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High‑dose exposure 
to butylparaben impairs thyroid 
ultrastructure and function in rats
Qi‑Lan Jiang 2, Sha Li 1, Yang Zeng 3, Bo‑Tao Zhang 1, Yu Cao 1, Tao Li 4* & Jun Jiang 1*

Parabens (PBs) are a class of preservatives commonly used in cosmetics and pharmaceuticals. Studies 
have shown that these compounds may act as endocrine disruptors, affecting thyroxine levels in 
humans. PBs with longer chain substituents, such as butylparaben (BuP), are less prone to complete 
biotransformation and are therefore more likely to accumulate in the body. In this study, the effect of 
high-dose exposure to BuP on thyroid microstructure, ultrastructure, and function was investigated 
in rats. 50 mg/kg bw per day of BuP was injected subcutaneously into the neck of rats for 4 weeks. 
Rat thyroid weight, microstructure, and ultrastructure were determined, and the levels of thyroid 
sodium/iodide symporter (NIS), serum thyroid hormones, and thyroid autoantibodies were measured. 
The human thyroid cell line was used to study the mechanism of BuP on thyroid epithelial cells. The 
weight of the thyroid gland of BuP-exposed rats was increased, the structure of the thyroid follicles 
was irregular and damaged, the mitochondria and rough endoplasmic reticulum were swollen and 
damaged, and the microvilli at the tip of the epithelium were reduced and disappeared. Serum total 
T3, total T4, free T3, and free T4 were decreased in BuP-exposed rats, and TSH, peroxidase antibody, 
and thyroglobulin antibody were increased. In vitro, BuP decreased the level of NIS in thyroid 
epithelial cells, inhibited proliferation and viability, and induced apoptosis in a dose-dependent 
manner. This study demonstrated that high-dose exposure to BuP induced structural, ultrastructural, 
and functional impairment to the thyroid gland of rats, which may be one of the factors leading to 
hypothyroidism.
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Parabens (PBs) are a class of preservatives and antibacterial agents widely used in cosmetics, personal care 
products, pharmaceuticals and foods1–3. They have the advantages of broad-spectrum antibacterial activity, 
low allergenicity, high stability, no volatility and low production cost. According to the different ester groups, 
PBs can be divided into methylparaben (MeP), ethylparaben (EtP), propylparaben (PrP), butylparaben (BuP) 
and benzylparaben (BzP). Due to the widespread use, PBs are gradually becoming widely distributed in soil, 
air, surface water, sediment, and living organisms4–7. It is estimated that a person weighing 60 kg is exposed to 
approximately 76 mg of PBs (1.26 mg/kg) per day, of which 66% comes from personal care products and cosmet-
ics, 33% from pharmaceuticals, and 1% from food3.

PBs enter the human body through the gastrointestinal tract, skin and respiratory tract. Most are hydrolyzed 
in the liver by carboxylesterase to ethanol and hydroxybenzoic acid (PHBA), which combines with glucuronic 
acid, glycine, and sulfate8. PBs absorbed through the skin are partially hydrolyzed in the skin9. Most PBs are 
excreted in urine, bile and feces, with 2% remaining in the body. As endocrine disrupting chemicals (EDCs), PBs 
are often classified as low accumulation compounds. Short-chain PBs are almost 100% completely metabolized 
in a short period of time, while long-chain parabens, such as BuP, take longer to metabolize and are not easily 
completely biotransformed10–12.

PBs possess estrogen-like activity and therefore show endocrine disrupting effects13–15 that are toxic 
to the mammary, adrenal and ovarian etc. al16–19. PBs also disrupt thyroid function. BuP disrupts the 
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hypothalamic-pituitary-thyroid axis and reduces thyroid hormone levels at early developmental stages in 
zebrafish20. In mammals, PBs have been shown to increase thyroid volume in rats21. Population studies suggest 
that individual exposure to PBs may be associated with the risk of benign thyroid nodules and cancer22. PBs also 
interfere with thyroid hormone metabolism in humans23,24. However, the exact mechanism by which PBs induce 
changes in thyroid function is unclear.

In this study, the effect of high-dose exposure to BuP on the rat thyroid was investigated. The reason for 
choosing BuP is that it has been reported to affect the development of the hypothalamic-pituitary-thyroid axis 
in zebrafish20. In addition, as mentioned above, BuP is metabolized relatively slowly in the body due to its long-
chain nature and is therefore more likely to have a cumulative effect10–12.

Materials and methods
The animal experiments were ethically approved by the Laboratory Animal Center of Southwest Medical Univer-
sity. All procedures complied with the Guide and Care and Use of Laboratory Animals (U.S. National Institutes 
of Health, 1996) and the China Animal Management Regulations (Chinese Ministry of Health Document No. 
55, 2001). The study is reported according to the ARRIVE guidelines.

Animal model
A total of 16 8-week-old healthy male Sprague–Dawley rats were randomly assigned to the control and the BuP 
exposure group (n = 8/each). First, 200 mg of butyl paraben (Solarbio, Beijing, China. Catalog No. IB0390) was 
dissolved in 30 ul of DMSO (Sigma-Aldrich, US. Catalog No. 67–68-5) and then diluted with ultrapure olive oil 
(PythonBio, Guangzhou, China. Catalog No. AAPR144) to a concentration of 200 mg/ml to obtain a BuP working 
fluid. In the BuP exposure group, rats were injected subcutaneously in the neck at a dose of 50 mg/kg body weight/
day for 4 weeks. The concentration and duration of treatment were selected based on previous studies21,25,26. For 
mice, the LD50 (subcutaneous) of BuP is > 2500 mg/kg (11.56 mmol/kg). For Sprague–Dawley rats, the no 
observed adverse effect level (NOAEL) and no observable effect level (NOEL) of BuP are 100–1000 mg/kg bw/
day, and the lowest observable effect level (LOEL) is 100 mg/kg bw/day (https://​ntp.​niehs.​nih.​gov/​sites/​defau​lt/​
files/​ntp/​htdocs/​chem_​backg​round/​exsum​pdf/​butyl​parab​en_​508.​pdf). In the control group, rats were injected 
with the same volume of DMSO olive oil for the same duration. At the end of the animal experiment, the rats 
were euthanized according to the AVMA Guidelines for the Euthanasia of Animals (2020 Edition). Rats were 
anesthetized in a chamber containing 5% isoflurane oxygen and euthanized by cervical dislocation. Peripheral 
blood serum and thyroid glands were collected (Fig. 1).

Gross observation and histologic examination of rat thyroid gland
The rat thyroid was carefully dissected from the trachea and weighed. At the same time, the body weight of the 
rats was recorded and the ratio of thyroid weight to body weight was calculated. Thyroid glands were fixed in 
4% paraformaldehyde for 24 h, embedded in paraffin, and sectioned at 4 μm. The sections were subjected to 
hematoxylin–eosin staining, and the microstructure of thyroid follicles was observed by light microscopy (Nikon 
Eclipse Ci-L, Tokyo, Japan).

Figure 1.   Experimental procedure. This study included animal and cell experiments. In vivo, rats were injected 
subcutaneously with BuP at 50 mg/kg bw/d for 4 weeks. After euthanasia, thyroid histology, serum levels of 
thyroid hormones, and thyroid autoantibodies were determined. In vitro, the human thyroid follicular cell 
line Nthy cells were exposed to 0 to 80 mg/L BuP and cell viability, proliferation, apoptosis, and sodium iodide 
symporter (NIS) levels were determined.

https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/chem_background/exsumpdf/butylparaben_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/chem_background/exsumpdf/butylparaben_508.pdf
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Ultrastructural observation of rat thyroid follicular cells
Fresh thyroid glands were fixed in 2.5% glutaraldehyde for 24 h at 4 °C and 1% osmic acid for 2 h. The glands 
were embedded in resin and cut into 60- to 80-nm ultrathin sections (Leica EM UC7 ultramicrotome, Wetzlar, 
Germany). The sections were stained with 2% uranyl acetate and 2.6% lead citrate solution, and the cell ultras-
tructure was observed by transmission electron microscopy (Hitachi HT7700, Tokyo, Japan).

Determination of thyroid hormones and thyroid autoantibodies in rat serum
The levels of total triiodothyronine (TT3), total thyroxine (TT4), free T3 (FT3), free T4 (FT4), thyroid-stim-
ulating hormone (TSH), thyroid peroxidase antibody (TPO-Ab), and thyroglobulin antibody (Tg-Ab) were 
determined by enzyme-linked immunosorbent assay (ELISA). The TT3 ELISA kit, catalog no. JL13028, was 
purchased from Shanghai Jianglai Biological Technology. The FT3 ELISA kit, catalog no. FSEA2126, was pur-
chased from Shanghai Fushen Biological Technology. The TT4 ELISA kit, FT4 ELISA kit, high sensitivity TSH 
(U-TSH) ELISA kit, TPO-Ab ELISA kit, and Tg-Ab ELISA kit, catalog No. ml059551, ml002849, ml059371, 
ml003369, and ml003044, were purchased from Shanghai Enzyme-linked Biotechnology. Thyroid hormones and 
autoimmune antibodies concentrations were determined according to the reagent manufacturer’s instructions.

In vitro experiments
Human thyroid follicular cell line Nthy-ori 3-1 cells (Catalog No. CC-Y1708, EK-BioScience, Shanghai, China.) 
were cultured in thyroid cell complete medium (Catalog No. CC-Y1708M, BioScience, Shanghai, China.). Thy-
roid follicular cells were identified by thyroglobulin immunofluorescence staining (thyroglobulin antibody: 
Beyotime, Wuhan, China. Catalog No. AG3385).

Cell passages 3 to 10 were used in the experiment. For BuP stimulation experiments, the Nyth cells were first 
treated with BuP at concentrations of 0 mg/L, 10 mg/L, 20 mg/L, 40 mg/L, 60 mg/L, and 80 mg/L for 24 h, and 
then subjected to the following assays.

Cell proliferation and viability assays
The 5-ethynyl-2′-deoxyuridine (EdU) cell proliferation kit (RiboBio, Guangzhou, China. Catalog No. C10310) 
was used to determine cell proliferation. According to the manufacturer’s instructions, EdU was infiltrated into 
the proliferating cells, and the ratio of proliferating cells was calculated by fluorescence microscopy.

Cell proliferation was also determined by Western blot analysis of proliferating cell nuclear antigen (PCNA). 
PCNA antibody (Cell Signaling Technology, MA, USA. Catalog No. 13110) and GAPDH antibody (Cell Signaling 
Technology. Catalog No. 2118) were used in the experiment. GAPDH was used as an internal control.

Cell viability was determined using the CCK8 detection kit (Beyotime, Wuhan, China. Catalog No. C0037) 
according to the reagent manufacturer’s instructions. A microplate reader (iMark™ Microplate Absorbance 
Reader, Bio-Rad, CA, USA) was used to detect the absorbance of the sample at 450 nm (optical density at 450, 
OD 450). Cell viability was expressed as a percentage.

Cell apoptosis assays
Apoptosis was determined by Western blotting to detect the relative levels of cleaved caspase-3 (Absin, Shanghai, 
China. Catalog No. ab131825), and the level of total caspase-3 was used as an internal control. The ratio of cleaved 
caspase-3 to total caspase-3 was used to evaluate cell apoptosis.

Apoptosis was also determined by Western blotting to detect the relative levels of Bcl-2 (ProeinTech, Chicago, 
USA. Catalog No. 12789-1-AP) and Bax (ProeinTech, Chicago, USA. Catalog No. 50599-2-Ig). GAPDH was used 
as an internal reference (GAPDH antibody purchased from Cell Signaling Technology. Catalog No. 2118). The 
ratio of Bcl-2 to Bax (Bcl-2/Bax) was used to evaluate cell apoptosis.

Western blotting
The sodium iodide symporter (NIS) is a cell membrane protein located in the basolateral membrane of thyroid 
follicular cells and mediates iodine transport in the cells. The relative level of NIS was detected by Western blot-
ting using its antibody (abcam, Cambridge, UK. Catalog No. ab199410). GAPDH (Cell Signaling Technology. 
Catalog No. 2118) was used as an internal reference.

Rat thyroid or human Nthy cells were pretreated with RIPA lysis buffer and protease inhibitors (Beyotime 
Biotechnology. Catalog No. P0013 and P1005) to extract total proteins. Total proteins were determined using 
a multimode microplate reader (type BioTek Synergy H1, Agilent, Inc.) and separated by 10% SDS-PAGE gel 
electrophoresis and transferred to PVDF membranes (Merck Millipore, MA, USA. Catalog No. IPVH00010). 
The PVDF membranes were blocked with BSA (Sigma-Aldrich. Catalog No. 9048-46-8) and then hybridized 
with antibodies. Finally, the PVDF membranes were incubated with a developing solution and developed in the 
Molecular Imager Gel Doc XR system (Bio-Rad Laboratories, Inc.). Western blots were analyzed with ImageJ 
software (National Institutes of Health).

Statistical analysis
Each experiment was repeated at least three times (n ≥ 3). Experimental results were expressed as the 
mean ± standard deviation (SD). GraphPad Prism 9 (GraphPad, Inc., San Diego, CA, USA) was used for data 
analysis and to generate statistical graphs. A two-tailed Student’s t-test was used for comparisons between the 
two groups. One-way analysis of variance (ANOVA) was used for comparisons between multiple groups. Fishers’ 
least significant difference was used as a post hoc test. P < 0.05 was considered statistically significant.
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Results
BuP caused enlargement of rat thyroid gland and follicular injury
Dissection of the rat thyroid gland showed that the volume and weight of the thyroid gland increased in the 
BuP-exposed group (Fig. 2A). The body weights of rats in the control and experimental groups have no signifi-
cant difference (Fig. 2B), therefore the ratio of thyroid weight to body weight was increased in the BuP-exposed 
group (Fig. 2C).

The microstructure of the rat thyroid was observed under the microscope. Compared with the thyroid follicles 
of the control group (Fig. 2D), the thyroid follicles in the BuP-exposed group were morphologically irregular, 
some thyroid epithelial cells were shed from the follicles, colloid in the follicles was reduced or absent, the local 
epithelium showed columnar hyperplasia, and many inflammatory cells infiltrate the thyroid follicular stroma 
and the follicular cavity (Fig. 2E).

BuP induced ultrastructural injury of the thyroid epithelium
By electron microscopy, the epithelium of the BuP-exposed rat was ultrastructurally disrupted compared with 
the epithelium of the control rat (Fig. 3A). BuP-exposed follicular cells were generally columnar and edematous. 
The intercellular space was narrow. Microvilli were atrophied and shed, resulting in a reduction in the number 
of microvilli. Organelles were also swollen. Shapes of nuclei were irregular. There were cavities in the local 
nuclear membrane and heterochromatin was increased in the nucleus. Mitochondria were highly edematous 
and vacuolated, together with mitochondrial membrane structure disappeared and the number of mitochondrial 

Figure 2.   BuP caused thyroid enlargement and follicular damage in rats. (A) At the end of the animal 
experiment, the rats were euthanized and the thyroid glands were carefully dissected and weighed. The weight 
of the thyroid gland of the BuP-exposed rats was heavier than that of the control rats. (B) There was no 
significant difference in body weight between control rats and BuP-exposed rats. (C) The ratio of thyroid gland 
to body weight of BuP-exposed rats was higher than that of control rats. (D) In the control group, the normal 
thyroid follicles are uniform in size, the follicular wall is intact, and there is no inflammatory cell infiltration 
in the follicular stroma. (E) Thyroid follicles of BuP-exposed rats were inconsistent in size, follicle walls were 
incomplete, and there were many inflammatory cells infiltrating the follicular cavity and follicular stroma. n = 8, 
data are expressed as mean ± SD. Compared with control group, * P < 0.05. ns, not statistically significant. scale 
bar = 100 µm.
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cristae was reduced. The rough endoplasmic reticulum was enlarged, and many flocculations were seen in the 
endoplasmic reticulum pool, along with endoplasmic reticulum ribosomes that had fallen off. Many lysosomes, 
secretory granules and a small number of autophagolysosomes were distributed in the cytoplasm (Fig. 3B).

BuP disrupted thyroid function and caused hypothyroidism in rats
Serum thyroid hormones, TSH, and autoimmune thyroid antibodies were measured by ELISA. Compared with 
the control rats, the levels of serum TT3, TT4, FT3, and FT4 were decreased in the BuP-exposed rats (Fig. 4A–D). 
Correspondingly, the level of TSH was increased (Fig. 4E). Meanwhile, the levels of TPO-Ab and Tg-Ab were 
also increased in the BuP-exposed rats (Fig. 4F, G).

Sodium/iodide symporter (NIS) levels were inhibited in BuP‑exposed rats
Iodide anion (I-) is essential for thyroid hormone synthesis. NIS, also known as the sodium/iodide cotransporter, 
is located on the membrane of thyroid epithelial cells and is necessary for the transport of I- from the blood 
circulation into the epithelial cells. In vivo, the level of NIS from the thyroid gland of BuP-exposed rats is lower 
than that from the thyroid gland of control rats (Fig. 5A). In vitro, BuP inhibited the level of NIS in the human 
thyroid cell line in a concentration-dependent manner (Fig. 5B).

BuP impaired cell viability and proliferation of thyroid epithelial cells and induced apoptosis
In vitro, Nyth cells were cultured with 0, 10, 20, 40, 60, and 80 mg/L BuP for 24 h. The cell proliferation rate 
was determined by EdU incorporation assay and PCNA level. The EdU incorporation assay showed that BuP 
decreased the proliferation rate of Nyth cells in a concentration-dependent manner (Fig. 6A). The level of pro-
liferating cell nuclear antigen (PCNA) was determined by Western blotting, and the result showed that it was 
inhibited by BuP treatment, also in a concentration-dependent manner (Fig. 6B). Cell viability was determined 
by cell counting kit-8 (CCK-8), and the result showed that BuP inhibited it, also in a concentration-dependent 
manner (Fig. 6C).

Figure 3.   BuP exposure induced ultrastructural changes in thyroid epithelial cells. (A) Ultrastructure of normal 
thyroid epithelial cells from the control group. The mitochondria, rough endoplasmic reticulum, secretory 
granules, lysosomes, and microvilli are all clear. (B) Ultrastructure of thyroid epithelial cells from BuP-exposed 
rats. The cells were edematous and the organelles were swollen. Mitochondria were enlarged and vacuolated. 
Rough endoplasmic reticulum was enlarged. Secretory granules were reduced. Microvilli were reduced. Some 
autophagolysosomes were visible. Transmission electron microscopy. scale bar = 5 µm (left images), 2 µm (right 
images). n = 5. Abbreviations: M, mitochondria; RER, rough endoplasmic reticulum; G, secretory granules; Ly, 
lysosomes; Mv, microvilli; TPO, thyroid peroxidase; Tg, thyroglobulin; ASS , autophagolysosomes.
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Cell apoptosis was determined by the level of cleaved caspase-3 and the ratio of Bcl-2 to Bax. Western blotting 
showed that the level of cleaved caspase-3 (the active state of caspase-3) in Nyth cells increased with increasing 
BuP concentration (Fig. 7A), indicating an increase in apoptosis. In contrast, the ratio of Bcl-2 to Bax (Bcl-2/
Bax) decreased with increasing concentration of BuP in the culture medium increased (Fig. 7B), indicating that 
the anti-apoptotic ability of Nyth cells decreased.

Discussion
As mentioned in the Introduction, PBs have some toxicity to organs, such as the breast, adrenal glands, and 
gonads. PBs also affect thyroid development in zebrafish, thyroid weight in rodents, and thyroid function in 
humans. Exposure to BuP increases thyroid peroxidase activity, serum TSH levels, and decreases T4 levels and 

Figure 4.   BuP exposure disrupted thyroid hormone levels and caused hypothyroidism in rats. (A–D) 
Serum levels of total triiodothyronine (TT3), total thyroxine (TT4), free T3 (FT3), and free T4 (FT4) were all 
decreased in the BuP-exposed rats compared with the control rats. (E) Serum thyroid-stimulating hormone 
(TSH) levels were increased in BuP-exposed rats compared with control rats. (F, G) The levels of autoimmune 
thyroid antibodies, including thyroglobulin antibody (Tg-Ab) and thyroid peroxidase antibody (TPO-Ab), 
were increased in the BuP-exposed rats compared with the control rats. n = 8, data are expressed as mean ± SD. 
Compared with control group, * P < 0.05, **P < 0.05, ***P < 0.001.
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type 1 iodothyronine deiodinase (D1) activity in rats25. When exposed to a higher dose (50 mg/kg bw/day) of 
BuP for a longer period of time (60 days), rats develop significant hypothyroidism26. In vivo concentrations of 
PBs are associated with abnormal thyroid hormone levels and may also affect the health of offspring through 
the mother27. For example, BuP and PrP can result in decreased TT3 and FT4 and abnormal TSH28–31. Maternal 
exposure to MeP, EtP, and BuP has been associated with maternal thyroid dysfunction, neonatal TSH levels, birth 
weight and length, and the development of attention deficit hyperactivity disorder (ADHD) in children30–33. 
However, these findings are mainly based on observations of phenomena, and it is still difficult to fully elucidate 
the mechanism of the effects of PBs on the thyroid.

This study found that high-dose and long-term use of BuP caused abnormalities in thyroid structure and 
function. BuP exposure resulted in increased thyroid volume and weight in rats. Under light microscopy, the 
morphology of the thyroid follicles was abnormal and the follicular epithelial cells were swollen. Under electron 
microscopy, the microvilli at the top of the follicular cell were absent and diminished. The rough endoplasmic 
reticulum was dilated, ribosomes were lost, and the nuclei were irregular in shape and partially hollow. The 
serum levels of TT3, TT4, FT3, and FT4 in the rats decreased, and the levels of TSH and thyroid autoantibodies 
including TG-Ab and TPO-Ab increased. These changes were manifestations of hypothyroidism. In vitro, BuP 
decreased the sodium/iodide symporter (NIS) level of thyroid epithelial cells, inhibited proliferation and cell 
viability, and induced apoptosis.

NIS is a symporter that imports ionized iodine into thyroid follicular cells. After entering the thyroid fol-
licular epithelium, ionized iodine is transported to the junction of the microvilli and the follicular lumen and 
is activated by peroxidase. Ribosomes on the rough endoplasmic reticulum are the site of thyroglobulin (Tg) 
synthesis, and damage to the ribosome will affect the iodination of Tg tyrosine residues and the synthesis of T3 
and T4. In this study, BuP toxicity causes damage to thyroid follicular cells, which may be the cause of morpho-
logical changes in thyroid follicular epithelial cells, such as reduction and shedding of microvilli, swelling of 
rough endoplasmic reticulum, and abnormal nuclear morphology. These organelle morphological changes are 
consistent with the characteristics of early cell apoptosis. Apoptosis/death of thyroid follicular cells may result 
in decreased levels of thyroxine, including TT3, TT4, FT3, and FT4, and increased levels of thyrotropin. The 
mechanism by which BuP causes low thyroxine levels is not fully understood. Hypothyroidism may be caused 
by interference with the absorption of iodine, biosynthesis, degradation, and metabolism of thyroxine. Further 
detection and analysis of these biological processes are needed. Apoptosis/death of thyroid follicular epithelial 
cells also causes autoantigens such as TG and TPO to be released from the cells into the blood, and then the body 
produces corresponding antibodies against them.

This study has several limitations due to our experimental conditions. First, this study only examined the 
structural and functional damage to the thyroid gland caused by high-dose exposure to BuP, and there is a lack 
of data on the effects of different concentrations, especially low doses of BuP, on the thyroid gland. Second, due 
to the limited experimental conditions, the distribution and concentration of BuP in tissues were not determined 
in this study. Third, it was not investigated whether BuP directly affects the hypothalamic-pituitary-thyroid axis 

Figure 5.   BuP inhibited the level of sodium/iodide symporter (NIS) in rat thyroid and human thyroid cell 
lines. (A) In vivo, BuP exposure caused a decrease in NIS in rats compared to the control group. (B) In vitro, 
BuP inhibited the level of NIS in Nyth-ori3-1, a human thyroid epithelial cell line, in a concentration-dependent 
manner. n = 3, data are expressed as mean ± SD. Compared with control group, * P < 0.05, ***P < 0.001.
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in the rat. These aspects will be the direction of our future work. Finally, the expressions of thyroid-related genes 
were not measured in the in vitro experiments (Supplementary Information). Despite the above limitations, this 
study demonstrates the effects of high-concentration exposure to BuP on mammalian thyroid structure and 
function and has implications for improving community and individual awareness of environmental paraben 
exposure.

Figure 6.   BuP inhibited the proliferation and viability of Nthy cells. (A) EdU incorporation assay showed 
that BuP suppressed the proliferation of Nthy cells in a concentration-dependent manner. (B) BuP reduced 
the level of proliferating cell nuclear antigen (PCNA) in Nthy cells, and the effect was also dose-dependent. 
(C) Cell counting kit-8 (CCK-8) assay showed that cell viability decreased continuously with increasing BuP 
concentration. n = 6, data are expressed as mean ± SD. Compared with control group, * P < 0.05, **P < 0.01, 
***P < 0.001.
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Conclusion
This study shows that high-dose exposure to BuP damages the ultrastructure of thyroid follicular cells, thereby 
affecting thyroid follicles and leading to thyroid dysfunction. Exposure to BuP may be one of the risk factors 
for hypothyroidism.

Data availability
Data are available to qualified researchers upon reasonable request to the corresponding author, Jun Jiang, at 
jiangjun@swmu.edu.cn.
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