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Abstract: 
The Endometrium had been considered as feto-maternal interface 

special tissue during pregnancy. The aim of the present study is to investing 
at materno-fetal translocation of immunoglobulin G (Ig G) across the 
endometrium by ultra- structural immunocytochemistry. Fifty pregnant 
female rats were used in the present study. The endometrium on the end of 
1st ,2nd& 3rd weeks of gestation (Term = 23 days), was examined by ultra-
structural immunolabelling by using of gold conjugate.  

In all stages of gestation, gold particles labeled Ig G were detected in 
the uterine lumen, in the luminal epithelium and in the sub-epithelium 
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stroma including stromal blood capillaries. The distribution and the amount 
of the gold particles labeling Ig G vary with different weeks of gestation. 
on the end of 1st week, the gold particles labeling Ig G were more seen in 
the apical cytoplasm and the uterine surface of the plasma membrane. on 
the end of 2nd week of gestation, gold particles labeling Ig G were seen in a 
significant amount in the luminal epithelium within vesicles and 
multivesicular bodies. on the end of 3rd week of gestation, abundant and 
large significant amounts of gold particles labeling Ig G were seen in the 
uterine lumen and in the apical cytoplasm, as well as in the sub-epithelial 
stroma and stromal blood capillaries.  

Conclusion: 

The concept of maternal immunization is a potential strategy to 
prevent infection in infants. The maternal immunization protects the 
neonate against illness in the first 3 – 6 months which is simple, straight 
forward and safe. Further evaluation of this strategy was supported by 
medical literature, but liability and educational barriers exist. 

Introduction: 
Maternal immunization could help to prevent 2 – 3 million neonatal 

and early infant deaths that occur in the developing world each year (1). 
Determining the causes of neonatal and early infant deaths in developing 
countries is difficult as most occur at home. However, it is likely at least 
half are due to infection. Several of which might be prevented by maternal 
immunization (2). Even in  poor countries with few health facilities, a high 
percentage of pregnant women attend an antenatal clinic at least once 
during pregnancy. Thus, an effective delivery system for maternal 
immunization already exists and, because of the success of maternal tetanus 
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immunization, this approach to the prevention of serious illness or death in 
young infants is widely accepted by the general population (3). Thus, a 
strong case can be made for a trial of the effectiveness of maternal 
immunization in preventing serious illness or death in young infants in 
developing countries (4).  

Maternal immunization provides protection to the newborn through 
the transfer of vaccine-induced Ig G across the placenta, a process that is 
affected by multiple variables. Maternal vaccination against tetanus, 
influenza and pertusis is recommended in U.K. and U.S. with new studies 
indicating their efficacy.  A number of additional maternal vaccines are 
also in the pipeline, which could be used to combatneonatal infection. 
Recent research findings have highlighted some of the reasons for the poor 
uptake of current recommendations among pregnant women 
(5).Accordingly, the aim of the present study was to study the controlling 
cellular mechanisms for the uptake and materno-fetal translocation of 
immunoglobulin G (Ig G) across the endometrium by utilizing 
immunocytochemical methods.  

Material & Methods: 
Thirty adult female and ten adult male rats were used in the present 

study. Daily vaginal leavages were taken to identify the pre-estrus period in 
all adult female rats. Once an animal showed a lavage characteristic of the 
pre-estrus period, it was caged overnight with breeder males a second 
lavage was made in the next morning for identification of sperms. The day 
when sperms were identified was designated as the first day of gestation. 
The pregnant female rats  were divided into three groups, each group 
includes ten rats. They were individually placed in a plastic cage in a room 
with a 12 hour light / dark cycle. Food and water were provided ad libidum.  
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The animals were subsequently sacrificed on the end of 1st , 2nd& 3rd 
weeks of gestation ( Term = 23 days ). In the day of autopsy, the rat was 
anaesthetized by a single intraperitoneal injection of sodium pentobarbital ( 
0. 1 ml of aqueous solution per 100 gm body weight ). The uterine horns 
were per fused with 4% par formaldehyde and 0.1 gluteraldehyde in 0.1 M 
phosphate buffer for fixation. After fixation, the endometrium was washed 
in sucrose buffer and dehydrated in ascending grade of ethanol. The 
capsules were undergone to infiltration at low temperature and then they 
were transferred to wire capsule holder for ultraviolet polymerization of 
monomeric lowicryl. Ultra thin sections were cut and were mounted on 
meshes copper grids. Immunolabelling was done according to (6).  

Results: 
 I. First Week Of Gestation:   

There was definite labeling of Ig G in the endometrium indicated by 
the presence of gold particles in both the luminal epithelial cells and in the 
endometrial  stroma. Few gold particles were also seen to be localized in 
the uterine lumen. In the luminal epithelium, the gold particles were 
demonstrated in the apical part of the cells. Few particles were observed 
bound to the membranes of the invaginated pits at the bases of the 
microvilli and the apical vacuoles. However, a significant amount of gold 
was identified close to the apical part of the lateral plasma membranes (Fig. 
1). Moreover, few gold particles were identified in the infra-nuclear 
cytoplasm along the basal plasma membrane in the luminal epithelial cells 
(Fig. 2). The endometrial stroma showed significant amounts of gold 
particles. They were demonstrated in the connective tissue close to the 
basement membrane and near to the blood capillaries. In addition, high 
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number of gold particles were seen freely within the lumen of the stromal 
blood capillaries (Figs. 2 & 3).  

II. Second Week Of Gestation: 
The gold particles were seen to be localized in both the luminal 

epithelium and the endometrial stroma. The luminal epithelium showed 
high concentration of gold particles. On the apical surface of the cells, the 
gold particles were seen to be closely associated with the membrane at the 
free surface of  the cells. The microvilli also showed few gold particles on 
their surface ( Fig. 4 ). No gold particles were identified at the base of the  
microvilli in the apical invaginated pits  ( Fig. 5 ). In addition, gold 
particles were seen in the apical coated vesicles as well as in the uncoated 
vacuoles and in the multivesicular bodies  ( Figs. 5 & 6 ). However, few 
particles were demonstrated at the basolateral plasma membrane. The gold 
particles were also identified in significant amounts in the endometrial 
stroma but they were highly localized in the stromal blood capillaries. Also, 
the gold particles were seen in both the endothelial cells and in the uterine 
lumen  (Fig. 7). 

III. Third Week Of Gestation: 
The amount of immunoglobulin G labeled with gold particles was 

demonstrated and identified in high concentration than that in 1st and 2nd 
weeks of the gestation. Large number of gold particles were seen in the 
lumen of the uterus. They were also seen to be localized on the microvilli 
of the luminal epithelial cells and within the apical invaginated pits at the 
bases of the microvilli. Large number of gold particles were observed in the 
apical cytoplasm as well as along lateral plasma membrane (Fig. 8). 
However, no gold particles were demonstrated along the basolateral plasma 
membrane or in the coated vesicles near the basement membrane (Fig. 9). 
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Significant amounts of gold particles were identified in the sub – epithelial 
stroma. In the stromal blood capillaries, the gold particles were 
demonstrated in the endothelial cells as well as inside the uterine lumen 
(Fig. 10). 

 

Figure (1):Immuno-electromicrograph of the rat uterine luminal epithelium on the end 
of 1st week of gestation labeled with gold for demonstration of Ig G showing 
localization of Ig G in the uterine lumen (lu)and in the apical cytoplasm (short thick 
arrows). Also, the gold particles are noticed in the invagination and near the apical 
plasma membrane  (long thin arrows). 

                                                                                                     ( X 30000 ) 
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Figure (2):Immuno-electromicrograph of the rat on the end of the 1st week of gestation 
labeled with gold for demonstration of Ig G showing localization of gold particles along 
the basement membrane ( BM ).  Notice the presence of gold particles in the sub-
epithelial stroma( arrows ).  

                                                                                                                      X 30000 
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Figure (3): Immuno-electromicrograph of the rat endometrium on the end of the 1st 
week of gestation labeled with gold for demonstration of Ig G showing significant 
amount of gold particles ( arrows )  within the lumen of a stromal blood capillaries 
(CL). 

                                                                                                                         X 30000 



Mustafa A. Elsagri & Ahmed Khaled ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

University Bulletin – ISSUE No.16- Vol. (3) July  - 2014. - 55 - 

 

 

Figure (4): Immuno-electromicrograph of the rat uterine luminal epithelium on the 2nd 
week of gestation labeled with gold for demonstration of Ig G showing gold particles 
inside the uterine lumen ( lu) , on the surface of the microvilli( long narrow arrows ) 
and in the apical cytoplasm ( short thick arrows ).  

                                                                                                                         X 30000 
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Figure (5):Immuno-electromicrographof the rat uterine luminal epithelium on the 2nd 
week of gestation labeled with gold for demonstration of Ig G showing gold particles in 
the lumen ( lu ) and in the apical vacuoles ( V ). 

                                                                                                                        X 30000 
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Figure (6): Immuno-electromicrograph of the rat uterine luminal epithelium on the end 
of the 2nd week of gestation labeled with gold for demonstration of Ig G showing gold 
particles within both the multivesicular body ( MB ) and the coated vesicles ( V ). 
Notice the presence of gold particles at the basolateral plasma membrane ( arrows ).  

                                                                                                                       X 30000 
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Figure (7): Immuno-electromicrograph of the rat uterine stromal capillary on the end of 
2nd week of gestation labeled with gold for demonstration of Ig G showing a significant 
amount of gold particles ( short thick arrows ), inside the lumen of a stromal blood 
capillary ( CL ) and in the endothelial cell  ( long thin arrows ).  

                                                                                                                        X 30000 
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Figure (8): Immuno-electromicrograph of the rat uterine luminal epithelium on the end 
of 3rd week of gestation labeled with gold for demonstration of Ig G showing large 
number of gold particles inside uterine lumen ( lu ), on the surfaces of the microvilli 
(long thin arrows ), at the bases of microvilli and at the apical invagination pits ( short 
thick arrows ).  

                                                                                                                 X 30000 
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Figure (9):Immuno-electromicrograph of the rat uterine luminal epithelium on the end 
of 3rd week of gestation labeled with gold for demonstration of Ig G showing presence 
of gold particles in the sub-epithelial stroma(arrows).  Notice that no gold particles are 
seen at the basal basement membrane ( BM ) or in the coated vesicles ( V ).  

                                                                                                                    X 30000  
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Figure (10): Immuno-electromicrograph of the rat uterine luminal epithelium on the 
end of 3rd week of gestation labeled with gold for demonstration of Ig G showing the 
lumen of a sub-epithelial blood capillary ( CL ) containing significant amount of gold 
particles inside its lumen ( long thin arrows ).  Also, the endothelial cell  ( E ) contains 
significant amount of gold particles ( short thick arrows ).  

                                                                                                                        X 30000 
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Discussion: 
At birth, most of the serum immunoglobulin G (Ig G) is derived from 

the transfer of maternal Ig G across the placenta during the pregnancy 
especially in 3rd  trimester of pregnancy. As a result, serum Ig G level at 
birth is commonly equal to or slightly higher than maternal serum Ig G 
level(7). Small for gestational age neonates have somewhat lower Ig G 
level than full-term neonates, reflecting possible impaired placental 
transport (8 & 9). The concept of maternal immunization, to protect the 
mother against vaccine-preventable diseases and the neonate against illness 
for first 3 – 6 months, is simple, straightforward and safe (10). Therefore, 
appropriate maternal immunization and passive transferred antibodies to 
the fetus can protect until vaccination is more efficacious(11). 

The rat was used as a model for passive immunization in mother for 
3 reasons. First, considerable data are already available regarding the 
effects of passive immunization in the rat. Second, Ig G is readily 
transferred from mother to the fetus in both human and rats (12). Third, 
The placentas of the pregnant rat and human share several important 
features including a discoid anatomy and the absence of maternal tissue 
interposed between maternal blood and fetal tissues (13).  In addition, both 
rat and human placentas have a transport system for the transfer of 
maternal Ig G to the fetus, which is absent in many other species (14, 15 & 
16).  

In mammals, the transfer of Ig G during gestation occurs through the 
placenta via the placental Fc receptor which lie on the placental 
syncytiotrophiblast. Also such receptors exist on the small intestine surface 
of some animals (as rats and mice) and functions to transfer ingested 
antibodies from maternal milk through enterocytes into serosal fluid and 
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ultimately into the systemic circulation (17). Neonatal Fc receptor was first 
identified in the 1970s as the protein that mediates transfer of maternal, 
milk-borne IgGs across the rodent neonatal intestine (18). Later, others 
have shown that Fc receptors play a central role in regulating the transport 
of Ig G within and across cells of diverse origin and it also serves to rescue 
Ig G from degradation, thereby prolonging its half-life (19). The 
mechanism was originally through to be mediated mainly by endothelial 
cells, which line blood vessels. However, recent findings suggest that this 
process occurs also in hematopoietic cells or even in mammary epithelial 
cells during lactation (20).  

In the present study, gold particles labeled Ig G were detected in the 
uterine lumen in all stages studies, reaching maximum on the end of 3rd 
week of gestation. In agreement with the results of the present work, (21) 
demonstratedIg G and Ig A in the uterine lumen in the first half of 
pregnancy in the pregnant mice. (22) demonstrated Ig G bound to bacteria 
in the mouse uterine lumen on the morning after mating. The authors 
suggested that bacteria were probably introduced into the uterine lumen 
during mating and that local immune system may play a role in returning 
the uterus to an aseptic state before implantation. (23) reported that Ig G 
was identified in the uterine excretion of the pregnant humans . The author 
concluded that the transfer of Ig G occurs across the syncytiotrophiblast of 
the chorionic villi through the placental Fc receptors. 

In the present study, gold particles detected in the luminal epithelial 
cells were seen to be localized at the surface membrane, at apical 
invagination pits and in the cytoplasm. At the end of 2nd week of gestation, 
gold particles were also detected in multivesicular bodies and in apical 
vacuoles. They were more abundant at the end of 3rd week of gestation. In 
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agreement with the present work, Ig G had been detected in the apical 
cytoplasm of uterine luminal epithelial cells in mouse (24), rats (25), sow 
(26) and rabbits (27).  

 In the present work, there was definite labeling of Ig G in the sub-
epithelial stroma, in the endothelial cells of the blood capillaries. Gold 
particles were more abundant on the end of 3rd week of gestation. In 
agreement with the results of the present work, (28) reported that stromal Ig 
G probably was originated directly in the blood vessels and was 
accumulated in the tissue because of increased permeability of the blood 
capillaries at the time of implantation. (29 & 30) concluded that the 
neonatal Fc receptor is the only transporter of Ig G from the mother to the 
offspring in the mouse during gestation. (31 & 32)reported that neonatal Fc 
receptor regulates Ig G and albumin homeostasis, mediates maternal Ig G 
transport, takes active part in phagocytosis and delivers antigens for 
presentation in mice and rats. (33) reported that the major transfer of Ig G 
does not occur before 22nd week of pregnancy where the Fc receptor was 
weakly detectable during 1sttrimester and increases progressively during 
pregnancy to reach its maximum during 3rd trimester. Also,(34& 35) 
reported that vaccination of female rats before gestation or passive 
immunization during gestation can reduce the exposure of fetal brain to a 
single dose of maternally administered nicotine.  

The future of Ig G transport during pregnancy is amazing, (36 & 37) 
reported that the neonatal immunization is largely unsuccessful due to 
immaturity of the infant’s immune system. Therefore, appropriate maternal 
immunization and passive transferred antibodies to the fetus can protect the 
neonate until vaccination is more efficacious. (38,39& 40) reported that the 
maternal immunization, is a potential strategy to prevent infection in 
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infants who have not completed their immunization from both specific 
infection of infancy and vaccine-preventable illnesses. (41, 42 & 43) could 
explain the efficacy of hyper-immune Ig G for treatment of tetanus, 
diphtheria, pertusis and cytomegalovirus infection during pregnancy and 
support vaccination. The results of these authors suggested that the 
antibodies of these diseases could disseminate to the placenta by co-opting 
Fc receptor mediated transport pathway of Ig G. 
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