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In the current l i terature constantly increasing at tention is being devoted to studies of enzymat ic  systems in the 
arteries. Investigations on atheroselerotic  vessels have been carried out re la t ive  to the behavior of various component 
enzymes of the glycolyt ic ,  c i t r ic  acid and pentose cycles and also on proteolyt ic  enzymes and certain other systems 
[5, 10, 14]. Somewhat less a t tent ion has been given to studies of esterase act ivi ty .  

We have not found any studies reported in the l i terature dealing with changes occurring in the atherosclerotic 
vascular walls with respect to such enzymes as specific cholinesterase, aHesterase,and others. We have encountered 
only a single account of the behavior of nonspecific cholinesterase in the rabbit  aorta in atherosclerosis, in which a 
decrease in enzyme ac t iv i ty  was reported after 60 days of feeding the animals cholesterol at  the rate of i g per day 
[7]. A series of authors have deal t  with the phosphomonoesterase ac t iv i ty  in the ar ter ia l  wal l  but general  agreement  

is lacking among thern [12, 6-8, 9, 15]. Lojda [10] demonstrated great var iabi l i ty  in the h is tochemica l ly  observed 
phosphomonoesterase act ivi ty  in human arteries. He found increased act ivi ty  of phosphomonoesterase II in ear ly 
plaques in the human aorta and very low act iv i ty  in fibrous plaques. 

Because of the major role which esterases play in l ipid metabol ism,  the present work was designed to study a 
series of esterases in the blood and in the aorta walls simultaneously during the development  of exper imenta l  a thero-  
sclerosis. 

M E T H O D S  

The experiments were carried out on chinchi l la  rabbits weighing 1800-3000 g. Experimental  atherosclerosis 

was induced in the animals by giving them cholesterol  at the rate of 0.2 g per kg body weight in addi t ion to their 
regular ration. The rabbits were divided into 5 groups depending on the length of t ime  they were carried in the exper i -  
ment.  Four groups of rabbits rece ived  the cholesterol  in the form of a 10% solution in sunflower seed oi l  and differed 
only in period of observation: the first group (10 rabbits) was examined at 15 days after the start of cholesterol  f eed -  
ing, the second group (10 rabbits) at  30 days. the third group (7 rabbits) at  45 days, the fourth group (11 rabbits) at 
90 days. The rabbits of the fifth group (12 animals) received cholesterol  for 90-100 days in the same dosage (with-  
out sunflower seed oil) as an addi t ive  to their regular  ration.* 

One each of the controls ( to ta l  of 21 rabbits) and the exper imenta l  animals  were chosen from the same litter. 
The l ipid changes in the blood serum were followed in the exper imenta l  and control  rabbits every 2 weeks by de-  
terminat ion of cholesterol  and phospholipids [1]. 

At the end of the exper iment  the animals were decapi ta ted,  the aorta removed, and the extent  of atherosclerotic  
changes assessed visually after staining with Sudan dye. A 2% water homogenate was prepared from an i n t i m a - m e d i a  

* Rabbits of the latter group were obtained from the Biochemical Laboratory, All-Union Chemical-Pharmaceutical 

Research Institute, and for this the authors are indebted to L..I. Grebennik, Director of the Laboratory. 
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Changes in enzyme activity in the aorta wall tissue from experimental rabbits. 
The ordinate shows enzyme activity (in gM of substrates split by 1 g of moist 
tissue per minute); the abscissa shows the days of experiments; Kis control, 

portion of the aorta.* In this, as well  as in the blood, determinations were made of the 
following enzyme activities: acetylcholine esterase (ACE), butyrylcholine esterase(BCE), 
aliesterase, phosphomonoesterases I and II (PME-I and PME-II). The enzyme activity and 
protein content was determined by the micro method devised in our laboratory [2]. En- 
zyme activity was expressed as the micromolar quantity of substrate split by 1 g of moist 
tissue or 1 ml  of blood per minute. The results were treated statistically. 

R E S U L T S  

The total cholesterol of the blood in the experimental animals increased greatly 
with time,and by the end of the 90-day period it reached 17-38 times the normal (see 
table). The lecithin level  also rose sharply but to a lesser extent. As a consequence the 
lecithin/cholesterol ratio in the experimental rabbits decreased in comparison with the 
controls. There were no statistically significant changes in the blood levels of the in- 
vestigated enzymes daring the development of atherosclerosis. However, during thissame 
period there was ample evidence of change in most of these enzymes in the aorta tissue. 

It is of the greatest interest that definite changes in the activity of specific enzymes 
can be demonstrated to occur in the aorta wall during the development of experimental 
atherosclerosis (see figure). At first, excessive loading of the rabbits with fat and chol- 
esterol resulted in an increased activity of the various esterases. A small increase oc-  
curred in ACE activity (26~ and a large increase was found in PME-I and PME-II acti-  
vities (respectively 100 and 107%). By the 90th and 100th days of the experiment the ac-  
tivity of all the enzymes had fallen sharply (compared with the controls): ACE to 70%, 
BCE to 62%, aliesterase to 61.5%, and PME-I and PME-tI to 77 and 40% respectively of 
the control levels. 

* After isolating the intima-media portion of the aorta, this was divided into samples 
weighing 50-70 mg and these were thoroughly ground in the deep-freeze ( -70  9. Then 
the tissue samples were further disintegrated by means of a glass homogenizer at 0 ~ for 
3 rain. 
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There was no correlat ion between the changes in enzyme act iv i ty  in the aorta wal l  with those in the blood. 
The observed drop in esterase ac t iv i ty  of the aorta wal l  coincided with the appearance of atheromatous plaques in 
the aorta int ima,  i .e. ,  with the deve lopment  of exper imenta l  atherosclerosis.  

In intrepreting the changes in enzyme act iv i ty  it  should be borne in mind that al iesterase and perhaps chol in-  
esterase play a role in l ipid metabol ism [3] and also that e levat ion  in phosphomonoesterase act ivi ty  in the vascular 
wails has often been observed in conjunction with the development  of young connective tissue [4]. It was of interest 
to us also that M. K. Malinow and M. A. Fernandez [11] have observed a para l le l i sm between the intensity of PME- 
I ac t iv i ty  in the vascular wails in various an imal  species and their resistance to factors which promote exper imenta l  

atherosclerosis. The increased enzyme act ivi ty  we have noted appears to us to be a seK-in i t ia ted  protect ive adap ta -  
tion response on the part of the organism. The organism struggles to dea l  with excessive l ipid loading and the e l e -  

vated esterase act ivi t ies  in the vascular wall, al iesterase in part icular ,  f ac i l i t a te  the c leavage of lipids. However, 

later on, this temporary e levat ion  in enzyme act ivi ty  is replaced by a depression. Consequently, the first plase of 
the organism's react ion to conditions of the exper iment  is the stage of adaptat ion to loading with lipids; later  a 
stage appears which is character ized by exhaustion of the adapt ive mechanisms, and this tends to promote the deve lop-  
ment  of the pa thologica l  process. 

Thus, i t  was found that the ac t iv i ty  of specific and nonspecific cholinesterase, aliesterase,  PME-I and PME-II 
in the rabbit  aorta, during the deve lopment  of exper imenta l  atherosclerosis, are eIevated in the early stages (30 and 
45 days) and are depressed by the end of a 3-month period. There is no correlat ion between changes in enzyme a c -  
t ivi ty in the aorta and changes in the blood. 
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