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Calcitonin Gene Related 
Peptide (CGRP) is expressed 

in the cardiovascular system and 
demonstrates vasodilatory effects. This 
study aimed to investigate the effects of 
exercise training and CGRP antagonism 
on the expression of genes involved in 
mitochondrial dynamics in the aorta. 
Forty-two male rats were randomly 
divided into six groups (n=7 each): 1) 
Control; 2) Endurance Training (ET); 3) 
High-Intensity Interval Training (HIIT); 4) 
CGRP antagonist (CGRPi); 5) CGRPi-ET; 
and 6) CGRPi-HIIT. Protein expression 
was analyzed using Western blotting, 
while gene expression was quantified via 
real-time PCR. Both ET and HIIT significantly upregulated the protein levels of eNOS and the gene expression of Pgc-1α, Bcl-2, Nrf-1, Sirt3, 
Parkin, and eNOS. The increase in Bcl-2 expression induced by ET was attenuated by CGRPi in the groups receiving the combination of CGRPi 
and ET (P = 0.02). While CGRP is recognized as a vasodilator, our results suggests that CGRPi does not affect eNOS expression, indicating that 
CGRP exerts vasodilatory effects through mechanisms other than eNOS in the aorta. Furthermore, CGRPi does not negatively affect genes 
associated with mitochondrial dynamics, indicating its potential safety for use in migraine treatment and other conditions.  
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INTRODUCTION 
Alterations in endothelial function contribute to an increased 

risk of cardiovascular diseases such as ischemic and hemorrhagic 
strokes, angina pectoris, and myocardial infarction, as observed 
in various studies comparing migraine sufferers with non- 
migraineurs.1-3 Under physiological conditions, CGRP modulates 
vascular responses and protects against injury. Thus, CGRP 
serves a cardioprotective role by inhibiting oxidative stress and 
the proliferation of vascular smooth muscle cells (VSMCs) in 

response to vascular injury.4,5 Also, elevated nitric oxide (NO) 
level induces CGRP expression and neuronal nitric oxide 
synthase (nNOS).6  

NO is an essential endogenous signaling molecule that plays 
significant roles in vascular function and mitochondrial biology. 
eNOS has been reported to enhance the expression of peroxisome 
proliferator-activated receptor gamma coactivator 1-alpha (PGC-
1α) and nuclear respiratory factor-1 (Nrf-1), thereby promoting 
mitochondrial biogenesis.7,8 Increased mitochondrial biogenesis 
may ameliorate pathology and slow disease progression in 
various mitochondrial-associated disorders.9 

PGC-1α is a primary regulator of mitochondrial biogenesis 
and function; its loss can reduce NO expression.10,11 Additionally, 
Sirt3, a target of PGC-1α is involved in neutralizing 
mitochondrial reactive oxygen species (ROS).11 Although the 
association between oxidative stress and the pathophysiology of 
several diseases, including migraines, is well-established, finding 
a disorder that is not related to oxidative stress is challenging. 
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ROS are normally generated in mitochondria, and excessive ROS 
can lead to mitochondrial dysfunction, cellular damage, and 
clinical disorders 8. Importantly, oxidative stress and NO levels 
have been observed to increase during migraine attacks.7  

CGRP antagonists are considered potential migraine 
treatments, effectively reducing headache frequency and 
enhancing patient quality of life. While the efficacy of CGRP 
antagonism is supported by experimental studies, the underlying 
mechanisms require further elucidation.12  

Exercise training enhances mitochondrial biogenesis through 
mediators such as PGC-1α.13 Short-term exercise does not affect 
CGRP levels, while prolonged exercise can increase cardiac 
CGRP secretion.14 Although fast- and slow-twitch fibers show no 
significant changes in CGRP levels after strength and endurance 
training,15 elevated ROS levels are known to cause endothelial 
dysfunction, while CGRP in endothelial cells induces NO-
dependent vasodilation.16  

Nrf-1 and Nrf-2 regulate the expression of electron transport 
chain subunits, with Nrf-1 expression being modulated by PGC-
1α.17 Sirt3 is predominantly expressed in metabolically active 
tissues and is upregulated during exercise, also playing a role in 
regulating energy homeostasis via AMPK and PGC-1α.18 Sirt3 
increases the beta-oxidation of fatty acids and ATP production in 
the liver, with its expression rises post-exercise in both human 
and rodent models.19 

Plasma CGRP levels increase after exercise. While baseline 
CGRP levels are important for maintaining cardiac function in 
chronic hypertension, CGRP antagonists do not elevate blood 
pressure in hypertensive mouse models.20 An increase in blood 
CGRP levels in response to exercise in young adults suggests 
potential effects on physical function.21 Intravenous CGRP 
administration has been shown to cause vasodilation and reduce 
blood pressure in humans. The significant influence of CGRP on 
cardiovascular function underscores its potential role in 
cardiovascular health. Blood pressure responses in CGRP 
knockout mice demonstrate that angiotensin II administration 
reduces eNOS levels without significant changes in blood 
pressure.22 Most reported benefits of CGRP have been derived 
from laboratory studies, with limited clinical trials available; 
however, clinical trials for CGRP antagonists may clarify and 
confirm these relevant effects.   

Animal models have confirmed CGRP's protective role against 
ischemia in cardiac tissue, though the cardiovascular effects of 
CGRP antagonists, particularly in the aorta, remain less 
understood. Interestingly, CGRP antagonism does not result in 
tissue damage.23 Considering the therapeutic applications  of 
CGRP antagonists in conditions like migraines, hypertension, 
and heart failure,24 and the critical role of NO in mitochondrial 
biogenesis, this study aimed to examine the influences of CGRP 
antagonism in combination with different exercise training 
modalities (ET and HIIT) on mitochondrial dynamics, apoptosis, 
and biogenesis in the rat aorta. We have clearly delineated that 
our primary aim is to understand the cardiovascular health 
impacts of CGRP outside of its association with migraine 
headaches. 

MATERIAL AND METHODS 
Materials 
The CGRP antagonist (BIBN 4096, Cat. No. 4561, Tocris 

Bioscience), primers (Metabion international AG, Germany), 
high ROX SYBR green for Real-time PCR (Ampliqon, 
A325402), RNA extraction kit (Bio Basic, BS1361), cDNA 
synthesis kit (Parstous, A101162), anti-eNOS antibody (Santa 
Cruz, sc-376751), and anti-beta actin antibody (Santa Cruz, sc-
47778) were obtained from their respective suppliers. 

Animals 
Forty-two male Wistar rats were utilized for this study. The 

animals were housed at a temperature of 23±2°C under a 12-hour 
light/dark cycle with free access to standard chow and water. 
Following acclimatization, the rats were randomly assigned to six 
groups (n=7 each): 1) Untreated control (CTL), 2) endurance 
training (ET) group that performed ET for 6 weeks; 3) High-
Intensity Interval Training (HIIT) group that performed HIIT for 
6 weeks; 4) CGRP antagonist (CGRPi) administered at 10 mg/kg 
via intraperitoneal injections daily for the last two weeks; 5) 
CGRPi-ET; and 6) CGRPi-HIIT. The training regimen finished 
24 hours prior to sacrifice. The study duration was six weeks, at 
the end of which animals underwent a 12-hour overnight fast, 
were anesthetized with ketamine and xylazine (80/10 mg/kg), 
and subsequently euthanized. Aortic tissues were excised, 
washed with cold saline, and subsequently frozen in liquid 
nitrogen before being stored at -80°C for further quantification. 
All procedures were approved by the Animal Research Ethics 
Committee of Kerman University of Medical Sciences (Ethics 
Committee Permission No. IR.KMU.REC.1399.584). 

CGRP antagonist 
The CGRP antagonist was administered during the last 14 days 

of the study through daily intraperitoneal injections (10 mg/kg) 
to inhibits CGRP functions.25,26 

Training protocol  
Rats adapted to a speed of 15 m/min for 15 minutes over two 

weeks. To measure VO2max, we utilized the Vmax. Rats 
completed an incremental exercise test until exhaustion, after 
which VO2max was calculated. The intensity of exercise training 
was quantified by monitoring blood lactate levels immediately 
following exercise with a lactometer (Lactate Scout 
Company/Code: 37, Germany), with values above 6 mmol/L 
deemed high intensity 27. The speed test began with a warm-up at 
10 m/min, which gradually increased by 0.3 m/min until 
exhaustion 15. Ten two-minute work bouts were conducted daily 
at approximately 22 m/min, 29 ° slope, interspersed with two-
minute rest periods (Table 1), five days a week for six weeks 28, 

29. The control and CGRPi groups remained stationary on the 
treadmill for each session to establish a stress environment. 
Details of the endurance training regimen are provided in Table 
2 below. 

 
Table 1. High-intensity interval training 

 

6 5 4 3 2 1 Week 
30 28 24 24 20 15 Speed (m/min) 
29 29 25 20 10 5 Slope (o) 
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Table 2. Endurance Training 

 
Real-time PCR 
Total RNA was isolated by EZ-10 spin column RNA 

extraction kit per the manufacturer’s instructions. Approximately 
10 mg of the aorta was used for RNA extraction. Then, 100 ng of 
the isolated RNA was utilized for cDNA synthesis. Real-time 
PCR was performed using 2X high ROX Master Mix. Each PCR 
reaction included forward and reverse primers (Table 3), sterile 
water, and 100 ng cDNA, conducted on the ABI Step One Plus 
instrument. The thermal cycling involved one initial denaturation 
step at 95°C for 10 minutes, followed by 40 cycles of 95°C for 
20 seconds and 60°C for 30 seconds. A melt curve analysis was 
subsequently performed, starting from 60°C and increasing by 
0.3°C. The expression of each gene was quantified using the 2-

∆∆Ct method, normalized to 18S rRNA as a housekeeping gene 30. 
Western blotting  
Protein extraction was performed used cold RIPA buffer 

(containing protease inhibitor cocktail, 1 mM 
phenylmethylsulfonyl fluoride [PMSF], and 1 mM sodium 
orthovanadate, pH 7.4) and 10 mg of aorta tissue. 
Homogenization was conducted on ice-cold RIPA buffer using 
the Hielscher Ultrasound Sonicator, and the homogenate was 
centrifuged at 15000 rpm, 4 °C for 20 minutes. The supernatant 
obtained was used for further studies. The total protein in the 
supernatant was quantified using the Bradford method. For SDS-
PAGE, an equal volume of 2X sample buffer was added to each 
sample and incubated 95°C for 5 minutes, followed by loading 
80 micrograms of total protein into each well of a 12 % gel. 
Protein separation was carried out under constant voltage (120 V) 
for 75 minutes in Tris-Gly running buffer (pH 8.3). After 
electrophoresis, proteins were transferred to a Polyvinylidene 
Difluoride (PVDF) membrane at a constant current of 220 mA in 
a cold transfer buffer. The membrane was blocked overnight at 
4°C with a blocking buffer composed of 5% skim milk in tris-
buffered saline with Tween 20. After blocking, the membrane 
was washed four times for five minutes each. The membrane was 
then incubated with the primary antibody for two hours, washed 
four times again, and subsequently incubated with the secondary 
antibody for an hour and a half, followed by another four washes. 
The PVDF membranes were treated with Western Lightening 
Plus ECL for approximately 2 minutes, and the antigen-antibody 
complex was detected using enhanced chemiluminescence 
detection film in a dark room. Band densities were analyzed using 
ImageJ software, with beta-Actin serving as the housekeeping 
control.30 
 
 
 
 

Table 3. The primer’ sequences that used in this study to perform 
Real-time PCR 

 Gene Forward Reverse 
1 Bax ATCCAAGACCAGG

GTGGCTG 
CACAGTCCAAGGCAG
TGGGA 

2 Bcl-2 TATATGGCCCCAGC
ATGCGA 

GGGCAGGTTTGTCGA
CCTCA 

3 iNOS CACCACCCTCCTTG
TTCAAC 

CAATCCACAACTCGCT
CCAA 

4 eNOS CGAGATATCTTCAG
TCCCAAGC 

GTGGATTTGCTGCTCT
CTAGG 

5 Nrf-1 TAGCCCATCTCGTA
CCATCAC 

TTTGTTCCACCTCTCC
ATCAG 

6 Pgc-1α ACCCACAGGATCA
GAACAAACC 

GACAAATGCTCTTTGC
TTTATTGC 

7 Parkin CTGGCAGTCATTCT
GGAC 

CTCTCCACTCATCCGG
TTT 

8 Sirt3 TGCACGGTCTGTC
GAAGGTC 

TGTCAGGTTTCACAAC
GCCAG 

9 18S GCAATTATTCCCCA
TGAACG 

GGCCTCACTAAACCAT
CCAA 

 
Statistical analysis 
The results obtained from Real-time PCR and Western blotting 

are presented as mean ± SEM. Data analysis was performed using 
SPSS software (SPSS Inc., Chicago, IL; Version 20). The 
normality of the data was assessed using the Shapiro-Wilk test. 
Upon confirming normal distribution, one-way ANOVA was 
conducted for group comparisons, followed by pair-wise 
comparisons using post-hoc Tukey’s test, where p-values less 
than 0.05 were considered statistically significant. 

RESULTS 
Exercise training (ET and HIIT) significantly upregulated the 

expression of eNOS protein, as well as Pgc-1a, Bcl-2, Nrf-1, 
Sirt3, Parkin, and eNOS gene expression compared to the control 
group (p < 0.001) (Figs. 1-3 and Figs. 5-8). Pgc-1α levels were 
reduced by CGRPi in ET-CGRPi and HIIT-CGRPi compared to 
the ET and HIIT, respectively (p = 0.032, p =0.019, respectively) 
(Fig. 3). The aforementioned genes were also up-regulated 
compared to the CGRPi group. The expression of Bax and iNOS 
genes were not significantly different among the groups (Fig. 4 
and 9). CGRPi did not alter either genes or eNOS protein levels. 
The exercise-induced increase in Bcl-2 expression was attenuated 
in the groups receiving combined CGRPi and exercise training 
(Fig. 5). 

 

eNOS             

beta-Actin      

6 5 4 3 2 1 Week 

75%V
max 

75%V
max 

70%V
max 

70%V
max 

65%V
max 

60V 
max 

Speed 
(m/min) 

50 40 40 30 30 20 Time 
(min) 
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Figure 1. Levels of eNOS protein quantified by western blot across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001 

 

 

Figure 2. Levels of eNOS gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

 

Figure 3. Levels of Pgc-1α gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

 

 

Figure 4. Levels of Bax gene quantified by real-time PCR across six 
groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 
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Figure 5. Levels of Bcl-2 gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

 

 

Figure 6. Levels of Parkin gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

 

Figure 7. Levels of Nrf-1 gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

 

 

Figure 8. Levels of Sirt3 gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 
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Figure 9. Levels of iNOS gene quantified by real-time PCR across 
six groups: control (CTL), endurance training (ET), high-intensity 
interval training (HIIT), CGRP inhibitor Olcegepant (CGRPi), 
CGRPi-ET, and CGRPi-HIIT. Data are presented as Mean ± SEM, 
with a significance threshold set at p < 0.05. Statistical significance 
is indicated as follows: * denotes a significant difference compared 
to the control group, # denotes a significant difference compared to 
CGRPi, with * or # indicating p < 0.05, ** or ## indicating p < 0.01, 
and *** or ### indicating p < 0.001. 

DISCUSSION 
Exercise training has profound effects on the cardiovascular 

system, metabolic flexibility, and mitochondrial dynamics at the 
molecular level 21, 29. As a vasodilator, CGRP is intricately linked 
to migraine pathophysiology, and its antagonists have emerged 
as promising therapeutic targets in migraine management 31,32. 
This study evaluated the effects of ET and HIIT, both 
individually and in combination with a CGRP antagonist, on 
aortic gene expression. We found that exercise significantly 
altered the expression profiles of the targeted genes, markedly 
increasing eNOS protein, and mRNA levels of eNOS, Pgc-1α, 
Bcl-2, Nrf-1, Sirt3, and Parkin in exercised rats compared to 
controls. In contrast, treatment with the CGRP antagonist did not 
markedly influence gene expression compared to controls; 
however, the combination of exercise and CGRPi administration 
resulted in increases of some genes that warrant further 
investigation. 

CGRP receptors can be found in the cardiovascular system, 
including the heart and blood vessels. CGRP serves as a powerful 
vasodilator and is crucial for regulating vascular resistance and 
blood flow to various organs, both under normal physiological 
conditions and during pathological situations such as cerebral or 
cardiac ischemia 33. CGRP signals via 3',5'-cyclic adenosine 
monophosphate to mediate vasodilation directly in vascular 
smooth muscle cells and via a NO-dependent vascular relaxation 
in endothelial cells.34 

Mitochondria, as dynamic organelles, generate ROS during 
electron transport. Biogenesis and mitophagy are distinct 
physiological responses that regulate mitochondrial quantity. 
Fusion and fission are also associated with changes in 
mitochondrial size and number. Several factors regulate these 

processes, including PGC-1α, NRF-1, SIRT3, Parkin, PINK, and 
mitochondrial transcription factor A.35-37 This study 
demonstrated that both ET and HIIT increased the expression of 
Pgc-1α, Nrf-1, Sirt3, and Parkin genes. 

Dysfunctional mitochondria can lead to energy deficits in the 
brain, predisposing individuals to migraines.8 NO functions as an 
endogenous signaling molecule with significant roles in 
vasculature and mitochondrial biology.35,38 Elevated oxidative 
stress and NO levels have been documented during migraine 
attacks 38. The increased expression of mitochondrial dynamics-
related genes (Pgc-1α, Nrf-1, Sirt3, and Parkin) is anticipated to 
enhance mitochondrial functionality. Our results indicate 
elevated eNOS gene and protein expressions in the aorta 
following ET or HIIT, emphasizing its beneficial NO-mediated 
cardiovascular role. 

It was reported that exercise training increases mitochondrial 
biogenesis via PGC-1α 13, which also regulates Nrf-1 and Nrf-2 
expression 17. Additionally, eNOS upregulates both PGC-1α and 
Nrf-1, thereby stimulating mitochondrial biogenesis.38,39 SIRT3 
is an important target of PGC-1α for neutralizing mitochondrial 
ROS 11. SIRT3 levels rise following exercise in both humans and 
rodent models 19. PGC-1α and its downstream factors are very 
important for enhancing locomotor capacity and mitochondrial 
efficiency.   

Interestingly, administration of CGRPi did not significantly 
affect gene expression levels. While short-term exercise does not 
alter CGRP levels, long-term exercise has been shown to enhance 
CGRP secretion from cardiac tissue 14. Given CGRP’s capacity 
to increase eNOS expression and subsequent NO levels, and the 
fact that the enzyme eNOS increases the expression of Pgc-1α 
and Nrf-1,31,36 changes in these genes in the group that only 
received CGRPi was expected; however, CGRPi showed no 
effect on these genes. It is reasonable to conclude that CGRPi 
does not significantly affect the vasculature at baseline. 
Furthermore, CGRPi did not increase blood pressure in rats with 
chronic hypertension, indicating that basal levels of CGRP are 
important for maintaining cardiac function in this state.20  

In contrast, the two groups receiving CGRPi and performing 
ET or HIIT exhibited changes in target gene expression. It has 
been previously mentioned that prolonged exercise increases 
CGRP secretion in the heart,14 with CGRP in endothelial cells 
inducing NO-dependent vasodilation.16 Intravenous 
administration of CGRP has been shown to cause vasodilation 
and reduce blood pressure in humans. The substantial effects of 
CGRP on cardiovascular function suggest an important role in 
the context of cardiovascular disease. In CGRP knockout mice, 
blood pressure was unaffected by CGRP deletion, while 
administration of angiotensin II reduced eNOS in these mice.22 
The relationship between prolonged exercise and CGRP 
secretion suggests potential competition between exercise-
induced CGRP elevation and the inhibitory action of CGRP 
antagonism, necessitating further investigation. 

 Our findings reveal that CGRP antagonist administration, 
combined with either ET or HIIT, elevated eNOS expression 
(gene and protein) along with Pgc-1α, Parkin and Nrf-1 gene 
expression compared to controls and the CGRPi-only group. A 
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combination of exercise training and CGRPi appeared to increase 
eNOS expression, and  given that exercise increases CGRP 
secretion,14 it  is suggesting a complex interplay between exercise 
and CGRP signaling pathways which requires further 
investigation.  

While Pgc-1α gene expression during exercise remained 
unaffected by CGRPi, a slight reduction in expression in the 
exercise plus CGRPi groups (though not significant) raises 
considerations for CGRP's indirect modulation on mitochondrial 
dynamics. 

In contrast, Bcl-2 expression decreased in the groups received 
CGRPi alongside exercise, counteracting the exercise-induced 
increases, implying that exercise alone increases a more 
favorable anti-apoptotic state than when combined with CGRPi 
(CGRPi-ET and CGRPi HIIT). Simultaneously, Bax expression 
remained consistent across groups, indicating no induction of 
apoptosis due to CGRPi, exercise, or their combination. Unlike 
Bcl-2, CGRP antagonism did not influence exercise-induced 
increases in Parkin and Nrf-1 expressions. Elevated levels of Nrf-
1 further affirm the direct effect of Pgc-1α on regulating its 
expression.17  

Sirt3 expression increased significantly among the exercise 
groups (ET, HIIT, CGRPi-ET, and CGRPi-HIIT) compared to 
the controls, yet only the ET group exhibited a significant 
increase concerning the CGRPi group. This pattern indicates that 
exercise has a greater effect than CGRPi, with minimal 
alterations in the CGRPi group due to differential expression of 
genes such as eNOS, Pgc-1α, Nrf-1, and Parkin. 

Some limitations of our study include the lack of evaluation of 
circulating CGRP levels, as we focused solely on antagonism its 
activity. Additionally, CGRPi may affect the amylin receptor, 
albeit with a lower affinity (approximately 200-fold weaker than 
the CGRP receptor), which warrants consideration in future 
studies.40 Other limitation is about the second-generation CGRP 
antagonists such as ubrogepant and rimegepant, which have been 
shown to have improved pharmacokinetics and receptor 
selectivity. We used one of the first-generation CGRP inhibitor, 
BIBN 4096, to assess its specific effects. Future investigations 
will certainly benefit from utilizing second-generation CGRP 
inhibitors to explore their effects on the cardiovascular system 
and mitochondrial dynamics. While our study provides valuable 
insights into the effects of a single dose of a CGRP antagonist in 
conjunction with a six-week exercise training protocol, several 
limitations should be acknowledged. Firstly, the use of only a 
single dosing regimen restricts the understanding of how varying 
doses and durations may affect the efficacy of CGRP antagonism. 
Also, there was no information about CGRP inhibitor 
(Olcegepant) reversibility and we were not able to discuss that.  
Additionally, the six-week duration of exercise may not 
adequately reflect chronic adaptations in mitochondrial dynamics 
and gene expression; thus, longer interventions could yield 
different results. Another limitation is the absence of histological 
examinations, which would have elucidated structural changes 
and cellular responses linked to both CGRP antagonism and 
exercise. Moreover, potential off-target effects of CGRP 
antagonism warrant further investigation, as interactions with 

other pathways may influence the outcome.41 Finally, caution is 
necessary when extrapolating our findings to human populations 
due to inherent species differences in physiology and 
pharmacology, underscoring the need for additional research in 
human models. 

CONCLUSION 
Exercise significantly enhances oxidative capacity through 

increased mitochondrial biogenesis and upregulation of Pgc-1α, 
Nrf-1, and Sirt3. Despite CGRP's role in vasodilation, our 
findings suggest that CGRP antagonism does not influence eNOS 
expression in the aorta nor does it affect eNOS levels in exercise-
performing groups. This indicates that CGRP mediates 
vasodilation via mechanisms independent of eNOS in the aorta. 
Importantly, CGRPi does not exhibit detrimental effects on genes 
implicated in mitophagy and mitochondrial biogenesis in aortic 
tissue. Given the potential therapeutic applications of CGRP 
antagonists for migraines, hypertension, and heart failure, our 
results indicate the safety of CGRP antagonist, though further 
investigation in experimental and clinical settings is warranted. 
We hope that our findings can serve as a foundation for future 
research aimed at elucidating these mechanisms in human 
subjects, ultimately contributing to improved therapeutic 
strategies for cardiovascular and migraine-related conditions.  
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