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ABSTRACT 

To evaluate the potential for fertilization by sperm injection 
into fish eggs, sperm from zebrafish, Danio rerio, were micro­
injected directly into egg cytoplasm of two different zebrafish 
lines. To evaluate physiological changes of gametes on the pos­
sible performance of intracytoplasmic sperm injection (ICSI), 
four different combinations of injection conditions were con­
ducted using activated or nonactivated gametes. From a total of 
188 zebrafish eggs injected with sperm in all treatments, 31 
(16%) developed to blastula, 28 (15%) developed to gastrula, 
10 (5%) developed abnormally to larval stages, and another 3 
(2%) developed normally and hatched. The highest fertilization 
rate (blastodisc formation) was achieved by injection of activat­
ed spermatozoa into nonactivated eggs (35%). Injections were 
most effective when performed within the first hour after egg 
collection. Flow cytometric analysis of the DNA content of the 
developing ICSI embryos revealed diploidy, and the use of a 
dominant pigment marker confirmed paternal inheritance. Our 
study indicates that injection of a single sperm cell into the cy­
toplasm of zebrafish eggs allows fertilization and subsequent de­
velopment of normal larvae to hatching and beyond. 
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INTRODUCTION 

Research in intracytoplasmic sperm injection (ICSI) in 
higher vertebrates began during the late 1970s when ham­
ster ova injected with sperm developed to pronuclei and 
early cleavage stages [ 1]. In the past decade this technique 
has gained interest due to its diverse applications, and it 
has been evaluated with varying levels of success in dif­
ferent mammalian species [2-4], including humans [5]. In 
aquatic organisms, only work in echinoderms [6, 7] and 
amphibians has been reported [8-10]. In the first microin­
jection experiments in aquatic species, injection of sper­
matozoa into sea urchin eggs did not trigger activation, 
cause structural changes in the cortex, nor swelling of the 
egg nucleus [6]. However, injection of single sperm cells 
into eggs of the African clawed frog, Xenopus laevis, pro­
duced normal metamorphosis and development of frogs [8]. 

It is probable that the variable success found for ICSI 
depends on intrinsic characte1istics of the organism studied. 
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In frogs, fertilization occurs externally and activation of the 
egg occurs after the sperm has penetrated the jelly coat that 
surrounds the eggs [8, 11, 12]. Fish spermatozoa, in con­
trast to mammalian spermatozoa, are immotile when in 
seminal plasma or in an isotonic or isoionic solution [ 13]. 
In nature, the sperm become motile upon entering the ex -
ternal environment (fresh water or salt water), and depend­
ing on the species, sperm activation is triggered by changes 
in osmotic pressure or ion concentration [ 14]. Sperm ca­
pacitation in fish has not been identified, but if it does oc­
cur, it may coincide with contact with the external environ­
ment. Regardless of the activation mechanism of teleost 
sperm, they typically have access to the membrane of the 
egg only through a specific location or sperm entry site 
(microvillar cluster), beneath an inner aperture called the 
micropyle [ 15]. 

Egg activation begins with a rapid rise in intracellular 
calcium levels that propagates throughout the egg [ l 6]. In 
mammals and mnphibians, contact with sperm triggers the 
activation of the egg. In fish, egg activation seems to be 
species specific. In zebrafish, Danio rerio, activation does 
not occur when sperm react with the egg surface but rather 
when the eggs come in contact with the spawning medium 
[17-19]. Thus, activation of eggs could be important when 
ICSI is performed. 

The present study investigated the potential of perform­
ing ICSI in teleost fishes using the zebrafish as a model. 
Our objectives were to l) evaluate the micropyle as a sperm 
injection site, 2) evaluate standard ICSI techniques for use 
in zebrafish, 3) evaluate the effect of gamete conditions 
(activated or nonactivated) on fertilization and develop­
ment, 4) evaluate the effect on fertilization of the timing of 
ICSI after egg collection, and 5) identify ploidy and pater­
nal contribution in ICSI-fertilized embryos. 

MATERIALS AND METHODS 

Animals 

Two lines of zebrafish (pigmented, wild-type, and gold, long-fin) were 
obtained from a commercial supplier (Scientific Hatcheries, Huntington 
Beach, CA). The gold, long-fin line is recessive for pigmentation (Dallas 
Weaver, Scientific Hatcheries, personal communication) that results in a 
visible lack of pigmentation compared with the wild-type (Fig. JC). Fish 
were maintained in JO separate 80-L aquaria linked in a recirculating sys­
tem. Filtration was accomplished using an upwelling bead filter. Temper­
ature was maintained at 26°C and a photoperiod of !OD: 14L was estab­
lished. Salinity of the water was maintained at 1.5 ppt by the addition of 
NaCl (Mix-N-Fine; Cargill, Minneapolis, MN). Hardness (measured as  
CaCl2) and alkalinity (measured as NaHCO3) were monitored weekly us­
ing a standard water quality test kit (model FF-JA; Hach Company, Love­
land, CO) and were each maintained at 100 ppm. 

Gamete Collection and Preparation 

The night before ICSI experiments, adult fish were placed in 6-L breed­
ing tanks in a ratio of three females to two males [20). Collection of 
gametes was performed on the day of the ICSI trials. The zebrafish were 
anesthetized by immersion in water containing 0.17 mg/ml of tricaine 
methanesulfonate (methyl-m-aminobenzoate, MS 222; Argent Laborato­
ries, Inc., Redmond, WA). Sperm were obtained by gently squeezing the 












