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Abstract:

Background: Contact hypersensitivity (CS) reaction in the skin is T-cell mediated immune reaction which plays a major role in the

pathogenesis and chronicity of various inflammatory skin disorders and, like other delayed-type hypersensitivity (DTH) reactions,

affords immunity against tumor cells and microbes. CS response is a self-limiting reaction, and interleukin (IL)-10 is considered to

be a natural suppressant of cutaneous inflammatory response. Recently, it has been demonstrated that major depression is related to

activation of the inflammatory response and elevation of some parameters of cell-mediated immunity. It has been suggested that

such activation of the immune system may play a role in etiology of depression. If this immunoactivation is involved in etiology of

depression, one would expect that antidepressant agents may have negative immunoregulatory effects. To the best of our knowledge,

the effect of antidepressants on contact hypersensitivity has not been studied.

Methods: The aim of the present study was to establish the effect of prolonged desipramine or fluoxetine treatment on CS reaction to

picryl chloride.

Results: Antidepressants significantly suppressed CS reaction, fluoxetine by 53% whereas desipramine by 47% compared to posi-

tive control. Moreover, desipramine and fluoxetine decreased relative weight of auxillary lymph nodes. Desipramine decreased also

relative weight of inguinal lymph nodes and spleens whereas desipramine and fluoxetine increased production of IL-10 in compari-

son to positive control.

Conclusion: The observed effect of antidepressant drugs on CS reaction is consistent with the hypothesis that T-cell mediated im-

munity is targeted by antidepressants.
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Introduction

Delayed-type hypersensitivity (DTH) is a T cell-

mediated immune reaction that plays a major role in

the pathogenesis and chronicity of various inflamma-

tory disorders. One of the most characteristic DTH

phenomena is contact hypersensitivity (CS). CS reac-

tions in the skin have been used to assess cell-mediated

immunity against tumor cells and microbes that sur-

vive within phagocytes or non-phagocytic cells.

The cellular and molecular mechanisms of this re-

action have been intensively studied [6]. In the sensi-

tization phase, the antigen-presenting cells present an-

tigen (hapten conjugated to self protein) to naive T

cells to make them activate and proliferate. In the

elicitation phase, the hapten-specific T cells are acti-

vated by the re-exposure to the same hapten applied to

the skin and recruited at the site of contact. Cytokines

and chemokines produced by the skin cells and the ef-

fector T cells significantly contribute to this process.

Among them, the Th1-like cytokines, including tumor

necrosis factor (TNF)-a and interferon (IFN)-g, are

predominantly involved in the response as pro-

inflammatory factors. On the other hand, this CS reac-

tion is self-limited, and IL-10 is considered to be

a natural suppressant of cutaneous inflammatory re-

sponse [2]. These findings suggest that the IL-10

modulation might be used as a new strategy for the

treatment of CS reaction. For this purpose, it might be

more important to find a drug that induces endoge-

nous IL-10 production rather than to use an exoge-

nous IL-10 [5].

There are conflicting data about the effect of anti-

depressant drugs such as desipramine (tricyclic anti-

depressant, TCA) and fluoxetine (selective serotonin

reuptake inhibitor, SSRI) on the immune system.

Nunez et al. [17] demonstrated that fluoxetine re-

duced stress-induced suppression of the activity of

T lymphocytes. On the other hand, several studies

showed immunosuppressive activity of antidepressant

drugs probably via the stimulation of production of

anti-inflammatory cytokine IL-10. A single injection

of desipramine to naive mice and prolonged treatment

of C57BL/6 mice subjected to chronic mild stress

with desipramine increased the ability of splenocytes

to produce IL-10 [15].

Antidepressants dose-dependently inhibit the pro-

duction of proinflammatory cytokines by human lym-

phocytes and monocytes in vitro [13, 14, 16, 24].

TCAs, like clomipramine and imipramine, and SSRIs,

like citalopram, strongly inhibited the production of

proinflammatory cytokines TNF-a, IL-6 and IL-1b

[24]. It has been shown that clomipramine (TCA),

sertraline (SSRI) and trazodone (a heterocyclic anti-

depressant) significantly reduced the production ratio

of IFN-g vs. IL-10 by decreasing IFN-g production or

increasing that of IL-10 [16]. The IFN-g/IL-10 ratio

is of critical importance for the capacity of immuno-

cytes to modulate, i.e., either activate or inhibit, mono-

cytic and lymphocytic functions. Kubera et al. [13]

reported that fluoxetine, imipramine, 5-hydroxy-

tryptophan (a direct precursor of 5-HT) and venlafax-

ine (a 5-HT and noradrenaline reuptake inhibitor), at

concentrations reached during pharmacological treat-

ment, significantly reduced the IFN-g/IL-10 ratio. In

conclusion, it was established that antidepressants

have in vivo, ex vivo and in vitro negative immu-

noregulatory effects.

To the best of our knowledge, the effect of antide-

pressants on contact hypersensitivity has not been

studied yet. The aim of the present study was to estab-

lish the effect of antidepressant drugs on contact hy-

persensitivity to picryl chloride (PCL). We expected

that antidepressants would be effective in inhibiting

CS because in several our former studies it was shown

that antidepressant drugs had ability to induce nega-

tive immunoregulatory effect on cell-mediated immu-

nity usually by increasing the production of IL-10,

moreover, others showed that IL-10 had ability to in-

hibit the PCL-induced CS [3, 5].

Materials and Methods

Animals

The experiments were performed on three-month-old

CBA (H-2k) mice. The animals were housed in groups

of 5 per cage and were kept at a room temperature of

20 ± 1°C on a 12-h light/dark cycle (the light was on

between 06:00–18:00 h). The mice had free access to

food and water. All the tests were approved by the

Animal Care and Use Committee at the Institute of

Pharmacology, Polish Academy of Sciences in

Kraków and met requirements of the International

Guide for the Care and Use of Laboratory Animals.
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Drugs and chemicals

Desipramine hydrochloride and fluoxetine (Sigma,

USA) were used. Drugs were dissolved in water and ad-

ministered intraperitoneally (ip) in a dose of 10 mg/kg.

We used 2,4,6-trinitro-1-chlorobenzene (TNCB known

also as picryl chloride, PCL) as a contact allergen.

Mouse CS test

CBA mice were actively sensitized by topical applica-

tion of 0.15 ml of 5% PCL in an acetone-ethanol mix-

ture (1:3) to the shaved abdomen. Negative control

mice were shaved and painted with the acetone-

ethanol mixture alone as a sham immunization. Four

days later, mice were challenged to both sides of the

ear with 10 µl of 0.6% PCL in an olive oil-acetone

mixture 1:1. The subsequent increase in ear thickness

was measured 24 h later with engineer’s micrometer

and expressed in DTH units (IU) (DTH IU = 0.01 mm).

Background increase in ear thickness of the non-

immunized littermates that were similarly challenged,

was subtracted from each experimental group, to yield

the net ear swelling expressed in units of 10–2 mm

± SD. Each experimental and control group consisted

of 9–10 animals.

Animals were divided into six groups: 1) vehicle

treated negative control group; 2) desipramine treated

negative control group; 3) fluoxetine treated negative

control group; 4) vehicle treated CS group (positive

control group); 5) desipramine treated CS group; 6)

fluoxetine treated CS group.

Fourteen-day intraperitoneal treatment with antide-

pressant drugs, desipramine and fluoxetine, begun 9

days before sensitization and was continued for the

successive 4 days from sensitization, at the time of

PCL challenge and 24 h later in experimental groups.

Final ear measurement was performed 1 h after the

last drug injection.

Preparation of cell suspensions

For in vitro studies, the animals were sacrificed one

hour after the last injection and immediately their

spleens, axillary lymph nodes, inguinal lymph nodes

and thymuses were gently removed and weighed. The

spleens and axillary lymph nodes were crushed in in-

dividual glass homogenizers, dipped in ice. The ob-

tained cells were suspended in RPMI-1640 medium

(Sigma, USA), and were centrifuged at 500 × g for

5 min. Cell pellets were resuspended in the RPMI-

1640 medium supplemented with antibiotics and

a 10% fetal bovine serum (Sigma, USA).

Proliferative activity of T lymphocytes

The proliferative response of the spleen and axillary

lymph node cells was described earlier by Kubera et

al. [11]. Briefly, 2 × 105 cells per well were stimulated

with concanavalin A (Con A; 0.6 and 2.5 µg/ml), and

were incubated in 96-well plates at 37°C in a final

volume of 0.2 ml for 72 h. Cell proliferation was

determined by adding 0.5 µCi of [3H]-thymidine per

well (ICN, USA, SpA 6.7 Ci/mmol) at 16 h before

the end of the incubation.

Cytokine detection and quantification

Splenocytes were tested for their ability to produce

IL-4, IL-6, IL-10, IL-12 p40, TNF-a and IFN-g after

stimulation with Con A. Suspensions of the spleno-

cytes were seeded at a concentration of 4 × 106 cells/

ml in 24-well corning tissue culture plates and were

then stimulated with a Con A solution (2.5 µg/ml).

Cell-free supernatants were collected 48 h later. The

supernatants were stored at –20°C. Enzyme-linked

immunosorbent assays (ELISA) was carried out as

described earlier [13]. IL-4, IL-6, IL-12p40 and

TNF-a were measured using pairs of anti-cytokine

MoAbs purchased from BD Bioscences (USA)

whereas IL-10 and IFN-g were tested by DuoSet

ELISA Development System (R&D Systems, USA).

Statistics

The results were statistically assessed by analysis of

variance (ANOVA). Multiple post-hoc differences were

checked by Scheffe test. The p values equal or lower

than 0.05 were considered statistically significant.

Results

Antidepressant drugs inhibit CS in mice

Treatment with antidepressant drugs reduced the ear

swelling by 53% and 47% for desipramine and

fluoxetine, respectively, in comparison to vehicle
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treated positive control group (Tab. 1). There were no

effect of desipramine or fluoxetine treatment on ear

thickness in negative control groups in comparison to

vehicle treated negative control group (data not

shown).

Influence of antidepressant drugs on thymus

and spleen weight in contact sensitized mice

Table 2 shows a significant decrease, by ca. 30%, in

the relative thymus weight (the weight of the thymus

(mg) divided by body weight (g)) of vehicle treated

CS group (positive control group) in comparison to

vehicle treated negative control group. Treatment of

CS mice with desipramine and fluoxetine induced

a stronger but not statistically significant decrease in

the relative thymus weight vs. vehicle treated CS

group (positive control). Desipramine or fluoxetine

administration to negative control groups slightly in-

creased thymuses weight by ca. 14% and 11%, re-

spectively, however, these results were not statisti-

cally significant.

Antidepressants administration to CS groups and

negative controls groups did not affect relative spleen

weight.

Influence of antidepressant drugs on axillary

and inguinal lymph node weight in contact

sensitized mice

Ear swelling in contact hypersensitivity reaction was

conected with a significant increase in relative axil-

lary and inguinal lymph node weight, by ca. 110%

and ca. 48%, respectively. Desipramine and fluoxet-

ine treatment significantly inhibited the increase in

axillary lymph node weight, by 42 and 34%, respec-

tively, in CS groups and fluoxetine treatment signifi-

cantly inhibited the increase in inguinal lymph node

weight by 25% in CS group in comparison to vehicle

treated positive control group, whereas the admini-

stration of these drugs to negative control groups had

no effect on the axillary and inguinal lymph node

weight in comparison to vehicle treated negative con-

trol group (Tab. 2).

Influence of antidepressant drugs on

proliferative activity of splenocytes in contact

sensitized mice

Spontanous proliferative activity of splenocytes and

lymphocytes from axillary lymph nodes was signifi-

cantly higher in vehicle-treated positive control group

in comparison with vehicle-treated negative control

group, (ca. 320 and 87%, respectively). Desipramine

and fluoxetine treatment of CS groups significantly

inhibited proliferation of splenocytes (by ca. 80 and

69%, respectively) and cells of axillary lymph nodes

by ca. 70% for both drugs in comparison with results

obtained for vehicle treated CS group (positive con-

trol group) (Tab. 2).

Response to the stimulation with a suboptimal dose

of the T cell mitogen (Con A) was significantly lower

for splenocytes and higher for lymphocytes from axil-

lary lymph nodes in the vehicle treated positive con-

trol group in comparison to vehicle-treated negative

control group. Repeated treatment with the antide-

pressants significantly increased the blastogenic re-

sponse of splenocytes and lymphocytes from axillary

lymph nodes to a suboptimal dose of Con A in CS

groups in comparison to vehicle treated CS group

(positive  control group) (Tab. 2).

PCL and/or antidepressants had no effect on prolif-

erative activity of splenocytes in response to an opti-

mal concentration of Con A. On the other hand, an
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Tab. 1. Effects of 14 daily injections of desipramine or fluoxetine on picryl chloride induced ear contact hypersensitivity (CS) reaction in CBA
mice

Group Number of mice Dose of antidepressant
(mg/kg)

Ear swelling
DTH IU ± SD

Inhibition (%)

Positive control 10 0 9.7 ± 1 0

Desipramine 10 10 4.6 ± 0.4& 53

Fluoxetine 9 10 5.1 ± 0.2& 47

& p < 0.05 vs. vehicle treated positive control. The results were statistically assessed by analysis of variance (ANOVA). Multiple post-hoc differ-
ences were checked by Scheffe test



optimal dose of Con A significantly increased prolif-

erative activity of lymphocytes from axillary lymph

nodes in vehicle treated CS group (positive control

group) in comparison to negative control group and

fluoxetine treatment of CS animals potentiated this ef-

fect (Tab. 2).

Influence of antidepressant drugs on cytokine

production by splenocytes in contact

sensitized mice

Administration of fluoxetine, but not desipramine, to

control animals significantly increased TNF-a pro-

duction from 379 ± 51 to 520 ± 50 pg/ml (p < 0.05) by

the spleen cells. TNF-a production was reduced to

265 ± 50 pg/ml in vehicle treated positive control

group in comparison to vehicle treated negative con-

trol group (p < 0.05) and antidepressant drug treat-

ment did not change this effect (although TNF-a

production was reduced by 44% in fluoxetine treated

CS group in comparison to fluoxetine treated negative

control group).

There were no difference in IL-10 production be-

tween vehicle treated negative and positive control

groups. Desipramine and fluoxetine significantly en-

hanced the IL-10 production by 86 and 73%, respec-

tively, by splenocytes in CS groups in comparison to

desipramine and fluoxetine treated negative control

groups (Tab. 2).

Antidepressants administration to CS groups and

negative control groups did not affect IL-4, IL-6, IL-

12p40 and IFN-g production by splenocytes in com-

parison to appropriate control groups (data not

shown).
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Tab. 2. Effects of 14 daily injections of desipramine or fluoxetine on the immunoreactivity of CBA mice subjected picryl chloride induced con-
tact hypersensitivity (CS) reaction

Parameter Vehicle Desipramine Fluoxetine Vehicle
+ CS

Desipramine
+ CS

Fluoxetine
+ CS

Relative spleen weight 4.85
(0.97)

4.85
(1.04)

4.34
(0.53)

4.44
0.67)

3.51
(0.28)

4.03
(0.55)

Relative thymus weight 1.46
(0.27)

1.67
(0.24)

1.62
(0.16)

1.02
(0.23)*

0.90
(0.33)

0.93
(0.35)

Relative axillary LN weight 0.63
(0.13)

0.94
(0.32)

0.64
(0.29)

1.32
(0.19)*

0.76
(0.17)&

0.88
(0.31)&

Relative inguinal LN weight 0.63
(13)

0.73
(0.13)

0.58
(0.16)

0.93
(0.12)*

0.70
(0.13)&

1.00
(0.22)

Proliferative activity of un-
stimulated splenocytes; dpm

970
(198)

1133
(270)

1267
n (357)

4073
(221)*

890
(180)&

1288
(84)&

Con A-stimulated splenocytes,
0.6 µg/ml; dpm

62476
(12287)

48276
(6799)*

52867
(9666)

33221
(2867)*

56274
(13985) &

57785
(15148)&

Con A-stimulated splenocytes,
2.5 µg/ml; dpm

136741
(28597)

113068
(19222)

118819
(36052)

110692
(28738)

119462
(28253)

105434
(44744)

lymphocytes from unstimulated
axillary lymph nodes; dpm

966
(83)

1194
(70)

1278
(125)

1809
(521)*

549
(142)&

522
(200)&

Con A-stimulated axillary lymph
node lymphocytes, 0.6 µg/ml; dpm

22431
(14551)

35039
(29263)

34797
(24406)

42403
(13068)*

67277
(21609)&

60015
(7653)&

Con A-stimulated axillary lymph
node lymphocytes, 2.5 µg/ml; dpm

40091
(14947)

53532
(28422)

47007
(24899)

69924
(22037)*

108373
(46579)

105809
(21912) &

TNF-a; pg/ml 379
(52)

381
(98)

520
(50)*

265
(50)*

358
(101)

266
(86)

IL-10; pg/ml 504
(138)

328
(159)

344
(178)

493
(108)

611
(184)#

598
(293) ^

* p < 0.05 vs. vehicle treated negative control group; & p < 0.05 vs. vehicle treated CS group (positive control group); # vs. desipramine treated
negative control group; ^ vs. fluoxetine-treated negative control group



Discussion

The main finding of the present study is that antide-

pressant drugs significantly suppressed CS reaction,

fluoxetine by 53% whereas desipramine by 47%, when

compared to positive control. The cellular mechanism

by which antidepressant drugs may inhibit CS reac-

tion include: a) impairment of antigen presenting cell

activity, e.g., dendritic Langerhans cells; b) inhibition

of Th1 cell activity; c) indirect inhibition of Th1 cells

by increasing Th2 cell activity.

The effect of antidepressant drugs on Langerhans

cell activity has not been studied so far, although

these cells are crucial for CS initiation. The activated

Langerhans cells produce IL-1b while antidepressant

drugs block IL-1b action, probably due to their ability

to stimulate synthesis of an IL-1 receptor antagonist

(IL-1Ra) and/or inhibit IL-1b sythesis [10, 24]. The

studies of Enk et al. [4] demonstrated that the treat-

ment with a monoclonal anti-IL-1b antibody before

hapten application to the skin blocked CS reaction.

Thus, we can assume that drugs block IL-1b action by

increasing the IL-1Ra synthesis, thereby inhibiting

CS initiation.

The effect of drugs on keratinocyte activity and

their ability to produce TNF-a has not been studied,

either. TNF-a release by keratinocytes and IL-1b re-

lease by Langerhans cells influences cadherin E ex-

pression on Langerhans cells causing loosening and

breakage of junctions between these cells and kera-

tinocytes, thus facilitating cell migration [18]. Drug-

induced blockade of TNF-a synthesis in keratino-

cytes, like in Th1 lymphocytes and macrophages [11,

24] can be another cause of the suppression of CS in-

duction.

Evaluation of antidepressant drug effect on metal-

loproteinases and adhesive activity of cancer cells, in

particular, is a very important problem, especially in

the light of our data on prometastatic action of antide-

pressant drugs when administered prior to cancer in-

duction. Activated Langerhans cells release metallo-

proteinases and facilitate their penetration to dermis

[9]. Since drugs rather enhance the metalloproteinase

synthesis [11], as drugs usually augment angiogene-

sis, the ability of drugs to inhibit CS probably does

not result from their suppressive effect on the metallo-

proteinase synthesis.

The activated Langerhans cells present antigen to

circulating naive lymphocytes with TCR ab CD4

phenotype [22]. Quite a lot of studies have indicated

that the activity of exactly this lymphocyte population

is impaired by antidepressant drugs. Hapten-specific

Tab-lymphocytes play a particular role in PCL-

induced CS response, and we may speculate that these

cells are also sensitive to the inhibitory effect of anti-

depressant drugs because in our former studies we

documented the immunosuppressive effect of antide-

pressant drugs on T-cell dependent responses [12, 13,

15]. In the present paper, we showed that antidepres-

sants inhibited spontaneous proliferative activity of

lymphocytes from lymph nodes and splenocytes in

PCL-treated mice. Also for Artemisia restita, a tradi-

tional Tibetan medicine, it was established that its

ability to significantly reduce ear swelling was con-

nected with ability of this substance to block the pro-

liferative activity of T lymphocytes and to decrease

their localization to the inflammatory sites via down-

regulation of their potential to adhere [23].

A 1-week or 2-week desipramine treatment blocked

IL-4 synthesis in the spleen [12]. Therefore, it can be

assumed that drug treatment elicits blockade of the

IL-4 synthesis also in hepatic NKT cells. The IL-4 syn-

thesis by hepatic NKT cells, activated 7 min after im-

munization with a hapten during CS reaction, was

shown to be indispensable for the activation of B1 lym-

phocytes (early-phase cells) having the unique pheno-

type Thy 1+CD5+CD19+CD3�CD4�CD8�, which are

antigen-specific and unrestricted in the MHC system

[1, 6, 22]. The B1 cells are activated in peritoneal cav-

ity within the first hour after topical immunization with

the hapten PCL. Subsequently, the B1 cells migrate to

the spleen and peripheral lymph nodes where they are

transformed into cells producing PCL-specific IgM an-

tibody [8, 21].

The antidepressant drug-induced blockade of B1

cell activity would reduce IgM synthesis, while IgM

is known to form immunocomplexes with antigen af-

ter its next topical application that stimulates comple-

ment component C5, responsible for mast cell de-

granulation [20]. In the present study, PCL application

induced an almost 100% increase in the axillary LN

weight whereas antidepressant drugs significantly in-

hibited this effect. It has been shown that the increase

in cellularity of this lymph node after PCL is due to an

increase in the total number of T and B lymphocytes.

Interestingly, even though the contact sensitization to

PCL is a cell-mediated immune response based on

Th1 cell activity, mice exposed to PCL showed a pref-

erential increase in B lymphocytes (B220+ cells) in
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axillary LN and it was observed to increase from

9.3% for vehicle to more than 36% for PCL [19]. The

preferential accumulation of B lymphocytes in lymph

nodes draining the hapten application site was ex-

plained by development of an antibody response to

the hapten or/and the result of T cell activation, be-

cause cytokines from both Th1 and Th2 cells can

stimulate B cell activity and their influx to this LN.

Moreover, it was shown that the increase in axillary

LN weight after induction of PCL-induced DTH reac-

tion is a result of T cell proliferation and failure of B

cells to exit this LN [7, 19].

Hence, it may be speculated that the drug-induced

decrease in lymph node weight is consequent to the

inhibition of T cell proliferation and/or suppression of

influx and enhancement of efflux of B lymphocytes

from lymph nodes.

In the present study, antidepressant drugs were

given for successive 9 days before sensitization, con-

tinued for the successive 4 days from sensitization, on

the day of PCL challenge and 1 h before final ear

measuring. Further studies should aim to explain

whether a similar effect can be observed after drug

treatment only before sensitization, only after sensiti-

zation or only on the day of sensitization. Immuno-

suppressive effect of antidepressants given only be-

fore sensitization could suggest an inhibitory effect of

antidepressant drugs on the activity of keratinocytes

and Langerhans cells but based on the present study,

we cannot exclude the suppressive effect of antide-

pressant drugs on both inductive and effector phase of

CS response.

The increased spontaneous proliferative activity of

splenocytes and axillary LN lymphocytes from PCL-

treated animals can indicate an appearance of PCL-

activated cells in these organs. However, it seems that

the spleen is responsible mostly for B cell prolifera-

tion since splenocytes in this group of mice showed

an impaired proliferative response to the T cell mitogen

(ConA) treatment at a suboptimal dose. We can also as-

sume that ear contact sensitivity reaction elicits empty-

ing of the spleen of T cells responsible for this reaction

or influx and/or activation of the cells necessary to

block this reaction concomitantly able to suppress the

Con-A-induced proliferative activity of the spleno-

cytes. The increased proliferative activity in lymph

nodes can indicate T cell activation in this organ.

The inhibitory effect of the drugs on CS reaction

paralleled with impairment of the spontaneous prolif-

erative activity of cells present in the axillary lymph

node and the spleen was an expected phenomenon

that confirmed our hypothesis about the suppressive

effect of antidepressant drugs on different aspects of

cell-mediated immune response. On the other hand,

the activating effect of antidepressant drugs on the

Con-A-stimulated proliferative activity of LN cells in

these animals was unexpected, although it could indi-

cate the accumulation of CS-suppressor Con-A-sensi-

tive cells in the lymph node. The drugs also restored

to the control level the proliferative response of sple-

nocytes to a suboptimal dose of Con-A, which was

diminished by PCL. Thus, we can assume that the

drugs inhibit efflux of the CS-triggering cells from the

spleen.

The present data on cytokine synthesis are surpris-

ing because PCL treatment did not alter the produc-

tion of pro- and anti-inflammatory cytokines under

study, except for TNF-a. Moreover, instead of the ex-

pected increase in cytokine synthesis, the decrease

was noted. However, it should be emphasized that the

cytokines were determined only in the spleen but not

in the lymph nodes draining the antigen application

site. We can assume that the induction of PCL reac-

tion eliminates TNF-a-synthesizing splenocytes from

the spleen, which is paralleled by diminution of their

proliferative activity in response to a suboptimal

Con-A dose.

In the present study, antidepressant drugs increased

IL-10 synthesis in PCL-treated mice. IL-10 is a pluri-

potent cytokine with a potent effect on numerous cell

populations which is considered to be an immu-

noregulatory cytokine. It has been suggested by re-

cent reports that sometimes IL-10 application for the

therapy exacerbated immune diseases, such as psoria-

sis, inflammatory bowel disease, and rheumatoid ar-

thritis. In contact hypersensitivity, IL-10-producing

regulatory T cells have been known to prevent or ter-

minate the development of this reaction, suggesting

that the regulation by IL-10 might be a useful ap-

proach to the treatment Th1-related disease [3, 5].

Moreover, inhibitory effect of Astilbin, a flavanone

isolated from Rhizoma smilacis Glabrae, on PCL-

induced DTH reaction was connected with the ability

of this substance to stimulate the IL-10 production.

Astilbin significantly inhibited contact hypersensitiv-

ity when given in the elicitation phase but not in the

sensitization phase. Astilbin in vivo remarkably in-

duced IL-10 expression in lymph node cells at an ear-

lier time and decreased TNF-a and IFN-g expression

at a later time. Furthermore, the in vivo neutralization
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of IL-10 significantly impaired the effect of astilbin

on contact hypersensitivity. Astilbin alleviated CS

through a unique mechanism involving a negative cy-

tokine regulation via IL-10 stimulation [5].

Antidepressant drugs drastically inhibited CS reac-

tion, which may be dangerous in coexistent cancer or

infection but can be beneficial in diseases in which an

excessive activation of Th1-mediated response leads to

serious pathologies, e.g., multiple sclerosis, rheumatoid

arthritis, transplantation, allergic contact dermitis.

In summary, the results of this study demonstrate

that reactivity to PCL is significantly suppressed in

antidepressant drug-treated mice relative to the con-

trol mice. Since CS response to PCL is a measure of

cell-mediated immunity implicating Th1 cells, the ob-

served effect of antidepressant drugs on CS reactivity

to PCL is consistent with the hypothesis that T-cell

regulatory functions and Th1-mediated immunity are

targeted by antidepressants. In addition, since den-

dritic cells and non-specific inflammatory cells play

a particular role in induction of CS reaction and in in-

creasing this reaction, respectively, it is possible that

antidepressants suppress activity of these cells.
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