
A HISTOCEMICAL STUDY OF THE PROTEIN
NATURE OF AMYLOII)

SAMUEL W. THOMPSON, IL D.V3M, MS.*; RoBERT G. Gf, D.V.M, AND
HEURERT S. YAMANAKA, B.S.

From the Pathology Division, United States Army Medical Research and
Nutrition Laboratory, Fitzsimons General Hospital, Denver, Colo.

Amyloid is a hyalin-like, structureless, translucent substance which
accumulates between parenchymatous cells and in connective tissues.
VirchowI in I854 proposed the name amyloid for this substance to de-
note its gross and microscopic appearance and its affinity for iodine (a
characteristic of starch). It is believed to be a mixture of protein,
glycoprotein, other polysaccharides and, occasionally, lipids.1

Giles and Calkins were able to study the composition of an almost
pure amyloid deposit in the liver of a patient dying of tuberculosis and
secondary amyloidosis. Their chemical analysis suggested that the sub-
stance was hydrophilic and chiefly protein in content, but also contained
about 4 per cent carbohydrate, of which I.5 per cent was aminosugar.
By chromatography they demonstrated that both glucosamine and
galactosamine were present in the ratio of 4 to i, indicating that chon-
droitin sulfate was not a major carbohydrate component; this was con-
trary to the observations of other investigators.2-5' -11

Giles and Calkins5,6 were also able to demonstrate that almost 2 per
cent of the carbohydrate content of amyloid occurred as bound neutral
sugars (chiefly glucose and galactose in approximately equal amounts),
as well as uronic acid (o.6 per cent). They observed also that the hexose-
amine concentrations found in several amyloid-containing livers from
both horses and human beings was roughly proportional to the amyloid
concentrations, as judged from histologic examination. The virtual ab-
sence of phosphorus, purines and pyrimidines, which they reported,
would indicate that nucleic acids are not detectable in amyloid and that
amyloid is not merely altered protoplasm.

Calkins and Cohen 12 published observations based on the analysis of
amyloid recovered post mortem from the livers and spleens of 8 human
subjects. Their findings were essentially similar to those of Giles and
Calkins. Numerous investigators using electrophoretic and immuno-
chemical methods have reported that amyloid contained appreciable
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quantities of serum globulins.5','9'"-"6 Heparin has also been implicated
as a possible component."7

Various theories of etiology have been advanced. Jones and Frazier'8
believed that amyloidosis was an alteration of a mucopolysaccharide
reticulum response. According to these authors, the proteins were pre-
cipitated by a reaction of a circulating antigen with antibody. Amyloid
was especially abundant in the reticuloendothelial cells of affected
animals.4," Several investigators have commented on the role of these
cells in the pathogenesis of the deposit.4'," Ehrich24 offered the theory
that amyloid might be due to the production of a pathologic protein by
normal or abnormal plasma cells and might be a precipitate of protein
with mucopolysaccharide. Mallory25 and WTarren2"I suggested the pos-
sible role of perverted fibroblastic activity in the formation of the sub-
stance, while Geer, Strong, McGill and Muslow 27 suggested that it might
arise as an alteration of the connective tissue ground substance.
Teilum 28 noted that the development of deposits in the spleen was pre-
ceded by the accumulation of periodic acid-Schiff (PAS) positive and
pyroninophylic substances within splenic reticuloendothelial cells. He
regarded these substances as indicative of abnormal glycoprotein syn-
thesis and as precursors of amyloid. In commenting on Teilum's find-
ings, Cohen, Calkins and Levene I stated: " . . . the evidence that these
histologic features per se denote abnormal glycoprotein synthesis would
seem to be circumstantial. The conclusion that simply because the ac-
cumulation of PAS-positive and pyroninophilic material precedes the
development of amyloidosis, the former substance is a precursor of the
latter does not appear to be justified."
The view which has received considerable attention during the last

decade, as summarized by Symmers,3 is that amyloidosis is a manifesta-
tion of immunologic disturbance. It was postulated that amyloid, which
might be the insoluble glycoprotein product of a local antigen-antibody
reaction, was deposited in prepared situations. The detection of globulin
as a constituent of amyloid has given considerable impetus to the role
of antigen-antibody reaction.5'7'9 '13` Another factor in favor of this
concept was the increase of the globulin and glycoprotein fractions in
the serums of affected animals and man.3033 Calkins, Cohen and Gitlin 34
showed, however, that human amyloid homogenates did not bind anti-
gamma globulin as did precipitates of gamma globulin antibody. This
would suggest that amyloid was not a simple antigen-antibody precipi-
tate. These authors observed that globulins were present but pointed out
that this alone did not constitute proof of an antigen-antibody reaction.
Although numerous references have been made to the protein nature of
amyloid, we were unable to find specific citations of its histochemical
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demonstration. The investigation reported here was undertaken to
demonstrate those protein-reactive groups characteristic of amyloid
and also to determine the similarity or dissimilarity of amyloid found
in various species.

MATERIAL AND METHODS
Kidney, liver, spleen and heart were obtained at necropsy from examples of

amyloidosis in rabbits, hamsters, horses, mice, chickens, ducks, dogs and human
subjects (Table I). A total of 30 tissues from 23 cases were used. The tissues were

TABIE I
SOURCE OF SPECIMES

Case
no. Tissue Species Remarks

I Liver, kidney
2 Liver, kidney
3 Spleen, heart

4 Kkdney
5 Spleen, kidney
6 Kidney
7 Spleen
8 Spleen
g Spleen
10 Spleen
II Spleen
12 Spleen
13 Spleen
14 Spleen
IS Spleen
I6 Spleen
17 Kidney
I8 Kidney
19 Liver, spleen,

kidney
20 Liver

21 Spleen

22

23

Liver
Spleen, liver

Human Secondary amyloidosis-primary disease unknown
Human Secondary amyloidosis-primary disease unknown
Human Secondary amyloidosis-primary disease unknown
Human Secondary amyloidosis-primary disease unknown
Human Secondary amyloidosis-prmary disease unknown
Human Secondary amyloidosis-primary disease unknown
Chicken Amyloidosis secondary to tuberculosis
Chicken Amyloidosis secondary to tuberculosis
Chicken Amyloidosis secondary to tuberculosis
Chicken Amyloidosis secondary to tuberculosis
Chicken Amyloidosis secondary to tuberculosis
Mouse Secondary amyloidosis-primary disease unknown
Mouse Amyloidosis secondary to chronic nephritis
Mouse Amyloidosis secondary to tuberculosis
Mouse Amyloidosis secondary to tuberculosis
Dog Amyloidosis secondary to canine distemper
Dog Amyloidosis secondary to chronic nephritis
Dog Primary amyloid nephrosis
Duck Experimental amyloidosis induced by methylcholan-

threne
Duck Experimental amyloidosis induced by methylcholan-

threne
Rabbit Amyloidosis secondary to chronic pneumonitis and

emphysema
Horse Amyloidosis secondary to coccidioidomycosis
Hamster Amyloidosis secondary to subcutaneous abscesses

fixed in neutral buffered IO per cent formalin, and paraffin sections were cut at 6 to
8 ,. Deparaffined serial sections of each specimen were treated by a wide variety of
techniques, as follows:

i. For demonstration of tissue structures: hematoxylin and eosin.u
2. Localization and quantitation of amyloid: Congo red (Bernhold's),u crystal

violet ' and thioflavine T.' Sections stained by the latter method were examined by
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fluorescent microscopy, using a Phillips CS I50 mercury vapor source and 6 mm. UGI
tranmission and 2.5 mm. Euphose absorption filters.

3. Demonstration of glycogen, mucopolysaccharides, polysaccharides and glyco-
protein: periodic acid-Schiff (PAS) ,' acetylation-PAS,' acetylation-deacetylation-
PAS,' bromination-PAS ' and performic acid-Schiff.5

In order to reduce the number of tissue sections to be handled, 9 cases, all with
significant deposits of amyloid, were selected for further study with protein stains.
This group contained specimens representative of all species included in the study.
The sections were celloidinized after being mounted on slides.

Danielli's dinitrofluorobenzene (DNFB) stains were used to demonstrate the
presence of sulfhydryl, disulfide, tyrosyl and amino groups.' The staining procedures
were performed according to schedules reported by Thompson and colleagues." With
the exception of the method for arginine, paired sections (experimental and control)
from each case were stained by each of the following procedures:

i. The specific demonstration of sulfhydryl groups: Control sections were treated
with benzoyl chloride in anhydrous pyridine (benzoylation) to block sulfhydryl
groups as well as tyrosyl and amino groups. Both the experimental and control sec-
tions were then treated with sodium nitrite to block amino groups, diazoaniline to
block tyrosyl groups, and then stained with DNFB coupled with H acid (the mono-
sodium salt of 8-amino-I-naphthol-3. 6-disulfonic acid).

2. The specific demonstration of disulfide groups: The control and experimental
sections were benzoylated to block any sulfhydryl, amino or tyrosyl groups present.
The experimental sections were then treated with sodium cyanide to reduce non-
reactive disulfide groups to reactive sulfhydryl groups. Both experimental and con-
trol sections were subsequently stained with DNFB coupled with H acid. Additional
sections from each case were methylated in acidified methyl alcohol before benzoyla-
tion and subsequent DNFB-H acid staining. This was done to block carboxyl5
groups which might stain with DNFB and lead to a false interpretation of the
presence of disulfide groups.

3. The specific demonstration of amino groups: Control sections were benzoylated
to block amino groups, together with sulfhydryl and tyrosyl groups. Both experi-
mental and control sections were then treated with diazoaniline to block tyrosyl
groups and hydrogen peroxide to oxidize sulfhydryls to nonreactive disulfides and
stained with DNFB coupled with H acid.

4. The specific demonstration of tyrosyl groups: Control sections were benzoylated
to block tyrosyl groups as well as sulfhydryl and amino groups. Both experimental
and control sections were then treated with sodium nitrite to block amino groups,
hydrogen peroxide to block sulfhydryl groups and stained with DNFB coupled with H
acid.

5. The specific demonstration of tryptophan: Control sections were benzoylated
to block tryptophan, then both the experimental and control sections were stained
with the p-dimethylaminobenzaldehyde method of Adams.'

6. The specific demonstration of arginine: Sections from each case were stained
by the 8-hydroxyquinoline technique.' Sections of mature rat testes were used as
positive controls for this stain.

RESULTS

The staining reactions of amyloid in the tissue sections from the
various species were sufficiently uniform so that the results may be re-
ported without reference to the affected tissue or species (Table II).
The tissue sections stained for sulfhydryl, disulfide, tyrosyl and amino
groups were evaluated by comparison with the specifically blocked con-
trol sections.
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The characteristic structure, as well as the uniform positive reaction
to accepted tests for amyloid (crystal violet, Congo red and thioflavine
T) indicated that the tissues used in this study contained substances
which would usually be interpreted as amyloid. The established fact that
amyloid contains a carbohydrate component was confirmed by the pres-
ence of i,2-glycol groups or their amino or alkylamino derivatives as

TABLE II
STAINING CIARACTERISTICS OF AMYLOID IN TISSLEs FROM 8 SPECES

Stain Staining reaction to amyloid

Congo red Positive
Crystal violet Positive
Thioflavine T Positive
Periodic acid-Schiff (PAS) Positive
Acetylation-PAS -Negative
Acetylation-deacetylation-PAS Positive
Bromination-PAS Positive
Performic acid-Schiff Positive
Sulfhydryl DNFB Negative to weakly positive
Disulfide DNFB Strongly positive
Amino DNFB Positive
Tyrosyl DNFB Negative
Tryptophan Positive
Arginine Negative

denoted by the consistently positive PAS reaction.40 The latter, observed
subsequent to bromination, would suggest that glycogen was not a part
of the carbohydrate component of amyloid or at least was not present in
demonstrable quantities.3" These procedures were performed to estab-
lish the fact that the amyloid in the various tissues employed in this
study adequately conformed to a sufficient number of the histochemical
characteristics of this substance.

That amyloid contains substances of a glycoprotein nature was sug-
gested by the demonstration of hydroxyl or amno groups and by the
negative PAS reaction following acetylation and the restoration of PAS
positivity upon deacetylation of the acetylated sections.35 The con-
sistently positive performic acid-Schiff reaction indicated the presence
of ethylenic linkages,35 and possibly cystine.Y The latter reaction could
be interpreted as denoting the presence of carbohydrates, lipids or pro-
teins, and is not particularly enlightening.
The specific protein stains employed were used to determine the

nature of the protein components of amyloid as indicated by the pres-
ence or absence of certain reactive groups characteristic of proteins in
general. The results obtained confirmed the previous reports attesting
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to the protein nature of amyloid.17,9",12-1' However, the specific reactive
groups of protein present in amyloid have not, to our knowledge, been
previously reported. Variable quantities of these specific groups were
thought to be in an available reactive form prior to staining41 and not
appreciably altered by the fixative which was used.40,'
The protein stains used in this study demonstrated that amyloid in

rabbits, hamsters, horses, mice, chickens, ducks, dogs and human be-
ings was characterized by the consistent presence of disulfide linkages
and amino, tryptophan and sulfhydryl groups. This was only a quali-
tative demonstration and did not necessarily reflect their relative abun-
dance. However, the extremely intense staining reaction obtained with
the stain for disulfide linkages, and the weak reaction with the sulfhydryl
stain suggested that disulfides were present in greater abundance than
sulfhydryls. If one accepts Pearse's view,40 the presence of disulfide
groups in amyloid was also confirmed by the positive performic acid-
Schiff reaction.

Sulfhydryl groups are found in the amino acid cysteine, which is
not usually encountered in tissues as such, but is present in the form
of glutathione.Y This polypeptide is widely distributed throughout the
animal body, and is certainly not foreign to the tissues in which amyloid
was observed in this study. As for amino groups, these are found as com-
ponents of a wide variety of polypeptides, and their presence would
be expected to be demonstrable in nearly all the sites of protein in the
animal body. Of particular interest was the consistently positive reac-
tion obtained with the stain employed for the demonstration of tryp-
tophan. This amino acid is present in many animal proteins, among
which are fibrinogen, gamma globulin, and casein.43 From a review of
the literature it is evident that tryptophan-containing proteins have fre-
quently been reported to be incorporated in amyloid or related to it
etiologically. On the other hand, tryptophan is noticeably absent in
animal proteins such as collagen and elastin,43 which have been fre-
quently considered as possible precursors of amyloid.
The absence of arginine, or at least our inability to demonstrate it,

is also of interest. Arginine is present in most proteins, particularly the
histones,43 and has been shown to be a component of Mallory's "alco-
holic" hyalin." The methods available for the demonstration of
arginine are not extremely sensitive. However, we are of the opinion
that the absence of this amino acid in amyloid was not related to any
fault of the method since we obtained consistently positive results with
control tissue (mature rat testes). Similarly, the consistently negative
reaction in sections stained for the demonstration of tyrosyl groups is
significant since this amino acid is widely distributed throughout the
animal body and is a component of many proteins.42
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Our most striking observation was the consistent demonstration of
large quantities of cystine, as denoted by the intense positive staining
reaction for disulfide linkages (Figs. i to 6). Disulfides may occur in
tissues as a result of oxidation of free cysteine with formation of cystine.
As mentioned previously, free cysteine as such is generally not found in
animal tissues, but large quantities are present in the form of polypeptide
glutathione. Therefore, the disulfides (cystine) demonstrated were more
likely a result of the oxidation of glutathione.45 The abundance of stain-
able sulfhydryl groups (cysteine in glutathione) in the cellular com-
ponents of all tissues and the weak staining reaction obtained for these
groups in amyloid itself suggests that glutathione was present in large
quantities in the former and in minimal quantities in the latter sites.
Conversely, the absence of stainable disulfides in all tissues and their
abundance in amyloid suggests that glutathione was present in the
former sites in an unoxidized form and for the most part in the latter
site in an oxidized form.

It can be postulated that a significant portion of the protein component
of amyloid apparently represents a protein degradation product (oxi-
dized glutathione) which is not usually found in parenchymatous tissues
of the animal body. One might wonder if amyloid was not therefore re-
lated to some form of abnormal protein metabolism, influenced by fac-
tors as yet unown. It is also evident that the presence of cystine would
readily account for reactive sulfur groups. The availability of such
sulfur groups could account for the earlier beliefs that chondroitin sul-
fates or heparin were components of amyloid.21 7-1117

SUMMARY

Amyloid deposits in tissues from chickens, dogs, hamsters, horses,
mice, rabbits, and human subjects were subjected to a battery of stain-
ing procedures. Specific stains for disulfide linkages, sulfhydryl, tyrosyl
and amino groups, tryptophan and arginine were employed. Amino acids
and polypeptides containing disulfide linkages were found to be a con-
stant and significant component of amyloid, regardless of the tissue or
species in which it occurred.

REFERENCES

I. WOLF, R. L.; HITZIG, WV. M., and OTANI, S. Amyloidosis unassociated with a
predisposing disease. A..M.A. Arch. Int. Med., I9;5, 95, I4I-I52.

2. HAss, G. Studies of amyloid. II. The isolation of a polysaccharide from
amyloid-bearing tissues. Arch. Path., I942, 34, 92-IO5.

3. SYMMERS, W. ST. C. Primary amyloidosis: a review. J. Clin. Path., I956, 9,
I87-2II.

4. HAss, G., and SCHLTz, R. Z. Amyloid. I. Methods of isolating amyloid from
other tissue elements. Arch. Path., 1940, 30, 240-259.



744 THOMPSON, GEIL AND YAMANAKA Vol. 38, No. 6

5. GiLEs, R. B., JR., and CALKINS. E. Studies of the composition of secondary
amyloid. (Abstract) J. Histochem., I955, 3, 40;-406.

6. GILEs, R. B., JR., and CALKINS. E. Studies of the composition of secondary
amyloid. J. Clin. Invest., 1955, 34, I476-I482.

7. LARSEN, B. Presence of glycoproteins in secondary amyloid deposits related
to serum glycoprotein. Acta rheumat. scandinav., 1957, 3, 30-39.

8. WINDRUM, G. M., and KRAMER, H. Some observations on the histochemical
reactions of amyloid. A.MA. Arch. Path., I957, 63, 373-378.

9. REEcE, J. M., and REYNOLDS, T. B. Amyloidosis complicating rheumatoid
arthritis. Am. J. M. Sc., I954, 228, 554-559.

io. GrImAN., H. L. Observations on amyloid degeneration in domesticated animals.
J. Am. Vet. M.A., I920-I92I, 57, 568-578.

I i. EHRSTROM. M. C. Chondroitinschwefelsauren, Heparin Albuminurie, Amyloid
und Serumproteine. Acta med. scandinav., I939, 101, 55I-565.

I2. CALKINS, E.. and COHEN, A. S. Chemical composition of amyloid. J. Clin.
Invest., 1958, 37, 882-883.

I3. WAGNER, B. M. Nature of amyloid. (Abstract) Fed. Proc., 1958, I7, 464.
14. WAGNER, B. M. Electrophoretic analysis of amyloid. (Abstract) Am. J. Path.,

I955, 31, 573.
IS. VAZQUEZ, J. J., and DIXON, F. J. Tmmunohistochemical analysis of amyloid by

the fluorescence technique. J. Exper. Med., 1956, I04, 727-736.
I6. TEILUM, G. Cortisone-ascorbic acid interaction and the pathogenesis of

amyloidosis: mechanism of action of cortisone on mesenchymal tissue. Ann.
Rheumat. Dis., I952, II, I19-I36.

I7. MEYER, K. The biological significance of hyaluronic acid and hyaluronidase.
Physiol. Rev., I947, 27, 335-359.

i8. JONEs, R. S., and FRAZIER, D. B. Primary cardiovascular amyloidosis: its
clinical manifestations, pathology and histogenesis. AMA. Arch. Path., I950,
50, 366-384.

I9. GROLLMAN. A. Clinical Physiology; the Functional Pathology of Disease. The
Blakiston Div., McGraw-Hill Book Co., Inc.. New York, I957, P. 2I5.

20. ARN_r. H. J. Retikuloendothel und Amyloid. Verhandl. deutsch. path.
Gesellsch., I931, 26, 243-250.

2I. D.A4ILN, D. C. Secondary amyloidosis. Ann. Int. Med., I949, 3I, 105-II9.
22. SMETANA, H. The relation of the reticulo-endothelial system to the formation

of amyloid. J. Exper. Med., I927, 45, 6I9-632.
23. RIGDON, R. H. Amyloidosis-experimental production in ducks with methyl-

cholanthrene. Texas Rep. Biol. & Med., I960, i8, 93-IO2.
24. EmHIcH, W. E. Nature of collagen diseases. Am. Heart J., 1952, 43, I2I-I56.
25. MALoRY, F. B. Principles of Pathologic Histology. WV. B. Saunders Co., Phila-

delphia, I9I4, PP. IOI-I07.
26. WARREN, S. Generalized amyloidosis of the muscular systems. Am. J. Path.,

I930, 6, i6I-i68.
27. GE, J. C.; STRONG, J. P.; McGILL, H. C., JR-, and MusLow, I. Electron

microscopic observations on the localization of amyloid in the kidney in
secondary amyloidosis. Lab. Invest., 1958, 7, 554-565.

28. TEILUM, G. Periodic acid-Schiff-positive reticulo-endothelial cells producing
glycoprotein; functional significance during formation of amyloid. Am. J.
Path., I956, 32, 945-959.

29. COHEN, A. S.; CALKNs, E., and LEVENE, C. I. Studies on experimental



June, Ig6I AMYLOID 745

amyloidosis. I. Analysis of histology and staining reactions of casein-induced
amyloidosis in the rabbit. Am. J. Path., 1959, 35, 97I-989.

30. FABin, M. The serum glucosamine with particular regard to its significance in
connection with the origin of amyloid deposits. Acta med. scandinav., I948,
130, SuppI. 206, 35I-356.

3I. Grss, R. B., JR., and CALKiNS, E. The relationship of serum hesosamine,
globulins, and antibodies to experimental amyloidosis. J. CGin. Invest., I958,
37, 84857.

32. ILETTERER, E. Studien uber Art und Entstehung des Amyloids. Beitr. path.
Anat., I926, 75, 486-588.

33. LARsEN, B. Relation between the affinity for Congo red and the glycoprotein
content of serum in rheumatoid arthritis and related diseases. Ann. Rkeunnat.

Dis., I958, 17, 240-244.
34. CALKis, E.; COHEN, A. S., and GrTLiN, D. Immunochemical determinations

of gamma globulin content of amyloid. (Abstract) Fed. Proc., I958, I7, 431.
35. TLnaTI, R. D. Histopathologic Technic and Practical Histochemistry. The

Blaliston Co., New York, I954, 50I PP.
36. VASSAR, P. S., and CULLING, C. F. A. Fluorescent stains, with special refer-

ence to amyloid and connective tissues. ASM.A. Arch. Path., I959, 68, 487-498.
37. DANMELLI, J. F. Studies on the cytochemistry of proteins. Cold Spring Harbor

Symp. Quant. Biol., I950, I4, 32-39.
38. THOMPSON, S. W. H; WIEGAND, R. G.; THOMASSEN, R. W.; HARIsoN, M.,

and TuRYFI.L, C. L. The protein nature of acidophilic crystalline intra-
nuclear inclusions in the liver and kidney of dogs. Am. J. Path., I959, 35,
1105-1115.

39. ADAMs, C. W. M. A p-dimethylaminobenzaldehyde-nitrite method for the
histochemical demonstration of tryptophane and related compounds. J. Clin.
Path., I957, 10, 56-62.

40. PEARSE, A. G. E. Histochemistry; Iheoretical and Applied. Little, Brown &
Co., Boston, I959, ed. 2, 998 pp.

4I. BARRNETT, R. J. Some Aspects of Protein Histochemistry, with Special Refer-
ence to Protein Hormones. In: Frontiers in Cytology. Palay, S. L. (ed.) Yale
University Press, New Haven, I958, pp. 264-282.

42. BAKR, J. R. Principles of Biological Microtechnique; a Study of Fixation
and Dyeing. John Wiley & Sons, Inc., New York, 1958, 358 PP.

43. TRISTRAM, G. R. The Amino Acid Composition of Protein. In: The Proteins;
Chemistry, Biological Activity and Methods. Neurath, H., and Bailey, K.
(eds.). Academic Press, Inc., New York, I953, Vol. I, Part A, pp. I8l-233.

44. NoRnK, S. A.; WErrzFl, R.; CAWPAGNA-PINTO, D.; MACDONALD, R. A., and
MALLORY, G. K. "Alcoholic" hyalin in human cirrhosis; histochemical
studies. Am. J. Path., I960, 37, 49-6i.

45. HAwK, P. B.; OSER, B. L., and SumERsoN, W. H. Practical Physiological
Chemistry. The Blakiston Co., Philadelphia, I954, ed. 13, PP. I39-I40.

The authors wish to thank Mr. William B. Hommel Clinical Photography Service,
Fitzsimons General Hospital, for taking the photomicrographs, and Dr. Frank Ramsey,
Department of Pathology, Iowa State University, Ames, Iowa; Dr. Charles L. Davis, Na-
tional Jewish Hospital, Denver, Colorado; Dr. R. H. Rigdon, University of Texas, Medical
Branch, Galveston, Texas, and the Director, Armed Forces Institute of Pathology, Wash-
ington, D.C, for supplying some of the tissues used in this study.

[ IUustrations foUow ]



THOMPSON, GEIL AND YAMANAKA

LEGENDS FOR FIGURES

All photomicrographs were made from tissue sections stained specifically to demon-
strate disulfide linkages.
FIG. i. Hepatic amyloidosis secondary to multiple subcutaneous abscesses in a

hamster. X 220.

FIG. 2. Amyloidosis in the spleen of a chicken, secondary to tuberculosis. X 220.

FIG. 3. Secondary amyloidosis in a human kidney; the primary disease is unkrnown
in this case. X 220.

FIG. 4. Splenic amyloidosis secondary to distemper in a dog. X 220.

FIG. S. Hepatic amyloidosis secondary to coccidioidomycosis in a horse. X 550.

FIG. 6. Duck. Hepatic amyloidosis experimentally induced by the administration
of methylcholanthrene. X 88o.
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