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AbstractAbstractAbstractAbstractAbstract

AIM: To explore the effect of Gui Zhi decoction on enteric

mucosal immune in type II collagen-induced arthritis (CIA)

in DBA mice.

METHODS: Eighty DBA/1, weighing 18-22 g, were
randomly divided into four groups with 20 in each group:

control group, CIA group, treatment groups at high dosage

and low dosage (GZH and GZL). CIA was induced by
immunization with type II collagen (CII) emulsified with

equal complete adjuvant at 0.1 mg CII each mouse. Blood

lymphocyte suspension was screened for CD4 and CD8
expression using a flow cytometry, the CD4 and CD8 and

secretory IgA (sIgA)-positive cells in enteric lamina propria

tested with immunohistochemical staining. Tumor necrosis
factor-alpha (TNF-α), interleukin-1 (IL-1)-β, and IL-6

concentrations in serum were assayed with RIA.

RESULTS: Gui Zhi decoction can lower the arthritic scores

and decrease the occurrence of arthritis. The CD4, CD8,

and sIgA-positive cells in CIA mice are less than in control
mice, and in Gui Zhi decoction at high dosage could restore

the lowered CD4- and CD8-positive cells in lamina propria,

and at both high and low dosages could increase the
lowered sIgA-positive cells in lamina propria, even still

lower than in normal mice. In periphery, the CD4 cells in

periphery are higher in CIA mice than in control mice,
and Gui Zhi decoction at high and low dosages could

decrease the CD4 and CD8 cells. Also, Gui Zhi decoction

at high dosage could decrease the IL-6 and TNF-α
concentration in serum.

CONCLUSION: Gui Zhi decoction can lower the arthritic
scores and decrease the incidence of CIA in mice, and

the mechanism is in part regulating enteric mucosal
immune.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Mucosal immune system is an integrated network of tissues,
lymphoid and constitutive cells and effector molecules
characterized by production of secretory IgA (sIgA), Th1-
and Th2-type CD4 T-lymphocytes responses and CD8 CTL
responses. It functions through protecting the host from
infection of the mucous membrane surfaces, on the other
hand, it can induct tolerance to the antigen in the food, and
now it has become the focus of more and more scientists[1,2].

Gui Zhi decoction is a classical herbal preparation, and
functions as regulating Ying and Wei in traditional Chinese
medicine. It is commonly used as one of the therapies of
rheumatic arthritis and rheumatoid arthritis[3]. While how
the Gui Zhi decoction works in anti-rheumatic effect and how
the enteric mucosal immune is involved in the mechanism
is less clarified.

Collagen-induced arthritis (CIA) is a common animal
model for auto-immune disease, special for the research on
rheumatoid arthritis, since its pathology and immunology is
similar to that in human rheumatoid arthritis[4]. In this paper,
the effect of Gui Zhi decoction on enteric immune in CIA
mice was explored.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Animals
Total 80 DBA/1 mice, male, 8-10-wk old with a mean
weight of 18-22 g were purchased from Research Institute
of Experimental Animals, Chinese Academy of Medical
Science. Mice were randomly divided into four groups in
average: control group, CIA group, treatment groups at high
dosage and low dosage (GZH and GZL). Mice were housed
in a temperature-, humidity- and light-controlled environment
with free access to rodent chow and water. The light-dark
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cycle was 12:12 h with the light phase from 06:00 a.m. to
18:00 p.m. The rodent license of the laboratory (No.
SCXK11-00-0006) was issued by National Science and
Technology Ministry of  China.

Induction of CIA and evaluation of arthritis
Soluble pure type II collagen (CII) was from Dr. Rikard
Holmdahl (Lund University, Sweden) and complete adjuvant
was purchased from Sigma Corporation, USA. CIA was
induced by II collagen, dissolved in 0.1 mol/L acetic acid
(2 mg in 1 mL) emulsified with equal complete adjuvant
and 0.1 mol/L acetic acid. Each rat in CIA group and
treatment group was immunized by injection of mixture
(containing 0.15 mg CII) under fur skin at the left sole of
the foot. Starting from 14th d after immunization, the degree
of arthritis was examined every 2 d. The severity of arthritis
was represented as mean arthritic index on a 0-4 scale
according to the following criteria: 0 = no edema or swelling;
1 = slight edema and erythema limited to the foot and/or
ankle; 2 = slight edema and erythema from the ankle to the
tarsal bone; 3 = moderate edema and erythema from the
ankle to the tarsal bone; and 4 = edema and erythema from
the ankle to the entire leg. Each limb was graded, and thus
the maximum possible score was 16 for each animal. A rat
or mice with a score of 1 or more was regarded as arthritic.

Treatment of CIA with Gui Zhi decoction
Gui Zhi decoction recipe was a classical one, and consists
of Ramulus Cinnamomi, Radix Paeoniae Alba, Rhizoma
Zingiberis Recens, and Fructus Jujubae at the ratio of 10:
10:7:10:10. The herbal mixtures were extracted by boiling
water to the concentration at 1 g/mL. The dosage in GZH
was at 30 g/kg (body weight) and in GZL at 8.75 g/kg. All the
agents were orally administered in a volume of 0.8 mL/mouse.
The animals in normal group and CIA group were administered
with the same volume of saline. The admini-strations were
conducted that started from 2 wk after the immunization,
once a day and lasted for 4 wk.

Immunohistochemistry
The CD4-, CD8- and sIgA-positive cells in enteric lamina
propria were tested by immunohistochemical staining
method with the test kits. The staining process referred to
the manuals for the products. Briefly, on d 36, animals
were euthanized under anesthesia, and the mid-section of
small intestine were removed and fixed in 10% paraformaline,
embedded in paraffin, sectioned at 5 µm, then ice acetone
fixed for 10 min. The first antibodies were rabbit anti-rat
antibodies, and the second antibodies were goat anti-rabbit
antibodies, and the samples were stained with DAB (Sigma,
USA) and counterstained with hematoxylin. The positive
granules can be observed. The positive granule averages
of three samples (6 scopes in each sample) from Q-win
DC100 image analysis were used for further statistical
analysis.

Peripheral lymphocyte preparation and flow cytometry
The blood was sampled before the animals were killed, and
suspended in tubes containing 25 µL heparin (5 000 IU/mL).
The erythrocytes were lyzed in a buffer containing 0.84%

NH4Cl at pH 7.4 for 3-5 min. The remaining cells were
then washed twice in saline. After washing in saline, the
cells were resuspended and fixed in 500 µL saline. Blood
lymphocyte suspension was screened for CD4 and CD8
expression using a flow cytometry. The mAbs used for CD4
staining were R-Phycoerythrin-conjugated OX-38 (BD
Biosciences Pharmingen) and CD8a staining were Peridinin
Chlorophyll-a Protein-conjugated OX-8 (BD Biosciences
Pharmingen). Each sample of  0.1 mL peripheral lymphocyte
or PP single-cell suspension was incubated for 30 min at 4 
in the dark, with a solution consisting of 6 µL 0.01 mol/L
PBS and an appropriate concentration of antibodies. After
washing in saline, the cells were resuspended and fixed in
500 µL saline. The cells were then analyzed on a FACSort
using the CellQuest software (Becton-Dickinson).

Radioimmune assay
Tumor necrosis factor-alpha (TNF-α), IL-1β, and IL-6
concentrations in serum were assayed using mouse cytokine
RIA test kits (Wuhan Boster Biotech Inc., China). The assay
was performed in duplicate according to the manufacturer’s
recommended procedures. The results of the radioactivity
count were recorded by an automatic Gamma counter (SN-
695B), and expressed as mean±SE of individual rat.

Statistical analysis
Using SPSS 10.0 software, ANOVA was used to determine
significance in the data set. Student-Newman-Keuls test was
employed for variables between both groups when equal
variances assumed and Dunnett’s t-test for equal variances
not assumed.

RESULRESULRESULRESULRESULTSTSTSTSTS

Scores and incidence changes in different groups
Figure 1A shows the changes of arthritic scores in CIA
group and Gui Zhi decoction-treated groups. Figure 1B
shows the changes of arthritis incidence, and there is a
significant difference in CIA group and Gui Zhi decoction-
treated groups. These results demonstrate that Gui Zhi
decoction can significantly lower the arthritic scores and
decrease the occurrence of arthritis.

Expression of CD4-, CD8- and sIgA-positive cells in enteric
lamina propria
The positive expression of CD4, CD8, and sIgA were shown
as brown granules in the sections. Most of CD4-positive
lymphocytes and sIgA-positive cells were located in lamina
propria, and majority of CD8-positive lymphocytes were
located in epithelial surfaces. Table 1 shows the positive-
stained granules from six scopes under microscope, which
represents the numbers of CD4- and CD8-positive cells.
The results demonstrate that the CD4- and CD8-positive
cells in lamina propria in CIA mice are less than in control
mice, and in Gui Zhi-decoction-treated mice at high dosage
and they are similar to that in the control mice. The results
suggest that the enteric mucosal immunity to some extent
was inhibited in CIA mice, and Gui Zhi decoction at high
dosage could recover the mucosal immunity.

Table 2 shows that the sIgA-positive cells in lamina
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propria in CIA mice are less than in control mice, and in
Gui Zhi-decoction-treated mice they are similar to that in
the control mice, but still lower than in control mice.

The results suggest that the enteric mucosal immunity
was inhibited in CIA mice by showing decrease of the CD4
and CD8 cells in enteric lamina propria, and Gui Zhi
decoction could recover to some extent the CD4-, CD8-
and sIgA-positive cells in lamina propria, and further might
recover the inhibition role of mucosal immunity.

CD4 and CD8 cells in periphery
Table 3 shows that the CD4 cells in periphery are higher in
CIA mice than in control mice, the CD8 cells in CIA mice
are similar to those in control mice. In the mice treated
with Gui Zhi decoction at high and low dosages, CD4 and
CD8 cells decrease.

Changes of IL-6, IL-1βββββ, and TNF-ααααα in serum
Table 4 shows that the IL-6, IL-1β, and TNF-α concentrations
are higher in CIA mice than in control mice, and after being
treated with Gui Zhi decoction at high dosage, the IL-6 and
TNF-α concentration decrease comparing to the concentrations
in CIA mice.

Table 4  Changes of IL-6, IL-1β, and TNF-α in serum

Group    n IL-6 (ng/mL) IL-1β (ng/mL) TNF-α (fmol/mL)

Control    10  0.331±0.027   0.133±0.048        6.528±0.991
CIA    10  0.432±0.064b   0.206±0.034b        7.835±0.992b

GZH    10  0.333±0.033d   0.150±0.027        6.383±1.301d

GZL    10  0.423±0.081   0.177±0.060        6.592±0.500

bP<0.01 vs control; dP<0.01 vs CIA.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Lymphoid tissue in the human body is associated with the
mucosal system. Mucosa-associated lymphoid tissue includes
gut-associated lymphoid tissue, bronchial/tracheal-associated
lymphoid tissue, nose-associated lymphoid tissue, and
vulvovaginal-associated lymphoid tissue, as the first barrier
of the human body, protects the body from antigens entering
along mucosal surfaces[5]. Functional disturbance of mucosal
system may lead to autoimmune diseases or downregulation
of immune function[6,7], which has some similarity with the
function of  “Ying and Wei” in traditional Chinese medicine.

The gastrointestinal mucosa is a vast interface between
the body and the environment; it is the main entry site for
many environmental antigens. The influx of multiple
antigens through the gastrointestinal mucosa usually results
in tolerance. High-dose tolerance is due to T cell deletion
or anergy, whereas low-dose tolerance involves activation
of TGF-β producing Th2 or Th3 cells. This intolerance
effect has been used to try to induce oral tolerance. For
instance, pre-treatment with oral bovine type II collagen
has proved capable of modulating several models of
experimental polyarthritis. Arthrit is  severity was
considerably reduced[8]. Nasal admin istration of 10 µg of
CII 15 times had the most prominent suppressive effects,
reducing disease incidence by 50% and inhibiting both
CII-specific IgG antibody and DTH responses[9].

The enteric immune cells could be considered to be the

Figure 1  Arthritic scores in the different days after the immunization with CII.
From the d 34 after the immunization, the arthritic scores were decreased in the
mice treated with Gui Zhi decoction at both high dosage and low dosage (A);

Incidence of CIA in different groups of mice. Gui Zhi decoction could lower the
incidence of CIA (B).

Table 1  CD4 and CD8 cells in enteric lamina propria

Group  n CD4 positive CD8 positive

Control 20 492.7±156.7 446.5±122.5
CIA 20 337.5±101.6a 272.8±165.6a

GZH 20 491.8±58.6c 443.9±58.9c

GZL 20 410.1±131.4 338.4±131.4

aP<0.05 vs control; cP<0.05 vs CIA.

Table 2  sIgA-positive cells in lamina propria

Group  n              sIgA-positive cells

Control 20 607.4±203.45
CIA 20 261.5±50.29c

GZH 20 403.2±157.47a,e

GZL 20 367.8±103.4a,e

aP<0.05 vs control; cP<0.05 vs control; eP<0.05 vs CIA group.

Table 3  CD4 and CD8 cells in periphery

Group  n     CD4 (%)    CD8 (%)

Control 10 48.24±5.071 13.84±2.17
CIA 10 56.86±3.817b 12.59±1.74
GZH 10 41.11±3.886d 8.75±2.259d

GZL 10 43.33±6.046d 9.968±2.2

bP<0.01 vs control; dP<0.01 vs CIA group.
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effector cells in regarding to deal with food antigen, and
also would be the inducer cells with regard to tolerance
induction. However, what about the change of enteric
immune in autoimmune is not well known. Our group reported
a primary result on how Gui Zhi decoction affects on the
numbers of enteric mucosal lamina propria CD4-, CD8-
and sIgA-positive cells[10,11], and the results suggest that the
enteric mucosal immune might involve the pathway of CIA
in mice.

In this paper, the results show that Gui Zhi decoction
can significantly lower the arthritic scores and decrease the
occurrence of arthritis. The CD4 cells in periphery are higher
in CIA mice than in control mice, and the results are similar
to the previous study. In the mice treated with Gui Zhi
decoction at high and low dosages, CD4 and CD8 cells in
periphery decrease. The CD4- and CD8-positive cells in
enteric lamina propria in CIA mice are less than in control
mice, and in Gui Zhi-decoction-treated mice at high dosage
they are similar to that in the control mice. The sIgA-positive
cells in lamina propria in CIA mice are less than in control
mice, and in Gui Zhi-decoction-treated mice they are similar
to that in the control mice, but still lower than in control
mice, suggesting that the enteric mucosal immunity to some
extent was inhibited in CIA mice. The results suggest that
the enteric mucosal immunity was inhibited in CIA mice by
showing the decrease of the CD4 and CD8 cells in enteric
lamina propria, and Gui Zhi decoction could recover to
some extent the CD4-, CD8- and sIgA-positive cells in lamina
propria, and further might recover the inhibition role of
mucosal immunity.

The onset of arthritis in IL-6-/- mice was delayed for
2 wk compared with that in IL-6+/+ mice, and the severity
of arthritis, as indicated by the arthritis score, remained
significantly lower in IL-6-/- mice during the entire follow-
up period (14 wk), although all IL-6-/- mice developed
definite arthritis as did the IL-6+/+ mice. These findings
suggest that blockade of  IL-6 might be beneficial in the
treatment of RA[12-14]. IL-1 and TNF-α play dominant roles
in mediating the progression of many inflammatory joint
diseases, including rheumatoid arthritis in humans, CIA in mice
and rats, and adjuvant arthritis in rats. Treating autoimmune
arthritic diseases with combinations of anti-IL-1 and anti-
TNF molecules will achieve superior efficacy compared to
the use of a single class of anti-cytokine agent and may
allow for dose reductions that could prove useful in
minimizing potential side effects[15]. In this paper, the results
show that the IL-6, IL-1β, and TNF-α concentrations are
higher in CIA mice than in control mice, and after being
treated with Gui Zhi decoction at high dosage, the IL-6 and
TNF-α concentration decrease comparing to the concentrations
in CIA mice.

In conclusion, Gui Zhi decoction could lower the arthritic
scores, and regulate the enteric mucosal immune, and the
results indicate that the enteric mucosal immune might

involve in the pathogenesis of CIA, and also it might be an
important target for anti-rheumatic therapy. However, more
detailed studies on how enteric mucosal immune are involved
in the pathogenesis of CIA, and how the mucosal immune
serves as a pathway for the treatment of  CIA need further
research works.
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