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1. Introduction 
 
       Diethylstilbestrol (DES) is a potent, non-steroidal, 
synthetic estrogen that was widely prescribed to pregnant 
women from the 1940s to 1960s to prevent miscarriages. As 
a consequence, more than one million fetuses were exposed 
to the drug in the United States alone [1]. Ultimately, DES 
was recognized as the prototypical endocrine disruptor after 
fertility deficits and teratogenic and neoplastic changes were 
reported in the reproductive system of men and women 
exposed to DES in utero [1]. Experimental studies with 
rodents as animal models have corroborated the clinical 
phenomenon. Our lab has long been involved in the study of 
the endocrine-disruptive activity of neonatal DES exposure 
using Syrian golden hamsters as the animal model [2].
 Preliminary studies from our group showed that neonatal 
exposure to DES during ovarian organogenesis induces 
marked alterations in the morphology and function of the 
hamster ovary [3]. Alterations found included a more 
fibroblastic and less differentiated / organized stroma and 
the development of polyovular follicles (POF) of irregular 
shape in prepubertal animals (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Histology of prepubertal (day 21) hamster ovaries obtained from 
hamsters treated with DES or with vehicle alone (CON) within 6 hr of birth 
(day 0). Shown are cross sections of ovaries stained with hematoxylin and 
eosin. Note the presence in the DES ovary of a more fibroblastic and less 
differentiated / organized stroma and the development of polyovular 
follicles (POF) of irregular shape. 
 
       In mature animals, alterations included anovulatory 
follicles, the absence of corpora lutea, hyperplasia of the 
stromal compartment and hypertrophy of the theca layer. At 
five months, DES ovaries exhibited many cystic unovulated 
follicles with abnormal theca and absolute absence of 
corpora lutea [3].  

       Such morphological anomalies were not present in ovaries 
from the control or neonatally estradiol-treated animals [3]. 
These results suggest that DES induces follicular and stromal 
aberrations early in ovarian development and is a more potent 
endocrine disruptor than estradiol in the hamster. The current 
study used immunoblotting to assess neonatal DES-induced 
disruption of protein expression in the prepubertal hamster 
ovary. 
 

2. Materials and Methods 
 
       Newborn female hamsters were treated within 6 hr of 
birth (day 0) with a single subcutaneous injection of 50 µl of 
vehicle corn oil (control, CON) or vehicle containing 100 µg 
DES (~33 mg/kg body weight). Prior to puberty (day 21), 
control and DES animals were terminated and the ovaries 
were harvested, dissected out of the ovarian bursa and 
associated fat tissue and frozen at -80˚C for later extract 
preparation. Ovaries were weighed and homogenized in 9 
volumes of chilled TE buffer (10 mM Tris base, 1mM EDTA, 
pH 7.4) to yield total protein extracts. 
 
       Samples were denatured by boiling for 3 min in 
denaturing sample buffer. Sample aliquots (50µl) were run 
under denaturing conditions by SDS-PAGE in 5-15% gradient 
gels. Gels were either stained (Coomassie brilliant blue) or 
electrotransferred to a nitrocellulose membrane for 
immunoblotting. Membranes were incubated with primary 
antibody for 14 hrs at 4˚C, followed by incubation for 1 hr at 
room temperature with appropriate species-specific 
biotinylated secondary antibody. Next, membranes were 
incubated for 30 min at room temperature in an avidin-biotin-
peroxidase complex reagent and finally they were reacted with 
a commercial diaminobenzidine substrate solution. 

DES CON 

 
3. Results 
 
       In this project several antibodies available in our lab were 
tested to determine reactivity against hamster ovarian proteins 
as well as differences in the pattern of expression of 
immunodetectable proteins between prepubertal control- and 
DES-treated hamsters. Notable results were found with some 
of the antibodies tested (Fig. 2). Connexin 43 is a member of a 
large family of subunit proteins that compose the intercellular 
membrane channels gap junctions. Gap junctional 
communication is an important component of cell signaling 
pathways involved in development and homeostasis [4].                  

 75



Neonatal treatment with DES resulted in downregulation in 
the level of expression of the 43-kDa protein compared to 
CON animals. Tenascin-C is a glycoprotein present in the 
extracellular matrix (ECM) of many tissues. It modulates 
adhesion of cells to fibronectin and can be classified as an 
anti-adhesive or adhesion-modulating ECM protein. 
Tenascin-C is expressed during organogenesis, is absent in 
developed organs and reappears under pathological 
conditions such as tumorigenesis [5]. Exposure to DES 
resulted in downregulation of this >200-kDa protein.  

 
 
 
Fig. 2. Immunoblot analysis. Total protein extracts from 21 day-old 
hamster ovaries, control- (C) and DES-exposed (D) were resolved by SDS-
PAGE and then coomasie stained (left). Western blot analysis of total 
protein extract showed alteration of the pattern of expression of three 
proteins tested, Tenascin-C, IRS-1 and Connexin-43. 
 
 
       Insulin Receptor Substrate (IRS-1) is a member of a 
family of 9 kinase proteins that bind and are phosphorylated 
by the activated Insulin Receptor. Phosphorylation of IRS 
kinases is a key step in the pathways resulting in stimulation 
of Insulin-mediated metabolic and mitogenic functions [6]. 
This 180-kDa protein was also downregulated in the DES-
treated animals compared to CON animals. 
 
4. Conclusions 
 
       In an effort to better understand cellular responses to 
DES exposure in regard to protein expression in the hamster 
ovary, we have taken an immunoblot approach. The 
following proteins showed a differential pattern of 
expression in pre-pubertal ovarian tissues between CON- 
and neonatally DES-exposed hamsters: 1) Connexin 43 is 
highly expressed in granulosa cells of developing follicles 

in mice ovaries and is required to sustain granulosa cell 
proliferation [7]. In the pre-pubertal hamster ovary, neonatal 
DES exposure resulted in downregulation of this protein. 2) 
Tenascin-C was found to be upregulated in the stroma of 
ovarian malignant tumors compared to normal ovary and 
benign tumors where the protein was expressed around blood 
vessels [8]. In our system, the general expression of Tenascin-
C was downregulated in DES-treated animals, compared to 
CON animals. 3) Insulin Receptor Substrate (IRS-1) is 
downregulated by neonatal DES exposure in the pre-pubertal 
hamster ovary. Further studies will investigate the connection 
between the Insulin signaling pathway and the adverse effects 
of DES on the developing genital tract. 
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       In the present study we show that the pattern of 
expression in the hamster ovary of three important proteins is 
altered by neonatal exposure to DES. In addition, the analysis 
of protein expression is a valuable tool in understand the 
cellular and physiological changes involved in the etiology of 
neonatal DES-mediated endocrine disruption. 
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1. Introduction 
 
       The purpose of filtering is to estimate the state 
variables of a given system. On the early stage, the study 
was based on the assumption that the system dynamics are 
known by a certain model and external noise was white 
with known statistical properties, that is well known 
Kalman filtering. But in the practical applications, the 
disturbances may not be known exactly and the system 
uncertainties may appear in modelling. In these robustness 
issues, H∞ technique is  usually used  because it is more 
robust to disturbances.                   
 
       The model reduction is important issue in many 
applications, especially when fast data processing is 
necessary to reduce the complexity and real time 
computational burden, even though it costs the loss of 
performance and robustness. For instance the reduced 
order filter problem was studied in H∞ setting[1]. More 
recently, LMI(Linear Matrix Inequality) technique was 
developed. The important role of LMI technique was 
already recognized in the early 1960’s, but the recent 
emergence as a powerful computational design tool in 
system and control engineering  was originated from the 
computational efficiency and flexibility to treat large class 
of system design problems[2],[3]. The recent research for 
robust reduced-order filtering problem was studied in H2 
setting via LMI approach in [4]. To the author’s best 
knowledge, until now, these concepts were not applied to 
H∞ setting. Thus, the author thinks that a research to this 
direction is valuable. 
 
 
2. Preliminary result 
 
       At first, the model order reduction in H∞ setting with 
certain plant model, i.e., not-robust case, will be studied 
and the characteristics will be surveyed. The two lemmas 
and one theorem are playing the key role in this research.  
 
Lemma 1[2]: 
     Consider a stable linear time invariant system : 
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where A,B,C,D are appropriate dimensional matrices,  d is 
disturbance vector and its transfer function is:  
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This lemma is a well-known Bounded Real Lemma. 
To include plant model uncertainties, we formulate them 
in the form of a polytopic model as follows. 
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where Ξ  is unit simplex such as  
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This formulation is convex combination, so it is useful for 
LMI approach. Another useful lemma is as follows. 
 
Lemma 2[3]: 
     Let Γ, Λ, and Θ=ΘT be given matrices. There exists a 
matrix F to solve the matrix inequality 
 
ΓFΛ+( ΓFΛ)T+ Θ < 0                                                  (6) 
 
iff the following conditions are satisfied 
 
Γ┴ Θ Γ┴T < 0                                                                (7) 
ΛT┴ ΘΛT┴T < 0                                                             (8) 
 
where  ┴ is orthogonal complement operator.  
 
In this case, all solution matrices F are parametrized by  
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