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ABSTRACT

Pu-erh tea is one of post fermented tea manufactured through oxidative maturing by microorganisms. We investigated
the preventive effects of pu-erh tea extract on oxazolone-induced type 1V allergy in male (ICR) mice. Oral administra-
tion of 50 mg/kg water extract of pu-erh tea leaves resulted in significant preventive effects against mouse type IV al-
lergy. The hydrophilic Theabrownin-like fraction (TBW-ND), with a high molecular weight of approximately 12,000 or
higher, was prepared from pu-erh tea leaves by a solvent-extraction method, followed by Diaion HP-20 column chro-
matography and dialysis. Oral and percutaneous administrations of TBW-ND at doses of 18.7 mg/kg and 0.037 mg/ear
also resulted in significant preventive effects, which included preventing increases in levels of the proinflammatory
cytokine interleukin-12. The anti-allergic ingredients in TBW-ND were predicted to be highly complex compounds
containing of polyphenols, polysaccharides and/or proteins. The results suggest pu-erh tea leaves could be a beneficial

food for protecting against delayed-type allergy.
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1. Introduction

The increasing incidence of allergic diseases worldwide
has become an important medical problem. Allergies can
be divided into four types, types I-1V, on the basis of
their mechanisms [1]. Type 1V allergy, known as delayed-

type hypersensitivity, is a cell-mediated immune reaction.

Typical symptoms include contact dermatitis induced by
proinflammatory cytokines released from type 1 T helper
(Th1) cells.

Tea is one of the most popular beverages in the world,
and various kinds of tea reflect differences in manufac-
turing processes. Green tea is classified as an unfer-
mented tea, oolong tea as a partially fermented tea, black
tea as a fully fermented tea and pu-erh tea as a post fer-
mented tea. Pu-erh tea is a Chinese tea produced by the
fermentation of green tea leaves with microorganisms
such as Aspergillus species [2]. Pu-erh tea is usually pre-
served for a long period. It is believed that the longer
preservation period is better for the quality of pu-erh tea.
These features of the tea differ greatly from those of
green tea, which is unfermented and is preferably taken
as fresh as possible, Some reports, including our previous
study, showed that pu-erh tea has an hypolipidemic and
antiobesity effects in rat [3-5] and human [6]. These ef-
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fects are the same as those caused by green tea and green
tea catechins [7-10], though the total content of mono-
meric catechins in pu-erh tea leaves is low (ca. 14% of
that in green tea leaves). Black tea leaves also possess
lower levels of catechins, because catechins are oxidized
enzymatically during the fermentation process to produce
antioxidant polymers such as theaflavins, thearubigin and
condensed theabrownins (TBs) [11-13]. Thearubigins,
like catechins and theaflavins, have strong anti-inflam-
matory effects [14], while TBs are strongly oxidized and
hydrophilic rust-brown products. The TB-like compounds
in pu-erh tea leaves are water-soluble, but cannot be dis-
solved in ethyl acetate, n-butyl alcohol or other organic
solvents, and show a significant hypocholesterolemic
effect [13,15,16]. TB-like and thearubigin-like compo-
nents and more polymerized brown pigments are also
examples of polyphenols found in pu-erh tea leaves,
though the total polyphenol content of pu-erh tea leaves
is only about 54% that of green tea leaves [17].

We previously reported that an extract of green tea,
catechins and their O-methylated derivatives in green and
oolong tea leaves, theaflavins, dimers of catechins in
black tea leaves and the C-2 epimers of catechins in tea
infusions could prevent oxazolone-induced mouse ear

FNS



Inhibitory Effects of Pu-erh Tea Leaves on Mouse Type IV Allergy 395

edema [18-20]. These anti-allergic activities of tea cate-
chins and theaflavins were thought to be due to their
anti-inflammatory activities including antioxidant func-
tions [21] and the inhibitory effects on the differentiation
and proliferation of effector T cells [22].

There is currently no information on the anti-allergic
effects of pu-erh tea; therefore, we investigated whether
pu-erh tea leaves and their components protected against
oxazolone-induced mouse type IV allergy. We also de-
termined the effects of pu-erh tea leaves on cytokine lev-
els in the ears of allergic mice.

2. Materials and Methods
2.1. Reagents and Tea Samples

Oxazolone(4-ethoxymethylene-2-phenyl-2-oxazolin-5-one)
was purchased from Sigma-Aldrich Chemical Co. (Mil-
waukee, WI) and used as a sensitizer for type 1V allergy.
(-)-Epigallocatechin-3-O-gallate (EGCG) was purchased
from Kurita Co. (Tokyo, Japan). Other chemicals used
were of reagent grade.

The leaves of pu-erh tea and green tea (Yabukita cul-
tivar) were purchased from a Chinese tea specialty store
and supermarket in Japan, respectively. Water extracts of
pu-erh tea leaves (PTE) and green tea leaves (GTE) were
prepared as follows: tea samples (100 g) were extracted
in 1.0 L of water at 70°C for 30 min and passed through
filter paper. The filtrates were lyophilized, and PTE and
GTE were obtained.

2.2. Fractionation of Tea Extract

A TB-like fraction of pu-erh tea was prepared according
to the method of Gong et al. [13,15] with minor modify-
cation. Briefly, pu-erh tea leaves (160 g) were extracted
with methanol for 52 h and the methanol extract was
discarded. The residue of tea leaves was extracted twice
with distilled water for 3 h at 100°C and filtered. The
resulting aqueous extract was washed with chloroform
for 20 h, ethyl acetate for 8 h and n-butanol three times,
and the extract solutions were discarded. The residual
aqueous solution was lyophilized and resolved in 400 mL
of water. This solution was precipitated by 1.6 L ethanol,
and the insoluble material lyophilized to obtain a TB-like
fraction. This fraction was further fractionated by column
chromatography with Diaion HP-20, a porous polymer
gel (Mitsubishi Chemical Co. Tokyo, Japan). The size of
the column was 3.2 x 13 cm. The aqueous solution of a
TB-like fraction of 2.0 g was applied to the column, eluted
first with 1.0 L water (producing TBW) and a second
time using 50% (v/v) methanol aqueous solution (pro-
ducing TBM). The eluates were then lyophilized. TBM
was slightly lipophilic, while TBW showed no lipophilic-
ity. The aqueous solution of TBW was further dialyzed
against an appropriate volume of water with a cellulose
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tube (exclusion molecular weight ca. 12,000, Wako Pure
Chem. Ind., Osaka, Japan). The dialysate and non-dialysate
were lyophilized as TBW-D and TBW-ND, respectively.
The preparation procedure is shown in Figure 1.

2.3. Mouse Type IV Allergic Model

Oxazolone-induced edema of the mouse ear was used as
a model of type 1V allergy [23,24]. The sensitizer oxa-
zolone was purchased from Wako Pure Chem. Ind. Male
imprinting control region (ICR) mice, 4 weeks old, were
purchased from Japan SLC, Inc. (Shizuoka, Japan). The
hair of the mouse abdominal region was carefully shaved,
and 0.1 mL of 0.5% oxazolone solution in ethanol was
applied to the skin (sensitization). Five days after sensi-
tization, 20 pL of 0.5% oxazolone solution in acetone
was applied to both sides of the right ear of each animal
(challenge). Twenty-four hours after the challenge, the
mice were sacrificed under ether anesthesia, and circular
parts (5.0 mm in diameter) were removed from both ears
using a punch. The weight of the right and left ears (WR
and WL, respectively) were measured, and the ear swell-
ing ratio was calculated using the following equation:

Ear swelling ratio (%)
{(WRsample — WLsample)/WLsample}

X
{(WRcontrol - WLcontrol ) /WLcontrol}

For oral administration, samples prepared from pu-erh
and green tea leaves, EGCG and hydrocortisone were
dissolved in 0.5% tragacanth gum solution, and 10 - 200
mg/kg was administered 1 h prior to the challenge. Hy-
drocortisone, a well-known steroid-type anti-inflamma-
tory agent, was used as a positive control. Mice in the
“Allergy” group were administered only 0.5% tragacanth
gum solution. The body weight of mice in this experi-
ment was 23.2+1.5g.

[ Pu-erhtea(160g) |

[ TBHike fraction (15g) |
Diaion HP-20 column (3.2 x 13cm)

Elute with 50% methanol, 1L
as TBM (3.29)

Elute with water, 1L
as TBW (7.6 g)

Dialyze with seamless cellulose tube
{Molecular size : ca 12,000; Wako Pure Chem.Ind,Ltd.)

Dialysate Non-dialysate
(below Mw 12,000) {over Mw 12,000)
as TBW-D (4.8g) as TBW-ND (2.8g)

Figure 1. Preparation and fractionation of theabrownin
(TB)-like fraction from pu-erh tea leaves. *TB-like fraction
was prepared as described in method section.
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For percutaneous administration, samples prepared
from pu-erh tea leaves and hydrocortisone were dis-
solved in oxazolone/acetone solution for the challenge
and administered at doses of 0.037 - 0.2 mg/ear. Mice in
the “Allergy” group were administered only the solvents
used for dissolution of the samples. The body weight of
mice in this experiment was 22.4 + 2.6 g.

The number of mice in each group was 5. Throughout
the experiment, the animals were handled in accordance
with The Guide for the Animal Experiments in Numazu
National College of Technology, which is based on “Fun-
damental Guidelines for Proper Conduct of Animal Ex-
periment and Related Activities in Academic Research
Institutions”, under the jurisdiction of the Ministry of
Education, Culture, Sports, Science and Technology of
Japan.

2.4. Determination of Interleukin-12 Levels in
Mouse Ears

The levels of interleukin(IL)-12 in mouse ears were de-
termined by an enzyme-linked immunosorbent assay
(ELISA) using a Mouse IL-12 Platinum ELISA kit
(Bender MedSystems, Vienna, Austria).

2.5. Determination of Polyphenol Contents and
Related Compounds in Tea Samples

The total contents of polyphenols including catechins and
condensed tannins in PTE and GTE were determined by
Folin-Denis’ colorimetric method. Values were expressed
as equivalent to ethyl gallate [25]. The levels of com-
pounds consisting of catechin-based chemical structures
in PTE, GTE, TBW, TBM, TBW-D and TBW-ND were
assayed by a fluorometric method [26]. Fluorescence
intensities of 0.1 mg/mL aqueous solutions were deter-
mined at an excitation wave length of 288 nm and an

emission wave length of 319 nm, which was a specific
fluorometric characteristic of the catechin structure.

2.6. Statistics

Differences between the appropriate experimental groups
were analyzed by one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test. P-values
of <0.05 were considered statistically significant.

3. Results and Discussion
3.1. Fractionation of Pu-erh Tea Extract

PTE and GTE yields from tea leaves were 26.0% and
17.3%, respectively. As shown in Figure 1, the yields of
the TB-like fraction, TBM, TBW, TBW-D and TBW-ND
were 9.4%, 2.0%, 4.8%, 3.0% and 1.8%, respectively.
Previous yields of TB in black tea were reported as 4% -
9%, while those of TB-like fractions in pu-erh tea were
10% - 14% [15]. Thus, the present TB-like fraction yield
almost matched the previously reported range.

3.2. Effects of PTE Oral Administration on
Mouse Type IV Allergy and IL12 Ear Levels

The preventive effects of PTE oral administration against
type IV allergy in ICR mice were compared with those of
GTE and EGCG (Figure 2(a)). The administration of
hydrocortisone and EGCG strongly suppressed the aller-
gic reaction at doses of 100 and 50 mg/kg, respectively.
The administration of 50 mg/kg PTE and GTE also sig-
nificantly prevented mouse type 1V allergy, though no
efficacy was observed following the administration of 10
mg/kg PTE. The effects of PTE oral administration on
IL-12 levels in the ears of mice with oxazolone-induced
type 1V allergy were compared with those of GTE and
EGCG (Figure 2(b)). Ear IL-12 levels rose significantly

Normal - [ b k%

Allergy |- T
Hydrocortisone 100 mg/kg BW [k *x 1 xx
PTE10mgkg BW [ I
PTES0 mg/kg BW [ = —
GTES0mg/kg BW |1 * 1 oxx
EGCG 50mg/kg BW :l- oK :|.. o
0 50 100 150 O 20 40 60 80

Ear swelling ratio (%)

(@) (b)

IL-12 Levels in ear (pg/mg)

Figure 2. Preventive effects of oral administered pu-erh tea water extract on mouse type 1V allergy. (a) Ear swelling ratio (%6);
(b) Interleukin-12 levels in ear (pg/mg). Mean + SE. n = 5. Significant differences from “Allergy” group; *P < 0.05, **P < 0.01.
PTE, water extract of pu-erh tea; GTE, water extract of green tea; EGCG, (-)-epigallocatechin gallate.

Copyright © 2012 SciRes.

FNS



Inhibitory Effects of Pu-erh Tea Leaves on Mouse Type IV Allergy 397

in mice with severe allergic symptoms, such as inflame-
mation, compared with normal mice. However, the oral
administration of 100 mg/kg hydrocortisone or 50 mg/kg
PTE, GTE and EGCG significantly prevented this in-
crease in mouse ears.

These preventive activities on the increase of IL-12
levels in mouse ears accorded with those on mouse type
IV allergic symptoms. IL-12 is secreted by macrophage-
like antigen presenting cells and induces differentiation
of naive T cells into Thl cells. Our results therefore in-
dicate that infusions of pu-erh tea leaves could be used in
the same way as those of green tea leaves to prevent type
IV allergies. The suppressive effect of PTE on the induc-
tion of proinflammatory cytokines is thought to contrib-
ute to the prevention of type IV allergies in mice.

We previously reported that pu-erh tea leaf compo-
nents were of higher molecular weight than components
of other kinds of tea leaves, had a low content of mono-
meric catechins, retained their polyphenolic properties
and were comparatively highly hydrophilic [17]. The
PTE polyphenol content was 27.4% + 0.7% (w/w) as
ethyl gallate equivalents, while that of GTE was 49.5% *
1.0% (w/w). Pu-erh tea also includes brown pigments
like thearubigin and TB [15-17]. Black tea thearubigin
consists of a mixture of polyphenols, amino acids and
polysaccharides and has a molecular weight of 700 -
40,000 [27]. Black tea TB is formed by further polym-
erization of theaflavins, thearubigin and other polyphe-
nols [11]. The TB-like fraction of pu-erh tea leaves con-
sists of 3.54% conjugated polysaccharides and 12.1%
conjugated proteins [15]. In the present study, we hy-
pothesized that polyphenol complexes such as the TB-like
fraction would be the main active components responsi-
ble for the anti-allergic effects of pu-erh tea leaves. We
therefore analyzed the effects of fractions prepared from
TB-like fractions of pu-erh tea leaves.

3.3. The Effects of Orally Administered
Fractions Prepared from the TB-like
Fraction of Pu-erh Tea Leaves

The effects of the oral administration of TBM, TBW,
TBW-D and TBW-ND against type 1V allergy in ICR
mice are shown in Figure 3(a). The non-lipophilic TBW
and slightly lipophilic TBM fractions, separated by a
Diaion HP-20 column, were administered at 50 mg/kg.
TBM showed no preventive effects while TBW signifi-
cantly prevented the development of allergic symptoms.
Indeed, TBW showed dose-dependent preventive effects
against mouse type IV allergy at doses of 50, 100 and
200 mg/kg. As the yield of TBW from pu-erh tea leaves
was approximately twice as high as that of TBM, we
hypothesized that it is the main active fraction responsi-
ble for the anti-allergic effects of the TB-like fraction of
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pu-erh tea leaves.

Since an efficient anti-allergic effect was observed
following the administration of TBW, it was dialyzed
further to obtain a lower molecular weight fraction,
TBW-D, and a higher molecular weight fraction, TBW-
ND. The exclusion molecular weight was approximately
12,000. We examined the effects of an oral administra-
tion of TBW-D and TBW-ND at doses equivalent to
those yielded from 50 mg TBW/kg body weight, 31.3
and 18.7 mg/kg body weight, respectively. Only TBW-
ND administration produced a significant anti-allergic
effect. For this reason, it appears that one of the main
active components responsible for the anti-allergic ef-
fects of pu-erh tea leaves is a hydrophilic ingredient with
a molecular weight of about 12,000 or higher.

The effects of an oral administration of TBM, TBW,
TBW-D and TBW-ND on IL-12 levels in the ears of
mice with oxazolone-induced type IV allergy are shown
in Figure 3(b). Similar to the effects on mouse allergic
symptoms, the administration of 50 mg/kg TBM and
31.3 mg/kg TBW-D had no preventive effects on the
increase in IL-12 levels. However, TBW showed dose-
dependent preventive effects at doses of 50, 100 and 200
mg/kg. The administration of 18.7 mg/kg TBW-ND also
significantly suppressed the IL-12 increases. The anti-
allergic effects of orally administered TBW and TBW-
ND could therefore partly be caused by their suppressive
effects on IL-12 increases in mouse ears.

3.4. The Effects of Percutaneously Administered
Fractions Prepared from the TB-Like
Fraction of Pu-erh Tea Leaves

As some fractions prepared from the TB-like fraction of
pu-erh tea leaves showed preventive effects on mouse
type IV allergy, we next determined whether the direct
application of these fractions on mouse ears could pre-
vent contact dermatitis. The effects of the percutaneous
administration of TBM, TBW, TBW-D and TBW-ND
against type IV allergy in ICR mice are shown in Figure
4(a). TBM administration resulted in no preventive ef-
fects against mouse type IV allergy at doses of 0.1
mg/ear, though the administration of TBW significantly
prevented contact dermatitis at the same dose. Moreover,
a dose-dependent preventive effect was observed fol-
lowing TBW administration at doses of 0.1 and 0.2
mg/ear. No preventive effect was observed following
0.05 mg/ear TBW administration. When TBW-D and
TBW-ND were percutaneously administered at doses
equal to those yielded from 1.0 mg TBW/ear, 0.063 and
0.037 mg/ear, respectively, only TBW-ND showed sig-
nificant anti-allergic effects. This is consistent with our
earlier finding regarding oral administration that a hy-
drophilic ingredient of molecular weight over ca. 12,000

FNS



398 Inhibitory Effects of Pu-erh Tea Leaves on Mouse Type IV Allergy

Allergy _" _
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TBW50 mglkg BW f——H x I—
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Figure 3. Preventive effects of oral administered fractions prepared from TB-like fraction of pu-erh tea on mouse type IV
allergy. (a) Ear swelling ratio (%); (b) Interleukin-12 level in ear (pg/mg). Mean + SE. n = 5. Significant differences from
“Allergy” group; *P < 0.05, **P < 0.01. TBM, methanol eluate of TB-like fraction through Diaion HP-20 column; TBW, wa-
ter eluate of TB-like fraction through Diaion HP-20 column; TBW-D, dialysate of TBW; TBW- ND, non-dialysate of TBW.

Allergy

Hydrocortisone 0.1 mg/ear
TBM 0.1 mg/ear

TBW 0.05 mg/ear

TBW 0.1 mg/ear

TBW 0.2 mg/ear

TBW-D 0.063 mg/ear

TBW-ND 0.037 mg/ear

0 50

Ear swelling ratio (%)

@ (b)
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IL-12 Levels in ear (pg/mg)

Figure 4. Preventive effects of percutaneously administered fractions prepared from TB-like fraction of pu-erh tea on mouse
type 1V allergy. (a) Ear swelling ratio (%); (b) Interleukin-12 level in ear (pg/mg). Mean £ SE. n = 5. Significant differences
from “Allergy” group; *P < 0.05, **P < 0.01. TBM, methanol eluate of theabrownin-like fraction through Diaion HP-20 col-
umn; TBW, water eluate of theabrownin-like fraction through Diaion HP-20 column; TBW-D, dialysate of TBW; TBW-ND,

non-dialysate of TBW.

appears to be one of the main active components.

The effects of the percutaneous administration of TBM,
TBW, TBW-D and TBW-ND on IL-12 levels in the ears
of mice with oxazolone-induced type IV allergy are
shown in Figure 4(b). Fluctuations in 1L-12 levels within
mouse ears were in accordance with ear swelling ratios
between groups. The significant lowering effects of per-
cutaneously administered TBW at doses of 0.1 and 0.2
mg/ear and TBW at 0.037 mg/ear are thought to contrib-
ute to their anti-allergic effects. In both cases of oral and
percutaneous administration, the active fractions of pu-erh
tea leaves and their partial mechanisms of anti-allergic
effects appeared to be similar.

Fluorescence intensities were determined by the levels
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of compounds containing catechin-based chemical struc-
tures from aqueous solutions of GTE, PTE, TBM, TBW,
TBW-D and TBW-ND (Figure 5). GTE contained more
catechin-based compounds than PTE, and TBW con-
tained more than TBM, which mirrored the differences in
intensity of their anti-allergic effects. However, the level
of catechin-based compounds in PTE was higher than
that of TBW, even though the anti-allergic effect of PTE
was weaker than TBW. The same was true for TBW-D
and TBW-ND which showed higher catechin-based com-
pound levels but weaker anti-allergic effects. These re-
sults suggest that particular polyphenols and other un-
known components are involved in the preventive effects
of PTE, TBW and TBW-ND on mouse type IV allergy.
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Figure 5. Fluorescence intensities of aqueous solutions (0.1
mg/mL) of fractions prepared from pu-erh and green tea
leaves as the levels of compounds consisting of cate-chin-
based chemical structures. Data are represented as means
of duplicate measurements using each fractionated sample.

We confirmed that the content of EGCG, a major mo-
nomeric catechin in tea leaves, was very low in TBW, at
0.001% (w/w). In addition to polyphenols, saponins and
polysaccharide complexes such as glycoproteins are
known anti-allergic components of green tea leaves
[28,29]. The molecular weight of saponins and glyco-
proteins in tea leaves is about. 1300 and 110,000, re-
spectively. The anti-allergic ingredients in TBW-ND
from pu-erh tea leaves could therefore be predicted to be
highly complex compounds consisting of polyphenols,
polysaccharides and/or proteins. Further investigations
about several partial chemical structures of the ingredi-
ents in TBW-ND from pu-erh tea leaves would be avail-
able to clear their whole chemical structures like as the
study for the determination of chemical structures of
condensed tannin in persimmon (Diospyros kaki) [30].

4. Conclusion

Oral and percutaneous administrations of pu-erh tea in-
fusions and the highly hydrophilic high molecular weight
fraction TBW-ND showed potent preventive effects on
oxazolone-induced type IV allergy in male ICR mice, at
least partially through inhibiting the production and/or
release of IL-12 from macrophages. TBW-ND is a spe-
cific component of pu-erh tea leaves and its active com-
ponents appear to be complexes consisting of catechins,
polysaccharides and/or proteins. Our findings suggest
that pu-erh tea leaves could be a beneficial food for pro-
tecting against type 1V allergy contact hypersensitivity.
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