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Hypoxia induced angiogenesis and 
upregulation of VEGF: An in vivo study 

using Zebrafish model  
Vivek Sagayaraj. R, Navina Paneerselvan, Sankar Jagadeeshan and Raghunathan Malathi 

Abstract: Cobalt chloride, a known hypoxic agent is able to induce angiogenesis in zebrafish embryos. The concept of this study is 
to sense the effect of CoCl2 during development, using zebrafish as model system. Embryos exposed transdermally to varying 
concentrations (0.5-5μM) of CoCl2 has shown to enhance the formation of blood vessel and intersegmental vessel (ISV), as 
detected by RBC and alkaline phosphatase staining respectively. Length, size, sprouting junction of blood vessels were measured 
using the software angioquant and shown significant change with increasing concentrations. An increase in VEGF, VEGF-R2 and 
HIF-1α mRNA expression were observed through qPCR, while western blotting analysis revealed a considerable increase in VEGF 
expression and a complete inhibition of VEGF under hypoxia with SU5416, an inhibitor of VEGF signalling. The ability of CoCl2 to 
induce angiogenesis in zebrafish embryos might be through the enhanced expression of  HIF-1α, VEGF, and VEGF-R2, the key 
player of angiogenesis and the results obtained with SU 5416 is suggestive the involvement of VEGF signalling during embryonic 
development.  
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1. INTRODUCTION 

 Angiogenesis is a highly complex process that 
plays an intimate role during embryogenesis, vascular 
development, differentiation, wound healing and 
organ regeneration [1]. Under hypoxic condition,  
angiogenesis is shown to get  up-regulated with 
increased in HIF-1α  expression  and other common 
set of angiogenic factors that are  involved in cell 
growth, migration, glucose metabolism etc. [1,2]. 
These include vascular endothelial growth factor 
(VEGF) and its receptors, including VEGFR-1 (also 
called flt-1) and VEGFR-2 the major regulator of 
angiogenesis promoting endothelial cell 
differentiation, survival and migration [2,3] largely 
through stabilization of hypoxia inducible 
transcription factors (HIFs). 
  
 Zebrafish is  used as an  alternative vertebrate 
model to study angiogenesis as it possess a complex 
circulatory system  comparable to mammals with 
reasonable counterparts and  evaluation of blood flow 
is extremely easy to score in  zebrafish embryos, 
making it an ideal model for the study of angiogenesis 
[4]. The significant similarity in protein sequences, 
conservation of developmental processes leading to 

organogenesis, and common appearance of 
pathophysiologic mechanisms all contribute to pull 
out zebrafish in biomedical research [5]. 
 

Broad research is carried out under hypoxia 
with metals and chemicals, yet the mechanism is still 
under debate. Only few metals such as mercury, 
copper, nickel, lead, and cobalt were evaluated for 
their effects on hatching and survival in zebrafish 
embryos [6]. Reports suggest that cobalt chloride, 
nickel chloride and desferrioxamine [7] can act as 
hypoxic mimicking agents exhibiting angiogenic 
activity. Cobalt chloride, a known chemical inducer is 
known to evoke hypoxic like responses. Cobalt 
chloride has gained much importance in tail fin 
regeneration, heart regeneration of zebrafish and 
regenerative angiogenesis study [1,6]. With its 
biosignificance in regenerative angiogenesis, the effect 
of cobalt chloride on developmental angiogenesis is 
presently  evaluated using zebrafish as a model 
organism and attempts have been made to study the 
affiance of CoCl2   during embryogenesis.  

 In the present study, we examined the 
expression of vascular endothelial growth factor A 
and hypoxia inducible factor-1 under hypoxic 
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condition created due to exposure of CoCl2 and its 
dependence on the VEGF pathway in zebrafish 
embryos. It is found that CoCl2 in the range of 0.5-
2µM can persuade angiogenesis by promoting 
formation of ISV and its vasculature with stabilized 
HIF-1α resulting in increased VEGF expression. The 
results obtained were assessed with that of SU5416 a 
potential inhibitor of VEGF signaling 
pathway.Comparing the results obtained with CoCl2 
to that of SU5416 suggests that VEGF via HIF 1α 
signalling might play a pivotal role during critical 
events of embryonic development.  

2. Materials and methods 

2.1 Plastic wares, glass wares: 

 Fish tanks, petri plates, pasteur pipettes, 
glass slides, were obtained from local sources.   

2.2 Chemicals and reagents 

CoCl2, o-dianosidine, NBT, BCIP, SU 5416 
were purchased from Sigma Aldrich Chemicals. Pvt. 
Ltd. (USA).Tri Reagent was purchased from 
Invitrogen (USA) and all other chemicals used were of 
molecular grade. Cobalt chloride was dissolved in 
molecular grade water at stock concentrations of 10 
mM and then diluted to 0.5, 1 and 2µM. 1µM SU 5416 
was used as a positive control. Control embryos were 
treated with embryo medium. VEGF and β-actin 
antibody were purchased from R&D systems and 
secondary antibodies were from Santa Cruz 
Biotechnology. 

2.3 Zebrafish maintenance:    

           Adult zebrafish (wild type) were purchased 
from local aquarist brought up as mentioned in ‘‘The 
Zebrafish handbook: a laboratory use of Zebrafish”, 
kept in fish tanks for experimental study  

2.5 Morphometry analysis:  

 Zebrafish embryos treated with CoCl2 
transdermally were maintained at 28º C, for further 
analysis.  

    Morphological features were documented 
using light microscope (Euromax, Noveland), at 4X 
resolution and blood vessel length, size; sprouting 
junctions were measured using Angioquant software 
(Version 1.33, MathWorks)[8]. 

2.6 Reverse transcriptase-polymerase chain reaction  

 Total RNA was isolated from treated 
zebrafish embryos using Tri Reagent (Invitrogen). 
RNA was quantified using nano drop (Thermo 
Scientific) and reverse transcribed using random 
primers (Promega), DNTPs (Invitrogen), reverse 
transcriptase (MMuLV), reverse transcriptase buffer, 
riboblock (Thermo Scientific), Molecular grade water 
(Sigma) in a PCR vial incubated at 42ºC to perform 
reverse transcription.   

2.7Analysis of mRNA expression by Real Time 
Polymerase Chain Reaction 

 RT-PCR was performed in Biorad PCR 
system (USA). Reaction was carried using Sybr green 
master mix (Kapa), Template, primers, and molecular 
grade water. The reaction mixture contains 5µl Sybr 
green Master mix, 1µl forward primer and 1µl reverse 
primer, 0.5µl cDNA template, 2.5µl molecular grade 
water.  Real- time Polymerase chain reaction was 
performed for VEGF-A, VEGF-R2, HIF-1α and β-Actin 
serving as internal control with following primer 
sequences (Table 1). 
 
2.8 Western Blotting Analysis 
  Protein was isolated from embryos treated 
with cobalt chloride, quantified using the Lowry’s 
method (9). 50 µg protein from each sample resolved 
on 10% SDS-PAGE, subsequently transferred to PVDF 
membranes. Membranes were blocked in 5% milk 
solution, incubated with primary antibody (R&D 
systems) in 1:1000 dilution at 4˚C overnight. The 
membranes were washed and incubated with 
horseradish peroxidase-conjugated secondary 
antibody (1:10,000 dilutions) incubation for 1 hour at 
room temperature. The immunoreactivity was 
detected by chemiluminescence.  
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2.9 RBC Staining 
 RBC staining was performed from previously 
described methods [10]. On 72 hpf, embryos were 
fixed in 4% paraformaldehyde for 30 min and washed 

with PBS for 3-4 times. Embryos were stained for 30 
min in the dark in o-dianisidine 0.6mg/ml, 0.01 M 
sodium acetate (pH 4.5), 0.65% hydrogen peroxide, 
and 40% (v/v) ethanol. After 30 min it was washed 
with PBS for 3-4 times and examined under the 
microscope and micro photographed. 
   
2.10 ALP Staining 
 Alkaline phosphatase staining was used to 
study ISV formation as mentioned [11]. 72 hpf  
embryos washed with PBS for 3-4 times and fixed in 
4% paraformaldehyde (pH – 7.5) for 2 hours at room 
temperature. Embryos were washed 3-4 times in PBS. 
It is dehydrated by immersing in 25 %, 50%, 75% and 
100% methanol each with 5 min in PBST. For staining 
embryos were equilibrated in NTMT buffer thrice 
each with 15 min duration (0.1M Tris-HCl; pH 9.5; 
50mM MgCl2; 0.1 M NaCl; 0.1% Tween-20) at room 
temperature. Once the embryos were equilibrated in 
NTMT, 4.5µL of 75 mg/mL NBT and 3.5µL of 50 
mg/mL BCIP was added. After staining for 20 min, the 
reaction was stopped by adding PBST. Embryos were 
then immersed in a solution of 5% formamide and 
10% hydrogen peroxide in PBS for 20 min which 
removed endogenous melanin in the pigment cells 
and allowed full visualization of stained vessels. It is 
then examined by compound microscope and 
photographed. 
Table 1: List of primers used in this study. 

 

2.11 Statistical analysis  

Data were expressed as mean ± SEM. 
Statistical analyses were performed using one-way 

ANOVA followed by Tukey’s Multiple Comparison 
tests, for comparison between treated and control 
values using Graph Pad Prism software (Version 5, 
USA). P values < 0.05, were considered to be 
statistically significant. 

3. RESULTS 

3.1 Morphological screening of CoCl2 on zebrafish 
embryos.  

 Zebrafish embryos treated with CoCl2 at 0.5, 
1 and 2 µM were maintained at 28ºC in six well plates 
after drug treatment until 72 hpf, to create hypoxic 
condition. Response to CoCl2 induced hypoxia, 
zebrafish embryos exhibited enhanced hatching 
efficiency (Fig.1A), increased heart beat rate (Fig.1B) 
in parallel with amplified amount of blood vessels 
with increasing concentrations up to 2 µM.   

Angiogenesis involves sprouting of blood 
vessel. Blood vessel formation and development is 
very essential during the development stages of the 
embryo. Angiogenesis is determined in three different 
aspects viz., length, size and sprouting of blood vessel 
using angioquant software at 72hpf. Increased blood 
vessel formation exposing to different doses of CoCl2 
is documented using light microscope. The control 
embryo developed normally at 72hpf, while blood 
vessel formation was significantly enriched on 
exposure to CoCl2 with a maximum fold increase of 

S.No Gene Forward primer Reverse primer 

1 VEGF–A 5’ CTCCTCCATCTGTCTGCTGTAAAG 3’ 5’CTCTCTGAGCAAGGCTCACAG 3’, 

2 VEGF–R2 5'GGTGAAGAAGGACGATGAGG 3’ 5’ ACAGGAATGTTCCTGCTGCT 3’ 

3 HIF-1α 5’ CTACAATGATGTCATGCTGCC  3’ 5’ACACAGAGTGAGTGGCAGAA 3’ 

4 β-actin 5’TTCACCACCACAGCCGAAAGA3’  5’TCACCACCACAGCCGAAAGA3’ 
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2.1 in length, 2.5 in thickness and 2.5 in blood vessel 
sprouting compared to control featured in (Fig. 2).  

Hypoxic dose dependent experiments were 
performed on zebrafish embryos revealing early and 
sustained increase in development of blood vessel 
formation. Significant increase of blood vasculature 
was observed in zebrafish embryos exposed to 0.5, 1 
and 2 µM CoCl2 for 72 hpf compared to normoxic 
conditions, while embryos exposed to 3 µM or higher 
concentration of CoCl2 exhibited necrosis or abnormal 
embryogenesis.  

 
Fig. 1: A, 0.5, 1, 2 μM CoCl2 exposed embryos 
exhibited enhanced hatching efficiency at 6, 12, 24 
hpf  significantly compared to control embryo.  B, 
CoCl2 treated zebrafish embryos at 24, 48 and 72 
hours post-fertilization (hpf) showing increased 
heart beat rate. Treatment with 1 μM SU 5416 
serving as positive control. 
 

 
Fig.2: Fold change in CoCl2 treated embryos 
showing significant increase in (A) length of the 
blood vessel, (B) size of the blood vessel, (C) blood 
vessel junction at various concentration of CoCl2 
compared to control and 1μM SU 5416, as positive 
inhibitor of VEGF signaling.   
3.2 CoCl2 induction of embryogenesis 

 Zebrafish embryos receiving  molecular grade 
water (vehicle) or control  caused  no alteration during 
development (Fig.3),whereas on treating with 0.5, 1 
and 2 µM of  CoCl2, observed a significant increase in 
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length and size of the blood vessel, vasculature, vessel 
densities, as shown in (Fig.2), with increasing 
concentrations of CoCl2. 1 µM of SU 5416 treated 
embryos shows decline in vasculature and blood 
vessels formation under hypoxic condition (Fig. 2).  

  

Fig. 3: Morphology of 0.5, 1, 2 μM CoCl2 treated 
zebrafish embryos at 24, 48 and 72 hours post-
fertilization (hpf). CoCl2  exposed embryos exhibited 
curvature at 1 μM, tail bending & curvature at 2 μM 
compared to control embryo. Pericardial edema is 
observed with treatment of 1 μM SU 5416 serving as 
positive control. 

Alkaline phosphatase staining (Fig.4) 
employed to highlight the presence of key architect of 
angiogenesis namely intersegmental vessels (ISV) in 
CoCl2 treated embryos. Images from zebrafish 
embryos treated were taken on 72 hpf. CoCl2-exposed 
zebrafish embryos were showing significant ISV 
formation from time of exposure than in the control 
zebrafish embryos developed normally (Fig. 4). The 
intact embryos of the CoCl2-exposed zebrafish 
embryos displayed no signs of necrosis with doses up 
to 2µM, suggesting that zebrafish are less sensitive to 
CoCl2  at lower extent compared to other hypoxic 
inducing compounds.   

 
Fig. 4: APS stained zebrafish embryos at 72 hpf after 
CoCl2 treatment. Increased ISV formation was 
compared with  (A) control (B) 0.5 μM,(C) 1μM,(D) 2 
μM ( indicated by arrows).Treatment with (E) 1μM 
concentration of SU 5416 caused reduction of ISV 
formation (indicated by the arrow).SU5416 blocks 
key angiogenic vessel formation in zebrafish 
embryos. 

 
CoCl2 treated zebrafish embryos at 2 µM 

increased blood vessel and   ISV formation compared 
to control after 72hpf. The same experiments were 
performed under 2µM CoCl2 in the presence of 1 µM 
SU 5416 completely inhibited blood vessel (Fig. 5) and 
ISV development (Fig. 4). Taken as a whole, all 
zebrafish embryos under treatment survived healthy. 
Zebrafish embryos exposed to 0.5, 1 and 2 µM of 
CoCl2  showing increase in ISV’s formation with more 
number of  blood detected  by RBC staining (Fig. 5)    
in comparison to  control developing  normal 
vasculature  whereas treatment with  1 µM SU 5416 
under 2 µM CoCl2  inhibited ISV  and  depleted RBC 
formation.  
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Fig.7: Angiogenic activity of CoCl2   in zebrafish 
embryo. Lateral view of RBC stained zebrafish 
embryos at 72 hpf showing increased blood vessel 
formation with increasing concentration CoCl2. (A) 
control, (B) 0.5μM, (C) 1 μM, (D) 2 μM. Treatment 
with (E) 1μM concentration of SU 5416 inhibited 
blood vessels (indicated by the arrow).   

 
In treated zebrafish embryos with CoCl2 at 

0.5, 1µM, and 2 µM 72hpf marked significant increase 
in VEGF-A,VEGF R2 and HIF 1α expressions evident 
by qPCR and is regulated  under hypoxic condition 
compared to control (Fig. 6). On treatment with 1 µM 
of SU 5416, there was considerable reduction in VEGF 
and VEGFR2 expression but no visible change in 
HIF1α expression. The     morphometric analysis of 
the same treatment caused considerable defects in the 
embryo (Fig. 3) signifying the pivotal role of VEGF 
signalling in developmental angiogenesis.    

 

   
Fig. 6: Dose-response of CoCl2 on the expression of 
VEGF mRNA in zebrafish embryos. β–actin was 
used as internal control. The expression levels are 
first normalized to β-actin and then expressed as the 
percentage of control. 2μM of CoCl2 treated embryos 

up regulated VEGF-A expression when compared to 
that of control The data were analysed by one-way 
ANOVA followed by Tukey’s multiple comparison 
tests for comparison between treatment values and 
control. P values < 0.05 were considered to be 
statistically significant. * P value <0.05, * P value 
<0.005, *** P value < 0.001  
  
   Western blot analysis confirmed that 
hypoxia-induced angiogenesis was increased under 
CoCl2 treatment. Inhibition of the VEGF receptor or 
signalling by SU 5416 under hypoxic condition shown 
VEGF signaling  is involved in hypoxia induced 
angiogenesis (Fig.5). 

 
 
Fig. 7: Effects on VEGF Expression in Zebrafish 
embryos.   L 1 - 1μM SU 5416, L 2 – 0.5μM, L 3 - 1μM, 
L 4 2μM, L 5- Control. The up-regulation of VEGF- A 
was confirmed by blotting analysis. The data 
indicated that CoCl2 exerted angiogenic actions 
possibly via up- regulation of VEGF-A expression in 
Zebrafish embryos.  β-actin is used as internal 
control.  
 

Overall, these results suggest that CoCl2 
induce blood vessel in a proper fashion specifically at 
lower concentration to developing embryos. It also 
suggests that this angiogenic effect is caused by the 
modulation of key angiogenic players especially 
VEGF and VEGFR2. CoCl2 is known to enhance 
HIF1α, as our results also suggests the same, this 
enhanced angiogenesis is due to the hypoxic mimentic 
role of CoCl2 through HIF1α mediated VEGF 
signalling and CoCl2 do modulate VEGF signalling 
during the process of developmental angiogenesis of 
embryos in zebrafish. 

4. Discussion and Conclusion 
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  Vasculogenesis and angiogenesis plays 
important role during development. Specific pattern 
of vasculature and circulatory system is necessary for 
survival of embryos. Zebrafish has become powerful 
tool to screen teratogenic effects of chemicals or drugs 
[12-14] .The study accelerates the potential 
significance of CoCl2 on zebrafish embryos. Molecular 
mechanism underlying hypoxia mediated 
angiogenesis is still under cover. Angiogenesis a 
complex process involves vascular endothelial growth 
factor (VEGF), VEGF-R2 receptor mediated tyrosine 
kinase (RTK’s) lead to ripening of endothelial cell 
proliferation [15-16].  

Abnormal angiogenesis can lead to various 
disorders like tumor, macular retinopathy [17,18]. 
Many tumors are accelerated under hypoxic condition 
due to abnormal angiogenesis [19]. As CoCl2 is a 
hypoxic mimentic agent and have shown to activate 
hypoxic signalling [20, 21].   

Currently major gap on mechanism of CoCl2 
among researchers is of great concern. Current reports 
proposing CoCl2 has bias nature, inducing and 
inhibiting angiogenesis. Recent data suggest the 
higher affinity of CoCl2 towards heme group on 
exposure might seize ascorbate in the cells required 
for iron transition from Fe3+ to Fe2+ [21]. Reports on 
propyl hydroxyl dehydrogenase (phd‘s) inhibition 
sparked CoCl2 as a hypoxic mimicking agent [22] 
Cobalt is proposed as inhibitor of phd to increase 
more number of endothelial progenitor cells, a 
strategy to overcome EPC transplantation [23]. 
Upcoming reports promotes cobalt ~0.1 µg daily is 
required for health as a dietary mineral [24].A 
reference dosage of 0.03mg cobalt per kg of body 
weight per day is considered as health benefactor in 
non cancer patients [25].It is evident from the 
literature that cobalt do have a role in the normal 
functioning of the body and the current study is of 
worthwhile to conduct to decipher its novel 
significance in context of development of embryos 
zebrafish is widely accepted model for developmental 
biology. Exposing zebrafish embryos to various 

metals were already screened for toxicity, in which 
cobalt is less specific to copper and nickel on its 
survival and hatching [6].  Our results suggest that 
CoCl2 increased hatching rate, heart beat rate with 
enhanced blood vasculature and ISV formation in 
zebrafish embryos. Pericardial edema was observed in 
CoCl2 treated embryos with higher concentration 
exceeding 2 µM. Blood vessels were quantified using 
angioquant software [8] to measure length, size and 
sprouting of blood vessel. Using this technique it is 
possible to demonstrate blood vessel formation in a 
right stream, revealing CoCl2 can also play positive 
role to induce angiogenesis at low concentration, 
while a wrong pattern of abnormal vasculature is 
formed at higher concentration leading to necrosis of 
the cells. To further confirm hypoxic mediated VEGF 
expression, potent inhibitor of VEGF, SU 5416 treated 
under 2µM of CoCl2 completely suppressed blood 
vessel, ISV formation indicating the importance of 
VEGF in angiogenesis. The data suggest the positive 
role of CoCl2 by inducing angiogenesis under hypoxic 
condition. Increase in angiogenic response to hypoxia 
via HIF-1 α mechanism is still under debate. From the 
results obtained above, VEGF upregulation under 
hypoxic condition through HIF’s associated signaling 
pathways requires more attention to study sprouting 
angiogenesis during wound healing, tissue repair, 
regeneration and development.  

Thus our study demonstrates CoCl2 induce 
angiogenesis in “in vivo” zebrafish model reporting 
increased VEGF expression at transcription and 
translational level with corresponding increase in 
HIF-1 α expression might be one of the signaling 
mechanisms.  
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