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Ethnopharmacological relevance: Chlorogenic acid (CA) is one of the major ingredients in Honeysuckle
which exhibits anticancer, antibacterial, antiviral, hypoglycemic and anti-HIV activities. However, with
the frequent emergence of anaphylactoid reactions of traditional Chinese medicine (TCM) injections
which contains Honeysuckle in recent years, many researchers found that CA exhibited allergenicity.
Aim of the study: To explore the changes of content of CA, neochlorogenic acid (NCA) and cryptochloro-
genic acid (CCA) during the preparation of Honeysuckle and evaluate the anaphylactoid of these three
ingredients.

Materials and methods: Two extracts of Honeysuckle were prepared by different methods and the
content of CA, NCA and CCA were determined by high performance liquid chromatography (HPLC)
analysis. Guinea pig and mast cells RBL-2H3 were utilized as the animal and cell model to investigate the
anaphylactoid of these three ingredients.

Results: The content of CA decreased while CCA and NCA increased during the preparation of
Honeysuckle. In vitro and in vivo studies showed that CA and CCA could significantly increase the
plasma serotonin and -hexosaminidase levels in guinea pigs and induce the degranulation of RBL-2H3
cell, while NCA did not show such properties. In addition, CAA had a stronger effect than CA.
Conclusion: We believed that both CA and CCA could cause anaphylactoid reaction while NCA could not.
Moreover, the anaphylactoid of CCA is higher than CA. Our result demonstrated that CA is not the only
cause of anaphylactoid reactions of TCM injections which contains Honeysuckle.
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1. Introduction

Honeysuckle is the flowers of Lonicera japonica Thunb. (Wang
et al,, 2014). It is one of the most famous traditional Chinese
medicinal herbs which have been widely utilized in China. It has
the function of relieving fever and usually appears in a number of
antipyretic preparations of traditional Chinese medicine (TCM).
Chlorogenic acid (CA) is a secondary metabolite of plant aerobic
respiration which belongs to the phenylpropanoids family (Huang
et al., 2010; Lin et al., 2010) and it is one of the richest ingredients
in Honeysuckle (Zhang et al., 2008). It is known as a natural
antioxidant and serves as anti-inflammatory, anti-tumor, anti-
mutagenic and anti-carcinogenic agent (Ozcelik et al, 2011;
Gugliucci et al., 2009). CA is usually considered as an indic-
ative component in some TCM preparations which contains
Honeysuckle since it has a variety of pharmacological activities.
However, in the past decade, some studies had found that it has
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allergenicity (Xiao et al., 2013; Qin et al., 2010). They believed that
CA might be the cause of the allergic reaction and anaphylactoid
reaction of some TCM injections which contains Honeysuckle such
as shuanghuanglian injection and yinzhihuang injection (Ye et al.,
2010; Chen et al., 2014; Zeng et al., 2014; Ji et al., 2009; Huang
et al., 2010).

During the production procedure of TCM injections, the raw
herbs go through a series of complex physical or chemical process.
Some ingredients in the herbs may change their forms or con-
verted to other substances. Previous studies had revealed that CA
might hydrolyze under specific pH condition. Bright light, high
temperature and prolonged heating also accelerate its decomposi-
tion. Such conditions may exist in many process of production of
TCM injections. Despite the high content of CA in Honeysuckle, it
may convert to other compounds such as neochlorogenic acid
(NCA) and cryptochlorogenic acid (CCA) during the production
procedure. They are isomers and the only difference between
them was the way caffeic acid and quinic acid connect (Fig. 1).
Therefore, we speculated that CA may not be the only incentive of
anaphylaxis and anaphylactoid reactions of some TCM injections
which contains Honeysuckle. In this study, we determined the
content of CA, NCA and CCA in Honeysuckle which treated with
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Fig. 1. Chemical structures of three compounds: (A) NCA; (B) CCA; (C) CA.

different preparation methods and explored the anaphylactoid of
these three ingredients using guinea pig and mast cells RBL-2H3 as
the animal and cell model.

2. Materials and methods
2.1. Reagents

CA was purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China). CCA and
NCA were purchased from National Institutes for Food and Drug
Control of China (Beijing, China). Triton X-100 and Compound 48/80
(C48/80) were purchased from Sigma-Aldrich (St Louis, USA).
4-Nitrophenyl-N-acetyl-p-p-glucosaminide was also purchased
from Sigma (St Louis, USA). Dulbecco's Minimum Eagle's Medium
(DMEM) was purchased from Invitrogen (Carlsbad, CA, USA).

2.2. Preparation of extract of Honeysuckle

The Honeysuckle was weighed (200 g) and divided into two
equal parts. One part was boiled with water twice for 1 h each
time (Sample A). The other part was boiled with water twice for
1 h each time and then filtered and concentrated to the density
ratio of 1.20-1.25 with rotary evaporator. The concentrated solu-
tion was cooled to 40 °C and dissolved with ethanol to the ethanol
content of 75% and standing for 12 h. After that, the solution was
filtrated and the supernatant liquid was evaporated to dryness.
The residue was dissolved with water and regulated the pH to 7.0
and sterilized at 105 °C (Sample B). All the experiments were
followed the instruction of Chinese Pharmacopoeia (Chinese
Pharmacopoeia Committee 2010).

2.3. Standard preparation
Standards of the analytes were prepared in methanol at

concentrations of 3000.00 pg/mL CA, 3000.00 pg/mL CCA, and
3000.00 pg/mL NCA. The stock was diluted with methanol to

prepare seven different concentrations for calibration. The stan-
dards were prepared in dark brown volumetric flasks and stored at
4°C.

2.4. HPLC analysis of CA, CCA and NCA

The analysis was performed on an Agilent 1100 LC system
equipped with a photodiode array detector, an online degasser, a
quaternary pump, an automatic sampler system. The separation
was performed on a Hedera Ci;g column (250 mm x 4.6 mm,
5 pm). The mobile phase was a mixture of acetonitrile (A) and
water containing 0.1% phosphoric acid (B) at flow rate of 1 mL/min.
The detection wavelength was set at 327 nm, and analysis was
performed at 25 °C.

2.5. Animals

Fifty male guinea pigs weighing 250-350 g were obtained from
the Laboratory Animal Center in Nanjing University of Chinese
Medicine. All the animals were housed with a 12 h light/dark cycle
at 22 °C and 55 + 5% relative humidity and had free access to food
and water. Animal experiment protocols in this study were carried
out according to the guidelines of the Animal Care Committee of
Nanjing University of Chinese Medicine.

2.6. Animal experiments

Fifty guinea pigs were randomly assigned to weight-matched
groups. Animals were anesthetized with sodium pentobarbital
(40 mg/kg, i.p.). C48/80, CA, CCA and NCA were dissolved in
normal saline at the concentration of 0.5 mg/mL and continuously
injected via the jugular vein (0.16 mg/kg). The dose of CA, NCA and
CCA used in this experiment was determined according to the
clinical dose of some common traditional Chinese medicines
which contain Honeysuckle and converted to the dose used in
guinea pigs. Anti-coagulant blood (1 mL) was collected before
(blood sample A) and after (blood sample B) the stimulation
through the anesthetic animals’ carotid artery, and the samples
after the stimulation were collected at 30 min. Serum was
obtained through centrifugation (4000 rpm, 5 min) and then put
into storage at —80 °C.

2.7. Detection of serotonin

Plasma sample (100 pL) was thawed in the dark and extracted
with 100 pL methanol by vortexing for 3 min. The mixture was
separated by centrifugation at 10,000 r/min for 15 min. After
freezing for 30 min, supernatants (20 pL) of the pretreated serums
were collected for the detection of serotonin.

Serotonin in the plasma sample was measured through HPLC
analysis (Yu et al., 2013). The analysis was carried out on a Waters
510 liquid chromatography equipped with a Waters 2465 electro-
chemical detector (Massachusetts, USA) and EC 2000 chromato-
graphic work station (Dalian, China). Hedera ODS-2 column
(150 mm x 4.6 mm, 5 pm, Jiangsu Hanbang Science & Technology
Co., Ltd.) was used at a column temperature of 25 °C. Mobile phase
was 25 mmol/L sodium dihydrogen phosphate (containing
0.5 mmol/L EDTA and 3 mmol/L sodium heptane sulfonate, pH
4.6) mixed with acetonitrile at a volume ratio of 85: 15. The mobile
phase was filtered through a 0.45 pm filter membrane in vacuum,
with a flow velocity of 0.8 mL/min. ISAAC (in-situ silver/silver
chloride) was used as the reference electrode. The detection
potential was 0.6V and the injection volume was 20 pL. The
average increasing rate of serotonin in plasma was calculated
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according to the following equation:

_(valueB—valueA)

Sample(%) = valueA x 100%

where value B is the amount of serotonin in blood sample B and
value A is the amount of serotonin in blood sample A.

2.8. Determination of -hexosaminidase in guinea pigs plasma

[-hexosaminidase in the plasma sample was measured
through enzyme-linked immunosorbent assay (ELISA) following
the instruction of the manufacturer of the ELISA kits. The increas-
ing rate of -hexosaminidase was calculated according to the
following equation:

(valueB—valueA)
valueA

where value B is the amount of -hexosaminidase in blood sample
B and value A is the amount of (-hexosaminidase in blood
sample A.

Sample(%) = x 100%

2.9. Cells culture

RBL-2H3 cells were purchased from Shanghai institutes for
biological sciences. The cells were cultured in Dulbecco's mini-
mum essential medium (Gibco, Grand Island, NY, USA) supple-
mented with fetal bovine serum (Gibco, Gaithersburg, MD, USA),
1% penicillin/streptomycin (Sigma, Steinheim, Germany) at 37 °C
in an incubator with 95% oxygen and 5% CO,.

2.10. Neutral red staining and degranulation measurement of RBL-
2H3 cells

RBL-2H3 cells were seeded into 24-well plates at the density of
4% 10* cells/well in 400 pl medium and incubated overnight at
37 °C. The cells were treated with C48/80 (50 pig/mL), CA (5 mmol/L),
CCA (5 mmol/L) and NCA (5 mmol/L) for 30 min at 37 °C. The
supernatants were collected and then put into storage at —80 °C.
The cells were stained with neutral red (0.5%) for 3 min. Degranu-
lated mast cells were observed by microscopy, and the degranulation
index (DI) was calculated using the following formula:

DI = (number of degranulated mast cell/100) x 100%

2.11. Measurement of [-hexosaminidase release

RBL-2H3 cells were seeded in 96-well plates at the density of
2 x 10* cells/well in 100 pl medium and incubated with 50 pl
substrate for 24 h at 37 °C. The cells were stimulated by C48/80
(50 pg/mL), CA (5 mmol/L), CCA (5 mmol/L) and NCA (5 mmol/L)
for 1.5 h. After stimulation, each well was gently rinsed twice with
PBS. The cells were lysed with Triton X-100 solution (0.5%) and
Na2CO3/NaHCO3 buffer solution was added to each well to
suspend reaction. The absorbance (OD) of each well was measured
at 405 nm. The releasing ratio of 3-hexosaminidase was calculated

Table 1

using the following formula:

OD supernatant—OD zero pore

0
OD Triton X — 100— OD zero pore 100%

(B)

 — hexosaminidase release(%) =

2.12. Dose-effect of anaphylactoid reactions provoked by CA, CCA
and NCA

RBL-2H3 cells were seeded in 48-well plate at the density of
3 x 10* cells/well and treated with different concentrations of CA
(1 mmol/L, 2.5mmol/L and 6.25 mmol/L), CCA (1 mmol/L,
2.5 mmol/L and 6.25 mmol/L), NCA (1 mmol/L, 2.5 mmol/L and
6.25 mmol/L) and C48/80 (1, 10, 50 pg/mL) for 30 min. Then, the
supernatants were collected for the detection of serotonin using
HPLC analysis.

2.13. Statistical analysis

Results were presented as mean + SD. Experiments were con-
ducted separately at least three times. Data were analyzed by one-
way ANVOA. Tukey's multiple comparison test was made for
multiple comparisons among all groups if overall P < 0.05. Prob-
ability (P value) of <0.05 was considered to be statistically
significant.

3. Results
3.1. Content of CA, NCA and CCA in different Honeysuckle extracts

The calibration curves were constructed by analyzing seven
different concentrations of standard solutions. The limits of
detection (LOD) and limits of quantitation (LOQ) under the present
chromatographic conditions were determined at a signal to noise
(S/N) ratio of 3 and 10, respectively. LOD and LOQ of 3 marker
compounds were within a range of 0.07-0.21 pg/mL and
0.18-0.74 pg/mL, respectively, which showed a high sensitivity
under the established chromatographic condition. The calibration
curves, LOD and LOQ are shown in Table 1.

The typical HPLC chromatogram of the aqueous extract solution
(Sample A) and the preliminary preparation (Sample B) of Hon-
eysuckle are shown in Fig. 2. The content of CA, NCA and CCA in
different samples is shown in Fig. 3. The results showed that the
content of CA reduced significantly in Sample B (P < 0.001) while
the content of NCA and CCA was increased compared to Sample A
(P<0.01).

3.2. Measurement of serotonin and f3-hexosaminidase in guinea pig
plasmas

After guinea pigs were sensitized by injecting CCA, NCA, and CA
intravenously for 30 min, the serotonin level in guinea pigs plasma
was about three times and eight times higher in CA and CCA group
than that of the Control group. However, the average increasing rate
of serotonin in NCA group did not significantly increased compared
with Control group. The average increasing rate of 3-hexosaminidase

Regression equation, concentration range, LOD and LOQ of three investigated compounds.

Peak no. Components Wavelength (nm) Calibration curve R? Liner range (ng/mL) LOD (pg/mL) LOQ (pg/mL)
1 CCA 327 y=17419x+24.159 1 46.88~3000.00 0.12 0.46
2 CA 327 y=19955x+37.089 0.9999 46.88~3000.00 0.07 0.18
3 NCA 327 y=16386x+33.574 0.9999 46.88~3000.00 0.21 0.74
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Fig. 2. Chromatogram of (A) the aqueous extract solution and (B) the preliminary preparation of honeysuckle. (1) NCA; (2) CA; (3) CCA.
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Fig. 3. The content of CA, NCA and CCA in different samples. **P < 0.05; **P < 0.01,
*#*P < 0.001 vs. Sample A.

exhibited the same trend. Typical chromatogram of serotonin and
results of the average increasing rate are shown in Fig. 4.

3.3. Neutral red staining and RBL-2H3 cells degranulation

Normal RBL-2H3 cells appeared long fusiform after neutral red
staining and the cellular membrane was intact. After degranula-
tion, the cells became round, the volume became bigger and even
appeared vacuolated cytoplasts (Fig. 5).

As shown in Fig. 6, CA and CCA promoted the degranulation of
RBL-2H3 cells but NCA did not promoted the DI of the cells. These
results suggested that CCA had a much stronger effect on RBL-2H3
cells degranulation than CA while NCA exhibited no effect on RBL-
2H3 cells degranulation.

3.4. Measurement of serotonin in the culture supernatants

RBL-2H3 cells were sensitized with C48/80, CA, CCA and NCA
for 30 min and the supernatants were collected for the measure-
ment of serotonin. The content of serotonin in supernatant is
shown in Fig. 7. Compared with Control group, content of
serotonin in NCA group did not increase, while in CA and CCA

groups, the content of serotonin increased by 73% and 137%,
respectively.

3.5. Measurement of }-hexosaminidase release

The PB-hexosaminidase concentration in RBL-2H3 cells after
incubating with NCA for 30 min did not increase. However, the
results were opposite in cells incubating with CA and CCA. In
addition, the -hexosaminidase concentration in CCA group was
much higher than that of CA group (P<0.01). The results are
shown in Fig. 8.

3.6. Dose-effect relationship serotonin with anaphylactoid reactions
provoked by CA, CCA and NCA

After stimulated successively by different concentrations of
CCA and CA, serotonin production in the culture supernatants
increased with the increased doses. At the concentration of 2.5 and
6.25 mmol/L, the serotonin production in CCA group was much
higher than that of CA group (P < 0.05). However, after sensitized
successively by different concentrations of NCA, serotonin produc-
tion showed insignificant difference. The results are shown in
Fig. 9.

4. Discussion

For the past years, with the rising usage of herbal injections in
clinical applications, reports of their adverse reactions were also
increasing (Li, 2008; Jia and Hui, 2006; Han and Guo, 1999; Peng,
2005). Most of the researches regard the adverse reaction of herbal
injections as anaphylactic reaction, but in fact, the adverse reaction
of herbal injections occurred at the first time of drug administra-
tion and closely related to the dose. All these characteristics were
in keeping with anaphylactoid reaction. According to the recent
studies, about 77% adverse reaction of TCM injections were
anaphylactoid reaction (Zhao et al., 2010), indicating that the
incidence rate of anaphylactoid reaction is much higher than
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Fig. 5. RBL-2H3 cells stained with neutral red. (A) Normal RBL-2H3 cells, (B) Degranulated RBL-2H3 cells.
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allergic reaction. There are multiple ways to induce anaphylactoid
reaction, mainly by the direct stimulation of target cells (mast cells
or basophils) or though the complement activation mechanism
and then releasing allergic medium, such as histamine, serotonin
and P-hexosaminidase (Aketania et al., 2001; Huang et al., 2008;
Jutel et al., 2001).

During the production process of TCM preparation, raw herbs
need to go through a series of processes, such as heating, boiling
with water or other solvent, alcohol precipitation and sterilization.
These methods may lead to some changes of the ingredients of
TCM. Some may change their form; others may hydrolyze or
convert to their isomers. CA is widely distributed in plants with
a variety of isomers. It is a very important active ingredient and
indicator of the quality control of TCM such as Lonicerae Japonicae
Flos. and Lonicerae Japonicae Caulis. CA is caffeic acid and quinic
acid ester; previous studies have found that CA can be hydrolyzed
both by alkali and acid. The aqueous solution of CA is most stable
at pH3.0. In this study, Sample B was prepared by water extraction
and alcohol precipitation and then regulated pH to 7.0 which is
detrimental to the stability of CA. CA is also thermal instability.
Sample B was sterilized at 105 °C for 30 min. In this process, the
content of CA was decreased while the content of its isomers, NCA
and CCA was increased.

There are a lot of controversies about whether CA is a potential
allergen. In our study, we found that CA could convert to NCA and
CCA after a series of processing. Therefore, we studied the anaphy-
lactoid of CA, NCA and CCA. Evidence from animal studies has
suggested that CA and CCA could induce the increase of serotonin
and P-hexosaminidase in guinea pig plasma. The results indicated
that CA and CCA have anaphylactoid while NCA does not. In vitro
study showed that, CA and CCA could induce the degranulation of
RBL-2H3 cells and significantly increased the release rate of
[-hexosaminidase and the concentration of serotonin. Dose-effect

experiment revealed that CA and CCA could increase the serotonin in
a dose-dependent manner. NCA did not exhibit such effect. All these
results indicated that CA and CCA could induce anaphylactoid
reaction while NCA has no anaphylactoid.

There is a close relationship between the pharmacological
actions and molecular structure of the drug. The significant
discrepancy of the anaphylactoid between three compounds in
this study might be concerned with their structural differences.
In vitro and in vivo experiment showed that CCA exhibited
stronger anaphylactoid than CA. In some herbal injections, the
concentration of CCA is higher than CA. These may remind us that
CCA might be an important precipitating factor of anaphylactoid
reaction in some herbal injections. Because of the dose-dependent
effects in anaphylactoid reaction, we should strictly control the
content and transformation of CCA and CA during the course of
production in order to reduce the risk of anaphylactoid reaction.

5. Conclusions

In this study, we explored the conversion of chlorogenic acid in
Honeysuckle during the proceeding of TCM injection. We demon-
strated that chlorogenic acid could convert into cryptochlorogenic
acid and neochlorogenic acid. We also evaluated the allergenicities
of these three ingredients and found that both chlorogenic acid
and cryptochlorogenic acid could cause anaphylactoid reaction
while neochlorogenic acid could not. Such findings might provide
the guidance for the quality control of TCM injection.

Acknowledgments

This work was supported by the program of State Key Labora-
tory of New-tech for Chinese Medicine Pharmaceutical Process
(No. SKL2010Z0403), the Specialized Research Fund for the Doc-
toral Program of Higher Education of China (No0.20123237110009),
the Grant from the Jiangsu Collaborative Innovation Center of
Chinese Medicinal Resources Industrialization (No.ZDXMHT-1-7)
and the Grant from the National Natural Science Foundation of
China (N0.81373980).

References

Aketania, S., Teshimab, R., Umezawaa, Y., Sawadab, J., 2001. Correlation between
cytosolic calcium concentration and degranulation in RB L-2H3 cells in the
presence of various concentrations of antigen-specific IgEs. Immunol. Lett. 75,
185-189.

Chen, J., Li, B.Q., Zhai, H.L., Lu, W], Zhang, X.Y., et al., 2014. A practical application of
wavelet moment method on the quantitative analysis of Shuanghuanglian oral
liquid based on three-dimensional fingerprint spectra. J. Chromatogr. A 1352,
55-61.

Gugliucci, A., Bastos, D.H., Schulze, J., Souza, M.E, 2009. Caffeic and CAs in Ilex
paraguariensis extracts are the main inhibitors of AGE generation by methyl-
glyoxal in model proteins. Fitoterapia 80, 339-344.

Han, S.X., Guo, Q.R., 1999. Analysis of 26 anaphylactic reaction reports of Qingkail-
ing injection. J. ZHenJiang Med. Coll. 9, 267.

Huang, F, Tong, XY, Deng, HM., Fu, LQ.,, Zhang, R.H., 2008. Inhibition of the
antigen-induced activation of RBL-2H3 cells by Gab2 siRNA. Cell. Mol. Immunol.
5, 433-438.

Huang, FH., Zhang, X.Y., Zhang, L.Y., Li, Q., Ni, B., Zheng, X.L., Chen, A.J., 2010. Mast
cell degranulation induced by chlorogenic acid. Acta Pharmacol. Sin. 31,
849-854.

Ji, KM,, Chen, ]J., Li, M,, Liu, Z.G., Xia, LX., Wang, C.B., Zhan, Z.K., Wu, X.L., 2009.
Comments on serious anaphylaxis caused by nine Chinese herbal injections
used to treat common colds and upper respiratory tract infections. Regul.
Toxicol. Pharmacol. 55, 134-138.

Jia, S.N., Hui, Y., 2006. Analysis of 176 anaphylactic reaction reports of Shuanghuan-
glian injection. Lishizhen Med. Mater. Med. Res. 17, 464-465.

Jutel, M., Watanabe, T., Klunker, S., Akdis, M., Thomet, O.A.R., Malolepszy, J., Zak-
Nejmark, T, Koga, R., Kobayashi, T.,, Blaser, K., Akdis, C.A., 2001. Histamine
regulates T-cell and antibody responses by differential expression of H1 and H2
receptors. Nature 413, 420-425.


http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref1
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref1
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref1
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref1
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref2
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref2
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref2
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref2
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref3
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref3
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref3
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref4
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref4
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref5
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref5
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref5
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref6
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref6
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref6
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref7
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref7
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref7
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref7
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref8
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref8
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref9
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref9
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref9
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref9

FE. Wang et al. / Journal of Ethnopharmacology 170 (2015) 1-7 7

Li, ZJ., 2008. Clinical observation of 73 adverse reaction of ShuangHuangLian
injection. China Med. Her. 5, 63-64.

Lin, M., Qian, H.Q., Zhang, T., Miao, Z.L., 2010. Experimental study on allergic
reaction caused by chlorogenic acid. Shanghai J. Tradit. Chin. Med. 44, 65-67.

Ozcelik, B., Kartal, M., Orhan, I, 2011. Cytotoxicity, antiviral and antimicrobial
activities of alkaloids, flavonoids, and phenolic acids. Pharm. Biol. 49, 396-402.

Peng, S.L., 2005. Two anaphylactic shock of Herba Houttuyniae injection. Chin.
J. Pharmacoepidemiol. 14, 317.

Qin, H.D,, Shi, Y.Q., Liu, ZH,, Li, Z.G., Wang, H.S., Wang, H., Liu, Z.P.,, 2010. Effect of
chlorogenic acid on mast cell-dependent anaphylactic reaction. Int. Immuno-
pharmacol. 10, 1135-1141.

Wang, X.Q., Wei, EY., Wei, Z.F,, Zhang, Lin, Luo, M., Zhang, Y.H., Zu, Y.G., Fu, Y,J., 2014.
Homogenate-assisted negative-pressure cavitation extraction for determina-
tion of organic acids and flavonoids in honeysuckle (Lonicera japonica Thunb.)
by LC-MS/MS. Sep. Purif. Technol. 135 (0), 80-87.

Xiao, G.N., Sun, Q.P., Chen, H.A., 2013. Contribution of serum IL-4 and IgE to the
early prediction of allergic reactions induced by chlorogenic acid. Eur.
J. Pharmacol. 699, 1-5.

Ye, ].X., Wei, W., Quan, LH., Liu, C\Y.,, Chang, Q., Liao, Y.H., 2010. An LC-MS/MS
method for the simultaneous determination of chlorogenic acid, forsythiaside A
and baicalin in rat plasma and its application to pharmacokinetic study of
Shuang-huang-lian in rats. J. Pharm. Biomed. Anal. 52, 625-630.

Yu, L, Peng, G.P, Li, CY,, Jiang, B.P, Xu, HK, Ding, N., Zheng, Y.F, Leng, ].Q., 2013.
A rapid and low-cost approach to evaluate the allergenicity of herbal injection
using HPLC analysis. Fitoterapia 88, 12-18.

Zeng, L., Wang, M., Yuan, Y., Guo, B., Zhou, J., Tan, Z., Ye, M., Ding, L., Chen, B., 2014.
Simultaneous multi-component quantitation of Chinese herbal injection Yin-
zhi-huang in rat plasma by using a single-tube extraction procedure for mass
spectrometry-based pharmacokinetic measurement. ]. Chromatogr. B 967,
245-254.

Zhang, B., Yang, R., Zhao, Y., Liu, C.Z., 2008. Separation of chlorogenic acid from
honeysuckle crude extracts by macroporous resins. J. Chromatogr. B-Anal.
Technol. Biomed. Life Sci. 867, 253-258.

Zhao, Y., Li, Q., Zhang, X.Y., 2010. Study progress of type I anaphylaxis reaction and
anaphylactoid reaction on the basis of RBL-2H3 cell models. Chin. J. Clin.
Pharmacol. Ther. 15, 1310-1315.


http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref10
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref10
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref11
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref11
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref12
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref12
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref13
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref13
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref14
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref14
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref14
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref15
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref15
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref15
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref15
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref16
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref16
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref16
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref17
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref17
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref17
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref17
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref18
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref18
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref18
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref19
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref19
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref19
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref19
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref19
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref20
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref20
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref20
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref21
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref21
http://refhub.elsevier.com/S0378-8741(15)00336-0/sbref21

	Study on the anaphylactoid of three phenolic acids in Honeysuckle
	Introduction
	Materials and methods
	Reagents
	Preparation of extract of Honeysuckle
	Standard preparation
	HPLC analysis of CA, CCA and NCA
	Animals
	Animal experiments
	Detection of serotonin
	Determination of β-hexosaminidase in guinea pigs plasma
	Cells culture
	Neutral red staining and degranulation measurement of RBL-2H3 cells
	Measurement of β-hexosaminidase release
	Dose–effect of anaphylactoid reactions provoked by CA, CCA and NCA
	Statistical analysis

	Results
	Content of CA, NCA and CCA in different Honeysuckle extracts
	Measurement of serotonin and β-hexosaminidase in guinea pig plasmas
	Neutral red staining and RBL-2H3 cells degranulation
	Measurement of serotonin in the culture supernatants
	Measurement of β-hexosaminidase release
	Dose–effect relationship serotonin with anaphylactoid reactions provoked by CA, CCA and NCA

	Discussion
	Conclusions
	Acknowledgments
	References




