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In chronic  exper imen t s  (lasting up to 2 yea r s )  on dogs rece iv ing  an atherogenic  diet the m o -  
t o r  act ivi ty of the digest ive  t rac t ,  the cho les te ro l  andphospholipid levels  in the blood and in- 
tes t inal  secre t ion ,  and the morphology of the smal l  intest ine and va scu l a r  s y s t e m  were  inves-  
t igated. In the ea r ly  s tages  of the exper imen t s  (before 4 months) elevat ion of the blood cho les -  
t e ro l  level was accompanied  by an inc rease  in the per iods  of act ivi ty  of the digest ive  t ract ,  
an inc rease  in the cho les te ro l  s ec re t i on  by the smal l  intestine,  and hyper t rophy of its mucosa .  
In the late  s tages  of the exper iments ,  degenera t ive  and atrophic changes developed in the mu-  
cosa  of the smal l  intestine, m o t o r  act ivi ty  of the d iges t ive  t r ac t  was dis turbed,  and co r re l a t ion  
between the cho les te ro l  levels  in the blood and intest inal  juice was upset.  This  per iod was c h a r -  
ac te r i zed  by high h y p e r c h o l e s t e r e m i a  and by marked  a the rosc l e ro t i c  changes in the blood ves se l s .  
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One of the main ways of studying the pathogenesis  of a t h e r o s c l e r o s i s  is by investigating d is turbances  
of lipid me tabo l i sm  and seeking methods of the i r  co r r ec t i on  [6, 9, 11, 12, 20]. The par t ic ipat ion  of the di -  
ges t ive  s y s t e m  in the regulat ion of lipid me tabo l i sm  has been es tabl ished in a number  of investigations [10, 
15, 17-19, 23]. Evidence has also been obtained of a d is turbance  of the functions of the digest ive  t r a c t  in 
c a r d i o v a s c u l a r  pathology [3, 5, 21]. 

The object of this invest igat ion was to study the role  of the digest ive  s y s t e m  in adaptation to d i s tu r -  
bances  of lipid me tabo l i sm in exper imen ta l  h y p e r c h o l e s t e r e m i a  and a t h e r o s c l e r o s i s .  

E X P E R I M E N T A L  M E T H O D  

Male dogs aged 2-5 y e a r s  we re  used and rece ived  different  a therogenic  diets [8]. The 14 dogs of 
group 1 rece ived  choles te ro l ,  6 -methyl th iourac i l ,  and v i tamin  D2; the four  dogs of group 2 rece ived  egg 
yolks and v i tamin  D2; the control  group cons is ted  of four  intact dogs and four  dogs rece iv ing  6-methyl th io-  

urac i l  only. 

The cho les te ro l  level  in the blood and intest inal  juice of the animals  was de te rmined  by the method 
of t~ngel 'gardt and Smirnova  and phospholipids by the method of F iske  and Subbarow in K. S. Zamychkina ' s  
modification.  Per iodic  cont rac t ions  of the s tomach  and duodenum were  recorded  in dogs with a Basow ' s  
gas t r i c  f is tula with the aid of two rubbe r  balloons.  The dynamics  of the a r t e r i a l  blood p r e s s u r e  (BP) was 
studied manomet r i ca l ly .  The s t r u c t u r e  of the mucosa  of the duodenum and also of the proximal ,  middle,  
and distal  port ions of the smal l  intest ine (SI) was invest igated at var ious  t imes  (1, 2, 4, 6, 8, 12, 16, and 
24 months) in p repa ra t ions  s tained as follows: with Sudan black,  by the methods of Goldman, Van Gieson, 
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Fig. I. Dog Druzhok. Increase in 
periods of contraction of duodenum 

and stomach after transfer to athero- 
genie diet (arrow). Abscissa, days 

and months of experiments; ordinate, 

duration (in rain) of periods of rest 

(unshaded columns) and contraction 
(shaded columns). Top row repre- 

sents stomach, bottom row duodenum~ 
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Fig~ 2. Dog Rex. Concentrat ions of cho les t e ro l  and phospholipids in 
blood s e r u m  and intestinal  s ec re t i on  a f t e r  t r a n s f e r  to a therogenic  
diet (arrow):  1) blood cho les te ro l  (mgq) ;  2) cho les te ro l  in intestinal  
juice (mg~) ;  3) phospholipids in intest inal  ju ice  (mg~);  4) blood 
leci thin (in m g ~ ) ;  5) volume of juice (in ml). Abscissa ,  days and 
months of exper iments ;  ordinate ,  concentra t ion  of subs tances  in 
blood and intestinal  juice (left) and volume of juice (right). 

and Weigert-Hart; for acid and neutral mueopolysaccharides (MPS) by Hotchkiss~s method, with toluidine 
blue at pH 1o7-4.0, and with Schiff's reagent in conjunction with alcian blue; for alkaline phosphatase activ- 
ity by Gomori's method. To obtain a quantitative assessment of the structural changes, drawings of the 
mucosa made with the RA-6 drawing apparatus (objective 3.5, ocular 4) were subjected to morphometry. 
[na few cases pieces of mueosa were fixed in osmium tetroxide and embedded in Araldite. Sections were 

stained with lead citrate and examined in the [EM-100V electron microscope. The various parameters 

studied were correlated with the stages of experimental atherosclerosis in the cardiovascular system of 
dogs [2, 4, 7, 16]. 

E X P E R I M E N T A L  RESULTS 

The highest blood cho les te ro l  level  was obse rved  in the an imals  of group 1 (600-1100 mg ~c, normal  
value 105-250 mg %); in the dogs of group 2 the h y p e r c h o l e s t e r e m i a  was less  marked  (240-400 mg %) and 
prolonged admin is t ra t ion  of 6 -methy l th iourae i l  with the diet (24 months) l ikewise gave only a sl ightly ra i sed  
blood cholesterol (up to 300 mg %). 

In the dogs of group 1 the total cycles of periodic contraction increased after 1-2 weeks in the duo- 

denum and after 1-1.5 months in the stomach also (Fig. i). The fasting periodic activity of the digestive 

tract was altered. Regular and peristaltic contractions were unchanged. The BP was raised (to 130-150 

mm Hg). In the dogs of group 2 further changes in motor activity did not appear until 7-8 months after 
transfer to the atherogenic diet. 

in most animals of group 1 the changes in the cholesterol level in the blood and intestinal juice were 

opposite in direction: An increase in the blood cholesterol level (515i72 mg ~c) was followed by increased 
cholesterol secretion with the intestinal juice (134~13 rng ~), compared with the normal 59~3 mg ~), and 
this was followed by a corresponding decrease in the hypereholesteremia (342• mg ~c). 

In the absence of such correlation, the increase in the blood cholesterol level (up to ii00 mg ~) and 

the decrease in the lecithin-cholesterol ratio (to 0.6), and also the atherosclerotic changes in the blood 
vessels, were more marked. The increase in the periods of activity in these animals occurred only in one 
organ of the digestive tract and at later stages of the experiment. 

In the early stages (1-4 months) of the experiment a varied degree of thickening of the mucosa of S[ 

was observed, in the duodenum, mainly the cryptal portion was enlarged, but elsewhere in SI the height of 

the villi and depth of the crypts were increased. Evidence of the presence of hypertropy of the mucosawas 
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Fig. 3. St ructural  changes in mucosa  of smal l  intestine of dogs with exper imenta l  
a t h e r o s c l e r o s i s :  a) duodenum: increased  alkaline phosphatase  act ivi ty (Gomori ,  
63 • b) p rox imal  pa r t  of jejunum, edema of s t r o m a  of mucosa  between c ryp ts  
(Sudan [II, 56 • c) duodenum: thickening of connect ive t[ss~ue bands between c ryp ts ,  
which a r e  shor tened and deformed  (Sudan iII, 90 • d) accumulat ion of g ranu la r  m a -  
t e r ia l  in s m o o t h - m u s c l e  cel ls  of c i r c u l a r  l aye r  of tunica muscu la r i s  ex terna  (Sudan 
black,  400 • e) ileum: s t r o m a  of mucosa  between c ryp ts  and on boundary with tu-  
nica p rop r i a  is infi l t rated by mac rophages  with lipid inclusions in the i r  cy top lasm 
(Goldman, 140 • f) i leum: vil l i  shor tened,  c ryp ts  infrequent and widened (Sudan 
black,  63 • g) p r i s m a t i c  ce l l s  (control): compact ly  a r r anged  mic rov i l l i  can b e s e e n  
on apical  su r face  of cel ls ;  in lower  par t  of f igure  t he r e  is a goblet cell  with typical  
s t r u c t u r e  (8000 • h) a r e a  of b r u s h  b o r d e r  under  high power  (control); mic rov i l l i  a re  
r egu la r  in shape and in a r r a n g e m e n t  (50,000 • i) apical  par t  of p r i s m a t i c  cell :  poly-  
morph i sm,  deformat ion,  and d e c r e a s e  in number  of mic rov t l l i  in exper imenta l  animals  
(50,000 • 

given by an i nc rea se  in its thickness  in the p rox imal  (2716.56• #, normal ly  1972o74• p) and distal  
(1848.0• t~, normal ly  1016.4• #; P < 0.05) port ions of SI. Inclusions of fat could be seen  in the 
en te rocy tes ,  the lymphat ic  cap i l l a r i e s  of the villi,  and the aggregat ions  of macrophages  in the tunica p r o -  
p r i a  (Fig. 3e). Alkaline phosphatase  act ivi ty was increased  in the b rush  b o r d e r  of the en te rocytes  of the 
duodenum and p rox ima l  port ion of the jejunum (Fig. 3a). An inc rease  in the number  and s ize  of goblet 
ce l l s  in the epi thel ium of the villi  and c ryp ts  was noticable throughout SI, and acid MPS predominated  in 
the i r  secre t ion .  The s t r o m a  of the mucosa  of SI was edematous  (Fig. 3b) and infi l t rated with lymphocytes  
and p l a s m a  cel ls .  

In the late s tages  of the exper iment  (8-24 months) s t ruc tu ra l  changes in the mucosa  of SI were  ob- 
se rved ,  with shor tening and deformat ion  of the vil l i  and c ryp t s  (Fig. 3c, f), f lat tening of the en te rocy tes ,  
and the appea rance  of degenera t ive  changes in the epi thel ium of the villi,  B r u n n e r ' s  glands, and the c ryp ts ;  
a lkal ine phosphatase  act ivi ty  fell .  At these  per iods  the th ickness  of the mucosa  in the foci of a t rophy (the 
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height of the villi, especially in the proximal part of the jejunum) was reduced (337.26 :~48.51 #, normally 
896.95 =~2.31 #; P < 0.05). A characteristic feature of this period was a decrease in the number of goblet 
cells in the epithelium of the villi and crypts of SI. Thickening of the bundles of connective-tissue fibers 

was observed in the stroma of the mucosa with replacement of the Brunner's glands and crypts and marked 

infiltration by lymphocytes and plasma cells. The arteries and veins of the submueosa were dilated and 

contained lipemic plasma, but their walls were intact. Distinctive changes included the accumulation of 
Schiff-positive granules, staining with Sudan black, in the smooth-muscle cells of the inner layer of the tu- 
nica muscularis externa (Fig. 3d). Electron-microscopic examination of the brush border of the entero- 
cytes in the animals of group 1 revealed considerable polymorphism and deformation of the microvilli and 
a marked decrease in their number (Fig. 3i). This period was characterized by marked atherosclerotic 

changes in the various visceral and main arteries. 

The presence of degenerative and atrophic changes in the mucosa of SI in the late stages of the ex- 
periment must have affected contact digestion [14], for processes of hydrolysis and absorption depend on 
the structure of the mucosa [13, 22]~ Atrophy of the villi evidently corresponds to the inhibition of absorp- 
tion of lipids observable in patients with atherosclerosis [i, 20]. 

Structural and functional changes in the digestive tract in the early stages of the experiment were 
evidently adaptive responses aimed at maintaining lipid homeostatis. In this period there were in fact no 
considerable changes in the blood biochemical indices or atherosclerotic changes in the vessels. 

Prolonged alimentary cholesterol loading led to the development of degenerative and atrophic changes 
in the mucosa of SI. The changes in motor activity and cholesterol excretion in SI point to a disturbance of 
the mechanisms regulating these functions. The results of these changes were a high and persistent hyper- 
cholesteremia, a sharp decrease in the lecithin-cholesterol ratio, and marked atherosclerotic changes in 
the vascular system. 

In the case of prolonged exposure of the body to a known risk factor - alimentary cholesterol load- 
ing - an important role in the mechanisms of compensation of the disturbances of lipid metabolism is thus 
playedby the morphological and functional state of the digestive system. 
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