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Effects of Chaenomeles speciosa glucosides on cyclophosphamide

potentiated contact hypersensitivity in mice

ZHENG Yong-Qiu, WEI Wei” , WANG Ni-Ping

( Institute of Clinical Pharmacology, Anhui Medical University , Hefei

Abstract: AIM  To investigate the roles of thymus T
lymphocytes subsets in contact hypersensitivity ( CHS)
and effects of glucosides of Chaenomeles speciosa ( GCS)
on this response. METHODS CHS model induced by
2, 4-dinitro-I-dinitrofluorobenzene  ( DNFB )
clophosphamide (Cy) potentiated CHS model were used.
GCS(60,120 and 240 mg-kg™') were given intragastri-
cally (ig) once daily for 12 consecutive days. Con-

and cy-

canavalin A (Con A )-induced lymphocytes proliferation
was observed by MTT assay. CD4/CD8 T lymphocytes
subsets were measured by flow cytometry and the levels of
Con A-induced cytokines from thymocytes were measured
by enzyme-linked immunosorbent asssay (ELISA). RE-
SULTS
was augmented and CD4* CD8* T lymphocytes were in-
creased in thymus of mice with CHS. The balance of
CD4* T, subsets was changed to favor T,1 and T3 as
shown by the increased interleukin-2 (1L-2) and trans-
forming growth factor f3; (TGF-B;) production and the de-
creased interleukin-4 (IL-4) production. GCS, similar as

Splenocyte proliferation stimulated by Con A

the control drug actarit (4-acetylaminophenylacetic acid) ,
could elevate the percentage of CD4* CD8™ T lympho-
cytes and CD4~ CD8™ T lymphocytes, and reduce the
percentage of CD4* CD8* T cells in Cy-potentiated CHS
mice. GCS inhibited the production of IL-2 and TGF-B,,
and increased the I1L-4 level in cultures of thymocytes
from mice with Cy-potentiated CHS. CONCLUSION
GCS inhibits Cy-potentiated mice CHS response and mod-
ulates the balance of CD4/CD8 or helper T cells subsets.
Key words: glucosides; Chaenomeles speciosa; contact
hypersensitivity; CD4* -positive T lymphocytes; CD8* -

Received date: 2004-01-06 Accepted date: 2004-04-27
Foundation item: The project supported by the Research
Foundation of Anhui Province (00044411)

Biographies: ZHENG Yong-Qiu(1973 — ), female, native of
Wuhu, Anhui Province, PhD Candidate, main research field is an-
tiinflammatory pharmacology and immunopharmacology; WEI Wei
(1960 - ), male, native of Anhui Province, PhD, professor, main
research field is antiinflammatory pharmacology immunopharmaco-
logy and clinical pharmacology .

* Corresponding author.  E-mail: wwei @ ahmu. edu. cn

Tel: (0551)5161208, (0551)5161206 Fax: (0551)5161208

230032, China)

positive T lymphocytes; interleukin-2; interleukin-4;

transforming growth factor beta

CLC number: R967
Document code: A
Article ID: 1000-3002(2004)06-0415-06

Contact hypersensitivity (CHS) is a T cell-
mediated immune response. Erard, et al''! re-
ported that CHS to 2, 4-dinitro-I-dinitrofluo-
robenzene (DNFB) was decreased after thymecto-
my in the adult mice and it is related to T cell de-
fect. T lymphocytes from thymus have been divid-
ed into CD4" and CD8" cells. Studies from gene-
deficient mice proved that CD8* T cells were
found to be pivotal for induction of CHS by repeat-
ed application of the hapten DNFB, while CD4* T

cells were involved in downregulation of
CHS? 3 Contradictory findings have also been
reported, implicating CD4* T cells as effector
cells in CHS™ . Except the two phenotypes,
CD4* and CD8* , there are significant numbers of
CD4" CD8" double positive lymphocytes existing
in individuals suffering from certain disease condi-
tions such as arthritic joints, rejected kidney grafts
and certain tumors'> . Some studies indicate that
CD4* CD8™ cells can secret high levels of 11.-2
and gamma-interferon ( IFN-y )[6]. So far, there
are few reports about the roles of CD4™ CD8" in
CHS response.

Glucosides of Chaenomeles speciosa ( GCS)
are active constituents extracted from the fructus of
C. speciosa, which has been recognized as a
valuable traditional herb used in treatment for
rtheumatoid arthritis (RA) . Results from our pre-
vious studies indicate that GCS can reduce the
secondary inflammation in adjuvant arthritis (AA)

rats, which is associated with the prevention of ul-
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trastructural
changes of synoviocytes and inhibition of secretion

7). In another

of proimflammatory cytokines
study, we reported that GCS also had therapeutic
effects on collagen-induced arthritis (Cra)t,
However, its roles in therapy of T lymphocyte-me-
diated immune response have not yet been eluci-
dated clearly.

Actarit ( 4-acetylaminophenylacetic acid ) ,
an oral active immunomodulator, suppresses types
Il and IV allergic reactions in mice’® . In the
present studies, actarit was used as the positive
control drug.

1 MATERIALS AND METHODS

1.1 Animals

Male ICR mice (8 — 10 weeks old) used in
this study were purchased from Shanghai BK Ex-
perimental Animal Center (Grade [I, Certificate
No D-65) . All mice were kept on a 12 h dark:
12 h light cycle at constant temperature of 20 —
25C.
1.2 Drugs and materials

GCS (umber powder, glucosides content >
50% ) was provided by the Chemistry Lab of In-
stitute of Clinical Pharmacology of Anhui Medical
University. Actarit was obtained from Drug Re-
seach Institute of Anhui ( batch number
20020616; Hefei, China). Cyclophosphamide
(Cy) was obtained from Hengri Inc. (batch num-
ber 02032121 ; Jiangsu, China). Dimethyl sulfox-
ide was obtained from Shanghai Vitriolic Factory.
RPMI-1640 medium, fetal calf serum, 3-(4, 5-
dimethylthiazol-2-yl )-2, 5-diphenyl tetrazolium
bromide (MTT), concanavalin A (Con A, stored
at =20°C) and 2,4-dinitro-1-dinitrofluorobenzene
(DNFB) were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). (PE)-conjugated
rat monoclonal antibody (mAb) to mouse CD8
and (FITC)-conjugated rat anti-mouse CD4 mAb
were from Caltag Laboratories (1849 Bayshore
Blvd. , Burlingame) and were stored at 2 — 8°C
until use. Mouse interleukin-4 (1-4) ELISA kit

(Jingmei Inc. , Beijing, China) and mouse trans-

forming growth factor beta-1 (TGF-B;) enzyme-
linked immunosorbent assay ( ELISA ) kit
(LIFEKEY BioMeditech Inc. , New Jersey, USA)
were stored at 2 - 8C..
1.3 Induction of CHS model and potentiated
CHS model in mice

The mice were sensitized by applying 50 pL
of 1% DNFB in acetone/sesame oil (1:1, V/V)
to the shaved abdominal area for 2 consecutive
days. Four days after the second application,
mice were challenged on the inner and the outer
surface of the right ear with 10 pL of 0.2%
DNFB in the same vehicle. Control mice received
10 pL. of acetone/sesame oil (1:1, V/V) on the
same surface of the right ear. The potentiation of
CHS reaction in mice was induced by given an in-
traperitoneal (ip) injection of Cy at dose of 250
mg-kg™' 3 d before primary sensitization""” .
1.4 Drug treatment

GCS and actarit were dissolved in sterile
water containing 0.5%  carboxymethylcellulose
(CMC-Na) solution. The mice were randomly di-
vided into 7 groups which were given GCS (60,
120, and 240 mg-kg™') and actarit (120 mg -
kg™') intragastrically once daily from 5 d before
primary sensitization and the last dose was given at
12 h after DNFB ear challenge. For the control,
CHS model and CHS + Cy model, animals received
an equal amount of vehicle at the same time.
1.5 Evaluation of CHS

All mice were sacrificed 24 h after DNFB
challenge, and then ear swelling, thymus index
and spleen index were measured. Ear pieces were
cut from both ears using a perforator of 8 mm dia-
meter at the outer two-thirds of the ear, avoiding
skin folds located at the base. The ear pieces re-
moved from each ear were weighed. The differ-
ence of ear weight between the pieces from left
and right ears was denoted as ear swelling.
1.6 Cell preparations

After being removed from sacrificed mice and
passed through 200-mesh stainless-steel screen,
the splenocytes and thymocytes were washed twice
in D-Hanks solution supplemented with 10%
heat-inactive fetal calf serum by centrifugation.
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Between the two washings, red blood cells (RBC)
were lysed with 0.83% NH,Cl. The number of
cells was counted and adjusted to 1 x 10° L™!
cells.

1.7 Con A-induced splenocytes proliferation

In 96-well plates, splenocytes (1 x 10° cells
per well) were cultured in triplicate with Con A(1
pg per well) in RPMI-1640 medium (pH = 7.0)
containing 10% heat-inactive fetal calf serum and
100 kU-L™" penicillin, 100 g+L~" streptomycin,
2 mmol* L™ L-glutamine, 0.5 pmol+L~" 2-mer-
captoethanol and 25 mmol+L.=" HEPES in 24-well
plates. After being cultured for 72 h at 37°C in a
humidified atmosphere of 5% CO,, proliferation
of splenocytes were measured by the MTT colori-
metric method!'!” .

1.8 Measurement of cytokine production by
thymocytes

Thymocytes (1 x 10° cells per well) from
each sample was cultured with Con A (1 pg per
well) in RPMI-1640 medium(pH =7.0) contain-
ing 10% heat-inactive fetal calf serum and 100
kU-L™" penicillin, 100 g+ L™" streptomycin, 2
mmol* L™ ! L-glutamine, 0.5 pmol * ™" 2-mer-
captoethanol and 25 mmol*L.=' HEPES in 24-well
plates, then culture supernatants were collected
48 h later by centrifugation and frozen at — 20°C
until assay for cytokines.

The levels of 11-4 and TGF-B; in culture
supernatants were determined by the ELISA kits.
The activity of IL-2 in the same supernatants was
measured by testing its ability to support the
proliferation of Con A stimulated splenocytes which
was detected by colorimetric assay with MTT.

For cytokine assays, splenocytes suspension
from a new ICR mice were adjusted to 1 x 10° L™!
cells. Then triplicate cultures of the splenocytes
(1x10° cells per well) were incubated with Con
A (1 pg per well) and the supernatants which
contained cytokines (100 pL per well) in a flat
bottomed 96-well plate with the same culture con-
dition as mentioned in 1. 7. Fourth-eight hours
later, proliferation of splenocytes were measured
by the MTT colorimetric method "', The ab-
sorbance (A) at 490 nm of each well was regard

as the activity of I1.-2 in the supernatants of thym-
phocytes culture .
1.9 Thymocyte subsets measurement by flow
cytometry

For each sample, 5 pl. thymocyte suspension
(1x10° L™", 5% 10’ cells) was mixed with 10
L. PE-conjugated rat monoclonal antibody (mAb)
to mouse CD8 and 10 pL. FITC-conjugated rat an-
timouse CD4 mAb. 30 min later each data from
3000 volume-gated viable cells were collected by
flow cytometry.
1.10 Statistical analysis

Data are expressed as x + s. Differences be-
tween groups were examined using ANOVA fol-
lowed by Newman-Keals ¢ test.

2 RESULTS

2.1 Effects of GCS on ear swelling, spleen
index, thymus index and Con A-induced
splenocytes proliferation

Ear swelling, thymus index and spleen index
were enhanced in CHS mice as compared with
normal control. Con A-induced proliferation of
splenocytes was also significantly enhanced. It
was demonstrated that an intraperitoneal injection
of Cy at dose of 250 mg-kg™' 3 d before primary
sensitization could induce a higher degree of CHS
reaction including ear swelling, thymus index,
spleen index and Con A-induced proliferation of
splenocytes. GCS (120, 240 mg- kg™') could
significantly inhibit the Cy-enhanced CHS reac-
tion. The efficacy of GCS 120 mg-kg ™' was simi-
lar to that of actarit 120 mg-kg™'. GCS 60 mg*
keg™! also significantly inhibited the ear swelling
and the spleen index (Tab 1).
2.2 Effects of GCS on T lymphocyte subset
balance in thymus

As compared to normal control, the percent-
age of CD4*CD8* T lymphocytes in CHS mice
thymus increased and CD4~CD8~ T lymphocytes
decreased correspondingly. There was a signifi-
cantly increased percentage of CD4"CD8* T lym-
phocytes and decreased CD4~CD8~ and CD4°*
CD8™ T lymphocytes in Cy-potentiated CHS mouse
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thymus compared with CHS model. GCS (240
mg-kg™') could elevate the percentage of CD4*
CD8~ T lymphocytes cells. GCS (120, 240 mg-*
kg™') could elevate the CD4"CD8~ T lympho-
cytes and reduce the percentage of CD4*CD8" T
lymphocytes in potentiated CHS mouse thymus.
Actarit had the same effects on CD4*CD8" and
CD4*CD8~ T lymphocytes as GCS, but it had no
effect on CD47CD8 ™ T lymphocytes. GCS and ac-
tarit all had no effect on CD4"CD8" T lympho-
cytes(Tab 2) .

2.3 Effect of GCS on the level of cytokine
production

In Cy-potentiated CHS mice, not only an in-
crease in IL-2 and TGF-B3; but also a decrease in
IL4 production by thymocytes as compared with
normal mice were observed in CHS mice. GCS
(120, 240 mg-kg™') inhibited IL-2 and TGF-B,
level and increased the I1-4 level in thymocyte
cultures from potentiated CHS mice. GCS at dose
of 60 mg-kg ™" also reduced the TGF-B; level but
had no effect on 11-2 and 11.-4 level (Tab 3).

Tab 1. Influence of glucosides of Chaenomeles speciosa( GCS) on ear swelling, thymus index, spleen index and
Con A induced splenocytes proliferation in potentiated mice contact hypersensitivity (CHS) reaction
Spl
Dose/ Ear weight/ Thymus index/ Spleen index/ P Pfr_locyTeS
Group . i O proliferation
mg* kg mg mg g™ bw mg*g~ bw /A
490 nm
Normal - 3.7+2.9 1.7£0.3 4.1+1.2 0.24+0.10
CHS - 24.3+4.9"" 2.2+0.5°" 7.2+1.2°" 0.33+0.127
CHS + Cy - 33.2+3.9%% 3.1+£0.4% 11.1+1.3%# 0.48+0.12*#
CHS + Cy + Actarit 120 24.2+3.5% 1.9+0.8* 9.0+2.2° 0.32+0.15*
CHS + Cy + GCS 60 26.0+7.0° 2.6+0.8 7.6+1.8% 0.43+0.14
120 23.3+6.9% 2.0+0.5 8.4+2.2% 0.34+0.09*
240 22.7+5.9% 1.8+0.6% 6.8+1.5% 0.38=0.11%

GCS, or vehicle were given ig once daily for 12 consecutive days. CHS model was induced by (2,4-dinitro-1-dinitrofluorobenzene, DNFB) and
was potentiated by Cy 250 mg-kg™!ip 3 d before primary sensitization. In 96-well plates, proliferation of splenocytes (1 x 10° cells/well) with
Con A(1 pg/well) were measured by the MTT colorimetric method after 72 h culture. % + s, n=10. * P<0.05, ** P <0.01, compared
with normal group; * P <0.05, *# P <0.01, compared with CHS group; “P <0.05, “*P <0.01, compared with CHS + Cy group.

Tab 2. Influence of GCS on the balance of T lymphocyte subsets in mice thymus
Group Dose{ 1 CD4* CD8* / CD4* CD8™ / CD4- CD8*/ CD4~-CD8~ /
mg-kg % % % %

Normal - 73.4+3.9 17.5+£3.3 4.9 £1.0 4.4+0.4

CHS - 81.3+0.9" 14.1£1.2 3.7+1.3 1.7£0.5°"

CHS + Cy - 88.2+0.8" 7.6£0.7%* 3.2+0.6 0.9+£0.1*

CHS + Cy + Actarit 120 81.9+1.0° 13.0+0.6% 3.7+0.1 1.2+0.04

CHS + Cy + GCS 60 82.8+3.5 11.1+£2.2 4.7+2.3 1.1£0.2
120 80.2+3.14 14.5+3.7 4.2+1.0 1.5+£0.2%
240 72.7+5.9% 18.0+4.0° 5.1+0.9 4.3+1.28

For each sample, 5 x 10° thymocytes were removed from thymocytes suspension (1 x 10° L.=1) and were mixed with 10 pL. PE-conjugated rat
anti-mouse CD8 mAb and 10 pl. FITC-conjugated rat anti-mouse CD4 mAb, 30 min later each data from 3000 volume-gated viable cells were
collected by flow cytometry. % + s, n=5. *P<0.05, ** P<0.01, compared with normal group; * P <0.05, *# P <0.01, compared
with CHS group; 2P <0.05, compared with CHS + Cy group.
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Tab 3. Influence of GCS on the level of cytokine production
Dose/ IL-2/ TGF-B,/ IL-4/
Group -1 _1 -1
mg* kg A9 o mg* L ng*L
Normal - 0.28+0.03 9.2+0.4 34.0£2.6
CHS - 0.53+0.05" " 11.8+0.9" " 26.1+1.4"7
CHS + Cy - 0.62+0.06 13.4+0.8" 29.0+1.2"
CHS + Cy + Actarit 120 0.46+0.07% 9.9+1.3% 35.8+£3.5%
CHS + Cy + GCS 60 0.53+0.10 10.3£2.0° 32.6+4.5
120 0.41+0.06™ 9.6+1.7% 35.2+3.8°
240 0.42+0.06™ 9.6+1.7% 37.8+4.7%

Thymocytes (1 x 10° cells/well) with Con A(1 pg/well) in RPMI-1640 medium (pH =7.0) were cultured for 48 h. The levels of IL-4 and
TGF-B; in culture supernatants were determined by the ELISA kits. The activity of IL-2 in the same supernatants was measured by testing its

ability to support the proliferation of Con A-induced mice splenocytes. x = s, n=10. * P <0.05,

% %

P <0.01, compared with normal

group; * P <0.05, compared with CHS group; “P <0.05, 2P <0.01, compared with CHS + Cy group.

3 DISCUSSION

Thymus and spleen play important roles in
CHS response. The CHS response to DNFB can be
decreased by thymectomy in adult mice or by sup-
pressing IL-2 and IFN-Y production of splenocytes
in micet'?). In present studies, it was found that
in CHS mice ear swelling was induced, thymus in-
dex, spleen index and splenocyte proliferation
were increased. In mice with Cy-potentiated CHS,
the above response became exacerbated. GCS had
an inhibitory effect on the potentiated response in
Cy-potentiated CHS. It implicates that GCS can
modulate T-cells-mediated CHS response by influ-
encing the function of thymus and spleen.

Contrary to the conventional viewpoint, we
found that CD4" CD8" phenotype increased in
thymus of CHS mice and Cy could further in-
creased it. It implicates that CHS reaction is relat-
ed to the high percentage of CD4* CD8* pheno-
type in thymus. The results that GCS reduced the
higher percentage of CD4" CD8" T lymphocytes
and elevated the lower percentage of CD4~ CD8™
T lymphocytes in potentiated CHS mouse thymus
indicates that GCS can influence the function of
thymus by modulating the balance of CD4/CD8 T
lymphocyte subsets in thymus.

Cytokines such as 1L-1a, TNF-a, I1-2, and
IFN-7Y are considered as the promoters of CHS!P!

In present studies, the increase of I1-2 production

accompanying with the elevation of CD4* CD8™
percentage implicates that the role of CD4* CD8"
lymphocyte in CHS pathogenesis may be relative to
the production of cytokines which promoted CHS
4) indicated that T,2 type
cytokine I1-4 was produced in murine skin during

response. Asada, et alt

the elicitation phase of CHS and was an important
down-modulator of inflammation. 1L-4 could weak-
en CHS by regulating local production of proin-
flammatory cytokines.

In our studies, we detected the cytokine pro-
duction in thymocytes of CHS mice and found that
IL-2 and TGF-B; production was increased while
IL-4 production was decreased. In the culture su-
pernatants of thymocytes from Cy-potentiated CHS
model, the imbalance of cytokines was exacerbat-
ed. GCS could resume the balance of cytokine by
decreasing I1.-2 activity and TGF-(3; level and in-
creasing [[-4 level in the culture supernatants of
thymocytes from the normal and the potentiated
CHS mice. The results indicated that GCS could
modulated T-cell mediated response by resuming
the cytokine production by thymocytes.

In conclusion, GCS inhibits CHS response in
mice by modulating the function of central immune
system and the balance of T cell subsets.

Acknowledgements: A special thanks to Dr. ZHAI Zhi-
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and analysis of correlative results.
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