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Article

Common ways to ingest cannabinoids include smoking the 
plant, consuming cannabinoid oils, consuming cannabinoid 
edibles, or inhaling vapor with cannabinoids. 
	 There are six types of cannabinoids, of which THC 
(delta-9-tetrahydrocannabinol) and  CBD (cannabidiol) are 
the most commonly encountered. THC is the psychoactive 
component of cannabis and gives a “high” because it binds 
with receptors controlling pain and emotions (1, 4). CBD, on 
the other hand, reduces feelings of anxiety and the negative 
effects of THC such as paranoia, xerostomia, and impairment 
of cognitive functions. Although cannabis has many reported 
positive effects (1), there are also many potential neurological 
repercussions of its use. Cannabis has been linked with 
memory loss and memory issues, especially for people 
who use it before their brain fully develops (5). THC blocks 
receptors that impact neuron communication, which impairs 
the ability to create new neural pathways (5). 
	 Marijuana and its derivatives also affect the reproductive 
system. Although mice treated with THC demonstrated no 
effects on sperm motility, testis shape or reproductive success 
(6), smoking marijuana was associated with a 29% reduction 
in total sperm count in human males (7). THC has also been 
found to disrupt ovulation cycle lengths in rhesus monkeys (8). 
Furthermore, THC can cause a significant decrease in fetal 
growth in human pregnancies (9). Another cause for concern 
is that THC is never fully degraded and stays stored in body 
fat, from which it can be passed on to the baby through breast 
milk (10). 
	 Drosophila melanogaster is a model system which has 
been widely used to study teratogenicity and the reproductive 
impacts of toxins (11). Drosophila has been increasingly 
popularized in the toxicology field for molecular mechanisms. 
They are particularly useful due to their quick life cycle and 
high yield of offspring (12). This species has also been used 
to demonstrate the impact of hemp seed meal, a marijuana-
related product, on development and reproduction (13). Here, 
we sought to discover further evidence on how marijuana’s 
main cannabinoids, CBD and THC, may affect reproductive 
rates. Due to Drosophila’s role as a model organism, the 
impact of cannabinoids on Drosophila may help predict the 
impact of cannabinoids on humans. 
	 Here we report how THC and CBD at previously reported 
doses (17) decrease reproductive rates in Drosophila 
melanogaster.  We performed a hatch assay with a control 
group, a CBD-treated group, and a THC-treated group. We 
found the hatch rate of the control group was 94.8%, the THC 
group was 89.6%, and the CBD group was 86.2%. There 
was a rare abnormality with the THC group in which some 
pupae would turn red and die. The study found that both the 
THC and CBD groups had statistically significant lower hatch 
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SUMMARY
The FDA discourages women from using marijuana 
during pregnancy or breastfeeding on the 
basis that cannabinoids such as THC (delta-9-
tetrahydrocannabinol)  and CBD (cannabidiol) can 
negatively affect fetal brain development. However, 
despite increasing accessibility of cannabinoids, 
their impact on fertility, pregnancy, and reproduction 
rates has not been well studied. We hypothesized 
that CBD and THC would reduce reproductive rates 
in Drosophila melanogaster. Our experiments were 
designed to show how cannabinoids might impact 
hatch rates in Drosophila by exposing them to 
previously reported concentrations of CBD and 
THC. We did a hatch assay with control, THC, and 
CBD groups to compare rates of hatching between 
controls and flies treated with either 0.5 mg/mL THC 
or 0.5 mg/mL CBD. Compared to control groups, both 
cannabinoid groups showed a statistically significant 
decrease in reproductive rates. The control group had 
a hatch rate of 94.8%, while the CBD and THC groups 
had hatch rates of 86.2% and 89.6%, respectively. In 
the THC group, pupae were noted to turn red and die 
before emerging. While we predicted cannabinoids 
would reduce reproductive rates, we had expected 
THC would have the greater impact on reproduction.  
The results from our experiments indicated that 
CBD showed a greater reduction on hatching than 
THC.  However, THC caused unusual and unexpected 
mortalities. This study provides evidence that 
cannabinoids such as THC and CBD reduce the rate of 
reproductive success, although the exact mechanism 
requires further study.

INTRODUCTION
	 Marijuana is a psychoactive plant that has been used 
for centuries, originating in central Asia. Marijuana and its 
derivatives are used for their medicinal properties that help 
with anxiety, anorexia, and pain (1). In the US, medical use of 
marijuana and cannabis products is legal in 38 states, with a 
2019 survey showing that approximately 18% of Americans 
have used cannabis at least once (2).
	 The psychoactive and medicinal properties of marijuana 
can largely be attributed to cannabinoid compounds. 
Cannabinoids bind to cannabinoid receptors in the brain and 
thereby impact the body’s endocannabinoid system, which 
facilitates nerve synaptic communication (3). Cannabinoids 
can be extracted from the cannabis plant or made synthetically. 
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rates compared to the control group, providing evidence that 
cannabinoids decreased reproductive rates in Drosophila 
melanogaster. Similarly, long term use of THC and CBD in 
humans can negatively affect fertility and cause complications 
with pregnancy. 

RESULTS
	 To quantify measures representing the impact of a 
treatment on the fertility of Drosophila we compared hatch 
rate (Figure 1). The hatch rate is the amount of successfully 
emerged Drosophila larvae divided by the number of eggs. 
The control group had a hatch rate of 94.8%, which was 
greater compared to the THC group, with a hatch rate of 
89.6%, and the CBD group, with a hatch rate of 86.2% (Table 
1). Because we examined categorical data (hatched vs 
unhatched), we used a chi-squared test to compare the hatch 
rate of each cannabinoid group to the control. Both conditions 
were statistically significant, as the CBD group had a p-value 
of 0.00000353 and the THC group had a p-value of 0.0022 
(Figure 2). The THC group took longer to emerge from their 
eggs, mostly emerging on day 12, while most of the control 
group emerged on day 9 or day 10. The THC group also had 
some red pupae that melted and died with time (Figure 3). 
Pupae are the third stage of the Drosophila life cycle and 
are naturally a small brown oval about the size of an adult 
Drosophila. These abnormal pupae were very rare, occurring 
in only 5 out of the 500 eggs, and none survived. 

DISCUSSION
	 This study joins several previous studies that have found 
that cannabinoids produce a biologically significant decrease 
in reproductive rates in model organisms (6-9, 13). Due to 
these findings and the relative paucity of studies, the FDA 
recommends against the use of cannabis products containing 
cannabinoids THC and CBD during pregnancy and 
breastfeeding (18). Moreover, the FDA site does not address 
marijuana or cannabinoid use in men and women seeking or 
likely to experience pregnancy.
	 We hypothesized that cannabinoids would decrease 
reproduction in Drosophila because CBD reduces motor 
activity in Drosophila, and THC negatively affects reproductive 
and developmental systems in other organisms (16). 
Specifically, we expected THC to have a greater reduction 
in reproductive rates than CBD due to the stigma that THC 
causes infertility and harms human conception and fetal 
development (18). 
	 The results of THC and CBD treatment showed a 
statistically significant decrease in reproduction rates 
compared to the control. While the difference in reproduction 
rates was statistically significant, which could be evidence 
that THC and CBD decrease reproduction in Drosophila, it is 
hard to conclude if the results are biologically significant. CBD 
treatment showed an 8.6% decrease (p = 0.00000353) from 
control with a relatively mild dose (0.5 mg/mL), which could 
potentially be biologically significant. Future studies could 
experiment with different doses to further examine biological 
significance. 
	 The THC-treated group had a lower percentage decrease 
in reproduction rate of 5.2% (p = 0.0022) which may not 
necessarily indicate biological significance when looking 
at the percentage alone. However, the THC group uniquely 
developed red pupae that would die. This phenomenon was 
exclusive to our experiment and has not been observed in 
similar  experiments using this model system. While the 
decrease in reproductive rate with THC treatment was 
statistically significant, it didn’t reduce hatch rates by a 
large noticeable difference.  One factor may have been that 
infusing the food with the THC was not effective, and so the 
Drosophila parents may have been underdosed. Further 
experiments should use liquid chromatography to confirm the 
dosage of the cannabinoids. The quantitative data neither 
convinces nor disproves whether THC has a biological 
significant reduction of reproductive rates, but the qualitative 
data, such as the red pupae, create suspicion that THC may 
impact the development of Drosophila in the pupae stage. 

Figure 1: Model showing the hatch assay experimentation 
process. Drosophila were treated with either normal or cannabinoid 
infused media then acclimated in untreated agar petri dishes prior 
to copulation with similarly treated Drosophila. Eggs were moved to 
a new petri dish, and emerged Drosophila were counted after 10-12 
days.

Table 1: Number of Drosophila melanogaster hatched and 
unhatched per treatment. Hatch rate percentages were calculated 
using n=500 eggs. P-values were calculated using a chi-squared test 
compared to the control group.
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	 We were surprised that CBD resulted in a larger percent 
decrease in reproductive rates compared to THC, as THC 
is more widely known to negatively impact the reproductive 
process in fertility and development (6, 7, 18). In future 
studies, it may be more informative to test CBD and THC 
together to simulate what the average human consumes, as 
the combination of THC and CBD may have a stronger or 
unique effect. THC delayed the time it took for the eggs to 
emerge, noticeably slowing the development of Drosophila, 
but CBD had a larger decrease in reproductive rates. Hence, 
it would be hard to conclude from our data which cannabinoid 
is more impactful on reproduction.
	 While our data clearly shows that cannabinoids can 
decrease reproduction rates, the reduction may be so minor 
that it might not be of much concern. Generally, scientists 
accept that cannabinoids such as THC and CBD decrease 
reproduction by reducing sperm count or harming embryo 
development (6, 7, 9). Pregnant mothers are advised to stay 
away from marijuana use which may relate to the red pupae 
that died before emerging. Marijuana use during pregnancy 
may harm the development of the child after birth due to the 
early exposure to THC. Other work has found that CBD and 
THC reduce sperm count, which may explain the difference in 
reproduction rates compared to the control in this study (7). In 
an observational study looking at marijuana use and infertility, 
CBD and THC use correlated with lower male fertility rates, 
but since we used more than one male fly for each group, we 
were not able to examine whether any individual male flies 
showed infertility (6, 11).
	 One potential limitation with our experiment was that we 
infused the Drosophila food source by boiling crystalline 
concentrate. This may not give accurate dosing with the THC, 
because the compound is not water-soluble and does not 
fully mix with the food. Relatedly, we began with crystalline 
THC-a, which does not become THC unless exposed to 
high temperatures. If some THC-a did not react to the heat 
and become THC upon boiling, this could also lead to an 
underdosage. These considerations may explain why THC 
had a lower reproductive rate decrease than CBD when other 
studies have shown a more dramatic negative effect of THC 
on reproductive systems. 
	 In this study, we showed a statistically significant decrease 
in the reproductive rates of Drosophila melanogaster exposed 

to previously reported doses (17) of CBD and THC. Our results 
support current FDA recommendations against CBD and 
THC use during pregnancy and breastfeeding. These results 
also suggest a need for caution among people planning or at 
risk for pregnancy. Future studies could use different methods 
to treat the insects, experiment with different dosages of CBD 
and THC, and examine the copulation process under their 
influence.

MATERIALS AND METHODS
Drosophila Organism Model
	 We used wingless Drosophila melanogaster from Josh’s 
Frogs, Freshly Started Wingless Drosophila melanogaster 
Fruit Fly Culture.

Hatch Assay
	 Ten breeding vials of wild-type, flightless Drosophila were 
left to copulate at 25°C for 1-2 days, after which the adult 
flies were removed. After 10-12 days, Drosophila flies would 
emerge from the eggs. We used the 8-hour method twice a 
day for 2-3 days to collect virgin flies. Drosophila are unable to 
copulate until 8 hours after they emerge, so removing all the 
adults and collecting virgins again after 6 hours will ensure 
the Drosophila are virgins. We collected at least 90 female 
and 45 male flies for use in the drug treatment experiments.

THC and CBD Treatment
	 We infused the THC into the food by adding crystalline 
concentrate to the boiling water before adding the dehydrated 
Drosophila food. We infused the CBD by adding CBD 
concentrate oil to the boiling water before mixing with the fly 
food. We put Drosophila in vials with infused media 0.5mg/
ml of THC or CBD. We split virgin females into vials of 10 and 
gave them either control food, THC food with a final dose of 
0.5 mg/ml or CBD food with a final dose of 0.5 mg/ml. Doses 
were based on a previous study working with cannabinoids 
and Drosophila, in which the midrange dose was 0.5mg/ml 
(17).

Collection of Flies for Reproductive Evaluation
	 Males were split up into vials of five receiving the same 
treatments as the females. Equal amounts of flies were 
assigned to each treatment. Drosophila were housed with 

Figure 2: Drosophila hatch rate with and without cannabinoids. 
Drosophila virgins were given cannabinoid treated media at a 
concentration of 0.5mg/ml. Hatch rate percentages reflect the 
number of eggs that emerged per treatment group (n=500). Chi-
squared test, (**p < 0.01, *** p < 0.001)

Figure 3: Red Drosophila melanogaster pupa. A rare bright red 
pupa from THC group. Virgin adults were treated with 0.5mg/ml THC 
media and allowed to copulate. Eggs were counted and moved to 
gridded plate to be observed.
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infused media for three days, after which we moved the 
Drosophila to a new untreated agar plate for one day to 
acclimate. We grouped 2-3 males and 6-9 females with 
same treatment and allowed them to copulate for three days. 
We then removed the adults and placed the eggs on a new 
gridded agar plate. We counted the amount of emerged 
Drosophila per agar plate and summed the total for each 
treatment group. Each treatment had a total of 500 eggs, with 
each trial having about 100-150 eggs.

Statistical Analysis
	 A chi-squared test was used to compare the hatch rate 
percentages of the CBD and THC groups to the control to 
determine if the differences were statistically significant 
(α=0.05). Oi is the observed number of emerged Drosophila 
in a specific treatment group divided by n, which was 500 
per treatment. Ei represents the expected number of emerged 
adults and was the control hatch. χ2 = ∑(Oi – Ei)2/Ei 
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