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1. Introduction 

 Cardiovascular diseases (CVDs) are the fore-
most reason of mortality worldwide. In 2008, 
approximately 17.3 million people died from 
CVDs, accounting for 30% of total global 

deaths. It is estimated that by 2030, there will 
be 23.3 million deaths resulting from CVDs. 
Physical inactivity, high blood pressure, obesi-
ty, and unhealthy diets are recognized as major 
contributing factors to the development of 
dvascular diseases (1).  

Abstract 
 

The increasing prevalence of bacteria that resist antibiotics has had a significant influence on 

the way we treat urinary tract infections (UTIs). This problem has increased Cardiovascular 

diseases (CVDs) remain the leading cause of death globally and on average take 30% of all 

deaths around the world. Such alarming statistics mandate that an effort be made to find appro-

priate preventive and therapeutic strategies. The present study characterized the effects of Echi-

um amoenum extract, a traditional plant with known antioxidant properties, in developing the 

cardiovascular system and investigated these effects on expression levels of Nkx2-5, ApoE, 

and Tbx5 genes responsible for heart development using zebrafish as an animal model. In the 

present work, dry Echium amoenum extract was obtained using an alcoholic extraction proce-

dure, and different concentrations of this mixture were used to treat zebrafish embryos at 24 

hpf (hours post-fertilization), 48 hpf, as well as 72 hfp stages.  Morphological assessments re-

vealed that concentrations above 62.5 µg/mL led to significant abnormalities and increased 

mortality rates, with an LD50 determined at 101 µg/mL.  

Gene expression analysis indicated that the lower concentrations of the extract significantly 

stimulated Nkx2-5, ApoE, and Tbx5 gene expressions as candidates involved in cardiac differ-

entiation and lipid metabolism. In contrast, expression levels of these genes were reduced at 

higher concentrations suggesting a dose-dependent effect. The LD50 concentration was not 

associated with any observable heart toxicity, and histological evaluation revealed no signs of 

injury in exposed hearts when compared to controls; cellular architecture remained intact and 

all standard features were present throughout the subendocardial region (comprised mainly by 

cardiomyocytes, or endocardium/substrate) except for some cells demonstrating vacuolization. 

These findings highlight the therapeutic efficacy of Echium amoenum as a natural antioxidant 

and its cardio-protective effects. This study emphasizes the requirement of mechanistic studies 

supporting its effects and the development of safe dose for future clinical trials in cardiovascu-

lar diseases control. 
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Previous studies have shown that antioxidants can 

enhance endothelial dysfunction in various envi-

ronments such as atherosclerosis, hypertension, 

diabetes, and dyslipidemia (2). Antioxidants play a 

crucial role in inhibiting atherosclerosis by reduc-

ing LDL oxidation (3). Moreover, plant-derived 

antioxidants, including polyphenols, have success-

fully prevented apoptosis of endothelial cells after 

exposure to oxidative agents like hydrogen perox-

ide (4). Various studies have demonstrated the role 

of polyphenols in improving endothelium-

dependent vasodilatory responses and modulating 

endothelial-leukocyte interactions. Furthermore, 

they have been shown to balance pro-thrombotic 

and anti-thrombotic properties (5). 

Herbal medicine, with cultural and traditional 

sources that have developed over the history of 

many developing countries, continues prevalent 

today. It is estimated that 80% of the population in 

some Asian and African countries currently relies 

on herbal remedies as the primary basis for their 

healthcare needs. In Africa, up to 90% and in India, 

70% of the population depend on traditional medi-

cine.(6). Newly, due to evidence of better patient 

tolerance and a holistic treatment approach, herbal 

medicine has gained renewed consideration in the 

Western world. Unlike synthetic drugs, herbal rem-

edies have been consumed by humans for centu-

ries, and their safety has been recognized over 

time. However, assessing the toxicology of herbal 

medicine to identify adverse effects is crucial for 

protecting human health (7). Toxicity assessment 

during clinical and preclinical drug discovery facil-

itates the identification of toxic substances that can 

be rejected or modified into safer alternatives (8). 

Herbal medicine is an extraordinary tapestry of tra-

ditional wisdom and modern scientific inquiry. As 

research continues to unfold a variety of plants for 

their therapeutic applications, there is great scope 

for integrating these remedies within the modern 

practice of healthcare. Bridging the gap between 

traditional uses and modern evidence, herbal medi-

cine can be of vital importance in promoting health 

and well-being among diverse populations (9). 

Echium amoenum is from the Boraginaceae family 

(10), observed in northern Iran and Mediterranean 

regions of Europe. This plant characteristics bright 

blue, star-shaped flowers and is recognized as a 

traditional solution, possessing antioxidant, analge-

sic, antibacterial, anxiolytic, antidepressant, and 

immune-modulating properties. It is a strong 

source of anthocyanins, including cyanidin and 

delphinidin (11). In addition to its antioxidant and 

anti-inflammatory properties, beneficial cardiovas-

cular effects such as anti-atherosclerotic and anti-

hypertensive effects have been recognized in an-

thocyanins (12). Animal models, such as zebrafish, 

are utilized to investigate the effect of Echium 

amoenum on the development of the cardiovascu-

lar system. 

Zebrafish (Danio rerio) is a tropical freshwater fish 

appropriate to the Cyprinidae family. Over the past 

30 years, it has become an extremely popular mod-

el organism for studies on embryonic development 

and human diseases. This species was chosen due 

to its small size (approximately 3-5 cm), transpar-

ency during development, and high fertility. These 

characteristics were first discovered by George 

Streisinger, the founding father of zebrafish re-

search (13). 

The heart of an adult zebrafish grows to a size of 

about 1 ml or bigger in ventricular length. Its atri-

um is internally covered with pectinate muscle, 

while the ventricle consists of a compact layer that 

encompasses internal trabeculae, which, unlike in 

mammalian hearts, remain throughout adulthood 

(14). 

The development of the zebrafish heart progresses 

through stages very similar to those of amniotes. 

The specification of precardiac cells occurs in the 

mesoderm of the anterior lateral plate, followed by 

the fusion of bilateral heart fields at the embryonic 

midline. The mechanism of this seemingly simple 

morphogenetic event in the early stages of embry-

onic development is better understood due to the 

powerful genetic capabilities and high-resolution 

imaging of zebrafish embryos. Transcription fac-

tors involved in cardiac growth have been identi-

fied through genetic studies using various animal 

model systems (15).  Members of the NKX, GATA, 

and T-box families form the main regulatory net-

work responsible for normal cardiogenesis and are 

implicated in congenital heart disease (CHD). 
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systems (15).  Members of the NKX, GATA, and T-

box families form the main regulatory network re-

sponsible for normal cardiogenesis and are impli-

cated in congenital heart disease (CHD). 

The T-box family consists of valuable transcription 

factors involved in cardiac development. TBX5 

and TBX1 are implicated in the etiology of Holt-

Oram syndrome and 22q11.2 deletion syndrome, 

respectively (16). In addition to their association 

with syndromic congenital heart disease (CHD), 

mutations in TBX5 and TBX1 have also been iden-

tified in non-syndromic CHD, such as tetralogy of 

Fallot (TOF) and septal defects (17). An alternative 

member of the family, TBX20, has subsequently 

been related to non-syndromic CHD, including 

septal defects, mitral valve stenosis, dilated cardio-

myopathy, and TOF (18).  

Nkx2.5 is a homeodomain transcription factor and 

one of the primary markers of cardiac lineage. Ge-

netic studies in Drosophila, zebrafish, and mice 

have demonstrated the distinct functions of Nkx2.5 

during early heart development. Nkx2.5 activity is 

essential for cardiac specification in flies, and the 

tinman/nkx2.5 mutant completely lacks dorsal ves-

sels (19,20). In contrast, a heart tube typically 

forms in zebrafish and mouse embryos lacking 

nkx2.5, however, the subsequent differentiation 

and maturation of their chambers are disrupted 

(21,22).  

Disruption of both Nkx2.5 and Nkx2.7, the 

zebrafish analogs of mammalian Nkx2.5, results in 

the formation of an abnormal heart tube. This de-

fect is marked by a hyperplastic and enlarged atrial 

chamber alongside a reduced ventricular chamber 

containing fewer cardiomyocytes (22). The restora-

tion of Nkx2.5 expression using a heat shock-

induced transgene during cardiomyocyte differenti-

ation restores chamber-specific cardiomyocytes in 

nkx2.5 mutant embryos, suggesting that early 

Nkx2.5 expression may initiate cardiomyocyte 

identity for their respective chambers (23). 

Moreover, transient overexpression of Nkx2.5 in 

nkx2.5 mutants during embryonic stages allows for 

normal heart function in adulthood, representative 

that, different the consistent requirement for 

nkx2.5 in adult mouse cardiomyocytes, Nkx2.5 is 

replaceable for the cardiac function of adult 

zebrafish. However, given the further roles of 

Nkx2.5 and Nkx2.7 during early cardiac develop-

ment, further studies are needed to fully determine 

the tasks of nkx genes in the adult zebrafish heart 

(23). 

The APOE gene is located on chromosome 19 and 

exists in several allelic forms, with three major 

isoforms: APOE2, APOE3, and APOE4. Each iso-

form has different affinities for lipoprotein recep-

tors and varying impacts on lipid metabolism and 

cardiovascular health. Role in Cardiovascular De-

velopment (24). 

Throughout embryonic development, appropriate 

lipid metabolism is critical for the construction of 

cell membranes and the synthesis of signaling mol-

ecules. APOE plays a main role in providing lipids 

to developing tissues, containing the heart and 

blood vessels (25). 

APOE is implicated in the differentiation of cardio-

myocytes (heart muscle cells) and the development 

of cardiac organization. It supports the formation 

of the cardiac outflow tract and the maturation of 

the heart during embryogenesis (26). 

The protein aids in the remodeling of blood vessels 

and the development of the vascular system. By 

regulating lipid levels in the embryonic environ-

ment, APOE controls endothelial cell function, 

which is important for angiogenesis (27). 

This paper, therefore, seeks to explore, through 

induction with Echium amoenum extract, the ex-

pression of Nkx2-5, ApoE, and Tbx5 genes in the 

cardiovascular embryonic development of 

zebrafish. Expression levels of the identified genes 

will be quantified in the embryos exposed to the  
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the extract, providing the research with valuable 

insights into the potential use of Echium amoenum 

for the enhancement of cardiovascular develop-

ment and functionality. 

2 Materials and Methods 

2.1 Extraction by Alcoholic Method 

The plant sample of Echium amoenum was ob-

tained from an herbal shop in Tehran. This sample 

was then registered with an herbarium code at the 

Herbarium of the School of Pharmaceutical Sci-

ences at Islamic Azad University in Tehran

(Voucher NO: 347_PMP/A). After obtaining the 

sample, the plant was dried in an oven at 45 de-

grees Celsius for 48 hours. Once dried, the leaves 

were ground into 2-millimeter particles using a cy-

clone mill. The resulting plant powder was stored 

at -15 degrees Celsius until the extraction of the 

extract. 20 g mass and packed down in Buchner 

funnel. A solution of 500 ml made up by 70% al-

cohol to the volume Next, the crude substance was 

just allowed diffuse out of Funnel into which solu-

tion collected. It was done three times for better 

extraction yield. 

2.2 Care and Maintenance of Zebrafish Embry-

os 

The maintenance of zebrafish was conducted ac-

cording to the guidelines provided in the zebrafish 

reference book.(6). Wild-type adult zebrafish (over 

6 months old) were purchased from a local supplier 

and were acclimated to dechlorinated tap water for 

a minimum of 4 weeks. Initial spawning of the 

adult zebrafish occurred in a 200-liter aquarium 

equipped with a continuous water flow system, 

maintaining a maximum density of 1 gram of fish 

per liter of dechlorinated tap water at a temperature 

of 26 ± 1 degrees Celsius. The light cycle was set 

to a constant 14:10 hours of light and darkness, 

with a pH range of 6.8-7.2. The zebrafish were fed 

in the morning with Artemia and Fluval. 

2.3 Preparation of Embryos from Adult 

Zebrafish 

Wild-type zebrafish (over 6 months old) with high 

potential for producing fertilized eggs were select-

ed for spawning. Male and female zebrafish were 

kept separately in aquariums with a volume of 1 

liter of water per fish, under a light cycle of 10 

hours of light and 14 hours of darkness. During the 

spawning period, no additional water filtration or 

feeding was performed, and water quality was reg-

ularly monitored. The breeding method [87] was 

adopted before toxicity testing on the embryos. 

The ratio of spawning between the groups was 2:3. 

Egg collection and mating occurred at 8:30 AM 

under room lighting. Subsequently, the parent fish 

were returned to their tanks, and the fertilized em-

bryos were selected, washed three times in embry-

onic medium (E3M), and placed at 28 degrees Cel-

sius for 6 hours of growth. 

2.4 Treatment of Zebrafish Embryos with Echi-

um amoenum 

Preparation and Dilution of Echium amoenum 

Extracts 

The concentration of the Echium amoenum extract 

was prepared separately in plate wells to investi-

gate its toxic effects on zebrafish embryos. For 

this, 50 microliters of the stock extract were dilut-

ed with 49,950 microliters of embryonic medium 

(E3M) to achieve a concentration of 125 mi-

crograms in 0.1% DMSO. This dilution was then 

repeated with a two-fold serial dilution across the 

wells to obtain concentrations of 125, 62.5, 31.25, 

15.63, and 7.8 micrograms per milliliter of E3M 

containing 0.1% DMSO. DMSO is the most com-

monly used solvent for delivering extracts in 

zebrafish-based assays, and it has been reported 

that a concentration of 2.5% is tolerable for the 

embryos and larvae of this fish. 

2.5 Testing the Effectiveness of Echium amoe-

num on Embryos 

The placement of zebrafish embryos in a 24-well 

plate was conducted according to the method out-

lined in [OECD] Test No. 236 in 2006 [88]. After 

6 hours post-fertilization (6 hpf), healthy embryos 

were selected, washed, and examined under a mi-

croscope. Fertilized embryos were then chosen for 

further testing. Twelve fertilized embryos (n=12) 

at 6 hpf were treated with different concentrations 

of Echium amoenum extract. The experiment was 

conducted in three independent replicates in a 24-

well plate, with each well containing 2 milliliters 

of embryonic medium with 0.1% DMSO and 125 

micrograms of Echium amoenum extract. Different 

extract concentrations were prepared through suc-

cessive two-fold dilutions. The control group was 

exposed to 5 milliliters of E3M containing 0.1% 

Rozhin Solhjoei et al. 
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-well plate, with each well containing 2 milliliters 

of embryonic medium with 0.1% DMSO and 125 

micrograms of Echium amoenum extract. Different 

extract concentrations were prepared through suc-

cessive two-fold dilutions. The control group was 

exposed to 5 milliliters of E3M containing 0.1% 

DMSO. After 5 days of exposure, growth end-

points such as egg coagulation, embryo mortality, 

somite formation, tail separation, otolith develop-

ment, eye formation, and skeletal anomalies were 

recorded. Larvae and embryos were examined un-

der an inverted microscope, and digital images of 

the morphological anomalies at each concentration 

were captured. 

2.6 Histological Examination  

Initially, the fish were anesthetized using clove oil 

to facilitate the easy removal of the heart. The 

hearts were isolated from both the control 

(untreated) fish and the treated fish. The heart tis-

sues were fixed in 4% paraformaldehyde for 24 to 

48 hours to preserve cellular structure. Subsequent-

ly, the fixed tissues were dehydrated with 80% eth-

anol. In the next step, the tissues were cleared with 

xylene and embedded in paraffin to allow for the 

preparation of thin sections. Thin sections (5 mi-

crometers) of the paraffin-embedded tissues were 

then placed on microscope slides. The sections 

were stained with hematoxylin and eosin (H&E) to 

visualize the structure of the cells and tissues. Fi-

nally, the stained sections were examined under a 

light microscope to assess morphological changes 

in the heart tissue, such as muscle fibers, blood 

vessels, and signs of inflammation or damage. 

2.7 Genes expression evaluation 

Initially heart tissue is collected and minced on 

sterile foil using a scalpel, then transferred to a 1.5 

mL tube. Next, 1 mL of TRIzol is added to the 

minced tissue, which is then inverted several times 

and vortexed 2-3 times until a homogeneous mix-

ture is achieved. Following this, 200 µL of chloro-

form is added, and the mixture is inverted 2-3 

times before centrifuging at 12,000 g for 15 

minutes at 4°C. This process separates the mixture 

into three phases, with the upper phase containing 

RNA. 

The upper phase is carefully transferred to a new 

tube, and 400 µL of cold isopropanol is added. Af-

ter inverting the tube 2-3 times, it is frozen at -20°

C for over 12 hours, followed by incubation at 

room temperature for 10 minutes. The next step 

involves centrifuging the mixture at 12,000 g for 

10 minutes at 4°C to isolate the RNA pellet, after 

which the supernatant is removed. 

To wash the RNA pellet, 1 mL of 75% ethanol is 

added, and the mixture is centrifuged at 7,500 g for 

5 minutes at 4°C. This washing step is repeated 2-3 

times, and the pellet is allowed to dry at room tem-

perature, ensuring it does not dry completely to 

maintain solubility. Finally, the RNA pellet is dis-

solved in 50 µL of DEPC-treated water and stored 

at -20°C for short-term use or -80°C for long-term 

storage. It is important to perform all steps under a 

laminar flow hood to minimize RNase activity, 

keeping all materials on ice throughout the process. 

Quantitative and Qualitative Assessment of Ex-

tracted RNA 

To determine the quantity and purity of the extract-

ed RNA, the optical density method using a 

NanoDrop device was employed. This device 

measures the concentration and purity of the sam-

ple based on absorbance at wavelengths of 260 nm 

(RNA) and 280 nm (protein). An absorbance ratio 

of 260/280 between 1.8 and 2.1 indicates pure 

RNA, while ratios below 1.8 suggest contamina-

tion. After RNA extraction and amplification of the 

target DNA, electrophoresis is performed to identi-

fy the components of the DNA molecule. The size 

of each band is determined by comparing it with 

standard bands run simultaneously. 

cDNA Synthesis 

 Following the synthesis of cDNA from the ex-

tracted RNA samples, RT-PCR was conducted us-

ing control primers (ACTB and GAPDH) to ensure 

the proper functioning of the cDNA synthesis kit 

and to estimate the quality of the extracted RNAs. 

Primer Design 

 To investigate the expression of the target genes, 

specific primers for the cDNA sequence of each 

gene were designed using Oligo Analyzer and Pri-

mer 3  
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To investigate the expression of the target genes, 

specific primers for the cDNA sequence of each 

gene were designed using Oligo Analyzer and Pri-

mer 3 Plus software. Their characteristics were an-

alyzed for optimization using BLAST. The primers 

used for the target genes in this study are listed in 

Table 1. 

2.7 Real-Time PCR Reaction 

The SYBR Green method was used to determine 

the expression of the Nkx2-5, ApoE, and Tbx5 

genes in zebrafish heart tissue. The GAPDH gene 

was used as an internal control. The final volume 

of each reaction was set to 25 microliters, consist-

ing of 12.5 microliters of SYBR Green Master 

Mix, 1 microliter of synthesized cDNA, 1 micro-

liter of forward and reverse primers for each Nkx2-

5, ApoE, and Tbx5 (10 mM), and 9.5 μL of DEPC-

treated water. Real-time PCR was performed using 

the Qiagen Rotor-Gene according to the following 

protocol. 

2.8 Statistical Analysis2 

For statistical analysis of multiple groups, one-way 

ANOVA followed by the Dunnett test will be used. 

All experimental data results will be plotted using 

GraphPad 7.0, and the Student's t-test will be em-

ployed for the analysis of two-group data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Result 

3.1 Morphological Features  

At 24 hours post-fertilization (hpf), the embryos 

were incubated with Echium amoenum extract at 

various concentrations. At this time, no visible ef-

fects were observed, and no hatching of the embry-

os was noted. At 48 hpf, hatching of the embryos 

was observed, with no visible effects at concentra-

tions of 7.80, 15.63, 31.25, and 62.50 µg/mL. Un-

hatched embryos were seen at a concentration of 

125.0 µg/mL. At 72 hpf, dead embryos were ob-

served at 62.5 and 125.0 µg/mL, along with mor-

phological deformities such as stunted growth and 

body curvature (Fig 1). For all tested concentra-

tions of the extract, the efficacy of Echium amoe-

num on each fish was dependent on concentration 

and time. 

3.2 LD50 After Treatment with Echium amoe-

num in Zebrafish Embryos 

LD50 refers to the lethal dose that kills 50% of the 

test subjects. In this study, we investigated the ef-

fect of Echium amoenum extract on zebrafish em-

bryos. To determine the LD50, the embryos were 

exposed to various doses of the extract, and their 

mortality was recorded. At 24 and 48 hours, the 

mortality rate was low, and no LD50 was calculat-

ed. However, at 72 hours, the LD50 was found to 

be 101 µg/mL (Fig 2). 

 

 

Length of the 

Amplified 

Fragment 

Primer Sequences Gene 

582 Forward:ˋ5 ATGCCATCCGGATCCTCTCT ˋ3 

Reverse:ˋ5 CGCAGGGTAGGTGTTGTAGG ˋ3 

NKx2-5 

592 Forward:ˋ5 CAAATGGTCTGTGACGGGGA ˋ3 

Reverse:ˋ5 TGTGTGTTCGTGGTAGGAGC ˋ3 

Tbx5 

219 Forward:ˋ5 TCGGAGTCAACGGATTTG ˋ3 

Reverse:ˋ5 CCTGGAAGATGGTGATGG ˋ3 

GAPDH 

120 Forward:ˋ5 TGCTGTACACACAGCAGAGG ˋ3 

Reverse:ˋ5 TGGAAGGCGGTTTTGGTCTTˋ3 

ApoE 

Table 1: Primer Sequences for the FGF19 Gen and Reference Genes ACTB and GAPDH 

Rozhin Solhjoei et al. 
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Figure 1. Morphological Features as a Measure of the Efficacy of Echium amoenum Extract at 24 and 48 

Hours: A) Control after 24 hours, B) Treatment with a concentration of 62.5 µg/mL (24 hours), and C) Treat-

ment with a concentration of 62.5 µg/mL after 48 hours. 

 

 

Figure 2. Mortality Rate in Zebrafish Embryos After Treatment at Various Concentrations.At lower concentrations of 7.8 
and 15.63 mg/mL, the mortality rate remains relatively low. However, as the concentration increases to 31.25 mg/mL and 

beyond, the mortality rate rises significantly. Notably, at the highest concentration of 125 mg/mL, the mortality rate exceeds 
50%(P<0.05*,P<0.01**,P<0.001***). 
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3.3 Histological Examination  

To investigate the effect of Echium amoenum ex-

tract on heart tissue, embryos exposed to the calcu-

lated LD50 (101 µg/mL) after 72 hours were se-

lected, and their heart tissue was prepared. The tis-

sue was then examined using histopathological 

methods to identify any tissue changes resulting 

from the extract administration (Fig 3). 

Figure 4-2 shows the various layers of the heart, 

including the endocardium, myocardium, and peri-

cardium. Additionally, different types of heart 

cells, such as cardiomyocytes, endothelial cells, 

and smooth muscle cells, can be observed in the 

heart tissue. The image displays the heart tissue 

and its various components, including blood ves-

sels. Different types of heart cells, such as muscle 

cells, are also visible under the microscope. Since 

the image pertains to the treatment with Echium 

amoenum, it appears that this plant has no toxicity 

on the heart tissue of zebrafish embryos. 

3.4 Expression of the genes Nkx2-5, ApoE, and 

Tbx5 in zebrafish heart tissue 

To assess the expression levels of the genes Nkx2-

5, ApoE, and Tbx5 in the heart tissue of zebrafish 

embryos, the expression of these genes was exam-

ined at both the LD50 concentration (101 µg/ml 

for 72 hours) and a concentration of 62.5 µg/ml. 

The Real-Time PCR method was used to analyze 

the expression of the genes Nkx2-5, ApoE, and 

Tbx5. In the group treated with LD50 of Echium 

amoenum, the expression level of the Tbx5 gene 

was measured between 0.748 and 0.757, which 

showed a significant decrease (DOWN) compared 

to the control group (P(H1)=0.000). Therefore, the 

analysis indicates that treatment with LD50 of 

Echium amoenum significantly reduced Tbx5 ex-

pression compared to the control group. In the 

group treated with 62.5 µg/ml of Echium amoe-

num, the expression level of Tbx5 ranged from 

1.403 to 1.517, which showed a significant in-

crease compared to the control group (P(H1)

=0.000) (Fig 4). 

In the group treated with LD50 of Echium amoe-

num, the expression level of the NKX-2-5 gene in 

the control group was recorded between 0.803 and 

1.359, showing a significant decrease compared to 

the control group (P(H1)=0.000). Therefore, it can 

be concluded that treatment with LD50 concentra-

tion significantly reduced NKX-2-5 expression 

compared to the control group. In the group treated 

with 62.5 µg/ml of Echium amoenum, the expres-

sion level of NKX-2-5 ranged from 1.117 to 1.189, 

indicating a significant increase compared to the 

control group (P(H1)=0.000). Thus, it can be con-

cluded that treatment with this concentration sig-

nificantly increased NKX-2-5 expression com-

pared to the control group (Fig 5). 

In the LD50 treatment group, the expression level 

of the APOE gene ranged from 0.750 to 0.777, 

showing a decrease compared to the control group; 

however, this decrease was not significant (P(H1)

=0.326). In the unnormalized section, it was also 

observed that the expression of the APOE gene in 

the treatment group decreased compared to the 

control, but this decrease was not significant (P

(H1)=0.154). Therefore, treatment with LD50 con-

centration resulted in a non-significant reduction in 

APOE expression. In the group treated with con-

centrations below 62.5 µg/ml, the expression level 

of APOE ranged from 2.647 to 2.879, indicating a 

significant increase compared to the control group 

(P(H1)=0.000). Thus, treatment with this concen-

tration significantly increased APOE expression 

(Fig 6). 

Figure 3. Histology of heart tissue after treatment with 
Echium amoenum at 40x magnification 

Rozhin Solhjoei et al. 
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Figure 4.  Investigation of Tbx5 expression after treatment with LD50(A) and 62.5 µg/ml (B) of Echi-
um amoenum(P<0.05*,P<0.01**,P<0.001***). 

Figure 5. Investigation of NKX-2-5 expression after treatment with LD50 (A) and 62.5 µg/ml (B) 
of Echium amoenum(P<0.05*,P<0.01**,P<0.001***). 

Figure 6. Investigation of APOE expression after treatment with LD50 (A) and 62.5 µg/ml (A) of 

Echium amoenum(P<0.05*,P<0.01**,P<0.001***). 
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4.  Discussion 

  Herbal medicines have been consumed by hu-

mans for centuries, and their safety has been estab-

lished over time. However, evaluating the toxicolo-

gy of herbal medicine is crucial for identifying ad-

verse effects to protect human health. Toxicity 

measurements during clinical and preclinical drug 

discovery facilitate the recognition of toxic sub-

stances that can be discarded or modified into safer 

alternatives (91,91) 

Echium amoenum is recognized as a traditional 

therapy and influences antioxidant, analgesic, anti-

bacterial, anxiolytic, antidepressant, and immune-

modulating properties. It is a rich source of antho-

cyanins, including cyanidin and delphinidin(102). 

In addition to its antioxidant and anti-inflammatory 

properties, useful cardiovascular effects such as 

anti-atherosclerotic and antihypertensive effects 

have been attributed to anthocyanins(103). 

Toxicity screening is conducted using both animal 

and non-animal models before clinical application. 

Animal models are studied as the gold standard in 

toxicological testing, as the whole organism typi-

cally has a close relationship with human toxicity, 

incorporating pharmacokinetics, absorption, distri-

bution, and metabolism. The zebrafish model is 

widely used for these purposes(92). Danio rerio, 

commonly known as zebrafish, is a small freshwa-

ter fish measuring around 2 to 4 centimeters in 

length. Its small size, short life cycle, and high fe-

cundity make it beneficial for laboratory applica-

tions as a model organism. Zebrafish are extensive-

ly used in genetic development, transgenic studies, 

and toxicology research.(28). 

This study investigates the effect of E. amoenum 

extract on the development of the cardiovascular 

system in zebrafish embryos, concentrating on the 

expression of Nkx2-5, ApoE, and Tbx5 genes. Re-

al-time PCR results indicated that E. amoenum ex-

tract significantly affects the expression of Nkx2-5 

and Tbx5 genes. The findings suggest that E. 

amoenum extract has a profound impact on the car-

diovascular development of zebrafish embryos. 

The Nkx2-5 gene is a crucial transcription factor 

involved in cardiac development, and its increased 

expression may show enhanced cardiac differentia-

tion. The Tbx5 gene is also essential for heart de-

velopment and is associated with congenital heart 

defects in humans. An increase in Tbx5 expression 

may reflect the potential role of E. amoenum ex-

tract in modulating cardiac growth. The ApoE gene 

is involved in lipid metabolism and is linked to 

cardiovascular diseases. An increase in ApoE ex-

pression may indicate the potential role of E. 

amoenum extract in modifying lipid metabolism. 

In line with our study, Tássia Flávia Dias Castro 

and colleagues assessed the impact of various con-

centrations of Eryngium foetidum extracts on 

zebrafish embryo development. Their results 

showed that depending on the extraction solvent, 

concentration used, and exposure time, E. foetidum 

extract caused mortality, altered hatching time, and 

promoted changes in enzymatic activities. Eryngi-

um foetidum extracts exhibit antioxidant, anti-

inflammatory, antidiabetic, and antimicrobial prop-

erties due to compounds such as flavonoids and 

phenols (29). In our study, we also observed pro-

gress interruption at concentrations of 62.5 and 

125.0 µg/ml after 72 hours. 

On the other hand, in a study by Chune Zhou and 

colleagues, transcriptome sequencing of zebrafish 

embryos at three key stages of cardiovascular de-

velopment showed thousands of differentially ex-

pressed genes (DEGs). This study confirmed the 

significance of these stages during gene expression 

analysis and highlighted key biological processes 

and pathways involved in cardiovascular develop-

ment.(30). We also identified three genes associat-

ed with zebrafish cardiac development in our 

study. 

Many studies have been conducted on E. amoe-

num. A recent study examined the protective and 

antioxidant effects of anthocyanin-rich E. amoe-

num  
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num extract on healthy human vascular endothelial 

cells (HUVECs) under oxidative stress. (31). The 

results show the antioxidant and protective effects 

of the anthocyanin-rich extract of E. amoenum pet-

als against oxidative stress induced by H2O2 in 

HUVECs. However, they called for further re-

search to understand the specific mechanisms of 

the protective effects of this traditional herbal med-

icine. Hence, we utilized zebrafish embryos in this 

study as a model that closely looks like human 

physiology (86% similarity). Our results confirmed 

those of previous studies, confirming that E. amoe-

num has no toxicity to healthy cells. In another 

study, the safety of Syzygium jambolanum was 

evaluated on zebrafish embryos.(32). Similar to 

our study, the results indicated the potential protec-

tive effects of Syzygium jambolanum on zebrafish 

embryos, highlighting the need for further investi-

gation. 

5.  Conclusion 

  Our results strongly support the beneficial effect 

of Echium amoenum extract on cardiovascular de-

velopment in zebrafish embryos. Therefore, the 

increase of Nkx2-5, ApoE as well as Tbx5 just in 

lower concentrations may indicate improved cardi-

ac differentiation and lipid metabolism indicating a 

beneficial effect on cardiovascular health. In con-

trast, the negative effects seen at concentrations 

higher than those achieved in patients have made 

substantiation of an effective dose necessary. Giv-

en the increasing prevalence of cardiovascular dis-

eases and plant-based antioxidants, E. amoenum 

likely represents an exciting field for future study. 

Further research is needed to investigate the mo-

lecular mechanisms underlying its action as well as 

in clinical settings for AS, which might help pro-

mote translation into therapeutic strategies for car-

diovascular disease management. 
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