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Inula Britannica flower modulates type 1 and type 2 T
cell responses in BALB/c mice
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Abstract

We have already reported that Inula Britannica flower (IB, &% {¥, Xuan-fu-hua) induced Th2 type
cytokines and showed preventive effects on experimental acute hepatitis and autoimmune diabetes in
mice, which had been induced by a Thi-dominant immune response. In the present study, we investigat-
ed the effects of Inula Britannica flower on the production of antibodies against ovalbumin and the
phenotypes of B and T lymphocytes in BALB/c mice. The oral administration of Inula Britannica
flower decreased the production of IgGl in the primary response, but increased the proportion of total
B cells and activated B cells. Inula Britannica flower reduced the proportions of IFN-y-producing cells
in splenic CD4* T lymphocytes and the ratio of IFN-y/IL-4 produced by lymphocytes collected from
an inguinal lymph node of the immunized leg. On the other hand, the intraperitoneal administration of
Inula Britannica flower decreased antibody production and the proportion of IFN-y-producing cells,
and increased B cells, activated B cells and the proportion of IL-4-producing cells. Furthermore, 1B
suppressed the production IFN-9 and IL-6, but induced that of IL-4 from lymph node cells.

These data suggested that Inula Britannica flower increased B cells and activated B cells, suppress-
ing the production IFN-y and increaing that of IL-4, however, 1B also suppressed 1L-6, and the
production of antibodies.

Key words Inula Britannica flower (jg#7t, Xuan-fu-hua), BALB/c mice, cytokine, T helper
(Thl), Th2.

been reported that Kampo medicines are useful in

Introduction

Diseases mediated by the immune system such as
atopic dermatitis and allergies, which are called the
modern sicknesses, have recently show a tendency to
increase caused by the destruction of the environment
and atmospheric pollution.” Hormones are used for
the treatment of these diseases. However, the side~
effects are Serious,z'mand decisive methods of therapy
have not yet been established. Kampo medicines, on
the other hand, seem to have the advantage of being
slightly more effective than hormonal agents, and
they can also be selected according to the constitution
of each patient, and more readily used for long-term
treatment because of fewer adverse effects. It has

clinical practice.””

Inula Britannica flower (IB) is believed to pro-
mote diuresis and decrease edema. The therapy for
atopic dermatitis prescribes that the promotion of
diuresis and decrease of edema 1is indispensable,
according to the theory of Kampo medicine. IB is
expected to be used on the therapy of atopic dermati-
tis. In this study, we investigated the effects of IB on
primary and secondary immune responses, B cells and
the balance between Thl and Th2.

Materials and Methods

Experimental animals : BALB/c female mice
were obtained from Clea Japan (Tokyo, Japan) at 6
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weeks of age, and were provided with commercial
pellets (CE2 Clea Japan) through the whole experi-
ment and tap water ad libitum until the start of the
treatment.

Crude drugs - The flower of Inula Britannica L.
subsp japonica KITAM. was used as Inula Britannica
flower (IB) in present study. IB was obtained from
Uchida Co. (Tokyo, Japan). 100 g of the crude herb
was boiled with 1000 ml of distilled water until the
volume was reduced to 500 ml. The supernatant fluid
was filtered and centrifuged. The yield was 15 % of
the original herb weight. In the orally administered 1B
group (IB(p.o.)), the herbal extract was given as
drinking water continuously for five weeks. The con-
centration of the extract was adjusted to 2.5 g/kg/day
as original herb weight (375 mg/kg/day as extract).
In the intraperitoneally administered IB group (IB
(i.p.)), the herbal extract was given as an intraper-
itoneal injection of 500 mg/kg/day as original herb
weight (75 mg/kg/day as extract) once a week for
five weeks.

Dmmunizations . One week after the beginning of
administration, mice were immunized with 1 ug of
ovalbumin (OVA) emulsified in 20 gl of incomplete
Freund’s adjuvant (FIA) by injection into the footpad.
Two weeks after the first immunization, 50 gl of
blood was collected from the fundus vein, diluted with
200 u1 of PBS(-) containing 100 units/ml heparin, and
centrifuged. The supernatant was collected and stored
at -20°C for assay (primary response). On the next
day of bleeding, mice were boosted with additional
OVA as in the first immunization. Two weeks after
the second immunization, blood was collected from
the trunk, allowed to clot for 1 hour and centrifuged at
1000 x g for 15 min at 4°C. Serum was stored at -20°C
for assay (secondary response).

Antibodies : Antibodies used in this study were
hamster anti-mouse CD3e IgG (145-2C11), hamster
anti-mouse CD28 IgG (37.51), Cy-Chrome (CC) -con-
jugated rat anti-mouse CD4 IgG2a (RM4-5), fluores-
cein isothiocyanate (FITC) - conjugated rat anti -
mouse IFN-y IgGl (XMG1.2), R-phycoerythrin (PE) -
conjugated rat anti-mouse IL-4 IgG2b (BVD4-1D11),
horse radish peroxidase (HRP) - conjugated anti-
mouse IgG2a (R15-19), PE - conjugated rat anti-
mouse CD45R/B220 IgG2a (RA3-6B2), FITC-con-

jugated rat anti-mouse CD25 (IL-2 Receptor, «Chain)
IgM (7D4) monoclonal antibodies (Pharmingen, San
Diego, CA) and HRP-conjugated rabbit anti-mouse
IgGl (Organon Teknika).

Measurvement of antibody production : Anti-OVA
IgG1 and IgG2a antibodies in the serum were mea-
sured by the ELISA method. The 96-well plates were
coated with 4 yug/ml OVA in bicarbonate buffer, pH
9.6, at 4°C. Wells were blocked with 1 9 BSA (Frac-
tion V, Calbiochem) for 2 hours at room temperature.
Diluted serum or plasma was applied to the wells and
incubated for 2 hours at 37°C. Bound antibodies were
detected by incubation with HRP-conjugated anti-
IgG1 or HRP-conjugated anti-IgG2a for 1 hour at 37°C.
These reactions were developed with 2, 2’-azino-bis
(3-ethylbenz-thiazoline-6-sulfonic acid (ABTS) for
0.5 hours and optical density (OD) at 405 nm was read
with a plate reader (BioRad).

Flowceyvtometvic analysis : At autopsy, the spleen
was immediately removed and pressed with slide
glasses in PBS (-). The cell suspension was passed
through #200 a metal sieve and washed three times
with PBS (-). Spleen cells (5X10%ml in PBS(-))
were incubated with 1 gg of FITC-conjugated anti-
CD25 and PE-conjugated anti-CD45R/B220 anti-
bodies for one hour at 4°C. Fluorescence-activated
cells were washed with PBS (-) and analyzed by an
EPICS XL flow cytometer (Coulter Cytometry Co.,
Hialeah, FL). A fluorescence histogram of at least
5,000 counts was collected for each sample.

Cytokine expressions of splenic T lymphocyles
Spleen cells were washed and prepared as described
above, resuspended at 5 X 10%/ml in RPMI1640 medium
containing 10 % fetal calf serum (FCS, Bioscience),
stimulated for 18 h with anti-CD3 (2 gg/ml) and anti-
CD28 antibodies (2 xg/ml) and cultured for the final
6h in a medium containing 3 4M monensin (Sigma).
The cells were stained with 0.5 ug of Cy-Chrome-
conjugated anti-CD4, fixed, permeabilized and then
stained with 0.1 xg of FITC-conjugated anti-IFN-y
and PE conjugated anti-IL-4 antibodies by using a
cell fixation/permeabilization kit (Cytofix/Cytoper-
m, Pharmingen) according to the manufacturer’s
instructions. Fluorescence-activated cells were anal-
yzed by an EPICS XL flow cytometer (Coulter
Cytometry Co., Hialeah, FL). A fluorescence histo-
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gram of at least 5,000 counts was collected for each
sample.

Cytokine production : Lymphocytes were collected
from an inguinal lymph node of the immunized leg.
Lymphocytes were prepared as described above,
washed and resuspended at 2X10° cells/ml in RPMI
1640 medium containing 10 9§ FCS and stimulated
with 1 xg/ml anti-CD3 antibody or 10 xg/ml LPS.
After incubation for 36 hours, the supernatant was
collected, and IFN-y, IL-4 and IL-6 levels in the
supernatant were measured by the ELISA method
using an Immunoassay Kit {Bio Source).

Statistical analysis . Data were analyzed by Stu-
dent’s f-test to determine significance.

Results

Effect on spleen weight

The spleen weights of the control group tended to
increase compared with the intact group. However,
the weights of the group receiving oral IB (IB(p.o.)
group) were significantly suppressed compared with
those of the control group. No effects of intraper-
itoneal administration of Inula IB (IB(i.p.) group)
were observed (Fig. 1).
Effect on production of antibodies in OVA-immunized
mice

The production of IgGl in the primary response
significantly decreased in the IB (i.p.) group and tend-
ed to decrease in the IB (p.o.) group, compared with
control group (Table I). The production of IgG1 and
IgG2a, and the ratio of IgG2a/IgGl, were significantly
decreased in the IB (i.p.) group in the secondary

Spleen/Body weight(mg/g)
[$%]

139

T

Control 1B (p.o.)

Intact

Fig. 1 Effects of Inula Britannica flower on
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the spleen

weight in OVA-immunized mice. In the IB (p.o.) group,
Inula Britannica flower extract was orally administered
at a dose of 375 mg/kg/day as extract continuously for
five weeks, and in the IB (i.p.) group, it was intraper-
itoneally administered at a dose of 75 mg/kg/day once a
week for five weeks. Each value is the meanESE. of 6

mice. # or **: p<0.1 or 0.01 vs. Control.

sociated with B cells, we analyzed B cell phenotypes

in the spleen, using flow cytometry. The proportion of

B lymphocytes (B220*) in the spenic lymphocytes of

the control group did not significantly change compar-

ed with the intact group. Those in the IB (p.o.) group

and the IB (i.p.) group were significantly increased

compared with the control group.

The proportion of activated B cells (CD25B220)
in the splenic lymphocytes of the control group

showed no significant difference from that of the

intact group. Significant increases were observed in

the IB (p.o.) and IB (i.p.) groups compared with the

control group (Fig.2).
The proportion of activated B cells

in total B

response (Table I).
Effect on the B cell phenotvpe

Since the production of antibodies is closely as-

cells showed a tendency to increase in the 1B (p.o.)
group, and a significant increase in the IB (i.p.) group,
compared with the control group (Fig. 2).

Table I Effects of Inula Britannica flower on antibody productions. (Mean+ S.E., n=6)
Primary response Secondary response
IgGl (OD) IgG2a (OD) [gG2a/1gGl IgG1 (OD) [gG2a (OD) IgG2a/lgGl
Control 0.29+0.01 0.52%0.27 1.81+0.92 (0.44+0.01 1.47x0.28 3.30%0.58
IB (p.o) | 0.27x0.01# 0.34%0.18 1.3120.67 0.4530.01 1.29£0.30 2.87+0.66
IB (i.p) 0.25x0.02* 0.32+0.09 1.41%0.41 0.2840.09* 0.61=0.01* 1.44%0.63*

In the IB (p.o.} group. Inula Britannica flower extract was orally administered at a dose of 375 mg/kg/day
consecutively for five weeks, and in the B (i.p.) group, it was intraperitoneally administered at a dose of
75 mg/kg/day once a week for five weeks. * or # different from the control at p <0.05 or 0.1, respectively.
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Fig. 2 Effects of Inula Britannica flower on B cell phenotypes in OVA -immunized mice. In the
IB (p.o.) group, Inula Britannica flower extract was orally administered at a dose of 375 mg/
kg/day as extract continuously for five weeks, and in the IB (i.p.) group, it was intraperitoneal-
ly administered at a dose of 75 mg/kg/day once a week for five weeks. Each value is the
mean+S.E. of 6 mice. #, * or **; p<0.1, 0.05 or 0.01 vs. Control.
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Fig. 3 Effects of Inula Britannica flower on cytokine productions of CD4* T cells stimulated by
anti-CD3/CD28 antibody in OVA-immunized mice. In the IB (p.0.) group, Inula Britannica
flower extract was orally administered at a dose of 375 mg/kg/day as extract continuously for
five weeks, and in the IB (i.p.) group, it was intraperitoneally administered at a dose of 75 mg/
kg/day once a week for five weeks. Each value is the mean =S.E. of 6 mice. #, * or **p <0.1,
(.05 or 0.01 vs. Control.

Effects on the production of cytokines in splenic Th (i.p.) groups, the ratio was significantly reduced
cells compared with the control group (Fig.3).

In the control group. the proportion of IFN-y*
IL-4- cells in CD4* splenic lymphocytes was signifi-
cantly increased compared with that in the intact
group. They significantly suppressed in IB (p.o.)
group and IB (i.p.) group compared with control
group. The proportion of IFN-y IL-4* tended to
increase in the control group compared with that in
the intact group. It was significantly increased in the
IB (i.p.) group compared with the control group (Fig.
3). The ratio of IFN-y*IL-4"/IFN-y IL-4* in the
control group was not significantly different from that
in the intact group. However, in the IB (p.o.) and IB

Effect on production of cvtokines in lymphocytes of
lvmph node

We measured the cytokine production of
lymphocytes from a lymph node stimulated with 1 ug/
ml anti-CD3 antibody. IB (i.p.) tended to decrease
IFN-y production and significantly increased IL-4
production compared with the control group. The
ratio of IFN-y/IL-4 was clearly, but not significantly
reduced in the IB (p.o.) group, and significantly de-
creased in the IB (i.p.) group compared with the
control group (Fig. 4).

We also measured the production of IL-6 in
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Fig. 4 Effects of Inula Britannica flower on cytokine production of lymphocytes stimulated by
anti-CD3 antibody in OV A-immunized mice. In the IB (p.0.) group, Inula Britannica flower
extract was orally administered at a dose of 375 mg/kg/day as extract continuously for five
weeks, and in the IB (i.p.) group, it was intraperitoneally administered at a dose of 75 mg/kg/
day once a week for five weeks. Each value is the mean®S.E. of 6 mice. # or * p<0.1 or 0.05

vs. Control.

lymphocytes from a lymph node stimulated with 5 pg/
m! LPS. IL-6 production in the IB (p.o.) group was
lower than in the control group, but there was no
statistically significant difference. Production tended
to be reduced in the IB (i.p.) group, compared with the
control group (Fig.5).
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Fig. 5 Effects of Inula Britannica flower on IL-6 produc-

tion of lymphocytes collected from an inguinal lymph
node from immunized leg, stimulated by LPS in OVA
immunized mice. In the IB (p.0.) group, Inula Britannica
flower extract was orally administered at a dose of 375
mg/kg/day as extract continuously for five weeks, and in
the [B (i.p.) group, it was intraperitoneally administered
at a dose of 75 mg/kg/day once a week for five weeks.
Each value is the mean£S.E. of 6 mice. #p <0.1 vs. Con-
trol.

Discussion

Inula Britannica flower (IB) as used in Kampo
medicines is composed of the flower heads of several
Compositae plants, such as Inula Britannica L. subsp.
Japonica KITAM. and I. Serrata BUR. var. hupehensis
LING. Chlorogenic acid and caffeic acid, the compo-
nents of IB, promote small intestine peristalsis. 1t
has also been reported that taraxastery acetate, a
component of [B, can protect from experiment hepati-
tis.” It is recently reported that a component extract-
ed from IB has a cytotoxic action against human
cancer cells."”

We have reported that IB showed a preventive
effect against experimental hepatitis induced by
Propionibacterium acnes and lipopolysaccharide
(LPS) in mice.” In that model for human hepatitis, T
cells, especially Thl cells, are essential for the induc-
tion of the final effector cells which are surrogated by
P. acnes priming and LPS boosting.m Our further
study using mice with experimental hepatitis showed
that IB inhibited the IFN-y production of splenic
CD4* T cells in mice in vivo and IL-12 production by
peritoneal macrophages in vitro.” We have also inves-
tigated the effects of IB on autoimmune diabetes and
found that it suppressed the increase of blood glucose,
reduced insulitis and destruction of g-cells and inhib-
ited the increase in IFN-y production of stimulated
splenic T lymphocytes and the increase of IFN-y-
production cells in CD4~* cells.” These data suggest
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that IB may induce a shift of T cell activity from the
Thi to the Th2 type and have a preventive effect on
Thl-dependent experimental hepatitis and autoim-
mune diabetes. However, it is possible that Th2 -like
diseases such as allergy and asthma, may be aggravat-
ed by IB.

Ovalbumin (OVA) is known as an intense allergy
antigen. The induction of cytokine production " and
effects on the balance of Th cells'” have been report-
ed after immunization by OVA. Th2 cells are domi-
nant in BALB/c mice'" and also play a dominant role
in immune sensitization by OVA." Tt is thus consid-
ered that OV A-sensitized BALB/c mice are inclined
to be doubly in Th2 dominant.'” We therefore inves-
tigated the effects of IB on immune responses against
OVA.

In this study, an increase of spleen weight was
observed after OVA immunization. IB inhibited this
increase of spleen weight. IB showed a preventive
effect on spleen swelling induced by OVA immuniza-
tion. Futhermore, we found that IB can reduce the
production of IgGl in the primary response, and of
IgG1 and IgG2a in the secondary response. The ratio
of IgG2a/lgGl was also suppressed, which showed
that the suppression of IgG2a was stronger than that
of IgG1. Ig(G2a production is promoted by IFN-y and
"™ The bal-
ance of 1gG2a/IgG1 can also be seen as the balance of
Th1/Th2. IB may affect this balance.

Since antibody production is closely associated

IgG1 production is promoted by IL-4.

with B cells, we analyzed the B cell phenotypes, using
flowcytometry. The proportions of B cells and
activated B cells were increased by IB.

We investigated the effects of IB on the cytokine
expression of splenic T lymphocytes, using flow
cytometry. IB decreased the proportion of IFN-y*
IL-4- cells, increased that of IFN-y"1L-4* cells, and
reduced the ratio of IFN-y*IL-47/IFN-y IL-4%,
Moreover, we examined the effects of IB on the
production of cytokines in lymphocytes collected from
an inguinal lymph node from the immunized leg. IB
suppressed the production of IFN-y, promoted that
of IL-4 and decreased the ratio of IFN-y/IL-4. 1L-4
is known as a B cell growth factor.”*" IFN-y and IL-
4 restrict each other. IB activated B cells, decreasing

IFN-v and the proportion of IgG2a/IgGl, and increas-

ing IL-4, B cells and activated B cells. All these data
suggest that IB can promote Th2 dominance and are
consistent with the results of antibody production in
the present study and in our previous reports.ﬁ'n

Although IB accelerated the Th2-dominant
response and induced B cell activation, the production
of antibodies was reduced. It was suggested that other
factors might be associated. IL-6 induces antibody
production in B cells.””™ We measured the produc-
tion of IL-6 in lymphocytes from a lymph node
stimulated with 5 gg/ml LPS and confirmed that 1L-6
production was suppressed by IB. [t is considered that
the decrease of antibody production was due to a
decrease in the inducing factor of antibody produc-
tion, in spite of the increase in both B cells and
activated B cells. Though IB induced the production
of Th2 dominant cytokines, and increased B cells, at
the same time it also suppressed IL-6. It was therefore
suggested that IB suppressed the guidance of plasma
cells, and decreased the response of humoral immu-
nity and that Th2-like diseases such as allergy and
asthma may possibly be aggravated by IB.

IB is multicomponent drug, since it is a crude
drug. Although some kinds of active components of IB
have been clarified,x'm it is also reported that some
actions of IB are recognized, but the active compo-
nents have not been determined.”””" The data in this
study showed the possibility that the active principle
of IB is not a single component. In the present study,
we established one dose only, and the administration
for mice was 10-20 times of the dose for human adults.
It is necessary to investigate the doses of 1B relation
to its effects, furthermore all the active components of
IB.
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