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Introduction:  
Retinoids act as an important morphogen in early embryonic development (Kam, Deng, 

Chen, Zhao 2012). Retinyl acetate is a naturally occurring fatty acid ester form of retinol with 
potential antineoplastic and chemopreventive activities (National Center for Biotechnology 
Information 2021). Retinoic acid has been involved in multiple aspects of embryo development 
including, eye, limb, and heart development (Goncalo C. Vihais - Neto & Oliver Pourquie 2005). 
Retinoic acid also determines the proximodistal axis of limb regeneration (Maden 2012). While 
more is known about the effects of retinoids in vertebrae development, less is known about 
retinoids in invertebrate development. Concentrations of retinoids have been found in Artemia 
salina  and vary from 0-326 μg g^-1 dry weight (Moren, Gunderson, Hambre 2005). However, 
the effects of increased retinyl acetate concentration on the size of Artemia salina  are also 
unknown. 

The current study focused on the development of Artemia salina . Artemia can begin as 
metabolically inactive cysts (Stappen 1996). Once rehydrated the embryo’s metabolism resumes. 
After about 20 hours the outer membrane of the cyst opens and the embryo appears, surrounded 
by the hatching membrane (Stappen 1996). It remains in the “umbrella” stage until the 
development of the nauplius is complete. Then it hatches and the free-swimming nauplius 
continues developing through its multiple larval stages. The larva grows and differentiates 
through 15 molts before reaching adulthood (Stappen 1996).  

 In this current preliminary study, I tested the hypothesis that Artemia salina  embryos 
exposed to retinyl acetate from rehydration till hatching show an acceleration of growth. Artemia 
salina  differentiates during embryonic development and molting stages (Stappen n.d). Retinyl 
acetate binds to and activates retinoid receptors, inducing cell differentiation and decreasing cell 
proliferation (National Center for Biotechnology Information 2021). Experiments in this current 
study were conducted by rehydrating Artemia salina  in three doses of retinyl acetate. Samples 
were collected 58-62 hours after rehydration to measure the body length of the Artemia . Based 
on the morphogenic properties of retinoids (Kam, Deng, Chen, Zhao 2012), rehydrating Artemia 
cysts in retinyl acetate may lead to an acceleration of growth and development.  

 

 



 
Materials and Methods:  

This experiment used powdered retinyl acetate R-4632. A stock solution was prepared in 
DMSO at 16mg/ml. Because 16 mg/ml is 1000x the highest working solution concentration of 
retinyl acetate, ideally a 1/1000 dilution of DMSO would have been added to the control dish of 
Artemia .  

Three doses of retinyl acetate were prepared in 1% NaCl spring water brine using serial 
dilutions. The 1x dosage of retinyl acetate is based on the dosage of 4μg/g of bodyweight used in 
a study on retinol metabolism in the Mollusk Osilinus Lineatus  (Gesto, Castro, Reis-Henrigues, 
Santos 2012). The doses were 1μg/ml, 4μg/ml, and 16μg/ml. Each dose was prepared so that 
20ml of liquid would be in each petri dish.  

1/48th tsp (approx. 41.6mg) of Artemia salina cysts were added to the Petri dishes then 
stirred to begin rehydration. Samples of Artemia were observed and collected at 58-62 hours 
after rehydration. Several drops containing Artemia  were placed on a foldscope slide (Foldscope 
Instruments 2021) using a transfer pipette. This sampling method cannot exclude the possibility 
of resampling animals. The addition of more Artemia salina  to the slides decreases this 
possibility. Artemia salina were not returned to the Petri dishes after sampling to prevent 
resampling in future observations.  

This experiment utilized a foldscope for observation and imaging. The foldscope is a 
paper microscope that contains a spherical lens (Foldscope Instruments 2021). The foldscope has 
a magnification of 140x and a resolution of 2 microns  (Foldscope Instruments 2021). Images were 
taken by screenshotting videos of the samples using an iPhone 8 camera. The accuracy of the 
dimensions was limited by spherical aberration from the foldscope lens. To combat this, 
measurements taken in ImageJ were analyzed using screenshots of the Artemia salina  in the most 
focused region. To prevent bias in measurements, control and experimental samples were imaged 
and analyzed identically.  

The images captured at 58-62 hours after rehydration were measured in ImageJ software 
for each of the experimental and control dishes. The scale of the images was set in ImageJ using 
an image of a stage micrometer in the foldscope. The body length measured spans from the 
nauplius eye to the end of the tail. The average body length was calculated for each condition. In 
this study, only one trial for each condition was conducted. Multiple methods were beyond the 
scope of this preliminary study.  

Data are derived from measurements of Artemia salina  body length in 19 images from 
the control condition. Data are derived from measurements of Artemia salina  body length in 14 
images from the 1μg/ml retinyl acetate experimental group. Data are derived from measurements 
of Artemia salina  body length in 22 images from the 4μg/ml retinyl acetate experimental group. 
Data are derived from measurements of Artemia salina  body length in 24 images from the 16 
μg/ml retinyl acetate experimental group.  
 



 
 

Results: 

Figure 1.  Developmental stages of Artemia salina . Images are of the control group under a 
foldscope at 140x. The 27 hr images are of the same nauplius, the left is in the “umbrella” stage 
and the right is 1-2 minutes after hatching.  
 

Both the experimental and control conditions were successful in hatching Artemia . There 
was a large number of Artemia  in both the control and experimental conditions at 27 hours and 
even more at 38 hours after hydration.   



 
 

 
Figure 2. The body length of Artemia salina  images measured from 58-62 hrs after rehydration. 
The body length measured spans from the top of the head at the nauplius eye to the end of the 
tail.  
 

The measurements were collected between 58-62 hours after rehydration. Most of the 
Artemia sampled resembled the Artemia  at 62 hrs in Figure 1. Some Artemia were in earlier 
stages similar to the Artemia  at 48hrs in Figure 1.  
 



 
Figure 3.  The measurement data from the average body length of Artemia  measured from 58-62 
hours after rehydration. The median values are next to the average for comparison of variance 
within each sample. Notice how the median and average length values are closer together in 
4μg/ml and 16μg/ml.  
 

Data quantification showed that the average size of the Artemia  decreased at higher 
concentrations of retinyl acetate. As seen in Figure 3, the control group had the highest average 
body length. The average size of the Artemia hatched in retinyl acetate decreased about 10 μm 
between each concentration.  

The variance in Artemia  size within the sample appeared to decrease as the concentration 
of retinyl acetate increased. The control samples observed had Artemia  in various sizes while the 
sample observed from the 16μg/ml had Artemia  closer in size to one another. This observation 
was quantified after measuring images and calculating the standard deviation. The standard 
deviation for the control group was 73.80.  The standard deviation for the experimental group 
rehydrated in 1μg/ml is 70.12. The standard deviation for the experimental group rehydrated in 
4μg/ml is 57.86. The standard deviation for the experimental group rehydrated in 16μg/ml is 
46.37. 

 
 
 
 

 



Discussion: 
The results of this preliminary study do not support the hypothesis that Artemia salina 

embryos exposed to retinyl acetate from rehydration till hatching show an acceleration of 
growth. This evidence suggests that perhaps, Artemia salina  embryos exposed to retinyl acetate 
from rehydration to hatching show an inhibition of growth. The average body length in the 
Artemia  at 58-62 hours after rehydration appeared to decrease as the dosage of retinyl acetate 
increased.  

The possibility of growth inhibition may be related to the mechanism of retinyl acetate. 
Retinyl acetate binds to and activates retinoid receptors, inducing cell differentiation and 
decreasing cell proliferation (National Center for Biotechnology Information 2021). The ability 
to decrease cell proliferation suggests that increased retinyl acetate could lead to an inhibition of 
body length growth.  

There also appeared to be less variance in measurements of Artemia salina  rehydrated in 
retinyl acetate. This evidence suggests that perhaps Artemia  rehydrated in retinyl acetate may 
differentiate at a consistent rate. Retinyl acetate’s ability to induce cell differentiation may be a 
potential cause for body length consistency among samples rehydrated at higher retinyl acetate 
concentrations. This possibility poses more questions for future studies. While retinyl acetate 
may potentially inhibit growth due to the possible decrease in cell proliferation, could the 
anatomy and sizes of the Artemia salina  sample exposed to retinyl acetate be more uniform?  

In future studies, I would make improvements to this experimental setup. Some sources 
of error include distortion due to spherical aberration of foldscope lens and resampling Artemia . 
Usage of a microscope with a combination of positive and negative lens elements with various 
thicknesses would help combat spherical aberration (Abramowitz, Spring, Davidson 2021). I 
would also include a DMSO carrier control in the setup. More trials and more sampling at 
consistent time intervals would help to refine the experiment. 

Retinoids have many potential functions and effects in development in both vertebrates 
and invertebrates. The evidence from this preliminary study on Artemia salina  raises more 
questions for future studies on retinyl acetate in embryonic development and regeneration.  
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