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DINAMICS OF 7THi CARDIOVASCULAR DISa

TURBANCES DEVELOPMENT AND THE CHANGE
OF THE BLOUDL LIPIDS IN DOGS WITH EX-
PERIMENTALLY IHDUCED ATHEROSCLEROSI3

~J585R~

{Following is the translation of an article
entitled "Dinamika Razvitia Serdechno-Sosudistilkh
Rarushenii i Izmenenii Lipidov Xrovi Pri Vos-
proizvedenii Bksperimental'nogo Aterosakleroza

u goba§" éEmgl%sh varséon above) by V'Nﬁ Mentora
and Z.T. Samoylovz in Pateologicheskaya Filziologla
i EBksperimentallnaya Tera gxa“TPatHstgfﬁal Phy-
sictogy and rxperimental Therany), Vol IV, No 4,
Moscow, 1960, pages 32~3&.] '

The most recant Lvpe ¢f corepary deficiency ig chole
esteral atherosclerosis, which is indused in dogs. In a
series of works (6, 12, 13, 1%} the impairment preeminently
of coronary and cershral vessals in dogs was established;
that is, there was the same leezlization characteristie of
the human 1llness. Also, becan:=2 of the degree of develop-
ment of sheir central narvous system and their metabolic
processes, dogs are closesr to humanes than are rabbits, in
vhich 2 more generalized type of atherosclercsis has been
induczad.

Not enough is known about the functional changes of
both the heart and the coronary vesgels in experimentally
induced atherosclerasis,

The aim of the present work was the induction of
atherosclarosis in dogs in ordesr to cbserve the dynamlics of
the development of functional dicorders of the heart and cf
the coronary vessels, and the ccaparison of these changes
with certain indicators of lipoid metaboliam, ~

The method of inducing atherosclerosis in dogs has
not yet neen perfected. It has been established that the
suppression of thyroid function is necessary tc the develw
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end the ratio of shespholipids to cholesterol wes cziculats

Y

- lopment of atherosclercsis in dogs. However, the dosage and

. iperimentally induced hyperton

- e

the method of adainiztering cholesterol as well as other
dspressants varies according %o¢ the different authors.

The experiments were conducted with twalve adult
doge of different ages ard sexes; with a weight variation
‘of from eight to twenty-two kilograms. Four of them had
lhizh arterial blcod pressure.; Of thess, three had an ex-

ic rensl condition which had
exigted from the age of oné adiith to three years, and cne
dog had a spontaneounsly hcightened prassure, All of these
axperimental dogs ware receiving a daily dose of from 0,75 i~
1.25 groms/kilogran of cholesteroi, and 0,75 -~ 1.5 gm of
imathylthiourea., The two c¢ontrole received enly 1.0 « 1.5
gm of methylthiourea. is a control, changes ia the body !
‘weight, were observed. In wsome of the acimals the state of |
‘thyroid funmction also was watchad by means of radicindicae
stion.. Im all the dogs the cholasterol level in the bload
‘was datermined by the Grigz metheod. DBefors experimentation
‘was commenced, this wags effected not less than twlice. Ond-
;eequancly it was efflected every 15 t¢ 25 days. In some of
ithe dogs, the phospholipid (lecithin) level ia the blood
fwas studisd by mesns of the quinine hydrosulphate method,

ele . : . =
I . An electrocardlogram (ECG] was vakem with tires
rgtandard and one pectoral lead while the dogs wars qulet.
{BCG changes were then studled followirg physical axertion
{a ten minute run on a tresdeilil), vader conditions of &
‘low oxyszen tenslion test (the inhalevion of a mixturs ,con-
taining 79 to 33 ozypen!, end after the intraveinous admine
istration of sdremalam (<0 - 30). J
i The expoged caretlid aricry was usld %0 X3aSUre aystea-
‘matically the artarisl blecd pressure. Changes in the pred-
‘g3 ware noted ags hkypoelamsion-producing sunstances wers
drtrcduzed -- hexone, pentauloe, nltrates, papaverine,
cklorocysting -~ im doses of one to twe mg/kz.

: Variations in the :oronary circulationrn under the ,
{nfluence of the above-mentioned pharmaceuticals were also
Ynvestigated in a chronic eXperimsnt uasing both healthy
'doge and doge with atherosclerosis. For this & thermo-
‘electrode was imposed under suerils condltions upen the
1ef's coronary artery (usiag Neyence's modification). Yaen |,
ithe experiment was terminated alter six to fifteen montas,
‘the animala were killed, and both a macro~ and microscoplc
‘pathororphological study was msde of the crgans. -

: During the first months of feeding the animals c¢hol-

,§astérol‘with methylthioursa, little change was noted in th

‘zenaral heaith except for a gradual increase in body waighty

.2




and a corresponding lowering of thyroid function. After the
3ixth to seventh months cf experiment, the general health
of the dogs detariorated. In some doge <here was a sharp
increase in fat. The animals became less sctive and ex-

perienced shortuess of breatih and rapid

viring from phy=-

sical exertion, especlally the hypertonic dogs.

-‘The cholesterol blood level varied from 62 me% to
128 mg% in the control period, with an average of 109 mg%.
In the course of the experiment the cholestersl bleod
level gradually inecreased at different rates in the various
dogs. Ia dogs with normal arterial blood pressure the
inerease of cholesterol blood level was more gradual and
not as great (fig 1). The dog named Yutsezo (fig 1} is an
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Fig 1. Cholesterol Level in blecod of
dogs.

l- dog with hypertension; 2,3~ dotted

linsr dogs with normal arterial pres-

sure; x= lntrcduction of methylthiou-

rea begine c- methylthiourea tirzatment

ends. A« mgh; B~ commencensnt of chele
esterel feeding; C- veginning {igures;
D~ monthsa,

sxample, After ten
months the cholese
terol level in his
blood incraased from
105 mgh to 390 ugh.
Only toward tha lasy
after ten to fifteen
nonths, dia the
bloed cholesterol
level in 3cme dogs
rise to 1,0Cu mgé.
in the dogs with
nypertension, the
rise of the bleod
cholesterol level
was more rapid and
seached higher fige
ures more quickly.
The increase in the
blood cholesterol
level was {or the
nost part uneven,
with large fluctuae
tions being ragls-
terad {fig 1).
During the
course of the ex-
periment the phose-
pholipid level in
the blood also in-
creased. Howaver,

its increase wes less then that of cholesterol. The phos-
pholipid level reached 1422 wmg% with an average of LO5 mg%.
The fiuctuation of phospholipld concentration in most ani-
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mals paralleled the fiuctuationm 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 droppad to 0,9 - 1.5,
) Systematic electrocardiogram studies were made during
two to two and & 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.
Thia variation diminishes as the-znimsl becomss accustomed '
to experimental conditicns. The zecond limiting factor of
-gome dogs'electrocardlograms 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 [ifth months, we ' !
ocbserved the voltage decreasa of the electrocardiogram
waves, aspecially of $he 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 (alter the tenth month) in some of the dogs the T
wave remained steadily negzative in all leads. The S - T
iuterval changed position in an isometric ratio (fig 24).

. In the tenth month of the experiment, the hyper=
tonic dog, Malysh, suddenly developed & sharp arhythmia,

There were centriculdyr extrasystole; &' partical auriculo-
ventricular block, ard a paroxywumdl ftaxicardia which appar«.
ently was related %o the acute nutritive demage of the core
onary circulation { fig 23). There wae a simultaneous '
degeneration in the general well-being, and the arterial
pressure fall to normal and even to hypotonlc figures (90 -~
110/70 mr)., The arhythmia disappearad after three days.

The gerieral nealth graducily improved, and a higher blood
pressure was re-established,

The sarliest charnges 1n cardice activity became .
apparent under the load of physical activity. During the
control period the cardiac rhychm increased in the first
one to twe minutes of physical exertion. After fifteen to '
twenty minutes it slowed down or returned to the origiral -
rhythm (£ig 3). With this an incresse in the amplitude of
waves P and T was noted. During the experiment the increase
in cardiac rhythm was more proncunced and mere prolonged.
The subsequent abatement wa2s freguently absent %see fig 3)
The amplitude of the T wave decreasasd.

" The electrocardiogram changes obgserved during the
control pericd with the low oxygen tension test -~ the

_ineresase in cardiac rhythu, the decreassed amplituds of the
T wave or its change to the negative -~ all these indices
were less pronounced in the experimenial perlod.
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Fig. 2. Blectrocardigran changes
ransea of bLhe experimsant.
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The injaction of adrenalin
sften vroduycﬂ varying arhythniss -- V&U\FJ”Ula” CXUPASY Se
telea, a partial auriculoventricular block, and absence of
the bradycardial phase. Tnec rzaction of the coronary SY 5=
tem L0 adrenaiin also varied. During the first to whe
second montias the pressure reaction increased. Later it
diminished, was absnnt or becane depressed.

In some of the dog» a gredual ineregsse in the carde
iac rhythm was oheerved, aspecizlly ssven to ten months
after the beginning of the experiment. Uogs who received
only methyl siouresa ayperxenceﬁ & alowing down of the
naart beat.

Inte atnerosclerotic dogs
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during the ‘experimen=
§ Oropua ®lmﬂo‘w¢m - tal pericd the fluc-
Voots1-2 Vages 2y Yeyeslo2 YepEIk-20 tuvation in the dogs!
v ¥ arterial pressure was
! greater than in the
contrel phase. It
o o gometimes went down to
10 - 15 am, or, cone-
p versely, was somewhat
‘ coce ralsed. Iu dogs with
. ° long~standing hyper-
°°%leo e tension, after niue to
S ol %46 ten months of experie
) ' i :rw:nv:‘,1 the detiriorition
bt ‘o o ogy ! of the general health
AL A and the cardiac weak-
¢ ness was accomwpanied
' by lowerad arterial
pressure., Atheroscler=
otic dogs had & chare
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Fig. 3 Changes in c¢erdiac rhythm actericstically longer

after physical load. ‘ reriod of depressed
resctions when sub-

1 - normal; 2 - atherosclerosis; = jected to hypotonic

3 - decrease increase in heart=- - substances -~ Lexcne,

beat (in win.); & - after 1-Z min. pentamine, nitrates --

without any increase
: or even a lowering in
the rate of decrease of arterial pressure. Also noted vas
a smaller increment in “he quickening of the hearv-beat
under the iniluence c¢f haxone and pentamine.

The excellent vessel-enlargimg properties of penta-
mine and chlorocystine were brought wo light during th-
atudy of the speed of coronary circulation., In atherise
slerotic dogs the coronary vessels enlarged more gradually
under the influence of hyprotonic substances. The eniarge-
ment was greatzsr and nore prolonged than in healthy dogs.
This was especially evident in dogs with acuts atheroscler-~
otic degeneration cof 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 ihe blood ves-
sels of other organs, Atherosclerotic plaques were dise
covered in the brain vessels, esspecially at the base.
' In hypertonic dog®2 ths atherosclerotic changes were
mora marked than in dogs with normal blcod pressure. The
coronary vessels in some parts were hard, yellowish-white
tubes which did not callapse after an incision (fiz. 4).

6




Fig 4. Atherosclerotic impairments in tho coronary vessels
of the dog Malysh (hypertonic) after sleven months of ex-
pariment, A-front view; B-side view. Under the lelt
auricle are seep the wires of the ingrown thormoelectrode.
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In dogs with normal
pressure, only separ-
ate atherosclerotic
plaques were found on
the welis of the cor-
onary vessels. This
gave the vessels the
appearanca of a chap-
let. The blood vessels
of the thyroid gland
were affected in most
dogs, with an enlarge=
meat of the thyroid
itzelf,

Microscopic stu-
dies sometimes showed
such a marked thicken
ing of the internal
coat that the vessel
cpening could scarcaly
be distinguishad. The
atherosclerotic plaques
contained a large mease
ure of double-rupturing
lipids and cellular
material, In areas of
greatast lipid acere=-
tion a degeneration of

- i S € atheromatose masses was
L W C - rear view - opsarved. In some cases

tiils process continued

into the middle coat of ths vessels. Fibrosis was discov-
ered in most of the animals. There were also areas of
deganeration of varying sizes in the myocardium, and in
some areas dectruciion of muscle fibers sas well as calcium
Jdeposits wara found,

Qur expasriments reaffirm that the pattern of athero=
scierosis in dogs is charactsrized chiefly by impalred core
onary and cerebral arteries. The earliest symptoms of
change in heart functica bscome apparent under ph¥sical
stress (during th2 secornd month of the experiment), During
the third and fourth months electocardiogram abnormalities
develop., The QRS complex voltage falls off, at first in
scme and then in all th2 lzads., The S - T interval is dis-
placed, and the T wave becomes constantly negative. Transe
itory changes are possisia against this background of pro-
grzssive increase in electrocardiogram abnormalities. This
gives reason to suppose that foci of impairment develop

g
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‘and that these are ralated to the prolonged vessel contrace

tion or even to myocardial infarction. As a consequence
of stenosing atherosclerosis of the coronary vessels, the
dogs develop cardiosclerosis. The elsctrocardiogram 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 more

. phological degeneration of the coronary system.

There are indications in the literaturs on the sube

“Jeet that azgree with our observations regarding the T wave

and the § ~ T interval in experimental atherosclercsis in
dogs {8, 10, 11), However, these studies were not accome
panied by obssrvations of the dynamics of electrocardioe-
gram changes. Indisatlons on the ilmportant, from our point
of view, slectroecardiogrsm deviation are absent. This
deviation, a decrasss in R wave voltags, can testify to
the damage done to hsart muscle depolarization associated
with metabolic changes in the myocardium. In expsrimental
cardiosclercasis in rabbits there i3 3lso a wmarked decrease
in the GBI voltage (7). ' .

Luring tha developnent of atherosclerosis in dogs,
there 19 & Greakedown in the nerve regulation of the coro-
narv circulation in the carly phases of the disease. Thus,
ag a reaction to physical stress,; there is a stronger than
normal ard mors prelouged initial quickening of the carde
iac rhythm, Ganglion-blucking substances produce & less -
marked tachycardia. Thare is no bradycardial phase when
adrenalin is introduced. Hypotonic substancss produce a
lorger paricd of depreasion in cardiac rhythm znd an ene
largement of coronary vessels. 7These functional changes
agrec with the known facts of morphological changes in
extra~-cardial vagal ganglia, and ia the central nervous
gystem in coronary athercscleresis (9}.

A direct relationship was ot established betwaen
the indices of the functional condition of the cardiow
vascular systom and the indlces of 1lipold metabolism. By
the iadices of the latter we mean ¢ 183P6521 dphospho~
1ipid level in the blood, and the -PEFEEI25LB3E. cooffici-
eant.” Whils hypercholesterolemia and hyperlecithinemia
fluctuated sharply, thers was, at the same time, little
significant change in the ariterial blood pressure. We
regard the pericds of incrseased lipoid level in the blood
as a decompensation of the mechanisms regulating lipoid
metabolism, This undulation can in some measure bs com~
pared to N.W. Anichkov's {1,2) description of the cyclical:

.naturg of the gtherosclerotlic devalopmental. process.

In our experiments hypertension emerges as a factor.
which furthers the develepmenu of athercsclercsis. This

9
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was opserved earlier in rabbits (4, 5, 14). However, it
must be emphasized thai this fact can hardly be related to
the hemodynamic, mechanical inflnence of hypertension.

The earlier and more acuts development of hypercholsserol-
emia in hypertonic dogs than in normal ones allows the
supposition that hypartension destroys the regulation of
1ipoid metabolism.

‘The study of atherosclsrosis in dogs takes on a
greater significance because of the resemblance of its
cardiovascular changes to thoss in humasns., The fact that
in order to produce atherosclerosis in dogs we must not
only introduce excess amcunts of cholesterol, but thyroid
malfuncticn must also be present, brings this atheroscler-
otic pattern c¢loser in a pathslogical sense to the human
ailment. This is truo in so far as clinical data (3 et al)
point to the significance of thyreid maslfunction in the
development of atherosclerosis.

The atherosclerotic pattern in dogs opens greater
possibilities for the study of this ailment's characters
istic pregiress and ivs related phenomena: changes in the
coronary vegsels, myocardium, and in cardiac conductivity.
It woeuld also be usefnl Zn experimental therapy studies,.

COMCLUSIONE

1, The atherovsclerctic pettern in dogs is charace
terized first by impeirment of the corcnary and cerebral
arteries.

2. Duriag the electrocardiogram experiments there
is, from the third to the fifth month, a falling off of
the waves' voltage (especially the R wave). Tha T wave
bacomes negative in all leads, and the S -« T interval
is displacad in relation to the base line. These electro-
cardiogram changes correspond in degree to the morpholo=
gical affection of the cardiovascular systeom.

3. The impairment of nervous control of the wvascu=
lar system 1s evidenced in that after physical stress, a
more prolonged and powerful initial cardiac rhvthm is
pressnt as compared with the normal rhythm at the bsgine
ning of the experimsnt, there 15 a decrease in taxicardia
produced by ganglion~blocking substances, thare is produced
an absence of taxicardia with the injection of adrenalin,
and there are depressive reacticns and the reactions of the
coronary vedsels prolonged by hypotonic substances,

4o The development of hypercholesternlemia and hyp-
¢r lecithinemia during tie experiment is uneven, with the
presence of fluctuatiorns,

10
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5. Direct correlation is lacking betweaen the indices
of the functional condition of tha cardiowascular system
and the indices of lecithin metabolism.
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