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a b s t r a c t

In this study, we prepared polyclonal antibodies against anti-diabetic drug nateglinide (NTG), and es-
tablished a sensitive chemiluminescent immunoassay (CLIA) to detect NTG in tablets and serum. Two
kinds of immunogens were synthesized using ethylcarbodiimide (EDC)/hydroxysuccinimide (NHS) and
carbonyldiimidazole (CDI)/4-dimethylaminopyridine (DMAP) as coupling reagents respectively. When
activated by EDC/NHS, more molecules of NTG coupled with carrier protein in immunogens. A horse-
radish peroxidase (HRP)-luminol-H2O2 system with p-iodophenol enhancement was applied in the CLIA
analysis. The antibodies in EDC/NHS group showed higher titer, sensitivity and wider detection linear
range than those in CDI/DMAP group, and were chosen for next studies. The developed CLIA assay ex-
hibited good selectivity towards NTG among structually similar analogs. The method could detect as low
as 0.35 ng mL�1 NTG in buffer, 2.1 ng mL�1 NTG in serum and 0.84 ng mL�1 NTG in tablets. The CLIA
method provided consistent results with HPLC method (r¼0.9986) in determination of NTG from 5.0 to
400 mg mL�1. The CLIA method could detect 78 samples in one assay, and the samples need only dilution
in pretreatment. As a summary, this research offers a sensitive assay for high-throughout screening of
NTG in formulation control and pharmacokinetic studies.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Nateglinide (NTG) is an anti-hyperglycemic agent for treatment
of type-2 diabetes by stimulating the release of insulin from
pancreatic β-cells through inhibition of potassium-ATP channels
[1–3]. It is extensively biotransformed in liver via cytochrome
P450 isoenzymes CYP2C9 and CYP3A4. The major metabolites of
NTG are less potent in anti-diabetic effect than NTG [3]. NTG has
fast onset of action with tmax in 0.92–1.31 h. Thus, it is usually
administrated 15 min before a meal. When NTG was orally ad-
ministered at a dose of 120 mg, a peak serum concentration (Cmax)
is measured to be 10.0–15.0 mg mL�1 [4, 5]. Its hypoglycemic effect
should be regularly monitored for patients with severe heart dis-
ease, damaged liver or kidney functions, and patients

administered with other kinds of anti-diabetic drugs at the same
time [6].

Only a few methods have been developed that focus on the
identification and determination of NTG in pharmaceutical for-
mulations and biological matrices. A great effort was performed to
reduce the limit of detection (LOD) of chromatography methods
for NTG. Accordingly, RP-HPLC–UV (LOD¼60 ng mL�1) [7], LC–
MS/MS (LOD¼20 ng mL�1) [8], stereoselective HPLC
(LOD¼200 ng mL�1) [9], LC-ESI–MS (LOD¼50 ng mL�1) [10],
HPTLC (LOD¼200 ng mL�1) [11], micellar liquid chromatography
(LOD¼800 ng mL�1) [12], spectrofluorimetric determination (de-
tection linear range: 50–500 ng mL�1) [13] have been developed
for NTG assay. The pretreatment procedure for biological samples
usually needs deproteinization, extraction for separation, dryness
then reconstitution for test, and the methods are not sensitive
enough.

As a contrast, immunoassays show obvious advantages in
convenient operation and low cost. To our knowledge, there is no
report about development of antibodies and immunoassays for
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NTG. In this work, we used ethylcarbodiimide (EDC) and carbo-
nyldiimidazole (CDI) as coupling reagents and synthesized two
types of NTG immunogens. Coupling ratio of NTG with carrier
proteins was evaluated. Titer, sensitivity and detection range were
measured for each group of NTG antibody. With the optimal an-
tibody product, horseradish peroxidase (HRP)-luminol-H2O2 sys-
tem was developed with p-iodophenol as an enhancer. Under al-
kaline conditions, luminol could be oxidated by HRP to form
3-aminophthalate ion [14]. The proposed CLIA exhibited a sig-
nificantly higher sensitivity than traditional enzyme-linked im-
munosorbent assay (ELISA), and showed great potential in high-
throughput screening of NTG in pharmaceutical formulations and
serum.

2. Materials and methods

2.1. Chemicals and apparatus

Nateglinide (NTG) and repaglinide were purchased from the
Institute for Chemical Drug Control (National Institutes for Food
and Drug Control, Beijing, China). Glimepiride, rosiglitazone,
metformin, prazosin and acarbose were from Dalian Meilun Bio-
tech Co., Ltd. (Dalian, China). Bovine serum albumin (BSA), oval-
bumin (OVA), 1-(3-dimethylaminopropyl)ethylcarbodiimide hy-
drochloride (EDC.HCl), N-hydroxysuccinimide (NHS), ethylene-
diamine, 4-dimethylaminopyridine (DMAP), N,N′-carbonyldiimi-
dazole (CDI), 3,3′,5,5′-tetramethylbenzidine (TMB), 2,4,6-trini-
trobenzenesulfonic acid (TNBS), Freund's incomplete adjuvant,
Freund's complete adjuvant, p-iodophenol, 5-amino-1,2,3,4-tetra-
hydrophthalazine-1,4-dione (Luminol) were purchased from Sig-
ma-Aldrich (St. Louis, MO). Goat anti-rabbit IgG labeled with HRP
was from Tianjin Sungene Biotech Co., Ltd. (Tianjin, China).

CLIA intensity was measured by Hamamatsu BHP9504-Micro-
plate Luminometer (Hamamatsu Photon Techniques Inc., Beijing,
China). ELISA signal was recorded by enzyme immunoassay mi-
croplate reader Model 680 from Bio-Rad Laboratories Head-
quarters (Bio-Rad Laboratories Co., Ltd, Shanghai, China). Poly-
styrene microtiter plates (96-well) were from Jet Bio-filtration
Products, Co., Ltd. (Jet Biofil, Beijing, China).

2.2. Solutions

(1) Phosphate buffered saline (PBS, pH7.4): 138 mmol L�1 NaCl,
1.5 mmol L�1 KH2PO4, 7 mmol L�1 Na2HPO4 and 2.7 mmol L�1

KCl; (2) Washing buffer (PBST): a PBS solution containing 0.05%
(v/v) of Tween 20; (3) Coating buffer (pH9.6): 0.05 mol L�1 car-
bonate buffer containing 15 mmol L�1 Na2CO3 and 35 mmol L�1

NaHCO3; (4) Blocking buffer: PBS mixed with 1% of OVA and 0.05%
(v/v) Tween 20; (5) TMB solution for ELISA test (pH5.6):
1 mmol L�1 TMB mixed with an equal volume of 1 mmol L�1 urea
hydrogen peroxide (H2O2) citrate buffer; (6) Luminol solution for

Fig. 1. Synthesis of immunogens and coating antigen for nateglinide (NTG) using ethylcarbodiimide (EDC)/hydroxysuccinimide (NHS) and carbonyldiimidazole (CDI)/4-
dimethylaminopyridine (DMAP) as coupling reagents, respectively.

Table 1
Coupling ratio of immunogens and coating antigen.

Sample ε -amino groups Coupling ratioa

BSA 59 –

cBSA 65.8 –

NTG-EDC-cBSA 43.5 22.3:1
NTG -CDI-cBSA 57.6 8.2:1
OVA 20 –

cOVA 31.9 –

NTG-CDI-cOVA 22.2 9.7:1

a Coupling ratio is the molar ratio of hapten to carrier protein.
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Fig. 2. Kinetics of chemiluminescence reaction of the CLIA method in determina-
tion of NTG with different concentration.
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