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Oestrogenwirkungen au] die Aortenwand bei jungen geschlechtsunrei/en Kaninchen 
Zusammen/assung. Es wurde die Oestrogenwirkung auf die Aortenwand jugendlicher 

geschlechtsunreifer neuseel~ndischer Kaninchen beiderlei Geschlechtes histologisch unter- 
sucht. Dabei wurden kleine Dosen und eine jewefls kurze Behandlungsdauer gew~hlt. Durch 
ausgedehnte Kontrollen wurde gezeigt, da$ individuelle Verschiedenheiten sowohl im histologi- 
schen Bau der Aortenwand als auch bezfiglich der Reagibilit~t der Tiere auf die gesetzten 
Hormonwirkungen bestanden. Die Oestrogenmedikation zeitigte eine sog. gesteigerte Aktivit~t 
der Aortenwandzellen, eine Verbreiterung der kollagenen Fibrfllen und eine quantitative 
Vermehrung der Grundsubstanz. Unter dem Einflul3 der Oestrogenmedikation wurde die 
Aortenwand dicker. Die mit Oestrogen behandelten Kaninchen zeigten einen signifikant 
niedrigeren Prozentsatz sog. spontaner Arteriosklerose als die Kontrolltiere. 

Summary. The effect of estrogen (estradiol) on the aortic wall of immature young (New 
Zealand) rabbits of both sexes was studied with the light microscope. The hormone was 
given in small doses for short periods. Comparative studies of the aortas of control animals 
showed the known individual variations in the histology of the vessel wall. The studies of 
the estrogen-treated animals revealed the well-known variable response to hormonal effects. 
Estrogen in experimental animals induced progressive changes: cellular hyperactivity with 
proliferation, an increase in the amount of ground substance, and an enlargement of collagenous 
fibers. These changes were essentially those known as extra-genital estrogen effects observed 
in many other animal species. Estrogen changed the aortic wall making it stronger. The 
estrogen animals had a significantly lower percentage of spontaneous arteriosclerosis than did 
the control animals. 

Since the  publ ica t ions  of I~ATZ, STAIVILEIr (1953), and  PICK (1958) i t  has 
been known t h a t  estrogens have  an  influence on coronary  ar ter iosclerosis  in 
chicks. Larger  doses are capable  of inducing (LINDSAY, 1946) ; (C~AI~:O~F, LI~D- 
SAY, LOI~ENZ, ENTENMAN, 1948); (Ho~LICK and  KATz, 1948), and  smal ler  doses 
m a y  p reven t  or minimize  the  lesions (PICK, 1952). Of some impor t ance  is the  
observat ion ,  in  fowl, t h a t  the  reversa l  of ar ter iosclerosis  is seen in the  coronary  
arteries,  b u t  no t  in the  ao r t a  (KATz and  STAMLER, 1953). His to logica l  s tudies  
of the  effects of es t rogen upon  the  ao r t a  of b i rds  have  shown only  an  increase in  
basophi l ia  and  macrophages .  His to logica l  and  his tochemical  s tudies  of the  
coronary  ar ter ies  of the  es t rogen bi rds  have  no t  resul ted  in any  morphologica l  
evidence for the  unde r s t and ing  of es t rogen- induced  ant i -a therogenes is  (Hos-  

*Aided by Grant of Veterans Administration Medical Research Appropriation 
360161.101 (016). 



Estrogen Effects on the Aortic Wall in Young Immature Rabbits 259 

~A~, P~LLEGRI~O, IRALDIA, MALI~OW, PICK, STAMLE]~ and KA~z, 1959). I t  was 
concluded,  therefore,  t h a t  the  mechan i sm of ac t ion  of the  es t rogens was th rough  
the  a l t e ra t ion  of l ip id  metabo l i sms  b y  f avo rab ly  changing the  ra t io  of cholesterol  
and  phosphol ip ids  (STAMLER, PICK and  KATZ, 1956). 

Af te r  the  observa t ion  t h a t  es t rogen has a favorable  effect on arteriosclerosis ,  
o ther  different  an imals  and  h u m a n s  were s tud ied  for these ant i -a r te r iosc lero t ic  
or an t i -a therosc le ro t ic  effects. There  are m a n y  summar ized  papers  and  mono- 
graphs  in the  l i t e ra tu re  deal ing wi th  these di f ferent  p rob lems  (PIxcVs,  1959; 
MALI~OW, 1959; MAR~ORSTO~, 1960; DlSZFAVLUSY and  LAunI~ZE~, 1961; 
STAML~R, 1963). 

A careful  s t u d y  of pub l i shed  d a t a  re la t ing  to  the  effects of estrogens in r abb i t s  
reveals  t h a t  these  d a t a  are no t  a lways  in agreement .  There  are papers  repor t ing  
t h a t  an an t i -a r te r iosc le ro t ic  effect on coronary  and  aort ic  lesions was no t  seen 
(STAML~I~, PICK and  KATz, 1956), while o ther  repor t s  ind ica te  t h a t  a favorab le  
es t rogen effect had  been observed  in  the  coronary  as well as the  aor t ic  lesions 
(CHAI~KRAVATI and  MUKERE5I, 1956). There  are repor t s  ind ica t ing  t h a t  choles- 
terol  fed r abb i t s  t r e a t ed  wi th  es t rogen have  shown less sudanophi l ic  ma te r i a l  
in the  aor t ic  wall  t h a n  the  controls  (CO~STAIqTINIDES and  GVTMA~-AIIERSBE~G, 
1960). F a v o r a b l e  a the ro -p reven t ive  effects af ter  es t rogen t r e a t m e n t s  have  been 
observed in the  aor tas  of non -cas t r a t ed  female rabbi t s ,  and  unfavorab le  effects 
in ca s t r a t ed  females and  in t ac t  males (BRUGER, WRIGHT and  V~ILAND, 1943). 
Fu r the r ,  the re  is our  own repor t  which showed t h a t  es t rogen increased the  g round  
subs tance  and  cel lular  ac t iv i ty ,  and  p roduced  stronger,  denser  collagenous 
fibers (GosTIMII~OVlCH, 1962). t~ats, too, have  shown favorab le  an t i -a r te r io-  
sclerotic effects on the  ao r t a  (MALIXOW and  PELI,~GRI~O, 1958) and  on coronary  
ar ter ies  (M. MosKowITz, A. MosKoWITZ, BR~])rO~D, WlSSLE~, 1958) af ter  
es t rogen t r ea tmen t s .  

The purpose  of th is  pub l i ca t ion  is to  presen t  de ta i led  d a t a  and  micrographs  
of our own inves t iga t ion .  Before doing so, however,  one in te res t ing  observa t ion  
should  be men t ioned  - -  all sesame oil controls  have  shown an increase of the  
g round  substance .  This observa t ion  led us to  s t u d y  different  fa t  effects wi th  
different  iodine numbers  and  the i r  effects on ar ter iosclerosis  of the  aor t ic  wall  
and  smal ler  vessels in rabbi t s .  The resul ts  of these  s tudies  will follow. 

Material and Methods 
Eighty-three young immature rabbits, both sexes (0.75--1.2 kg) fed with normal commer- 

cial pellets and ordinary drinking water were selected. Of these, 32 were treated wi~h Estradiol 
(Progynon-Schering) and 51 were controls. The Estradiol was given subcutaneously in a 
watery solution to 15 of the animals, 1--3 rag, for 9 days for a total of 10 rag, and Estradiol 
Benzoate was given subcutaneously in a sesame oil solution to 17 animals, 0.2 mg, 4 times 
in 8 days for a total of 0.8 nag. Of the 51 controls, 20 were not treated, 15 were treated with 
sterile water, and 16 with sesame oil, all in the same amount and frequency as the Estradiol 
animals. The effects of Estradiol on the aortas in the region of the arches, and on the genital 
organs were studied. Immaturity of the animals was proven in each case by histological 
examination of the gonads. The material for histological examination was fixed in Bouin 
solution. For fat conten% unfixed or briefly fixed material was selected. Metachromasia was 
studied with Toluidine Blue or Colloid-Iron stain. Acid and neutral mucopolysaccharides 
was studied with Alcian Blue, with and without PAS stain (AF1P Manual, 1960). The 
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elastica fibers were studied with V~R~OEFr'S, the reticular fibers with WLLDER'S stain. For 
differentiation of cells of the vessel wall, Weigert Iron Hematoxylin, P.T.A.H. and Mallory 
stain were chosen�9 The connective tissue was studied in Mallory and Van Gieson stain. The 
judgmen~ of spontaneous arteriosclerosis was based on the occurrence of metaplastic endo- 
thelium or proliferation of intima, and on changes in media. The splitting of elastica fibers, 
larger areas of hyalinization, necrotic areas, with or without  calcification, the occurrence of 
larger areas of fibrosis and the occurrence of metaplasia (Cartilage or bone formation) are 
all changes in the media. The judgment in every case was microscopically. Only a light micro- 
scope was used. 
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Results 

Individual variations in different experimental animals is known. In our 
study, too, variations in the aortic wall of our control animals were seen with 
respect to distribution of ground substance, cellular activity,  development of the 
collagenous and elastiea fibers, and the susceptibility to estrogens. After estrogen 
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t reatment,  consistent changes in varying degrees were seen in our immature 
animals as follows: 

1. Estradiol affects the ground substance. 

Morphologically, the substance is fine or coarse granular threaded. The 
control animals showed, predominantly,  coarse granular features. Chemically, 
the ground substance is predominantly composed of acid and, to a lesser degree, 
neutral mueopolysaccharides. 

Estradiol increased the total ground substance. Morphologically, the estrogen 
animals presented a predominantly fine granular threaded appearance. 

2. Estradiol affects the cellular elements of the entire aortic wall. 

The majori ty  of the nuclei in the aortic wall are smooth muscle nuclei. The 
muscle nuclei show features characteristic of the active and inactive phases. 
The active nuclei are round, ovoid, with prominent chromatin patterns and the 
inactive nuclei are spindle shaped with a more homogeneous dark stained chroma- 
tin (ItENNE~]3E~G, 1901). Intermediate  nuclei between these two forms are also 
present. Different phases of mitosis represent cellular activity. A prominent 
swelling of one part  or end of the nucleus may  represent an amitotic cell division 
in the absence of other signs of cell division (BE~I~G~O~F, 1922). An inden- 
tat ion of a spindle shaped nucleus with prominent chromatin, with or without 
a small vacuole-like formation, represents metabolic activity plus cellular activity 
(F~A~cIJ~Lo~, 1926--1927). Other cells of the aortic wall of mesenchymal origin 
are fibroblasts, macrophages, mesenchymal cells, and "transit ional  cells" (BEcc- 
~r 1930), all of which are more prominently seen in estrogen treated 
animals. 

All cellular elements of the aortic wall of estrogen animals appear numeri- 
cally increased, and show, morphologically, more prominent chromatin patterns 
and features of activity with more frequent mitotic features than  the controls. 

3. Estradiol affects the collagenous fibers. 

The collagenous fibers of the entire aortic wall of estrogen animals are coarser 
and denser than in the controls. This was clearly demonstrated with special 
stains. 

The aortas of the estrogen animals have shown less spontaneous arterio- 
sclerosis than the controls. The spontaneous arteriosclerosis in controls was 
42.06 =L 6.98%, and in estrogen animals 6.25 J 4.28%. The difference is highly 
significant. Estradiol has produced, in a high percentage of our immature rabbits, 
a reversal effect on spontaneous aortic arteriosclerosis. 

Morphological findings in the aortic wall of our immature rabbits subjected 
to the above t rea tment  are essentially the same, but  to a far less degree, as those 
seen in the genital or target  organs of estrogen. 

Estrogen affects the extra-genital tissue in different animal species (B~r~ows,  
1949). I t  is known tha t  estrogen causes an increase of the matrix of connective 
tissue (KocIL 1950--1951), an increase of different cells with mitotic cell division 
in the entire body except for the brain and striated muscle (BcLLO~rGg, 1946), 
and dense collagenous fibers of most of the connective tissue of the body (BUR- 
~ows, 1949). 
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The  stress  of t h e  b lood  f low r egu la t e s  t h e  m o r p h o l o g y  of t h e  vesse l  wall .  The  

es t rogens  a l t e r ed  t h e  p l a s t i c i t y  of t h e  vesse l  wall ,  caus ing  a s t r onge r  g r o u n d  

subs tance ,  s t r o n g e r  f ibers  of t h e  c o n n e c t i v e  t issue,  a n d  an  increase  of m e s e n e h y m a l  

cell p ro l i f e ra t ion .  These  changes  are  syne rg ic  to  n o r m a l  repai r .  
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