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Abstract 
 

Background: In last few years, the use of zebrafish (Danio rerio) in scientific 
research is growing very rapidly. Initially, it was a popular as a model of 
vertebrate development because zebrafish embryos are transparent and also a 
70 percentage of conservation exists between the human and zebrafish 
genomes. Presently, the research using zebrafish is expanding into other areas 
such as pharmacology, clinical research as a diseases model, interestingly in 
drug discovery.  
 
Objective: The present work is aimed to prove zebrafish as an in-vivo model 
for the study of liposome mediated drug delivery.  
 
Methods: Liposomes prepared from sesame oil and therapeutic molecules 
were encapsulated into liposome. The effect of liposome mediated drug 
delivery was studied in cardiac hypertrophy induced zebrafish through fish 
heart morphology reversal and expression levels of MDM2, FGF and WNT 
mRNA by RT-PCR. 
 
Results: In the present study results demonstrate that liposome carries drug 
targeted the organ (heart) and release the drug at a particular site to cure the 
cardiac hypertrophy and it’s confirmed by the visualization of morphology of 
heart. The therapeutic molecule treated fish has low level of MDM2 
expression when compared to hypertrophy induced fish. This clearly indicates 
that the cardiomyocytes have recovered from hypertrophy induction and are in 
a state of cellular balance.  
 
Conclusions: These preliminary assessments suggest that zebrafish can be 
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used as a good in- vivo model for the study of liposome mediated drug 
delivery, however further investigations are required to unravel the molecular 
mechanism involved. 
 
Keywords: Zebrafish, animal model, in-vivo drug delivery, cardiac 
hypertrophy. 

 
 
Introduction 
A liposome is a tiny bubble (vesicle), made out of the same material as a cell 
membrane. Liposomes have been receiving a lot of interest as a carrier for advanced 
drug delivery due to their unique properties. A liposome encapsulates a region on 
aqueous solution inside a hydrophobic membrane; dissolved hydrophilic solutes 
cannot readily pass through the lipids. Hydrophobic chemicals can be dissolved into 
the membrane, and in this way liposome can carry both hydrophobic molecules and 
hydrophilic molecules. To deliver the molecules to sites of action, the lipid bilayer 
can fuse with other bilayers such as the cell membrane, thus delivering the liposome 
contents [1, 2]. In the present study, adult zebrafish were chosen as animal model 
system for liposome mediated drug delivery. The zebrafish is a small freshwater 
teleost of the cyprinid family (carps and minnows) in the class of ray-finned fishes 
(Actinopterygii). Zebrafish have served as an important research organism for 
decades, particularly in the fields of genetics, developmental biology [3] toxicology 
[4-9], neurological disorder [10]. A unique combination of features makes them 
particularly attractive as a vertebrate model. These include their small size (embryos 
are 0.7mm in diameter at fertilization and grow to 3.5mm within 3 days), high 
fecundity (a single zebrafish pair can produce hundreds of embryos per week), short 
generation time (adults reach sexual maturity in 3 months), and genetic tractability. 
Embryos are fertilized externally, undergo rapid and synchronous development, and 
are optically transparent. Most organs become functional between 3 and 5 days post 
fertilization (dpf) [9, 11]. Furthermore, the organisation of the zebrafish genome and 
the genetic pathways controlling signal transduction and development are highly 
conserved between zebrafish and man [12, 13]. The aim of this study was to prove 
that the zebrafish as a suitable animal model to study liposome mediated drug 
delivery. 
 
 
Material and Methods 
Chemicals and solvents 
The chemicals, solvents and drugs were of analytical grade and were purchased from 
Hi-Media Laboratories Pvt. Ltd (Mumbai, India) and Merck Chemicals Company, 
MO, USA.  
 
Formulation of therapeutic molecules 
The therapeutic molecules were formulated with varying ratio of Eicosapentaenoic 
acid (EPA), Docosahexaenoic acid (DHA), and vitamin C. 
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Purifying Oleic and Linoleic acid in ratio  
The sesame oil was purchased from local market of Chennai, Tamil Nadu. About 
500µl of the oil were spotted on the thin layer chromatography (TLC) plates and the 
chromatogram was developed using chloroform: methanol: ammonium solvent in 
ratio of 4:10:1. The slides were observed under UV transilluminator and the spots 
were identified. Based on the resolution repeated solvent extraction was carried out 
with the same solvent to extract pure Oleic and Linoleic acid in ratio 1:1 from sesame 
oil. 
 
Preparation of carrier Liposomes  
Multilamellar vesicles (MLV) were prepared according to the thin film hydration 
method. The TLC separated spots of Oleic and Linoleic acid in ration 1:1 were 
scraped and dissolved in Heptane and methanol system. The solvent was evaporated 
in a rotary evaporator, at 35-40°C, under reduced pressure. The obtained dry lipid film 
was hydrated with 5ml distilled water. The mechanical stirring of the lipids in 
aqueous medium containing therapeutic molecules was performed with the rotary 
evaporator equipment at 37°C and by manual stirring in the water bath, for 2h, at the 
same temperature. Following this they were sonicated in 50 Hz with 3 minutes pulses 
for 15 minutes. 
 
Purification of liposomes 
The compound incorporated vesicles were separated from the unincorporated 
compounds by centrifugation. Vesicular dispersions were spun in a laboratory 
centrifuge at 10000rpm, for 60min. The supernatant was removed and the liposomes 
were reconstituted with 5ml distilled water. 
 
Experimental animals 
Zebrafish were purchased from local aquarium in Chennai Tamilnadu. In this 
experiment, fishes of uniform size of length (2.6±0.2cm) and weight (1.15±0.1g) were 
segregated from the stock and acclimatize for 10 days to lab conditions, temperature 
(27±2ºC), pH (7.5-7.8) and almost normal photoperiod (14:10-h L/D). The fish were 
divided into three groups (one control and two experimental groups) of six individuals 
each and introduced into lab trough containing dechlorinated tap water. All the 
experimental fishes were administrated orally with the respective materials: Group I 
(control). Control fishes received control diet throughout the experimental period. 
Group II. Erythromycin (ERYC): Group 2 fishes received high dose of ERYC 
(5mg/ml) with diet for 24h. Group III. ERYC-Liposome mediated drug: Group 3 
fishes received high dose of ERYC and liposome mediated drug (through passive 
diffusion) with diet for 24h. The liposome mediated drug was administered after 
30mins of ERYC administration. At the end of the experimental period the fishes 
were sacrificed by decapitation. Heart were excised immediately, processed and used 
for analysis. 
 
Morphological analysis of heart 
The morphology of heart in the experimental group fishes were observed under 
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microscope (Olympus BX51).  
 
Total RNA extraction 
Sacrificed fish heart were homogenized in a 5ml of lysis buffer and centrifuged at 12, 
000rpm for 3min. The supernatants were collected in fresh polypropylene vials. 1ml 
of lysed heart extract was mixed with equal volume of water saturated phenol (15ml 
of phenol in 35ml of water and aqueous layer was removed and phenol layer was used 
as water saturated phenol) and 200μl of chloroform-Isoamyl alcohol (49:1) was mixed 
and vortexed for 10sec and incubated at room temperature for 15min and centrifuged 
at 12, 000rpm for 15min at 4ºC for RNA extraction. The colourless upper aqueous 
phase was transferred into a new polypropylene vial and mixed with 500μl of cooled 
100 % (v/v) iso amyl alcohol and incubated at -20ºC for 30min and centrifuged at 12, 
000rpm for 30min at 4ºC for RNA precipitation. The supernatant was discarded and 
the residue dried at room temperature for 5-10min to remove the content of iso amyl 
alcohol. RNA were dissolved with 10-15μl of 1X Tris-EDTA (TE) buffer. The RNA 
samples were stored at -20°C until the completion of experiment. 
 
Complementary DNA (cDNA) synthesis 
The equal amount of total RNA was taken for cDNA synthesis. RNA was mixed with 
3μl of oligo-deoxy-thymine (oligo-DT), 5μl of reverse transcriptase (MuLv-RT), and 
10μl 1X TE buffer (10mM Tris-HCl; pH 8.5, 1mM ETDA) and vortexed and 
incubated at 37ºC for 30min. The reaction was halted by denaturing the MuLv-RT at 
55ºC for 3 hour. cDNA was stored at -20ºC. 
 
Reverse transcription polymerase chain reaction (RT-PCR) 
To detect WNT mRNA, FGF mRNA and MDM2 mRNA, WNT, FGF and MDM2 
cDNA was amplified by PCR in a volume of 22µl containing 5µl of cDNA, 5µl of 
master mix, 8µl of 1XTE buffer (pH ) and 2µl (20pmol) of the sense and anti-sense 
primers (Table 1). Samples were subjected to 35 cycles that included denaturation at 
94°C for 30sec, annealing at 55°C for 30sec, and extension at 72°C for 30sec, with a 
final extension phase of 7min, performed on a GeneAmp PCR9700 (Applied 
Biosystems). PCR products were subjected to agarose gel electrophoresis and 
visualized by ethidium bromide staining. 
 
Table 1: Nucleotide sequences of gene specific primers for reverse transcriptase PCR 
 

Genes Forward primer Reverse primer 
Wnt ATT CAC TCC AGG ATG AGA CTT CAT A GTT TCT GTT GTG GGC TTT GAT TAG
FGF TGT GGA TAG CGG ATT GTA TCT G ACC AAT TCT CCT CAA ACT GCT C 

MDM2 CCA ACC CCG AAG ACA CCA GCG GAG GCG TCG GTA CGT CCA CT 
 

 
Results 
Figure 1 shows the formulated drug with liposomes. The accurate selection of 
liposome preparation method depends on the physiochemical characteristics of the 
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material to be entrapped, choice of liposomal ingredients, nature of medium in which 
the lipid vesicles are to be dispersed, optimum size and self life of the vesicle, and 
batch to batch reproducibility. Here we used sesame oil for preparation of lipids 
according to the thin film hydration method. 
 Figure 2 shows the presence of liposomes. Usually liposomes composed of 
cholesterol and phospholipids. The structure composition and proportion being 
practically the same as in the host cell membranes. The phospholipids possess a 
hydrophobic tail structure and a hydrophilic head component and organize in the 
following when dissolved in water, the hydrophobic tails mutually attract while the 
hydrophilic heads contact with the aqueous medium external and internal to the 
liposome surface. 
 Figure 3 shows the hypertrophy in heart of control and experimental animals. In 
group II zebrafish, the level of hypertrophy was significantly increased due to ERYC 
treatment. These were significantly increased in liposome mediated drug treated 
group III zebrafish. However, no significant changes were observed in control group I 
zebrafish. 
 Figure 4 shows MDM2, FGF and WNT mRNA levels in ERYC induced cardiac 
hypertrophic (group II), liposome mediated drug treated in the ERYC induced cardiac 
hypertrophy (group III) and control group zebrafish. RT-PCR results showed that 
there was increase in the expression of MDM2, FGF and WNT at mRNA level 
respectively. 

 

 
 

Figure 1: Preparation of Liposomes. a). Purified oleic and Linoleic acid b). 
Liposomes carrying therapeutic molecules. 

 

 
 

Figure 2: Visualization of liposomes in water by fluorescent microscope. 

 ba
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Figure 3: shows the hypertrophy in heart of control and experimental animals. In 
group II zebrafish, the level of hypertrophy was significantly increased due to ERYC 
treatment. These were significantly increased in liposome mediated drug treated 
group III zebrafish. However, no significant changes were observed in control group I 
zebrafish. 

 

 
 

Figure 4: Reverse Transcription PCR. The mRNA expression of MDM2, FGF, WNT 
in experimental group zebrafish [Lane 1: Control group fish mRNA with WNT 
Primer; Lane 2: Control group fish mRNA with FGF primer; Lane 3: Control group 
fish with MDM2 primer; Lane 4: ERYC treated fish mRNA with WNT primer; Lane 
5. ERYC treated fish mRNA with FGF primer; Lane 6. ERYC treated fish mRNA 
with MDM2 primer; Lane 7. ERYC and liposome mediated drug treated fish mRNA 
with WNT primer; Lane 8. ERYC and liposome mediated drug treated fish mRNA 
with FGF primer; Lane 9. ERYC and liposome mediated drug treated fish mRNA 
with MDM2 primer]. 

 
 
Discussion 
Drug molecules can interact with liposomes in several different ways depending on 
the drug’s solubility and polarity characteristics. Water soluble drugs are usually 
entrapped in to the aqueous cavity, while water-insoluble drugs can be solubilised in 

 a cb 
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the hydrophobic part of the liposomes. Hydrophilic drugs are most simply 
encapsulated automatically upon hydration of the lipids with a corresponding drug 
solution. The non-encapsulated drug molecules are then removed by gel filtration. 
However, the efficiency of this method is quite low. There are several ways to 
improve the drug encapsulation of hydrophilic drugs and one of the more elegant 
solutions is so called remote loading where the drug is loaded into preformed 
liposomes using different ion gradients [13-15]. 
 Liposomal drug delivery systems not only enable the delivery of higher drug 
concentrations [16], but also a possible targeting of specific cells or organs [17-19]. 
Harmful side effects can therefore be reduced owing to minimised distribution of the 
drug to non-targeted tissues. Like all other carrier systems, the use of liposomes in 
drug delivery has advantages and disadvantages. The amphiphilic character of the 
liposomes, with the hydrophobic bilayer and the hydrophilic inner core, enables 
solubilisation or encapsulation of both hydrophobic and hydrophilic drugs. Along 
with their good solubilisation power, a relatively easy preparation and a rich selection 
of physicochemical properties have made liposomes attractive drug carrier systems. In 
the present study results demonstrate that liposome carries drug targeted the organ 
(heart) and release the drug at a particular site to cure the cardiac hypertrophy (Fig 3) 
and it’s confirmed by the visualization of morphology of heat. Furthermore, levels of 
MDM2, FGF and WNT mRNA expression are studied through RT-PCR.  
 A high level of expression of MDM2 in hypertrophy induced fish is observed 
since the cardiomyocytes are in state where rescue of apoptosis takes place. The WNT 
and FGF levels are low since these pathways are now no more expresses at high 
levels enough to cause molecular reversal of hypertrophy progression. However in the 
liposome treated the levels of RNA expression correlated with that of the control 
group. Low level of MDM2 compared to hypertrophy induced fish clearly shows that 
the cardiomyocytes have recovered from hypertrophy induction and are in a state of 
cellular balance, therefore MDM2 are expressed at the housing levels. However 
higher amount of WNT and FGF confirms that repair process has been through and 
the cardiomyocytes have been remodelled at the cellular and tissue level. 
 
 
Conclusion 
The liposomal drug delivery systems have expanded at a very fast rate in recent years. 
To our knowledge, this is the first study in which adult zebrafish used for an in-vivo 
model for the liposome mediated drug delivery. Zebrafish have recently emerged as a 
preferred model system for studying vertebrate development. In addition, now more 
than 800 laboratories in the world are using zebrafish in their basic and applied 
studies [20]. Relatively low cost of zebrafish experiments (compared with 
experiments on mammals) allows using zebrafish as an inexpensive alternative to 
rodent test systems. This object is unique with respect to achieved knowledge, 
technologies and experimental approaches. Constantly growing interest in zebrafish 
model provides a shorter route to developing novel therapies for human disease. 
Based on our results we may conclude that zebrafish as an in-vivo model for the 
liposome mediated drug delivery studies. 
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