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Institut fiir Tierpathologie (Prof. Dr. H. Luginbiihl) der Universitdt Bern

THE WOOLLY MONKEY
(LAGOTHRIX LAGOTHRICHA): A POSSIBLE MODEL
FOR HUMAN HYPERTENSION RESEARCH

M. MULLER, A. HELDSTAB, H.LUGINBUHL

SUMMARY

The anatomical-pathological findings of 15 woolly mon-
keys were comparable with those described in man with
essential benign or malignant hypertension. Kidneys
revealed arterio- and arteriolosclerosis or an onion
peel-like proliferation, in some cases necrotizing endar-
teritis. Obesity due to restricted physical activity, unna-
tural feeding, and psychical and physical stress could
have contributed to the development of this condition.
Further, high vulnerability of the genus woolly monkey
is postulated. Thus, essential hypertension of woolly
monkeys appears to be a multifactorial disease.

KEY WORDS: essential hypertension — patho-
logy of kidneys — woolly monkey

INTRODUCTION

Arterial hypertension of man, a well-known disease com-
plex, is classified into essential (primary) and symptomatic
(secondary) hypertension, the latter subdivided into renal,
endocrine, neurogenic, cardiovascular hypertension, and
the miscellaneous hypertensive syndrome comprising me-
tabolic and toxic disorders. Differences in clinical course
and pathology in primary and secondary hypertension lead
to differentiation between a benign and a malignant form
(Cottier, 1980; Meadows, 1973).

Spontaneous essential hypertension in man has a morbid-
ity of 15—30%. Reports on spontaneous hypertension in
animals are rare and limited to Syrian hamsters (Slauson et
al., 1978), selectively bred rats (Gattone et al., 1983 ; Somova
et al., 1975), guinea pigs (Takeda, Grollman, 1970) and an
adult chimpanzee (Stout and Lemmon, 1971). Further, high
blood pressure is suggested to be the origin of a familiar re-
novascular disease in Norwegian elkhounds (Finco et al.,

DER WOLLAFFE (LAGOTHRIX LAGO-
THRICHA): EIN MOGLICHES TIERMO-
DELL IN DER HYPERTONIEFORSCHUNG

Die pathologisch-anatomiséhen Befunde bei 15 Wollaf-
~ fen waren mit der benignen und malignen Form der es-
sentiellen Hypertonie des Menschen vergleichbar. Ar-
terio- und Arteriolosklerose, sowie eine «onion peel-
like» proliferative Endarteritis, in einigen Fillen nek-
rotisierend, waren charakteristische Nierenlisionen.
Obesitas infolge geringer korperlicher Aktivitdt, un-
physiologischer Erndhrung und psychischer wie phy-
sischer Stress waren pradisponierende Faktoren. Eine
erhohte Anfilligkeit der Spezies Wollaffe wird postu-
liert. Die essentielle Hypertonie der Wollaffen scheint
auf einer multifaktoriellen Genese zu :basiereny.}_

SCHLUSSELWORTER: Essentielle Hypertonie
- Nie,l"enpatholog’ie — Wollaffe

1970). Experimental hypertension has been induced in
mice (Henry et al., 1967), rats (Seewer, 1973), sheep (Parker
et al., 1966) and nonhuman primates (Benirschke et al.,
1978; Bourne, 1973; Hill and Thomsen, 1972; Mitchell et al.,
1982).

In this communication, clinical history and pathological
changes of adult woolly monkeys at the Basle Zoological
Garden are compared with aspects of spontaneous essen-
tial benign and malignant hypertension in man.

MATERIALS AND METHODS

A colony of woolly monkeys was observed clinically at the
Basle Zoological Garden for 15 years. Tissues from 15 adult
animals, three mals and twelve femals, which died sponta-
neously, were fixed in 4% formalin, embedded in paraffin,
sectioned at Sum and routinely stained with van Gieson,
periodic acid-Schiff (PAS), and a modified Movat silver im-
pregnation. Some kidney specimens were post-fixed in 1%
osmiumtetroxide, embedded in Spurr medium and sec-
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tions stained with toluidine blue. Routine bacteriological
cultures were made on spleen, liver, kidney, lung and, in
special cases, also on brain and small intestine. -
Body-, heart- and kidney weights of woolly monkeys have
been recorded. The equation of the linear function in Fig. 15
is y = a+ b; the solution is

mXxy —2x, 2y,
= MEXNZ SN2V _ 4175
2= mz X' — (Zx)

1
b= n—l(ZJyi —aXx)=2430

Hematology, blood chemistry and urine analysis have been
worked up in ten animals. Blood pressure could be mea-
sured only in animal 15.

RESULTS
Clinical

The monkeys had a terminal period of weight loss (No. 4:
3 kg in a 3-month period), apathy, and anorexia (Fig. 16).
They appeared to have had headache for months, retract-
ing the head deep between their shoulders or supporting it
with their hands. Animals 13 and 14 became unable to
climb or snatch at objects properly. For some time before
death, animal 13 seemed to be totally blind and was unila-
terally paralyzed. Hemorrhagic diarrhea was regularly
combined with vomitus and hiccup. Breathing was la-
bored. Urea nitrogen varied between 3,2 and 56,8 mmol/I
(normal: 1,7—7,5 mmol/l). Renin activity was normal or
suppressed (5—0,9 ng/ml/hr). Occasionally, proteinuria
(-5 g/1), hematuria, or bacteriuria were recognized. One
month before death, blood pressure of the anesthetized
animal 15 was 180/130 mmHg.

Pathological changes

Animals were obese (eight), normal (two) or underweight
(five). The kidney weight varied between 14 and 30 g. Nor-
mal and contracted kidneys were yellowish brown with fi-
ne granulated surfaces. Irregular scars and reduced corti-
cal widths were seen (Fig. 1). Histological studies revealed
conspicuous arteriosclerotic lesions in arteries of the cor-
tex and cortico-medullary region. Arcuate arteries had du-
plication of the internal elastic lamina and mild to severe fi-
brous intimal thickening, sometimes with a hypertrophic
media (Fig. 2). Interlobular arteries and afferent arterioles
were segmentally occluded by eccentric or concentric fibri-
noid intimal deposits (Fig. 3, 4, 6). A few interlobular arte-
ries were occluded by thrombi. Focal granular fibrinoid ne-
crosis (Fig. 3) with intramural hemorrhage (Fig. 5, 7, 8) fa-
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vored the development of aneurysms as a result of de-
creased stability of the vascular wall (Fig. 5). The effect of
these stenosing deposits was regularly accompanied by
concentrically arranged mucoid or fibrous intimal hyper-
plasia (Fig.5, 6). These onion peel-like vessels often had
undergone necrosis with extravasation of erythrocytes into
the surrounding tissue (Fig. 5). Depending on the severity
of intimal and subintimal lesions, the media was atrophic,
hyperplastic, or sclerotic. The associated tubular atrophy
rendered the vessels prominent and crowded (Fig. 4).
Nephrons were segmentally damaged due to ischemia.
Collapsed glomeruli were often associated with wrinkled
glomerular basement membranes, hyalin, partly collage-
neous material in the dilated capsular spaces, and large, fi-
brous Bowman’s capsules (Fig. 10, 11). Complete ischemic
glomerular destruction and fibrosis were seen (Fig.9). In
radial sclerotic areas most tubules were atrophic and re-
placed by fibrous tissue. Foci of lymphocytic and plasma-
cellular infiltration were regularly seen. Ectatic tubules
contained hyalin casts. Animals 13 and 14 had segmental or
panglomerular necrotic tufts with focal microthrombi and
hemorrhage consequent to arterial necrosis (Fig. 12, 13).
Apart from these ischemic lesions, a disseminated focal
membrano-proliferative process caused enlarged glome-
ruli. Segmentation of tufts with solid and hypercellular
areas were characteristic (Fig. 14). The juxtaglomerular ap-
paratus was not prominent.

The multifocal tubulo-interstitial polymorphonuclear in-
flammatory response in animal 3 and 7 was associated with
bacterial infection. Fibrinoid arterio- and arteriolosclerosis
or necrosis caused hemorrhage in the spleen, pancreas, liver,
gastrointestinal tract, ovary, and brain. Left ventricular hy-
pertrophy with pericardial effusion, heart failure cells in
pulmonary alveoli, and acute to chronic congestion of the
liver were further typical pathological features.

DISCUSSION

Macroscopic and microscopic changes in our woolly mon-
keys are comparable with lesions of human essential be-
nign and malignant hypertension: arterio- and arteriolo-
sclerosis, ischemic shrinking of glomeruli, and dilatation of
glomerular capsules. These lesions develop progressively
over a period of years (Anderson, 1980). Onion peel-like
proliferative endarteritis, fibrinoid arterio- and arterioloscle-
rosis and necrotic glomerular tufts are typical for malignant
hypertension (Brenner and Rector, 1984). In man, this form
is characterized by a relatively short clinical course of 6—9
months. Normal or suppressed serumrenin values together
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Fig.4:
Fig.5:
timal proliferation (*) (van Gieson elastica).

with a morphologically inconspicuous juxtaglomerular
apparatus are findings when benign hypertension proceeds
to the malignant form. In man, the kidney size appears to
be related to the duration of the malignant hypertensive
disease (Brenner and Rector, 1984 ; Heptinstall, 1966). This
correlation was not found in our monkeys.

As in man, the cause of death in woolly monkeys varies
with malignant and benign hypertension: septicemia and
cardiovascular accidents are complications of the benign
form; renal failure with uremia, congestive heart failure,
and hypertensive encephalopathy are complications of ma-
lignant hypertension (Anderson, 1980; Brenner and Rector,
1984; Heintz and Losse, 1969; Sambhi, 1980). Left ventricu-

Shrunken kidney with scar formation and granular surface.
Arcuate artery with multiplication of internal elastic lamina and fibrous intimal proliferation (van Gieson elas-

Intimal fibrinoid necrosis (*) and medial atrophy (arrows) of obliterated interlobular artery (van Gieson elastica).

Intimal eccentric hyalin deposits in a meandering afferent artery (Movat silver impregnation).
Proliferative endarteritis (onion peel-like) of interlobular artery with necrosis of vessel wall (arrow) and fibrousin-

lar hypertrophy, an important diagnostic feature in hyper-
tensive man (Stuart et al., 1976) has regularly been seen in
woolly monkeys. Woolly monkeys without the described
pathological changes had a linear heart/body-weight corre-
lation. In contrast, with one exception, all woolly monkeys
with hypertension-like lesions had a strongly elevated
heart weight (Fig. 15).

Human males are predisposed for hypertension. Among
woolly monkeys considered hypertensive, 80% were fe-
males and 20% males. Males only developed lesions com-
parable with the benign, whereas those in six of nine fe-
males were comparable with the malignant form.
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Fig. 6:
rosis of capillaries (right arrow) (PAS).
Fig.7:
tion, Toluidin blue).

Fig. 8:
ver impregnation).
Fig. 9:

The minimal diastolic blood pressure in malignant hyper-
tension in man varies according to author between 110—
150 mmHg (Brenner and Rector, 1984; Heintz and Losse,
1969). Under anesthesia, a value of 130 mmHg had been
measured in monkey 15. Anesthesia had no significant de-
creasing effect on blood pressure values in mice that had
reached a stage of «fixed» hypertension (Henryetal., 1967).
Essential hypertension is a multifactorial disease caused
by environmental and genetic factors (Cottier, 1980; Heintz
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Proliferative endarteritis of afferent artery with focal necrosis and extravasation of erythrocytes (arrow) (Movat sil-

o SRR 5.

Collapsed ischemic glomerular tufts with typical wrinkling of basement membranes (left arrow). Severe hyalin scle-

Segmental granular fibrinoid necrosis of afferent arteriole (arrow) extending into glomerular tufts (semithin sec-

Obliterated afferent arteries (arrow) favouring progressive glomerulonephritis (*) (PAS).

and Losse 1969; Sambhi, 1980). Among acquired factors in
man, obesity predisposes to hypertension. Most woolly
monkeys of our colony reached an obese condition of twice
the normal body weight of 7 kg (Fig. 16) (Bergerand Tylinek,
1984; Frddrich, 1973; Martin, 1978; Milton et al., 1984 ; Napi-
eretal., 1967; Walker, 1964). In their natural habitat woolly
monkeys are seasonal vegetarians, while fruits are avail-
able on which they accumulate subcutaneous fat (Heine-
mann, 1979; Hernandez-Camacho and Cooper, 1976; Jones,
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Flg 10
tium (van Gieson).

Fig.11:
brosis (Movat silver impregnation).
Fig.12:
(HE).

Segmental obstruction of glomerular capillaries
by fibrinous thrombi (arrows) (Movat silver impregna-
tion).

Fig.13:

1972). They are adapted to the intake of diets of extremely
low caloric nutritive density; the rest of the year they are in-
sectivorous (Milton and Nessimian, 1984 ; Portmann, 1970,
Williams, 1967). In captivity there is no season of catching

N 5 LSS A &

SRR SRS R

Capsular space dilatation and contracted glomerular tufts. Mononuclear inflammatory response in the 1nterst1-
Duplication of capsular basement membrane (arrow), periglomerular fibrosis, tubular atrophy and interstitial fi-

Segmental fibrinoid necrosis of glomerular tufts. Local capsular adhesion (arrow) and crescent formation (*)

and eating insects; the offer of fruits and vegetables is uni-
form during the whole year. Motion deficiency and unnatu-
ral feeding habits seem to play a key role in the develop-
ment of overweight. In our monkeys the obesity maximum
has regularly been followed by an interval of weight loss. In
contrast to man this weight loss was not correlated to le-
sions compatible with malignant hypertension.

Psychical and physical stress are further factors promoting
hypertension (Brenner and Rector, 1984; Cottier, 1980; Hen-
ryetal., 1967; Hill and Thomsen, 1972). Figure 17 shows the
frequency of internal stressors as bites, births, and deaths
as well as external stressors as therapies, change in group
composition, or construction work. It is interesting that
stress peaks coincided with the time during which the
weights of several individuals deviated from the normal
curve.

Fulfillment of requirement for space and physiological size
of colonies seems to be essential for keeping and breeding
woolly monkeys in captivity. Compared to a successful
breeding colony in England (Williams, 1967), indoor and
outdoor play areas for woolly monkeys at the Basle Zoole-
gical Garden are unsatisfactory. Insufficient space may be
an additional stressor in our colony. Natural group size has
been reported from several habitats as between four and
seventyfive monkeys (Frey, 1982; Goodwin and Holloway,
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Fig.14: Segmental mesangioproliferative glomerulo-
nephritis and irregular distended capillaries (arrow) (HE).

1978; Heinemann, 1979; Hernandez-Camacho and Cooper,
1976; Mack and Kafka, 1977). With nine to fifteen animals,
our colony lies within these limits.

In pregnant women, hypertension has severe conse-
quences for the baby. From the second part of Fig. 17 it is
obvious that the increasing number of abortions and still-
births in our colony during the last few years made a suc-
cessful rearing impossible. A third important factor in hu-
man hypertension is a familiar disposition (Cottier, 1980;
Heintz and Losse, 1969). This does not appear to be the case
in our monkeys. However, we postulate a high vulnerabi-
lity of woolly monkeys to hypertension. This hypothesis has
been recently confirmed by the observation of similar pa-
thologic features in the Woodland Park Zoo (Seattle), the
National Zoological Park (Washington, D. C.), the Pitts-
burgh Zoo, the Louisville Zoological Garden (Klein et al.,
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Fig.17: Stress — and birth-frequency between 1970 and

1985

o @ . . .
) _®_ = group internal stress (bites, births, deaths)

-.:= group external stress (therapies, change in group
composition, construction work)

—e = time during which the hypertensive woolly
monkeys were obese or underweight

E]= successful rearing
= hand rearing

-= abortion, stillbirth and neonatal death (-30 days)

Stress peaks coincided with periods of body weight loss and
increasing numbers of abortion and stillbirth.

1984) and in the Zoological Gardens of Zurich, Hannover,
and Apeldoorn (personal communications).

Thus, the woolly monkey is an extremely stress-sensitive
species. Its adaptability is not great enough to convert in
captivity from a frustrated to a balanced, active group

member. The woolly monkey may be an adequate sponta-
neous animal model for research in human hypertensive
disease. :

When this study was finished, Giddens et al., (1987) reported
on pathological changes in different organs of woolly mon-
keys considered hypertensive. The heterogeneous case
material was derived from different US Zoological Gar-
dens, and the authors did not discuss aspects of pathogenesis.
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Le singe de laine (Lagothrix lagothricha): Un
éventuel modéle pour la recherche de I'hy-
pertension humaine

Les lésions anatomo-pathologique chez 15 singes laineux
étaient comparables aux formes bénigne et maligne de
I’hypertension essentielle chez ’homme. Des 1ésions réna-
les telles qu’une artério- et artériolosclérose, ainsi qu’une
endartérite proliférative «onion peel-like», parfois nécroti-
sante, étaient caractéristiques. Une obésité, due a une acti-
vité physique limitée, une nutrition non physiologique ain-
si qulun stress physique et psychique étaient des facteurs
prédisposants. U’hypothése d’une vulnérabilité accrue de
I’espéce des singes laineux est avancée. Uhypertension es-
sentielle chez le singe laineux semble donc étre d’origine
multifactorielle.

La scimmia di lana (Lagothrix lagothricha):
Un possible modello animale nel campo diri-
cerca dell’ipertonia

Reperti anatomo patologici su 15 scimmie di lana risultano
esser paragonabili alle forme benigne e maligne dell’iper-
tonia essenziale dell’uomo. Arterio e arteriolosclerosi ac-
compagnate da un’arterite terminale proliferativa caratte-
ristica («onion peel-like»), risultano essere lesioni renali ti-
piche. Obesita in seguito ad attivita fisica insufficente, ali-
mentazione errata e stress psichico e fisico sono fattori pre-
disponenti. Viene inoltre anche postulata una predisposi-
zione genetica della specie. Lipertonia delle scimmie di la-
nasembra esser dovuta all’azione di un intero complesso di
fattori.
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