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Abstract:

Depression is a mental disease that affects complex cognitive and emotional functions. It is believed that depression is twice as

prevalent in women as in men. This phenomenon may influence the response to various antidepressant therapies, and these differ-

ences are still underestimated in clinical treatment. Nevertheless, most of the current findings are based on studies on male animal

models, and relatively few of these studies take possible gender differences into consideration. Advancements in genetic engineering

over the last two decades have introduced many transgenic lines that have been screened to study the pathomechanisms of depres-

sion. In this mini-review, we provide a compendious list of genetically altered mice that underwent tests for depressive-like or anti-

depressant behavior and determine if and how the gender factor was analyzed in their evaluation. Furthermore, we compile the

gender differences in response to antidepressant treatment. On the basis of these analyses, we conclude that in many cases, gender

variability is neglected or not taken into consideration in the presented results. We note the necessity of discussing this issue in the

phenotypic characterization of transgenic mice, which seems to be particularly important while modeling mental diseases.
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Abbreviations: 5HT – serotonin/serotonergic, AH – anhedo-

nia, AR – adrenergic receptor, BDNF – brain-derived neuro-

trophic factor, DA – dopamine/dopaminergic, DAT – dopamin-

ergic transporter, DBH – dopamine b-hydroxylase, FST –

forced swim test, GABA – g-aminobutyric acid, GAT-1 –

GABA transporter 1, GR – glucocorticoid receptor, HPA –

hypothalamic-pituitary-adrenal, HET – heterozygous, KO –

knockout, LH – learned helplessness, MAO – monoamine oxi-

dase, NA – noradrenaline/noradrenergic, NET – noradrenergic

transporter, OFT – open field test, OE – overexpressed, SERT

– serotonergic transporter, SSRI – selective serotonin reuptake

inhibitors, TST – tail suspension test

Introduction

Depression is a mental disease that affects complex

cognitive and emotional functions. The exact molecu-

lar mechanisms of depression are still not completely

understood. The current hypotheses regarding depres-

sion, which constitute the basis of clinical treatment,

rely mainly upon the dysfunction of monoaminergic

transmission and stress-induced hyperactivity of
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hypothalamic-pituitary-adrenal (HPA) system; many

epigenetic factors also contribute to depression [47].

The deregulation of other neurotransmitter systems

(GABA-ergic, glutamatergic) is also believed to be

involved, and neuronal growth factors may also con-

tribute according to the neurotrophic theory of depres-

sion introduced by Duman et al. [24]. Sadly, despite

the passage of more than 50 years since the discovery

of the first antidepressant drug, the effectiveness of

these treatments varies from 50–70%, and antidepres-

sants only provide complete remission for 30% of pa-

tients [31]. Rodent models have made substantial con-

tributions to improving our understanding of depres-

sion and still remain the basic tool to study the

pathogenesis of and possible treatments for depres-

sion in the preclinical phase. However, the heteroge-

neous nature and complexity of depression raise many

concerns about developing the perfect animal model,

and the applicability of these models to humans re-

mains questionable.

Recent studies have again turned their attention to

gender differences in the prevalence of psychosomatic

disorders. In particular, it is believed that women ex-

hibit higher rates of affective disorders, such as depres-

sion and anxiety, while men are more susceptible to be-

havioral disorders, such as substance abuse and antiso-

cial personality, as reviewed by Hill and Needham

[38]. This phenomenon may influence the responses of

patients to various antidepressant therapies, and the dif-

ference in these responses is still underestimated in the

clinical treatment of depression [61]. Nevertheless,

most of the current findings are based on studies car-

ried out using male animal models, and relatively few

of these studies take possible gender differences into

consideration. In this mini-review, we provide a com-

prehensive list of genetically altered mice utilized in

studies of depression and analyze whether gender was

considered in the evaluation of the depressive-like and

antidepressant phenotypes.

Gender differences in the clinical onset

of depression and antidepressant

treatment

For many years, women were regarded as more suscepti-

ble to mental health problems than men, however, this

prejudice barely had adequate support in the medical lit-

erature. It is currently believed that depression is twice as

prevalent in women as in men [68], although some

concerns have been raised about the misdiagnosis of

depression in men. Men are usually less likely than

women to consult a doctor when their mental health is

judged poorly [82]. Definitely, there is gender vari-

ability in response to stressful stimuli, and women

and men can experience different types of mental

health profile, but one should be cautious in general-

izing to avoid mixing different psychopathologies

[38]. Despite the wide acceptance of the higher fe-

male prevalence of depression [39], this point of view

is challenged by some researchers. Their skepticism is

most likely based on the lack of any constancy in the

neuroendocrine stress response between both the

sexes [45]. As concluded by Parker and Brotchie,

there is a higher-order biological factor (variably de-

termined neuroticism, ‘stress responsiveness’ or ‘lim-

bic system hyperactivity’) that principally contributes

to the gender differences in some expressions of

illness and reflects the impact of gonadal steroid

changes at puberty [61]. The incidence of depression

in women also varies by life stage, with many inter-

acting factors such as childbearing or cyclic hormonal

changes. Additionally, women are characterized by

reproductive-specific mood disorders: pre-menstrual

dysphoric disorder, depression in pregnancy, postpar-

tal mood disorder and perimenopausal depressive dis-

order [68].

Nevertheless, there were only few comprehensive

clinical studies that examined differential gender ef-

fects in response to antidepressant therapies. Some

studies suggested that depressed women are more

likely to respond to selective serotonin reuptake in-

hibitors (SSRI) than to tricyclic antidepressants

(TCA), but this was not confirmed by Parker et al.,

who failed to find evidence of women having a pref-

erential response to SSRI medication [62]. There

were only evidences that older age was associated

with better TCA response and younger age with SSRI

response [62]. Further screening performed on a large

group of cases revealed that sertraline (a compound

belonging to the new generation of SSRIs) was better

tolerated than imipramine in the acute treatment of

non-melancholic depression in women, but men re-

sponded similarly to these drugs [5]. Another multi-

center, double-blind clinical trial showed that females

in their reproductive period are more responsive to

fluoxetine than the noradrenaline tetracyclic antide-

pressant maprotiline [52]. Other studies considered

the menstrual cycle and showed that premenopausal
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women appear to respond poorly to TCA and tend to

show greater responsiveness to the SSRI, while post-

menopausal women responded equally to both thera-

pies [68]. The presence of estrogen during childbear-

ing age may also interfere with the mechanism of ac-

tion of a number of antidepressants [44]. On the other

hand, there are reports showing no differences be-

tween men and women with regard to the susceptibil-

ity to treatment with common antidepressants [37] or

adverse drug reactions [19]. However, it was recorded

that women appeared to have higher plasma concen-

trations of tricyclic antidepressants than men [37].

Differences in response to antidepressants in men and

women are likely to be correlated with the sex-related

pharmacokinetics of ingested compounds and their

metabolism by the cytochrome P enzyme system [86].

Overall, the existence and prevalence of gender dif-

ferences in antidepressant response remain controver-

sial topics and require future investigation.

Gender differences in animal models of

depression

Although gender differences in pharmacokinetics and

pharmacodynamics have been recognized in animals as

well as humans [60], this aspect has not yet received

much attention in experimental studies. Female subjects

are often neglected in behavioral research because their

behavior is commonly regarded as ephemeral in terms

of estrous cyclicity. Therefore, most of the data provided

by animal models of depression and behavioral re-

sponses to antidepressants were obtained from males.

One of the main concerns about gender differences in

animal models of depression is that while the reported

rates of depression are higher among women, female

mice and rats often seem to be less susceptible than

males to the depression-like effects revealed by behav-

ioral tests [60]. Namely, as reviewed by Palanza, female

rats mostly tend to show lower behavioral suppression

than males in learned helplessness paradigms (in par-

ticular forced swim test, FST); this corresponds to the

observation that male animals show higher defecation

rates and spontaneous locomotor activity than females in

the open field test (OFT) [60]. Thus, it may be specu-

lated that neither the tail suspension test (TST) nor the

FST are appropriate for the evaluation of depressive-like

effects in female animals due to their higher arousal

level at the basal state. Nevertheless, it seems that this

issue can raise some problems in data interpretation

only when both sexes are directly compared within

the same test, and this is not often the case.

One interesting fact is that, contrary to the stereo-

typical statement, variability in the estrous cycle does

not necessary appear to have a profound influence on

mice behavior, based on reports that female immobil-

ity levels were similar and not dependent on the es-

trous phase [3]. However, it has been demonstrated

that a reduced immobility time in the FST (a classic

paradigm of antidepressant activity) after imipramine

was more apparent during the estrus and proestrus

phases in females in studies performed using rats [8].

There are a number of reports that also suggest a pos-

sible difference between males and females in the re-

sponse to stress [60].

Behavioral tests assessed for evaluation

of depressive-like and antidepressant

phenotype in genetic mice models

Despite the intense pursuit of a proper animal model

for either the regulatory mechanisms by which antide-

pressant treatments alleviate the various symptoms of

depression or the dysregulatory mechanisms underly-

ing the etiology of depression [30], there are rela-

tively few tests that are widely used for the evaluation

of these effects. Most of the studies done in mice are

based on measurements of despair behavior, either in

the TST or the FST (Porsolt test), which were devel-

oped as screening tests for potential antidepressant

treatments [9]. This implies some concerns about the

use of these tests in the opposite manner to detect the

depressive-like phenotype. Nevertheless, most likely

due to the simplicity, easy workflow, relatively low

invasiveness and good reproducibility of these tests,

they still remain the golden standard in evaluating be-

havioral phenotypes in the context of depression.

These studies are routinely associated with the deter-

mination of spontaneous locomotor activity in the

OFT, which is important in interpretation of the TST

and the FST data because basal hyper- or hypoactivity

will most likely interfere with the phenotype assessed

by these tests. The battery of tests often includes the

study of anxiety-related behavior (i.e., the light-dark

box test, LDB; elevated plus maze, EPM), which may

be particularly helpful in the confirmation of a depres-

sive-like phenotype. Some researchers, while charac-
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terizing their transgenic mice models (listed in Tab. 1),

decided to implement other tests, such as the sucrose

preference test (SPT) to measure anhedonia [1, 4, 46,

50, 57, 72, 75], marble burying behavior (commonly

used to model obsessive-compulsive disorder) [23, 28,

78], learned helplessness (LH) tests [49, 50, 58, 66],

and the acoustic startle response/prepulse inhibition

(PPI) test [33, 40, 77, 83] or performed another stress-

induced study (such as restraint stress, fear condition-

ing, or a resident-intruder test) [1, 14, 15, 34, 66, 72,

75, 81, 87] of the behavioral phenotypes. The princi-

ples and applications for each of these behavioral para-

digms are reviewed by Crawley and Paylor [16].

Gender differences in genetically altered

mice evaluated for depressive-like

or antidepressant phenotype

Advancements in genetic engineering over the last

decade have brought many transgenic lines that were

also evaluated for their potential applications in

studying the pathomechanisms of depression (Tab. 1).

Most of them were simply screened for potential

depressive-like behavior as part of a general charac-

terization in the battery of tests; only a few of these

lines were created indeed as putative genetic models

of depression (not necessarily confirmed further by

phenotype analysis). Among those, surprisingly only

one of these lines belonged to the representatives of

monoaminergic theory of depression [2], and most at-

tempts turned into the investigation of the role of neu-

rotrophins [50, 57, 88] or the stress-related influence

of glucocorticoids [7, 15, 66]. It is worth mentioning

that most of the genetic models evaluated in the con-

text of depression-like behavior are simple constitu-

tive knock-outs, whereas only a few address the cellu-

lar specificity [15, 57, 75, 79, 88] that could poten-

tially shed more light into the role of particular

neurotransmitter systems in the pathogenesis of de-

pression. Many transgenic lines based on site-specific

spatiotemporal recombination have not yet been

screened for their potential as new models for study-

ing the molecular mechanisms of depression which

opens new opportunities. For example, the possible

exploitation of existing lines with site-specific func-

tional deletion of cyclic AMP response element-

binding protein (CREB) [22, 51, 63] may be an inter-

esting idea for further investigation in this context.

It is obvious, that specificity of working with trans-

genic animals, usually bred for experimental purposes

in own laboratory, will statistically generate similar

amounts of females and males. Generating the proper

group of mutant mice can be very time-consuming

and costly, particularly in conditional gene targeting

systems (such as the Cre/loxP system), where even

with an optimal breeding strategy, the statistical prob-

ability of getting one male mutant is 1 in 8 per litter;

practically, this means that there is not likely to be

more than one animal of the desired genotype from

each mating. Therefore, it is tempting to pool together

males and females in order to obtain the large cohorts

of experimental animals required for behavioral tests,

even though this may influence the variability of re-

sults. Our search in the literature (Tab. 1) revealed that

many researchers take this chance, and surprisingly

few of them seem to perform a separate statistical

analysis to exclude the role of gender, usually making

a simple statement that the animals of both sexes did

not differ in terms of basic behavior (i.e., weight gain

or spontaneous locomotor activity). The experiments

were only performed separately on male and female

cohorts in 17 out of 60 studies which were taken into

consideration (indicated as “yes” for sex differences).

Surprisingly, in more than half (9 out of 17) of these

investigated transgenic lines where the gender factor

was taken into account, the males and females clearly

showed distinct responses to the introduced mutation

in the TST or FST tests [10, 14, 15, 43, 46, 57, 74,

75]. Moreover, in another three lines, the effects that

were reported as identical between the sexes were not

significant or less profound in females [36, 46], either

the authors observed different, gender-dependent be-

havior in other paradigms [7]. Of course, it can be ar-

gued that the provided list of genetically altered mice

is sparse for such a “meta-analysis”. Nevertheless, the

data were compiled in an unbiased way upon the ini-

tial search for mouse mutants that were evaluated for

depressive-like and/or antidepressant phenotypes, and

we did not originally focus on possible gender differ-

ences which were analyzed afterwards.

The authors bring up several possible hypotheses

about the reasons for the observed gender-dependent

response to the mutation depending on the targeted

systems. For the genetically altered mice related to

HPA axis functioning the most obvious explanation

could be a gonadal-hormone dependent mechanism

[75]. In case of the mutation targeting glucocorticoid

receptors (GRs) in the noradrenergic system

(GRDBHCre line) the possible explanation is that higher
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Tab. 1. Gender-specific effects in the evaluation of depressive-like and antidepressant phenotypes in genetically altered mice (according
to Cryan and Mombereau, 2004 [18]; modified)

Genetically altered mice Strain Test
Sex

spec.
Sex
diff.

Evaluated behavioral phenotype
Ref.

Males Females

Serotonergic system

5-HT1A KO 129S61
129S6
129S6

C57Bl/6J

TST
FST
TST
TST

yes
yes
yes
yes

no
yes
yes
yes

antidepressant
antidepressant
antidepressant
antidepressant

[ – ]
antidepressant
antidepressant
antidepressant2

[53]
[65]
[43]
[36]

5-HT1B KO 129S6
129S6

TST
FST/TST

yes
yes

no
yes

none
none

[ – ]
antidepressant

[53]
[43]

5-HT2A KO 129S6 FST/TST no ? none [84]

5-HT3 KO C57Bl/6J FST yes yes none depressive-like [10]

5-HT7 KO mixed
C57Bl/6J

FST
FST/TST

yes
yes

no
no

antidepressant
antidepressant

[ – ]
[ – ]

[33]
[70]

SERT KO 129S6
129S6

C57Bl/6J
CD1

FST
TST

FST/TST
TST

yes
yes
yes
yes

no
no
no
yes

depressive-like
antidepressant

none
depressive-like          depressive-like

[41]
[41]
[41]
[2]

Noradrenergic system

a1A-AR KO C57Bl/6 FST/TST yes no antidepressant [23]

a1B-AR KO C57Bl/6 FST/TST yes no none3 [23]

a2A-AR KO C57Bl/6J FST no ? depressive-like [71]

a2C-AR KO C57Bl/6J FST yes no antidepressant [ – ] [69]

a2C-AR OE C57Bl/6J FST yes no depressive-like [ – ] [69]

NET KO mixed
C57Bl/6J

FST
FST/TST

yes
yes

no
no

none/stress resistant [ – ] [34]

antidepressant [25]

Dopaminergic system

D3 KO mixed FST/TST yes no none/stress resistant [ – ] [85]

D5 KO mixed FST yes no antidepressant [40]

DAT KO C57Bl/6J FST no ? antidepressant [76]

Glutamatergic system

NR2A KO C67Bl/6J FST/TST yes no antidepressant [11]

NR2D KO C57Bl/6J FST no ? antidepressant [54]

mGlu2 KO C57Bl/6J FST yes no antidepressant [ – ] [28]

mGlu5 KO C57Bl/6J FST yes no antidepressant4 [ – ] [42]

mGlu7 KO C57Bl/6J FST/TST no ? antidepressant [17]

Opioid system

µO KO ? FST yes ? antidepressant [29]

dO KO ? FST yes ? depressive-like [29]

HPA axis

GR HET C57Bl6/N FST/LH yes no none/depressive-like4 [ – ] [66]

GR OE C57Bl6/N FST/LH yes no none/antidepressant5 [ – ] [66]

GRNesCre C57Bl6/N FST yes no none [ – ] [79]

Table to be continued on the next page
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Tab. 1. – continued from the previous page

Genetically altered mice Strain Test
Sex
spec.

Sex
diff.

Evaluated behavioral phenotype
Ref.

Males Females

GRDBHCre C57Bl6/N TST yes yes none/stress resistant depressive-like [15]

CRF2 KO ? FST yes yes depressive-like depressive-like6 [7]

CRF OE C57Bl6/J FST yes no antidepressant7 [ – ] [81]

GRCamKIICre mixed FST/SPT yes yes depressive-like none [75]

Ucn-2 KO mixed FST/TST yes yes none antidepressant [14]

Monoamine oxidase

MAOA KO ? FST yes yes? antidepressant antidepressant [12]

MAOB KO ? FST yes yes? antidepressant [32]

Neurotrophic theory of depression

BDNF HET mixed FST/LH yes no none [50]

BDNF KO
(hippocampal)

? FST/SPT yes no none [ – ] [1]

trkBCamKIICre C57Bl/6N FST yes no antidepressant [88]

BDNFCaMkIICre
(forebrain spec.)

? FST/SPT yes yes none depressive-like [57]

BDNFGFAPCre
(forebrain spec.)

? FST yes yes none depressive-like [57]

CREB OE mixed LH no no depressive-like [58]

mCREB OE
negative CREB

mixed LH no no antidepressant [58]

Others

nNOS KO C57Bl/6J FST yes no antidepressant [ – ] [77]

A3 KO C57Bl/6 FST/TST yes no depressive-like [ – ] [27]

Ar KO C57Bl/6 FST yes no [ – ] depressive-like [21]

GalR2 KO C57Bl/6 FST/TST
LH

yes no none
depressive-like

[ – ]
[ – ]

[49]

MT1 KO C57Bl/6 FST yes yes depressive-like depressive-like [83]

NCAM KO C57Bl/6 TST/AH no no depressive-like [4]

PACAP KO Crlj:CD1 FST yes no depressive-like [ – ] [35]

Relaxin-3 KO Mixed FST yes ? depressive-like none [74]

TRH-R1 KO 129S1 FST/TST yes no depressive-like [ – ] [87]

A2A KO CD1 FST/TST no no antidepressant8 [26]

AC5 KO C57Bl/6J FST
SPT

yes yes none/ antidepressant9
none

antidepressant
none

[46]

AC1/8 KO C57Bl/6J FST
SPT

yes yes antidepressant
depressive-like

none
depressive-like

[46]

GABAB1 KO BALB/c FST/TST yes no10 [–] antidepressant [55]

GABAB2 KO BALB/c FST yes no antidepressant [56]

GAT1 KO C57BL/6J FST/TST yes no antidepressant [ – ] [48]

NK1 KO mixed FST/TST yes no antidepressant [67]

Table to be continued to the next page



circulating glucocorticoid levels in females are impor-

tant for maintaining the normal function of noradren-

ergic neurons and this function is compromised by the

deletion of GRs [15]. The study of Jones et al. demon-

strating different functional consequences in male and

female mice upon the regulation of the 5-HT1B recep-

tors [43] is consistent with older observations about

gender differences in the serotonergic system respon-

siveness [6]. The gender differences that were ob-

served independently in two conditional transgenic

mouse lines with a forebrain-specific knockout of

BDNF [57] point to a possible sexual dimorphism in

males and females exerted by loss of neurotrophins,

but this phenomenon does not yet have any explana-

tion in the current literature.

There were also 9 studies where the gender of the

mice is not specified [4, 17, 26, 53, 54, 58, 71, 76,

84]. We assumed that most likely the authors com-

bined both sexes of animals, because otherwise they

rather would have made a routine statement that the

experiments were carried out using males only. It

must be emphasized that not specifying the gender of

mutant animals in a study is not a good practice and

makes the interpretation of data difficult and mislead-

ing. It seems that those who are concerned about the

influence of gender variability prefer rather to work

with males only (26 studies) and either ignore females

or refrain from showing the data. However, as men-

tioned above, depression-related phenotypes can be

substantially different in some genetic models, and

the response to genetic mutations can vary in terms of

modeling mental diseases. It cannot be excluded that

some of the experiments could only provide distinct

data if only the gender factor would have been in-

cluded into the analysis. Therefore, it seems that the

behavioral characterization of at least some of these

mutants remains incomplete, and the conclusions can

be revised leaving the field open for further investiga-

tion. Furthermore, only in two studies the gender

issue was directly taken into consideration while ana-

lyzing the responses to antidepressant treatment [43,

57]. In both cases there were no gender differences in

the response to applied antidepressants (fluoxetine,

desipramine), but still this field remains unexplored.

A further evaluation of at least some of these trans-

genic mice in response to antidepressants with an ac-

knowledgement of the gender factor seems to be

worthwhile, taking into consideration very recent re-

ports exposing sex differences after antidepressant

treatment both on the behavioral and molecular lev-
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Tab. 1. – continued from the previous page

Genetically altered mice Strain Test
Sex

spec.
Sex
diff.

Evaluated behavioral phenotype
Ref.

Males Females

NPY-Y2 KO

NPY-Y4 KO

mixed
mixed

mixed
mixed

FST
TST

FST
TST

yes
yes

yes
yes

no
no

no
no

antidepressant
[–]

antidepressant
[ – ]

[ – ]
antidepressant

[ – ]
antidepressant

[80]
[59]

[78]
[59]

TNFR1 C57Bl/6 FST
SPT

yes no antidepressant
none

[ – ]
[ – ]

[72]

TNFR2 C57Bl/6 FST
SPT

yes no antidepressant
antidepressant

[ – ]
[ – ]

[72]

5-HT – serotonergic receptor; [?] – information was not provided in the paper; [–] – not tested; A – adenosine receptor; AC – adenylyl cyclase;
Ar – aromatase; AR – adrenergic receptor; BDNF – brain-derived neurotrophic factor; CamKII – calcium/calmodulin-dependent protein kinase;
CREB – cyclic AMP response element binding protein; D – dopamine receptor; DAT – dopaminergic transporter; DBH – dopamine b-hydrox-
ylase; FST – forced swim test; GABA – g-aminobutyric acid, GAT – GABA transporter; GALR – galanin receptor; GR – glucocorticoid receptor;
HET – heterozygous; KO – knockout; LH – learned helplessness; MAO – monoamine oxidase; mGlu – metabotropic glutamate receptor; MT –
melatonin receptor; NCAM – neural cell adhesion molecule; Nes – nestin; NET – noradrenergic transporter; NK1 – substance P; NOS – nitric ox-
ide synthase; NPY – neuropeptide Y; NR – NMDA receptor; O – opioid receptor; OE – overexpressed; PACAP – pituitary adenylate cyclase-
activating polypeptide; Ref – reference; SERT – serotonergic transporter; Sex diff. – sex differentiated; Sex spec. – sex specified; SPT –sucrose
preference test; TRH-R – thyrotropin-releasing hormone receptor; TNFR – tumor necrosis factor a receptor; TST – tail suspension test; Ucn –
urocortin. 1 129S6 = 129/Sv according to old nomenclature; 2 the authors observed less profound effects in females than males, but the data
were not shown; 3 immobility time increased, suggesting a depressive-like behavior (no statistical significance) despite hyperactivity in the
OFT; 4 antidepressant-like behavior associated only with young animals; old mice displayed unaltered behavioral despair; 5 stress induction
evaluated by the LH test; 6 female mutant mice spent significantly less time climbing compared with controls – this effect was not observed in
males; 7 CRF OE mice were also reported as hypercortisolemic; 8 other animals investigated in this study were only males but for mutants the
gender is not clearly specified; 9 tendency towards antidepressant behavior but no statistical significance; 10 apart from FST/TST (done only on
females); in other tests, mixed males and females were used with no gender effects



els. As an example, it was reported that desipramine

caused a significant reduction in immobility time in

males but not females in the FST [73] and that clomi-

pramine affected the mRNA expression of serotoner-

gic receptors in a sex-dependent manner [64].

Conclusions – why bother about sex?

Many researchers are raising the argument that studies

performed on females will always be inconclusive be-

cause of their estrous phase cycle variability. Surpris-

ingly, this topic was only really considered in four

studies out of those evaluated here when discussing

the results (including the research carried out inten-

tionally investigating chronic estrogen deficiency)

[10, 14, 21, 43], and in only one case did the authors

monitor the estrous cycle (by vaginal smear) prior to

behavioral testing [43]. Furthermore, even in the

study in which the estrous cycle was monitored, the

authors did not pre-select the mice for the experiment

based on this factor, and the pattern of estrous vari-

ability was checked simply to ensure that the ob-

served sex-specific behavioral response did not de-

pend on the estrous cycle phase [43].

It is believed that females kept together would

spontaneously synchronize their estrous cycle phase;

this may be a possible solution to circumvent the

problem. Indeed, it was reported that females kept to-

gether in large (at least 4–6 animal) groups and

strictly separated from male pheromone cues lengthen

their estrous cycle or even enter anestrus or a pseudo-

pregnant state (a phenomenon known as the Lee-Boot

effect) [20]. Yet this varies widely in different strains,

depending on the housing group size and is apparent

only after a prolonged period of time [13]. In our

laboratory practice, we have not confirmed this obser-

vation, even though female littermates had been kept

together for couple of weeks before the experiment

started. According to our experience, a cohort of fe-

male animals from a transgenic colony will exhibit

a randomly distributed cycle phase (data not shown).

Nevertheless, there are several existing methods to in-

duce cycle synchronization [20] that could be imple-

mented. However, the weak point of this strategy is

the arbitrary choice of the estrous cycle phase; this

could be problematic because the potential effect may

be cycle specific. The generation of multiple groups

just in order to repeat the study in various estrous cy-

cle phases is neither feasible nor ethically approved

due to the high amount of animals used for the experi-

ment. Unless the experimenters are constantly moni-

toring the estrous cycle in the mice (which can itself

be an additional stressful factor and influence the be-

havior of the animals in the experiment), it seems that

it would be better to simply adjust the number of mice

in order to have the option to exclude putative outliers

in the statistical analysis and ensure that a random es-

trous cycle phase distribution is present in both the

mutant and control groups. After all, if the experiment

will show a statistically significant difference in the

phenotype of interest, the issue of estrous cycle vari-

ability is no longer of any importance. One can only

argue about the negative results because possible

changes could be masked by a discrepancy in the

phases of female subjects, but this seems to be less

likely and, at least to some extent, can be excluded by

analyzing statistical variance.

In fact, in the modern world of commonly re-

spected gender equality in highly developed societies

one could also put forth a mischievous and provoca-

tive question: why should studies that are performed

using males only be regarded as reference point to

draw conclusions concerning both sexes? And since

female subjects are usually available while working

with genetically altered animals, why not at least per-

form the behavioral tests on them? Even if it may only

exclude any differences between both the sexes, this

information would be of interest.
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