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Introduction 
 

Diethylstilbestrol (DES) is a potent, synthetic, 
non-steroidal estrogen that, as the classic example of an 
endocrine disruptor, exemplifies the damaging 
potential of xenoestrogens. It was widely prescribed to 
pregnant women between 1938 and 1971 in the belief 
that a supplement to natural estrogen production would 
prevent miscarriages or premature deliveries. However, 
in 1971 Herbst et al. reported the occurance of a rare 
form of vaginal clear cell adenocarcinoma in a group of 
young women who were exposed to DES in utero [1].   

We use Syrian golden hamsters (Mesocricetus 
auratus) to investigate the phenomenon of neonatal 
DES-induced endocrine disruption. Our preliminary 
studies showed that neonatal exposure to DES induced 
morphological and functional abnormalities in all 
regions of the female hamster reproductive tract. 

To investigate neonatal DES-induced specifically 
on the hamster ovary, we exploited the animal’s cheek 
pouch. Our approach involved:  1) dissecting ovaries 
out of their encpsulating bursa after they were removed 
from both control and neonatally DES-exposed donor 
hamsters; and then 2) transplantating the naked ovaries 
into the cheek pouches of both control and neonatally 
DES-exposed host hamsters. We conducted the 
complete ovarian dissection procedure because prior 
studies suggested that transplanation of prepubertal 
ovaries while still encapsulated within their bursa 
hindered the process of vascularization which, in turn, 
compromised ectopic ovary function and viability.  

 

Transplantation of ovaries into the cheek pouch 
 

The hamster cheek pouch is a convenient 
transplantation site for a variety of tissues [2] because 
of its “immunologically privileged” nature [3]. No 
lymphatic tissue exists in the wall of the cheek pouch 
(3) so the reduced number of Langerhans cells and a 
lack of lymphatic drainage results in blockage of the 

immune response and thus a local immunological 
tolerance. The areolar connective tissue barrier also 
aids in suppressing cheek pouch immunity [2, 4].  
 
       Within 6-8 hours of birth (day 0), litter size was 
adjusted to eight neonates per/litter by eliminating  
extra males and all animals in a litter were treated with 
a single subcutaneaous injection of 50 µl vehicle corn 
oil (control hamsters) or vehicle containing 100 µg 
DES (~33 mg/kg body weight). Prior to puberty (day 
21), control and DES animals were bilaterally 
ovariectomized through two dorsal incisions. For this 
surgical procedure, animals were anestheized with an 
intra-peritoneal injection of Nembutal sodium solution 
at a dose of  0.075mg/100mg of body weight. Excised 
ovarian masses were then placed in sterile cell-culture 
medium prior to implantation.With the aid of a 
dissecting scope, the ovaries were dissected out of their 
bursae and accompanying oviducts. 

The transplantation procedure took place while the 
animal was still under anesthesia. The cheek pouch was 
everted with forceps and spread on a paraffin plate and 
held with pins. Using the dissection microscope, an 
incisison was made in the epithelium of the pouch and 
a pocket was opened between the two epithelial layers 
using forceps. The ovarian mass was then inserted into 
the pocket and the inscision was closed using a liquid 
sealant.  

Cheek pouches were inspected weekly by 
anesthetising each animal, everting the cheek pouch, 
and measuring dimensions of the ovarian masses. The 
estrus cycles of the animals were also checked on a 
weekly basis (an indicator of ovarian function).  

At two months of age, the animals were 
terminated. Viable transplant masses as well as host 
reproductive tracts were harvested and fixed in neutral-
buffered 4% paraformaldehyde. Transplant masses and 
sections of uterine horn then underwent histological 
preperation prior to analysis. Serum from host animals  
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was also collected for determination of steroid levels 
by radioimmunoassay. 
Results 
 

Observations of the host’s reproductive cycle 
showed that 4-day estrus cyclic activity was confined 
to control animals. Immunohistochemical analysis in 
order to test steroidogenic activity of the implants was 
performed on cheek pouch implants of all treatment 
groups using an antibody specific for aromatase, an 
enzyme crucial for ovarian estrogen synthesis (Figure 
1). Serum steroid levels for Estradiol (E2) and 
Progesterone (P4) in all treatment groups are shown in 
Table 1.  

 
Conclusions 
 

The weekly inspections of the everted cheek 
pouches containing the bursa-free ovarian transplants 
revealed extensive vascularization. Uteri in the 
ovariectomized and successfully transplanted host 
hamsters had dimensions similar to those of normal 
uteri in intact animals as well as the charactersitc 
dimensions seen in DES-exposed uteri. The uteri of the 
hamsters with unsuccessful ovarian transplants were 
atrophic due to the absence of ovarian estrogens.  

Histological assessments of cheek pouch-
transplants were inconclusive since the overall 
morphology of the ovary was not maintained.  
However, in all groups, implants resulted in uterine 
stimulation even in the absence of healthy follicles.     

Despite the dramatic difference in estrous cycle 
activity, mean serum estradiol levels were equivalent 
(~40 pg/ml) in all four transplant groups (CON 
host/CON donor, DES host/DES donor, CON 
host/DES donor, DES host/CON donor). On the other 
hand, mean serum progesterone levels were highest 
(1.7 ng/ml) and most variable in the CON host/CON 
donor group, lowest (0.4 ng/ml) and least variable in 
the DES host/DES donor group, and intermediate in 
both magnitude (~0.8 ng/ml) and variability in the DES 
host/CON donor and CON host/DES/donor groups   
       Implants were steroidogenically active as 
evidenced by the expression of aromatase in the 
granulosa cells. The latter finding was corroborated by 
evidence of estrogenic stimulation of host uteri in all 
the host treatment groups. In conclusion, the combined 
observations support the indirect rather than direct 
mechanism of neonatal DES-induced ovarian 
disruption in the hamster. 
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Figure 1. Aromatase expression in treatment groups Con –
Homotransplant (A), DES–Homotransplant (B),  Con –
Crosstransplant (C) and  DES–Crosstransplant (D). 
 
 

Table 1.     
Progesterone (P4) and Estradiol (E2) assay results 

Treatment Group P4 (ng/ml) E2 (pg/ml)   

    
CON Host/CON Donor 2.04 ± 1.06a 42 ± 12  
DES Host/DES Donor 0.40 ± 0.03 44 ± 11  
CON Host/DES Donor 0.94 ± 0.37 49 ± 9  
DES Host/CON Donor 0.64 ± 0.14 45 ± 7   

a Mean ± Standard Error




