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ABSTRACT  

The use of cannabis during pregnancy and nursing is a growing public health concern, and the 

multigenerational impacts of perinatal cannabis exposure remain largely unknown. To address 

this knowledge gap, we sought to examine the long-term consequences of perinatal cannabis use 

on reproductive function and how it might impact subsequent generations. Pregnant female mice 25 

were exposed to control vehicle or cannabis extract [25, 100, or 200 mg/ml Δ9-

tetrahydrocannabinol (THC) in the cannabis extract] from gestational day 1 to postnatal day 21 

(twice/day), encompassing the duration of pregnancy through weaning. Based on plasma THC 

concentrations in F0 females, we chose 100 and 200 mg/ml THC in the cannabis extract for 

subsequent studies. The selected doses and exposure conditions did not disrupt pregnancy or 30 

nursing in F0 females. Pregnancy and neonatal outcomes, including gestational length, litter size, 

and sexual ratio, were not affected by cannabis exposure. However, cannabis-exposed neonatal 

F1 pups were smaller. Cannabis exposure delayed vaginal opening as a sign of puberty onset and 

disrupted estrous cyclicity in F1 females. However, its effects were minor in F2 and F3 females. 

F1-F3 females showed no abnormal ovarian and uterine histology or plasma estradiol-17β levels 35 

and could produce normal offspring without pregnancy issues. These results suggest that the 

hypothalamus and pituitary are likely perturbed by perinatal cannabis exposure, and the early 

hypothalamus-pituitary-ovarian axis is disrupted in F1 females. However, they are not sufficient 

to compromise adult reproductive function. The present results indicate limited transgenerational 

effects of perinatal cannabis exposure on female reproductive parameters. 40 
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INTRODUCTION  

 Cannabis is considered the most widely used recreational drug in the United States (US) 

and all over the world. The National Survey on Drug Use and Health (NSDUH) reported that 

over 48 million Americans aged 12 and older used cannabis in the past year ((SAMHSA) 2020). 45 

This number has been increasing due to the expanding legalization of cannabis consumption in 

the US. Since 2012, a total of 24 states, Washington D.C., and three territories have legalized the 

recreational sale and use of cannabis. The prevalence of cannabis use has increased explicitly 

among reproductive-aged people and was heightened during the COVID-19 pandemic (Imtiaz et 

al. 2021; Young-Wolff et al. 2021). Cannabis use in pregnancy also increased by 7% in 2017 50 

(Volkow et al. 2019) and up to 25% during the COVID-19 pandemic (Young-Wolff et al. 2021). 

Simultaneously, following the increase in legalized recreational cannabis use, higher potency 

strains of cannabis plants have emerged over the past two decades (ElSohly et al. 2016). Indeed, 

the average concentration of Δ9-tetrahydrocannabinol (THC), the primary psychoactive 

component of cannabis, has increased from 9% to 17% in the past 10 years. The ratio of THC to 55 

cannabidiol (CBD), the primary non-psychoactive compound, has also risen substantially from 

23 (THC/CBD) in 2008 to 104 in 2017 (Chandra et al. 2019). Unsurprisingly, adverse health 

outcomes associated with cannabis consumption have also been increasing (Belladelli et al. 

2021). However, the NSDUH has reported that approximately 70% of pregnant and non-

pregnant women believe there to be only a slight risk or no risk of harm from using cannabis 60 

once or twice a week during pregnancy (Ko et al. 2015). The American College of Obstetricians 

and Gynecologists recommends that people abstain from using cannabis during pregnancy and 

breastfeeding due to the association between cannabis use and adverse pregnancy outcomes 

(American College of and Gynecologists Committee on Obstetric 2015). As THC can readily 
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cross the placenta (Blackard and Tennes 1984), in utero cannabis exposure has been reported to 65 

be associated with stillbirth, preterm birth, fetal growth restriction, and/or impaired fetal neural 

development (Conner et al. 2016; Gunn et al. 2016; Lo et al. 2024; Marchand et al. 2022).  

The endocannabinoid system (ECS) is present in many cell types and tissues to regulate 

female reproductive systems (Di Blasio et al. 2013; Walker et al. 2019). Small natural lipids 

endocannabinoids, such as N-arachidonoylethanolamine (anandamide; AEA) and 2-70 

arachidonoylglycerol (2-AG), are essential regulators for hypothalamic-pituitary-ovarian (HPO) 

axis, folliculogenesis, oocyte maturation, ovulation, fertilization, implantation, decidualization, 

and placentation (Walker et al. 2019) and their actions are mediated by type-1 and type-2 

cannabinoid receptors (CB1 and CB2, respectively). Exogenous THC exerts its effects via partial 

agonism of the same receptors and, when bound, can interfere with endocannabinoid regulation 75 

of reproductive function (Pertwee et al. 2010). In fact, THC can suppress female fertility by 

disrupting hypothalamic gonadotropin-releasing hormone (GnRH) secretion (Brents 2016; 

Chakravarty et al. 1979) and preventing follicle-stimulating hormone (FSH), luteinizing hormone 

(LH), and prolactin release from the anterior pituitary (Brents 2016; Mendelson et al. 1985), 

leading to reduced estrogen and progesterone production and anovulatory menstrual cycles 80 

(Brents 2016). Bolus administration of THC causes disruption of estrous cycles in rats (Dhawan 

and Sharma 2003). THC interferes with the cellular function of oocytes and embryos (Dubovis 

and Muneyyirci-Delale 2020). Furthermore, strong correlations exist between cannabis use by 

pregnant women and adverse obstetrical, pregnancy, and neonatal outcomes (Dubovis and 

Muneyyirci-Delale 2020; Fonseca and Rebelo 2021). Parental cannabis use increases the risks of 85 

congenital malformation (Reece and Hulse 2019; van Gelder et al. 2014; van Gelder et al. 2010; 

Weinsheimer et al. 2008; Williams et al. 2004), psychosis (Day et al. 2015; Fine et al. 2019; 
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Grant et al. 2018; Zammit et al. 2009), and delinquent behavior (Day et al. 2011; Goldschmidt et 

al. 2000; Porath and Fried 2005; Sonon et al. 2015) among in utero exposed offspring. Recent 

studies further highlight the ability of THC exposure to induce significant changes in DNA 90 

methylomes in spermatozoa (Murphy et al. 2018). However, the long-term consequences of 

cannabis use on female reproductive function and how it might impact the next generation have 

not been examined.  

In the present study, we examined the multi- and trans-generational effects of cannabis 

vapor exposure on female reproductive function. Intrapulmonary delivery is the most common 95 

route of cannabis administration in humans (Baggio et al. 2014; Lee et al. 2016), whereas 

purified THC, CBD, and/or synthetic CB1 agonists have been dosed to animals via either 

intraperitoneal injection (i.p.), intravenous exposure (i.v.), or oral gavage (p.o.) to assess the 

physiological and/or toxicological effects of cannabis (Carvalho et al. 2020). In order to 

understand the multi- and trans-generational effects of cannabis exposure on female reproductive 100 

function, the present study was performed using a model of vaporized cannabis exposure, 

whereby adult pregnant and nursing females were exposed to cannabis extract to assess the 

toxicological effects of cannabis in F1, F2, and F3 females. We report that cannabis vapor 

exposure to pregnant and nursing females delayed vaginal opening and/or impaired estrous 

cyclicity in F1 and F2 offspring. However, perinatal cannabis exposure did not disrupt pregnancy 105 

and nursing in F0 females, adult reproductive function, or pregnancy and neonatal outcomes in 

F1, F2, and F3 females. Our results suggest that vaporized cannabis exposure directly affects the 

early stages of female reproductive parameters in F1 females. Conversely, our data indicate 

limited multi- and trans-generational effects of in utero and nursing cannabis exposure on female 

reproductive function. 110 
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MATERIALS AND METHODS   

Animals 

 CD-1 mice were purchased from Inotiv and housed in an environment-controlled animal 

facility (12:12 light-dark cycle) with ad libitum access to food and water. All animal experiments 115 

were performed at Washington State University according to the NIH guidelines for the care and 

use of laboratory animals (protocol #7108).  

 

Drugs 

 Whole-plant cannabis extract was obtained from the National Institute on Drug Abuse 120 

(NIDA) Drug Supply Program. The raw extract contained 69.8% THC, 0.89% 

tetrahydrocannabivarin (THCV), 0.83% cannabichromene (CBC), 2.69% cannabigerol (CBG), 

1.51% cannabinol (CBN), and 0.73% Δ8 tetrahydrocannabinol (Δ8 THC). CBD concentration is 

below the threshold of detection. The total terpene concentration present in the extract is 1.35%. 

The extract was prepared based on the final THC potency at 25, 100, or 200 mg/ml THC 125 

concentration by dissolving raw cannabis extract into vehicle control of polyethylene glycol 

(PEG) 400 under continuous stirring at 60 °C as described previously (Freels et al. 2020). 

 

Study Design 

 To investigate the multi- and trans-generational effects of in utero and nursing exposure 130 

to cannabis, outbred CD-1 mice were used because they are considered optimal for toxicological 

studies as they are outbred and, thus, a closer model to human populations. A study design 

schematic with a mating scheme is shown in Figure. 1A. Adult female mice (8-10 weeks old) 
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were mated with males. The presence of a vaginal plug was defined as gestational day (GD) 1, 

and females were randomly assigned to control vehicle or cannabis groups (25, 100, or 200 135 

mg/ml THC = 35.8, 143.3, or 286.5 ng/ml cannabis extract, respectively, n=10/group). F0 

females were exposed to vaporized control vehicle or cannabis extract (25, 100, or 200 mg/ml 

THC), receiving 3 sec puffs of vapor every 2 min for 30 min twice daily beginning at 8 am and 5 

pm from GD1 to postnatal day (PND) 21 using the custom-made vapor chamber (La Jolla 

Alcohol Research, Inc.). This window covered the entire pregnancy to weaning. Because dams 140 

were separated from pups during exposure, exposure to offspring could only be via the placenta 

or milk. To avoid complications around birth, F0 females were not exposed between GD19 at 5 

pm, a day before parturition, and 4 days after birth. Mice delivered from F0 females were labeled 

as the F1. To generate F2, F1 females were bred to drug-naïve CD-1 males, which was repeated 

in the F3 generation. The remaining F1, F2, and F3 offspring from these litters were used for the 145 

studies.  

 Starting at PND20, female pups from each dam were examined for vaginal openings 

daily by visually examining the vulva, indicating the onset of puberty following our previous 

studies (Shi et al. 2017; Shi et al. 2019a; Shi et al. 2019b). Once vaginal opening occurred, 

estrous cyclicity was evaluated by examining vaginal smears daily for 40 days (Shi et al. 2017; 150 

Shi et al. 2019a; Shi et al. 2019b). Female pups (1-2 females from each dam) were mated with 

drug-naïve CD-1 males and examined for a plug as a sign of successful mating. After a vaginal 

plug was observed, the female was separated from the male, and gestational length, pup 

numbers, and the sex ratio of pups were recorded. The remaining female pups, which were not 

for breeding study, were euthanized to collect blood for hormone assays and mass spectrometry 155 

and both ovary and uterus for histological analysis. The results obtained from pups from the 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted February 28, 2025. ; https://doi.org/10.1101/2025.02.24.639897doi: bioRxiv preprint 

https://doi.org/10.1101/2025.02.24.639897
http://creativecommons.org/licenses/by-nc-nd/4.0/


8 
 

same litter were averaged and used as one representative data point for statistical analysis. 

 

Blood Collection and Mass Spectrometry 

 F0 females were euthanized after the weaning of pups within 10 min from the last session 160 

for blood collection to analyze plasma THC and THC metabolite concentrations. Cannabinoids 

in plasma (THC, 11-OH-THC, THC-COOH, and CBD) were analyzed by the Washington State 

University Tissue Imaging, Metabolomics, and Proteomics Laboratory, as previously described 

(Britch et al. 2017) using a Synapt G2-S (Waters) mass spectrometer. Samples with <1ng/ml 

were considered below the detection limit and listed as a value of 0.  165 

  

ELISA 

 Plasma levels of estradiol-17β were measured by ELISA (501890, Cayman Chemical) 

following the manufacturer’s instructions.  

 170 

Statistical Analysis  

  Statistical analyses were performed using GraphPad Prism (version 9.5). Data were 

tested for normal distribution using the Shapiro-Wilk normality test. If data were normally 

distributed, one-way ANOVA followed by Tukey multiple comparison tests or an unpaired two-

tailed t-test were used to analyze the differences among the groups or between the two groups, 175 

respectively. If data were not normally distributed, the Mann-Whitney or Kruskal-Wallis test was 

performed. A P value less than 0.05 was considered to be statistically significant.  

 

RESULTS  
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Effects of perinatal cannabis exposure in F0 females 180 

 As many studies associate maternal cannabis use with preterm birth and stillbirth 

(Dubovis and Muneyyirci-Delale 2020), we first examined gestational length in F0 females, pup 

numbers at birth, sex ratio of pups, and pup body weights on PND5 (Figure 1B). Vapor exposure 

to cannabis with any doses during the entire pregnancy did not induce preterm birth or stillbirth 

and did not affect gestational length, pup numbers, and sex ratio. However, the body weights of 185 

F1 pups on PND5 were reduced in all cannabis groups, but there were no differences among the 

groups.   

 Plasma levels of THC and its metabolites, 11-OH-THC, and THC-COOH, as well as 

CBD, were analyzed in F0 females immediately after the last session of cannabis vapor exposure 

(Figure 1C). As expected, THC, 11-OH-THC, THC-COOH, and CBD were not detected or 190 

below the detection limit in the control group (Figure 1C). Thus, we only showed one vehicle 

control (VEH, value = 0). Plasma THC concentrations within 10 min after chronic cannabis 

exposure reached 25.3, 32.2, and 49.3 ng/ml from doses of 25, 100, and 200 mg/ml THC of 

cannabis extract, respectively. A dose of 200 mg/ml showed significantly higher THC in plasma 

than other groups. Plasma 11-OH-THC was at 2.8, 3.1, and 3.3 ng/ml from doses of 25, 100, and 195 

200 mg/ml, respectively, and did not show any differences between groups. Plasma THC-

COOH, which is a significant metabolite that has a longer half-life and is generally used for the 

detection of cannabis use in humans, was detected at 10.1, 15.1, and 18.5 ng/ml from doses of 

25, 100, and 200 mg/ml, respectively. THC-COOH level in the group of 200 mg/ml THC was 

higher than in the group of 25 mg/ml THC. We confirmed undetectable levels of CBD in plasma, 200 

as CBD concentration is below the detection threshold in the cannabis extract that was used for 

the study. As doses of 25 and 100 mg/ml THC did not show any differences in the plasma 
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concentrations of THC, 11-OH-THC, or THC-COOH, we chose 100 and 200 mg/ml THC groups 

for further analysis.    

  205 

Effects of perinatal cannabis exposure on reproductive function in F1 females 

 To investigate the direct effects of in utero and nursing cannabis vapor exposure on 

female reproduction in F1 offspring, we examined the presence of a vaginal opening day as an 

indicator of the age of puberty onset and estrous cyclicity following the vaginal opening (Figure 

2). In F1 females, the vaginal opening was dose-dependently delayed in cannabis-exposed 210 

groups. In particular, the 200 mg/ml THC group showed delayed vaginal opening for 

approximately 10 days (~PND 37.1) than the control group (~PND 27.1) (Figure 2A left). The 

vaginal opening in the 100 mg/ml THC group was at ~PND 31.1. When we examined estrous 

cyclicity for 40 days following the vaginal opening, control mice exhibited standard 4–6 days of 

the estrous cycle and a total of 6.1 cycles per 40 days (the first estrous to the next estrous was 215 

counted as one cycle). However, F1 females in the 100 or 200 mg/ml THC groups showed 

irregular estrous cyclicity with fewer cycles, a total of 5.0 or 3.3 cycles, respectively (Figure 2A 

middle). In association with irregular and fewer estrous cycles, each cycle was longer in the 100 

(6.5 days) and 200 (8.9 days) mg/ml THC groups than the control group (5.2 days) (Figure 2A 

right). In contrast, body and ovarian weights and plasma estradiol-17β levels after examining 220 

estrous cyclicity for 40 days were not affected by cannabis exposure (Figure 2BC). Furthermore, 

we did not observe abnormal ovarian and uterine histology among the groups (Figure 3A). When 

F1 females were mated with drug-naïve males, all F1 females received successful pregnancies, 

and their gestational length, pup numbers, sex ratio of pups, and pup body weights on PND5 

were not affected by cannabis exposure (Figure 3B).  225 
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Effects of perinatal cannabis exposure on reproductive function in F2 and F3 females 

 Although F1 females showed dose-dependent effects of delayed puberty and irregular 

estrous cyclicity, their adult reproductive parameters, such as successful pregnancy and 

pregnancy outcomes, were normal. Thus, we only examined the 200 mg/ml THC group in F2 230 

and F3 females (Figures 4 and 5). In F2 females, 200 mg/ml THC did not alter or delay vaginal 

opening (Figure 4A left). At the same time, they still had irregular estrous cyclicity with fewer 

cycles at 5.6 cycles per 40 days, compared with 7.1 cycles in the control group (Figure 4A 

middle). The average estrous cycle length (6.0 days) in the 200 mg/ml THC group was longer 

than 4.9 days in the control group (Figure 4A right). However, body and ovarian weights and 235 

plasma estradiol-17β levels in F2 females were not affected by cannabis exposure (Figure 4 BC). 

We did not observe abnormal ovarian and uterine histology (Figure 4D). Furthermore, F2 

females did not show any pregnancy issues, including gestational length, pup numbers, sex ratios 

of pups, and pup body weights on PND5 (Figure 4E). 

 In F3 females, vaginal opening, estrous cyclicity, body and ovarian weights, and plasma 240 

estradiol-17β levels were no longer affected by F0 maternal cannabis exposure (Figure 5 ABC). 

We did not find any abnormal ovarian and uterine histology, gestational length, pup numbers, 

sex ratios of pups, and pup body weights on PND5 (Figure 5E). 

 

DISCUSSION  245 

In the present study, F0 females were exposed to cannabis vapor at 8 am and 5 pm 

(2x/day) with doses of 25, 100, or 200 mg/ml THC of cannabis extract during pregnancy and 

nursing. Plasma THC concentrations in F0 females reached 25-50 ng/ml from doses of 25-200 
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mg/ml THC immediately after the last cannabis exposure. While maximum THC levels in 

maternal plasma (Cmax) cannot be measured in humans for obvious reasons, Kumar et al. have 250 

reported predicting such levels in maternal and/or fetal THC levels using their model system, 

maternal-fetal physiologically based pharmacokinetic (m-f-PBPK). The m-f PBPK model 

predicts that 10 mg of daily THC inhalation can reach over 30 ng/ml in maternal plasma, which 

is similar to non-pregnant women (Kumar et al. 2025). THC-COOH is known as a major 

metabolite of THC that has a longer half-life and is generally used for the detection of cannabis 255 

use in humans. Plasma levels of THC-COOH in humans have been reported to be 7-60 ng/ml in 

frequent cannabis smoke users (Karschner et al. 2009; Schwope et al. 2011). Our F0 females 

showed 10-20 ng/ml of THC-COOH in plasma. Thus, those levels were biologically relevant to 

human exposure levels in chronic users. Importantly, until recently, studies describing the effects 

of cannabis have relied on administering THC to rodents via injection or oral gavage (Asch and 260 

Smith 1986; de Salas-Quiroga et al. 2015; Natale et al. 2020). However, inhalation, such as 

smoking and vaporizing, is the most common route of cannabis administration among pregnant 

women (Young-Wolff et al. 2022; Young-Wolff et al. 2021). Therefore, vaporization is an ideal 

administration method to study the effect of cannabis on reproductive function.  

Our study showed that cannabis exposure during the entire pregnancy did not induce 265 

preterm birth or stillbirth. We did not observe any health issues in F0 females, either. While 

many reports indicate the association between cannabis use and an increased risk of preterm birth 

(Conner et al. 2016; Duko et al. 2023; Gunn et al. 2016; Lo et al. 2024; Marchand et al. 2022), 

women who use cannabis during pregnancy often take other substances, such as alcohol, 

tobacco, and/or other illicit drugs (Chabarria et al. 2016). Features of cannabis use in pregnancy 270 

include being single or unmarried or having a lower income and socioeconomic status (Fried et 
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al. 1980). We thus cannot directly extrapolate these results to human cannabis users because of 

the myriad factors that are associated with cannabis-related outcomes in humans. However, our 

data can provide more specific insight into the effects of cannabis alone, independent of all of 

these extraneous factors. We should also consider that mice can have multiple pups at once, as 275 

shown by having more than 10 pups in F0 CD1 female mice. In this study, F1 pup numbers were 

not affected by in utero cannabis exposure. In support of this, there is limited inconclusive 

evidence to suggest the association between prenatal cannabis exposure and stillbirth (Conner et 

al. 2016; Gunn et al. 2016; Lo et al. 2024; Marchand et al. 2022). In contrast, neonatal body 

weights were smaller in cannabis exposed F1 offspring. This result supports the risks of reduced 280 

fetal growth, low birth weight, and increased neonatal intensive care by prenatal cannabis 

exposure (Fonseca and Rebelo 2021; Hayer et al. 2023; Lo et al. 2022).  

Longitudinal studies have recently reported an increased association between maternal 

cannabis use and adverse effects on fetal and neonatal developmental outcomes (Gunn et al. 

2016). These studies suggest an association between maternal cannabis use and adverse 285 

cognitive and behavioral outcomes in offspring (Day et al. 1992; El Marroun et al. 2009; Fried et 

al. 1984), possibly due to disruption of proper brain development (Brummelte et al. 2017; 

Nashed et al. 2020; Wu et al. 2011). In the present study, perinatal cannabis exposure delayed 

puberty onset and disrupted estrous cyclicity. Although there is no clear evidence that maternal 

cannabis use leads to delayed puberty, our results suggest that the hypothalamus and/or pituitary 290 

could be affected by maternal cannabis exposure, as GnRH in the hypothalamus and LH/FSH in 

the pituitary are crucial to trigger the stimulation of ovary for puberty onset. THC can interfere 

with the ECS in the hypothalamus and pituitary via the CB1 receptor (Ryan et al. 2021). Prenatal 

THC exposure can interfere with folliculogenesis and reduce ovarian vasculature in rats 
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(Martinez-Pena et al. 2021). However, cannabis-exposed ovarian and uterine function in adults 295 

was normal, showing no alterations of plasma estradiol-17β levels, ovarian and uterine histology, 

and pregnancy outcomes. Indeed, body weight, as well as ovarian weight, was within a normal 

range by the time they reached adulthood, indicating that maternal cannabis exposure did not 

consistently affect offspring growth after weaning. Notably, this could help to explain why no 

phenotypic reproductive defects were observed in cannabis-exposed F1 adult females. 300 

The mechanisms of how cannabis affects the health outcomes for the next generation 

may occur via epigenetic modifications. Recent studies have demonstrated that parental THC 

exposure (Szutorisz et al. 2014; Watson et al. 2015) and paternal exposure to the synthetic CB1 

receptor agonist WIN55,212-2 elicits phenotypic behavior impairment correlated with altered 

DNA methylomes in the brain of F1 rat offspring (Ibn Lahmar Andaloussi et al. 2019). A study 305 

from Murphy’s group highlights the ability of THC exposure to induce significant changes in 

DNA methylomes in rat sperm (Murphy et al. 2018). Many “THC target genes” are differentially 

methylated in both rat sperm and brain (Murphy et al. 2018; Watson et al. 2015), suggesting that 

reproductive risks could be associated with abnormal behavior via epigenetic modification in 

sperm. This group has further demonstrated that DNA methylomes in human sperm are altered in 310 

cannabis users compared with those in non-user controls (Murphy et al. 2018). Thus, germ cell 

epimutation can be transmitted to the next generations to induce phenotypic defects in offspring. 

As no rigorous screening of maternal germline transmission to characterize phenotypic defects 

caused by maternal cannabis exposure has been performed, we examined additional generations: 

F2 as multigenerational (directly exposed) and F3 as transgenerational (indirectly exposed). 315 

However, phenotypic female reproductive parameters were not affected in maternal cannabis-

exposed F2 and F3 offspring, although estrous cyclicity was disrupted in the developmental stage 
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of F2 females. These results suggest that the transgenerational effect of maternal cannabis 

exposure is limited, and defects induced by cannabis are less likely to cause the disruption of 

female reproductive function across generations. Nevertheless, altered DNA methylation and/or 320 

epigenetic modification caused by cannabis exposure in oogenesis remains to be studied. 

 Collectively, the present study showed that perinatal cannabis vapor exposure did not 

impair pregnancy in F0 females but disrupted developmental stages of female reproduction, 

mainly in F1 offspring. In contrast, perinatal cannabis exposure did not affect adult female 

reproductive function in F1, F2, and F3 offspring. Our results indicate that the transgenerational 325 

effect of cannabis vapor exposure on female reproduction is limited, and reproductive alterations 

caused by cannabis and their mechanisms might be exclusive to the directly exposed generation.    
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FIGURE LEGENDS  

Figure 1. Schematic diagram of the experimental design. (A) Adult CD-1 female mice (F0) were 

mated with CD-1 males and were exposed to control vehicle or cannabis extract (25, 100, or 200 

mg/ml THC, n=10/group) 2x/day from gestational day (GD) 1 to postnatal day (PND) 21. Mice 540 

delivered from F0 females were labeled as the F1. To generate F2, F1 females were bred to drug-

naïve CD-1 males, which was repeated in the F3 generation. Created with BioRender.com (B) 

gestational length of F0 females, pup numbers at birth, sex ratio of pups, and pup body weights 

on PND5 are shown. (C) plasma THC, 11-OH-THC, THC-COOH, and CBD in F0 females were 

analyzed by mass spectrometry within 10 min after the last cannabis exposure (n=5-10/group). 545 

*P < 0.05, **P < 0.01.  

 

Figure 2. Effects of in utero and nursing cannabis vapor exposure on (A) vaginal opening day, 

estrous cycle number for 40 days after vaginal opening occurred, and estrous cycle length for 40 

days (n=10/group) in F1 females. (B) Body and ovarian weight (n=10/group) and (C) plasma 550 

estradiol 17β (n=5/group) in F1 adult females at 3-mo of age. *P < 0.05, **P < 0.01, ***P < 

0.001, **** P < 0.0001.  

 

Figure 3. Effects of in utero and nursing cannabis vapor exposure on (A) ovarian and uterine 

histology and (B) gestational length of F1 females, pup numbers at birth, sex ratio of pups, and 555 

pup body weights on PND5 (n=10/group).  

 

Figure 4. Effects of in utero and nursing cannabis vapor exposure on (A) vaginal opening day, 

estrous cycle number for 40 days after vaginal opening occurred, and estrous cycle length for 40 
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days (n=10/group) in F2 females.***P < 0.001, **** P < 0.0001. (B) Body and ovarian weight 560 

(n=10/group) and (C) plasma estradiol 17β (n=5/group) in F2 adult females at 3-mo of age. (D) 

ovarian and uterine histology, and (E) gestational length of F2 females, pup numbers at birth, sex 

ratio of pups, and pup body weights on PND5 (n=10/group). 

 

Figure 5. Effects of in utero and nursing cannabis vapor exposure on (A) vaginal opening day, 565 

estrous cycle number for 40 days after vaginal opening occurred, and estrous cycle length for 40 

days (n=10/group) in F3 females. (B) Body and ovarian weight (n=10/group) and (C) plasma 

estradiol 17β (n=5/group) in F3 adult females at 3-mo of age. (D) ovarian and uterine histology, 

and (E) gestational length, pup numbers at birth, sex ratio of pups, and pup body weights on 

PND5 (n=10/group). 570 
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