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Abstract 
This zebrafish experiment was done to see if caffeine can affect the 

development and survival of zebrafish. This is important because zebrafish have 
similar genetics to humans, so this could be used to predict that if this same 
experiment was done with the human fetuses, it may show the same effects. An 
important part of the anatomy that zebrafish and humans have in common is that 
both have a backbone, unlike other invertebrates that are commonly used in 
scientific experiments. For the experiment, 4 different concentrations of caffeine (0 
mg/mL, 0.05 mg/mL, 0.25 mg/mL, 1 mg/mL) were evaluated. During the experiment, 
the highest concentration of caffeine (1 mg/mL) had the most dead fish faster than 
the others. On day 4, the 0.25 mg/mL concentration had the most hatched and living 
fish, but the next day, they all died. The concentration with the most living fish at the 
end was the control (0 mg/mL). 

This data shows that higher quantities of caffeine could affect the baby in the 
womb of a woman. Caffeine could cause an increased heart, slow development, and 
even death. This experiment was only done for 5 days, imagine if it was for 9 
months and how that could affect human development. 

 
Introduction 

Caffeine is one of the most popular food and drinks additives out there. Caffeine 
is very addictive and gives people the energy to get through their day. However, 
caffeine can cause miscarriage in pregnancy. “You may have heard that too much 
caffeine can cause miscarriage, preterm birth (birth that happens before 37 weeks of 
pregnancy is completed), or low birth weight.” (March of Dimes, April 2020). Humans 
and Zebrafish have some common features, like their vertebrates and nerves. This 
means that theoretically scientists can do experiments on zebrafish and the results 
would be relatively close to if they did the same experiments on humans. “Zebrafish are 
vertebrates. Like humans, they have a backbone. This means that they are more 
closely related to humans than commonly used invertebrate models such as insects and 
worms which do not have backbones. Because zebrafish are more closely related to 
humans, they are more likely to be similar to them in many biological traits than a more 
distantly related organism.” (Browder & Iten, Wednesday, March 4, 1998). According to 
Chen and others “As the exposure dosages increased, the survival rates decreased. No 
embryos survived after treatment with 300 ppm caffeine or higher dosages.” (Chen et. 



al, 2008). From this, we would expect most of our embryos to die. Since Zebrafish and 
humans are so much alike, we can expect that exposing babies in the womb to caffeine 
would not be good for them. 

 
The purpose of this experiment was to explore the effect of caffeine on zebrafish 

embryos and how it affects them for the short term period. 
 
This experiment tested if the embryos are exposed to little to no caffeine, then 

the fish will survive because high exposure to caffeine as an embryo can cause death. 
 
Materials & Methods 
Materials:  
 

Quantity Item 

1 Well Tray 

40 Zebrafish Embryos 

1 Diluted caffeine (0 mg/mL, 0.05 mg/mL, 0.25 mg/mL, 1 mg/mL) 

6 Fine bore pipette(s) 

7 Large bore pipette(s) 

4 100 mL beaker(s) for caffeine 

5 50 mL beaker(s) for waste 

1 Dissecting Microscope 

1 Incubator (28.5° C) 

 
Methods: 

On the first day, rinsed embryos were obtained from the teacher. The one well 
of the plate was filled with 1 mL of Instant Ocean/Embryo Media solution using the 
disposable pipette. The remaining wells were filled with the appropriate amount of 
caffeine stock solutions (0.05 mg/mL, 0.25 mg/mL, 1 mg/mL). The embryos were 
divided so there were approximately 10 embryos in each well. Gloves were worn to 
avoid chemical exposure to skin. The student data sheet was labeled. The exact 
number of live embryos was recorded on the student datasheet. Embryos were 



observed under the dissecting microscope. Observations on living and dead 
embryos were recorded on the student datasheet. The embryos were placed in the 
28.5ºC incubator for 24 hours. 

On the second day, the plate was removed from the incubator. The dead 
embryos were removed using a transfer pipette. Five dead embryos were moved to 
a waste beaker. The remaining embryos and hatched fish were counted up. The 
caffeine was removed from the stock solutions from each plate. The appropriate 
fresh caffeine stock solution was added using a clean pipette each time. The plate 
was placed under a dissecting microscope and observations were recorded on the 
student data sheet. And developmental markers and abnormalities were noted and 
or recorded. The plate was then returned to the appropriate 28.5ºC. 

On the third day, day two work was repeated and data was recorded while 
observing. 

On the fourth day, work and observations from day three were repeated. All 
the data was recorded. All of the embryos and fish were placed in a waste container 
and then the teacher properly disposed of the organisms. A chi-square analysis was 
performed to ensure statistical significance. 
 
Results 
 This experiment explained how certain amounts of caffeine affect zebrafish 
embryo survival rate.The experiment was set up to compare zebrafish embryos 
exposed to increasing concentrations of caffeine to fish exposed to no caffeine to 
determine the effects of increasing exposure.The purpose of this experiment was to 
understand if caffeine would affect babies in the womb. The dependent variable for 
this experiment is the number of fish embryos that are living, the independent 
variable is the concentration of caffeine per well (0.05 mg/mL, 0.25 mg/mL, 1.0 
mg/mL), the control had 0 mg/mL of caffeine. The controlled variables were 
freshwater, water temperature, the number of embryos, and the same embryos. As 
the concentration of caffeine increases, then the amount of living fish decreases. 
 
Statistical Analysis 

The chi-square analysis was used to test for the independence of different 
caffeine solutions and the survival rate of zebrafish. The chi-square value of this data 
set was calculated to be 31.41. Using 3 degrees of freedom and a predetermined 
level of significance of .05, the critical value was found to be 7.82. Using the chi-
square analysis, 31.41 is greater than the critical value of 7.82, which rejects the null 
hypothesis and proves that the results were not by chance alone.  



   Table 1 - Effect of caffeine on living zebrafish embryos 
 This table shows how many fishes lived throughout the experiment. 
 

 
 
 
Table 1.  Effect of caffeine concentration over time on the hatching success and 
survivability of fertilized zebrafish embryos 
Caffeine 
(mg/mL) 

0 Hours 24 Hours 48 Hours 72 Hours 96 Hours 

 Total 
Hatched 

Living Total 
Hatched 

Living Total 
Hatched 

Living Total 
Hatched 

Living Total 
Hatched 

Living 

0.00mg/mL 0 10 0 10 9 10 10 10 10 10 

0.05mg/mL 0 10 0 8 1 7 7 7 7 7 

0.25mg/mL 0 10 0 7 7 7 6 (7?) 6 0 (7?) 0 

1.00mg/mL 0 10 0 2 0 2 0 1 0 0 

 
 
Table 2.  Effect of caffeine concentration on the hatching success and survivability of 
fertilized zebrafish embryos after 96 hours 

Caffeine Concentration 
(mg/mL) 

Total Hatched Total Unhatched Total Living Total Dead 

0.00mg/mL 10 0 10 0 

0.05mg/mL 7 3 7 3 

0.25mg/mL 7 3 0 10 

1.00mg/mL 0 10 0 10 

 
 



Figure 1 - The Amount of Living Fish in 5 Days 

 
There was no death in our control. In the higher concentrations, there was 

more death. 
 
Discussion 
 Research states caffeine will affect zebrafish embryos. Since zebrafish and 
human embryos are so similar, there is a good chance that this experiment could 
potentially show similar results if done on humans. 

As the concentration of caffeine increased, the number of dead embryos also 
increased. Using the chi-square analysis for the data, the null hypothesis was 
rejected, showing that the results weren’t by chance. This supports our original 
hypothesis, which stated if the embryos are exposed to little to no caffeine then the 
fish will survive because higher exposure to caffeine as an embryo can cause death, 
was correct. This is because all of the fish survived in the control, but only some 
lived in the other three higher concentrations. This research could be important so 
doctors have science-based information that can be used to help educate their 
pregnant patients on ways to help keep their developing babies healthy. Some 
limitations of the project/errors that happened was only doing one experiment, a 
small sample size, etc. Some limitations for improving techniques that could be 
used next time are things like repeating the experiment, using more embryos, having 
higher concentrations, etc. Embryos may have inadvertently been injured during the 
transfer of solutions. 
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