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Abstract. Zebrafish (Danio rerio) and its embryo has become a popular
replacement alternative among the scientists because of many scientific attri-
butes. As it is a model commonly used in ecotoxicology, our plan is to use this
model to identify causative factors leading to chronic renal disease of unknown
origin prevailing among poor, farming communities in Sri Lanka. This paper
describes briefly the training underwent at University of Antwerp, Belgium and
how zebrafish model could be used to address an important public health issue
in Sri Lanka.
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Introduction

The Concept of Replacement Alternative

Interest of scientists has been deviating since 20th century, from the use of animals in
their experimental work towards substituting with ‘Alternatives’, thus reducing the use
of live animals in experiments. This ‘Alternative’ concept is principally the
‘Replacement’ alternative that was indicated in the book; ‘The Principles of Humane
Experimental Technique’ written by Russell and Burch in 1959. Although many
methods of replacement have been developed and used by researchers, most of these
are not absolute replacement models. As absolute replacement models should not
involve whole animals and animal tissues, in many instances models used by
researchers are relative. Relative replacement models include lower vertebrates,
invertebrates or animals having lower level of sentience and tissues, cells, sera and
embryos etc. of animal origin. These relative replacement models of course reduce or
prevent the use of conscious living vertebrates [1].

Scientific Importance of Zebrafish (Danio Rerio)

Among the accepted relative replacement models, the zebrafish (ZF) and its embryo
model have been of interest to the researchers due to its wide spectrum of scientific
applicability. ZF and its embryo have been used in diverse fields of science including
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developmental biology, oncology, pharmacology, toxicology, teratology, genetics,
neurobiology, environmental sciences, stem cell research etc. [2–6]. Identification of
substances/key molecules responsible for regenerative capacity of damaged heart
muscle, retinal tissues of eyes, nerve fibers shed light for the scientists one day to focus
on new therapies for people with ischaemic heart disease, spinal cord injuries and to
combat degenerative eye disease damage in humans [7–9].

Scientific Attributes of Zebrafish

ZF, specially its embryo model has its wide acceptance and popularity as a replacement
model due to many scientific attributes such as small size of ZF, ease of maintenance,
low cost, rapid growth rate, high fecundity rate, external fertilization, optical trans-
parency of the embryo (Figs. 1 and 2), ease of genetic manipulations, high genetic
similarity to humans and regenerative capacity [2, 5].

Fig. 1. Normal embryos after collection (Inverted microscope-Leica 10447137 model 10X/23,
X1.0)
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Fig. 2. Normal Zebrafish embryo at 72 hpf. (Inverted microscope-Leica 10447137 model
10X/23, X2.0). A: Eyes, B: Otoloths, C: Heart, D: Yolk sac and its extension, E: Vertebral
coloumn
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Introduction of Zebrafish Model to Sri Lanka

Scientific benefits of ZF and its embryo was unknown to most of Sri Lankan
researchers until its introduction to Sri Lankans at the Inaugural Scientific Conference
of the Sri Lanka Association for Laboratory Animal Science (SLALAS) in January
2014 by Dr. Francois Busquet, CAAT-Europe Policy Coordinator, University of
Konstanz, Germany. ZF, which is a native species in Sri Lanka, is used as an orna-
mental fish [10]. The wild type and ZF in different colours, produced through genetic
manipulations by the breeders, are available in Sri Lankan aquaria for this purpose.

Materials and Methods

Comprehensive Training on Zebrafish Model

Transparency of the developing ZF embryo during demonstrations at the Inaugural
Conference of SLALAS was very impressive and an eye opener for most of Sri Lankan
researchers to concentrate on replacement alternatives. This created an interest for
acquisition of more knowledge and skills on ZF embryo model. Thus a 2-week
comprehensive training at the ZF lab in University of Antwerp, Belgium was possible
because of the Overseas Special Training Fellowship granted by the National Science
Foundation of Sri Lanka. The material such as ZF embryos, testing chemicals, inverted
microscopic facilities with recording of images etc. needed during training was kindly
provided by Prof. Dries Knapen, Head of the ZF lab of University of Antwerp through
the research grants secured by him.

During this 2-week training, the principal focus was on three areas.

1. Operation and daily maintenance of the ZF housing facility provided an insight in to
different housing systems; fully automated standalone, semi-automated tanking and
aquarium type housing systems that could be established in a ZF lab depending on
the financial capacities. Hands-on was possible on the frequency and method of
water quality testing for pH, temperature, salinity/conductivity and hardness of
water, which are prerequisites for reproduction, and maintenance of fish in the
tanks. It was also emphasized the need for different types of filters; chemical,
biological and UV. Maintenance of good standards improves quality of research
procedures and reproducibility of research data.

2. Daily maintenance and reproduction of ZF in practice covered nutritional require-
ments of ZF at different stages of growth, feeding patterns and need for variation in
food types. In order to use ZF embryo as a research model, knowledge on how to
facilitate spawning, collection of eggs, selection of good quality eggs are essential,
and thus practiced.

3. Standardized morphological scoring of ZF embryos and larvae as an important item
during training gave an insight in to how ZF embryo could be used for water quality
testing and acute toxicity testing of substances according to ISO 15088:2007 and
OECD guideline 236 [11–13]. Two concentrations; 600 mM and 1200 mM of
caffeine (Kofeina, 1, 3, 7-Trimethylxanthine, Sigma Aldrich) were used during
practice. When performing this test, newly fertilized ZF eggs (n = 60 per sample
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solution) in water samples different concentrations of toxic substances for a period
of 96 h (96 h post fertilization—96 hpf), with positive (3, 4-Dichlore aniline) and
negative control solutions should be incubated. Observations with an inverted
microscope at every 24 h are needed to identify the four endpoints; coagulation of
fertilized eggs, lack of somite formation, lack of detachment of the tail-bud from the
yolk sac (Figs. 3, 4 and 5), lack of heartbeat. At the end of the exposure period,
determination of acute toxicity could be done based on a positive outcome in any of
the above mentioned recorded observations leading to calculation of LC50 value.

Results

In addition to four end-points of acute toxicity test, abnormalities such as malformation of
tail, pectoral fin, yolk sac, head, eyes, otoliths, mouth and heart; pericardial and yolk sac
edema, accumulation of blood, disturbed or no blood flow in the tail; abnormal pigmen-
tation; non-detachment of tail and un-inflated swim bladder leading to abnormal
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Fig. 3. At 72 hpf of exposure to 1200 mM of caffeine Solution. (Inverted microscope-Leica
10447137 model 10X/23, X3.0). A: Embryo is not hatched, B: Non detachment of the tail, C:
Presence of severe edema in the developing embryo and D: Lack of somite formation

Fig. 4. Coagulated embryo (Inverted microscope-Leica 10447137 model 10X/23, X1.0)
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movements of larvae, were also observed during this training. Necessity for adoption of a
scoring system to quantify observations for scientific presentation of data was emphasized.

When using ZF model in experimental procedures the need for ethics and welfare
aspects too need to be considered. It is accepted that ZF larvae develops the capability
in independent feeding without depending on the food supply from the yolk sac and
feeling of pain sensation around 120 hpf (Drs. An Hagenaars and Lucia Vergauwen of
Zebrafish lab, University of Antwerp- Personnel communication during training, [14]).
Therefore, the need for ethics approval for the use of ZF embryo in acute toxicity
testing does not arise.

Discussion and Conclusion

Acute toxicity test with ZF embryo as a replacement alternative has become the easiest
and most convenient test because the test could be performed within 4 days of post
fertilization (96 hpf) without breaching ethics and welfare. However, there are several
tests where ZF can be used subjected to ethics approval. ZF model has a wide spectrum
of applicability in the Sri Lankan context instead of rodents and rabbits thus the
application of 3Rs concept in the experimental procedures.

Scientific Applicability of Zebrafish Model in the Sri Lankan Context

Being a fresh water fish, ZF and its developing stages are sensitive to changes in their
immediate environment [15]. These changes could cause mortality, and also affects all
their activities and growth in developing stages. Therefore, ZF model could be used as
a replacement alternative for water quality testing in order to address one of the long-
standing problems of public health concern, ‘Chronic Kidney Disease of unknown
origin’ (CKDu) in Sri Lanka.

CKDu is said to be multifactorial in origin leading to hospitalization of over 1,100
CKDu patients per month in Sri Lanka and 300 deaths per year while the first patient
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Fig. 5. At 72 hpf- Abnormal larvae. (Inverted microscope-Leica 10447137 model 10X/23,
X1.0) A: Percardial edema, B: Curved tail.
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was identified in 1994. Total number of patients in Sri Lanka exceeds 70,000. This
CKDu problem is prevailing among farming communities and it’s a condition, which is
slowly progressing and becomes irreversible. Moreover it is asymptomatic until last
stages producing mainly tubule-interstitial fibrosis and tubular atrophy as evident in
renal biopsies of affected patients [16, 17].

In this context the whole fish as well as its embryo and larvae as per OECD
guidelines 236, 203, 210 and 215 could be used to check the effect of suspected heavy
metals leading to CKDu and water samples obtained from all sources of water in the
endemic areas compared with that of non-endemic areas, as well as with laboratory
reconstituted water controls according to the following plan.

1. Collection of water samples from CKDu endemic and non-endemic areas
2. Performance of tests with

• collected water samples
• filtered water samples using specially developed filters
• suspected heavy metals in different concentrations

3. Histopathology with H&E for renal effects using the whole embryo and harvested
kidneys of adult fish.

Acknowledgments. I am very thankful to Prof. Hajime Kojima and Prof. Tamaki Yoshikawa
for inviting me to share the planned protocol on the use of zebrafish model for CKDu experi-
ments at the Asian congress on alternatives to Animal tests organized by the Japanese society for
alternatives to animal experiments. I am grateful to Prof. M A Akbarsha – Director, Mahatma
Gandhi– Doerenkamp Center for Alternatives to Use of Animals in Life Science Education, India
for recommending me to congress organizers. I also acknowledge the support extended by Prof.
Dries Knapen and his team comprising Dr. An Hagenaars, Dr. Lucia Vergauwen and Mrs. Bieke
Rutten of University of Antwerp for imparting necessary knowledge and skills related to this
model, Dr. Francois Busquet for introducing the author for training at the ZF lab of University of
Antwerp, Belgium and the National Science Foundation of Sri Lanka for granting an overseas
training fellowship for this purpose.

References

1. Balls M (2009) The three Rs and the humanity criterion: an abridged version of the
principles of humane experimental technique by WMS Russell and RL Burch. FRAME,
Nottingham, UK

2. Kimmel CB, Ballard WW, Kimmel SR, Ullmann B, and Schilling TF (1995) Stages of
embryonic development of the zebrafish. Dev Dyn 203:255–310

3. Nagel R (2000) DarT: the embryo test with the zebrafish danio rerio–a general model in
ecotoxicology and toxicology

4. Grunwald DJ, Eisen JS (2002) Headwaters of the zebrafish–emergence of a new model
vertebrate. Nar Rev Genet 3:717–724

5. Westerfield M (2007) The zebrafish book, 5th edn: a guide for the laboratory use of zebrafish
(Danio rerio). Eugene, University of Oregon Press, USA

6. http://www.hopkinsmedicine.org/news/media/releases/scientists_report_success_using_
zebrafish_embryos_to_identify_potential_new_diabetes_drugs. Accessed 27 July 2017

6 M. Gunatilake

http://www.hopkinsmedicine.org/news/media/releases/scientists_report_success_using_zebrafish_embryos_to_identify_potential_new_diabetes_drugs
http://www.hopkinsmedicine.org/news/media/releases/scientists_report_success_using_zebrafish_embryos_to_identify_potential_new_diabetes_drugs


7. Kikuchi K, Poss KD (2012) Cardiac regenerative capacity and mechanisms. Annu Rev Cell
Dev Biol 28:719–741

8. Wehner D, Tsarouchas TM, Michael A, Haase C, Weidinger G, Reimer MM, Becker T,
Becker CG (2017) Wnt signaling controls pro-regenerative Collagen XII in functional spinal
cord regeneration in zebrafish. Nat Commun 8, Article number:126

9. http://www.hopkinsmedicine.org/news/media/releases/immune_system_found_to_control_
eye_tissue_renewal_in_zebrafish. Accessed 27 Jul 2017

10. Gunatilake M, Busquet F, Akbarsha MA (2014) Alternatives initiative in Sri Lanka: pre- and
post-conference workshops at the inaugural scientific conference of the Sri Lanka association
for laboratory animal science. ALTEX 31(2/14):224–226

11. ISO International Organization for Standardization (2007) International standard water
quality–determination of the acute toxicity of waste water to zebrafish eggs (Danio Rerio).
ISO 15088:2007(E)

12. OECD Publications: OECD guidelines for the testing of chemicals, section 2; effects on biotic
systems ISSN: 2074–5761 (online). https://doi.org/10.1787/20745761. www.oecd-ilibrary.
org/…/oecd-guidelines-for-the-testing-of-chemicals-section-2-effe. Accessed 17 Jul 2016

13. OECD validation study to assess intra- and inter-laboratory reproducibility of the zebrafish
embryo toxicity test for acute aquatic toxicity testing (2014). Busquet et al. Reg Tox and
Pharma. http://dx.doi.org/10.1016/j.yrtph.2014.05.018

14. Strahle U, Scholz S, Geisler R, Greiner P, Hollert H, Rastegar S, Schumacher A,
Selderslaghs I, Weiss C, Witters H, Braunbeck T (2012) Zebrafish embryos as an alternative
to animal experiments-a commentary on the definition of the onset of protected life stages in
animal welfare regulations. Reprod Toxicol 33:128–132

15. Dai YJ, Jia YF, Chen N, Bian WP, Li QK, Ma YB, Chen YL, Pei DS (2014) Zebrafish as a
model system to study toxicology. Environ Toxicol Chem 33(1):11–7

16. Jayatilake N, Mendis S, Maheepala P, Mehtaet FR (2013) Chronic kidney disease of uncertain
aetiology: prevalence and causative factors in a developing country. BMC Nephrol 14:180

17. Redmon JH, Elledge MF, Womack DS, Wickremashinghe R, Wanigasuriya KP, Peiris-John
RJ, Lunyera J, Smith K, Raymer JH, Levine KE (2014) Additional perspectives on chronic
kidney disease of unknown aetiology (CKDu) in Sri Lanka–lessons learned from the WHO
CKDu population prevalence study. BMC Nephrol 15:125

Open Access This chapter is licensed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence and indicate if changes were made.
The images or other third party material in this chapter are included in the chapter’s Creative

Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder.

Zebrafish, Danio Rerio as a Replacement Alternative Model 7

http://www.hopkinsmedicine.org/news/media/releases/immune_system_found_to_control_eye_tissue_renewal_in_zebrafish
http://www.hopkinsmedicine.org/news/media/releases/immune_system_found_to_control_eye_tissue_renewal_in_zebrafish
http://dx.doi.org/10.1787/20745761
http://www.oecd-ilibrary.org/%e2%80%a6/oecd-guidelines-for-the-testing-of-chemicals-section-2-effe
http://www.oecd-ilibrary.org/%e2%80%a6/oecd-guidelines-for-the-testing-of-chemicals-section-2-effe
http://dx.doi.org/10.1016/j.yrtph.2014.05.018
http://creativecommons.org/licenses/by/4.0/

	Zebrafish, Danio Rerio as a Replacement Alternative Model Useful in CKDu Experiments
	Abstract
	Introduction
	The Concept of Replacement Alternative
	Scientific Importance of Zebrafish (Danio Rerio)
	Scientific Attributes of Zebrafish
	Introduction of Zebrafish Model to Sri Lanka

	Materials and Methods
	Comprehensive Training on Zebrafish Model

	Results
	Discussion and Conclusion
	Scientific Applicability of Zebrafish Model in the Sri Lankan Context

	Acknowledgments
	References




