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ABSTRACT 
 

Acetaminophen is known to inhibit prostaglandin synthesis and activate the endocannabinoid system, thereby has been 

linked to the regulation of mammalian reproductive processes through the same.  Growing evidence tends to link 

acetaminophen reproductive effects in the regulation of ovulation and/or implantation. To provide further evidence, this 

study was designed to determine the effect of acetaminophen on ovulation and/or implantation. Female Swiss white 

mice were randomly divided into two experiments, one testing effects on ovulation and the other testing effects on 

implantation. The two groups were further sub-divided into treatment and control groups, each having N=5 mice. The 

mice in the treatment groups (TG1 and TG2) received 200mg/kg of acetaminophen while those in the control groups 

(CG1 and CG2) received the same quantities of normal saline. Mice in experiment group one (TG1, CG1) received 

acetaminophen/placebo before mating. Those in experiment group two (TG2, CG2) received acetaminophen/placebo 

for seven days post-mating. The presence of a vaginal plug confirmed mating success. The mice were sacrificed on the 

7th day of pregnancy, the uterus harvested and all observed implantation sites counted and recorded. In both treatment 

groups (TG1 and TG2), a significant reduction in the number of implantation sites (P≤0.05) was observed when 

compared with the respective control group (CG1 and CG2). The observation points towards a role of acetaminophen 

in the regulation of ovulation and implantation in female mice reproduction. 
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INTRODUCTION 

 

The Endocannabinoid System (ECS) has been shown to 

play a role in the regulation of mammalian reproductive 

processes through the synchronous crosstalk between the 

endometrium and the embryo to guarantee timely and 

successful implantation (Correa et al. 2016). 

Endocannabinoids that serve as ECS ligands are known to 

work through cannabinoid receptor type 1 (CB1) and 2 

(CB2) and related enzymes, which have been demonstrated 

to be present in females (Cui et al. 2017; Cecconi et al. 2020). 

Acetaminophen has been demonstrated to undergo 

metabolic deacetylation in the liver to yield p-aminophenol 

(Mazaleuskaya et al. 2015) that undergo further 

conjugation with arachidonic acid via fatty acid amide 

hydrolase (FAAH) to result in the formation of N-

arachidonoyl-phenolamine (AM404) in the central nervous 

system (Sharma et al. 2017). It is the AM404 that activates 

the endocannabinoid system by selectively binding to the 

cannabinoid receptor type 1 (CB1) to inhibit cellular uptake 

of anandamide. The inhibition of cellular uptake of 

anandamide leads to increased build-up in levels of the 

same (anandamide) within the extracellular space to 

regulate female reproductive processes probably at the 

levels of ovulation and/or implantation (Cui et al. 2017; 

Walker et al. 2019). This experiment was carried out to 

provide further clarification on the probable role of 

acetaminophen in the regulation of female reproduction 

using the mice as a model. 
 

MATERIALS AND METHODS 

 

All experimental procedures and ethical 

considerations on the use of animals were carried out as 

guided by the Kenyan animal welfare guidelines and 

approvals obtained from the Faculty of Veterinary 

Medicine University of Nairobi Biosafety, Animal Use, 

and Ethics committee – (FVM BAUEC/2019/187). 

Female, Swiss white mice aged between 8-10 weeks 

old and weighing between 20-35g were used for the study.
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The animals were purchased from the Kenya Medical 

Research Institute (KEMRI) and kept in cages within the 

laboratory. The mice were housed in groups of five and 

maintained under conditions of 12 hours light and 12 hours 

of darkness at room temperature. The mice accessed ad 

libitum commercially obtained diet of mice pellets (Unga 

Limited®) and water. All the mice were subjected to an 

initial acclimatization period of two weeks before the start 

of the experiments. 

Female Swiss white mice were randomly divided into 

two experiments, one testing effects on ovulation and the 

other testing effects on implantation. Each of the two 

groups was further sub-divided into treatment and control 

groups, each of them having N=5 mice. Each of the mice 

in the treatment groups (TG1 and TG2) was given daily oral 

dosage of 200mg/kg of acetaminophen (Panadol® 

GlaxoSmithKline) while those in the control groups (CG1 

and CG2) received a daily oral dosage of the same 

quantities of normal saline placebo.  

 

Experiment 1: Effect of Acetaminophen Ovulation: 

Mice received either Acetaminophen (TG1) or normal 

saline (CG1) daily via oral gavage for seven days before 

mating and continued until the 7th day of pregnancy. The 

treatments were administered in the morning between 

0700-0900 hours. On the seventh day of treatment, males 

of proven fertility were introduced into the cages at a ratio 

of 1:2. Vaginal fluid was taken daily thereafter and 

examined using a light microscope to determine the 

presence of spermatozoa. The day a vaginal plug was seen 

was considered day one of pregnancy. The mice were 

sacrificed on the seventh day of pregnancy and the uteri 

harvested to count the number of implantation sites.  

 

Experiment 2: Effect of Acetaminophen on 

Implantation: Female mice were housed with males of 

proven fertility at a ratio of 1:2. Daily vaginal flushing was 

done using physiological saline to determine the presence 

of spermatozoa. The day a vaginal plug was seen was 

considered day one of pregnancy. Treatment was given via 

oral gavage daily between 0700-0900 hours from 1st to 7th 

day of pregnancy. On the seventh day of pregnancy, the 

mice were sacrificed, and the uteri harvested to count the 

number of implantation sites. 

Both experiments were repeated three times (n=3). 

Data from all the mice in each experimental group was 

computed to obtain a group mean (x±SD) and the mean of 

all means of the repeated experiments computed to obtain 

the mean of the means (m±SEM). Statistical difference 

between the mean of treatment and control group was 

tested using a student’s t-test at a 95% confidence interval. 

 
RESULTS AND DISCUSSION 

 

All mice in both experiments mated successfully, and 

a vaginal plug was observed in all of them. There was a 

significant reduction of implantation sites in both treatment 

groups (P≤0.05) when compared with the respective 

control groups (Table 1).   

Mice were used in this study because they have a short 

reproductive cycle and have been shown to have the highest 

level of anandamide in mammalian species (Schmid et al. 

1997). Acetaminophen is a commonly used over the 

counter analgesic and this is why it was necessary to test its 

effect in this study.  A significant reduction in the number 

of implantation sites (P<0.05) was observed in the 

treatment groups when compared to the control groups. 
This result suggests a likely role of acetaminophen in 

the regulation of ovulation and implantation in female 

mice. Pre-coital administration of acetaminophen was 
utilized to create accumulated levels to check if it has any 
effects on the regulation of ovulation. On the other hand, 
the post-coital administration of acetaminophen was aimed 
at ensuring high levels are maintained to check for any 

effects on implantation.  Therefore, an observation of a 
significant reduction of implantation sites in treated groups 
implies the effects of acetaminophen on either ovulation 
and/or implantation. Acetaminophen is an anti-

inflammatory drug that could be argued to affect ovulation 
by inhibiting prostaglandin (PGE) production as explained 
previously by Stone et al. (2002), who postulated that non-
steroidal anti-inflammatory drugs (NSAIDs) like 

acetaminophen inhibit ovulation leading to the formation 
of luteinized follicular cysts. Prostaglandins (PGs) 
produced within the preovulatory follicle are essential for 
ovulation to occur and administration of PG synthesis 
inhibitors has been shown to decrease follicular fluid PG 

levels and block ovulatory events in monkeys and women 
(Duffy et al. 2005). Besides this explanation, this finding 
could also be collaborating the evidence demonstrated by 
previous authors who through in-vitro studies postulated 

that acetaminophen activates the ECS to cause effects 
similar to those demonstrated for activated 
endocannabinoid system to inhibit ovulation and 
subsequently cause a reduction in the number of conceptus 

leading to reduced implantation sites  (Bambang et al. 
2010; Cui et al. 2017; Maia et al. 2017; Ezechukwu et al. 
2020; Maia et al. 2020). 

The significant reduction in the number of 
implantation sites in mice treated with acetaminophen post-

coitus can also be postulating a possible lone role of 
acetaminophen on implantation (Duffy et al. 2005).  Being 
an anti-inflammation drug, it can be similarly be argued 
that acetaminophen will inhibit certain prostaglandins 

(PGE) that play vital roles in implantation by inhibiting 
cyclooxygenases 1 and 2 (COX-1 and COX-2), and 
prostaglandin E2 synthetases (cPGES, mPGES-1, and -2) 
at the site of implantation to prevent the paracrine crosstalk 
that facilitates feto-maternal communication leading to 

failure of nidation of the embryo (signalling, apposition, 
and attachment to the endometrium) (Salleh 2014). 
Acetaminophen has been demonstrated to undergo 
metabolic deacetylation in the liver to yield p-aminophenol 

(Mazaleuskaya et al. 2015) that undergo further 
conjugation with arachidonic acid via fatty acid amide 
hydrolase (FAAH) to result in the formation of N-
arachidonoyl-phenolamine (AM404) in the central nervous 

system (Sharma et al. 2017). Since AM404 has been shown 
to activate the ECS through selective binding to the 
cannabinoid receptor type 1 (CB1) to inhibit cellular uptake 
of anandamide and subsequently cause an increased build-
up in levels of the same (anandamide) within the 

extracellular space to regulate implantation (Cui et al. 
2017; Walker et al. 2019), the result, therefore, postulates 
a possible action of acetaminophen in inhibition of 
implantation leading to the observed reduction of 

implantation sites. 
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Table 1: Counted implantation sites of the experiment groups  

Parameters  Experiment groups 

CG1 TG1 CG2 TG2 

Mean of Run 1 (x1±SD)   7.2±4.147 5.0±4.64   10±3.6 1.6±3.57 

Mean of Run 2 (x2±SD) 7.4±7.34   4.2±5.848   9.6±1.5 1.8±4.02 

Mean of Run 3 (x3±SD)   8.8±3.271   1.8±4.025 10.6±3.3    3±4.12 

Mean of Means (m±SEM)   7.8±1.306  3.67±1.306*   10.06±0.898   2.13±0.898* 

*Statistically different from the corresponding control group (P<0.05). (N=5 and n=3) 
 

The data from the experiments conducted demonstrate 

possible roles of acetaminophen in regulating ovulation 

and/or implantation either via anti-inflammatory effects 

and/or via the ECS route of action. Further elucidation is 

necessary, especially by histopathological examination of 

the ovary and the uterus of the treated mice to detect 

changes that may provide evidence on the most probable 

route of action for acetaminophen.  

 

Conclusion and Recommendations 

The evidence provided associates acetaminophen to 

anti-fertility effects probably by affecting ovulation and/or 

implantation in the mice. Two modes of actions are also 

postulated; either via the anti-inflammatory effect and/or 

the activation of ECS. Further studies are recommended to 

further elucidate the most probable mode of action by 

conducting histological examination of the ovaries and 

uteri of treated animals and/or molecular analysis of PGE 

systems. Once such studies are exhausted, a possibility of 

using acetaminophen as a possible anti-fertility 

contraceptive in animals and primates can be an option.  
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