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Abstract 
Background: Baicalein, a flavonoid comes under phytoestrogen family found to have estrogenic activity in mammals. The 
present investigation aimed to study the effect of baicalein on behaviour and developmental land marks of Wistar mice. 
Methods: Baicalein at a dose of 30, 60 and 90 mg/Kg body weight were injected to three different groups of pregnant 
female mice on gestation days 11, 13, 15 and 17, whereas controls were injected with vehicle. Controls and experimental 
groups were allowed to deliver pups and baicalein exposure was continued during lactation.  
Results: No clinical signs of toxicity were observed in the behaviour of experimental animals during experimentation when 
compared to controls. Also significant decrease (P<0.05) in number of live pups in baicalein received females observed 
when compared to controls. Also observed decrease in the survival index of pups on postnatal day 4 and 21 in experimental 
groups. Significant (P<0.05) decrease in early onset of puberty in females (vaginal opening) and delay in testes descent in 
males of experimental groups were also observed. Also observed significant decrease (P<0.05) in the body weight of pups 
exposed perinatally to baicalein on postnatal day (PND) 1, 7, 14 and 21, along with significant decrease (P<0.05) in crown 
rump length when compared to controls. No significant change was observed in pinna detachment, eye opening and fur 
development in experimental groups when compared to controls.  
Conclusion: It was concluded that baicalein interferes in developmental landmarks in mice. 
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1. Introduction 

Studies on animals provide an evidence of 
phytoestrogens on developmental land marks and 
behavioural studies. Due to estrogenic activity of 
phytoestrogens, they may cause the hormonal 
effects which might be harmful to the developing 
embryo when consumed during the pregnancy and 
lactation. It has been recognized that the 
phytoestrogens interact with the mammalian 
endocrine system (1-3) and causes endocrine 
disruption. Hence these phytoestrogens are called as 
endocrine disrupting chemicals (EDCs). Exposure 
of these chemicals in humans affects during 
development and adulthood (4, 5). The EDCs are 
exposed by the embryos during early stages of life, 
if the pregnant mother is exposed during and/or after 
pregnancy. As these chemicals are lipophilic they 
dissolve easily in fat, stored in the body fat and they 
are used as a fuel for the development of the embryo 
and also useful for the Production of milk during 
lactation and hence the offspring’s are exposed pre- 
and postnatally to these chemicals (6). EDCs 
including phytoestrogens show adverse effects on 
organism by altering the endocrine functions (7-9).  
The action of these EDCs is mainly on endocrine 
and reproductive systems by binding to the nuclear 
receptors, non-nuclear steroid hormone receptors  

 
i.e., membrane estrogen receptors (8). Besides this 
phytoestrogens are also cross the placental barrier 
and reaches to developing embryo (10). The 
pregnant women exposed to phytoestrogens alone 
they show their effects on the development of the 
embryo. Baicalein is flavonoid phytoestrogen and is 
commonly called as skull cap and is used to treat 
uterus and ovary inflammation. Like other 
phytoestrogens baicalein also mimicks like an 
estrogen and binds to the estrogen receptors there by 
disrupting the endocrine system in vertebrates (11). 
In spite of this, studies need to be focussed on 
parameter of the developmental landmarks like body 
weight, fur development, survival index, eye 
opening, pinna detachment, testes descent, vaginal 
opening and puberty gain including number of live 
pups. Very few reports explained the role of selected 
phytoestrogens and their effects on the parameters 
of development and behaviour of young rats (12, 
13). Conversely the literature is having lacuna on 
developmental land marks and behavioural studies 
in animals by the exposure of phytoestrogens and 
their effects. However the phytoestrogen induced 
toxicity at the development of embryo and its 
growth is still in its infancy. Furthermore studies are 
need to know the toxicity caused by phytoestrogens 
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in mammalian system and furthermore to elucidate 
the molecular mechanistic action of phytoestrogens 
on development of embryo and growth of young 
ones. The present investigation initiated to 
emphasise the role of flavonoid phytoestrogen 
baicalein (which is commonly used as anti-
inflammatory and anti-cancer therapeutic drug for 
humans and animals) on behaviour and 
developmental landmarks of Wistar mice exposed 
perinatally.  
 
2. Materials and methods 
2.1. Animals and maintenance 

The experimental animal model selected for the 
present study is the Wistar mice of age 45-50 days 
with an average weight of 29 ± 2 g. The 
experimental animals were purchased from Sri 
Venkateshwara Enterprises, Bangalore, Karnataka, 
India. Animals were maintained in a clean, well 
ventilated and air-conditioned room (12h:12h 
light:dark cycle) at 25 ± 2ºC with a relative 
humidity of 50 ± 5%. Sufficient amount of food and 
water provided every day.The mice were 
acclimatized for a week and then used for 
experimentation. The experiments were carried out 
in accordance with the guidelines of the Committee 
for the Purpose of Control and Supervision on 
Experiments on Animals, Government of India 
(CPCSEA) (14). This study was also carried out 
according to the guidelines for the care and use of 
laboratory animals (NRC, 1996) and approved by 
the Institutional Animal Ethical Committee at Sri 
Venkateswara University, Tirupati, India 
(Resolution No: 10/(i)/a/CPCSEA/IAEC/SVU/PSR/ 
NG/Dt. 18-10-2010). 
 
2.2. Test Chemicals 

Commercially purchased baicalein from Sigma 
Aldrich, USA was used as test chemical for the 
present investigation. Baicalein (5, 6, 7-
trihydroxyflavone) is a flavonoid derived from a 
common class of phytoestrogens, isolated from the 
roots of Scutellaria baicalensis. Molecular weight of 
baicalein is 270.241 g/mol, the chemical formula is 
C15H10O5 (Figure 1) and is soluble in 100% dimethyl 
sulfoxide (DMSO). 
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Figure 1. The chemical structure of baicalein 
 

 
2.2.1. Vaginal Smear Test 

Vaginal smear cytology is the most practical 
method to check the estrous cycle normality. The 
vaginal smear was examined by the method 
described by Zarrow et al. (15) and reviewed by 
Cooper et al. (16). A few drops of saline (0.9% 
NaCl) were introduced carefully into the vagina by 
the help of pasture pipette. The saline was sucked 
quickly back into the pipette by releasing the 
pressure. The smear was carefully taken on a clean 
plain glass slide as a thin layer and observed under a 
microscope (Axiostar plus, Carl Zeiss, Germany) for 
various stages of estrous cycle. Based on the type of 
cells present in the vaginal smear, the stages were 
easily distinguished and determined as pro-estrus 
(contains epithelial cells), estrus (cornified cells), 
met-estrus (cornified and leukocytes present in large 
numbers) and di-estrus (contains leukocytes). On the 
evening of pro-estrus stage observed, the females 
were kept for cohabitation with males in separate 
cages. 

 
2.2.2. Experimental design 

The following day of cohabitation, the female 
mice were checked for vaginal plug in the early 
morning (before 7.0 am). The animal with vaginal 
plug was considered as day one of pregnancy and 
the pregnant females were separated from the males 
and kept in separate cages. Sixteen pregnant mice 
were divided into four groups of each with equal 
number. Graded doses of 30, 60, 90 mg/Kg body 
weight of baicalein were injected on 11th, 13th, 15th 
and 17th day of gestation to group 1, 2 and 3 
respectively. The group 4 served as control and 
received 100% DMSO (Merck, Mumbai, India). All 
the animals were fed with normal pellet diet and 
water ad libitum.  

The pregnant mice were allowed to deliver pups. 
The F1 progeny is observed for number of live 
pups/mice on postnatal day 1 (PND 1) and the sex 
ratio of male and female pups, abnormalities in the 
developmental landmarks. Besides this the clinical 
signs of toxicity in the young ones of both 
experimental and control mice were also recorded 
during and after weaning. 
 
2.2.3. Developmental Land Marks 

The accurate body weights (g) of the young ones 
were measured by using electronic balance on 1st, 
7th, 14th and 21st day of weaning period. The number 
of live pups/mice is counted immediately after 
delivery and the sex ratio of male and female pups 
were counted after the weaning period. Crown rump 
length is the measurement of the young ones from 
the top of the head (crown) to the bottom of the 
buttocks (rump). It is measured in the natural state 
with an unstretched body which is usually in c-
shaped. Crown rump length of young ones were 
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measured on PND 1 immediately after delivery by 
using vernier callipers. Survival index was measured 
on PND 1 and PND 21 and was calculated using the 
formula: [(Number of live off springs at lactation 
day 4 or 21/Number of live offspring delivered) X 
100]. The other developmental land marks such as 
pinna unfolding, fur development, ear opening, eye 
opening, vaginal opening and testes descent are 
observed with the naked eye. 
 
2.2.4. Statistical analysis 

The data were statistically represented with two 
tailed ANOVA by using the software GraphPad. 
Prism. v5.0.3.477. The statistical significance was 
considered at P<0.05. Results are expressed as mean 
± SEM. 
 
3. Results 

In the present study, behaviour of the pregnant 
female mice, lactating mothers and its offspring 
were observed time to time and found no 
behavioural changes exposed to baicalein at 30, 60 
and 90 mg/Kg body weight. The ratio of male and 
female pups was measured in experimental and 
control groups and found no significant change 
(Table 1). The number of live pups delivered by 
baicalein exposed and control females were 
measured. Significant decrease (P<0.05) was 
observed in number of live pups delivered by 
baicalein exposed females when compared to the 
control group and the decrease in experimental 
groups is in a dose dependent manner (Figure. 2).  
 

 
On PND 1 observed significant decrease (P<0.05) in 
crown rump length in both male and female mice 
pups transplacentally exposed to 30, 60 and 90 mg 
baicalein/Kg body weight in a dose dependent 
manner than the controls. Survival index of control 
and experimental offspring was measured on PND 4 
and 21 in the present study and found reduction in 
survival index of 60 and 90 mg baicalein/Kg body 
weight exposed young ones on PND 4, whereas on 
PND 21 decreased survival index was recorded in 
all experimental young ones when compared to 
controls (Table 1). 

The significant (P<0.05) reduction in the number 
of days for opening of vagina was observed in 
perinatally 60 mg and 90 mg baicalein/Kg body 
weight exposed young females when compared to 
control and 30 mg baicalein/Kg body weight 
exposed young ones (Table 2). In the present study 
also observed no significant change in pinna 
detachment, fur development and eye opening 
(Table 2) in experimental young ones when 
compared to control mice. Increased number of days 
for testes descent was recorded and significantly 
increased (P<0.001) in the experimental groups 
when compared to control mice. The increase in 
days for testes descent is also in dose dependent 
manner in baicalein exposed young mice (Table 2).  

Significant reduction (P<0.05) in the body 
weights of offspring exposed perinatally to baicalein 
(30, 60 and 90 mg/Kg body weight) on PND 1, 7, 14 
and 21 was observed in a dose dependent manner 
when compared to controls (Figure 3). 

 
Table 1. Pre and postnatal exposure of baicalein on crown rump length, survival index of young mice on PND 
4 and 21 and male:female ratio. 

Parameter Controls 30 mg/Kg 
body weight 

60 mg/Kg 
body weight 

90 mg/Kg body 
weight 

CRL (cm) of  pups on PND 1 3.85 ± 0.041 3.70*± 0.038 3.56*±0.037 3.20***± 0.026 

Survival index of pups on PND 4 (%) 46/46 (100) 40/40 (100) 34/38 (89.47) 28/33 (84.84) 

Survival index of pups on PND 21 (%) 45/46 (97.82) 38/40 (95.0) 32/38 (84.21) 26/33 (78.78) 

Male:Female ratio 26:20 23:17 17:21 17:16 

Values are mean ± SEM of 8 young mice. Values in parenthesis are percent change from controls.* and ***  represents 
significantly different from controls at P-value <0.05 and <0.0001 respectively. 

 
Table 2. Effect of pre and postnatal exposure of baicalein on developmental landmarks of mice pups. 

Parameter Controls 30 mg/Kg 

body weight 

60 mg/Kg 

body weight 

90 mg/Kg 

body weight 

Pinna detachment 3.25± 0.163 
 

3.37± 0.183 
3.50± 0.189 

 
3.62 ± 0.189 

 

Fur development 7.37± 0.183 7.62± 0.263 (3.39) 7.75± 0.163 (5.15) 7.87± 0.226 (6.78) 

Eye opening 15.75± 0.313 14.87± 0.295 (0.81) 15.25± 0.313 (3.38) 15.62± 0.183 (5.89) 

Vaginal opening 34.63± 0.183 34.38± 0.183 (-0.72) 31.38*** ± 0.323 (-9.38) 
28.38***± 0.263 

 

Values are mean ± SEM of 8 young ones. Values in parenthesis are percent change from controls. **  and ***  
represents significantly different from controls at P-value  <0.001 and <0.0001 respectively. 
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Figure 2. Tran placental effect of baicalein on number of live 
pups delivered by female mice. *, **  and ***  represents 
significantly different from controls at P-value <0.05, <0.001 and 
<0.0001 respectively. 

 

 
Figure 3. Perinatal effect of baicalein on body weights (g) of mice 
pups on postnatal days (PND) 1, 7, 14 and 21.  

*, ** and *** represents significantly different from controls at 
P-value <0.05, <0.001 and <0.0001 respectively. 
 
 4. Discussion 

Phytoestrogens occurs in plant based diet and 
mimics like estrogens, which are predominant in 
curing hormonal dependent cancers and other age 
related diseases (17). Due to the beneficiary effects 
on human health, consumption of phytoestrogen 
based diet is increasing Worldwide. Besides this, the 
literature is also showing the adverse effects of 
phytoestrogens on developing embryo if the 
pregnant woman exposed it (11-13).  
In the present study significant decrease (P<0.05) 
was observed in number of live pups delivered by 
baicalein exposed mice when compared to the 
controls and decrease is in a dose dependent 
manner. Similar results were reported by Romero et 
al. (18) in rats exposed to 10 and 100 mg 
daidzein/genistein/Kg body weight during 
pregnancy. They observed smaller number of live 
litter in 10 and 100 mg daidzein/genistein exposed 
groups (18). Pushpalatha (19) and Harini (20) also 
reported decrease in the size of litter in pregnant rat 
and mice exposed in utero to proluton depot 
(hydroxyprogesterone) and progesterone 

respectively. In rats, phytoestrogen biochanin-A 
transplacental exposure decreased number of live 
pups (11, 13). Baicalein exposure to pregnant rats 
decreased the number of live pups in a dose 
dependent manner which may be due to the 
increased fetal toxicity of baicalein towards 
increased number of resorption and decreased 
number of implantations in a dose dependent 
manner. Significant decrease (P<0.05) was observed 
in crown rump length in mice pups transplacentally 
exposed to baicalein in this study. Similarly 
Soujanya et al., (13) reported the decrease in crown 
rump length on PND1 in rat offspring exposed 
transplacentally to biochanin –A(50 and 100 mg/kg  
body weight). Decrease in the crown rump length on 
PND 1 in the young mice exposed transplacentally 
to baicalein in the present study may be due to 
altered hormone metabolism in the young mice by 
baicalein. Significant decrease (P<0.05) was 
observed in the mean days for vaginal opening of 
female pups exposed to the baicalein 
transplacentally. Similar results were observed in 
female rodents fed with genistein or soya based diet 
during development showed earlier vaginal opening 
(21-24). Early pubertal onset has also been observed 
in girls exposed to EDCs pre and postnatally (25-
26). Besides this irregular estrus cycles i.e. increase 
or decrease in cycle duration was observed in 
animals exposed to resveratrol (27).  

In contrast to this observed significant increase in 
the number of days for opening vagina in rat pups 
exposed perinatally to biochanin-A (11, 13). The 
above reports supporting that the decreased days for 
vagina opening in baicalein exposed female young 
mice in this study is may be due to early in the 
release of pubertal hormones promoted by baicalein 
and this was supported by Manson and Kang (28). 
Reduction in the survival index of mice pups was 
observed on PND 4 and 21 exposed perinatally to 
baicalein (60 and 90 mg/Kg body weight) when 
compared to controls. Reports are also explained the 
decrease in the continued existence of young ones 
by phytoestrogens in rats (29). The present study 
results are in support with the study conducted by 
Sowjanya and Reddy (11) where they exposed rat 
offspring to isoflavone biochanin-A perinatally.  

Significant decrease (P<0.001) in the testes 
descent was observed in baicalein exposed young 
males when compared to controls in a dose 
dependent manner. The result of the present study is 
in correlation with the reports existing. Delayed 
testes descent was reported in young male rats 
exposed to biochanin-A perinatally (11, 13). The 
delay in testes descent reported in the present study 
is may be due to delay in the response of release of 
male hormones including testosterone by baicalein 
exposure perinatally in young male mice.  

Decrease in the body weights of young mice 
exposed perinatally to baicalein are significant  
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(P<0.05) when compared to control mice.  Similar 
to this, Sowjanya and Reddy (11), and Soujanya et 
al. (13) reported that the body weights of perinatally 
biochanin-An exposed young rat on PND 1, 7, 14 
and 21 was significant decreased. Reported lower 
birth weights in offspring of rats exposed to 
genistein (30). Besides this, there is evidence that 
high dose estrogen diet i.e. 10% flaxseed to the 
pregnant rat lowers birth weights than other animals 
fed with other diets in offspring (31). In contrast to 
present result, reported genistein exposure to 
pregnant rats has no effect on offspring birth 
weights and feed intake (32-33). In the present study 
decrease in the body weights of offspring exposed 
perinatally to baicalein is may be due to suppression 
of release of pituitary growth hormone by baicalein 
there by reduced food intake in pregnant dams and 
decreased apatite in offspring. This may leads to no 
fat depositions in dams and young ones during 
lactation period, ultimately results in loss of body 
weight of offspring during birth and lactation 
period. However, no significant changes were 
observed in male and female sex ration, pinna 
detachment, fur development and eye opening in 
baicalein exposed offspring when compared to 
controls. Similarly no change in fur development 
was reported in young rats exposed pre and 
postnatal to biochanin-A (11, 13). In the same study 
they also reported significant change in sex ratio of 
male and female pups, pinna detachment and eye 
opening in the rat offspring exposed perinatally to 
biochanin-A which was not witnessed in the present 
study. 

Many reports are supported the results of present 
study. Manson and Kang (28) reported that 
pregnancy and lactation periods are hormone 
sensitive for offspring during which sexual 
differentiation of the fetus reproductive tract and 
central nervous system will takes place under the 
influence of hormones. Similarly, Whitten et al. (34-
35) in their study reported that phytoestrogens are 
transferred to the offspring through rat dam’s milk 
and affects its reproduction at adolescence and 
reproductive abnormalities like disrupted estrus 
cycles in females and decreased sexual behaviour in 
male offspring. Zimmerman et al. (29) noticed that 
taking of phytoestrogens in pregnant animals 
showed its effect on the fetus which leads to 
decreased litter size, pup survival and increased 
resorption or abortion. Flavonoids of flax seeds 
showed its affects on reproductive development of 
offspring exposed during pregnancy or lactation 
(12). Humans are mainly exposed to the 
environmental estrogens including phytoestrogens 
through diet which may cause adverse effects on 
development and reproduction and are open for 
researchers (36).  

Baicalein is a phytoestrogen of comes under 
flavonoid family, shows estrogenic activity in  

 
animals and humans. Estrogens execute 
reproductive development and development of 
secondary sexual characters at physiological levels. 
But when taken in excess amounts they exert 
detrimental consequences on development and had 
it effects on the development of reproductive organs 
thereby decreasing the fertility of the animal. Which 
has been proven in the present study that the 
exposure of baicalein in to pregnant mice showed 
decrease in live litter size, decreased crown rump 
length and survival index in pups, early vaginal 
opening in female young ones and delayed testes 
descent in male young ones and decrease in body 
weights were observed. Like other phytoestrogens 
baicalein in moderate and high concentrations may 
transmit to developing embryo through the placenta 
and to the young ones through milk during weaning 
period and may have the capacity to alter the 
hormone concentrations in the young ones and 
causes the alteration in physiology thereby 
developmental and reproductive abnormalities.  

In conclusion, it is clear from the present study 
that baicalein may influence the development and 
growth of the young mice exposed perinatally in a 
dose dependent manner without showing 
behavioural abnormalities. However further studies 
are in progress to characterize the baicalein effects 
on mice development and reproduction in this 
laboratory. 
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