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deposition of a similar quantity of triglyceride
in the liver within a period of 2 hours.

It has been observed that adrenergic block-
ing agents, cord section, adrenalectomy, and
other factors reduce the magnitude of the
fatty liver following poisoning with CCl, in
vivo (19, 20). It is quite possible that these
factors only reduce the mobilization of free
fatty acid from adipose tissue to liver without
necessarily altering in any way the initial in-
jury to the liver by the chlorinated hydro-
carbon.

Summary. Livers, isolated surgically from
normal animals and from rats intoxicated with
CCly, were perfused in vitro with a medium
into which palmitic acid was infused con-
tinuously. Livers from normal rats were also
treated with CCly in vitro by direct addition
of the chlorinated hydrocarbon to the medium.
Under the conditions of these experiments,
poisoning with CCly resulted in inhibition of
net release of triglyceride by the liver into the
perfusate and simultaneous accumulation of
triglyceride in the liver. These observations
support the hypothesis that the fatty liver of
CCl, intoxication results primarily from inter-
ference with the biochemical mechanisms in-
volved in formation and release of the tri-
glyceride in the very low density lipoprotein
of the serum.

1. Recknagel, R. O., Pharmacol.
(1967).

2. Heimberg, M., Weinstein, I., Dishmon, G., and
Dunkerley, A., J. Biol. Chem. 237, 3623 (1962).

Rev. 19, 145

Amyroip INDucTiON WITH FREUND’S ADJUVANT

3. Heimberg, M., Weinstein, I., Dishmon, G., and
Fried, M., Am. J. Physiol. 209, 1053 (1965).

4. Weinstein, I, Dishmon, G., and Heimberg, M,,
Biochem. Pharmacol. 15, 851 (1966).

5. Heimberg, M., Watkins, M. L., and Tooker, R,,
J. Pharmacol. Exptl. Therap. 145, 92 (1964).

6. Seakins, A. and Robinson, D. S., Biochem. J.
86, 401 (1963).

7. Wilcox, H. G., Fried, M, and Heimberg, M,
Biochim. Biophys. Acta 106, 598 (1965).

8. Van Harken, D. R, Dixon, C., and Heimberg,
M., Federation Proc. 26, 399 (1967).

9. Heimberg, M., Weinstein, I., Watkins, M. L,
and Klausner, H. A, Am. J. Physiol. 202, 353 (1962).

10. Heimberg, M., Fizette, N. B., and Klausner,
H. A, J. Am. Oil Chemists’ Soc. 41, 774 (1964).

11. Krebs, H. A. and Henseleit, K., Z. Physiol.
Chem. 210, 33 (1932).

12. Havel, R. J., Eder, H. A,, and Bragdon, J. H,,
J. Clin. Invest. 34, 1343 (19553).

13. Heimberg, M., Dunkerley, A., and Brown, T.
0., Biochim. Biophys. Acta 125, 252 (1966).

14. Van Handel, E. and Zilversmit, D., J. Lab.
Clin. Med. 50, 152 (1957).

15. Duncombe, W. G., Biochem. J. 88, 7 (1963).

16. King, E. J., Biochem. J. 26, 293 (1932).

17. Diem, K., Ed, Documenta Geigy Scientific
Tables, 6th ed., Geigy Pharmaceuticals, Ardsley, New
York, 1962.

18. Maling, H. M., Wakabayashi, M., and Horn-
ing, M. G., Advan. Enzyme Regulation 1, 247 (1963).

19. Brody, T. M. and Calvert, D. N, Am. J.
Physiol. 198, 682 (1960).

20. Calvert, D. N. and Brody, T. M, Am. J.
Phuysiol. 198, 669 (1960).

Received October 11, 1967. P.S.E.B.M., 1968, Vol. 127.

Amyloid. I. Use of Freund’s Adjuvant in Experimental Amyloidosis

(32821

)

J. Sr1 RaMm, G. G. GLENNER, AND R, A. DELELLIS
Laboratory of Experimental Pathology, National Institute of Arthritis and Metabolic Diseases,
National Institutes of Health, Bethesda, Maryland 20014

Amyloidosis, a disease of humans as well as
animals, is characterized by the infiltration of
various organs by an as yet poorly defined
protein—carbohydrate material (1). A variety
of methods involving the injection of foreign
proteins and other substances have been used
for inducing amyloid in experimental animals

(2); of these the method of daily subcutane-
ous injection of a solution of casein for over
6 weeks has been most commonly used. These
methods, however, are characterized by pro-
longed treatments and variable results. Roth-
bard and Watson (3) induced amyloidoisis in
W-Swiss, H-line mice after ten weekly sub-
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TABLE I. Development of Splenic Amyloidosis in C;H Mice on Injeetion of Freund’s Adjuvant.

No. of amyloidotic ani-
mals/total no. in study

Degree of
Injected material ip se amyloidosis
Complete adjuvant 11/13 1/5 24
Complete adjuvant + casein 15/17 0/5 44
Incomplete adjuvant 1/14 0/9 —
Incomplete adjuvant + easein 3/8 0/10 24

cutaneous or intramuscular injections of
Freund’s complete adjuvant. The presence of
M. butyricum was shown to be indispensable,
although, this could be substituted by N.
asteroides, and to a lesser extent by Group A
streptococci. While these findings were con-
firmed by Tal and Laufer (4) in the same
strain of mice, this method did not meet with
equal success in studies by Kennedy, (5)
Fruhling e al. (6) and Christensen (7) all of
whom used C3H mice. Fruhling et al. (6) and
Christensen (7) combined caseinate and
Freund’s adjuvant injections. In Christensen’s
studies, a mixture of 0.05 ml of Freund’s
adjuvant and 0.2 ml of 5% casein, was in-
jected subcutaneously 7 to 10 days apart.
Four to six such injections were necessary be-
fore splenic amyloidosis was noted. In more
recent studies, however, Letterer and Kretsch-
mer (8) failed to produce amyloidosis in non-
inbred NMRI mice with weekly subcutaneous
injections of Freund’s complete adjuvant
alone. On the other hand 66% of animals
treated with casein—adjuvant mixture devel-
oped amyloidosis. In view of these apparently
divergent findings, the effect of injecting mice
with Freund’s adjuvant with and without
added M. butyricum or other protein antigens
was reinvestigated.

Materials and Methods. Freund’s complete
and incomplete adjuvants were the products of
Difco Laboratories, Detroit, Michigan. The
sources of protein antigens were as follows:
Hammerstein casein (Nutritional Biochemicals
Corporation, Cleveland, Ohio), lysozyme
(Worthington Biochemical Corporation, Free-
hold, New Jersey), bovine serum albumin
(Pentex Inc., Kankakee, Illinois). Inbred C3H
and BALB/c strains of mice (8 weeks old)
(CsH/HeN, BALB/c AnN) were obtained
locally from the N.I.LH. farm. For some ex-

periments C3H mice were obtained from Jack-
son Laboratories, Bar Harbor, Maine (C;H/
Jax). They were found to be indistinguishable
from N.I.LH. C3;H strain. Freund’s incomplete
and complete adjuvants with or without added
protein antigens were prepared as follows: 1.5
ml of adjuvant 4+ 1.5 ml of phosphate buf-
fered saline + (where indicated) 25 mg of
casein or other antigens, were emulsified in
a Vir-Tis homogenizer. Each animal received
two 0.25 ml injections of the emulsion 2 weeks
apart intraperitoneally or subcutaneously.
Two weeks after the second injection, the ani-
mals were sacrificed, tissues were fixed in
formalin, embedded in paraffin and stained
with hematoxylin and eosin, Congo red and
periodic -acid—Schiff reagents by conventional
procedures and examined for amyloid.

Results and Discussion. Studies on the
degree of amyloidosis produced in C;H mice
on injection of Freund’s adjuvant in a variety
of combinations are summarized in Table 1. It
is clear that two intraperitoneal injections of
complete Freund’s adjuvant alone produced
amyloidosis in a high percentage of animals.
Addition of casein increased the degree of
amyloidosis as measured as per cent of tissue
involved, from 25% (2+4) to over 50%
(44+). Incomplete adjuvant alone was in-
effective; addition of casein to Freund’s in-
complete adjuvant resulted in amyloidosis in
three out of eight animals. It is to be noted
that the subcutaneous route was almost totally
ineffective under the present conditions. This
might explain why the previously recom-
mended procedures required at least four to
six injections, with variable results.

Not shown in Table I are some studies on
the effect of other antigens and the results of
studies made in BALB/c strain of mice.
Bovine serum albumin, lysozyme, or dextran
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were as effective as casein when injected in-
traperitoneally in complete Freund’s adjuvant.
The BALB/c strain of mice yielded qualita-
tively the same results as C;H mice. A some-
what lower frequency of amyloidosis was ob-
served in this strain, but the significance of
this difference was in doubt since the number
of animals in the study became rather small
due to loss by death. Differences due to strain
and sex, and probably diet in the suscepti-
bility of mice to experimental amyloidosis
were observed by other workers. Williams et
al. (9) have found that inbred strains were
more susceptible to amyloidosis than pure
noninbred, or hybrid strains.

Comments. In the present studies, a high
degree of amyloidosis was produced in mice
with two intraperitoneal injections of an an-
tigen such as casein incorporated in complete
Freund’s adjuvant. The dose of antigen used
in these studies and the injection schedule is
similar to that recommended by Munoz (10)
for obtaining antibodies in mouse peritoneal
fluids. In studies in progress in our laboratory
on the role of immunological phenomena in
the pathogenesis of amyloid, this has been
our method of choice for the production of
amyloidosis in mice. Other antigens such as
serum albumin should prove equally satisfac-
tory. The rapid and reproducible procedure
described here for induction of experimental
amyloidosis should pave the way for eluci-
dation of the role of immune phenomena
in the pathogenesis of amyloidosis. Our pre-
liminary studies on the use of immunosup-
pressive agents in experimental amyloidosis
seem to suggest a role for hypersensitivity
reactions in the induction of amyloid, as in-
deed do the reports by other workers (11).

Summary. Amyloidosis was produced in
C3H mice with two, spaced intraperitoneal in-
jections of any of several antigens incor-
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porated in complete Freund’s adjuvant. The
same regimen but omitting the antigens re-
sulted in amyloidosis of lower degree. The
subcutaneous route in otherwise identical
studies, proved ineffective. Freund’s incom-
plete adjuvant alone, given intraperitoneally
produced no amyloidosis. Addition of casein to
the incomplete adjuvant produced amyloidosis
in some animals. For rapid and reproducible
production of amyloidosis in mice, a procedure
involving two intraperitoneal injections, given
2 weeks apart, of 0.25 ml of an emulsion made
up of 25 mg of casein, 1.5 ml of complete
Freund’s adjuvant and 1.5 ml of phosphate
buffered saline, is suggested.
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