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Naringenin, a flavonoid in grapefruits and citrus fruits, has been reported to exhibit anti-inflammatory and
anti-oxidative activities. Contact hypersensitivity (CHS) is a T cell-mediated immune reaction, and the
factors released from macrophages also contribute to this response. Previous studies showed that naringe-
nin suppressed CHS by inhibiting activation and migration of macrophages. However, little is known about
naringenin’s effects on T lymphocytes. Our study indicated that naringenin potently suppressed picryl
chloride (PCl)-induced contact hypersensitivity by inhibiting the proliferation and activation of T lympho-
cytes. In vitro, both of the activated hapten-specific T cells and the T cells stimulated with anti-CD3/anti-
CD28 showed growth arrest after naringenin treatment. Furthermore, naringenin reduced CD69 (the
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Activation
Proliferation protein level) and cytokines such as IL-2, TNF-o, and IFN-y (the mRNA level) expressions which highly
Apoptosis expressed by activated T cells. Meanwhile, naringenin also induced T cell apoptosis by upregulation of

Bax, Bad, PARP, cleaved-caspase 3 and downregulation of phosphorylated Akt, Bcl-2. These findings suggest
that, besides its anti-inflammatory activities in macrophages, naringenin also showed inhibitory effects on

the activation and proliferation of T cells to alleviate symptoms of contact hypersensitivity.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Contact hypersensitivity (CHS) is recognized as a classical
example of T cell-mediated delayed type immune response which
has been studied extensively [1,2]. It is an acute cutaneous inflam-
matory reaction elicited by applications of a chemical in animals
previously sensitized with the same hapten. During this immune
response, the activation and proliferation of T lymphocytes plays
a crucial role in the process. T cells become activated and expanded
after first sensitization. When the skin is challenged by the relevant
haptens, the hapten-specific T cells are activated. The cytokines
and chemokines produced by these effector T cells recruit and acti-
vate a variety of bystander cells including macrophages, subse-
quently initiating the inflammatory reactions [3,4].

Clinically, corticosteroids such as dexamethasone are usually
used to counteract this dermatitis. However, side effects including
stomach upset, headache, and weight loss may occur if dexametha-
sone is given for a few days. More and more studies have showed
that several natural products also exhibit anti-anaphylaxis and
anti-inflammatory effects on CHS [5]. Naringenin, one of the most
abundant flavonoids in grapefruits and citrus fruits, is known as a
safe natural product with various bioactive effects [6,7]. Previous
studies have reported that naringenin has anti-oxidative,
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anti-inflammatory, and anti-cancer activities [8-10]. Naringenin in-
duces apoptosis in various human cancer cells [11-14]. In the anti-
carcinogenesis assay in vitro, naringenin caused apoptosis via inhib-
iting activity of PI3K and expression of bcl-2 [12,14]. In addition,
naringenin has been reported to suppress anaphylaxis through
inhibiting activation and migration of macrophages. Previous stud-
ies have indicated that naringenin significantly inhibited proinflam-
matory cytokines such as MCP-1, NO, TNF-o in LPS-stimulated RAW
264.7 macrophages [15,16]. Naringenin also showed inhibitory ef-
fects on LPS-induced prostaglandin E2 production and COX-2 activ-
ity in rat peritoneal macrophages [17]. However, its effect on T
lymphocytes is still unclear. Since CHS is known as T cell-mediated
immune response, we suppose the inhibitory effect of naringenin
on the allergic reaction may also relate to T lymphocytes.

In this study, we investigated the effect of naringenin on PCl-in-
duced CHS and the function of T lymphocytes. The underlying mech-
anisms which related to activation and proliferation of T cells were
investigated in detail. Furthermore, we also examined the intracel-
lular signal transduction pathways involved in regulating apoptosis.

2. Materials and methods
2.1. Animals

Female BALB/c mice (6-8 weeks old, 18-22 g) were obtained
from the Experimental Animal Center of Yangzhou University
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(Yangzhou, China). They were maintained with free access to pellet
food and water in plastic cages at 21 2 °C and kept on a 12-h
light-dark cycle. Animal welfare and experimental procedures
were carried out strictly in accordance with the Guide for the Care
and Use of Laboratory Animals (The Ministry of Science and Tech-
nology of China, 2006) and the related ethical regulations of our
university. All efforts were made to minimize animals’ suffering
and to reduce the number of animals used.

2.2. Reagents and antibodies

Naringenin (purity > 98%) was obtained from TCM Institute of
Chinese Materia Medica (Nanjing, China). Cyclosporin A (CsA) was
obtained from Sandoz Ltd. (Basel, Switzerland). Picryl chloride
(PCl) was obtained from Nacalai Tesque Inc. (Kyoto, Japan). 2,4,6-Tri-
nitrobenzenesulfonic acid hydrate (TNBS), 3-(4,5-dimethythiazol-
2-yl)-2,5-diphenylteraz-olium bromide (MTT), and mitomycin C
were obtained from Sigma (St Louis, MO). Dexamethasone was from
Xianju Pharmaceutical Co., Ltd. (Zhejiang, China). Glycylglycin was
obtained from Nanjing Sunshine Biotechnology Co., Ltd. (Nanjing,
China). Annexin V-FITC/propidiumiodide (AV/PI) assay kit for flow
cytometry was from Jingmei Biotech Co., Ltd. (Shenzhen, China).
Fetal bovine serum (FBS) and RPMI 1640 were purchased from
Gibco-BRL (Gaithersburg, MD).

The antibodies used in this study were as follows: mouse
anti-CD3 (NA/LE), mouse anti-CD28 (NA/LE), anti-Bcl-2 (BD
Pharmingen, San Diego, CA), anti-B-actin (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), anti-Akt, anti-phospho-Akt (ser 473),
anti-Bad, anti-Bax, anti-PARP, and anti-cleaved-caspase 3 (Cell Sig-
naling Technology, Boston, MA), peroxidase-labeled anti-mouse
and anti-rabbit antibody (KPL, Gaithersburg, ML).

2.3. Picryl chloride-induced contact hypersensitivity

The picryl chloride-induced contact hypersensitivity was mea-
sured according to the method reported by Fei et al. [18]. BALB/c
mice were sensitized by applying 0.1 ml of 1% picryl chloride
(PCl) in ethanol on the abdomen. Five days later, they were chal-
lenged with 30 pul of 1% PCl in olive oil on the right ear. After
24 h, the left and right ears thickness were measured with an engi-
neer's micrometer (Mitutoyo Co., Tokyo, Japan), respectively. Ear
swelling was evaluated by the difference in thickness between
the right and left ears. Naringenin (5 or 10 mg/kg) was orally
administered for 6 days after sensitization. Control animals with
contact hypersensitivity were given water instead of drugs.

2.4. Cell culture and T cell purification

Mouse lymphocytes were isolated from lymph nodes of BALB/c
mice. T cells were purified according to standard procedures using
Dynal® mouse T cell Negative Isolation Kit (Invitrogen Dynal AS,
Oslo, Norway) via magnetic cell separation. The purity was higher
than 97%. All cells were cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS), 100 U/ml penicillin,
and 100 pg/ml streptomycin at 37 °C in a 5% (v/v) humidified
CO,, incubator.

2.5. Hapten-specific T cell proliferation

The detection was according to the report [18]. Splenocytes,
isolated from BALB/c mice 5 days after sensitization, were treated
with 1.0 mM TNBS (water-soluble analog of picryl chloride) and
25 mg/ml mitomycin C, then incubated at 37 °C for 30 min. After
being washed 3 times in HBSS (containing 0.6% glycylglycin), the
cells were used as stimulator cells (trinitrophenylated spleno-
cytes). Meanwhile, lymph node cells from the above described sen-

sitized mice, which the adherent cells had been removed, were
used as responder cells. The 4 x 10° stimulator cells and 2 x 10°
responder cells were co-cultured for 72 h. Then cell proliferation
was examined by means of MTT assay. The stimulation index (SI)
was calculated as follows:

Stimulation index = ODstimulated cells/ODnonstimulated cells

2.6. MTT proliferation assay

Purified mouse T cells were cultured in 96-well plates at a den-
sity of 3 x 10° cells/well in RPMI 1640 medium (0.2 ml). After
stimulated with anti-CD3 (10 pg/ml) plus anti-CD28 (1 pg/ml),
the cells were treated with or without naringenin for 24 h at
37 °C in 5% CO,, then the cell viability was assessed by MTT assay.
MTT (4 mg/ml in PBS, 20 pul per well) was added to each well. After
4h of additional incubation, remove the culture media, 200 pul
DMSO was added to dissolve the crystals. The absorption values
at 570 nm were determined.

2.7. Flow cytometric analysis

The mouse lymphocytes were from lymph nodes of BALB/c mice
4 days after sensitization. After cultured at 37 °C with or without
1.0 mM TNBS in the presence of drugs for 12 h, the cells were har-
vested and washed twice with cold phosphate-buffered saline
(PBS). Then, the cells were incubated with 2 pl anti-CD69 antibody
(FITC conjugated) for 30 min on the ice before flow cytometric
analysis.

The purified mouse T cells were harvested and washed twice
with cold phosphate-buffered saline (PBS), suspended in 0.5 ml
of 1 x binding buffer. After incubation with 2 pl Annexin V-FITC
and 2 pl PI for 20 min at room temperature in the dark, flow cyto-
metric analysis was carried out.

Data were analyzed by Cell Quest software.

2.8. Semi-quantification of mRNA expression by means of RT-PCR

The lymph node cells from BALB/c mice 4 days after sensitization
were cultured at 37 °C with or without 1.0 mM TNBS in the presence
of naringenin for 6 h before harvest. The purified mouse T cells were
stimulated with anti-CD3 (10 pg/ml) plus anti-CD28 (1 pg/ml), and
then they were incubated at 37 °C in the presence of naringenin for
12 h. After naringenin treatment, the cells were harvested and
washed twice with cold PBS. Total RNA was extracted with TRIzol re-
agent (Invitrogen). The cDNA synthesis reaction was performed
according to standard procedures using ReverTra Ace® kit (Toyobo,
Japan). PCR primer sequences (Invitrogen) were as follows: B-actin,
forward 5'- ACATCTGCTGGAAGGTGGAC and reverse 5'-GGTACCAC
CATGTACCCAGG; IFN-vy, forward 5-CTTCTTCAGCAACAGCAAGGC
GAAAA and reverse 5'-CCCCCAGATACAACCCCGCAATCA; TNF-o, for-
ward 5'-CATCTTCTCAAAATTCGAGTGACAA and reverse 5-TGGG
AGTAGACAAGGTACAACCC; IL-2, forward 5-CTACAGCGGAAGCA
CAGC and 5’-TCCTCAGAAAGTCCACCA. PCR was performed at 94 °C
for 30's, 55 °C for 45 s, and 72 °C for 45 s. The cycling number was
28 for B-actin. Others were 30 cycles. PCR products were electropho-
resed in 1.5% agarose gel and visualized by means of ethidium
bromide staining.

Data were analyzed by BandScan software.

2.9. Western blot

The purified T cells were stimulated with anti-CD3 (10 pg/ml)
and anti-CD28 (1 pg/ml) in vitro. After incubation with or without
naringenin for 24 h, the cells were harvested and lysed. The protein
concentrations were quantified using a BCA protein assay Kit
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(Pierce, Rockford, IL) according to the manufacturer’s specifica-
tions. An equal amount of protein was subjected to electrophoresis
on SDS-PAGE and transferred by electroblotting to a polyvinyli-
dene fluoride membrane. The membrane was incubated with pri-
mary antibody overnight at 4°C, and then incubated with
secondary antibody for 1 h at room temperature. Detection was
performed using a 20x LumiGLO Reagent and 20x Peroxide kit
(Cell Signaling Technology, Boston, MA).

2.10. Statistical analysis

All results represent as means + SD of three independent exper-
iments. Each experiment includes triplicate sets in vitro and eight
animals of each group in vivo. Analysis of variance (ANOVA) was
used to test the difference between groups. And Student’s t test
was used to test the difference between two groups. P < 0.05 was
considered to be significant.

3. Results
3.1. Naringenin suppressed contact hypersensitivity in mice

In order to induce the contact hypersensitivity, the mice were
sensitized with PCl on day 0 and challenged with PCl on day 5.
Naringenin was orally administered every day until the day of sac-
rifice. As shown in Fig. 1A, Naringenin at 5 and 10 mg/kg potently
inhibited the ear swelling in a dose-dependent manner without
obvious side effect. The body and immune organ weights have
no change compared with control (Fig. 1B-D). Dexamethasone as
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a positive drug also showed a strong inhibition. However, it made
the body weight, spleen weight, and thymus weight significantly
decrease (Fig. 1B-D) which indicated its toxicity.

3.2. Naringenin inhibited the proliferation of activated T lymphocytes

As a classic model of T cell-mediated delayed-type hypersensi-
tivity (DTH), contact hypersensitivity (CHS) is considered to associ-
ate with activation and proliferation of T cells. Therefore, the
inhibitory effect of naringenin on CHS may relate to T lymphocytes.
To determine naringenin’s effect on T cells in CHS, the proliferation
of hapten-specific T cell was examined. The stimulation index (SI)
reflecting the antigen-induced T cell proliferation was decreased
after naringenin treatment (Fig. 2A). We also investigated the influ-
ence of naringenin on the proliferation of purified mouse T cells
which were activated with anti-CD3/anti-CD28 in vitro. The results
also showed that naringenin obviously inhibited the activated T
cell amplification (Fig. 2B).

3.3. Naringenin reduced CD69 and cytokines expressions in activated T
lymphocytes

CD69 has served as a marker of T lymphocytes undergoing acti-
vation. It can be triggered by several agents interacting with the T
cell receptor (TCR)/CD3 complex. The results showed that CD69
expression was increased in the hapten-specific T lymphocytes
after 12 h incubation with TNBS (1 mM), and naringenin moder-
ately reduced CD69 expression in activated hapten-specific T lym-
phocytes (Fig. 3A).
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Fig. 1. Effects of naringenin on PCl-induced contact hypersensitivity in mice. The detection of ear swelling (A), body weight (B), spleen weight (C), thymus weight (D). All
drugs were given orally for 6 days after sensitization. Each figure indicates the mean * SD of eight mice (*P < 0.05, **P < 0.01 vs control).
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Fig. 2. Effect of naringenin on T lymphocyte proliferation. (A) The lymph node cells from sensitized mice were activated in an antigen-specific manner and proliferated
in vitro by trinitrophenylated splenocytes. The stimulated hapten-specific T lymphocytes were treated with naringenin (25, 50, and 100 uM) or CsA (1 uM) for 72 h at 37 °C,
and the cell proliferation were assessed by MTT assay. (B) Purified mouse T cells were stimulated with anti-CD3 (10 pg/ml) and anti-CD28 (1 pg/ml). After incubation with
naringenin or CsA for 24 h at 37 °C, the cell viability was assessed by MTT assay. Data represent means + SD of three independent experiments in triplicate (*P < 0.05,
**P < 0.01 vs control).
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Fig. 3. Effect of naringenin on CD 69 (protein level) and cytokines (mRNA level) expressions. The lymph node cells (5 x 10° cells/well) from 4 days BALB/c mice after sensitization
were cultured at 37 °C with or without 1.0 mM TNBS in the presence of naringenin. (A) After incubation for 12 h, CD69 expression was determined by flow cytometry.
Unstimulated cells served as control. (B) Six hours after culture, the lymph node cells were harvested for mRNA detection. (C) The activated T cells were incubated at 37 °Cin the
presence of naringenin for 12 h. The mRNA expressions of IL-2, [FN-y, and TNF-o. were determined by RT-PCR. The band density was quantified by BandScan software. The relative
density of control group (untreated group) is set as 1 unit, and others were compared with control. The data are representative of three independent experiments.

To clarify the mechanism of the anti-proliferation effect of
naringenin in activated T lymphocytes, we examined the expres-
sion of IL-2 by RT-PCR. It is generally accepted that IL-2 promote

T lymphocytes proliferation. Furthermore, we also detected the
production of typical proinflammatory cytokines IFN-y, TNF-o in
the mRNA levels. The results indicated that naringenin inhibited
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the mRNA expressions of IL-2, IFN-y, TNF-a in the activated hap-
ten-specific T cells (Fig. 3B). Additionally, naringenin also showed
similar inhibitory effects on purified T lymphocytes which were
activated with anti-CD3/anti-CD28 (Fig. 3C).

3.4. Naringenin-induced apoptosis in activated T lymphocytes

Apoptosis plays a pivotal role in the normal development and
pathology of a wide variety of tissues [19]. In order to detect the cell
apoptosis, flow cytometric analysis with Annexin V and PI labeling
was used. Our results demonstrated that naringenin apparently in-
duced apoptosis in activated T lymphocytes (Fig. 4A). Cleaved-cas-
pase 3 and PARP, which serve as markers of cells undergoing
apoptosis, were upregulated by treatment of naringenin (Fig. 4B).
Moreover, the expressions of phosphorylated Akt, Bcl-2 which per-
form anti-apoptotic functions obviously decreased in response to
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naringenin (Fig. 4C). Naringenin also enhanced the expressions of
pro-apoptotic Bax and Bad (Fig. 4C).

4. Discussion

In this study, we first examined the effect of naringenin on
PCl-induced contact hypersensitivity (CHS). The results showed
that orally administered naringenin remarkably suppresses the
PCl-induced ear swelling response in CHS. The inhibition ratio is
54.1% in high dose group (Fig. 1A) without any obvious adverse
effect. The body and organ weights have no change compared
with the controls (Fig. 1B-D), suggesting that narigenin is effec-
tive with no apparent toxicity. Meanwhile, the animals after rou-
tine dose of dexamethasone treatment showed obvious side
effects such as body weight loss and immune organ atrophy
(Fig. 1B-D).
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Fig. 4. Naringenin-induced apoptosis in activated T lymphocytes. The purified T cells were stimulated with anti-CD3 (10 pg/ml) and anti-CD28 (1 pg/ml) in vitro. After
incubation with or without naringenin for 24 h, the cells were harvested. (A) The cells were assayed for the percentages of the Annexin V-positive populations. (B,C) Total
cellular proteins (20 pg) were subjected to SDS/PAGE, and the expressions were determined by Western blotting. The data represent three different experiments.
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It is believed that the activation and proliferation of T cells
against an antigen contributed to the inflammatory process in
CHS response. In the experiment of hapten-specific lymphocyte
proliferation, we found that naringenin decreased the cell number
in a concentration-dependent manner (Fig. 2A), indicating that the
activity of naringenin against CHS was due to its limitation of T cell
amplification. It is known that T cell activation requires two sig-
nals. The interaction of TCRaf/CD3 and their coreceptors, CD4
and CD8, with the MHC-peptide complex releases the first signal.
The second signal is a costimulatory signal, usually delivered by
interactions between B7 molecules on DCs and CD28 molecules
on T cells [20]. The anti-CD3/anti-CD28 mAbs are usually used to
activate and expand T lymphocytes by imitating signals 1 and 2.
To evaluate the effect of naringenin on purified T lymphocytes,
we also examined the proliferation of T cells stimulated with
anti-CD3/anti-CD28. The results showed that naringenin remark-
ably reduced the activated T cell amplification (Fig. 2B).

To determine the mechanisms of T cell growth arrest with
naringenin treatment, we first investigated the expression of
CD69 in the hapten-specific T cells. CD69 is recognized as an early
activation marker expressed in T lymphocytes following stimula-
tion. It plays a very important role in regulation of immune func-
tions including the induction of intracellular signaling. Previous
studies indicated that the increased CD69 expression in T lympho-
cytes correlated with T lymphocytes proliferation [21]. Our results
demonstrated that CD69 expression decreased following naringe-
nin treatment in activated hapten-specific T lymphocytes
(Fig. 3A), indicating naringein reduced T lymphocytes amplifica-
tion by inhibiting the activation of T cells. Furthermore, as contact
allergens preferentially induce Th1-predominant responses, the
cytokines IL-2 and IFN-y produced by type-1 cells play pivotal
roles in PCl-induced CHS. IL-2 is considered to promote the activa-
tion and proliferation of T cells, and IFN-y secreted by activated T
lymphocytes contribute to stimulate the macrophages [22]. In
addition, another important proinflammatory cytokine TNF-a is
also involved in CHS response. Pasparakis et al. demonstrated that
TNF-a¢ KO mice have a decreased CHS response [23]. The mRNA
expressions of IL-2, IFN-vy, and TNF-ao are related to T lymphocyte
activation. Our data indicated that naringenin reduced the expres-
sion of IL-2 in the mRNA levels (Fig. 3B and C). Apparent reduction
of this cytokine was found in high concentration group (100 puM).
The results also demonstrated that IFN-y and TNF-a were reduced
by naringenin, suggesting its suppression on T lymphocyte activa-
tion (Fig. 3B and C).

The further investigation about the effect of naringenin on cell
cycles is carried out. However, we did not observe cell cycle arrest
but apoptosis in activated T cells after naringenin treatment (data
not shown). Therefore, to validate the findings, we detected the cell
apoptosis by flow cytometric analysis with Annexin V-FITC/PI
staining. The results confirmed that naringenin induced the acti-
vated T lymphocytes apoptosis (Fig. 4A). Apoptosis plays an impor-
tant role in counteraction of the excessive immune responses. It is
considered as an essential mechanism to eliminate the activated T
cells and maintain immune homeostasis [24]. In our study,
naringenin triggered apoptosis of activated T cells rather than na-
ive T cells. The suppression of the excessive T lymphocytes prolif-
eration may contribute to the therapeutic effect of naringenin on
CHS. Additionally, the expression of PARP and cleaved-caspase 3
were examined. The cleavage of PARP facilitates cellular disassem-
bly and serves as a marker of cells undergoing apoptosis. Caspase 3
is one of the key executioners of apoptosis, and its activated form is
cleaved-caspase 3. Our results indicated that naringenin upregu-
lated the cleavage of PARP and caspase 3 in activated T cells, which
further confirmed the apoptosis induction by naringenin (Fig. 4B).
To study the mechanisms in detail, the Akt pathway and Bcl-2 fam-
ily which have been demonstrated to regulate apoptosis are con-

sidered. Akt exhibits a variety of anti-apoptotic functions. The
activation of Akt signaling promotes cellular growth and survival.
In Bcl-2 family, Bax and Bad are activators, while Bcl-2 acts as an
inhibitor in apoptosis. Our data showed that naringenin apparently
reduce the expressions of phosphorylated Akt and Bcl-2, mean-
while enhance the expressions of Bax and Bad (Fig. 4C).

In conclusion, naringenin potently suppress the immune re-
sponses in CHS by inhibiting proliferation in activated T lympho-
cytes. The growth arrest in T cells induced by naringenin is due
to the inhibition of activation, induction of apoptosis but not cell
cycle arrest. These findings extended our understanding of
naringenin’s effect on CHS, and might provide a new approach to
study the bioactivities of naringenin.
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