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ABSTRACT
Using immunological and cell fusion technology, group-specific
monoclonal antibodies were produced against cyproheptadine. The
50% inhibitory concentration of the antibody for cyproheptadine
was 0.37 ng/mL, the linear range was 0.16–0.85 ng/mL, and
recoveries of antibody in spiked negative pig urine were 80–120%.
An ultrasensitive immunochromatographic strip, based on the
antibody, was developed for the rapid detection of cyproheptadine
in pig urine. The test strip had a cut-off value of 5 ng/mL.
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Introduction

Cyproheptadine is an anti-allergy drug that antagonizes the effects of histamine on blood
vessels and bronchial smooth muscle, thus eliminating allergic symptoms (Lin et al., 2016;
Szepietowski & Reszke, 2016). Despite being banned for veterinary use, some animal feed
products used in China have been found to contain cyproheptadine. This is because cypro-
heptadine can promote weight gain in livestock by increasing appetite and has a similar
effect to β-agonists which can promote pig growth by reducing fat content and raising
lean meat percentage., such as clenbuterol (Lulebo et al., 2016; Martin-Galvez & Soler,
2017). In humans, high concentrations of cyproheptadine can cause coma, or even
death, with children and the elderly being the most sensitive groups (Merhar et al.,
2016). The veterinary use of cyproheptadine is, therefore, strictly prohibited both in
China and other countries. On December 27 2010, the Chinese Ministry of Agriculture
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issued Announcement 1519, which made it clear that the use of cyproheptadine was for-
bidden in animal feed products and in animal drinking water.

At present, traditional chromatographic analysis methods, such as high performance
liquid chromatography (Yang et al., 2015), gas chromatography-mass spectrometry (Hase-
gawa et al., 2006) and liquid chromatography-mass spectrometry(Sun et al., 2017), are used
for the detection of cyproheptadine residues. Electrochemical methods, such as capillary
electrophoresis (Li, Xu, Albano, & You, 2011; Mendes et al., 2012; Zhu, Xia, Sun, & You,
2012) and electrochemical sensors have also been used. Although these methods are
highly sensitive and accurate, they require expensive instruments and time-consuming pre-
treatment processes and, since they also incur high detection costs, they are unsuitable for
screening large quantities of samples(Yan, Liu, Xu, Kuang, & Xu, 2015). Enzyme-linked
immunosorbent assay (ELISA) is a fast, sensitive, and efficient method that is suitable for
rapid detection of drug residues, but it is inappropriate for large-scale sample testing (Gu,
Liu, Song, Kuang, & Xu, 2016). At present, testing for cyproheptadine residues in pigs
intended for the market is mainly carried out using porcine urine, but matrix interference
seriously affects the analysis. The identification of highly sensitive monoclonal antibodies
that are unaffected by matrix interference and the development of a colloidal gold immu-
noassay paper test strip that can be used for rapid analysis in the field is thus of great sig-
nificance for the maintenance of national food safety in animal-derived products.

Materials and methods

Chemicals

Cyproheptadine hydrochloride was purchased from J&K Scientific (Shanghai, China),
keyhole limpet hemocyanin (KLH), ovalbumin(OVA), 1-ethyl-3-(3-dimethylaminopro-
pyl) carbodiimide (EDC), 2-methylpropyl carbonochloridate, N-hydroxysuccinimide
(NHS), N,N-dimethylformamide (DMF),enzyme immunoassay grade horseradish peroxi-
dase-labeled goat anti-mouse immunoglobulin, 3,3′,5,5′-tetramethylbenzidine (TMB),
Tween-20, and horseradish peroxidase (HRP)were purchased from Sigma Chemical
Company(St. Louis, MO, USA). Hypoxanthine-aminopterin-thymidine supplement,
hypoxanthine-thymidine supplement, and 1640 cell culture medium were purchased
from Gibco (Shanghai, China).

Glass fiber membrane for the sample pad, nitrocellulose (NC) membrane for immobi-
lizing the coating antigen, H5076 filter paper for the absorbent pad and Ahlstrom 8964
glass microfiber filter paper for the conjugated pad were purchased from JieYi Biotech.
Co., Ltd. (Shanghai, China).

Solutions

The solutions used for the assays were: PBS (0.01 M phosphate, pH 7.4), MES (0.1 M 2-(N-
morpholino) ethanesulfonic acid, pH 4.7), PBST (0.05% Tween-20 (v/v) in 0.01 M PBS),
coating buffer (CB:0.05 M carbonate–bicarbonate buffer, pH 9.6), antibody dilution buffer
(PBS containing 0.1% gelatin), blocking buffer (coating buffer containing 0.2% gelatin), sol-
ution A (9.33 g citric acid, 180 μL H2O2, and 36.8 g Na2HPO4 12H2O in 1L H2O) and sol-
ution B (0.06%w/v TMB in glycol). Pig urine was obtained from a local farm (Wuxi, China).
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Synthesis of hapten

The hapten was synthesized by nucleophilic substitution on the piperidine ring N atom of
cyproheptadine, followed by demethylation and subsequent alkylation with 3-chloropro-
panoic acid to provide CYP-1, which has a free carboxyl group (Figure 1). Compound 1
(5 g, 17.4 mmol) in toluene (50 mL) was added dropwise to ethyl carbonochloridate (3.8 g,
34.8 mmol) and the mixture was stirred at 120°C overnight. The mixture was cooled to
room temperature, treated with 10 mL aqueous HCl and extracted with EtOAc (3 ×
50 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated in
vacuo to give compound 2 (4 g, 66.6%). A solution of compound 2 (4 g, 11.6 mmol) in
EtOH (64 mL) was added dropwise to aqueous KOH solution (10.3 g dissolved in
16 mL H2O, 174 mmol, 15 equiv) and the mixture was stirred at 30°C overnight. The
mixture was then concentrated in vacuo and extracted with EtOAc (3 × 50 mL). The
organic layer was dried over anhydrous Na2SO4 and concentrated in vacuo to give com-
pound 3 (2.5 g, 80.6%). A solution of compound 3 (2.5 g, 9.2 mmol) and 3-chloropropa-
noic acid (1 g, 9.2 mmol)in THF (30 mL) was added dropwise to Et3N (1 g, 9.2 mmol) and
the mixture was stirred under N2 at 60°C overnight. The mixture was then concentrated in
vacuo and extracted with EtOAc (3 × 30 mL). The organic layer was dried over anhydrous
Na2SO4 and concentrated in vacuo to give the crude product, which was purified by
chromatography on silicagel eluting with dichloromethane/MeOH (20:1) to afford the
hapten, CYP-1(400 mg, 12.7%).

Antigen preparation

The immunogenic antigen (CYP-1-EDC-KLH) was prepared by coupling the hapten to
KLH. Firstly, hapten (2.1 mg), EDC(4.2 mg), and NHS(2.6 mg) were mixed in a small
bottle. The mixture was dissolved in DMF (1 mL) and MES (200 μL) and the solution

Figure 1. Synthesis of the CYP-1.
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was stirred overnight at room temperature in the dark, to provide solution I. KLH (6 mg)
was dissolved in CB (2 mL) and solution I was added slowly to the protein solution, main-
taining the pH of the solution at 9–10. Next, the solution was stirred overnight at room
temperature in the dark. The immunogenic antigen was dialyzed in 0.01 M PBS for two
days to remove foreign substances. After confirming its immunogenicity by ultraviolet
spectroscopy, the antigen was stored at −20°C. The coating antigen (CYP-1–EDC-
OVA) was prepared in a similar manner.

Monoclonal antibody (mAb) preparation

Healthy BALB/c mice (5, female), which were 6–8 weeks of age, were selected for
immunization. CYP-1-EDC-KLH (1 mg/mL) was emulsified with the same amount
of Freund’s adjuvant and the mice were immunized by subcutaneous multi-point injec-
tion with antigen (100 μg). The first immunization used Fuchs complete adjuvant and
Freund’s incomplete adjuvant to strengthen the immune response. The dose for sub-
sequent intraperitoneal injections was half of the previous dose, and the intraperitoneal
injections were carried out directly using synthetic antigen mixed with normal saline.
The immunization intervals were three weeks. After the third immunization, blood
titers and the 50% inhibitory concentration were measured at intervals of one week.
The best mice were selected for intraperitoneal injection with synthetic antigen on
day 21 and, after the fourth immunization, cells from these mice were removed for
fusion. Following an appropriate cell fusion and hybridoma screening program, hybri-
doma cells that could produce antibodies against cyproheptadine were obtained. The
cell strain that could secrete monoclonal antibodies was expanded and cultured, and
the cells were collected and injected into the abdominal cavity of mice. After 7–10
days, the ascites in the abdominal cavity of mice was extracted using a syringe. The
monoclonal antibody was purified using the caprylic acid-saturated ammonium
sulfate method (Kong et al., 2015).

Characterization of mAbs

Indirect competitive (IC)-ELISA can be used to evaluate the cross-reactivity and sensitivity
of mAbs. After dilution with coating buffer, CYP-1-OVA (100 μL/well)was added to stan-
dard 96-well ELISA plates, which were then incubated in an oven at 37°C for 2 h. The
plates were washed three times with PBST and patted dry using absorbent paper. Blocking
buffer (200 μL/well) was added to the plates, followed by incubation in an oven for 2 h at
37°C. The plates were subsequently washed three times and dried using absorbent paper.
Diluted monoclonal antibody (50 μL/well) and standard diluent were added to each well
and the plate was incubated in an oven for 30 min at 37°C. The plates were washed and
patted dry. HRP, diluted three thousand times with antibody dilution buffer (100 μL/well),
was added to the plates, which were then incubated in an oven for 30 min at 37°C. The
plates were washed three times with PBST and dried on absorbent paper. Fresh color
buffer (100 μL, solution A/solution B = 5:1, v/v) was added to each well, and the plate
was incubated in an oven for 15 min at 37°C. Sulfuric acid (50 μL, 2 M) was pipetted
into all wells to stop the reaction and absorbance values (at 450 nm) were measured
using the enzyme marker.
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Specificity of mAbs

The specificity of the mAbs was defined by cross-reactivity measurements. If there was
<10% cross-reactivity, there was assumed to be no cross-reaction or negligible cross-reac-
tion. Cross-reactivities between the antibody and a series of β-agonists (salbutamol, clen-
buterol, clenpenterol hydrochloride, mabuterol, terbutaline, clenpenterol hydrochloride,
mapenterol, and pirbuterol) were confirmed by IC-ELISA:

cross-reactivity(%)= (The 50% inhibitory concentration of cyproheptadine/

The 50% inhibitory concentration of the tested beta -agonists)× 100%.

Preparation of mAb-labeled gold nanoparticles

The average diameter of the gold particles used in the experiment was 20–30 nm. The
specific method was as follows: chloroauric acid solution (100 mL, 0.01 g/L HAuCl4)
was heated to boiling point with magnetic stirring for 30 min and sodium citrate solution
(2 mL, 1%) was then quickly added. The color of the reaction solution rapidly became
wine-red, and heating and stirring were continued for 15 min when the reaction was com-
plete. The solution was then fixed by addition of ultra-pure water (100 mL) and stored at
4°C (Guo et al., 2015; Sun, Liu, Song, Kuang, & Xu, 2016). The presence of colloidal gold
was confirmed by ultraviolet spectroscopy.

Firstly, the volume of 0.1 M K2CO3 was optimized to adjust the pH of the solution, then
the 0.1 M K2CO3 was added to 1 mL colloidal gold solution. The purified monoclonal anti-
body, at an optimized concentration, was then slowly added to the reaction over 2 h with
stirring. BSA solution (100 μL, 10%) was mixed with the solution, which was then shaken
for 30 min to avoid non-specific adsorption between the mAb-labeled gold nanoparticles
and protein loci. The clear supernatant was separated by centrifugation at 6200 rpm for
10 min to eliminate redundant mAbs and BSA, and the precipitate was dissolved in ultra-
pure water (1 mL). After two centrifugations, borate buffer (0.1 mL) was added to the pre-
cipitate, which was stored at 4°C for future use (Peng, Song, Liu, Kuang, & Xu, 2015a).

Preparation of immunochromatographic strip

The test papers were assembled as follows. Suitable concentrations of goat anti-mouse IgG
and coating antigen were sprayed onto the NC membrane to form the control line (C) and
test line (T), respectively, and the membrane was then dried at 37°C. An absorbent pad
was attached to the end of the C line and the sample pad was attached to the end of
the T line. The paper was cut into 3.8 mm strips using a cutting machine and the strips
were stored in a sealed container at room temperature with the exclusion of light
(Peng, Song, Liu, Kuang, & Xu, 2015b; Yan et al., 2015).

Assay using immunochromatographic strip

Since the detection of cyproheptadine is currently based mainly on field detection in urine
samples, the test method for cyproheptadine residues in pig urine is well-established.
Urine samples that tested negative for cyproheptadine were confirmed by HPLC/MS.
Before use, the urine was centrifuged at 4700×g for 10 min to remove precipitate. Positive
samples, with different concentrations, were prepared by adding cyproheptadine standard
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to PBS and to negative urine samples. If the control line was darker while the test line was
lighter, or had no color, the sample was positive. If both control and test lines appeared
dark red, the sample was considered to be negative (Liu et al., 2017). The detection line
could be judged by the elimination of the line value.

Recovery

Taking into account IC50 values and the linear range of the mAbs, urine was spiked with
different concentrations of cyproheptadine and determination values were calculated by
the standard curve of the mAbs.

C(Rate of recovery) = Detection concentration/Addition concentration × 100%. When
80% < C < 120%, the antibodies are suitable for the detection of actual samples.

Results and discussion

Antigen preparation

Because the relative molecular mass of cyproheptadine is low, the compound itself is not
immunogenic, and carrier proteins must be coupled with the hapten to form a complete
immunogenic antigen (Liu, Kuang, Peng, Wang, & Xu, 2014). The chemical structure of
the hapten is crucial to the quality of their Abs. Since cyproheptadine lacks a reactive
group, a derivatization reaction was required to form a reactive species that could
couple with carrier proteins. To solve this problem, a carboxyl CYP-1 was designed
(Figures 1). KLH was selected as the carrier protein for the immunogen and OVA was
chosen as the carrier protein for the coating antigen. The EDC method was used to
couple the hapten and protein. EDC first reacted with the carboxyl group on CYP-1 to
form an activated O-acylisourea intermediate and NHS was used to stabilize the next
amine condensation, which formed an amide bond.

Immunogenicity and coating antigens were confirmed by ultraviolet spectroscopy
(Figures 2 and 3). The typical absorption peaks of KLH and OVA were at 280 nm,
whereas the typical absorption peak of CYP-1 was at 290 nm. As the extent of the reaction
increased, light absorption by the coupled product at 280 nm was obviously enhanced and
there was a clear blue shift in the absorption peak of the coupled product at 280 nm, which
more closely resembled the peak of CPY-1.

Preparation of mAbs

After four immunizations with CYP-1-EDC-KLH, high titer polyclonal serum was
obtained, which gave an IC50 of 5 μg/L for cyproheptadine in urine. Next, spleen cells
from the tested mouse were hybridized with Sp2/0 myeloma cells. After multiple clonal
expansions, strains producing antibodies with high titer and high sensitivity, and which
grew more rapidly, were selected. Cell lines cpy-3e10, cpy-4a7, cpy-4b3, cpy-5a6, and
cpy-5b4 were expanded, cultured and frozen. mAbs of the cell line were confirmed by
IC-ELISA. Among the five cloned strains, the cyp-3e10 cell line was chosen by immune
chromatography because of its reactivity and specificity for cyproheptadine. The IC50 of
cyp-3e10 for cyproheptadine in urine was 0.37 ng/mL, with a linear range of 0.16–
0.85 ng/mL (Figure 4).
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Figure 3. Ultraviolet spectrogram of coating antigens.

Figure 2. Ultraviolet spectrogram of immunogenicity antigens.

Figure 4. Tolerance of 3e10 in pig urine.
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Table 1. Cross-reactivity of β-agonists from IC-ELISA.
Chemicals Structure IC50 (ng/mL) CR (%)

Cyproheptadine

0.37

100%

Salbutamol

>100

<1%

Clenbuterol

>100

<1%

Mabuterol

>100

<1%

Terbutaline

>100

<1%

Mapenterol

>100

<1%

Pirbuterol

>100

<1%
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Cross-reactivity (CR)

Because the rapid detection of cyproheptadine in animals intended for the market is mainly
carried out by field detection of urine, cross-reactivity with other additives in animal feed
was measured by IC-ELISA (Table 1). The result in Table 1 showed that the cross-reactivity
with β-agonists from IC-ELISA was <1% and the mAbs is highly specific to cyproheptadine
because of its particular structure. The mAbs were thus only susceptible to cyproheptadine
and had no cross-reactivity with other additives in animal feed.

Cyproheptadine detection using immunochromatographic strip assay

A change in the color of the solution during preparation of mAb-labeled gold nanoparti-
cles can be used to judge whether the gold nanoparticles are aggregated, and allows the
optimal concentration of coating antigen and amount of antibody to be determined.
The optimized conditions for preparation of the cyproheptadine test strips were 1 mL
of gold nanoparticle with 4 µL K2CO3 and 8 µg/mL antibody, with a coating concentration
of 0.5 mg/mL. To confirm that the test strips could be used to analyze pig urine spiked
with cyproheptadine, urine samples containing different concentrations of cyproheptadine
(0, 0.25, 0.5, 1, 2.5 and 5 ng/mL) were added to the sample pad (Figures 5 and 6). When
the concentration of cyproheptadine in the urine was 5 ng/mL, the test line disappeared

Figure 5. Analysis of cyproheptadine concentration with strip in PBS (1 = 0 ng/mL, 2 = 0.1 ng/mL, 3 =
0.25 ng/mL, 4 = 0.5 ng/mL, 5 = 1ppb, 6 = 2.5ppb, the strip cut-off completely at 2.5 ng/mL of
cyproheptadine).
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completely. The cut-off limit of the test strips was thus 5 ng/mL in urine and the test strips
were shown to be suitable for the field detection of actual samples. Samples of negative pig
urine were spiked with cyproheptadine (0.5, 0.1 and 0.2 ng/mL) and analyzed by IC-
ELISA. The recovery from pig urine was between 80% and 120% and the coefficient of
variation was low. This means that the kit has good accuracy and stability and is suitable
for the analysis of actual samples.

Conclusions

We have prepared a monoclonal antibody that can specifically detect cyproheptadine
when used in animal feed. Antibodies were prepared based on IC-ELISA and cyprohep-
tadine-antigen, and a new immunochromatographic test strip that is able to detect
levels of cyproheptadine in pig urine was developed. Because our newly established detec-
tion strip does not require sample pre-processing before analysis, the detection process is
greatly simplified and the detection time is greatly shortened. The immunochromato-
graphic strip is thus suitable for rapid detection of cyproheptadine residues.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Figure 6. Analysis of cyproheptadine concentration with strip in pig urine (1 = 0 ng/mL, 2 = 0.25 ng/
mL, 3 = 0.5 ng/mL, 4 = 1 ng/mL, 5 = 2.5ppb, 6 = 5ppb, the strip cut-off completely at 5 ng/mL of
cyproheptadine).
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