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Abstract Flos Lonicerae Japonicae (FLJ), the flower bud of
Lonicera japonica Thunb. (Caprifoliaceae), is a widely used
traditional Chinese medicine with various pharmacological
activities. Luteoloside is a major active compound and a qual-
ity control marker of FLJ. Luteolin-7-O-glucuronide (LG), an
analog of luteoloside, was conjugated with bovine serum al-
bumin (BSA) and ovalbumin (OVA) to create the immunogen
and coating antigen, respectively. A sensitive and specific
monoclonal antibody (mAb), designated as mAb3A4, was
generated with LG-BSA. To screen the authenticity and qual-
ity of FLJ, an indirect competitive enzyme-linked immunosor-
bent assay (icELISA) was established. The concentration of
luteoloside producing 50 % inhibition and the working range
of the icELISA were 42.3 and 9.1-258.1 pg L™, respectively.
The icELISA showed cross-reactivity values of 2414, 402,
230, and <1 % for LG, baicalin, scutellarin, and other analogs
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of luteoloside, respectively. The average recovery of
luteoloside in the FLJ samples as determined by icELISA
ranged from 83.0 to 112.5 %. The luteoloside content was
determined for different Lonicera herbal samples with
icELISA, and the results were confirmed by high-
performance liquid chromatography analysis. Thus, this
icELISA is suitable for the quality assurance of FLJ samples.
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Introduction

Flos Lonicerae Japonicae (FLJ, Jin-Yin-Hua in Chinese), the
flower bud of Lonicera japonica Thunb. (Caprifoliaceae), is
one of the most famous traditional Chinese medicines (TCMs)
and is officially listed in the Chinese Pharmacopoeia [1]. It has
been used for many years in TCM for the treatment of various
diseases, including fever, arthritis, and infections [2, 3]. There
is a great demand for FLJ, especially during infectious disease
outbreaks, such as SARS and flu, for its excellent anti-viral
and anti-inflammatory effects [4—6]. Currently, it has com-
monly been added to beverages, health products, food, and
cosmetics due to its proven health benefits and low toxicity
[7].

In the monograph of the Chinese Pharmacopoeia (2005
edition; 2010 edition), Lonicera japonica Thunb., the most
widespread and traditionally used species, was documented
as the unique origin of FLJ [1, 8]. However, in a previous
edition (2000 edition), the plant origin of FLJ also included
Lonicera hypoglauca Miq., Lonicera confusa DC., and
Lonicera dasystyla Rehd [9]. Recently, the former two species
combined with Lonicera macranthoides Hand.-Mazz. and
Lonicera fulvotomentosa Hsu et S.C. Cheng were classified
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as Flos Lonicerae (Shan-Yin-Hua in Chinese). The two
Lonicera herbal drugs, Shan-Yin-Hua and FLJ, have been un-
intentionally mislabeled and confused on Chinese markets
due to their complicated plant sources. However, different
habitats, harvest times, drying processes, and extraction
methods would result in different chemical constituents and
a different quality of FLJ. Therefore, a reliable, simple, rapid,
and high-throughput method is required to screen the authen-
ticity and quality of FLJ on the market to guarantee safety and
stable therapeutic effects.

To date, more than 140 compounds including essential oils,
flavones, organic acids, triterpenoid saponins, and iridoids
have been isolated and identified from FLJ [7]. Before 2005,
chlorogenic acid, one of the major active compounds in FLJ,
served as its unique quality control marker. However,
luteoloside (luteolin-7-O-glucoside, Fig. 1), another active
compound from FLJ, and cynaroside were added as the sec-
ond quality control markers in the monograph of the Chinese
Pharmacopoeia (2005 edition), as there were no significant
differences in chlorogenic acid contents among the Lonicera
species mentioned. The luteoloside in FLJ may be partly re-
sponsible for its anti-bacterial and anti-oxidant activities [10,
11]. In addition, many other pharmacological activities, in-
cluding anti-asthmatic, anti-hyperglycemic, anti-mutagenic,
and anti-genotoxic effects, were discovered [12-16].
Luteoloside also exhibited beneficial effects on wound
healing [17] and anti-cancer activity [18-21].

Numerous methods have been developed for the detection
of luteoloside in FLJ, including high-performance liquid chro-
matography (HPLC) coupled with various detection systems
(UV, DAD, and ELSD) [22, 23] or in tandem with mass

OH O

Fig. 1 Chemical structure of luteolin-7-O-glucuronide (A) and
luteoloside (B)
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spectrometry (MS) [24-26]. Though HPLC is the most widely
utilized method for the analysis of natural herbs, several short-
comings including tedious sample preparation procedures,
high solvent consumption, and short column lifetime (not sim-
ply due to numerous coexistent ingredients in herbs) make it
unsuitable for rapid analysis. Compared to the instrumental
methods above, enzyme-linked immunosorbent assay
(ELISA) is simple, fast, highly specific, sensitive, inexpen-
sive, and a promising high-throughput screening method for
the quantitative and/or qualitative analysis of natural bioactive
compounds [27, 28].

To our knowledge, immunoassays for luteoloside have not
yet been reported. In the present work, a sensitive and selec-
tive monoclonal antibody (mAb) against luteoloside was pro-
duced and an indirect competitive ELISA (icELISA) was de-
veloped for the detection of luteoloside in Lonicera herbal
samples. Furthermore, the ELISA was performed for the anal-
ysis of luteoloside and then verified by HPLC.

Materials and methods
Reagents and apparatus

Luteoloside (99 % purity), luteolin-7-O-glucuronide (LG,
99 % purity; Fig. 1), and the other analogs of Iuteoloside used
for cross-reactivity (CR) studies were purchased from the
National Institutes for Food and Drug Control (Beijing,
China). Hypoxanthine, aminopterin, and thymidine (HAT);
cell freezing medium-dimethyl sulfoxide (DMSO) (serum
free); L-glutamine; streptomycin; penicillin; goat anti-mouse
IgG conjugated with horseradish peroxidase (IgG-HRP);
polyethylene glycol (PEG)-2000; N-hydroxysuccinimide
(NHS); dicyclohexylcarbodiimide (DCC); N,N-
dimethylformamide (DMF); bovine serum albumin (BSA);
ovalbumin (OVA); complete and incomplete Freund’s adju-
vant; and o-phenylenediamine (OPD) were purchased from
Sigma (St. Louis, MO, USA). Cell culture media
(Dulbecco’s modified Eagle’s medium, DMEM) and fetal bo-
vine serum (FBS) were obtained from Thermo (Waltham,
MA, USA). Chromatography-grade methanol and acetonitrile
were obtained from Fisher Scientific (NJ, USA). All other
chemicals used were of analytical grade.

Cell culture plates and 96-well polystyrene microtiter
plates were purchased from Costar (Corning, NY, USA). An
electric heating constant-temperature incubator (ZXDR-2800)
was purchased from Shanghai Zhicheng Analytical
Instrument Manufacturing Co., Ltd. (Shanghai, China). A
direct-heat CO, incubator (311), an automated plate washer
(Wellwash 4 MK?2), and a microplate reader (Multiskan FC)
were purchased from Thermo. The Agilent 1200 HPLC sys-
tem equipped with a quaternary pump, an autosampler, an
online degasser, a thermostatically controlled column
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compartment, and an Agilent 1260 DAD detector was obtain-
ed from Agilent (Agilent Technologies, Santa Clara, CA,
USA).

The HAT-sensitive Balb/c mouse myeloma cell line SP2/0-
Agl4 used in the fusion experiment was obtained from ATCC
(Manassas, VA, USA). Female Balb/c mice were purchased
from the Laboratory Animal Center of the Institute of
Genetics and Developmental Biology (Beijing, China). All
the experiments were approved by the Animal Care
Committee of China Agricultural University, and all efforts
were made to minimize suffering.

Buffers and solutions

The buffers and solutions used here were the same as those
previously reported [29]. They included coating buffer
(0.05 M carbonate buffer, pH 9.6), phosphate-buffered saline
(PBS) (0.01 M phosphate buffer containing 0.9 % NaCl, pH
7.5), PBS with 0.1 % (v/v) Tween-20 (PBST), PBST contain-
ing 0.5 % (w/v) gelatin (PBSTG), citrate-phosphate buffer
(0.01 M citric acid and 0.03 M Na,HPO,, pH 5.5), substrate
solution (4 uL of 30 % H,O, added to 10 mL citrate-
phosphate buffer containing 2 mg mL™' OPD), and a stop
solution (2 M H,SOy,). Luteoloside standard solutions of var-
ious concentrations were prepared by diluting the stock solu-
tion (1 mg mL™', made by dissolving luteoloside powder in
DMF) with methanol.

Preparation of immunogen and coating antigen

LG, an analog of luteoloside, was used as the hapten to con-
jugate with the carrier protein. The active ester method was
used to prepare the LG-BSA and LG-OVA conjugates as the
immunogen and coating antigen, respectively [29]. DCC
(7.5 mg) was added to a stirring mixture of LG (8.8 mg) and
NHS (4.3 mg) dissolved in 2 mL DMF. The mixture was
stirred overnight at4 °C and then centrifuged. The supernatant
was divided into two equal aliquots and added dropwise to
20 mg BSA or OVA in 2 mL of 0.05 M carbonate buffer (pH
9.6). The solution was stirred overnight at 4 °C. The reaction
mixture was lyophilized and stored at —40 °C after dialysis
against 0.01 M PBS (pH 7.5) for 3 days with two changes per
day.

Immunization, mAb production, and characterization

The protocols of immunization, mAb production, and purifi-
cation were similar to those previously described by Wang
et al. [30]. Specifically, six female Balb/c mice (6-8 weeks
old) were immunized subcutaneously with 0.1 mg of LG-BSA
conjugate emulsified in Freund’s complete adjuvant. Two sub-
sequent injections were carried out at 2-week intervals with
Freund’s incomplete adjuvant. Five days after the third

injections, the sera were tested for anti-luteoloside antibody
titer and for luteoloside recognition properties in icELISA.
The splenocytes of the mouse with the highest titer and best
specificity were fused with the SP2/0 using PEG-2000. The
plates were incubated at 37 °C in the CO, incubator. Positive
hybridomas were cloned by limiting dilution and expanded
after screening by ELISA approximately 1 week after fusion.
The clone with a high antibody titer and good sensitivity in the
culture supernatant was expanded in mice for the production
of mAD in ascites. The mAbs were purified by ammonium
sulfate precipitation. The immunoglobulin isotype was deter-
mined with a mouse antibody isotyping kit (Pierce, Rockford,
IL, USA).

icELISA

Microplate wells were coated with LG-OVA (1.0 ug mL ™",
100 puL per well in coating buffer) at 37 °C for 3 h. After four
PBST washes, the plate was blocked with 100 uL per well of
3 % nonfat milk in PBS for 30 min at 37 °C and then washed
with PBST four times. Various concentrations of the standard
or samples in PBSTG (50 puL each) were added into each well,
followed by the addition of 50 pL of sera, cell supernatant, or
purified mAb solution diluted in PBSTG. The plate was incu-
bated at 37 °C for 30 min and then washed again with PBST
four times to remove any unbound antibodies. Goat anti-
mouse IgG-HRP diluted in PBSTG (1.0 ug mL™") was added
(100 uL per well). After incubation at 37 °C for 30 min, the
plate was washed again four times with PBST. Substrate so-
lution (100 pL) was pipetted into each well. The reaction was
terminated by adding 50 puL of 2 M H,SO,4 per well. The
absorbance was measured at 492 nm with the Multiskan FC
microplate reader. The detection data of each analyte was cal-
culated using Origin Pro 8.0 software (Origin Lab, USA).

Assay specificity

Assay specificity was evaluated by cross-reactivity (CR) with
a set of structural analogs of luteoloside. The CR of
luteoloside was calculated according to the formula:

B IC50 (luteoloside)
~1C50 (analog of luteoloside)

CR x 100%

Sample preparation and extraction

Lonicera herbal samples including FLJ and Shan-Yin-Hua
were collected from different cultivation regions of China.
The extraction procedures followed the regulations of the
Chinese Pharmacopoeia (2010 edition) [1]. Namely, the sam-
ples were powdered and dried at 60 °C in an oven for 3 h. The
pulverized plant samples (2.0 g) were accurately weighed and
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suspended in 50 mL of 70 % aqueous ethanol (v/v), ultrason-
ically extracted for 1 h, and then cooled at room temperature.
Additional 70 % aqueous ethanol was added to compensate
for the weight lost. The extracts were centrifuged at 8000g for
10 min. The supernatants were collected and divided into two
equal aliquots, and then evaporated for use. One resultant
residue was dissolved in 20 mL of 70 % aqueous ethanol
and detected in the icELISA after dilution with PBS. The
dilution rate was 500 and 100 for FLJ and Shan-Yin-Hua,
respectively. The other resultant residue was dissolved in
10 mL of 70 % aqueous ethanol, and filtered through a
0.22 um Millipore membrane for HPLC analysis.

Assay recovery experiment

Powdered samples of FLJ (100 mg), the luteoloside contents
of which were quantified by icELISA, were spiked with
luteoloside at concentrations of 0.1, 0.2, 0.4, 0.6, and
0.8 mg g . After storage at 4 °C overnight, the samples were
extracted according to the extraction procedure for ELISA as
described in the previous section.

HPLC analysis

A Zorbax SB-phenyl column (4.6 x 250 mm, 5 um) (Agilent
Technologies) was used to separate luteoloside. The column
temperature was maintained at 35 °C. A mixture of solvent A
(0.4 % v/v acetic acid aqueous) and solvent B (acetonitrile)
was used as the mobile phase at a flow rate of 1.0 mL min ™.
The gradient elution program was 0—15 min, 10-20 % B; 15—
30 min, 20 % B; and 30-40 min, 20-30 % B. The DAD
detector was set to monitor at 350 nm. The sample volume
injected was 10 puL. All data were collected and analyzed by

Agilent ChemStation.

Results and discussion
Preparation of protein-hapten conjugates

Luteoloside itself has an o-hydroxy moiety in the glucosyl
group that can be used for conjugation with a carrier protein
via periodate oxidation [31]. The reaction product is unstable
if the reductant is added improperly. Furthermore, the pheno-
lic hydroxyl group may be oxidized if excessive NalOy is used
or the reaction time is too long. The LG molecule possesses a
carboxylic acid group in a position different from that of
luteoloside, which makes it easy to covalently link it directly
to carrier proteins via the active ester method. The concentra-
tions of hapten bound to the carrier proteins were estimated by
UV-VIS as described previously [32]. The results indicated
that the hapten was successfully coupled with the carrier
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proteins. The molar ratios of LG to the proteins were estimated
to be 10:1 and 8:1 for LG-BSA and LG-OVA, respectively.

Production and characterization of mAbs

The clone, named mAb3A4, with the best sensitivity and se-
lectivity was expanded for ascites production. The titer (the
maximum serum dilution that gave an absorbance of 1.0 at
noncompetitive assay conditions) of the ascites was approxi-
mately 2 x 10*. The dissociation constant (Kq) of mAb3A4,
2.8x10'"" M, was determined using the method of Beatty
[33]. mADb3A4 is an IgGl1 isotype that has k light chains.

Optimization of icELISA conditions

The optimal concentrations of coating antigen, mAb, and goat
anti-mouse [gG-HRP were screened by checkerboard titra-
tion. Concentrations of 1.0 pg mL ™' LG-OVA, 1.0 pg mL™"
mAb3A4, and 0.1 ug mL™"' goat anti-mouse IgG-HRP were
selected and used throughout this work. Under these optimal
assay conditions, a standard curve was plotted with logarith-
mic concentrations of luteoloside (400, 200, 100, 50, 25, 12.5,
6.25,3.13, 1.56, and 0 pug L_l) as the lateral coordinates and
the corresponding B/B, values as the longitudinal coordinates.
As shown in Fig. 2, the representative inhibition curve for
luteoloside by icELISA was between 9.1 and 258.1 pg L'
(based on 20—-80 % binding inhibition of mAb3A4 to
luteoloside), with an ICs, value of approximately 42.3 ug L™

Assay specificity

The CR values of the anti-luteoloside mAb against the struc-
turally related compounds were checked to evaluate the

1.04
0.8 4

o 0.6 4

B/

0.4 4

0.2

0.0 f t t
1 10 100

Concentration of luteoloside (ng L'l)

1000

Fig. 2 Standard inhibition curve of luteoloside by icELISA, obtained
under optimized conditions. B, and B were absorbance in the absence
and presence of competitors, respectively. Each value represents the mean
of three replicates
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Table 1  Cross-reactivity of luteoloside and the analogs of luteoloside

Compound Structure ICso (ug L']) CR (%)

HO
O
. HO
Luteoloside HO/%A/O
HO

423 100
COOH
Luteolin-7-O- o
HOZ 9 1.8 2414
glucuronide HO O
OH O

Baicalin 10.5 402
Scutellarin 18.3 230

Luteolin HO O O| O 4142 1.0

Apigenin O | 4432 0.9

Baicalein 7810 0.5

OH O

NI no inhibition was observed at up to 40,000 pg L' of the compound
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Table 1  (continued)

Wogonin

Puerarin

Quercetin

Rutin

Isoorientin

Naringin

Hyperoside O |

18165

NI

NI

NI

NI

NI

0.2

NI

NI

NI

NI

NI

NI
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icELISA assay specificity. As indicated in Table 1, the mAb
showed a negligible CR value to most of the compounds ex-
cept LG, baicalin, and scutellarin, as they all have a very
similar chemical structure. The CR values of mAb3A4 with
LG, baicalin, and scutellarin were 2414, 402, and 230 %, re-
spectively. Compared to the chemical structure of luteoloside,
it is suggested that the glucosides and the carboxyl group at
the C5” position may play a key role in recognition by
mADb3A4. Moreover, the mAb had only a slight CR value with
apigenin, luteolin, baicalein, and wogonin, and no inhibition
was observed at up to 40,000 pg L™ of the other six com-
pounds. Until now, approximately 30 flavones have been iso-
lated from FLJ [7]. LG, baicalin, and scutellarin had not been
detected or reported in FLJ, though the mAb showed high CR
values with them.

Assay recovery experiment

The recovery rates of each spiked luteoloside were calculated
using the spiked and recovered amounts of luteoloside in the
same concentration range. The mean recovery of luteoloside
in the spiked samples ranged from 83.0 to 112.5 % with low
RSD values (1.1-6.7 %), as indicated in Table 2.

Correlation of luteoloside contents in Lonicera herbal
samples, as determined by ELISA and HPLC

The icELISA was applied to determine the content of
luteoloside in Lonicera herbal samples (Table 3). The
luteoloside contents in the samples were also analyzed by
HPLC. The results obtained by icELISA agreed well with
those from HPLC. The linear regression equation between
the two methods was Y=0.912X+0.023, with a correlation
0f 0.99786 (Fig. 3).

As shown in Table 3, the results determined by icELISA
were similar to those detected by HPLC. Furthermore, the

Table2  Average recoveries of luteoloside as determined by ELISA in
spiked samples

Spiked amount (mg g ') Measured amount® (mg g ') Recovery® (%)

0 0.45+0.02 0

0.1 0.56+0.01 112.5+6.7
0.2 0.61+0.01 82.9+6.1
0.4 0.81+0.01 89.4+1.1
0.6 1.10+0.03 108.1+4.4
0.8 1.22+0.02 97.1£23

Data are mean + SD from triplicate analyses for each sample

® The recovery (%) for the spiked samples was calculated according to the
formula: recovery (%)=[(measured amount in spiked samples
— luteoloside amount in unspiked samples)/spiked amount] x 100 %

Table 3  Determination of Lonicera herbal samples by icELISA and
HPLC

Samples® Concentrations of LG® (ngegh
icELISA HPLC

Linyi, Shandong (FLJ) 960.5+28.7 1036.7+9.4
Luotian, Hubei (FLJ) 641.9+12.9 668.1+3.3
Yangling, Shanxi (FLJ) 590.9+15.3 6332+4.8
Fangshan, Beijing (FLJ) 520.8+17.5 521.4+0.7
Guangde, Anhui (FLJ) 449.8+354 460.6+6.4
Beijing (Shan-Yin-Hua) 192.7+19.4 191.3+6.9
Guizhou (Shan-Yin-Hua) 135.2+10.7 131.5+3.5

#Each sample was analyzed in triplicate
® The data represented the mean + SD

luteoloside contents in FLJ were higher than in Shan-Yin-
Hua. More specifically, the luteoloside contents in the FLJ
samples varied from 450 to 1037 pg g ', but the two samples
of Shan-Yin-Hua from Beijing and Guizhou were lower than
200 pug g . As regulated by the Chinese Pharmacopoeia
(2010 edition; luteoloside content should be no less than
0.05 %), most of the FLJ origins for L. japonica Thunb. were
qualified, except the sample from Anhui, whereas the samples
of Shan-Yin-Hua were not up to these standards. The results
indicated that luteoloside was reasonable as a quality marker
and that the developed icELISA method was useful in screen-
ing the authenticity and quality of FLJ.

Conclusions

To our knowledge, this is the first mAb against luteoloside
produced and applied to an icELISA for the determination

)

-1

Luteoloside analyzed by ELISA (ugg )
(=]
N

y=0.912x + 0.023
R’ =0.99786

=)
Il
T

e
o]
1
T

=
N
1
T

S
[N
1
T

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Luteoloside analyzed by HPLC (ng g_l)

Fig. 3 Correlation between luteoloside content of Lonicera herbal
samples determined by ELISA and by HPLC
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of luteoloside in FLJ samples. The results obtained from the
icELISA corroborated those from the HPLC analysis. Thus,
icELISA was a simple, rapid, high-throughput, cost-effective,
and reliable method compared with other instrumental analy-
ses. Moreover, icELISA could be used as a quality control
method for FLJ. The luteoloside content varied remarkably
in different Lonicera herbal samples. However, L. japonica
Thunb. has a significantly higher luteoloside content than
Shan-Yin-Hua.
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