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ABSTRACT 

Paracetamol being an over the counter drug is widely used as an analgesic. Though it was considered to be 

safe earlier, recent studies have shown that at high doses it does have a deleterious effect on humans as 

well as rodents. The present study was therefore undertaken to elucidate the genotoxic and teratogenic 

potential of paracetamol (acetaminophen) in the humans and in mice. The association of paracetamol 

intake during pregnancy and congenital malformations in the offspring was studied by epidemiological 

studies and by animal experimentation. The genotoxicity of paracetamol was tested by micronuclei test. 

Analysis of the data collected by proforma for the epidemiological study showed a higher frequency of 

occurrence of malformations in the offspring of the mothers who had consumed paracetamol during 

pregnancy (62.12%) as compared to those without paracetamol intake (48.48%). There was an increase in 

the micronuclei in the mice treated with paracetamol doses of both doses of 0.030 gms / Kg Bodyweight / 

day and 0.060 gms / Kg Bodyweight / day as was insignificant when compared to the control set. In the 

teratogenic study for both the paracetamol treated group of female mice, there was termination of 

pregnancies in the first trimester. It may therefore be assumed that paracetamol at the normal prescribed 

dose is not `genotoxic but it does have a embryotoxic potential in the mice. 
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INTRODUCTION 

Paracetamol is a widely used non-prescription 

analgesic and antipyretic drug and was considered 

to be a safe drug. But during the last few years, 

several studies indicating genotoxic effects of 

paracetamol has raised a question of regulatory 

action. This is supported by the studies of Nunes 

B et al, 2015, Antunes SC et al., 2013, Bergman 

K, et. al.[1996], Binkova B, et. al.[1990].  The 

genotoxicity of any chemical or drug can be 

evaluated by adopting various assays such as 

Micronuclei test, Comet assay, Dominant lethal 

test, Germ cell assay and cytogenetic assays. 

Micronuclei assay is an important component of 

genetic toxicology screening programs throughout 

the world.  Teratogenicity can be evaluated by 

treating the pregnant female mice with selected 

doses of paracetamol and evaluating the fetal 

outcome. 

Various in-vitro and in-vivo studies have shown 

that humans and rodents exposed to paracetamol 

doses above the therapeutic range have 

experienced hepatotoxicity. Mutagenicity of 

paracetamol is reported by Topinka J, et.al.,[1989] 
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and hepatotoxicity by   Prescott LF [2000] and 

Ciszowski K et. al.,[2005]. Studies of Bomhard 

EM [2005] and Ramos As et al. 2014, also 

indicated an increase in the incidence of liver 

adenomas and carcinomas at a markedly toxic 

dose in mice and fishes respectively. However, at 

lower doses, toxic effects in rodents are minimal 

or absent. The genotoxicity of paracetamol, 

including covalent binding to DNA, induction of 

DNA single-strand breaks(SSBs), and inhibition 

of  replicative and repair synthesis of DNA, has 

been investigated in rodents in vivo by Celik 

A[2006].  If paracetamol has mutagenic and 

Genotoxic effect, it may be necessary to evaluate 

its teratogenic potential too. Teratogenic studies of 

paracetamol are limited. Studies of Burdan F, 

2003, Burdan F et. al.,.2001 indicate embryoto-

xicity of paracetamol. Reliable studies on the 

ability of paracetamol to affect germ cell DNA are 

not available. Thus, there was a need to evaluate 

the genotoxic and teratogenic effect of 

paracetamol, and so the present study was 

undertaken. 

 

MATERIALS AND METHODS  

The association of paracetamol intake during 

pregnancy and congenital malformations in the 

offspring was studied by epidemiological studies 

and by animal experimentation (Teratogenicity 

study). The genotoxicity of paracetamol was 

tested by micronuclei test. 

Epidemiological studies: A proforma was 

prepared for eliciting information for the present 

study. The necessary information was noted down 

to find out the correlation of paracetamol intake 

during pregnancy and congenital malformations. 

The data was collected by interrogating the 

parents of the newborns born in Goa Medical 

College, a major tertiary hospital in Goa. This 

data was then analyzed statistically using Chi-

square test. 

Teratogenicity test: Role of paracetamol in the 

induction of congenital malformation was 

investigated by using swiss albino mice Mus 

musculus as a test animal. 10-12 weeks old mice 

were housed in polypropylene cages and fed with 

standard food pellet and water ad libidum. The 

female mice were grouped into three groups of 5 

each viz. ‘A’, ‘B’ and ‘C’. Group ‘A’ served as 

control group. Females of group ‘B’ were 

administered an oral dose of paracetamol of 0.030 

gms / Kg Bodyweight / day. Members of group 

‘C’ received an oral dose of 0.060 gms of 

paracetamol / Kg Bodyweight / day. The females 

mice were crossed with healthy male mice and 

examined for fertilization by checking for vaginal 

plug. The pregnant females were then isolated and 

caged separately. They were then grouped into 

three and dosed according to the above-mentioned 

doses. The treated females as well as females from 

the control group were sacrificed on the 20th day 

of gestation and the uterine contents were 

examined for total implants, early resorptions, late 

resorptions and malformations. 

Genotoxicity test: The genotoxicity of 

paracetamol was tested by micronuclei test. The 

females were grouped and treated with the above 

mentioned doses. After 24 hours of treatment the 

mice were sacrificed by cervical dislocation. The 

femur was then exposed and bone marrow was 

extracted in serum from each mice. The material 

was then smeared on the slides and air-dried for 

18 hrs. The slides were then fixed in methanol and 

stained in 1:12 V/V of giemsa and distilled water, 

air-dried and screened for micronuclei in the 

erythrocytes of the mice. Around 2000 cells were 

scored for each animal and the result obtained was 

tabulated. 

The Data was subjected to statistical analysis 

wherever required. Tools used were standard 

deviation and Chi-Square. 

 

RESULT 

Analysis of the data collected by proforma for the 

human epidemiological study showed higher 

frequency of occurrence of malformations in the 

offspring of the mothers who had consumed 

paracetamol during pregnancy. There was 

insignificant increase in the micronuclei in the 

mice treated with paracetamol. However 
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teratogenic study reflected embryotoxicity effect 

of paracetamol if consumed in early pregnancy. 

Epidemiological studies: Based on the analysis of 

the data collected by proforma for the 

epidemiological study, the frequency of 

occurrence of malformations was found to be 

higher in the offspring of the mothers who had 

consumed paracetamol during pregnancy 

(62.12%) as compared to those without 

paracetamol intake (48.48%). The difference was 

found to be statistically significant (Table 1).  

Teratogenicity test: The observation in the 

Control group and the Experimental / treated 

group is as follows. 

Control Group (Group ‘a’): The members of 

group ‘A’ served as the control group. The mean 

total implants, early and late deaths and live 

fetuses are tabulated in Table 2. The mean average 

 

 

Experimental Groups (Group ‘b’and ‘c’): The 

female mice treated with oral dose of paracetamol 

of 0.030 gms / Kg Bodyweight / day and 0.060 

gms / Kg Bodyweight / day respectively, resulted 

in termination of pregnancies in the first trimester 

(Table 2). 

Genotoxicity test: There was slight increase in 

the micronuclei in the mice treated with 

paracetamol doses of both doses of 0.030 gms / 

Kg Bodyweight / day and 0.060 gms / Kg 

Bodyweight / day as compared to the control set. 

The difference was found to be statistically 

insignificant. The results of the number and 

percentage of micronucleated polychromatic 

erythrocytes (PCE) and normochromatic 

erythrocytes (NCE) is tabulated in Table 3. 

 

 

 

 

Table 1:  Paracetamol Consumption During Pregnancy And Congenital Malformations 

 

Table 2: Effect of Paracetamol in The Three Groups 

P A R A C E T A M O L  T O T A L  N o .  O F I N D I V I D U A L S  W I T H F R E Q U E N C Y

C O N S U M P T I O N I N D I V I D U A L S M A L F O R M A T I O N S ( % )

P O S I T I V E 3 7 2 3 6 2 . 1 6

N E G A T I V E 2 9 5 1 4 3 4 8 . 4 8

X = 5 . 7 7 ,  p  <  0 . 0 5

G R O U P T O T A L E A R L Y L A T E L I V E  A V E R A G E  

I M P L A N T S D E A T H S D E A T H S F E T U S E S W T .  O F  F E T U S

G R O U P  - 1 1 0 . 4 0 0 . 2 1 0 . 2 1 . 0 0 4 6

( C O N T R O L ) ±  1 . 4 0 ±  1 . 3 0 4 ±  0 . 0 1 3

G R O U P  - 2

( 0 . 0 3  g m s /

K g  b o d y  w t / d a y )        ( T E R M I N A T I O N  O F  P R E G N A N C Y  I N  A L L  T R E A T E D  M I C E )

G R O U P  - 3

( 0 . 0 6  g m s /

K g  b o d y  w t / d a y )
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Table 3: Induction of Micronuclei in Paracetamol Treated Mice 

 

DISCUSSION 

Significant increase in the frequency of 

malformations was observed in the offspring of 

the mothers who had consumed paracetamol 

during pregnancy as compared to those without 

paracetamol intake. This shows a positive 

correlation between paracetamol intake and 

congenital malformations in the human 

population. This correlation can be attributed to 

the teratogenic potential of paracetamol. In the 

animal experiments, as there was termination of 

the pregnancies in all paracetamol treated mice, it 

may be assumed that paracetamol at the normal 

prescribed dose, has an embryotoxic effect in the 

mice. Chromosomal damage induced by 

paracetamol was assessed earlier [Dunn T L et. 

al.,1987]. His report suggests that paracetamol is 

capable of inducing chromosomal damage in 

mammalian cells. Most of the studies indicate that 

the use of paracetamol may contribute to an 

increase in the total burden of genotoxic damage 

in man. Paracetamol was also found to have 

carcinogenic effect in only some strains of mice. 

Studies of Antunes SC et al (2013), indicates that 

toxicity caused by acetaminophen is usually 

mediated by reactive oxygen species and can 

result in multiple effects, ranging from protein 

denaturation to lipid peroxidation and DNA 

damage 

Further studies have also revealed that 

paracetamol induced DNA single strand breaks in 

mice treated invivo. Increase in the micronuclei in 

the mice treated with paracetamol doses in the 

present study was found to be statistically 

insignificant. The micronucleus test is an impor-

tant component of genetic toxicology screening 

programs throughout the world. This test is being 

used to detect the cytogenetic effect of various 

chemicals and physical agents. Micronuclei are 

known to arise from acentric fragments and 

lagging whole chromosomes. Thus the 

micronucleus endpoint is capable of detecting 

clastogenic agents, which cause chromosomal 

breaks as well as aneugens. The major ultimate 

reactive metabolite, N-acetyl-p-benzoquinone 

imine (NAPQI) of paracetamol at high doses was 

found to be the component resulting in 

genotoxicity [Dybing E, et. al., 1984]. It induced 

P C E N C E

G R O U P M N  p r e s e n t M N  a b s e n t % M N M N  p r e s e n t M N  a b s e n t % M N

G R O U P  - 1 1 1 9 9 9 0 . 1 1 9 9 9 0 . 1

( C O N T R O L ) 2 0 1 0 0 0 0 0 1 0 0 0 0

3 0 1 0 0 0 0 0 1 0 0 0 0

M 0 . 3 9 9 9 . 7 0 . 0 3 0 . 3 9 9 9 . 7 0 . 0 4

G R O U P  - 2 1 2 9 8 8 0 . 2 1 9 9 9 0 . 1

( 0 . 0 3  g m s / 2 2 9 8 8 0 . 2 2 9 9 8 0 . 2

K g  b o d y  w t / d a y ) 3 1 9 9 9 0 . 1 1 9 9 9 0 . 1

M 1 . 7 9 9 1 . 7 0 . 1 7 1 . 3 9 9 8 . 7 0 . 1 3

G R O U P  - 3 1 7 9 9 3 0 . 7 1 5 9 9 5 0 . 5

( 0 . 0 6  g m s / 2 8 9 9 2 0 . 8 1 6 9 9 4 0 . 6

K g  b o d y  w t / d a y ) 3 7 9 9 3 0 . 7 1 6 9 9 4 0 . 6

M 7 . 3 9 9 2 . 7 0 . 7 4 5 . 7 9 9 4 . 3 0 . 5 7

      (    0 .3 3  f o r  a l l  )
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decreased DNA repair synthesis in isolated mouse 

liver cells in monolayer cultures, at a 

concentration where cytotoxicity was also evident. 

The genotoxicity of paracetamol including 

covalent binding to DNA, induction of DNA 

single strand breaks and inhibition of replicative 

and repair synthesis of DNA has been investigated 

in the rodents in vivo [Dunn TL et. al., 1987]. The 

DNA damage was measured as SSBs by alkaline 

elution. The available data points to three possible 

mechanisms of paracetamol induced genotoxicity. 

1) Inhibition of ribonucleotide reductase. 

2) Increase in the cytosolic and intranuclear 

calcium levels. 

3) DNA damage caused by N-acetyl-p-

benzoquinone imine (NAPQI), a major 

ultimate reactive metabolite of 

paracetamol. All mechanisms involve dose 

thresholds. Various studies on genotoxic 

effect of paracetamol obtained 

inconclusive results. Some invivo studies 

revealed that paracetamol induced SCEs 

and chromosomal aberrations but not 

micronuclei [Hongslo J K et. al., 1994 and 

Giri AK et. al., 1992]. But studies 

conducted by MatterB and Schmid W 

[1971] revealed increase in the 

micronuclei frequency in the buccal 

mucosa after intramuscular administration 

of paracetamol.  

 

Therefore it can be concluded that at high doses 

paracetamol results in increased incidence of liver 

adenomas and carcinomas and also contributes to 

an increase in the total burden of  genotoxic 

damage in man and mice. Paracetamol is also 

found to have carcinogenic effect in some strains 

of mice and induces DNA single strand breaks in 

mice treated in-vivo. However at normal 

prescribed doses it is not genotoxic, but does have 

teratogenic potential as indicated through 

increased number of malformations in humans. In 

mice it has embryotoxic potential too, as indicated 

by pregnancy loses when administered in the early 

pregnancy. 
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