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a b s t r a c t

It has yet to be established whether chlorogenic acid (CGA), a common xenobiotic with potential expo-
sure risk to humans, is associated with immune-mediated hypersensitivity reactions (HRs). The primary
limitation in evaluating this potential relationship is the lack of an effective animal model for use in pre-
dicting the immunosensitizing potential of low molecular weight compounds (LMWCs). Currently, the
popliteal lymph node assay (PLNA) is considered a very promising tool for assessing immunosensitizing
potential of LMWCs. To determine whether CGA may possess an intrinsic capacity to stimulate or dysre-
gulate immune responses, and if so, what mechanisms may be involved, we characterized the popliteal
lymph node reaction induced by CGA in naive female BALB/c mice using both a direct PLNA (d-PLNA) and
a reporter antigen PLNA (RA–PLNA) method. Our results show that CGA failed to induce immunoreactiv-
ity following a single subcutaneous injection either alone or when combined with TNP–OVA or TNP–
Ficoll. These results indicated that CGA lacks the intrinsic capacity to sensitize or stimulate immune
responses in BALB/c mice. Moreover, these results suggest that exposure to CGA may not represent a
safety concern for humans and that removal of CGA from Traditional Chinese Medicine Injections may
not significantly decrease the prevalence of HRs.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Chlorogenic acid (CGA), a natural polyhydric phenol compound,
has been identified in medicines, food processing and cosmetic
chemicals. CGA-rich plants are found in medicinal plants such as
those used as heat-clearing and detoxifying medicinal substances
in Traditional Chinese Medicines (TCMs), including Herba, Cortex
Eucommiae, Flos Lonicerae, Herba Houttuyniae and Caulis Lonice-
rae. CGA is also ubiquitous in edible plants such as apples, sunflow-
ers, coffee, and cacao, which comprise a number of health-
promoting foods and beverages consumed world-wide. In addition,
CGA is a constituent of a variety of cosmetic products. Accordingly,
these wide-ranging applications associated with CGA suggest that
it represents a substantial level of exposure to humans.

The significance of such human exposure is related to findings
that CGA has a wide array of biological activities. It has been dem-
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onstrated that CGA may offer beneficial effects in the treatment of
viral infections (Lee et al., 2008), inflammation (Dos Santos et al.,
2006), tumors (Jin et al., 2005), and cardiovascular disease (Suzuki
et al., 2006). It was also reported that CGA could improve glucose
tolerance, decrease plasma lipids (De Sotillo and Hadley, 2002),
and reduce the risk of developing type 2 diabetes (Bassoli et al.,
2008). In addition, CGA, a known antioxidant, was able to protect
erythrocytes (Tang and Liu, 2008) and exert neuroprotective effects
(Li et al., 2008b); and chlorogenic laurate, a modified CGA, has a
radical-scavenging property which may be used as a preventive
antioxidant in liposoluble systems (Xiang and Ning, 2008). Such a
variety of effects indicate that CGA is a promising candidate and for
use as a potential therapeutic agent.

In spite of the plethora of papers on the pharmacological effects
of CGA, systemic safety evaluations of this compound have been
seldom studied. It is known that, approximately 6–10% of adverse
drugs reactions are attributable to immune-mediated drug hyper-
sensitivity reactions (HRs), and HRs represent the most frequent
causes for drug withdrawal from the market due to safety concerns
(Ratajczak, 2004). Therefore, there is a great need to investigate the
immunosensitizing potential of drug candidates during develop-
ment. In specific, the immunosensitizing potential of CGA repre-
sents an important area of investigation and one that serves as
the basis for this report.

http://dx.doi.org/10.1016/j.fct.2010.01.024
mailto:zhougy_sdu@163.com
http://www.sciencedirect.com/science/journal/02786915
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The prevalence of HRs, which follow treatment with many TCMs
particularly with Traditional Chinese Medicine Injections (TCMIs),
appears to have increased significantly in China over the past 10 years
(Ko, 2004). There are 109 TCMIs available in Chinese domestic mar-
kets. Most TCMIs are intravenous injections used in patients suffering
from acute and severe disease, which broke from the limitations of
the Traditional Chinese Medicine regiments. A small number of
TCMIs may be injected in via intramuscular or subcutaneous routes.
The over 60 year history of applications and enormous use in humans
(more than 400 million patients were injected with different TCMIs in
2008) have demonstrated that TCMIs are playing an important role in
the treatment of conditions ranging from cardiovascular and cerebro-
vascular diseases, respiratory diseases and cancer. Therefore, TCMIs
are not simple crude extracts, rather they are products that combine
Traditional Chinese Medicine theory with modern production tech-
nology, and conform to the Good Manufacturing Practice (GMP) stan-
dard to be approved for sale by State Food and Drug Administration
(SFDA). However, TCMIs do contain complex mixtures with a number
of unknown constituents and identifying the allergen in these com-
plex mixtures is a key factor in investigating the HRs induced by
TCMIs. Notably, a high incidence of adverse drug effects usually oc-
curs in TCMIs containing high CGA, such as with injections of Yuxing-
cao and Shuanghuanglian <http://www.sda.gov.cn/WS01/CL0078/
38014_1.html>. For this reason most investigators speculated that
the cause of these serious adverse reactions were at least in part
attributable to CGA. In support of such speculation are previous re-
sults showing that polyphenolic antioxidants such as rutin and CGA
could enhance IgE production (Gong et al., 2004). Moreover, CGA
could combine with human serum albumin (Kang et al., 2004) and
this combination has the potential to form a hapten-carrier com-
pound that could elicit a specific immune response.

The limited number of reports performed on immunosensitizing
potential of CGA has yielded contradictory results (Anon, 2002; Al-
meida et al., 2008; Freedman, 1964; Layton et al., 1968). Since CGA
is a low molecular weight compound (LMWCs) it remains difficult
for regulatory safety studies to predict the potential for LMWCs to
induce HRs (Bala et al., 2005). The major problem in identifying
immunosensitizing effects of CGA is due to the lack of available ani-
mal models to test for this eventuality (Pieters, 2007). At present,
the popliteal lymph node assay (PLNA) is regarded as a promising
and unique approach to indicate immunosensitization by LMWCs
and the potential for use as a screening tool in immunotoxicological
hazard identification (Lovik et al., 2007; Pieters, 2007; Ravel and
Descotes, 2005; Suda et al., 2000). This new test model is designed
on the basis that HRs induced by LMWCs are initiated and main-
tained by T cells (Zanni et al., 1998). Thus, the detection of lymph
node hyperplasia and the reactions mediated by specific antigen
receptor B and/or T cells can serve to measure and assess the po-
tency of LMWC to stimulate the immune system. In this way, PLNA
can be used to determine whether CGA may have the intrinsic
capacity necessary to stimulate or dysregulate immune responses
and suggest a mechanism(s) involved in this effect. Five different
versions of the PLNA method have been proposed: the direct, sec-
ondary, adoptive, reporter antigen (RA) and adjuvant PLNA (Lovik
et al., 2007). In this report, we characterized the PLN reactions in-
duced by CGA in naive BALB/c mice using the direct PLNA (d-PLNA)
and RA-PLNA. These two methods were selected since d-PLNA could
evaluate the existence of a dose–response relationship and RA–
PLNA could verify the potential, or not, to sensitize T-lymphocytes.

2. Material and methods

2.1. Animals

Specific pathogen-free female BALB/c mice (6–8 weeks old at the onset of the
experiments, mean ± SD body weight = 20.2 ± 1.84 g) were obtained from the Shan-
dong University laboratory animal center (China) and randomly assigned to their
respective treatment groups. Mice were allowed to acclimate for 1 week and were
maintained in polycarbonate cages with wood chips as bedding. Throughout the
experiment, mice were housed at a mean fixed temperature of 23 ± 2 �C, relative
humidity of 50 ± 5%, and under a 12 h light/dark cycle. Mice had free access to stan-
dard diet and drinking water. These experiments were performed in accord with the
guidelines of the animal experiment committee of the Veterinary Faculty of the
medical school at Shandong University.

2.2. Chemicals and reagents

The test compound, CGA, was purchased from ACROS Organics (CAS: 327-97-9;
the purity of CGA was 99% from coffee seeds). The positive control chemicals in-
cluded Streptozotocin (STZ) from AMRESCO (CAS: 18883-66-4) and Diclofenac so-
dium salt from Cayman Chemical (USA). The negative control chemical,
Phenobarbital, was obtained from International Laboratory USA (CAS: 50-06-6). Di-
methyl sulfoxide (DMSO, cell culture grade) was obtained from Solarbio. The repor-
ter antigens TNP–OVA (2,4, 6-trinitrophenyl–ovalbumin), TNP–Ficoll (2,4, 6-
trinitrophenyl–Ficoll) and TNP-BSA (TNP-bovine serum albumin) were purchased
from BioSearch Technologies (USA).

The antibodies (Abs) used for surface or proliferative marker staining in tri-col-
or flow cytometry were purchased from the Biolegend Company and included: PE/
Cy5 anti-mouse CD8a, PE anti-mouse CD4, FITC anti-mouse CD3, FITC anti-mouse
CD25, PE anti-mouse CD23, PE/Cy5 anti-mouse CD45R/B220.

Goat anti-mouse IgM (l chain specific), IgG1 (c1 chain specific), IgG2a (c2a
chain specific) and IgE used in the Elispot assay were purchased from Southernbio-
tech (USA). The Elispot plate (96-well filtration plate, Multiscreen HTSTM IP sterile
plate) was obtained from Millipore (USA); the Elispot reagent kits and AEC coloring
system were obtained from the Dakewe Biotech Company Limited (China).

2.3. Direct PLNA and reporter antigen PLNA

The d-PLNA and RA–PLNA were performed as described previously (Carey et al.,
2006; Gutting et al., 1999). Briefly, for the direct PLNA, naive mice were injected
with a single dose of all the test compounds in the following quantities: 0.75 mg
Diclofenac sodium salt, 0.5 or 1 mg CGA, 1 mg Phenobarbital dissolved in 20%
DMSO/saline, 1 mg STZ dissolved in saline. For the RA–PLNA, TNP–OVA or TNP–Fi-
coll, dissolved in PBS and test compounds in vehicle according to the manufac-
turer’s instructions. Mice were injected with each RA (10 lg) plus a test
compound in quantities of: 0.75 mg Diclofenac sodium salt, 1 mg CGA or PB dis-
solved in 20% DMSO/saline, 1 mg STZ dissolved in saline. All solutions, with the
exception of solutions in DMSO, were prepared fresh before use in the experiment
and filtered to sterilize.

At the start of the experiment (day 0), right hind footpads of mice were
swabbed with 70% ethanol and received a single subcutaneously injection of the
test chemical in a 50 ll volume in the heel–toe direction using an insulin syringe
(BD Company) with a 29-gauge needle. On day 7, mice were sacrificed by cervical
dislocation. PLNs from both treated and untreated sides were removed and placed
in ice-cold PBS/1% BSA. After removal of excess fatty tissue and weighing (0.1 mg
analytic balance, Swiss), single cell suspensions were prepared. Cells were washed
and centrifuged twice with PBS/1%BSA and then resuspended in 0.5 ml Lympho-
SpotTM serum free rodent medium (DKW34-R0100, China). An automatic cell coun-
ter was used to determine the cell cellularity of individual PLNs (CYTORECON TM,
USA). The mean PLN weight index or mean cell count index of each mouse was cal-
culated by dividing the weight or the cell count of the treated (right) side by that of
the untreated (left) side. Viability was occasionally checked by trypan blue exclu-
sion and always exceeded 95%.

2.4. Flow cytometry

Simultaneous three-color analysis of cells from each isolated PLN was per-
formed on flow cytometer (FACSCaliburTM) using CELLQuestTM software (Becton
Dickenson). Cells were centrifuged, resuspended and adjusted to 1 � 105cells/
100 ll-cells/ml in PBS/1% BSA. The 100 ll-cell suspensions were incubated with
predetermined dilutions of FITC–, PE–, and CY-conjugated mAbs in darkness at
4 �C for 30 min. Finally, after being washed two times using PBS, cells were resus-
pended in 1% paraformaldehyde, protected from light and stored at 4 �C until anal-
ysis (Nierkens et al., 2005b).

2.5. Enzyme-linked immunospot (Elispot) assay

Elispot plates were pre-wetted with 15 ll PVDF coating buffer (MagiTM, Dak-
ewe), pre-coated with 10 lg/ml TNP-BSA in pyrogen-free phosphate-buffered sal-
ine (PBS) (overnight, 4 �C), and then blocked with blocking buffer (37 �C) for 1 h.
Single cell suspensions were prepared in serum free medium for rodents
(DKW34-R0100, China). The 50 ll-cell suspensions were placed in one well of a
96-well plate and incubated at 37 �C (5% CO2 + 95% air) for 4 h. After being aspirated
and washed with deionized H2O three times to lyse cells, diluted HRP (horseradish
peroxidase) was added- conjugated with anti-mouse Abs: IgM (1:4000), IgG1

(1:1000), IgG2a (1:1000), IgE (1:500) to each well and incubated at 4 �C for 18 h.

http://www.sda.gov.cn/WS01/CL0078/38014.html
http://www.sda.gov.cn/WS01/CL0078/38014.html
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Thereafter, each well was washed 10 times using washing buffer, with the last wash
using PBS. Each well was then added to AEC coloring agents (DKW02-0001, China)
in the dark. When the spots were developed, the color reaction was stopped. The
plates were dried at room temperature and then analyzed by counting the spots
with an automated Elispot reader (Bioreader 4000, German). The results were ex-
pressed as the number of AFCs (antibody-forming cells) per recovered PLN.

2.6. Statistics analysis

The values are represented as mean ± SD. A twofold increase in PLN average
weight index (WI P 2) or a fivefold increase in PLN average cellularity index
(CI P 5) was established as a positive response. Logarithmic transformations were
performed to establish homogeneity of variance for TNP-specific AFC counts. Multi-
ple comparisons of group means were analyzed using a one-way ANOVA with Fish-
er’s least significant difference (LSD) for justified post hoc pair-wise comparisons. A
value of P < 0.05 was used for results to be considered statistically significant. All
statistical analyses were carrying out by SPSS software (version13.0 for windows).
3. Results

3.1. Effect of CGA on PLN weight and cellularity in d-PLNA and RA-
PLNA

Weight and cellularity of the PLNs were determined on day 7
after a single subcutaneous injection. Both CGA and Phenobarbital
failed to induce a marked increase in average PLN weight (mg) and
in PLN average cellularity (�106). However, positive control chem-
icals such as STZ and Diclofenac sodium salt resulted in a statisti-
cally significant enlargement in PLN (P < 0.05 and P < 0.01,
respectively) for both d-PLNA and RA–PLNA treatments. Similarity
the average weight index or cellularity index in mice treated with
CGA and Phenobarbital did not achieve the criterion established for
consideration of a positive response, but in those mice given posi-
tive control chemicals, weight index and cellularity index averages
were increased two– and fivefold, respectively Tables 1 and 2. In
addition to these increases in cell counts, there were large prolifer-
ating lymphocytes in PLN cell suspensions treated with positive
control chemicals; no such structures were observed in mice trea-
ted with CGA or Phenobarbital Fig. 1A–D. Although 1 mg CGA was
capable of increasing the number of cells in treated lymph nodes
for d-PLNA and RA–PLNA suspensions as compared with that of
untreated lymph nodes (P < 0.05), the cellularity index failed to
achieve the criterion of a positive PLN response (P5, Table 2).

3.2. Effect of CGA on cell phenotype and biomarker of PLN cell
suspensions in d-PLNA

The cell phenotypes, proliferation and activated marker of PLN
cell suspensions, were determined by flow cytometry. No statisti-
cally significant changes induced by the test compounds were ob-
Table 1
Popliteal lymph node weight and cellularity in d-PLNA.

Group PLN weight (mg)

Right/left W

1 mg PB 2.26 ± 0.42/1.85 ± 0.47 1.2
1 mg STZ 4.28 ± 1.40*/1.86 ± 0.67 2.6
0.75 mg DF 4.20 ± 1.69*/2.09 ± 0.81 2.4
0.5 mg CGA 2.28 ± 0.50/1.84 ± 0.64 1.3
1 mg CGA 2.73 ± 0.96/2.10 ± 0.65 1.4

Each group of female BALB/c mice was injected a single dose CGA or control chemicals Ph
excised. Single cell suspensions of PLN were prepared. PLN weight (mg) and cellularity (�
group.
* P < 0.05 indicates significant differences compared to the negative control PB.
** P < 0.01 indicates significant differences compared to the negative control PB.

a Weight index (WI) above 2.
b Cellularity index (CI) above 5 is defined as a positive PLN response.
tained in the percent of T cells (CD3+, CD3+CD4+, CD3+CD8+) or B
cells (B220+), however, STZ increased the percent of CD3+CD8+ T
cells (P < 0.05, Fig. 2A). These results suggest that CGA did not af-
fect the subpopulation of lymphocytes in PLN. Moreover, there
were no significant differences in percent of CD25+ or B220+

CD23+ positive cells exposed to CGA as compared to those injected
with Phenobarbital, which indicated that no T or B cells were acti-
vated. In contrast, STZ and Diclofenac sodium salt slightly in-
creased CD25+ and B220+ CD23+ positive cells Fig. 2B.

3.3. Effect of CGA on Anti-TNP-specific AFCs per recovered PLN in RA-
PLNA

The production of anti-TNP-specific AFCs IgM, IgG1, IgG2a and
IgE single cell suspensions on the PLN treated side was assessed
by the Elispot assay. A spot with circular, densely granulated foci
represented an anti-TNP-specific positive AFC. Applications of po-
sitive chemicals induced a number of spots; negative chemicals in-
duced few or no spots Fig. 3A and B. Neither CGA nor Phenobarbital
significantly increased the number of anti-TNP-specific AFCs to
TNP–OVA or TNP–Ficoll. In contrast, STZ predominantly induced
the production of anti-TNP IgM and IgG2a, but failed to increase
IgG1 and IgE, whereas Diclofenac sodium salt caused an increase
in the number of anti-TNP IgM, IgG1 and IgE AFCs but not IgG2a

Fig. 3C,D.
4. Discussion

The primary issues addressed in the present study were to ex-
plore the immunosensitizing properties of CGA and attempt to
understand some of the immunological mechanisms responsible
for eliciting the specific PLN responses. Our results demonstrate
that CGA failed to induce any significant immunoreactivity follow-
ing a single subcutaneous injection alone or when combined with
RA (TNP–OVA or TNP–Ficoll) in naive female BALB/c mice, that is,
CGA does not show any intrinsic capacity to sensitize or stimulate
immune responses. In support of this conclusion are the data
showing that CGA failed to induce an increase in PLN weight and
cellularity, relative to animals treated with negative control chem-
icals, in the d-PLNA on day 7 post-injection. In addition, no signif-
icant changes in lymphocyte phenotype were observed in PLN
treated mice receiving CGA and the surface proliferation and acti-
vation markers, CD23 and CD25, were not increased. Although
there was an increase in PLN cellularity when co-injected with
TNP–Ficoll or TNP–OVA, production of TNP-specific AFCs treated
with CGA in the Elispot assay was similar to that of control levels.
Taken together, these findings indicate that CGA could neither
PLN cellularity (�106)

I Right/left CI

6 0.68 ± 0.24/0.43 ± 0.39 2.24
0a 2.15 ± 0.76**/0.46 ± 0.16 5.32b

9a 2.06 ± 0.72**/0.47 ± 0.30 5.64b

0 0.92 ± 0.25/0.59 ± 0.28 1.98
3 0.97 ± 0.51/0.46 ± 0.23 2.72

enobarbital(PB), STZ, Diclofenac sodium salt(DF) on day 0. On day 7, the PLNs were
106) were determined. Results were expressed as mean ± SD. n = 6 animals in each



Table 2
Popliteal lymph node cellularity in RA–PLNA.

Group PLN cellularity with TNP–OVA (�106) PLN cellularity with TNP–Ficoll (�106)

Right/left CI Right/left CI

1 mg PB 1.03 ± 0.36/0.45 ± 0.22 3.08 1.10 ± 0.49/0.62 ± 0.30 2.04
1 mg STZ 3.69 ± 1.61**/0.64 ± 0.12 5.81a 2.91 ± 1.49**/0.54 ± 0.26 6.77a

0.75 mg DF 3.03 ± 1.76*/0.62 ± 0.22 5.49a 2.89 ± 1.23*/0.65 ± 0.23 5.11a

1 mg CGA 1.90 ± 1.10/0.48 ± 0.19 4.16 1.71 ± 0.86/0.54 ± 0.28 4.26

Each group of female BALB/c mice was co-injected with 10 lg TNP–OVA or TNP–Ficoll on day 0 combined with:(1) Phenobarbital (PB); (2) STZ; (3) Diclofenac sodium salt
(DF); or (4) CGA. On day 7, the treated side PLNs were excised. Single cell suspensions of PLN were prepared. PLN cellularity (�106) was determined. Results from 2 separate
experiments are presented and expressed as mean ± SD. n = 6 animals in each group.
* P < 0.05 indicates significant differences compared to the negative control PB.
** P < 0.01 indicates significant differences compared to the negative control PB.

a Cellularity index (CI) above 5 is defined as a positive PLN response.

Fig. 1. Photographs of cell suspensions from the treated side PLN in the PLNA. Each
group of female BALB/c mice was injected with a single CGA dose or control
chemical (Phenobarbital, STZ or Diclofenac sodium salt) on day 0. On day 7, the
PLNs were excised and PLN cellularity was determined. STZ and Diclofenac sodium
salt exposure caused an elevation in numbers of PLN cells and proliferating large
lymphocytes. Photographs were taken from a CytoreconTM automatic cell counting
machine with a onefold magnification ratio. Cell viability treated with Phenobar-
bital or CGA was verified by trypan blue exclusion and both exceeded 95%. A, 1 mg
Phenobarbital (PB); B, 1 mg STZ; C, 0.75 mg Diclofenac sodium salt (DF); D, 1 mg
CGA.

Fig. 2. Tri-color flow cytometric analysis of treated side PLN cell suspensions in d-
PLNA. Each group of female BALB/c mice was injected with a single dose: (1)1 mg
Phenobarbital (PB); (2) 1 mg STZ; (3) 0.75 mg Diclofenac sodium salt (DF); or (4)
1 mg CGA on day 0. On day 7, the treated side PLNs were excised. Single cell
suspensions of PLN were prepared. Cell percentage of total T (CD3+), T helper (CD3+

CD4+), T cytotoxic (CD3+ CD8+), total B (B220+) cells and expression of proliferation
marker (CD25+) and B activated marker (B220+CD23+) were analyzed. Results are
expressed as a percentage change from the mean ± SD. n = 6 animals in each
group.*P < 0.05 and **P < 0.01 indicate statistically significant differences compared
to the negative control Phenobarbital. (For interpretation of the references in colour
in this figure legend, the reader is referred to the web version of this article.)
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stimulate an immune response in a nonspecific manner nor specif-
ically sensitize T cells, thus suggesting that CGA does not possess
any immunosensitizing potential in BALB/c mice.

Prior preclinical tests used to assess CGA capacity to affect im-
mune responses have employed guinea pig models which have a
number of inherent problems. For example, the use of Freund’s
adjuvant, the need for recipient animals to display passive cutane-
ous anaphylaxis reactions, the use of a hapten-carrier conjugate for
an eliciting antigen, a long immunization schedule, a complicated
protocol, and poor predictability of LMWCs allergenicity all con-
tribute to the ineffectiveness of this method (Aida et al., 1998;
Weaver et al., 2003). The murine local lymph node assay (LLNA)
is a validated technique developed for evaluating the sensitization
potential of chemicals following dermal exposure, but is not effec-
tive with regard to detecting the risk of sensitization after systemic



Fig. 3. Detection of anti-TNP-specific AFCs by Elispot assay. Each group of female BALB/c mice was co-injected with 10 lg TNP–OVA or TNP–Ficoll on day 0 combined with:
(1) 1 mg Phenobarbital (PB); (2) 1 mg STZ; (3) 0.75 mg Diclofenac sodium salt (DF); or (4) 1 mg CGA. On day 7, the treated side PLNs were excised. Single cell suspensions of
PLN were prepared. IgM, IgG1, IgG2a and IgE were assessed using Elispot assay. Positive chemicals produced AFCs spots with circular, densely granulated foci; CGA and
Phenobarbital produced few or no spots (A, B). Results from 2 separate experiments are presented and expressed as AFCs/recovered PLN (mean ± SD). n = 6 animals in each
group. C, test chemicals mixed with 10 lg TNP–OVA; D, test chemicals mixed with 10 lg TNP–Ficoll. P < 0.05 and **P < 0.01 indicate statistically significant differences
compared to the negative control Phenobarbital.

Z. Liu et al. / Food and Chemical Toxicology 48 (2010) 1059–1065 1063
exposure. Skin sensitization is most commonly a T cell mediated
hypersensitivity reaction (HR). There exist several well-established
preclinical models, such as the Guinea Pig Maximization Test
(GPMT) and Buehler Test (BT) for assessing this type of HR. The
LLNA is only an alternative approach to GPMT or BT (Gerberick
et al., 2007; McGarry, 2007). Since common signs and symptoms
of the adverse drug effects related to TCMIs containing CGA, pres-
ent with the following features: urticaria, rash, angioedema, hypo-
tension or life-threatening shock, investigators speculate that
these adverse effects are mainly mediated by IgE. Traditionally,
three methods have been used extensively to detect inductions
of IgE-mediated HR: (1) the passive cutaneous anaphylaxis (PCA)
assay, (2) the active cutaneous anaphylaxis (ACA) assay, and (3)
the active systemic anaphylaxis (ASA) assay. However, these assays
have not proven useful in identifying small molecular weight aller-
gens <http://www.fda.gov/downloads/Drugs/GuidanceCompli-
anceRegulatoryInformation/Guidances/UCM079239.pdf>. In fact,
there are data in the open literature using these methods in guinea
pigs, mice or rats as a means to determine the immunosensitizing
potential of CGA which all have indicated negative results (Li et al.,
2008a; Luo et al., 2009). As negative results in these assays do not
necessarily indicate that CGA (one of LMWCs) lacks sensitizing po-
tential, there is a need for establishing new methods to evaluate
such effects. There are little data to support the use of the LLNA
to detect the non-dermal sensitizing potential of chemicals. In
addition, the LLNA requires a radiochemistry laboratory. In the ab-
sence of an appropriately equipped laboratory performing a LLNA,
as a substitute for guinea pig tests, is economically prohibitive.
Therefore, in consideration of the route of exposure (Intramuscular
or Intravenous injections), the clinical characteristic (IgE-medi-
ated) and limitations of our laboratory facilities, we considered
that the LLNA may not provide the best approach to evaluate the
immunosensitizing potential of CGA within our experiments. By
contrast, the PLNA assay has proved to be a reliable, fast and repro-
ducible method to predict the allergenic potential of LMWC drugs
(Lovik et al., 2007; Pieters, 2001, 2007; Ravel and Descotes, 2005;
Suda et al., 2000). So far, over 130 drugs and chemicals have been
tested in one or more variations of the PLNA and their potential to
induce lymph node hyperplasia correlated well with documented
allergic or autoimmunogenic potential (Pieters, 2001). However,
to the best of our knowledge, no studies have been conducted to
assess the immunosensitizing potential of CGA with the PLNA.
Therefore, the application of this assay not only provides readout
parameters that can be measured accurately, but might also be
able to overcome the limitations of other animal models used to
assess CGA effects.

There exist a number of advantages of the PLNA. The d-PLNA, a
widely used and partially validated method, can be easily adapted
and applied within standard laboratory protocols (Ravel et al.,
2004). Furthermore, it has been shown that flow cytometric
analysis of cell phenotypes and proliferation maker expressions
can improve the sensitivity of d-PLNA (Tuschl et al., 2002). There-
fore, as one approach to validate this method in our laboratory we
first screened the immunosensitizing potential of CGA by using d-
PLNA combined with the flow cytometric method in response to
different doses of CGA. One limitation of the d-PLNA is that it can-
not provide any insight into the mechanism of LMWC-induced
hypersensitivity. Therefore, a stepwise strategy to determine im-
mune response specificity was developed as achieved with the
RA–PLNA method. This approach is particularly useful for a hazard

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM079239.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM079239.pdf
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assessment of the systemic sensitizing potential of pharmaceuti-
cals (Pieters et al., 2007). With the RA–PLNA, test drugs are injected
subcutaneously as combined with either the T cell independent
antigen, TNP–Ficoll, or the T cell dependent antigen, TNP–OVA.
The specific antibody responses are then measured by Elispot as-
say. A TNP-specific IgG response to TNP–Ficoll demonstrates the
activation of neoantigen-specific T cells. Whereas a positive IgG re-
sponse to TNP–OVA, but not to TNP–Ficoll, reveals that the test
drug induced only an inflammatory reaction. In this way, with
use of the RA–PLNA, it is possible to differentiate between immu-
nosensitizing (sensitizers), immunostimulating (irritants), and
innocent LMWCs (Carey et al., 2006; Gutting et al., 1999; Ravel
and Descotes, 2005). Thus, this in vivo model may enable one to
differentiate between type 2 and type 1 responses which are asso-
ciated with different types of HRs (Nierkens et al., 2005a; Ravel and
Descotes, 2005). In our study, Phenobarbital was used as a negative
control since Phenobarbital failed to induce any PLN response
while STZ (known to induce type 1 immune responses and provoke
diabetes) and Diclofenac sodium salt (known to induce type 2 im-
mune responses and produce anaphylaxis in humans) were used as
positive controls. As expected, the immunostimulating agents, Dic-
lofenac sodium salt and STZ significantly increased the weight and
cellularity in the d-PLNA as well as the cellularity and production
of AFCs in the RA–PLNA in this model. However, there was no dif-
ference in PLN reaction when injected with the negative LMWC
Phenobarbital. These findings were in concordance to previous re-
ports (Albers et al., 1997; Gutting et al., 1999; Nierkens et al.,
2005a) which support our conclusions regarding the interpretation
of data collected from the d-PLNA or RA–PLNA. It seems likely that
our results as obtained with the d-PLNA and RA–PLNA represented
the true nature of LMWCs to CGA in vivo. Thus, we cannot only
conclude that CGA is not an allergen associated with IgE-mediated
HRs in humans (Anon, 2002), but also demonstrate further that it
failed to induce non-IgE-mediated HRs.

Although many investigators in China postulated that CGA may
lead to serious adverse reactions of TCMIs or elicit a specific im-
mune response (Gong et al., 2004; Kang et al., 2004), in fact, there
are few experimental data in vivo to support this hypothesis. On
the contrary, polyphenol compounds in plants such as caffeic acid,
CGA and rosmarinic acid have been reported to have antioxidative
activities, and thus, were beneficial in the treatment of allergic dis-
eases (Ito et al., 1998). Moreover, data from previous studies have
indicated that CGA could reduce ROS levels in antigen-IgE-activated
mast cells in vitro and inhibit histamine release by these activated
mast cells (Chen et al., 2000). Therefore, CGA might also suppress
allergic reactions. Analyses of data from the literature confirmed
that HRs accounted for about 90% of the adverse reactions related
to various types of respiratory TCMIs containing CGA <http://
www.cde.org.cn/dzkw.do?method=largePage&id=307>. Moreover
characteristics of patients with HRs induced by TCMIs were simi-
larly found in workers in the coffee industry (Freedman, 1964; Bari-
ana et al., 1965). There is little definitive evidence on which to
determine the mechanistic bases of CGA-related-HRs, and therefore
our first attempts involve speculations based on clinical character-
istics. Mechanistic hints from clinical characteristics have indicated
that CGA-related-HRs fit into either IgE-mediated or anaphylactoid
reactions. Since allergic reactions cannot be distinguished from
anaphylactoid reactions it is possible that most adverse reactions
induced by TCMIs that occur when patients are first exposed to
these agents, may not be due to the immune-mediated hypersensi-
tivity resulting from a specific antigen. The term ‘‘anaphylactoid
reactions” is used to describe a non-immune-related HR to drugs.
This type of HR is the result of non-immune mechanisms, including
non-immunological activation of the complement system, direct
histamine release from mast cells or basophils, interaction with en-
zymes, and dose and rate of infusion. A variety of drugs such as van-
comycin, opioids or aspirin can induce anaphylactoid reactions.
Recent estimates suggest that anaphylactoid reactions which mi-
mic ‘‘true allergy” clinically, but are actually not initiated or medi-
ated by pre-existing IgE antibodies, may represent as many as 77%
of all HRs. Idiosyncratic drug reaction is also a significant health
problem due to its unpredictable nature, poorly understood patho-
genesis, and potential to result in fatal outcomes. Most idiosyn-
cratic reactions are immune-mediated and others are related to a
pharmacogenetic predisposition which can be characteristic of a
few patients. For example, penicillin or carboplatin could induce
an IgE-mediated idiosyncratic drug reaction. Therefore only a small
percent of drug-related HRs are truly ‘‘allergic”, commonly with the
production of a specific antibody or sensitized T cells (Szebeni,
2005; Uetrecht, 2007; Uetrecht, 2008). Anaphylactoid reactions
are clinically indistinguishable from IgE-mediated reactions as the
same mediators are involved. In some patients, TCMIs-related HR
does arise upon first exposure or is related to a fast mode of infusion
which is congruent with the characteristics of anaphylactoid reac-
tions. In fact, it has also been demonstrated convincingly by Han
et al., 2009 that HRs induced by Yuxingcao injection are associated
with its solubilizer Polysorbate 80 (Zhang et al., 2008). However,
some patients may be exposed to widely-existed CGA accidentally
via their diet, lifestyle or from environmental sources and therefore
are sensitized to CGA. In this condition, the CGA-induced HR may be
a specific immune (idiosyncratic) rather than a non-immune re-
lated reaction. Therefore, we used the PLNA in this study in order
to detect whether CGA-induced HR resulted from an idiosyncratic
reaction. These data, as derived from the PLNA, provide support
for previous studies (Layton et al. 1968), where it was concluded
that CGA was not a major allergen or objectionable constituent in
TCMIs.

While we have demonstrated the assets of the PLNA method,
there remains much work to be performed with this assay. In this
study, a maximum dose of 1 mg CGA in 20% DMSO/80% saline per
mouse was arbitrarily selected, as this dose is selected by most
researchers using the PLNA. However, previous studies demon-
strated that there was an optimal concentration for test chemicals
in the PLNA (Vial et al., 1997). Perhaps the effectiveness of this
method could be enhanced by using different doses in the RA–
PLNA (Tuschl et al., 2002). In addition, the subcutaneous injection
into the footpad does not represent a normal route of exposure
for humans and metabolism within the footpad may be different
from that of a systemic exposure in mice or humans. Nor is it
known whether CGA metabolites can become an allergen or hap-
ten which may then induce HRs. In fact, it has been shown that
false-negative PLN responses, induced by some parent molecules
of well-known allergic compounds were the result of a deficiency
of metabolism within the footpad (Bloksma et al., 1995). It might
then be worthwhile to identify the main CGA metabolites in vivo,
and then test these in the PLNA. These represent a sample of fu-
ture issues that need to be addressed to maximize the PLNA
effectiveness.

In summary, we have shown that CGA does not possess any
intrinsic capacity to stimulate or dysregulate immune responses
in naive BALB/c mice using the d-PLNA and RA–PLNA. These
findings combined with the results of ASA and PCA (Li et al.,
2008a; Luo et al., 2009) indicate that CGA failed to produce
HRs after systemic exposure in guinea pigs, mice or rats. As a re-
sult we propose that removal of CGA from TCMIs by itself may
not significantly decrease the prevalence of HRs caused by
TCMIs.
Conflict of Interest

The authors declare that there are no conflicts of interest.

http://www.cde.org.cn/dzkw.do?method=largePage&amp;id=307
http://www.cde.org.cn/dzkw.do?method=largePage&amp;id=307


Z. Liu et al. / Food and Chemical Toxicology 48 (2010) 1059–1065 1065
Acknowledgements

This work was supported by the National Science & Technology
Pillar Program during the Eleventh Five-Year Plan Project of China
(No. 2006BAI14B05). The authors are thankful to Xiaoyu Zhang,
Jing Liu, and Jing Han from the Center for new drug evaluation,
Shandong University for their technical and language assistance.

References

Anon, 2002. Chlorogenic acid not an allergen. Chem. Eng. News 80, 88.
Aida, T., Kimura, T., Ishikawa, N., Shinkai, K., 1998. Evaluation of allergenic potential

of low-molecular compounds by mouse popliteal lymph node assay. J. Toxicol.
Sci. 23, 425–432.

Albers, R., Broeders, A., van der Pijl, A., Seinen, W., Pieters, R., 1997. The use of
reporter antigens in the popliteal lymph node assay to assess
immunomodulation by chemicals. Toxicol. Appl. Pharmacol. 143, 102–109.

Almeida, I.F., Valentao, P., Andrade, P.B., Seabra, R.M., Pereira, T.M., Amaral, M.H.,
Costa, P.C., Bahia, M.F., 2008. In vivo skin irritation potential of a Castanea sativa
(Chestnut) leaf extract, a putative natural antioxidant for topical application.
Basic Clin. Pharmacol. Toxicol. 103, 461–467.

Bala, S., Weaver, J., Hastings, K.L., 2005. Clinical relevance of preclinical testing for
allergic side effects. Toxicology 209, 195–200.

Bariana, D.S., Krupey, J., Scarpati, L.M., Freedman, S.O., Sehon, A.H., 1965.
Chlorogenic acid: further evidence for its antigenic and allergenic activity.
Nature 207, 1155–1157.

Bassoli, B.K., Cassolla, P., Borba-Murad, G.R., Constantin, J., Salgueiro-Pagadigorria,
C.L., Bazotte, R.B., da Silva, R.S.D.F., de Souza, H.M., 2008. Chlorogenic acid
reduces the plasma glucose peak in the oral glucose tolerance test: effects on
hepatic glucose release and glycaemia. Cell Biochem. Funct. 26, 320–328.

Bloksma, N., Kubicka-Muranyi, M., Schuppe, H.C., Gleichmann, E., Gleichmann, H.,
1995. Predictive immunotoxicological test systems: suitability of the popliteal
lymph node assay in mice and rats. Crit. Rev. Toxicol. 25, 369–396.

Carey, J.B., Allshire, A., van Pelt, F.N., 2006. Immune modulation by cadmium and
lead in the acute reporter antigen-popliteal lymph node assay. Toxicol. Sci. 91,
113–122.

Chen, S.S., Gong, J., Liu, F.T., Mohammed, U., 2000. Naturally occurring polyphenolic
antioxidants modulate IgE-mediated mast cell activation. Immunology 100,
471–480.

De Sotillo, D.V.R., Hadley, M., 2002. Chlorogenic acid modifies plasma and liver
concentrations of: cholesterol, triacylglycerol, and minerals in (fa/fa) Zucker
rats. J. Nutr. Biochem. 13, 717–726.

Dos Santos, M.D., Almeida, M.C., Lopes, N.P., de Souza, G.E.P., 2006. Evaluation of the
anti-inflammatory, analgesic and antipyretic activities of the natural
polyphenol chlorogenic acid. Biol. Pharm. Bull. 29, 2236–2240.

Freedman, S.O., 1964. Antigenic properties of chlorogenic acid. J. Allergy Clin.
Immunol. 35, 97–107.

Gerberick, G.F., Ryan, C.A., Dearman, R.J., Kimber, I., 2007. Local lymph node assay
(LLNA) for detection of sensitization capacity of chemicals. Methods 41, 54–60.

Gong, J., Liu, F.T., Chen, S.S., 2004. Polyphenolic antioxidants enhance IgE
production. Immunol. Invest. 33, 295–307.

Gutting, B.W., Schomaker, S.J., Kaplan, A.H., Amacher, D.E., 1999. A comparison of
the direct and reporter antigen popliteal lymph node assay for the detection of
immunomodulation by low molecular weight compounds. Toxicol. Sci. 51, 71–
79.

Han, E.H., Park, J.H., Kim, J.Y., Jeong, H.G., 2009. Houttuynia cordata water extract
suppresses anaphylactic reaction and IgE-mediated allergic response by
inhibiting multiple steps of Fc epsilon RI signaling in mast cells. Food Chem.
Toxicol. 47, 1659–1666.

Ito, H., Miyazaki, T., Ono, M., Sakurai, H., 1998. Antiallergic activities of rabdosiin
and its related compounds: chemical and biochemical evaluations. Bioorg. Med.
Chem. 6, 1051–1056.

Jin, U.H., Lee, J.Y., Kang, S.K., Kim, J.K., Park, W.H., Kim, J.G., Moon, S.K., Kim, C.H.,
2005. A phenolic compound, 5-caffeoylquinic acid (chlorogenic acid), is a new
type and strong matrix metalloproteinase-9 inhibitor: isolation and
identification from methanol extract of Euonymus alatus. Life Sci. 77, 2760–
2769.

Kang, J., Liu, Y., Xie, M.X., Li, S., Jiang, M., Wang, Y.D., 2004. Interactions of human
serum albumin with chlorogenic acid and ferulic acid. BBA-Gen. Subjects 1674,
205–214.
Ko, R.J., 2004. A US perspective on the adverse reactions from traditional Chinese
medicines. J. Chin. Med. Assoc. 67, 109–116.

Layton, L.L., Panzani, R., Cortese, T.A., 1968. Coffee-reaginic human sera tested in
human volunteers and macaque monkeys. Absence of reactions to chlorogenic
acid. Int. Arch. Allergy Appl. Immunol. 33, 417–427.

Lee, J.H., Park, J.H., Kim, Y.S., Han, Y., 2008. Chlorogenic acid, a polyphenolic
compound, treats mice with septic arthritis caused by Candida albicans. Int.
Immunopharmacol. 8, 1681–1685.

Li, J.F., Li, M., Chen, Q., Cheng, C.H., Tan, S., 2008a. Research of the immunotoxicity of
Shuanghuanglian injection. Tradit. Chin. Drug Res. Pharmacol. 19, 172–174.

Li, Y.J., Shi, W., Li, Y.D., Zhou, Y., Hu, X.F., Song, C.M., Ma, H.B., Wang, C.W., Li, Y.,
2008b. Neuroprotective effects of chlorogenic acid against apoptosis of PC12
cells induced by methylmercury. Environ. Toxicol. Pharmacol. 26, 13–21.

Lovik, M., Alberg, T., Nygaard, U.C., Samuelsen, M., Groeng, E.C., Gaarder, P.I., 2007.
Popliteal lymph node (PLN) assay to study adjuvant effects on respiratory
allergy. Methods 41, 72–79.

Luo, F., Bao, X., Lin, D.D., Yang, H.R., Zhou, S., Xue, X.P., 2009. Allergic study of
chlorogenic acid to animal. West China J. Pharm. Sci. 24, 191–193.

McGarry, H.F., 2007. The murine local lymph node assay: regulatory and potency
considerations under REACH. Toxicology 238, 71–89.

Nierkens, S., Aalbers, M., Bleumink, R., Boon, L., Pieters, R., 2005a. Drug-induced type
1 and type 2 immune responses are characterized by distinct profiles of cell
kinetics, cytokine production, and expression of co-stimulatory molecules in
the popliteal lymph node assay. J. Immunotoxicol. 2, 141–150.

Nierkens, S., Aalbers, M., Bol, M., Bleumink, R., van Kooten, P., Boon, L., Pieters, R.,
2005b. Differential requirement for CD28/CTLA-4-CD80/CD86 interactions in
drug-induced type 1 and type 2 immune responses to trinitrophenyl–
ovalbumin. J. Immunol. 175, 3707–3714.

Pieters, R., 2001. The popliteal lymph node assay: a tool for predicting drug
allergies. Toxicology 158, 65–69.

Pieters, R., 2007. Detection of autoimmunity by pharmaceuticals. Methods 41, 112–
117.

Pieters, R., Ludwig, I., Nierkens, S., 2007. Development of a strategy to predict
immune-mediated drug-hypersensitivity reactions. Toxicol. Lett. 172, S33–S34.

Ratajczak, H.V., 2004. Drug-induced hypersensitivity: role in drug development.
Toxicol. Rev. 23, 265–280.

Ravel, G., Christ, M., Horand, F., Descotes, J., 2004. Cytokine release does not improve
the sensitivity and specificity of the direct popliteal lymph node assay.
Toxicology 200, 247–254.

Ravel, G., Descotes, J., 2005. Popliteal lymph node assay: facts and perspectives. J.
Appl. Toxicol. 25, 451–458.

Suda, A., Iwaki, Y., Kimura, M., 2000. Differentiation of responses to allergenic and
irritant compounds in mouse popliteal lymph node assay. J. Toxicol. Sci. 25,
131–136.

Suzuki, A., Yamamoto, N., Jokura, H., Yamamoto, M., Fujii, A., Tokimitsu, I., Saito, I.,
2006. Chlorogenic acid attenuates hypertension and improves endothelial
function in spontaneously hypertensive rats. J. Hypertens. 24, 1065–1073.

Szebeni, J., 2005. Complement activation-related pseudoallergy: a new class of
drug-induced acute immune toxicity. Toxicology 216, 106–121.

Tang, Y.Z., Liu, Z.Q., 2008. Chemical Kinetic Behavior of Chlorogenic Acid in
Protecting Erythrocyte and DNA against Radical-induced Oxidation. J. Agric.
Food Chem. 56, 11025–11029.

Tuschl, H., Landsteiner, H.T., Kovac, R., 2002. Application of the popliteal lymph
node assay in immunotoxicity testing: complementation of the direct popliteal
lymph node assay with flow cytometric analyses. Toxicology 172, 35–48.

Uetrecht, J., 2007. Idiosyncratic drug reactions: current understanding. Ann. Rev.
Pharmacol. Toxicol. 47, 513–539.

Uetrecht, J., 2008. Idiosyncratic drug reactions: past, present, and future. Chem. Res.
Toxicol. 21, 84–92.

Vial, T., Carleer, J., Legrain, B., Verdier, F., Descotes, J., 1997. The popliteal lymph
node assay: results of a preliminary interlaboratory validation study.
Toxicology 122, 213–218.

Weaver, J.L., Staten, D., Swann, J., Armstrong, G., Bates, M., Hastings, K.L., 2003.
Detection of systemic hypersensitivity to drugs using standard guinea pig
assays. Toxicology 193, 203–217.

Xiang, Z., Ning, Z.X., 2008. Scavenging and antioxidant properties of compound
derived from chlorogenic acid in South-China honeysuckle. Lwt-Food Sci.
Technol. 41, 1189–1203.

Zanni, M.P., Schnyder, B., von Greyerz, S., Pichler, W.J., 1998. Involvement of T cells
in drug-induced allergies. Trends Pharmacol. Sci. 19, 308–310.

Zhang, J., Li, Y.K., Li, L.L., Hao, W., Yan, W.J., 2008. Sensitization of beagle dogs to
Houttuynia cordata distillation mixed with three solubilizers. Chin. J. New
Drugs 17, 1494–1498.


	Evaluation of the immunosensitizing potential of chlorogenic acid  using a popliteal lymph node assay in BALB/c mice
	Introduction
	Material and methods
	Animals
	Chemicals and reagents
	Direct PLNA and reporter antigen PLNA
	Flow cytometry
	Enzyme-linked immunospot (Elispot) assay
	Statistics analysis

	Results
	Effect of CGA on PLN weight and cellularity in d-PLNA and RA-PLNA
	Effect of CGA on cell phenotype and biomarker of PLN cell suspensions in d-PLNA
	Effect of CGA on Anti-TNP-specific AFCs per recovered PLN in RA-PLNA

	Discussion
	Conflict of Interest
	Acknowledgements
	References


