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Endocrine status and scent attractiveness in male dwarf hamsters
Phodopus sungorus injected with thymus dependent and thymus
independent antigens”

Ekaterina KONDRATYUK, Ekaterina LITVINOVA, Eugene NOVIKOV , Dmitry

PETROV SKI, Irene KOLOSOVA , Mikhail MOSHKIN ™
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Abgtract We studied the influences of immune activation by thymus dependent (sheep red blood cdls, SRBC) and in-
dependent (bacterid lipopolysaccharide, L P antigens on odor sgnas and endocrine statusin dwarf hamsters. Admin
istration of SRBSto mature males resulted in a drgp of sexua scent attractivenessof soiled bedding collected during 5 days
dter injection. This dfect was acconpanied with a dedline of fecad testosterone. Reduction of the mae scent attractive
ness ater SRBC treatment had maxi mum manifestation in maesof dwarf hamsters with low humora immune reponse to
thischalenge. Contrary to the effects of SRBC, males irjected with L PS showed an increase of scent attractiveness.
Differencesin the time that mature femaes pent sniffing olfactory stimuli (L PS vs control) , corrdated postivey with
differences in concentration of testosterone in feces collected from L PS and sdine treated maes. We discuss the adptive
meaning of the oppodte olfactory efects, which induced by activation of the nongecific innate immunity with L PS and
by activation of specific acquired immunity with SRBC [ Acta Zoologica Sinica 50 (5) : 714 - 722, 2004].
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Several studies showed the decline of the sexud ( Heligmosomoides polygyrus, Trichinglla spi-
scent attractivenessin mae rodentsinfected with pro- ralis) , tgpeworm Heminolepis di minuta or influen
tozoan paradtes Eimeria vermiformis, nematodes za virus ( Kavaliers and Colwdl , 1993, 1995a, b;
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Kavdierset a., 1997; Penn et d., 1998; Klein
et d., 1999; Willisand Poulin, 2000). The ahili-
ty to recognize and to avoid infected individuals is
congdered as a manifestation of the behavioral defense
againgt parastes (Loehle, 1995; Penn and Potts,
1998; Kiescker et a., 1999). There are many
ways for the paraste-dependent modification of host
odor to occur (Penn and Potts, 1998; Moshkin et
al., 2000a). First, omeparadtes release their own
volatile metabolites that can be detected by other ani-
mals (Welch, 1990). Second, the infections may
dfect the compodtion of commensa microbes in
which influence individual odor ( Sokolov et d. ,
1992; Brown, 1995; Ushakova, 1995). Third,
certain paradtes can ecificaly reduce secretion of
androgens (Fountain et a. , 1997; Moraes Montor
et d., 1999) , which playsimportant rolein genera
tion of the mae sexua sgnas (Susumi, 1990; Fer-
kin et d., 1994). Beddes these paradte ecific
modifications of the host scent, which depend on
taxonomy of the infection agents, their location and
direct influenceson the target cells of host etc. , we
al 9 proposed olfactory effects of parastes deat with
defensve immune regponse to an infection ( CGerlin-
skaya and Moshkin, 1997). Paraste-derived anti-
gens are known to activate the host immune system,
including expresson of the MHC genes ( Kavaliers
and Colwel , 1995a, b) which influence mae odor
(Yamazaki et a., 1976; Penn and Potts, 1998) .
Due to the interaction of the immune and neuroerr
docrine systems, antigenic chalenge modulates hor-
mone secretion of such endocrine glands as gonads and
adrenals (Moshkin et a. , 2000a) , which regulate
chemical compodtion, production and release of scent
marks (Drickamer and Mclntosh, 1980; Susumi,
1990; Ferkinet d., 1994). This way of the odor
modification is an inevitable consequence for the many
kinds of infections because practicaly each paraste
releases foreign antigens into the host circulation.
Artificial antigenic challenge seems to be a pow-
erful tool to addressfundamenta question on the own
role of the immune defense in the ateration of sexua
behavior and chemica dgnals found in infected ani-
mals ( Moshkin et da., 2000a; Staszewsk and
Boulinier, 2004). Both thymusdependent ( T-de-
pendent) antigens, which activate acquired i mmuni-
ty, and thymusindependent (T-independent) anti-
gens, which activate mostly nongecific innate inr
munity , are usng in immuno behaviora studies.
For example, the evolutionary old T-independent
antigen, bacteriad lipopolisaccharides (LPS) , in-
duces a repertoire of behaviora patterns collectively
termed as sckness behavior (Dantzer, 2001). The
key role in development of behaviora dck syndrome
appears to be played by pro-inflammatory cytokines,

which secretion is induced by LPS and other
pathogenrasociated molecular patterns (Dantzer et
a., 1996; Hacker, 2000). Administration of L PS
or pro-inflammatory cytokines (IL-1or TNE) leads
to decrease of sexud attractivenessof the treated labr
oratory rats (malesor females) during their physcal
contacts with potential sexua partners (Avistur and
Yirmiya, 1999). Usng partner preference tests in
study of the monogamous prarie voles Microtus
ochrogaster and polygynous meadow voles Microtus
pennsylvanicus, Klein and Nelson (1999) reveaded
that females of prairie voles, but not meadow voles,
gent more time in the chamber with saline than L PS
treated males. At the sametime, injection with L PS
facilitates pair bond in femalesof prairie vole and does
not affect on males of this monogamous Pecies (Bil-
bo et d. , 1999). Behaviora efectsof L PSwere ac
companied with increase in plasma corticosterone and
decrease in testosterone (Klein and Nelon, 1999;
Bilbo et a., 1999). Although both hormones are
belonged to physologica mechanisms regulated scent
marking, theinfluence of the L PS administration on
the scent attractivenessis till unclear.

Contrary to L PS, T-dependent antigens, such
as sheep red blood cells (SRBC) , were used in sev-
eral studiesfor eucidation of the role of the immune
defensein generation of truthful Sgnals about an in-
fection (Sano et d., 2000; Faivre et d. , 2003).
Recently we have found a decline of scent attractive-
ness in SRBC-treated ICR male mice (Moshkin et
al. , 2000b, 2001a, 2002). Then the Smilar effect
of antigenic challenge was demonstrated on wildde-
rived house mice (Zalaet a. , 2004) . Maes inject-
ed with a non-replicated strain of bacteria Sal monella
enterica C5TS showed a sgnificant decrease of scent
marking and attractivenessof their scent marksto fe-
males. Snce T-dependent antigens reduce androgens
scretions (Barnard et a. , 1998; Moshkin et a. |,
2002) and androgens strongly influence mae attrac-
tiveness, we studied the olfactory effect of foreign
antigens in gonadectomized and testosterone treated
males (Litvinovaet a. , inpress). The sabhilization
of the circulating testosterone on the high level (not
exceeding natura variation) abolished negative efect
of SRBC on the mae scent attractiveness. Among
other reasons for the antigen-induced decline of male
attractiveness, we cannot exclude the hypothaamic
pituitary-adrenocorticad (HPA) axis, which is acti-
vated ater injection with SRBC (Besedovsky and
Sorkin 1975; Korneva and Shkinek 1988; Barnard
et al. 1998: Moshkin et al. , 2001a, 2002). Hor-
mones of this sysem secreted in repponse to stress
stimuli can modify chemica sgnasin mae and fe-
male mice (Drickamer and MciIntosh, 1980; Novot-
ny et a., 1986; Cocke et a. 1993; Kavdiers et
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al., 1998; Maetd., 1998) , and concentration of
plasma corticosterone correlates negatively with odor
attractiveness of mae mice ( Gerlinskaya et 4. ,
1995; Moshkinet d. , 2002).

In the present study on dwarf hamsters we cont
pared the olfactory effectsof the T-dependent and T-
independent antigens, which activate different im-
mune mechanisms. Usudly immune regponse to
many kind of paradte started from the macrophage
reception of the evolutionary old T-independent anti-
gens, which induce nongecific innate immunity
(Roitt et d., 1998). Then, if the infective agent
success ully overcomes this nongecific defendve line
and success ully replicates, paradte derived T-depen-
dent antigens induce acquired immune regonse,
which is conddered asthelast linein the host defense
againg an infection (Roitt et a. , 1998) . Following
to these congderations we can expect that activation
of the acquired immunity rather than activation of the
innate immunity should result in the decline of odor
attractiveness.

We chose dwarf hamsters Phodopus sungor us for
our experiments due to the wide use of this geciesin
the study of chemical communication (Reasner and
Johnon, 1987; Vadljeva 1990; Wynne Edwards et
a., 1992; Novikov et d. , 2004) . A more Pecific
reason was that odor mating choice plays an i mportant
role in breeding success of dwarf hamster couples
(Evdkov et d., 2001). Femdes mated with pre-
ferred maes had higher fecundity in comparion with
females coupled with non-preferred maes. SRBC and
L PS were used as stimuli related to acquired and in-
nate immunity , regectively. Because these antigens
modulate hormona secretion of the gonad and HPA ,
and hormones of these endocrine systems regulate the
production, release and chemica composdtion of scent
marks, we assssd ooncentrations of testosterone
and corticosterone in feces collected before and after
antigen administration. Radioimmunoasssay of fecal
steroids was validated in gecial methodological stud-
ieson rodents and was recommended as an gppropri-
ate noninvasve gpproach to assess endocrine status
(Gerlinskaya et a., 1993; Harper and Austad,
2000; Zavjdov et d. , 2003). Inthe SRBC experi-
ment , we oollected iled bedding for the olfactory
tests during 5 days ater antigenic administration.
This timeisenough to achieve maximum humora inr
mune regponse to novel antigens ( Cunningham,
1965) . Snce peak of immune regponse to T-depen-
dent antigensis accompanied with a decline of the go-
nad secretion and increase of adrenocortica activities
(Besedovsky and Sorkin, 1975; Korneva and
Shkinek 1988; Barnard et d., 1998; Moshkin et
a., 2002) , we sampled fresh fecesat the 5-th night
ater SRBC adminigration to assss endocrine re

gonses to this antigenic challenge. As for LPS,
which induced fast immune and endocrine regponses
(Dantzer , 2001) , we oollected iled bedding and
fresh feces at the first and fifth nights ater antigenic
chalenge.

1 Materias and methods

1.1 Animalsand experimental protocol

Dwarf hamsters originated from West Shberia
(Novosihirsk region) and have been bred in our labo-
ratory for the past 10 years. We used 90 mature
maes and 47 femades (5 - 7 month old). Two
weeks before experiments, we caged al the individu
adssdngly in plastic cages (20 x 50 x 10 cm). We
kept males and femaesin sgparate rooms with artifi-
cid light-dark cycle 14L 10D, corregponding to the
summer photoperiod (light was switched off at 17
00) and constant temperature 20 - 23 We pro-
vided dwarf hamsters with sawdust as bedding and
ad libitum feeding (blend for hamsters: gran,
seeds of sunflower and gourd, hips, eggs, carrot) .
1.1.1 Experiment 1 (T-dependent antigens)
We injected 14 experimenta males intrgperitoneally
with 0.5 ml of saline and 5 days later with 0. 5 ml of
SRBC (2 x 108 cells) . Both injections were done at
16: 00. We changed sawdust in male cagesfive days
before and five days dter antigenic chalenge. We
oollected siled bedding in glass vids (20 ml) and
kept infreezer (- 20 ) up to olfactory choice test.
Al we oollected fresh fecal samples from the mae
cages during the night before SRBCtreatment and
5th night ater the treatment. Feces were oollected
during 14 hours (from 17 00 to 09 00).
1.1.2 Experiment 2 (T-independent antigens)
We injected malesfrom the experimenta group (n=
26) i. p. with LPS (L-4005, E. coli, serotype
055: B5, 9gma”) 50 U g/ kg of body mass and
malesof control group (n =26) with sdine at 15
00. We oollected wniled bedding and fecal samples
from each cage at the 1st and 5th nights ater injec
tion of LPS. In both times bedding and feces were
sampled from 17 00 (light off) to 09 00.
1.1.3 Experiment 3 (adrenocortica regponse to
LPS  Weinjected 5 mdes with L PS (501 g/ kg)
and 5 mdes with sdine (control) at 15 00. Three
hours later we collected blood samples (100 1) from
the suborhbita plexus. We sampled feces with 3 hour
intervasfrom 18 00 up to 18 00 of the next day.
We measured concentrations of cortisol in plasma and
feces by radioimmunoassay.
1.2 Olfactory tests

In these tests we used siled bedding oollected
before and after SRBCtreatment (experiment 1) or
collected on first and fifth nights ater injections with
sdine and L PS (experiment 2) . We tested olf actory
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preferences of femae in plagic cage (45 cm x
15 cmx 15 cm) divided into three equal sections.
Each latera section was connected with the centra
section with the opening. Before the test we closed
these openings by the doors and placed female in cernr
tral section and two aternative tested sanples - in
latera sections of the cage. In first experiment we
used samplesof iled bedding oollected before and & -
ter SRBC administration as aternative simuli. In
second experiment we used soiled bedding of control
male and L PStreated mae. After remova of the
fences we caculated tota time gent by femaein each
sction. Each test lasted 600 s=ec. We performed the
testsfrom 18 00 to 20 00. We estimated preference
of one of two odor stimuli by reative sniffing time
(RST) that was cdculated as:

RSTa=Ta/ (Ta+ Tc) and RSTc=1- RSTa,

where: RSTa and RSTc are RST for the odor
stimuli of antigen-treated and control males, conse
guently; Ta and Tc are the time, which femae
gent for ingection of the wiled bedding from cages
of antigen-treated and control males.

Odor gtimuli of each male were presented to 2 -
3femalesin experiment 1 and to 1 female in experi-
ment 2.

1.3 Humoral immunity

Five days ater SRBC injections, maes were
sacrificed by cranium-cervica didocation. We mea
sured lenic antibody (plague)-forming cells (A FC)
by loca hemolyss of the sheep erythrocytes (Cunr
ningham, 1965) following the protocol described in
Moshkin et al. (1998). We carefully removed the
leen and disrupted it in 5 ml of ice-cold medium 199
(pH=7.3; Biopreparat Co. ,Novoshirsk, Russa).
We prepared supendon of the cels usng a 5ml sy-
ringe to filter tissue through 1-mm mesh screen. We
diluted the resulting sugpenson (1 200) with 5%
acetic acid. We counted nucleated cells usng a Gor-
jeev hemacytometer. The reaction mixture condsted
of 500M | spleen cell sugpendon, 500 | washed SR-
BC (4 x 10° erythrocytes ml) , and 500 P of
lyophilized guinea pig serum ( Immunogen Co. ,
PermR, Rusda) rewolved with 1 ml of istonic sodi-
um chloride solution. Cunningham chambers we pre-
pared from glass microscope dides, loaded with 200
M1 of reaction mixture, and incubated for 2 h at 37
before plaques were counted. We caculated the nunr
bers of AFCs per individual.

1.4 Radioimmunocassay of fecal testosterone and
cortisal

Feca sampleswere dried at 30- 40 and stored
in aclosed tube at room temperature. The concentra
tions of testosterone and cortisol in dry feces were
measured by radioimmunoassay uing Sgma antibod-
ies (rabbit anti-testosterone; rabbit anti-cortisol)

and Amersham labeled hormones ([1, 2, 6, 7-H?]
testosterone; [1, 2, 6, 7-H’] cortiml) . Steroids
were extracted according to Gerlinskaya et a.
(1993) . Dry feces (60 mg) were homogenized in
bidigilled water (3 ml) in a glass grinder. After
centrifugation, supernatants were harvesed and
sored at - 20 until assayed. Supernatant (0.4
ml) was extracted with 3 ml ethyl ether; then 2 ml
extract was removed, tranderred to a new tube,
vacuum dried at 55 , and the resdue was resus
pended in 100M | phogphate buffer, pH 7.4 (5 min,
60 ). Following Sgma s protocol , we added 100
M1 diluted antiserum to the tubes with resupended
samples. After vortex and 60 min incubation at room
temperature, 100U 1 [3H] -testosterone or [°*H] -
cortisol diluted in phogphate buffer was added and
samples were incubated again for 1 h at 37 . After
cooling in anice-water bath, free and bound fractions
of steroids were sparated by 10 min incubations with
500 | 1% charcoa sugpendon and centrifuged at 2
500 gfor 15 min at 4 The supernatantsfrom each
tube (500U ) were added to cintillation cocktails
and counted on a multi-purpose liquid scintillation
oounter (Beckman L S 6500) .

The extraction yield was checked for every st of
assays usng *H-labeled steroids and varied from 70 %
to 76 % for both hormones. The assays were vaidat-
ed for use with hamster feca seroid extracts by de
termining accuracy and paraldism. Senstivity of the
assay was determined from the 90 % confidence inter-
va of zero standards that were 5 pg/ tube for testos
terone and 10 pg/ tubefor cortisol. Theinter andin-
trarassay variations were 9. 9 % and 6. 2 % for testos
terone and 9. 6 % and 5. 5 % for cortisol , regective
ly. To determine pardldism, afivepoint, two-fold
dilution series of pooled fecd samples in phoghate
buffer was prepared and compared with the standard
curvesof each steroid. There were no sgnificant dif-
ferences between the dopesof standard curvesand the
dopes of lines generated from fecal samplesof assayed
hamgters.

1.5 Pasma cortisol

We took blood samples from the suborbital s-
nus. The manipulations took no more than 2- 3 min
thus the stresful effect of handling was avoided.
Following centrif ugation (3 000/ min, 15 min) , the
blood plasma was frozen (- 20 ) until assay. We
measured cortisol concentration in 501 of plasma
without ether extraction. We added 5001 of phos
phate buffer , pH 7.4, to each sample of plasma and
the further procedures were as described above.

1.6 Satistical analysis

For comparion of scent attractiveness, levels of
feca testosterone and corticosterone determined be
fore and ater injection with SRBC, we performed
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paired Student's t-test. In experiment 2 we used
two-way ANOVA for evauation of the effectsof L PS
and time &ter injection on RST and fecad seroids.
Due to the smal sample Sze in experiment 3, we
used nonparametric Manr-Whitney's U-test for conr
parison of the cortil concentrations in blood plasma
and feces oollected from control and L PS treated
dwarf hamsters. Relationships between traits were
egimated by means of Pearon correlation coefi-
cients. We expressed data as mean + SE.

2 Results

2.1 Influence of SRBC on the scent attractiveness
and endocr ine status (experiment 1)

In olfactory choice tests, where mature females
ingected iled bedding of the sameindividual , RST
for sniled bedding collected before antigenic challenge
was dgnificantly higher than those collected ater ad-
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ter injection with SRBC (Fig.1). Humora immune
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with low humoral immune regponse.

Cortisol (ng/g)
S = (38} (98] EN N [ NN | e O O

Before SRBC After SRBC
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2.2 Influence of LPS on the scent attractiveness
and endocrine status (experiment 2)

L PStreatment dgnificantly afected the odor at-
tractiveness of maes (two-way ANOVA, Fjgo =
7.7; P=0.0066) , whereas éfectsof the day of ex-
periment and it' s interaction with the L PStreatment
were non-dgnificant. Regardless of the day RSTa
dgnificantly exceeded RSTc (Fig.3, P < 0.01,
paired Student’ s t-test) .

Asreveded by two-way ANOVA , neither L PS,
day of sampling, nor interaction of L PS and day re-
veded any dgnificant effect on the levelsof feca cor-
tisol and testosterone. However concentration of
testosterone in the L PStreated group was dightly
higher (F1 99 =3.5, P=0.066) thanin the con
trol (Fig-3). On the other hand, RST of wiled
bedding gained from L PStreated male postively cor-
related with the difference in concentrationsof testos
terone between this mae and control mae (r =
0.35, P<0.05) , whose bedding was used as dter-
native gimulus (Fig. 4) .

2.3 Adrenocortical response to L PS ( experiment
3)

Concentration of cortisol in blood plasma sampled
3 hour &ter injection with saline or L PS was sgnifi-
cantly higher in antigen-treated males of dwarf hanr
gersthanin control males (Fig. 5A) . Wefound Sg-
nificant differences in concentrations of fecd oortil
between experimenta groupsonly 12 hours (at 03 a.
m.) dter injection with LPS or sdine (Fig.5B).
Fecal cortisol progressvely increased during 12 hours
ater adminigtration of L PSor sdine. Peak level ex-
ceeded theinitial one (3 hour ater injections) onthe
13.0+£0.5 ng/ gin L PStreated group andon 5.2
2.1 ng/ gincontrol group (Manr-Whitney' s U-test ,
Z=2.30; P=0.022).

3 Discusson

Our finding of a decline of scent attractivenessin
SRBC treated maes of the dwarf hamsters agrees
with studies on laboratory mice (Moshkin et d. ,
2000b, 200l1a, 2002) and on wild-derived house
mice (Zaaet a., 2004) , which = demonstrated
that activation of the immune system by non-replicat-
ed T-dependent antigens reduces male odor attrac
tion. Olfactory effect of SRBC administration was
accompanied by decrease of the feca testosterone on
the peak of humora immune reponse to this anti-
genic chalenge. In addition to urine, the dwarf
hamster maes release sexual pheromones through
ecific skin glands (Vasljeva, 1990) . Snce andro-
gens up-regulate functiona activity of these glands
(Vadljeva, 1990) , we can conclude that the decline
of testosterone secretion is main cause of the reduction
of scent attractiveness ater SRBC administration.

Remarkably, the SRBCinduced drop of scent
attractiveness was related to the magnitude of the hu-
moral immune response to antigenic chalenge. Pos-
tive correlation between RSTa and AFC showed that
decline of the scent attractiveness in siled bedding
sampled after SRBC administration occurred mainly
in individuas with low immunocompetence. S fe
malesof dwarf hamster seem to use chemica dgnds
of antigen-challenged maes to choose dres with the
best acquired i mmunity.

Like in other rodents ( Moshkin et 4.,
2001b) , dwarf hamsters showed a rapid reponse of
plasma glucocorticoids to injection with L PS, which
was reflected by temporary increase of feca oortisl.
But lag time between stress simulus (injection with
LPY and increase of fecal glucocorticoids in dwarf
hamsters was condderably higher than in laboratory
mice and bank voles (Moshkin et a. , 2001b; Zav-
jaov et d. , 2003). Probably, this gpecies pecifici-
ty is related with adgptation of dwarf hamster to dry
food (grain, seeds etc.) that is available in their
natural habitat. Due to the short-term rise of feca
cortiool we did not find satigticaly sgnificant in-
creaxe of the glucocortiooids in feces collected during
1st and 5th nights ater injection with L PS. In con
trast to studies on prairie voles and meadow voles
(Klein et a. , 1999) , adminigtration of T-indepen-
dent antigens did not suppress androgen secretion.
This contradiction could result from differences in
studied gecies, serotypes of L PS, or dose, which
was about 20 times less in our study in comparion
with study of Klein and Nelson (1999) . Moreover ,
feca testosterone in dwarf hamsters tended to be
higher in L PS treated males than in control males.
And in pardld , we have found higher scent attrac
tivenessin L PStreated malesin comparioon with con-
trol maes. Differences of the sniffing time in paired
samples of bedding correlated podtively with differ-
ences in concentration of testosterone in feces of the
donorsof the siled bedding.

Thus adminigration of T-dependent and T-inde-
pendent antigens modifies reproductive chemosgnals
of maes and subsequently affects female mating
choice. Olfactory effectsof both typesof antigens co-
incided with changesof gonad secretion, which plays
a key role in regulation of pheromone production by
both uro-genita glands and skin glands (Vadljeva,
1990) . But the directionsof the endocrine and olf ac-
tory efects were oppostefor SRBCandfor LPS. T-
dependent and T-independent antigens stimulate dif-
ferent immune mechanisms. L PS as ancient antigens
presumably stimulates evol utionary old nongecific in-
nate immunity , and SRBC induce evol utionary young
acquired immune system. These data allows eculat-
ing that decline of the sexud attractiveness caused by
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infection take part only in case when parastes break
through the nongecific immune barriers and activates
the acquired immune system, which is consdered as
the last defendve linein host protection against parar
dtes.

Acknowledgements We thank anonymous referees
for helpful commentson the manuscript. We are d 9
grateful to Robert Hudson for correction of the finaly
versgon of manuscript.

Ref erences

Avisur R, Yirmya R, 1999. Cytokinesinhibit sexud behavior in fe-
mae rats: synergigtic efectsof tumor necrogsfactor dphaandin-
terleukinr1l. Brain Behav. Immun. 13: 14- 32.

Barnard G, Behnke JM, Gage AR, Brown H, Smothurst, PR,
1998. The role of paradte-induced immuno depresson, rank and
cid environment in the modulation of behaviour and hormone
concentration in male laboratory mice. Proceeding of Royd Society
Lond. B. 265: 693- 701.

Besedovsky H, Sorkin E, 1975. Changesin blood hormone levels dur-
ing the immune response. Proceeding of Society of Experimentd
Biology and Medicine 150: 466 - 470.

Biloo SD, Kledn 9, Devries AC, Ndon RJ, 1999.
Lipopolysaccharide fecilitates patner preference in femde prarie
voles. Physology and Behavior 68: 151 - 156.

Brown R, 1995. What isthe roleof theimmune syssemin determining
individudly distinct body odours? Int. J. Immunopharm. 17:
655 - 661.

Cocke R, Moynihan JA, Cohen N, GotalJ, Ader R, 1993. Ex-
posure to conspecific darm chemosgna s dtersimmune responsesin
BALB/c mice. Brain, Behavior, and Immunity 7 (1) : 36- 46.

Cunningham AJ, 1965. A method of increased senstivity for detecting
sngle antibody-forming cels. Nature 207: 1 106 - 1 107.

Dantzer R, 2001. Cytokine-induced sckness behavior: where do we
stand ?Brain, Behavior, and Immunity 15 (7) : 7- 24.

Dantzer R, Bluthe RM , Auber A, Gooddl G, Bret-Dibat JL , Kent
S, GQuon E, Laye S, Parnet P, Keley W, 1996. Cytokine
actionson behavior. In: Rothwel NJ ed. Cytokinesin Nervous
Sysem. Chapman and Hal , 117 - 144.

Drickamer LC, Mclntosh TK, 1980. Hfectsof adrendectomy on the
presence of a maturation-delaying pheromone in the urine of femae
mice. Horm. Behav. 14 (2) : 146- 152.

Evdkov VI, Potgpov MA, Novikov EA, Potgpova OF, 2001.
Adaptation of gecieson exampleinterreation parents onsat mam-
mas. Rus. J. Ecol. Evol. 1: 264- 278 (In Rusdan).

FavreB, Gregoire A, Preault M, Cezlly F, Sorc G, 2003. Im
mune activation rgpidly mirrored in a secondary sexud trait. Sci-
ence 300: 103.

Ferkin MH, Sorkin ES, Renfroe MW, Jonson RE, 1994. Attrac-
tiveness of mae odors to femaes varies directly with plasma tesos
terone concentrationsin meadow voles. Physol. Behav. 55 (2) :
347 - 353.

Fountain S, Holland MK, HindsLA , Janssens PA, Kerr PJ, 1997.
Intedtittid orchitiswith impaired steroidogenes s and spermatogene-
dsinthetestesof rabbitsinfected with an attenuated strain of myx-
omavirus. J. Reprod. Fertil. 110: 161- 169.

CerlinskayaLA , Moshkin MP, 1997. Both virusinfection and immu-
nization by neutra antigens modify odor attraction and reproductive
successin mae mice. In: Taborsky B ed. Advance in Ethology.
Contribution to the XXV IEC, Vienna, 6.

Gerlinskaya LA, Moshkin MP, Evskov VI, 1993. The methodica
gpproaches to estimation of stressleve in the wild animas. Ecolo-
gy 1: 97- 100 (In Russan).

Cerlinskaya LA, Rogova OA, Yakushko OF, Evskov VI, 1995.
Femde olfactory choice and its influence on pregnancy in mice.

Advancesin the Biosciences 93: 297 - 302.

Hacker H, 2000. Sgnd transduction pathway ectivated by CpG -
DNA. Curr. Top. Microbiol. Immunol. 247: 77 - 92.

Harper JM, Austad SN, 2000. Fecd glucorticoids: a nonivadve
method of measuring adrena activity in wild and captive rodents.
Phydol. Biochem. Zoology 73: 12- 22.

Kavdiers M, Colwel DD, 1993. Aversve reponsesof femae mice to
the odors of parastized maes: neuromodulatory mechanisms and
implicationsfor mate choice. Ethology 95: 206 - 212.

KavdiersM , Colwel DD, 1995a. Discrimination by femae mice be
tween the odours of parastized and non-paradtized maes. Proc.
R. Sc. Lond. B. 261: 31- 35.

Kavdiers M, Colwell DD, 1995b. Odours of parastized maes induce
averdve regpone in femde mice. Anim. Behav. 50:
1161- 1 169.

Kavdiers M , Colwell DD, Choleris E, 1998. Andgesc regponses of
mae mice exposed to the odors of paradtized femdes: effects of
mae sexua experience and infection status. Behav. Neurosdi.
112: 1001- 1 011.

Kavdiers M, Colwell DD, Ossenkopp K-P, Perrot-Snad TS, 1997.
Altered regponses to femae odorsin paradtized mae mice: neuro-
modulatory mechanisms and reations to femae choice. Behav.
Ecol. Sociobiol. 40: 373 - 384.

Kiesecker JIM , Skelly DK, Beard KH, Presser E, 1999. Behaviord
reduction of infection risk. Proc. Nat. Acad. Si. USA 96:
9165- 9 168.

Klen 9, Neloon RJ, 1999. Activation of the immune-endocrine sys
tem with lipopolysaccharide reduces filiative behaviors in voles.
Behav. Neurosci. 113 (5) : 1 042- 1 048.

Klein &, Gamble HR, Nedson RJ, 1999. Trichinellaspiralisinfec
tion in voles dters femae odor preference but not partner prefer-
ence. Behav. Ecol. Sociobiol. 45: 323- 329.

Koreneva EA, Shkinek EK, 1988. Hormones and immune system.
Leningrad: Nauka (In Russan).

Litvinova EA, Kudaeva OT, Mershieva LV, Moshkin MP, 2004.
High leve of circulating testosterone abolishes decline of scent at-
tractiveness in antigen-treated mde mice. Animd Behavior (In
press) .

Loehle C, 1995. Socid barriers to pathogen transmisson in wild ani-
ma populations. Ecology 76: 326 - 335.

MaW, Miao Z, Novotny MV, 1998. Roleof the adrend gland and a
drenad-mediated chemosgnadsin suppresson of estrusin the house
mouse: theLeeBoot efect revisted. Biology of Reproduction 59:
1317- 1 320.

MordesMontor J, RidriguerzDorantes M, Cerbon MA, 1999.
Modified expresson of geroid 5 dphareductase as wel as aro-
matase, but not cholesterol sde-chain cleavage enzyme, inthe re-
productive sysstemof mae mice during Taenia crassiceps cysticerco-
g§s. Paradtol. Res. 85: 393- 398.

Moshkin MP, Dobrotvorsky AK, Mak VV, Panov VV, Do-
brotvorskaya EA , 1998. Variahility of immune response to het-
erologous erythrocytes during population cycles of red Clethriono
mys rutilus and bank voles C. glareolus. Oikos82: 131- 138.

Moshkin MP, Cerlinskaya LA, Evskov VI, 2000a. The role of imr
mune system in behaviord strategies of reproduction. J. Reprod.
Dev. 46 (6): 341- 356.

Moshkin MP, Litvinova K, Kolosova |, Mak VV, 2000b. The
changes of odour attraction in male mice treated with nor-replicated
antigen. Reports of Russan Academy of Sciences 9: 277 - 279
(In Russan) .

Moshkin MP, Kolosova IE, Novikov EA, Litvinova EA, Mershieva
LV, Mak VV, Petrovskii DV, 2001a. Co-modulation of theinr
mune function and the reproductive chemosgnds. Adan-Aug. J.
Anim. . 14: 43- 51.

Moshkin MP, Tamagawa A, Kolosova IE, GerlinskayalL A, Iwakura
Y, Endo Y, 2001b. Bevaviord and endocrine efectsof endotox-
inin wild type and IL-1 deficient mae mice. Sck-sndrome or
adaptive reaction ? Reports of Russan Academy of Sciences 379
(4) : 564 - 566 (In Rusdan).



722

50

Moshkin MP, Gerlinskaya LA, Morozova OV, Bakhvdova VN,
Evskov VI, 2002. Behavior, chemosgnds and endocrine func-
tionsin mae mice infected with tick-borne encephditisvirus. Psy-
choneuroendocrinology 27 (5) : 603 - 608.

Novikov EA, Petrovsky DV, Kondratuck EY, Litvinova EA,
Moshkin MP, 2004. Foraging and aggresive behavior of the
dwarf hamsers Phodopus sungorus during physcad or olfactory
contacts with antigens treated congecific. Zoologica Journd 83
(2) : 480- 485.

Novotny M, Jemiolo B, Harvey S, Wieder T, Marchlewska Koj A ,
1986. Adrend-mediated endogenous metabolites inhibit puberty in
femade mice. Sciences231: 722- 725.

Penn DJ, Potts WK, 1998. Chemicd dgnds and paraste-mediated
sexud sdection. Trens. Ecol. Evol. 13: 391- 396.

Penn DJ, Shneider G, White K, Sev P, Potts WK, 1998. In-
fluenza infection neutrdizes the attractiveness of mae odor to fe-
mae mice Mus musculus. Ethology 104: 685 - 694.

Reasner DS, Johnon RE, 1987. Scent marking by mde dwarf ham-
sters Phodopus sungorus cambelli in regponse to congpecific odors.
Behaviord and Neurd Biology 48: 43 - 48.

Roitt |, Brostoff J, Mde D, 1998. Immunology. 5thedn. London:
Mosby- Wolfe.

Shino N, Ninni P, Cdza S, Martindli R, De Bernard F, Moller
AP, 2000. Better red than dead: carotenoid-based mouth col-
oration revedsinfectionin barn swalow nestlings. Proc. R. Soc.
Lond. B 267: 57- 61.

Skolov VE, Ushakova NA, Shubkina AV, Perfilova TV, 1992.
Interaction between coat fur and bacterid microflorain dependence
on phydologica satus. Proc. Russan Acad. <ii. 323: 980 -
983 (In Rusdan) .

Staszewski V, Boulinier TH, 2004. Vaccination: a way to address

quegtions in behaviora and population ecology ? Trendsin Parastol .
20 (1) : 17- 22.

Susumi H, 1990. Socid condition influences sexud attractiveness of
dominant mae mice. Zool. Sci. 7: 889- 894.

Ushakova NA , 1995. Concerning the role of bacteriain chemicd com-
municationsof animals. Adv. Biosti. 93: 253 - 257 (In Rus
dan) .

Vasljeva NU , 1990. The function of gecific skin glands. Functiond
and evolutionary agpects of marking behavior in Cricetinae. Ph.
D. Theds, Ing. Evol. Morphol. Anim. Ecol of Russan Ac.
<., Moscow (In Rusdan) .

Welch JB, 1990. A detector dog for screwworms (Diptera: Cd-
liphoridee) . J. Econ. Entomol. 83: 1932- 1934.

Willis C, Poulin R, 2000. Preference of femde ratsfor the odours of
non-parastised maes: the smel of good genes. Folia Parastologia
47: 6- 10.

Wynne- Edwards KE, Surov AV, Tditdna AY, 1992. Fed studies
of chemica sgnding direct observation of dwarf hamster Phodopus
in Sviet Ada. In: Dory RJ, Muler-Shwarze D ed. Chemicd
Sgndsin Vertebrates New York: Penum Press, 485 -
492.

Yamazaki K, Boyse EA, Mike V, Thder EA, Mathieoon BJ, Ab-
bott J, BoyseJ, Zayas ZA, 1976. Control of mating preferences
in mice by genesin the mgor histocompatibility complex. J. Ex-
perim. Med. 144: 1 324- 1 335.

ZdaSM, Potts WK, PennDJ, 2004. Scent-marking displays provide
honest sgndsof hedth and infection. Behaviord Ecology 15 (2) :
338- 344.

Zavjdov EL , GCerlinskaya LA, Evskov VI, 2003. Estimation of
gress leve in the bank vole Clethrionomys glareolus (Rodentidae,
Rodentia) by fecd corticosterone. Zool. J. 82 (4): 508 - 513
(In Rusgan) .



