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Summary. A histopathological survey was performed on necropsy material derived from 
33 animals of the genus Galago over a four year period. Light, immunofluorescenee, and 
electron microscopic techniques were used in this study. The principal lesions found were 
caleific atherosclerosis, focal myocarditis, hepatitis, fatty hepatic change, hemosiderosis of 
liver and spleen, and glomerulonephritis. The glomerulonephritis was found in 26 animals 
and included four morphologically distinct types. Possible etiologic and hereditary factors 
and the interrelationship of the various lesions are discussed. 

Introduction 

A high incidence of histopathological al terat ions of the k idney and  in part icular  
a var ie ty  of proliferative glomerulonephrit is ,  in  galagos necropsied a t  the Duke 
Univers i ty  Pr imate  Faci l i ty  led to this retrospective survey of all the histological 
lesions in these animals.  The lack of knowledge about  diseases which affect 
galagos in  wild and  captive populat ions is unfor tuna te  since these small prosimian 
primates are becomLng popular  as laboratory animals.  This is par t icular ly  un-  
for tunate  in  behavioral  studies utflizing the animals,  since physical or organic 
disease can subt ly  or obviously affect animal  behavior. 

Materials and Methods 
The colony of animals which serves as a nucleus for this study was started at Yale Univer- 

sity in 1960 by Professor J. Buettner-Januseh. The animals were originally used for genetie 
and behavior studies (Buettner-Janusch and Hill, 1965; Buettner-Janusch, 1962; Andrew, 
1964). The eolony was moved to Duke University in 1965 where the animals were first housed 
in a eonverted goat harn untier very poor eonditions. Temperature and humidity controls 
were nonexistent and morbidity and mortality rates among the animals were very high. 

In Mareh, 1968 the animals were moved to a new building, the Primate Facility where 
consistant professional veterinary care was then available. The animals are presently used for 
researeh in geneties, anatomy, behavior, and hematology and are housed in large hexagonal 
rooms which are 16 feet in diameter with 18 foot high ceilings. The rooms are equipped with 
perehes, artifieial trees and resting shelves in an attempt to simulate a semi-natural environ- 
ment. The temperature is maintained at 24 ° C and 40 60 % relative humidity. The animals 
are fed a variety of fresh fruits and vegetables and commereial monkey chow. The omnivorous 
galagos also receive canned dog food, raw liver, and hard-boiled eggs. 

The species or subspecies represented in this necropsy study include Galago crassicaudatus 
cras«icaudatus, G. c. argentatus, G. senegalensis, and G. demidovii. 

* Supported by USPHS grants 1~R-00388, GM-13222, and AM-11092; NSF grant 
GB-4000; and the Duke University Primate Facility Fund. 

** Carried out during the tenure of a Researeh Career Award from the U.S. Public I-Iealth 
Service (HE-K6-14, 188). 
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Collection o/ Tissues ]er Histopathologic Examination. Blocks of tissue were fixed in 10% 
formMin er Zenker fixative in preparation for ]ater routine light microscopie examination. 
In addition, in live cases (see Table 3) a portion of kidney was fixed in cold 4:% glutarMdehyde 
buffered at pI-I 7.0 with sodium cacodylate in preparation for l~ter electron microscopic study 
and another portion frozen at --70 ° C in a matrix of gelatin for later immunohistochemicM 
anMysis. 

Light Microscopy. After fixation in formMin er Zenker fixative, the blocks of tissue were 
embedded in paraffin according to standard procedure. Paraffin blocks of most tissucs were 
sectioned at 5-7 microns, but blocks of kidney were sectioned at 3 microns. Hematoxylin and 
eosin (H & E) was used as a routine stMn for all tissues. Unfixed, frozen sections of aortas with 
atherosclerosis were also stMned with oil-red-O for demonstration of lipids. Sections of kidney 
were additionMly stMned by the periodic acid-Schiff reaction (PAS), periodic acid-methena- 
mine silver-Masson stMn (PAMM), and Van Giesson (VG) conhective tissue stMn. 

Electron Microscopy. The smM1 fragments of kidney fixed in 4% glutarMdehyde were 
post-fixed in osmium tetroxide, stMned en bloc with uranyl acetate, embedded in epon, 
sectioned with a Porter-Blum ultramicrotome, and stMned on eollodion-carbon coated copper 
grids (200 mesh) with lead citrate and uranyl-magnesium acetate. The stMned specimens were 
examined and photographed with an Hitachi HS-7 er HS-8 eleetron microscope. ! 

Immuno]luorescence Microscopy. Specimens of tissue, frozen at --70°C in a matrix of 
gelatin (Burkholder et al., 1961) were sectioned in an InternationM ttarris cryostat microtome 
at --20 ° C. The 4 micron thick sections were acetone "fixed" on glass slides and washed in 
phosphate buffered (0.02 M, pH 7.3) physiologic sMine (PBS) :prior to immunohistochemicM 
treatment. The antisera used for the fluoreseent-antibody studios were anti-galago 7 S immuno- 
globulins and anti-galago C3 (third component of complement) ~0repared in rabbits. Galago 7 S 
immunoglobulins and C3 were obtMned by DEAE cellulose chromatography of pooled s~era 
from severM normal and sick galagos. The gMago C3 was further purified by preparatörY 
pevicon block electrophoresis followed by rechromatography on CM-cellulose by techniques 
previously reported for purification of guinea pig eomplement components (Burkholder, 1970). 
The sodium sulfate precipitated gamma-globulin fraction of these antisera was conjugated 
with optimal amounts of crystMline fluorescein isothiocyanate by methods modified from these 
of MarshM1 et al. (1958). 

Clinical Chemistries and Laboratory Analyses. CertMn clinicM anMyses were made for 
selected animMs on samples taken dnring illness er at necropsy. Tests were performed in the 
laboratories of the Primate Facility (hematocrit, hemoglobin, urinalysis, blood glucose, and 
BUN), er in the centrM clinicM chemistry laboratories of Duke Hospital (BUN, total serum 
protein, er serum Mbumin). 

Results 

Per t inen t  historicM informat ion  is presented in summa r y  form in Table 1 where 
the individual  animMs are ]isted by  speeies. Multiple references are made to 
" fungM dermat i t i s "  and  "a r th r i t i s " .  The fungM dermati t is  was manifested 
elinieally as multifoeM, meist,  inflamed, Mopectic areas. I n  some instanees,  the 
lesions fluoresced under  UV light. The clinical impression was not  supported by  
eultures, bu t  myce]ia er yeast  forms were noted  in  sections of skin t aken  from 
three animMs at  neeropsy. The ar thri t is  was seen clinicMly as swelling of the knee 
joints. The onset  was rapid and  apparen t ly  quite pMnful. The swellings were orten 
warm to the toueh. The aeute phase of the ar thri t is  ]asted as long as two weeks. 
The joints  became fused in  a mid-flexed posit ion and  the animMs involved became 
chronicMly lame. 

Several animals  in  this s tudy  were closely related and  m a n y  had l iving parents,  
offspring, er siblings. DetMled pedigrees of the animMs have been presented 
elsewhere (Bue t tne r - Janusch  and  Wiggins, 1970). 

The results of necropsy examinat ions  on 33 animals  are summarized in  
Tables 2 and  3. 

6 Virchows Arch. Abt. A I'ath. Anat. Bd. 354 
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Table 1.8ummaries o/clinical histories 

Animal Date in- Date Date 
No., troduced of of 
sex into birth death 

colony 

Clinical summary 

Galago crassicaudatus crassicaudatus 
004, m - -  4/62 3/68 

007, m 9/59 - -  8/66 

008, f - -  7/62 12/67 

011, m - -  10/64 6/69 

012, m - -  5/65 12/68 

016, f - -  5/66 8/69 

256, f 5/69 - -  6/69 

404, f - -  9/66 7/68 

417,  m - -  9 /68  6/69 

Chronic anal fissure, death due to rectal perioration. 

No clinical information. 

8/66: fungal dermatitis. 
3/67: metritis. 
6/67: arthritis in left knee, normal blood picture. 

8/66: fungal dermatitis. 
2/67 : arthritis in both knees. 
2/68: keratitis. 
6/68: conjunctivitis. 

1/67: funga] dermatitis. 
9/67 : arthritis in right knee. 
1/68: proteinuria, hema*uria, keratitis. 
6/68: edema in region of face and neck, anemia. 
12/68 : terminal elevated blood urea nitrogen, low 

blood sugar, anemia. 

8/66: bite wounds on fall, amputation of tail. 
1/67: Pneumonia, developed right sided vestibular 

damage resulting in permanent head tilt. 

Sudden death attributed to infected bite wounds. 

12/66: coccidial infection. 
5/67: elevated white blood count, anemia. 
7/68: bite wound on tail, severe anemia. 

Severe bite wounds, blood loss and shock apparent 
cause of death. 

Galago crassicaudatus argentatus 
101,f 9/61 - -  8/66 

105, m - -  10/61 3/69 

108, m - -  6/65 5/69 

107,f - -  5/64 9/66 

l l0 ,  m - -  4/66 5/67 

701, m 4/66 - -  9/68 

6/66: fungal dermatitis. 
8/66: anemia. 

6/66: Fungal dermatitis. 
11/66: upper respiratory infeetion. 
10/67: tail wound. 
3/69: sudden onset oB dyspnea, treated initially for 

pneumonia, suspeeted tumor, died during diag- 
hostie radiography. 

6/66: fungal dermatitis. 
5/67: coecidial infection, arthritis, proteinuria. 
11/67: icterus, anemia, hematuria, neutrophilia. 
5/69 : anemia, elevated blood urea nitrogen. 

6/66: fungal dermatitis. 

6/66: fungal dermatitis. 
5/67: Pneumonia. 

6/66: fungal dermatitis. 
8/66: anemia, proteinuria. 
8/68: upper respira~ory infection, proteinuria, 

hematuria. 
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Animal 

s e x  

Date in- Date Date 
troduced of of 
into birth death 
colony 

Clinical summary 

704, f 

705, f 

706, m 

707, f 

712, m 

709, m 

710, f 

713, m 

4/66 

4/66 

4/66 

4/66 - -  

4/66 - -  

4/66 - -  

4/66 - -  

4/66 - -  

6/69 

8/66 

2/69 

6/69 

8/66 

3/70 

8/66 

8/66 

6/66: fungal dermatitis. 
9/66: anemia. 
10/67 : upper respiratory infeetion. 
12/68: recurrent anemia nntil. 
6/69: elevated blood urea nitrogen, euthanized. 

6/66: fungal dermatitis. 

6/66: fungal dermatitis. 
4/67 : arthritis. 
6/67 : anemia 
11/67: upper respiratory infection 
12/68-2/69: chronic anemia 

6/66: Fungal dermatitis 
9/66: anemia 
3/67 : keratitis 
12/68: anemia 

6/66: fungal dermatitis. 
8/66 : proteinuria 

6/66: fungal dermatitis 
8/66: proteinuria 
4/67 : ringworm 
8/68: proteinuria 
3/70: anemia, normal blood urea nitrogen 

8/66: moderate anemia 

6/66: fungal dermatitis 
8/66: anemia, proteinuria 

Galago senegalesis 
301, m - -  11/61 10/68 

306, f - -  - -  10/68 

310, f 6/67 - -  1/69 

312, m - -  8/67 9/68 

311, f 4/67 - -  3/68 

000, m - -  5/68 5/69 

2/67: respiratory infection, ringworm 
4/68: infeeted bite wounds on arms 

No clinical information 

4/68 : bite wounds on left arm, amputation at elbow 

6/68: flaecid paralysis of rigth leg 
9/68: severe diarrhea 

No clinical information 

No clinical information 

Galago demidovii 
1002, f 5/67 

1003, in 5/67 

1005, m 5/67 

1009, m 10/67 

I 3/68 

9/68 

~o/68 

3/68 

No elinieal information 

5/68 : ataxia 
6/68 found comatose, terminal neutrophilia 

No clinical information 

No clinical information 

6* 
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Table 2. Incidence o/ more commonly 

Animal Genitourinary Cardiov~scul~r Respiratory 
Number 

Kidney Heart Aorta Lung 

O © 

a 

Galago crassicaudatu~ crassicaudatus 
+ 

÷ 
÷ 

004 
007 
008 
011 
012 
016 
256 
404 
417 

+ 
+ 

÷ 

+ 

+ 

0 1 

+ 
+ 

+ 

+ 
+ 

Totals 4 0 0 2 1 0 1 1 2 2 1 
9 ~nimals 

Galago crassicauäatus argentatu« 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
÷ 

+ + 
+ ÷ 

+ 
+ 
+ 
+ 

i 

+ 

+ 

+ 
÷ 
+ 

+ 

÷ ÷ 
+ 

+ 

101 
105 
107 
108 
110 
701 
704 
705 
706 
707 
709 
710 
712 
713 

Tot~ls 6 2 2 4 0 3 1 1 1 4 3 2 6 
14 animals 

Galago senegalensis 

÷ 

+ 
+ 
÷ 

+ 

+ 

+ 

301 
306 
310 
311 
312 
000 

+ 

+ 

÷ 

÷ 
÷ ÷ 

Totuls 1 0 2 0 1 0 0 1 0 0 [ 0 1 0 

I 6 animals 
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Gastrointest inal  Endocrine  I-Iematopoietie Miscel laneous 

L iver  

~ ~ ~ ~ ~ ~ .~ 
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- ~ - ~ ~  
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Table 2 

Bnim~l Genitourinary Cardiovaseul~r ]~espiratory 
Number 

Kidney tteart  Aorta Lung 

m Z  ~ ~ 

~ ~ ~ o  ~ o ~ o  o ~ ~  
2 

z ,-~ 3 

Galago demidovii 

1002 
1003 
1005 
1009 

rotals 0 
animals 

Fot~ls I11 
~3 animals 

÷ 
÷ 

0 0 0 1 0 0 0 0 0 1 

2 4 6 3 3 2 5 5 5 8 

o ÷ 

d 

0 1 

1 4 

a C1 refers to a elinical manifestation observed at some time but not seen postmortem. 
b F refers to a single focus of chronic inflammatory infiltrate and fibrosis in an area assoeiate 

with a liver fluke. 
c Acute tubular necrosis. 
d Cytomegalic inclusions. 

indicates that a lesion was present, ~- indicates a very mild incidence of a particular 
lesion. 

Cardiovascular System. The most  strf ldng a l t e ra t ion  of the  eard iovascular  
sys tem was ca]eific atherosclerosis  confined to the  ascending por t ion  and  arch 
of the  thorac ic  ao r t a  (Figs. 1-3). This disease occurred a lmost  exclusively among 
G. c. argentatus with  one except ion (Table 2). Fu r the rmore ,  each an imal  wi th  th is  
a therosclerot ic  lesion a]so had  the  more severe, chronic form of g lomerulonephr i t i s  
(see Table  2). Fou r  males  and  one female were a•l icted with  the  atherosclerosis.  
The atherosclerosis  spared  the  leaflets  of the  aor t ic  valves  and  seemed to arise 
sha rp ly  jus t  above  the  sinuses of Valsa lva  (Fig. 1 ). Almos t  as sharply ,  the  process 
s topped  in the  arch of the  ao r t a  near  the  subc lav ian  ar te ry .  Microscopical]y, in 
add i t i on  to l ip id- laden endothel ia l  and  h is t iocyt ic  cells in the  a therosclerot ic  
plaques,  calcium deposits ,  whieh also could be apprec ia ted  b y  pa lpa t ion  and  
x - r ay  examina t ion  of the  specimens (Figs. 2-3),  were present .  No atherosclerosis  
of the  coronary,  cerebral ,  or o ther  ma jo r  a r te r ia l  sys tems was no ted  in these or 
o ther  necropsied galagos. 

Most  of the  animals  had no a l te ra t ions  of the  hea r t  or ma jo r  vessels ; however,  
one an imal  from each species had  mild,  ve ry  isola ted focal i n f l ammat ion  of the  
myocard ium.  This consisted of a few neutrophi l ic  lenkocytes  and  mononuc]ear  
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(continued) 

Gast,rointestinal 

Liver 

Endocrine Hematopoietic 

Spleen 

Miscellaneous 

¢ .~ "~ 

+ ± 
+ 

J _  

÷ 

+ ÷ 
+ 

1 0 0 2 1 0 0 0 0 0 2 0 2 0 0 0 0 0 

l l  6 1 12 11 3 3 3 6 6 17 7 9 12 5 22 4 5 

cells with minimal extent  of local neerosis of myofibers (Fig. 4). In  some instances 
the inflammation was subepieardial, in others subendocardial (as in Fig. 4), and 
in general no eonsistent pat tern  of localization was obvious. The two eases with 
minimal focal fibrosis of the myocordium probably were examples of healed pre- 
vious carditis. 

Respiratory System. In  the majori ty of animals, only minor or no alterations 
were noted in the lungs, and in at least half of the animals the lungs were normal. 
Five animals had foeal or, less orten, generalized bronchopneumonia. Two of 
these animals had assoeiated pulmonary hemorrhage, and two other animals also 
had several small foci of pulmonary hemorrhage. Edema and eongestion of the 
lungs occurred fairly frequently, particularly in G. c. argentatus. Focal atelectasis 
of the lung was a rather rare finding and may  in some instanees have been the 
result of the post-mortem collapse incurred in handling the lung tissue. 

Gastrointestinal System. A wide variety of minor and major alterations of the 
gastrointestinal system were noted, and most of these were referable to the hepatie 
system. Focal, mild or extensive fa t ty  change of hepatie parenchymal eells, usually 
centrolobular in distribution was present in 11 animals. Most commonly affected 
were O. c. argentatus and G. e. crassicaudatus. Focal or extensive hepatitis (Fig. 5) 
with or without necrosis of parenchymal eells occurred independent of the fa t ty  
change in eight animals and in association with fa t ty  change in three animals. 
The inflammation, whieh was random in its histological distribution, consisted 
mainly of small round mononuelear eells (lymphoid eells) and variable numbers 
of polymorphonuelear leukoeytes. Some animals of eaeh species were affected by  
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Table 3. Immuno]luorescence and electron microscopic /indings in/ive galago8 with glomerulo- 
nephritis 

Animal Immunofluoreseenee 
Number (glomeruli) 

Electron mieroseopy 
(glomeruli) 

Galago Galago Pattern of Deposits Col-  Thiok- 
y-glo- C3 loealized an~ibody lagen ened 
bulin Subepi- Subendo- fibers mem- 

thelial thelial brane 

Galago crassicaudatus argentatus 
108 -- -4- Local, heavy homo- -4- -4- -4- 0 

geneous or granular; Loose 
subendothelial granular 

110 0 0 0 0 0 ,4, 

707 -4- -4- Very looal, limited 0 -4- -4- ± 
solid homogeneous Loose 
or granular; granular 
subendothelial 

709 -4- -4- Loeal, limited 0 -4- -4- 0 
granular; Loose 
subendothelial granular 

Galago crassicaudatus crassicaudatus 
011 -4- -4- Extensive, loeal 0 -4- 

heavy homogenous Dense homo- 
or granular, geneous and 
subendothelial loose granular 

4- 0 

this hepatitis. One G. c. crassicauäatu~' (No. 004) with mild hepatitis also had 
chronie eholangitis. Two animals (No. 012 and 701) had mild portal  fibrosis, but  
it was not  possible to determine histologieally whether this "c i r rhosis"  bore any  
relationship to possible previous hepatitis. One animal had a liver fiuke (No. 705) 
with associated loeal ehronic inf lammation and fibrosis of the liver. Centrolobular 
vascular eongestion of the liver oceurred in 12 cases, some of whieh also had 
eongestion of the lungs which probably represents terminal eongestive heart  
failure. Hemosiderosis of the liver was present in four G. c. crassicaudatus and in 
two G. c. argentatus, and this bore an ineonsistent relationship to hemosiderosis 
Of the spleen (see Hematopoiet ie  System) and possibly to the anemia so common 
in these animals. Other more incidental findings in the liver were a hepatic 
adenoma (Figs. 8-9) seen in animal No. 704, and choMithiasis seen in one G. c. 
crassicaudatus. Acute ulcer oB the stomaeh or of the duodenum was present in 
three animals, non-speeifie enteritis in two other animals, and peritonitis of 
unspecified cause in three additional animals. 

Genitourinary Systen~. A number  of histologic alterations were noted in 
the kidneys of these animals. Four  types of proliferative glomerulonephritis were 
observed as described in extensive detail elsewhere (Burkholder and Bergeron, 
1970). I n  four animals it was a mild or moderate type.  In  eleven animals it eon- 
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Fig. 1. Ascending aorta from animal number 108 with calcific atherosclerosis shows hard, 
granular calcifie and atheromatous lesions beginning at the aortie (A) sinuses of Valsalva and 

extending through the areh of the aorta. (Gross photograph) 

Fig. 2. Heart and aseending aorta flora animal No. 108 showing x-ray dense deposits of 
ealeium (arrows) following the eourse of the aorta. (Positive of roentgenogram of the gross) 

Fig. 3. Deposits of lipid (L) within histioeytes of the aortie intima of animal No. 108, with 
nearby nodules oB calcium; aortie media (M). (Oil-red-O rat stain, × 91) 

sisted of a mild glomerular mesangial lesion and in two animals a more marked 
mesangial lesion with lobular aeeentuation of glomerular tufts. I n  six animals a 
progressive-selerotie form of glomerulonephritis was observed. In  addition, three 
animals had a " m e m b r a n o u s "  thiekening of glomerular-eapillary walls. 

Those animals with the most  severe progressive-selerotie form of glomerulo- 
nephritis were four G. c. argentatus and two G. c. crassicauäatus. The glomerular 
lesions in these six animals eonsisted of diffuse endoeapillary cellularity (endo- 
thelial and mesangial eells) with widening of mesangial areas by  argyrophilie 
basement  membrane  matr ix  and by  Masson-positive (green), Van Gieson-positive 



Fig. 4. Focal myocarditis in animal No. 008; there is focal necrosis of myofibers and infiltra- 
t ion by a few ehronie inflammatory eells within the areas of necrosis and in the nearby 

endoeardium. (H & E stain, × 190) 

Fig. 5. Liver from animal No. 713 with focal hepatitis,  a small area of infiltration with chronie 
inflammatory cells and "dropping ou t "  or a t rophy of a few hepatic parenchymal cells near a 

central lobular vein. (H&E stain, × 160) 

Fig. 6. Adrenal gland from animal No. 256 with adrenalitis, showing infiltration by  pre- 
dominant ly  chronic inflammatory cells in the medulla (lower left) and cortex. ( H & E  stain, 

× 96) 

Fig. 7. Spleen from animal No. 012 with reticuloendothelial and some lymphoid hyperplasia. 
( H & E  stain, × 150) 
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Fig. 8. Liver from animal No. 704 with several 
"tumor" nodules, one of which has been bisected 

(scale in em). (Gross photograph) 

Fig. 9. The cells in the hepatic tumor, illustrated 
in Fig. 8, are large, polygonal hepatic parenehy- 
real ceils (lower right) with good differentiation 
and no mitotic figures. The tumor nodule com- 
presses the hepatic cells of the adjacent liver. 

(I-t&E stain, × 73) 

(red) "connteeive t issue" material (lrigs. 12, 15). In addition, peripheral portions 
of glomerular capillary walls were greatly thickened by finely or coarsely fibrillar 
connective tissue-like material and/or amorphous deposits which stained dark 
red or gray-green with PAMM stain. This mesangial and mural capillary thickening 
greatly narrowed glomernlar capillary lumens. By immunofluorescenee micro- 
scopy, deposits of host antibody-globulins and a component of host complement 
(C3) were present in many  of the greatly thickened peripheral portions of glomeru- 
lar capillary walls in three of the four G. c. argentatus and in the one G. c. cr~si-  

caudatus studied by this technique (Figs. 13, 16; Table 3). This localized host 
globulin could be dissociated from its complexes in the tissues by rinsing sections 
of kidney in acid buffer (pH 3.4). Phase-fluorescence microscopic examination 
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Fig. 10. Mediastinal tumor in animal No. 105 is ~ fleshy, solid and foeMly necrotic mass 
partially enveloping the heart (arrow points to posterior wall of the heart) and invading one 

lung (scale in cm). (Gross photograph) 

Fig. 11. The cells comprising the tumor, illustrated in Fig. 10, are round cells with usually 
one eccentric nucleus, few mitotic figures, and an occasional multinucleate form. A delicate 

reticular stroma is present. (H &E stain, × 220) 

revealed these globulin deposits to lie immediately beneath the glomerular 
capillary basement membrane. Ultrastrueturally, dense homogeneous or loose 
coarsely granular electron dense deposits were seen beneath the glomerular 
capillary basement membrane. These deposits correspond in distribution with the 
immunofluorescent deposits of globulins described above for four of the five 
cases examined by fluorescence and electron microscopy (Figs. 14, 17; Table 3). 
~¢Iany collagen fibers, including some rather large forms were identified by 
electron microscopy in the glomerular capillary deposits and mesangial regions 
(Figs. 14, 17). In  one animal (No. 108), several subepithelial, hump-like deposits 
(Figs. 17, 18) with substructnral "crystal l ine" lattice (Fig. 18) were identified 
in one of three glomeruli examined. 

Thirteen animals, nine G. c. argentatus and four G. c. crassicaudatus had stalk 
proliferative glomernlonephritis (Table 2). In  this form of glomerular disease, the 
glomerular mesangial regions were slightly to moderately thickened in 11 animals 
and in zanimals greatly thickened with lobular accentuation by increase in 
mesangial basement membrane matrix and mesangial cells. The one animal 
examined by immuno-fluorescence and electron microscopy (No. 110, see Table 3) 
had no deposits of immnnoglobulins and no electron dense deposits or collagen 
in glomerular capillary walls. 
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Fig. 12. Glomerulus in the kidney from animal No. 011 with glomerulonephritis showing 
thiekening of mesangium and peripheral capillary walls, increased eellularity, and marked 

narrowing of e~pillary lumens. (H &E stain, × 200) 

Fig. 13. Two additional glomeruli from animal No. 011 showing locMization of galago antibody- 
globulins in elongate globular mó, sses along eapillary walls. (Fluoreseent anti-gMago 7S 

globulins, × 150) 

Fig. 14. Capillary loop of another glomerulus from animal No. 011 showing large subendothelial 
eleetron dense deposit (D) lying adjaeent to the eapillary basement membrane (BM) ; granular 
material, vacuoles (lipid material) and eollagen fibers (c) are in~ermixed with the deposit; 

endothelial cell (En), epithelial eell (Ep). (Eleetron mierograph, × 9000) 



Fig. 15. A glomerulus in the kidney from animal No. 108; mesangial areas are thickened by 
inerease of cells and membranous matrix with some compromise of capillary lumens, peripheral 

portion of glomerular eapillary walls are loeally thickened. ( t I&E stain, × 190) 
Fig. 16. A second glomerulus flora animal No. 108 showing loeal clumped granular and globular 
localization of gaIago antibody-globulins in capillary walls. (Fluorescent anti-galago 7 S 

globulins, × 175) 
Fig. 17. Segment of capillary wall in another glomerulus from animal No. 108 with many large 
eol]agen fibers intermixed with granular and focally finely fibrillar subendothelial deposit; 
a subepithelial nodule (D), somewhat reminiscent of those seen in human hypersensitivity 
proliferative nephritis is present; eapillary basement membrane (BM), epithelial cell (Ep) 
with loes of foot process slit pores overlying the eleetron dense " h u m p ' .  (Eleetron mierograph, 

× 9200) 
Fig. 18. This insert shows at higher magnifieation the "linen-like" crystalline substructure 
of a typieal subepithelial "hump"  elsewhere in the same ruft as Fig. 17. (Electron micrograph, 

× 38000) 
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Four animals had a diffuse proliferative glomerulonephritis characterized 
by a generalized mild to moderate inerease in cellularity of glomerular tußts. 
Glomerular capillary lumina were narrowed but no neutrophilic leukocytes, 
subepithelial deposits, capillary thrombi, er sites of capillary necrosis were 
present. 

Only three animals, each from a different species, had the diffuse membranons 
thiekening oB glomerular eapillary walls and no other signifieant renal abnormali- 
ties. Orte G. demidovii had acute tubular neerosis and another had eytomegalie 
inelusion ]esions in a rare proximal eonvoluted tubule. 

Additional histologic features observed in other structures of the kidneys 
were eystie dilation oB glomerular spaces and of seine eonvoluted tubules whieh 
could be appreciated on gross inspection (three animals, Nes. 701, 70¢, 706), 
numerous eolleetions of interstitial foam cells (one animal, No. 706), focal inter- 
stitial infiltrates eonsisting of ]ymphoid and plasma eells (seven animals, Nes. 704, 
105,301,701,706, 709, 1003), focal hydropie swelling of epithelial cells in proximal 
eonvoluted tubules (three animals, Nes. 007, 101, 312), and foeal, interstitial, er 
tubular calcification (live animals, I~~os. 012, 301, 310, 701, 705). 

Endocrine System. The only endoerine organs observed to have histologie 
abnormalities were the adrenal glands and testes. Six animals, four of whom were 
G. senegalensi8, had foei of ehronie inf lammatory eell infiltrates in the adrenal 
eortex and mednlla (Fig. 6). Aspermatogenesis with fovi of frank atrophy of 
seminiferous tubules was noted in six animals. 

Hematopoietic System. The spleens of many  animals displayed a variety of 
histologie alterations. The major observation was a nodular and/er diffuse increase 
in retieuloendothelial er histiocytie type cells (Fig. 7). In  two animals with reti- 
euloendothelial hyperplasia and in live others there was a marked lymiohoid 
hyperplasia of the spleen. Nine other animals had lymphoid hypoplasia, and four 
of these were animals with eoneommitant  retieuloendothelial hyperplasia. A common 
finding was hemosiderosis oB the spleen whieh was observed in twelve animals 
live of whom also had hemosiderosis of the liver. In  many  animals, a few er many  
multinueleated giant eells were seattered randomly in the spleen. 

IIypereellularity of the borte marrow (granulopoietie eells) was present in live 
eases. One of these had eutaneous infeetions and bronehopneumonia, one other 
had bronohopneumonia, and all live had seine type of glomerulonephritis at the 
t ime of death. 

Miscellaneous Findings. Eight animals had aeute er chronic infeeted lesions 
of the skin at  the time of death. I t  is of some interest tha t  six of these animals 
had some form of glomerular disease; two of them had the more severe diffuse 
proiiferative glomerulonephritis, tIistologie examination revealed Uandida in 
some of these wounds (Nes. 007, 710, 312) and Uandida was eultured from an 
abscess in animal No. 110. Fifteen other animals also had clinieal evidenee of 
eutaneous infections at seine time even though these were not present at  neeropsy. 

Destruetive, erepitating arthritis of one er both knee joints oeeurred in four 
animals. Histologieally, it was felt tha t  these joint ehanges were the result of 
t rauma rather  than a rhenmatoid arthritie proeess. 

A massive neoplasm in the mediastinum was seen in one animal (No. 105) 
(Figs. 10-11). This tumor invaded the pleural surfaee of one lung and, by its size, 
seriously hampered respiration. Mieroseopieally the tumor was eomprised of 
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undifferentiated round eells with abundant  pale eosinophilie eytoplasm and 
eeeentrieally loeated nuelei (Fig. 11). No mitotie figures were seen, but oeeasional 
multinueleated eells were present. There were no metastases. The differential 
diagnosis was retieulum eell sareoma, plasmaeytoma, thymoma,  or mediastinal 
tumor of undetermined origin. Sinee no satisfaetory eonelusion eould be reaehed 
regarding this tumor, the last-listed diagnosis was reeorded. 

There werë eorneal "uleers"  noted at  neeropsy in three animals who were 
quite ill with glomerulonephritis. These lesions probably were the result of desieea- 
tion, sinee the siek animals readily developed a problem gi th  inadequate mois- 
tening of their selera. 

Discussion 

This histopathologie survery of galagos, dying or killed beeause of severe 
illness in a eaptive population utilized for genetic and behavioral studies was 
prompted by the finding of a high frequeney of proliferative inflammatory or other 
glomerular lesions (26 out of 33 animals). Initially it was thought that  the variety 
of nephritides observed might be hereditary, because most of the animals with 
severe renal disease were of the G. c. argentatu8 and G. c. crassicaudatus sub- 
speeies and several of the animals were siblings. A review of elinieal and patho- 
logieal material from all animals neeropsied over a four year period revealed that  
faetors other than familial or hereditary ones might be responsible for the nephritis 
since several speeies were involved with various forms of glomerulonephritis. 
Hereditary constitutional factoi's may  determine susceptibility to development 
of glomerulonephritis in these animals, but also to be eonsidered are environ- 
menta] factors, such as chronie eutaneous or other infections, and hypersensitivity 
reactions suggested by the loealization of host antibody and a eomponent of com- 
plement (C3) in glomerular tufts of several nephritie animals. The electron 
microseopie demonstration of glomerular subendothelial eapillary deposits and 
subepithelial "hump- l ike"  deposits is similar to features of the proliferative 
hypersensitivity g]omerulonephritides of several other animals and man (Burk- 
ho]der and Bradford, 1969; Dixon et al., 1961; Henson et al., 1969; Henson et al., 
1968 ; Mellors, 1965 ; Muehrcke et al., 1957 ; Nairn et al., 1966; Oldstone and Dixon, 
1969). The glomerular lesions in the galagos are, however, somewhat different 
in that  progressive lesions have a surprisingly high eontent of collagen fibers and 
the few subepithelial nodules observed possessed a crystalline substruetural 
lattice. The special signifieance of these latter two rather unique findings is yet 
obseure. 

A eurious, but not unexpeeted finding in this study, was rather severe ealcific 
atherosclerosis of the ascending thoraeie aorta in live animals (Strong et al., 
1968; Wissler, 1968). When observed in context with other pathologie findings, 
~he atherosclerosis oceurred in four of the six G. c. argentatus and in one of the 
three G. c. crassicaudatus,  all of whom also had glomerulonephritis. I t  is not 
known whether these animals had, in association with their nephritis, hyper- 
lipemia or hypertension, eonditions that  in humans can be assoeiated with enhance- 
ment of the atheroselerotic process. The apparent  clustering of the occurrenee 
in this admittedly small sample of G. c. argentatus and G. c. crassicaudatus ol 
nephritis, atheroselerosis, hemosiderosis of the liver and spleen, and fa t ty  liver may 
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reflect  a conste l la t ion of lesions in t e r re l a t ed  as eonsequënces of a single disease 
proeess, mos t  l ike ly  the  renM disease. On the  other  hand,  some of the  lesions 
oecurr ing commonly  in these two subspeeies of galagos m a y  be independen t  
disease condi t ions  refleet ing an under ly ing  eommon he re d i t a ry  predispos i t ion  or 
suseept ib i l i ty  of these animals  to  develop the  va r i e ty  of diseases. 

The hepa t i t i s ,  e i ther  foeal or extensive,  was observed in some animals  of eaeh 
species and  i ts  e t io logy remains  unknown a t  this  point .  

The hemosiderosis  of spleen (12 animals) ,  l iver  (6 animals) ,  or spleen and  l iver  
(5 animals)  oeeurr ing in a to ta l  of 13 animals  is a f inding for whieh no other  
pa thologie  or elinical eorrelate  is obvious o ther  t han  poss ib ly  sporadie  anemia.  
The f a t t y  ehange of the  liver, observed in 11 animals ,  is also of unknown cause. I t  
m a y  be t h a t  the  ar t i f ie ia l  d ie t  p rov ided  for these animals  in e a p t i v i t y  is not  
ën t i re ly  suffieient  or app rop r i a t e  eompared  to the  die t  ava i lab le  in the  na tu ra l  
hab i t a t .  On the  o ther  hand,  i t  m a y  be t h a t  animals  in the  wild m a y  have  f a t t y  
l ivers as well as o ther  pa thologie  eondi t ions  deser ibed hefe, and  i t  will be impor-  
t a n t  in fu turë  eompara t ive  elinical  and  pa thologie  studies to de te rmine  whether  
the  pa thologie  eondi t ions  deser ibed hefe are unique to eap t ive  animals .  Chole- 
l i thiasis,  pep t i e  uleers, adrenal i t is ,  re t ieu loendothel ia l  and  l ympho id  hyperp las ia  
of the  spleen as well as several  of the  o ther  eondi t ions  a l r eady  deser ibed (athero- 
selerosis, g lomerulonephr i t i s ,  hepat i t i s ,  and  eardit is)  m a y  be the  resul t  a t  least  
in p a r t  of the  a r t i f ie ia l i ty  (physieal  and  psyehologieal)  of life in eap t iv i ty .  

Spontaneous  tumors  (hepa toma,  ques t ionable  t h y m o m a )  were no t  ve ry  
eommon among these animals ,  bu t  the  p resen t  s t u d y  includes a small  popula-  
t ion of animals  and  m a y  no t  refleet  a real  ineidenee of tumors  in galagos.  
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