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Abstract 

Cardiovascular disorders rank among the top leading causes of death on a global scale. 

Increasing interest has emerged in bioactive plant compounds for the potential support of 

cardiovascular-related health outcomes. This study assessed the cardiovascular 

development of zebrafish (Danio rerio) embryos and the expression of Nkx2-5, ApoE, 

and Tbx5 genes with unrefined Echium amoenum extract. The extract was produced 

through maceration with 70% ethanol, and zebrafish embryos were treated with 

concentrations of 7.8 to 125 µg/mL concentration of the extract. Morphological indices 

of zebrafish embryos, application of cardiac histology, and expression of genes through 

Real-time PCR. The results demonstrated that at low to moderate concentration levels 

(7.8 to 62.5 µg/mL), the extract produced an upregulation of zebrafish embryos 

expression of target genes and more advanced cardiac development. In higher 

concentration (125 µg/mL), the embryos did not develop, displayed a body curvature, and 

signs of oxidative stress. Examination of histology showed that at subtoxic 

concentrations, the zebrafish heart tissue appeared histologically normal in its 

architecture and showed no signs of acute toxicity. Overall, this study supports that 

Echium amoenum extract and other natural products may act as a potential natural source 

of cardiovascular support by enhancing gene expression at an embryonic stage of cardiac 

development. Future studies need to be organized to assess the safety margins of Echium 

amoenum and verify its efficacy in adult models and clinical studies. 
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 -�$C1-  3>\) ��*�FRNA ��*�� �  �� ���S<�� �F �$" ���i<��  

Table 1. Quantification of extracted RNA using Nanodrop 

Sample   )µg/µl( Concentration  (260/280) OD  
E 142.253 2.773 

F 223.293 2.607 

G 148.093 2.219 

H 134.813 2.466 

  

  

  
?!"1- �	z�� J>(C �!�R�I�+*�� '�G�G���=*�	  �*�T� �F J<+�	 *��: ��H�*� �� |
Echium amoenum  

Fig 1. Morphological characteristics of zebrafish embryos after exposure to Echium amoenum extract. 

 

 

  

  
 ?!"2-  J>(C *� �>�� @�� ��#>��G���=*�	  *� *�\>� �� |
3X�Y�G �*�T� �F ��<i� 'Echium amoenum  

Fig 2. Mortality rate in zebrafish embryos after treatment with different concentrations of Echium amoenum extract 
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)�O�F� gV  �$�� L�:  ����"�� D.  ���	 *� L�: gEN�LD50� E.  gEN��G���=*�	   �� �<\) ���	 *�

LD50� F.  �� �<\) ���	 *� L�: gEN�LD50.  
Fig 3. A. Cross-section of zebrafish heart in the control group B. Cross-section of the heart in the control group showing 

normal myocardium. C. Cross-section of zebrafish heart in the LD50 group showing gills and heart. D. Cross-section 

of the heart in the LD50 group. E. Cross-section of zebrafish in the less than LD50 group. F. Cross-section of the heart 

in the less than LD50 group. 

 

  
 ?!"4- Blast  :�$" �%��V '�G �\���
A: Nkx2-5 �B: Tbx5  �C: ApoE  

Fig 4. Blast primers designed: A: Nkx2-5, B: Tbx5 and C: ApoE 
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 ?!"5-   S�3R<�� �� 8#�F ��
���6RNA ���V�3<*.� �@ ��� 36  

Fig 5. Bands from RNA extraction on gel electrophoresis 
  

  
 ?!"6-  �>�!� �(a(��R�G 'Nkx2-5,ApoE  �Tbx5  

Fig 6. Proliferation curve of Nkx2-5, ApoE and Tbx5 genes 

 

  
!" ?7-  n�� �(a(��R�G 'Nkx2-5 �ApoE  �Tbx5  O()�� ��f � �� |
qPCR  

Fig 7. Melting curve of Nkx2-5, ApoE and Tbx5 genes after qPCR reaction 
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✱✱✱✱

  
 ?!"8-  �R ��>F 0��>>��ApoE  �F *�\>� �>jk� 3a�3X�Y�G ���<i� '5/62  �101 ��	��!>�/��>��<>I  

Fig 8. Changes in ApoE gene expression under the influence of treatment with different concentrations, 62.5 and 101 

micrograms/ml 
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 ?!"9-  �R ��>F 0��>>��Tbx5  �F *�\>� �>jk� 3a�3X�Y�G ���<i� '5/62  �101 ��	��!>�/��>��<>I  

Fig 9. Changes in Tbx5 gene expression under the influence of treatment with different concentrations, 62.5 and 101 

micrograms/ml 

✱✱

✱✱✱

  
 ?!"10.  �R ��>F 0��>>��Nkx2-5  �F *�\>� �>jk� 3a�3X�Y�G ���<i� '5/62  �101 ��	��!>�/��>��<>I  

Fig 10. Changes in Nkx2-5 gene expression under the influence of treatment with different concentrations, 62.5 and 

101 µg/ml 
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