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Abstract

%DFNJURXQG Maternal infection during pregnancy is a risk factor for some behavioral
problems with neurodevelopmental origin. This study aimed to evaluate the effects of
exposure of pregnant mice to the bacterial lipopolysaccharide (LPS) on sexual behaviour
and serum level of pituitary-gonadal hormones of offspring in adulthood.

0DWHULDOVDQG0HWKRGVIn this Expremental study, pregnant NMRI mice (n=7/group)
were treated with intra-peritoneal administration of LPS (1, 5 and 10 μg/kg) at day 10
of JHVWDWLRQ,QGXFWLRQRIWKHSURLQÀDPPDWRU\F\WRNLQHV7XPRUQHFURVLVIDFWRUDOSKD
71)Į LQWHUOHXNLQEHWD ,/ȕ DQGLQWHUOHXNLQ ,/ ZHUHPHDVXUHGLQPDWHUQDO
serum 2 hours following the maternal LPS challenge. Behavior in the adult male offspring reproductive activity was investigated using receptive female mice. Concentrations of testosterone, luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
in adult offspring serum were measured using the enzyme-linked immunosorbent assay
(ELISA) method (at postnatal day 60, n=10/group).
5HVXOWV 2QHZD\$129$VKRZHGWKDW/36DGPLQLVWUDWLRQLQGXFHVDVLJQL¿FDQWLQFUHDVH
LQ71)Į,/ȕDQG,/OHYHOVRIPDWHUQDOVHUXP3UHQDWDO/36H[SRVXUHUHGXFHVVH[ual behavior and serum concentration of LH and testosterone in adult male offspring.
&RQFOXVLRQ The overall results suggest that prenatal exposure to LPS increases proLQÀDPPDWRU\F\WRNLQHOHYHOVDIIHFWVGHYHORSPHQWRIQHXURHQGRFULQHV\VWHPVDQGUHVXOWV
in the inhibition of reproductive behaviors and reactivity of hypothalamic–pituitary-gonadal (HPG) axis in adult male offspring.
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Introduction
Previous studies have shown that lipopolysaccharide (LPS) affects brain development and results
in behavioral disorders in many species. Epidemiological researches have reported that maternal
bacterial and viral infections during pregnancy
represent a risk factor for several neuropsychiatric
disorders with a presumed neurodevelopmental origin. Studies using animal models have also shown
that both bacterial and viral infections in utero can
cause a spectrum of neuropathological and behav5HFHLYHG-DQ$FFHSWHG2FW
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ioral abnormalities in offspring (1-3).
Previous studies have shown that exposing
pregnant female mice to stressors during the last
week of pregnancy, reprograms the hypothalamicpituitary-adrenal (HPA) axis and enhances behavioral responses to psycho stimulants (4, 5).
Repeated exposure of pregnant mice to stressful
environments during pregnancy has been found to
LQGXFHGH¿FLWVLQFRJQLWLRQDOEHKDYLRUV  0RUHover, increased risk for cognitive disorders have
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also been associated with maternal bacterial infections such as pneumonia during pregnancy (6, 7).
The wide range of bacteria-related infections have
been associated with increased risk for neurodevolepmental disorders, suggesting the common
mechanisms to various prenatal infections that affect fetal development (6, 8).
Since previous studies considered, bacterial infections during pregnancy as a risk factor for brain
and behavioral development in the fetus, this current study aims to investigate the effects of prenatal exposure to bacterial LPS on the development
of reproduction-related behaviors and serum concentration of luteinizing hormone (LH), Folliclestimulating hormone (FSH) nd testosterone in
adult male offspring.

Materials and Methods
Animals and maintenance
In this experimental study, female and male
NMRI mice obtained from Pasteur Institute of Iran,
were aged between 10-12 weeks at the time of testing. Animals were housed in groups of 4 per cage
in a room with a 12:12 hour light/dark cycle (lights
on 07:00 am) under a controlled temperature (23
 Û&  $QLPDOV KDG DFFHVV WR IRRG DQG ZDWHU
Breeding began after 2 weeks of acclimatization to
the new animal holding room. The breeding proceGXUHDQGWKHYHUL¿FDWLRQRISUHJQDQF\KDYHEHHQ
fully described in previous studies (1, 9). All of
the pregnant rats were allowed to give birth and
nurture their offspring normally. Littermates of
WKHVDPHVH[ZHUHNHSWLQJURXSVRIWKUHHWR¿YH
mice. For standard milk availability, number of
animals in each litter was standardized (3 males
and 3 females/dam).
Pups were weaned on postnatal day 21 (PD
21), and offspring housed (four animals from the
same treatment/cage) and maintained on a standard animal house condition. Adult male offspring
randomly chose for each test were distributed into
control and experimental groups (n=10/group, two
pup each litter for the adulthood behaviors) before
starting each test (10, 11).
All animal experiments have been carried out
in accordance with the National Institutes of
Health guide for the care and use of Laboratory
animals (NIH).
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Treatments
In order to model a physiological maternal infection, at the 10th gestational day, pregnant mice
were administered with intra-peritoneal injection
of low doses of LPS (from Brucella abortus, Pasteur Ins., Tehran) which have been shown to produce optimal fever and cytokine induction in the
mice, while having limited impact on maternal and
pup survival (i.e. 1, 5 and 10 μg/kg of LPS, N=7/
group) (6, 12-15).
Serum cytokines assay
Maternal serum was prepared 2 hours after
injection of saline or LPS by centrifugation at
15000 g for 5 min, aliquoted and then stored at
Û&XQWLOWKHF\WRNLQHDVVD\VZHUHSHUIRUPHG
&RQFHQWUDWLRQV RI  LQWHUOHXNLQEHWD ,/ȕ 
(Immuno-Biological Laboratories, IB49700,
USA), interleukin-6 (IL-6) (BioSource International, CA 93012, USA), and Tumor necrosis
IDFWRUDOSKD 71)Į  8F\WHFK &7  1HWKerlands) were determined using commercial enzyme-linked immunosorbent assay (ELISA) kits
in accordance with the manufacturer’s instructions. All samples and standards were assayed
in duplicate.
Hormone assay
Testosterone, LH and FSH hormones of adult
male offspring were assayed by solid phase
ELISA kits (Demeditec Diagnostics Ltd., Germany), based on the principle of competitive
binding and according to the manufacturer’s
instruction.
The microtiter wells are coated with an antibody directed towards a unique antigenic site on
the hormone molecule. Endogenous hormone
of a serum sample competes with a hormone
horseradish peroxidase conjugate for binding
to the coated antibody. After incubation the unbound conjugate is washed off. The amount of
bound peroxidase conjugate is proportionally
reverse the concentration of hormone in the
sample. After addition of the substrate solution,
the intensity of color developed is proportionally reverse the concentration of hormone in the
serum sample.

Prenatal LPS and Long-Lasting Effects

Before studying sexual behavior, control (prenatally exposed to saline) and LPS treated (prenatally
exposed to LPS) male offspring were separately
placed in a cage with a sexually experienced male
and a receptive female to have prior learning
or experience. Early morning of assessing day,
sexually naive males were separated and maintained separately until that evening. Every naive
male, currently sexually experienced, was given
60 minutes to accompany a receptive female,
during which male behaviors were assessed and
compared (16). Four separate replications of the
experiment were run for each male. Sniffing, following, mounting and coupling were the sexual behavior parameters assessed. During 30-minutess
sexual behavior tests if the male mice showed no
mounts, the mounting component was over, and
if not they were further permitted up to 60 minutes for coupling and ejaculation (16-18). During
all testing sessions behavioral parameters were
recorded on videotape and analyzed after completing the experiments (19).

A
160


,/ȕ SJPO

Adult male offspring were randomly chosen for
behavioral testing. Receptive female mice were
used to test male reproductive activity (Sniffing,
Following, Mounting, Coupling) in such a way
that males were placed in the female’s acrylic
cage (25 cm×25 cm×40 cm; L×W×H) containing
wood chips with food and water provided.

VLJQL¿FDQWO\LQFRPSDULVRQZLWKWKHVDOLQHWUHDWHG
control group.

Results
Effects of LPS on serum concentrations of cytokines in pregnant mice
As shown in figurer 1, treatment of bacterial LPS in the pregnant mice increases serum
OHYHOV RI SURLQIODPPDWRU\ F\WRNLQHV ,/ȕ
S  ,/ S  DQG 71)Į S 

**

*

*

***

***

120
100

60

0

B





200

100

0

C

71)Į SJPO

Statistical analysis
Since data displayed normality of distribution
and homogeneity of variance, one-way ANOVA
and Tukey Post Hoc test (SPSS 16) were used for
comparison between the effects of different doses
of extract with control.
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Fig 1: Effects of intra peritoneal injection of saline (0.05
POPLFH RU/36 RUJ.J RQVHUXPOHYHORI,/ȕ
$ ,/ % DQG71)Į & LQSUHJQDQWGDPV(DFKEDULV
mean ± SE.
*p<0.05, **p < 0.01 and ***p < 0.01, when compared to the
saline treated group (N=7).
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Effects of prenatal LPS exposure on serum concentrations of cytokines in male offspring
Figure 2 shows the effects of prenatal LPS adPLQLVWUDWLRQ RQ VHUXP OHYHOV RI ,/ȕ ,/ DQG
71)ĮLQPDOHRIIVSULQJ$VVKRZQLQWKH¿JXUH
WKHUHLVQRVLJQL¿FDQWFKDQJHLQWKHVHUXPF\tokine levels in comparison between LPS and the
saline treated control group.
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Effects of prenatal LPS exposure on sexual behaviors of offspring
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The results of this research suggest that prenatal LPS exposure decreases sexual behavior
components including coupling (p<0.01), following (p<0.01), mounting (p<0.01), and sniffing (p<0.001), significantly in comparison with
the control group (Table 1).
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Measuring pituitary-gonadal hormones after
assessing behavioral components in prenatally
LPS exposed mice showed that testosterone
(p<0.001) and LH (p<0.01) concentrations of
serum were significantly reduced (Fig 3). The
present results also show that prenatal LPS exposure has no significant effect on serum FSH
Level when compared with the control group
(Fig 3).
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Fig 2: Effects of prenatal exposure of saline (0.05 ml/mice) or LPS
RUJ.J RQVHUXPOHYHORI,/ȕ $ ,/ % DQG71)Į
(C) in the male adult offspring. Each bar is mean ± SE ( N=7).

Table 1: Effects of prenatal LPS exposure on behavioral components of adult Male offspring,
in comparison with the control group (mean ± SE)
Control

/36
JUDW

/36
JUDW

/36
JUDW

1XPEHURIVQLI¿QJ

16 ± 1.6

8.18 ± 0.78*

7.38 ± 0.86**

6.10 ± 1.1***

1XPEHURIIROORZLQJ

10.78 ± 0.72

6.87 ± 1.5

4.81 ± 8.8**

4.25 ± 0.64**

1XPEHURIPRXQWLQJ

4.31 ± 0.6

1.7 ± 0.67

1.25 ± 0.44*

1.25 ± 0.31*

1XPEHURIFRXSOLQJ

0.8 ± 0.1

0.5 ± 1.16

0.2 ± 0.13**

0.3 ± 0.21**

*p<0.05, **p<0.01 and ***p<0.001 when compared to the saline treated group.
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Prenatal LPS and Long-Lasting Effects
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Results of the present study show that prenatal exposure of adult male NMRI mice with
low doses of Brucella abortus LPS inhibits
sexual behaviors and decreases serum level
of testosterone and LH hormones. Our results also demonstrate that LPS exposure during gestation increased serum concentration
of pro-inflammatory cytokines such as ILȕ,/DQG71)Į+RZHYHUSUHQDWDO/36
treatment has no significant effect on serum
FRQFHQWUDWLRQVRI,/,/DQG71)ĮLQWKH
male adult offspring.
It is well known that lipopolysaccharide as
a bacterial outer membrane component, induces production of several pro-inflammatory cytokines (22). Since LPS did not cross the
placenta in normal conditions (11), it is possible that LPS caused it’s effects via immune
mediators and inflammatory mediators, such
DV WXPRU QHFURVLV IDFWRU 71)Į  ,/ DQG
IL-6, to reach the fetus within the uterus and
affect fetal developments (11, 23). However,
it is also possible that the maternal exposure
to infection alters pro-inflammatory cytokine
levels in the fetal environment, which may
have a significant impact on fetal development (11). In addition, increased pro-inflammatory cytokine levels could affect the brain
of the developing fetus and may be responsible for the inhibition of the reproductive axis
and its normal function in the fetuses and
male newborn mice (24).



Control

It is clear that maternal bacterial infections and
immune challenges during pregnancy have distinct effects on the development of central nervous and endocrine systems in the offspring, that
may affect behavior (1, 20, 21).

10
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Fig 3: Effects prenatal exposure to saline (0.05 ml/mice) or LPS
(1, 5 or 10μg/Kg) on serum level of Testosterone (A), LH (B)
and FSH (C) in adult male offspring. Each bar is mean ± SE.
*p<0.05, **p<0.01 and ***p<0.01, when compared to the saline
treated group (N=10).

A previous study carried out by Bernardi et
al. (11) showed that high dose of LPS (250
μg/kg) are able to influence some reproductive behaviors. However, the mechanism that
LPS affects the sexual behavior and sexual
hormone levels has not been clearly discussed
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yet. Studies showed that LPS treatment induces immune challenge, increases stress in animals and releases corticosterone in mice (11,
25). It is well known that maternal stress has a
demasculinizing effect on male sexual behavior in mice (26-28). Bacterial LPS can activate
hypothalamic-pituitary-adrenal (HPA) axis
via increasing cytokine production (29, 30).
Several studies have shown the activation of
the HPA axis in the animals exposed to LPS.
HPA activation provides an important negative
feedback to cytokine production and toxicity
because cytokine responses can be modulated
by glucocorticoids (29, 31). Along with the inhibitory effects of HPA axis on reproduction of
animals, production of pituitary-gonadal hormones have been reported in several studies
(32, 33).
Increased GABAergic inhibitory activity may
also contribute to the effects of prenatal stress on
behavioral alteration in adulthood.
Previous studies have shown that prenatal
exposure to stress and elevated levels of corticostrone affect the GABAergic system of a developing brain. Prenatal exposure to stressful
environment and elevated activity of HPA-axis
alters expression of GABA-A receptor subunit
mRNA levels in the brain.
Prenatal exposure of the fetus to high levels of corticostrone affects mRNAs expression for glutamic acid decarboxylase (GAD)
isoforms, the enzyme that converts glutamate
to GABA. Stone and co-workers demonstrate
that prenatal increase of corticostrone level
increase GAD67 mRNA in the brain’s hippocampus. Therefore, prenatal activation of
HPA axis by LPS may increase the activity of
GABAergic system in the brain regions such
as hippocampus that are involved in the modulation of behavior (34).

nadal hormones of male offspring. Therefore,
this study has identified that bacterial lipopolysaccharide exposure during pregnancy
and the ensuing cytokine changes, can affect
development of neural systems involved in
reproduction of animals.
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Conclusion
Our results indicate that LPS administration
on the 10th gestational day influences sexual
behavior and expression of the pituitary-go-
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0H\HU 8 1\IIHOHU 0 (QJOHU $ 8UZ\OHU $ 6FKHGORZVNL0.QXHVHO,HWDO7KHWLPHRISUHQDWDOLPPXQHFKDOOHQJHGHWHUPLQHVWKHVSHFL¿FLW\RILQÀDPPDWLRQPHGLDWHG EUDLQ DQG EHKDYLRUDO SDWKRORJ\ 1HXURVFL  
&R\OH 3 7UDQ 1 )XQJ -1 6XPPHUV %/ 5RIH
$00DWHUQDOGLHWDU\]LQFVXSSOHPHQWDWLRQSUHYHQWV
DEHUUDQWEHKDYLRXULQDQREMHFWUHFRJQLWLRQWDVNLQ
PLFHRIIVSULQJH[SRVHGWR/36LQHDUO\SUHJQDQF\
%HKDY%UDLQ5HV  
%URZQ$6%HJJ0'*UDYHQVWHLQ66FKDHIHU&$
:\DWW5-%UHVQDKDQ0HWDO6HURORJLFHYLGHQFH
RI SUHQDWDO LQIOXHQ]D LQ WKH HWLRORJ\ RI VFKL]RSKUHQLD$UFK*HQ 3V\FKLDWU\  
/HH35%UDG\'/6KDSLUR5$'RUVD'0.RHQLJ
-, 3UHQDWDO VWUHVV JHQHUDWHV GHILFLWV LQ UDW VRFLDO
EHKDYLRU 5HYHUVDO E\ R[\WRFLQ %UDLQ 5HV 

%D\HU 6$$OWPDQ - 5XVVR 5- =KDQJ ; 7LPHWDbles of neurogenesis in the human brain based on
H[SHULPHQWDOO\GHWHUPLQHGSDWWHUQVLQWKHUDW1HXURWR[LFRORJ\  
)RUWLHU0(/XKHVKL*1%RNVD3(IIHFWVRISUHQDWDOLQIHFWLRQRQSUHSXOVHLQKLELWLRQLQWKHUDWGHSHQG
on the nature of the infectious agent and the stage
RISUHJQDQF\%HKDY%UDLQ5HV  

*RRGQLJKW:+6RSHU'(3QHXPRQLDLQSUHJQDQF\&ULW&DUH0HG 6XSSO 6
9DOOpH00DF&DUL6'HOOX)6LPRQ+/H0RDO0
0D\R : /RQJWHUP HIIHFWV RI SUHQDWDO VWUHVV DQG
SRVWQDWDO KDQGOLQJ RQ DJHUHODWHG JOXFRFRUWLFRLG
VHFUHWLRQ DQG FRJQLWLYH SHUIRUPDQFH D ORQJLWXGLQDO VWXG\ LQ WKH UDW (XU - 1HXURVFL     

0H\HU81\IIHOHU0<HH%..QXHVHO,)HOGRQ-
$GXOWEUDLQDQGEHKDYLRUDOSDWKRORJLFDOPDUNHUVRI
SUHQDWDOLPPXQHFKDOOHQJHGXULQJHDUO\PLGGOHDQG
ODWH IHWDO GHYHORSPHQW LQ PLFH %UDLQ %HKDY ,P-

Prenatal LPS and Long-Lasting Effects

PXQ  
 *RPH]6HUUDQR07RQHOOL//LVWZDN66WHUQEHUJ
(5LOH\$/(IIHFWVRIFURVVIRVWHULQJRQRSHQILHOG
EHKDYLRUDFRXVWLFVWDUWOHOLSRSRO\VDFFKDULGHLQGXFHG FRUWLFRVWHURQH UHOHDVH DQG ERG\ ZHLJKW
LQ /HZLV DQG )LVFKHU UDWV %HKDY *HQHW 
  
11. %HUQDUGL 00 .LUVWHQ 7% 0DWVXRND 60 7HRGRURY(+DEU6)3HQWHDGR6+HWDO3UHQDWDO
OLSRSRO\VDFFKDULGH H[SRVXUH DIIHFWV PDWHUQDO
EHKDYLRU DQG PDOH RIIVSULQJ VH[XDO EHKDYLRU
LQ DGXOWKRRG 1HXURLPPXQRPRGXODWLRQ 
  
 -RXDQJX\ ( '|IILQJHU 5 'XSXLV 6 3DOOLHU $
$OWDUH ) &DVDQRYD -/ ,/ DQG ,)1JDPPD
in host defense against mycobacteria and salPRQHOOD LQ PLFH DQG PHQ &XUU 2SLQ ,PPXQRO
  
 'LQJHV 00 6FKOLHYHUW 30 &RPSDUDWLYH DQDO\VLV RI OLSRSRO\VDFFKDULGHLQGXFHG WXPRU QHFURVLVIDFWRUDOSKDDFWLYLW\LQVHUXPDQGOHWKDOLW\LQ
PLFH DQG UDEELWV SUHWUHDWHG ZLWK WKH VWDSK\ORFRFFDOVXSHUDQWLJHQWR[LFVKRFNV\QGURPHWR[LQ
 ,QIHFW,PPXQ  
 +DUG\-0DUJROLV--&RQWDJ&+,QGXFHGELOLDU\
H[FUHWLRQ RI /LVWHULD PRQRF\WRJHQHV ,QIHFW LPPXQ  
 'LQJHV 0 6FKOLHYHUW 30 5ROH RI 7 FHOOV DQG
JDPPDLQWHUIHURQGXULQJLQGXFWLRQRIK\SHUVHQVLWLYLW\WROLSRSRO\VDFFKDULGHE\WR[LFVKRFNV\QGURPHWR[LQLQPLFH,QIHFWLPPXQ  

 +HLQULFKV 6& 0LQ +7DPUD] 6 &DUPRXFKp 0
%RHKPH 6$ 9DOH :: $QWLVH[XDO DQG DQ[LRJHQLF EHKDYLRUDO FRQVHTXHQFHV RI FRUWLFRWURSLQUHOHDVLQJIDFWRURYHUH[SUHVVLRQDUHFHQWUDOO\
PHGLDWHG 3V\FKRQHXURHQGRFULQRORJ\ 
  
 6RODWL-7RQGDU0$EXWDOHEL1(IIHFWVRI3HUPHWKULQRQVH[XDOEHKDYLRXUDQGSODVPDFRQFHQWUDWLRQVRISLWXLWDU\JRQDGDOKRUPRQHVLQDGXOWPDOH
105, PLFH 6FLHQWLILF -RXUQDO RI .XUGLVWDQ 8QLYHUVLW\RI0HGLFDO6FLHQFHV  
 3XRSROR 0 6DQWXFFL ' &KLDURWWL ) $OOHYD
( %HKDYLRXUDO HIIHFWV RI HQGRFULQH GLVUXSWLQJ FKHPLFDOV RQ ODERUDWRU\ URGHQWV VWDWLVWLFDO
PHWKRGRORJLHV DQG DQ DSSOLFDWLRQ FRQFHUQLQJ
GHYHORSPHQWDO 3&% H[SRVXUH &KHPRVSKHUH
  
 6RODWL - +DMNKDQL 5  =DHLP 57 (IIHFWV RI F\SHUPHWKULQ RQ VH[XDO EHKDYLRXU DQG SODVPD
FRQ-FHQWUDWLRQV RI SLWXLWDU\JRQDGDO KRUPRQHV
,nt - )ertil 6teril   
 Hagberg H, Mallard C. Effect of inflammation on
FHQWUDOQHUYRXVV\VWHPGHYHORSPHQWDQGYXOQHU-

DELOLW\&XUU2SLQ1HXURO  
 3DWWHUVRQ3+0DWHUQDOLQIHFWLRQZLQGRZRQQHXURLPPXQHLQWHUDFWLRQVLQIHWDOEUDLQGHYHORSPHQWDQG
PHQWDO LOOQHVV &XUU 2SLQ 1HXURELRO    

 0\HUV/3.ULHJ$03UXHWW6%%DFWHULDO'1$GRHV
not increase serum corticosterone concentration or
SUHYHQWLQFUHDVHVLQGXFHGE\RWKHUVWLPXOL,QW,PPXQRSKDUPDFRO  
 8UDNXER$-DUVNRJ/)/LHEHUPDQ-$*LOPRUH-+
3UHQDWDO H[SRVXUH WR PDWHUQDO LQIHFWLRQ DOWHUV F\WRNLQH H[SUHVVLRQ LQ WKH SODFHQWD DPQLRWLF IOXLG
DQGIHWDOEUDLQ6FKL]RSKU5HV  
 /L;).LQVH\-RQHV-6.QR[$0:X;47DKVLQVR\'%UDLQ6'HWDO1HRQDWDOOLSRSRO\VDFFKDULGH
H[SRVXUH H[DFHUEDWHV VWUHVVLQGXFHG VXSSUHVVLRQ
RIOXWHLQL]LQJKRUPRQHSXOVHIUHTXHQF\LQDGXOWKRRG
(QGRFULQRORJ\  
 +HQQHVV\0%6FKLPO:HEE3$0LOOHU((0DNHQ
'6%XOOLQJHU./'HDN7$QWLLQIODPPDWRU\DJHQWV
DWWHQXDWHWKHSDVVLYHUHVSRQVHVRIJXLQHDSLJSXSV
(YLGHQFHIRUVWUHVVLQGXFHGVLFNQHVVEHKDYLRUGXULQJ
PDWHUQDO VHSDUDWLRQ 3V\FKRQHXURHQGRFULQRORJ\
  
 :DUG ,/ 3UHQDWDO VWUHVV IHPLQL]HV DQG GHPDVFXOLQL]HV WKH EHKDYLRU RI PDOHV 6FLHQFH 
  
 5KHHV5:)OHPLQJ'((IIHFWVRIPDOQXWULWLRQPDWHUQDOVWUHVVRU$&7+LQMHFWLRQVGXULQJSUHJQDQF\
RQ VH[XDO EHKDYLRU RI PDOH RIIVSULQJ 3K\VLRO %HKDY  
 :DUG  ,/ :HLV]  - 'LIIHUHQWLDO HIIHFWV RI PDWHUQDO
VWUHVV RQ FLUFXODWLQJ OHYHOV RI FRUWLFRVWHURQH SURgesterone, and testosterone in male and female rat
IHWXVHV DQG WKHLU PRWKHUV (QGRFULQRORJ\ 
  
 %HVHGRYVN\ + GHO 5H\$ 6RUNLQ ( 'LQDUHOOR &$
,PPXQRUHJXODWRU\ IHHGEDFN EHWZHHQ LQWHUOHXNLQDQGJOXFRFRUWLFRLGKRUPRQHV6FLHQFH
  
 'HO5H\$%HVHGRYVN\+6RUNLQ('LQDUHOOR&$
,QWHUOHXNLQDQGJOXFRFRUWLFRLGKRUPRQHVLQWHJUDWH
DQ LPPXQRUHJXODWRU\ IHHGEDFN FLUFXLWD $QQ 1 <
$FDG6FL
 )DJJLRQL 5 )DQWX]]L * *DED\ & 0RVHU $ 'LQDUHOOR&$)HLQJROG.5HWDO/HSWLQGHILFLHQF\HQKDQFHV VHQVLWLYLW\ WR HQGRWR[LQLQGXFHG OHWKDOLW\
$P-3K\VLRO 3W 5
 :LQJILHOG -& 6DSROVN\ 50 5HSURGXFWLRQ DQG UHVLVWDQFH WR VWUHVV ZKHQ DQG KRZ - 1HXURHQGRFULQRO  
 +DQGD 5- %XUJHVV /+ .HUU -( 2 .HHIH -$ *RQDGDOVWHURLGKRUPRQHUHFHSWRUVDQGVH[GLIIHUHQFHVLQWKHK\SRWKDODPRSLWXLWDU\DGUHQDOD[LV+RUP
%HKDY  
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 6WRQH'-:DOVK-36HEUR56WHYHQV53DQWD]RSRORXV
+ %HQHV )0 (IIHFWV RI SUH DQG SRVWQDWDO FRUWLFRVWHU-
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