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ATHEROSCLEROSIS (CERTAIN PROBLLMS oF PAmHOGENESIS,“
o PROFHYLAXIS AND TRDAIMDNT) ‘ ‘

/[ this is a translation oT an artlcle wrltten by
Prof. Pi Ye, Lukomskiy in SQVetSKaya Med1t51na (Sovlet

) Medlcine), v°1. 23, No. 12, Mosoow, 1959, pages a-éaﬁ/

' The basic premlses of the theory of orlgln of athe~

'rosclerosis formulated by N. N, Anlchkov redeived reeogni-
“tion mnot only in the Sov1eu Union but also abroad. of

great 91gn1flcance to the formulaulon of this theory ag
the constructlon of an experlmental mnodel’ of atherosdle<
rosis in rabbits. It is true that the initial experimehté

‘.for indu01ng atheroscler051s in rabblts by feedlng them

egg yolks or chicken eggs (A. I. Ignatovskiyy, 1908; L. M.
Starokadomskly, 1909) were not at first 1nterpreted cor-
rectly the developmeot of atheroscler051s of the ‘aorta was
llnked ‘with the fact that the experlmental an1mals were. fed

‘1arge cuantltltes of an1ma1 proteins. However, very soon

afterwards one began to attach deolslve 1mportance to. fats

‘Wfor the origin of experimental atheroscler031s and, flnally,
" ‘to cholesterin, (N. V. Sukkey, 1910; N. V. ‘Veselkin, 1912).

S The ablllty to 1aduoe experlmertal atherosclerosis
by feedlng cholesterln ‘to rabbits (N. W. Anlchkov and S. S.
Khalatov,(l913) was the Geciding factor in the creation of
the cholesterin 1nf11tratlon theory of atherosclerosis.,
bubsequently, one succeeded in 1nduclng atherosclerosis in
chickens, dogs, monkeys, and other animals by feeding them

;cholesterin.‘ It is true that in some cases it was necessary

to resort to addltlonal measures, . such as the reduotlon of
the functlon of the thyr01d in dogs with methylthlour301l

L(Stelner, ‘Kendall, 1940 and a number of other American .
authors; T. A. Slnltsyna,vl956 V. N Mentova and 4y Te

Semoylova, 1959),6f, in the case of monkeys, limiting the
amount of sulfuracontalnlng amino acids in food rich in



cholesterin (Mann, 1953).
. . The theory of the pathogenesis of atherosclerosis,

as developed by M. ¥. Anichkov and his school, is so well
known that it needs no detailed exposition, We shall men=-
tion only some basic theses of this theory. Anichkov con-
siders atherosclerosis to be an impairment of metabolism,
primarily, of lipoids, As a result of an impaired lipoid
metabolism, an accumulatio “of cholesterln in the intima
of ‘the arteries takes place, chlefly in the form of its
esthers, and causes subsequent reactive morphologlcal chan-
ges in the vascular walls, which leads-to a pronounced athe-
rosclérosis syndrome. It is important to. ‘rémember that
Anichkov proved the inadequacy of previous views of athero-
soler051s a8 a primary 1nflammatory or degenerative process,
or a disease connected with the wearing out of ‘the blood
vessels. At the samé time Anlchkov attaches certain eig-
nificance to sone addltlonal, or- contrlbutory factors,_
among them - dvstrophlc ‘changes in the blood vessels.‘ He
demonetrated ‘that, upon irtravenous administration of
adrenalin to rabblts, fibrous- platchets develop in their
arteries. Feedlng of” cholesterol to these rabbits leads
to the development of atherosclerosms in thé area of vas-
cular walls damaged by adrenalln. Anlchkov attaches secon-
. dary importance to prev1ous ‘changes in the vessels in the

‘development of atheroscler091s, stating that in a prepon-

derant ma;ority of oases of atheroscler031s ‘the presenceAf
. of these changes could ‘1ot be demonstrated.ul__
L Recently some ‘authors ‘called attention $o the 1mpa1r-
' ment of the basi¢ substance of the connective tissue of
arter1a1 walle as’ a factor Wthh may - contrlbute to’ the .
‘accumuletlon of lipoids and’ the development -of atheroscle-
rosis. Thus, Adlersberg -and associates noted that in cer-
tain experlments & parallelism between the development of
hypercholesterlnemia and atherosclerosis is not evident. ‘
-Under the effect of steroid hormones of the ﬂdrenal cortex
~and ACTH [fedrenocortlcoster01d hormone_/ in rabbits fed
on- cholesterln, hypercholesterlnemla 1ncreases but the
development of atheroscler051s is retarded.; In contrast,
edminlstretlon of hyaluronldase 1nh1b1ts the development of
-hypercholesterlnemla and enhances the development of




atheroscler091s.‘ lhe authors explain these facts as'
follows, under the effect of steroid hormones there is‘a
reduction of the permeablllty of the’ caplllarles of the
vascular walls, whlle under the effect of hyaluronldase
there is. an’ nmpairment of the mucopolysaocharides of the
basic substance of ‘the connectlve tlssue of the- arterlal ,
walls. " This fact serVed as a ba81s for Adlersberg and his
associates to- p01nt out the 1mportanoe of the tlssue factor
in atherogene81s._ Recently, upen adminlstering Vltamln K
to rabbits who had been fed choledterin, Semoylova ‘¢bserved
an ‘aceeleration in the development of hyperoholesterlnemla
and less marked atherosolerotlc changes. In orddr to explain
this fact she also refers to poss1ble changes 1n the VaSod~
lar walls. "

) The 1mportanoe whloh is attached to ‘thHe 1mpa1rment
of 11p01d metabollsm, in “the pathogene31s of atherosclero—
sis, depos1ts of cholesterln ‘and its esters in the intima
of blood vessels, and the development of cholesterlnemla in
’allmentary cholesterin atheroscler031s in anlmals; attracted
" the attention of researchers to the study of the metabolism
of eholesterln, and Yy in partlcular, its content in the
blood. Apparently it was Vogel (1847) who was the first
to demonstrate the presenoe of ‘cholesterin in atherosclero-
tlcally altered blood vessesl (according to Gertler and
a83001ates) Wlndaus (1908) found six" tlmes moré choleste-
rin and 20 tlmes ‘more cholesterln esters in etherosclerotio
than in. normal ‘aortas. Slmllar data were obtained by - ‘
Grigaut in “the Chauffard’ cllnlc.r‘nubsequently, determlna—
tion of the lipoid content in atherosclerotlc aortas became
the subject of numerous studles (Schonheimer, et al.) which
basically conflrmed the data of Windaus. Chauffard,'ln
1911, demonstrated in 'some " atherosclerotlc patients the;‘n
présence. of hypercholesterlnemla which he ‘considered as an
1ndlcator of" the aot1v1ty of the process. ‘A. L. Myasnlkov
(1924) ‘and B. v, Il'lnskly (1951), ‘having found hypercholes-
terinemia in atherosclerotic patients, also came to the
‘conclusion that it is observed in patlents with an advanced
stage of the disease. The cholesterln level of the blood
was also the subgect of many studles by Amerloan s01entlsts.



A summary of a part of these works is given in the mono- .
graph by Katz and Stamler. . Without dvelling on deteils, :
we must mention that the average level of cholesterln in
patlents with coronary atheroscler081s ds hlgher than
normal. However, in some 1nd1v1dua1s, atherosclerotlc as
well as healthy, the amplitude of fluctuations of the -
cholesterin level of the serum is very marked; therefore,t
‘the blood serum cholesterin ‘indices of healthy and sick .
individuals overlap. In thls respect the data of R
' Gertler, Garn, and Lerman are 1nteresting In 146 1ndl~ .
viduals of the control group ‘the total serum cholesterln B
- was on. the averaget—- 224.4 mg percent and in 97 patients

pw1th coronary atherosclerosis -- 286.5 mg percents The
quantlty of: serum cholesterln in healthy individuals va-
ried between 148 and 332 -mg percent, and in the sick -
167 and 490 mg percent.

. In retent years, in the studles of atherosolero-
s1s in our cllnlc, the -serum cholesterln was determlned .
in 450, patients with coronary atherosclerosis who had no
;fobservable phenomena of 1nsufficlency of blood 01rcu1at10n.
We accepted as normal 150 to 180 mg percent of _serum cho—.
lesterin (according to.Grigo and Blur); however, even 200
mg percent of cholesterin wes considered as borderline
bctween normal and. pathological.. As secen from Table 1,
in 195 out of 450 patlents with coronary atherosclerosis,
i.e., in 43, 3 percent the oholesterln content did not ..
exceed 200 ng. percent- in 37 patlents, i.e., in 8,2 per-
cent, the content of cholesterln was below normal (from
l?? to 150 ng percent) The mean content ‘of cholesterln e
. Thus, “the results of our studles as well a8, the -
data in the . llterature ‘show thet & pronounced coronary
atherosoleros1s may proceed with normal or even somewhat
reduced cholcsterinemia, If in some cases 1t can be ex—“”
plclned by the phasic character of  the atherosclerotlo :
 process metnioned earller, it nevertheless ‘cannot be fully

applicd to the numerous cases of coronary atherosclerOS1s
without hypercholesterinemla. Bes1des, there are instances
cited in the literature when no correlatlon we.s observed

experimentally between the dovelopment of hypercholesterlnemia




and atherosclerosms. Some of these cases were mentioned

earlicr (the work of Adlersberg and his a53001ates), and

- some '0f thesc will be cited lateri: ‘Besides ‘the cholesterin
content of the serum, certain factors affecting the cho-

lesterin deposit: on the arterlal walls are of con31derable'

1mportance.‘. CoanEe , = g o

Table 1

ﬁ:;“gs Content of eholesterln of the serum in
i cbronarv atherosdler031s_pgt1ents"

Chélesterln (in mg percent) = Number of ﬁatients |
" | _ absolute  ‘ ”.fd' perdentage
“1za~1so!fjfﬂ‘*"ﬂfi“j‘" LY
151-180 . 68 7 15,
181200 . 90 .. 20,0
' 201-250° - ‘f 186 EY s N T
251-300 . 55 .. 1.2
. 301=35%0 11 2.8
351-390 ‘v.'t‘ - R P
‘Total . . w . . @0 100

At present con51derab1e 31gn1flcance 1s attached
to the 1ntcrrelation between various fractions of plasma
lipoids. It is thought that phosphollpids, lecithin in

L partlcular, ald in retalnlng non—water soluble cholesterln

in s colloidal stete; a fact which creates 1ess favorable
conditions for the dep031t of cholesterln in arterlal walls
(A. I. Levin,’ 1934, B, V. Il'inskiy, 1940; Ahrens, Kunkel,
Hueper, ete. Yo .In thls connection, considerable 1mportance
is attached to ‘the ratio phosphollplds/cholesterln in the
blood serum (or 1nversely, cholesterln/phosphollplds, as
thls 1ndex is customarily expressed ebroad) . e
Gertler and his associates (1950) foxnd that the '
ratlo cholesterin/phOSphollplds 1n a group of patienta |



~with coronary atherosclerosis was;dn”the,aVerage”higher4

than in the control group.: -However, the wvaristions of

this index, -as well as -the content of blood-lipoids are

very c¢onsiderable., Therefore, the ratiog of cholesterin/
phospholipids in atherosclerotic patients and in healthy

people in some cases overlap, a fact which we had mentioned o
earlier in regard to cholesterin.

We cosider it significant that upon a2 favorable ,
change of the lipoid metabolism indices, under the effect
of various substances which we used in our e¢linic on ath-
rosclerotic patients, an increase in the ratio phospholi-~
pids/cholesterin was observed .(P. Ye. Lukomskiy, V. I. :
BokaVa, L. A. Myasnikov, P. M. Savenkov, and others).

‘ ‘The problem of the correlation between various
lipoid fractions of the scrum is connected with the more
generadl ‘problem -- in what .state are the lip01ds clrculat—
ing in the blood and what .is the mechanism of thelr accumu-
lation: in the arterial walls? At present it is established
that cholesterin does not’ circulate in the blood in 2 free
state, but in the form of proteln~11p01d complexes, or
lipoproteins which Macheboeuf discovered for the flrst
time 30 years ago (1929) in horse serum.

Iipoproteins are protein-lipoid complexes which
consist of proteins, amino acids, and lipoids (cholesterln,
phospholipids, and fatty acids). ILipoproteins in which the
lipoids arc bound with alpha-globulins are designated as
alpha-lipoprotelns, and llpOprotelns where the lipoids are.
bound with beta-globullns are . called beta—lipOproteins. e

There are several methods of dlvidlng 11poprote1ns
into separate groups,}ultracentrlfugatlon (Gofman), paper -
electrophores1s,vand chemlcal methods. At thé present o
time the electrOphoretic method is widely used in the | .
clinic’ to separate the fractions of protelns and llpopro- S
teins; it is & very accessible method and glves falrly '
accurate results for cllnlcal purposes. B

‘Both ba31c groups of 11p0prote1ns dllfer 1n thelr jf
physico-chemical propertles —=.an 1mportent fact in regard
to atherogene31s. L1p0prote1ns dre unstable compounds..,-
However, on¢ can dlstlngulsh “the moré s01lid from the less
solid {less stable) lipoproteins. Alpha~-lipoproteins are




more solid, beta-llpoprotelns - less solld and 1ess
Tabielé

Comp061t10n and propertles of llpOproteins
of human plaSma '

ol

Prgpertiéé‘ahd‘comp6$1t;on . j‘jf l‘fFrabfidns”,
‘alpha~ . beta~
‘ i . lipoproteins llpqproteins
Molecular weight - 0.2 x10% 1 3 x 106

‘Lipoids (in purééhtwges)

nonesterified cholesterin . 3;3 : 8.3

cholesterin-esters o - 15.0 59 1

phcsphollpids o ‘ 21.0 “29.3 '
Total quantlty of lip01ds | 39,3 M ¢76.7f

Proteins - : o o 8040 C . 23.0

. We cite some comparative data on the physico= .. -
chenical prOpertles of alpha- and beta lipoproteins whioch -
Surgenor presented at the symposium ‘on athcrosclerosis,‘
based on the studies of a number of authors (Table 2).

7 As is'scen from Table 2, the molecular weight of .
beta~11p0protelns is many times greater than that of ﬂlpha~
lipoproteins. Beta-lipoprotcins contain more cholesterin
~than alpha-lipoproteins, while the quantity of phospholi-
pids differs little in both fractions. Thus, the ratio
phospholipids/chélesterin in betanlipoprotelns is much
smaller than in alpha-lipoproteins.

 Surgenor thinks that 28 percent of the total amount
of serum cholesterin is contained in alpha-lipoproteins,
and 63 percent -~ in beta-lipoproteins. The cholesterin
which is not bound with the basic fractions is distributed



among other proteiﬂ"frgctions:’gammaéglobhlins; the pro~
thrombin~containing fraction, ete. According to other
suthors (Barr, Page, in healthy people 30 percent of the
totsl cholesterin of the plasmg is bound with alpha-lipo-
proteins, and 70 percent -- with beta~lipoproteins.

Lipoproteins, being unstable’ complexes, may disin-
tegrate when penetrating the vesculer wall and deposit
the nonsoluble lipoids in it (W. V. Jkunev, Page, end
others), In this process the disintegration of beta=-lipo-
proteins which have a high 1ipoid content and are less
solid, takes place in the vescular wall more casily than
 that of alpha-lipoproteins. Iherefore, beta-lipoproteins

'preSumabiy play a larger role in atherogenesis'than”alpha~
lipoproteins. The correctness of this point of view is
corroboratecd by the fact that age as well as markedly
pronounced ahterosclerosis (for instance, in individuels
with the history of a ‘myocardial infardt) increases the
emount of total plasma cholesterin bound with beta-lipo-
proteins, while the one bound with alpha;lipoproﬁeins is
~eorrespondingly reduced (Barr, 1953; Eder, 1954, and

others). v S ,

Very indicative data on the effect of age arc given
by Barr in Table 3.

According to BEder, total cholesterin of the plasma
of individuals who .recoveéred from a myocardial infarct is,
on'thc average, 274 mg percent; of these alpha~lipoprotein
fractions contained_only'li-percgnt of total cholcsterin,

and beta-lipoprotein. fractions ~- 87 percent. Analogous
date are cited by Barr. Eder stresses the fact that in many
patients with coronary atherosclerosis (who had recovered
from & myocardial infarct) the cholesterin content of the
serum was within normal limits, but - its quantity correspon-
ding to the alpha-lipoprotein fractions was lower, while
the total quantity corresponding to beta-lipoprotein frac-
tions showed an inerease., = . - 7 » .

‘ - In recent years, in our clinic, the lipoprotein
fractions were determined by the electrophoretic method in
200 patients with coroﬁary.atherqsclerqsis~withoutwexpressed‘
circulatory insufficiency.: The beta-lipoprotein fraction
in these patients represented, on the average, 8%.5 percent




Table 5

Effect of SLX and age on 11poids of . human plqsma
of healthy individuals ‘

.. ... .. ... . Yomen ... Men = Women ___ _Men
Indicators =~ "~ 18 t0 35 years 45 to 65 years _
Potal choieéterin, B O

in mg percent . 187.0 197.0 . .252,0 = 239.0
Phosphollpoids, e

in mg perecent = 228,0 . 195.0  278.0  265.0°
Ratio oholesterin/ R S

phospholipoids . =~ 0.87° = 0.97  1i00 ' 0.95

Percenbage of total
cholcsterln in. 0 T .
alpha»llpoproteins .1}54;3" 25,2 23,4 22,9

Percentage of total ... v SO
cholesterin in |
beta-llp0prote1ns B

S1 10 - 20 D o

Nt
. L ) *
o
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N
o
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e
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(1.e., we.s markedly 1ncruascd) with varlctlons from 61 to
97 perdent;  in only eight paties (four percent) was this
fraction less than 70 percent, which we consideréd within
normal llmlts. M. V. Bavina and M. Yu., Melikova found an
increasée in the beta-lipoproteln fractlon 1n 48 out of 49 
pctlents with coronary athbroscleros1s. ‘
. Colman and associates studied the llpoproteln frac-
“tions by the method of ultracentrifugation and found in
atheroseclerosis an inerease in Si fractions from 10 to 20,
i.e., those fractions which correSpond to beta-llpoprotulns.
Barr,vhav1ng compqrcd the basic 1ndlcators of llpOld mcta-
bolism (content of cholesterin in the ‘plasma, ratio of
cholesterln/phOSPhollplds, amount of 11poprote1ns of class
'S1.10. - 20 and the distribution of the total quantity of
‘cholesterln betweun alpha— and bgta-llpoprotelns) in pa-"
tients with coronary atheroscleros1s who had recovered from
a mchardlal‘;nfarct, concluded that the last indiecator,



1.e., the increase of the sharc ‘of total plasma choleste-
rin bound with buta~lipoprotu1ns, hpd a more constent cha-
racter, ‘

0 The 31gniflcance of definlﬁe lipoproteln fractlons :
(buta-lipoprotelns and Si 10 -~ 20 “fractions) in atheroge-
nesis is attested to by the fact that these fractions in- -
creased in those discascs whieh are generally considered
to contribute to the development of atherosclerosis, --
diabetes mellitus, nephrosis, and certain other discascs
(Barr, Eder, etc. Yo It is of interest also ‘that ‘there is
o very small quantity of beta-lipoproteins &nd K 1ﬂrge'fv
quwntlty of ulpha—llpoproteins in the blood of animels
which esre, to a certain degred,’ re81stant to atheroscle~
rosis, e.g., dogs, cats, sheep, and rats. -The content of
phoaphollplds as compared to cholesterin in dogs, for exam-
ple, ‘is higher than the quantity needed to‘kuep 1t in -
golution (Page).

. The importance which is.at prescnt attached to the

cha nges in 11p0prote1n fractlons in the pathogen981s of
athdérosclerosis has naturally raised the question of chan-
ges in protein-metabolism indices in this disease. These
changes have been studied less then the indices of lipoid
metabolism. In the experiments on aninals (Fishberg, 19503
M. G. Krltsman, M. V. Bovina, 1953; T. N, ‘Lovyagina, 1958)
as well gas 'in. the cllnlc a reduction of a fraction of the’
albumins ﬂnd an increasc of globullns is obsorved upon the
development of " athcroscler031s. Nu observed & similar fw,
trend in the 200 patlents with coronery ‘atherosclerosis: ’]
metnioned above, in: whom lipOprotein frqctlons as well as’
proteln fractions were deétermined (by the ‘method of electro-
_ phore31s) The total quantity of " blood’ protclns in these
patlents did’ not substantlally differ from the norm. :
' - The state of protein metabolism in atherosclerotlc
patlents is of additional interest because there are 1ndi-
cations in thé literature. of the’ p0331ble proteot1Ve ‘role
of full-valué protelns upon the deVelopment of experlmentel
atheroscler031s (lehlda, Brown, LGW1S), “lower content of
fdll-value amino acids in the food- contributes to the L“mﬂ
‘devc10pmqnt of exporlmental atheroscler031s in monkeys
(Mann, and’ a33001ates) “We must romember that protoins are
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the 1nit1a1 material for such a powerful llpotropic factor
as chollne (L. A. Cherkes). ,

"In spcaklng of the pathogene51s of ﬁtherosclerosis,
we~ must mentlon brlefly the connection between atheroscle-
rosis and hyperten31on.‘ The importance of incressed arte-
,rall pressure as a contributing factoriin the development
of atheroscleros1s is unlversally recognized. At the: 14th
All“Union Congress of Therapelitists, K. G. Volkova cited
fconVIn01ng date which showed (that hypertension contributes
to ' the devblopment of atheroscler031s. This is also demons-
ftratbﬂ by ‘the deVGlopmpnt of atherosclerosis in' the pulmo-
‘ﬁnary artery system in hyperten31on of the pulmonary ‘eircle,
“‘and ‘in the ascendlng aorta and 1ts brancnbs upon coarctatlon
of the aorta, ete.

However, it would be 1ncorrect to consider thc con~
noctlon between hyperten51on ‘and - gdtherosclerosis in its me-
chanical a5pect only, i.e., in the fact that inereased pres-
sure within the arteries contrlbutes to a more facile pene-
trutlon of 11p01ds into their walls., Ye. M. Tareyev (1951)
pointed out d"eertaln similarity between hypcrten31on and
”ﬂtheroscler031s and noted that atherosclerosis, ‘like hyper-
tne91on, is a cortlco~v1scerﬂl disease. He called attention
to the change in the course of hyperten31on during the deve—
1opment of atherosclerosis when phenomena of -coronary or -
'Ccrebrcl atheroscler081s begin t0 emcrge 1nto the foreground,

'whlle the’ proper hyperten31on phenomena play ‘a progres31vc1y
“'smaller part ‘in the clinical picture; even ‘the level -of -ar-
“ térial pressure may become lower, - cespecially after a cere-

_bral attack. of a myocardial 1nfarct. Ye. M. Tureyev warns
“against a simplified view of the* 1nterdepundence between

"‘phypurtenslon and atharoscler031s. At the First All~Union

Congress of Ihcrqpcutlsts (1958), ‘A, 'L. Myasnikov stressed
‘the 31m11ar1ty of certain pathogenetlc, blochemlcal, ‘and
other factors in hyperten81on and ‘atherosclerdsis and even
_ralsed the question on whcther these two conditions are not

8 menlfestatlon of the same dlSGaSp whlch Yin ‘some cases

1‘eppears ‘as hyperten31on, and in others -~ as etherosclerosis,
' and ‘most frequently as both- puthologlcal procegses 51multa—

‘,neously or consecutively."v It is 1nterest1ng to note that

some pathologo~anatomlsts (A M. Antonov) are inclined to

11




the opinion of. the unity-of these. dlseases. S
It is necessary to mention that some forelgn authors

also think that the- interrelation’ between, hypertenS1on and
.atheroseclerosis is not determlned by a- purely mechanical
factor. Thus, Schroeder is of the opinion that common ba-
sic factors exist in both diseases’ =— biochemlcal, geogra~
.phical, etc. - Thomas and Cohen polnt out. the 51mllarity of
hereditary factors in hyperten51on and coronary athero-
~sclerosis.,
P - The foreg01ng data as well as dally cllnlcel observa-

tione indicate that the close connectlon between hyperten~
~sion and atheroscler031s is very complex, and is. hot, of
course, limited only to the mechanical effect of an 1ncreased
arterial pressure on the blood vessels. Thls connectlon
must be viewed from the broader positlon of the pethogen931s
of both diseases and their mutual:effect on the course of
‘the dlsease,.when both condltlons develop 1n the same 1n~

. dividual, -
' - The results of the study of the 1nterrelat10n of

these two diseases point out at the same. time the role of
~the impairment of neural regulatlon of metabolic and vascu-
_lar functions in the pathogenesis of atheroscler051s.‘ 0b-
servations on the effect of neurotroplc ‘substances on the
cholesterin level indicate 1nd1reet1y the 1mportance of
1»‘neurogenlc factors in the pathogenesis of atheroscleros1s
. (I. D. Tisbekmakher, I. K. Shkhvatsabaya). In our clinic
.-L. A. Myasnikov. observed the beneflclal effect of sedatlve
preparation on the lipoid metabollsm lndlces and the course
-of coronary atheroscler031s. RN
. Of great 1mportance in the study of atheroscleros1s
is the concept of N. N. Anlchkcv and his school on the pha-
.sic character of this dlsease, on the alternation of perlods
of progress of the disease with .periods ‘of ebatement and
‘even regression. The 1atter refers, of course, chlefly to
. the deposit of lipoids in the. vascular walls,
' In discussing the problems of proohylax1s and therapy

- of atherosclerosis we must dwell on the question of. the -

. importance of rational. nutrltlon.; ‘The role of hypercholes—
. terinemia in the pathogenesis of atheroscler051s, ‘the pos-
.8ibility of inducing atheroscler031s by . feedlng cholesterin

12




to anlmals naturally led to the study of the importance of

" the alimentary faector in human atherosclerosisi Though -

experiméntal alimentary cholesterin atherosclefosis, causes
morphological - vascular changes similar to humah atheroscle-
rosis, it cannot, nevertheless, be 1dentified with human
atherosclerosis in regard to pathogenesis, THe allmentary
factor in human beings does not play as important g role as
‘in animals, and undéer normal conditions man doés fot tre-
ceive such an excessive amount of chOlesterln as experi~
‘mental animals. At thé Bime time, we must note that in tdé
pregence of an impaired metabolism =- & condltlbn o£ the "
utmost importance in the pathogenesis of atherosclerosls b
the alimentary factor may acquire paramount 1mporténce. We
© must note that even experimental enimals do not react.
equally to a cholesterin load; a fasct apparently connected
© with individual metabollc cheracterlstlcs (T. N. Lovyagln,
T, A.-Smnltsyna) oo :

“Under usual condltlons the cholesterln level in
human beings depends to a lesser degree on the exogenic
~cholesterin introduced with food than on the endogenic
cholesterin formed in the organism, probably chiefly in
the liver. : An adult human being receives 400 - 500 mg of
cholesterin with his food, and synthetizes about two gm -
~.{Page). An enhanced supply of food cholesterin reduces . -
its endogen synthesis, while a reduced food intake of. ¢ho-
lesterin is accompanied by its incressed synthesis (Page).
This, apparently, explains to a certain extent the failure

©of attempts at a substantial reduction of the cholesterin

level by limiting the ‘intake’ of food cholesterin. - Keys

- (1956). found that changes in the intake of food choleste-
rin, within two-gm limits per day, :does not suybstantially
alter the cholesterin level. 'Since human food usually

- contains less than one.gm of cholesterin, Keys feels that

for 'practical purposes the variations in food- cholesterin

content have no important -significance. .Observations of
g number of authors (Myasnikov, IL'inskiy, Keys and co- .

workers, Messinger) show that even considerable alimentary
~concentrations of cholesterin do not cause a.substantially
stable rise in cholesterinemia. According to .observations
of F. K. Men'shikov and V. P. Sokolovskiy, -the prolonged -
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(40 to 45 days) administration of a:diet ‘with. a maximum

limitation of food products containing cholesterin,? did . -
ot lead. to a substantial reduction of the plasma choles— -
trin level in patiehts‘with.athaerCIerbSis;,hbwever, there
was a somewhat different interrelation of cholesterin frac-
tions present: the amount of cholesterin esters was lower,:

while that of free cholesterin was higher,’ = .. . o 7

| More definite data are available on the content of
fats in the food and on their effect on lipoid and partial
protein metabolism indices, &s well as on coronary athero-
scletrosis morbidity. Numerous studies carried out in va- .
rious Gountries enabled Keys and a number of other authors .
to come to the conclusion that atherosclerosis is. much more -
frequent in countries where the population :consumes a higher.
amount -of animal fats with its food (United States, Great
Britaih, Denmark), while countries where the' population con-
sumes food with a lower caloric content of animal fats
(Japan, Italy, etc.) show ‘& lower incidence of atheroscle-
PoSis. AN RS AR \ o

The importance of the character of nutrition, parti- .
cularly of the fat content of food on atherosclerosis mor-
bidity has also been demonstrated during the First and
Second World Wars, Thus, Malmros showed that in countries
where during World Wer II the consumption of fats, milk, and
eggs was lower (Norway, Finland, Italy), the number of
deaths due  to atherosclerosis decreased. . o :

" 'In Leningrad, during the period of the blockade,
the numbeér of angina pectoris and myocardial infarct patients
decreased,”-éfé;fact’directly'cbhnected'with:the;lack;of-
food and, particularly, with the lower intake of fats (D, M.
Grotel'). X. G. Volkova found non-lipoid platelets in the
coronary vessels of Leningrad residents wlho had suffered '
alimentary dystrophies and ‘died of hypertension. The effect
of fats consumed with food on the cholesterin level and
development of ather0501erQSis is explained by better ab- -
sorption of cholesterin (exo- and endogenic) from the intes-
tines.  However, we must agree with Katz -and Stamler that :
the ‘problem is more complex and ‘that we are dealing here
with much more extensive metabolic :disturbances. Despite’
the considerable evidence pointing to ‘the apparent role of
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excessive consumption of fats -- especially animal fats ==
we must keep in mind, nevertheless, the great difficulties

connected with the confirmation of this premise by epidemi-
ological data. It is matural, that the thesis of Keys

‘and his associatés must be subjected to serious eriticism

(Yudkin, 1957, and others). - . o
o ‘Welcénndt‘éntér:here-iﬁto o detailed discussion,
In our opinion, a correct précdticsal approach to this prob-
lem is of Substantial_importance."Ovérestimation~and,»

underestimation of the importance of ‘an excessive irtake
of fats are equally dangerous. The danger of overestima-
tion lies in t@e‘faét that one frequently attaches excep-
tional importance’ to the alimentary factor in the etiology
pffatherosclerbsis,\while oné undervalues or forgets the
importance of other factors in its pathogenesis, the gene-

ral pathological state of the organism-even though it is

connected with the predominant affection of certain vas-

cular areas, the metabolic processes5qunctions‘of the

QardiofvaSQularfsystem; etc, Forgetting these general
pathogenetid‘factors may often result in reducing all prac-

 tical measures of the prophylaxis and treatment of athero-

' sclerosis to the mere ordering of a corresponding nutrition

' _schedule. On the other hand, underestimation of the ali-
mentary factor, which with the background of impaired meta-

bolism acquires a particularly important significance, .

' ‘leads‘td‘inéufficient-aptivity in the carrying out of one
. of the important and accessible therapeutic and prophylac-
ﬁ_tic'meéSures”—%'rational nutrition. S ‘

'Phé unfavorable effect of an excessive intake of

animal fats with food received convinecing proof in connec-
. tion with recent research which had been carried out.to
' clarify the effect of various food fats on the lipoid meta-
"bolic indices.  After Kinsell had demonstrated, in 1952,
“that animal fats increase cholesterinemia, while vegetable
 fats reduce it, a number of studies have been undertaken
"o determine the effect of various alimentary fats on the

cholesterin content of the plasma. - Ahrens investigated the

effect of 25 different fats on the cholesterinemia level.
The highestzconcentration‘of-cholesterin in blood was ob-

- served upon the use of butter or cocoanut butter as the
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sole fat ingreadient of food, the lowest -- upon the use
of corn oil or safflower oil. It has been concluded that
there is a correlation, expressed by an iodine number,
petween the unsaturated state of fatty acids which are
contained in vegetable oils, and thé rate of hypocholeste-
rinemic action.  Kipsell and associates (1958) came to the
conclusién that linoleic acid, one of the three so-called
: noninterchangeable"pnsaturated»fatty.acidsf(linoleic;‘
‘linolenic, and arachidonic), is the most active one in
regard to the reduction of the cholesterinemia level, It
iS'possible_that_arachidoniowacid:possesses’an'even more
" pronounced hypocholesterinemic‘property; but its content
. in animal fats is almost nil. The . hypocholesterinemic ac-

----- N

tion of tmsaturated fatty acids was confirmed by the stu-
dies Of»a'nnmberﬁqf‘otherfauthors,(BronteTSteward;'1956;

BeVeridge,ll956g‘Malqug‘gn¢MWigand; 1957; Keys and asso-
ciates, 1957, and others). = - s

- - The hypocholesterinemic effect upon. the use of un-
“gaturated fatty acid preparations (Nothman, 1957 -~ mix-

- tures of linoleic, linolenie, and arachidonic acids, Kin-~
sell and associates, Bronte-Stewart and associates, Malmros
and Wigand -~ ethyllinoleatg)'showed'that:honinterchangeable,
unsaturated fatty acids are the active substances of vege-
table oils responsible for the reduction of the plasma’

-eholesterin level. The metabolism of these acids is ‘closely
~+pound with vitamins, about which we shall discuss later.

‘ ' On 40 patients with coronary atherosclerosis with no
evidence of circulatory insufficiency we used a mixture of
ethyl esthers of fatty acids of linseéd oil (the prepara-
tion =- linetol 'menufactured at‘our'request‘by“VNIKhEI)

-/ All-Union Chemicopharmaceutical Scientific Research Insti-
tute /. The iodine number of linetol is 177.2. The admi-
nistration of this preparation to patients for 20 days, at
20 ml per day, caused a statistically corroborated reduction
of the p1asma_cholesterin_content;ibetaélipoproteins, and

. beta-globulins, end an increase in the albumin fraction.

. Qur data demonstrate that non interchangeable, unsaturated

* fatty acids (1linoleic. and linolenic) exert a favorable effect
“on lipoid and protein metsbolic indices. .. . . .

' The dats cited above show that the use of large quan—
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tities of fatty acids, butter in partlcular, exert an un-
favorable influence on lipoid metabollc indices. 'In com~ -
paring it ‘with the already mentloned ”epldemlologlcal"""
data, we must arrive at the yery probable conc1u31on that -
an excessive content of anlmal fats in food (about 35 to 40
percent of the total calorlc flgure) exerts an unfavorable
1nfluence on the 1ip01d metabollsm. Thus, the llmltlng of
these fats in food: is clearly 1ndicated, with' the replace—
ment of a part of the fats by vegetable oils. " In addition,
it is imocrtant to keep in mind that upon hydrogenlatlon
of vegetable oils saturatlon of the unsaturated fatty a01ds
takes place and, as a result, vegetable 01ls lOSe their‘
hypocholester11en1c propertles. -

, One must consider the fact ‘that exceselve llmltation
of fats in food may ‘have unfavorable sequels. Page, who
tested on himself the effect of & prolonged drastic reduc-
tion of fats in his diet, reports an adverse ‘¢éffect on his
dlSpOSltlon, depression and’ 1ncreased 1rr1tab111ty appeared,
as well as gastro-lntestlnal dletrubances, ete, ‘Phere are
1ndlcetions in the literature than an exce351ve 1im1tat10n
1n ealorlc 1ntahe and rapid loss of weight ‘may place the
'organlsm, especlally of fat’ people, in a situation ‘analo= -
 gous to the one which cnsues follow1ng overfeedlng with
‘exogenically administered fats, Frledberg observed pheno-
menon of a myocardlal 1nfarct in fat people upon “$00 rapld

a loss of welght._ "Keys thinks’ that the diet in atheroscle—'
‘ rOS1s must be llmlted 1n calorles, of Wthh fats Wlll con-
tribute about 25 percent of a 24—hour calorle-lntake. ‘Page
calls attentlon to the danger of ‘a: dlLt in ‘which fats'cover
less than 15 percent of a 24-hour calorle-lntake. He points
out correctly to the 1nd1vidua1 reactlon of different pcople
in regard to the effect of limitation of a 24~hour calorle—
intake on the plasma content of cholesterln ‘and 11poprote1ns.
_ Plotz also feels that thé human need for fats has not been
fdetermlned pre01sely, and that fats must constitute no 1ess
‘than 15 percent of daily. calorle-lntake. Account must be
“taken of the fact that upon an 1nsuff1c1ent content of fats
in food, symptoms may appear ‘which are connected w1th the
lack of nonlnterchangeable unsaturated fatty a01ds. Blck—
»nell and Prescott thlnk that the fat-1nsufflclency dlsease i
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described in rats by 6. ‘Burr and M. Burr, depends on the
lack of these nonlnterchangeable, unsaturated fatty aclds
(linoleic,. linoleniec. and arachldonlc). o ‘
- Another dlrectlon in which studies’ arc carrled out‘ :
for flndlng therapeutlc and prophylactlc means in athero-
scler051s is in the field of vitamins, Certain vitamlns,
.g., Vitamin D , exert ‘an unfavorable effect upon 11p01d_
‘metabolic 1ndices. Under the effect of thls vitamin, the
amount: of plasma cholesterin of atheroscler031s patlents
'1ncreeses as well as the accumulatlon of ‘lipoids ~- in the
sorte bf rabbits which had ‘beeh given cholesterin (A. L.‘j
Myasnikov, 19, V. Bavina) In contrast, ascorbic acid has
‘a ‘beneficial effect on lipOid metabollsm in patients with
.atheroscleros1s, it also . inhibits the development of expe~
rimental cholesterln atherosclerosis in rabbits (I. A.
Myesnlkovs, A, Lo Myasnlhov, L. Al fyapina. Ye. P. Fedcrove,
ete.).  Ascorbic acid.is widely criployed in the treatment
" of patients with atheroscleros1s.u The fear of thrombotlc
compllcatlons upon the admlnlstretlon of sscorblc aeid
proved to be oxaggeruted, as demonstrated by the works of
N. A. Ratner ‘and co-workers, A. V. Bukovskiy, and others).
The effect of vitemins ‘of the B group oh 11p01d and
proteln metabollc indlces is of considerable 1nterest some
of thesec v1temins possess 11potrop1c propertles.i To these
_belong chollne, Vltamln B o9 folic ac1d,'pyr1dox1ne. o
Choline is one of the mos% active’ llpotroplc substances;
,therefore, its use. in atheroscler081s is of cons1derab1e :
interest, The dat% in the literature on the effect of o
fchollne on 11p01d metabollsm indices in ‘patients with “
'ﬁtherosclor051s are contradlctory. While a number of
_Amerlcan authors (Katz, Stamler and assoclates) deny the
. importance of choline in the preventlcn of exporlmental

"'atherosclerosls dev010pment end .therapy of patients with

. atherosclerosis, other authors evaluate the choline effcct

.as a pos1t1ve influence . (Yu. T, Pushkar' T. A Slnltsyna,

G. I. Koropova, Morrlson and’ ROSSl, Morrlson and Gonzales)
Observatlons carrled out in our cllnlc by P. M.

-,showed thﬂt under the effcct of chollne a statlstically

©de finlte reductlon of the plasma content and an increase
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in the ‘content of phosphollplds are obserVed and the choline
1nfluences favorable the ¢ourse of the dlscase.

Ba51ng ourselVes on the association of the phy51olo—'
glcal effect of ehollne, Vltamin B, ., and follc acid, we
used also these vitamins in our clifiic on patlents w1th
coronary atherosclerosis with favorable results (V. 1. .
Bobkova). L. N. Ignatova observed the inhibiting effect of
Vitamin B on the development Of experlmental cholesterln
atheroscler081s of the aorta.

” .- The effeot of pyr1d0x1ne on 11p01d metabollsm jndices
is of con81derqble interest. Pyr1d011ne posscsses lipotro~
pi¢ prope rtles (Halllday, Pcrettl), has a direct relatlon~
8hip on the: lipoid. -metabolism, espe01411y that of the unsa=-
turated fatty acids., Vitamin B. is esSential in the desa-
turation of p%rtlally unsaturated fatty ~01ds.> Under its
effect linoleic acid changes into arachldonlc a01d and
linolenic into hexen01c acid (Witten, Holman) The insuf-
-ficiency of Vitamin B, in noninterchangeable, unsaturated
fatty acids in rats gives a similar clinical plcture, each
of these factors substituting for the other to a certaln
extent (Schroeder) :

. ~ Pyridoxine and unsaturated fatty a01ds enhance the
llpotroplc action of choline by mutually supplementlng each
_other's sction (Engel). ,

- ‘In experlments on. monkeys Rlnehart and Greenberg N
observed the development of atheroscler081s with insuffi-
ciency of pyridoxinc in food. All these facts demonstrate
that lack of pyr1d0x1ne ney contrioute to thc development
of atheroscler031s.. Schroeder is of the oplnlon that the
ubnormal correletlon between the saturated and unsaturated
fatty acids in cholesterln esters (cholesterln esters are
more u931ly soluble in unsaturated than in saturated fatty
' a01ds) may . constltute an atherogenlc factor upon the presence
of a 11m1na1 content of pyridoxine in food, the latter phe-
nomenon occurring in the United States in certaln sersons.
At the same time Schroeder attrlbutes a certain S1gn1flcance
also to the disturbance of the ‘balance of trace elements,
and bases his statement on the fact that the enzymio sys-
tems, in which B, enters as a co-enzyme, also contain a
metal which activates them (Snell) Incldentally, it is
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~ worth noting the ‘growing interest ‘it the possible role of
trece eloments in the prthogenesis of atherosclerosis and
hypertension., Thore are experimental data on this problem.
For instance, Curran end Costollo (1956) observed in rab-
bits which had redéived cholesterin a marked reduction of
cholesterinemia, inhibition of the endogenic synthesis of
cholesterin, and its depositin the asorte under the effect
of vonadium. - The hypocholesterinemic: action of cthylen~ -~
diaminotetra-acetete in humens is explained by Schrocder
by the fact that this preparation binds ‘the trace eloments,
zinc in particular, end cbntributes'fb:%heir‘elimination‘wmfw
with the urine, ~Since we cannot dwell in-deteil on this
problem, we shall refer the reader to Schroeder's monograph
in which considerable attention is devoted to the problem
of the significance of trace clements.. T
. The foregoing7data;onprridoxine“constitutéVa,suf~
ficient;reasdnifér.attempﬁsfto'employ-it for”therapeuticT
purposes in patients with atherosclerosis (Failey). In our
clinic it was done by V. I. ‘Bobkova ‘on 35 patients with "
coronary etherosclerosis; large déses of pyridoxine (100
mg daily) administered for e period of 20 days led to. .. ... .
favorable chonges in the metabolié indices of lipoids and,
pertly, in proteins. S. D. Sheikh-Ali observéd rabbits
which hed reeccived large doses of cholestcrin and pyridoxine,
and he found a ‘less pronounced cholcsterinemia end lipoido-
sis of the aorto then in control animdls. -
' As scen from the foregoing ‘data, the effects of all
the above-mcntioned witamins of group ‘B; ‘choline, Vitamin
B. . fqlicjaciq,.pyridoXiné,kas¥we11*as~the*noninterchan—<

géhble, unsaturated fatty acids on the 1lipoid mctabolism
are closely interrclated. 'The physiological action of =
pyridoxine is also closely bound with the physiological -
action of another group B vitamin -~ nicotinic acid.’ -
Pyridoxine participates in the transformation of trypto- -
phan into niescin and in the methyletion of the amide of .. .
nicotinic acid (S.:M. Ryss). - e

. “;The'dataVin‘theélitérétdre*dn*théwéffeCt*df'niCO- N
tinic acid:on lipoid metabolism ‘and atherogenesis are &
somewhat contradictory.- I. A. Yakovleve found that-nico=-- "

tinic mcid led to the enhancement of an experimental -
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cholesterin athuroscler031s in rabbits and o tendeney to
raisc the cholesterin content of the plesma in patients
with hypertension and atherosclerosis. But’ there are at
present a number of works from abroad which show that:
large. doses of nlcotinic acld produce a con51derable Tre-~
duotion in cholesterlnemia level, and that nicotlnlc acid
is thercfore- employud in ldarge doscs in the treatmcnt of
atherosclerosis patients (Aitschul, 1955, Achor, 1958;
Nava, 1958, and others). o : :

" 'Ap far as other v1taﬁihs are concerned, the1r ef~-
fect on 11p01d metabollsm is exprossud less clearly,
Vitamin B, has no substaﬁtlal effedt oh the development
of ¢kperifental atherosclerosis end’ chclcsterlncmia level
in paticnts with atherosclerosis (4. Le Myebnikov). Dbata
on the effcet of ‘A  and E on 1ipoid motabolism 2nd deve-
lopment of athcrosclcr051s are somewhnt contradlctory
(see literaturc: W. V. Okunev).» -

" Besides lipotroplc substances which belong to thc
V1tam1ns of the B group,’ methionlne, 1oclth1n, gnd lipo--
cain were also uscd for thcrapeutic purposus in ‘athero-
‘selerosis. Hueper (1949) considered, for theoreticel |
. reasons, that it is expedlcnt to uge lecithin of vegetable
‘ origin (from soyz beans) ‘for the treatment of @ thuroscle-
rosis. The molecule of leeithin' contalns ‘choline, ~- 2
fact whlch apparently determlncs the 11potrop1c proper-"
ties of lecithin; these propertles manifest thémselves
when dbpunchEtIHIZbd dogs recelve fresh pancrectic tissue
_or even plaln lecithin. Anothe T 11potrop1c gubstance of

”f;the pencreas is lipoocain (S.‘M. Lcytes), or the lipocaie

" of forelgn authors.f The data on its effect -on 1lipoid meta-
- bolism indices are somewhat contradlctory. Thus, Huber,

' Brown, and Cascy (1937) observed that rabbits which had
“reculed cholosterln showed 'a retardation of the devilop-
ment of hypﬂrcholusturlnemia and atheroscler051s under

thu effuct of lipocwln., At the snmb time, Vermeulen, ‘and
Dragstedt (1042) could’ not conflrm 1t, ‘altholgh they point
”out that it was p0531blc due to the 1nsufflciunt dosage -
AHof 11poca1n or the inadequate method. of its administration.

4. Al Bondar' and co-workers observed that patlcnts W1th

Botkln dlsease who received 11pocain showed an lncruese
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in the amount of phospholipids of the plasma. _Certain
foreign authors notgd}an,incrgase.bf alpha—1inproteips :
in potients. . o oo |

©,. - Leeithin and lipocain were cmployed for therapeutic
purposes in paticnts with atheros¢lérosis, A. A, Kleonina

observed that paticnts with atherosclerosis and hyperten-

gion who had{receiVed'leb;thinféﬁﬁweaﬁSIight;Qhangéslin"
cholesterinemia and a more substantial;increase‘iﬁ the
plasma lecithin. P. M. Sayenkov,;infgﬁr'clini¢}jused‘”

lipoenin on 40 patients with-coronary atherosclerosis and

observed thot a predominant majoritYfShQWGd'akébhéiderable
increase of plasme phospholipids, and a corresponding
increase of the phospholipid cholesterin retios The ef-
fect on cholesterinemia wes insignifieant. | = g

s

..+ 0f the other substances possessing lipotropic pro-
porties we shall mention methi@hineﬁf'Iﬁsllipptropic'pro~
pertics- are probebly. connebted with the faet thet methio-
ninc with its mobile methyl groups participates in the
endogenic synthesis of choline (du Vigneaud), Mcthionine
was used in our clinic (Van Pu) on 45 patients with coro-
nary etherosclerosis, In the majority of cases favorable
changes were noted in thc metabolic indices of lipoids and,
partly, in proteins. - The cffect of methionine on the -
phospholipid level in the plasma was more pronounced than
its effect on cholesterinemia, . G. I. Koropova observed
‘similar changes Qf.bertainulipqid metabo1ism.indicés upon
prolonged use of methionine., T B ’

| g;rThe-foregoing{datﬂvon"ﬁhe;impprtahde of the consump-
tionm of fate, unsaturated fatty acids, vitemins, and lipo-
tropic substances on the origin of etherosclerosis must
be taken intoﬂconsideration'when'qne'IQrmulates a rational
diet, The absorption of cholesterin in the intcstines and
its climination with excrement must also be considered.
~ Not only food cholesterin is absorbed in the intestincs,
“;but also a -considerable part of the endogenous cholesterin

‘which is secreted into the intestinal canal together with

" ‘pile.: Attempts were made to reduce cholesterincmia by the

Témploymehtgof.Substancesfwhich.inh;bitjabgdrption'offch01es—
terin - in the'intestines‘and;stimulatefits‘elimination;With
the oxerements. Of these substances the effect of vegetable
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Sterols,‘the-SO—calledvphytosterbls,'has been most satis-

factorily studied.. Ihere are clinieal observations and

| experimontal,datagwhich;indicate that'the1administratibn‘
- of beta-phytosterol causes s reduction in the cholesterin
“content of the blood (Peterson, Pollak). . .

) 1 Lk .

We think thet the foregoing date mey serve &8 &

besis for working.out a:g@tfitiénalfiegimen'diiéciédf%oWard
thé prevention of the deveélopment and progress of athero-
solerosibi - The basic thedes are reduced to the fact that

‘hutrition must not be excessive, perticularly in regard to
animel fats; it is expedient to replace a part of animal
fats by vegetable fats containing: a large amount of unsa-
turated fatty acids. ~The food must contain a suffidient
quantity of full-value proteins, lipotropic substances, and
vitamins which would exert a'faVOrablé‘éffgét‘onfthéfliﬁoid
‘and protein metebolism. It must also contain & sufficient
‘quantity of vegetable cellulose and other substences which
would ensure & regularwintestinal‘evacuatidn.; We do not
consider the question of the salt content of food: first,
it does not follow from the qontext*of pfoblems'which“hdve
beén discussed, and second, it is to & great extent deter-
mined mot by the atherosclerotic process as such, but by

. its concrete clinical manifestations,(myocardiél'iﬁfarqt,

?,atherosclerotic'cardidsclerosié‘withfgirgulétbry insuffi-

e are dfscuSSing‘here"ohlyftﬁe'général‘prinéiplés
. of a nutritional regimen without'attémptihg*tO”snggést

. .definite schedules and dicts, which is not our aim. The
description of definite schedules and diets in athercscle-
rosis can be found in & number of works of Soviet and
foreign suthors (B. V. I 'inskiy, P. K. Men'shikov, V. E.
.-Sokolovskiy, Luisada, Rinzler, and others). L e

, - _In the pathqgepegis‘qf,atheroscleros's aﬂdéfihite
role is played by endocrine factors. It is a universally

xnown fact thet the incidence of coronary otherosclerosis
’énd'myodardial’infarctfmbrbidity,is higher_ih_methhah’in
_women.. However, in the more advanced stage of life this
' @ifference is less pronounced.  Taoble 3 shows data on the
- offect of sex and age on lipoid metabolism indices. In

young men the average figures‘offtdtal-plasma1pholésﬂerin
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and 1ts purcentﬂge of beta-11p0prot cins are higher than in
women. .These ratios ch%ngu at a more Qchand age. Some
workers considcr it one’ of the" ceuscs of an’ earlicr onset
of atherosclerosis in. men than 1n women. One eennot over-
look the effect of endocrlne factors in: the lower incidence
.of coron 2Ty . ﬂtherosclvr051s in women before the menopause,
and in thb merked 1ncrc~9u of morbldlty in women qfter the
onsbt of the menopausu. , :
.7 'The date in the llterature on the effect of male :
and female sex hormOncs on the developmcnt of. exptrimentﬂl
cholesterln athcrosclerosis, 28 well as clinical observa=
tlons on tho use of sex hormoncs for therapeutic purposce
. -in coronary atherosclcr031s are ‘somewhat contradlctory.-'Wc
_cannot discuss in detail the exPerlmental data and shall
limit ‘oursclves to the statement that the estrogunlc ‘hor-
mone . 1nh1b1ts the devolopment ‘of expurlmental cholesterin
atherosclcr031s in cockeruls (Plck, Stamler) - Castration
leads to an enhancemcnt of choltsterln atheroscler031s in
rabbits (Shaplro, Kh. Kh. Mansurov) . .
L Barr, BEder, and Robinson observed very favorablc
chunges in the 11poid mttnbollsm indlces, reduction of cho~
lesterincmia, increase of thu r%tio of total cholestcrln
~of the alpha-lipoprotelns, and a reductlon of the ratio of
cholesterln/phospholiplds in‘men with' coronﬁry athtroscle~
rosis after they had been treated with estrogenlc ‘hormones.
The use of methyltest0sttrone caused changes of these indi-
ces in the oppos1te dlrectlon.i Kh. Fh. Mansurov, however,

. observed reduction’ of cholbsterinemlc follow1ng the use of

this androgenlc hormone. ° The’ problem of the p0531b1e thera~
_peutlc use of sex hormonés in coronary atherosclerosis
- requires further careful- study, particularly in view of the
fact thet upon protrqcted and effective treatment of men,
- who had suffered a myocardlml infarot, with estrogenic hor-
_4mones, dlsturbences of their sexual functlon have been ob—
served (Barr, Roblnson and asssociates). -
The connoction between dlabctes and the development
Yof stherosclerosis hes been known for a long time, In ‘the
USSR the incidence of dlabetes is- much lowe¥ than in some
,forelgn countries, Cefey. the United Statgs.' Accordlng to
the Amerlcun suthors, coronary atheroscler051s, closing of




,the 1umen of coronpry arteries, and myocﬂrdicl 1nfarct are

_found much more frerucntly in autop31es of disbetic paticents

than in those who hed no diebetic hmstory (EnkleW1tz, 1934
Root, 19393 btearns, Schlesinger, 1947, Peldman and Feldmen,

1954, and others). In diabetic petients ath»rosclor031s

develops a¥ an ea rlier ﬂgu, and the usual ‘difference of -

. coronary atheroéclur031s hnﬂ myocardial inferct in01dence

between men. end women is lchlled outi Thb latter, presu-
mably, dupends on thu fact thﬂt myocardi~l “infaret devclops
nore frequcntly in woemn ais betics than in‘men) - Thus, ac-

.cordlng to - Jrlght, of 774 mén ‘111 with myocardlal infarct

only 7.1 percent were diabetlcs, whllc among 240° womcn ‘with
myocardlul 1nfarct 24. 2 percent were dlﬁbetics. Analogous

. figures were. ¢ited by a number of othur'euthors. - These
. facts: raisc the problem 6f the donﬂoction of "the’ pancreas

with athbroscler031s,i problem whiCh 1n ‘spite” 6f" experi-

;.xmental studies (for litpr‘ture see Kutz and btmmler), ean—
- not at, present be consldpred completely clurlfled.» '

‘Definite data are available on the effedt of the

fthyr01d on 11p01d metabollsm and thu dcvelopm»nt of uthero—

sclerosis, It wes dumonstrated experlmuntally that the
thyr01d hormone 1nh1bits the dGV&lopmunt (1. V. Frledlﬂnd
19%3) and accelerates resorptlon (v V., pita) atrskiy ‘and V¢ D.

“‘mpT31nzpr11ng, 1950) of the lipoidosis ‘of the aorta in rab-
~bits which hod been feod cholbst»rin. Muthylthiouracil is

‘used on dogs to inhlblt “the functioh of the thyr01d, whlle

they are fed cholcsterln t0. 1nduce athuroéclur081s. It is

known -that myxecema is coompunied by hypercholesturlnumla.

_ -The use of thyréid preparations for ‘therapeutic
and prOphylgctlc purposes dig not flnd much appllcatlon,

for thyroxine itself is. not harmless to the ‘cardiovasoular
. system. ..There is eV1dence that, undpr th» effect of the

thyroid hormonu, the content of cateoholamlngs (adrcnalln,

‘ norcdrenalin) in the myocardlum 1ncreﬁ3bs. ‘Phese. 1ncroase
- the use of oxygen by the myocardlum and thus reduc» “the

coefficient of its uscful actlon.f PThis’ leads ‘t0 the deve-
1opmunt of myocardlal mnox1a, cspeclqlly in’ patiunts w1th

coronary. etherosclerotlc arteries; thoSu‘arteries are
. unable to. dilate adoqu tely end thus to lncraase ‘$he blood

'supply to the. heart musclu and compensate for tﬂu enhanced
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»j-consumption of oxygen by the myocerdlum (Ra b) Neverthe-
’“less, somc attempts were made totreat p?tlents having -
‘. athiroxlerosis with iodothyrin (N. ‘I. Pckerskiy, 1956).
... The pTObluﬁ of thu effuct of ACTH e&nd cortisone on
11p01d mutabollsm is very 1mportpnt. The necessity arises,
o at tlzes, to use thcse preparatlons on patlents who, be=-"
JL31des having a diScﬂse in which hormonal “therapy 'is indi-
~eated, 2lso show menlfestations of atherosclerosms.: In
‘recent years the hormones . 6f ‘the adrenal: cortex have been
employed in- thc truatmunt of patignts with myocurdlal in-
ferct and those vith an 1nadequate blood circulation: (Pecndl,
- and. othurs) The engrlmental data on the effcet of ACTH.
and cortlsone on 11p01d mctcbollsm are eontradlctory.» L
Stumpf and Wile s sdministcred cortisone to rabbits who had
been recelving cholesturln,'and observed its’ inhlbitlng
effcct on the dovelopment of ﬁth\.rosclerosm. Sueh an’
effect was not corroboreted by Cook though he obscrved some-
whet uttenuated m;nifustlons of hypurcholusterlnemlq and-
5nthur03010rosis upon adminlstr<t10n of ACTH. = Stamler, .
Pick, and Katz fed cortisone and’ eholesterin to chicks and
.ObSGrVLd a more mgrkbd duv»lopmcnt of "thyroscl»r031s of
_the aorta and coronary. erteries than in chieks which hqd
reeccived only cholesturln cortlsonu had no effcet at all
on hypvrcholosterlnomia, phOSphOllmelc, and the ¢holesterin/
_phospolipid ration. Administration of ACTH did not enhance
: ﬂthcrosclcrosis ‘but. inereased hypercholesterinemla. We
. have. alrpqdy cited the data by Adlersberg ahd assoclates
on the cffect of sturoid ‘hormones: of \the adrensl-cortex
_and AGTH on expcrlmental athcrosclerosis in“rabbits.
‘ Dmta in the litcrature on changecs in the 11p01d
metﬂbollsm indlces 1n p(tlents who had received ACTH 1nd
Jcortlsonc are - nty and ‘also somewhat contrﬂdictory. “In
this connectlon, our clinic investigated the ‘indices of
the metabolism of 11p01ds, 11p0prote1n8, and proteins on
. 50 pctlcnts suffering from rheumatoid polyarthritis, rhcu—.
‘matism, ond bronchlal asthmc who ‘had received hormonal
. therapy (Vo Fo Z&ytSLV) In the majority of these cascs
g;trcatment with ‘hormories 'was accompanled by & reduction of
" the cholcsterin content, indrease of plasma- phospholipids,
reduction of beta~lipoproteins, jnercase of albumins, and
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reduction of blobulins in the plesma. On the basis of
these results, we consider it p0531b1e to use ACTH and
cortisonc when s6 indien ted, even if the patients show
ecrtain : anifestetions of FtthOSCluTOSlS. It is under—_:
stood, of course, that thls problum requlrus furth»r
study. . »
;.- As seon from the cited dqta, thu'rolu of endocrlnej
factors in the pathogcnusis of athcrosclerosis snd of the
~use of undocrlne preparations £d# prophylactic and thora-
j;;pa.utw purposes is stlll not biuar and requircs furthpr “
1nvest1gatlon. h
- In dlscu831ng the problem of treatment of patlents*

with atherosclbrosis we must also mention the cffect of |
heparin on lipoid metabolism indibes, . Hahn (1943) sbserved
that the. 1ntrovehous admmnistr?tlon of heparin in dogs with
,‘alimentﬂry llpemla eauses a clearlnghup of the blood plasm%.
.. Purther studics showed that this "clenring«up factor" is .
a llpoprotcin llpase which catalyzes the hydroly31s of f 
trlglycerldes of llpoprotelns into fatty scidp and gly-
cerin. (Korn) Lyon, Jones, Gofmen and sssocl«tes (1951)
demonstrﬂted that under. the offuct of hcp rin a favorable
change of. blood lipoproteins takus place in patients w1th

thorosclurosis, 28 well a8 in experimcntal rabbits which
hav; been reoc1v1ng cholcsterln. 'In the latter, hcparln‘
uxertud an inhibiting effect on the developmunt of ‘athero-
sclorosis, . Stamlcr and Katz strcss the fact that these
chenges in the’ 11poprotu1n fractions’ were not eccompanied
by substantlal changes in the genbral plasnma’ cholesterln '
level, neverthcless they ey;rtod an 1nh1b1t1ng actlon in
\atherosclur081s abvclopmunt. Nmkkila als0 obserVed that
under the action of heparin thcre had been an increase of
’alpha— end a reduetlon of buta~lipoprote1n fractions.

. We cannot dwell on the probdblem of the mcchanlsm of
\wthe %ctlon of hepqun, which is still. obscure (for 11tera—
ture see N, V. Okunev, Stamlcr and Katz, Korn). ie ‘shell

note only that attempts have been made to usc hepqun in
patients with atherosclerosis in order to alleviate the
lipoid metabolism (Graham, Lyon, Gofm,n ‘and assoclates,“‘;
. A. L. Myasnikov, N. A, Ratncr and &SSOClatbS, Engelberg end
ﬁssoclates)‘ It is still prbmaturu to speculcte on whether
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hbpcrln w111 be' acceptcd in prﬂctlce fbr thu trectment of
coronsry ”thuTOSClbrOSlS (w; do nov speak, of course, of
its usc a8 an - enticoegulant) o :

‘ “As soeen from the * forug01ng date,’ “the problems of
the pﬁtlogenp51s, truptment, and prophylax1s of atheroscle=~
roais are undgrg01xg thorough study at presunt in clinics
as Woll o8 prurlmOnthlly. bp»Cl a1 attention’ is concentra-
ted on- the problems of mctabolic dlsturbences in atheroscle~
rosis, not only of 1ip01ds but protelns and- llpOGTOtclnS a8
well, There is no doubt that the problems of pa vthogenesis
- of qth&,rosclbrosw Wlll in thu fuour» undcrgo studies on a\
broe vder front,’ since it is known foct thet -at the ba '
of ”thbTOSClOrOSlS lie dlsturbances of metabollc rugulm~
‘tion Qnd, probably, of many othcr functlons of systums and
organs, of which the forcmost is thb cardio-vascular syst>m.
Up to the prosent tlme the” studlcs were ‘concentrated chiefly
on the scarch for effect1Vu megsures for tae prophylex1s
and trentmcat of athuroscluros1s. DO far, ‘o deflnltlvc
achleVumunts have boen obtained in this ‘field. However, -
certain trends haove been mapped out in thu dcvblopmbnt of
the problbm of prophyl~x1s and thgrﬂpy of this disease
which offer some.promise. To these tre nds’ bulongs the study
of the problem of nutrition. Substantlal but not defi~ -
nltlv . data heve boen obtwlned in regard t0 the v1tgm1ns,
lipotropic substances, and 1ﬂo:c'moms on metabolisin and on’
the develongnt of =& theroscl»rosms.g'fhe questlon of the
51gn1f1cance of bndocrlne factors in thc pﬂthogene51s of
EthurOSCILrOSlS rcoulres “further study. Hormohe: thernpy
has not a8 yut ruCGIVud w1desprpad uses This problem too,
ruculres further study.' Along51de theé enumerated factors’
are ueny others whlch werc not the subject of dlscussion '
in this "rtlclb, e.g., the rcglwen of ‘work and ‘Thome life,
phys1cc1 tralnlng, thurupeutlc bxpr01ses, phy31cal act1v1ty
in thn wider sense of the word. '

0f con31durab1u importance is the chﬂnge in our
V1ews on’ the ‘evolution of ﬂthufOSCleOSlSo A% the'prusent
:'tldc the ldG” of athbrsclgr081s a8 ‘the nyv1tﬂble eompanlon
of old agé, ns-a disecase of an unyluldlng progressive - cha~
‘radter loading to s fatal exit, i¢ gradudlly giving ‘place
to a more optimistic view., A certain phesic character was
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obsorvod i the courso of thls discascj -periods of progress
may, appe rontly, rlternate w1th periods of abntomcnt and
even pﬂrtlol retvogrc531on, "Such a concept, of, the course
of this. proooss stlmulatos phy81olwns' thoughts towurd

srch for effective means ‘of prevention and. treatment of
“therosolor081s, 7 Bearch which no- doubt. w111 GVentually
bo crownod vlth sucooss. con ey e R T
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