci. 2013;70:495–509.

6.	 Garcia-Galiano D, Navarro VM, Gaytan F, et al. Ex-
panding roles of NUCB2/nesfatin-1 in neuroendo-
crine regulation. J Mol Endocrinol. 2010;45:281–290.

7.	 Stengel A, Tache Y. Minireview: nesfatin-1--an emerg-
ing new player in the brain-gut, endocrine, and meta-
bolic axis. Endocrinology. 2011;152:4033-4038.

8.	 Yilmaz MS, Altinbas B, Guvenc G, et al. The role of 
centrally injected nesfatin-1 on cardiovascular regu-
lation in normotensive and hypotensive rats. Auton 
Neurosci. 2015;193:63–68.

9.	 Aydin B, Guvenc G, Altinbas B, et al. Modulation of 
nesfatin-1-induced cardiovascular effects by the cen-
tral cholinergic system. Neuropeptides. 2018;70:9-15.

10.	 Tanida M, Mori M. Nesfatin-1 stimulates renal sympa-
thetic nerve activity in rats. Neuroreport. 2011;20:309–
312.

11.	 Yosten GL, Samson WK. Nesfatin-1 exerts cardiovas-
cular actions in brain: possible interaction with the 
central melanocortin system. Am J Phys Regul Integr 
Comp Phys. 2009;297:330–336.

12.	 Mimee A, Smith PM, Ferguson AV. Nesfatin-1 influ-
ences the excitability of neurons in the nucleus of the 
solitary tract and regulates cardiovascular function. 
Am J Phys Regul Integr Comp Phys. 2012;302:1297–
1304.

13.	 Yamawaki H, Takahashi M, Mukohda M, et al. A novel 
adipocytokine, nesfatin-1 modulates peripheral arte-
rial contractility and blood pressure in rats. Biochem 
Biophys Res Commun. 2012;24:676–681.

14.	 Paxinos G, Watson C. The Rat Brain in Stereotaxic Co-
ordinates. 4th Ed. Academic Press, New York; 2005.

15.	 Hall JE. Cardiac Arrhythmias and their electrocar-
diographic interpretation. In: Hall JE, Guyton AC, 
Schmitt W, eds. Guyton and Hall Textbook of Medical 
Physiology. 12th ed. Saunders, London; 2011:143-153.

16.	 Wagner GS, Macfarlane P, Wellens H, et al. AHA/
ACCF/HRS recommendations for the standardization 
and interpretation of the electrocardiogram: part VI: 
acute ischemia/infarction: a scientific statement from 
the American Heart Association Electrocardiogra-
phy and Arrhythmias Committee, Council on Clini-
cal Cardiology; the American College of Cardiology 
Foundation; and the Heart Rhythm Society. Endorsed 
by the International Society for Computerized Elec-
trocardiology. J Am Coll Cardiol. 2009;53:1003-1011.

17.	 Brailoiu GC, Deliu E, Tica AA, et al. Nesfatin-1 acti-
vates cardiac vagal neurons of nucleus ambiguous and 
elicits bradycardia in conscious rats. J Neurochem. 
2013;126:739–748.

18.	 Yosten GL, Samson WK. The anorexigenic and hyper-
tensive effects of nesfatin-1 are reversed by pretreat-
ment with an oxytocin receptor antagonist. Am J Phys 
Regul Integr Comp Phys. 2010;298:1642–1647.

19.	 Yosten GL, Samson WK. Neural circuitry under-
lying the central hypertensive action of nesfatin-1: 
melanocortins, corticotropin-releasing hormone, 
and oxytocin. Am J Phys Regul Integr Comp Phys. 
2014;306:722–727.

20.	 Kohno D, Nakata M, Maejima Y, et al. Nesfatin-1 neu-
rons in paraventricular and supraoptic nuclei of the 
rat hypothalamus coexpress oxytocin and vasopres-
sin and are activated by refeeding. Endocrinology. 
2008;149:1295–1301.

Ciftci et al. 2019


