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Introduction 

Angiogenesis is regulated by hypoxia for supplying 

adequate oxygen to the cells. The lungs, heart, vascular, 

and red blood cell system involve in angiogenesis for 

providing balance against inadequate and excessive 

oxygenation (1). De novo vessels form in embryogenesis 

by vasculogenesis, in addition, new blood vessels form in 

pathological and physiological conditions including tumor 

neovascularization, ischemia, rheumatoid arthritis, 

regeneration, wound healing, menstrual cycle in adulthood 

(2). A hypoxic microenvironment is generated by physical 

and capillary injury and tumor development. This condition 

triggers angiogenesis by stimulating angiogenic factors (1).  

Hypoxia-inducible factor (HIF) is the key transcriptional 

regulator of angiogenic pathways including the triggering 

vascular endothelial growth factor (VEGF) by hypoxia (1). 

HIF-1 is a DNA binding factor consisting of α and β 

subunits (3) and binds to 3’ enhancer of erythropoietin 

which is a hormone that regulates vascular oxygen content 

(3,4).  

 

 

HIF-1 also regulates other responses to hypoxia including 

angiogenesis and the activation of several genes for 

surviving on low oxygen conditions (5).  

HIF-1α is inducible by hypoxia and it is rapidly degraded in 

normoxic conditions in the oxygen-dependent degradation 

domain by the ubiquitin-proteasome pathway (6). The 

overexpression and dysregulation of HIF-1α by either 

genetic alternations or hypoxia have been massively 

involved in cancer biology and several pathophysiologies, 

including tumor invasion, energy metabolism, 

angiogenesis, cell survival, and vascularization (7).  

Adrenomedullin (AdM) is a vasodilator peptide and was 

discovered in a neuroendocrine tumor pheochromocytoma 

(8). AdM is synthesized in many tissues, however, it is 

chiefly synthesized in the medulla (9). AdM has a wide 

range of effects involving inhibition of cardiovascular 

alteration, the regulation of vascular endothelial function, 

vasodilatation, decreasing insulin resistance,  and adjusting 

adipogenesis (10). The AdM binding sites were found in 

the membranes of kidney, lung, and heart (11).  
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Objective: Vascular dysfunction induces impaired O2 delivery and hypoxia, and adrenomedullin (AdM) have a role in 

hypoxia and angiogenesis. The reaction of the organism exposed to hypoxia and the effect of AdM over HIF-1α has been 

investigated in this study. 

Material and Methods: Female rats were divided into 4 groups (control, hypoxia, control + AdM and hypoxia + AdM). 
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kidney tissues with ELISA. 
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group. The HIF-1α level was higher in control + AdM group in the kidney, and hypoxia + AdM group in the lung. HIF-

1α levels in heart tissue were decreased in hypoxia group when compared to the control group. 
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HIF-1α therapeutically before ischemic conditions. 
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AdM provides enough oxygen to tissues by expanding the 

blood vessels as a vasodilator peptide in hypoxia (12). 

AdM protects against ischemia-reperfusion injury after 

stroke (9). Furthermore, there are hypoxia response 

elements in human AdM promoter (9).  

The reaction of the organism exposed to hypoxia and the 

effect of AdM over HIF-1α has been investigated in this 

study. 

Material and Methods 

The rats were obtained from Inonu University Laboratory 

Animal Reproduction and Research Center. Rats were 

housed in cages at a 12/12-hour light/dark cycle, and the 

temperature of 22 ± 2°C. All processes with rats were 

managed in guidelines established by the Institutional 

Animal Care and Use Committee of the university, Public 

Health Services Policy, and the Animal Welfare Act.  

Twenty-eight 12 months old female Sprague dawley rats 

were portioned into 4 groups randomly: control (n = 8), 

hypoxia (n = 7), control + AdM (n = 6) and hypoxia + AdM 

(n = 7). Hypoxia groups were provided with 10% oxygen 

(13,14) and 90% nitrogen for 1 week, and the control group 

was provided normoxia. During hypoxia, AdM groups were 

treated with 1.25 nmol/kg AdM (Rat Adrenomedullin 24-

50, Phoenix Pharmaceuticals, Inc., CA, USA) for last 4 

days intraperitoneally.  

Rats were anesthesized with 1500 µL/kg ketamine, 500 

µL/kg xylazine, then, heart, lung, and kidney tissues were 

collected. Tissues were homogenized in 2 mM PBS buffer 

(pH 7.3), and AdM and HIF-1α concentrations were 

measured by ELISA (Rat Adrenomedullin, ADM ELISA 

Kit CK-E30105; Rat hypoxia-inducible factor 1α, HIF-1α 

ELISA Kit CK-E30271, Hangzhou Eastbiopharm Co., Ltd., 

Zhejiang, China) according to manufacturer’s instructions.  

The results were expressed as means ± SD. The differences 

between groups were calculated with One-way ANOVA 

and LSD posthoc test (IBM SPSS Statistics Version 24), 

and values smaller than 0.05 were accepted as statistically 

significant. 

Results 

AdM level was decreased in the hypoxia group than the 

control group and hypoxia + AdM group in heart tissue (p 

< 0.05). Furthermore, AdM was higher in control group 

than hypoxia and control + AdM groups in kidney tissue (p 

< 0.05). Additionally, AdM was increased in all groups 

when compared with the control group in lung tissue (Table 

1, Figure 1, p < 0.05). 

HIF-1α was lower in hypoxia and hypoxia + AdM groups 

than the control group in heart tissue (p < 0.05). HIF-1α 

levels of control + AdM group was significantly increased 

than other groups in kidney tissue (p < 0.05). Control and 

hypoxia group HIF-1α levels were different from hypoxia + 

AdM and control + AdM groups in lung tissue (p < 0.05). 

Control + AdM and hypoxia + AdM group levels were 

increased when compared with control and hypoxia groups 

(p < 0.05, Table 2, Figure 2). 

 

Table 1. AdM levels. (Means ± SD) 

AdM (ng/L) Heart Kidney Lung 

Control 14.4 ± 2.7 16.7 ± 4.2 11.2 ± 1.3 

Hypoxia 11.9 ± 1.3 12.9 ± 2.1 13.6 ± 2.1 

Hypoxia + AdM 15.5 ± 1.4 15.4 ± 3.3 14.6 ± 2.5 

Control + AdM 13.5 ± 2.9 12.8 ± 2.7 15.3 ± 1.6 

 

Table 2. HIF-1α levels. (Means ± SD) 

HIF-1α (ng/mL) Heart Kidney Lung 

Control 0.84  ± 0.33 0.70 ± 0.10 0.47 ± 0.1 

Hypoxia 0.50 ± 0.13 0.78 ± 0.09 0.47 ± 0.05 

Hypoxia + AdM 0.61 ± 0.11 0.86 ± 0.20 0.89 ± 0.20 

Control + AdM 0.68 ± 0.14 1.03 ± 0.15 0.81 ± 0.28 

 

Discussion 

HIF-1α is induced in specific cell types including kidney, 

brain, liver, heart, skeletal muscle, lung, pancreas, intestine, 

and additionally, different levels of responses are observed 

in these specific cells (15–17). The oxygen concentration 

varies between tissues, for instance, the pO2 of the kidney 

is 9.5 ± 2.6%, lung 5.6% (18), and myocardium 10% (19). 

It is possible that the hypoxia conditions of this study could 

remain normoxic to heart and kidney tissues. HIF-1α levels 

of heart, kidney, and lung were different from each other 

and the responses of these tissues to hypoxia were varied. 

HIF-1α was increased in hypoxia and hypoxia + AdM 

groups than the control group in the heart, suggesting that 

the amplitude of induction of heart is lower than other 

tissues. In the lung, alveolar cells are oxygenated from 

inspired air, rather than oxygenation with blood (17). It is 

possible that the response to hypoxia in the lung may 

earlier and distinct from other tissues. Although AdM 

expression is activated by HIF-1α (9), AdM treatment 

induced HIF-1α in hypoxia + AdM and control + AdM 

groups in lung. These results show that AdM may induce 

HIF-1α in the lung.  

HIF-1α is found in the nucleus of the brain, heart, kidney, 

and liver cells in normoxia. The maximal expression of 

HIF-1α in hypoxia is 5 h, then expression decreases to 

basal levels in 12 h (16). It is observed in vivo studies that 

prolonged hypoxia increases HIF-1α mRNA (20). Rats 

provided hypoxia for 1 week in this study, thus, we could 

unable to observe peaks in HIF-1α levels. The induction of 

HIF-1α in kidney and liver is permanent only for 3 hours, 

then induction is disappeared. Additionally, HIF-1α is 

induced in more serious hypoxia in the liver and kidney 

(17). The HIF-1α level in kidney was higher in control + 

AdM group in this study. It is striking that AdM increased 

HIF-1α in control group independently from hypoxia. 

Studies showed that HIF-1α induces AdM in hypoxic 

conditions to provide vascularization. Furthermore, AdM is 

overexpressed in human malignant tumors (21). AdM is 

elevated in several cardiovascular diseases according to the 

severity of the disease. Nitric oxide (NO) synthesis is 

activated by AdM resulting regulation of blood fluid and 

protective effect in ischemia/reperfusion injury and 

myocardial ischemia-induced arrhythmias (9).  
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In this study, hypoxia decreased AdM levels in hypoxia 

group in heart tissue; however, AdM treatment increased 

the level in hypoxia + AdM group. This increase might 

trigger angiogenesis for supplying enough oxygen to the 

cells. AdM is a controller of renal function and also have a 

protective effect in ischemia/reperfusion injury in the 

kidney (9).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AdM treatment in hypoxia + AdM group kept AdM to 

control levels in kidney suggesting that AdM decreased in 

heart and kidney after its contribution to angiogenesis or 

protection against hypoxia. AdM preserves pulmonary 

hypertension caused by high blood flow (9). AdM was 

increased in all groups when compared to control group in 

the lung in this study.  

 

 
 

Figure 1. The differences between groups in AdM levels. Levels with same letters indicate significant differences (p < 

0.05) 

 

 
 

Figure 2. The differences between groups in HIF-1α levels. Levels with same letters indicate significant differences (p 

< 0.05) 
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This may be the result of the sensibility of lung tissue to 

hypoxia, and AdM treatment. HIF-1α levels induced by 

hypoxia are the cell type-specific (1). 

Sexual dimorphism draws attention, and the National 

Institutes of Health (NIH) emphasizes the necessity of 

researching diseases in both sexes (22). Besides, 

angiogenesis is crucial for females due to the female 

reproductive system. According to the former studies, 

hypoxia induces HIF-1α in kidney transiently in male (15), 

female rats (16), as in our study. Additionally, HIF-1α is 

upregulated in myocardial endothelial cells, 

cardiomyocytes (17), and heart in female rats (16), 

however, we could not detect an increase. Regarding AdM, 

AdM is a protective molecule against myocardial ischaemia 

in male rats (23). AdM is expressed averagely strong in the 

cortex of kidney; lower in lining epithelial cells of lung and 

myocardium in the male and female rats (24). 

Conclusion 

Angiogenesis is an important process recently as abnormal, 

inadequate and excessive vessels are responsible for many 

pathophysiological conditions including carcinogenesis. 

Tumor cells generate hypoxic microenvironment and then, 

angiogenesis is stimulated by hypoxia. Additionally, AdM 

is synthesized by tumor cells and its expression is 

stimulated by HIF-1α (9). Occlusive vascular diseases 

trigger a wide proportion of morbidity and death recently. 

The HIF pathway regulates initial responses to hypoxia 

(19); hence HIF may be activated therapeutically before 

ischemic situations for accelerating response to hypoxia 

(1), ameliorating ischemic vascular diseases such as 

atherosclerosis (19) and regulating angiogenesis to prevent 

vascular dysfunctions. 

Promoting angiogenesis causes tumor growth; however, it 

would be significant in ischemic conditions. According to 

the results, AdM treatment may provide a rapid and 

continuous adjustment to hypoxia, and, AdM may be a part 

of therapeutic vasculogenesis. Our study showed that AdM 

induces HIF-1α, thereby; AdM may be used to induce HIF-

1α therapeutically before ischemic conditions. We suggest 

that AdM could regulate HIF pathway that is a potential 

therapeutic target for vascular dysfunctions including 

neovascular eye disease, peripheral artery disease, and 

cancer. Further studies about the role of AdM in Notch 

signalling pathway would be useful before therapeutic 

adjustments. Additionally, the determination of VEGF that 

induced by AdM and HIF-1α will be a guide for the dose of 

AdM. 
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