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Is there a mucosal immune system associated 
with the mammalian oviduct? 
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The oviduct is a key component of the reproductive system where essential 
stages such as spermatozoa capacitation, fertilization and early embryo 
development take place. Recently, an additional role for the entire female 
reproductive tract has emerged with important implications for our 
understanding and management of reproductive health, namely, its role in 
mounting local immune responses against microbial pathogens. Most of the 
evidence about mucosal immune responses in the female reproductive tract is 
related to the vagina, with less information available for the uterus. The less 
known segment in this regard is the oviduct, which prompted us to review and 
summarize the current state of knowledge on the immune system at the level of 
the mammalian oviduct. A comprehensive search was conducted in Medline 
and -for the last two years- also in Current Contents. Results demonstrate that 
the mammalian oviduct is endowed with many of the elements that characterize 
a mucosal immune system. However, there are gaps in our knowledge that, in 
addition to important interspecies differences, make it essential to explore 
further some fundamental questions regarding this system. 

Key-terms: Fallopian tube, immunoglobulins, local immune system, mucosal 
immune system, oviduct, review 

I N T R O D U C T I O N 

T h e r e a re seve ra l bu t not m a n y p a p e r s 
d e m o n s t r a t i n g c e l l u l a r a n d h u m o r a l 
c o m p o n e n t s of the i m m u n e sys tem in the 
ov iduc t of va r ious spec ies . The ev idence 
sugges ts that there is an oviducta l mucosal 
i m m u n e s y s t e m d i f f e r en t f rom the o n e 
descr ibed for the intest inal and respiratory 
t racts , as well as for the lower segments of 
the female reproduc t ive tract. This puta t ive 
oviducta l i m m u n e sys tem might cont r ibute 
to mainta in an asept ic milieu, free of the 
m i c r o o r g a n i s m s that sporadical ly co lon ize 
the upper reproduc t ive tract. 

T h e p u r p o s e of t h i s p a p e r is to 
summar ize the cur ren t knowledge about the 
e x i s t e n c e of a l o c a l i m m u n e s y s t e m 
as soc i a t ed wi th the ov iduc ta l m u c o s a in 
m a m m a l s . It is not in tended to account for 
all the ex tens ive informat ion regarding the 
c y t o p a t h o l o g i c a l c h a n g e s induced in the 
o v i d u c t by m i c r o o r g a n i s m s c a u s i n g 
sexua l ly t r a n s m i t t e d d i s e a s e s , un les s the 
d a t a s h e d l i g h t on l o c a l i m m u n e 
m e c h a n i s m s . F o r t h e s a m e r e a s o n , a 
de t a i l ed a c c o u n t of all the e v i d e n c e on 
o v i d u c t a l c y t o k i n e s w a s no t i n t e n d e d . 
In teres ted readers on those topics may get 
that informat ion in several excel lent recent 
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rev iews (for example , see Cohen & Pol lard , 
1996; C o o p e r & Mot icka , 1996). 

T h i s r e v i e w is based on a search in 
M e d l i n e and Cur ren t Con ten t s da tabases . 
The first was examined from 1970 to 1997, 
while Curren t Con ten t s was used to locate 
the most recent papers and thus was only 
s e a r c h e d from 1996 to 1997. K e y w o r d s 
u s e d w e r e : F a l l o p i a n t u b e , o v i d u c t , 
i m m u n e , immunog lobu l in s , secretory IgA, 
l e u k o c y t e s , c y t o k i n e s , s a lp ing i t i s , ma jo r 
h is tocompat ib i l i ty complex ( M H C ) class II, 
m a c r o p h a g e s and lymphocy te s . O v e r one 
h u n d r e d a r t i c l e s w e r e f o u n d a n d o u r 
analys is is based on the papers cons idered 
strictly re levant to this rev iew, that is, 28, 
plus a n u m b e r of rev iews and some general 
references . 

The oviduct. 

The m a m m a l i a n ov iduc t (a lso c o m m o n l y 
referred to as uterine or Fallopian tube) is a 
paired organ that extends bilaterally from 
the uterus towards the ovaries. One end of 
the ov iduc t is adjacent to the ovary and 
opens into the peri toneal cavity (human) or 
the bursa ovarica ( rodents) . The other end 
c o m m u n i c a t e s w i t h t h e u t e r i n e l u m e n . 
Accord ing to its structure and function, the 
oviduct may be divided into four segments , 
f rom t h e o v a r i a n to t h e u t e r i n e e n d : 
i n f u n d i b u l u m , a m p u l l a , i s t h m u s , a n d 
i n t r a m u r a l o r u t e r i n e p o r t i o n . T h e 
i n f u n d i b u l u m c o m p r i s e s the m o s t d i s ta l 
por t ion of the ov iduc t and is formed by 
n u m e r o u s f i n g e r - l i k e p r o j e c t i o n s , t h e 
fimbriae, whose ciliated cells facilitate the 
ovum "pick u p " at the t ime of ovulat ion. 
The ampul la extends from the infundibulum 
toward the is thmus, is r icher in ciliated cells 
than the is thmic por t ion and is e n d o w e d 
with numerous mucosal folds that project 
into its lumen. The is thmus is a narrower 
segment than the ampulla , whose muscular 
a c t i v i t y is m o r e p r o m i n e n t than c i l i a ry 
activity in the propulsion of the luminal ova 
towards the uterus. A small segment of the 
is thmus projects into the uterine wall before 
opening in the lumen of the uterus. 

The r ep roduc t ive roles of the oviduct 
i nc lude the t ime ly t r anspor t of ova and 
early e m b r y o s toward the uterus , p rovid ing 

the appropr ia te environment to support the 
c a p a c i t a t i o n of s p e r m a t o z o a , as well as 
fert i l ization and early e m b r y o deve lopment 
Th i s organ has been demons t r a t ed to be 
mainly under the regula t ion of sex steroids, 
tha t i n f l u e n c e bo th the s t ruc tu re of the 
ep i t he l i um and c o m p o s i t i o n of oviducta l 
s e c r e t i o n s ( r e v i e w e d by H a r p e r , 1994 ; 
C r o x a t t o , 1 9 9 6 ) . T h e s p e e d of o v u m 
t ranspor t is a lso unde r the regula t ion of 
estradiol (Ortiz et al, 1979; Zen teno et al. 
1989) and p roges te rone (Fuentea lba el al. 
1988) (more references in Croxa t to el al. 
1991). At least in the rat, the safety factor 
of o v u m t ranspor t m a k e s it highly resistant 
to s t r o n g s t r e s s f u l s t i m u l i , d e s p i t e 
impor tan t changes in c i rcula t ing levels of 
s e x u a l and a d r e n a l s t e r o i d s ( C a r d e n a s . 
1992). Other aspec ts of oviductal function 
l ike its local i m m u n e s y s t e m migh t be 
affected by the immunosuppre s s ive effects 
of s t ress , but this p rob l em apparent ly has 
not been addressed in the l i terature. 

The mucosal immune system. 

The mucosal surfaces are protected by both 
unspecific and specific defense mechan isms . 
T h e f i r s t g r o u p i n c l u d e s m e c h a n i c a l 
barr iers , de squama t ion of epithelial cel ls , 
a n d h u m o r a l f a c t o r s l i k e l y s o z y m e . 
lac toferr in and p e r o x i d a s e s . The specific 
m e c h a n i s m s i n c l u d e l y m p h o i d c e l l s 
s p e c i f i c a l l y l o c a t e d in or u n d e r the 
e p i t h e l i a t h a t l o c a l l y p r o d u c e a n t i g e n -
s p e c i f i c a n t i b o d i e s (B l y m p h o c y t e s ) , 
r e g u l a t e the loca l i m m u n e r e s p o n s e (T 
helper l ymphocy te s ) or recognize and kill 
t umor and viral infected cells (cytotoxic T 
lymphocy tes ) (for a rev iew see Kutteh & 
Mes t ecky , 1996). 

T h e m u c o s a l i m m u n e s y s t e m is 
c lass ical ly d iv ided accord ing to the site of 
ant igen exposure and thereby initiation of 
the r e s p o n s e . T h e bu lk of the ev idence 
about mucosa l immuni ty has been obtained 
f r o m t h e g a s t r o i n t e s t i n a l a n d u p p e r 
r e s p i r a t o r y t r a c t s , w h o s e loca l i m m u n e 
s y s t e m s a r e k n o w n as g u t a s s o c i a t e d 
l y m p h o i d t i s s u e ( G A L T ) and b r o n c h u s 
a s s o c i a t e d l y m p h o i d t i s s u e ( B A L T ) . 
r e s p e c t i v e l y ( A d a , 1 9 9 3 ) . M o r e r ecen t 
ev idence about the mucosa l immune system 
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in the female reproduc t ive tract of several 
species has been obta ined most ly from data 
ava i lab le for the uterus and vagina . 

The demons t ra t ion of a mucosa l i m m u n e 
sys tem dist inct from the sys temic one c a m e 
f r o m p i o n e e r e x p e r i m e n t s p r o v i d i n g 
e v i d e n c e on t h e i n d e p e n d e n c e of t h e 
i m m u n e r e s p o n s e s e l i c i t e d by 
i m m u n i z a t i o n t h r o u g h o u t m u c o s a l o r 
s y s t e m i c r o u t e s . In f a c t , m u c o s a l 
immuniza t ion normal ly p roduces increased 
t i t t e r s of s p e c i f i c a n t i b o d i e s in all t h e 
m u c o s a e of the body wi thout changes in 
c i r c u l a t i n g a n t i b o d i e s , a s h a s b e e n 
d e m o n s t r a t e d for o r a l a n d v a g i n a l 
i m m u n i z a t i o n ( r e v i e w e d by A d a , 1 9 9 3 ; 
Mes tecky & M c G h e e , 1993). This led to 
the model of a c o m m o n i m m u n e sys tem 
associa ted with the mucosae of the body. 

T h e m u c o s a l i m m u n e s y s t e m d i f fe rs 
from the sys temic one by several features: 

/'- T h e p redominan t molecu la r form of 
immunog lobu l in (Ig) produced is po lymer ic 
or secretory IgA ( s lgA) . 

ii- T h i s s l g A is p r o d u c e d by p l a s m a 
cel ls loca ted in subep i the l i a l c lus te r s of 
lymphoid ce l ls , which in the gut form the 
P e y e r ' s pa tches . 

Hi- P o l y m e r i c I g A r e l e a s e d in t h e 
subepi thel ia l t i ssue b inds to the po lymer ic 
Ig recep tors , located in the basal p l a s m a 
m e m b r a n e of epi thel ia l cel ls . 

iv- T h e po lymer ic IgA receptors t r igger 
s l g A t r a n s l o c a t i o n t h r o u g h o u t t h e 
ep i the l ium into the lumen. 

v- In the a p i c a l m e m b r a n e , s l g A is 
r e l e a s e d by p r o t e a s e s t h a t c l e a v e t h e 
p o l y m e r i c r ecep to r , r e l eas ing a f ragment 
known as "secre tory componen t " , bound to 
the Ig. 

vi- In the gut, the epi thel ial cel ls over 
the P e y e r ' s p a t c h e s a re s p e c i a l i z e d to 
t r a n s p o r t l u m i n a l a n t i g e n s t o w a r d s t h e 
subep i the l ium, where ant igen presenta t ion 
takes p lace . 

vii- T h e funct ion of s l gA is different 
from the p r edominan t Igs in the c i rcula t ion, 
namely , its effector funct ions are l imited to 
inh ib i t ion of m i c r o o r g a n i s m s a d h e r e n c e , 
i nduc t ion of a g g l u t i n a t i o n in the l u m e n 
and n e u t r a l i z a t i o n of i n t r a c e l l u l a r vi ra l 
par t ic les ( M a z a n e c et al, 1992; Kut teh & 
Mes tecky , 1996). 

viii- L o w e r a m o u n t s of IgG are s teadi ly 
t r anspor t ed to the lumen by t r ansuda t ion , 
w h e r e t h e y c a n t r i g g e r a d d i t i o n a l 
m e c h a n i s m s , l i ke c o m p l e m e n t - m e d i a t e d 
lys is , but this p r o c e s s does not appear to 
b e s p e c i f i c a l l y r e l a t e d to t h e l o c a l 
induc t ion of the i m m u n e r e sponse (Kut teh 
& M e s t e c k y , 1996) . 

I S T H E R E A M U C O S A L I M M U N E 

S Y S T E M I N T H E O V I D U C T ? 

Immune response. 

A mucosa l i m m u n e sys tem at the level of 
the ov iduc t impl ies that local product ion of 
an t ibodies is induced after first exposure of 
a n t i g e n s i n s i d e t h e o v i d u c t a l l u m e n . 
I m m u n e responses after local inoculat ion of 
m i c r o o r g a n i s m s h a v e b e e n in fac t 
demons t ra t ed in an imal mode l s . Chlamydia 
trachomatis s u s p e n s i o n s were inocu la ted 
into the ampul l a r s egmen t in rabbi ts and 
specific an t ibodies appeared in serum after 
1 to 2 w e e k s ( P a t t o n et al, 1 9 8 2 ) . 
Unfor tuna te ly , the levels of secretory IgA 
in oviducta l f lushes were not examined and 
precau t ions were not taken to avoid spil l ing 
over of Chlamydia into other segments of 
the r e p r o d u c t i v e t r ac t or the p e r i t o n e a l 
c a v i t y . T h i s l a s t m e c h a n i s m p r o b a b l y 
e x p l a i n s t h e a p p e a r a n c e of c i r c u l a t i n g 
an t ibodies , because it is now known that 
immuniza t ion at the mucosa l level does not 
i nduce sys temic i m m u n e responses (Ada , 
1993). Lande r s et al (1991) inoculated C. 
trachomatis i n to t h e b u r s a o v a r i c a and 
u ter ine horns of mice , p roduc ing infection 
in all the r ep roduc t ive tract , inc luding the 
ov iduc ts , but again IgG and IgM were only 
searched for in the per iphera l c i rcula t ion. 
In add i t ion , the inocu la t ion si tes do not 
a l low the conc lus ion that a local immune 
response was induced at the level of the 
ov iduc t . Pa t ton et al ( 1983) s tudied the 
i m m u n e r e s p o n s e in p ig - ta i l ed m a c a q u e s 
after exper imenta l induct ion of salpingi t is 
by C. trachomatis, by e x a m i n i n g the levels 
of IgA recovered from samples of cervical 
m u c u s . H igher levels of specific c i rcula t ing 
IgG were detec ted after 2 weeks , as well as 
of IgA in the cervical m u c u s , which is a 
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passage of antibodies from the serum into 
the ov iduc ta l l umen is sugges ted by the 
c o r r e l a t i o n b e t w e e n p l a s m a t i c a n d 
i n t r a o v i d u c t a l l e v e l s of s p e c i f i c 
i m m u n o g l o b u l i n s , and by the observa t ion 
that specif ic IgG levels in the oviducta l 
fluid were at least one order of magn i tude 
h ighe r than IgA. 

In c o n c l u s i o n , a l t h o u g h e v i d e n c e 
s u g g e s t s tha t a loca l i m m u n e r e s p o n s e 
could be induced in the oviduct , there is no 
repor t as yet d e m o n s t r a t i n g that an t igen 
exposu re res t r ic ted to the oviductal lumen 
induces a mucosa l i m m u n e response . 

Tissue and luminal IgA. 

Histochemical studies have shown that the 
majority of p lasma cells in the human oviduct 
produces IgA, with up to one third of those 
ce l ls p roduc ing IgG (Kut teh et al, 1988, 
1990; Kutteh & Mestecky, 1994). However, 
collection of luminal fluid in volunteers - b y 
intraoviductal chronic cannulae exteriorized 
through the abdominal w a l l - yielded higher 
concentrat ions of IgG than IgA (Lippes et al. 
1972) . S imi l a r f indings were repor ted in 
rhesus monkeys with chronic cannulation for 
collection of intraoviductal fluid (Yang et al. 
1983). Since IgG levels in the oviductal fluid 
were shown to be strongly correlated with 
s e r u m I g G l e v e l s a n d a l b u m i n in the 
oviductal fluid of these monkeys , most of the 
IgG recovered from the oviductal fluid might 
h a v e b e e n o r i g i n a t e d f rom s e r u m by 
transudation secondary to local inflammation 
a n d e d e m a p r o d u c e d by the c h r o n i c 
c a n n u l a t i o n . In the m o u s e o v i d u c t . IgA 
producing plasma cells also predominate in 
the subepithelial tissue (Parr & Parr, 1985) 
and, in the rabbit, IgA levels were found to be 
h igher than IgG levels in oviductal fluid 
(Oliphant et al, 1977). However , the secretion 
of IgA into the oviductal lumen might not 
occur in all mammal ian species, since IgA 
was not detectable in oviductal flushings in 
the mare (Widders et al, 1984a,b). 

Secretory component. 

T h e p resence of the secretory componen t 
( S C ) b o u n d to I g A is c h a r a c t e r i s t i c of 
m u c o s a l i m m u n e s y s t e m s ( M e s t e c k y & 

d e m o n s t r a t i o n of mucosa l immune 
responses in the reproduct ive tract. 

In h u m a n s , there are a few reports of 
increased specific IgG and IgA levels in the 
oviduct associa ted with ant igen exposure . 
Ping (1979) recovered ant i - spermat ic IgG 
and IgA ant ibodies from oviducts f lushed 
in situ d u r i n g l a p a r o t o m i e s for su rg ica l 
s t e r i l i z a t i on . H o w e v e r , t he m i g r a t i o n of 
spe rma tozoa from the vagina towards the 
o v i d u c t m a k e s l i k e l y t h a t a n t i g e n 
p r e s e n t a t i o n l e a d i n g to s p e c i f i c I g A 
p r o d u c t i o n m i g h t h a v e t a k e n p l a c e at 
different levels of the rep roduc t ive tract . 
Fu r the rmore , because of the migra t ion of 
l ymphocy tes be tween the different mucosae 
of the o r g a n i s m ( M e s t e c k y & M c G h e e , 
1 9 9 3 ) , t he r e s u l t s of P i n g ( 1 9 7 9 ) a l s o 
suggest that the oviductal mucosa is part of 
the mucosae -assoc ia ted i m m u n e system of 
t h e b o d y . A d e m o n s t r a t i o n of l o c a l 
ac t iva t ion of the i m m u n e sy s t em in the 
human oviduct was provided by Coope r et 
ul (1987) , who cul tured organs in vitro with 
Neisseria s t r a i n s . C o - c u l t u r e w i th t h e 
b a c t e r i a for u p to 4 8 h i n c r e a s e d t h e 
number of IgA-pos i t ive p l a sma cells in the 
s u b e p i t h e l i a l t i s s u e , a n d a l s o t h e 
i m m u n o s t a i n i n g of t h e e p i t h e l i u m for 
sec re to ry c o m p o n e n t and sec re to ry I g A , 
wi th no c h a n g e s in the n u m b e r of I g G -
pos i t i ve ce l l s . As s ta ted by the au tho r s , 
t h o s e c h a n g e s do not n e c e s s a r i l y r e su l t 
f r o m s p e c i f i c a c t i v a t i o n a f t e r a n t i g e n 
p r e s e n t a t i o n a n d p r o b a b l y r e f l e c t s 
nonspecif ic r e sponse to l ipopolysacchar ide 
r e l e a s e d by the G r a m - n e g a t i v e b a c t e r i a 
( C o o p e r et al, 1987) . R e c e n t l y , in o u r 
labora tory , we (Cardenas et al, 1996) have 
d e m o n s t r a t e d increased levels of IgA in 
oviducta l f lushings obtained in vitro from 
oviduc ts with sa lpingi t is , as compared to 
n o n - i n f l a m m a t o r y o v i d u c t s , w i t h o u t 
r e l a t i o n to t h e m e n s t r u a l c y c l e ; s u c h 
difference was not de tec ted in per iphera l 
IgA levels . 

T h e a p p e a r a n c e of spec i f i c I g G and 
IgA in ov iduc ta l fluid co l l ec ted th rough 
ch ron ic in t raov iduc ta l c a n n u l a e in rhesus 
m o n k e y s , a f t e r i n t r a m u s c u l a r 
i m m u n i z a t i o n w i t h t h e s p e r m a t o z o a l 
p r o t e i n S P - I O , w a s r e c e n t l y r e p o r t e d 
( K u r t h et al, 1 9 9 7 ) . In t h i s c a s e , t h e 
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M c G h e e , 1993). By immunoh i s tochemis t ry , 
S C h a s b e e n d e m o n s t r a t e d in t h e 
ep i the l ium of the human oviduct (Lippes et 
al, 1970; Tourv i l le et al, 1970; Kut teh et 
uL 1988, 1990; Kutteh & Mes tecky , 1994), 
but we have no information about s imilar 
repor ts for o ther species . 

Leukocytes. 

Lymphoid cells have been examined in the 
oviduct of several species (for example, see 
Otsuki et al, 1989, for rabbit; Parr & Parr, 
1 9 8 5 , for m o u s e ) . H o w e v e r , t h e m o s t 
complete characterization has been made for 
the human oviduct (van Bogaert & Maldague, 
1978; Haney et al, 1983; Peters, 1986; Otsuki 
et al, 1989; Boehme & Donat, 1992; Wollen 
et al, 1994; Givan et al, 1997), where helper 
T cells (CD4+) , cytotoxic/suppressor T cells 
(CD8+) and B lymphocytes have been found, 
in addition to granulocytes and macrophages. 
M o s t of the o v i d u c t a l l y m p h o c y t e s a re 
scattered all over the lamina propria, but few 
accumulat ions of lymphocytes - r e sembl ing 
follicles without germinal cen te r - have been 
described in the isthmic portion of the organ 
( O t s u k i et al, 1 9 8 9 ) . T h e r e a re a l s o 
intraepithelial cy to toxic /suppressor T cells 
and a sma l l e r n u m b e r of he lpe r T ce l l s 
(Pe t e r s , 1986; B o e h m e & Dona t , 1992) . 
Cytotoxic/suppressor T lymphocytes have not 
been functionally characterized, i.e., it is not 
known whether these cells have a classical 
cytotoxic activity against virus infected cells 
or if they are suppressor T cells. In the first 
case, a highly heterogeneous set of T cell 
r ecep tors ( T C R ) would r ecogn ize a viral 
peptide specifically bound to M H C class I 
molecules on the surface of infected cells 
(Zhang et al, 1992; Sh iba ta et al, 1992; 
Imarai et al, 1995). The binding of TCR and 
the viral pep t i de b o u n d to M H C c lass I 
induces the cytotoxic activity and lysis of 
infected cells. If CD8+ T lymphocytes have 
suppressor activity (Bloom et al, 1992), local 
immunosuppression will be the most likely 
outcome after their activation (reviewed by 
Strobel & Mowat , 1998). 

Lymphoid cells were not found in the 
rabbit oviduct (Otsuki et al, 1989) and only 
plasma cells have been described in the mouse 
oviduct (Parr & Parr, 1985). According to Parr 

and Parr (1996), there is no report yet dealing 
wi th the i d e n t i f i c a t i o n of l y m p h o c y t e 
populations in the oviduct of rodents. 

Cytokines and growth factors. 

B e c a u s e m a n y of the f u n c t i o n s of the 
i m m u n e sys tem are regula ted by soluble 
m o l e c u l e s c o l l e c t i v e l y k n o w n as 
c y t o k i n e s , it is p e r t i n e n t to look for these 
m o l e c u l e s in the ov iduc t in the context o f 
this r ev i ew. In f l ammato ry cy tok ines such 
as in te r leukin-1 ( IL-1 ) , in terferon y, IL-6 , 
IL-8 and t umor nec ros i s factor a (TNF-(X) 
and high levels of the i m m u n o s u p p r e s s o r 
cy tok ines IL -10 and TGF-(3 are de tec ted in 
the lumen of the organ (Hunt et al, 1993: 
S r i v a s t a v a et al, 1 9 9 6 ; r e v i e w e d by 
C h e g i n i , 1996) . Ce l lu l a r sources of these 
m o l e c u l e s p robab ly inc lude the lymphoid 
cel ls that m i g r a t e into the organ dur ing 
local infect ion (van Voorh i s et al, 1996). 
H o w e v e r , the e p i t h e l i u m of the ov iduc t 
has been shown to be a main source o f 
s e v e r a l c y t o k i n e s . F o r e x a m p l e , t h e 
o v i d u c t a l e p i t h e l i u m of t h e m o u s e 
s y n t h e s i z e s TNF-oc ( r e v i e w e d by H u n t . 
1 9 9 3 ) , w h i c h is k n o w n to t r i g g e r the 
i n f l a m m a t o r y c a s c a d e t h a t i n v o l v e s 
induc t ion of o ther c y t o k i n e s from several 
target ce l l s . T h e ep i t he l i um of the human 
ov iduc t is a l so the p r imary site for the 
s y n t h e s i s of g r a n u l o c y t e - m a c r o p h a g e 
c o l o n y s t i m u l a t i n g f a c t o r ( Z h a o & 
C h e g i n i , 1994) and t r a n s f o r m i n g growth 
factor p (TGF-P) ( Z h a o et al, 1994). 

W e m u s t h a v e in m i n d t h a t the 
p l e i o t r o p i s m of c y t o k i n e effects impl ies 
that they might not necessar i ly be involved 
in i m m u n e regula t ion . For example , it has 
been sugges ted that oviducta l T G F - a and 
e p i d e r m a l g r o w t h fac to r in f luence early 
e m b r y o n i c d e v e l o p m e n t ( C h e g i n i , 1996). 
These epi thel ia l cy tok ines might be directly 
regula ted by pa thogens and they may exert 
influence on the course of the infection, as 
descr ibed for Chlamydia trachomatis. This 
strongly induces the express ion of TNF-cx 
in the oviducta l ep i the l ium, a response that 
might play a role in the deve lopmen t of the 
ensuing salpingi t is (Ault et al, 1996) and 
should inhibi t the g rowth of this bac ter ium 
(Shemer -Avni et al, 1988). 
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An immune role for the oviductal 
epithelium? 

Because the epithelium of the human oviduct 
is endowed with M H C class II molecules that 
may vary with the menstrual cycle (Bulmer & 
Farl, 1987; Edelstam et al, 1992; Imarai et al, 
1998), it has been suggested that it might play 
a role in antigen presentation. Traditionally, 
M H C class II proteins are regarded as markers 
of ant igen-present ing cells (APC) , such as 
macrophages and Langerhans cells (Abbas et 
al, 1994). These cells - i n addition to other non 
professional A P C ' s - endocyte and breakdown 
protein antigens within specialized vesicles, 
where the binding of peptides of the foreign 
proteins to the M H C class II molecule occurs. 
The new complex M H C class II-peptide is 
presented to the external surface of the plasma 
membrane of A P C ' s , where it binds to T 
lymphocytes which might then be activated. 
However, antigen presentation might also lead 
to s u p p r e s s i o n of the i m m u n e r e s p o n s e 
directed towards the antigen presented if co-
s t imu la to ry m o l e c u l e s - l i k e in t e rce l lu l a r 
a d h e s i o n m o l e c u l e 1 ( I C A M - 1 ) and B 7 , 
required for lymphocyte activation- are absent 
in the APC (Van Parijs & Abbas, 1998). In 
fac t , d e s p i t e the o v i d u c t a l e p i t h e l i u m 
expresses ICAM-1, it appears to be restricted 
to the luminal border (Cardenas et al, 1997), 
w h e r e it c o u l d not b ind its r e c e p t o r in 
ep i the l ia l and subepi the l ia l l y m p h o c y t e s . 
Furthermore, B7 was found in none of more 
than 2 0 h u m a n o v i d u c t s a n a l y z e d by 
immunohistochemistry (Cardenas et al, 1997). 

Endocy tos i s is an addit ional proper ty of 
A P C ' s t ha t h a s b e e n d e m o n s t r a t e d for 
o v i d u c t a l e p i t h e l i a l ce l l s of the h u m a n 
(Croxat to et al, 1996; Imarai et al, 1998), 
the rat ( Imara i et al, 1996) and the cat 
(Murakami et al, 1985). In the human, this 
endocy to t i c act ivi ty was demons t r a t ed in 
vitro after inoculat ion of an t igens into the 
lumen of small oviducta l segments and it 
had no r e l a t i o n s h i p wi th the m e n s t r u a l 
cycle ( Imarai et al, 1998). 

C O N C L U D I N G R E M A R K S 

The m a m m a l i a n oviduct conta ins several of 
the ce l lu lar and humoral e lements required 

to elicit a local i m m u n e response : p lasma 
cel ls , secretory c o m p o n e n t , secretory IgA. 
c y t o t o x i c - s u p p r e s s o r a n d h e l p e r T 
l ymphocy te s , M H C class I l -posi t ive cells , 
l ike m a c r o p h a g e s and the ep i the l ium itself. 
H o w e v e r , there is no demons t ra t ion yet of 
l o c a l p r o d u c t i o n of a n t i b o d i e s a f t e r 
in t raoviducta l immuniza t ion in any species . 
Thus , the ques t ion about the exis tence of 
i n t r a o v i d u c t a l i n d u c t i o n of i m m u n e 
responses remains open . 

T h e i n c r e a s e d l eve l s of l umina l IgA 
dur ing salpingi t is in humans suggest local 
ac t iva t ion of a mucosa l i m m u n e sys tem, 
r e i n f o r c i n g t h e h y p o t h e s i s t h a t an 
addi t ional role for this sys tem might be the 
d e v e l o p m e n t of t o l e r a n c e to f o r e i g n 
an t igens , such as those that normal ly reach 
the o v i d u c t a l l u m e n as resu l t of sexual 
intercourse and also with the early embryo. 
This could be ach ieved by clonal anergy 
secondary to activation without co-stimulatory 
signals, like ICAM-1 and B7 in the epithelial 
cells, and/or immunosuppression suggested by 
the p r e s e n c e of c y t o t o x i c - s u p p r e s s o r and 
helper T lymphocytes, as well as high levels of 
immunosuppressor cytokines. 

T h e i n v o l v e m e n t of t h e o v i d u c t a l 
e p i t h e l i u m in the p r o c e s s i n g of lumina l 
an t igens , taking p lace in several forms, is 
sugges ted by the ava i l ab l e e v i d e n c e and 
s u m m a r i z e d in F i g u r e 1. F i r s t , t he 
i n t e r n a l i z e d a n t i g e n s c o u l d b ind to the 
M H C class II c o m p l e x and be presented at 
t h e p l a s m a m e m b r a n e to n e i g h b o r i n g 
l ymphocy te s (s tep 1 in fig 1). Whe the r this 
w o u l d l ead to a n t i g e n p r o d u c t i o n wil l 
depend on the p resence of co-s t imula tory 
m o l e c u l e s , w h o s e di f ferent ia l expres s ion 
m i g h t c o n t r i b u t e to t h e d i s c r i m i n a t i o n 
b e t w e e n p a t h o g e n s and s p e r m a t o z o a l or 
embryon ic an t igens . Second , t ranslocat ion 
of an t igens towards the subepi thel ia l tissue 
- s u c h as demons t r a t ed for some intestinal 
e p i t h e l i a l c e l l s - w o u l d e x p o s e t h e m to 
m a c r o p h a g e s and other A P C ' s which could 
then t r igger the i m m u n e response (step 2 in 
fig 1). T w o addi t ional m e c h a n i s m s might 
be the p h y s i c a l e l i m i n a t i o n of fo re ign 
an t igens by the p h a g o s o m e (step 3 in fig 1). 
and the p roduc t ion of cy tokines (step 4 in 
fig 1) hav ing direct inhibi tory effects upon 
some bacter ia . Because the epithelial cells 
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MODEL FOR THE ROLES OF THE OVIDUCTAL EPITHELIUM IN 
ANTIGEN PROCESSING AND LOCAL IMMUNE RESPONSES 

luminal antigens 

transcytosn 

macrophages 

other antigen - presenting cells 

F i g 1. M o d e l for t h e r o l e s o f o v i d u c t a l e p i t h e l i u m in a n t i g e n p r o c e s s i n g a n d l o c a l i m m u n e 
r e s p o n s e s . M o d e l bu i l t by g a t h e r i n g i n f o r m a t i o n o b t a i n e d f r o m d i f f e r e n t s p e c i e s , s u g g e s t i n g that 
t h i s e p i t h e l i u m m i g h t e i t h e r p r e s e n t a n t i g e n s t o n e i g h b o r i n g l y m p h o c y t e s ( s t e p 1) , t r a n s l o c a t e 
a n t i g e n s t o w a r d s t h e s t r o m a ( s t e p 2 ) , d e s t r o y t h e m by c o m b i n a t i o n w i t h l y s o s o m e s ( s t e p 3) a n d / o r 
m o d u l a t e t h e l o c a l i m m u n e r e s p o n s e b y c y t o k i n e s ( s t e p 4 ) . 

are the f i rs t o v i d u c t a l c e l l s f a c i n g the 
foreign an t igens , their cy tok ines might also 
p rov ide the initial s ignal ing to t r igger and 
coord ina te the ensu ing i m m u n e responses 
f r o m e p i t h e l i a l a n d s u b e p i t h e l i a l 
l ymphocy tes . These different puta t ive roles 
of the oviducta l ep i the l ium do not need to 
be present all the t ime in all the epi thel ial 
cel ls or in the ent i re organ. In fact, they 
c o u l d a p p e a r a s p a r t of r e s p o n s e s to 
d i f f e r e n t a n t i g e n i c c h a l l e n g e s , s i n c e 
d i f fe ren t c y t o k i n e s h a v e been s h o w n to 
m o d i f y t h e i m m u n e p r o p e r t i e s of n o n 
profess ional A P C ' s . 

The model here p roposed for the role of 
the ov iduc ta l ep i the l ium in the r e sponse 
agains t foreign ant igens reaching the lumen 
was buil t by ga the r ing in format ion from 
d i f f e r e n t s o u r c e s a n d s p e c i e s . T h e 
i m p o r t a n t d i f f e r e n c e s b e t w e e n s p e c i e s , 

regard ing c o m p o n e n t s of the puta t ive local 
i m m u n e sys t em in the ov iduc t , mus t be 
c o n s i d e r e d w h e n s e a r c h i n g for a n i m a l 
models to exp lore the important quest ion 
that p rompted us to wr i te this review. 

Final ly , in order to d isc lose the clusters 
or areas of research defined by the original 
ar t ic les inc luded in this rev iew and their 
evolu t ion , they were submi t ted to a citation 
analys is based on their references (Smal l , 
1987) . F i g u r e 2 s h o w s the r e l a t i onsh ips 
be tween the ar t ic les , where the lines relate 
each paper with the references it c i tes , and 
the t ime course is represented in a vertical 
imag ina ry axis f rom 1970 to 1998. The 
an imal spec ies e x a m i n e d in each case is 
i nd i ca t ed by the a b b r e v i a t i o n s after the 
reference (see legend of the f igure). It is 
apparent that there are two main c lus ters , 
the first one (italic uppercase) , with most 
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papers publ i shed be tween 1970 and 1985, 
dea l s wi th ov iduc ta l p r o d u c t i o n of total 
and /o r specif ic IgA in different spec ie s . 
The last m e m b e r of this group is a recent 
p a p e r d e a l i n g w i t h t h e a p p e a r a n c e of 
specific ant ibodies in the oviductal lumen 
of r h e s u s m o n k e y s a f t e r s y s t e m i c 
i m m u n i z a t i o n . T h e s e c o n d ma in c l u s t e r 
( lowercase) deals with the character iza t ion 
of the o v i d u c t a l loca l i m m u n e s y s t e m , 
mostly by h is tochemica l me thods , its first 
m e m b e r being a p ioneer work by Tourv i l le 
et al (1970) that identified IgA, IgG and 
secretory c o m p o n e n t in the mucosa of the 
h u m a n o v i d u c t . A t h i r d c l u s t e r ( b o l d 
u p p e r c a s e ) i nc ludes pape r s d e a l i n g wi th 
c y t o k i n e s . A s m a l l a d d i t i o n a l g r o u p 
compr i ses two papers (under l ined) dea l ing 
w i t h t h e p h a g o c y t i c p r o p e r t i e s of t h e 
oviducta l ep i the l ium. 

It is a p p a r e n t that mos t g r o u p s have 
been p r i m a r i l y i n t e r e s t e d in the h u m a n 
o v i d u c t , a n d t h a t e a r l y w o r k s w e r e 
c o n c e r n e d wi th the local p r o d u c t i o n of 
a n t i b o d i e s , p r o v i d i n g e v i d e n c e tha t the 
oviduct in most species is endowed with 

the capaci ty to p roduce IgA. Later , when it 
was technica l ly feasible , the identification 
of cell popu la t ions express ing markers o f 
ce l l s i n v o l v e d in the i m m u n e r e s p o n s e 
b e c a m e the p r e d o m i n a n t in te res t of t h e 
s c i e n t i f i c c o m m u n i t y . U n d e r s t a n d a b l y , 
papers on oviducta l cy tok ines formed t h e 
last c lus ter to appear , because it fol lowed 
the i den t i f i c a t i on of an e v e r i nc r ea s ing 
n u m b e r of c y t o k i n e s in a l l t i s s u e s , 
inc luding the reproduc t ive tract. 

T h e p r e v i o u s a n a l y s i s p o i n t s t o 
func t iona l s t u d i e s as the mos t p robab ly 
approach of future research in this area. 
The examination of specific antibodies in the 
oviductal lumen after systemic and mucosal 
immunizat ion is of recent appearance in the 
specialized literature (Kurth et al, 1997), and 
needs to be further addressed to explore the 
feasibil i ty of deve lop ing ei ther protect ive 
levels of secretory IgA agains t microbial 
p a t h o g e n s a n d / o r n e w a n t i c o n c e p t i \ e 
strategies. The emerging role of cytokines in 
the regulat ion of the local responses will 
probably involve an increasing number o f 
researchers in this area. 
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Lactation inhibits the potentiating effect of 
galanin upon the GnRH-induced LH release 

observed in diestrous-1 rat 

H U G O C A R D E N A S * , A N D R E S C A R V A J A L , E L I A S U T R E R A S , 

P A B L O N E L S O N , A L E J A N D R A M O E N N E and M O N I C A I M A R A I 

Labora to r io de Inmuno log ía de la Reproducc ión , Facu l tad de Q u í m i c a y Biología , 
Univers idad de San t iago de Chi le , San t iago , Chi le 

Recent demonstrations of no changes in hypothalamic gonadotropin releasing 
hormone (GnRH) gene expression and GnRH levels detected at the pituitary 
gland in diestrous and lactating rats, indicate that lactational 
hypogonadotropism in this species is not associated with inhibition of 
hypothalamic GnRH synthesis and secretion. Hypothalamic galanin potentiates 
GnRH effects on luteinizing hormone (LH) secretion in male and cycling rats. To 
explore the interaction between GnRH and galanin during lactation, we studied 
in vitro the effects of pulsatile stimulation with those peptides upon LH synthesis 
and secretion from rat pituitaries on diestrous 1 or day 10 of lactation. 
Hemipituitaries were separately incubated in 1 ml Dulbecco 's Minimal Essential 
Medium supplemented with 1% penicillin-streptomycin and fetal calf serum, at 
37°C in 5% CO?-air. The hemipituitaries were stimulated during 12 h with 
hourly pulses, 6 min each, of (a) gonadotropin releasing hormone (GnRH 25 ng/ 
pulse), (b) rat galanin (600 ng/pulse), (c) GnRH plus galanin, or (d) saline. 
Medium was collected before each pulse to determine LH by radioimmunoassay. 
After the 12 h pulsatile regime total RNA was extracted and both actin and f5-LH 
mRNA were determined by reverse transcriptase polymerase chain reaction. 
There was a significant stimulation of LH secretion by GnRH (ANOVA, 
p<0.001) without significant differences between diestrous and lactation 
pituitaries. Galanin alone did not modify LH secretion but it potentiated the 
effect of GnRH upon pituitaries from diestrous (p=0.036) but not lactating rats. 
Neither peptide alone or its combination modified pituitary ¡5-LH mRNA levels. 
Results show that galanin regulates differently the secretion and synthesis of LH 
at the pituitary level. The disappearance of galanin-induced potentiation of 
GnRH effects upon LH secretion during lactation might contribute to the 
hypogonadotropism of lactation in the rat. 

Key terms: lactation, LH, GnRH, galanin, pituitary, rat 

I N T R O D U C T I O N 

There is substant ia l ev idence in different 
s p e c i e s i n d i c a t i n g a m a j o r r o l e for 
h y p o t h a l a m i c g o n a d o t r o p i n r e l e a s i n g 

hormone (GnRH) in the regulat ion of LH 
secretion. Destruction of central GnRHergic 
neurons discharging in the median eminence 
and interrupt ion of hypothalamus-pi tu i ta ry 
c o n n e c t i o n s ( K n o b i l , 1 9 8 0 ) , as wel l as 

C o r r e s p o n d e n c e t o : D r H u g o C a r d e n a s , F a c u l t a d d e Q u i m i c a y B i o l o g f a , U S A C H , C a s i l l a 4 0 , C o r r e o 3 3 , S a n t i a g o . 

C h i l e . F a x : ( 5 6 - 2 ) 6 8 1 - 9 0 3 6 . E - m a i l : h c a r d e n a @ l a u c a . u s a c h . c l 
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pharmacological antagonism of GnRH 
actions (McCormack et al, 1977; Cetel et al, 
1983; Hall et al, 1990) suppress both LH 
s e c r e t i o n and o v u l a t i o n . L H p u l s e s a re 
coincident with the synchronized discharge of 
at leas t t w o p o p u l a t i o n s of m e d i o b a s a l 
hypothalamic neurons (Cardenas et al, 1993) 
releasing boluses of G n R H into the pituitary-
portal circulation (for example see Clarke & 
C u m m i n s , 1 9 8 2 ; L e v i n e et al, 1 9 8 2 ; 
Terasawa et al, 1988; Ramirez et al, 1991). 

However , a variety of pept ides including 
galanin, neurotensin, leucine-enkephal in, (3-
endorphin , and substance P are discharged 
in to the p i t u i t a r y p o r t a l c i r c u l a t i o n by 
h y p o t h a l a m i c n e u r o n s ( refs . in L e i v a & 
Croxa t t o , 1994). S o m e of those pep t ides 
st imulate the secretion of LH in vitro (Leiva 
& C r o x a t t o , 1994) but their ro les in the 
intact animal have not been established. 

On the other hand, lactation in the rat, as 
in m o s t m a m m a l s , is a s s o c i a t e d w i t h 
inhibition of reproduction accounted for by 
decreased secretion of luteinizing hormone 
(LH) (McNei l ly , 1994). Based on indirect 
evidence it was postulated that lactational 
hypogonadotropism in the rat is secondary to 
d i m i n i s h e d G n R H s e c r e t i o n by the 
m e d i o b a s a l h y p o t h a l a m i c G n R H e r g i c 
neurons controlling L H secretion (reviewed 
by McNei l ly , 1994). However , the recent 
demonst ra t ion of similar (a) hypotha lamic 
G n R H g e n e e x p r e s s i o n in d i e s t r o u s and 
lactating rats, assessed by measurements of 
GnRH m R N A (Marks et al, 1993), and (b) 
G n R H levels impinging upon the pituitary 
g l a n d in d i e s t r o u s and l a c t a t i n g r a t s 
(Cardenas & Ramirez, 1996), indicates that 
lactational hypogonadotropism in this species 
is no t a s s o c i a t e d w i t h i n h i b i t i o n of 
hypothalamic G n R H synthesis and secretion. 
Other factors then must be searched for to 
e x p l a i n t h e l a c t a t i o n a l i n h i b i t i o n of 
reproductive function in this species. 

Hypo tha l amic galanin has been shown 
to act as modula to r of G n R H function in 
the male and the cyc l ing rat (Merchen tha le r 
et al, 1990; 1991 ; L o p e z et al, 1991 ; Le iva 
& Croxa t to , 1994) so that it migh t have a 
role in lac ta t ional h y p o g o n a d o t r o p i s m in 
th is s p e c i e s . T o e x p l o r e the i n t e r a c t i o n 
b e t w e e n G n R H a n d g a l a n i n on L H 
synthes is and secret ion dur ing lactat ion we 

studied in vitro the effects of pulsatile 
s t i m u l a t i o n w i t h t h e s e p e p t i d e s in 
pi tui tar ies obta ined from rats on dies t rous I 
or day 10 of lacta t ion. Part ial resul ts of this 
paper were p rev ious ly c o m m u n i c a t e d at the 
m e e t i n g of t h e S o c i e d a d C h i l e n a de 
Cienc ias F i s io lóg icas ( Imarai et al, 1997). 

M A T E R I A L A N D M E T H O D S 

S p r a g u e - D a w l e y rats were obta ined from 
the a n i m a l fac i l i t i e s of the F a c u l t a d de 
Cienc ias B io lóg icas of the P. Univers idad 
C a t ó l i c a de C h i l e . R a t s on day 10 of 
lactat ion (8 pups / ra t ) or d ies t rous 1 were 
s a c r i f i c e d by d e c a p i t a t i o n a n d the 
pi tui tar ies d issec ted . Hemipi tu i ta r ies from 
each rat we re separa te ly incubated in 1 ml 
D u l b e c c o ' s M i n i m a l E s s e n t i a l M e d i u m 
s u p p l e m e n t e d w i t h 1% p e n i c i l l i n -
s t reptomycin ( D M E M ) and fetal calf serum, 
at 3 7 ° C in 5 % C 0 2 - a i r . H e m i p i t u i t a r i e s 
w e r e s u b m i t t e d to p u l s a t i l e s t i m u l a t i o n 
wi th (a) g o n a d o t r o p i n re leas ing h o r m o n e 
( G n R H 25 ng /pu lse , S igma) , (b) rat galanin 
( 6 0 0 n g / p u l s e , S i g m a ) , (c) G n R H p lus 
ga lan in , or (d) sa l ine . Each exper imenta l 
g roup cons is ted of 6 hemipi tu i ta r ies from 6 
ra ts . The other ha lves were submit ted to 
s a l i n e s t i m u l a t i o n as c o n t e m p o r a n e o u s 
c o n t r o l g r o u p . P r e l i m i n a r y e x p e r i m e n t s 
indicate that a pre-s t imula t ion incubat ion of 
at l e a s t 1 h o u r w a s n e c e s s a r y for 
s t a b i l i z a t i o n of t h e b a s a l a n d G n R H -
s t imula ted LH re lease . 

Hour ly pulses were appl ied during 4. <S 
or 12 h. Each pu l se cons i s t ed of 6 mm 
exposure to the pept ide which was added to 
the well in a vo lume of 10 pi. Af terwards 
the incubat ion m e d i u m was removed and 
replaced by 1 ml D M E M . The incubat ion 
m e d i u m of the well was removed before 
each pu lse to de t e rmine the cumula t ive LH 
secre t ion and rep laced by fresh med ium. 
Samples were kept at -20°C until the assay. 

L H c o n c e n t r a t i o n w a s d e t e r m i n e d by 
r a d i o i m m u n o a s s a y u s i n g rat l u t e i n i z i n g 
h o r m o n e ( N I D D K - r L H - 9 , A F P - 1 0 2 2 5 0 C ) . 
rat lu te in iz ing h o r m o n e ant i serum (rabbit . 
N I D D K - a n t i - r L H - 1 1) and rat l u t e in i z ing 
h o r m o n e r e f e r ence p r epa ra t i on ( N I D D K -
r L H - R P - 3 ) p r o v i d e d by t h e N a t i o n a l 
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H o r m o n e and P i t u i t a r y P r o g r a m of the 
N a t i o n a l I n s t i t u t e of D i a b e t e s a n d 
Diges t ive and Kidney Diseases , N I C H H D , 
U S A . Int ra- e in ter -assay coeff ic ients of 
variat ion were lower than 10%. Sensi t ivi ty 
was about 10 pg per tube . 

G e n e e x p r e s s i o n w a s e v a l u a t e d by 
r e v e r s e t r a n s c r i p t a s e p o l y m e r a s e c h a i n 
reaction (RT-PCR) . Total R N A was isolated 
from the pooled pituitary glands after the 12 
h o u r s p u l s a t i l e s t i m u l a t i o n u s i n g 
guan id in ium th iocyanate (Chomczynsk i & 
Sacchi , 1987). Gene specific expression was 
character ized by PCR using ol igonucleot ides 
designed to amplify the beta chain of rat L H 
t r a n s c r i p t . O l i g o n u c l e o t i d e s spec i f i c for 
a c t i n w e r e u s e d to s t a n d a r d i z e t h e 
amplif icat ion of (3-LH m R N A regarding the 
total a m o u n t of m R N A included in each 
sample . The sequences were obtained from 
the web page of the Nat ional Center for 
B i o t e c h n o l o g y In format ion ( w w w 2 . n c b i . -
n lm.nhi .gov) . The pr imers for LH were: (1) 
5 - G C T - C C A - G G G - G C T - G C T - G C T - G T G 
(LH-2) , designed to hybridize to the junct ion 
between exon 1 and exon 2, and (2) 5 ' -
A C A - G G T - C A T - T G G - T T G - A G T - C C T -
GGG-ACC-CCC-ACA-GTC (LH-3) designed 
to hybridize to exon 3. The primers for actin 
were (1) 5 ' - C T C - A T C - G T A - C T C - C T G -
C T T - G C T - G (ACT-3) designed to hybridize 
to exon 6, and (2) 5 ' - G C T - G T G - C T A - T G T -
T G C - C C T - A G A - C ( A C T - 4 ) d e s i g n e d to 
h y b r i d i z e to e x o n 4 . T h e c D N A w a s 
generated from 30 ng of total RNA in the 
presence of 10 m M dNTPs (Promega) , 50 
pmol po l idT (Promega, Madison, WI) , 100 
mM D T T , 25 m M M g C l 2 (P romega) and 
200 units of M - M L V reverse transcriptase 
( P r o m e g a , M a d i s o n , W I ) . P C R w a s 
performed from 5 pi of c D N A mixture using 
standard buffer (Promega) , 50 p M primers , 
50 m M M g C l 2 (Gibco BRL) , 2 m M dNTPs 
(Promega) and 2.5 units of Taq polymerase 
(Promega, Madison, WI) , in a total vo lume 
of 25 pi. Protocol for amplification during 
35 cycles was 95°C for 1 min, 65°C for 1 
min and 72°C for 1 min, ending with 10 min 
e x t e n s i o n at 7 2 ° C . P C R r e a c t i o n s were 
a n a l y z e d by e l e c t r o p h o r e s i s on a 1.5% 
aga rose gel . Pituitary total R N A obtained 
from 2 weeks ovariectomized rats was used as 
additional control for the PCR amplification. 

D a t a a re p r e s e n t e d as the a r i t h m e t i c 
mean ± S E . Di f fe rences be tween g roups 
were assessed by analys is of var iance after 
log- t ransformat ion of the data to correct for 
h e t e r o g e n e i t y of v a r i a n c e and l ack of 
n o r m a l i t y of L H v a l u e s . M u l t i p l e 
c o m p a r i s o n s w e r e m a d e by D u n c a n ' s 
Mul t ip le Range tests only after the overall 
a n a l y s i s of v a r i a n c e s h o w e d s ign i f i can t 
effects of main factors . Statist ical analysis 
was per formed us ing the Apple Macintosh 
v e r s i o n of Q u i c k S t a t i s t i c a R e l . 3 .0b 
(Statsoft , Inc.) sof tware. Signif icance level 
was set at p < 0 . 0 5 . 

R E S U L T S 

The effects of G n R H and galanin upon LH 
sec re t ion are p r e s e n t e d in T a b l e I. The 
a n a l y s i s of v a r i a n c e , i n c l u d i n g the 
condi t ion of the rat (d ies t rus 1 or lactat ion) , 
pept ide pulsa t i le t rea tment ( G n R H , galanin . 
G n R H + galanin or sal ine) and incubat ion 
t i m e ( 4 , 8 o r 12 h) as m a i n f a c t o r s , 
demons t r a t ed that there was no effect o f 
i n c u b a t i o n t i m e u p o n L H r e s p o n s e s t o 
G n R H or ga lanin . There was a significant 
e f f e c t of p e p t i d e t r e a t m e n t ( p < 0 . ( ) 0 1 ) 
accoun ted for by the s t imula t ions of LH 
secre t ion induced by (a) G n R H , wi thout 
s igni f icant d i f fe rences b e t w e e n d ies t rous 
and lactat ion pi tu i tar ies , and (b) G n R H plus 
ga lan in ( T a b l e I ) . Ga l an in a lone did not 
modify L H secret ion, but it potent ia ted the 
effect of G n R H upon dies t rous pi tui tar ies 
( p = 0 . 0 3 6 ) , bu t no t on p i t u i t a r i e s f rom 
lactat ing rats (i.e., there was a significant 
interact ion be tween the condi t ion of the rat 
and the pep t ide t rea tment ; p < 0 . 0 0 l ) . The 
mean of the pooled data corresponding to 
L H levels obtained at 4, 8 and 12 h after 
pept ide st imulation is presented in Figure 1. 

Tab le II shows the (3-LH mRNA/ac l in 
m R N A ratio in cyc l ing and ovar iec tomized 
rats , and in the same pi tui tar ies exposed to 
12-h pulsa t i le s t imula t ion whose secretion 
was descr ibed in the p reced ing paragraph . 
As repor ted (Ha i sen leder et al, 1994), long 
term ova r i ec tomy increased the rat io of the 
h o r m o n e o v e r a c t i n m R N A ( F i g 2 ) , 
s h o w i n g t h a t t h e m e t h o d d e t e c t e d the 
expec ted increase in the express ion of the 

http://nlm.nhi.gov
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Table I 

Effect of pu l sa t i l e s t imu la t ion wi th G n R H and ga lan in upon in v i t ro L H (ng /ml ) 
re lease from rat h e m i p i t u i t a r i e s . 

I n c u b a t i o n t i m e 
4 h 8 h 12 h Al l 

D a y 10 of l a c t a t i o n : 
S a l i n e 2.1 ± 0 .6 ( 1 7 ) 1 . 1 + 0 . 4 ( 1 7 ) 2 .1 ± 0 .9 ( 1 5 ) 1.8 ± 0 .4 
G n R H 4 . 8 ± 1.7 (5 ) 9.1 ± 1.2 (5 ) 4 . 2 ± 2 . 5 (3 ) 6 .2 + I . l : i 

G a l a n i n 2 . 6 ± 1.7 (6 ) 1.6 ± 0 .9 (6 ) 1.1 ± 0 .5 (6 ) 1.7 ± 0 .6 
G n R H + G a l a n i n 4 . 5 + 0 .9 (6 ) 3 .5 + 2 . 2 (6 ) 4 . 6 + 2 . 9 (6 ) 4 .2 ± 1.2-' 

D i e s t r u s 1: 
S a l i n e 0 .8 ± 0 .2 ( 1 7 ) 1.2 ± 0 .3 ( 1 7 ) 1.1 ± 0 .3 ( 1 6 ) 1.1 + 0.2 
G n R H 4 . 3 ± 0 .8 ( 6 ) 5 .9 ± 1.7 ( 6 ) 2 . 3 ± 0 .5 ( 6 ) 4 .1 ± ( ) . 7 h 

G a l a n i n 1.1 ± 0 .2 (5 ) 0 . 7 ± 0 . ) (5 ) 1.3 + 0 .7 ( 5 ) 1.0 ± 0.2 
G n R H + G a l a n i n 10 .7 ± 2 . 4 ( 6 ) 11 .2 ± 3 .4 ( 6 ) 3 .6 ± 1 . 1 (5 ) 8.8 ± 1 . 7 K 

M e a n s ± S E M s ( n ) . a , b : d i f f e r e n t f r o m t h e i r r e s p e c t i v e c o n t r o l g r o u p s s t i m u l a t e d w i t h s a l i n e ( p < 0 . 0 0 1 , A N O V A 
c : d i f f e r e n t f r o m G n R H - s t i m u l a t e d h e m i p i t u i t a r i e s o f d i e s t r u s r a t s ( p = 0 . 0 3 6 ) . S e e t e x t for f u r t h e r d e t a i l s . 

E 
• Sa l ine 

• GnRH 

B Galan ine 

• GnRH+Ga lan ine 

Day 10 Lactation Diestrus 1 
F i g 1 . M a i n e f f e c t s o f p u l s a t i l e s t i m u l a t i o n w i t h G n R H a n d g a l a n i n u p o n in vitro L H s e c r e t i o n 
f r o m rat h e m i p i t u i t a r i e s . B e c a u s e A N O V A d i s c l o s e d n o t i m e e f f e c t , t h e g r a n d m e a n s ± S E M of 
p o o l e d d a t a o b t a i n e d f r o m s t i m u l a t i o n s at 4 , 8 a n d 12 h a r e p r e s e n t e d . *: d i f f e r e n t f rom the 
r e s p e c t i v e s a l i n e s t i m u l a t e d c o n t r o l . * * : d i f f e r e n t f r o m G n R H s t i m u l a t e d h e m i p i t u i t a r i e s of 
d i e s t r o u s 1 r a t s . 

p - L H gene . Similar ly , the capabi l i ty of the 
R T - P C R to detect b iological ly meaningful 
d i f fe rences in the [3-LH gene expres s ion 
was also ev idenced by the two- to three
fold d e c r e a s e in the (3-LH m R N A / a c t i n 
m R N A ratio dur ing lactat ion compared to 

dies t rus (Lee et al, 1989a,b) . N o n e of the 
pulsa t i le r eg imes changed significantly the 
(3-LH m R N A / a c t i n m R N A rat io. The bands 
for [3-LH and actin m R N A s are shown in 
F igure 3 , which i l lustrates one out of two 
runs of R T - P C R ampl i f ica t ion . 
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T*ble II 

Rat io of opt ica l dens i t i e s c o r r e s p o n d i n g 
to the speci f ic bands of |3LH m R N A over 
act in m R N A ob ta ined by R T - P C R from 

pi tu i tar ios after 12-h pu lsa t i l e s t imu la t ion . 

ß L H m R N A / 
a c t i n m R N A r a t i o 

C o n t r o l e x p e r i m e n t 
C y c l i n g 0 . 3 1 
O v a r i c c t o m i z e d (2 w e e k s ) 2 . 1 7 

D a y 10 of l a c t a t i o n 
S a l i n e 0 . 8 8 
G n R H 0 . 6 2 
G a l a n i n 1.01 
G n R H + G a l a n i n 0 . 7 7 

D i e s t r u s 1 
S a l i n e 2 . 2 7 
G n R H 1.99 
G a l a n i n 2 . 1 9 
G n R H + G a l a n i n 2 .11 

D I S C U S S I O N 

The resul ts p resented in this paper d isc lose 
a previous ly u n k n o w n modula to ry effect of 
lactat ion upon the effects of galanin on the 
a n t e r i o r p i t u i t a r y g l a n d . As p r e v i o u s l y 
r epor t ed , ga l an in p o t e n t i a t e d the G n R H -
induced L H secret ion in the cycl ing rat (see 
be low) , but this effect d i sappeared dur ing 
l ac ta t ion . G a l a n i n a n d / o r G n R H did not 
modify (3-LH gene express ion after 12 h of 
pu lsa t i l e s t imula t ion in our expe r imen ta l 
c o n d i t i o n s . B e c a u s e , in this spec ies , the 
suppress ion of L H associa ted with lactation 
is no t c o r r e l a t e d wi th i n h i b i t i o n of the 
G n R H pulse genera tor act ivi ty (Cardenas & 
Ramirez , 1996) or c h a n g e s in G n R H gene 
e x p r e s s i o n ( M a r k s et al, 1 9 9 3 ) , t h i s 
modif ica t ion in the effects of hypotha lamic 
galanin imping ing upon the pi tui tary gland 
m i g h t c o n t r i b u t e t o t h e l a c t a t i o n a l 
un respons iveness of the pi tui tary to G n R H . 

std diestrus ovx diestrus ovx C 

F i g 2 . A g a r o s e g e l e l e c t r o p h o r e s i s o f r e v e r s e p o l y m e r a s e c h a i n r e a c t i o n p r o d u c t s a f t e r 
a m p l i f i c a t i o n o f p i t u i t a r y P-LH m R N A a n d a c t i n m R N A f r o m d i e s t r o u s a n d 2 w e e k s 
o v a r i e e t o m i z e d r a t s . A r r o w s i n d i c a t e 2 9 8 a n d 5 0 6 / 5 1 7 b p s t a n d a r d s ( s t d ) . o v x : o v a r i e c t o m i z e d ra t 
C : c o n t r o l l a n e w i t h o u t p i t u i t a r y R N A . 

Diestrus 1 Lactation 

bp 

ß- LH 

actin 

Gal Gal 

F i g 3. A g a r o s e g e l e l e c t r o p h o r e s i s o f r e v e r s e p o l y m e r a s e c h a i n r e a c t i o n p r o d u c t s a f t e r 
a m p l i f i c a t i o n o f p i t u i t a r y f5-LH m R N A a n d a c t i n m R N A f r o m d i e s t r o u s a n d l a c t a t i n g r a t s . 
P i t u i t a r i e s w e r e s t i m u l a t e d for 12 h w i t h h o u r l y p u l s e s o f s a l i n e ( s a l ) , 2 5 n g / p u l s e g o n a d o t r o p i n 
r e l e a s i n g h o r m o n e ( G n R H ) , 6 0 0 n g / p u l s e ra t g a l a n i n ( G a l ) , o r G n R H p l u s G a l . A r r o w s i n d i c a t e 2 9 8 
a n d 5 0 6 / 5 1 7 b p s t a n d a r d s ( s t d ) for e a c h g e l . C : c o n t r o l l a n e w i t h o u t p i t u i t a r y R N A . 
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T h e r e q u i r e m e n t of p u l s a t i l e G n R H 
stimulation at a fixed and optimal frequency 
for n o r m a l p i t u i t a r y s e c r e t i o n of 
g o n a d o t r o p i n s was first d e m o n s t r a t e d by 
Knobil et al in the Rhesus monkey (Knobil, 
1980). Recently, it was shown that a pulsatile 
stimulation with G n R H is a requirement for 
i n c r e a s e d t r a n s c r i p t i o n of g o n a d o t r o p i n 
subunit genes in the male rat (Haisenleder et 
al, 1991), the minimal stimulation t ime for 
inducing increased levels of (3-LH m R N A 
being 4 h. Thus, we decided to stimulate with 
pulses during at least 4 h and up to 12 h to 
better evaluate the effects of galanin. The 
lack of effect of incubat ion t ime on L H 
responses in our experiments indicate that the 
experimental conditions allowed maintenance 
of the h e m i p i t u i t a r i e s s ec re to ry ac t iv i ty 
during the duration of the experiments. In this 
regard, the pituitary of the diestrous 1 rat 
appears to be different from that of male rats 
(Haisenleder et al, 1991), because we did not 
observe increased fi-LH m R N A levels after 
12 h of G n R H pulses. 

Hypotha lamic galanin has been recently 
s h o w n to a c t as m o d u l a t o r of G n R H 
function. There are ga lanin- immunoreac t ive 
neu rons in the med iobasa l h y p o t h a l a m u s 
p ro jec t ing t o w a r d s the med ian e m i n e n c e 
( M e r c h e n t h a l e r et al, 1990) and 6 3 % of 
GnRH-pos i t ive neurons in the proestrus rat 
a r e a l s o i m m u n o p o s i t i v e for g a l a n i n 
(Merchenthaler et al, 1991). This pept ide is 
r e l e a s e d in p u l s e s c o i n c i d e n t w i t h or 
preceding G n R H pulses into the pituitary-
portal circulation (Lopez et al, 1991) and 
produces a dose-dependent release of G n R H 
f rom h y p o t h a l a m i c f r a g m e n t s in vitro 
(Merchenthaler et al, 1990). In addit ion, it 
s t i m u l a t e s L H s e c r e t i o n by i t s e l f a n d 
po ten t ia tes G n R H - i n d u c e d re lease of L H 
from anterior pituitary cells in vitro (Lopez 
et al, 1 9 9 1 ; L e i v a & C r o x a t t o , 1 9 9 4 ) . 
Contrary to what was reported for G n R H 
m R N A , ga l an in m R N A leve ls in G n R H 
neurons are inhibi ted by roughly 5 0 % in 
lactating rats (Marks et al, 1993). 

There is ev idence of endogenous galanin 
i n v o l v e m e n t in LH regu la t ion : leve ls of 
h y p o t h a l a m i c g a l a n i n a n d i t s m R N A 
increase dur ing the preovula tory L H surge 
( M e r c h e n t h a l e r et al, 1991 ; Brann et al, 
1993; Marks et al, 1993) and ant i -galanin 

a n t i b o d i e s d e c r e a s e by a b o u t 3 0 % the 
preovula tory L H surge (Lopez et al, 1993). 
G a l a n t i d e , the spec i f i c p h a r m a c o l o g i c a l 
a n t a g o n i s t of g a l a n i n , a l so i nh ib i t s the 
preovula tory L H surge (Sahu et al, 1994). 

R e g a r d i n g t h e m e c h a n i s m ( s ) of the 
chang ing role of galanin dur ing lactat ion, 
we can only specula te at this point about 
poss ib le modi f ica t ions of the popula t ion of 
galanin receptors in the anter ior pi tui tary. 
T w o types of ga lan in receptors have been 
charac te r ized (F isone et al, 1989; Land et 
al, 1991; W y n i c k et al, 1993), but there is 
no ev idence yet r egard ing their regulat ion 
du r ing l ac ta t ion . A d e c r e a s e in p i tu i tary 
G n R H receptors has been demons t ra ted in 
the lactat ing rat (Smith & Lee , 1989) and 
s imilar changes in the receptors for galanin 
migh t be expec ted at the pi tui tary level. 

W e did not observe in vitro the diminished 
responsiveness of pituitary LH to exogenous 
G n R H that is correlated with a decreased 
n u m b e r of p i t u i t a r y G n R H r e c e p t o r s , 
previously reported in vivo in the lactating rat 
(Lee et al, 1989c). Because our experimental 
conditions allow to conclude that the peptides 
d i rec t ly affected the p i tu i ta ry g land , the 
comparison with the in vivo experiments of 
Lee et al (1989c) suggests that actions of 
G n R H at levels other than the pituitary might 
p lay a ro le in the in vivo e x p e r i m e n t s . 
Exogenous G n R H could inhibit the release of 
endogenous G n R H acting on GnRH receptors 
located in the median eminence, as well as 
affecting the re lease of other neuro t rans
mi t te rs k n o w n to affect L H re lease , like 
G A B A and g l u t a m a t e (for e x a m p l e , see 
Feleder et al, 1996). 

In s u m m a r y , w e d e m o n s t r a t e d a 
modula tory role of lactation on the effects of 
galanin upon the pituitary gland in the rat. 
The potent iat ing effect of galanin on G n R H -
induced LH secret ion, that occurs during the 
cycle, d isappears dur ing lactation, providing 
fur ther suppor t for the e m e r g i n g role of 
galanin in the hypo tha lamic regulat ion of 
pituitary L H secret ion. 
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