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ExAMPLEs OF SPONTANEOUS or experimentally induced pro-
liferative glomerulonephritides in animals other than man are now
rather plentiful. Glomerulonephritis apparently originating in hyper-
sensitivity related to a variety of microorganisms has been observed in
mice with lymphocytic choriomeningitis,"2 Coxsackie B,3 or murine
leukemia viruses 4; in hogs with hog cholera virus 5; in the nephritis of
Aleutian mink disease 6.7 and the lupus-like nephritis of NZB mice in
association with viral infections89; in dogs infected with Brucella
organisms 10; and in rabbits infected with nephritogenic, ,-hemolytic,
Group A streptococci."l Experimental hypersensitivity glomerulone-
phritis has also been induced in rabbits, rats and sheep by sensitization
with a variety of foreign antigens,'2 nephrotoxic antiserums3 14 or
homologous or heterologous kidney antigens.'5' 6 In addition, spon-
taneous glomerulonephritis in sheep 17 and lupus nephritis in dogs '8
have been described. Spontaneous glomerulonephritis in primates other
than man has been described,'9"O and attempts to induce poststrep-
tococcal and other forms of hypersensitivity glomerulonephritis re-
sembling that in man, in a variety of simian primates have met with
variable success.2'-28 To our knowledge, nothing has been reported with
respect to spontaneous or experimentally induced glomerulonephritis
in the prosimian primate Galago.

In the course of routine pathologic examination of four species of
galagos with acute or chronic illnesses, 26 of 33 necropsied animals
housed at the Primate Facility, Duke University were observed to have
some form of proliferative glomerulonephritis.29 Three additional ani-
mals had a membranous glomerular lesion.
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The galago, though frequently seen in zoos and utilized in some
primate centers for behavioral and other biomedical studies, has not
been examined very extensively from the pathologic point of view.
Two species of galagos have been studied extensively with respect to
their being carriers of yellow fever.3" In those studies only clinical and
epidemiologic studies, with special reference to behavior, social struc-
ture of colonies and feeding habits, were made. It is very difficult to
come by any information regarding the clinical or pathologic aspects
of diseases in general, and in particular of renal disease, in these small
primates, in either wild or captive state. To our knowledge, nothing
has been reported on the incidence or nature of glomerulonephritis in
galagos. The present report, therefore, concerns a histopathologic analy-
sis of the renal alterations observed in several species of captive galagos
displaying a variety of glomerular lesions. Evidence is presented that
indicates possible hypersensitivity etiology of at least one form of
nephritis in these animals and that contrasts the morphology of the
renal lesions with those of proliferative glomerulonephritides reported
in man and other experimental animals.

Materials and Methods
The galagos examined in this study were housed at the Primate Facility, Duke

University and were utilized principally for genetic and behavioral studies. Animals
were routinely necropsied when found dead or after euthanasia when they be-
came incapacitated or moribund from illness.29 Blocks of tissue from all major
organs including kidney were fixed in 10% formalin or Zenker in preparation for
processing for routine light microscopy. In addition, in 5 animals, a portion of
kidney was frozen in a matrix of gelatin at -70 C31 for later immunohisto-
chemical study and another portion of kidney was fixed in cold 4% glutaraldehyde
for later ultrastructural examination.32

Blocks of tissue fixed for routine histologic preparation were run-up through
alcohols and xylene and impregnated with paraffin in an Autotechnicon according
to standard procedures. Paraffin blocks of kidney were sectioned at 2-3 ,u and
stained with H&E, periodic acid-Schiff reaction (PAS), periodic acid-methenamine
silver-Masson stain (PAMM) ,32 or Van Gieson connective tissue stain (VG).

Frozen blocks of tissue were sectioned at 4 ,u with a cryostat microtome. The
frozen sections were fixed on glass slides in acetone for 5 minutes, air-dried,
washed in phosphate-buffered (pH 7.3, 0.01 M phosphate) physiologic saline
(PBS), and then treated with the appropriate fluorescent antibody reagent. After
incubation with a drop of fluoresceinated antigalago y2-immunoglobulin or anti-
galago C3 globulin, the slides were rinsed in two changes of PBS and mounted
under coverslips with 50% glycerine in PBS. The antiserum reactive with galago
ys-globulin was prepared by immunization of rabbits with y2-galago globulin
isolated from pooled galago serum by DEAE-cellulose chromatography. Rabbits
immunized with this preparation of y-globulin produced an antiserum that
precipitated in microimmunoelectrophoresis in a single band with galago Y2-
globulin. Galago C3 (third component of hemolytic complement) was isolated
from pooled galago serum by DEAE-cellulose chromatography, partially purified
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by Pevicon block preparatory electrophoresis, and repurified by CM-cellulose
chromatography. Rabbits immunized with this repurified galago C3 produced an
antiserum that precipitated in microimmunoelectrophoretic analysis a Bl-globulin
analogous to the BIC (C3) globulin of man and guinea pig.3-'4 The sodium
sulfate-precipitated y-globulin fraction of these antiserums was conjugated with
fluorescein isothiocyanate by slight modification32 of a previously published tech-
nic.35 Controls for the immunohistochemical staining reactions were those generally
used in this type of study.32 Fluoresceinated antigalago y,globulin and antigalago
C3 were absorbed with respective specific antigen prior to application to the
tissues to demonstrate absorptive removal of the conjugated antibodies reactive
with tissue-localized host y, or C3 globulins. Other sections were rinsed in acid
buffer (pH 3.4) prior to reaction with conjugated antigalago yrglobulin to dis-
sociate host y,-globulin, presumably localized in vivo in the kidneys in immune
aggregates. An additional control consisted of treatment of tissue sections with
conjugated immune globulins possessing immunologic reactivity with serum pro-
teins heterologous to galago globulins (antihuman y2-globulin, antihuman C3,
and anti-guinea pig complement).

Blocks of tissue, fixed in glutaraldehyde for ultrastructural study, were processed
by procedures outlined in detail elsewhere.32 Briefly, the fragments of kidney were
postfixed in osmium tetroxide, stained en bloc with uranyl acetate, embedded in
Epon, sectioned at 50 mu on a Porter-Blum ultramicrotome, and finally stained on
copper grids with lead citrate and uranyl-magnesium acetate.

Sections stained by routine histologic technics or with fluorescent antibody
reagents were examined and photographed with a Leitz Ortholux-Orthomat photo-
microscope equipped with HBO 200W mercury vapor UV light source, incandes-
cent light source, specially designed substage condenser for combined phase-
fluorescence observation of specimens, and conventional bright-field and dry
dark-field condensers. Specimens prepared for ultrastructural study were examined
and photographed with an Hitachi HS-7 or HS-8 electron microscope.

Results

A complete histopathologic survey of the variety of lesions observed
in various organs of these galagos has been reported recently.29 Of
particular concern in the present report is a more thorough analysis of
the renal lesions observed in 26 of 33 necropsied animals of the four
species, Galago crassicaudatus argentatus, G c crassicaudatus, G demi-
dovii and G senegalensis. In general, five forms of glomerular lesions
were observed. Four of these are proliferative in nature and may rep-
resent different renal diseases, a spectrum of lesions in the natural
history of a single renal disease, or morphologic variations of a single
disease process. The other form of glomerular alteration consists of a
membranous thickening of glomerular capillary walls. The variety of
renal glomerular lesions will be described by categories based on the
major glomenlar changes and are summarized by species distribution
in Table 1. A variety of alterations were observed in renal convoluted
tubules and interstitium, and these will be described in association
with the respective glomerular alterations.
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Diffuse Proliferative Glomerulonephritis

There were 4 animals with a diffuise proliferative glomerulone-
phritis: 2 G c argentatus, and 2 G seneglensis. In these 4 cases there
was a moderate diffuse increase in the number of glomerular endo-
capillary cells (mesangial and endothelial cells) with concomitant
moderate-to-marked narrowing of the capillary lumens. An occasional
neutrophilic leukocyte was present in some tufts. With PAMM and
PAS stain, the mesangial membrane matrix increased considerably,
but with PAMM stain no "proteinaceous" deposits, such as those seen

in human acute proliferative glomerulonephritis,3236 could be identi-
fied along the subepithelial surface of glomerular capillary walls. Un-
fortunately, no renal tissue from any of these 4 animals was available
for immunohistochemical or ultrastructural examination. In one G c

argentatus (No. 705), there were many sites of tubular and interstitial
calcification and focal hydropic swelling of epithelial cells in proximal

Table 1. Incidence of the Various Glomerular Lesions in Four Species of Galagos

Distribution of lesions by species and animal No.*
Total No. of

Gc Gc G G animals with
Glomerular lesion crassicaudatus argentatus senegalensis demidovii lesions

Diffuse proliferative 0 705 312 0 4
glomerulonephritis 110 301

Stalk glomerulo- 007 107 69-7t 0 11
nephropathy 004 713

404 712
417 101

710
105

Stalk-lobular 0 701 0 0 2
glomerulonephritis 704t

Progressive-sclerotic 012 706 0 0 6
glomerulonephritis 011t 108t

707t
709t

"Membranous" 008 0 310 1003 3
glomerulo-
nephropathy

Total No. of animals 7/9 14/14 4/6 1/4 26/33
with lesions/
animals necropsied

* Animals are listed by colony identification No.
t Renal tissue was available in this animal for immunohistochemical and ultrastruc-
tural study (See Table 2).
Necropsy case No.
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convoluted tubules. In one G senegalersis (No. 312) there were a few
interstitial foci of infiltration by large and small lymphoid cells.

Stalk Glmeruloneropathy

Tlhere were 11 animals with thickening of glomerular mesangium
(stalk) by slight or moderate increase in mesangial cells and/or mem-
brane matrix, usually without any significant compromise of capillary
lumens. Four of these animals were G c crassicaudatus, 5 were G c
argentatus, and 1 was a G senegalensis. The pattern of stalk thickening
closely resembled that observed in a similar glomerular lesion of
man.-" Again, unfortunately, no renal material was available from these
5 animals for immunohistochemical or ultrastructural examination. In
1 G c crassicaudatus (No. 417) there was local thickening of occasional
peripheral portions of glomerular capillary walls in a fashion resembling
the major alterations seen in a more progressive form of glomerular
disease in some animals, which is described below. In a G c argentatus
(No. 101) there was focal cytoplasmic hydropic alteration of proximal
tubular epithelial cells.

Stalk-Lobular Prolierave Glmrnephritis

Two animals, both G c argentatus (No. 704 and 701), had a form of
glomerular mesangial proliferative disease more severe than that de-
scribed above. The increase in mesangial cells and membrane matrix
was so extensive as to result in enlarged glomeruli with lobular ac-
centuation of capillary tufts (Fig 2). In association with this rather
marked increase in size of mesangial areas, the glomerular capillary
lumens were moderately compromised. In addition, there was local
thickening of peripheral portions of glomerular capillary walls but
formation of collagen in glomerular capillary walls had not occurred.
By immunofluorescence microscopy, there were no detectable sites of
host immunoglobulins or third component of complement (C3) in the
glomeruli of the one animal (No. 704) studied bv this technic (see
Table 2). Examination by electron microscopy of five glomeruli from
Animal No. 704 revealed several findings that correlated with the light
mircroscopic observations. Mesangial regions were greatly enlarged by
excessive amounts of basement membrane matrix and increased
number of mesangial cells (Fig 3). The cross-sectioned profile of the
markedly thickened capillary basement membranes had many swiss-
cheese holes or vacuoles, particularly along the subendothelial portion
of the basement membrane (Fig 3). Endothelial cells generally were
not enlarged. There was local obliteration of filtration slit pores be-
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cause of "fusion" of epithelial foot processes. Many epithelial cells
contained large cytoplasmic vacuoles filled with nondescript, finely
granular material. There were no electron-dense deposits or collagen
fibers in or along the glomerular capillary basement membranes.

Other histologic findings in the kidneys of these 2 animals were fre-
quent cystic dilation of glomerular spaces and tubules (some of the
cysts were large enough to be seen in the gross specimen) (Fig 1),
diffuse interstitial fibrosis, and focal interstitial inflammatory infiltrates
consisting of small and large lymphocytes and plasma cells. In No.
701 there were many focal deposits of calcium salts in the interstitium
and wall of convoluted tubules. There were no alterations in renal
arterioles and arteries.

Poressiveroc Gkomeulorffns

Six animals had a progressive or "chronic" form of glomerulonephri-
tis; 2 of these animals were G c crassicaudatus and 4 were G c
argentatus. By light microscopy, the following glomerular alterations
were shared in variable degrees by these 6 animals. There was mod-
erate-to-marked, local or diffuse thickening of peripheral portions of
glomerular capillary walls by solid or fibrillar, and eosinophilic, "Mas-
son" red or green, Van-Gieson positive material (Fig 4 and 8). This,
along with cellular and argyrophilic membrane matrix thickening of
mesangial regions, greatly compromised glomerular capillary lumens.
No glomerular capsular crescents or completely sclerosed glomeruli were
seen. Cystic dilation of a few or many glomerular spaces and con-
voluted tubules was noted in 2 cases (No. 706 and 108).

Immunohistochemical examination of kidney in 4 of these animals
(see Table 2) revealed limited or extensive local distribution of host
y-globulin and C3 in thickened portions of glomerular capillary walls
(Fig 5 and 9). By combined phase-fluorescence microscopy, the de-
posits of y-globulin and complement were observed to lie beneath the
glomerular capillary basement membranes on the endothelial side of
the capillary wall (Fig 5). Much of the localized y-globulin could be
eluted from the glomerular capillaries in the three kidneys tested
(No. 108, 707 and 011) by washing of sections in acid buffer of pH
3.4. Such acid-washed sections had only a few isolated remaining sites
of glomerular fluorescence when treated with fluoresceinated anti-
galago y2-globulin. Indirect immunofluorescence tests for membrane-
reactive antibodies in the serum of these animals were essentially
negative. Sections from a G c argentatus with stalk-lobular glomerulo-
nephritis (No. 704) free of localized y-globulin were incubated in a
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first step with nephritic host galago serum and then in a second step
with fluorescein-conjugated antigalago y2-globulin. No diffuse linear
deposition of host y-globulin was observed; however a few isolated
segments of glomerular capillary walls displayed slight-to-moderate
immunofluorescence reactions in this indirect test. This finding is con-
trary to the presence of membrane-reactive antibodies in the nephritic
serums and is instead compatible with the presence of immunoglobulins
reactive with some unidentified material distributed locally in glomer-
ular tufts of Animal No. 704. Treatment of sections of nephritic galago
kidneys with fluoresceinated antihuman y-globulin or antihuman al-
bumin as controls for nonspecific fluorescence gave negative results.
Absorption of fluoresceinated antigalago y2 or antigalago C3 with
y, or C3, respectively, abolished the ability of these antiserums to react
with glomerular sites of the respective localized host globulins. Finally,
treatment of sections with unconjugated antigalago y2 or antigalago
C3 prior to treatment in a second step with the respective conjugated
"fluor" reagent only slightly or moderately blocked the immunofluo-
rescence reaction.

Ultrastructurally, glomeruli in all of the kidneys from this group of
animals displayed rather similar alterations except for minor quantita-
tive variations among the 4 animals examined and one major exception
to be described below in animal No. 108. The thickened capillary
walls observed by light microscopy and the corresponding deposits
containing host immunoglobulin and complement observed by immuno-
fluorescence microscopy had their counterpart in small, medium-sized
or massive subendothelial deposits observed by electron microscopy
(Fig 6 and 10). These deposits comprised mixtures of homogeneous,
fairly solid or loose, coarsely granular electron-dense material (Fig 6
and 10); remnants of endothelial cell cytoplasmic structures; and
intermixed large collagen fibers with an average band periodicity of
695 A (Fig 6, 10, 12 and 13). In several capillary loops of one
out of four glomeruli examined from animal No. 108, unique subepi-
thelial, moderately electron-dense nodules or "humps" were identified
(Fig 13). At high magnification, these nodules are seen to possess a
substructural "crystalline" lattice with a unit spacing of about 170 A
(Fig 13). Other ultrastructural alterations noted were widening of
mesangial regions with increased amounts of basement membrane
matrix intermixed with a deposit material described above and mesan-
gial cells; local intramembranous, "zebra stripe" alterations in Animal
No. 108 (Fig 14); rare subepithelial, local, lumpy distortion of the
capillary basement membrane; and prominent vacuolization of epithelial
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cells in Animal No. 108 (Fig 11). Curiously, the animal with glomer-
ular epithelial vacuolization also had cystic dilation of glomerular spaces
and convoluted tubules by light microscopy.
Other general histologic alterations noted in these animals with the

progressive sclerotic form of glomerulonephritis were focal interstitial
inflammatory infiltrates of lymphoid and plasmacytic cells, focal or
diffuse interstitial fibrosis, focal interstitial collections of "foam cells"
similar to those observed in some human nephrotic and chronic renal
diseases, and in 1 animal (No. 012) focal, heterotopic, interstitial bone
formation.

"Membmrnous" Gk nekhmpethy
Three animals had diffuse thickening of the basement membranes of

glomerular capillary tufts (Table 1). This PAS-positive, eosinophilic
and argyrophilic membranous thickening was different in pattern
from that observed in human membranous glomerulonephropathy "327
in that no "proteinaceous" intramembranous deposits or membrane
spikes could be demonstrated with PAMM stain of the galago kidneys.
In addition there was a slight-to-moderate increase in argyrophilic
basement membrane matrix in thickened glomerular mesangial regions,
but no increase in the cellularity of the tufts. Unfortunately, no immuno-
histochemical or ultrastructural studies were done on the kidneys from
these 3 animals. No significant interstitial, tubular or vascular altera-
tions were seen in kidneys from these three animals.

Discussion
In a captive population of galagos, utilized mainly for genetic and

behavorial studies, routine necropsy on 33 animals over a 4-year period
revealed, in addition to a fair variety of disease processes,-9 five histo-
pathologic types of renal glomerular disease. For purposes of pre-
sentation and discussion of these glomerular diseases, they have been
divided into descriptive diagnostic categories as follows: (1) diffuse
proliferative glomerulonephritis, (2) stalk proliferative glomerulo-
nephritis, (3) stalk-lobular proliferative glomerulonephritis, (4)
progressive-sclerotic glomerulonephritis and (5) "membranous" glo-
merulonephropathy. In this histopathologic survey of these renal dis-
eases, it has not been possible to ascertain the etiology or pathogenesis
of the various morphologic forms of proliferative glomerular diseases.
Furthermore, any possible pathogenetic interrelationship of these
nephritides has not been worked out because of the few animals avail-
able and the predominantly retrospective nature of this study. The
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localization of host y2-globulin and complement in diseased glomeruli
is suggestive of some "hypersensitivity" mechanism for development
of the progressive-sclerotic form of glomerulonephritis. The presence
of recurrent and chronic cutaneous infections (demonstrated to be
infected, in some instances, with candida species) is also compatible
with a microbial hypersensitivity etiology. The patterns of glomerular
alteration at the light and electron microscopic levels in animals with
the latter disease resemble those glomerular lesions seen in the ne-
phritis of Aleutian mink disease6'7 and NZB hybrid mice with lupus-
like syndrome.8'9 The inflammatory glomerular lesions in the galagos
differ somewhat from those seen in the variety of apparently hyper-
sensitivity-induced, acute proliferative glomerulonephritides of man;
the lesions in galagos have prominent amounts of giant collagen
fibers, a cross-hatched crystalline substructure in subepithelial "humps"
(observed in one animal) and cystic dilation of glomerular spaces and
cystic alteration of glomerular epithelial cells. The frequency of occur-
rence of proliferative glomerular disease in the two galago subspecies
G c crassicaudatus and G c argentatus suggests not only a possible
pathogenetic sequential relationship of diffuse proliferative, stalk-
proliferative and progressive-sclerotic glomerular lesions, but also a
hereditary etiologic factor. The correlative clinical data is unfortunately
too scant and poorly documented to establish any meaningful proof of
either of these two possibilities; as in man, the pathogenetic interrela-
tionships of the morphologic varieties of proliferative glomerular dis-
eases is yet to be clearly established.
The results of these preliminary morphologic studies on renal glo-

merular diseases in galagos are presented here for several reasons. It
is hoped that other investigators working with these prosimian primates
will be stimulated to attempt characterization of the nature and
incidence of glomerulonephritides in these animals in both the captive
and wild state. Thorough prospective clinicopathologic studies may
provide meaningful information on the etiology and natural history of
the nephritides in these animals. Finally, these proliferative inflam-
matory renal diseases in galagos may provide a convenient model for
study of the nature of hypersensitivity glomerulonephritis in man.

References
1. Oldstone MA, Dixon FJ: Pathogenesis of chronic disease associated with

persistent lymphocytic choriomeningitis viral infection. J Exp Med 129:483-
505, 1969

2. Hirsh MS, Murphy FA, Hicklin MD: Immunopathology of lymphocytic
choriomeningitis virus infection of newborn mice: antithymocyte serum ef-



Vol. 61, No. 3 SPONTANEOUS GLOMERULONEPHRITIS 447
December 1970

fects on glomerulonephritis and wasting disease. J Exp Med 127:757-766,
1968

3. Sun, SC, Burch GE, Sokal RS, Chu KC: Coxackie B4 viral nephritis in mice
and its autoimmune-like phenomenon. Proc Soc Exp Biol Med 126:882-
885, 1967

4. Recker L, Tanaka T, Sykes JA, Yumoto T, Seman G, Young L, Dmochowski
L: Further studies on the biological relationship of murine leukemia viruses
and on kidney lesions of mice with leukemia induced by these viruses. Nat
Inst Cancer Monogr 22:459-479, 1966

5. Cheville NF, Mengeling WL: The pathogenesis of chronic hog cholera
(swine fever): histologic, immunofluorescent, and electron microscopic stud-
ies. Lab Invest 20:261-274, 1969

6. Henson JB, Gorham JR, Podgett GA, Davis WC: Pathogenesis of the
glomerular lesions in Aleutian mink disease. Arch Path 87:21-28, 1969

7. Henson JB, Gorham JR, Tanaka Y, Padgett GA: The sequential develop-
ment of ultrastructural lesions in the glomeruli of mink with experimental
Aleutian disease. Lab Invest 19:153-162, 1968

8. Mellors RC: Autoimmune disease in NZB,/BL mice: I. Pathology and
pathogenesis of a model system of spontaneous glomerulonephritis. J Exp
Med 122:25-40, 1965

9. Mellors RC, Aoki T, Huebner RJ: Further implications of murine leukemia-
like virus in the disorders of NZB mice. J Exp Med 129:1045-1062, 1968

10. Margolis G, Forbus WD, Kerby G, Side T: Glomerulonephritis occurring
in experimental brucellosis in dogs. Amer J Path 23:983-988, 1947

11. Becker CG, Murphy GE: The experimental induction of glomerulonephri-
tis like that in man by infection with group A streptococci. J Exp Med
127:1-24, 1968

12. Dixon FJ, Feldman JD, Vazquez JI: Experimental glomerulonephritis: the
pathogenesis of a laboratory model resembling the spectnru of human
glomerulonephritis. J Exp Med 113:899-920, 1961

13. Seegal BC, Hsu KC, Rothenberg MS, Chapean ML: Studies of the mech-
anism of experimental nephritis with fluorescein-labelled antibody: II. Local-
ization and persistance of injected rabbit or duck anti-rat kidney serum
during the course of nephritis in rats. Amer J Path 41:183-203, 1962

14. Hammer DK, Dixon FJ: Experimental glomerulonephritis: II. Immunologic
events in the pathogenesis of nephrotoxic serum nephritis in the rat. J Exp
Med 117:1019-1034, 1963

15. Steblay RW: Glomerulonephritis induced in sheep by injections of heter-
ologous glomerular basement membrane and Freund's complete adjuvant. J
Exp Med 116:253-272, 1962

16. Heymann W, Kmetec EP, Wilson SGF, Hunter JLP, Hackel DB, Okuda R,
Cuppage F: Experimental autoimmune renal disease in rats. Ann NY
Acad Sci 124:310-322, 1965

17. Lemer RA, Dixon FJ, Lee S: Spontaneous glomerulonephritis in sheep: II.
Studies on the natural history, occurrence in other species, and patho-
genesis. Amer J Path 53:501-512, 1968

18. Lewis RM, Schwartz R, Henry WB: Canine systemic lupus erythematosus.
Blood 25:143-160, 1965

19. Kaur J, Chakravarti RN, Chugh KS, Chhuttani PN: Spontaneously occur-
ring renal diseases in wild rhesus monkeys. J Path Bact 95:31-36, 1968



448 BURKHOLDER AND BERGERON American Journal
of Pathology

20. Feldman, DB, Bree MM: The nephrotic syndrome associated with glo-
merulonephritis in a rhesus monkey (Macaca mulatta). J Amer Vet Med
Assoc 155:1249-1252, 1969

21. Bell ET, Clawson BJ: Experimental glomerulonephritis in a monkey. Amer
J Path 7:57-62, 1931

22. Wilson HE, Saslan S, Doan CA, Woolpert OC, Schwab JL: Reactions of
monkeys to experimental mixed influenza and streptococcus infections: an
analysis of the relative roles of humoral and cellular immunity, with the
description of an intercurrent nephritic syndrome. J Exp Med 85:199-215,
1947

23. Reed RW, Matheson BH: Experimental nephritis due to type specific
streptococci: IV. The effect of type 12 nephrotoxin in monkeys. J Infect Dis
106:245-249, 1961

24. Steblay RW: Glomerulonephritis induced in monkeys by injections of heter-
ologous glomerular basement membrane. Nature 197:1173-1176, 1963

25. Markowitz AS, Classen R, Nidus BD, Ainis H: Streptococcal related
glomerulonephritis: II. Glomerulonephritis in rhesus monkeys immunolog-
ically induced both actively and passively with soluble fraction from human
glomeruli. J Immun 98:161-170, 1967

26. Paronetto F, Koffler D: Autoimmune proliferative glomerulonephritis in
monkeys. Amer J Path 50:887-897, 1967

27. Markowitz AS, Battifora H, Aseron C, Horn D, Pollitt E: Production of
glomerulonephritis in rhesus monkeys with anti-streptococcal cell membrane
antiserum. Fed Proc 28:769, 1969, abstr

28. Lyons M, Queen D, Monroe J: Glomerular nephritis in monkeys inoculated
with tumor suspensions. Fed Proc 28:422, 1969, abstr

29. Burkholder PM, Bergeron JA, Sherwood B, Hackel DB: A histopathologic
survey of four species of galagos in captivity. Folia Primat (in press)

30. Haddow AJ, Ellice JM: Studies on bush-babies (Galago spp.) with special
reference to the epidemiology of yellow fever. Trans Roy Soc Trop Med
Hyg 58:521-538, 1964

31. Burkholder PM, Littell AH, Klein PG: Sectioning at room temperature of
unfixed tissues, frozen in a matrix of gelatin, for immunohistologic procedures.
Stain Techn 36:89-91, 1961

32. Burkholder PM, Bradford WD: Processing of renal biopsies for routine
correlative light, immunofluorescence, and electron microscopy. Submitted,
Pathology Annual. New York, Appleton-Century-Crofts

33. Burkholder PM: Production of antibodies monospecifically reactive with
the third component of guinea pig complement. Int Arch Allerg AppI
Immunol 37:124-142, 1970

34. Muller-Eberhard HJ: Isolation and description of protein related to the
human complement system. Acta Med scand 66:152-170, 1961

35. Marshall JD, Eveland WC, Smith CW: Superiority of fluorescein isothi-
organate (Riggs) for fluorescent antibody technique with a modification of
its application. Proc Soc Exp Biol Med 98:898-900, 1958

36. Burkholder PM, Bradford WD: Proliferative glomerulonephritis in chil-
dren: a correlation of varied clinical and pathologic patterns utilizing
light, immunofluorescence, and electron microscopy. Amer J Path 56:423-467,
1969



Vol. 61, No. 3 SPONTANEOUS GLOMERULONEPHRITIS 449
December 1970

37. Ehrenreich T, Churg J: Pathology of membranous nephropathy, Pathology
Annual. Vol 3. New York, Appleton-Century-Crofts, 1968

Support for the purchase and care of the animal in this study was provided by
Grants RR-00388 and GM-13222 from the US Public Health Service, Grant GB-4000
from the National Science Foundation and the Duke University Primate Facility Fund.
We wish to acknowledge the cooperation of Professor J. Buettner-Janusch, Director of
the Primate Facility, Dr. Arthur J. Riopelle who supplied some of the galagos, and Drs.
Donald B. Hackel and Bobby F. Sherwood who performed many of the necropsies on
these animals.

Presented in part at the Annual Meeting of The American Association of Pathologists
and Bacteriologists, St Louis, Missouri, March 7-10, 1970.



450 BURKHOLDER AND BERGERON American Journal
of Pathology

[ Illustrations follow ]



Fig I.-Cut surface of the kidneys from Galago No. 704 showing occasional large and
many small cortical cysts. Gross photograph, approximately life size.

Fig 2.-Gkmerulus from Galago No. 704 showing mesangial hypercellularity and "cystic"
dilation of Bowman's space. Adjacent to glomerular capsule is focus of chronic inflamma-
tory cell infiItrate in interstitium. H&E. x 217.

Fig 3.-Portion of glomerular tuft from kidney of Galago No. 704 with diffuse thickening of
capillary basement membrane (BM), subendothelial vacuolization of basement membrane
(three arrows), and increase in size and number of mesangial cells (Me). Electron micro-
graph. x 6300.



Fig 4.-Glomerulus in kidney from Galago No. 011 showing thickening of capillary
walls by subendothelial deposits, some of which have lacy pattern (arrow), slight
increase in cellularity, thickening of mesangial regions and marked narrowing of capil-
lary lumens. H&E. x 200.

Fig 5.-Another glomerulus in frozen section of kidney from Galago No. 011, observed
by phase-fluorescence microscopy showing sites of immunofluorescence (white) for
localized host immunoglobulins beneath capillary basement membranes (thin dark
lines outlining many of deposits). Fluorescent antigalago -y-globulin. x 415.

Fig 6.-Portion of another glomerular tuft from kidney of Galago No. 011 with huge
subendothelial deposit (d) containing bundles of collagen fibers (c), remnants of cyto-
plasmic organelles and vacuoles. Capillary basement membrane is slightly thickened
(bm) and small capillary lumen is lined by thin endothelial cell (En). Foot processes of
epithelial cells (Ep) are locally "fused" with obliteration of slit pores. Electron micro-
graph. x 12,000.

Fig 7.-Microtubular "honeycomb" structure, presumably of endoplasmic reticulum,
in epithelial cell (Ep) of another glomerulus from Galago No. 011. Basement mem-
brane (bm) with overlying epithelial foot processes. Electron micrograph. x 15,000.
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Fig 8.-Glomerulus in kidney from Galago No. 108 shows increased cellularity, thickening
of mesangial regions and capillary walls, and subendothelial deposits often with lacy pattern
(arrows). H&E. x 260.

Fig 9.-Another glomerulus in frozen section from kidney of Galago No. 108 with local
thick linear, globular or granular deposits of host antibody globulin along capillary walls.
Fluorescent antigalago -y-globulin. x 225.

Fig 10.-Portion of capillary tuft from another glomerulus from Galago No. 108 with sub-
endothelial, loose granular deposits (d) containing bundles of collagen fibers (c), marked
narrowing of capillary lumen nearly filled with endothelial cells (En), thin capillary basement
membrane and vacuolization (v) of epithelial cells (Ep). Electron micrograph. x 4200.
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Fig 11l.-Portion of capillary tuft in another glomerulus from Galago No. 108 showing
marked vacuolization (v) of epithelial cells (Ep). Endothelial cell (En). Electron micrograph.
x 4500. Fig 12.-Portion of capillary wall in another glomerulus from Galago No. 108
showing large number of collagen fibers beneath capillary basement membrane. Epithelial
cell (Ep). Electron micrograph. x 8000. Fig 13.-Portion of capillary wall in same
glomerulus as in Fig 10 from Galago No. 108 showing a subepithelial deposit with "crystal-
line" substructural lattice. Basement membrane (bin), epithelial cell (Ep), collagen fibers
(c). Electron micrograph. x 26,000. Fig 14.-Portion of capillary wall in same glomer-
ulus as in Fig 10 and 13 from Galago No. 108 showing zebra-stripe pattern in thickened
glomerular capillary basement membrane (bmn). Endothelial cell (En). Electron micrograph.
x 28,600.
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