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Long-Term Vasectorny

EFFECTSONTHE OCCURRENCEANDEXTENI'

OF ATHEROSCLEROSISIN RHESUSMONKEYS

THONASB. CLARKSONaiid NANCYJ. ALEXANDER,Arteriosclerosis Reseatch Center-,
Bo mtnta Gray School of AMedicitne, W\ake Forest UJniver-sity,
WVinston-Salemt, North Carolinia 27103; Rept-oduictive Physiology,
Oregotn Regiotnal Primai(ite Research Center, Beavertotn, Oregon 97005

A B S 'f A C T We demonstrated previously that
atherosclerosis dev elops more extensively in vasec-
tomiiized cyiniomolgus maca(lues fed anl atherogeniic
diet anid speculated that the immunologic responise to
sperimi antigens may have exacerbated the athero-
sclerosis. We report here that rhesus monkeys vasec-
toniized for 9-14 yr and fed monkey chow (devoid of
cholesterol and low in fat) rather than an atherogenic
diet also had mlore extensive and severe atherosclero-
sis than did control aniiim-als of the same age.

The extent of atherosclerosis was conisidered as the
percentage of intimal suiface with plaques. No coIn-
trol aniiimcals were found to have plaques in the thoracic
aorta, but 7 of 10 vasectomized monkeys were affected.
The plaqlues in the vasectomized monkeys occupied
about 13% of the intimal surface. In 4 of 7 control
miioinkeys and 7 of 10 vasectoinized monkeys there
were lesioins in the abdominal aortas; the lesions were
considerably more extensive and severe in the vasec-
tomized animiials. Lesions were also miore coimmon in
iliac arteries of vasectomized animals, and the extent
was increased about threefold.

Pla(lues were seen at the carotid bifurcation in all of
the animals of 1oth the control and vasectomized
groups. The carotid bifurcation plaques of the vasec-
tonlize(l mnonkeys were larger than those of the control
acnimals on the right but not on the left side.

Histologically, the lesions of vasectomized monkeys
dlid not appear to be qualitatively different fronm those
of control animilals, even though they were larger and
containied miore collagen, lipid, aind mucopolysac-
charides. Grossly, the dlistril)ution of the lesions in the
vasectomized aDnimnals was differen-t froin that in the
con-trol animaitls, anid that of lesions iniduced by athero-
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geniic diets, i.e., the lesions were distributed randomly
within the artery rather than around bifurcations.

More extensive atherosclerosis was noted among
vasectornized animals that were found to lack demon-
strable circulatiing free antisperm antibodies. On the
basis of the observations made in this study, we suggest
that the antisperm antibodies that form after vasectonmy
imlay resuilt in circulating immuIne complexes that
exacer-bate atherosclerosis.

INTRODUCTION

During the past decade, the exacerbation of athero-
sclerosis by immnunologic injury to arteries has become
of considerable interest. The combination of serum
sickness (immuine complex disease) and hyperlipopro-
teinemiia has been shown in rabbits to result in more
extensive atherosclerosis than hyperlipoproteinemia
alone (1). Furthermore, the results of other experimenits
withl rabbits have shown that the combination of
repeated immiiunologic injury to arteries and a lipid-
rich diet not only increases the extent of atherosclero-
sis, but also results in changes in the aniatomical loca-
tion and histologiccal characteristics of the plaques
so that they miiore nearly resemble the fibromuscular
atherosclerotic plaques of humani beings (2). Immuno-
logic injury has also been shown to enhance the de-
velopmnent of atherosclerosis in baboons (3). Repeated
immuinizattion with foreign protein plus being fed a
lipid-rich diet resulted in much more severe athero-
sclerosis than being fed only the lipid-rich diet.

These stuidies on experiinentally induced immuno-
logic injtury to arteries prompted us to investigate the
effects of vasectomy on the pathogeniesis of athero-
selerosis. After vasectomiy, antibodies to sperm de-
velop in about 50% of vasectomized men (4-7) as well
as in Xvasectomiized males of other species (8-10).
Sperm-atozoa contain numnerous antigens, both oIn their
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surface and internally. Vasectomy results in blockage
of their normal anatomical passage allowing for pos-
sible degeneration in situ and release of soluble anti-
gens that may enter the circulation directly. Sperm
agglutination, serum immobilization, and immuno-
fluorescence have all been used as means to demon-
strate circulating antibodies to sperm in vasectomized
individuals. The presence of such antibodies indicates
antigen leakage and activation of the immune system.

In earlier studies we investigated the effects of vasec-
tomy on the extent and severity of diet-induced athero-
sclerosis in Macaca fascicularis (11). We found that
diet-induced atherosclerosis developed more exten-
sively in vasectomized than in sham-vasectomized
monkeys fed the same diet. Antibodies to sperm de-
veloped in all vasectomized monkeys, and complement
and immunoglobulins were associated with the athero-
sclerotic plaques in some of the vasectomized animals.
On the basis of those studies, we speculated that the
immunologic response to vasectomy resulted in injury
to the vascular endothelium and thereby resulted in a
more rapid progression of the atherosclerosis.

In this report we describe the atherosclerotic le-
sions that developed in rhesus monkeys (Macaca
mulatta) vasectomized for long periods and fed only
fruit and commercial monkey chow (devoid of choles-
terol and very low in fat).

METHODS

Animals. The monkeys were all housed at the Oregon
Regional Primate Research Center (ORPRC).1 The animals
used in these studies were adult male M. mulatta that had
been vasectomized for periods of 9-14 yr and intact controls
that were deemed to be of equivalent ages to the animals in
the vasectomy group. There were 8 male control and 10 vasec-
tomized monkeys; 2 had been vasectomized for 9 yr, 5 for 10
yr and 3 for 14 yr. All of the animals that were vasectomized and
five of the eight control animals were acquired from their
country of origin (India) as young adults (6-8 yr of age). Three
of the control animals were born at ORPRCand thus, their
exact age was known. The age of the animals acquired from
India was, of course, an estimate; however, estimation of age
of young adults on the basis of dentition is considered ac-
curate within 1 yr. All of the animals had been in captivity and
fed normal monkey chow for 10 yr or more at least 7 of which
had been at ORPRC.

Considering either their estimated age on arrival from India
or the exact age of those born at ORPRC, it is possible to
either estimate or know the age of the animals at necropsy.
There were three animals vasectomized in 1964 that were
20-22 yr old at necropsy; two control animals were 20-22
yr of age at necropsy. There were five animals vasectomized
in 1968 that were 16-18 yr of age at necropsy; three control
animals were 15-16 yr of age at necropsy; the two animals
vasectomized in 1971 were 13-15 yr old at necropsy; three
control animals were known to be 14 yr old at necropsy.

IAbbreviations used in this paper: BGSM, Bowman Gray
School of Medicine; ORPRC, Oregon Regional Primate
Research Center.

All monkeys were weighed every 30 d and tested for tuber-
culosis every 60 d. No differences in the body weights were
observed between the groups.

Diet. The animals were fed twice daily a diet of Purina
monkey chow (15% protein; Ralston Purina Co., St. Louis,
Mo.), devoid of cholesterol, that contained about 6% fat de-
rived primarily from plant sources. The animals were given
fruit supplementation (oranges, apples, and bananas) three
times a week.

Clinicopathological and endocrinological determinations.
During the course of the study of these animals, a con-
siderable amount of clinicopathological data were acquired.
Measurements made on serum included the concentrations of
electrolytes, calcium, phosphorus, triglycerides, total choles-
terol, urea nitrogen, creatinine, albumin, and globulin; and
the activities of alkaline phosphatase, glutamic oxaloacetic
transaminase, and lactic dehydrogenase. All of the determina-
tions except the albumin and globulin measurements were
made with a 20 channel special memory address counter and
the appropriate Technicon procedures (Technicon Instru-
ments Corp., Tarrytown, N. Y.). The plasma proteins were
separated by electrophoresis. Circulating concentrations of
testosterone, dihydrotestosterone, estrone, estradiol, follicle-
stimulating hormone, and luteinizing hormone were deter-
mined for both the control and long-term vasectomized ani-
mals at ORPRC.

At the termination of the study a sample of serum was ob-
tained for determination of total serum cholesterol and tri-
glyceride concentrations. These determinations were made
using the AutoAnalyzer II (Technicon Instruments Corp.)
method of Rush et al. (12). The determinations were done at
the Lipid Analytic Laboratory of the Arteriosclerosis Re-
search Center, Bowman Gray School of Medicine (BGSM).
This Laboratory is in the surveillance stage of the quality
control program of the Center for Disease Control, Atlanta,
Georgia.

Immunologic determinations. Sperm-agglutination,
sperm-immobilization, and immunofluorescence tests were
used in the assessment of circulating antibody titers against
sperm in all the animals (6, 13, 14). These determinations
were done twice per year for the last 7 yr on the vasec-
tomized group and for the last 4 yr on the control group.

Necropsy procedure. Gross necropsies were done at the
ORPRC. Each animal was anesthetized with ketamine and
exsanguinated from the inferior vena cava. At the time of
necropsy the carotid arteries, the thoracic aortas, the ab-
dominal aortas, and the iliac arteries were opened longi-
tudinally, and flattened on cardboard. Where lesions could
be seen grossly, a 5-mm square sample was removed, placed
on paper, and frozen in liquid nitrogen for evaluation with
immunofluorescence. The remainder of the arteries were fixed
in 10% neutral buffered formalin. Because it was not known
then that considerable attention would be focused on the
cardiovascular system, brains were not retained for evaluation
of the cerebral circulation, and portions of the hearts of only
a few animals were saved. The fixed arteries of the control and
vasectomized monkeys were coded so that the group from
which they came could not be determined and then shipped
to the Arteriosclerosis Research Center, BGSM, for patho-
logical evaluation.

Pathological evaluations. The arteries were stained over-
night in a supersaturated solution of Sudan IV in 38% iso-
propanol for evaluation of the extent of grossly visible athero-
sclerosis. They were then washed in water and stored in 10%
neutral buffered formalin. Each artery coded so that the
evaluator (Dr. Clarkson) could not know whether it was from
a control or vasectomized animal was studied separately.
The percentage of intimal surface affected with raised
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atherosclerotic plaques was estimated visually and recorded.
The gross evaluations were done three times to establish
consistency of the grading method (average scores varied
less than 5%). The atherosclerotic involvement of the carotid
bifurcation was considered separately, and severity was ex-
pressed on a relative scale of 0-4.

For histological studies on the characteristics of the le-
sions, two adjacent or facing blocks were selected from
each of the arteries from an area that represented the largest
lesion seen and also from an area that represented the average
lesion. For evaluation of the amount of stainable lipid in the
lesions, one block was used for cryostat sectioning and was
stained with Oil Red 0 and hematoxylin. The other block was
processed in paraffin and 5-,um sections were cut and stained
with hematoxylin-phloxine-saffron or Verhoeff-van Gieson
stains. Because of the need to quantify more accurately the
carotid bifurcation atherosclerosis, we measured the maximal
intimal thickness and plaque area with a pressure activated,
hand-held digitizer interfaced with a computer.

Immunofluorescent evaluation. To locate possible im-
mune complexes in frozen sections of arteries, we used
fluorescein isothiocyanate-labeled antibodies to immuno-
globulin (Ig)G and IgM and to the third component of com-
plement (C3) (N. L. Cappel Laboratories, Inc., Cochranville,
Pa.). The specificity of the conjugates was checked by im-
munoelectrophoresis. Blocking experiments demonstrated
the specificity of the response.

RESULTS

Clinticopathological determlinations. The results of
the clinicopathologic and endocrinologic determina-
tions with two exceptions revealed no differences be-
tween the long-term vasectomized animals and their
age-matched controls (15, 16). First, the gammaglobu-
lin levels of the long-term vasectomized monkeys were
significantly higher than those of the age-matched
controls and the magnitude of the difference was about
the same for vasectomized monkeys with and without
detectable free antisperm antibodies. The al-, a2-, and
,X-globulin concentrations of the two groups did not
differ, nor did the luteinizing hormone, follicle-stimu-
lating hormone, estrone, estradiol, testosterone, or di-
hydrotestosterone concentrations (15, 16).

Second, there was a suggestion of somewhat higher
(-20 mgldl) serum triglyceride concentrations among
animals with high circulating levels of antisperm anti-
bodies (15, 16). These observations were made -2 yr
before necropsy, were made using special memory ad-
dress counter procedures, and whether all of the ani-
mals had been fasted for the same time periods before
sample collection is not known. At the termination of
the study additional blood samples were obtained for
serum lipid determinations at BGSM.Wefound no sig-
nificant differences in serum triglyceride concentra-
tions between the vasectomized and control groups
(35+4 [SE] mg/dl vs. 56±+11 mg/dl, respectively).
Additionally, we found no differences between the
groups in mean total serum cholesterol concentra-
tion. Control animals had a mean total serum choles-

terol concentration of 106+12 (SE) mg/dl; whereas that
of the vasectomized animals was 123+12 mg/dl.

Immunologic determinations. The occurrence of
antisperm antibodies was studied in all of the animals
in the vasectomized and control groups with sperm-
agglutination, sperm-immobilization, and indirect im-
munofluorescence techniques. No antisperm anti-
bodies were found in the control animals. In Table
I we have summarized our observations on the cir-
culating antisperm antibody responses of the vasec-
tomized monkeys and have compared tLem with the
antibody status of the control animals. An animal was
arbitrarily categorized as having a positive antisperm
antibody response if its serum was positive by two dif-
ferent tests. On the basis of previous studies we know
that vasectomized monkeys develop antibodies several
weeks after the operation and that the number of ani-
mals retaining antisperm antibody titers drops off by
4-6 mo later and then remains steady with about one-
half the animals having free antisperm antibodies. Data
from monkeys in these experiments, collected for the
past 7 yr are consistent with this concept.

Pathological evaluations. In Table II we have sum-
marized the effect of long-term vasectomy on the oc-
currence of atherosclerosis among the arteries studied.
Statistical significance was determined with the Fisher
exact test. Although a few fatty streaks were seen in
the common carotid arteries of both the vasectomized
and control animals, no plaques were seen in either
group. In contrast, considerable atherosclerosis oc-
curred at the carotid bifurcation, and all of the animals
in both groups were affected. No plaques were seen
in the thoracic aortas of the control animals, whereas
7 of the 10 vasectomized animals had plaques (P
< 0.006). The differences in frequency of athero-
sclerotic plaques in the abdominal aortas were not sig-
nificant (i.e., 4 of 7 control animals were affected and
7 of 10 vasectomized animals were affected). Iliac
arteries, like the thoracic aortas, were more often af-
fected with atherosclerotic plaques in vasectomized
animals (9 of 10) than in control animals (3 of 7).

Having examined separately the question of whether
vasectomy affects the frequency with which particular
arteries are affected by atherosclerosis, we compared
the extensiveness of the lesions and included in our
determination only those animals with lesions. These
data are summarized in Table III. Statistical significance
of the differences between means and determined with
the Student's t test modified for unequal variance. On
the right side, atherosclerosis of the carotid bifurcations
in the vasectomized animals was significantly more
extensive than that in control animals (P < 0.05); on
the left side, atherosclerosis did not differ significantly
between groups. The plaques affecting the thoracic
aortas of the vasectomized monkeys involved about
13% of the intimal surface. There were no plaques in
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TABLE I
Circulating Antisperm Antibody Status of the Control

and Vasectomized Rhesus Monkeys*

General Sperm- Sperm-
antibody immobilizing agglutinating Immulno-

Group response antibodies antibodies fluorescence

Age-matched controls
1207 - - - Ac
1636 - - -
1658 - - -
5020 - - - Ac
5531 -

5530 - - _
1398 - _ _
1561 - - -

Long-term vasectomized
Vasectomized- 1964 (14 yr)

1062 - - - Ac
1065 - - - Ac
1073 - - -

Vasectomized- 1968 (10 yr)
3148 _ _ _
3150 + + + Ac
3151 + + - Ac, Eq
3152 - - - Ac, Eq
3157 - _ _

Vasectomized- 1971 (9 yr)
5316 + + + Ac
5532 + + + Ac, Pa

Ac, acrosomal region of the sperm; Eq, equatorial region of the sperm; Pa,
postacrosomal region of the sperm.
* This table is a composite of data gathered twice a year over the last 7 yr for
the vasectomy group and 4 yr for the control monkeys. The sperm immobilization
value was ox in each case (all sperm killed in test). Sperm-agglutinating titers
were 3150 = 1:320, 5316 = 1:20, 5532 = 1:640. Immunofluorescence titers
ranged from 1:10 to 1:80.

the thoracic aortas of the control animals. The largest
difference in the extent of atherosclerosis between the
two groups was found in the abdominal aorta. The
control animals had plaques that occupied an average

of 4.5% of the intimal surface; those of the long-term
vasectomy group had a mean intimal surface involve-
ment of 34.6% (P < 0.001).

Being concerned that the gross grading of the

TABLE II
Effect of Long-term Vasectomy on the Frequency of Atherosclerosis among

Rhesus Monkeys Fed Monkey Chow*

Carotid
bifurcation Iliac arteries

Thoracic Abdominal
Group Left Right aorta aorta Left Right

No. animals with plqueslNo. examined

Age-matched controls 8/8 8/8 0/8 4/7 3/7 1/7
Long-term vasectomized 9/9 9/9 7/10 7/10 9/10 8/10

NS NS P<0.006 NS P<0.05 P<0.01

* The abdominal aorta and iliac arteries were not available for evaluation of one control animal; the
carotid arteries were not available for evaluation of one vasectomized animal.
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TABLE III
Effects of Long-term Vasectomy on the Extent of Atherosclerosis among Rhesus Monkeys Fed Monkey Chow*

Carotid bifurcation Iliac arteries
Thoracic Abdominal

Group Left Right aorta aorta Left Right

Age-matched controls 2.2+0.37 1.6+0.26 0 4.5+0.25 5.6+2.34 5.0
Long-term vasectomized 2.8+0.42 2.6+0.37 13.6+4.20 34.6+6.52 14.4+3.06 15.0+2.67

NS P < 0.05 P < 0.001 P < 0.05 P < 0.05

* Extent of carotid bifurcation arteriosclerosis was graded on a scale of 0-4. Extent of arteriosclerosis of other arteries
is an estimate of %of intimal surface with plaques, only those animals with lesions are included in the means. The
values are means±SE. There is no variance in the right iliac artery of age-matched controls because there was a
single lesion only.

carotid bifurcation atherosclerosis on a scale of 0-4
might not be sufficiently precise to characterize
possible differences between the groups, we made
additional histological measurements. These included
a determination of the maximum intimal thickness of
each animal's carotid bifurcation plaque and the area of
the plaque, a calculation that took into account both
thickness and length of the lesion. These data are
summarized in Table IV. Consistent with the gross
grades were our findings (a) that on the right side
the carotid bifurcation plaques of the vasectomized
animals were thicker than those of control animals
and (b) that on the left side the thickness of the
plaques did not differ between groups.

We sought to determine if there was any relation-
ship between the extent of atherosclerosis among the
vasectomized animals that either did or did not have
circulating free antisperm antibodies. In Table V we
have shown separately the extent of the atherosclerosis
in various arteries of the vasectomized animals whose
test results for the last seven years were either positive
or negative for free antisperm antibodies. There was
more extensive atherosclerosis in the group that did
not have free circulating antisperm antibodies. The
differences in the two groups were striking, particularly
in the abdominal aorta and iliac arteries.

The plaques seen at the carotid bifurcation of the
control and vasectomized animals were typical fibrous
or "pearly" plaques. The central portions of the plaques
were usually glistening white and stained positively
with the Sudan IV around the periphery (Fig. 1).
Histologically, the plaques at the carotid bifurcation
were more or less typical atherosclerotic plaques.
They usually contained intercellular and extracellular
lipid in the base with fibromuscular caps of varying
thicknesses. In Fig. 2 we illustrate the characteristics
of the lesions seen at the carotid bifurcation. Fig. 2A
and B represent the diversity in lesions seen in the
control animals. Lesions ranged from ones that were
primarily intimal thickenings due to proliferated smooth
muscle cells with minimal lipid accumulation (Fig. 2B)
to ones that had a lipid core in the base and a fibro-
muscular cap (Fig. 2A). The carotid bifurcation lesions
of the vasectomized animals appeared qualitatively
similar but larger. Considerable lipid in the base of
the lesions associated with a rather thick fibromuscular
cap was common (Fig. 2D and E). Among the animals
vasectomized for longer periods (14 yr), the lesions
contained much more collagen and virtually all lipid
was extracellular (Fig. 2C).

Atherosclerotic plaques of the thoracic aorta were
seen only among the vasectomized animals. Several

TABLE IV
Gross and Histologic Evaluation of the Extent of Carotid Bifurcation Atherosclerosis among Control and

Long-term Vasectomized Rhesus Monkeys Fed Monkey Chow*

Gross grade Maximal intimal thicknesst Plaque areat

Group Left Right Left Right Left Right

mm mm2

Age-matched controls 2.2+±0.37 1.6+(0.26 0.26+0.04 0.19+0.32 0.65+0.11 0.53+0.14
Long-term vasectomized 2.8+0.42 2.6+0.37 0.28+0.06 0.39+0.08 1.17+0.32 1.25+0.26

NS P < 0.05 NS P < 0.05 NS P < 0.05

* Gross extent of carotid bifurcation arteriosclerosis was graded on a scale of 0-4.
t Determined with a hand-held digitizer interfaced with a computer.
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TABLE V
Relationship of the Presence or Absence of Free Antisperm

Antibody to the Extent of Atherosclerosis

Free
antibody Monkey Carotid Thoracic Abdominal Iliac

status* No. bifurcationt aorta§ aorta§ arteries'

Positive 3150 1.0 5 0 10.0
3151 3.5 5 0 5.0
5316 1.0 0 0 0
5532 2.0 0 2 5.0

Negative 1062 3.0 15 35 25.0
1065 - 35 40 20.0
1073 4.0 20 35 20.0
3148 3.5 10 60 17.5
3152 4.0 0 30 10.0
3157 3.0 5 40 12.5

* Data from Table I.
t Carotid bifurcation, extent of carotid bifurcation athero-
sclerosis was graded on a scale of 0-4, the value presented
for each animal is the mean of the left and right score.
§ Extent of atherosclerosis is expressed as the percentage of
intimal surface with plaques.
The extent of iliac artery atherosclerosis is expressed as

the percentage of intimal surface with plaques. The value
presented for each animal is the mean of the left and right
score.

features of those lesions were seen consistently. At the
base of the plaques, just superficial to the internal
elastic lamina, were numerous smooth muscle cells
with a longitudinal orientation. Both intracellular lipid
and extracellular lipid were seen in the cryostat sections
stained with Sudan IV. The accumulation of collagen
was the most striking feature, and abundant glycos-
aminoglycans were seen in sections stained with
periodic acid-Schiff.

The appearance of the plaques in the abdominal
aortas of the vasectomized animals was similar to that
of typical fibrous or pearly plaques (Fig. 3). The
distribution of the lesions was different from that seen
in rhesus monkeys with diet-induced atherosclerosis.
It also differed from the distribution of naturally
occurring lesions of control monkeys in that the plaques
were not associated with bifurcations or other areas
of hemodynamic disturbance but rather appeared
randomly in the artery. Histologically, the plaques that
occurred in the abdominal aortas of the control animals
were typical atherosclerotic plaques, with cores of lipid
in the bases of the lesions and distinct fibromuscular
caps. The abdominal aortic plaques of the vasectomized
animals were larger and thicker, and had much more
collagen associated with the fibromuscular caps.

The lesions in the iliac arteries of the control animals
were fibrous in appearance and occurred most often
at points of bifurcation. They were composed primarily

FIGURE 1 Photographs of right and left carotid bifurcations.
A is typical of control animals, B is typical of the vasectomized
group. In both A and B, glistening raised plaques can be
seen at the bifurcation with Sudanophilia surrounding the
plaque area.

of smooth muscle cells, collagen, and elastic fibers
(Fig. 4). In contrast, the plaques seen in the iliac
arteries of the vasectomized monkeys were not at
bifurcation points, were larger, and stained grossly with
Sudan around the periphery of the lesion. Histologically,
the iliac artery plaques contained both intracellular and
extracellular lipid and thick fibromuscular caps (Fig. 5).

Immunoglobulins and occasionally complement were
found associated with lesions. Since their pattern of
deposition was similar to that of fibrin, it is unlikely that
they were immune complexes.

DISCUSSION

In this report we have presented evidence that
atherosclerosis is more frequent and more extensive
among vasectomized monkeys than age-matched
controls. The gross and microscopic appearance of the
lesions is similar to lesions reported by others as
resulting from continuing mechanical injury or by
immunological injury, and we speculate that the arterial
lesions in these vasectomized monkeys may have been
a result oftheir immunologic response to sperm antigens.
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FIGURE 2 A and B are photomicrographs of sections of the carotid bifurcation of control animals.
There is lipid in the deep part of the intima of A. The thickened intima of B contains mostly
smooth muscle cells and their products. C, D, and E are sections from vasectomized animals.
The intima of C is collagenous and contains little lipid. There is increased lipid (clear areas
in these paraffin sections), particularly extracellular lipid in Dand E. A, B, D, and E were stained
with hematoxylin-phloxine and saffron. Cwas stained by the Verhoeff-van Gieson method. (x 100)

The amount of naturally occurring atherosclerosis
seen in the control animals was unexpected. Although
the literature contains very little information on
naturally occurring atherosclerosis in rhesus monkeys,
the information that is available suggests that they are
quite resistant to the development of naturally occurring

lesions. Fox (17), on the basis of observations at the
Philadelphia Zoo, concluded that rhesus monkeys were
extremely resistant to naturally occurring atherosclerosis.
Yakovleva (18) has reported on the occurrence of
atherosclerosis in a single rhesus monkey that died at
the estimated age of 27 yr. Chawla et al. (19) reported

FIGURE 3 The abdominal aorta from a vasectomized monkey has extensive white, raised fibrous
plaques. Stained grossly with Sudan IV.

Vasectomy Exacerbated Atherosclerosis in Rhesus Monkeys
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FIGURE 4 A plaque in the left iliac artery from a control monkey consists primarily of smooth
muscle cells, collagen, and reduplicated elastic fibers. Stained by the Verhoeff-van Gieson
method. (x 100)

that 3% of 150 free-ranging rhesus monkeys had
aortic fatty streaks; they saw no plaques. Wehave found
no publications that dealt specifically with the carotid
bifurcation, the site at which we saw the most advanced
naturally occurring atherosclerosis in the control animals.

It is of interest that the carotid bifurcation athero-
sclerosis increased more on the right than the left side
among the vasectomized animals. In a study by Solberg
et al. (20) the percentage of intimal surface of carotid
arteries with raised atherosclerotic lesions was some-
what greater for the right than the left carotid arteries
of Guatemalan persons 65 yr of age and older. Such
differences were not seen in persons from Oslo.

The data presented seem to support the concept that
exacerbation of atherosclerosis of the long-term
vasectomized animals may have resulted from con-
tinuing immunologic injury to the arteries. Persistent
antibody production such as is found in about 50%of men
and animals after vasectomy suggests that a constant
antigen source is present. Leakage of soluble sperm
antigens would allow antigenemia and the development
of circulating immune complexes. There are several
pieces of evidence that point to the occurrence of
circulating immune complexes as a result of vasectomy.
First, vasectomized rabbits have glomerular changes
which include an increased amount of mesangial
matrix and granular deposition as seen by immuno-
fluorescence. Eluates from such kidneys were shown to
have antisperm antibodies (21). Second, circulating

immune complexes have been found through the use
of the Clq assay in the blood of vasectomized rabbits
that had been injected with complete Freund's adjuvant
(22) and orchiectomy of those vasectomized rabbits led
to a precipitous fall in circulating immune complex
levels and a rise in antibody levels. Rabbits with no
antisperm antibody titers before castration had titers
afterward. These observations provide strong evidence
that the preexisting circulating immune complexes
involved sperm antigens and antisperm antibodies.
Removal of the antigen source made it possible to
detect circulating free antibodies, because tests for
antisperm antibody levels reveal free but not complexed
antibody and are not measures of total antibody levels.
The fact that castration resulted in antisperm antibodies
shows that the antigens involved originated from the
testis or epididymis.

Circulating immune complexes often result in
arteritis. Studies in animals have shown that injection
of any of several foreign proteins as well as the injection
of preformed immune complexes can result in
arteritis (23, 24).

Adherence of complexes to the endothelium allows
the development of the complement cascade and the
elaboration of chemotactic factors (particularly C5, C6,
C7, C3a, and C5a). Polymorphonuclear leukocytes are
attracted to the site and release their lysosomal
enzymes, which diminish the integrity of the vascular
endothelium resulting in increased permeability (25).
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FIGuRE 5 A photomicrograph of a section of a plaque in the right iliac artery of a vasectomized
monkey. There is considerable lipid in the base of the plaque and in portions of the fibromuscular
cap (clear areas in this paraffin section) and in portions of the thick fibromuscular cap. Stained with
hematoxylin-phloxine and saffron. (x 100)

Platelet accumulation and an inflammatory reaction
also occur. Cellular debris is eventually removed by
mononuclear cells.

Continued injury even without a diet containing
cholesterol can result in fatty streaks and raised lipid-
containing lesions (26-28). Platelet factors are involved
in continuing atherogenesis after injury (29). The
pathologic characteristics of the arterial lesions that
we observed in long-term vasectomized monkeys seem
simiiilar to those seen by Spaet et al. (30) in their studies
of rabbit aortas that have been exposed to mechanical
inIjury.

This se(luence of events, i.e., circulating immune
complexes, initiation of the complement cascade,
influx of polymorphonuclear leukocytes, result in rapid
degradation of immnune complexes. In an Arthus

reaction, the antigen is removed by polymorphonuclear
leukocytes within 24 h (25). Thus, we were not surprised
that we could not localize such complexes in the
plaques of the long-term vasectomized monkeys.

In our previous study on the effects of vasectomy
on diet-induced atherosclerosis of M. fascicularis (11),
both the shamvasectomized and vasectomized groups
of animals were markedly hypercholesterolemic (total
plasma cholesterol concentrations were 500-600 mg/dl).
The immunologic injury associated with vasectomy
exacerbated the atherosclerosis of those hyperlipo-
proteinemic animals, a finding consistent with the
observations of other workers who used rabbits (1, 2)
and baboons (3).

Earlier studies, on arterial injury in pigtail macaques
(Macaca nemestrina), by Stemerman and Ross (31),
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provided some evidence, that immunologic injury may
not exacerbate atherosclerosis in normolipoproteinemic
animals. In their studies the aortic endothelium was
damaged with a balloon catheter. Subsequently, they
observed intimal thickenings of proliferated smooth
muscle cells (without stainable lipid) that regressed
from about 15 layers of smooth muscle cells to 2 or 3
cell layers within 6 mo in normolipoproteinemic
animals. Whenthey induced injury in the same way in
M. nemestrina fed dietary cholesterol (plasma cholesterol
concentrations of 250-400 mg/dl), the lesions did not
regress and did accumulate stainable lipid. It seems
likely that the difference in the mechanical injury that
they studied and the presumed immunologic injury
that we have studied is that in their model only a single
episode of injury was used and in our animals there
may well have been continuing immune-complex
damage to the vascular endothelium over the 9- to
14-yr post-vasectomy span.

Of particular interest is our finding of more extensive
atherosclerosis among vasectomized animals that had
very probably developed antisperm antibodies initially
but later lacked demonstrable circulating free antisperm
antibodies. As we have indicated, almost all vasectomized
rhesus monkeys develop antisperm antibodies shortly
after vasectomy but by 4-6 mo only about one-half
of the animals retain demonstrable free antisperm anti-
bodies (32). One of the reasonable explanations for
the lack of free antisperm antibodies is that such animals
are in sperm antigen excess. On this basis, it seems
reasonable to suggest, although we lack supporting
data, that the animals in this experiment that lacked
free antisperm antibody were in antigen excess and
had greater concentrations of immune complexes.
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