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Abstract Diethylstilbestrol (DES) is used as a kind of animal
feed additive and affects people’s health through the food
chain. The purpose of this study is to detect the residue level
of DES in 576 human urine samples directly. DES-BSAwas
used to immunize Balb/c mice. The monoclonal antibody was
produced by hybridoma that was screened through cell fusion
techniques. Finally, we developed the indirect competitive
ELISA method to analyze 576 human urine samples from
Zhejiang Province, China. The IC50 of this method was
3.33 ng/mL. The LOD and LOQ were 0.16 and 0.54 ng/mL.
Linear range of the standard curve was from LOD to 12.50 ng/
mL. There was no cross-reactivity with two kinds of estrogens
and two structural analogs with DES. Five hundred seventy-
six urine samples were analyzed by the indirect competitive
ELISA method, and the detection rate was 98.78%. The mean
concentration and geometric mean were 4.70 and 3.50 ng/mL.
The indirect competitive ELISAmethod based onmonoclonal
antibody was sensitive and reliable for the detection of DES in
human urine samples. The results warned us to pay more
attention to human health and food safety.
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Introduction

Diethylstilbestrol (DES), a kind of nonsteroidal estrogen, was
synthesized by Dodds in 1938 (Dodds et al. 1938). Physicians
in the USA and Europe used DES to prevent spontaneous abor-
tion and premature delivery in the clinic (Tedeschi et al. 2005).
As a kind of hormone, it can promote growth of domestic
animals and aquatic products. However, researchers have found
that exposure of DES in utero could potentially cause breast
cancer (Leena 2014) and cervical and vaginal adenosis
(Laronda et al. 2012) by inhibiting follicle growth and
disrupting steroid hormone levels (Gore et al. 2015). Also, it
affects people’s reproductive system (Jiang et al. 2016) and
growth and development (Hatch et al. 2015). Yang et al.
(Yang et al. 2016) found that exposure to DES would increase
the risk of uterine fibroid. From 1982 to 1995, a cohort com-
prising 3899 DES-exposed and 1374 unexposed daughters was
followed for pathology-confirmed diagnoses of high-grade
squamous intraepithelial neoplasia. The results showed that
there was an association between in utero DES exposure and
high-grade squamous neoplasia (Hatch et al. 2001). Moreover,
low-dose DES could alter DNA methyltransferase expression
andDNAmethylation (Yin et al. 2015). FDA prohibited the use
of pharmaceutical DES in 1971. In China, the Department of
Agriculture banned the use of DES on animal feeding. Even so,
because of its greater economic benefits, DES is still used as an
animal feed additive, illegally. This kind of environmental
endocrine-disrupting chemical enters into the human body
through the food chain and is excreted in the urine (Cooper
et al. 2001). Ultimately, the abuse of DES leads to
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environmental pollution. Therefore, it is essential to establish a
method to monitor the exposure level of DES.

Nowadays, analytical methods based on instruments,
such as GC-MS/MS (Aman et al. 2006), LC-MS
(Iparraguirre et al. 2014), and HPLC (He et al. 2016),
offer a tool to analyze the residues of DES in waste
water (Kumirska et al. 2013), animal tissues (Huo
et al. 2006), bovine urine (Fernandez-Arauzo et al.
2014), and so on. Before chromatographic analysis,
samples must be purified through solid-phase extraction
or liquid-liquid extraction. Sometimes, immunoaffinity
chromatography or enzymatic reaction is used in order
to further purify urine samples. Moreover, these huge
instruments are not suitable for field detection. High
cost and time-consuming also make it difficult to ana-
lyze a large number of samples.

Enzyme-linked immunesorbent assay (ELISA) is a method
containing a lot of advantages, such as high specificity, high
sensitivity, low cost and high throughput. There are also many
other immunoassay methods to detect environmental
endocrine-disrupting chemical, such as electrochemical im-
munoassay (Wang et al. 2014) and fluorescence immunoassay
(Wu et al. 2012). Compared with ELISA microplate reader,
the detectors of these methods are expensive. Therefore, for a
large scale of urine sample analyzation, ELISA can reduce
testing cost.

However, there are many cases where people can be
easily exposed to DES. Lv X (Lv et al. 2016) detected
water from Taihu Lake (Jiangsu, China) where the con-
centrations of DES ranged from 1.46 to 12.00 ng/L.
Hyesun Han et al. (Han et al. 2013) detected DES in
porcine muscle, chicken breast, and bovine muscle
using isotope dilution-liquid chromatography/mass
spectrometry.

In China, the main commercial kits for DES detection in
the market is made by r-biopharm (German). The LOD for
urine analyzation is 0.20 ng/mL, while the linear range is from
LOD to 0.4 ng/mL. Therefore, the linear range is too narrow to
cover the concentration of DES in human urine. Also, there
are some commercial kits made in China. For example, the
LODs of the commercial kits made by Nongshui Bio-
Technique (Nanjing, China) and Aride Bio-Technique are
0.50 and 0.60 ng/mL which are a little higher for the analyza-
tion of urine samples. On the other hand, these ELISA kits are
expensive for the analyzation of large-scale urine samples. In
order to collect data of the exposure level of DES in Zhejiang
Province, we try to produce a new specific and sensitive
monoclonal antibody. We acquire anti-DES antibody through
immunization and cell fusion technique. This paper aims to
establish an indirect competitive ELISA method to detect the
concentrations of DES in urine of 576 volunteers from
Zhejiang Province, China. The data can reflect the exposure
level of these Chinese people to DES directly.

Materials and methods

Chemical reagents and instruments

DES-BSA and DES-OVA were bought from Jiangnan
University (Wuxi, China). Tween-20 was bought from
Sinopharm Chemical Reagent (Shanghai, China). Quick-
antibody immunologic adjuvant was purchased from
Biodragon-immunotech Company (Beijing, China). DES, es-
trone, estradiol, and bisphenol A (BPA) were bought from
Aladdin (Shanghai, China). Salbutamol (SAL) was purchased
f r om Abmar t (Shangha i , Ch ina ) . 3 , 3 ′ , 5 , 5 ′ -
Tetramethylbenzidine (TMB) was purchased from Sangon
Biotech (Shanghai, China). Horseradish peroxidase-labeled
goat-anti rabbit IgG conjugate (HRP-GaR IgG) was bought
from Boshide (Wuhan, China). Fetal bovine serum and
dulbecco’s modified eagle medium (DMEM) were bought
from GibcoBri. Freud’s incomplete immune adjuvant and
polyethylene glycol (PEG 1250) was acquired from Sigma
(Luis, Mo. 63,178, USA). Methanol of high-performance liq-
uid chromatography grade was obtained from TEDIA (USA).
Balb/c mice (5–8 weeks) were bought from the Experimental
Animal Center of Zhejiang University (Hangzhou, China). All
experiments on mice were performed according to the ethics
committee of the Experimental Animal Center of Zhejiang
University.

Human urine samples were collected from 576 volunteers
in Sir Run Run Shaw Hospital (Hangzhou, China) with in-
formed consent from all the participants. We chose urine sam-
ples, which were negative through the analysis of HPLC, as
blank urine samples.

Ninety-six-well microtiter plates were bought from Wuxi
Guosheng Bio-Engineering (Wuxi, China). The microplate
reader was a Multiskan photometer from Thermo Lab sys-
tems. The HPLC system, series 1260 (Agilent), is equipped
with a diode array detector, a quaternary gradient pump, a
column oven, an auto-sampler, and a Zorbax SB-C18 column
(4.6 × 150 mm, 5 μm particle size).

Buffers and solutions

Coating buffer was 0.1 M carbonate buffer (pH = 9.6).
Standard solution of DES was diluted by phosphate-buffered
saline (PBS: 10 mM sodium phosphate, 137 mM NaCl,
2.7 mMKCl, pH = 7.4).Washing buffer, PBST, was PBSwith
0.05% Tween-20 (v/v). Blocking buffer (5% skimmed milk
(w/v) in PBST) was used to block and dilute blood serum
and antibody. Substrate buffer was 0.1 M citrate (pH = 5.5).
Substrate solution was composed of 125 μL TMB solution,
2 μL 30% H2O2, and 10 mL substrate buffer. Enzymatic re-
action was stopped by termination buffer (1 M H2SO4),
finally.
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Production of monoclonal antibody

Immunization

Three female Balb/c mice (5–8 weeks) were immunized by
DES-BSA and Quick-antibody immunologic adjuvant.
Different from Freud’s immune adjuvant, Quick-antibody im-
munologic adjuvant was water-soluble. The immunizing dose
was 20 μg per mouse. First, DES-BSAwas diluted to 0.4 mg/
mL by PBS. Before injection, mix 150 μL Quick-antibody
immunologic adjuvant and 150 μL DES-BSA (0.4 mg/mL)
quickly. Then, inject 100 μL per mouse into its muscle on the
hind leg. After 21 days, the mice were immunized the second
time. On the 31st day, blood was collected from the mouse’s
eye socket and serum was isolated.

Determination of antibody titer in serum

Indirect competitive ELISAwas used to analyze the antibody
titer in the serum. The method comprised the following steps:
(1) The 96-well microplate was coated with 100 μL DES-
OVA (1 μg/mL) per well at 37 °C for 2 h. (2) We washed
the plate three times with 200 μL washing buffer per well, and
added 200 μL blocking buffer to block at 37 °C for 1 h. (3)
The blocking buffer was removed and the plate was washed
once. The serum was diluted by blocking buffer to different
concentrations. Fifty microliters standard solution and 50 μL
diluted serum were added into each well, and the plate was
incubated for 30 min at 37 °C. (4) The plate was washed three
times. One hundred microliters HRP-labeled goat-anti-mouse
second antibody was added and incubated for 30min at 37 °C.
(5) The plate was washed four times. One hundred microliters
substrate solution was added into each well for 20 min at
37 °C. (6) We used 50 μL termination buffer to stop the en-
zyme reaction. (7) The absorbance was measured at 450 nm
by microplate reader.

Cell fusion and selection

The mouse that had higher titer was chosen for cell fusion.
Spleen cells (1 × 108) from the mouse and SP2/0 myeloma
cells (1 × 107) were fused with 50% PEG in DMEM without
serum. After cell fusion, HAT was used for selecting hybrid-
omas. On the tenth day, cell supernatants were analyzed by
indirect competitive ELISA to screen hybridoma cells which
produced anti-DES antibody. The protocol was the same as
above. ELISA-positive hybridoma cells were subcloned by
limiting dilution for several times until we got stable antibody.

Purification of monoclonal antibody

A 0.5 mL Freud’s incomplete immune adjuvant was injected
into the abdominal cavity of Balb/c mouse 1 week in advance.

Then, 5 × 105 hybridoma cells were injected into its abdom-
inal cavity. After 7 days, ascites fluid was collected and puri-
fied by caprylic acid-ammonium sulfate precipitation. The
purified monoclonal anti-DES antibody was stocked at
−20 °C with 50% glycerol.

Procedures of indirect competitive ELISA

The conditions of indirect competitive ELISAwere optimized by
the checkerboard method. Optimum experimental protocols of
indirect competitive ELISA were as follows: (1) The 96-well
microplate was coated with 100 μL DES-OVA (0.5 μg/mL)
per well at 37 °C for 2 h. (2) We washed the plate three times
with 200μLwashing buffer per well and added 200μLblocking
buffer to block at 37 °C for 1 h. (3) The blocking buffer was
removed and the plate was washed once. The monoclonal anti-
body was diluted by blocking buffer 40,000 times. Fifty micro-
liters standard solution and 50 μL monoclonal antibody were
added into each well, and the plate was incubated for 30 min at
37 °C. (4) The plate was washed three times. One hundred mi-
croliters HRP-labeled goat-anti-mouse second antibody was
added and incubated for 30 min at 37 °C. (5) The plate was
washed four times. One hundred microliters substrate solution
was added into eachwell for 20min at 37 °C. (6)We used 50μL
termination buffer to stop the enzyme reaction. (7) The absor-
bance was measured at 450 nm by microplate reader.

We analyzed 10 blank urine samples and calculated the
mean concentration and SD. Then, we calculated LOD (mean
concentration + 3SD) and LOQ (mean concentration + 10SD).

ELISA analysis and validation

Standard substance of DES was added into the blank urine to
12.50 ng/mL. Standard series (6.25, 3.12, 1.56, 0.78 ng/mL)
were prepared through double dilution method. Standard so-
lutions were detected six times through ELISA using the same
plate and different plates, respectively. By calculating the co-
efficient of variation (CV) of inter-assay and intra-assay, the
precision of ELISA method could be ascertained. The recov-
ery (%) was calculated at the levels 10, 5, 0.31 ng/mL.

The specificity of the monoclonal antibody was investigat-
ed using two kinds of estrogens (estradiol and oestrone) and
two structural analogs (salbutamol and bisphenol A). The
cross-reaction rates were calculated by the following equation
(Lei et al. 2014):

CR (%) = (IC50for DES/IC50for testing compound) × 100%

HPLCwas used to verify the accuracy of ELISA. Urine sam-
ples were prepared by SPE columns. The mobile phase was
composed of methanol and water (70:30, v:v) with the flow rate
of 1.0 mL/min. Analytical wavelength was set at 254 nm (He
et al. 2016). The injection volumewas 20μL and the temperature
of the column was 25 °C.
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Collection and analyzation of human urine samples

Urine samples were collected from 576 volunteers in Sir Run
Run Shaw Hospital of Zhejiang Province in China. Among
the 576 volunteers, there were 337 males and 239 females.
The ages ranged from 10 to 90 years old. Urine samples were
stored at −20 °C.

These urine samples were analyzed by the indirect compet-
itive ELISA method. For a few overrange urine samples, we
diluted 10 times to analyze.

Statistical analysis

Statistical analyses were performed by SPSS 22. The mini-
mum, maximum, mean, different percentiles, and geometric

mean (GM) were calculated according to the classification of
gender and age. A significance test was used to examine the
significant differences of the concentrations of DES in differ-
ent ages and genders.

Results

Antiserum titers of immunized mice

The serum of mice was analyzed by indirect competitive
ELISA. No.1 mouse and No. 2 mouse had higher OD value
(Fig. 1a). When the serum of No. 1 mouse was diluted 4000
times, OD value was around 1.0, and the inhibition rate
achieved was 67.0%. Compared with No.2 mouse, No.1

Fig. 1 The results of immunity. aOD value of three mice on different serum dilution. b The inhibition rate on different serum dilution. The concentration
of standard substance was 1000 ng/mL

Fig. 2 The inhibition rate in different ELISA conditions by the
checkerboard method

Fig. 3 Standard curve of indirect competitive ELISA for the detection of
DES (n = 8)
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mouse achieved higher inhibition rate (Fig. 1b). Therefore,
among three immunized mice, we chose the mouse that had
the highest inhibition rate and higher OD value to fuse.

The results of cell fusion

We chose NO.1 mouse to fuse. On the tenth day, cell super-
natants were analyzed by indirect competitive ELISA to
screen the hybridoma cell which produced anti-DES antibody.
ELISA-positive hybridoma cells were subcloned through lim-
iting dilution. After three times subcloning, we got four cell
strains (8A-3D, 8A-5F, 8A-10F, 12C-5A) which could pro-
duce stable anti-DES antibody. When the concentration of
standard substance was 2 ng/mL, the inhibition rate of these
four cell strains were 61.39, 62.69%, 65.68, and 60.67%,
respectively.

Characterization of the ELISA

The optimization of reaction conditions

The anti-DES antibody was purified by caprylic acid-
ammonium sulfate precipitation. Then, the conditions of
ELISAwere optimized by the checkerboardmethod. The plate
was coated with DES-OVA (1, 0.5, 0.25, 0.125 μg/mL). At
the same time, anti-DES antibody was diluted 5000, 10,000,
20,000, 40,000 times. When the concentration of coating an-
tigen was 0.50 μg/mL and the antibody was diluted 40,000
times, the OD value was most close to 1.00 and the method
showed higher inhibition rate (Fig. 2). In this way, the most
sensitive ELISA detection method was established.

Standard curve

When the concentrations of DES were 12.5, 6.3, 3.1, 1.6, 0.8,
0.4, 0.2, 0 ng/mL, we took the OD value at 450 nm as ordi-
nate, and the Log (1 + c) as abscissa to draw the standard curve
(Fig. 3).

The linear regression equation was as follows:

y ¼ −0:94 xþ 1:22 R2 ¼ 0:99
� �

The linearity is good in detection. Through analyzing, IC50

was 3.33 ng/mL. LOD and LOQ were 0.16 ng/mL and
0.54 ng/mL.

Precision and accuracy

Precision

Standard solutions (0.78, 1.56, 3.12, 6.25, 12.5 ng/mL) were
detected 6 times using the same plate and different plates. The
CVs of different concentrations of DES are shown in Table 1.
The CVs of intra-assay and inter-assay ranged from 8.79 to
15.74% and 3.25 to 10.23%, respectively. As a result, the
ELISA method we established had good precision.

Accuracy

By adding DES of 10, 5, 0.31 ng/mL into blank urine, we
calculated the recovery rates. It ranged from 91.20 to
118.07% (Table 2). The experiments showed favorable
accuracy.

Validation of the assay with conventional method

The reporting method was further validated by conventional
HPLC. Six urine samples with different concentrations of

Table 1 Results of precision by indirect competitive ELISA

QC(ng/mL) Intra-assay Inter-assay

N SD CV(%) N SD CV(%)

0.78 6 0.07 9.6 6 0.04 5.2

1.56 6 0.06 8.79 6 0.02 3.25

3.12 6 0.04 9.52 6 0.02 5.24

6.25 6 0.03 15.74 6 0.01 8.39

12.5 6 0.01 11.68 6 0.01 10.23

Table 2 Results of recovery by indirect competitive ELISA

QC(ng/mL) N Mean(ng/mL) Recovery (%)

10.00 6 9.13 91.30

5.00 6 5.79 115.97

0.31 6 0.36 118.07
Fig. 4 Correlation between the ic-ELISA and HPLC for urine samples
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DES were analyzed by HPLC and indirect competitive
ELISA (ic-ELISA). The linear regression equation was
y = 1.08× + 1.74 (r2 = 0.99, n = 6). The results indi-
cate that the ELISA method we established is an accu-
rate method for detection of DES in urine samples
(Fig. 4).

Cross-reaction verification

We compared two kinds of estrogens and two structural ana-
logs with DES using the indirect competitive ELISA method.
There was no cross-reaction with other compounds (Table 3).
The monoclonal anti-DES antibody had high specificity.

Table 3 Cross-reactivity of monoclonal antibody with other related compounds
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Determination of DES in human urine

Five hundred seventy-six urine samples were analyzed by
indirect competitive ELISA method. The results were shown
in Table 4. The concentrations of DES ranged from the LOD
to 42.85 ng/mL and the detection rate was 98.78%. The 95
percentile and geometric mean (GM) were 9.77 and 3.50 ng/
mL.

The mean concentration of DES in male was 5.07 ng/mL
that was higher than female (Fig. 5a). Five hundred seventy-
six volunteers were divided into five groups according to their
ages. From Table 4, we could see the mean concentrations of
different groups. The age of 41–50 group had the highest
mean concentration (5.60 ng/mL). Volunteer age over 50 years
old had lower concentrations of DES. We used significance
testing to examine the content differences of different gender.
The results showed there were significant differences in gen-
der (P < 0.05). Using the same method, we found that the age

of 41–50 group had significant differences with the age group
over 60 (P < 0.01) (Fig. 5b).

Discussion

Monoclonal antibody produced by fusion cells can specifical-
ly bind with antigen. Compared with polyclonal antibody, the
monoclonal antibody cell line divided from one cell which can
produce anti-DES antibody make it easy for us to control the
quality of the monoclonal antibody. Our present study use
Quick-antibody immunologic adjuvant to immunize mice.
Because it is water-soluble, DES-BSA can be easily dissolved.
Compared with Freud’s immune adjuvant, Quick-antibody
immunologic adjuvant simplifies the immune steps and re-
duce immune time. We use indirect competitive ELISA to
detect the antibody titer in the serum from immunized mice.
We chose the mouse with the highest inhibition rate, and at the

Table 4 Concentrations of DES (ng/mL) in human urine samples

Percentile (%)

Variable No. Min Dr. (%) 5 25 50 75 95 Max Mean GM

All 576 <LOD 98.78 0.80 2.23 3.77 6.09 9.77 42.85 4.70 3.50

Gender

Male 337 <LOD 99.11 0.97 2.46 3.98 6.15 14.02 42.85 5.07 3.79

Female 239 <LOD 98.33 0.75 1.90 3.52 5.97 8.90 26.17 4.19 3.13

Age

10–30 75 0.42 100.00 0.93 2.28 3.70 6.16 9.41 18.32 4.47 3.55

31–40 160 0.53 100.00 1.11 2.78 4.22 6.35 9.19 26.17 4.88 3.99

41–50 150 <LOD 98.67 0.92 2.53 4.34 6.54 17.79 42.85 5.60 4.02

51–60 123 <LOD 97.56 0.68 1.97 3.07 5.63 9.69 27.71 4.14 2.99

>60 68 <LOD 97.06 0.49 1.32 2.57 4.52 8.95 26.02 3.59 2.49

Dr. detection rate, GM geometric mean

Fig. 5 a The mean concentrations of DES (ng/mL) in male and female. b The mean concentrations of DES (ng/mL) in different ages
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same time, the OD value was more than 1.00 when the serum
was diluted 4000 times. Based on the DES-specific monoclo-
nal antibody, a highly sensitive ELISA method was devel-
oped. Themethodwas suitable for the analysis of human urine
samples.

In the study of Judith Ganan, they use HPLC to detect
DES, the LOD is 23 ng/mL (Ganan et al. 2016). Zhang S
developed an ELISA method; the LOD is 10.81 ng/mL
(Zhang et al. 2013). Compared with them, our ELISA is more
sensitive with lower LOD. Compared with commercial kits,
the linear range (LOD to 12.5 ng/mL) is more suitable for the
analyzation of human urine samples than r-biopharm Inc.
Their liner rage cannot cover the concentration of human urine
samples. In addition, the LOD of kits made by Nongshui Bio-
Technique and Aride is higher than ours.

There were few papers involving the concentrations of
DES on a large scale of human body samples. For example,
C. Almeida (Almeida and Nogueira 2006) analyzed one urine
sample from a 37-week pregnant woman by high-
performance liquid chromatography with diode array detec-
tion. In our present study, through the testing of 576 human
urine samples, we found that the group aged 41–50 showed
the highest mean concentration, while those over 50 showed
lower concentrations of DES. Themean concentration of DES
in male was higher than female. Because the information we
collected just included genders and ages, we could not explain
the results accurately. For most volunteers, we speculated that
the result was associated with diet. Due to abuse of DES as
animal growth hormone, it was contained in the milk, chicken,
aquatic product, and so on. Therefore, food could become a
major route of exposure. The data we collected could guide
people to a healthy diet. Moreover, this paper provided a ref-
erence for future studies on DES in human body samples.

In China, the Department of Agriculture banned the use of
DES on animal feeding. Therefore, it was strange that we
could detect DES out from human bodies at a high level. It
is a signal for us to pay more attention to food safety. More
researches are needed to explore the reasons out.

Conclusion

In this study, we screened the hybridoma that could produce
specific monoclonal anti-DES antibody through cell fusion
techniques. Indirect competitive ELISA method was
established using the best performing monoclonal antibody
to detect the exposure extent of DES in 576 human urine
samples from Zhejiang Province. The ELISA method had
high sensitivity, accuracy, and precision. There was no
cross-reactivity with two kinds of estrogens and two structural
analogs with DES. This indirect competitive ELISA method
was suitable for detecting concentrations of DES in human

urine samples. The results guide us to pay more attention to
human health and food safety.
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