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Abstract:

Background: Contact hypersensitivity (CHS) induced by a topical application of hapten - 2,4-dinitrofluorobenzene (DNFB), is a T

cytotoxic (Tc)1-cell-mediated antigen-specific type of skin inflammation. Recently, it has been shown that antidepressant drugs in-

hibit the T helper (Th)1-mediated CHS reaction induced by picryl chloride. The aim of present study was to establish the effect of

two-week desipramine or fluoxetine administration on the CHS reaction induced by DNFB.

Methods: Balb/c (H-2d) male mice 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 DNFB group (positive control group);

5) desipramine-treated DNFB group; 6) fluoxetine-treated DNFB group. T lymphocytes proliferation was determined by incorpora-

tion of [3H]-thymidine to DNA of concanavalin A stimulated cells. ELISA test was used for estimation of cytokines production.

Results: The antidepressants significantly suppressed the CHS reaction mediated by Tc1 cells: desipramine by 55% and fluoxetine

by 54% compared to the positive control. Moreover, the antidepressants decreased the proliferative activity of splenocytes and the

ability of splenocytes to produce interleukin (IL)-6 and interferon (IFN)-g and increased IL-10 production by the lymph node (LN)

cells of DNFB-treated mice.

Conclusion: The results of the present study show that the Tc1-dependent reactivity to DNFB is significantly suppressed by antide-

pressant drugs, which suggests their inhibitory effect on Tc1 mediated immunity.
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Introduction

Contact hypersensitivity (CHS) is an example of

delayed-type hypersensitivity (DTH) induced by hap-

tens, that conjugate to self-protein antigens and pep-

tides in the skin. CHS is mediated by the local extra-

vascular recruitment of antigen-specific circulating

CHS effector T (Teff) cells, that cause inflammatory

tissue swelling, peaking 24 h after the secondary skin

antigen challenge [2].

Various attempts have been made to elucidate the

mechanism involved in the onset of the CHS, moreover, it

has been explained that this reaction is T helper 1

(Th1)-dominant in CBA/J mice with an H2k haplotype,

immunized with picryl chloride. On the other hand,

C57BL/6 mice with the H2b haplotype and Balb/c mice

with the haplotype H2d have been found to show a T cy-

totoxic (Tc)1 CD8 T cell-dependent reaction after topical

application of 2,4-dinitrofluorobenzene (DNFB), 2,4-

dinitrochlorobenzene (DNCB) and oxazolone (OX) [27].

In the present study DNFB was used to induce the

CHS in Balb/c mice. Tc1-mediated CHS induced via

skin immunization with DNFB belongs to most fre-

quently studied animal models of skin hypersensitivity

[1]. In the effector phase of this reaction, Tc1 cells play

a key role by producing interferon (IFN)-g and several

other cytokines. The profile of cytokines released by

these cells resembles that of cytokines released by Th1,

which differentiates these cells from lymphocytes Tc2,

the latter not producing IFN-g but releasing interleukin

(IL-4), IL-5 and IL-10 [6]. Lymphocytes Tc1 kill target

cells by releasing perforins and granzymes and via in-

teraction of their own membranous molecules of the

tumor necrosis factor (TNF) superfamily with mole-

cules of the TNF receptor superfamily in the mem-

brane of target cells.

Treatment modalities for CHS are limited and ac-

companied with numerous side-effects [9]. In this

connection, numerous efforts have been made to de-

velop a treatment able to control contact sensitivity.

At present, some evidence suggests that antidepres-

sants have negative immunoregulatory effects, be-

cause they significantly decrease IFN-g/IL-10 ratio

[15, 19]. On the other hand, the ability of antidepres-

sant drugs to increase IL-10 production was shown in

animal models of depression and in ex vivo studies us-

ing human blood incubated with antidepressants [14-

17]. Moreover, our recently published paper showed

that antidepressant drugs are able to suppress the

Th1-mediated CHS induced by picryl chloride in

CBA mice [12].

The aim of present study was to examine the effect

of the antidepressants: desipramine and fluoxetine on

the DNFB-induced CHS. To explain the mechanism

of the suppressive effect of antidepressant drugs on

CHS, we examined the effect of antidepressant drugs

on the proliferation and secretion of cytokines by cells

from lymph nodes and splenocytes isolated from mice

that were or were not sensitized with DNFB.

Materials and Methods

Animals

The experiments were performed on three-month-old

Balb/c (H2d) male mice. The animals were housed in

groups of 5 per cage and were kept at a room tempera-

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

on between 6.00 a.m. – 6.00 p.m.). 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 the requirements of the International Guide for

the Care and Use of Laboratory Animals.

Drugs and chemicals

Desipramine hydrochloride and fluoxetine (Sigma, St.

Louis, MO, USA) were used. The drugs were dis-

solved in water and administered intraperitoneally

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

We used DNFB as a contact allergen (Sigma, USA).

Mouse contact hypersensitivity test

Balb/c mice were actively sensitized by a topical ap-

plication of 25 µl of 0.5% DNFB in an acetone-olive

oil mixture (4 : 1, v/v) to the shaved abdomen. Nega-

tive control mice were shaved and painted with the

acetone-olive oil mixture alone as a sham immuniza-

tion control group. Five days later, the mice were

challenged by application of 5 µl of 0.1% DNFB in

an acetone-olive oil mixture (4 : 1), to both sides of

the ear. The subsequent increase in ear thickness was

measured 24 h later with an engineer’s micrometer

and expressed in DTH units (IU) (DTH IU = 0.01 mm).
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The background increase in ear thickness of similarly

challenged non-immunized littermates, was subtracted

from the value obtained for each experimental group

to yield a net ear swelling expressed in units of 10-2

mm ± SD. Each experimental and control group con-

sisted of 9–10 animals.

The animals were divided into six groups: 1) vehic-

le-treated negative control group; 2) desipramine-

treated negative control group; 3) fluoxetine-treated

negative control group; 4) vehicle-treated DNFB

group (positive control group); 5) desipramine-treated

DNFB group; 6) fluoxetine-treated DNFB group.

Fourteen-day intraperitonal treatment with the anti-

depresant drugs desipramine and fluoxetine began

9 days before sensitization and was continued for

another 4 successive days at the time of DNFB chal-

lenge, and 24 h later in experimental groups. Final ear

measurement was carried out 1 h after the last drug in-

jection.

Preparation of cell suspensions

For in vitro studies, the animals were sacrificed one hour

after the last injection, immediately afterwards, their

spleens, axillary lymph nodes, inguinal lymph nodes

and thymuses were gently removed and weighed. The

spleens and axillary lymph nodes were crushed in indi-

vidual glass homogenizers, and 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. [13]. 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 at a final

volume of 0.2 ml for 72 h. Cell proliferation was de-

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

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

end of incubation.

Cytokine detection and quantification

Splenocytes and axillary lymph node cells were tested

for their ability to produce IL-4, IL-6, IL-10, IL-12p40,

TNF-a and IFN-g after stimulation with Con A. Sus-

pensions of the splenocytes and axillary lymph node

cells 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 super-

natants were stored at –20°C. Enzyme-linked immuno-

sorbent assays (ELISA) was carried out as described

previously [18]. IL-4, IL-6, IL-12p40 and TNF-a

were measured using pairs of anti-cytokine mono-

clonal antibodies, purchased from BD Biosciences

(San Jose, CA, USA), whereas IL-10 and IFN-g were

tested by DuoSet ELISA Development System (R&D

Systems, Minneapolis, USA).

Statistics

The results were statistically assessed by a two-way

analysis of variance (ANOVA) using DNFB sensitiza-

tion and antidepressant treatment as independent vari-

ables. Multiple post-hoc differences were checked by

the Scheffe test. The p values equal or lower than 0.05

were considered statistically significant.

Results

Antidepressant drugs inhibit contact

hypersensitivity in mice

Treatment with the antidepressant drugs desipramine

and fluoxetine, reduced the ear swelling by 55% (p <

0.05) and 54% (p < 0.05), respectively, in comparison

with the vehicle-treated positive control group (Tab. 1).

Desipramine or fluoxetine exerted no effect on the ear

thickness in negative control groups in comparison

with the vehicle-treated negative control group (data

not shown).

The influence of antidepressant drugs on the

thymus, spleen, axillary and inguinal lymph

node weight in contact sensitized mice

Table 2 shows a significant decrease (by ca. 35%), in

the relative thymus weight (the weight of the thymus

[mg] divided by the body weight [g]) of the vehicle-

treated CHS group (postive control group) in com-

parison with the vehicle-treated negative control

group (p < 0.028).
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Administration of antidepressants to the CHS

groups and negative control groups did not affect the

relative thymus and spleen weight in comparison with

the appropiate control groups.

Ear swelling in the contact hypersensitivity reac-

tion was connected with a significant increase in the

relative axillary [F (1, 31) = 4.19; p < 0.041] and in-

guinal [F (1, 31) = 5.21; p < 0.010] lymph nodes

weight, by ca. 79% and ca. 154%, respectively. Treat-

ment with desipramine and fluoxetine significantly

inhibited the increase in the inguinal lymph node

weight by 29% (p < 0.043) and 44% (p < 0.011), re-

spectively, in the CHS groups, but had no effect on

the axillary lymph node weight. Administration of

those drugs to negative control groups had no effect

on the axillary and inguinal lymph nodes weight in

comparison with the vehicle-treated negative control

group (Tab. 2).

The influence of antidepressant drugs

on the proliferative activity of splenocytes

in contact sensitized mice

Repeated treatment with desipramine and fluoxetine

significantly increased the spontaneous blastogenic

response of LN cells, whereas repeated fluoxetine ad-

ministration enhanced the spontaneous prolifeative

activity of splenocytes. Repeated treatment with anti-

depressants also significantly increased the blasto-

genic response of splenocytes to a suboptimal dose of

Con A, and that of lymphocytes from axillary lymph

nodes to an optimal dose of Con A compared to the

vehicle-treated negative control group (Tab. 2).

The spontanous proliferative activity of spleno-

cytes and lymphocytes from axillary lymph nodes

was significantly higher in the vehicle-treated positive

control group in comparison with the vehicle-treated

negative control group (ca. 960% and 127%, p <

0.001 and p < 0.05, respectively). Treatment with de-

sipramine and fluoxetine of CHS groups significantly

inhibited the spontaneous proliferation of splenocytes

(by ca. 91% and 92%, respectively). Fluoxetine inhib-

ited the proliferative activity of lymphocytes of axil-

lary lymph nodes by ca. 33% in comparison with the

vehicle-treated CHS group (positive control group)

(Tab. 2).

Responses to the stimulation with a suboptimal and

optimal dose of the T cell mitogen (Con A) were sig-

nificantly higher for splenocytes (at p < 0.01 and p <

0.05, respectively) and lymphocytes from axillary

lymph nodes (both at p < 0.05) in the vehicle treated

positive control group in comparison to vehicle-

treated negative control group.

Administration of antidepressants to DNFB-treated

animals inhibited the proliferative activity of spleno-

cytes, but not lymphocytes of axillary lymph nodes, in

response to a suboptimal and an optimal concentra-

tion of Con A, compared to the vehicle-treated posi-

tive control group (Tab. 2).

The influence of antidepressant drugs

on the splenocyte-induced cytokine production

in contact sensitized mice

ANOVA showed a significant antidepressant treat-

ment and DNFB sensitization effect on IL-4 produc-

tion, evoked by Con A-stimulated splenocytes, re-

spectively [F (2, 31) = 6.67, p < 0.003 and F (1, 31) =

187.5, p < 0.001]; there also was a significant DNFB

sensitization by antidepressant treatment interaction

[F (2, 31) = 7.61, p < 0.001]. A post-hoc test showed

that DNFB administration significantly inhibited IL-4

production (by 64%, p < 0.001). Desipramine and

fluoxetine administration to DNFB-treated animals

significantly inhibited IL-4 production, by 85% and

1240 Pharmacological Reports, 2013, 65, 1237�1246

Tab. 1. The effects of 14 daily injections of desipramine or fluoxetine on the DNFB-induced ear contact hypersensitivity (CHS) reaction in
Balb/c mice

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

Ear swelling (10-2 mm)
DTH IU

Inhibition (%)

Positive control 10 0 10.7 ± 1 0

Desipramine 10 10 4.8 ± 0.4& 55

Fluoxetine 9 10 4.9 ± 0.2& 54

& p < 0.05 vs. vehicle treated positive control. The results were statistically assessed by an analysis of variance (ANOVA). Multiple post-hoc dif-
ferences were checked by Scheffe test. The data are presented as the mean ± standard deviation of the mean (SD)



82%, respectively, in comparison with the animals

treated with desipramine and fluoxetine alone.

ANOVA revealed a significant DNFB sensitization

and DNFB sensitization by antidepressant treatment

interaction effect on IL-4 production, evoked by Con

A-stimulated lymph node cells, [F (2, 31) = 16.27, p <

0.001 and F (1, 31) = 6.90, p < 0.003, respectively],

but no significant DNFB sensitization effect [F (1, 31)

= 3.75, p < 0.06]. A post-hoc test showed that desi-

pramine and fluoxetine administration to DNFB-

treated animals significantly inhibited IL-4 produc-

tion, by 38% and 66%, respectively in comparison

with animals treated with DNFB alone (Tab. 3).

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization effect on IL-6 produc-

tion, evoked by Con A-stimulated splenocytes [F (2, 31)

= 3.49, p < 0.04 and F (1, 31) = 67.4, p < 0.001, re-

spectively]; a significant DNFB sensitization by anti-

depressant treatment interaction [F (2, 31) = 19.6, p <

0.001] was also observed. A post-hoc test showed that

desipramine and fluoxetine significantly increased

IL-6 production, by 168% and 200%, respectively, in

comparison with the vehicle-treated group. Desipra-

mine administration to DNFB-treated animals signifi-

cantly inhibited IL-6 production in comparison with

DNFB or desipramine-treated animals. Fluoxetine ad-

ministration to DNFB-treated animals inhibited IL-6

production in comparison with fluoxetine-treated ani-

mals (Tab. 3).

ANOVA revealed no significant effect of antide-

pressant treatment, DNFB sensitization and antide-

pressant treatment by DNFB sensitization interaction

on IL-6 production, evoked by lymphocytes from

lymph nodes.

ANOVA showed a significant antidepressant treat-

ment and DNFB sensitization by antidepressant treat-

ment effect on IL-10 production, evoked by non-

stimulated splenocytes, [F (2, 31) = 10.3, p < 0.001
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Tab. 2. The effects of 14 daily injections of desipramine or fluoxetine on the immunoreactivity of Balb mice subjected to the DNFB-induced CHS
reaction

Parameter Vehicle Desipramine Fluoxetine Vehicle + CHS Desipramine
+ CHS

Fluoxetine
+ CHS

Relative spleen weight 5.47
(0.15)

5.3
(0.39)

5.23
(0.35)

5.52
(0.25)

5.83
(0.57)

5.37
(0.78)

Relative thymus weight 2.12
(0.19)

1.97
(0.15)

2.28
(0.34)

1.38
(0.39)#

1.63
(0.46)

1.34
(0.5)

Relative axillary LN weight 1.03
(0.24)

1.06
(0.29)

0.8
(0.13)

1.85
(0.4)*

2.09
(0.34)

1.98
(0.39)

Relative inguinal LN weight 0.55
(0.1)

0.49
(0.11)

0.33
(0.1)

1.4
(0.11)*

1
(0.17)#

0.93
(0.19)#

MTT splenocytes (optical density) 179
(66)

227
(102)

311
(59)

260
(93)

206
(4)

185
(55)

Proliferative activity of splenocytes
(non-stimulated; dpm)

1138
(228)

1284
(268)

1781
(441)*

12073
(2914)*

1120
(86)#

963
(251)#

Con A-stimulated splenocytes
(0.6 µg/ml; dpm)

13739
(359)

29319
(2456)*

32072
(6064)*

19289
(2971)*

5653
(405)#

7171
(859)#

Con A-stimulated splenocytes
(2.5 µg/ml; dpm)

25634
(1824)

32360
(2792)

42442
(12543)*

37418
(5091)*

15693
(5705)#

17909
(4667)#

Proliferative activity of lymphocytes
from axillary lymph nodes
(non-stimulated; dpm)

686
(52)

946
(82)*

994
(68)*

1560
(187)*

1498
(150)

1244
(257)#

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

26462
(3517)

35671
(10521)

37261
(10480)

44374
(9020)*

46563
(3420)

47582
(13146)

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

43622
(6108)

57267
(6417)*

55142
(5883)*

58956
(7567)*

57929
(1763)

57548
(2834)

* p < 0.05 vs. vehicle treated negative control group; # vs. vehicle treated CHS group (positive control group). The data are presented as the
mean ± standard deviation of the mean (SD)



and F (2, 31) = 12.2, p < 0.001, respectively]. A post-

hoc test showed that desipramine and fluoxetine ad-

ministration significantly increased IL-10 production,

by 84% and 70%, respectively, in comparison with

the vehicle-treated control. On the other hand, desi-

pramine administration to DNFB-treated animals de-

creased IL-10 production in comparison with the mice

treated with desipramine alone (Tab. 3).

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization and antidepressant

treatment by DNFB sensitization effect on IL-10 pro-

duction, evoked by Con A stimulated splenocytes,

[F (2, 31) = 10.3, p < 0.001 and F (2, 31) = 12.2, p <

0.001, respectively]. A post-hoc test showed that desi-

pramine and fluoxetine administration significantly

increased IL-10 production, by 163% and 102%, re-

spectively, in comparison with the vehicle-treated ani-

mals. In DNFB-treated animals significant inhibition

of IL-10 production in comparison with the vehicle-

treated animals was observed. Desipramine and flu-

oxetine administration to DNFB-treated animals inhib-

ited IL-10 production in comparison with the animals

treated with the antidepressant drugs alone (Tab. 3).

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization effect on IL-10 produc-

tion, evoked by Con A-stimulated lymph nodes lym-

phocytes [F (2, 31) = 4.48, p < 0.019 and F (1, 31) =

21.27, p < 0.001, respectively], but no significant

DNFB sensitization by antidepressant treatment inter-

action [F (2, 31) = 1.23, p < 0.31]. A post-hoc test of

treatment showed an increase in IL-10 production in

antidepressant-treated animals with CHS reaction in

1242 Pharmacological Reports, 2013, 65, 1237�1246

Tab. 3. The effects of 14 daily injections of desipramine and fluoxetine on cytokines production in Balb mice subjected to the DNFB-induced
CHS reaction

Parameter Vehicle Desipramine Fluoxetine Vehicle
+ CHS

Desipramine
+ CHS

Fluoxetine
+ CHS

IL-4 (Con A-stimulated splenocytes); pg/ml 210
(48)

246
(62)

280
(61)

75
(28)*

38
(23)#

60
(39)^

IL-4 (Con A- stimulated LN cells); pg/ml 80
(38)

63
(35)

41
(37)

161
(46)*

100
(44)&

54
(32)&

IL-6 (Con A stimulated splenocytes); pg/ml 61
(33)

164
(56)*

183
(53)*

69
(32)

12
(8)& #

25
(19)^

IL-6 (Con A-stimulated LN cells); pg/ml 152
(112)

136
(46)

126
(20)

307
(202)

251
(127)

262
(127)

IL-10 (non- stimulated splenocytes); pg/ml 9.8
(4.4)

18
(4.4)*

16.7
(4.3)*

12.2
(1.4)

8.7
(3.2)#

12.5
(8.6)

IL-10 (Con A-stimulated splenocytes); pg/ml 38
(11)

100
(25)*

77
(27)*

18
(6)*

14
(6)#

22
(7)^

IL-10 (Con A stimulated LN cells); pg/ml 94
(38)

125
(76)

133
(82)

149
(58)

263
(63)& #

232
(60)& ^

IL-12p40 (Con A- stimulated splenocytes); pg/ml 40
(25)

81
(30)*

156
(58)*

28
(17)

22
(13)#

37
(18)^

IL-12p40 (Con A- stimulated LN cells); pg/ml 18.5
(9)

33
(17)

108
(44)*

19
(12)

15
(10)

23
(14)^

TNF-a (Con A-stimulated splenocytes); pg/ml 220
(108)

309
(146)

33
(26)*

141
(89)

130
(100)

150
(80)

TNF-a (Con A-stimulated LN cells); pg/ml 439
(156)

392
(145)

235
(68)

455
(120)

424
(152)

442
(160)

IFN-g (Con A-stimulated splenocytes); pg/ml 205
(43)

253
(78)

236
(74)

272
(33)

100
(30)& #

101
(39)&^

IFN- g (Con A- stimulated LN cells); pg/ml 402
(96)

184
(71)*

64
(23)*

578
(131)*

465
(140)#

507
(139)^

* p < 0.05 vs. vehicle treated negative control group; & p < 0.05 vs. vehicle treated CHS group (positive control group); # vs. desipramine-treated
negative control group; ^ vs. fluoxetine-treated negative control group. The data are presented as the mean ± standard deviation of the mean (SD)



comparison to the animals treated with antidepressant

alone (both at p < 0.05) (Tab. 3).

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization effect on IL-12p40 pro-

duction, evoked by Con A stimulated splenocytes [F (2,

31) = 13.62, p < 0.001 and F (1, 31) = 35.29, p < 0.001,

respectively], as well as a significant DNFB sensitiza-

tion by antidepressant treatment interaction [F (2, 31) =

9.52, p < 0.001]. A post-hoc test showed a significant in-

crease in IL-12p40 production in desipramine-

fluoxetine-treated animals in comparison with the

vehicle-treated controls. Administration of DNFB to de-

sipramine- or fluoxetine-treated animals decreased IL-

12p40 production in comparison with the animals

treated with antidepressant drugs alone (Tab. 3).

ANOVA showed a significant antidepressant treat-

ment and DNFB sensitization effect on IL-12p40 pro-

duction, evoked by Con A-stimulated splenocytes

[F (2, 31) = 18.46, p < 0.001 and F (1, 31) = 23.47, p

< 0.001, respectively], as well as significant DNFB

sensitization by antidepressant treatment interaction

[F (2, 31) = 14.76, p < 0.001]. A post-hoc test showed

a significant increase in IL-12p40 production in

fluoxetine-treated animals in comparison with the

vehicle-treated controls, whereas DNFB administra-

tion to fluoxetine-treated animals decreased that pa-

rameter in comparison with the mice treated with

fluoxetine alone (Tab. 3).

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization by antidepressant treat-

ment interaction effect on TNF-a production, evoked

by Con A-stimulated splenocytes [F (2, 31) = 5.27,

p < 0.01 and F (1, 31) = 6.93, p < 0.003, respectively],

but no significant DNFB sensitization effect [F (2, 31)

= 1.96, p < 0.17]. A post-hoc test showed a significant

decrease in TNF-a production, by 85% in fluoxetine-

treated animals in comparison with the vehicle-treated

control animals (Tab. 3).

ANOVA showed no significant effect of antide-

pressant treatment, DNFB sensitization and antide-

pressant treatment by DNFB sensitization interaction

on TNF-a production by lymph nodes lymphocytes.

ANOVA revealed a significant antidepressant treat-

ment and DNFB sensitization effect on IFN-g produc-

tion, evoked by Con A-stimulated splenocytes [F (2, 31)

= 6.35, p < 0.0049 and F (1, 31) = 17.72, p < 0.001,

respectively], as well as significant DNFB sensitiza-

tion by antidepressant treatment interaction [F (2, 31)

= 15.83, p < 0.001]. A post-hoc test showed a de-

crease in IFN-g production in desipramine- or flu-

oxetine-DNFB-treated animals, by 60% and 58%, re-

spectively, in comparison with the animals treated

with an antidepressant alone, and by 63% for both

drugs in comparison with the DNFB-treated animals

(Tab. 3).

ANOVA showed a significant antidepressant treat-

ment and DNFB sensitization effect on IFN-g produc-

tion, evoked by Con A-stimulated lymph nodes lym-

phocytes [F (2, 31) = 10.77, p < 0.001 and F (1, 31) =

63.38, p < 0.001, respectively], as well as significant

DNFB sensitization by antidepressant treatment inter-

action [F (2, 31) = 4.75, p < 0.016]. A post-hoc test

showed a significant increase in IFN-g production in

DNFB-treated animals. Desipramine and fluoxetine

administration decreased IFN-g production by 55%

and 84%, respectively, in comparison with the

vehicle-treated control mice. Desipramine and

fluoxetine administration to DNFB-treated animals

increased IFN-g production in comparison with the

animals treated by antidepressants alone. (Tab. 3)

In summary, administration of fluoxetine and desi-

pramine to control animals significantly increased

IL-6, IL-10 and IL-12p40 production evoked by Con

A-stimulated splenocytes, as well as IL-10 produc-

tion, evoked by non-stimulated splenocytes. The

TNF-a production evoked by splenocytes was re-

duced in the fluoxetine-treated control group.

The IFN-g production evoked by axillary lymph

nodes was diminished in the desipramine and

fluoxetine-treated controls in comparison with the

vehicle-treated negative control group (p < 0.05).

There was a significant decrease in IL-4 and IL-10

production, evoked by Con A-stimulated splenocytes

and an increase in IFN-g production evoked by Con

A-stimulated LN in the DNFB-treated positive con-

trol group.

Desipramine and fluoxetine significantly suppressed

IFN-g production, evoked by Con A-stimulated sple-

nocytes and enhanced the IL-10 production evoked by

Con A-stimulated LN in the CHS groups in compari-

son with the vehicle and DNFB-treated positive con-

trol groups.

Discussion

The main finding of the present paper is that antide-

pressant drugs significantly inhibit DNFB induced,

Tc1 dependent CHS: fluoxetine by 54% and desi-
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pramine by 55%, compared to positive control. These

effects are similar to those observed for the same anti-

depressant drugs in the Th1 dependent CHS induced

by picryl chloride administration [12].

The effector phase of Tc1 dependent CHS consists

of an early initiating component detectable 2 h after

challenge and the classical late T cell dependent com-

ponent that is detected 24 h post challenge. An early

initiating component is mediated by natural killer (NK)

T cells, B1 lymphocytes producing Ag-specific IgM

antibody, mast cells and the complement-providing

proper microenviroment for the development of the

late hapten-specific reaction, mediated by Teff cells.

Antidepressant drugs may inhibit CHS reaction to

DNFB in Balb/c mice by decreasing activity of antigen-

presenting cells, endothelial cells, antigen-specific B1

cells, NKT lymphocytes, T effector CD8+Tc1 cells which

release IFN-g and by increasing activity of regulatory T

(Treg) cells and type 1 regulatory T (Tr1) cells [24]. Treg

cells suppress influx of Teff cells into an inflamed tissue

and suppress proliferation of these cells [22] as well as

stimulate secretion of IL-10 by Tr1 cells [7].

To study the suppressive mechanism of action of

antidepressant drugs towards CHS reaction, the effect

of the drugs on the proliferative activity of spleno-

cytes and lymph nodes cells and their ability to syn-

thesize cytokines were evaluated. It has been shown

that fourteen-day treatment with antidepressants in-

creased the proliferative activity of splenocytes and

lymph nodes lymphocytes. Our earlier papers also

showed that imipramine, amitriptyline, fluoxetine and

citalopram administrated for one or two weeks en-

hanced the proliferative activity of splenocytes,

whereas an opposite effect was observed after four-

week drug administration [14, 18]. An immuno-

potentating effect of prolonged administration of anti-

depressant drugs to experimental animals was also de-

scribed by other authors. Among others, Song and

co-authors [25] reported that chronic administration

of sertraline increased the percentage of neutrophils

and enhanced the proliferative activity of T lympho-

cytes. However, other reports pointed out immuno-

suppressive effects of antidepressants. Pellegrino and

Bayer [20] found that acute, but not chronic, admini-

stration of fluoxetine (10 mg/kg) to Sprague-Dawley

rats decreased the mitogen-induced lymphocyte pro-

liferation and NK cell cytotoxic activity. Hence, it is

concluded that numerous parameters, e.g., the period

of drug administration, strain differences, modulate

the immune effects of antidepressant drugs. The in-

creased proliferative activity of splenocytes and LN

cells in response to Con A does not exclude the occur-

rence of suppressive cells (in these organs) effectively

inhibiting CHS reaction.

The increased spontaneous and Con A stimulated

proliferative activity of splenocytes and lymphocytes

from lymph nodes in DNFB-treated animals were an

expected phenomenon which may indicate presents of

DNFB-activated T cells, with a high proliferative po-

tential in these organs. DNFB administration could re-

sult in the influx to the spleen and lymph nodes and/or

activation of cells, already present in these organs,

with an increased proliferative activity – both sponta-

neous and Con A-induced. On the other hand, treat-

ment with antidepresant drugs was effective in inhib-

iting both the spontaneous and Con A-stimulated pro-

liferative activity of cells present in the spleen of

DNFB-treated animals. These result correlate with the

data on the inhibition of CHS reaction to DNFB

evoked by these drugs. It is difficult to explain the in-

hibition of the proliferative activity of splenocytes in

animals treated with the drugs and DNFB in the con-

text of the enhanced proliferation of these cells after

administration of either the drugs alone or DNFB

alone. Nonetheless, as has been mentioned above, it

may be speculated that administration of the drugs in-

duces formation of suppressive cells with a low pro-

liferative activity in response to Con A stimulation

and inhibitory towards the effector cells released by

DNFB application which diminished the population

of cells capable of responding to Con A in the spleen.

The result concerning cytokine synthesis may be

summarized as follows: a) changes in cytokine syn-

thesis after treatment with antidepressant drugs in

both the spleen and lymph nodes are in line with the

alterations described for other mouse and rats strains

and human blood; moreover, there are characterized

by enhanced synthesis of cytokines typical of Th2:

IL-6, IL-10 and the diminished production of cytoki-

nes typical of Th1: TNF-a and IFN-g except for

IL12p40 whose production markedly increases;

b) DNFB administration diminishes the synthesis of

IL-4 and IL-10 in the spleen and elevates the synthe-

sis of IL-4 and IFN-g in the lymph nodes without

affecting the synthesis of remaining cytokines;

c) DNFB application to animals pretreated with anti-

depressant drugs enhances the synthesis of IL-10 in

the LN and inhibits the synthesis of INF-g in the

spleen, which may be of key importance to the inhibi-

tion of the reaction. Besides, DNFB immunization of

animals treated with antidepressant drugs abolishes

the inhibitory effect of drugs on IFN-g synthesis in
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lymph nodes and abolishes the stimulating effects of

drugs on IL-6 and IL-10 synthesis in the spleen.

Moreover, the animals treated with drugs and DNFB

showed reduced level of IL-6 and IFN-g in the spleen

compared to the level observed after administration of

both the drugs and DNFB. These cytokines reveal

a substantial proinflammatory action, and the de-

crease of their concentration may inhibit contact hy-

peractivity reaction.

It is noteworthy that administration of the drugs

stimulates IL-10 synthesis in the lymph nodes of

DNFB-treated mice. IL-10 is a pleiotropic cytokine

and a potent negative regulator of both innate and

adaptive immune responses. It has been established

that IL-10 producing regulatory cells are able to pre-

vent or terminate contact hypersensitivity reaction [26].

It has been demonstrated that IL-10 signaling in CHS

is dispensable during naive T-cell priming, but is criti-

cal to the prevention of an exaggerated effector T-cell

response in the skin. Consequently, IL-10-deficient

mice show an enhanced CHS to topical hapten [5, 10].

Possibly, the level of cytokines at the moment of

induction of CHS reaction is of crucial importance to

the inhibition of CHS reaction, which is reflected in

the production of cytokines in animals treated chroni-

cally with the drugs. The present study describes an

increase in IL-10 level in the spleen and a decrease in

IFN-g concentration in the LN of such animals. The

studies conducted so far indicate a pivotal role of

IFN-g in the activation of Langerhans’ cells engaged

in initiation the CHS reaction [26]. Of crucial impor-

tance may also be the ability of the drugs to stimulate

IL-6 in the spleen. Although, IL-6 has both pro- and

anti-inflammatory properties, it may be speculated

that the increase in IL-6 level before inducting DNFB

reaction possibly inhibits the progress of this reaction,

since the increase in IL-6 level before inflammation

or toxic or septic shock reveals a therapeutic poten-

tial. Barton et al. [3] showed that pretreatment of mice

with anti-IL-6 antibody increased their mortality from

55% to almost 90%, whereas pretreatment with IL-6

reduced their death rate to 2% in an enterotoxin-

induced toxic shock model.

Our study reports an increase in IL-12p40 produc-

tion by mitogen-stimulated splenocytes and lymph-

node cells obtained from antidepressant treated ani-

mals. IL-12p40 is known to be a component of the

bioactive cytokines IL-12 and IL-23. However, IL-

12p40 has not been widely recognized to have intrin-

sic functional activity, but when this property is taken

into account, the cytokine can be regarded as an an-

tagonist because the recombinant murine IL-12p40

homodimer (IL-12p80) competitively binds to the

common receptor component IL-12Rb1 and prevents

the occurrence of IL-12-mediated inflammation. On

the other hand, it has been established that IL-12 aug-

ments CD8+ T cell development of contact hypersen-

sitivity responses [11], whereas neutralization of IL-

12 by an anti-IL-12 antibody in vivo prevents the in-

duction of contact hypersensitivity responses and in-

duces hapten-specific tolerance [21]. Recently it has

been shown that epicutaneous application of dini-

trothiocyanobenzene (DNTB), induces tolerance to its

related compound DNFB, which can be broken by

IL-12 [8]. It is therefore speculated that the stimula-

tory effect of desipramine and fluoxetine on IL-12p40

production via inhibition of IL-12Rb1 by an IL-

12p40 homodimer and by inducing anti-IL-12 anti-

bodies is involved in decreasing the CHS reaction.

Although in our present study antidepressant drugs

drastically inhibited CHS, few other papers described

the induction of DTH reaction by antidepressant drugs.

For example, Beer et al. [4] reported hypersensitivity

associated with a rash, eosinophilia and arthralgia dur-

ing treatment with fluoxetine, whereas Sanz-Gallén et

al. [23] described the case of occupational sensitivity to

fluoxetine in men who had worked for 12 years at the

synthesis of active ingredients of fluoxetine.

In summary, the results of the present study show

that the Tc1-dependent reactivity to DNFB is signifi-

cantly suppressed by antidepressant drugs, which sug-

gests their inhibitory effect on Tc1 mediated immu-

nity. Nevertheless, we cannot exclude inhibitory ac-

tion of antidepressant drugs on not only Tc1 cells, but

also other cell subpopulations engaged in releasing

and propagating CHS reaction, which requires further

studies. The results of the present investigation sug-

gest that antidepressant drugs may be useful therapeu-

tic tool in the treatment of contact allergy.
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