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Chronic stress and depres sion are widely known to down-reg u late the immune sys tem, and sev eral anti-

de pres sants can reverse this impair ment, with or with out effects in nor mal sub jects. Although the cen tral 

ner vous sys tem is undoubt edly involved in these events, some psy cho tro pic drugs can also exert direct 

effects on lym phoid cells. We have recently shown that the anti de pres sant flu ox e tine enhances T cell 

pro lif er a tion and TH1 cyto kine pro duc tion in vivo, with out changes on CD4/CD8 sub sets. In vitro, a direct 

action of flu ox e tine upon T lym pho cyte reac tiv ity by com plex mech a nisms was also described. In another 

work, we also found that chronic stress reduces T cell med i ated immu nity, namely a decrease of T cell 

response to mit o gens, TH1 cyto kine pro duc tion and CD4+—but not CD8+—T lym pho cytes. Here we inves ti-

gated the effects of flu ox e tine on chronic stress-driven immune sys tem depres sion. We found that flu ox-

e tine restored T cell pro lif er a tion and inter leu kin-2, inter feron-c and tumor necro sis fac tor-a pro duc tion 

by com pen sa tory mech a nisms. In addi tion, CD4/CD8 ratio was also nor mal ized by anti de pres sant admin-

is tra tion, but this seems to be a non-com pen sa tory effect asso ci ated spe cifi  cally to stress. No changes 

were observed in other lym phoid cells, i.e. nat u ral killer cells and B lym pho cytes. Finally, we observed 

that flu ox e tine is able to reverse T cell reac tiv ity impair ment in vitro by a direct action at clin i cally rel e-

vant doses. These results high light the rel e vance of phar ma co log i cal treat ment of stress and depres sion, 

and may help to begin elu ci dat ing the com plex events trig gered—directly and/or indi rectly—by anti de-

pres sants in non-neu ro nal cell types.

© 2008 Else vier Inc. All rights reserved.
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1. Intro duc tion

Now a days, neu ro im mu no mod u la tion is a grow ing field  

sup ported by a con sid er able body of evi dence point ing to the 

inter ac tion between psy cho log i cal fac tors and the immune sys tem  

(Ser a feim and Gor don, 2001). Pro longed expo sure to stress ful sit u-

a tions has been asso ci ated with the onset and out come of spe cific 

neu ro pa thol o gies (Will ner and Mitch ell, 2002), and it is widely 

known that chronic stress and its related psy chi at ric dis eases such 

as major depres sion, post-trau matic stress dis or der and anx i ety 

can mod u late the immune response (Gla ser and Kie colt-Gla ser, 

2005; Calc agni and Elen kov, 2006). Addi tion ally, cer tain psy cho-

tro pic drugs, e.g. anti de pres sants, anx io lyt ics and an ti psy chot ics, 

reverse the adverse effects trig gered by such psy chop a thol o gies 

(Will ner and Mitch ell, 2002; Edgar et al., 2002). There is also evi-

dence that in non-path o log i cal con di tions, anti de pres sants have 

effects per se in sev eral cell types. More over, increas ing evi dences 

indi cate that some of these drugs can also act directly on immune 

cells reg u lat ing their func tion ing (Gor don and Barnes, 2003).
0889-1591/$ - see front matter © 2008 Else vier Inc. All rights reserved.
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In a recent work, we found that chronic restraint stress for 3 

weeks spe cifi  cally impairs the T helper com po nent of immu nity. 

This was evi denced by a reduc tion of T cell response to mit o gens, a 

decreased pro duc tion of the TH1 cyto kines inter feron-gamma (IFN-c) 

and necro sis fac tor-alpha (TNF-a), and a reduc tion in the num ber of 

CD4+ T cell sub pop u la tion with out changes in CD8+ T cells (Frick et 

al., 2008a). Instead, no changes were found in other immune sys tem 

com po nents, i.e. nat u ral killer (NK) cells and B lym pho cytes. These 

results empha size the par tic u lar impor tance of T helper immu nity 

down-reg u la tion induced by pro longed stress. More over, given that 

chronic restraint stress model is pro posed as a model for the study of 

some aspects of depres sive-like symp toms in mice sim i lar to those 

occur ring in humans, the rever sion by anti de pres sant treat ment of 

the adverse effects observed fur ther strength ens the impor tance of 

pre vi ous results (Will ner and Mitch ell, 2002).

On the other hand, we found that the admin is tra tion dur ing 

4 weeks of the anti de pres sant flu ox e tine, a selec tive sero to nin 

re up take inhib i tor used for the treat ment of major depres sion in 

humans, enhances T cell med i ated immu nity, namely an increase 

of T cell pro lif er a tion and TH1 cyto kines IFN-c and TNF-a pro duc-

tion, with out changes on CD4/CD8 sub sets (Frick et al., 2008b). We 

also found that, besides its effects on sero to ner gic neu rons in the 

http://www.sciencedirect.com/science/journal/08891591
http://www.elsevier.com/locate/ybrbi
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cen tral ner vous sys tem and their subsequent action in the periph-

ery, flu ox e tine is also able to act directly on T lym pho cytes mod u-

lat ing their pro lif er a tion in a dual man ner depend ing on cel lu lar 

acti va tion by two mech a nisms: one depen dent on sero to nin and 

the other inde pen dent of sero to nin. Exper i ments per formed using 

athy mic mice—devoid of T lym pho cytes—sug gested that flu ox e tine 

acts selec tively on T cells, but not on other lym pho cyte sub types. 

These results dem on strate that this anti de pres sant exerts an immu-

no mod u la tory effect in non-path o log i cal con di tions in part due to 

its direct effects on T cells.

How ever, dif fer en tial events were observed in these treat-

ments. It seems that chronic stress impairs T helper cell med i ated 

immu nity by reduc ing the num ber of T CD4+ cells. Instead, flu ox e-

tine seems to alter T cell reac tiv ity with out any change in the total 

num ber of lym pho cyte sub sets. Hence, dif fer en tial events could be 

trig gered by stress and anti de pres sants. In addi tion, a direct effect 

of flu ox e tine on nor mal T cells was dem on strated. There fore, it is 

pos si ble that this anti de pres sant also has a direct reg u la tion of T 

lym pho cytes from stressed ani mals.

Given that chronic stress has been widely related to the devel-

op ment and pro gres sion of major depres sion, and that flu ox e tine 

is the anti de pres sant of first choice pre scribed for the treat ment 

of depres sive patients, here we com bined repeated stress expo-

sure and daily flu ox e tine admin is tra tion in order to test whether 

T cell med i ated immu nity depres sion can be coun ter acted by com-

pen sa tory and/or not com pen sa tory mech a nisms. In addi tion, we 

explored more deeply other com po nents of the immune sys tem, 

i.e. NK activ ity, B cell response and inter leu kin-2 (IL-2) pro duc-

tion. Finally, we ana lyzed whether flu ox e tine direct effects are also 

involved in the rever sion of T cell med i ated immu nity impair ment 

induced by chronic stress.

2. Mate ri als and meth ods

2.1. Ani mals

Inbred female BALB/c mice (n = 42 mice per treat ment) were 

cared for in accor dance with the Guide for the Care and Use of Lab-

o ra tory Ani mals (NIH, USA). For the chronic restraint stress model, 

ani mals were immo bi lized daily for 6 h in well-ven ti lated poly pro-

pyl ene tubes (2.8 cm diam e ter £ 11.5 cm length) with out access to 

food and water (Alfonso et al., 2006; Frick et al., 2008a). Flu ox e-

tine (Gador, Cap i tal Fed eral, Bue nos Aires, Argen tina) was admin-

is tered in the drink ing water at a dose of 15 mg/kg/day (Frick et 

al., 2008b). In the com bi na tion of both treat ments, ani mals were 

restrained and con com i tantly given the same dose of flu ox e tine 

(Alfonso et al., 2006). These pro to cols were per formed for 3 weeks 

and then mice were killed. Ani mals from con trol groups were left 

undis turbed.

2.2. Pro lif er a tion assays

Lym pho cytes from spleens and lymph nodes were prepared in 

sup ple mented RPMI 1640 (Invit ro gen, Carls bad, CA, USA), as pre-

vi ously described (Frick et al., 2008a, b). Pro lif er a tion was deter-

mined by cul tur ing 2 £ 105 cells/ml per well in mi cro plates in the 

pres ence of 0.5 lg/ml (sub op ti mal), 1 lg/ml (opti mal) or 2 lg/ml 

(inhib i tory) Con ca nav a lin A (Con A, Sigma–Aldrich, St. Louis, 

MO, USA); 2.5 lg/ml poke weed mito gen (PWM, Sigma–Aldrich) 

or 15 lg/ml lipo poly sac cha ride (LPS, Sigma–Aldrich). Cells 

were cul tured at 37 °C in a 5% CO2 atmo sphere for 72 h. Mito-

genic activ ity was mea sured by add ing 0.75 lCi [3H]-thy mi dine 

(Amersham Bio sci ences, Little Chal font, Buck ing ham shire, UK) 

per well. Thy mi dine incor po ra tion was mea sured by scin til la tion 

count ing after reten tion over GF/C glass–fiber fil ters (What man, 

Brent ford, Mid dle sex, UK) of the acid-insol u ble mac ro mo lec u lar 
frac tion. Pro lif er a tion indexes were cal cu lated as the rela tion of 

stim u lated—basal/basal pro lif er a tion (mean base line pro lif er a-

tion = 1785 dpms).

2.3. Nat u ral killer activ ity assay

NK cells activ ity was eval u ated accord ing to the JAM method 

(Frick et al., 2008a). Briefly, YAC-1 (ATCC, Manas sas, VA, USA) were 

labeled with 5 lCi [3H]-thy mi dine 3 h prior the cyto tox ic ity assays 

were car ried out. [3H]-Thy mi dine is then incor po rated into the 

DNA of pro lif er at ing YAC-1 cells (Wun der lich et al., 1997). Cell sus-

pen sions from spleens were obtained as described above. Dif fer ent 

ratios of tar get and effec tor cells (1:100 to 1:1) were co-incu bated 

for 3.5 h at 37 °C in a 5% CO2 atmo sphere. YAC-1 cells are lysed by 

NK cells pres ent in the cul ture and DNA frag ments are released to 

the medium. Chro mo som ic DNA from intact tar get cells is retained 

in fil ters when har vested, and its radio ac tiv ity is inversely related 

to cyto lytic activ ity of effec tor cells. Lytic units were cal cu lated by 

lin ear regres sion anal y sis as the num ber of lym pho cytes that yield 

a 30% of total lysis.

2.4. Lym pho cyte sub sets deter mi na tion by flow cytom e try

Lymph node CD4+ T helper and CD8+ T-cyto toxic lym pho cytes 

were deter mined by flow cytom e try (Frick et al., 2008a, b). Briefly, 

cells were stained with fluo res cein-con ju gated anti-mouse CD4 

(CD4-FITC) and phy co er y thrin-con ju gated anti-mouse CD8 (CD8-

PE) mono clo nal anti bod ies (eBio science, San Diego, CA, USA). 

Lym pho cyte sub sets were iden ti fied by FACS anal y sis using a BD 

FAC SCal i bur flow cytom e ter (BD Bio sci ences, San Jose, CA, USA). 

Iso type con trols (Sigma–Aldrich) were used to deter mine non-spe-

cific stain ing.

2.5. Real-time reverse tran scrip tion poly mer ase chain reac tion

Quan ti fi ca tion of gene expres sion was per formed as pre vi-

ously described (Alfonso et al., 2006; Frick et al., 2008a, b). Total 

RNA was iso lated from lymph nodes using Tri zol Reagent (Invit ro-

gen). PolyA+ mRNA was iso lated from total RNA using the PolyA-

Tract mRNA iso la tion Sys tem (Promega, Mad i son, WI, USA). cDNA 

was syn the sized by ret ro tran scrip tion using Super Script II Reverse 

Trans crip tase enzyme (Invit ro gen). Real-time RT-PCRs were  car ried 

out in a Gene Amp 7500 Sequence Detec tion Sys tem (Applied Bio-

sys tems, Fos ter City, CA, USA). cDNA amounts were deter mined 

using SYBR Green PCR Core Reagents kit (Applied Bio sys tems). Oli-

go nu cleo tide sequences used were: IL-2 for ward 59-CCT GAG CA 

G GATG GA GA ATT ACA-39, IL-2 reverse 59-TCCAGAACATGCCGCA G 

AG-39, TNF-a for ward 59-GCACCACCATCAAGGACTCAA-39, TNF-a 

reverse 59-TTGCAGAACTCAGGAATGG ACA-39, IFN-c for ward 59-T 

GCTGATGGGAGGAGATGTC TAC-39, IFN-c reverse 59-AC CTGACACATT 

CGAGTGCTGT-39, b-actin for ward 59-CA ACTTGATGTATGAAGGCTTTG 

GT-39, b-actin reverse 59-ACT TTTATTGGTCTCAAGTCAGTGTA CAG-39. 
For data nor mal i za tion, val ues were referred to b-actin.

2.6. Sta tis ti cal anal y sis

Sta tis ti cal sig nifi  cances were deter mined using unpaired two-

tailed Stu dent t-test or one-way anal y sis of var i ance (ANOVA) fol-

lowed by Dun nett’s con trast.

3. Results

3.1. Effects of flu ox e tine and chronic stress on immu nity

We eval u ated the sta tus of the immune response in nor mal and 

stressed ani mals, treated or not with flu ox e tine. As we have shown, 
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chronic restraint stress for 3 weeks reduced T lym pho cyte pro lif er a-

tion to mito genic Con A stim u la tion, whereas the admin is tra tion of 

15 mg/kg/day flu ox e tine dur ing the same period of time increased 

it (Table 1). The com bi na tion of both treat ments resulted in [3H]-

thy mi dine incor po ra tion val ues sim i lar to those from con trol 

ani mals (Table 1). More over, the same effects were observed for 

sub op ti mal, opti mal and inhib i tory mito gen con cen tra tions (0.5, 1 

and 2 lg/ml Con A, Fig. 1A). Instead these treat ments did not mod-

ify B cell pro lif er a tion induced by LPS or PWM as well as NK cells 

cyto lytic activ ity against YAC-1 tumor cells (Table 1). Flu ox e tine 

was pre vi ously shown to enhance the pro duc tion of the TH1 cyto-

kines TNF-a and IFN-c, which was decreased by chronic restraint 

stress. When both treat ments were com bined, we observed a 

 nor mal i za tion of cyto kine expres sion (Table 1). In addi tion, a sim i-

lar behav ior was observed for the cyto kine IL-2, a key reg u la tor of 

T cell med i ated immu nity (Table 1). Chronic stress was shown to 

reduce CD4+ T cells with out alter ing CD8+ T cells, but flu ox e tine did 

not mod ify CD4/CD8 ratio. Inter est ingly, flu ox e tine admin is tra tion 

on stressed mice restored T cells sub pop u la tions (Table 1).

3.2. Direct action of flu ox e tine on nor mal and “stressed” T 

lym pho cytes

We tested whether a direct effect of flu ox e tine on T cells is 

involved in the rever sion of lym pho pro lif er a tive impair ment of these 

cells observed after anti de pres sant treat ment of stressed mice. Thus, 

we assayed Con A-induced pro lif er a tion of T lym pho cytes obtained 

from nor mal and chron i cally stressed ani mals, in the pres ence of flu-

ox e tine at a broad range of con cen tra tions. As we have shown, flu ox-

e tine alone pro duces a direct mod u la tion of T cell reac tiv ity in vitro 

in a dual man ner depend ing on the degree of cel lu lar acti va tion trig-

gered by sub op ti mal or opti mal mito gen con cen tra tions (Fig. 1B). 

When T cells from nor mal or stressed mice were stim u lated with 

sub mi to gen ic or mito genic doses of Con A in the pres ence of flu ox e-

tine, we found that at low con cen tra tions of flu ox e tine T cell pro lif-

er a tion remained reduced in lym pho cytes from stressed mice, but 

at ther a peu tic doses, it was capa ble of reverse decreased T cell pro-

lif er a tion of stressed ani mals restor ing nor mal lev els (Fig. 1C and D), 

after sub trac tion of flu ox e tine effects alone (Fig. 1E and F). Finally, 

when high doses of the anti de pres sant were tested a gen eral inhi bi-

tion of T cell reac tiv ity was found (Fig. 1C and D).

4. Dis cus sion

We recently found that chronic restraint stress for 3 weeks, 

in addi tion to the com mon behav ioral alter a tions observed in 

ani mal mod els of depres sion, also reduced T cell pro lif er a tion in 
Table 1

Effects of stress and/or flu ox e tine on cel lu lar and humoral immu nity

Con trol

T cell pro lif er a tion to Con A 73.8 ± 13.2

B cell pro lif er a tion to LPS 7.39 ± 1.33

B cell pro lif er a tion to PWM 8.59 ± 1.26

NK cell activ ity (lytic units) 2.57 ± 0.51

IL-2 expres sion (mRNA quan tity) 3.46 ± 0.21

IFN-c expres sion (mRNA quan tity) 1.27 ± 0.23

TNF-a expres sion (mRNA quan tity) 2.18 ± 0.55

CD4+ T cells (103 events) 9.02 ± 0.55

CD8+ T cells (103 events) 3.36 ± 0.66

Mice were daily restrained for 3 weeks, treated daily with 15 mg/kg/day flu ox e tine, or bo

at opti mal con cen tra tions. NK activ ity is shown as lytic units/106 spleen cells. Gene exp

actin. Total events of CD4+ T helper and CD8+ T-cyto toxic lym pho cytes deter mined by flo

inde pen dent exper i ments (n = 12–18 mice per group). Sta tis ti cal sig nifi  cance was deter m
 a Dif fers from con trol group in p < 0.001.
 b Dif fers from con trol group in p < 0.01.
 c No sig nifi  cantly dif fer ent from con trol group.
response to opti mal Con A, reduced IFN-c and TNF-a pro duc tion 

and decreased CD4+ T cell counts (Frick et al., 2008a). No changes 

were observed in CD8+ T lym pho cytes, B cell response to LPS and 

NK activ ity. These results high light the impor tance of the impair-

ment of T cell med i ated immu nity in response to stress and its 

rela tion ship with dis ease, i.e. neo plas tic pro cesses. On the other 

hand, flu ox e tine alone enhances T cell reac tiv ity and cyto kine pro-

duc tion, with out effects on CD4+ and CD8+ sub pop u la tions (Frick et 

al., 2008b). Here we found that flu ox e tine ame lio rates the adverse 

effects of chronic stress at the immune sys tem level. The pres ent 

results con trib ute to the gen eral knowl edge about the ben e fi cial 

effects of anti de pres sant treat ment in the rever sion of stress- or 

depres sion-asso ci ated impair ments of the immune response. 

In this work, we dem on strated that flu ox e tine admin is tra tion in 

stressed mice results in a res to ra tion to nor mal lev els of T cell pro-

lif er a tion, cyto kine expres sion and CD4+ T lym pho cyte sub sets. The 

lack of effect of flu ox e tine on NK cell and B lym pho cytes is con sis-

tent with our pre vi ous stud ies using athy mic nude mice, devoid 

spe cifi  cally of T cells (Frick et al., 2008b). How ever, we observed 

dif fer en tial events in these treat ments. It seems that chronic stress 

impairs T helper immu nity by reduc ing the total num ber of T CD4+ 

cells. Instead, flu ox e tine seems to alter T cell reac tiv ity with out any 

change in the total num ber of T lym pho cytes.

The find ings that flu ox e tine alone does not affect the num ber 

of T CD4+ cells, but stressed and flu ox e tine-treated mice had no 

sup pres sion of T CD4+ cell num ber, as did the stressed alone mice, 

indi cate that flu ox e tine can act by com pen sa tory and/or spe cific 

mech a nisms mod u lat ing T helper immu nity. The stress response 

involves impor tant dys re gu la tions of the neu ro en do crine axis, 

includ ing increased secre tion of glu co cor ti coids and cat e chol a-

mines (Calc agni and Elen kov, 2006). One pos si bil ity is that these 

stress hor mones could be down-reg u lat ing the T helper cell com-

po nent of immu nity. How ever, flu ox e tine, despite of its abil ity to 

restore hor monal lev els under a stress ful sit u a tion, is not able to 

mod ify them per se. The mech a nisms under ly ing the effects of 

flu ox e tine under nor mal and path o log i cal sit u a tions remain still 

unknown and are now under study.

Another out stand ing find ing is the fact that flu ox e tine per se 

plays an immu no mod u la tory role in nor mal ani mals. Oth ers have 

shown that flu ox e tine admin is tra tion acts stim u lat ing activ ity, cell 

cycle and pro lif er a tion in diverse tis sues for exam ple brain, muscle, 

bone and lym phoid cells among oth ers (see for exam ple San tar el li 

et al., 2003; Bat tag li no et al., 2007; Pach er et al., 2001). The fact 

that flu ox e tine alone increases T cell pro lif er a tion as well as IL-2, 

IFN-c and TNF-a expres sion above con trol lev els may have impor-

tant impli ca tions for the use of the this anti de pres sant drug in 

patients hav ing pre-exist ing inflam ma tory con di tions (Calc agni and  
Stress Stress + flu ox e tine Flu ox e tine

41.7 ± 8.3a 67.9 ± 11.4c 137.6 ± 16.7a

7.04 ± 1.62 7.38 ± 1.46 7.88 ± 2.15

8.66 ± 1.65 7.72 ± 1.54 8.12 ± 1.56

2.70 ± 0.39 2.77 ± 0.54 2.62 ± 0.41

2.11 ± 0.19a 3.79 ± 0.24c 4.94 ± 0.29a

0.83 ± 0.18a 1.19 ± 0.24c 2.09 ± 0.49a

1.19 ± 0.31a 2.34 ± 0.53c 4.27 ± 1.03a

4.91 ± 0.23b 8.44 ± 1.28c 8.93 ± 1.18c

3.28 ± 0.67 3.52 ± 0.73 3.57 ± 0.48

th. Pro lif er a tion indexes are shown for T and B cell pro lif er a tion to selec tive mit o gens 

res sion is expressed as mRNA quan tity of IL-2, TNF-a and IFN-c nor mal ized with b-

w cytom e try are shown. Val ues are expressed as means ± stan dard devi a tion of three 

ined using one-way ANOVA fol lowed by Dun nett’s con trast for post hoc anal y sis.
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Fig. 1. Effects of flu ox e tine on the pro lif er a tive response of T lym pho cytes from nor mal and stressed mice. (A) T cell response of stressed mice, treated with 15 mg/kg/day flu-

ox e tine, or both, to dif fer ent doses of Con A was assayed. Total dpms are shown. (B) In vitro flu ox e tine effect on nor mal T lym pho cytes stim u lated with sub op ti mal or opti mal 

mito gen con cen tra tions, expressed as per cent age of change from con trol. Direct effects of flu ox e tine on the stim u la tion of T cell pro lif er a tion induced by sub mi to gen ic (C) 

and mito genic (D) Con A doses, obtained after sub tract ing the effects of flu ox e tine alone (E and F). Val ues are expressed as means ± stan dard devi a tion of three inde pen dent 

exper i ments (n = 12 mice per group). Sta tis ti cal sig nifi  cance was deter mined using one-way ANOVA fol lowed by Dun nett’s con trast for post hoc or unpaired t-test (n = 12 

ani mals per group, *p < 0.01).
Elen kov, 2006; Gla ser and Kie colt-Gla ser, 2005). It is worth not ing 

that some chronic inflam ma tory con di tions such as multiple scle-

ro sis, inflam ma tory bowel dis ease and pso ri a sis are also asso ci ated 

with stress and depres sion and the use of this drug may increase 

their inflam ma tion.

A remark able fact is that anti de pres sant route of admin is tra tion 

con di tions the effects fur ther observed. Hence, it must be cho sen 

care fully in order to avoid mask ing their effects due to an addi-

tional stressor that acts in the oppo site direc tion. Nev er the less, it 

is worth not ing that in either case, flu ox e tine always improves the 
T cell med i ated immu nity, thus empha siz ing the key impor tance 

of treat ing the neg a tive symp toms of stress, and may help to elu ci-

date the con tro ver sial find ings of anti de pres sants in ani mal mod-

els of depres sion.

Flu ox e tine can act at a cen tral level (Pel leg ri no and Ba yer, 1998, 

2002), but it may also exert a direct reg u la tion of periph e ral cells 

(Frick et al., 2008b; Edgar et al., 1998, 1999). A direct effect of flu-

ox e tine on nor mal and stressed T cells was dem on strated in this 

work. Although some com po nents of this rever sal might be indi-

rect, we clearly dem on strated that flu ox e tine directly mod u lates T 
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cell reac tiv ity after in vitro expo sure. It was pre vi ously shown that 

an oral dose between 10 and 25 mg/kg/day of flu ox e tine admin is-

tra tion in BALB/c mice results in plasma con cen tra tions of about 

170–1780 ng/ml, which cor re spond to 5 £ 10¡7 M to 5 £ 10¡6 M 

(Dul a wa et al., 2004). Serum flu ox e tine lev els for the 10 mg/kg/day 

dose are toward the bot tom of the range of plasma lev els found in 

patients tak ing 20–80 mg/day Pro zac (100–700 ng/ml) (Koran et al., 

1996), whereas for 18 mg/kg/day dose (approx i mately 560 ng/ml) 

they are toward the high end of this range. The equiv a lent val ues 

in human serum are about to 2 £ 10¡7–3 £ 10¡6 M. In these ther a-

peu tic doses we found that flu ox e tine restores nor mal T cell pro lif-

er a tion in stressed mice both in vivo and in vitro. Our results also 

teach that anti de pres sant con cen tra tion is very impor tant when 

assay ing direct effects in vitro, given that cyto toxic/apop to tic phe-

nom ena can sim ply be due to high doses of these drugs, and these 

effects can not be par al leled to those occur ring in vivo.

In a holis tic con clu sion, the pres ent find ings con trib ute to the 

grow ing evi dences point ing to the rel e vance of phar ma co log i cal 

treat ment of stress, and may help to open a new win dow to start 

explor ing the mech a nisms involved in direct and indi rect effects of 

psy cho tro pic drugs in non-neu ro nal cell types.
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