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ype of coronary deficiency 5.3 ehol- 
which is induced in dogs. In a 

The most recant 1 
esterol atherosclerosis. 
series of works (6, 12/13, 15) the impairment preeminently 
of coronary and cerebral vessels in dogs was established; 
that is, there was the same localisation characteristic of 
the hunan illness. Also, because of the degree of develop- 
ment cf their central nervous system and their metabolic 
processes, dogs are c3.o3er to humans than are rabbits, in 
which a more generalised type of atherosclerosis has been 
induced. 

Not enough is known about the functional changes of 
both the heart and the coronary vessels in experimentally 
induced atherosclerosis« 

The aim of the present werk was the induction of 
atherosclerosis in dogs in order to observe the dynamics of 
the development of functional disorders of the heart and of 
the coronary vessels, and the comparison of these changes 
with certain indicators of lipoid metabolism. 

The method of inducing atherosclerosis in dogs has 
not yet been perfected» It has been established that the 
suppression of thyroid function is necessary to the devel- 
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jopaseut of atherosclerosis in dogs« However, the dosage end 
{the aethod of adsinistaring cholesterol as well as other 
(depressants varies according to the different authors. 
! The experiments were conducted with twelve adult 
idoge of different ages and sexes^ with a weight variation 
'of from eight to twenty-two kilograms. Four of them had 
jhigh arterial blood pressure.j Of these, three had an ex- 
iperimentally Induced hypertcnic renal condition which had < 
existed from the age of one a^iith to three years, and one 
dog had a spontaneously heightened pressure* All of these 
experimental dogs ware receiving a daily dose of from 0.75 
1,25 grams/kilogram of cholesterol, and 0.75 - 1»5 g» of 
methylthiourea. The two controls received only 1*0 - 1„5 
jgm of ©ethylthiourea. As a control, changes in the body 
:weight were observed, Xa some of ehe animals the state of 
thyroid function also, was watched by lasans of radicindica- 
j.tion.. In all the dog3 the cholesterol level in the blood 
jwas' determined by the Grigg method. Before experimentation 
jwas commenced, this was effected not less than twice. Sub< 
jsequently it was effected every 15 to 25 days. In some of 
the dogs, the phospholipld (lecithin) level in the bisod 
[was studied by aaaans of «be quinine hydrosnlpaate method, 

. and the ratio of phcspholipids to cholesterol was calculat- 
ietl. .'' . 
j   ""• An electrocardiogram {2CG?} was taken with three 
!standard and one pectoral lead while the dogs were quiet. ,. 
jgCG changes were then studied following physical exertion 
!(a ten sinute run on a treadmill), usidor condition« of a 
'low oxygen tension test {the inhalation of a mixture .con- 
taining 7$ to %$ oxygen), «nd after the intraveinous admin 
i'istration of &dren&lis (20 - $Q)» 
j    ' The exposed carotid crtory was usad to measure ayste1- 
jmatically the artarial blood pressure« Changes in the pre«j- 
!sure were notod as'hypotension-producing su&etances were 
; introduced — hexone, peatamine, nitrates, papaverine, 
chlorocystine — in doses of one to two ag/kg. 

Variations in sha :oronary circulation under the ..„ 
Influence of the above»mentioned pharmaceuticals were also 
Sinvestigated in a ehroniö experiment using both healthy 
;dogs- and dogs with atherosclerosis. For this a tbermo« 
'elcctrode was imposed trader sserile conditions upon the^ 
left coronary artery (using tfoyenee's modification)* When 

I the experiment was terminated after six to fifteen months, 
I the animals were killed, and both a macro- and microscopic 
ipathomorphological study was made of the organs« 

During the first months of feeding the animals chol- 
esterol with methylthiouraa, little change was noted in th« 
general health except for a gradual increase in body weight 
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and a corresponding lowering of thyroid function. After the 
sixth to seventh months cf experiment, the general health 
of the dogs deteriorated» In some dogs there was a sharp 
increase in fat. The animaia became less active and ex- 
perienced shortness cf breath and rapid, firing from phy- 
sical exertion, especially the hypartonic dogs. 

•The cholesterol blood level varied from 62 rag# to 
128 mg# in the control period, with an average of 109 mg#. 
In the course of the experiment the cholesterol blood 
level gradually increased at different rates in the various 
dogs. In dogs with normal arterial blood pressure the 
increase of cholesterol blood level was more gradual and 
not as great (fig I). The dog named Kutsego (fig 1) is an 

sxample. After ten 
months the choies- 
terol level in his 
blood increased from 
.10$ mg# to 390 mg£. 
Only toward the leslj 
after ten to fifteen 
months, diet the 
blood cholsstarol 
level in some dogs 
rise to 1,000 sigj*. 
In the dogs with 
hypertension, the 
rise of the blood 
cholesterol level 
was more rapid and 
reached higher fig- 
ures more quickly. 
the increase in the 
blood cholesterol 
level was for the 
most part uneven, 
with large fluctua- 
tions being regis- 
tered (fig 1). 

During the 
course of the ex- 
periment the phos- 
pholipid level in 
the blood also in- 
creased. However, 

of cholesterol. The phos- 
with an average of i*0$ mg#. 

in most ani- 
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Fig 1. Cholesterol level in blood of 
dogs. 

1- dog with hypertension; 2,3- dotted 
liner dogs with normal arterial pres- 
sure; x« introduction of methylthiou- 
rea begins q- methylthiourea treatment 
ends. A- mg$; B- commencement of chol- 
esterol feeding; 
D- months. 

C~ beginning figures; 

its increase was less than that 
pholipid level reached H22 mg$ 

fluctuation of phospholipiti concentration The 
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kals paralleled the fluctuation of cholesterol concentra- 
tion. .The ratio of phospholipids to cholesterol decreased«; 
During the control period, the coefficient equalled 3«5 - 
5.0; at the end of the experiment it dropped to 0#9 - 1.5* 

Systematic electrocardiogram studies were made during 
two to two and a half months in the control period and 
throughout the duration of the experiment.- The normal elec- 

. trocardiogram of a dog sometimes changes from day to day. 
This variation diminishes as the animal becomes accustomed ' 
to experimental conditions. The second limiting factor of 

■some dogs'electrocardiograms is that the negative T wave 
In any one of the leads can change its direction daily dur- 
ing the experimental period. Before starting the experi- 
ment, commencing with the third to the fifth months, wa 
observed the voltage decrease of the electrocardiogram 
waves, especially of yhe QRS comples- In the initial phase 
we watched it in specific leads and later in all the leads. 
From the fourth to the fifth month of the experiment the 
T wave was negative in certain leads, but in the later 
stages (after the tenth month) in some of the dogs the T 
wave remained steadily negative in all leads. The S - T 
interval changed position in an isometric ratio (fig 2A). 

In the tenth month of the experiment, the hyper- 
tonic, dog, Malysh, suddenly developed a sharp arhythmia«. 
There" Here centricular extrasystoie, av partical auriculd- 
ventricular block, and a paroxysmal taxicardia which appar«*, 
ently wa3 related to -she acute nutritive damage of the cor-> 
onary circulation ( fig 23). There was a simultaneous 
degeneration in the general well-being,, and the arterial 
pressure fall to normal and even to hypotonic figures ('90 - 
110/70 mm}. The arhythmia disappeared after three days. 
The general health gradually improved, and a higher blood 
pressure was re-established. 

The earliest" changes in cardiac activity became 
apparent under the load of physical activity» During the ; 
control oeriod the cardiac rhythm increased in the first 
one to two minutes of physical exertion, -After fifteen to,! 

twenty minutes it slowed down or returned to the original 
rhythm (fig 3). With this an increase in the amplitude of ; 
waves P and T was noted. During the experiment the increase 
in cardiac rhythm was more pronounced and more prolonged. 
The subsequent abatement was frequently absent (see fig 3)«; 
The amplitude of the T wave decreased. j 

The electrocardiogram changes observed during the  ! 
control period with the low oxygen tension test — th«   I 
.increase in cardiac rhythm, the decreased amplitude of the j 
T wave or its change to the negative — all these indices j 
were less oronounced in the experimental period. '      j 

* 
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Fig» 2, ßlectrccarci-^rae: changes at- different 
■[.■has«;? of the experiment. 

A» - dog najned Üharik:  B. - dog named ^alvsh 
1 - initial;  2 - after five months; 3 - after 
seven woutiiaj 4 - after ten months 

The injection of adrenalin into atherosclerotic dogs 
often produced varying arhythraiiia — ventricular «ctrasys- 
toles, a partial aurieuloventricular block, and absence of 
•one bradycariial phase. Tno reaction of the coronary sys- 
tem to adrenalin also varied. During the first to r,he 
second months the pressure reaction increased. Later it 
diminished, was absent, or became depressed. 

In some of the dogs a gradual increase in the card- 
iac rhythm was observed» especially seven to ten months 
after the beginning of the experiment. Dogs who received 
only methylthiourea experienced a »lowing down of the 
heart beat. 
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During the experimen- 
tal period the fluc- 
tuation in the dogs' 
arterial pressure was 
greater than in the 
control phase. It 
sometimes went down to 
10 - 15 am»* or, con- 
versely, was somewhat 
raised. In dogs with 
long-standing hyper- 
tension, after nine to 
ten months of experi- 
ment, the deterioration 
of the general health 
and the cardiac weak- 
ness was accompanied 
by lowered arterial 
pressure» Atheroscler- 
otic dogs had a char- 
acteristically longer 
period of depressed 
reactions when sub- 
jected to hypotonic 
substances — hexons, 
pentamine, nitrates — 
without any increase 
or even a lowering in 

the rate of decrease of arterial pressure« Also noted was 
a smaller increment in the quickening of the hearti-beat 
under the influence of hexone and pentamine. 

The excellent vessel-enlarging properties of penta- 
mine and chlorocy3tine were brought x-o light during th'- 
study of the speed of coronary circulation. In ather£<>» 
«lerottc dogs the coronary vessels enlarged more gradually 
under the influence of hypotonic substances. The enlarge- 
ment was greater and more prolonged than in healthy dogs« 
This was especially evident in dogs with acute atheroscler- 
otic degeneration of vessels. 

A macroscopic study of the animals' organs showed 
that the coronary vessels are the first to be affected and 
are affected more strongly than the aorta or the blood ves- 
sels of other organs« Atherosclerotic plaques were dis- 
covered in the brain vessels, especially at the base. 

In hypertonic dogs the atherosclerotic changes wer« 
more marked than in doga with normal blood pressure. The 
coronary vessels in some parts were hard, yellowish-white 
tubes which did not collapse after an incision (fig. 4)« 

Fig. 3 Changes in cardiac rhythm 
after physical load. 

1 - normal; 2 - atherosclerosis; 
3 - decrease increase in heart- 
beat (in rain.); 4 - after 1-2 min. 
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Fig 4. Atherosclerotic impairments in tho coronary vessels 
of the dog Malysh (hypertonic) after eleven months of ex- 
periment-,    A-front view;  B-side viav;, Under the left 
auricle are seer the wires of the ingrovni thortnoelectrode. 
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Fig 4. cont'd,,/' In dogs with normal 
pressure, only separ- 
ate atherosclerotic 
plaques were found on 
the wells of the cor- 
onary vessels. This 
gave the vessels the 
appearance of a chap- 
let. The blood vessels 
of the thyroid gland 
were affected in most 
dogs, with an enlarge- 
ment of the thyroid 
itself» 

Microscopic stu- 
dies sometimes showed 
such a marked thicken- 
ing of the internal 
coat that the vessel 
opening could scarcely 
be distinguished. The 
atherosclerotic plaques 
contained a large meas- 
ure of double-rupturing 
lipids and cellular 
material. In areas of 
greatest lipid accre- 
tion a degeneration of 
atharoaatose masses was 
observed. In some cases 
this process continued 

into the middle coat of tbs vessels. Fibrosis was discov- 
ered in most of the anisals,. There were also areas of 
degeneration of rarying sizes in the myocardium, and in 
some areas destruction of muscle fibers as well as calcium 
deposits were found. 

Our experiments reaffirm that the pattern of athero- 
sclerosis in dogs is char.1ct3ri.zed chiefly by impaired cor- 
onary and cerebral arteries. The earliest symptoms of 
change in heart function bocoi&e apparent under ohysical 
stress (during th* second month of the experiment;. During 
the third and fourth months electocardiogram abnormalities 
develop. The QRS complex voltage falls off, at first in 
some and then in all the leads. The S - T interval is dis- 
placed, and the T wave becomes constantly negative. Trans- 
itory changes are possiola against this background of pro- 
gressive increase in electrocardiogram abnormalities. This 
gives reason to suppose that foci of impairment develop 

C - rear view 

's? 8 
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and that the3e are related to the prolonged vessel contrac- 
tion or even to myocardial infarction« As a consequence 
of stenoaing atherosclerosis of the coronary vessels, the 
dogs develop cardioscleroais. The electrocardiogram chan- 
ges are characteristic of chronic coronary deficiency. The 
degree of electrocardiogram deviations in the dogs at the 
end of the experiment corresponded to the degree of mor- 
phological degeneration of the coronary system« 

There are indications in the literature on the sub- 
ject that agree with our observations regarding the T wave 
and the S - T interval in experimental atherosclerosis in 
dogs (Ö, 10, 11). However, these studies were not accom- 
panied by observations of the dynamics of electrocardio- 
gram changes« Indications on the important, from our point 
of view, electrocardiogram deviation are absent. This 
deviation, a decrease, in E wave voltage, can testify to 
the damage done to heart muscle depolarisation associated 
with metabolic changes in the myocardium. In experimental 
cardioscleroais in rabbits there is also a marked decrease 
in the CRS voltage (7). 

During the development of atherosclerosis in dogs, 
there is a break-do^n in the nerve regulation of the coro- 
nary circulation in the early phases of the disease. Thus, 
as a reaction to physical stress^, there is a stronger than 
normal and more prolonged initial quickening of the card- 
iac rhythm. Ganglion-blocking substances produce a less 
marked tachycardia. There ia no bradycardial phase when 
adrenalin is introduced. Hypotonie substances.produce a 
longer period of depression in cardiac rhythm and an en- 
largsment of coronary vessels. These functional changes 
agree with the known facts of morphological changes in 
extra-cardial vagal ganglia, and in the central nervous 
system in coronary atherosclerosis (9)« 

A direct relationship was not established between 
the Indices of the functional condition of the cardio- 
vascular system and the indices of lipoid metabolism. By 
the indices of the latter we mean cholesterol, .phospho- 
lipid level in the blood, and the ^gg||§2|{^|3>. coeffici- 
ent«' Whila hypercholesterolemia and hyperlecithinemia 
fluctuated 3barply, there was, at the same time, little 
significant change in the arterial blood pressure. We 
regard the periods of increased lipoid level in the blood 
as a decompensation of the mechanisms regulating lipoid 
metabolism. This undulation can in some measure be com- 
pared to N.tt. Anichknv's (1.2) description of the cyclical 
nature of the atherosclerotic developmental process. 

In our experiments hypertension emerges as a factor 
which furthers the development of atherosclerosis. This 
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was observed earlier in rabbits (4> 5i 14)« However, it 
must be. emphasized that this fact can hardly be related to 
the hembdynamic, mechanical influence of hypertension» 
The earlier and more acuts development of hypercholeserol- 

fj       emia in hypertonic dogs than in normal ones allows the 
supposition that hypertension destroys the regulation of 
lipoid metabolism. 

_ The study of atherosclerosis in dogs takes on a 
greater significance because of the resemblance of its 
cardiovascular changes to those in humans. The fact that 
in order to produce atherosclerosis in dogs we must not 
only introduce excess amounts of cholesterol, but thyroid 
malfunction must also be present, brings this atheroscler- 
otic pattern closer in a pathological sense to the human 
ailment. Thi3 is trua in so far as clinical data (3 et al) 
point to the significance of thyroid malfunction in the 
development of atherosclerosis. 

The atherosclerotic pattern in dogs open3 greater 
possibilities for the study of this ailment's character» 

||        istlc progress and inis related phenomena: changes in the 
coronary vessels, myocardium, and in cardiac conductivity. 
It would also be useful in experimental therapy studies. 

CONCLUSIONS 

1. The atherosclerotic pattern in dogs is charac- 
terized first by impairment of the coronary and cerebral 
arteries. 

2. During the electrocardiogram experiments there 
is, from the third to the fifth month, a falling off of 
the waves1 voltage (especially the R wave). The T wave 
becomes negative in all loads, and the S  - T interval 
is displaced in relation to the base line. These electro- 
cardiogram changes correspond in degree to the morpholo- 
gical affection of the cardiovascular system. 

3* The impairment of nervous control of the vascu- 
lar system is evidenced in that after physical stress, a 
more prolonged and powerful initial cardiac rhythm is 
present as compared with the normal rhythm at the begin- 
ning of the experiment, there is a decrease in taxicardia 
produced by ganglion-blocking substances, there is produced 
an absence of taxicardia with the injection of adrenalin, 
and there are depressive reactions and the reactions of the 
coronary vessels prolonged by hypotonic substances. 

4. The development of .hyper-cholesterolemia and hyp- 
er lecithinemia during the experiment is uneven, with the 
presence of fluctuations. 

10* 
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5. Direct correlation is lacking between the indices 
of the functional condition of the cardiovascular system 
and the indices of lecithin metabolism« 
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