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Background. Because at present there is no known specific effective therapy for secondary
amyloidosis, the aim of this study was to determine whether antirheumatic drugs inhibit
the development of experimental AA amyloidosis induced in C57BL/6 mice by casein and
fibrin injections.

Materials and methods. Monotherapy with sulfasalazine (SSL) and diclofenac (D)
and a combined treatment with diclofenac and prednisolone (D/P) according to prophy-
lactic and therapeutic treatment protocols were investigated. The drugs were adminis-
tered through intragastric gavage 5 times a week for 5 or 4 weeks in the following doses:
D - 1 mg/kg, P - 10 mg/kg, and SSL - 100 mg/kg. A histopathological examination of
splenic, kidney and hepatic tissues of mice was performed. The amount of amyloid was
assessed semi-quantitatively by polarizing microscopy after Congo red staining.

Results. Our study indicated that no positive effect of the prophylactic treatment with D
could be seen on amyloid deposition in the target organs. Prophylactic combined treatment
with D/P resulted in a significant improvement of disease symptoms and markedly reduced
amyloid deposits in the spleen, kidneys and liver (p < 0.02-0.001). SSL therapy alone was
more successful in the prophylactic treatment of experimental amyloidosis: the decrease of
amyloid deposits was statistically significant in all examined organs (p < 0.04-0.001),and the
suppression of amyloid formation was most significant in the kidneys and liver (p < 0.004-
0.001). In the therapeutic treatment of experimental amyloidosis, combined treatment with
D/P showed the most pronounced inhibition of amyloid formation in the internal organs
(p <0.006-0.001). The suppression (by 86.7%; p < 0.001) of amyloid deposits was most nota-
ble in the liver. Treatment of mice with D alone produced a significant reduction in amyloid
deposition only in the liver (p < 0.03) and with SSL only in the spleen (p < 0.03).

Conclusions. These findings suggest that D/P and SSL at relevant doses suppress amy-
loidogenesis, and this suppression is possibly related to the anti-inflammatory effect of
antirheumatic drugs. Although these drugs cannot completely inhibit the disease in this
model, a possibility remains that they may be clinically useful in rheumatic diseases associ-
ated with the formation of amyloidogenic derivatives.
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INTRODUCTION

phase response (3) and the most frequent predisposing con-
ditions in the developed world, i. e. idiopathic rheumatic dis-

Secondary (AA) amyloidosis is a systemic disease character-
ized by the dysfunction and destruction of organs through
the deposition of amyloid protein (1, 2). It can potentially
complicate any disorder associated with sustained acute-
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eases (4-6).

AA amyloidosis was probably the first amyloid described
clinically and the first for which animal models were estab-
lished experimentally (3, 7, 8). The induction and in vivo
reversibility of AA amyloidogenesis have become powerful
tools for investigating the amyloid deposition mechanism
and possible therapies (7,9, 10). Many of the lessons learned
about amyloid have come from the study of rodent models
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of amyloid A. AA amyloidosis can easily be induced in mice,
provoked by an inflammatory challenge (3). Mouse models
of AA amyloidosis are still the best animal models of amy-
loidogenesis available (11, 12).

The aims of amyloidosis treatment are suppressing
chronic inflammation and inhibiting the production and
deposition of amyloid protein. However, the only, as well as
the most practical, way to prevent the development or pro-
gression of reactive amyloidosis is to reduce inflammatory
activity (13). Some chemotherapeutic drugs such as melpha-
lan, prednisone, and colchicine have been shown to be effec-
tive in some patients (14). Other medications (terbutaline,
aminophyllin, colchicine, and tenidap) are reported to inhibit
experimental amyloidosis in mice (15, 16).

In this study, we focused on therapy with sulfasalazine
(SSL), diclofenac (D), and prednisolone (P), which have been
widely used for the treatment of rheumatoid arthritis (RA),
and examined whether these drugs show an inhibitory po-
tency against amyloid formation in internal organs and pre-
vent the development of AA amyloidosis in mice.

MATERIALS AND METHODS

Animals

A total of 92 C57BL/6 male mice (approximately 10-12
weeks old), body weight 20-30 g, were obtained from the In-
stitute of Immunology (Vilnius, Lithuania) and acclimated
for 5 days.

They were maintained in plastic cages (5-8 per cage) with
rodent chow and tap water ad libitum. During the experi-
ment, the animals were housed at a temperature of 20-22 °C,
at 50-60% relative humidity with a 12-hour light / dark cycle.
Throughout the study, the animals were cared for in accord-
ance with the European Convention and Guide for the Care
and Use of Laboratory Animals and with Lithuanian laws. All
the mice were used with the approval of the Lithuanian Labo-
ratory Animal Use Ethics Committee under the State Food
and Veterinary Service.

Substances and drugs

Experimental AA amyloidosis was induced by using the fol-
lowing inflammatory substances: vitamin-free casein (Sigma
Chemical Co, Germany) and fibrin (Chemical Dynamics
Corporation, USA). For the treatment of amyloidosis, the
following anti-inflammatory drugs were used: prednisolone
(Gedeon Richter, Hungary), diclofenac (Glaxo Wellcome,
Great Britain), and sulfasalazine (KRKA, Slovenia).

Amyloidosis induction

Experimental AA amyloidosis was induced using casein and
fibrin solutions: the animals received subcutaneous injections
of 12% vitamin-free casein in a 0.02 N NaOH solution 5 days
a week and injections of 5% fibrin once a week for a period of
5 or 6 weeks (17). All the injections were performed between
9and 11 a. m. and had a total volume of 0.5 ml each.

Groups of animals and treatment schedules
Two experiments were performed and two treatment regime
protocols (prophylactic and therapeutic) were used. The drugs
were prepared ex tempore in saline solution and injected in
a 0.5 ml solution into the stomach through a metal probe 5
times a week. The animals in both experiments were divided
into four groups. The control group (group 1) received the
saline solution without any treatment. The test groups were
treated with diclofenac (dose: 1 mg/kg) and prednisolone
(10 mg/kg) (group 2; D/P), diclofenac alone (1 mg/kg)
(group 3; D), and sulfasalazine (100 mg/kg) (group 4; SSL).
In the first experiment (40 C57BL/6 mice), the treat-
ment was started simultaneously with the first casein injec-
tion (day 0) and lasted 5 weeks. In the second experiment
(52 mice), the treatment was started after 2 weeks of stimula-
tion with inflammatory substances and lasted 4 weeks.

Other investigations

The body weight of the animals was determined once a week.
The animals were sacrificed after the last drug application.
The erythrocyte and leukocyte counts (made using a Picos-
cale, Hungary) and the erythrocyte sedimentation rate (ESR)
were determined for the blood. The internal organs were
examined macroscopically and weighed with kidney, spleen
and liver samples being taken for morphological analysis. The
indices obtained were compared with the indices for normal
(healthy) animals and control groups.

Histopathology

The formalin-fixed spleen, kidney and liver specimens were
divided into two pieces and embedded in paraffin. Duplicate
sets of 5 um-thick sections from each piece of tissue were
mounted on glass slides. One set was stained with haema-
toxylin-eosin and Brachet for light microscopic examination
to determine the inflammation scores (general inflamma-
tory reaction, inflammatory cell infiltration) and hepatocytes
necrosis. Each parameter was scored on a 0 to 3 point scale.
Tubular edema, glomerulonephritis, and connective tissue
areas (the latter was evaluated in percentages) were observed
by microscope. The other set of slides was stained with Congo
red according to Eastwood (18) and examined in polarized
light with an Olympus BX51 microscope to assess the degree
of amyloid deposition in the tissue. The method used to detect
amyloid protein included the traditional Congo red staining;
the main method for diagnosing amyloid A (AA) amyloidosis
is limited in animals because it requires a large array of ani-
mal-specific anti-AA antibodies which are not commercially
available (19). The histological grading of the amyloid was
made semi-quantitatively using a scale of 0 to 3 according to
the density of the amyloid masses seen under a microscope,
where ‘-’ means amyloid was absent (0),t’ traces of amyloid
were observed (0.5), ‘+’ minimal (1), ‘“++ moderate (2), and
‘+++ (3) heavy (abundant) amyloid deposits were present.
Two histopathologists independently analysed all the speci-
men sections.
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Statistical analysis

All data were expressed as mean + SEM. Statistical analy-
sis was done using SPSS / PC software version 8.0 using t
test statistics for continuous variables, and P values less
than 0.05 were considered to be significant. A nonparamet-
ric Mann-Whitney U statistical test was applied to analyse
histologically observed differences and amyloid deposits in
internal organs. The effects of treatments were compared
with controls.

RESULTS

1. Prophylactic treatment of experimental amyloidosis
with antirheumatic drugs
Animals, organs, and laboratory features. The weight of the
animals varied between 20 and 30 g. No animals were lost in
the group treated with D/P and two (20%) each in the control
group and in the groups which received SSL and only D.

A post-mortem examination of the internal organs re-
vealed splenomegaly (p < 0.001) in all the groups in contrast
to the healthy animals (Fig. 1). The absolute and relative

spleen weight was highest in the control group and lowest in
the group treated with D/P. The absolute and relative weight
of the liver also markedly increased in the control group and
significantly differed from the healthy group and the group
of animals treated with D/P. In the group which received D,
the relative weight of the liver increased and was significantly
higher than in the control group (p < 0.05).

The blood indices (ESR, leukocytes, and erythrocytes) in
all the groups were almost the same and diftered significantly
from those of the healthy animals (Fig. 2).

Histological examination. The frequency and extent of
amyloid deposition and inflammatory lesions in various or-
gans of the mice with experimental amyloidosis and treat-
ment are summarized in Tables 1,2 and shown in Figs. 3-5.

The amount of amyloid deposited in the spleen was sig-
nificant in animals of the control group (Table 1, Fig. 3). Mod-
erate (2+) and heavy (3+) deposits of perifollicular amyloid
were observed in 12.5% and 87.5% of the animals, respective-
ly (Table 2, Fig. 4C). An inflammatory reaction was observed
in all the animals (Table 1); 87.5% of animals in the control
group had multinuclear phagocytes and 100% had areas of
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Fig. 1. Relative weight of organs in (57BL/6 mice with experimental amyloidosis prophylactically and therapeutically treated

with antirheumatic drugs

Amyloidosis was induced by 0.5 ml subcutaneous injections of 12% casein solution 5 times a week and 5% fibrin solution once a
week. Prophylactic treatment was started on day 0 and lasted five weeks. Therapeutic treatment was started after two weeks of
stimulation with inflammatory substances and lasted four weeks. The drugs were administered by intragastric gavage 5 times a week.
The 1st (control) group received 0.5 ml of saline solution, the 2nd diclofenac (dose: 1 mg/kg) and prednisolone (dose: 10 mg/kg)
(D/P), the 3rd diclofenac (D) (dose 1: mg/kg), and the 4th sulfasalazine (SSL) (dose: 100 mg/kg). * — the differences are significant
between normal mice and the test groups. * — the differences are significant between the control group and the other test groups.
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eosinophilic connective tissue around the follicles, which
covered 25-50% of the spleen.

The majority of the mice in the control group had either
2+ (75%) or 3+ (25%) amyloid deposits in the liver (Table 2,
Fig. 4D), and these deposits were also identified in the blood
vessel walls (50% of animals) and pericollagenously (100%)
(Table 1). Polymorphonuclear (PMN) infiltration of the liver
was observed in all the tested animals.

Although amyloid was found in the kidneys in 87.5% of
mice in the control group, its deposition was lower: 75% of
the animals had traces of amyloid and 12.5% minimal de-
posits (Table 2). Amyloid was deposited predominantly in the

tubular basement membrane (87.5%) but occurred also in
blood vessel walls (25%). Chronic renal lesions with glomer-
ulonephritis were revealed in 87.5% of the mice, and 12.5% of
animals had minimal glomerulonephritis (Table 1).

No positive effects of treatment with D could be seen
on amyloid deposition in the spleen, kidneys, and liver (Ta-
bles 1,2; Fig. 3).

However, the combination of D with P not only de-
creased the number of animals with amyloid deposits, but
also significantly (p < 0.001) suppressed (by 72.9%) amy-
loid formation in the spleen (Fig. 3). Only minimal (5 of 10
(50%) of the animals) and moderate (10%) amyloid deposits

Table 1. Pathomorphological changes and amyloid deposits (%) in the spleen, kidneys and liver of (57BL/6 mice with experimental amyloidosis treated

with antirheumatic drugs
Prophylactic treatment Therapeutic treatment
Organ Groups Groups
Tst Control | 2ndD/P | 3rdD [ 4thSSL | 1stControl | 2ndD/P | 3rdD | 4thssL
. n/n 8/8 10/10  8/8 8/8 9/9 9/9 8/8 9/9
Connective tissue areas % 100 100 100 100 100 100 100 100
. n/n 7/8 10/10  8/8 8/8 9/9 9/9 8/8 9/9
Multinuclear phagocytes % 87.5 100 100 100 100 100 100 100
. n/n 8/8 10/10  8/8 8/8 9/9 9/9 8/8 9/9
Spleen Inflammatory reaction % 100 100 100 100 100 100 100 100
o n/n 8/8 4/10 8/8 8/8 9/9 6/9 8/8 9/9
— Perifollicularly % 100 400 100 100 100 667 100 100
myloi
n/n 3/10
Blood vessel walls % - 30.0 - - - - - -
- " n/n 1/8 2/10 4/8%%  7/9% /8w 1/9e+
Minimal glomerulonephritis % 125 20.0 - - 50 778 100 1.1
. n/n 7/8 4/10 5/8 3/8 1/9
Glomerulonephritis % 87.5 40.0 62.5 37.5 - - 11.1
n/n 10/10  5/8  7/8** 3/8 3/9 1/8 8/9
Tubular edema % - 100 625 875 375 333 125 889
. . . n/n 7/8 3/10 8/8 1/8 7/8 2/9 5/8 3/9
Kidneys Amyloid deposits % 87.5 30.0 100 125 87.5 222 625 333
n/n 2/8 1710 4/8 1/9 2/9
. Blood vessel walls % 25 10.0 - - 50 1.1 - 222
‘(\i':y":;:f Tubularbase-ment  n/n  7/8 B 88  1/8 B 29 18 /9
ot membrane % 87.5 100 125 22 125 114
. n/n 2/10 5/8 5/8
Pericollagenous % - 20.0 - - 62.5 - 625 -
Inflammatory reaction n/n 8/8 7/10% 8/8 8/8 9/9 9/9 8/8 9/9
(PMN/MMN) % 100 70.0 100 100 100 100 100 100
. n/n 8/8 8/10*  8/8 8/8 9/9 7/9 8/8 9/9
Hepatocyte necrosis % 100 800 100 100 100 778 100 100
. . . n/n 8/8 8/10 8/8 7/8 9/9 5/8 7/8 9/9
Liver Amyloid deposits % 100 800 100 875 100 625 875 100
) n/n 4/8 8/10 8/8 3/8 7/9 1/8 6/8 5/7
‘(‘imy'°!‘t‘ Blood vessel walls % 50 800 100 375 7778 125 75 555
eposi
location . n/n 8/8 5/10 8/8 7/8 9/9 5/8 7/8 9/9
Pericollagenously % 100 50.0 100 875 100 625 875 100

Note: D/P — diclofenac (1 mg/kg) and prednisolone (10 mg/kg), D — diclofenac (1 mg/kg), SSL — sulfasalazine (100 mg/kg). PMN — polymorphonuclear infiltrates, MMN — mo-
nomorphonuclear infiltrates (lymphocytes, plasma cells, and macrophages). n / n — number of animals with organ changes / total number of animals investigated. % — percen-
tage of animals with changes in organs and with amyloid deposits. Prophylactic treatment: * — very small focal PMN and very small necrotic focuses; +— amyloid in glomerulus;
** — 50% slight tubular edema, 25% moderate tubular edema, and 12.5% heavy tubular edema. Therapeutic treatment: + — very slight glomerular changes, ® — very slight
increase in the mesangium, ** — a slight increase in the mesangium, +-+ — focal glomerular sclerosis, *** — damage to the glomerulus (homogenization, thinning of the capil-
lary walls, partial obstruction, dystrophy, an enlarged mesangium, and decreased cellularity).
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Fig. 2. Blood indices in C57BL/6 mice with experimental amyloidosis prophylactically and therapeutically treated with antirheumatic drugs

Amyloidosis was induced by 0.5 ml subcutaneous injections of 12% casein solution 5 times a week and 5% fibrin solution once a week. Prophylactic treat-
ment was started on day 0 lasted for five weeks. Therapeutic treatment was started after two weeks of stimulation with inflammatory substances and lasted
four weeks. The drugs were administered by intragastric gavage 5 times a week. The 1st (control) group received 0.5 ml of saline solution, the 2nd diclofenac
(dose: 1 mg/kg) and prednisolone (dose: 10 mg/kg) (D/P), the 3rd diclofenac (D) (dose: 1 mg/kg), and the 4th sulfasalazine (SSL) (dose: 100 mg/kg). * — the
differences are significant between normal mice and the test groups. * — the differences are significant between the control group and the other test groups.

Table 2. Amyloid induction in the spleen, kidneys and liver of (57BL/6 mice with experimental amyloidosis treated with antirheumatic drugs

Prophylactic treatment Therapeutic treatment
Organ Groups Groups
IstControl | 2ndD/P | 3rdD | 4thSSL | 1stControl | 2ndD/P | 3rdD | 4thssL
Traces n/n _ _ B B B _ _ _
(+) %
Minimal n/n _ 5/10 1/8 4/9 B B
(+) % 50.0 125 44.4
Spleen
Moderate n/n 1/8 1/10 _ 4/8 _ 1/9 1/8 4/9
(++) % 12.5 10.0 50 1.1 125 44.4
Heavy n/n 7/8 - 8/8 3/8 9/9 1/9 7/8 5/9
(+++) % 87.5 100 375 100 11.1 87.5 55.6
Traces n/n 6/8 3/9 _ 1/8 4/8 2/9 3/8 1/9
(+) % 75 30.0 12,5 50 222 375 1.1
Minimal n/n 1/8 ~ 8/8 _ 3/8 ~ 2/8 2/9
. (+) % 12.5 100 37.5 25 22.2
Kidneys
Moderate n/n _ _ _ _ B _ _ _
(++) %
Heavy n/n a B _ _ _ B _ B
(+++) %
Traces n/n _ 6/10 _ 7/8 _ 5/8 _ _
() % 60.0 87.5 62.5
Minimal n/n ~ 2/10 ~ _ 1/9 ~ 4/8 4/9
. (+) % 20.0 1.1 50 44.4
Liver
Moderate n/n 6/8 1/10 1/8 _ 4/9 _ 2/8 2/9
(++) % 75 10.0 125 444 25 22.2
Heavy n/n 2/8 _ 7/8 _ 4/9 _ 1/8 3/9
(+++) % 25 87.5 44.4 12,5 333

Note: D/P — diclofenac (1 mg/kg) and prednisolone (10 mg/kg), D — diclofenac (1 mg/kg), SSL — sulfasalazine (100 mg/kg). n / n — number of animals with amyloid deposits /
total number of animals investigated. % — percentage of animals with amyloid deposits.
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Fig. 3. Pathomorphological changes and average amyloid deposits in internal organs of C57BL/6 mice with experimental amyloidosis
prophylactically and therapeutically treated with antirheumatic drugs

Amyloidosis was induced by 0.5 ml subcutaneous injections of 12% casein solution 5 times a week and 5% fibrin solution once a week.
Prophylactic treatment was started on day 0 and lasted five weeks. Therapeutic treatment was started after two weeks of stimulation with
inflammatory substances and lasted four weeks. The drugs were administered by intragastric gavage 5 times a week. The 1st (control)
group received 0.5 ml of saline solution, the 2nd diclofenac (dose: 1 mg/kg) and prednisolone (dose: 10 mg/kg) (D/P), the 3rd diclofenac (D)
(dose: 1 mg/kg), and the 4th sulfasalazine (SSL) (dose: 100 mg/kg). * — the differences are significant between control and the test groups.

(Table 2, Fig. 4A) were found perifollicularly (40% of mice)
and in blood vessel walls (30%). Treatment with SSL also sig-
nificantly (by 21.9%) suppressed amyloid formation in the
spleen (p < 0.05) (Fig. 3).

The same effect after prophylactic treatment in the kid-
neys was observed, where amyloid was absent in most of

the animals of the groups that received D/P and SSL, or only
traces of amyloid were found (30% and 12.5% respectively),
deposited in blood vessel walls (10%) and pericollagenously
(20%) in the first case and in the tubular basement mem-
brane (12.5%) in the second case. The D/P combination sup-
pressed amyloid deposits in the kidneys by 66.0% (p < 0.02)
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and SSL by 87.4% (Fig. 3). The pathological process in the
kidneys was also lower in these groups than in the control
group (Table 1, Fig. 3).

Although the number of animals with amyloid depos-
its in the liver did not decrease, the amyloid deposition was
lower (by 65.3%; Fig. 3) after treatment with D/P: 70% of
the animals had traces of amyloid, 20% minimal deposits,
and 10% moderate deposits (Table 2, Fig. 4B). Amyloid was
identified in blood vessel walls (80%) and pericollagenously
(50%) (Table 1).

A more pronounced inhibitory effect (77.8% in compari-
son to the control group) on amyloid deposition in the liver
was obtained by using SSL (p < 0.001, Fig. 3). Only traces of
amyloid were found in 87.5% of animals (Table 2).

The D/P combination significantly decreased the connec-
tive tissue areas in the spleen (p < 0.007), the polymorpho-
nuclear (PMN) infiltration of the liver (p < 0.001), and hepa-
tocyte necrosis (by 72.4%; p < 0.001; Fig. 3). Only very small
focal PMN (Table 1) and very small necrotic foci were found
in the hepatocytes using this treatment (Table 1).

In the groups treated with D/P and D alone, glomeru-
lonephritis was found in 40% and 66.7% of the animals, re-
spectively.

Although treatment with SSL increased the connective
tissue areas in the spleen (p < 0.04), it markedly decreased
PMN infiltration of the liver (by 59.5%; p < 0.001) and hepa-
tocyte necrosis (by 47.4%; p < 0.001) (Fig. 3). Glomerulone-
phritis was not found in any animal of this group, but tubular
edema developed in 87.5% of the animals (50% very slight,
25% moderate, and 12.5% notable) (Table 1).

Thus, both the D/P combination and SSL seem to be ef-
ficacious in the prophylactic treatment of experimental AA
amyloidosis. D/P was more effective than D alone and more
effective than SSL in inhibiting amyloid deposition in the
spleen, but SSL was more effective with amyloid formation
in the kidneys and liver. Prophylactic treatment of AA amy-
loidosis with D/P and SSL significantly improved this disor-
der and did not produce any side effects during the whole
experiment.

2. Therapeutic treatment of experimental amyloidosis with
antirheumatic drugs

Animals, organs, and laboratory features. In the control
group and the groups treated with D/P and SSL, 30.8% of ani-
mals (4 of 13) were lost during the experiment. The mortality
of animals (5 of 13) in the D group was 38.5%.

Fig. 4. Amyloid deposits in C57BL/6 mice with experimental AA amyloidosis prophylactically

treated with diclofenac and prednisolone (D/P)

Minimal amyloid deposits in the spleen (A) and liver (B) of mice treated with D/P. Heavy deposits in
the spleen (C) and liver (D) of the control group mice. Stained with Congo red acid solution, x200.



24 Laima Leonaviciené, Danuté Povilénaité, Rita Bradunaité, Dalia Vaitkiené, Algirdas Venalis

C

D

Fig. 5. Amyloid deposits in C57BL/6 mice with experimental AA amyloidosis
following therapeutic treatment with D/P and sulfasalazine (SSL)

Moderate and minimal deposits in the spleen and liver of the mice treated with SSL
(A, B respectively) and D/P (C, D). Stained with Congo red acid solution, x200.

The average body weight at the end of the experiment
was significantly lower in all the test groups in comparison
to the healthy animals (Fig. 1). The absolute and relative liver
weight was the highest in the control group and significant-
ly differed from those of the healthy animals (p < 0.01 and
p < 0.001). The relative weight of the liver and the absolute
and relative weight of the spleen of all the test groups were
also significantly higher than those of the healthy animals,
but treatment with D/P decreased the relative weight of the
liver (p < 0.002) in comparison to the control group.

The absolute weight of kidneys in the test groups did not
differ from that in the control group and healthy animals, but
the relative weight increased markedly in the group of ani-
mals treated with D (P < 0.01).

Changes in the blood indices, such as the ESR and the
leukocyte and erythrocyte counts, were worse compared to
the healthy animals (Fig. 2). The highest ESR and leukocyte
counts were observed in the control group. Treatment with
D/P significantly reduced the leukocyte count (p < 0.05) in
comparison to this group.

Histological examination. Injections of inflammatory
substances during 42 days induced a strong amyloidosis in
the animals of the control group. Heavy (3+) amyloid depos-

its, identified perifollicularly, were revealed in 100% of the
mice (Tables 1,2; Fig. 3). An inflammatory reaction as well as
areas of connective tissue and multinuclear cells in the spleen
were found in all the animals of this group (Table 1).

All the control animals had minimal (11.1%), moderate
(44.4%), and heavy (44.4%) hepatic amyloid deposits in the
blood vessel walls (77.8% of mice) and pericollagenously
(100%) (Tables 1, 2). Inflammatory polymorphonuclear and
monomorphonuclear infiltration (PMN / MMN) as well as
hepatocyte necrosis were seen in 100% of the animals.

Although amyloid was found in the kidneys of 87.5% of
the mice, its deposition was lower: 50% of the animals had
traces of amyloid and 37.5% had minimal deposits (Table 2).
In 50% of cases, amyloid was found in the blood vessel walls
and in 62.5% pericollagenously.

Glomerulonephritis and tubular edema developed in
37.5% of the mice, and minimal glomerulonephritis accom-
panied with glomerular lesions (homogenization, thickening
of capillary wells, complete obstruction, dystrophy, an en-
larged mesangium, and decreased cellularity) was found in
50% of the control group animals (Table 1).

Although treatment of experimental AA amyloidosis
with D and SSL did not reduce the number of animals with
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amyloid deposition in the spleen, its manifestation was lower
(Tables 1, 2; Fig. 3). Moderate (2+) amyloid deposits in 12.5%
and 44.4% of the mice and heavy (3+) ones in 87.5% and
55.6% of the animals were found after treatment with D and
SSL, respectively (Table 2).

Combined therapy with D/P decreased the manifestation
of amyloid and the number of animals with perifollicular
amyloid deposits (Table 1). Amyloid was identified in 66.7%
of animals. Moderate and heavy deposits of amyloid were ob-
served in 11.1% and minimal in 44.4% of the mice treated
with D/P (Table 2, Fig. 5C). Average amyloid deposition in
the spleen was significantly lower than in the control group
after treatment with D/P and SSL (Fig. 3,5 A, C; p < 0.001;
p < 0.03), which was especially obvious in the D/P group
(44.3% suppression) (Fig. 3, 5C).

All the test drugs significantly reduced the inflamma-
tory reaction in the spleen (p < 0.05-0.01), while D/P and
SSL markedly decreased the areas of connective tissue in
comparison to the control group (p < 0.006 and p < 0.012,
respectively).

The same inhibition of amyloid deposits after treatment
was observed in the kidneys, where D/P suppressed the aver-
age formation of amyloid by 82.5% (p < 0.006) (Fig. 3). In
most cases amyloid was absent (7 of 9 mice) or only traces
of amyloid (22.2%) were identified in the blood vessel walls
(11.1% of mice) and tubular basement membranes (22.2%
of mice). SSL inhibited amyloid formation by 55.5%, such
formations being found in 33.3% of mice (11.1% traces and
22.2% minimal deposits) (Table 2, Fig. 3).

D insignificantly reduced amyloid formation in the kid-
neys. Traces of amyloid and minimal deposits in blood vessel
walls and tubular basement membranes were found in 62.5%
of mice treated with D.

Glomerulonephritis was absent in animals treated with
D/P and D, but minimal glomerulonephritis with a slight en-
largement of the mesangium, focal glomerular necrosis, and
tubular edema was found respectively in 100% and 12.5% of
mice treated with D (Table 1).

Minimal glomerulonephritis with slight glomerular
changes in the first case and focal glomerular necrosis in the
second was observed respectively in 77.8% and 11.1% of the
D/P and SSL treated groups; 11.1% of mice (1 of 9) treated
with SSL had glomerulonephritis and 88.9% tubular edema.
The latter was found in only 33.3% of animals treated with
D/P (Table 1).

The highest suppression (by 86.7%, p < 0.001) of amyloid
deposits in the liver was observed after treatment with D/P
(Fig. 3, 5D). Traces of pericollagenous amyloid were found in
62.5% of the animals (Table 2).

A significant decrease in deposits in the liver was also ob-
tained using D (40.8% suppression; p < 0.03),but their manifes-
tation was much stronger than in the D/P group. 87.5% of the
animals had amyloid in the blood vessel walls (75%) and peri-
collagenously (87.5%), minimal, moderate, and heavy deposits
being identified in 50%, 25%, and 12.5% of mice, respectively

(Table 1, 2; Fig. 3). Minimal and moderate amyloid deposits in
the liver of mice treated with SSL are shown in Fig. 5B.

Treatment with D/P and SSL decreased inflammatory
PMN/MMN infiltration (by 33.6% and 44.2%), but significant
changes were observed after treatment with SSL (p < 0.01)
(Fig.3). Only combined D/P treatment suppressed focal hepa-
tocyte necrosis by 28% in comparison to the control group.

Thus, therapeutic treatment of experimental amyloidosis
with a D/P combination showed the most expressed inhibi-
tory effect on amyloid formation in all test organs. D alone
significantly decreased amyloid deposits only in the liver. The
positive suppressive effect was also observed by using SSL,
especially on amyloid formation in the spleen.

DISCUSSION

The AA amyloidosis associated with chronic inflammatory
diseases is relatively rare but important, because the diagno-
sis is often difficult, the prognosis is poor, and no known spe-
cific effective therapy for the disease exists at the present time
(5).1t can potentially complicate any disorder associated with
a sustained acute phase response, but in the developed world
chronic rheumatic diseases have been asserted to be the most
frequent predisposing conditions for the development of AA
amyloidosis (5, 6, 20).

We selected casein and fibrin-induced amyloidosis in
C57BL/6 mice on the basis of our earlier studies (17). It is
a suitable model for investigating and understanding the
pathogenesis of amyloidosis, representing an equivalent to
human secondary amyloidosis.

The tests showed that, induced in this way, the pathologi-
cal process caused a distinct amyloid deposition in the inter-
nal organs of control mice. Examination by polarizing micro-
scopy of Congo red-stained section revealed the presence of
varying amounts of amyloid deposits in one or more tissues
of mice; most affected were the spleen and the liver, and to a
lesser extent, the kidneys. The data presented here showed
that the inflammatory substances also cause an increase in
spleen and liver weight and make the blood indices worse.

In the mouse model, the primary site for amyloid deposi-
tion is the spleen is followed by deposits in liver; if the kidneys
are engaged this happens at a much later time point (12).

It should be noted that the spleen showed the strongest
reaction to the pathological process due to the spenomegality
and heavy amyloid deposits that occurred in all the animals.
The spleen is a primary target for AA fibril deposition in ani-
mals like mice (21). The largest AA deposits occur around the
splenic lymphoid follicles (22), revealed also by our data (17).
Amyloidogenic stimulation in casein-induced amyloidogen-
esis enhances the synthesis of proteoglycans, which is related
to splenic murine reactive AA amyloid and precedes amyloid
fibril formation.

The liver also distinctly reacted to the pathological proc-
ess. Its absolute and relative weight was the highest in the
control groups, and the amyloid deposits were extensive.
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Glomerulonephritis and tubular edema were observed in
the kidneys. The inflammatory process damages the glomer-
ulus, resulting in a thickening of the glomerular basement
membrane, cellular proliferation within the mesangium, hya-
linization, sclerosis, and glomerular death (23).

The abundance of basement membrane glycosaminogly-
can in the glomerulus is the main factor in renal AA deposi-
tion (24) since this component is important in forming the
typical B-sheet when AA fibrils are encountered. However,
this does not exclude the possibility that increased apopto-
sis in renal T cells plays a causative role for renal amyloido-
sis (24).

Three categories of medications used in RA thera-
py - nonsteroidal anti-inflammatory drugs (NSAIDs), dis-
ease-modifying antirheumatic drugs (DMARDs), and corti-
costeroids — were studied for the treatment of experimental
amyloidosis. The NSAID group was represented by diclofenac
(D), corticosteroid preparations by prednisolone (P), and the
DMARD group by sulfasalazine (SSL). In our experiments,
one group of mice with experimental amyloidosis received
a combination of D and P, because in practice many patients
with RA are treated with low-dose corticosteroids, often in
combination with other antirheumatic drugs.

It is known that the mechanism for NSAID action inhib-
its cyclooxygenase (COX-1 and COX-2) (25). COX-2 expres-
sion is induced, particularly during the inflammatory process
(26). Diclofenac, one of the most widely used NSAIDs, is gen-
uinely of a broad spectrum, having a similar inhibitory ac-
tion on both the enzyme’s isoforms (27). Its relative selectiv-
ity for COX-2 vs COX-1 for D is 0.45-1.43. Among standard
NSAIDs, it has the most favourable profile (28) and produces
its analgesic effect by actions at the inflammation locus.

However, in our study, single D therapy was not satis-
factory in the treatment of experimental amyloidosis. Ad-
ministration of D at 1 mg/kg during five weeks produced
an increase in pathomorphological changes in the spleen
and showed no positive effect on amyloid deposition in all
the investigated organs. Shorter D treatment suppressed the
splenic inflammatory reaction and significantly decreased
only hepatic amyloid formation. But it should be noted that
the abnormalities observed macroscopically and histologi-
cally in the kidneys and liver were more frequently revealed
in the D group than in the other treated groups. Although
NSAIDs are generally well tolerated, they are associated with
aspectrum of potential clinical toxicities (25). Nephrotoxicity
is a clinically important NSAID side effect (29). Some altera-
tions of renal function are COX-2-related mechanism-based
effects (30). Besides interstitial nephritis as well as nephrotic
and end stage renal disease, which all occur rarely, the most
common side effect is a decrease in renal function, which is
caused by a reduction in renal blood flow. It was shown that
chronic treatment with NSAIDs may result in COX-2 mobili-
zation where COX-2 is either not translocated efficiently into
the lumen of the nuclear envelope (endoplasmic reticulum)
or loses its high affinity for the membrane (31). COX-2, but

not COX-1, was highly induced by diclofenac (32), and this
induction was dose-dependent (31).

Although the administration of D had no effect on the de-
velopment of experimental amyloidosis, the D/P combination
was active in suppressing this process. Both treatment proto-
cols caused the most significant inhibitory effect on splenic
amyloid formation. However, the prophylactic treatment
showed the greatest reducing effect on spleen weight and
was more effective in decreasing amyloid deposits (by 72.9%,
whereas therapeutic treatment reduced the deposits by 44.3%
compared to the control group). Both treatments decreased
the areas of eosinophilic connective tissue and inflammatory
reaction in the spleen and improved the blood indices.

The same effect was observed in the kidneys and liver, but
adistinct inhibitory effect on amyloid formation was revealed
with the therapeutic treatment. Both treatments significantly
reduced the relative weight of the liver and suppressed in-
flammatory PMN infiltration and hepatocyte necrosis. The
inhibitory effect on the latter was obvious with the prophy-
lactic treatment. Cases of glomerulonephritis also decreased
after the treatment. All these events showed the positive ef-
fect of D/P.

It should be noted that steroid treatment was tested on
human and animal AA amyloidosis, but the results were con-
tradictory and the success limited. However, Shtrasburg et al.
(33) showed that hydrocortisone suppressed the second
phase of murine amyloidosis. It could be related to our results
in which the combination of P and D suppressed the amyloid
deposits in the internal organs of the mice. Corticosteroids
are also known to be effective inhibitors of COX-2 (34).

The ability of antirheumatic drugs to lower the levels of
acute-phase proteins which are important for the develop-
ment of amyloidosis were reported. In animal models and
in humans, it has been shown that treatment with NSAIDs,
corticosteroids, and sulfasalazine are associated with reduced
levels of acute-phase proteins (35, 36) and the levels of certain
cytokines that stimulate hepatocytes to synthesize C reactive
protein (CRP) as well as serum amyloid protein A (SAA) (15),
the precursor for protein AA in secondary amyloid fibrils. The
production of acute-phase proteins by the liver is regulated
by cytokines including IL-6, IL-1, and TNFa (37). The rela-
tionship between IL-6 levels and the levels of the acute-phase
proteins is of interest since IL-6 is known to regulate the he-
patic production of many acute-phase proteins (38). Some
cytokines such as IL-1 also increased COX-2 activity (39).

Many antirheumatic drugs are capable of cytokine modu-
lation (40, 41). Cytokine over-production, which is thought
to be responsible for the acute-phase response in mice with
amyloidosis, can be downregulated by prednisolone and
other immunosuppressive drugs. Prednisolone reduced the
expression of TNF-a, IL-1f, and IL-6 (42, 43). Both IL-6 and
IL-1p upregulate the production of hyperalgesic prostaglan-
dins, the former by mobilising arachidonic acid and the latter
by inducing the expression of the cyclo-oxygenase-2 (COX-2)
gene (44).
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The prophylactic and therapeutic treatment of experimen-
tal amyloidosis with SSL had also a positive effect and signifi-
cantly suppressed amyloid deposits in the spleen, although
to a lesser degree than D/P. Prophylactic treatment reduced
its deposition by 21.9% and therapeutic treatment by 15% in
comparison with the control group. A distinct suppression of
amyloid deposits was found in the kidneys (87.4%) and liver
(80.4%) under the prophylactic treatment and by 55.6% and
18.9% respectively after the therapeutic treatment.

In respect to SSL, it is a slow-acting antirheumatic drug.
Its action is associated with low toxicity,and SSL is commonly
used in Europe as the DMARD of choice (45) in an early and
mild disease (46). The metabolism of SSL is complex and, to
some extent, genetically determined. The drug’s action mech-
anism is not well understood, but it involves a decreased pro-
duction of cytokines and a decreased proliferative response
by the lymphocytes (47). Treatment with SSL was associated
with a reduction in IL-1a, IL-1f, and TNFa (35, 48) but not
in sIL-2R (49) or IL-6 (35) concentrations, although the latter
was not corroborated in another study (50). SSL also inhibits
the binding of TNFa to its receptor (51).

A beneficial effect by salazosulfapyridine (SASP) in a
patient with secondary renal amyloidosis was observed by
Hidaka et al. (52). SASP was evidently effective for arthritis
and improvement of renal function. It might have a benefi-
cial effect on AA amyloidosis by suppressing inflammatory
cytokines. AA protein is derived from SAA which is synthe-
sized by the liver as a response to inflammatory cytokine
(IL-1,IL-6 and TNF-a) stimulation (8, 53, 54) where IL-6 is a
key cytokine for AA amyloidosis induction (54, 55).

The results of our study indicate that treatment with SSL
and D/P can significantly suppress amyloid deposition in a
murine amyloidosis model. This therapy has been success-
ful in the prophylactic and therapeutic treatment of murine
amyloidosis. We suggest that the treatment causes a reduction
in acute-phase proteins, and this reduction is associated with
a decrease in plasma levels of proinflammatory cytokines.
Thus, one clue to the clinical effect of the study drugs may
be their ability to reduce the levels of proinflammatory cy-
tokines, another clue being a reduction in COX-2 expression.

In conclusion, our experiments indicated a different devel-
opment rate for experimental amyloidosis in various treatment
groups of mice. The prophylactic and therapeutic combined
treatment with D/P resulted in a significant improvement of
disease symptoms and markedly reduced amyloid deposits
in the spleen, kidneys, and liver. SSL therapy alone was more
successful in the prophylactic treatment of experimental amy-
loidosis where it, more effectively than D/P, suppressed amyloid
formation in the kidneys and liver. The information gleaned
from such studies may be applied in the prevention and treat-
ment of disorders associated with pathological amyloid depo-
sition such as found in patients with rheumatoid arthritis.
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EKSPERIMENTINES AMILOIDOZES GYDYMAS
PRIESREUMATINIAIS VAISTAIS

Santrauka

Darbo tikslas. Kadangi antrinei amiloidozei kol kas dar netaikomas
specifinis gydymas, $io tyrimo tikslas buvo jvertinti, ar prieSreuma-
tiniai vaistai slopina kazeinu ir fibrinu sukelta eksperimenting AA
amiloidoze C57BL/6 peléms.

Medziaga ir metodai. Taikant monoterapija sulfasalazinu (SSL)
ir diklofenaku (D), taip pat kombinuotg gydyma diklofenaku su
prednizolonu (D ir P), istirtas jy poveikis amiloido susidarymui, kai
vaistai naudojami profilaktiskai ir terapiskai. Vaistai (D - 1 mg/kg,
P - 10 mg/kg ir SSL - 100 mg/kg) buvo leidziami j skrandj meta-
liniu zondu 5 kartus per savaite. Gydymo trukmeé — 5 ir 4 savaités.
Atlikti peliy bluZznies, inksty ir kepeny histologiniai tyrimai. Kongo
raudonuoju nudazytos amiloido sankaupos nustatytos poliarizuo-
jan¢iu mikroskopu ,,Olympus BX51

Rezultatai. Tyrimo rezultatai rodo, kad profilaktinis gydymas
D neturéjo rySkaus poveikio amiloido sankaupoms tiriamuose
organuose, tuo tarpu D ir P kombinacija statistiskai reik§mingai
mazino ligos simptomus ir ryskiai slopino amiloido sankaupas
bluznyje, inkstuose ir kepenyse (p < 0,002-0,001). Profilaktiskai
taikomas SSL statisti$kai reikémingai mazino amiloido sankau-
pas visuose su eksperimentine amiloidoze tirtuose peliy orga-
nuose (p < 0,004-0,001), ta¢iau ryskiausias slopinimas stebétas
inkstuose ir kepenyse (p < 0,006-0,001). Kombinuotas (D ir P)
terapinis eksperimentinés amiloidozés gydymas slopino amiloido
sankaupas vidaus organuose (p < 0,006-0,001), ta¢iau didZiausias
ju slopinimas (86,7 %; p < 0,001) nustatytas kepenyse. Gydant D
statistiSkai reik§mingai sumazéjo amiloido sankaupos kepenyse
(p <0,03), 0 SSL - bluznyje (p < 0,03).

I§vados. Tyrimo duomenimis, D ir P bei SSL slopina amiloido-
geneze, ir $is slopinimas gali buti susijes su prieSreumatiniy vaisty
prie$uzdegiminiu poveikiu. Nors minéti vaistai negali visi$kai nu-
slopinti peléms sukeltos ligos, taciau jie gali padéti gydant reumati-
nes ligas, kai susidaro amiloidogeniniai dariniai.

Raktazodziai: pelés, eksperimentiné AA amiloidozé, priesreu-
matiniai vaistai



