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ABSTRACT

Investigations Into the effects of nicotine on athero- 

genesis in mice were made. Four groups of mice were fed 

different diets for a period of four weeks and then sacrificed. 

Microscopic examination of the descending thoracic aorta re

vealed no presence of lesions. Analysis of test on the blood 

demonstrated lower levels of serum cholesterol in nicotine 
administered mice. Theories on nicotine and cholesterol 

involvement are discussed along with current ideas on the 

normal aortic aging process* the atherosclerotic process* and 

useful prophylactic measures.
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iJiXHQgWW.

Some studies have been done indicating a direct relation

ship between smoking and atherosclerosis (Kershbaum and Bellet, 
19661 Kershbaum, 1967). It is generally felt that there is an 

increased mortality rate due to coronary heart disease as well 

as higher serum cholesterol levels among smokers (Auerbach, 

et al,, 19651 Hammond, 1964). Pew experiments have been done 

using laboratory animals to investigate the relationship of 

nicotine to the development of atherosclerosis (Stefanovich, 

Gore, Kajiyama and Iwanaga, 1969).

In this experiment we are investigating the Influence 

of nicotine on the development of dietary atherogenesis in 

laboratory mice with attention given to changes in the aortic 

wall and levels of serum cholesterol.
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Fifty laboratory mice of the C57 Bio inbred strain were 

used for this experiment. The average weight of these mice 

was 30.1 grams and the average age was seven months. Group I 
(10 mice) received laboratory chow, Group II (11 mice) received 

a cholesterol-containing diet, Group III (14 mice) received 

laboratory chow and was treated with nicotine, Group IV (15 
mice) received the cholesterol-containing diet and was 

treated with nicotine. Each group contained an equal number 

of males and females.

The diets were fed ad libitum. The “cholesterol'’ diet 

consisted of (W/W) of cholesterol, com oil and GTA

rabbit crunchies. Nicotine (MCB Chemical Co.) was administered 
via the water source (9.73 x 10*7 m) at a rate of 2.33 milli

grams per kilogram body weight seven days a week. Alternatives 

to this particular administration technique were attempted. 

Among these were interperitoneal injections and oral injec

tions. Since nicotine Is soluble in all proportions in water, 

the water source seemed to be the most convenient method. At 
the end of the experiment (four weeks) cardiac punctures to 

draw blood were performed on the mice made docile by ether.

The animals then were air Injected (2 mis) to kill them and 

the aorta was removed and placed in a ten per cent neutral 

buffered formalin solution. The blood specimens were spun 

down and the serum was placed in micropipettes (divided among 

four pipettes for each sample).
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The cholesterol levels (using three different samples 

for each mouse) were determined using an ABA Biochromatie 

Analyzer. The cholesterol levels* because of unavoidable 

hemolysis of blood samples were determined by a direct method 

that made use of the oxidation of cholesterol esters to free 

cholesterol.

Cholesterol esters in serum are hydrolysed to free ©holes 

terol by cholesterol ester hydrolase. The free cholesterol 
is oxidized by cholesterol esterase to cholest-4~en»3~one

with simultaneous production of hydrogen peroxide which 

exldatively couples with ^amino-antipyrine and phenol in the 

presence of peroxidase to yield a quinoneimine dye with an 

absorption maximum at 500 nm. The amount of color produced 
is directly proportional to the total cholesterol content of 

the sample.

The blood vessels were embedded in paraffin then cut 

eight microns thick. Hematoxylin and eosin stains were used. 

The blood vessels were then examined for any fatty streaks, 

cholesterol clefts and other changes in the walls of the blood 

vessels.
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Cholesterol belongs to that group of compounds called 

lipids. A lipid Is defined as that fraction of any biological 

material which is extractable by nonpolar solvents (White, 

Handler and Smith, 1959)« steroids are classed as one of 

those lipids not containing glycerol. Steroids have the 

general formula indicated below.

Fig. 1 - steroid

Steroids with eight to ten carbon atoms in the side chain at 

position 1? and an alcoholic hydroxyl group at position three 

are classed as sterols. Cholesterol is the most abundant 
sterol in animal tissue.

Vv
Fig. 2 - Cholesterol
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Cholesterol is synthesized by virtually every tissue 

in the mammal (Srere, et al,» 1950)• Some organs and tissues 

are more important in cholesterol synthesis than others.

The liver, intestine and skin are the sites of most active 

cholesterol synthesisi kidney, lung and gonad tissues are 

much less activej and muscle, adipose and the adult brain 

tissue are least active tissues of synthesis. The liver tissue 

has always been considered to be the major site of biosynthesis 
of plasma cholesterol. Studies have shown (Wilson and Reinke, 
1968) that circulating cholesterol is either derived from 

biosynthesis in the liver or from the diet.

Ever-increasing evidence now seems to indicate that other 

tissue, especially the walls of the intestine, make important 

contributions to the total serum cholesterol (Wilson and 

Reinke, 1968, and McIntyre and Isselbacher, 1973). When 

cholesterol of dietary origin is increased, the biosynthesis 
of this sterol is decreased in the hepatic tissue (Wilson 
and Reinke, 1968). Cholesterol of endogenous origin still 

flows into the serum pool. There is evidence that the major 

source of this endogenous cholesterol is the wall of the 
intestine (Wilson and Reinke, 1968).

It has been shown (Wilson and Reinke, 1968) that chole

sterol, whether of exogenous or endogenous origin, enters 
the blood via the lymph, Wilson and Reinke (1968) have 

shown that the entrance of cholesterol synthesized in the 
Intestinal wall is bidirectional, i.e. some is absorbed 

directly Into the lymph and some is deposited in the
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Intestinal lumen to be reabsorbed into the intestinal lymph.

The reabsorption pathway of this sterol seems to be a minor 

one compared to direct absorption. Bile salts seem to be 

necessary for the optimal absorption of cholesterol in the 
Intestine (Wilson and Reinke, 1968). Activation of cholesteryl 

esterase (cholesterol enters lymph principally in esterified 

form) and the slowing of lymph flow are two likely effects 

that the bile salts may have, although these are probably not 
the entire effect (Wilson and Reinke, 1968). When ultracen

trifugation is performed on the contents of the small intestine, 

cholesterol is found in the sediments because of its water 

insolubility and in the oily supernatant because of its fat 

solubility, Surprisingly, cholesterol is also found in the 

aqueous portion in micelles (McIntyre and Isselbacher, 1973). 

Micelles are water soluble polymolecular aggregates of bile 

salts, monoglycerides and fatty acids. Fatty acids and mono

glycerides, products of triglyceride hydrolysis, are needed 

for micelle expansion. The micelle solubility of cholesterol 

determines its mucosal uptake (McIntyre and Isselbacher, 1973). 

From these facts it Is assumed that feeding of fats enhances 

cholesterol absorption. From the intestinal lymph the esteri

fied and free cholesterol pass from the thoracic duct to the 

systemic circulation. Cholesterol in the esterified form 

accounts for seventy to seventy-five per cent of the serum 

cholesterol. It is postulated that the esterified cholesterol 
is metabolically more mobile than free cholesterol (Heftmann, 
1970).
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Cholesterol is the only dietary steroid that cannot be 

broken down or oxidized. Once cholesterol enters the blood 

stream, it remains in a stable form (Wilson and Reinke, 1968). 

The chief chemical constituent of atherosclerotic lesions and 

cholesterol gallstones in experimental animals has been found 

to be cholesterol.

The gastrointestinal tract is the major pathway for 

excretion of cholesterol. It is found in the feces in both 

the bile acid and neutral sterol fractions (McIntyre and Issel- 
bacher, 1973). The bile acids are circulated through the so- 

called enterhepatic circulation and cholesterol in the bile 

acids form is lost to the Intestinal tract (Heftmann, 1970).

A very small amount of the total bile acid fraction is lost 

during each circulation but since the acids circulate six to 

ten times each day, the cumulative loss is appreciable 
(McIntyre and Isselbacher, 1973). In some animals the bile 

acid pathway may be a mechanism that allows the removal of 

excess cholesterol. Since bile acids also increase the up

take of cholesterol, this conversion process appears fruit-
''

less. There is evidence (McIntyre and Isselbacher, 1973) 

that increased frequency of entrohepatic circulation causes 

a break in this bile acid increase. When bile acid loss is 
increased by ileal disease or other methods, including arti

ficial, the total cholesterol excretion is enhanced not only 

because more cholesterol is converted to bile acids but also 

because cholesterol absorption from the lumen of the intestine 
is impaired (McIntyre and Isselbacher, 1973). Neutral sterol
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excretion Is also a major source of cholesterol loss to the 

feces. Bacteria in the lower intestinal tract converts 

cholesterol to other sterols which are in the feces, notably 
is coprostanol (Heftmann, 1970). Bile and shed epithelial 

cells are probably major sources quantitatively of the endo

genous cholesterol fraction found in the intestinal lumen. 
Cholesterol shed in the lower intestinal tract is unavailable 

for absorption back into the intestinal wall (McIntyre and 

Isselbacher, 1973). It is thought that this source of 

cholesterol eould also make up an appreciable portion of the 

fecal neutral sterol fraction. When triglycerides are hydro

lyzed, fatty acids and monoglycerides are freed. Both of the 

products of triglyceride digestion are absorbed almost ex

clusively in the upper portion of the small intestine 
(McIntyre and Isselbacher, 1973). As a result of this ab

sorption and bile acid absorption in the upper small intestine 

the absorption of micellular cholesterol in the lower small 

intestine is very low. This may be the major reason that 

cholesterol is more efficiently absorbed in the upper small 

intestine than in the lower portion.
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NICOTIME

Nicotine belongs to the alkaloid family of organic
' r' ' ’/* S ''"’ft »«'•'•• Y, • •*•*/'''•'• y*.\' \V-?X

compounds. Alkaloids comprise a wide variety of organic 

compounds with many diversified functions. The alkaloid 

nicotine is primarily produced as a by-product in plant 

metabolism.

In recent years there have been numerous investigations 

on man and animals designed to ascertain and illuminate the 

effect of smoking and nicotine on various metabolic functions 

considered to be factors in the development of atherosclero

sis. The literature contains many reports on the deliterious 

effects of chronic nicotine administration to laboratory 

animals ranging from production of atherosclerosis to inter

ference with reproduction. Investigation of the effects of 

nicotine appear compulsory as a result of considerable ex

posure of man to this drug via plants, smoking and insecti
cides.

Nicotine (l-methyl-2-(3-pyridyl) pyrrolidine) is a 

relatively light molecule as far as metabolism is concerned. 

Its structure is a combination of a pyridine ring, as found 

in diphosopyridine nucleotide and other enzymatic constituents 

and a pyrrolidine ring which gives it a structural resemblance 
to the amino acid proline (MoKennis, i960). Another important 

aspect of nicotine molecular structure is the asymmetrical 

carbon which enables it to exist as a pair of enantiomers.
The mouse*8 metabolism and stereospecific enzyme system
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utilizes the levoratory form, (-)-nicotine (Booth, et al., 
1970), These relationships render the metabolism of nico

tine attractive for investigation.

An additional important aspect of nicotine’s structure 

is its close similarity to that of dipyridyl, a chelating 

agent for iron (Robinson, 1959). As a result of its struc

ture nicotine may then act to sequester the atoms of metals.
If nicotine proves to be a chelating agent and binds to Ca++, 

new light could be shed on the role of nicotine in the develop- 

ment of atherosclerosis.

Dipyridyl Nicotine

Fig. 3

The physiological pathways of nicotine action and meta

bolism are not fully known. Nicotine is readily absorbed 

through mucous membranes in its basic state. Nicotine 
readily penetrates the cell membrane at pH 8*6 and is virtually 
excluded at pH 1.2 (Travell, I960),
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Upon administration, nicotine is rapidly metabolized. 

Within five minutes of I.V. administration cotinine, a 

metabolite of nicotine, is found in the blood (Turner, 1969). 

Twenty minutes after injection of tagged nicotine, 

radioactivity is noticeable in the liver and kidney, pri

marily due to the metabolites of nicotine, and in the brain, 

where unchanged nicotine dominates (Schmiterlow, et al., 1967). 
The brain is unable to metabolize nicotine. Most of the 

degradative processes occur In the liver, kidney and lung 
(Schmiterlow, et al., 1967).

In the mouse, metabolism of nicotine occurs primarily in 

the liver. The process was proven to be both TPNH and 02 
dependent (Stalhandske, 1970). Nicotine undergoes two 

separate reaction pathways. Nicotine undergoes oxidative 
changes in the pyrrolidine ring and can also serve the body, 

in common with many other pyridine compounds, as a methyl 

acceptor (McKennis, I960), In addition to nicotine many of 

its metabolites can also undergo a similar methylation in 

the body.

The effects of nicotine on the general physiology of 

mammals Is well known but the mechanism through which nico

tine exhibits these measurable differences is still hypo

thetical. It is believed nicotine works on and through the 

nervous system. In general, chronic administration of nicotine 

effects many processes but two of these have been singled out 
and implicated in the development of atherosclerosis* effects 

on lipid metabolism and on blood coagulation (Stefanovich, et al 
1969).
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Th« abberatlons of lipid metabolism appear to stem from 

the ability of nicotine to stimulate the sympathetic nervous 

system through action on the motor cortex, hypothalumus, 

sympathetic ganglia, and chemoreceptors resulting in the 

liberation of catecholamines from ehromoffin tissue (Kersh

baum, et al,, 1966). This increase in neurohumoral and 

circulating catecholamines stimulates lipolysis of adipose 

tissue thus releasing free fatty acids. This rise in free 

fatty acids, due primarily to adrenal stimulation of nicotine, 

reaches a maximum in ten minutes, persists for forty minutes 

and is followed by a rise in lipoprotein lipids (Kershbaum, 
et al,, 1966), The increase of serum triglycerides after 

administration of nicotine stems from the rise in plasma free 

fatty acids because they serve as an important substrate in 

the synthesis of the triglycerides (Kershbaum, et al., 1968). 

There is also an increase accumulation of triglycerides in 

the aorta. This occurs as a result of the inhibiting effect 

of nicotine on triglyceride hydrolysis in the wall. Possibly 

aortic lipoprotein lipase was inhibited by nicotine resulting 

in the inability of the aortic wall to hydrolize triglycerides 
(Kajiyama, et al., 1970).

Upon chronic administration of nicotine increases occur 

in the serum cholesterol content of the blood. The exact 

mechanism is not known, however, it is hypothesized that the 

free fatty acids released from their depots results in an 
increase in liver free fatty acids which in turn serves as a 

stimulus for the production of cholesterol (Kershbaum, et al., 
1965).
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In addition to the above effects* nicotine increases 

heart beat* raises blood pressure* increases pulse rate, 

constricts surfaces of blood vessels, as well as increasing 

the metabolic rate, blood sugar content and blood unester- 
fled fatty acid content (Comroe, i960). These effects are 

a result of nicotine stimulation on certain chemoreceptors 

which in turn initiate reflexes affecting many parts of the 

body. Nicotine is believed to stimulate the carotid and 

aortic bodies’ and chemoreceptors which result in a state of 

hyperpnea and hypertension. Also the alkoloid stimulates the 

thoracic chemoreflexis* through action on the sensory recep

tors in the pulmonary and coronary circulation* resulting 

in changes in opposition to those of above, a state of apnea 

and hypotension. Furthermore, nicotine is believed to cause 

Pacinian corpuscles to discharge, thus regulating blood 
pressure and flow (Comroe, i960).

The second major effect of nicotine on athersclerosls 

has gained some impetus with the emergence of Dugduid’s 

Thrombogexiio Theory. If his theory is true, any factor which 

affects blood coagulation or fibrinolysis is important in 

athersclerosls. Nicotine is important here for it is be

lieved to decrease coagulation time (Stefanovich, et al,,
1969)« This theory, however, is controversial. Less conflict

ing is the role of nicotine in increasing platelet adhesiveness 

and shorter survival. The mechanism of action is not known 
but is believed to involve the change in catecholamines or 

free fatty acid levels (Kershbaum, et al., 1966).

CARROLL COLLEGE LIBRAW 
HELENA, MONTANA 59601
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The mechanism for the decreased time of coagulation 

involves nicotine antagonizing the lipolytic and anticoagu

lant properties of heparin, thus contributing to acceleration 

of coagulation (Kershbaum, et al., 1966), This blocking of 

heparin is also believed to be of importance in the removal 

of triglycerides from the capillary wall. It is thought 

nicotine prevents the activation of postheparin lipase which 

is involved in the above activity. Nicotine appears to act 

by forming a complex with heparin in a ratio of twenty moles 

of nicotine to one mole of heparin (Stefanovich, et al,,
1969).

The effects of nicotine illustrate many possible con

flicts of action. Nicotine may stimulate both the sympathetic 

and parasympathetic nervous system. Thus it may elicit sti

mulant and sedative responses. Each important change induced 

by nicotine, whether it deals with the respiratory system, 

vascular system or metabolic pathways, initiates a secondary 

change of great importance.
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SSPJSgff MWM. Aiffi REPAIR OF THE AORTA

.. •;$
Throughout life, the walls of the arteries are subjected 

to deposition of solid materials from the potentially coagu- 

lable blood and to injury from hemodynamic forces. In view of 

this* it is not surprising that some vessels in some organisms 

do succumb to damage and destruction.

There are a few theories (French, 1970) explaining how 

homostatic factors keep the walls of arteries smooth and in 

good repair. One important aspect of the intima (which is most 

directly exposed to the circulating blood) is that its flat 

epithelial surface consists of tightly packed cells with no 

breaks or openings. It has been found (French, 1970) that a 

polysaccharide substance, detectable by ruthenium red, is 

secreted on the surface of the epithelial lining of some 
capillaries. This same kind of polysaccharide material has 

also been found on the epithelial surfaces of arteries. This 

protective layer, in part, could account for the resistance of 

the walls of arteries to breakdown. The protection the artery 
provides itself may be largely passive, i.e., the epithelium 

neither provides a surface for nor invites coagulation of 

blood or adhesion of platelets (French, 1970).

The epithelium may also have an active mechanism to control 

the deposition of fibrin on its surface (French, 1970).

Experimental studies on rabbits and other animals (Poole 

and Sanders, et al., 1958) have suggested that the epithelium, 

especially in areas of the arterial tree which are subjected
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to great hemodynamic stresses may have amazing regenerative 

powers. This is possible via observable mitotic activity 

which repairs and maintains a normal epithelial surface 
(French, 1970). Studies have indicated (French, 1970) that 

normal epithelial cell life may be between 100 to 180 days 

while cells exposed to greater hemodynamic stress may be 

replaced every 60 to 120 days. It must be mentioned that 

even though the endothelium is rapidly and completely regener

ated some muscle cells from the media invade the granulation 
tissue behind the endothelium and some elastic fibers form 

in both the intima and media. The internal elastic membrane, 

situated across the sub-endothelial space from the endothelium, 

is not restored. The end result is a more or less perfect 

union of the media tissue which lacks the internal elastic 

membrane with some persisting scars in the intimal, media and 
adventitial layers (Duff, 1970).

It is possible to suggest, from observing the arteries 

of smaller animals such as mice compared to those of larger 

animals like man, that the internal elastic lamina lying close 

to the endothelial layer, as it does in larger vessels of smaller 
animals, may be the best possible arrangement (French, 1970).

This arrangement may not be capable of handling the greater 

stretching forces that act on the larger arteries of the larger 

mammals including man. It becomes difficult, then to distin

guish between growth changes in normal vessels, which almost 

always exhibit some damage at certain areas of the vessel, 

and pathological changes (French, 1970).
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As the normal artery grows and becomes thicker in dia- 

meter, it is faced with the problem of nourishment for this 

thickened tissue. Rabbit and mouse vessels, which do not 

exceedthe critical one half millimeter thickness (French, 
1970) are never concerned with this problem. In man, where 

thickening does occur, the media tissue provide vasculari

zation of the added tissue. The media vessels, due to a 

pressure gradient, can only penetrate so far, This leaves 

an avascular zone between the media and intima. The intima 
vessels are of interest since the capillary networks are 

susceptable to damage and rupture (Duff, 1954).
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The aortic wall is usually considered in terms of three 

eoats or tunics* the tunica intima (most luminally), the 
tunica media (more peripherally) and the tunica adventitia 
(most peripherally). The tunica intima and media tooth grow 

in thickness with increasing age, owing to the increase of 

various tissue elements, i.e. cells, fitorils, and ground sub

stance. There are differences in the larger arteries of 

larger animals as opposed to the larger arteries of smaller 
animals depending on differences in hemodynamic factors to 

which the various vessels are exposed (French, 1970),

The aortic wall consists mainly of connective tissue 

made up of an amorphous ground substance containing formed 

elements, chiefly collagen fitorils and elastic fitorils. 

Formerly, the connective tissue was considered to toe inactive 

tissue. Research in the last thirty years has shown the 

tissue actually contains physiological and biologically 

active tissue in its amorphous ground substance (Bertelsen, 
1968). Reaction of the ground substance to external and in

ternal Influences are reflected in both qualitative and 
quantitative changes of its composition. The amorphous 

ground substance is characterized by its content of carbo
hydrate-proteins, I.e. chemical compounds consisting of a 

carbohydrate fraction more or less firmly bound to a protein 

fraction. There are three types of carbohydrate-proteins
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present In the ground substance* mucoprotelns, mucoids and 

glycoproteins.

The acid mucopolysaccharides, the carbohydrate compo

nents of the raucoproteins, rise with increasing years 
(Bertelsen, 1968). The elastic membrane of the aorta is 

ruptured by the increased amount of ground substance in the 

form of acid mucopolysaccharides.

The solid constituents of connective tissue consists of 

collagenous and elastic elements as well as reticular, argyro- 

phil fibrils. One of these ** the collagenous elements — is 

important, first because they are abundant constituents of 

the media and intima and second, because they play a dominant 

part in atherosclerosis (Bertelsen, 1968).

The amino acid hydroxyproline, which constitutes 15 to 

20 per cent of the protein collagen was found by Bertelsen 
(1968) to change in its per cent make up with increasing age.

The media and intima tissue shews a steady rise in the hydroxy

proline component in aging aortic tissue. Comparison to 

sclerotic tissue showed that only in the intima was there an 

appreciable rise in the hydroxyproline content.

In the aortic wall the elastic fibrils form membranes 

located concentrically. The elastic tissue constitutes with 

the ground substance the greater per cent of the tunica media. 

The intima layer contains only a few elastic fibrils. Bertelsen 
(1968) has shewn that in aging aortic tissue the composition 

of the elastin changes in the intima. Here the amino acids 

aspartic and gultamic seem to rise. The elastin composition



-20-
of the media remains fairly constant throughout life (Bertel- 
sen, 1968).

Also the aorta tends to accumulate foreign substances, 

among the first being lipid and calcium, in its yaecuier wall 
(Smith, 1970).

AGE
Fig. h * Lesion free intima, change in lipid with age. 

(Smith, 1970)

A® the intima increases in thickness so too does its lipid 

concentration. Free cholesterol, phospholipid and trigly
ceride increase rather slowly and at an equal rate, but 

cholesterol ester increases much more rapidly. Cholesterol 

esters start as the smallest component of the young aorta.
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Phospholipids are the major component of the young aorta and 

most of the cholesterol Is in the free form (Smith, 1970). 
Stein (Stein and Eisenberg, et al., 1969) thinks, with age, 

changes may occur in these endogenous lipids themselves. This 

diffuse lipidosis is found everywhere in the so-called grossly 

normal intimal tissue in the aging aorta (Bertelsen, 1968).

The source of the lipids in the intima, studies indicate, 
(Bertelsen, 1968) seems to come from the aorta itself and also 

from the plasma lipids. This fits in very well with the fil

tration theory of the intima. The intima, throughout life, 

acts as a filter of all that passes by if, The content of 

lipid must grow with increasing thickness of the eoat (Bertel

sen, 1968).

Fig. 5 - lipid concentration in grossly normal aortic tissue, 
(Bertelsen, 1968)
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Figure Five indicates that the lipid concentration in

creases in the intima throughout life while the concentration 

in the media remains low and steady in the grossly normal 

aortic tissue.

Calcium crystals also concentrate in the aortic tissue 

during life in the normal aorta. The matrix in which the 

inorganic material is embedded consists of ground substance 

and collagen fibrils. It appears that these two components 

are necessary for the deposition of calcium salt crystals.
The axis of the crystals are embedded In and on the fibrils 

along the long axis of the fibrils. It is the media that 

steadily undergoes mineralization with age while the intima 

in this ease does not ordinarily exhibit deposition. Only 

after a fibrous plaque has started will calcium crystals 

begin to appear in the intima.

The age-determined changes in the media and the intima 

seem to depend largely on the intervascular pressure. This 
is evident from studies that compare the vascular walls of 

the pulmonary artery — with its raised pressure in pulmonary 
circulation — where normally we do not find any thickening 

of the walls or deposition of collagen, lipids and calcium 

salts with other vessels such as the aorta which does exhibit 

thickenings and deposition (Bertelsen, 1968).
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Atherosclerosis Is a many-faceted disease originating 

from local as well as general abnormalities. Many theories 

have been expressed concerning the pathogenesis and mechanism, 

however, no agreement has been reached. A suitable theory 

must take into account the focal nature, the accelerating 

factors and the many other facets. Much of the contradiction, 

according to Sandler and Bourne (1968), arises from authors 

investigating different stages of the disease.

Local metabolic and mechanical factors are of unquestioned 
importance in the incipient stages of this disease. Since 

lesions appear in patchy distribution there must be local 

factors which predispose certain areas (Duff, 1954). Duff 
(1954) further states local factors are the determining factors 

for the site of the lesion, since many parts of the arterial 

wall, though bathed by the same blood plasma, may remain normal 

in the presence of an advanced lesion elsewhere.

Injury is of primary importance among the local factors. 
Duff (1954) argues “damage to arterial walls has a localizing 

and promoting influence on the development of atherosclerosis, 

providing the appropriate systemic conditions are present".

This damage may be incurred in a variety of ways and may be 

so slight that It is barely detectable. The studies of Duff 
(1954) have shown different components of the arterial wall 

differ in susceptibility to damage, and the sensitivity of 

each structural element is dependable to a considerable
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extent on the character of the injurious agent*

Injurious conditions may he divided into two broad cate

gories* mechanical and chemical* Of great importance among 

the mechanical methods is high blood pressure. High blood 

pressure results in greater circumferential tension on the 
arterial wall. This tension being the product of the radius 

and blood pressure is of greater importance in larger vessels, 

where atherosclerosis is found predominantly (Duncan, 1963). 
Chemical factors may elicit a mechanical injurious agent or 

act autonomously. Recently the importance of chemicals in 

inflicting initial injury to the arterial wall has gained 

impetus with studies of Sandler and Bourne (1968), They 

believe a deficiency in essential fatty acid may lead to the 

primary lesion. Also of importance in the chemical realm of 

injurious agents are the secretions or metabolic products of 
bacteria (Duff, 195^),

General or systemic factors are of lesser magnitude in 
the incipient stages of atherosclerosis but are necessary for 

the progression of the disease. The level of serum lipids, 

especially cholesterol and its esters, are of primary im
portance here (Page, 1954).

Rapidly after injury an acute exudative inflamatory 

reaction occurs (Duff, 1954), These reactions are slight or 

intense depending on the nature and duration of the stimulus. 

As a result of the reparative actions, functional and meta

bolic disturbances occur in the wall changing the vascular 

permeability. Furthermore, the ability of vessels to
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regenerate their elements determines both the morphological 

and functional status of that area from that time onward. No 

matter how efficient and meticulous repair is, the original

structure will never be restored.
A

The reparative process occurs in all sections of the 

vessel wall* The intima and subendothelial layers have re

markably proliferative potentialities. These layers are so 

sensitive that almost any injury elicits a proliferative 

response even if no destruction of tissue occurs (Duff, 195A). 
This tendency of the subendothelial cells to proliferate con

stitutes one of the most important stages in the path of 

atherosclerosis. The smooth muscle cells on the other hand 

show a marked contrast to the intima cells. They are 

remarkably slower and usually repair the media only in areas 

where the original elastic framework was left intact. These 

smooth muscle cells, however, have a wide potentiality. Luft 
(1963) has found them capable of producing collagen fibers, 

mucopolysaccharides and perhaps any structure of the vessel 

wall.

As a result of the inability to demonstrate the physical 

presence of primary atherosclerotic lesion, recent work has 

been centered on the histochemistry of the arterial wall, 
Sandler and Bourne (1968) in experiments on rats and beagles 

found a decrease in ATPase activity in vessels which later 

exhibited atherosclerotic lesions. They believe the decrease 
in ATPase in focal regions indicates a metabolic defect in the 

vessel wall. This defect is thought to be the primary lesion.
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Bertelsen (1968) investigating the chemistry of normal and 

atherosclerotic walls found other chemical changes. The 

atherosclerotic wall as a unit exhibited higher lipid levels, 

which contained primarily cholesterol. The intima was found 

to be lower in mucopolysaccharides but higher in collogenous 

elements. The media, however, demonstrated no alteration of 

either of these. In addition, Bertelsen (1968) found the 
gel fiber (mucopolysaccharide collgen) ratio falls consider

ably as atherosclerosis proceeds.

The first visible signs of atherosclerosis is the formation 

of a fatty streak under the endothelial layer of the intima.

This fatty streak is believed to be formed due to initial 

damage to the intima, McGill, et al., (1963) found that once 

the intima was damaged, its permeability was greatly increased. 

Such intima on exposure to high levels of plasma cholesterol 

accumulates excessive amounts of this lipid. The cholesterol 

and other fatty acids filter through the wall in the form of 
lipoproteins. The lipoproteins become incorporated into the 

endothelial, subendothelial and smooth muscle cells. These 

lipoproteins are generally used as sources of energy but the 

oxidative processes of the mitochrondria are unable to handle 

the excess lipids and the resultant cell becomes saturated 

with fat and is transformed into a foam cell.

The foam cell’s lysosomes break down the ingested lipo

proteins, amino acids and physiological solutes and remove 

them from the cell's cytoplasm. They, however, have no 

mechanism to break down cholesterol so it accumulates in
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greater and greater quantities (Gonzales, 1963). Eventually 

the foam cells rupture and the lipid is spilled out heralding 

the change from fatty streak to fibrous plaque (Jones, 1963). 

Here according to McGill (1963) and many other investigators 

the reversability is diminished or lost. These extracellular 

lipids form insoluble gumous residues resulting in the disap

pearance of the interstial space and elicitation of an in
flam at ory reaction (Gonzales, 1963).

The inflaraatlon created by extracellular lipid results in 
a medial mineralization (Bertelsen, 1968) which Is a necessary 

prerequisite for the development of the fibrous plaque. Haust, 
et al., (1963) also found rupture of foam cells initiated the 

smooth muscle cells utilization of blood proteins in the 

production of fibrous tissue to encapsulate the fatty deposits. 

The fibrous plaque begins to grow and extends from the intima 

layer into the media.

As the plaque extends into the media it accumulates around 

it a capillary network, the vasa vasorum. The vasa vasorum 

proves to be both advantageous and detrimental. It plays an 
important role in the delivery and removal of material from 

the plaque and the surroundings thus sustaining life, but also 

as a result of hemorrhaging solids are added from the blood 
to the vessel wall stirring up a new wave of proliferative 

activity in the intima resulting in growth of the plaque 
(Duff, 195M.

A complication of intimal fibrosis is the deposition of 

calcium salts. Calcium deposits occur Independently of other 

factors affecting growth of plaques and are not necessarily



-28-
found in all plaques (Blakenhom, 1963). According to Bertel
sen (1968) calcium is deposited in apart!te-like character, 

consisting of calcium phosphate and carbonate. These inorganic 

crystals are thought to bind to the collagen in the plaque 

where as in normal vessels it binds to the elastin (Blaken
hom, 1963). M

When calcification has progressed to the point that the 

atheroma is brittle, too stiff to bend without breaking, the 

plaque is termed a calcific plate (Blakenhom, 1963). This 

stage of plaque development Is preceded by three generally 

accepted degrees of severity, moderate early atheroma which 
exhibits visual fibrosis, intermediate atheroma in which 

hemorrhages and invasion of the media has occurred, and ad

vanced atheroma where ulceration and necrosis are becoming 
prominent.

Plaques, as have been discussed so far, exhibit little 

narrowing of the lumen (Crawford, 1963). Mustard, et al.,
(1963) have purported that the thrombi give rise to vessel 

thickenings resulting in the narrowing of the lumen. It is 

believed aggregations of platelets, a result of hemorrhaging, 

adhere to the wall of the vessel and the endothelial cells 

grow over and incorporate this mass. When a cross section 

area of an artery is reduced in this way to one-third or less 

its original value a fatal ocoluslon of the vessel is likely 
to form (Crawford, 1963),

In summary, a fatty streak is formed as a result of injury 

and subsequent reparative action of the intima. The foam cells
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form in this process and eventually rupture releasing lipid 

into the interstial space. This lipid stimulates the pro

duction of a fibrous coat which encapsulates the fatty deposit. 

Capillary invasion occurs to sustain the living material but 

ruptures are frequent and perpetuate the development of the 

plaque. The fibrous plaque usually becomes impregnated with 

calcium salts creating an unbending atheroma. The plaque 

then partially occludes the lumen of the vessel by incorpora

ting aggregations of platelets* Stenosis results when a 

thrombi of sufficient size becomes lodged in the lumen.

St;
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SOME IMPORTANT ASPECTS OF PROPHYLAXIS Alffi
mapt Pg .ATHn<,OS,(?L.EROSLS

°ne important prophylactic measure is the reduction or 

the removal of factors which disturb the functioning of the 

central nervous system. Reduction of tension among people 

in their relationships seem to have a profound effect on 

reduction of functional disorders of the higher parts of the 

nervous system, hence hypertension (Miasnikov, i960). A 

whole host of other programs, including many forms of relax
ation, that reduce hypertension appear to be excellent pre- 

ventatives of atherosclerosis.

In regard to diet, studies have shown that in countries 

where the mean intake of fats is higher, so too is, the level 
of oholesteremia (Miasnikov, i960). Important, also, is the 

qualitative composition of nutritive fats for normalization 

of cholesterol metabolism. It has been established by studies 
done by Ahrens and Blankenhan (1951) that substitution of 

animal fat by vegetable fat shows no increase of the cholesterol 

level. Indeed these studies have shown that vegetable fats 

lower the serum cholesterol levels.

Unsaturated fatty acids, the llnolelc, linolenic, and 
arachldonic are not synthesized by animal tissue but must be 

introduced in the diet via vegetable oils. Their basic property 

seems to be that they aid In conversion of cholesterol into a 
liable, souble form (Malsnikov, i960). Another important 

aspect of vegetable fats is that unlike animal fats they
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contain plant sterols (Sitosterols). The chemical structure 

of sitosterols is very close to cholesterol, but unlike 

cholesterol they cannot be absorbed in the digestive tract 

of man.

Some studies done by I. A. Miasnikova (19^7) have shown 

that ascorbic acid when injected in large doses in the veins 

of patients with high cholesterol cause a decrease in the 

cholesterol level. If injected into patients with low levels 

of cholesterol the opposite affect will occur. Ascorbic acid 

apparently has a normalising affect on the cholesterol levels. 
Studies done since Miasnikova (19^7) have confirmed these 
findings (Miasnikov, 1969).

Hormones may also play some significant role in the pre* 

venting and possibly the treatment of atherosclerosis.

According to Schettler (1970) the results of hormones, 

especially sex hormones, upon atherosclerosis are difficult 

to define. Some studies have shown that the female, because 

of estrogen production, have less atherosclerotic complications 

until after menopause and reduction in the levels of estrogen. 
Furman (1969) has examined this aspect and found that there 

is no steep Increase in coronary artery disease during meno

pause.

Likewise, the significance of thyroid hormones has not

been clarified



Slides of over 100 cross sections were prepared, Every 

fifth cross section of the decending thoracic aorta wag 

stained and examined for atherosclerotic changes. No notic

able differences were observed among the four groups.

A significant difference in serum cholesterol levels 

among the four groups was observed (Table 1). Group III 
(nicotine only) exhibited the lowest levels of serum chole

sterol while groups I (controls) and IV (cholesterol * nico

tine) were intermediate in cholesterol levels. Group II 

(cholesterol only) showed the highest levels of serum 

cholesterol.

TABLE I

Serum Cholesterol During 
Nicotine Administration

Diet
Serum Cholesterol 
-JaUSOiMh.

I
II
III
IV

Stock
Cholesterol
Stock + Nicotine 
Cholesterol + Nicotine

80.3 i 18.3*
130.5 * 23.4* 
58.6 ± 3.3a

121.5 * 19.4a

* Mean i standard deviation
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DISCUSSION F - ,

The literature is filled with conflicting evidence con

cerning the effect of nicotine on the experimental production 

of atherosclerosis in a number of different animals. In 
rabbits* Wenzel and associates (1959) found no increase in 

aortic atherosclerotic lesions when nicotine was added to a 

hypercholesteremia diet. However, Czochra-Lysanowicz and 
associates (1959) found that nicotine increased the degree of 

aortic atherosclerosis. In dogs and rats similar contradic

tory results have been published. It is thus evident different 

animals exhibit varying degrees of susceptibility to the develop

ment of atherosclerosis.

Opposing results have also been published concerning the 

effect of nicotine on serum cholesterol levels. Rabbits 

usually show an immediate increase in serum cholesterol (Wen
zel, et al,, i960) whereas dogs show a rise only after pro

longed administration of nicotine (Kershbaum, et al,, 1966).

There have been no or few studies concerning these phenomena 

in mice.

Our studies on mice have demonstrated no visual presence 

of atherosclerosis. It is, however, unsafe to draw the conclu

sion » Nicotine has no effect on the experimental development 

of atherosclerosis. The process may be in its incipient 

stages, thus undetectable by the light microscope. This is 

very plausible, for initially atherosclerosis appears only as 

fat vacuoles in the smooth muscle cells. Also, Maier (1968)
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has found different blood vessels of the same animal to 

exhibit different degrees of susceptibility and resistance 

to atherosclerosis. Further studies, of different blood 

vessels and of longer duration, are needed to demonstrate 

the cumulative and long range effects of nicotine administra

tion on the development of lesions and plaques.

Our studies presented very conclusive evidence concerning 

the effect of nicotine on serum cholesterol. It was found 

oral administration of nicotine decreases the level of serum 

cholesterol. This finding was further substantiated through 
the administration of a 9-72 x 10*6 molal solution of nicotine 

and cholesterol diet to another group of mice (laboratory 
investigation). This nicotine dose, ten times that used in 

this study, resulted in a lower serum cholesterol level (121.5 
* 19.4 for the 9.72 x 10*7 nicotine diet as compared to 96.8 
*30.0 for the 9.72 x IO*6 nicotine diet).

Whether the mice on the nicotine administered diet 

incorporated or excreted the cholesterol not found in their 

blood is unclear. It is possible that the mice do not excrete 

the cholesterol but actively absorb it from the serum and in

corporate it somewhere in the body, possibly the wall of the 

blood vessels. However, appearance of oily coats in the 

nicotine administered mice evidences possible secretion by the 

sebacious glands. Further studies of the pathways of nicotine 

are necessary before any firm conclusions may be drawn.
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