gravity has an active and direct role in
influencing larval biology in at least B.
stolonifera, but that fundamental differ-
ences in responses to environmental
cues exist between it and its congener B.
neritina.
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Social Stress and Atherosclerosis in

Normocholesterolemic Monkeys

Abstract. Socially stressed adult male cynomolgus monkeys (Macaca fascicularis)
fed a low fat, low cholesterol diet developed more extensive coronary artery
atherosclerosis than unstressed controls. Groups did not differ in serum lipids, blood
pressure, serum glucose, or ponderosity. These results suggest that psychosocial
factors may influence atherogenesis in the absence of elevated serum lipids.
Psychosocial factors thus may help explain the presence of coronary artery disease
(occasionally severe) in people with low or normal serum lipids and normal values for

the other “‘traditional’’ risk factors.

The initiation and progression of coro-
nary artery atherosclerosis is often asso-
ciated with increased concentrations of
lipids in the serum (/). Despite this asso-
ciation, many individuals develop severe
atherosclerotic lesions while having low
serum lipid concentrations, and others
develop far more atherosclerosis than
would be expected on the basis of a
modest elevation of serum lipids (2).
Work with animal models suggests that
some of this variability may be explained
by the influence of hypertension and
immunologic injury to arteries (3, 4).
Yet, much additional variability in ath-
erosclerosis lesion extent remains unex-
plained, suggesting the existence of oth-
er pathogenetic mechanisms among nor-
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mocholesterolemic individuals. In recent
years, psychosocial variables have been
linked increasingly to ischemic heart dis-
ease in human beings (5) and psychoso-
cial manipulations have been shown to
exacerbate atherosclerosis in cholester-
ol-fed cynomolgus monkeys, rabbits,
and swine (6-8). At present, though, it is
unclear whether psychosocial manipula-
tions are capable of promoting athero-
genesis in normocholesterolemic animals
and, by implication, in human beings
with low or normal serum cholesterol
concentrations. The purpose of the pres-
ent investigation was to provide an initial
test of this hypothesis. Our results dem-
onstrate that socially stressed monkeys
fed a low fat, low cholesterol diet devel-

oped more extensive intimal lesions in
the coronary arteries than control ani-
mals living under unstressed conditions.
Moreover, the differences in lesion ex-
tent observed here were not associated
with elevations or group differences in
serum lipids, blood pressure, serum glu-
cose, or ponderosity.

The experimental animals were 30 .
male, cynomolgus monkeys (Macaca
fascicularis), imported as adults from
Malaysia and the Philippine Islands.
They were assigned to two experimental
conditions (designated the ‘‘stressed’’
and ‘‘unstressed’’ conditions), and with-
in each condition (N = 15), the monkeys
were divided randomly into three, five-
member groups. During the study, all
groups were housed separately in identi-
cal pens measuring 2.0 by 3.2 by 2.5 m.
The experiment lasted 21 months, after
which all animals were killed and nec-
ropsied.

Throughout the study the monkeys
were fed a “‘prudent’’ diet, modeled on
the current recommendations of the
American Heart Association; this diet
contained almost no cholesterol (0.05 mg
of cholesterol per calorie) and was low in
saturated fats (9). Blood samples for
determination of total serum cholesterol
and high-density lipoprotein cholesterol
(HDLC) concentrations were taken ap-
proximately once per month over the
course of the study. Other physiologic
variables associated with atherosclerosis
were measured at regular intervals; these
variables included systolic and diastolic
blood pressure (bimonthly), fasting se-
rum glucose concentration (semiannual-
ly) and ponderosity (the ratio of body
weight to body length) (semiannually).
All monkeys were sampled in the morn-
ing, under ketamine restraint and follow-
ing a suitable fast (/0).

To create a significantly stressful so-
cial environment, we periodically altered
group memberships in the stressed con-
dition by redistributing animals among
the three affected groups. The monkeys
were redistributed once every 12 weeks
in the first year of the study and once
every 4 weeks in the following 9 months.
Unlike the stressed animals, group mem-
berships among monkeys assigned to the
unstressed, or control condition, re-
mained constant throughout the 21
month experiment.

Reorganization of groups was selected
as a means of inducing stress in the
present study because previous reports
had indicated that introduction of strang-
ers fosters a high degree of social insta-
bility in macaques (//). In an attempt to
further enhance competition and social
uncertainty, an ovariectomized female
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Table 1. Behavioral characteristics of the stressed and unstressed groups.

Rate of Percentage Rate of Percentage Percentage
Group aggres- with severe sub- with severe of time in
sion* aggression mission submission affiliation
Stressed (N = 15) 5.16 30.0 6.59 27.0 21.0
Unstressed (N = 14) 6.69 20.0 7.10 19.0 26.0
Probabilityt N.S. < .05 N.S. < .05 < .05
*Median rates of performance per hour per monkey, as determined by focal samples. TTests of

significance by Mann-Whitney U test (two-tailed).
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Stressed

with an estrogen-containing capsule im-
planted under the skin was also placed
into each of the stressed groups for the
last 2 weeks of each 4-week reorganiza-
tion during the final 9 months of the
study. Finally, to document behavioral
effects associated with these experimen-
tal manipulations, we recorded the fre-
quencies of aggressive, submissive, and
affiliative acts. These data were obtained
by means of a focal sampling technique
in which each animal was observed for
195 15-minute periods (10).

At the time of necropsy, the heart was
removed and the coronary arteries were
perfused with 10 percent neutral buffered
Formalin at a pressure of 100 mmHg.
Fifteen tissue blocks (each 3 mm in
length) were then cut perpendicularly to
the long axis of the coronary arteries.
Five of these were serial blocks taken
from the left circumflex, five from the
left anterior descending, and five from
the right coronary artery. Two sections
were cut from each block and stained
with either hematoxylin and eosin or
Verhoeff Van Gieson stains. Upon pro-
jection of the Verhoeff Van Gieson—
stained sections (at x40 magnification),
two measures of atherosclerosis were
calculated with the use of a Zeiss MOP
III Image Analyzer. The first measure-
ment was of the total area occupied by
intima or intimal lesion (termed intimal
area). The second measure, intimal
thickness, was calculated as the maxi-
mum distance obtaining at any one point
between the internal elastic lamina and
the lumen of the artery.

For the present analysis, the extent of
coronary artery atherosclerosis in each
monkey was expressed as a mean intimal
area (in square millimeters) and mean
intimal thickness (in millimeters) of 15
sections of coronary artery. The area

Fig. 1. Area occupied by inti-
mal lesion in stressed and un-
stressed monkeys; bars repre-
sent individual animals. Early
mortality resulted in the loss
of one animal from the un-
stressed condition.

Unstressed

measures for all monkeys are depicted in
Fig. 1. Substantial differences in coro-
nary artery atherosclerosis were ob-
served between the stressed and un-
stressed conditions, with stressed ani-
mals having larger intimal areas relative
to controls (P < .002, Mann-Whitney U
test) (/2). Maximum intimal thickness
was highly correlated with intimal area
(p = .73, P < .001) and was also signifi-
cantly greater in stressed than control
animals (P < .02, Mann-Whitney U
test).

The arterial lesions of each monkey
were also graded for extent of change.
One of three grades was assigned to each
coronary artery upon the consensus of
five investigators who did not know the
animals’ experimental conditions. The
grades recorded were 0 for no intimal
changes; 1 for intimal changes present
but characterized by fatty streaks only
(that is, foam cells); and 2 for fatty
streaks that had progressed to small
plaques with smooth muscle cell prolif-
eration. Among animals in the stressed
condition, 11 of 15 monkeys received
grade 2 on one or more coronary arter-
ies, whereas only 4 of 14 unstressed
animals had lesions of similar extent.
This difference in the distribution of rela-
tively advanced lesions (that is, plaque)
between the stressed and unstressed
conditions was statistically significant
(x* = 4.16, P < .05).

Animals in the two conditions also
differed behaviorally. Stressed and un-
stressed monkeys had similar rates of
aggressive and submissive behaviors
(expressed as incidents per hour) over
the course of the experiment (Table 1).
Yet the proportions of all agonistic en-
counters involving both direct, contact
aggression (for example, biting, grab-
bing, slapping) and extreme forms of

submission (for example, fleeing, cower-
ing, grimacing) were significantly greater
in the periodically reorganized groups
(Table 1). Likewise, stressed animals
spent significantly less time huddling af-
filiatively (that is, in passive body con-
tact). These findings suggest that the
redistribution of group members fostered
a high degree of tension among animals
in the stressed condition, promoting a
greater proportion of overt fights and
interfering with the development of so-
cial bonds.

The effects of the psychosocial ma-
nipulation on coronary artery atheroscle-
rosis apparently are not due to concomi-
tant differences among other physiologic
variables commonly associated with ath-
erosclerosis. Comparisons of the two
conditions (by t-tests) revealed no signif-
icant differences between the stressed
and unstressed monkeys on measures of
total serum cholesterol [157 *= 20 mg/dl
(mean = standard error) and 146 *+ 22
mg/dl, respectively] or HDLC concen-
trations (57 = 11 mg/dl; 59 = 13 mg/dl),
systolic (89 = 7 mmHg; 88 + 9 mmHg)
or diastolic (56 =6 mmHg, 53 =6
mmHg) blood pressure, fasting blood
glucose concentration (59 = 4 mg/dl;
58 £ 6 mg/dl), or ponderosity (1.79 =
0.26 kg/cm; 1.84 = 0.15 kg/cm).

The present study provides evidence
that psychosocial stress promotes ath-
erogenesis in normocholesterolemic,
normotensive monkeys, thus identifying
a possible variable in the pathogenesis of
atherosclerosis among some ‘‘low risk”’
individuals in human populations.
Though it is unclear what mechanisms
may mediate behavioral influences on
the development of atherosclerosis, we
believe the present results may be attrib-
utable, in part, to effects of repeated
arterial injury. For example, there is a
close resemblance between the histologi-
cal characteristics of lesions reported
here (intimal smooth muscle cell prolif-
eration with intra- and extracellular lipid
accumulation) and those seen after re-
peated mechanical injury to arteries
among normocholesterolemic rabbits
(13). Also, an experimental stressor
(electric tail shock) has been shown to
result in endothelial injury in normocho-
lesterolemic rats (14). Albeit speculative,
several investigators have suggested that
such arterial injury may result, in turn,
from hormonal (for example, cortisol,
catecholamine) and hemodynamic alter-
ations commonly observed in response
to laboratory and social stressors (15).

Reorganization of group memberships
in the present experiment resulted in
proportionately more displays of in-
tensely aggressive behavior among ani-
mals assigned to the stressed condition.



In a prior investigation involving hyper-
cholesterolemic cynomolgus monkeys,
periodic group reorganization also led to
increased contact aggression and to
greater atherosclerosis (/6). It is interest-
ing that a high ‘‘potential for hostility”’
represents, among humans, a central
component of the type A (coronary-
prone) behavior pattern (/7). Moreover,
independent of its association with type
A behavior, hostility has been found
associated with extent of angiographical-
ly documented coronary artery athero-
sclerosis (18). Although these findings
reflect only descriptive behavioral simi-
larities, it is noteworthy that aspects of
the present data are consistent with stud-
ies of psychosocial factors among human
beings.
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Parthenogenesis in the Endemic Australian Lizard

Heteronotia binoei (Gekkonidae)

Abstract. Chromosome variation in the gekkonid lizard Heteronotia binoei reveals
that this endemic Australian vertebrate reproduces by parthenogenesis. Triploid
parthenogenetic females are distributed throughout central and western Australia
and are all heterozygotes for one or more pericentric inversions that also distinguish
the extant bisexual diploid cytotypes. These data on karyotype provide strong
evidence that the various clones have arisen through multiple hybridization events

between bisexual ancestors.

In vertebrates, all-female populations
that reproduce by parthenogenesis have
now been reported in several American
and European taxa (I). A newly discov-
ered parthenogenetic biotype of the en-
demic lizard Heteronotia binoei Gray,
which is distributed throughout most of
the Australian continent, also exists as
diploid bisexual populations for much of
its range (Fig. 1A). A cytogenetic analy-
sis of diploid and triploid forms provides
evidence for a hybrid origin of the par-
thenogenetic biotype and multiple hy-
bridization events between the bisexual
ancestors appear to have been important
in generating the considerable clonal di-
versity found in H. binoei.

Karyological analysis of diploid H.
binoei (2n = 2x = 42) by both standard
Giemsa-stained preparations and G- and
C-banding has revealed two major cyto-

types, SM6 and A6, distinguished by a
pericentric inversion associated with
chromosome 6 (Fig. 2A). Within the
SM6 cytotype a further pericentric rear-
rangement (SM6-2) on chromosome 4
was polymorphic in lizards in north-cen-
tral Australia and absent in those on the
western Australian coast (SM6-1). A dis-
tal nucleolar organizing satellite on chro-
mosome 6 was found in eastern and
southern A6 populations and all SMé6
populations. This did not occur in A6
populations from central and western
Australia, although the former did main-
tain an active distal nucleolar organizing
region (2). The A6 and SM6-2 cytotypes
overlap broadly in north-central Austra-
lia (Fig. 1A). However, there are no
known sympatric localities, and no dip-
loids heterozygous for the inversion on
chromosome 6 have been found.
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Fig. 1. (A) Distribution of the triploid and diploid cytotypes of Heteronotia binoei throughout
Australia. Circles represent sampling points and the shaded regions are where H. binoei is
absent. The boundaries are shown to emphasize the extensive overlap, but more sampling in
western Australia is required before the distribution limits of the various cytotypes can be
determined. (B) Detailed distribution data for the central Australian region. Symbols: (J, diploid
A6; @, triploid clone A; A, triploid clone B; and M, triploid clone C.





