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kidney, lymph nodes, th

The following report describes the clinical
and pathologic features of a male 7-yr-old
rhesus monkey (Macaca mulattc) with gen-
eralized amyloidosis and chronic arthritis of
the femoral-tibial joints. The monkey was
from a colony of approximately 400 animals
of the same species that are under life-time
obscrvation for long-term radiation effects.
Decath occurred 62 mo after 600 rads of
whole-body radiation with 55 Mev protons.

Specific radiation effects of 55 Mev protons

on monkeys from the same group have previ-

ously been reported for up to 5 yr post-irradi-
ation (1,2,
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dense deposits of amyloid wers present in the liver, spleen,
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Fig 2. H&E dained sections. a) Section of liver with extensive emyloid depasits. Portal arecs

containing bile ducts remoin visible but hepatic cords hove been replaced with amyloid. 150 X, é
b) Section of liver with hepatic cards remoining but with omyloid deposits in space of Disse. 150
X. ¢) Amyloid deposits in splenic follicles. Amyloid in folliculor aree was locoted in ond adje- 3
cent to walls of central arteries. 150 X. d) Red pulp of splecn, illustroting heavy amyloid depos-
its that lave obliteroted numerous sinusoids. 150 X. e} Adrenal gland ot cortico-medullory junc- 3
fion with intensive amyloid deposits radiating upward clong sinusoids of zonn reficularis. 150 X. g
f) Amylo.d deposits in interstiiium of thyroid gland. 150 X. 3
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Fig 2. (conl) H&Z stained sections. g) Kidney meduilo with heovy interstitial amyloid deposits.
Tubole cells have some autolytic sioughing. Glomeruli contained only faintly distinguishable
amyloid. 150 X. h) Mucasa of sicnach. Heavy amyloid Jeposits have destroyed and distorted
gostric glonds. 150 X. 1) Secfion cf Juodenum with exiensive amyloid in lamino propric that
exisnds irdo submucasa around Brunner’s glands. 86 X. }) Lymph node with light depasit of amy-
feid around lymphoid follicle and adjocent cortical sinus, arsow, 150 X. k) Secticn of fheracic
vertebra with light depavits of omyloid {asrow) adjacent to trabaculae. 150 X.
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590 LAZORATORY ANIMAL SCIENCE

ered from the acute hematologic effects of
the radiaticr, the first indication of discase
was detected approximately 3%: yr prior to
death when an elevated serum alkaline phos-
phatasc level, 20.4 Sigma units, was observed.
Elevated alkaline phosphatase levels con-
tinued until death, fluctuating between 23
and 40. Isozyme studies were not performed
on the serum alkaline phosphatase. Serum
glutamic oxalate transaminasc was never
above normal. Marked clianges in plasma
proteins, with an inversion of the A/G ratio,
were evident approximately 12 mo before
death {Fig 1). Just prior to death, albumin
levels decreased to 1.9 g/100 ml compared
to 4.22 /100 m! in normal animals.? Con-
comitantly, plasma globulins increased to 6.4
£/100 ml versus the 3.5 g/100 m! for normal
monkeys.? Most of the globulin increases
were in the alpha and gamma globulins.
Total leukocyte and platelet numbers showed
no specific alterations after the animal re-
covered from the hematologic radiation ef-
fects approximately 6 mo post-exposure. Two
mo prior to death, hemoglobin values drop-
ped to 9.3 g/100 ml with a packed ceil vol-
ume of 22, Just prior to dcath, thesc values
decreased to 8.0 and 28, respectively. No
significant changes were observed in blood
glucose, urea nitrogen, or creatinine fevels.
Urinalyses were not performed. Approximate-
ly 2 mo before death, tie animal became re-
luctant to move, and clinical examination
revealed limited mobility of both knee joints.
The animal died at night and was necropsied
the following morning.

Pathology: At necropsy the animal was in
a poor nutritional condition. Externally, no
lesions were present; however, the legs were
fixed in a partially flexed position at the
femoral-tibial joint, and the mass of posterior
leg muscles was reduced. On dissection, the
femoral-tibial juint cavitics were difficult to
distinguish, as cxtensive firm adhesions filled
the entire cavity and completely covered or
obliteratedd articular cartilages. No gross le-

*Mean for 8 ific control monkeys of the same
min:aimd!at)’z“u::-«ﬂm. aal

Vol. 22, No. 4

sions were present in any other jcints of the
appendages. Gross lesions in the toracic cav-
ity were limited to numerous focal granulo-
mas that contained lung mites, Preumonyssus
simicola. Abdominal lesions contisted of a
greatly enlarged liver, 700 g (normal, approx-
imately 125 gi. All lobes of the liver were
uniformly enlarged, very friable, and tan to
light orange. On cross scction the orange-tan
tissue was dissected by irregular areas of dark
red tissue. The spleen was normal sized and
greyish; on cross-section, follicies were not
distinguishable. Other than irregular conges-
tion and some cvidence of postmortem
change, remarkable changes were not seen in
other abdominal organs.

Histologically, essentially all o.gans were
characterized by extensive amyloid depusits
that were birefringent in sections stained with
Congo Red and fluoresced with UV light in
sections stained with thioflavine T.

Amyloid deposits in the liver had essentially
destroyed the normal architecture. In most
areas, only isolated hepatocytes and bile ducts
remained embedded in the amyloid (Fig 2a).
Even though the hepatic cords and sinusoids
were obliterated, irregular-shaped nuclei, in-
terpreted as Kupffer cells, remained embed-
ded in the amyloid. In an cstimated 109 of
the tissue examined, hepatic lobules were dis-
tinguishable (Fig 2b) ; however, in these arcas
amyloid +vas visible in the space of Disse.
Hepatocytes that remained were generally
atrophic, and their cytoplasm contained smalt
vacuoles,

Although cxtensively infiltrated with amy-
loid, the splenic architecture was still distin-
guishable. The follicles were atrophic and
contained small numbers of lymphocytes;
however, active germinal centers were not
present. Amyloid deposits in follicles were
limited to small arcas around some central
arteries (Fig 2¢). In contrast, the sinusoidal
arcas contained densc amyloid deposits (Fig
2d). The deposits were situated in what were
considercd interstitia! arcas that had com-
pressed or obliterated many sinusoidal chan-
nels,

;::
!




ap—— y
e T, TR AWl W are o v et o o Pty

August, 1972 AMYLOIDOSIS IN A RHESUS MONKEY 591

In the adrenal glands, amyloid deposits
were generally limited to areas adjacent to
the cortico-medullary junction, primarily
along the sinuses of the zona reticularis that
occasionally dissected in the zona fasciiata
and the medullae (Fig 2¢). Both thyroids
had ia-ge Jollizles filled with densc colloid :
and the follicular cells were squamous-like
in appcarance. Amyloid depisits were seen
in some perifollicular capillary areas (Fig
2f). In the kidney, amyloid was found ex-
tensively in the medullary interstitium, re-
sulting in distorted kidncy tubules (Fig 2g).
Amyloid was only faintly distinquishable in
mesangial arcas of the glomeruli with amy-
loid stains,

I the digestive tract, amyloid wa, present
in the stomach, duodenim, jejunum, and
ileum but was not demonstrable in the large
intestine, although multiple sections were
examined. Unfortunately, the tongue was not
examined histologically. The lanina propria
(Fig 2h) of the stomach had irreguiar de-
posits of amyloid that in some arcas extended
from the muscularis muccsa to the luruenal
epithclial cells. In the duodenum, extensive
amyloid was clearly distinguishable in the
lamina propria, the villi, and erypts (Fig 2i).

Fig 3. a) Birefringence (polarized light) of Con.
go Red stained amyloid in interstitium of villi
and Brunner’s glands of duodenum. 145 X.

Heavy deposits were also present beneath the
basement membrane of the Brunner's glands.
Amyloid was desosited in the lamina peopria
of the jejunum and ileum; but the central
lacteals of the villl remained patent. Amyloid
depcsits were not as heavy in the distal por-
tions of the small intestine as in the duo-
denum.

Lymph nodes were moderately atr phic,
and active germinal centers were not pre.ent.
Light deposits of amyloid were present in
both the cortex (Fig 2j) ard medulla adja-
cent to the capillary walls, and occasionally
in germinal centers. Marked erythrophago-
cytosis was socn in the sinuses of some nodes.

Bone marrow sections from the sternum
and thoracic vertcbrae had mild hypoplasia,
as only approximately 60% of the marrow
was occupicd by cellular elements. Even
though the hemoglobin levels were below
normal, active crythropoiesis was present.
Amyloid was scen in focal arcas of the mar-
row adjacent to the boney trabeculae (Fig
2k).

The histologic appearance of amyloid de-
posits in the duodenum as visualized with
polarized light in Congo Red stained sections
is illustrated (Fig 3a). Amyloid deposits in

b} Thiotlavin T strained section of splenic red
pulp illustroting Hluorescence with uliravioletiight,
BG 12 exciter filier, 4704 barrier filter. 380 X.
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the splenic red pulp stained with thioflavin
T and photographed with ultraviolet light
are shown (Fig 3b).

Amyloid was noet seen in lung sections, al-
though the basement membrane of the major
bronchi  showed  homelogous  cosinophilic
thickening in some arcas. Amyloid was not
deteeted in the heasd, salivary glands, pan-
creas, genital argans,

Histologically the femoral-tibial joints had
severe destruction of the articular canilage
characterized by fibtosis and necrosis (Fig
4). The fibrous tissue was more extensive
adjacent to the joint capsule but extended
across the entire articular surface and dis-
sected into the remaining articular cartilage.
Villous formations of fibro-synovial tissue
were present in some areas, Small numbers of
lvmphocytes and plasma cells were present
in smmne areas of the fibrous tissue in addi-
tion to synovial cells,

iscussioN
Amyloidosis has been previously reported

in nonhuman primates. Banks and Bullock
(3 described amyloidosis in a squuirrel mon-

Vou. 22, No. 4

Fig 4. Saction of the distal
femoral articular cartilage.
Note erosion, necrosis, and
| fibrous tissve proliferation
over the c.icular surface.
H&E stain. 150 X.

key with active chronic suppurative inflam-
mation of the thoracic vertehrac. In this in-
stance the amyloidosis was classified as sec.
ondary, and deposits were scen in the spleen,
kidney, liver, adrenals, and lymph nodes. ‘The
most significant clinical laboratory finding in
the squirrel monkey was an clevated BUN,
probably attributable to amyloid deposits in
the kidney, Alwerations in scrum proteins were
not mentioned. Gillman and Gilbert (4) 1e-
ported 4 cases of amvloidosis in baboons. All
4 cases were classified as primary, and necrop-
sy data were presented on 3 animals with
extensive amyloid deposits of most body or-
gans. Of special interest, 1 baboon also had
extensive arthritis of the rheumatoid wpe,
and it is well established that i man amy-
loidonis is frequently associated with theuma-
toid arthritis (5). Clinical features »f the
amyloidesis in baboons were not extensively
tabulated. As the diagnosis of amyloidosis in
the present case was made at necropsy, studies
were not dene that definitely  cstablished
whether the arthritis was or was not of the
theuniatoid arthritic type.

The effects of the previous radiation ex-
posure on the development of the case of
amyloidosie deseribed in this report is un-
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known. In this respeet amyloi-losis is not ccn-
sidered a specifie e effect of irradiation. In
one study of mice it was demonstrated that
the final incidence of nyloidosis was the
samie 1 frradinted and non-irradiated mic:;
however, the irradiated mice de.eloped the
disease at a younger age (6). No additional
cases of amyloidosis have heen diagrosed in
the colony, but liver biopsies were performed
on 5 additional monkeys. "he 5 monkeys
were chosen for study after a review of the
clinical laboratory records «of all colony mon-
keys. AlL S animals had normal serum protein
[ractions, | had an elevated serum alkaline
phosphatase level, and 4 had slightly clevated
SGOT values. Amyloid was not present in
any of the biopsy specimens, although a mild
non-specific hepatitis was seen 'n 3 of the
liver specinens,

I the case presented herein, the marked

~alteration of the serum proteins was probably

a partial reflection of the severe liver dam-
age that resulted in decreased albumin pro-
duction, T'he reason for the elevated serum
globulins is less clear, although hyperglobu-
linemin is Mrequently seen in latter stages of
hoth naturally ovceurring and experimental
amyloidosis (7). Eitzman (8) has reported
an increase in ganma globulin levels with in-
creasing age in the rhesus monkey; however,
in the present case the affected monkey'’s
serum levels clearly exceeded the levels of the
control monkeys maintained in the colony.
The clevated alkaline phosphatase levels
with deereased serum albumin levels suggest
liver disease: however, since isozyme stuc'.es
were not done, a possibility exists that te
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.
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clevated phosphatase levels were due to the
arthritic lesions, The actual diagnosiz of
amyloidaosis in. the case described herein was
made at necropsy. A liver biopsy would have
permitted an accurate antemortem diagnosis;
however, prolonged bleeding may' be en-
countered with biopsies in cases with severe
alterations of serum Pproteins.

In keeping with the current views (7,9),
the present case of amyloidosis is not classi-
fied as primary or secondary. As the etiology
in hoth catcgories is not well understood, the
present case tends to emphasize the cﬁfﬁcul*les

of classification into distinct type. Although -

in the case reported hercin there was some
tissue destruction and  inflammation  asso-
ciated with chronic arthritic lesions, it was
not extensive cnough to clearly warrant classi-
fication as secondary amyloidosis,
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