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INTRODUCTION
I ..

lt has been demonstrated by Steeves and Siegel (1968) that histo- ·

logic differences exist in the vascular systems of the domestic and game

cock. These differences have been noted primarily in the tunica media
and adventitia. Steeves and Siegel (1968) indicate that they have never

observed any incidence of mortality due to aortic rupture in pit fowl ex-

amined in their laboratory where post—mortem examinations are performed

routinely after all deaths. Mortality due to aortic rupture in domestic

lines is reportedly common (Weiss, 1959). Since pit fowl have undergone

selection for pugnacity for over three thousand years (Rupport, 1949), it

was suggested by Steeves and Siegel (1968) that the structural differences

noted may have been the result of the artificial selection pressures im-

posed on this group. Furthermore, the development of anatomical durability

in the pit fowl vascular system is necessitated by the high blood pressures

and extreme heart rate increase imposed by the cockpit (Harris and Siegel,

1967). Boyd (1961) indicates that organisms having rapid prothrombin

times tend to be more susceptible to various forms of vascular disorders,

such as atherosclerosis. Hence, a basic assumption concerning aortic

failure appears to be in conflict with the observed condition existent in
S

the pit fowl. _ _

Little is known concerning the histochemical differences between the

_ vascular system of the pit fowl and the White Plymouth Rock. It there-

fore appears obvious that a relatively extensive histochemical study of

these systems could yield valuable information in correlation with the

previously reported structural differences. Furthermore, insight con-

cerning lower incidence of aortic rupture in pit fowl may be provided. «

1



REVIEW OF LITERATURE

Historical Development

Aortic rupture, in the form of dissecting aneurysm, is one of the
I

most common causes of mortality in many species of domestic fowl. In

August, 1941, a high mortality rate in domestic fowl for a 2 to 3 week .

period was reported in Australia (Fischel, 1946), during which time there

was an average loss of 2 birds daily. This incidence of mortality ap—
l

parently occurred with no preceding illness reported in any of the birds.

The death of affected birds took the form of heart seizure, where ap- ~

parently healthy birds dropped suddenly, flapped their wings for a short

time, and died within minutes of the onset of the attack. Furthermore

(according to Fischel, 1946), the cause of this condition was variously

ascribed to viral infection, parasitic agent, inherited defect, thyrotoxic

factors, metallic poisoning and finally "toxic heart degeneration".
l

Matzke, however, in 1942, described a fatty degeneration of the heart

muscle of apparently healthy birds which died with symptoms similar to

those mentioned in the 1941 Australian outbreak. Once again, the cause

of death was not conclusively demonstrated. Frede (1934) mentioned an

outbreak of mortality in geese following degeneration of cardiac muscle,

° stating that 17 of 45 young geese died with symptoms of fatty degenera-

tion of cardiac muscle. No pathogenic organisms were found, and other

stock managed identically were apparently not affected.

While these early reports are somewhat vague, the symptome discussed

are highly reminiscent of those reported in current cases of dissecting

aneurysms. One of the earliest reports of aortic rupture in domestic

4
fowl is that of Durell et al. (1952) indicating the appearance of this

l
2
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condition in turkeys. McSherry et al. (1954) first demonstrated that

aortic rupture in turkeys is caused by aldissecting aneurysm, reporting

the presence of large blood clots in the abdominal cavity and over the 4
y

V left kidney, indicating that the rupture originated in the posterior aorta
4

and resulted from the development of a dissecting aneurysm. Carnaghan
V

(1955) reported an outbreak of dissecting aneurysm in American Mamoth

Bronze turkeys (ranging from ll to 20 weeks of age) in which birds in ap-
l

parently good health died with no previous outward pathologic symptoms.

Gross examination, however, revealed large blood clots in the abdominal ‘

cavity and below the kidney‘eapsule due to internal bleeding following a

rupture of the wall of the posterior aorta. Gibson and de Gruchy (1955)
I

also reported incidents of mortality in 6 flocks of American Mammoth

Bronze turkeys due to dissecting aneurysm, with aneurysm frequency in A
V these flocks ranging from 2% to 7%. In every case a tear appeared in the 4

I
ventral wall of the posterior aorta with the luen containing an organizedi

adherent thrombus at the point of rupture.) Histologie sections prepared
4

l
by Carnaghan (1955) compare identically with those obtained by these

l
,investigators. Carnaghan (1955) and Gibson and de Gruchy (1955) reported

l

extensive struetural alteration of the tunica.intima and the elastie _

lamina. n _
Spontaneous atherosclerosis in White Leghorn ehiekens of 5 months of

l

' age was reported by Dauber (1944) and Horlick et al. (1948). Dauber .
I

(1944) further stated that the frequency of spontaneous atherosclerosis p k

becomes progressively higher after 5 months of_age. Lindsay et al. (1946)

reportedly induced atherosclerosis in the thoracic aorta of ehiekens

withdiethylstibestrol,but coneluded that some lesions observed were the
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result of the age of the animals utilized (9 to 10 months of age when

ikilled). Weiss (1957) indicated that White Leghorn stock, from a closed

breeding flock, exhibited increased incidence of atherosclerosis in fe- ~

males up to 5 years and in males up to 2 years of age. Weiss further in-

dicated that a concomitant increase in total plasma cholesterol was not

necessarily associated with the observed frequency of atherosclerosis.

Krista et al. (1965) and Pritchard (1958) discussing the frequency

of dissecting aneurysm in turkeys indicate that the classic lack of pre-

liminary symptoms coupled with the sporadic nature of this abnormality

make it relatively difficult to study. To further complicate these cir-

cumstances, many compounds have been shown to experimentally induce

aneurysm (Ball et al., 1965, Krista, 1965). These authors emphasize that

there are many morphological and etiological differences between naturally

occurring and beta-aminopropionitrile (BAPN) induced aneurysms. Weiss

(1959) reported that experimental lesions in White Leghorn chickens are

characterized by lipid deposition in the thoracic aorta whereas

thespontaneouslesions tend to be localized in the abdominal aorta and are

primarily fibrotic in nature. He further indicates that the plaques oc-

curring in man are initially fibrotic with the subsequent appearance of

lipid similar to the spontaneous lesions characteristic of the White

Leghorn chicken.

Krista et al. (1969b) discuss the complexity of naturally occurring
l

aortic rupture citing the many variables involved in the etiology of this

condition (strain, blood pressure, dietary energy, infection, growth rate,

‘ medication, crowding, ambient temperature and toxic substances).



Factors Affecting Aortic Rupture
4

Linid. Previous studies of atherosclerosis have concentrated their

attention largely in the dietary area, with a more specific orientation

toward the role of lipids.

Beveridge et al. (1955), working with humans, point out the grossly

divergent conclusions concerning the effect of dietary fat of both animal

and vegetable origin in regard to plasma cholesterol. Utilizing carefully

controlled diets, highly significant differences in the effects of marga—

rine, corn oil, and animal fat (butter) were observed. Their conclusions

indicate that a factor (or factors) exist(s) in certain animal fats which

serves to elevate plasma cholesterol levels. Thay further surmise that a

factor (or factors) exist(s) in corn oil which acts to depress plasma

cholesterol levels. Similar findings of Ahrens et al. (1954) indicated
V

that in hospitalized patients who were fed a vegetable oil containing

diet for many months, plasma cholesterol levels remained relatively low.

Both Ahrens et al. (1954, 1957) and Beveridge (1956) reported that ab-

normal lipid metabolism may result from a large intake of saturated fat,

whereas, no such abnormality occurs from the intake of unsaturated fats.

Similar findings in chickens were reported by Weiss and Fisher (1957)

and Price et al. (1957). °Furthermore, physiological disturbances re-

sulting in pathological conditions from the feeding of animal fats were

reported by Benton et al. (1956), Wohl and Goodhart (1955), and Couch

(1956). These authors found abnormal accumulations of fat in the livers

of experimental animals on high animal fat diets. Leveille and Fisher

(1957) reported that hens maintained on high animal fat (yellow grease) »

content diets exhibited increased serum cholesterol levels and higher
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Lweight than those fed corn oil rations. In the same study birds fed low

protein diets exhibited higher body weight than hirds on the higher

dietary protein level (although no significant increase in mortality due

to these effects was found). Renner and Hill (1957), however, reported

that the mortality of chicks and hens fed animal fat was higher than

those fed vegetable oils. Their combined mortality rate was, however,
0

only 10% and was not considered significant, although it was higher than

the mortality rate of free-choice fed flocks. Ahrens (1957) also demon-

strated that in humans, dietary fat had little effect on serum cholesterol

levels until it reached 40% of the total caloric intake.

In conflict with these reports, Banerjee et al. (1965) reported an

increase of total plasma cholesterol, B-lipoprotein cholesterol, B-lipo-

protein percentage, triglycerides, and free fatty acids in plasma after,

8 weeks of feeding vegetable oil to White Leghorn chicks. The effect of

this diet on the aorta was examined histochemically and a slight dis-

ruption of elastic tissue, increase in mucopolysaccarides, thickening of

the intima, and the production of atheromatous plaques were observed. A

notable decrease in neutral polysaccharide and degeneration of the elastic

tissue were also noted. Feeding of oils supplemented with cholesterol in-

creased mucopolysaccharide content of the aorta, proliferation of the

intima, and fragmentation or complete disappearance of the elastic tis-

sue in the intima and media. These changes were manifest primarily in the

arch of the aorta. Apparently the degree of severity of the changes was

- Ineither related to the plasma level of cholesterol nor to the saturation

1 or unsaturation of the vegetable oils used. Hypercholesterolemia was

also produced in hens (Stamler et al., 1954) by feeding vegetable oils
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plus cholesterol. Weiss and Fisher (1957) in trials feeding up to 10%

animal fat (yellow grease) and 26% protein and using the serum cholesterol

analysis method of Zlatkis et al. (1953), found that plasma cholesterol

was not correlated with body weight increases. Post-mortem examinations

of these birds indicated, however, that deranged lipid metabolism was

involved as suggested by the elevation of plasma cholesterol, coupled with
A

increased fat deposits in and around the kidney with a greater severity

of aortic atherosclerosis. In a second trial Weiss and Fisher (1957),

utilizing a 5% fat level, found no significant increases in plasma choles-

terol or total plasma lipid. —

Katz and Stamler (1953) reported a high correlation between experi-

mentally induced hypercholesterolemia and the incidence of atherosclerosis

in hens. Age of the animals involved, however, may be an important factor

since the incidence of spontaneous aortic atherosclerosis in chickens has

been reported as high as 100% by 15 months in the male and 26 months of
’ ’ age in the female (Weiss, 1959). ‘ l

The cholesterolemic value of whole corn germ was evaluated by Nash

and Wolfe (1959), who attribute·the apparent hypocholesterolemic effect

of corn germ to incomplete digestion by chicks. Those receiving grit ex-

hibited mild hypercholesterolemia.

In summarizing the status of dietary fat, Page et al., (1957) state

that sufficient evidence to permit a rigid stand on the relationship be-

tween nutrition, particularly the fat content of the diet, and athero-

_ sclerosis or coronary heart disease does not exist.

Protein. The role of high dietary intake of protein in reducing

hyperlipemia was reported by Mann et al. (1953) in Cebus monkeys. A
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8similareffect was noted in rabbits by Loewe et al. (1954). Weiss and ‘
‘

ß
Fisher (1957) suggested that the lipid content and related abnormalities

found in the livers of laying chickens may not be dependent upon dietary

lipid alone, but may be associated with high protein levels in a diet.
_.

They found a higher incidence of liver fat abnormalities in birds on a

low protein, 5% lipid diet, than in birds on a high protein, 10% lipid

l diet (although the age differential is also cited by the authors as a pos-

sible factor). Pritchard et al. (1958) found that aortic ruptures re-

sulting from dissecting aneurysm did not occur unless the ration was high

in both protein and fat. Savitiri et al. (1964) conclude that ifdietaryprotein

is adequate in feeding cockerels, coronary atherosclerosis is uns

8 altered despite changes in plasma cholesterol levels.

· Jones et al. (1964), in an attempt to correlate the atherogenic ° ‘

capacity of lipoproteins in cholesterol fed cockerels, reported the

highest correlation coefficient with the phospholipid of the chylomicron
A

fraction. These authors also suggested that the primary determinant of
l

aortic cholesterol deposition lies with the chylomicron fraction. Further

· support that atherosclerosis in humans may be due to an imbalance among

blood lipoproteins is offered by Scanu (1968) who states that while this

is not proven, sufficient evidence exists to warrant investigation of the

specific role of lipoprotein in lipid metabolism in the body.
V

Qalt; Stamler and Katz (1951) noted that salt hypertension in man '

is typically associated with increased incidence and severity of athero-
·

sclerosis, although, some patients exhibit long standing hypertension with _

no apparent signs of atherosclerosis. In trials with Hy-line cockerels,

l
L these authors reported that salt hypertension had little (or no) athero-
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genic effect in chicks fed 0.9% NaCl from 1 day to 35 weeks of age.

In contrast with the data obtained from spontaneous lesions are the
” findings of Simpson et al. (1964) who showed that the incidence of (DES)

V · diethystilbestrol induced aortic ruptures in turkeys was greatly increased
4

by feeding NaCl in dietary concentrations ranging from 0.5% to 2.5%.
l

Dietary salt, however, appeared to have no significant effect on the blood

pressure of these animals when maintained up to 21 weeks of age on ab-

normally high dietary saltintake..

Age and Growth Period. Durrell et al. (1952) describe internal

hemorrhage symptoms widespread throughout the United States in turkeys L

raised under various conditions. While they mentioned a wide age varia-
r'

tion, they nevertheless concluded that the condition was most common in _
mature male birds. Gibson and de Gruchy (1955) examined data of natural '

·outbreaks of dissecting aneurysm in turkey flocks in England and reported

affected birds between the ages.of 11 and 24 weeks, with the greatest in- _
l

. cidence of affection occurring between the ages of 16 and 22 weeks.
‘ Grollman et al. (1963) concluded that while atherosclerosis and hyper-

tension are independent processes in the fowl both tend to be accentuated

with age.
‘ .

„ Weiss (1959) reporting on 114 White Leghorns ranging in age from 5

_ to 60 months, noted progressively more severe atherosclerosis in older

·
males and females, with males showing a slightly higher incidence than

M

females. Weiss further noted that spontaneous atherosclerosis may be up
4 to 4 times as severe in 4 to 5 year old birds as compared to 5 month-old

birds. ÄIn addition, his data show no tendency to level off indicating

further intensification of atherosclerosis with advancing age. ’
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Rodbard et al. (l95l), reporting on the development of atheroscle-

rosis in young chicks, challenged the concept that atherogenesis depends

upon senescence, stating that the physiological age seems to be a more

significant factor in atherogenesis. Response of experimental animals to

a diet containing ZZ cholesterol and 5Z cottonseed oil indicated

thatbirds8 to 20 weeks of age (the period of life characterized by rapid

somatic and testicular growth) maintain higher plasma cholesterol levels

and that the tendency to atheromatosis increased with age. Their experi-

mental results derived from feeding of cholesterol during the 8th to l2th

week period had the greatest atherogenic effect. Similar results in

White Leghorn stock were reported by Wood et al. (l96l) who found that

the greatest fluctuation in serum cholesterol occurred during the first

2 months of life (this period corresponds to the physiological age concept

described in l95l by Rodbard et al.), Other investigators' results are,

however, in opposition to those reported above.

‘ Estep et al. (l969) studying aging in White Leghorns found that serum

cholesterol in male White Lenghorns decreased at the rate of 6.4 mg Z per

week from the 6th to the l2th week and then increased at the rate of
5.6 mg Z per week through the 20th week of age.

A concise review of problems associated with aging is given by
4

Rodbard et al. (l95l) who suggested that rather than aging it is the

physiological condition and hormonal balance of the individual at a given
l

time which determines the tendency to atherosclerosis in cholesterol-fed

chicks.
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Sex and Hormone Factors. Diethylstilbestrel (DES) induced aortic

ruptures have classically been employed in the investigation of aortic
’ abnormalities (Lindsay et al., 1946). Krista et al. (1965) and Simpson

and Harms (1965) reported that subcutaneous implantation of diethy1stil—

_ bestrol increased the incidence of aortic rupture in turkeys. Kurtz

(1966) reported that diethylstilbestrol increased lipid deposition at _

plaque sites in turkeys. Beall et al. (1963) demonstrated a high incidence —

of fatal dissecting aneurysm in male turkeys which had been pelleted with

diethylstilbestrol. In trials using diethylstilbestrol induced aortic

rupture, these authors indicated that the highest mortality observed oc-

curred during the period of most rapid body weight increase. Horlick

et al. (1948) observed that diethylstilbestrol induced aortic lesions

were concentrated primarily in the thoracic aorta, in sharp contrast to
4

the spontaneous abdominal lesions which characterized control animals.

Concomitant increases in plasma cholesterol resulting from diethylstil- ·

bestrol administration were suggested as causal agents in increased

frequency of aortic lesions.

Weiss (1959) found only slight differences in the frequency of athero-

sclerosis between male and female White Leghorns. The somewhat higher

V incidence and severity of male abdominal aortic atherosclerosis as op-

posed to the female suggests that a sex factor may be operative, but, the

ratio does not approach the 9:1 malezfemale ratio reported in fowl by

Katz and Stamler (1953). These findings agree with those of Dauber (1944)

who observed a similar pattern in chickens with spontaneous lesions.

. Weiss (1957), reporting sex differences in chickens, noted a rapid in-

crease of plasma cholesterol in the male after 2 years of age, but no
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increase in the hen with age. A factor contributing to the lack of

clarity pertaining to sex differences is the great tolerance of laying

chickens to high dietary fat levels with no appreciable increase in plasma

cholesterol (Johnson et al., 1959). Results of Johnson et al. (1959)
‘

showed that plasma cholesterol levels in laying chickens is highly variable
l

and therefore undependable except with extremely large sample sizes.

Krista et al. (1961) working with turkeys found that estrogen was

capable of increasing the incidence of aortic rupture by 60% while testo-

sterone reduced the incidence by 75%.

Blood pressure differences associated with sex as reported by .

Krista et al. (1961) indicate that testosterone tends to increase blood

pressure. In conjunction with this, turkeys were found to display a

— higher blood pressure and increased incidence of dissecting aneurysm

(Ringer, 1959). Krista et al. (1965) reported that diethylstilbestrol

slightly decreased blood pressure, while testosterone had no effect on

blood pressure, the implication being that blood pressure is not closely

associated with dissecting lesions.

Heredity. Factors such as growth rate and blood pressure appear to

result from multilateral genetic and physiologic phenomenon. Krista A

· et al. (1969b) reported that birds with higher blood pressures (&Pp&I@¤tlY

due to genetic influence) had a higher incidence of aortic rupture. A

consistently higher incidence of mortality was observed in one strain of

Broad White foundation stock used in these experiments. These findings

are in agreement with those reported by Krista et al. (1965) and Simpson

and Harms (1965). Sturkie et al. (1959) further reported a heritability

of 0.28 for blood pressure in lines of chickens.
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Estep et al. (1969) reported that heritability estimates for serum

eholesterol levels in chickens is 0.26 based on regression of offspring
4 W

on sire and 0.04 for regression of offspring on dam. Using serum

cholesterol level as the only criterion of selection, and mating indi-

viduals of extremes, Cherms et al. (1959) found a marked difference in

serum cholesterol levels. After three generations of selection, over a

two year period, serum cholesterol level was determined to be under genetie

control with a heritability of 0.30.

Histopathology. Histologie differenees between White Rocks and pit
_

fowl were first reported by Steeves and Siegel (1968) who indicated a

greater thickness of the tunica adventitia and tunica media in the pit

fowl. No differences in elastic fiber arrangement or number were noted,

but the increased thickness of the tunica media in the pit fowl indicated

proportionally more elastic fibers.

Since there are no previous reports of atheroselerosis in pit fowl,

the histopathology of several species was reviewed.”

One of the early descriptions of the pathology associated with

atheroma and dissecting aneurysm in turkeys was reported by Carnaghan

(1955) who found early separation of the muscular layer from the elastic

lamina in the aorta. The tunica intima in the region of the lesion was,

considerably thickened with a marked increase in elastic fibers. The

smooth muscle of the tunica media exhibited a high degree of infiltration

by connective tissue fibers. Spindle shaped vacuolar cholesterol elefts
I

appeared throughout the thickened intima with an apparent increase in

elastic fibers in the intimal area underlying the plaque. This condition

appeared identical with that described, in turkeys, by MeSherry et al.
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(1954). Similar findings in turkeys were also reported by Gibson and

de Gruchy (1955) who observed the degeneration of the media and fragmen-
I

tation of elastic fibers. Disruption and degeneration of elastic tissue

and an increase in acid mucopolysaccharides in the tunica media of chick I

aortas were noted by Banerjee et al. (1965). Krista et al. (1969a) re-
I

ported intimal proliferation of turkey aortas to almost papillary pro-

portions accompanied by a thinning of the tunica media. When present,

fat appeared in insignificant amounts in cells and was not associated with

Iuptufés. Vacuoles (resembling lipid) failed to stain with Oil Red O, but

stained weakly with Alcian blue indicating the presence of acid mucopoly-

saccharide. Large numbers of vacuoles in the endothelial cells were ·

contributory factors to a generally weakened and porous inner membrane,
I possibly being related to a tendency for the internal elastic membrane to

break, fragment, and completely disappear. A marked reorientation of

fibers from a parallel to a radial pattern was noted.

According to Kurtz (1969) the plaque itself appears to have undergone

cellular degeneration, showing vacuolated cytoplasm and pyknotic nuclei.
I

Many of the plaques examined showed degenerative changes extending well

into the tunica media. These plaques appeared to be predisposed to dis-

g section, ultimately resulting inIaortic rupture.
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MATERIALS AND METHODS

V

Experimental animals consisted of 8 pit fowl hens, with a mean age '

and weight of 2.5 years and l.46_kg, respectively and 8 White Plymouth .

>Rock hens having a mean age and weight of 2.3 years and 1.77 kg, respec— ’

tively. All animals were raised at the Virginia Agricultural Experiment

Station and represent the oldest animals available from the two flocks.
V

Siegel (1962) reported that the White Plymouth Rock line employed in this
VNV

‘ experiment has undergone continuous selection for low body weight, while

the pit fowl hens used have undergone only random selection with no at-

·tempt to influence body weight. V l _ _ n

4 - A11 animals utilized appeared normal, with no physical defects noted V

.in either group. Coccidiostat was administered for the first 16 weeks of
V

H
life with no drugs being utilized thereafter. _

V

Animals were subjected to hot air brooding followed by rearing in
V

V floor pens supplied with wood shaving litter. °Natural lighting conditions

were in effect during the first 24 weeks of life after which all birds

: were subjected to a timed cycle of fourteen hours light followed by a ten

hour dark period. No undue environmental pressures such as crowding or ‘

V
temperature extremes were present. ·

V-

Animals were provided with the rations, administered as indicated

in table 1, with water ad-libitum. Starter ration was fed until birds

were 8 weeks old, at which time they were switched to grower ration

until 24 weeks of age (table I). Antibiotic feeding ceased at 16 weeks U

V.~ . and the grower diet was replaced with breeder ration on which the birds
V

·were continually maintained (Siegel, 1970). At no time were hormones, '

V arsenicals, supplements or other additives of any kind employed in the

V V
15
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diets of these animals. ’
Hens were killed by cervical dislocation using the "English kill"

style. Both legs were then disjointed and a frontal plane incision was

made along the longitudinal axis (Storer and Usinger, 1959). Gross ex-

amination of the viscera was carried out with signs of blood clots or

other abnormalities noted. The aorta, brachial, and iliac arteries were

dissected with one sample of each fixed for 48 hours in 10% neutral buf-

fered formalin, according to Lillie (1954) and one in formalin-calcium

(Berka and Anderson, 1965) for the same period of time.

Tissues fixed in forma1in—calcium were washed 4 hours in running

distilled water, post—chromed in 2.5% potassium dichromate (pH 2.5 in

0.2M acetate buffer) for 6 hours at room temperature followed by 24 hour

post—chroming at 60°C (Berka and Anderson, 1965). They were then washed

4 hours in running distilled water and stored in formalin-calcium. These

tissues were used for studies concerning histologicel location of lipids.

V Tissues fixed in neutral buffered formalin were washed 4 hours in
l

running distilled water, dehydrated in a graded series of alcohols (2 hours

in each step), and cleared in 2 changes of Xylene for 1 hour each. Tis-

sues were vecuum embedded at 58°C in 3 changes of paraffin for 2 hours

each. Four to six micron sections were cut at intervals for histologic
1 and histochemicel examination on a model "820" AO Spencer microtome.

Histological and Histochemical Procedures

Tissues were examined utilizing the following techniques: (1) Rou-

tine histologic examinations were conducted using neutral buffered for-

malin fixed tissue stained with Delafield's hematoxylin for 12 minutes

followed by counterstaining with Eosin-Y for 2 minutes (McManus and
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Mowry, 1965). (2) Carbohydrates were stained according to the PAS

technique of Barka and Anderson (1965). Control slides were treated prior

to the normal procedure for 1 hour at 37.5°C in 0.1% malt diastasel in

0.02M phosphate buffer (pH 6.0) followed by 3 minutes washing in dis-

tilled water. (3) Further carbohydrate studies were carried out utilizing

0.1% toluidin blue-O in veronal acetate buffer at pH 2.6, 3.5, and 4.9

with sections treated 25 minutes in each. Prior to staining, control

slides were digested for 2 hours in testicular hyaluronidasez in 0.2M

NEHZPÜA buffer at 37.5°C (Pearse and Everson, 1961). (4) Neutral buf-

fered formalin fixed sections stained with 0.1% Alcian blue in 2% acetic

acid (pH 2.6) were utilized as an ancillary technique to determine the

presence of acid mucopolysaccharide. Tissues were stained for 25 minutes

in Alcian blue followed by 2% acetic acid for 1 minute to aid maintenance

of tissue pH. (5) Elastic fibers were selectively stained utilizing the

McManus and Mowry (1965) modification of Verhoeff's procedure. Sections

treated for 22 minutes in Verhoeff's stain and differentiated for 3

minutes in 2% ferric chloride gave optimum results.? No counterstain was

Aemployed with this technique. (6) Cryostat sections of forma1in—calcium

fixed, postchromed tissue were quick frozen at —20°C for 3 to 5 minutes

in O.C.T. compoundg and cut at 8p. Sections were stained in Oil Red—0

for 25 minutes, hydrated in a graded series of proplylene glycol for 1 '

minute each, counterstained 5 minutes with Delafields hematoxylin, and „

lFisher Scientific, Silver Spring, Maryland.

2Nutritional Biochemical Corporation, Cleveland, Ohio.

3Tissue Tek No. 4583, Ames Co., Div. of Miles Laboratories, Inc.,
Elkhart, Indiana. .



mounted in glycerine jelly. The necessity toUrun controls was eliminated -
U

due to the negative staining property associated with these spontaneous
U

lesions. Negative staining response to Oil Red-O was verified using
U

formalin-calcium fixed cryostat sections stained with 1.5% caffeine

Benzpyrene for 2O minutes, and examined with fluorescence microscopy.
„U

_

Following staining, all slides were examined using a Zeiss model RA

research microscope. Selected tissues were photographed using the 1
U

„U
built-in Zeiss automatic camera unit and adox KB—14 film. ·

U
p

U

Based on histologic observations, all tissues were scored on the
.staining properties of each of three regions: (1) tunica adventitia;

(2) tunica media; and, (3) tunica intima. Arbitrary scores ranging from

. a negative score to a maximum of plus 4 indicating extremely positive „

staining response were assigned accordingly. ·Twe1ve measurements of
Uv

representative sections were made, and means calculated for each of the ' ~

three regions. These measurements were treated using the "Hierarchical" _ r

classification for nested factors (Li, 1964). The model used for analysis

of variance: y =·; + (ya - ;) + (y - ya) + (y - y). Plaque-like forma-
U U

tions found to exist in the arteries were scored according to the method
U

of Tennent et al. (1957).
U U

A
U '

N



·· RESULTS
l

V
7 General Findings ‘ l

l Gross examination revealed the arteries of the pit fowl to be much
h

more resilient and quite tortuous when compared with those of the White ~

”Rock. Similar findings in pit fowl were reported by Steeves and Siegel

(1968). . '

f

Measurements of all regions of the aorta, iliac, and brachial

arteries are given in table II. There were significant (P <.05) dif—
‘

ferences in several cases. Significant differences between tunica media

’ regions of White Rock and pit fowl aortas were noted. The iliac arteries
V

of the two lines were found to differ significantly in the thickness of

the tunica media, intima and adventitia. The tunica media of the pit

fowl iliac was found to be significantly larger than that of the White ~

A Rock, with the White Rock bore diameter being smaller. The tunica ad-

ventitia of the aorta and iliac of birds of both lines which exhibited no ,

plaque formation were found to be thicker than those of birds with plaques.

The mean diameters of iliac arteries containing plaques were found smaller ‘

than those having no plaques. Significant differences were also found

l for brachial artery bore diameters, with the bores of White Rock non-

plaque vessels being slightly larger (table II). ·

Atherosclerotic plaques were found in 37.5% of both White Rock and

pit fowl abdominal aortas. Pit fowl iliac arteries showed plaque in-

_ cidence of 75%, while the White Rocks examined had a 57% incidence of

plaque formation. Brachial arteries of pit fowl yielded 50% plaque in- · h

cidence, while White Rocks had only a 16% plaque incidence.

20
3
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l
Histology °

Histologic examination revealed only minor dimensional differences °

between lines. However, vacuolar fibrotic plaques were found associated

with the tunica intime in both groups (plates 2, 3, and 4).. Plaque

-stages ranged from a low papillary appearance of the intime to e highly

organized atheroma. These plaques were often found to line the entire 4

lumen of the vessel and in certain cases resulted in approximately 90%

occlusion of the vessel as can be seen in plates 7 and 8. Plaque scores

according to the system of Tennent (1957) are summarized in table III.

.Intima1 plaques were characterized by numerous vacuolar formations with
4

e marked proliferation of fibroblasts and elastic tissue fibers“
7

_ within the intime and imediately underlying the plaque. Muscle tis-

sues of the media appear to have undergone degeneration accompanied by _
(

an increase in connective tissues (p1ates_2,.4, 5, and 6). A11 tissues

found in association with the plaque had undergone degeneration, disor-
‘

4 genization, and the_elastic tissues showed extensive fragmentation.

Histochemistry
4

Carbohydrate. The staining intensity of the tunica media with
l

toluidin blue—O pH 4.9 was somewhat lower in the vessels of all birds
l

containing·plaques (table IV). Poor staining response to hematoxylin

and eosin on the part of the tunica media was indicative of muscle de-
‘ I ·

generation of this region. Contrariwise, the tunica intime was noted to '

l
stain more positively with both toluidin blue-O and hematoxylin and eosin.4

A merked increase in metachrometic staining response of the ground sub-

stance of the tunica intime was apparent with toluidin blue-O. Vacuolar ‘
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· Table IV 4
. · Arterial Histochemical Scores

_ (Toluidin Blue 0,pH 4.9) '
. WC.

Vesse14 4 Normal Plague Mean

_GH
A -.. -.. A ....
M V 3.60 H 3.66 3.62
I 1.50 4.00 2.50_

Aorta ·

M · 2.80 .2.60 2.75
I 4 2.40 2.60 2.56

GH ‘ . A l .
. AM

1.50 ’1.00 1.25
_ I A -- A 0.50 ’ —-

Brachial ‘

A -.. -- --
_ M 2.00 0.50 2.00 ·

I _ 0.50 -- --

GH .
AM 4. 2.00 2.66 2.50
I 2.00 L 1.83 1.87

Iliac
WR 4 „

A — -- -— -- '
· M 1.30 1.75 1.38 - i

I
__ __ __ . .

Weighted Mean of all Scores
Vessel Normal Plague —

Adventitia -- -- „ .
Media 2.20 2.02
Intima 0.92 1.26 A ' .
A - Adventitia_ , 4.0 (plus 4) - extremely positive
M • Média 4

"" (negative) IESPOIIBG
I — Intima _
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regions, in some cases, exhibited a slightly positive response to Alcian

blue. An increase in the acid mucopolysaccharide content of the tunica
A

A · media was apparent as indicated by stainingAresponse to both toluidin

blue—O and Alcian blue. The tunica media was the only region which

showed a histochemical difference between White Rock and pit fowl, with
A A

the ground substance of the tunica media of pitAfowl exhibiting intense

gamma meta chromasia (table IV).

Elastic Tissue. The elastica interna was fragmented in every case

where developing intimal plaques appeared. In more severe cases the ‘ A

· elastica intima had degenerated and disappeared completely (plates 3 and

5). There was a marked proliferation of elastic tissue fibers underlying
A

the plaque. These fibers were frequently arranged in a columnar pattern

of radiating bundles (plates 7 and 8) (resulting in a perpendicular muscle

fiber configuration, which was also noted in turkeys by Krista et al.,

1969a).
A A A_ ‘·

Lipid. While the vacuoles whichAcharacterize the plaques appear to

be typical lipid vacuoles, they failed to give positive staining with
A

··

Oil Red-0. Some staining of the vacuoles did result with Alcian blue .
as previously mentioned. —

·
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Abbreviations _

EE — Elastica Externe L — Lumen
FE — Fragmented Elastic Lamina P - Intimal Plaque Formation
FI - Fragmented Tunica Intime TI - Tunica Intima
FP - Fibrosed Plaque o VI - Vacuolated Intime

PLATE I

EXPLANATION OF FIGURES

l Cross section of the abdominal aorta of the White Rock hen showing normal
intimal region. Delafield's hematoxylin and eosin Y (X 500).
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‘ PLATE 2

EXPLANATION OF FIGURES

2 Cross section. of the abdominal aorta intimal region of the pit fowl hen
showing plaque· development. Delafield's hematoxylin and eosin Y (X 250).

3 Cross section of the abdominal aorta of the pit fowl hen showing vacuo—
lated intimal plaques. Delafield's hematoxylin and eosin Y (X 600).
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PLATE 3
FXPLANATION OF FIGURES

4 Cross section of the brachial artery of the pit fowl hen showing frag-
mentation of the elastica interna. Ve1‘hoeff's stain for elastic fibers
(X 500).
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PLATE 4

EXPLANATION OF FIGURES

5 Cross section of the brachial artery of the pit fowl hen showing early
plaque development. Dela:Eield's hematoxylin and eosin Y (X 250).

6 Cross section of the brachial artery of the pit fowl hen with fibrosed
intimal plaque. Periodic acid Schiff's reaction (X 700).
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PLATE 5

EXPLANATION OF FIGURES

7 Cross section of the iliac artery of the pit fowl hen showing fibrosed _
intimal plaque of the entire lumen lining. Verhoeff's stain for
elastic fibers (X 200).

8 Cross section of the iliac artery of the pit fowl hen showing frag-
mentation of the elastica interna and the elastic lamina. Verhoeff's
stain for elastic fibers (X 500).

9 Cross section of the iliac artery of the pit fowl hen showing frag-
mentation of the elastica interna and vacuolated tunica intima.
De1afie1d's hematoxylin and eosin Y (X 1000).
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PLATE 6 -

EXPLANATION OF FIGURES
l

10 Cross section of the iliac artery of the pit fowl hen showing advanced
vacuolar plaque development, and elastic fiber disorientation.
Verhoeff's stain for elastic fibers (X 400).

ll Cross section of the iliac artery of the pit fowl hen showing vacuolated
intimal plaque. Delafield's hematoxylin and eosin Y (X 750).





‘PLATE 7 ,

EXPLANATION OF FIGURES
0

12, Cross section of the iliac artery of the pit fowl hen with nearly total
occlusion of the lumen. Verhoeff's stain for elastic fibers (X 500).

13 Cross section of the iliac artery of the pit fowl hen showing frag- V
mentation of the elastica interna, and vacuolar infiltration of the
tunica media. Verhoeff's stain for elastic fibers (X 550).
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4 · PLATE 8 i ‘

’ EXPLANATION OF FIGURES '

14 Cross section of the iliac artery of the pit fowl hen showing oc-
cluded lumen and plaque development. De1afie1d's hematoxylin and
eosin Y.(X 450), (Note that elastica externa is not inverted).

15 Cross section of the iliac artery of the pit fowl hen showing totality
of fibrous plaque infiltration, and advanced occlusion. Alcian _
blue stein (X 500). 4
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DISCUSSION ‘

The incidence of atherosclerotic plaques was found to be much higher

than anticipated. Since there have been no observations of aortic rupture

in pit fowl, it was surprising to note a 37.5% incidence of aortic plaques
in both groups. Even more striking was the discovery of a 75% incidence

of plaque in pit fowl iliac arteries compared with 57% incidence in White

Rocks. The 50% incidence of plaque formation in pit fowl brachial
» arteries was considerably higher than the 16% incidence in White Rocks.

The fact that the pit fowl seem more predisposed to atherosclerosis,
h

but not to aortic rupture, may be related to the structural integrity of _

vessels. While a significant difference in wall thickness appeared in

iliac vessels only, arterial wall thickness means were still greater for

the pit fowl than those of the White Rock. This factor,coupled with an

increase in ground substance of the tunica media, may account for the

greater structural strength of the pit fowl artery. It appears that this

iwould help reduce the incidence of aortic rupture even though athero-

sclerotic plaque incidence in pit fowl is higher. Perhaps these factors

act as protective structures in the pit fowl, and account for the fact

that aortic ruptures have not been observed_in these animals. V
[Based upon this evidence, it seems justified to sugges:that the '

V genetic selection imposed on pit fowl for thousands of years has had a

strong impact on predisposition to atherosclerotic lesions. These

findings agree with Krista et al. (1969b), who found a significant cor-

relation between different strains of turkeys and susceptibility to

aortic rupture. ' i

42 V
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That significant aortic dimensional differences were not observed,

seems somewhat surprising. However, the age differential between the
l

two groups and the relatively small sample size may be contributory

factors. lliac arteries of the White Rock and pit fowl differed signifi-

fcantly in tunica media thickness (table II), with that of the pit fowl

being consistently thickef. The selection of pit fowl for fighting

capacity may have(either intentionally or unintentionally) resulted in a

more highly developed iliac region accompanied by a corresponding develop-

ment of the iliac arterial wall. ·I1iac artery diameters and brachial mean

bores were reduced significantly in plaque containing vessels of both

groups. This is to be expected, since the degree of plaque development

resulted in as high as 90% occlusion in certain pit fowl iliac arteries.

Few histochemical differences between White Rock and pit fowl

arteries were found. The tunica media of pit fowl aortic and iliac ves-

sels, however, exhibited a marked increase in gamma metachromasia. This
l

indicated a probable increase in ground substance in this region. Sub-
4

stantiating this, Kresse and Buddecke (1970) demonstrated that the wall

of the thoracic aorta may have as high as 49% chondroitin sulfate content.

The extremely positive staining response to toluidin blue 0 (pH 4.9) of

pit fowl tunica media suggests that its chondroitin sulfate content may _

· be even higher than that of the White Rock.

The failure to detect the presence of lipid associated with plaques

is indicative of the fibrotic (rather than lipoidal) nature of these

spontaneous plaques. Similar findings in spontaneous lesions were re-

ported by Weiss (1959), Ball et al. (1955), and Krista et al. (1969a). *„

Perhaps these findings add some evidence that there is a need to examine
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more closely, data collected from induced versus spontaneous lesions.
A developmental study of natural plaque progression may yield more in- _
formation concerning these findiugs.

n
'

The results of this study suggest that long term selection in the
development of pit fowl has apparently resulted in predisposition of

U

the group to atherosclerotic plaques. Although plaque incidence in pit
fowl is extremely high, it would appear that the anatomical and histo-
chemical differences noted in this group are effective in preventing
dissecting aneurysm.
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( COMPARATIVE HISTOLOGY AND HISTOCHEMISTRY OF THE —
VASCULAR SYSTEM IN THE WHITE PLYMOUTH ROCK HEN AND

x

THE PIT FOWL HEN

by
Peter F. Gerity

ABSTRACT

The abdominal aorta, brachial and iliac arteries, of 8 White Plymouth

Rock hens and 8 pit fowl hens were examined histochemically. The purpose

being to (1) determine whether arterial anatomical differences exist;

(2) compare the vessels of both groups histochemically; (3) uncover dif-

ferences in predisposition to_atherosclerotic plaquesg and, (4) relate

the incidence of plaques to anatomical and histochemical differences.

The iliac tunica media of the pit fowl was found significantly

thicker than that of the White Rock. The tunica adventitia of all iliac

arteries having no plaques, were significantly thicker than those of both

groups with plaques. The mean bores of iliac and brachial arteries were

larger in all animals without plaques.

Histochemical examination indicates increased groundsubstance present

in the pit fowl tunica media. Degeneration of muscle, fragmentation of

the elastic lamina and elastica inqerna, and vacuolation of the tunica

intima were observed in association with plaque formation. A

A 37.5% incidence of abdominal aortic plaques was comon to both

groups. _Brachia1 arteries were found to have 50% and 16% incidence for

pit fowl and White Rock hens, respectively. Iliac vessels of pit fowl _

and White Rock hens had an incidence of 75% and 57%,_respective1y. · .



While plaque occurrence was higher in pit fowl, no aortic ruptures

have been reported. ‘ It is postulated that the anatomical and histo-

chemical differences present in the pit fowl, coupled with thousands of

years of selection, reduce or eliminate aortic rupture.
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