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Chlorogenic acid (CGA) widely exists in many plants, which are used as medicinal substances in traditional Chinese medicine
injectables (TCMIs) that have been widely applied in clinical treatments. However, it is still controversial whether CGA is
responsible for TCMIs-related hypersensitivity. Several studies have been performed to evaluate its potential sensitization property,
but the resultswere inconclusive.Therefore, the aimof this studywas to evaluate its potential sensitization systematically usingmeta-
analysis based on data extracted from literatures, searching databases of PubMed, EMBASE, ISIWeb of Knowledge, CNKI, VIP, and
CHINAINFO from January 1979 to October 2012, a total of 108 articles were retrieved by electronic search strategy, out of which
13 studies met the inclusion criteria. In ASA test, odds ratio of behavior changes was 4.33 (1.62, 11.60), showing significant changes
after CGA treatment (𝑃 = 0.004). Serum IgG, serum histamine, PLN cellularity, and IgG1 AFCs were significantly enhanced after
CGA treatment (𝑃 < 0.05). Totally, these results indicated that CGA could induce a positive reaction in potential sensitization,
and intravenous administration of it might be a key factor for sensitization triggering, which could at least warrant more careful
application of TCMIs containing CGA in clinical practices.

1. Introduction

Chlorogenic acid (CGA), an easter of caffeic and quinic acid
from the phenylpropanoid metabolism in many plants [1, 2],
widely exists in many Chinese herbal medicines, such as Flos
Lonicerae Japonicae [3],Houttuynia cordata [4], and Lonicera
japonica Thumb [5]. These herbal medicines are frequently
used as medicinal substances in traditional chinese medicine
injectables (TCMIs), which have played an important role in
clinical treatment of many diseases, such as cardiovascular
and cerebrovascular diseases, viral diseases, and cancer. It
has been demonstrated that CGA has various potential
therapeutic biological activities, including anti-inflammatory
activity [6], antioxidation activity [7], antiviruses activity [8],
antitumor activity [9], and neuroprotective effects [10].

However, since the 1960s, it has been remained consider-
able controversial whether CGA has potential sensitization
activity, which is known to be associated with systematic
safety [11–13]. With the wide application in China, the safety
issues of TCMIs are becoming increasingly critical in recent

years. One research indicated that TCMIs accounted for
66.7% of adverse reactions in traditional Chinese medicines
[14]. Furthermore, it is estimated that 90% of these adverse
reactions, especially the systemic safety of sensitization, are
related to TCMIs containing CGA [15]. As a consequence,
CGA has been considered to be a major chemical ingredient
leading to allergic reactions by most clinicians. However,
with respect to several studies performed for potential sen-
sitization evaluation of CGA or TCMIs containing it, not
all outcomes are clear-cut but consistency seems to be a big
problem [16, 17]. Consequently, more studies need to be done
to prove that CGA is the chief culprit of TCMIs to induce
potential sensitization in clinics.

Randomized animal studies represent the best study
designs for potential sensitization of CGA evaluating. How-
ever, with the discrepancy in experimental designs, different
investigators could reach disparate outcomes and diverse
conclusions. A systematic literature analysis may address this
problem from general points of view by allowing integration
of existing information, then providing messages for rational
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decision making [18]. The systematic literature analysis had
been done to give compelling evidences for hydrocortisone
treatment of the neonatal premature death, which have
saved ten thousand of lives of premature babies [19]. As an
effective systematic literature analysis tool, meta-analysis has
previously been used for the optimization of experimental
animal models and design of clinical trials improvement
[20, 21]. Meta-analysis on animal studies could also optimize
many valuable indicators to make rational decisions and
draw proper conclusions [22]. Moreover, it can establish
whether experimental findings are consistent, reduce bias,
and improve reliability and accuracy of conclusions with
quality criteria having been fulfilled [23].

Therefore, in response to the controversies of published
studies on the potential sensitization of CGA, meta-analysis
was set out to provide a complete and systematic overview of
all the literatures available, give an insight into the quality of
literatures in the field, and also supply reliable information
for clinical practice of TCMIs containing CGA.The PRISMA
(Preferred Reporting Items for Systematic Reviews andMeta-
Analyses) statement was used to help guide reporting of this
meta-analysis [24].

2. Methods

2.1. Literature Search Strategy. According to the Cochrane
review methodology, a systematic computerized searching
for published articles was carried out by using “Themes” com-
bining with “Keywords” from January 1979 to October 2012
on the potential sensitization of CGA assessment in databases
of PubMed, EMBASE, ISI Web of Knowledge, CNKI, VIP,
and CHINAINFO. Languages were restricted to Chinese and
English. The full search strategies for Pubmed, EMBASE,
ISI Web of Knowledge are “chlorogenic acid,” “allergy,” “sen-
sitization,” and “hypersensitivity”; and for CNKI, VIP, and
CHINAINFO included in the following search components:
“绿原酸”, “过敏”, “致敏”, and “变态反应” in Chinese.

2.2. Literature Inclusion and Exclusion Criteria. Studies were
included in the systematic assessments if they fulfilled all
of the following criteria: (1) studies were performed in
mice, rats, or guinea pigs in vivo; (2) studies conformed to
the principle of randomized controlled design; (3) methods
and criteria of evaluation were basically consistent with
Technology Guidelines on Studies for the Immune Toxicities
(Allergic and Light Allergic) in Chinese Medicine and Nat-
ural Medicine, and the evaluating indicators should contain
active systemic anaphylaxis (ASA), passive cutaneous ana-
phylaxis (PCA) and so on, and (4) the published format for
studieswere original full paperswhich presented unique data,
including average, standard deviation, and animal numbers.

Studies were excluded if (1) they were performed in
vitro or ex vivo; (2) the principles of randomized controlled
study design were not conformed; (3) methods and criteria
of evaluation did not agree with Technology Guidelines
on Studies for the Immune Toxicities (Allergic and Light
Allergic) in ChineseMedicine andNaturalMedicine; (4) data
was not complete, such as the animal numbers, and without

full text obtained; and (5) results have been published in
review articles.

2.3. Study Characteristics and Data Extraction. The study
characteristics and data items were extracted from the
included articles, such as animal species, stain, sex, animal
numbers of treatment and control groups, measures of
randomization, numbers of excluded animals in statistical
analysis, and outcome measures and results reported. In
addition, bibliographic details, including author, journal, and
year of publication were also registered. Serum IgE, IgG,
and histamine, behavior change in ASA, PLN cellularity, and
IgG1 antibody forming cells (AFCs) in popliteal lymph node
assay (PLNA), and blue skin patch test in PCA were assessed.
For quantitative data, raw data or group averages, standard
deviation (SD) or standard error (SE), and animal numbers
per group (𝑛) were extracted from the published results. As
for qualitative data, results of positive animal numbers of each
group were taken from the papers for the analysis. If there
were two or more identical groups in qualitative data, the
data would be pooled. If several outcomes were measured at
various time points, the time point with the greatest efficacy
was chosen.

2.4. Assessment of Methodological Quality. The methodolog-
ical quality of the included studies was evaluated by applying
a literature quality 10-item checklist derived from Critical
Appraisal Skills Programme (CASP), published by Britain
Evidence-BasedMedicine Center, which applied a systematic
approach to a assess study validity, methodological quality
and external validity [25]. Consistent with current guidelines,
low-quality studies did not weighed by quality scores and
were not excluded, which can only help readers have a
general idea of the quality of studies. Study quality was scored
independently by two reviewers, and the discrepancies were
clarified by discussion with a third investigator.

2.5. Data Synthesis and Statistical Analyses. Data of the
included studies were synthesized and analyzed using Review
Manager 5.1 (Copenhagen, The Cochrane Collaboration,
2011). Meta-analysis was performed for the quantitative con-
tinuous outcomemeasures of serum IgE, IgG, and histamine,
PLN cellularity, and IgG1 AFCs, by computing the weighted
means difference (WMD) and 95% confidence interval (CI)
for normal distribution of the extracted data, while standard.
mean difference (SMD) and 95% confidence interval (CI)
for nonnormal distribution. For the outcomes of behavior
changes of ASA, odds ratio (OR) and 95%CI were calculated.
Results extracted from the comparable studies were pooled
using fixed and random effects models. The 𝑄-test for
homogeneity was considered to be statistically significant
when 𝑃 < 0.05, which cast doubt on the statistical validity
of the synthesis. Random effect models were selected for
data pooling as 𝑃 < 0.05 in 𝑄-test; on the contrary, fixed
effect models were chosen to evaluate the sensitivity of our
results. In addition, the possibility of publication bias for ASA
outcome measure was evaluated by visually evaluating the
possible asymmetry in funnel plots.
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3. Results

3.1. Study Selection. 108 records, including 19 English and 89
Chinese articles, were retrieved by electronic search strategy
from databases of Pubmed, EMBASE, ISIWeb of Knowledge,
CNKI, VIP, andCHINAINFO. Among them, 80 records were
found to be unique after removing duplicates, and 24 papers
met our inclusion criteria by the theme and abstract analysis.
Finally, 13 articles, including 3 English and 10Chinese articles,
were retrieved on the basis of predefined criteria by full texts
reading (see Figure 1).

3.2. Study Characteristics and Quality Assessment. The char-
acteristics of the included studieswere summarized inTable 1,
including animal species and numbers, research methods,
indicators, and conclusion. Since the 1970s, there were very
few articles on the subject of potential sensitization by CGA
in English; however, it attracted much attention after the year
of 2000 in China. Therefore, the majority of retrieved studies
were published after 2000.

The results of the quality assessment of the 13 included
studies in this systematic analysis were shown in Table 1.
On average, the score of the reports quality was 14.5. In
the quality assessment, only 5 of the 13 animal studies
reported randomization of the animals across treatment
groups; moreover, no study reported blind measurements for
any other outcome and the number of animals being absent.
The results showed that the quality of these included studies
was not high but in a medium quality.

3.3. Meta-Analysis of Outcome Measures of Sera IgE, IgG, and
Histamine . Results for the serum-related indicators of IgE,
IgG, and histamine were summarized in Figure 2. Except
histamine (WMD and 95% CI), CGA significantly induced
alterations in these indicators based on the SMD and 95%
CI. As shown in Figure 2(a), five studies were included,
among which two reported a negative effect of CGA on
serum IgE. Random effect models were chosen for meta-
analysis of serum IgE since there was a significant difference
in heterogeneity test (𝜒2 = 24.12, 𝑃 < 0.0001). Overall
analysis of serum IgE indicated that there was no significant
difference in CGA-induced serum IgE formation (SMD =
1.73, 95% CI (0.00–3.45), 𝑃 = 0.05).

According to heterogeneity test results of serum IgG
(𝜒2 = 22.15, 𝑃 = 0.0002), there was a significance variance
in serum IgG formation induced by CGA (SMD = 1.82,
95% CI (0.25–3.39), 𝑃 = 0.02) using random effect models
(Figure 2(b)).

Meta-analysis of serum histamine was shown in Fig-
ure 2(c); since significant difference existed in heterogeneity
test (𝜒2 = 9.29, 𝑃 < 0.01), random effect models were used
for this indicator. Overall analysis of serumhistamine showed
that its level was significantly induced by CGA treatment
(WMD = 4.08, 95% CI (0.19–7.98), and 𝑃 = 0.04).

In addition to assessing the robustness of these results,
sensitivity analysis was also undertaken by exchange of
random effect models with fixed effect models; the results

showed that the selection of methods did not significantly
alter the outcomes of each indicator (data not shown).

3.4. Meta-Analysis of Outcome Measures of the Behavior
Changes in ASA. Logarithmic of odds ratio (log (odds ratio))
and SE were transformed from animal numbers of positive
and negative reactions in behavior changes. As results of
positive reaction being “zero” in both CGA treatment and
control group, a fixed value—“one”was set for further analysis
[18, 37]. Results of the behavior changes inmeta-analysis were
shown in Figure 3(a). A total of nine articles were included
and four articles reported a negative effect of CGA on
animal behaviors. Since there was no significant homogeneity
observed in these included studies (𝜒2 = 11.86, 𝑃 =
0.16), the fixed effect models were chosen to pool effects of
behavior changes inASA. Results of overall analysis indicated
that animal behaviors could be significantly changed after
CGA treatment (OR = 4.33, 95% CI (1.62–11.60), 𝑃 =
0.004). In addition, as showed in Figure 3(b), there was no
obvious literature publication bias in these included studies
by visually evaluation of the funnel plots. Sensitivity analysis
was also assessed by using exchange of fixed models with
random effect models and the consistent results suggested
that sensitivity of the model in the indicator of behavior
change was favorable (data not shown).

3.5. Meta-Analysis of Outcome Measures of PLN Cellularity
and IgG1 AFCs. A total of two articles were included in
the evaluation of CGA sensitization by PLNA; however, the
opposite results were obtained from these two. Results for the
PLNA-related indicators of PLN cellularity and IgG1 AFCs
were summarized in Figure 4. As shown in Figure 4(a), fixed
effectmodels were chosen formeta analysis of PLN cellularity
due to a significant difference in heterogeneity test (𝜒2 = 0.06,
𝑃 = 0.8). The results of overall analysis showed that CGA
could significantly increase PLN cellularity (SMD = 1.10,
95% CI (0.29–1.92), 𝑃 = 0.008).

Mata-analysis of IgG1 AFCs was showed in Figure 4(b).
Fixed effect models were chosen according to heterogeneity
test results (𝜒2 = 0.69, 𝑃 = 0.40). The results of overall
analysis demonstrated that there was a significance in IgG1
AFCs induced by CGA [SMD = 0.82, 95% CI (0.03–1.60),
𝑃 = 0.04].

3.6. Analysis of the PCA Results of Included Studies. Data of
PCA from five included studies were summarized in Table 2.
Using the standards of determination, negative results were
extracted from all included studies. Therefore, meta-analysis
was not performed in PCA.

4. Discussions

From individual randomized studies, it is still unclear and
controversial whether CGA might induce potential sensiti-
zation after its treatment. To shed light on the disagreement
on this issue, meta-analysis is employed to analyze different
independent studies with the same purpose. Our hypothesis
for this study is that a systematic analysis is the best approach
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Figure 1: Flow chart of study selection. The number of studies in each phase is indicated between brackets.

Table 1: Characteristics and quality of included studies.

Study Year Language Animal Sample
(T/C)

Route of
ADe

Duration
(day) Method Outcome measure Conclusion CASP

score
Wang et al. [16] 2011 Chinese GPa 10/10 ip, iv 14 ASA IgE, IgG, Hisb, BCc Negative 14
Zhang et al. [17] 2011 Chinese GP 6/6 ip, iv 21 ASA, PCA BC, BSPTd Negative 16
Lin et al. [26] 2010 Chinese Rat, GP 19/11 ip, iv 13 ASA, PCA BC, BSPT Positive 13
Guo et al. [27] 2011 Chinese BN rat, GP 4/4 ip, iv 14 ASA His, BC Positive 15
Huang et al. [28] 2010 Chinese GP 6/6 ip, iv 14 ASA IgE, IgG Positive 16
Luo et al. [29] 2009 Chinese Rat, GP 5/5 ip, iv 8 ASA, PCA BC, BSPT Negative 13
He et al. [30] 2011 Chinese Mouse, GP 6/6 iv 14 ASA IgG, BC Positive 14
Wu et al. [31] 2010 Chinese GP 5/5 ip, iv 10 ASA, PCA BC, BSPT Negative 14
Li et al. [32] 2008 Chinese Rat, GP 6/6 ip, iv 14 ASA, PCA BC, BSPT Positive 15
Zhang et al. [33] 2010 Chinese BN rat 6/6 iv 13 ASA IgE, IgG, BC Positive 15
Gong et al. [34] 2004 English mouse 4/4 ip, in 1 ASA IgE, IgG Positive 13

Lin et al. [35] 2012 English Mouse 8/8 iv 11 PLNA Cellularity, IgG1
AFCs Positive 16

Liu et al. [36] 2010 English Mouse 6/6 si 7 PLNA Cellularity, IgG1
AFCs Negative 15

aGuinea pig; bhistamine; cbehavior change; dblue skin patch test; eadministration; ip: intraperitoneally; in: intranasally; iv: intravenously; and si: subcutaneous
injection.

to quantitatively show a pooled result for the potential
sensitization of CGA and examine the bias of the published
literature at the same time. For this purpose, 13 studies
were retrieved to summarize and analyze systematically in
this study, and a positive reaction on potential sensitization
of CGA was identified by meta-analysis. Additionally, the

quality of included studies was evaluated byCASP system and
a favorable quality was shown for these studies.

According to The Chemical Drug Excitant, Irritability
and Hemolytic Research Technology Guideline approved by
SFDA of China, andThe Traditional ChineseMedicine Injec-
tion Safety Inspection Application Guideline in appendix
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Figure 2: Meta-analysis of the indicators of sera IgE, IgG, and histamine. (a) The result of combined effects of serum IgE; (b) the result of
combined effects of serum IgG; and (c) the result of combined effects of serum histamine.

Table 2: Results of PCA evaluation of included studies.

Study or subgroup Results of
PCA

Standards of
determination

Wu et al. [31] Negative

Positive: diameter
≥5mm

Zhang et al. [17] Negative
Li et al. [32] Negative
Lin et al. [26] Negative
Luo et al. [29] Negative

of Pharmacopoeia of the People’s Republic of China (2010
edition), ASA and PCA should be performed to validate
the sensitization of TCMIs [38, 39]. Although there are
lots of limitations in the behavioral changes in ASA, such

as subjective judgments in the changes of symptoms and
difficult quantification of its systematical descriptions to the
character and strength of immune reactions, it is still the
key method with great importance for the evaluation of the
potential sensitization currently. Up to now, the indicator of
behavioral changes is still an irreplaceable evaluation index
of anaphylaxis preclinical. According to inclusion criteria, a
total of 9 studies on behavioral changes in ASAwere included
in present study and pooled analysis were performed by
meta-analysis. Our results suggested that animal behaviors
could be significantly altered after CGA treatment, and no
significance was shown in the literature publishment bias.

However, with regard to the PCA results of included
studies, all negative reactions were observed after CGA
stimulating, so that PCA test may not be suitable for
potential sensitization evaluation of small molecules, such
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Figure 3:Meta-analysis of the behavior change inASA. (a)Combined effects afterCGA treatment; (b) the funnel plot for literature publication
bias observation.
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Figure 4: Meta-analysis of PLN cellularity and IgG1 AFCs. (a) The result of combined effects of PLN cellularity; (b) the result of combined
effects of PLN IgG1 AFCs.

as CGA. There are several possible explanations, such as
sensitivity limitations of PCA skin tests, difference between
subcutaneous exposure and conventional exposure routes
(orally or intravenously treated), and lack of metabolism
or combing macromoleculeswithsubcutaneously treated to
change hapten to antigen in vivo [28].

To overcome the limitations in ASA and PCA test, serum
indicators can make it up to some extent, such as histamine,
IgE antibody, and IgG antibody, which have been proved
to be correlated with the type I hypersensitivity [40, 41]. In
this study, the pooled results frommeta-analysis showed that
CGA might significantly induce serum IgG and histamine
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formation in ASA animal model. The results suggested that
CGA might induce initiative immune reactions systemically.
In addition, we observed a negative results for serum IgE
after treated by CGA but a clear trend of increased level was
obtained (𝑃 = 0.05), which probably correlated with the
limitations of literature numbers and heterogeneity in these
literatures.

PLNA, a reliable, fast, and reproducible animal experi-
ment for IDHR assessment [42–47], has been used for the
identification of numerous drugs and chemicals known to
induce IDHR in humans, such as penicillin, diclofenac, and
cadmium [44, 46, 48–50], which can effectively augment the
low sensitivity shortcoming of serum indicators in immune
activation. In this work, two studies were included in meta-
analysis of PLNA parameters; one proved a positive reaction
by using an intravenous mouse model [14, 35], while another
showed a negative result by subcutaneous administration.
The inconsistent results of PLN cellularity and IgG1 AFCs
were pooled by meta-analysis and the pooled results showed
that CGA might significantly increase PLN cellularity and
induce IgG1 AFCs formation. The results further suggested
the potential of CGA to systemically initiate immune reac-
tions. And the discrepancy of the results may be correlated
with the routes of administration, indicating that CGA easily
triggers allergic reactions by intravenous administration.

In conclusion, the results from overall meta-analysis
indicated that a positive reaction of potential sensitization
could be induced by CGA. To prevent further allergic adverse
complications, such findings from our work may at least
warrant more careful evaluation in the application of CGA
in clinical practice, especially for TCMIs containing it. To
note, interactions between ingredients of TCMIs may also be
involved in sensitizations of TCMIs, which was not covered
in current work and clearly needs to be further explored.
However, this conclusion must be moderated by the fact that
many confounding influent factors exist, such as limitations
of literature numbers. Despite the inherent limitations in
this meta-analysis, it has presented the best outcomes in
the literature. There is a crucial need for more high-quality
studies in this field and for a more sensitive experimental
model applicable to evaluate the potential sensitization of
TCMIs to make an evidence-based decision.
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