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Abstract
Reactive amyloidosis is a condition that complicates a

long list of chronic inflammation, chronic infectious,
malignant, and hereditary disorders. In the present study
the propensity for amyloidogenesis in  male and female
rats on spatio-temporal pattern was evaluated.  For  this
purpose a total of 60 male and female Swiss mice, obtained
from Pasteur Institute Tehran, after being weighted were
randomly divided into 2 treatment groups including 2
groups [ 10 male (Group A1) and 10 female (Group B1)
each], and 2 control groups  [10 male (Group A2) and 10
female (Group B2) each]. At the end of 3rd, 5th and 7th
weeks of experiment 3 mice were randomly selected and
euthnised. Liver, lung, kidney and heart samples of each
animal were obtained and preserved in 10% neutral buffer
formalin. Sample were then processed through different
stages of dehydration, clearing and impregnation and
finally embedded in paraffin blocks. Sections of 5μm
thickness then cut and stained by alkaline Congo red
techniques. The data obtained from microscopic
quantitative analysis did show significant differences
between  groups A1 and B1. A preferential expression of
reactive amyloidosis is concluded in male, indicating sex
differences in amyloidosis. Vet. Res.  Bull.   6,1:86-90,2010 .

Keywords: amyloid, AgNO3, Freund's Adjuvant,
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1
Department of Pathobiology, Faculty of Veterinary Medicine, Islamic Azad University. Garmsar Branch, Garmsar-Iran.

2
Faculty of Specialized Veterinary Sciences, Islamic Azad University. Sciences and Researches Tehran Branch, Tehran -Iran.

3Graduate  from Faculty of Veterinary Medicine, Islamic Azad University, Garmsar Branch, Garmsar-Iran.

*Corresponding Author: kjamshidi48@yahoo.com

Comparative Study of Propensity for
Amyloidogenesis in Male and Female Rats

Introduction
Amyloidosis encompasses a diverse group of

diseases and is characterized by the extracellular
accumulation of fibrillar protein deposits (1).
Amyloid is a pathologic proteinaceous substance that
produces a collection of diverse clinical syndromes
characterized by extracellular deposition of

amorphouse, congophilic protein within tissues.
Amyloid  proteins are distinguished by their twisted
?- pleated sheet-fibrillar ultrastructure and made up
of nonbranching fibrils of indefinite length and a
width of approximately 7.5 - 10 nm. Amyloidosis is
divided into systemic and localized forms based on
the localization of the amyloid. The systemic form is
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composed of three types: ALamyloid associated with
primary amyloidosis or immunoglobulin dyscrasias,
AA amyloid associated with chronic inflammatory
processes, and AF amyloid associated with

heredofamilial amyloidosis. The most common types
of localized amyloidosis are AE amyloid in the
endocrine organs either associated or not associated
with neoplastic conditions and AS amyloid
associated with senile cardiomyopathy and cerebral
plaques (2).

Amyloidosis is one of the human diseases that can
be studied in animal models. Kuzcynski, the pioneer
in the field of experimental amyloidosis, used casein
to induce amyloidosis in mice in 1923. Subsequently
this method has been widely used by investigators
interested in amyloid research, and the Kuzcynski
method is the most popular and easily reproducible
model for induction of reactive (secondary)
amyloidosis. The availability of such animal model
has greatly advanced our understanding of the
reactive systemic amyloidosis (5).

Fig-1:Amyloid deposition in lung, Male Rat, Group A1, Grade 3.
Congo Red Staining . 

Fig-2:Amyloid deposition in liver, Male Rat, Group A1, Grade 2.
Congo Red Staining .

Fig-3:Amyloid deposition in heart, Male Rat, Group A1, Grade 1.
Congo Red Staining .

Fig-5 :Amyloid deposition in heart, Female Rat, Group B1, Grade 0.
Congo Red Staining .

Fig-4:Amyloid deposition in kidney, Male Rat, Group A1, Grade 1.
Congo Red Staining .
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Secondary amyloidosis is a serious complication
of chronic inflammatory disease, is caused by
deposition in the tissues of amyloid Afibrils. It can be
induced experimentally in mice following the
introduction of various antigenic or inflammatory
stimuli. Induction of amyloidosis in mice generally
consists of chronic injections of inflammatory
stimuli (such as daily s.c. injections of casein,
azocasein, or AgNO3) which trigger production of
serum acute-phase proteins such as serum amyloid A
(SAA). Serum concentration of SAA increases 100-
1000 fold during acute and chronic inflammation (3).
The principal diagnostic criterion of amyloidosis,
established by Divry and Florkin in 1927, is the
detection with a polarizing optical microscope of so-
called "apple green birefringence" from Congo red
stained tissue sections(4). The male sex  is a risk factor
for reactive amyloidosis in several disease entities.
Environmental, socioeconomic or genetic factors
may underlie this male preponderance (7). This study
was aimed at discovering the preponsity of masle sex
for amyloidogenesis. 

Materials and Methods
Experimental animals: Forty Swiss mice

including 20 male and 20 female (31± 1 g  BW), 5-7
week old purchased from Pasteure Institute - Tehran,
were housed in polycarbonate boxes (10 per box) 1
week for acclimation. Drinking water and a
commercial feed were available et libitum. The
animal room was maintained at approximately 22oc
and 50% humidity with a 12-h light - dark cycle. On
day 0 of experiment, animals after being weighted
were randomly assigned to 4 groups including 2
treatment groups [10 male (Group A1) and 10 female
( Group B1) each], and 2 control groups  [10 male
(Group A2) and 10 female ( Group B2) each].

Source of chemical compounds: Chemicals
including vitamin free casein, as amyloid inducer,
purchased from Sigma chemical.  

Induction of amyloidosis: For induction of
amyloidosis  in male and female mice the following
protocol was met:

Group A1: subcutaneouse injection of  0.5 ml  of
12% vitamin free casein  per day × 5 days per week.

Group B1: subcutaneouse injection of  0.5 ml  of

12% vitamin free casein  per day × 5 days per week.
Group A2: subcutaneouse injection of  0.5 ml

normal saline per day × 5 days  per  week.
Group B2: subcutaneouse injection of  0.5 ml

normal saline per day ×5 days  per  week.
Tissue Sampling and Processing: At the end of

3rd, 5th, and 7th week of experiment three mice
randomly selected from each group, and were
subjected to necropsy. Liver, lung, kidney and heart
samples of each animal were obtained and preserved
in 10% neutral buffer formalin. Sample were then
processed through different stages of dehydration,
clearing and impregnation and finally embedded in
paraffin blocks. Sections of 5μm thickness then cut
and stained by alkaline Congo red techniques
(Putchler et al. 1962). As indices of developing
amyloidosis a green  birefringence under the
polarized microscope was considered to be a positive
criterion for the presence of amyloid.  

Grading Score of Amyloid Deposits: For optical
evaluation of amyloidogenic potentials; amyloidoic
areas were observed in randomly 10 selected high
power fields (40x). Alight microscope equipped with
polarized light optics was used to determine the
birefringence intensity of the amyloid deposition in
Congo red stained sections. This system was assigned
to represent changes in the  quantitative appearance
and intensity of amyloid deposits in various
microscopic fields. Amyloidosis scale was assigned
from  0 - 3. In brief the scale was as follow: Grade 0:
No birefringence, Grade 1: minimal, Grade 2:
moderate, Grade 3: heavy amyloid deposits ( 6 ). 

Results
The data obtained from microscopic quantitative

analysis of tissues were analysed by one - way
analysis of variance (ANOVA)  and use of SPSS
software. 

Amyloid density Scale
Relating to amyloid density scale the following

results were observed at the end of  3rd, 5th, and 7th
weeks of experiment (Tables : 1,2 ,3,4).

LIVER
1- There was no significant difference from
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amyloid density point of view between male and
female groups at the end of  3th week of experiment
(p < 0.05).

2- There was significant difference from
amyloid density point of view between male and
female groups at the end of  5th week of experiment
(p < 0.05).

3- There was significant difference from
amyloid density point of view between male and
female groups at the end of  7th week of experiment
(p < 0.05).

HEART
1. There was no significant difference from

amyloid density point of view between male and
female groups at the end of  3th week of experiment
(p < 0.05).

2. There was NO significant difference from
amyloid density point of view between male and
female groups at the end of  5th week of experiment
(p < 0.05).

3. There was significant difference from
amyloid density point of view between male and
female groups at the end of  7th week of experiment
(p < 0.05).

KIDNEY
1. There was no significant difference from

amyloid density point of view between male and
female groups at the end of  3th week of experiment
(p < 0.05).

2. There was significant difference from
amyloid density point of view between male and
female groups at the end of  5th week of experiment
(p < 0.05).

3. There was significant difference from

amyloid density point of view between male and
female groups at the end of  7th week of experiment
(p < 0.05).

LUNG
1. There was significant difference from

amyloid density point of view between male and
female groups at the end of  3th week of experiment
(p < 0.05).

2. There was significant difference from
amyloid density point of view between male and
female groups at the end of  5th week of experiment
(p < 0.05).

3. There was significant difference from
amyloid density point of view between male and
female groups at the end of  7th week of experiment

Week
Tissue 3th 5th 7th

Liver 0 1 2

Heart 0 0 1

Kidney 0 1 2

Lung 1 2 3

Week
Tissue 3th 5th 7th

Liver 0 0 0

Heart 0 0 0

Kidney 0 0 0

Lung 0 0 0

Week
Tissue 3th 5th 7th

Liver 0 0 0

Heart 0 0 0

Kidney 0 0 0

Lung 0 0 1

Week
Tissue 3th 5th 7th

Liver 0 0 0

Heart 0 0 0

Kidney 0 0 0

Lung 0 0 0

Table - 1 : Amyloid Density Scale in Male Mice  (group A1) Table - 2 : Amyloid Density Scale in Male Mice  (group A2)

Table - 3 : Amyloid Density Scale in Female Mice ( group B1)

Table - 4 : Amyloid Density Scale in Female Mice ( group B2)
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(p < 0.05).

Discussion
Amyloidosis is defined by the presence in tissues

of amyloid, a fibrilar  proteinaceous material, which
consists of a main protein and common elements. In
animal models AA amyloid is classically induced by
repetitive subcutaneous injections of casein or
azocasein leading to amyloid deposition within 2-3
weeks.  

Shtrasburg et. al (2004) in their study subjected
male and female Swiss mice to an established
amyloid  induction  protocol and then determined and
compared their  splenic amyloid , and found more
abundant amyloid deposition in male mice.
Shtrasburg et. al (2004) in their study revealed the
preferential expression of reactive amyloidosis in
male mice which was unrelated to the common sex
hormones. Increased  production of the hormones
such as adrenalin, or perhaps an augmented
susceptibility to their effect, may cause gender
differences by suppressing female amyloidosis (7). 

Our study based on histopathological evaluation
of tissue sections including lung, liver, kidney and
heart, stained by Congo red technique favors the
hypothesis leading to sex differences in
amyloidogenesis. The results indicate that the male is
a risk factor for reactive amyloidogenesis. The
maximum and minimum  amyloid density/deposition
were observed  in lung and heart of male mice
respectively, which must be considered more in
future studies. There must be some tissue
predisposing factor for amyloid deposition too.
Further validation of our findings in gonadal ablated
models and other amyloid  induction  protocols  is
warranted.
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