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Cardiac Development in Zebra Fish 
through the Retinoic Acid Signaling 
Pathway 

Introduction
The heart is the first organ to form and serve during invertebrate embryonic development. 
Natural heart complaint is an important element of pediatric cardiovascular complaint present at 
birth, and constitutes a major chance of clinically significant birth blights, with an estimated 
frequency of 4 – 50 per 1000 live births. Natural heart blights do in nearly 1 of live births, 
reflecting the complex cellular processes underpinnings heart development. Cardiac development 
requires a precise and extremely complex series of molecular mechanisms to orchestrate the 
proper expression of cardiac recap factors, and differences in their expression can affect in heart 
blights [1]. Classical forward inheritable mortal birth studies have therefore far handed limited 
sapience into the inheritable causes of natural heart blights. Preliminarily, McCann et al. Set up 
that adipose acid- binding protein 3 (FABP3; also appertained to as heart- type adipose acid- 
binding protein) could be used as a new tube biomarker in the early opinion of acute ischemic 
casket pain. Before, our group also established that FABP3 is up regulated in cases with ventricular- 
septal blights in comparison to normal controls, by using subtractive hybridization. We’ve also 
reported that down- regulation of FABP3 expression promotes cell apoptosis and causes 
mitochondrial dysfunction in P19 cells [2]. Interestingly, FABP3 has been shown to be up 
regulated during terminal isolation of mouse cardiomyocytes. Taken together these studies 
suggest that FABP3 may play an important part in cardiac development; still, definitive data is 
lacking. While cellular receptors for RVC are unknown, target cell surface carbohydrates, 
including histo-blood-group antigens (HBGAs) and sialic acids (SAs), are believed to play a role 
in cell attachment/entry. The evaluation of the selective binding of RVCs to different HBGAs 
revealed that PRVC Cowden G1P [3] replicated to the highest titers in the HBGA-A PIEs, while 
PRVC104 or PRVC143 achieved the highest titers in the HBGA-H PIEs. Further, contrasting 
outcomes were observed following sialidase treatment (resulting in terminal SA removal), which 
significantly enhanced Cowden and RVC143 replication, but inhibited the growth of PRVC104. 
These observations suggest that different RVC strains may recognize terminal (PRVC104) as well 
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as internal (Cowden and RVC143) SAs on 
gangliosides. Finally, several cell culture additives, 
such as diethylaminoethyl (DEAE)-dextran, 
cholesterol, and bile extract, were tested to 
establish if they could enhance RVC replication. 
We observed that only DEAE-dextran 
significantly enhanced RVC attachment, but it 
had no effect on RVC replication. Additionally, 
the depletion of cellular cholesterol by MβCD 
inhibited Cowden replication, while the 
restoration of the cellular cholesterol partially 
reversed the MβCD effects. These results suggest 
that cellular cholesterol plays an important role 
in the replication of the PRVC strain tested [4]. 
Overall, our study has established a novel robust 
and physiologically relevant system to investigate 
RVC pathogenesis. We also generated novel, 
experimentally derived evidence regarding the 
role of host glycans, DEAE, and cholesterol in 
RVC replication, which is critical for the 
development of control strategies. [5] Suffering 
acute Toxin at each treatment attention was 
calculated. the rate of lethality performing from 
FABP3- MO at a cure of1.0 mg up to 120 hpf 
was no further than 15 compared with Wt. MO 
and then on-injected control group. In 
discrepancy, the rates of lethality performing 
from FABP3- MO tablets at2.5 mg and5.0 mg 
were22.0 and37.7 at 120 hpf, independently. 
When embryos were treated with7.5 mg and10.0 
mg FABP3- MO, the rate of lethality exceeded 
70 and 97, independently, making it insolvable 
to observe heart development during after stages 
of development. Also, when advanced attentions 
of FABP3- MO were coupled with longer 
observation times, the rate of lethality among 
treated embryos increased mainly. Grounded on 
our methodical disquisition of MO cure and the 
attendant effect on embryo lethality, we fitted 
FABP3- MO at a lozenge of5.0 mg to probe the 
influence of FABP3 on cardiac development [6]. 
RVs are non-enveloped double-stranded RNA 
(dsRNA) viruses that contain 11 segments of 
dsRNA encoding for structural and non-
structural proteins: VP1-VP4, VP6, VP7, and 
NSP1-5/6. RVs are classified into nine 
antigenically and genetically distinct groups 
according to the International Committee on the 
Taxonomy of Viruses (ICTV, https://talk.
ictvonline.org/taxonomy/, accessed on 16 
August 2022), designated as RVA, RVB, RVC, 
RVD, RVF, RVG, RVH, RVI, and RVJ. Within 
each group, RVs are further classified into G and 
P genotypes based on the molecular characteristics 
of their outer surface glycoprotein VP7 and the 

protease-sensitive spike protein VP4 (cleaved 
into VP8* and VP5* under protease treatment), 
respectively [7]. RVA has been studied extensively 
and historically considered the most prevalent 
and pathogenic among the nine RV groups. 
RVCs are emerging pathogens increasingly 
reported in pigs and humans worldwide and are 
currently recognized as the major cause of 
gastroenteritis in neonatal piglet. RVCs have 
been documented as single or mixed infections 
with other enteric pathogens in nursing, 
weaning, and post-weaning pigs. Single RVC 
infections are being increasingly identified in 
association with diarrhea in very young suckling 
piglets, and higher RVC RNA titers are 
significantly associated with diarrhea in piglets. 
Moreover, seroepidemiological studies in pigs 
indicated that RVCs have been circulating in 
swine herds in different countries for many 
decades, reaching seroprevalence rates of 58–
100% [8]. Recent studies demonstrated very 
high prevalence and significant genetic diversity 
of porcine RVCs in different countries. Despite 
the increasing importance of RVCs, our 
knowledge of RVC pathogenesis is still limited 
due to the lack of a robust cell culture system for 
most RVC strains and only a few studies focusing 
on RVC pathogenesis [9]. Notwithstanding 
significant efforts made to develop a suitable in 
vitro culture system, the porcine RVC Cowden 
strain was the first of only a few cultivable RVCs 
that can be serially propagated in porcine kidney 
cell cultures and are characterized by modest 
replication titers. Thus, the development of a 
suitable and robust cell culture system is essential 
to understand the basic virology, pathogenesis, 
and innate immune and other cellular responses 
induced by RVCs [10]. In the last decade, zebra 
fish have been used as an important model to 
study cardiac development. The mechanisms of 
zebra fish development are allowed to be 
analogous to mammals; therefore an bettered 
understanding of zebra fish development can be 
related to experimental mechanisms in these 
creatures. The zebra fish embryonic attributes 
compound the feasibility of conducting classical 
inheritable defenses that affect cardiac 
development. Therefore, we used zebra fish as a 
model to probe the FABP3 in cardiac 
development. We’ve preliminarily reported that 
FABP3 is largely expressed in cases with 
ventricular- septal blights, when compared with 
normal controls [11]. This and other compliances 
led us to hypothecate that FABP3 might play an 
important part in cardiac development. In the 
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present study, cardiac development was explored 
in FABP3- MO fitted zebra fish embryos and the 
attendant zebra fish heart blights were further 
studied at the molecular position. After 
establishing that our FABP3- MO led to 
knockdown of FABP3 in zebra fish embryos, we 
performed a methodical disquisition of zebra fish 
heart development. We set up that injection of 
FABP3- MO mainly increased the rate of 
embryonic lethality in a cure-dependent manner. 
Grounded on these primary studies, a cure of5.0 
mg of FABP3- MO was chosen to study the 
effect of FABP3 knockdown in heart 
development. To minimize off- target goods and 
strengthen the impact of the observed heart 
phenotype, we designed the splice- Morpholine 
of FABP3 (FABP3- MO2) and observed the 
heart phenotype. At a cure of5.0 mg MO, we set 
up embryonic or naiads deformations, 
experimental detention, lower heads, abnormal 
eye development, pericardial edema and a direct 
heart tube phenotype in FABP3- MO fitted 
zebra fish. We interpreted these results to indicate 
that FABP3 can impact the development of zebra 
fish, especially with regard to the heart. [12]

Conclusions
In summary, we’ve set up that knockdown of 
FABP3 causes blights in zebra fish embryonic 
development, including experimental 
detention, pericardial edema, and a direct 
heart tube phenotype. Knockdown of FABP3 
had particularly significant poisonous goods 
on cardiac development, similar as deficient 
heart looping and abnormal positioning of the 
ventricles and gallerias, which was accompanied 
by down regulated expression of cardiac-specific 
genes. Our mechanistic data indicated that the 
beginning molecular medium for these blights 
could be associated with deregulated RA signaling. 
We conclude that knockdown of FABP3 has 
poisonous goods on zebra fish embryogenesis, 
impeding normal heart development through 
the RA signaling pathway. Farther analysis of the 
relationship between RA signaling and cardiac-
specific recap factor expression may clarify 
the medium which leads to abnormal heart 
development in embryos with dropped FABP3 
expression. Intestinal asteroids (IEs) are in vitro, 
three-dimensional (3D) culture systems that 
recapitulate the complex nature and functions of 
the gut. IEs are isolated from epithelial stem cells 
residing in small intestinal crypts and cultured 
in Wnt3A-rich growth medium and Matrigel, 
which support their 3D structure. The crypt 

cells give rise to stem and transient amplifying 
cells, and all of the small intestinal differentiated 
epithelial cell lineages, including enterocytes, 
enter endocrine cells, goblet cells, and Praneeth 
cells, identified in humans, mice, and pigs 
[13]. Tuft cells, which represent approximately 
1% of the total epithelial cell population, are 
also reported to exist in IEs. IEs have recently 
demonstrated tremendous potential as a model 
to study pathogen–host interactions, including 
norovirus, porcine epidemic diarrhea virus 
(PEDV), porcine delta coronavirus (PDCoV), 
severe acute respiratory syndrome coronavirus 
2, and RV. Importantly, IEs express glycan 
receptors, such as sialic acids (SAs), and histo-
blood-group antigens (HBGAs), which make 
them an indispensable in vitro model to 
investigate the host glycan–RV interactions and 
dissect the mechanisms of RV cell entry [14-15].
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