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Purpose: Endocrine-disrupting chemicals interfere with the endocrine system and 
therefore affect growth and pubertal progression. The study aim was to compare 
the growth and pubertal progression in wild-type female rats with different 
bedding types.
Methods: Twenty 5-week-old female wild-type Sprague Dawley rats were randomly 
assigned to two groups with different bedding types: one group received wood 
shaving bedding, while a second group received corncob bedding. We determined 
crown-rump length and body weight as anthropometric measurements and 
assessed the serum growth hormone (GH) and estradiol levels. The gh1 mRNA 
expression levels were compared using quantitative real time transcription 
polymerase chain reaction. The estrous cycle was evaluated by vaginal smear.
Results: The anthropometric measurements were not significantly different 
between the two groups. The mean relative expression of the gh1 gene was lower 
in the corncob bedding group than that in the wood shaving group (P=0.768). 
Meanwhile serum GH and estradiol were increased in the wood shaving bedding 
group; however this difference was not statistically significant. The time to first 
estrus and the length of the estrous cycle were increased in the corncob bedding 
group; the proportion of normal estrous cycles was also decreased. These findings 
indicate irregularities in the estrous cycle.
Conclusion: Endocrine-disrupting chemicals in corncob bedding might be 
associated with time to first estrus and length of the estrous cycle. Therefore, the 
type of bedding should be considered as a factor affecting pubertal progression in 
rodents.
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Introduction

Endocrine-disrupting chemicals are exogenous agents that interfere with the synthesis, 
secretion, transport, metabolism, binding action, or elimination of natural blood-borne 
hormones present in the body. They are responsible for homeostasis, reproduction, and 
developmental processes1). They can act centrally through the hypothalamic-pituitary-gonadal 
axis or directly through peripheral interaction in the tissues targeted by sex steroids, modifying 
sexual development and function2). Recently, many experimental animal studies have 
demonstrated that exposure to endocrine-disrupting agents affect growth pattern, onset, and 
progression of puberty. Studies have also reported the presence of a chemical agent in corncob 
animal bedding3) that caused, several adverse effects, such as reduced reproductive behavior4), 
altered estrous cycle5), and decreased slow-wave sleep6).

The sign of pubertal onset in female rats is vaginal opening, which occurs about 5–9 
weeks after birth. The reproductive cycle in rodents is known as the estrous cycle, which has 
a duration of 4–5 days over 4 stages: estrus, proestrus, metestrus, and diestrus, which can be 
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according to the manufacturers’ instructions. RT-PCR was 
performed using ABI Power SYBR Green PCR Master Mix (part 
No. 436759) and the ABI Step One Plus Real Time PCR System.

4) Measurement of sexual maturation in rats by vaginal smear
Each group was checked daily for the first day of vaginal 

opening. Vaginal smears were collected to determine the estrous 
cycle after vaginal opening. The interval between vaginal 
opening and the first normal estrous cycle was recorded to 
determine sexual maturation. Cytology was evaluated and 
the stage of the cycle was determined. The phases of a normal 
estrous cycle are proestrus, estrus, metestrus, and diestrus. We 
compared the proportion of normal estrous cycles in each 
group by measuring the number of days in each stage of the 
cycle, and cycle length.

3. Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics 
ver. 19.0 (IBM Co., Armonk, NY, USA). The continuous variables 
between two groups were compared using Wilcoxon rank sum 
test. The numbers of normal estrous cycles between two groups 

confirmed by vaginal smear7). 
The pubertal growth spurt results from increased synthesis 

and secretion of growth hormones (GHs) and insulin-like 
growth factor, regulated by gonadal steroids, of which estrogens 
are the most important8). Estradiol is a major estrogen that 
affects endocrine, metabolic function, and pubertal growth 
spurt9). 

The purpose of this study was to evaluate the effect of corn-
cob bedding on growth and pubertal onset or progression by 
analyzing anthropometric measurements, serum levels of GH 
and estradiol, onset of vaginal openings, and changes of the 
estrous cycles in rats.  

Materials and methods

1. Animals

Twenty female wild Sprague Dawley rats with an age of 4 
weeks were acclimated to our laboratory for 1 week. They were 
divided into two groups with different bedding types. The 
first group received wood shaving bedding and second group, 
corncob bedding. The animals were housed in an approved 
animal facility with a 12-hour light cycle and given ad libitum 
access to food and water. 

2. Experiment 

1) Anthropometric measurement
Crown-rump length and body weight of the Sprague Dawley 

rats were measured weekly, starting a week before the application 
of each type of bedding.

2) Hormonal assays
Blood samples were taken from the tail before and after 

application of the bedding. Commercially available enzyme-
linked immunosorbent assay kits were used to measure serum 
levels of GH (Millipore, cat.no.EZRMGH-45K, Darmstadt, 
Germany) and estradiol (CALBIOTECH, cat.no. ES180S-100, 
Spring valley, CA, USA).

3) Quantitative real-time PCR analysis 
Expression levels of gh1 mRNA in the pituitary gland were 

measured using quantitative real-time polymerase chain 
reaction (qRT-PCR) after each experiment. Total RNA was 
prepared using the RNeasy mini kit (Qiagen cat.no. 74104) 

Table 1. Serum hormone levels before application of bedding in 
each group (at an age of 5 weeks)

Hormone Wood shaving bedding Corncob bedding P-value
Serum GH
  (ng/mL)

4.6±2.0 4.2±0.5 0.778

Serum estradiol
  (pg/mL)

5.4±1.2 5.2±1.7 0.934

Values are presented as mean±standard deviation.
GH, growth hormone.
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Fig. 1. Comparison of crown-rump length (A) and body weight (B) between the 
two groups did not show any significant differences.
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were compared using Fisher exact test. Statistical significance 
was defined as P<0.05. Results are described as mean±standard 
deviation.

Results

Anthropometric parameters were measured weekly for the 
two groups between the ages of 5 and 10 weeks. There were no 
significant differences in body length or weight between the 
groups before and after the application of each type of bedding 
(P=0.693 and P=0.392) (Fig. 1).

Serum GH and estradiol levels were not different in each 
group (P=0.685 and P=0.809) (Tables 1, 2). The mean level of 
relative expression of the gh1 gene was 0.914 times lower in the 
corncob bedding group than in the wood shaving group, but the 
difference was not statistically significant (P=0.768) (Fig. 2). 

The mean period between vaginal opening and the first 
estrous cycle was 4.1±0.3 days in the wood shaving group and 
4.8±0.3 days in the corncob bedding. The first estrus phase was 
significantly delayed in the corncob bedding group (P<0.05) 
(Fig. 3). The difference in the proportion of normal estrous cycles 
in the wood shaving group (83%) and the corncob bedding 

group (52%) was significant (P<0.05) (Fig. 4). The mean estrous 
cycle length in the corncob bedding group was higher than in 
the wood shaving bedding group (5.5±0.3 days compared with 
4.4±0.1days, P<0.05) (Fig. 5). When the phases of estrous cycle 
over 30 days were assessed, the number of days of proestrus 
and estrus was significantly lower, but the length of diestrus was 
higher in the corncob bedding group (Fig. 6). This means that 
there were more irregularities in the estrous cycles in rats raised 
on corncob bedding than on wood shavings.

Discussion

Endocrine-disrupting chemicals can be divided into 
phytoestrogens, i.e., plant-derived chemical materials, and 
xenoestrogens, i.e., artificially created materials1). According 
to their structure, phytoestrogens are classified into chromene 
derivatives, f lavonoids, isof lavonoids, isocoumarines, 
chalcones, coumestans, stilbenes, lignans, ginsenosides, 
tetrahydrofurandiols, cinnamic acid derivatives, 2-arylbenzo-
furans, and phenolic compounds10). Xenoestrogens include dic
hlorodiphenyltricholoroethane and its metabolites, bisphenols, 

Table 2. Serum hormone levels after the application of bedding 
for five weeks in each group (at an age of 10 weeks)
Hormone Wood shaving bedding Corncob bedding P-value
Serum GH
  (ng/mL)

10.4±2.5 9.3±1.0 0.685

Serum estradiol 
  (pg/mL)

9.1±2.3 8.4±1.3 0.809

Values are presented as mean±standard deviation.
GH, growth hormone.

gh1 gene primer

Oligonucleotide 
  name

Primer sequence
Sense primer

(forward, 5’-3’)
Antisense primer

(reverse, 3’-5’)
Gh1 ctt cgc ttc tcg ctg ct gat gcc ctc ttc cag gtc
gapdh cta ctg gcg tct tca cca c gtt cac acc cat cac aaa ca
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Fig. 2. Relative expression levels of gh1 gene in wood shaving and corncob 
bedding were measured by using real-time polymerase chain reaction. 
Expression of gh1 in the corncob bedding group was reduced by 0.914 times 
compared to the wood shaving group.
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Fig. 3. Time to first estrus in each bedding type. The time was significantly 
delayed in corncob bedding group (P=0.0249).
*P<0.05.
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Fig. 4. Proportion of normal estrus cycles over 3 weeks. The proportion was 
significantly decreased in corncob bedding group (P=0.0024).
*P<0.05.
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alkylphenols, dichlorophenols, methoxychlor, chlordecone, 
polychlorinated biphenyls, and dioxins1).

Most phytoestrogens have estrogenic or antiestrogenic effects, 
and are connected to the regulation of reproductive organization 
development and cell differentiation by competitively binding 
to the estrogen receptor (ER) within the body1,11). 

Many animal studies have been reported phytoestrogen-
related changes in puberty, delay of the estrous cycle, ovarian 
disorders, and changes in the function of the hypothalamus 
and pituitary gland. Kouki et al.12) reported that genistein, 
one of the isoflavanoids present in many beans, causes early 
vaginal opening and irregularity of the estrous cycle. Similarly, 
Takagi et al.13) founded that genistein caused irregular estrous 
cycling with an extended estrus. However, our results did not 
indicate early vaginal opening. Other studies have reported that 
genistein increases ovulation in low concentration through an 
estrogenic effect, and reduces ovulation at high concentrations 
through an antiestrogenic effect. This indicates the estrogenic or 
antiestrogenic effects are concentration-dependent14,15).

Tetrahydrofurandiols (THF-diols) and leukotoxindiols 
(LTX-diols), types of phytoestrogens, originated from corncob 
bedding, which is frequently used as rodent bedding. Their 
mitogenic activity stems from an isomeric mixture of linoleic 
acid derivatives with a tetrahydrofuran ring and two hydroxyl 
groups that include 9,(12)-oxy-10,13-dihydroxystearic acid 
and 10,(13)-oxy-9,12-dihydroxystearic acid. These compounds 
apparently do not interact via classical ER pathways. Although 
classical [3H] estradiol exchange assays do not discriminate 
between ligand binding to ERα or ERβ in rat uterine nuclear 
fractions, the failure of the THF-diols to compete for [3H] 
estradiol binding in these assays suggests they do not bind to 
either form of the protein4). Markaverich et al.16) reported the 
isolation and purification of THF-diols and LTX-diols from 
corncob bedding by high performance liquid chromatography. 
THF-diols dramatically decreased sexual behavior in both 
male and female mice when applied in high concentrations 
in drinking water (≥ 2 ppm) over 30 days. LTX-diols also 
reduced sexual behavior of female mice when applied in high 

concentrations in drinking water (≥ 2 ppm). However, there 
was no influence on sexual behavior of male mice. Also, other 
studies have reported that corncob bedding reduces aggressive 
behavior by modifying the effect of estrogen and, decreasing 
expression of ERα in the brain17). These substances can be also 
easily found in corn tortillas, indicating that humans may also 
be exposed. Previous studies are frequently performed in rats 
and mice because the normal rodent estrous cycle is short and 
regular, with a typical duration of 4–5 days, including estrus for 
1–2 days and diestrus for 2–3 days17,18). 

This study was conducted in rats and aimed to determine the 
influence of endocrine-disrupting agents from corncob bedding 
on growth and pubertal progress. The phases of the estrous 
cycle were examined over 30 days via a vaginal smear. The 
interval between vaginal opening and the first normal estrous 
cycle, the proportion of normal estrous cycles, and the length of 
each cycle length in the two groups were also measured. Vaginal 
opening of rat occurs normally 5–9 weeks after birth and the 
first estrus phase occur during this period. Our results show 
that the estrous cycle was extended to an average of 5.5 days in 
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Fig. 5. Estrous cycle length of each bedding type during 3 weeks. The cycle was 
significantly increased in corncob bedding group (P=0.0062).
*P<0.05.
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the corncob bedding compared to an average of 4.4 days in the 
wood shaving group. There was significant difference in the time 
of vaginal opening and the first estrus between the two groups 
in our study. And, the proportion of normal estrous cycles 
significantly decreased in the corncob bedding group compared 
to the wood shaving group. We suggest that the abnormalities in 
the estrous cycle were caused by endocrine-disrupting agents.

In a normal pubertal growth spurt, estradiol, a gonadal 
steroid stimulates GH secretion until maturity is reduced19,20). 
The levels of estradiol and GH in the corncob bedding group 
were reduced compared to the wood shaving group, in previous 
studies. However, this difference was not statistical significance 
in our study. 

This study compared the influence of endocrine-disrupting 
agents from different bedding types on growth and pubertal 
progression in female rats. We found that estrous cycle 
irregularity is caused by agents secreted from corncob bedding. 
Therefore, the type of bedding is a factor that may influence 
puberty in rodents. 

Our results on the influence of endocrine-disrupting agents 
on pubertal progression have several limitations. The critical 
window, a vulnerable to endocrine-disrupting agents, was not 
clearly identified. The time between exposure to endocrine-
disrupting agents and the observation of a response in the 
body was not determined21). The types of endocrine-disrupting 
agents in corncob bedding vary and may act through various 
mechanisms and have complex consequences in the body. 

Therefore, further studies over the entire developmental 
period from the prenatal period to the postpubertal phase on 
the mechanisms by which endocrine-disrupting agents cause 
pubertal disorders and other possible disturbing factors in 
corncob bedding are necessary.
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