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STELLINGEN 

I 
The role of veterinarians in the management of biomedical 
research facilities and their input into the design of 
animal studies has become increasingly important. There
fore, laboratory animal medicine and laboratory animal 
pathology must be an integral part of the veterinary 
medical curriculum. 

I I 
The increasing use of parapathologists for the histopatho
logic screening of tissues from laboratory animals in 
toxicologic research may be hazardous to the public health. 

Ill 
Cancer research should not be aimed at a major breakthrough 
to cure all cancer. In order to meet the needs of society, 
it should be directed toward the prevention of cancer, 
decreasing the suffering of those with cancer, and curing 
specific types of cancer as new treatments become available. 

IV 
The quantity of years lived is less important than the 
quality of those years. 

V 
The contention that 80-90^ of all human cancer is environ
mental does not imply that the cancers of old age can be 
prevented by modifying the milieu, and it totally disre
gards the high tumor incidence in aged laboratory rodents. 

VI 
The most invariable feature of aging is the variability 
of its associated phenomena. 

VII 
The terms "clean conventional" and "SPF" should not be 
used in scientific articles unless they are very carefully 
defined. 

VII I 
Cancer and aging are not caused by environmental pollutants, 
but rather by a virus or viruses which are incorporated 
into the host genome. They slowly produce defects in the 
body's regulatory functions, resulting in a potential 
curable disease called aging. 
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IX 
Elimination of Sendai virus infection from rodent colonies 
is most readily attained by periodic abstinence of 
breeding pairs. ' 

X 
The pattern of age-associated lesions is dependent in large 
part on the quality and health status of the subjects. 

XI 
Animal handling is not compatible with an allergic 
consti tution. 

XII 
The use of genetically-defined populations of experimental 
animals can be highly recommended in studying the aging 
process. 

XIII 
The inverted dose dependence at high virus concentrations 
in experimental infections with certain viruses can be 
attributed to the activity of defective interfering 
particles. 

K.J. O'Reilly (1970), J. of Hyg.(London) 68, 549-

XIV 
Although surface projections have not been demonstrated in 
all enveloped viruses by electron microscopy, their presence 
can be anticipated. 

XV 
The availability of geriatric preparations in veterinary 
medicine is a threat to elderly dogs. 
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Chapter 1 

INTRODUCTION 

I. PURPOSE 

The laboratory rat (Rattus norvegicus) is 
widely used in biomedical research. Despite this 
fact, few studies have been published that have 
correlated longevity and the age-associated pat
terns of spontaneous neoplastic and nonneo
plastic lesions in rats. Understanding the nor
mal pattern of diseases during aging is essential 
to using rats in life span studies such as the late 
effects of irradiation, carcinogenesis, organ 
transplantation, toxicology, and especially ag
ing research. In the past, studies in these fields 
were relatively short term, lasting only a few 
months. Seldom were rats used in studies last
ing 2 years or longer. Recently, there has been 
a trend in biomedical research to conduct more 
life span studies using rats, and this trend will 
likely continue for some time. Therefore, it is 
imperative that the normal range of age-associ
ated lesions and the expected longevity of spe
cific strains of rats be established. 

This study presents age-associated pathologic 
findings in aging rats that had been maintained 
under similar and well-controlled laboratory 
conditions at the Institute for Experimental 
Gerontology TNO. The rats studied were of the 
BN/Bi and the WAG/Rij strains and their 
(WAG X BN)F, hybrid. The pathologic find
ings came from 670 untreated rats that.had 
completed their natural life spans, were necrop
sied, and were examined histopathologically. 
Longevity data were obtained from 791 rats 
that were part of defined cohorts that com
pleted their natural life spans. The results of the 
longevity data from the 670 necropsied rats 
were compared with those of the 791 rats used 
only for longevity studies. This study was not 
limited to an evaluation of data from dead or 
moribund rats. Experiments were performed to 
compare the lesions found in dead rats with 
those found in rats of the same age that were 
killed. Furthermore, electron-microscopic, his-
tochemical, and transplantation studies were 
done to more clearly define some lesions. For 
completeness, some previously published data 
from this institute were also included. The var
ious parameters studied include longevity data. 

age-associated neoplastic and nonneoplastic le
sions, incidence of tumor metastases, and mul
tiple lesions per rat. The background of the rats 
and the husbandry conditions of the rat colony 
are also discussed. Finally, the results from this 
investigation were compared with data in the 
literature to provide a general reference on ag
ing rats. 

II. DEFINITION OF AN "OLD RAT" 

A universally acceptable definition of an old 
or senescent rat may not be possible because 
there are several conflicting definitions of ag
ing. Some investigators consider any sexually 
mature rat to be old. As a result, some pub
lished studies considered rats of 14 months to 
be "old, "** while in other studies a rat of about 
30 months was "old. " " 

Comfort*^ and others^'""'" have discussed 
the need for complete survival or mortality data 
before defining the young, adult, and aged por
tions of a population. Briefly, complete sur
vival data from rats are determined from a pop
ulation in which all individuals complete their 
normal life spans. From such a study, a survival 
curve can be produced which should have a 
shape similar to that in Figure 1.1. This curve 
begins after weaning and does not include neo
natal or preweanling mortality. The age of 
young adult and mature adult rats corresponds 
to the postweanling plateau of the curve. The 
age when the population enters its phase of se
nescence is the point where a bend is seen, fol
lowed by a period of rapid decline in the num
ber of surviving animals.*^ 

Other investigators, working with aging 
rats'* and mice,'*^ have defined aged rodents as 
those that are older than the 50<7o survival age. 
Regardless of the definition used, complete sur
vival data are clearly required. 

The 50% survival age is useful, not only in 
defining an aged population, but also as a ref
erence point to compare the longevity of differ
ent strains and stocks of rats. For example, the 
50% survival age of some Sprague-
Dawley,*''"*••"'•'"' Wistar, ' ' •"• '•*• '"••" 
Fischer,**"' and Brown Norway rats'* is about 
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FIGURE 1.1. Percent survival with age for a population. (A) The postweanling adult popula
tion. (B) The bend in the curve followed by a rapid decline in the number of survivors. (C) The 
50<7o survival age for the population. (D) The age when the last survivor dies. 

27 to 30 months. These and other longevity 
studies have been recently reviewed."*' If the 
50% survival age is used to define an old rat, 
then based on the above studies, a rat of nearly 
30 months is needed to study an aged rat. If the 
above rats are to be used in life span studies, 
then it can be expected that half of them will 
survive more than 28 months, with the oldest 
rats reaching ages older than 48 months. 

III . LESIONS O F A G I N G RATS 

The normal age-associated pathology of ag
ing rats must also be defined. Several investi
gators have described or reviewed spontaneous 
nonneoplastic lesions of rats.*•'*•**•"* Tumors 
in rats have been discussed in detail by many 
i n v e s t i g a t o r s . ' " " " " " ' " " " ' " Much is 
known about the pathology of rats. However, 
few of the studies have compared both the neo
plastic and nonneoplastic lesions of a strain or 
stock of aging rats and fewer still have studied 
rats that have lived out their normal life span. 
Much of the published data on tumor inci
dences for various rat strains and stocks have 
been derived from rats less than 2 or 2Vi years 
old. Many of the studies included rats that were 

killed before the end of their natural life span, 
and there are few published comparisons of the 
lesions of rats that died spontaneously com
pared to those killed at the same age. 

Each rat strain seems to develop its own char
acteristic set of lesions. Some have a high inci
dence of radiculoneuropathy,'*-** while others 
have a very low incidence.*' Similarly, some rat 
strains are plagued with a high incidence of 
chronic progressive glomerulonephropathy 
while others have a low incidence.'*' The inci
dence of neoplastic lesions also varies. For ex
ample, cancers of the ureter and bladder are 
common in BN/Bi rats*' but are rare in other 
strains. Therefore, it is clearly impossible to 
simply list the most common lesions in aging 
rats. Investigators must determine the back
ground of the neoplastic and nonneoplastic le
sions in the rats they are using. 

IV. FACTORS T H A T CAN 
INFLUENCE LIFE SPAN STUDIES 

Survival data alone may give misleading in
formation because extraneous factors can alter 
"normal" longevity. Many factors can influ
ence the shape of a survival or mortality curve 



and can change the 50%, the mean, and the 
maximum survival ages. Husbandry conditions 
need to be known before the longevity and age-
associated pathology can be evaluated. Recent 
reviews have stressed the importance of this in
formation.*'-'»"' 

It is difficult to decide whether germ-free, 
specific-pathogen-free, or conventional rats are 
the best for life span studies; each has advan
tages and disadvantages. In his recent review, 
Weisbroth'** reevaluated different barrier sys
tems for laboratory rats. The major problem 
was the cost involved compared to the expected 
results. The stricter the barrier system, the 
greater the cost to produce and maintain rats. 
One wants the highest quality rats for any re
search, especially for life span studies, but there 
may be a point where the costs become too 
great for the potential results. Because of the 
need for recommendations to resolve this prob
lem, guidelines have been published by Jonas" 
that help to clarify this question. 

Specific husbandry conditions have been 
shown to alter longevity and pathologic find
ings in rats. First, infectious diseases definitely 
affect longevity. Paget and Lemon'*" showed 
that "dirty" rats do not live as long as their 
specific-pathogen-free counterparts. Cohen*' 
has stressed how environmental influences and 
infectious diseases can alter longevity and the 
results of experiments. Chronic respiratory dis
ease'" is the most important infectious disease 
that can affect longevity, but others may be im
portant and they have been outlined by 
Squire.'" 

Second, the diet can affect longevity, as 
clearly illustrated in the studies by Simms,'*" 
Sims and Berg,'** Berg and Simms, '"" '* 
Ross'*»'"* and Ross and Bras'"' and in the re
cent review by Cohen and Anver."' Dietary 
changes result in altered survival data and may 
also influence biochemical values," may result 
in different patterns of both neoplastic'"*'"" 
and nonneoplastic disease,'**"" and can alter 
organ weights.'" 

Finsilly, breeding may influence the longevity 
of rats, as suggested by the studies of Wexler 
and Greenberg.'*" They showed that retired 
breeders do not live as long as virgins. Paget 
and Lemon'*" reported similar findings with 
earlier mortality occurring in SPF breeder rats 
than their SPF virgin counterparts. It is not 

known, however, if such observations are true 
for all strains of rats. 

V, INTRODUCTION TO T H E 
C H A P T E R S 

This study was done to evaluate two rat 
strains and their F, hybrid. All were maintained 
at the Institute for Experimental Gerontology 
TNO, The Netherlands. Evaluation of the lon
gevity data and pathologic findings requires a 
knowledge of the background of the rats, the 
husbandry of the colony, and the literature. 
The following chapters provide answers to 
some of the questions raised in this Introduc
tion (Chapter 1). 

Chapter 2 — A general description of the 
BN/Bi, WAG/Rij, and (WAG x BN)F, rats is 
presented. This chapter describes their husban
dry conditions, breeding history, and the meth
ods of selecting and necropsying rats. 

Chapter 3 — The longevity of each rat strain 
is presented. The survival of virgin female rats 
is compared to that of retired breeders, and the 
survival data from males to that of females of 
the same strain. These findings are compared 
with the survival data from the rats that are 
necropsied and presented in Chapters 4 and 5. 

Chapter 4 — This chapter is organized into 
organs and organ systems. The major neoplas
tic and nonneoplastic lesions are described, tab
ulated, and often documented with photo
graphs. The findings in each organ system are 
briefly discussed and are compared to previ
ously published findings. 

Chapter 5 — The rats described in Chapter 4 
often had multiple neoplastic and nonneoplas
tic lesions. An evaluation of the number of le
sions in these rats at different ages, especially 
the neoplastic lesions, is presented in this chap
ter and the age-associated risk of these rats 
dying with metastic neoplasms is also exam
ined. 

Chapter 6 — In this chapter, a comparison 
of three different figures is made in order to 
estimate the incidence of a lesion in the living 
population. These figures are (1) the percent of 
rats that died with a given lesion, (2) the percent 
of the population at risk that had the lesion, 
and (3) the actual percent in rats killed at spe
cific ages. The data for Items 1 and 2 were ob
tained from the necropsied rats reported in 
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Chapter 4. The percentage in killed rats was ob
tained by selectively killing groups of 14- and 
21-month-old rats. 

Chapter 7 — Further studies on the syn
drome of posterior paralysis that was observed 
in aging (WAG X BN)Fi rats are reported. 
These studies included serial killings to deter
mine the age of onset of the lesions, eveiluation 
of the lesions in males and females, evaluation 
of the peripheral nerves, and skeletal muscle 
and semiserial sectioning of the entire spinal 
cord in order to localize lesions within the 
spinal cord. 

Chapter 8 — Selected parameters in the F, 
hybrid rat are compared with the parent strains. 

and a discussion of the similarities and differ
ences is presented in this chapter. 

Chapter 9 — Potential models of certain dis
eases have been or are still being developed us
ing the BN/Bi, WAG/Rij, and (WAG X BN)F, 
rats. This chapter summarizes those potential 
models that have been recognized and may be 
useful for aging or cancer research. 

Chapter 10 — The importance of life span 
longevity and pathology data from rats are 
stressed in this chapter. 

Chapter 11 — This chapter contains a general 
discussion of the age-associated lesions and 
their effect on aging in rats. 
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Chapter 2 

BACKGROUND OF THE ANIMALS AND THE RAT COLONY 

I. BACKGROUND OF THE RATS 

Pestings and Staats** summarized the history 
and salient characteristics of several rat strains. 
Among those listed were the Brown Norway 
(BN) and the Wistar-derived (WAG) strains. 
These two strains are particularly emphasized 
here because they are the sources for the BN/ 
Bi and WAG/Rij rats of this study. 

The BN strain, BN/Bi, was originally started 
by Silvers and Billingham in 1958 from a brown 
mutation obtained from King and Aptekman. 
They were obtained as conventional animals 
from Microbiological Associates Inc. (Be
thesda, Md.) in 1963. After arrival, rats were 
derived by hysterectomy, nursed on germ-free 
mothers, and raised as specific pathogen-free 
(SPF) rats. They have been inbred in Rijswijk 
since 1963 by brother x sister mating and are 
now in their 22nd generation. The degree of in
breeding has been frequently confirmed by re
ciprocal skin grafting showing permanent takes 
in 100% of the grafts. 

The WAG/Rij is a small white WAG rat. It 
was obtained from Glaxo Laboratories (Green-
ford, Middlesex, England) in 1953. The original 
stock was derived from conventional animals. 
Later, germ-free rats were derived by hysterec
tomy. The germ-free rats then were used to es
tablish an SPF breeding colony. They have 
been inbred since 1953 by brother x sister mat
ing and are now in their 39th generation. As 
with the BN/Bi rats, the degree of inbreeding 
has been frequently confirmed by reciprocal 
skin grafting showing permanent takes in 100% 
of the grafts. Skin grafting between BN/Bi and 
WAG/Rij consistently is rejected within 10 to 
12 days. They apparently differ at the major H-
1 histocompatibility locus."""* 

The (WAG X BN)F. rat described in this 
study is the Fi hybrid of a cross between female 
WAG/Rij and male BN/Bi rats. As would be 
expected with an Fi hybrid, skin grafting from 
BN/Bi or WAG/Rij to the F, is successful with 
permanent takes in 100% of the grafts, while 

grafts from the F, to the BN/Bi or WAG/Rij 
parent are rejected. 

II. COLONY HUSBANDRY 

All rats were from the aging colony main
tained at the Institute for Experimental Geron
tology TNO. The source of those rats, however, 
was a larger production colony that produced 
rats for the institutes of the REP* Institutes in 
Rijswijk. There were three colonies in the REP 
Institutes: (1) a germ-free colony, (2) a SPF 
breeding and stock colony, and (3) the aging 
colony. The husbandry protocols for the var
ious colonies are summarized in Table 2.1. A 
flow diagram of the rats within the REP Insti
tutes is shown in Figure 2.1. 

Bacteriologie monitoring was done on a rou
tine basis in the SPF breeding colony. Five rats 
(one rat from each of five different cages) were 
randomly selected every month. Each rat was 
then killed and examined by gross necropsy. 
Lung tissue and feces were taken for routine 
bacterial cultures. In addition, culturing for 
mycoplasma was also attempted from the lung 
tissue. Individual rats from the aging colony 
were cultured from time to time, but routine 
bacteriological monitoring was not performed. 
If an organism was isolated from any rat, the 
entire colony was considered positive. Table 2.2 
lists the bacteria found in 1974 and 1975. Al
though attempts were made to isolate other or
ganisms, including mycoplasmas, they were not 
detected in the colonies. 

Serologic tests for viruses latent in the SPF 
and aging colonies were done once a year. The 
tests were performed on each individual rat 
serum by M. C. J. van Nunen, Catholic Univer
sity, Nijmegen, The Netherlands. Complement 
fixation tests were used to detect antibodies to 
murine adenovirus, lymphocytic choriomenin
gitis (LCM) virus, mouse hepatitis virus, reovi-
rus-3, vaccinia virus, and Sendai virus. Hem
agglutination inhibition tests were used for K-
virus, polyoma virus, minute virus, Theiler gd 

REP stands for the Radiobiological Institute, Institute for Experimental Gerontology and Primate Center. 
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TABLE 2.1 

Conditions and Standard Protocol for the Different Rat Rooms in the REP Institutes TNO 

Air changes per 
hour 

Pressure 
Temperature 
(°C) 

Humidity (<?o) 
Filters 

Food 

Water 
Bottles 

Polycarbonate 
cages 

Wire cages 

Bedding 

Floors 

Light schedule 

Personnel 

Type of control 
of who enters 

GF 

Unknown 

+ 
20—22 

Unknown 
Absolute bacterial/ 

viral filters 
Autoclaved AM II 
plus supplement 

Autoclaved 
Autoclaved 

Autoclaved 

Sterilized sawdust 

— 

12 hr light 
12 hr dark 
— 

— 

SPF breeding 

15 

+ 
20—22 

6 5 - 7 0 
Insect and dust; 
electrostatic filters 

Autoclaved AM II 
plus supplement 

Acidified to pH 3.0 
Autoclaved and 

changed two times 
per week 

Cleaned and 
sterilized two times 
per week 

Sterilized sawdust 

Cleaned daily. 
disinfected with 
Halamide®" 

12 hr light 
12 hr dark 
Entry via four 

lockers, sterilized 
clothes, boots and 
gloves, caps and 
face mask 

Restricted—only 
specific personnel 

SPF stock 

15 

+ 
20—22 

60—65 
Insect and dust 
filters 

AM II only not 
autoclaved 

Tap water 
Automatic system 

— 

Washed one time 
per week with 
water and steam 

Wire cages 

Cleaned two times 
per week. 
disinfected with 
Halamide® 

12 hr light 
12 hr dark 
Entry via one 

locker. 
quarantine 
clothes, boots 
disinfected, face 
mask 

Limited access 

Aging colony 

15 

+ 
20—22 

60—65 
Insect and dust 
filters 

AM II only not 
autoclaved 

Tap water 
Autoclaved and 

changed three 
times per week 

Washed in 
80—90°C water, 
changed two times 
per week 

Presterilized 
sawdust 

Cleaned one time 
per week. 
disinfected with 
Halamide® 

12 hr light 
12 hr dark 
No locker. 

laboratory clothes 

Limited access 

the room 

* Halamide = chloramine (N-chloro-p-toluensulfonamide) sodium. 

VII virus, encephalomyocarditis virus, pneu
monia virus of mice, and Sendai virus. Serum 
samples from the SPF and aging colonies tested 
prior to November 1974 were negative for all 
viruses except pneumonia virus of mice (PVM). 
In November and December of 1974, the entire 
rodent colony at the REP Institutes experienced 
an epizootic Sendai virus infection.*'"" As a re
sult, additional serology testing was done to 
monitor the titers to Sendai virus in the rodents. 
Table 2.3 summarizes the titers for all viruses 
tested and the number of rats examined during 
1974 and 1975. 

A. Germ-free Colony 
Germ-free (GF) BN/Bi and WAG/Rij rats 

were maintained in case it might become neces
sary to start a new SPF breeding colony. The 
number of GF rats produced provided a few an
imals for experiments; however, they were not 
maintained for life span or pathology studies. 

B. Specific Pathogen-free Breeding and Stock 
Colony 

The SPF breeding rats were first given "col
ony-resistant flora" (CRF) and then trans
ferred to the breeding colony. The organisms in 
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SPF STOCK (holding) ROOM 
BN/B 
WAG/Rij 
(WAG X BNIF^ 

SPF BREEDING COLONY 
BN/Bi 
WAG/Rij 

(WAG X BN)F, Hybrid 
Virgins 

> 6 Weeks Of Age 

Retired Breeders 

AGING COLONY 
("Clean" Conventional) 
BN/Bi 
WAG/Rij 
(WAG X BN)F, Hybrid 

•CRF = Colonization Resistant Flora 

FIGURE 2.1. Flow diagram of BN/Bi, WAG/Rij, and (WAG x BN)F, rats within the REP Institutes TNO. 

TABLE 2.2 

Bacteria That Have Been Isolated from the SPF and Aging Rat 
Colonies 

1974 1975 

Organism 

Escherichia coli 
Staphylococcus aureus 
S. albus 
Streptococcus faecalis 
Enterobacter cloacea 
Hafnia sp. 
Bacillus sp. 
Bordetella bronchiseptica 
Klebsiella pneumoniae 

SPF 

+ 
-
+ 
+ 
+ 
+ 
+ 
-
-

Aging 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
-

SPF 

+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Aging 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

the CRF and the techniques used have been de
scribed'™ and included nonpathogenic strains 
of Escherichia coli. Staphylococcus sp., and 
Streptococcus. 

In the breeding colony, rats were housed in 
polycarbonate cages (Makrolon®) 35 cm long 
X 23 cm wide x 16 cm high. One male was 
placed with three females. When a female be
came pregnant, it was removed from the breed
ing cage and was individually caged for partu

rition, nursing, and weaning. After weaning, 
the female was returned to the breeding cage of 
origin with the male and other females. The 
weaned rats were kept together until about 6 
weeks old, at which time they were transferred 
to the SPF stock rooms or to the aging colony. 

The young stock rats from the breeding col
ony were separated by sex, strain, and age. 
They were housed in large 63 cm long x 42 cm 
wide X 20 cm high wire cages. Approximately 
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TABLE 2.3 

Summary of Ser(dogy Findings from the SPF and Aging Rat Colonies of the REP Institutes 

Number of rats examined 
1974— 

14 

Complement fixation test* 

Murine adenovirus < 1:5 
Lymphocytic choriomeningitis <1:5 
(LCM) virus 

Mouse hepatitis virus < 1:5 
Sendai virus <1:S 

Vaccinia virus < 1:5 

Reovirus-3 <1:5 

Hemagglutination inhibition test' 

K-virus <1:10 

Polyma virus < 1:20 
Minute virus <1:20 
Theiler gd VII virus <1:20 
Encephalomyocarditis virus < 1:10 
Pneumonia virus of mice (PVM) 1:10—320 (60) 
Sendai virus <1:10 

January 1975— 
15 

<1:5 
<1:5 

<1:5 
<1:1 0 — 1 2 8 0 

(402)' 
<1:5 
<1:5 

<1:10 
<1:20 
<1:20 
<1:20 
<1:10 

1:10- 160(49) 

No t de te r 
mined 

May 1975-
35 

<1:5 
<1:5 

<1:5 
1:2 0 — 1 2 8 0 

(292) 
<1:5 
<1:5 

<1:10 
<1:20 
<1:20 
<1:20 
<1:10 

1:20—640(174) 

1:2 0 -
(370) 

5 1 2 0 

August 1975-
25 

<1:5 
<1:5 

<1:5 
1:5—160(50) 

<1:5 
<1:5 

<1:I0 
<I:20 
<1:20 
<1:20 
<1:10 

1:1 0 — 2 5 6 0 
(262) 

1:10—320(48) 

Complement fixation titers of <1:5 were considered negative. 
The titers for Sendai virus and PVM virus represent the range (mean) of all individual sera tested. 
Hemagglutination inhibition titer of <I : 10 or <1:20 were considered negative. 

20 rats were kept per cage until transferred to 
experiments. 

The breeding colony was small enough so 
breeders could be culled from the colony on an 
individual basis. Female rats were culled when 
the number of youngborn or weaned per litter 
decreased and males when they failed to make 
females pregnant. As a result, some rats were 
removed from the breeding colony at about 6 
months old and others remained as active 
breeders even when older than 15 months. 

C. Aging Colony 
The aging colony was maintained at the In

stitute for Experimental Gerontology TNO. 
The rats entering this colony came from the 
SPF stock and breeding colony of the REP In
stitutes (Figure 2.1) and consisted of retired 
breeders and virgins. The retired breeders from 
the breeding colony varied in age from a few 
months to about 15 months old when they en
tered the aging colony. Virgin rats were about 
6 weeks old when they entered the aging colony. 

The aging colony was maintained under 
"clean" conventional conditions.*' It was not 
maintained under strict barrier isolation, but 
the microbiological flora was known and there 
was limited access into the rat rooms by certain 
personnel and animal caretakers (Table 2.1). E. 
coli, Klebsiella pneumoniae, Bordetella bron
chiseptica. Staphylococcus sp.. Streptococcus 
sp., Enterobacter sp., Hafnia sp. and Bacillus 
sp. were infrequently isolated from these rats 
(Table 2.2). There was also a low-level but con
stant infection by pinworms. 

Titers to PVM and Sendai virus were de
tected in serum from rats as shown in Table 2.3. 
The longevity and pathology data presented in 
subsequent chapters were derived from rats that 
died or were killed from early 1971 until June 
1976. PVM was present in the colony during 
most or all of this period. Sendai virus entered 
the colony in November or December 1974. 
Therefore, some rats died in the pre-Sendai pe
riod and others died or were killed after Sendai 
virus entered the colony. 
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TABLE 2.4 

Composition of the AM II Diet 

Ingredients Percentage by weight 

Whole wheat meal (North American, not 
denaturated) 

Whole wheat meal (Western European, not 
denaturated) 

Oat meal (ground) 
Whole linseed (ground, not extracted, not 
pressed out) 

Alfalfa meal (minimum crude protein 17Vo 
artificial dried) 

Grassmeal (minimum crude protein n'fi'o 
artificial dried) 

Commeal (±9% crude protein) 
Meatmeal (crude protein 70—80<?o) 
Lactalbumin 
Yeast (dried) 
Cornoil (minimum SOVo unsaturated fat) 
Minerals 
Vitamin A-D premix 
Vitamin B premix 

Theoretical 
Analysis (Va) 

Crude protein 
Digestible crude protein 
Real protein 
Digestible real protein 
Crude fat 
Crude fiber 
Other carbohydrates 
Moisture 
Ash 

25.2 
21.3 
21.6 
17.7 
8.0 
3.6 

47.3 
10.4 
4.1 

24 

24 

8 
6 

3 

2 

5 
15 
4 
4 
2 
1 
0.1 
2.0 

Practical (%) 

24.8 — 25.5 

7.8— 8.2 
± 3.5 

10.0 — 10.5 

Aging rats were housed in polycarbonate 
cages 35 cm long x 23 cm wide x 16 cm high. 
The number of rats per cage varied from one 
to three. Sexes and strains were maintained sep
arately. 

III. DIET 

The basic diet for all rats was the AM II diet 
(Hope Farms, Woerden, The Netherlands). The 
composition and the theoretical and practical 
analysis are summarized in Table 2.4. The GF 
and SPF breeding rats, however, all received 
autoclaved AM II diets mixed with a supple
ment diet (Table 2.5) The AM II pellets were 
mixed with the supplement food pellets at a ra
tio of 9 AM II to 1 supplement before autoclav-
ing. The precise composition of this combined 
diet was not available. Water was provided to 
all animals ad libitum (Table 2.1). 

IV. BREEDING PERFORMANCE AND 
PREWEANLING MORTALITY 

The records used to calculate the survival and 
mortality data, presented in the subsequent 
chapter, began after weaning. Ideally, the data 
should be collected from birth, but this was not 
possible. To partially overcome this deficiency, 
some brief comments on the breeding colony 
are discussed. 

The maximum number of litters in one gen
eration of BN/Bi rats was about eight and was 
about six for WAG/Rij rats. The average litter 
size born per female was five for BN/Bi rats 
and eight for WAG/Rij rats. The average num
ber weaned per litter for BN/Bi rats was four 
and for WAG/Rij rats was six. The preweanl
ing mortality for BN/Bi rats varied from 9 to 
24% depending on the number of litters per fe
male, time of the year, and other factors. For 
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TABLE 2.5 

Composition of Supplement Diet* 

Analysis 

Crude protein 
Digestible crude protein 
Real protein 
Digestible real protein 
Crude fat 
Crude fiber 
Other carbohydrates 
Moisture 
Ash 

T h e o r e t i c a l 
(%) 

29.9 
25.8 
26.4 
22.5 

8.2 
3.1 

42.5 
9.9 
4.1 

The precise composition of this diet is not 
available for publication. 

TABLE 2.6 

General Data from the Breeding Colony for One Average Oeneration of BN/Bi 
Rats 

Litter number in one 0 1 2 3 4 5 6 7 8 
g e n e r a t i o n of 
breeding 

Percent of breeding 100 100 99 95 84 60 34 10 4 
females remaining 
for the next litter 

Average litter size at — 4.4 5.6 5.5 5.4 5.2 4.8 3.3 6.5 
birth 

Average number — 3.9 5.2 5.1 4.5 4.3 3.9 0.8 3.5 
weaned per litter 

Average preweanling — 13 9 9 16 15 16 24 46 
mortality per litter 
(%) 

WAG/Rij rats, the preweanling mortality 
ranged from 15 to 31% per litter. The average 
preweanling mortality per generation for BN/ 
Bi rats was 25% and for WAG/Rij rats was 
24%. These data are listed in Table 2.6 for BN/ 
Bi rats and Table 2.7 for WAG/Rij rats. 

V. WEIGHTS O F A G I N G RATS 

Weights were determined by weighing all rats 
of a given age that were present in the aging 
colony on one day. The average weight (±1 
standard deviation) in grams for virgin, male 
and female BN/Bi, WAG/Rij and F, rats are 
summarized in Figure 2.2. Each point plotted 
represents 7 to 44 rats, with the lower number 
of rats per point occurring in the groups older 
than 30 months. 

Female BN/Bi, WAG/Rij, and (WAG x 
BN)Fi rats of similar ages had nearly identical 
weights. Females older than 6 months weighed 
between 180 and 220 g, with the older rats 
weighing only slightly more than the younger. 
There was greater variability in the weights of 
male BN/Bi, WAG/Rij, and (WAG x BN)F, 
rats older than 6 months. The males as a group 
were significantly heavier than females of the 
same age. 

VI. P R O T O C O L FOR SICK OR D E A D 
RATS 

A certain number of losses will occur from 
cannibalism or autolysis during any life span 
study. To reduce such losses, inspections for 
sick and dead rats were made twice daily during 
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TABLE 2.7 

General Data from Breeding Colony for One Average Generation of 
WAG/Rij Rate 

Litter number in one 0 1 2 3 4 5 6 
g e n e r a t i o n of 
breeding 

Percentage of breed- 100 99 
ing females remain
ing for the next lit
ter 

Average litter size at -
birth 

Average number -
weaned per litter 

Average preweanling -
mortality per litter 
(%) 

95 90 75 46 

7.4 8.4 8.8 7.9 8.3 7.4 

5.5 6.4 6.8 6.7 6.4 5.1 

26 24 23 15 23 31 

600 

500 

400 -

^ 300 

i 
200 

100 

BN/Bi j ^ , W A G / R i ] | ^ . F , j ^ ^ 

X J . _L I 
12 18 24 30 

Age Period (Months) 

36 42 

FIGURE 2.2. Mean weight (±1 standard deviation) in grams of aging, male and female, BN/ 
Bi, WAG/Rij, and (WAG x BN)F, rats. 

the week and once daily on weekends and holi
days. When a rat was observed to be sick, less 
active, or to have a large lesion such as a tumor, 
it was removed from the aging colony, trans
ferred to an individual cage, and moved into a 
"sick ward." The "sick ward" was in a loca
tion such that sick rats could be observed more 
frequently. Since it is desirable that aging rats 

live as long as possible, the sick were not killed 
until they became moribund. When a rat was 
killed, moribund, or found dead, it was submit
ted for necropsy. It is desirable to have com
plete necropsy material and well-preserved tis
sue for histopathology, therefore, rats that 
were autolyzed or partially eaten were dis
carded. 
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TABLE 2.8 

Summary of the Strain, Sex, Breeding History, and Number Studied for 
Each Group of Necropsied Rats 

Strain 

BN/Bi 
BN/Bi 
WAG/Rij 
WAG/Rij 

(WAG x BN)F, 
(WAG X BN)F, 

Sex 

Female 
Male 
Female 
Male 

Female 
Male 

History 

Virgins 
Virgins 
Virgins 
Retired breeders 
and virgins 

Virgins 
Virgins 

Number examined 

236 
74 

101 
124 

68 
67 

Strain differences were observed in the num
ber of rats lost because of autolysis and canni
balism. Losses of WAG/Rij and F, rats were 
about 15%, while 30% of the BN/Bi rats were 
lost from the aging colony. Such differences are 
difficult to explain, but they cannot be ignored. 
The elimination of these rats from aging studies 
may have altered the age-associated patterns of 
lesions found in this study. Most losses from 
autolysis occurred in rats dying at night, week
ends, or holidays, and to reduce losses during 
those periods would require additional person
nel to examine the colony. The cost to produce 
rats of 2 to 3 years may, however, justify closer 
observations of the aging colony. In a separate 
publication, Burek and Hollander^' have 
stressed these points and have emphasized the 
need for baseline pathology ata to help explain 
strain differences in the peicentage of animals 
lost from autolysis and the need to consider 
such losses in the interpretation of aging pa
thology data from various rat strains. 

VII. NECROPSY P R O C E D U R E 

The necropsies were done by trained techni
cians under the supervision of three patholo
gists and followed rigid protocol. The rat was 
examined for external lesions and then laid on 
its back and pinned down. A midline incision 
was made from the mandibular symphysis to 
the anus. The skin was reflected so that mam
mary gland tissue, superficial lymph nodes, and 
other subcutaneous structures could be exam
ined. The abdomen and thorax were opened. 
Each organ system and regional lymph nodes 
were examined for abnormalities. All gross 

pathologic observations were recorded and 
often photographed. Measurements were made 
and recorded for most tumors, but whole body 
weights and weights of specific organs or tu
mors were not obtained routinely. 

The tissues routinely included for micro
scopic examination, and the minimum number 
of sections from each organ, are as follows: 
skin, 1; salivary gland, 2; lungs, 4; heart, 2; 
esophagus, 1; stomach, (1 section with squa
mous and glandular portions); duodenum, 1; 
ileum, 1; cecum, 1; colon, 1; liver, 3; pancreas, 
2; left kidney, 1; left ureter, 1; right kidney, 1; 
right ureter, 1; bladder, 1; spleen, 1; lymph 
nodes: mesenteric — 2, superficial — 2, deep 
cervical — 2, anterior mediastinal — 1 ; thymus, 
1; sternum, 1; left and right thyroid, 2; left ad
renal, 2; right adrenal, 2; brain, 5; pituitary, 1; 
right testicle, 1 ; left testicle, 1 ; prostate, 1 ; ac-
cesssory male genitalia, 2; left ovary, 1; right 
ovary, 1; uterine horns, 2; cervix, 1; and mam
mary glands in females, 1. In addition, more 
sections were taken when indicated, as in the 
case of large tumors. 

The spinal cord was examined only when in
dicated by paralysis or when lesions were ob
served in the vertebral column. Joints were 
taken for histology only when indicated by 
gross abnormalities. Finally, the eyes, ears, and 
skull (including nasal passages) were not rou
tinely examined. 

Tissues were fixed in phosphate-buffered 
10% formalin or Tellyesniczky's fluid. The tis
sues were embedded in paraplast, sectioned 
with a microtome (56 jî m), and were routinely 
stained with hematoxylin-phyloxin-saffron 



(HPS). Other stains were prepared when re
quired. 

VIII. SELECTION O F NECROPSIED 
RATS 

The groups of necropsied rats are summa
rized in Table 2.8. The female and male BN/ 
Bi, female and male F„ and female WAG/Rij 
rats were all virgins. The male WAG/Rij rats 
were a mbcture of retired breeders and virgins 
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because the breeding history was not recorded 
on the pathology records, but most were vir
gins. 

The rats died during the period of 1971 to 
June 1976. They represent several different co
horts.* Some rats were removed from the col
ony for different aging studies and some were 
lost from studies because of autolysis or canni
balism. The remaining rats were necropsied 
when found dead, killed, or moribund and rep
resented random colony deaths. 

For this study, a cohort is defined as a group of rats of the same strain, sex, and age that entered the aging colony at the 
same time, and all members of which were examined throughout their life spans. 



Part III 
Results and Discussions 
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Chapter 3 

LONGEVITY STUDIES 

I. LONGEVITY O F COHORTS* O F 
A G I N G RATS 

The survival curves from cohorts of rats and 
from those necropsied are shown in Figures 3.1 
to 3.6. A summary of the 90, 50, and 10% and 
maximum survival ages is presented in Table 
3.1 from the cohorts of virgins, in Table 3.2 
from the cohorts of retired breeders, and in Ta
ble 3.3 from the rats that were necropsied for 
histopathology. 

A. Cohorts of Virgins 
The data from complete cohorts of virgin 

male and female BN/Bi rats, virgin male and 
female Fi rats, and virgin female WAG/Rij rats 
showed similar longevity which can be summa
rized as follows: a 90% survival age of 22 (±3) 
months, a 50% survival age of 31 (±2) months, 
and a 10% survival age of 39 (±2) months. The 
maximum life span observed from these co
horts ranged from 42 to 48 months. 

The male WAG/Rij rats, unlike the other co
horts of virgin rats, had a shorter life span (Fig
ure 3.4 and Table 3.1). The 90% survival age 
was 13 months, the 50% survival age was 24 
months, the 10% survival age was 31 months, 
and the oldest male was 34 months. Therefore, 
the cohort of WAG/Rij males died 7 to 9 
months earlier than rats in any of the other co
horts of virgins. 

B. Cohorts of Retired Breeders 
The survival curves of retired breeder female 

BN/Bi rats are presented in Figure 3.1 and for 
female WAG/Rij rats in Figure 3.3. The 90, 50, 
and 10% and maximum survival ages of these 
two cohorts are summarized in Table 3.2. Fig
ure 3.7 shows the same data, expressed as per
cent mortality, for the virgin and retired 
breeder female BN/Bi and WAG/Rij rats. 

Retired breeder BN/Bi females appeared to 
survive longer than virgins. The actual differ
ence, however, was only 2 months or less over 

1 0 0 , -

80 

60 

"I 40 
3 

20 

BN/Bi FEMALES 

- — Necropsied Virgins N = 236 
— — — — — Retired Breeders N = 73 

Virgins, Cohort N = 109 

10 15 20 25 30 35 

Age Period (IVIonths) 
40 45 50 55 

FIGURE 3.1. Survival curves from cohorts of virgin and retired breeder female BN/Bi rats and from virgin female BN/Bi 
rats that were necropsied. 

* For this study, a cohort is defined as a group of rats of the same strain, sex, and age that entered the aging colony at the 
same time, and all members of which were examined throughout their life spans. 
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Virgins, Cohort N = 25 
Necropsied Virgins, N = 74 
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FIGURE 3.2. Survival curves from a cohort of virgin male BN/Bi rats and from virgin male BN/Bi rats that were necrop
sied. 
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- — ~ ~ Necropsied Virgins, N = 101 

— — — — — Retired Breeders, Cohort N = 289 
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FIGURE 3.3. Survival curves from cohorts of virgin and retired breeder female WAG/Rij rats and from virgin female 
WAG/Rij rats that were necropsied. 

the life span of both cohorts. Retired breeder 
WAG/Rij females, on the other hand, had a 
slightly shorter life span than virgin WAG/Rij 
females. Here again, the retired breeders and 

virgins differed by only 1 month at the 90 and 
10% and maximum survival ages and by 3 
months at the 50% survival age. 

The BN/Bi female retired breeders lived 
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FIGURE 3.4. Survival curves from a cohort of virgin male WAG/Rij rats and from male WAG/Rij rats that were necrop
sied. 
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FIGURE 3.5. 
rats that were 

Survival curves from a cohort of virgin female (WAG x BN)Fi rats and from virgin female (WAG x BN)F, 
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longer than the WAG/Rij retired breeders as il
lustrated in Figure 3.7. They differed by 3 
months at the 10% mortality ages, by 6 months 
at 50% mortality ages, and by 2 months at the 
90 and 100% mortality ages. 

II. LONGEVITY OF THE 
NECROPSIED RATS 

Some differences were found between nec
ropsied rats and cohorts of the corresponding 
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FIGURE 3.6. Survival curves from a cohort of virgin male (WAG x BN)F, rats and from virgin male (WAG x BN)F, rats 
that were necropsied. 

TABLE 3.1 

Summary of the 90, 30, and 10% and Maximum Survival Ages from Cohorts of 
Viigm, BN/Bi. WAG/Rij, and (WAG x BN) F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

F 
M 

F 
M 

F 
M 

Number 

109 
25 

124 
78 

47 
46 

Percent survival 

90% 

25 
21 

24 
13 

22 
19 

(months) 

50% 

33 
32 

32 
24 

29 
30 

TABLE 3.2 

age 

10% 

38 
39 

37 
31 

37 
41 

Maximum survival age 
(months) 

48 
42 

45 
34 

42 
43 

Summary of the 90, SO, and 10% and Maximum Survival Ages from Cohorts 
of Retired Breeder. Female BN/Bi. and WAG/Rij Rats 

Percent survival age 
(months) 

Strain 

BN/Bi 
WAG/Rij 

Number 90% 

73 
289 

26 
23 

50% 

35 
29 

10% 

40 
38 

Maximum survival age 
(months) 

46 
44 



25 

TABLE 3.3 

Summary of the 90, 30, and 10% and Maximum Survival Ages from Necropsied BN/ 
Bi. WAG/Rij, and (WAG X BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 

Female 
Male 

Female 
Male 

Number 

236 
74 

101 
124 

68 
67 

Percent survival 
(months) 

90% 

22 
16 

27 
18 

21 
24 

50% 

30 
28 

34 , 
23 

28 
33 

age 

10% 

37 
37 

38 
27 

38 
40 

Maximum survival age 
(months) 

54 
44 

46 
31 

40 
44 

1 0 0 , -
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^ ^ — ^ — BN/Bi Virgins N = 109 

^ ^ ^ — BN/Bi Retired Breeders N = 73 

WAG/Rij Virgins N = 124 

^ — - ^ — WAG/Rij Retired Breeders N = 289 

10 15 20 25 30 

Age Period (Months) 

FIGURE 3.7. Mortality curves from cohorts of virgin and retired breeder female BN/Bi and WAG/Rij rats. 

sex and strain. The necropsied rats showed 
shorter survival ages for the female (Figure 3.1) 
and male (Figure 3.2) BN/Bi. The necropsied 
groups had longer survived ages for the female 
WAG/Rij (Figure 3.3) and male F, (Figure 
3.6). The necropsied male WAG/Rij (Figure 
3.4) showed longer survival in the first part of 
the survival curve and shorter survival in the 
lower part. Finally, the necropsied female F, 
rats (Figure 3.5) had survival curves that were 
virtually identical to the cohort. The 90, 50, and 
10% and maximum survival ages of all groups 

of necropsied rats are summarized in Table 3.3. 

III . DISCUSSION 

The longevity of aging rats is influenced by 
many variables such as the strain or stock, sex, 
husbandry conditions, breeding history, and 
diet. The importance of these factors and their 
influence on longevity have been stressed in re
cent reviews.^'*' The need to understand these 
variables when evaluating conflicting experi
mental results from different laboratories has 
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also been stressed."•"•"•" It is difficult, there
fore, to make direct comparisons of longevity 
data from different laboratories and among 
different strains or stocks of rats. 

The published longevity data on male Fischer 
344 rats provide an excellent example of the 
variable results that can be obtained from dif
ferent laboratories. Early studies by Jay" 
showed that the 50% survival of Fischer 344 
rats was only 12 months, suggesting that it was 
a short-lived strain. Chesky and Rockstein'* 
foimd that the 50% survival age of their Fischer 
344 males was about 22 to 23 months. Most re
cently, Coleman et al.** demonstrated that bar
rier-reared Fischer 344 male rats had a 50% sur
vival of about 29 months. Therefore, the same 
rat strain, maintained at different laboratories, 
can have 50% survival ages ranging from 12 to 
29 months. 

Life span data are not available for males 
and females and for retired breeders and virgins 
of all the commonly used strains and stocks of 
rats. However, most published studies indicate 
that the 50% survival age is about 27 to 30 
months for most strains and stocks of rats as 
previously discussed (Chapter 1). In general, 
SPF rats had 50% survival ages of about 28 
months. Conventional rats tended to have 
slightly earlier mortality with 50% survival ages 
between 12 and 27 months. The data obtained 
in this study from the aging colony at the Insti
tute for Experimental Gerontology were simi
lar. The male and female BN/Bi, male and fe
male (WAG X BN) F., and female WAG/Rij 
had 50% survival ages between 29 and 33 
months. 

Although the 50% survival age was about 28 
months for most SPF strains and stocks of rats, 
there were a few exceptions. Simms"* and 
Berg" showed that male Sprague-Dawley rats 
did not live as long as females. Kociba et al."' 
found that male Sprague-Dawley (Spartan sub
strain) rats had earlier mortality than females. 
The males of the WAG stock studied by Gsell" 
and Schlettwein-Gsell"* had a 50% survival age 
of 23 months while the females under similar 
conditions survived 27 months. In earlier stud
ies, Boorman and Hollander*" showed the 50% 
survival for female WAG/Rij rats to be about 
30 months. In contrast, the WAG/Rij males 
had a value of 22 months.*' These data were 
derived from groups that contained both retired 

breeders and virgins, however. The virgin male 
WAG/Rij rats (Table 3.1 and Figure 3.4) of 
this study had a 50% survival age of 24 months, 
while the virgin females, in the colony at the 
same time, had a 50% survival age of 32 
months (Table 3.1 and Figure 3.3). 

The maximum life span reached in each 
group is another good reference point. The 
maximum age of male WAG/Rij reached in the 
virgin male cohort was 34 months. The oldest 
in the necropsy group was 31 months. This is 
in sharp contrast to all of the other rat groups 
(Tables 3.1 to 3.3) where the maximum ages 
were between 42 and 48 months in the cohort 
studies and between 40 and 54 months from 
those rats that were necropsied. 

Clearly, for some rat strains or stocks, males 
do not live as long as females. This is not true 
for all rats. The female and male BN/Bi and 
the (WAG X BN)F, rats in this study had nearly 
identical survival data (Table 3.1). There may 
have been somewhat eîu-lier mortality (90% sur
vival age) in males of the BN/Bi and Fi rats, 
but the 50 and 10% and maximum survival ages 
were nearly identical for both sexes. Similarly, 
the data of Paget and Lemon"* did not show 
any major differences between SPF males and 
females of their Alderly Park strain (WAG) 
rats. 

Comfort*' alluded to the fact that males of 
an animal species generally have shorter life 
spans than females. However, this is apparently 
not a universal rule. The findings of similar lon
gevity data in male and female BN/Bi and F, 
rats suggest that, in some cases, males and fe
males may have similar life spans. Others have 
demonstrated that in some strains of mice the 
male is actually the longer lived of the two 
sexes. This was true for C57/B1/6J mice.'"* 
Storer"* found that the males had longer life 
spans than females in eight mouse strains, 
males and females had similar life spans in four 
strains, and females lived longer than males in 
ten strains. Therefore, as suggested by Wal-
ford"* and Kunstyr and Leuenberger,'"* sur
vival curves are needed to evaluate the longevity 
of each sex and mouse strain used in aging stud
ies. This statement is equally true for rats. 

Few studies have compared longevity data 
from retired breeders and virgins. In the study 
by Wexler and Greenberg,'** female retired 
breeder Sprague-Dawley rats did not live as 
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long as virgins. Paget and Lemon'** reported 
that their SPF breeding rats did not live as long 
as SPF virgins. The data summarized in Figure 
3.7, however, do not show any major differ
ences in the mortality of retired breeder and vir
gin female WAG/Rij or from retired breeder 
and virgin female BN/Bi rats. The retired 
breeder BN/Bi actually lived slightly longer 

than the virgins. Therefore, generalizations 
about retired breeders having earlier mortality 
than virgins are by no means universal. 

Finally, the survival data from the necropsied 
rats were not identical, but were similar to the 
data from complete cohorts. It is possible that 
the slight differences reflect a selection process, 
but this cannot be demonstrated. 



29 

Chapter 4 

AGE-ASSOCIATED P A T H O L O G Y 

I. INTRODUCTION 

The data presented in this chapter are sum
marized in several different ways. The major le
sions are described morphologically and many 
are documented with photographs. One reason 
for this is to provide a general reference for in
vestigators who only sporadically evaluate 
pathologic findings in aging rats. Another, per
haps more important, reason is to document 
the lesions clearly so that investigators who 
work with various aging rat strains can com
pare their observations with those published in 
this report. At times, pathologists disagree on 
the specific terminology for a given lesion. 
Therefore, the criteria used to classify lesions 
are given so that comparisons can more readily 
be made. 

The incidence of the more frequently found 
lesions is expressed by two methods: 

1. The incidence in the total population that 
died is summarized in tables. It was calcu
lated by dividing the total number of dead 
rats into the total that died with a lesion 
and multiplying by 100. The incidence is 
therefore expressed as a percent of the total 
population. 

2. The age-associated incidence of mahy le
sions was calculated by life table tech
niques.'** The age-associated incidences 
were determined on the basis of 6-month 
periods. The total number of rats of a given 
group that died with a lesion was divided 
by the total number of rats alive at the be
ginning of that time period multiplied by 
100. The results of the calculations for each 
age period are plotted and summarized in 
a figure showing the age-associated percent 
incidence based on the population at risk. 

Calculations to determine the incidence of le
sions were made using the data obtained from 
the 670 aging rats listed in Table 2.8. Addi
tional studies such as electron microscopy and 
transplantation of some tumors were not nec
essarily done on lesions from these specific rats. 

In order to perform such studies, it was neces
sary to have fresh material. Therefore, when 
needed, untreated aging rats that died or were 
killed from different groups were used to ob
tain the necessary material to conduct addi
tional studies. When other rats were studied, 
care was taken to assure that the lesions were 
similar to those seen in the aging rats. 

In a few cases, some tissues were not found 
at the histopathologic examination. For exam
ple, the parathyroid glands were exeunined only 
to the extent that they were found in the routine 
sections of the thyroid glands. At times, an or
gan such as the pituitary gland was lost during 
the processing of tissues. Attempts were made, 
however, to account for these tissues, and mul
tiple sections of organs were often obtained in 
order to assure uniformity. Also, an earnest ef
fort was made at the time of trimming tissues 
as well as on the final glass slides to account for 
all grossly observed lesions. 

II. ORGANS AND ORGAN SYSTEMS 

A. Thyroid Gland 
1. Nonneoplastic Lesions 

Nonneoplastic lesions in the thyroid glands 
were infrequent and were not tabulated for this 
study. These lesions were sporadic or incidental 
findings and included such findings as ultimo-
branchial duct cysts which were lined by strati
fied squamous epithelium, "colloid" cysts that 
were solitary dilated follicles filled with pink 
colloid material, and focal periarteritis of thy
roid arteries. There also appeared to be an age-
associated variability in the size of follicles; 
however, more detailed studies would be 
needed to prove this. 

2. Neoplastic Lesions 
a. Medullary Thyroid Carcinoma 

Hyperplasia of the parafollicular or C cells 
of the thyroid was very common in this series, 
but, as is true for many proliferative lesions of 
the endocrine system, it is difficult to prove 
where hyperplasia ends and tumor begins. In 
this study, hyperplasias consisted of diffuse or 
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focal collections of a few parafollicular cells or 
larger focal or multifocal nodules of parafolli
cular cells that were bounded by the follicle 
basement membrane (Figures 4.1 and 4.2). 
When the nests of C cells appeared to be ex
tending beyond the basement membrane and 
infiltrating between and destroying follicles, the 
diagnosis of medullary thyroid carcinoma was 
made. This is schematically illustrated in Figure 
4.3 which shows the differences between nor
mal, hyperplastic, and carcinoma of C cells as 
defined in this study. 

Grossly, the tumors ranged in size from 
small, barely visible thickenings of the thyroid 
gland to nodules greater than 10 mm in diame
ter. Most were firm, gray to white, and unilat
eral; however, a few were bilateral. The micro
scopic features were similar in all groups of rats 
with the cells round to polygonal in shape, their 

cytoplasm staining pale pink, and the cells tend
ing to form solid nests or clusters which were 
often separated by a connective tissue stroma. 
A few tumors had cells that were more fusiform 
in shape and at times appeared to pallisade. 
Mitoses, although present in some tumors, were 
not common. Compressed and partially obliter
ated follicles were frequent within or directly 
adjacent to the tumors, suggesting destruction 
and invasion of the surrounding thyroid tissue 
by even the smallest neoplasms. The smallest 
tumors were not observed grossly, but were 
microscopically identical to the largest. 

A hyaline stroma containing amyloid (Figure 
4.4) was present in some carcinomas. The amy
loid stained with congo red and crystal violet 
and exhibited the appropriate birefringence 
with polarized light. The amount of amyloid 
varied considerably, but when present it was 

FIGURE 4.1. Thyroid gland from a female WAG/Rij rat with multifocal parafollicular cell nodular 
hyperplasia. (HPS; magnification x 210.) 
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FIGURE 4.2. Nodular hyperplasia of parafollicular cells in the thyroid gland of a female WAG/Rij rat. (HPS; magnifica
tion X 500.) 

normal focal hyperplasia nodular hyperplasia 

microscopic medullary 
thyroid carcinoma 

FIGURE 4.3. Schematic illustration of the differences between 
normal, hyperplastic, and carcinomatous medullary thyroid cells. 
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FIGURE 4.4. A medullary thyroid carcinoma from a male (WAG x BN)F, rat with nests of tumor cells (t) and hyaline 
stroma containing amyloid (tt). (HPS; magnification x 465.) 

usually only in slight amounts and multiple sec
tions were often required before it could be 
found. Only a few tumors had extensive amy
loid deposition. In the majority of tumors, 
amyloid was not observed, but special staining 
and multiple sections were not done on all tu
mors. 

Most medullary thyroid carcinomas de
stroyed normal thyroid follicles, but they re
mained well circumscribed masses with little or 
no infiltration into tissues surrounding the thy
roid gland. A few large tumors did have exten
sive local invasion beyond the thyroid gland 
into the adjacent cervical region. Some appar
ently invaded blood vessels, but blood-borne 
tumor metastases were not observed in rats with 
such lesions. 

Distant metastases from the primary tumor 
were found in approximately 10% of the rats 
(Table 4.1), with the deep cervical lymph nodes 
the only site suggesting metastases via the lym
phatics. The metastatic tumor in the deep cerv
ical lymph nodes ranged from a few clusters of 

cells to masses of cancer cells that obliterated 
the normal lymph node architecture (Figures 
4.5 and 4.6) The cellular characteristics of tu
mors that metastasized were similar to those 
that did not metastasize; that is, cellular mor
phology could not be used as an indication for 
the likelihood of metastases for these cancers. 
The occurrence of distant metastases was di
rectly correlated with the size of the primary tu
mor and the age of the rat. Metastases were 
found in rats having the largest tumors (>8 
mm) and in rats older than 24 months of age. 

Ultrastructurally, the cytoplasm of the tumor 
cells contained numerous membrane-bound 
granules (Figure 4.7), along with variable num
bers of mitochondria, free and clustered ribo-
somes, endoplasmic reticulum, and vacuoles. 
The nuclei varied in shape. Most were round to 
slightly elliptical while others were pleomorphic 
and contained vacuoles, invaginations, and ir
regularly clumped chromatin. 

A total of 16 medullary thyroid carcinomas 
from WAG/Rij rats have been transplanted un-
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TABLE 4.1 

Summary of the Incidence of MeduUary Thyroid Carcinomas and Metastases of MeduUary Thyroid Carcinomas in Amna 
BN/Bi, WAG/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 

Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
medullary 

thyroid 
carcinoma 

15 
7 

47 
41 
II 
20 

% 

6 
9 

47 
33 
16 
29 

Mean age (range) 
in months 

33 (17—38) 
27(15—34) 
35 (26—46) 
23 ( 9—29) 
31 (17—38) 
34 (22—42) 

No. medullary 
thyroid carcinomas 

with metastases 

2 
0 
5 
1 
3 
3 

Age (in months) of 
rats with 

metastatic 
medullary thyroid 

carcinomas 

35,38 

35 (32-39) 
29 

25, 27, 28 
28, 30, 38 

. f - ^ . . , , . 

FIGURE 4.5. A large medullary thyroid carcinoma from a female (WAG x BN)F, rat. The opposite thyroid and parathyroid 
glands in the lower left of the photograph are normal. (HPS; magnification x 80). 

der the capsule of the kidney or occasionally 
subcutaneously into approximately 90 rats with 
nearly 100% success. Fifty-three rats with 
transplanted medullary thyroid carcinomas 
have been examined histopathologically. The 
morphology of the transplanted tumors was 
similar to that of the primary neoplasms. Amy

loid was also present in a few transplanted can
cers, but, like the primary tumors, it was often 
present in very small amounts. As a general 
rule, transplanted medullary thyroid carcino
mas grew slowly, requiring a minimum of 6 to 
9 months before a large enough (>8 mm) lesion 
developed at the site of transplantation. Some 
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FIGURE 4.6. Deep cervical lymph node from the same rat in Figure 4.5. The lymph node is nearly replaced by metastatic 
medullary thyroid carcinoma. (HPS; magnification x 95.) 

transplants took longer than 12 months to de
velop a tumor 1 cm in diameter. 

The incidence of medullary thyroid carcino
mas was greatest in female (47%) and male 
(33%) WAG/Rij rats, followed by male (29%) 
and female (16%) F, and lowest in male (9%) 
and female (6%) BN/Bi rats (Table 4.1). The 
age-associated incidence as calculated by life ta
ble methods is shown in Figure 4.8. The male 
WAG/Rij apparently had an earlier onset of tu
mors, with the peak age-associated incidence of 
40% occurring in the oldest age group (25 to 30 
months). The age of onset was about 6 months 
later in the other groups of rats, with only a few 
tumors present prior to 24 months. The female 
WAG/Rij had the highest peak age-associated 
incidence of 64%. The male and female F, had 
peak age-associated tumor incidences of 33 and 
30%, respectively. Female BN/Bi had a peak 
incidence of 18%. The cancers in male BN/Bi 
had an apparent peak age-associated incidence 
of 12% during the period of 31 to 36 months. 
Those dying in the oldest age period (>37 
months) had a 0% incidence. 

b. Follicular Cell Tumors 
Only two follicular cell tumors were ob

served. The first was in a 33-month-old female 
WAG/Rij rat and was a cystic papillary follic
ular adenoma of the thyroid. The tumor was 
sharply demarcated from the surrounding nor
mal tissue. The outer edge consisted of large 
follicle-like structures, while the center was mi-
crocystic with multiple papillary fronds that 
were supported by thin connective tissue and 
were lined by a single layer of well-differen
tiated epithelial cells. No mitoses were ob
served. 

The second was an undifferentiated giant cell 
(pleomorphic) carcinoma found in a 27-month-
old female WAG/Rij rat. Grossly the tumor 
measured 2 x 1.5 x 1 cm, was soft, and ap
peared white with multiple small hemorrhagic 
foci. Microscopically it was surrounded by a 
dense connective tissue capsule and was highly 
vascular. The cells were pleomorphic (Figures 
4.9 and 4.10). Some were large giant cells with 
a single nucleus while a few were multinu
cleated. The nuclei were variable in size and 
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FIGURE 4.7. (A) Numerous cytoplasmic granules are present in cells of a medullary thyroid carci
noma^ Magnification x 6800.) (B) Shows the cytoplasmic granules in greater detail. (Magnification x 
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shape. Mitoses were numerous and often bi
zarre. Neoplastic cells invaded the tumor cap

sule at several locations, but distant metastases 
were not observed. 
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FIGURE 4.9. An undifferentiated giant cell (pleomorphic) carcinoma in the thyroid gland of a 27-month-old-female WAG/ 
Rij rat. (HPS; magnification x 195.) 

3. Discussion 
Nonneoplastic age-associated lesions of the 

thyroid glands, with the exception of parafolli
cular cell hyperplasias, were not common in the 
aging BN/Bi, WAG/Rij, or (WAG X BN)F, 
rats. As reviewed by Russfield,"" an increase in 
reticular and collagenous connective tissue fol
licular size and decreased height of the follicu
lar epithelium are observed in aging rats. She 
also observed that ultimobranchial rests were 
common in the thyroid of some "old rats." 
Such changes appear to be present in the BN/ 
Bi, WAG/Rij, and (WAG X BN)F, rats, but 
more detailed investigations are clearly needed 
before a definite age-associated pattern can be 
proven. 

Medullary thyroid carcinomas were de
scribed in WAG/Rij rats by Boorman et 
aj 18.21.24 xhey described the light microscopic 
and ultrastructural features of the tumors and 
confirmed the parafollicular cell as the cell of 
origin. The presence of both intracellular and 
extracellular amyloid was also confirmed by 

electron microscopy. Calcitonin has been iso
lated from medullary thyroid tumors of WAG/ 
Rij rats,^^ and the structure of the calcitonin 
has been studied.^" 

Medullary thyroid carcinomas occurred in 
the BN/Bi, WAG/Rij, and (WAG X BN)F, rats 
in this study, suggesting that it is a common tu
mor in rats. In support of this, others have also 
observed these tumors as spontaneously occur
ring in several different rat strains and stocks. 
For example, Lindsey et al. '° ' and Lindsey and 
Nichols"" described these tumors in Long-Ev
ans, Sprague-Dawley, Fischer, Wistar, Buffalo, 
and Osborne-Mendel rats. Kroes et al.'"^ have 
seen them in random-bred Wistar rats. Anver 
and Cohen* reported them in retired breeder fe
male Sprague-Dawley rats. Kociba et a l . " have 
seen them routinely in control and experimental 
Sprague-Dawley (Spartan substrain) rats. Cole
man et al."^ observed them in aging male 
Fischer 344 rats. 

There was a direct correlation with age (Fig
ure 4.8) and the presence of a C cell tumor in 
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FIGURE 4.10. Higher magnification of the giant cell carcinoma shown in Figure 4.9. Note the ceUular pleomorphism and 

the large bizarre tumor ceUs. (HPS; magnification x 500.) 

the BN/Bi, WAG/Rij and (WAG X BN)F, rats 
of this study, with nearly half of the tumors 
found in rats older than 30 months. The male 
WAG/Rij rats had an earlier onset of medul
lary thyroid carcinomas, however, compared to 
the other groups in this study. The mean age 
was 23 months compared to mean ages between 
27 and 35 months for the other groups. The in
cidence varied among the different strains, 
however. The WAG/Rij rats had a high inci
dence, the F, rats were intermediate, and the 
BN/Bi rats had a relatively low incidence. 

The biological behavior of medullary thyroid 
carcinoma in the host and their transplantabil-
ity support the view that these are malignant tu
mors. Metastases were found only in older rats 
and in those with the largest tumors, and large 
tumors were seldom found in the younger rats. 
The transplanted tumors grew in syngeneic re
cipients, but grew slowly, requiring 6 months to 

1 year before large tumors were available for 
additional studies. These findings suggest that 
the medullary thyroid carcinomas are appar
ently slow-growing tumors that increase in fre
quency and size with age. Although metastases 
occurred in approximately 10% of the medul
lary thyroid cancers, they occurred late in the 
progression of this neoplasm. 

In view of the high incidence of clear-cut car
cinomas, it is possible that the diagnosed hyper
plasias may actually represent adenomas or car
cinoma in situ. This controversy cannot be 
resolved without further studies to determine 
the biological behavior of such lesions. Hyper
plasias were common and occurred in rats with 
and without tumors. Some hyperplasias con
sisted of only a few cells, while others were no
dular, and some small carcinomas appeared to 
have originated from areas of nodular hyper
plasia. In general, the observations of this study 
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support the view of Squire and Goodman'" 
that the small localized lesions should be con
sidered as carcinomas based on-their progres
sive growth, invasion, and destruction of thy
roid follicles and their potential for metastases. 
Also, this classification is in general agreement 
with DeLellis et al . ' ' for similar lesions in man. 
Finally, both parafollicular and intrafoUicular 
C cells occur in man, but most tumors appear 
to be of intrafollicular origin." This also seems 
to be true for rats. 

Despite the relatively high incidence of tu
mors of parafollicular cell origin, spontaneous 
tumors of the thyroid iollicular cells were not 
common. Only two tumors were found that 
were not medullary thyroid carcinomas. This 
apparently low frequency of follicular tumors 
in rats was alluded to by Squire and Good
man. ' " On the other hand, others have induced 

follicular tumors in the thyroid glands of rats 
as reviewed by Napalkov.'^" 

B. Parathyroid Gland 
1. Nonneoplastic Lesions 
a. Interstitial Fibrosis 

Fibrosis was recognized in parathyroid 
glands from two female BN/Bi, one male F,, 
and two female WAG/Rij rats. The ages of the 
rats ranged from 30 to 39 months. The capsule 
and the interstitial tissue of the involved gland 
were thickened by an accumulation of hyaline 
and fibrous connective tissue (Figure 4.11). The 
stroma stained positive for collagen with the 
routine HPS and the Massons trichrome stains. 
Congo red stained sections viewed with polar
ized light did not show amyloid in the hyaline 
stroma, however. 

This lesion appeared to be a specific condi-
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FIGURE 4.11. Interstitial and capsular fibrosis of a parathyroid gland from a male (WAG x BN)F, rat. (HPS; magnification 
X2I0.) 



tion that was usually confined to one parathy
roid gland. It was rare in this series, with an 
incidence of 0 to 2% in the different rat groups. 
The available evidence indicates that the mate
rial is collagenous connective tissue, but its sig
nificance and pathogenesis are unknown. 

b. Cystic Parathyroid Glands 
Cystic change was another sporadic lesion 

found in parathyroid glands from rats. The 
cysts were lined by flattened to low cuboidal ep
ithelial cells. The dilated and cystic acini were 
filled with pink proteinaceous material that 
often contained crystal-like concretions (Figure 
4.12). Cystic parathyroid glands were observed 
in two female (ages 20 and 28 months) and one 
male (age 26 months) BN/Bi rats and one fe
male (26 months) WAG/Rij. It was not ob
served in male WAG/Rij or F, rats. 

39 

2. Neoplastic Lesions 
a. Parathyroid Adenomas 

The only neoplastic lesions in parathyroid 
glands of this series were small adenomas. They 
were not common (Table 4.2) and consisted of 
nests of cells only slightly different from the 
normal tissue. The cells were usually larger than 
normal with pink, finely granular cytoplasm 
and round, lightly vesicular nuclei (Figure 
4.13). Compression of the normal adjacent 
parathyroid tissue was usually present, but this 
was not prominent. 

3. Discussion 
Lesions of the parathyroid glands were not 

common in rats of this study. Part of this may 
be explained by the fact that the only parathy
roids studied were those present in routine sec
tions. Parathyroid glands were not observed in 

FIGURE 4.12. Cystic parathyroid gland from a female BN/Bi rat. Note crystalloid bodies in the contents of the cysts. 
(HPS; magnification x 255.) 
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TABLE 4.2 

Summary of the Incidence of Parathyroid Adenomas in Aging Male and 
Female BN/Bi, WAG/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
parathyroid 

adenoma 

1 
0 
2 
3 
0 
0 

% 

<1 
— 
2 
2 

— 
— 

Mean age 
(range) in 
months 

32 

— 
32,37 

25(19—28) 

— 
— 

FIGURE 4.13. Adenoma in the parathyroid gland from a female WAG/Rij rat. (HPS; magnification x 195.) 

some rats and only one parathyroid was ob
served in others. Only in exceptional cases 
could two or more parathyroids be evaluated 
from one rat. Therefore, the incidence of para
thyroid lesions would probably be higher if 
more detailed studies were conducted. 

No unequivocal examples of parathyroid hy
perplasia were observed. This apparent lack of 
hyperplastic parathyroids may be explained by 

the relatively insignificant renal disease in these 
rats (see Section II. K). This is in contrast to 
the reports of others'^""-"" who have described 
hyperplastic parathyroids in rat strains with se
vere kidney disease. 

Adenomas of the parathyroid have been re
ported in several rat strains as reviewed by oth
ers ," ' but they are not common. '" It is clear, 
however, that the actual incidence in different 
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strains and stocks of rats will vary depending 
upon the degree of enthusiasm one uses to look 
for all of the parathyroid glands in each rat. In 
this series of BN/Bi, WAG/Rij, and F, rats, 
parathyroid adenomas were rare in the routine 
material occurring in less than 3% of rats. 

C. Adrenal Gland 
1. Nonneoplastic Lesions 
a. Foci of Cellular Alteration in the Adrenal 
Cortex 

Foci of cellular alteration represented a wide 
range of lesions found in the adrenal cortex and 
were the most frequent age-associated lesions 
observed. The smallest foci consisted of only a 
few cells, while the larger foci occupied most of 
the cortex and occasionally formed nodules. 
They were found in all zones of the adrenal cor
tex, but were most frequent in the zona fasci-
culata. 

The foci consisted of collections or groups of 
cells that differed in tinctorial and textural ap
pearance from the surrounding normal tissue 
(Figures 4.14 and 4.15). Some altered cells were 
finely vacuolated while others were coarsely 
vacuolated and were usually larger than the sur

rounding normal cells. The color of the cyto
plasm varied from pale pink to strongly acido
philic. Foci of basophilic cells were infrequently 
observed. The foci were usually multiple, were 
distinct from the normal tissue, and often dis
turbed the normal architecture, but zones of 
compression were not present. They were uni
lateral in some rats, but were usually bilateral. 

Foci of cellular change were very common in 
male and female BN/Bi rats, occurring in 
nearly 100% of those over 24 months old. They 
were less frequent in male and female F, rats 
and in male and female WAG/Rij rats, but 
were still present in the majority of rats that 
died. The foci were age associated, the oldest 
rats having the greatest risk of dying with the 
lesions. 

b. Foci of Basophilic Change in the Adrenal 
Medulla 

Many of the rats had what appeared to be 
normal adrenal medullas, but with individual 
clusters or foci of cells that were more baso
philic and slightly larger than the remaining 
medullary cells. These cells were morphologi
cally similar to cells in pheochromocytomas, 

FIGURE 4.14. Foci of cellular alteration in the adrenal cortex of a female BN/Bi rat. (HPS; magnification x 33.) 
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FIGURE 4.15. Solitary focus of enlarged, pale cells at the junction of the zona glomerulosa and zona fasiculata. (HPS; 
magnification X 195.) 

but did not form discrete tumor-like nests or 
proliferations and mitOc,es were not observed. 
Their significance is unknown and, like the foci 
of cellular change of the adrenal cortex, they 
were more frequent in the oldest rats. 

c. Blood-filled Sinuses and Cysts 
The cortex of about 10% of the F, rats and 

less than 5% of the BN/Bi and WAG/Rij rats 
had dilated blood-filled sinusoids and blood-
filled cysts (Figure 4.16). These lesions were lo
cated in the zona fasiculata and zona reticu
laris, consisted of endothelial-lined spaces of 
variable size, and contained blood. Such lesions 
occasionally produced compression and necro
sis of cortical epithelial cells around the periph
ery of the lesion, and some blood-filled sinuses 
contained fibrin thrombi. 

d. Miscellaneous Nonneoplastic Findings 
Ectopic adrenal tissue, outside the capsule of 

the adrenal gland, was frequently found in all 

groups of rats. The most common site was di
rectly adjacent to the adrenal capsule, but it 
was occasionally found some distance from the 
adrenal gland. Other observations such as focal 
extramedullary hematopoiesis, iron (hemosi
derin) pigment, lipofuscin-like pigment, and fo
cal necrosis were observed in some aged rats, 
but they were not specifically studied. 

2. Neoplastic Lesions 
a. Cortical Adenomas 

Adenomas occurred in all zones of the adre
nal cortex, but were most frequent in the zona 
fasiculata. The morphologic features of the 
cells were similar to the cells in the foci of cel
lular change. Cells in the adenomas were larger 
than normal and polygonal in shape and had 
pink cytoplasm that was often vacuolated and 
round nuclei that often varied in size. Mitoses 
were found in a few adenomas, but they were 
generally infrequent. Their size ranged from 
microscopic to nodules that produced gross en-
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FIGURE 4.16. Multiple dilated and cystic blood-filled spaces in the adrenal cortex and adrenal medulla. (HPS; magnifica
tion x 36.) 

largement of the adrenal. In all cases, compres
sion of adjacent normal tissue was present (Fig
ure 4.17). The highest incidence of adenomas 
occurred in female WAG/Rij (40%), followed 
by male F, (31%), female F^ (22%), female 
BN/Bi (19%), male BN/Bi (12%), and male 
WAG/Rij (6%) (Table 4.3). 

The age-associated incidence is shown in Fig
ure 4.18. The peak age-associated incidence was 
in the oldest groups of rats for each strain, with 
the female WAG/Rij having the highest peak 
incidence at 60% and the male WAG/Rij the 
lowest at 15%. The peak incidence in female 
BN/Bi was 38%, in male BN/Bi it was 20%, 
and for both male and female Fi rats the peak 
was 40%. 

b. Cortical Carcinomas 
Nearly all the adrenal cortical carcinomas 

were grossly visible as enlargements of the ad
renal gland which ranged in size from 5 mm to 
over 2 cm in diameter. The histological features 

of the carcinomas were similar, consisting of 
large polyhedral cells with pink vacuolated cy
toplasm and distinct cell boundaries (Figure 
4.19). The sizes of the cells often varied, how
ever, among different areas of the same tumor. 
The nuclei also varied in size, but were usually 
round. The number of mitoses in each tumor 
was also variable, with few in some tumors to 
very numerous in others. In different areas of 
a single tumor the pattern often differed with 
sheets of cells in some areas, lobular patterns 
in others, and cords of cells in still others. Most 
carcinomas were highly vascular with many 
blood-filled vascular spaces and often with 
blood-filled cystic structures. Necrosis was an
other common finding in the larger tumors. 

The incidence of adrenal cortical carcinomas 
in the rats of this study and the number of car
cinomas that had distant metastases are shown 
in Table 4.4. Female BN/Bi and female F, rats 
had the highest incidence of 9 and 7%, respec
tively. The other groups of rats had incidences 
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FIGURE 4.17. Junction of an adrenal cortical adenoma with the normal adrenal cortex showing zones of compressed 
glandular tissue at the periphery of the adenoma. (HPS; magnification x 500.) 

TABLE 4.3 

Incidence of Adrenal Cortical Adenomas in Aging BN/Bi, WAG/Rij, 
and (WAG x BN)F, Rats 

No. with Mean age 
No. cortical (range) in 

Strain Sex examined adenoma % months 

B N / B i 

W A G / R i j 

F , 

Female 

Male 

Female 

Male 

Female 

Male 

236 

74 

101 

124 

68 

67 

45 

9 

40 

7 

15 

21 

19 
12 

40 

6 

22 

31 

33 (23—54) 

33 (27—43) 

35 (29—46) 

22 ( 9—29) 
30 (23—38) 

35 (27—44) 

of 1 to 3%. Also, 13 of the 22 (59%) tumors in 
female BN/Bi and 2 of 5 (40%) in female F, 
rats had distant metastases. Similarly, both of 
the carcinomas in male WAG/Rij rats had me
tastasized. If all of the tumors are taken as a 

whole, then 34 adrenal carcinomas were diag
nosed and 17 had metastases. Therefore, 50% 
of the rats that died with an adrenal cortical 
carcinoma had distant metastases of that tu
mor. The most common sites for the metastases 
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FIGURE 4.18. Percent incidence with age of adrenal cortical adenomas in 236 female and 74 male BN/Bi, 101 female and 
124 male WAG/Rij, and 68 female and 67 male (WAG x BN)F, rats. 

FIGURE 4.19. High magnification of an adrenal cortical carcinoma. (HPS; magnification x 500.) 

were the liver only, both the liver and the lung, 
and, less commonly, the lung alone or other 
sites. 

The age-associated risk of metastases for 
these tumors was evaluated in the female BN/ 

Bi rats, which had the largest numbers of cor
tical carcinomas, and the results are shown in 
Table 4.5. Although the numbers in each indi
vidual group are small, there appeared to be a 
trend for the older rats to have a greater risk of 
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TABLE 4.4 

Summary of the Incidence of Adrenal Cortical Carcinoma and Metastases of Adrenal Cortical Carcinomas in Aging BN/Bi, 
WAO/Rij, and (WAG x BN) F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 

Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 

74 
101 
124 
68 
67 

No. with 
adrenal 
cortical 

carcinoma 

22 

1 
2 
2 
5 
2 

% 

9 

1 
2 
2 
7 
3 

Mean age (range) 
in months 

31 (19—40) 

32 
34,39 
24,25 

29(23-35) 
40,42 

TABLE 4.5 

No adrenal 
carcinomas with 

metastases 

13 

0 
0 
2 
2 
0 

Age (in months) of 
rats with 

metastasis of 
adrenal cortical 

carcinoma 

19,25,27,31,31, 
32, 32, 34, 35, 35 

37, 38, 40 

24.25 
26.34 

Adrenal Cortical Carcinomas in Female BN/Bi Rats: Comparison of Number of Tumors 
and Number of Metastases with Age 

Age in 
months 

7—12 
13—18 
19—24 
25—30 
31—36 
37—54 

No. alive at 
beginning of 

period 

236 
234 
225 
199 
126 
28 

No. dead 
during 
period 

2 
9 

26 
73 
98 
28 

No of dead 
rats with 

carcinoma 

0 
0 
3 
4 
11 
4 

No. of rats 
with 

metastatic 
carcinoma 

0 
0 
1 
2 
7 
3 

% of 
carcinomas 

with 
metastases 

— 
33 
50 
64 
75 

Total 236 22 13 59 

dying with a metastatic adrenal carcinoma. The 
percent of metastatic tumors increased from 
33% in the younger age period of 19 to 24 
months to 75% in the oldest age period of 37 
to 54 months. 

An attempt was made to correlate the size of 
the tumor with the occurrence of metastases, 
but no correlation was found. Some of the 
smaller tumors (<1 cm in diameter) had metas
tasized, while some of the larger tumors (>1.5 
cm in diameter) had not. The reverse situation 
was also true. Therefore, no clear correlation 
of tumor size with metastases was apparent in 
the rats of this study. 

Adrenal carcinomas from two different fe
male BN/Bi rats were transplanted subcutane
ously into syngeneic recipients. One tumor was 
transplanted into five young BN/Bi rats and the 

other into six. In all cases, the transplanted tu
mors grew very rapidly and were larger than 2 
cm in diameter within 2 to 4 months after trans
plantation. All recipients died spontaneously or 
were killed moribund between 4 and 6 months 
of age with massive tumor growth. 

Finally, nearly all of the rats that died with 
adrenal cortical carcinomas had severe atrophy 
of the opposite adrenal gland. Similar severe 
atrophy was not recognized in rats dying with
out cortical carcinomas and was not seen in any 
of the rats with cortical adenomas. These obser
vations would suggest that most of the carci
nomas secreted steroids. 

c. Pbeocbromocytomas of the Adrenal Medulla 
The only tumors recognized in the adrenal 

medulla were pheochromocytomas. Most were 
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small tumors that produced only slight or no 
obvious gross enlargement of the adrenal 
gland. The tumor cells generally were well dif
ferentiated, with basophilic cytoplasm and dark 
round nuclei. The most common pattern 
showed small nests or clumps of cells (Figures 
4.20 and 4.21), but areas with cords and trabe
cular growth were seen in some. These tumors, 
like the cortical tumors, were usually vascular, 
and microinvasion or growth into vascular lu-
mina was sometimes observed. 

Only two BN/Bi rats (a 20-month-old male 
and a 39-month-old female) had metastases of 
a pheochromocytoma to the lung (Table 4.6). 

The incidence of pheochromocytomas is 
shown in Table 4.6. The highest incidence was 
in male F, (12%), followed by male BN/Bi 
(8%), female WAG/Rij (8%), and female BN/ 
Bi (7%) rats. Female F, had a lower incidence 
(3%), with male WAG/Rij rats the least (1%). 

3. Discussion 
The rat adrenal gland develops a number of 

age-associated neoplastic and nonneoplastic le
sions. Many of the histologic interpretations 
that must be made on this organ are controver

sial, however, because of a lack of knowledge 
about the biological significance of these le
sions. For example, foci of cellular alteration 
represented a range of lesions with individual 
cells generally larger than normal (hypertro
phy). Because the lesions are sometimes nodu
lar, they could be interpreted as areas of hyper
plasia (increased numbers of cells). In most of 
the areas of altered cells, however, it was im
possible to determine if there was an actual in
crease in the number of cells. Similarly, the ad
enomas of this study could be diagnosed as 
nodular hyperplasia. They clearly represent be
nign proliferative lesions, but it was impossible 
to determine which diagnosis was the most ac
curate. 

The problem of differentiating hyperplasia, 
adenoma, and carcinoma in the adrenal cortex 
of rats has been stressed by Hollander and 
Snell.'" They also reviewed the literature on rat 
adrenal gland tumors. They assumed that if a 
focus or nodule of cells differed morphologi
cally from the normal cells and if the lesion 
compressed normal tissue, the lesion was an ad
enoma. Similarly, they were unable to differ
entiate focal hyperplasia in the adrenal medulla 

FIGURE 4.20. Pheochromocytoma arising in the adrenal medulla. (HPS; magnification x 16.) 
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FIGURE 4.21. Higher magnification of the pheochromocytoma from Figure 4.20 showing the nests of tumor cells. (HPS; 
magnification x 5(X).) 

Strain 

BN/Bi 

WAG/Rij 

F, 

TABLE 4.6 

Incidence of Pheochromocytomas in Aging BN/Bi, WAG/Rij 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 
101 
124 
68 
67 

No. with 
pheochro

mocy
toma 

16 
6 
8 
1 
2 
8 

% 

7 
8 
8 
I 
3 
12 

Mean age (range) 
in months 

34 (28—39) 
30 (20—42) 
36(33—43) 

19 
25,26 

33 (22—39) 

and (WAG x BN)F, Rats 

No. with metastatic 
pheochromocytoma Age (in months) 

1 39 
1 20 
0 — 
0 — 
0 — 
0 — 

from small pheochromocytomas. They there
fore diagnosed focal proliferative lesions of the 
chromaffin cells as pheochromocytomas. The 
same criteria were used in this study of BN/Bi, 
WAG/Rij, and (WAG x BN)F, rats. As a re

sult, no cases of hyperplasia were recognized in 
the adrenal cortex or medulla. Regardless of the 
criteria used, the incidence of cellular altera
tion, adenomas (or nodular hyperplasia), corti
cal cell carcinomas, and pheochromocytomas 
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increased with age in all groups of rats in this 
study. 

Snell and Stewart'** observed adenomas or 
carcinomas of the adrenal cortex in 53 of 59 
Osborne-Mendel rats older than 18 months. In 
this current study, similar age-related findings 
occurred because the highest incidence of ad
enomas was found in the oldest rats (Figure 
4.18). The female WAG/Rij had the highest 
peak incidence of 60% in those rats older than 
37 months. 

Morphologically, there appeared to be a 
transition of cortical adenomas into carcinomas 
in this study, and similar observations have 
been suggested by others." When Tables 4.3 
and 4.4 are compared, however, it is impossible 
to show a trend for groups of rats with a high 
incidence of adenomas to also have a high inci
dence of cortical carcinomas. For example, fe
male WAG/Rij rats had a 40% incidence of 
cortical adenomas, but one of the lowest inci
dences of cortical carcinomas (only 2%). On 
the other hand, female BN/Bi and Fi rats had 
nearly identical incidences of adenomas (19 and 
22%, respectively) and nearly identical inci
dences of cortical carcinomas (9 and 7%, re
spectively). 

The adrenal cortex of the rats has many cap
illaries and sinusoids."^ These vascular channels 
became distended and cystic in a few of the 
BN/Bi, WAG/Rij, and (WAG x BN)F, rats. 
Similar lesions have been described as telangiec
tasis in Fischer rats*^ and in a stock of Wistar 
rats,'"* as blood lakes,** and as dilated vessels." 
The actual incidence in the different strains and 
stocks of rats is unknown. This lesion is appar
ently common in some Sprague-Dawley rats. 
For example, they were seen frequently in a 
partially inbred stock of Sprague-Dawley rats 
at the REP Institutes in Rijswijk, despite the 
low background in the BN/Bi, WAG/Rij and 
(WAG X BN)F, rats at the same facilities.*' Ko
ciba et a l . " have also observed such lesions in 
Sprague-Dawley (Spartan substrain) rats that 
they have used in chronic toxicity studies. 

Similar variability in the background inci
dence of lesions is seen in the adrenal medulla. 
Some strains have a high incidence of pheo
chromocytomas, namely the Wistar rats re
ported by Gillman et al.,*' where the incidence 
was greater than 76% in male and female rats 
older than 24 months. The Wistar rats (WAG/ 

Rij) reported in this study (Table 4.6) had only 
8% in the females and 1% in the males. There
fore, it is clear that the occurrence of these le
sions can differ tremendously among rats, even 
those supposedly derived from common ances
tors, i.e., Wistar rats. 

D. Pituitary Gland 
/ . Nonneoplastic Lesions 

Nonneoplastic lesions of the pituitary gland 
were observed in some rats, but were relatively 
uncommon or insignificant and were not specif
ically tabulated. Such lesions included the pres
ence of "castration cells" in the anterior pitui
tary of a few old rats, cystic structures, and 
variable amounts of melanin pigment in the 
BN/Bi and F, rats. 

2. Neoplastic Lesions 
a. Tumors of the Anta ior Pituitary Gland 

Tumors of the anterior pituitary gland (ade-
nohypophysis) were common. They ranged in 
size from microscopic lesions causing compres
sion of the normal glandular tissue to large tu
mors greater than 10 mm in diameter that 
caused compression of the brain and hydro
cephalus. The microscopic appearance varied. 
Some tumors were composed of well-differen
tiated cells that formed sheets or nests. Others 
had variable degrees of anaplasia such as cellu
lar pleomorphism, tinctorial variability, mi
toses, giant cells, or, in a few cases, invasion 
into the meninges and perivascular spaces at the 
base of the brain. Most were highly vascular 
with many dilated vascular channels. The mi
croscopic appearance ranged, therefore, from 
apparently benign lesions to histologically ma
lignant tumors. 

Several large pituitary tumors appeared to be 
composed of two or more nodules, each with a 
different cellular morphology (Figure 4.22). 
This was also true of a few microscopic lesions 
in which multiple microscopic tumors were rec
ognized within one gland (Figure 4.23). Such 
findings suggest a multicentric origin for at 
least some of the pituitary tumors. 

The incidence in the population is summa
rized in Table 4.7 Male and female WAG/Rij 
had the highest incidence at 96 and 95%, re
spectively. F, rats had fewer tumors with 83% 
in females and 64% in males. BN/Bi had a rel-
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FIGURE 4.22. Three (A, B, and C) morphologically different patterns in a pituitary tumor arising in 
the anterior pituitary gland of a female WAG/Rij rat. (HPS; magnification x 35.) 

atively low incidence with 26% in females and 
14% in males. 

The age-associated incidence is illustrated in 
Figure 4.24. Male and female BN/Bi, male and 
female F„ and female WAG/Rij all had similar 
patterns. The tumors began to appear in the age 
periods between 13 and 24 months. After 24 

months, the incidence increased dramatically 
until the peak incidence was as follows: female 
WAG/Rij, 97%; male F,, 85%; female F,, 
79%; female BN/Bi, 33%; and male BN/Bi, 
11%. The male WAG/Rij, however, had an 
earlier onset of pituitary tumors with a rapid 
increase in incidence already evident in the age 



FIGURE 4.23. Multiple microscopic tumors in the anterior pituitary gland of a female WAG/Rij rat. (HPS; magnification 
X 13.) 

TABLE 4.7 

Incidence of Tumors in the Anterior Pituitary of Aging BN/Bi, WAG/ 
Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
pituitary 

tumor 

61 
10 
96 

118 
57 
43 

% 

26 
14 
95 
96 
83 
64 

Mean age 
(range) in 
months 

31(17—39) 
28(15—42) 
36(19—46) 
22 ( 9—31) 
28(15—40) 
33 (22—42) 

periods between 7 and 18 months. The peak in
cidence occurred in the oldest group (25 to 30 
months) and reached 90%. 

b. Other Pituitary Tumors 

A 25-month-old female F, rat had, in addi

tion to an epithelial tumor of the anterior pitui
tary, a malignant melanoma. The tumor cells 
were filled with melanin and had infiltrated the 
posterior pituitary, meninges, pars nervosa, 
and into the epithelial tumor of the anterior pi
tuitary resulting in a collision of the two tumors 
(Figure 4.25). 
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FIGURE 4.24. Percent incidence with age of pituitary tumors in 236 female and 74 male BN/Bi, 101 female and 124 male 
WAG/Rij, and 68 female and 67 male (WAG x BN)F, rats. 

FIGURE 4.25. Pituitary gland from a female (WAG x BN)F, rat having a tumor of the anterior pituitary gland (upper 
half) and a malignant melanoma (lower half). (HPS; magnification x 210.) 
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3. Discussion 
Tumors arising in the adenohypophysis were 

common in this study, with 385 neoplasms di
agnosed. The incidence varied, with 96% in 
male and 95% in female WAG/Rij rats, 64% 
in male and 83% in female (WAG x BN)Fi rats, 
and 14% in male and 26% in female BN/Bi 
rats. Nearly all were recognized grossly as en
larged pituitary glands, some greater than 1 cm 
in diameter. The older the rat, the greater was 
its risk of dying with a pituitary tumor (Figure 
4.24), but the WAG/Rij males appeared to 
have an earlier onset of this lesion than the 
other groups studied. 

The population of male WAG/Rij rats died 
about 6 to 9 months earlier than the popula
tions of female WAG/Rij, female and male 
BN/Bi, or female and male (WAG x BN)Fi 
rats. Since the incidence of pituitary tumors 
was 96% in the WAG/Rij males and since they 
occurred 6 to 9 months earlier, it would seem 
that the earlier deaths were caused by pituitary 
tumors. The problem is much more complex, 
however, because many neoplastic and nonneo
plastic lesions seemed to occur earlier in male 
WAG/Rij rats (see other organ systems in this 
chapter). 

Spontaneous pituitary tumors are common 
and have been reported in most strains and 
stocks of rats as summarized in several review 
art ic les ."**" '"*"^ They occur in Sprague-
Dawley, Wistar, Fischer, Osborne-Mendel, and 
BN derived rats. In fact, no references were 
found that described a 0% background in any 
strain or stock of rats. The incidence varies 
from less than 20% to over 90%. The true age-
associated incidence for different strains and 
stocks is difficult to assess, however, since only 
a relatively few reports have been based upon 
life span studies. 

It has been stated that in most strains, the 
incidence of pituitary tumors was higher in fe
males than males. "^ In this study, the incidence 
in female BN/Bi and (WAG x BN)F. was 
greater than in males of the same strain. How
ever, the incidence in male and female WAG/ 
Rij rats was identical. 

For the purpose of this study, the "typical" 
rat pituitary tumors were classified simply as 
anterior pituitary gland tumors. Similar lesions 
are often designated as chromophobe adeno
mas by others, but based on the excellent review 

articles by Fürth et a l . " ' * and I to , " it is clearly 
impossible to determine the cell of origin and 
possible hormone production using routine his
tological material. Furthermore, it is equally 
difficult to classify the tumors as benign or ma
lignant. Approximately one third of the tumors 
in this study could be malignant as judged by 
histological criteria. Only three tumors showed 
local invasion, however, and none had distant 
metastases. Only one pituitary tumor from a 
WAG/Rij rat was transplanted" and it grew 
rapidly. Others have transplanted rat pituitary 
tumors and they generally grew well in the re
cipient host." Only a limited number of histo-
chemical studies have been done on the WAG/ 
Rij pituitary tumors and all were inconclusive." 
For these reasons only a simple working diag
nosis was given to these tumors until more spe
cific data are available. 

Rarely, tumors may occur in other portions 
of the pituitary than the adenohypophysis. For 
example, a malignant melanoma had invaded 
the pars nervosa and pars intermedia in a fe
male (WAG X BN)F. rat. Kroes et a l . ' " de
scribed tumors of the anterior pituitary in their 
Wistar rat. In addition, 15 to 25% of their rats 
had hjrperplasia of the pars intermedia and 
some had tumors arising from that area. There
fore, although most rat pituitary tumors are ep
ithelial in origin and arise in the adenohypo
physis, other tumors do occur. 

E. Pancreas 
1. Nonneoplastic Lesions 
a. Atrophy 

Focal or multifocal atrophy of pancreatic 
lobules was the most common age-associated 
lesion in the pancreas. The atrophy occurred in 
acini and lobules often with complete loss of 
acinar epithelial cells in such areas (Figure 
4.26). Accompanying the loss of acinar cells, a 
mild inflammatory response was often present 
that consisted mainly of lymphocytes and in
creased connective tissue. Fat cells rarely ap
peared to replace the acini. The lesion was sel
dom severe and the majority of pancreas 
appeared to be normal. Despite the loss of acini 
and accompanying fibrosis, the islets in these 
areas seemed normal. At times, dilated ductules 
were observed. 

Pancreatic atrophy was recognized in 34% of 
female and 40% of male BN/Bi, 16 and 11% 
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FIGURE 4.26. Focal atrophy of pancreatic acinar tissue. (HPS; magnification x 75.) 

TABLE 4.8 

Incidence of Pancreatic Atrophy in Aging BN/Bi, WAG/Rij, and (WAG 
X BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
pancreatic 

atrophy 

81 
30 
16 
14 
4 

31 

% 

34 
40 
16 
11 
6 

46 

Mean age 
(range) in 
months 

32 (22—54) 
32(19—44) 
35 (27—38) 
24(18—29) 
34 (29—38) 
35 (22—44) 

female and male WAG/Rij, and 6 and 46% in 
female and male Fi (Table 4.8) rats. 

The age-associated incidence is shown in Fig
ure 4.27, with most cases occurring in rats older 
than 24 months. The male BN/Bi had the high
est peak incidence (78%), followed by the Fi 
males (56%), BN/Bi females (52%), and 
WAG/Rij females (28%) and WAG/Rij males 
(17%). The female Fi rats had a relatively low 

incidence of this lesion and were not plotted in 
Figure 4.27. 

2. Neoplastic Lesions 
a. Islet Cell Tumors 

Adenomas arising in the islets of Langerhans 
were common. Most were solitary lesions, but 
a few rats had more than one. Histologically, 
the cells were polyhedral with distinct cell 
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FIGURE 4.27. Percent incidence with age of pancreatic 
atrophy in 236 female and 74 male BN/Bi, 101 female and 
124 male WAG/Rij, and 67 male (WAG x BN)F, rats. 

boundaries and pink, often finely granular, cy
toplasm. The nucleus was round, lightly vesi
cular, and located in the center of the cell. Cells 
were arranged in nests that were separated by 
thin connective tissue trabeculae. Some tumors 
were surrounded by a connective tissue capsule 
(Figure 4.28); however, most were not encap
sulated and had an irregular zone of contact be
tween the acinar tissue and the tumor (Figure 
4.29). Normal and atrophic acinar tissues were 
often present within the lesion. 

Two islet cell tumors were diagnosed as car
cinomas. They occurred in male Fi rats of 22 
months and 37 months old. They were histolog
ically similar to the adenomas, but extensive lo
cal invasion and destruction of pancreatic aci
nar tissue were present. However, no 
metastases were observed from either of these 
tumors. 

The incidence in male and female WAG/Rij 
and female F, rats was relatively low, while the 
BN/Bi males and females and F, males had the 
greatest incidence at 15, 11, and 15%, respec
tively (Table 4.9). 

The age-associated incidence is shown in Fig
ure 4.30 for BN/Bi males and females and F, 

FIGURE 4.28. Pancreas containing a large islet cell adenoma that is sharply demarcated from the surrounding pancreatic 

tissue. (HPS; magnification x 30.) 
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FIGURE 4.29. Pancreas with a small islet cell adenoma that was typical of the pattern found in the aging BN/Bi, WAG/ 
Rij, and (WAG x BN)F, rats. Note the irregular contact zone of the adenoma and the surrounding normal acinar tissue. 
(HPS; magnification x 30. ) 

TABLE 4.9 

Incidence of Islet Cell Tumors in Aging BN/Bi, WAG/Rij, and (WAG x 
BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
islet tumor 

25 
11 
3 
1 
4 

10 

% 

11 
15 
3 
1 
6 

15 

Mean age 
(range) in 
months 

33 (23—40) 
33 (20—42) 
40(35—44) 

23 
32 (26—36) 
32 (22—40) 

males. The tumors occurred in the older rats 
with a peak incidence in BN/Bi males of 32%, 
BN/Bi females of 24%, and F, males of 12%. 

b. Exocrine Cell Tumors 
Two male F, rats, 40 and 36 months old, had 

a solitary adenoma of the exocrine tissue (Fig
ure 4.31). Both were grossly visible nodules that 
were sharply demarcated from the surrounding 
tissue. Microscopically, a thin connective tissue 
capsule was present. The individual cells in 
both tumors were similar. They had basophilic 
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cytoplasm filled with numerous zymogen-like 
granules and tended to form acinar structures 
similar to the normal pancreatic acini. The nod
ules compressed the adjacent pancreatic tissue. 
There were no ducts or islets of Langerhans in 
either of the adenomas. 

FEMALE 

13-18 19-24 25-30 

Age Period (Months) 

FIGURE 4.30. Percent incidence with age of islet cell tu
mors in 236 female and 74 male BN/Bi and 67 male (WAG 
X BN)F, rats. 

3. Discussion 
Atrophy of the pancreatic acini and lobules 

was the most common age-associated lesion in 
the pancreas of aging rats. It was present in 
78% of male BN/Bi, 56% of male (WAG x 
BN)F,, and 52% of female BN/Bi rats older 
than 37 months (Figure 4.27). Therefore, it can 
be a significant pancreatic lesion in some aging 
rats. As it was often difficult, if not impossible, 
to recognize at the gross necropsy examination, 
histopathologic evaluation was needed to deter
mine its presence or absence. 

As reviewed by o t h e r s , ' " * ' " ' " tumors of 
the islets are usually adenomas and the inci
dence can vary depending upon the strain or 
stock. Similarly, tumors of the pancreatic islets 
in rats of this study were mostly adenomas, and 
an apparent strain difference was seen in the in
cidence of these lesions. Female and male BN/ 
Bi rats had an incidence of 11 to 15%, while 
male and female WAG/Rij rats had an inci
dence of only 1 to 3% (Table 4.9). These neo-

FIGURE 4.31. Adenoma of pancreatic exocrine tissue origin. (HPS; magnification x 39.) 
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plasms were age-associated and were relatively 
common (24 to 32%, Figure 4.30) in male and 
female BN/Bi rats older than 37 months. Like
wise, Coleman et al."^ found islet adenomas in 
9 of 144 male Fischer rats with most occurring 
in the oldest animals (5 of the 9 were in rats 
between 30 to 33 months of age). 

F. Liver 
1. Nonneoplastic Lesions 
a. Foci and Areas of CeUular Alterations 

A common age-associated lesion in the liver 
was an alteration in groups of hepatocytes. The 
alteration was seen as tinctorial or morpholog
ical changes in hepatocytes that set them apart 
from the normal cells (Figures 4.32 and 4.33). 
Such changes, when smaller than a lobule in 
size, were called foci. When they were larger 
than a lobule, they were considered to be areas. 
Liver cells within these foci or areas were either 
larger or smaller than normal (Figures 4.34 and 

4.35). Similarly, the cell nuclei were larger or 
smaller than normal and either had normal 
chromatin pattern or were vesicular or hyper-
chromatic. The cytoplasm was either basophilic 
or pink, finely granular or homogeneous, or 
finely or coarsely vacuolated. The margins of 
the foci and areas were usually sharp without 
clear zones of compressed normal liver paren
chyma. 

In the foci and areas it was not uncommon 
to find a few mitoses, focal extramedullary he
matopoiesis, and dilated or telangiectatic vas
cular spaces. Such findings were also seen in the 
normal portions of the liver, but they were 
more common in the regions with cellular 
change. 

Dilated endothelial-lined spaces were often 
associated with areas of cellular alteration. The 
smaller spaces usually had varying numbers of 
red blood cells in the lumina, while the larger 
spaces contained only a pink proteinaceous ma-

FIGURE 4.32. Basophilic, eosinophilic, vacuolated, and pleomorphic hepatocytes are present within an area of hepatocel
lular alteration. The only "normal" liver is found in the upper left-hand and lower right-hand corners of the figure. (HPS; 
magnification x 75.) 
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terial (Figure 4.36). These areas varied some-
what in size, but most were relatively small
areas that occupied only a few hepatic lobules
in diameter. Along the margins, individual he-
patocytes were present that were vacuolated
and degenerative. Necrosis was not evident,
however, and the pathogenesis of this change is
unknown.

The BN,zBi rat strain seldom had foci or
areas of cellular alterations in the liver. Fewer
than 590 of the males and females died with
such changes and, when present, the lesions
were focal and relatively insignificant. This is
in sharp contrast to the findings in the WAG/
Rij and F, rats, where such changes were com-
mon (Table 4.lO); 36Vo of male WAG/Rij,
37Vo of male F,, and4TVo of female F, rats died
with these lesions. In contrast, 8490 of all
V/AGlRij females died with these lesions. In
addition, the changes in the WAG,/Rij females
were usually very numerous and, at times, more
area was occupied by the altered cells than by
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FICURE 4.33. Area of altered hepatocytes. Many of the cells tend to be larger than no¡mal and have vacuolated cytoplasm
and small dark nuclei. (HPS; magnification x 465.)

the normal cells. As Figure 4.37 shows, the
peak age-associated incidence was in the oldest
rats and reached 76Vo lor the female WAG,/Rii,
45Vo for male WAG/Rij, and 60 and 3590 for
female and male F, rats, respectively.

b. Biliary Cysts
Many rats died with grossly visible cysts in

the liver. They ranged in size from a few milli-
meters to several centimeters, were solitary or
multiple, multiloculated, and contained a clear
amber-colored fluid (Figure 4.38). Microscopi-
cally, all cysts were similar irrespective of their
size. The lesions consisted of many large and
small spaces lined by simple cuboidal or flat en-
dothelial-like cells (Figures 4.39 and 4.40). The
trabecular tissue between the spaces was
formed by a thin layer of connective tissue. Oc-
casional nests of hepatocytes were present be-
tween the cysts and were usually compressed. A
few lymphocytes and macrophages were seen in
the trabeculae, but such cells were relatively in-
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FIGURE 4.36. Many endothelial-lined spaces within an area of basophilic altered hepatocytes. The spaces contain pink, 
protein-like material that is granular in some locations and homogeneous in others. (HPS; magnification x 80.) 

TABLE 4.10 

Incidence of Foci and Areas of Cellular Alterations in the Livers of Aging 
WAG/Rij and (WAG x BN)F, Rats 

Strain 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 

No. 
examined 

101 
124 
68 
67 

No. with 
lesions 

85 

45 
32 
25 

% 

84 

36 
47 
37 

Mean age 
(range) in 
months 

34(19—46) 

24(18—31) 
30 (24—40) 
35 (22—40) 

frequent. Compressed hepatic tissue was seen 
along the margin of some but not all of the 
cysts. 

The origin of these cysts could not be deter
mined. The smallest were identical to the larg
est. None contained blood or bile and none 

showed an unequivocal connection to an iden
tifiable bile duct or vascular channel. Since the 
lining appeared most like bile duct epithelium, 
such cysts were classified as bilary cysts and ap
peared to represent a benign, proliferative, cys
tic lesion in these aging rats. 
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FIGURE 4.37. Percent incidence with age of foci and 
areas of altered hepatocytes in 101 female and 124 male 
WAG/Rij and 68 female and 67 male (WAG x BN)F, rats. 
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FIGURE 4.38. Large, multiloculated biliary cyst in the liver of a BN/Bi i 
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FIGURE 4.40. Higher magnification of the biliary cyst shown in Figure 4.39. (HPS; magnification x 500.; 

TABLE 4.11 

Incidence of Cysts In the Liver of Aging BN/Bi, WAG/Rij, and (WAG 
X BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. 
with cysts 

129 
19 
10 
9 

13 
6 

Vo 

55 
26 
10 
4 

19 
9 

Mean age 
(range) in 
months 

32(13—54) 
32 (20—42) 
36(30—43) 
24(18—29) 
31(26—38) 
38 (29—44) 

The incidence of such biliary cysts is shown 
in Table 4.11. Females had a higher incidence 
than males and the BN/Bi strain had a higher 
incidence than the WAG/Rij strain. For exam
ple, 55% of BN/Bi females had cysts in con
trast to 26% of the males. The WAG/Rij fe

males had an incidence of 10% while the males 
had only 4%. The incidence in F, rats was in
termediate between the BN/Bi and WAG/Rij 
strains. 

The age-associated incidence was plotted for 
female BN/Bi and F, rats and for male BN/Bi 
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rats (Figure 4.41). The peak incidence occurred 
in the oldest age groups and reached 75% of 
the female BN/Bi, 50% of female F,, and 33% 
of male BN/Bi rats that were older than 37 
months. 

c. Miscellaneous Nonneoplastic Lesions 
Additional lesions were also recognized in the 

livers of aging rats, but were not specifically 
tabulated. Among these was the presence of U-
pofuscin pigment in hepatocytes. This pigment 
was common in the older rats. Nearly all rats 
may have it, but special stains, such as PAS and 
Ziehl-Nelsen acid fast, were not used routinely 
to identify the pigment. Variations in the size 
of hepatocyte nuclei and polyploidy, also very 
common in these aging rats (Figure 4.42), were 
not studied in detail. Similarly, hemosiderin 

7-12 13-18 1924 25-30 31-36 3=37 

Age Period (Monttis) 

FIGURE 4.41. Percent incidence with age of biliary cysts 
in 236 female and 74 male BN/Bi and 68 female (WAG x 
BN)F, rats. 
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FIGURE 4.42. "Normal" appearance of the liver of an aged BN/Bi rat. Note the multinucleated hepatocytes, the variation 
in the size of nuclei, and the dark granular material in the cytoplasm which is lipofuscin-like pigment. (HPS; magnification x 
500.) 
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pigment was present in hepatocytes and Kupf-
fer's cells of some aged rats, but Prussian blue 
reaction for iron was not done routinely. Many 
of the rats that died with large tumors elsewhere 
in the body had extramedullary hematopoiesis 
randomly distributed in the liver. Focal areas 
of necrosis, microabscesses, or focal aggrega
tions of mononuclear inflammatory cells were 
also seen in a few livers, but only sporadically. 
Bile duct hyperplasia was recognized in the liv
ers of some rats, but appeared to be a relatively 
insignificant lesion in these rats. Finally, pink 
intranuclear inclusion bodies of varying size 
were seen in hepatocytes of a few rats. They did 
not appear to be of viral origin and probably 
increased with age, but more studies would be 
needed to clearly show an age-associated pat
tern. 

2. Neoplastic Lesions 
a. Neoplastic Nodules 

Neoplastic nodules were morphologically be
nign nodules that could not be differentiated 
from nodular hyperplasias or adenomas. How
ever, they appeared to be more than areas. The 
nodules were often morphologically similar to 
the areas of cellular alteration described previ
ously, with the cells and architecture showing 
many of the same tinctorial and cellular varia
tions. In general, there was more cellular pleo
morphism and more mitoses and the hepatic ar
chitecture was more disorganized within the 
nodules. The major criterion for diagnosing 
nodules was, however, the presence of distinct 
zones of compression of normal liver along the 
contact regions between the normal liver and 
the nodule (Figure 4.43) and a disorganization 
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of the normal pattern of cords and sinusoids. 
As tabulated in Table 4.12, the female 

WAG/Rij rats had the highest incidence (10%) 
of neoplastic nodules. The other groups of rats 
had a relatively low incidence with 1 % in male 
WAG/Rij, 3% in male F„and none in female 
F, or male and female BN/Bi rats. They were 
only seen in the oldest groups of rats. For ex
ample, the youngest rat with a nodule was the 
male WAG/Rij rat and it was 27 months old. 
The other 12 nodules were found in rats 33 
months or older. 

b. Hepatocellular Carcinoma 
A 44-month-old male F, rat died with an he

patocellular carcinoma. The tumor was con
fined to one liver lobe and was composed of 
irregular sheets, cords, and trabeculae of cells 
and areas of cellular atypia (Figures 4.44 and 
4.45). Few mitoses were found and no vascular 
invasion or distant metastases was seen. 

c. Malignaat Hemangioeadothelioma 
A 31-month-old female WAG/Rij rat died 

with a large malignant hemangioendothelioma 
that appeared to be arising in the liver. The tu
mor was typical of a endothelial cell tumor with 
many blood-filled vascular spaces and some 
with fibrin thrombi. The spaces were lined by 
anaplastic endothelial cells with mitoses and lo
calized destruction of the liver. The tumor was 
confined to one lobe of the liver and no distant 
metastases were observed. 

3. Discussion 
Squire and Levitt"' defined liver foci, areas, 

and neoplastic nodules in their report of a 

workshop on the classification of hepatocellu
lar lesions in rats. Squire and Goodman"^ rei
terated these views in a review article on the tu-
mors of l a b o r a t o r y an ima l s . Some 
disagreement still exists, however, about the 
correct terminology for such lesions. A detailed 
discussion of the various arguments is not 
within the scope of this chapter. Briefly, some 
investigators have classified lesions similar to 
neoplastic nodules as hyperplastic nodules,'""^ 
while others considered them to be minute-de
viation hepatomas."* The terminology sug
gested by Squire and Levitt'** was used to clas
sify these liver lesions in the BN/Bi, WAG/Rij, 
and (WAG x BN)F, rats. 

The observations on the BN/Bi, WAG/Rij, 
and (WAG x BN)Fi rats do not solve the con
troversy of terminology, but certain trends were 
seen that may help to clarify the biological be
havior of these lesions. For example, the BN/ 
Bi males and females had a very low back
ground of foci and areas of cellular alteration 
(<5%). They also had a 0% incidence of hepa
tocellular neoplastic nodules. On the other 
hand, WAG/Rij females had the highest back
ground incidence of foci and areas (84% inci
dence in those older than 37 months) as well as 
the highest incidence of nodules (10%), with 
half in animals 36 months or older. It would 
appear then that foci, areas, and nodules are all 
age-associated, with the percentage increasing 
as the population ages. Also, strains with a high 
background of foci emd areas may be more 
likely to develop liver cell nodules than strains 
with a low background incidence. The implica
tion here suggests that foci and areas progress 
to nodules. This hypothesis has not been tested, 
however, and additional comparisons of differ-

TABLE4.12 

Incidence of Neoplastic Nodules in the Liver of Aging BN/Bi, WAG/ 
Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F. 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
nodules 

0 
0 

10 
1 
0 
2 

% 

— 
10 
1 

— 
3 

Mean age 
(range) in 
months 

— 
36 (33—40) 

27 

— 
39,40 
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FIGURE 4.44. Hepatocellular carcinoma in the liver of a 44-month-old male (WAG x BN)F, rat. (HPS; magnification x 
210.) 

ent strains of rats are needed before such con
clusions can be made. 

Only one rat died with an hepatocellular car
cinoma, a 44-month-old F, male. Too few rats 
developed carcinomas to determine if there was 
a trend for rats with neoplastic nodules to de
velop carcinomas. Hepatocellular carcinomas 
have been seen in a few WAG/Rij females that 
were part of other studies at REP Institutes," 
but the background incidence is 1% or less. 
This low number of carcinomas likewise makes 
it difficult to suggest that neoplastic nodules 
give rise to hepatocellular carcinomas. 

Biliary cysts increased in incidence, number 
per rat, and size with age and they were benign 
proliferative lesions. Therefore, some contro
versy exists about the nomenclature of these le
sions. For example, Schauer and Kunze'*' de
scribed cystic cholangiomas which closely 

resembled the biliary cysts reported in the BN/ 
Bi, WAG/Rij, and (WAG x BN)F. rats. There
fore, this is yet another area where additional 
studies are clearly needed. 

The contrasting pattern of lesions in the liv
ers of the BN/Bi vs. the WAG/Rij rat is worth 
stressing because these lesions may influence an 
investigator's choice of an animal for aging 
Uver studies. BN/Bi rats have a high back
ground of bile duct lesions, but the hepatocytes 
were morphologically normal. On the other 
hand, the WAG/Rij rats had morphologically 
altered hepatocytes. Therefore, if one must se
lect a rat in which to study aging in liver cells, 
one should do so only after considering the 
"normal" morphological alterations occurring 
in the livers of the rats to be used. 

Aging BN/Bi, WAG/Rij, and (WAG x 
BN)F, rats also had several additional lesions 



FIGURE 4.45. Higher magnification of the hepatocellular carcinoma in Figure 4.44. (HPS; magnification x 500.) 

in the liver. Such lesions were often difficult to 
assess and to establish a clear age-associated in
cidence, however. For example, lipofuscin pig
ment in hepatocytes was clearly age related and 
the incidence may approach 100% in rats older 
than 30 months. Hemosiderin pigment and ex
tramedullary hematopoiesis were also observed 
in the older rats, but they appeared to occur 
secondary to large neoplasms elsewhere in the 
body. 

Polyploidy also appeared to be age related 
because it could be found in most of the aged 
rats, de Leeuw-lsraeP' has shown, however, 
that liver cell polyploidy increased up to 6 
months of age and stabilized between 6 and 12 
months in RU rats. Beyond 12 months, the 
amount of polyploidy remained constant. Ad
ditional studies by van Bezooijen et a l . " ' indi
cated that only minor changes in the polyploid 
state were found in WAG/Rij rats after 4 

months of age. Therefore, polyploidy increases 
with age, but only up to a point (6 to 12 
months). Afterwards, no further age-associated 
increase can be shown. 

G. Alimentary Tract and Abdominal Cavity 
1. Nonneoplastic Lesions 

The buccal cavity and its associated struc
tures, such as the tongue, teeth, and gingiva, 
were not prepared for histopathology unless a 
lesion was observed at the time of necropsy. 
Therefore, lesions of the mouth were limited to 
gross findings such as overgrown incisor teeth 
and grossly observed masses. Specific age-as
sociated nonneoplastic lesions were not recog
nized. 

a. Gastric Ulcers 
The most significant nonneoplastic lesion 

was ulceration of the forestomach (nonglandu-
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lar). Ulcers occurred in all groups of rats (Table 
4.13) and appeared as focal or multiple lesions 
that varied from microscopic to greater than 1 
cm in diameter. Blood was found in the lumen 
of the stomach and intestine of some rats. His
tologically, a few were shallow ulcers with little 
associated inflammation. However, most were 
deeply ulcerated areas extending through the 
submucosa into the muscular tunics. Associ
ated with the larger ulcers was a severe inflam
matory response with edema, arteritis, and 
many neutrophils. Occasionally, foreign bodies 
and accompanying granulomatous inflamma
tion were present. Acanthosis, hyperkeratosis, 
and parakeratosis of the mucosa occurred 
along the margins of the ulcers and at times dif
fusely over the mucosa of the entire foresto
mach. Approximately one third (Table 4.13) 
had ulcers and inflammation that penetrated 
through the entire stomach wall, resulting in as
sociated peritonitis. Despite the severe ulcera

tions in the forestomach, the glandular stomach 
and intestine were uninvolved. 

The age-associated incidence is shown in Fig
ure 4.46. Male WAG/Rij and Fj rats had peak 
incidences of 28 and 25%, respectively, while 
WAG/Rij and Fi females had peak incidences 
of 16 and 10%. 

b. Miscellaneous Nonneoplastic Lesions 
In addition to ulcers and associated gastritis 

of the forestomach, a few other gastric lesions 
were recognized. Included were findings such as 
dilated crypts and crypt abscesses of the mu
cosa, increase in collagen in the lamina propria 
and submucosa of both the squamous and glan
dular stomach, and mild nonspecific inflam
mation in the submucosa. Such lesions were not 
common. Some may have been age associated, 
but as specific calculations were not done, no 
conclusions were made. 

Similarly, nonspecific changes were recog-

TABLE4.13 

Incidence of Ulcerative Gastritis and Associated Peritonitis of the Forestomach in Aging BN/Bi, WAG/ 
Rij, and (WAG x BN)Ft Rats 

Strain 

BN/Bi 

WAG/Rij 

F. 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
ulcers 

2 
1 

17 
31 
6 

15 

Vo 

1 
1 

17 
25 
9 

22 

Mean age 
(range) in 
months 

28,32 
34 

32 (19—38) 
23 (18—28) 
32(26-37) 
32(22-39) 

No. with 
peritonitis 

0 
0 
3 

12 
2 
4 

% 

— 
18 
39 
33 
27 

Mean age 
(range) in 
months 

— 
35 (33-36) 
23 (18—28) 

33,37 
28 (22—36) 
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FIGURE 4.46. Percent incidence with age of ulcers and gastritis of the nonglandular stomach in 101 female and 124 male 
WAG/Rij and 68 female and 67 male (WAG x BN)F, aging rats. 
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nized in the intestinal tract of a few rats, but it 
was usually impossible to evaluate subtle age-
associated changes on the routine sections of 
the intestinal tract. Sporadic chronic, nonulcer
ative colitis, and typhlitis occurred in less than 
5% of the rats. It consisted of a mild increase 
in lymphocytes, plasma cells, and neutrophils 
in the lamina propria and submucosa, usually 
with some edema. Two BN/Bi rats had chronic 
colitis, with numerous eosinophils. In these rats 
the inflammation extended into the muscular 
wall of the colon. Specific organisms were not 
recognized using sections stained with HPS, 
Giemsa, PAS, or Gomori's silver stain. Mild 
enteritis or enterocolitis was found in approxi
mately 2% of the aging rats of this study. 

Pinworms were present in the cecum, colon, 
or both of some rats, but they were not numer
ous and were not associated with any recog
nized histological changes. 

2. Neoplastic Lesions 
a. Head, Neck, and Mouth 

Squamous cell carcinomas appeared to arise 
within the buccal cavity of four female rats (Ta
ble 4.14). All were highly infiltrative tumors 
that invaded and destroyed normal tissues and 
occupied the mouth, head, and neck with ulcer
ations. Two had distant metastases to lymph 

nodes or lungs. Histologically the tumors were 
composed of squamous epithelial cells, epithe
lial pearls, cornifying cells, keratin, and many 
mitoses. Along the margins, the cells were less 
differentiated and were often in irregular nests. 

Five malignant mesenchymed tumors in
volved the head, neck, and mouth (Table 4.15) 
and, like the squamous cell carcinomas, were 
highly infiltrative and destructive. The exact 
site of origin could not be determined. One had 
widespread metastases to several organs. They 
were similar histologically, with a uniform to 
slightly pleomorphic population of undifferen
tiated spindle cells that were further character
ized by the lack of giant cells, failure to produce 
much collagen, and lack of palisading or Vero-
cay bodies. 

b. Stomach 
Solitary squamous cell papillomas of the fo

restomach occurred in one male BN/Bi, two fe
male WAG/Rij, and one female F,. The lesions 
were benign wart-like elevations on the mucosa 
and consisted of a fibrovascular supporting 
stroma lined by keratinized squamous epithe
lium. 

One 26-month-old female BN/Bi rat had a 
large, undifferentiated spindle cell sarcoma of 
the stomach. Most areas resembled a leiomy-

TABLE4.14 

Occurrence of Squamous Cell Carcinoma in the Mouth of Aging 
Female BN/Bi and (WAG x BN)F, Rats 

Strain 

BN/Bi 
F, 

No. 
examined 

236 
68 

No. 
with 

tumor 

3 
1 

TABLE 4.15 

Mean age 
(range) 

35(31—38) 
37 

No. with 
distant 

metastases 

2 
0 

Occurrence of Highly Invasive, Undifferentiated Sarcomas Involving the Re
gion of the Mouth, Head, and Neck in Aging Female BN/Bi and Male (WAG 
XBN)F, Rats 

Strain 

BN/Bi 
F. 

Sex 

Female 
Male 

No. 
examined 

236 
67 

No. with 
tumor 

3 
2 

Mean age 
(range) 

22(14—34) 
22,27 

No. with 
distant 

metastases 

1 
0 
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osarcoma, with fusiform cells containing pale 
pink cytoplasm with distinct cell boundaries 
and elongated nuclei with blunt ends. Other 
areas were less differentiated, however, and re
sembled a neurofibrosarcoma with small cells 
having indistinct cell boundaries and spindle- to 
fusiform-shaped nuclei. Mitoses were frequent 
and the tumor was locally invasive but did not 
metastasize. 

c. Intestine 
An apparently benign nodular lesion in the 

wall of the small intestine was recognized in 12 

of the 236 (5%) female BN/Bi rats and 2 of the 
68 (3%) female F, rats (Table 4.16). They were 
diagnosed as fibroleiomyomas. The lesions 
were grossly visible as solitary, firm white nod
ules. They were about 5 mm in diameter and 
were located in the distal duodenum or proxi
mal jejunum. Microscopically they arose in the 
muscle wall (Figure 4.47) and consisted of var
iable amounts of muscle and fibrous connective 
tissue. The cell boundaries were indistinct, the 
cytoplasm pink to yellow with HPS stain, and 
the nuclei round to elongated (Figure 4.48). The 
tumor cells appeared to spread between and 

TABLE 4.16 

Incidence of Fibroleiomyoma in the Small Intestine of Aging Fe
male BN/Bi and (WAG x BN)F, Rats 

No. No. Mean age (range) 
Strain examined with tumor Vo in months 

BN/Bi 
F, 

236 
68 

12 
2 

5 
3 

32(19—37) 
36,40 

•ft, '̂ V"> "*"^'" "• ''*••. . '' **^" ' 

FIGURE 4.47. Fibroleiomyoma of the wall of the small intestine in a female BN/Bi rat. (HPS; mag
nification X 30.) 
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^ t 

^ 

'^ é* ' . 

FIGURE 4.48. Higher magnification of the fibroleiomyoma shown in Figure 4.47. (HPS; magnification x 465.) 

around the normal muscle, which often ap
peared atrophic. 

Two male BN/Bi rats, both 33 months old, 
had leiomyosarcomas originating in the wall of 
the small intestine. The tumors were composed 
of fusiform cells with abundant pink cytoplasm 
and elongated nuclei with blunt ends. Both tu
mors had areas of anaplastic, poorly differen
tiated cells with many mitoses, and one had me
tastasized to the lungs. 

d. Abdominal Cavity 
Mesotheliomas, arising from the serosal lin

ing cells, were present in two female BN/Bi rats 
28 and 35 months of age. Grossly, nodules and 
papillary masses of varying sizes were found 
over the surface of the small intestine, spleen, 
pancreas, and omentum. Microscopically the 
lesions consisted of several patterns such as tu
bular structures, spaces or small cystic struc
tures lined by papillary mesothelium, and areas 
of spindle cells. The stroma of the tumors was 
highly vascular and contained variable amounts 

of collagen. The lining of the nodules was by 
cuboidal to pleomorphic mesothelial cells. Mi
toses were infrequent. 

One 28-month-old female F, had a large li
poma in the omental fat. The tumor was com
posed of well-differentiated fat cells and was 
sharply demarcated from the normal surround
ing fat tissue. 

A 39-month-old female BN/Bi rat died with 
the abdominal cavity filled with a pleomorphic 
sarcoma. The tumor had invaded the liver, pan
creas, intestine, uterus, lymph nodes, abdomi
nal wall, and diaphragm. The cells were pleo
morphic with many mitoses, giant cells, and 
multinucleated cells. The tumor was of mesen
chymal origin, but the site of origin could not 
be determined. 

3. Discussion 
The most important age-associated lesions in 

the rats of this study were ulceration and ac
companying gastritis of the forestomach. The 
ulcers were apparently strain dependent be-
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cause less than 1% occurred in the BN/Bi rats 
while 9 to 25% of the WAG/Rij and (WAG x 
BN)F, rats had these lesions. Between 18 and 
39% of the ulcers had perforated the entire 
thickness of the stomach wall and resulted in 
peritonitis. Such lesions were severe and must 
have contributed to the death of these animals. 

The etiology of the ulcers is unknown. The 
ulcers in rats were usually multifocal, randomly 
distributed in the squamous portion of the 
stomach, and were seen as acute, chronic, and 
apparently healed ulcers. Stress by a number of 
causes may produce ulcers in the stomach of 
rats.^ Such lesions were usually in the glandular 
stomach, however. 

As reviewed by others,'"•'^°-'•'*•'" sponta
neous tumors of the rat gastrointestinal tract 
are not common. In this series of BN/Bi, 
WAG/Rij, and (WAG x BN)F, rats, neoplastic 
lesions were not rare, but only a few were 
clearly invasive and destructive tumors that 
probably contributed to the death of some rats. 
Lesions such as the fibroleiomyomas seemed to 
have a strain and sex predilection since they 
were seen only in females and occurred in 5% 
of the BN/Bi rats, but in 0% of the WAG/Rij. 

Pinworms are common in most rat colonies 
and it is often difficult to eliminate them or to 
keep them out of even SPF colonies. In this se
ries, a low but constant infection by pinworms 
was present in the aging colony. Histologically, 
no lesions could be attributed to these nema
todes, indicating that low numbers of these 
worms do not appear to have any significant 
effect on the longevity or the morphological 
features of the cecum and colon of aging rats. 

H. Salivary Gland 
1. Nonneoplastic Lesions 

Nonneoplastic changes in the salivary glands 
were not common. The only recognized change 
was atrophy of the parotid salivary gland. It 
consisted of atrophy and loss of acinar tissue, 
dilated ducts with flattened epithelium, a mild 
mononuclear inflammatory response, and in
creased connective tissue between acini. Occa
sional calcium deposits were recognized within 
ducts. Atrophy was recognized in less than 5% 
of any of the groups studied and therfore was 
not tabulated. 

2. Neoplastic Lesions 
Three tumors were found in the salivary 

glands of the 670 aging rats. The first tumor 
consisted of a well-differentiated adenoma aris
ing in the salivary gland of a 34-month-old BN/ 
Bi female. The other two were adenocarcino
mas, one in a 28-month-old female BN/Bi rat, 
the other in a 22-month-old male WAG/Rij. 
Both tumors formed cystic spaces lined by epi
thelial cells. The epithelial cells were often ana
plastic and mitoses were numerous. They 
tended to form sheets of cells in some areas and 
papillary projections in other regions. Both tu
mors were surrounded by a connective tissue 
capsule. The tumor in the BN/Bi female had 
not metastasized, but the carcinoma in the 
WAG/Rij male had multiple metastases to the 
lungs. 

3. Discussion 
Neoplastic and nonneoplastic age-associated 

lesions appear to be rare in rats as judged by 
the relative lack of references in the literature. 
Glucksmann and Cherry'" discussed several in
duced tumors of the salivary gland in rats, but 
did not describe spontaneous lesions. Similarly, 
Squire and Goodman*" reported spontaneous 
salivary gland tumors to be rare in rats. Like
wise, only three salivary gland tumors were ob
served in the 670 rats of this study. Equally un
common were age-associated nonneoplastic 
changes. 

L Cardiovascular System 
1. Nonneoplastic Lesions 
a. Myocardial Degeneration and Fibrosis of the 
Ventricular Wall 

Fibrosis with loss and degeneration of car
diac muscle fibers was the most common age-
associated lesion of the heart. It occurred most 
frequently on the left side with involvement of 
the left ventricular wall (especially the inner one 
third), the apex, the interventricular septum, 
and papillary muscles. Involvement of the right 
ventricle was infrequent. The lesion usually 
consisted of solitary or multiple areas of fibro
sis (Figure 4.49) that were often cellular with 
fibroblasts and occasionally with numerous 
Anitschkow's cells (Figure 4.50). Lymphocytes 
and granulocytes were not numerous, but some 
were found in most hearts. In the areas of fi
brosis, cardiac muscle was either degenerative 
or absent, often being fragmented, vacuolated, 
or showing loss of cross striations. Fragmented 
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and degenerative cardiac muscle cells were also 
observed along the margins. 

The peak age-associated incidence was be
tween 80 and 90% in male and female BN/Bi 
and female WAG/Rij that were older than 37 
months (Figure 4.51). The age of onset was also 
similar with fibrosis, beginning between the 
ages of 13 to 24 months. The percent incidence 
remained below 3% until 24 months and then 
increased sharply. The male WAG/Rij had an 
earlier onset of this lesion with 8 and 43% in 
the age period of 13 to 18 and 19 to 24 months, 
respectively. The peak incidence reached 65%, 
which was below the 80 to 90% peak incidence 
for the other groups. 

The hearts from the msde and female BN/Bi 
and WAG/Rij rats were selected to grade the 
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FIGURE 4.51. Percent incidence with age of myocardial 
fibrosis in 236 female and 74 male BN/Bi and 101 female 
and 124 male WAG/Rij rats. 

severity of the myocardial fibrosis. This was 
done in order to determine if one sex or strain 
had more severe lesions than the other. The 
hearts were graded twice using routine sections 
stained with HPS, without a knowledge of the 
sex or age of the rat. With the HPS, collagen 
stained yellow, which contrasted sharply with 
the red staining of the cardiac muscle. The 
grading system ranged from no fibrosis, to 
slight ( + ), to moderate ( -I- -i- ), to severe 
( -1- -I- -f ). The results of the grading are sum
marized in Figure 4.52 for BN/Bi and Figure 
4.53 for WAG/Rij rats. Grade -I- -I- + severity 
was not recognized in female WAG/Rij and in 
only two male WAG/Rij, while the peak inci
dence of -I- -I- -(- fibrosis was 14 and 20% in fe
male and male BN/Bi, respectively. The BN/Bi 
rats, therefore, had more severe fibrosis than 
the WAG/Rij. In the male BN/Bi, the age of 
onset of grade -f -i- -i- fibrosis appeared to be 
about 6 months earlier than in females, while 
the age of onset of grade -i- and -i- + fibrosis 
was similar in males and females. In addition. 
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FIGURE 4.52. Severity of myocardial fibrosis plotted as 
percent incidence with age from 236 female and 74 male 
BN/Bi rats. The range of severity is as follows: -H = mild, 
-H -I- = moderate, and H- -F -I- = severe. 
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FIGURE 4.53. Severity of myocardial fibrosis plotted as a percent incidence with age from 101 female and 124 male WAG/ 
Rij rats. The range of severity is as follows: + = mild and + + - moderate. 
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FIGURE 4.54. Focal cartilaginous metaplasia in a papillary muscle of the heart. (HPS; magnification x 210.) 

there was an apparent earlier onset of fibrosis 
in WAG/Rij males based on the shift to the left 
of the curves compared to female WAG/Rij or 
male and female BN/Bi rats. Time did not per
mit a grading of the male and female F, rats. 

b. Cartilaginous and Osseous Metaplasia 
In some of the hearts with fibrosis, metaplas

tic bone or cartilage was found in the left heart. 
It was either within papillary muscles or located 
at the apex of the left ventricle (Figure 4.54). 
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Such metaplastic changes were observed in 9% 
of male and 5% of female BN/Bi, but not in 
any of the WAG/Rij or F, rats. 

c. Cartilaginous Focus at the Base of the Aorta 
Several rats had a focus of cartilage in the 

wall of the aorta adjacent to the aortic valve 
(Figure 4.55). These foci were not routinely re
corded when evaluating the histologic findings 
of the heart. Therefore, the actual percentages 
among the different groups of rats were not de
termined. 

d. Heart Valves 
Lesions of the heart valves occurred in more 

than 75% of all rats examined. They were sec
ond only to myocardial fibrosis as an age-asso
ciated lesion in the heart. They could not be ac
curately tabulated, however, because some 

hearts had no valves in the section and others 
had only partially sectioned valves. The com
monly observed lesions were defined, however, 
and a general assessment of the valves most 
often affected was made. 

The most common lesion was a myxomatous 
degenerative change that resulted in thickening 
of the valve (Figure 4.56). Severe lesions had 
areas of fibrosis and, at times, inflammatory 
cells (Figure 4.57). Some had small fibrin 
thrombi and others had organizing thrombi on 
the valve surface. A few had mineral deposits 
in the valve. The most frequently affected ap
peared to be the mitral valve alone, followed by 
involvement of both the mitral and the aortic 
valves. Less affected was the aortic valve alone 
or the tricuspid valves. No lesions were ob
served in the pulmonary valves, but due to the 
plane of sectioning, pulmonary valves were sel
dom observed in the sections. 

FIGURE 4.55. Carilaginous focus at the base of the aorta and aortic valve. (HPS; magnification x 210.) 
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FIGURE 4.56. Myxomatous degeneration of the mitral valve of the heart. (HPS; magnification x 240.) 
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FIGURE 4.57. Mitral valve showing myxomatous degeneration, inflammation, focal loss of endothelial cells, and focal 
fibrin deposits. (HPS; magnification x 195.) 
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e. Endocardial Disease 
Endocardial disease was a lesion in the heart 

characterized by a proliferation of undifferen
tiated mesenchymal cells in the subendocar-
dium. It was usually confined to the left ventri
cle, but in a few cases mild involvement of the 
right ventricle, mitral valve, and left atrium was 
infrequently observed. The severity varied from 
mild, with a thickness of only a few cell layers 
(Figure 4.58), to severe, with several layers of 
cells under the endothelium (Figures 4.59 and 
4.60). The individual cells had indistinct bound
aries with pale pink and often vacuolated cyto
plasm. Their nuclei were often fusiform in the 
layers nearest the myocardium, but tended to 
be round or pleomorphic in the layers closest to 
the lumen of the ventricle. The lesion was usu
ally sharply demarcated from the myocardium, 
but in some the subendocardial proliferation 
extended irregularly around myocardial fibers, 
resulting in focal degeneration of cardiac mus
cle. 

Inflammation was not a prominent feature of 
endocardial disease, but a few lymphocytes and 
even necrotic cellular debris were present in 

some cases, especially along the margin of the 
lesion and the myocardium. Two female BN/Bi 
rats showed a focal loss of endothelial cells over 
the lesion with inflammation and thrombus for
mation. In one, the thrombus was large and or
ganizing, while the other consisted only of fi
brin deposits on the luminal surface. 

A 22-month-old-male WAG/Rij rat (Table 
4.17) had endocardial disease and a large undif
ferentiated sarcoma (see Section II.1.2). The tu
mor appeared to arise in the wall of the left ven
tricle either in or adjacent to the 
endomyocardial disease lesion. 

As shown in Table 4.17, 34 cases of endocar
dial disease were observed in this study. The in
cidence ranged from 0% in female WAG/Rij 
to 9% in female BN/Bi. The male and female 
BN/Bi strain had the highest incidence (8 to 
9%), followed by the male and female F, (3 to 
6%). The male and female WAG/Rij had the 
lowest incidence, with none found in females 
and only one in males. This lesion was clearly 
age associated, with only two cases found in 
rats less than 24 months old and 17 in rats older 
than 30 months. 

FIGURE 4.58. Mild endomyocardial disease of the subendothelial region of the left ventricle. (HPS; magnification x 240.) 
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FIGURE 4.59. Severe endomyocardial disease of the left ventricle. Note the round nuclei in the cells 
nearest the ventricular chamber, the spindle-shaped cells nearest the myocardium, and the sharp demar
cation between the myocardium and the subendothelial proliferation. (HPS; magnification x 260.) 

The rats with the most severe endocardial dis
ease also had lesions suggesting heart failure. 
These included pulmonary edema and conges
tion, hemosiderin-filled macrophages in the 
lung, and chronic passive congestion of the 
liver with degeneration and loss of hepatocytes 
around central veins. 

ƒ, Lesions of the Atrium and Auricle 
Several lesions occurred in the atria and au

ricles of the heart. The most common was a 
thickening of the subendothelium of the left 
atrium and less commonly the left auricle. The 
lesion was found in over half of all hearts ex
amined and in all strains and sexes of rats. The 
mildest form was a multifocal, relatively acel-
lular accumulation of a homogeneous material 
that stained pale yellow with the HPS stain. 
The accumulation was diffuse and more cellu
lar in the more severe cases than in the mild 



FIGURE 4.60. Papillary muscle of the left heart showing severe endomyocardial disease. (HPS; magnification x 210.) 

TABLE 4.17 

Incidence of Endocardial Disease in Aging BN/Bi, WAG/Rij, and (WAG 
X BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
endocardial 

disease 

21 
6 
0 
1 
4 
2 

Vo 

9 
8 
0 
1 
6 
3 

Mean age 
(range) in 
months 

32 (24—40) 
33(31—37) 

— 
22 

31 (22—37) 
40,42 

cases (Figure 4.61). The etiology of this lesion 
is unknown, but it appeared to be age associ
ated. 

Degeneration of the myocardium of the atria 
in the absence of myocarditis was observed in 
a few hearts. The lesion was similar to that ob

served in the ventricles, with muscle cells usu
ally vacuolated, some fragmented, and some 
with a loss of cross striations. The degeneration 
was usually accompanied by a mild increase in 
fibrous tissue between muscle fibers. 

Chronic myocarditis and endocarditis, espe-
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cially of the left atrium and auricle, was char
acterized by a mild, diffuse infiltration by lym
phocytes and occasionally plasma cells and 
granulocytes. There was also an apparent in
crease in the number of sarcolemmal nuclei. At 
times, an endocarditis was also present. Occa
sionally, focal loss or denudation of the endo
thelium was present, accompanied by a few 
granulocytes and fibrin thrombi overlaying the 
endocardium. Such lesions were seen in 15 and 
8% of the male and female BN/Bi rats, respec
tively. This was in contrast to less than 5% in 
male and female WAG/Rij and F, rats. 

Large, organizing thrombi were found in the 
left atrium or auricle of some hearts (Figure 
4.62). In such cases, there was also a myocar
ditis of the atrium. Such large thrombi were 
present in the left atrium or auricle in 3% of 
the female and 12% of the male BN/Bi rats, 

but none were observed in any of the WAG/Rij 
or Fi rats. 

g. Periarteritis Nodosa 
Periarteritis (polyarteritis) nodosa was an 

acute, subacute, or chronic disease of the me
dium and small arteries. It was characterized by 
subendothelial edema, damage to the elastic 
membrane, fibrinoid or hyaline necrosis of the 
media, and inflammatory cell infiltration into 
all layers of the arterial wall (Figures 4.63 and 
4.64). The inflammatory cells were most abun
dant in the adventitia and were composed of 
numerous neutrophils, lymphocytes, and 
plasma cells and, to a lesser degree, macro
phages and eosinophils. It occurred as a focal 
or segmental lesion with some areas of an artery 
severely involved and other areas normal. 
Slight aneurysmal dilatation occurred in a few 
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FIGURE 4.62. Thrombus in the atrium of the heart. (HPS; magnification x 20.) 
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FIGURE 4.63. Periarteritis nodosa of a testicular artery in a male rat. (HPS; magnification x 195.) 

cases but was not common. Fibrin thrombi 
were sometimes present in the lumen of in
volved arteries. Periarteritis was usually focal 
and limited to one organ, but a few rats had 
multifocal involvement of the arteries of several 
organs. The most common sites in males were 
the arteries of the testicle and to a lesser extent 
the arteries in the spermatic cord. In females 
the mesenteric arteries were the most commonly 
affected. 

The incidence of periarteritis nodosa was var
iable, as shown in Table 4.18. Female BN/Bi 
and male Fi rats had the highest incidence, 20 
and 16%, respectively. The male BN/Bi, male 
and female WAG/Rij, and female F, rats had 
a much lower incidence, ranging between 0 and 
5%. The age-associated incidence is illustrated 
in Figure 4.65 for female BN/Bi and male Fi 
rats. For these rats, the age of onset was simi
lar. The peak incidence was 30% in male F, and 
18% in female BN/Bi rats. 

h. Incidental Vascular Lesions 
A few rats had focal fibromuscular dysplasia 

or degeneration of the wall of the coronary ar
teries. The lesion consisted of a loss of the nor
mal muscle in the media with replacement by a 
hyaline- to collagen-like material (Figure 4.66). 
This lesion was not common and was not spe
cifically tabulated. 

Medial calcification and degeneration oc
curred in the wall of the ascending aorta in a 
24- and a 31-month-old female BN/Bi and in a 
35-month-old female WAG/Rij rat. The 31-
month-old BN/Bi had a large squamous cell 
carcinoma of the left ureter that had metastas
ized to several organs. It resulted in obstruction 
of both ureters with secondary, bilateral, severe 
hydronephrosis. This rat apparently died of 
uremia and had calcification in other organs in 
addition to the aorta. The 24-month-old BN/Bi 
rat and the WAG/Rij, however, lacked histo
logical evidence of uremia or renal failure. 
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FIGURE 4.64. Periarteritis nodosa of a pancreatic artery in a female rat. (HPS; magnification x 75.) 

TABLE 4.18 

Periarteritis Nodosa in Aging BN/Bi, WAG/Rij, and (WAG x BN)F, 
Rats 

Mean age 
No. No. with (range) in 

Strain Sex examined periarteritis % months 

BN/Bi 

WAG/Rij 

F, 

Female 
Male 
Female 
Male 
Female 
Male 

236 
74 

101 
124 
68 
67 

15 
4 
2 
0 
1 

11 

20 
5 
2 
0 
1 

16 

33 (22—40) 
32 (22—43) 

25,34 

— 
30 

36 (22—40) 

Focal calcium deposition in the media of ar
teries, without associated degenerative changes, 
was recognized. It consisted of basophilic, 
amorphous, spherical deposits of calcium and 
was found frequently in the larger arteries of 
the lung (Figure 4.67) in males and females and 
in arteries of the testicle in males. It was not 
associated with any identifiable etiology and 
appeared to be relatively insignificant. It was 

common, but was not always recorded. There
fore, the age-associated incidence in each strain 
and sex was not evaluated. 

2. Neoplastic Lesions 
A 13-month-old male BN/Bi rat died with a 

fibrosarcoma of the heart. The tumor involved 
most of the left and right atria, heart valves, 
and left and right ventricles. The cells were sur-
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rounded by a collagenous stroma, had indis
tinct cell boundaries, pale pink cytoplasm, and 
fusiform or spindle-shaped nuclei that were 
lightly vesicular. Mitoses were present but in
frequent, and no distant metastases were 
found. 

70 

60 

= 60 

I 40 

I 30 

^ 20 

10 

0 

BN/Bi FEMALE 
F, MALE 

19-24 25-30 

e Period (Months) 

FIGURE 4.65. Percent incidence with age of periarteritis 
nodosa in 236 female BN/Bi and 67 male (WAG x BN)F, 
rats. 

A 22-month-old male WAG/Rij rat died with 
an undifferentiated sarcoma arising in the wall 
of the left ventricle. The tumor consisted of un
differentiated mesenchymal cells that infil
trated through the ventricle wall to the epicar-
dium and formed a large solid mass in the 
chamber of the left heart. It was highly infiltra
tive and contained many mitoses, but metas
tases were not observed. Endocardial disease 
was also present in the left and right ventricle 
and the left atrium. 

a. Chemoreceptor (Aortic Body) Tumors 
Twelve female WAG/Rij rats (mean age of 

37 months with a range of 32 to 46 months), 
two male WAG/Rij rats (23 and 26 months), 
and one male F, rat (37 months) had micro
scopic, cellular nodules at the base of the heart 
near the aorta. The nodules were composed of 
nests or clusters of epithelioid cells surrounded 
by thin reticulum and fibrous trabeculae that 
formed an organoid pattern. The cells were 
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FIGURE 4.66. Artery in the heart showing focal fibromuscular degeneration or dysplasia of the wall. 
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FIGURE 4.67. Pulmonary artery with a focal, subendothelial mineral deposit. (HPS; magnification x 465.) 

FIGURE 4.68. Nodular proliferation of the aortic body of the heart. (HPS; magnification x 210.) 

round with clear to pale pink vacuolated cyto- was arranged similar to that in Anitschkow's 
plasm. Their nuclei were round and contained cells. Most lesions were sharply demarcated 
clumped chromatin. In three nodules, the nu- from the surrounding tissue (Figure 4.68), but 
clei tended to be ellipsoidal and the chromatin three had infiltrated into the heart between my-
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ocardial cells and along blood vessels (Figures 
4.69 and 4.70). One had subendothelial growth 
and appeared to form projections into the lu
men of the vessel (Figure 4.71). In two of the 
large nodules, cellular pleomorphism and 
atypia were observed. 

The nodules were all compatible with en
larged chemoreceptor organs (i.e., aortic bod
ies). It is possible that most or even all of these 
lesions were chemoreceptor tumors, but addi
tional studies would be needed to rule out the 
possibility that the smaller lesions were hyper
plasias. 

b. Blood Vessels 
Tumors of blood vessels were not common 

and are discussed in the sections dealing with 
the organ or organ system in which they were 
found. 

3. Discussion 
Myocardial degeneration and fibrosis in the 

hearts of aging rats have been documented in 
several reviews.''•'"^^"'' They are clearly age as
sociated, but the etiology is unknown. 

Several mechanisms have been proposed to 
explain the lesion, but none of the explanations 
can account for the high incidence in all rat 
strains examined. For example. Lehr'"' consid
ered the mechanism to be secondary to severe 
renal injury in albino rats. This cannot explain 
the fibrosis in the hearts of BN/Bi, WAG/Rij, 
and (WAG x BN)Fi rats because severe renal 
disease was uncommon (see Section ILK.2.a). 
Wilens and Sproul"* '*' suggested that sclerosis 
of coronary arteries produced myocardial dam
age because of ischemia. Lesions of the coro
nary arteries were rare in Sprague-Dawley rats 
studied by Berg,"* however. Similarly, the inci-

FIGURE 4.69. Tumor of the aortic body showing local infiltration into the myocardium. (HPS; magnification x 210.) 
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FIGURE 4.70. Higher magnification of the aortic body tumor seen in Figure 4.69, showing some cellular pleomorphism 
and variation in patterns of nuclear chromatin. (HPS; magnification x 500.) 

dence of coronary artery lesions was too low to 
explain the high incidence of myocardial dam
age in the BN/Bi, WAG/Rij, and (WAG x 
BN)Fi rats of this study. Finally, Coleman et 
al."^ suggested that myocardial fibrosis may be 
secondary to myocarditis in male Fischer 344 
rats because the incidence of chronic inflam
mation was highest in rats below 6 months old. 
Large numbers of young BN/Bi, WAG/Rij, 
and (WAG x BN)F, rats (between 2 and 10 
months old) have also been evaluated as part of 
other studies,*^ and no evidence has been found 
to suggest that myocarditis, necrosis, or in
farcts are precursors of the myocardial degen
eration and necrosis in these rat strains. 

Berg and Simms'" have shown that myocar
dial degeneration and fibrosis occurred earlier 
in Sprague-Dawley males than in females. This 
was also true for the male WAG/Rij rats of this 

study (Figure 4.51). The male and female BN/ 
Bi rats, however, had similar ages of onset and 
nearly identical peak incidences of 80 to 90%. 
It is clear, therefore, that the age of onset of 
this lesion is earlier in males than in females of 
some, but certainly not all, strains and stocks 
of rats. 

Endocardial disease is a distinct morphologi
cal entity of the rat heart that was originally de
scribed by Boorman et al.^" It is not related to 
myocardial degeneration and fibrosis; however, 
both lesions may be observed in the same heart. 
It appears to be a slowly progressive condition 
and can result in severe chronic passive conges
tion of the lung and liver, which seems to be a 
result of heart failure. Three sarcomas have 
been reported in hearts with endocardial dis
ease, one in this study, one in the Boorman se
ries,^" and a fibromatous tumor-like proliféra-
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FIGURE 4.71. Same aortic body tumor shown in Figure 4.69. Note the intravascular clumps of tumor cells that are lined 
by endothelial cells. (HPS; magnification x 500.) 

tion found by Frith et al.'" in the heart of a rat. 
Since primary tumors in the heart of rats are 
not common, the findings of sarcomas associ
ated with endomyocardial disease suggest that 
this lesion may occasionally progress from a be
nign proliferative lesion to invasive cancer in 
aged rats. 

A cartilaginous focus was often found at the 
base of the aorta of all rat strains examined. 
The structure occurred in rats of all ages and 
has been observed in younger rats evaluated as 
part of other studies." A similar cartilaginous 
focus has been described by Hueper,*' who 
found it in young rats and thought it was a nor-
moplastic transformation caused by mechanical 
stress. Hollander'« demonstrated that it can be 
found in rats as young as 1 week of age. There
fore, this change is apparently a normal phys
iological structure and is not an age-associated 
lesion. 

Tumors are rare in the hearts of rats, as re
viewed by Squire and G o o d m a n , ' " 
Ivankovic," and Altman and Goodman.' In 
this current series, two sarcomas were found. 
In addition, 15 microscopic nodules of the aor
tic body were observed, all but one in WAG/ 
Rij rats. Three aortic body nodules were clearly 
tumors with infiltration into the myocardium 
and along blood vessels. The others were prob
ably tumors, but hyperplasia could not be com
pletely excluded since Hebel and Stromberg'' 
have documented normal carotid bodies that 
were nearly as large as some of the aortic body 
nodules in this series. 

Trevino and Nessmith'" reported a large aor
tic body tumor in a 3-year-old white rat, but the 
WAG/Rij rats are the only published strain in 
which large numbers of aortic body lesions 
have been observed. The incidence of this lesion 
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FIGURE 4.72. Lung showing focal aggregation of perivascular lymphoid cells (t), focal aggregation of peribronchial 
lymphoid cells (ft), and focal subpleural aggregation of alveolar macrophages (ttt). (HPS; magnification x 18.) 

in female WAG/Rij of this series was 12%, in
dicating it is not a rare lesion. Quast and Jer-
seyi3ia j.j^yg observed three similar chemorecep
tor lesions in Sprague-Dawley (Spartan 
substrain) rats. One was grossly recognized and 
had metastasized to the lungs. In a separate 
publication, van Zwieten et al.'«° have reviewed 
aortic body lesions in the hearts of aging rats 
and have shown them to be strain and sex de
pendent and age associated. 

Periarteritis nodosa has been described by 
several investigators."'""" Briefly, the cases of 
periarteritis nodosa in the rats of this report 
were similar to those cited in the previously 
published reports. The lesion was uncommon 
in male BN/Bi, male and female WAG/Rij, 
and female (WAG x BN)Fi rats. It was most 
common in BN/Bi female and (WAG x BN)F, 
males where the age-associated peak incidence 
reached 30 and 18%, respectively. 

J. Respiratory System 
1. Nonneoplastic Lesions 

A variety of nonneoplastic lesions were ob
served in the lungs, but few were considered to 
be age associated. Most appeared to be second

ary to some process or processes occurring else
where in the body of the rat. For example, 
chronic passive congestion of the lungs with 
pulmonary edema, hemosiderin deposits, and 
hydrothorax was seen in rats with severe endo
cardial disease (see Section II.I). Rats dying 
with neoplasms that had pulmonary metastases 
also had secondary lung lesions such as edema. 

Figure 4.72 illustrates the typical appearance 
of the lungs from the aging rats. The most com
mon findings were focal or multifocal perivas
cular aggregations of lymphocytes (Figure 
4.73). Rarely, focal aggregations of lympho
cytes were found near bronchi or bronchioles. 
The next most common lesion was focal or mul
tifocal aggregations of macrophages in the al
veolar spaces (Figure 4.74). Neither of these le
sions could be shown to be age associated, but 
both were relatively common in all groups of 
rats. 

Other lesions were observed, but were much 
less common and included such findings as 
chronic passive congestion, focal aspiration 
granulomas, focal hemorrhage, pulmonary 
edema, macrophages containing hemosiderin, 
and others. Focal mineral deposits were seen in 
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FIGURE 4.73. Higher magnification of perivascular aggregation of lymphoid cells. (HPS; magnification x 500.) 

the pulmonary arteries, as described in section 
II.I. 

Focal adenomatous hyperplasia occurred as 
a proliferative lesion of the alveolar epithelial 
cells that were cuboidal in shape and formed 
small gland-like structures. It was observed as 
a solitary lesion in two (WAG x BN)Fi males 
(ages 29 and 36 months), 1 (WAG x BN)Fi fe
male (31 months old), 1 BN/Bi female (31 
months old), and 1 BN/Bi male (35 months 
old). None were seen in the WAG/Rij males or 
females. 

2. Neoplastic Lesions 
Only two primary lung tumors were recog

nized. One was a squamous cell carcinoma in a 
33-month-old (WAG x BN)F, female. It was 
composed of sheets and nests of squamous epi
thelial cells, formed typical keratin pearls, and 
had invaded surrounding pulmonary tissue. 

Distant metastases were not found. The second 
tumor was an angioleiomyosarcoma in a 35-
month-old BN/Bi female. It arose in the pul
monary arteries and extended from the pulmo
nary trunk into the right and left lungs. The tu
mor cells appeared to have originated from the 
smooth muscle wall of the pulmonary arteries. 
The cells were round to spindle shaped, mitoses 
were infrequent, and local invasion and de
struction of pulmonary tissue were present. No 
distant metastases were found. 

Several tumors had metastasized to the lungs, 
but these are described under each specific pri
mary tumor. 

3. Discussion 
Pour et al.,'^' Squire and Goodman,"^ and 

Altman and Goodman' have alluded to an ap
parent low incidence of spontaneous tumors in 
the respiratory tract of rats in their literature 
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FIGURE 4.74. Focal area of lung with alveolar macrophages and perivascular aggregations of lymphoid cells. 

reviews. Similarly, only two primary lung tu
mors were found in the respiratory tract of the 
670 aging rats of this study. Metastatic tumors 
to the lungs were more frequent, however, and 
occurred in rats with several different primary 
tumors. Boorman and Hollander" reported a 
mesothelium of the pleura in a 39-month-old 
female WAG/Rij, but none were seen in this 
study. 

Nonneoplastic age-associated lesions were 
also uncommon. In a review, Anver and 
Cohen" described only two conditions in aging 
rat lungs: pulmonary foam cells (alveolar mac
rophages) and murine mycoplasmosis. Previ
ously, Innes" '" reviewed the literature on these 
two conditions and also reported that bone spi
cules, pulmonary edema, hemosiderin, and for
eign body granulomas may be seen in rat lungs. 
Lindsey et al."" reviewed the literature on mu
rine mycoplasmosis and described the severe 
impact the disease can have on rats. 

Aggregations of alveolar macrophages were 
seen in the BN/Bi, WAG/Rij, and (WAG x 

BN)F, rats of this study, but it is unclear if the 
frequency increased with age. Such lesions have 
been seen in rats of these strains that were 
younger than 6 months old." No attempt was 
made to determine whether this lesion increased 
in frequency or severity with age. Yang et al.'*' 
and Giddens and Whitehair" have also de
scribed this condition in rat lungs, but did not 
describe an age-associated increase. Recently, 
Flodh** was able to show an increased fre
quency and severity of pulmonary foam cells in 
the lungs of Sprague-Dawley rats at 22 months 
old compared to younger rats of 6 and 9 
months old. However, it is not known if other 
rat strains also show a similar increase. 

Aggregations of lymphocytes were observed 
around some arterioles in the lungs. Like the 
occurrence of alveolar macrophages, it was 
common, but relatively insignificant. It oc
curred in all the lungs of all groups, but an age-
associated increase was not apparent. The etiol
ogy of this change is unknown. As GF BN/Bi 
and WAG/Rij rats at the REP Institutes" did 
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not have this lesion, one might speculate that it 
is caused by an infectious agent. Lamb'"* also 
observed similar lesions in SPF rat lungs and 
speculated on a viral etiology. The only virus 
that was latent in the aging rat colony through
out this study was pneumonia virus of mice 
(PVM) (see Chapter 2), but studies have not 
shown that PVM can produce such lesions. 

In Chapter 2, it was noted that Sendai virus 
entered the aging rat colony during part of this 
study. The disease in rats and mice of the REP 
Institutes has been documented in detail.^'"" 
The virus did not produce mortality in rats, but 
some rats dying after Sendai virus entered the 
colony had new lung lesions. 

Approximately 20% of the 670 rats reported 
in this study died after Sendai virus entered the 
colony. The new lesions in the lungs included 
focal or multifocal interstitial pneumonia, in
creased perivascular cuffing by lymphocytes 
and plasma cells, and an increase in the severity 
and frequency of peribronchial cuffing by 
lymphoid tissue. Bronchiectasis, lung ab
scesses, or consolidation were not found in any 
of these rats, however. None of the lesions as

sociated with Sendai virus were considered age 
associated. 

K. Urinary System 
1. Nonneoplastic Lesions 
a. Hydronephrosis 

Hydronephrosis ranged from mild to severe, 
as illustrated in Figure 4.75. Mild (-f ) cases 
consisted of only slight dilation of the renal pel
vis. Severe lesions ( -f -i- -I- -i- ) consisted of an 
enlarged, cystic kidney with a thin rim of renal 
tissue compressed along the outer edge of the 
cyst. The examples of H- -f -i- and -i- -i- -I- -i- hy
dronephrosis were invariably accompanied by 
severe hydroureter. 

The occurrence of hydronephrosis, regard
less of severity, is seen in Table 4.19 for the 
BN/Bi, WAG/Rij, and (WAG x BN)F, rats. It 
occurred more frequently in the males of all 
three strains; 16% of the WAG/Rij males had 
the lesion in contrast to 0% in the females. 
Male Fl rats had a 10% incidence, while the fe
males had only a 2% incidence. 

The BN/Bi males and females had the great
est incidence — 43 and 39%, respectively. In 

normal ++ +++ ++++ 
FIGURE 4.75. Schematic illustration of the severity of hydronephrosis seen in aging rats. -I- and -h -i-
= mild hydronephrosis, + + + = moderate, and + + + + = severe. 

TABLE 4.19 

Prevalence of Hydronephrosis in Kidneys of Aging BN/Bi, 
WAG/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 
Male 
Female 
Male 
Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
hydronephrosis 

93 
32 
0 

20 
2 
7 

Vo 

39 
43 

— 
16 
2 

10 
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this strain, it was often severe, with about one 
third of both the males and females having 
-l- + +or-l--t--i--F severity. Most of the severe 
cases were associated with urolithiasis, urothe
lial cancers, or both. Bilateral lesions were 
found in approximately 65% of the BN/Bi rats 
with hydronephrosis. The cases of unilateral le
sions were approximately equally divided be
tween the right and left kidney. 

Most of the examples of hydronephrosis in 
WAG/Rij or (WAG x BN)F, rats, on the other 
hand, were + or + + severity, were unilateral, 
usually occurred in the right kidney, and were 
not associated with a causative agent such as 
stones or urothelial cancers. For example, 20 
cases of hydronephrosis occurred in male 
WAG/Rij rats (Table 4.19). All were unilateral 
with 15 in right kidneys, 2 in left kidneys, and 
3 in which the exact kidney was not recorded. 
One of the 20 was -t- -i- -i- and it was in a left 

kidney. The seven cases in male F, rats were all 
of -I- or -(- -f severity and all were in right kid
neys. 

b. Urolithiasis 
Stones or calculi were observed in every 

group, but the size and location of the uroliths 
varied. BN/Bi rats had the largest stones that 
were usually composed of calcium oxalates. 
The stones were usually in the lower third of 
the ureter, bladder, or both and were hard, had 
rough spiny surfaces, were dark to light brown 
in color, and often had concentric laminations 
(Figure 4.76). On occasion, a stone was white 
or was found in the renal pelvis. 

The calculi in WAG/Rij and (WAG x BN)F, 
rats, on the other hand, were microcalculi ap
pearing as small, biréfringent crystals attached 
to the surface of the renal pelvis. Calculi in the 
ureter or bladder were not common. 

iggipgiiMg»a'''?^! 

FIGURE 4.76. Uroliths removed from the ureter and bladder of aging BN/Bi rats. 
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c. Chronic Progressive Glomeruloneophropa-
thy 

Severe, progressive glomerulonephropathy 
was not a serious problem in the aging rats of 
this study. Some lesions were observed in older 
rats, but most were mild and focal. Glomerular 
lesions consisted of mild sclerosis of Bowman's 
capsule and the mesangium of the glomerular 

tufts. Lesions in the cortex were focal, dilated 
renal tubules with proteinaceous casts; occa
sional, focal lymphocytic infiltration and fibro
sis in the interstium; focal, perivascular, lym
phocytic cuffing; and focal scarred areas with 
atrophied tubules, fibrosis and scattered in
flammatory cells. Moderate to severe renal dis
ease was not common. Figure 4.77 illustrates 

FIGURE 4.77. Kidney from an aging male (WAG x BN)F, rat illustrating moderate chronic progressive 
glomerulonephropathy. This was one of the more severely affected kidneys in this study. (HPS; magni
fication X 32.) 
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one of the more severely affected kidneys in this 
study. Only two rats died with more extensive 
lesions and both of these were female Fi rats 
(ages 28 and 35 months) that had severe, bilat
eral renal disease. Although the incidence of 
glomerulonephropathy increased with age, the 
severity remained mild. Too few examples of 
moderate to severe renal disease were present to 
plot by life-table calculations; therefore, the 
age-associated incidence was not determined. 

d. Inflammatory Lesions 
Of 124 male WAG/Rij rats, 9 died with sup

purative pylonephritis. All nine had severe, 
chronic, suppurative prostatitis (see Section 
II.N) that apparently resulted in an ascending 
urinary tract infection. 

Cystitis, ureteritis, and pyelitis were common 
in BN/Bi rats. They appeared to be secondary 
to ureter or bladder tumors, urolithiasis, or 
both. 

e. Miscellaneous Lesions 
Additional nonneoplastic lesions were ob

served, but they were not specifically studied. 
Examples of such lesions include hemosiderin 
deposits in tubular epithelial cells, solitary cor
tical cysts, focal calcium deposition, and the 
appearance of PAS- positive and PAS-negative 
Upofuscin-like granules in the epithelium of 
renal tubules. Some of these lesions may be age 
associated, but additional studies are needed to 
establish this. 

2. Neoplastic Lesions 
a. Kidney Tumors 

Neoplastic lesions of the kidney were found 
in three male rats. A 19-month-old male WAG/ 
Rij rat died with multiple bilateral cortical ad
enomas and adenocarcinomas, a 24-month-old 
male WAG/Rij had a solitary cortical adenoma 
(Figures 4.78 and 4.79), and a 36-month-old 
male (WAG x BN)Fi had a solitary cortical ad
enocarcinoma. The tumors tended to be cir
cumscribed nodules that were well demarcated 
from the normal renal tissue. The epithelial 
cells formed nests or tubules, were round to po
lygonal in shape, and had coarsely or finely 

jîi-* :;^« ••;,'••• o r ? . aOr-

FIGURE 4.78. Adenoma in the renal cortex. (HPS; magnification x 50.) 
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FIGURE 4.79. Higher magnification of the renal cortical adenoma shown in Figure 4.78. (HPS; magnification x 465.) 

vacuolated pink cytoplasm with the nuclei 
round and uniform in size. The difference be
tween the adenomas and adenocarcinoma was 
subjective. The tumors diagnosed as carcino
mas had similar cells but focal hemorrhage or 
necrosis was observed, mitotic figures were 
present, and they were larger than the adeno
mas. 

b. Ureter and Bladder Tumors 
Neoplastic and "preneoplastic" lesions of 

the urinary bladder and ureter of BN/Bi rats 
included a wide range of benign and malignant 
lesions. The lesions were graded using the same 
classification as Boorman and Hollander" used 
in their original paper describing the urothelial 
tumors in BN/Bi rats. The lesions were graded 
as PIS for noninvasive cancer, PI or P2 for in
vasion into the submucosa up to the muscular 
tunics, P3 where muscle was clearly invaded, 
and P4 where the entire thickness of the ureter 
or bladder wall was invaded by the tumor. In 
addition, hyperplasia was recognized and was 

either diffuse or nodular (focal or multifocal). 
The difference between nodular hyperplasia 
and PIS cancer was often difficult to distin
guish. Hyperplasias usually had normal or 
nearly normal cells (Figure 4.80), while PIS 
cancer usually exhibited disorganization of the 
normal urothelial architecture, mitoses, tincto
rial variability among the cells, and often some 
cellular or nuclear pleomorphism (Figure 4.81). 

The lesions in the ureters were invariably in 
the distal half and were often confined to the 
distal one third of the ureter. The lesions 
ranged from diffuse or nodular hyperplasias 
and from PIS to P4 carcinomas. The carcino
mas were usually squamous cell carcinomas 
that readily invaded the submucosa and mus
cular wall (Figures 4.82 and 4.83). Therefore, 
most of the ureter tumors were classified as P2 
to P4 squamous cell carcinomas. In most rats 
the ureter carcinomas were unilateral, but sev
eral rats had bilateral tumors. 

The bladder tumors were more difficult to 
classify as benign or malignant. Most were pap-
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FIGURE 4.84. Papillary adenocarcinoma in the bladder of a male BN/Bi rat. Note the cellular infiltra
tion into the stalk of the tumor (t). (HPS; magnification x 15.) 

illary and contained only a few layers of uroth-
elium over the papillary fronds of connective 
tissue. Most had areas of "piling-up" of cells, 
focal cellular atypia and pleomorphism and 
some showed clear invasion of the papillary 
stalk (Figure 4.84) and submucosa. The second 
type of bladder carcinomas were tumors con
sisting of transitional epithelium (Figures 4.85 
and 4.86). They readily invaded surrounding 

tissues and were usually graded as P2 to P4 car
cinomas. At times, focal squamous metaplasia 
was observed; however, unlike the ureters, 
bladders showed few squamous cell carcino
mas. Diffuse and nodular hyperplasias were 
common in rats with tumors, but were rarely 
found in rats without tumors. Finally, multiple 
lesions were common in an individual bladder. 

Metastases were observed in some rats with 
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FIGURE 4.85. Transitional cell carcinoma in the bladder of a male BN/Bi rat. (HPS; magnification x 23.) 

urothelial tumors of both the ureter and blad
der (Table 4.20). The squamous cell tumors of 
the ureters in the males and females were all 
widely metastatic with metastases to the lymph 
nodes and lung. The two metastatic bladder 
cancers metastasized to local lymph nodes. 

The incidence of urothelial tumors in BN/Bi 
rats is shown in table 4.20; 22% of the female 
BN/Bi rats died with neoplastic lesions of the 
ureter in contrast to 9% of the males. On the 
other hand, 35% of the males had cancer of the 
bladder in contrast to only 3% of the females. 

The age-associated incidence is shown in Fig
ure 4.87. There was a clear peaking of ureter 
tumors in males and females and bladder tu
mors in males. The rats dying in the oldest age 
periods were apparently at less risk of dying 
with these tumors than were their younger co
horts. 

One papillary tumor from the bladder of a 
male BN/Bi rat and three squamous cell carci
nomas from the ureter of three different female 
BN/Bi rats were transplanted subcutaneously 

into 6-week-old BN/Bi rats. The transplanted 
tumors grew to sizes of 2 to 4 cm within 2 
months. All showed extensive and widespread 
local invasion and all metastasized in the recip
ient host to the regional lymph nodes and lungs. 
The three squamous cell tumors from the ureter 
retained their squamous features in the trans
plant and in the distant metastases of the trans
plant. The transplanted papillary bladder tu
mor grew as a transitional cell carcinoma 
without squamous metaplasia. Even in the me
tastases of this tumor in the recipient host, 
squamous differentiation was not observed. 

In contrast to the BN/Bi strain, only one 
urothelial tumor was found in the other rats. A 
solitary, well-differentiated papilloma of the 
bladder was found in a 40-month-old male F, 
rat. Urothelial tumors were not recognized in 
any of the WAG/Rij or the female (WAG x 
BN)F, rats. 

3. Discussion 
Spontaneously occurring chronic progressive 
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FIGURE 4.86. Higher magnification of the same tumor illustrated in Figure 4.85 to show the transitional cell appearance 
of the tumor cells. (HPS; magnification x 500.) 

TABLE 4.20 

Urothelial Tumors in the Ureter and Bladder From 236 Female and 74 Male BN/Bi Rats 

Age (in months) of 

Location of tumor 

Ureter carcinoma 

Bladder carcinoma 

Sex 

Female 
Male 
Female 
Male 

No. with 
tumor 

53 
7 
8 

26 

Vo 

22 
9 
3 

35 

Mean age (range) 
in months 

30(17—39) 
25 (16—35) 
33 (27—40) 
27(16—43) 

No. with 
metastatic 
urothelial 
carcinoma 

4 
2 
1 
1 

rats with 
metastatic ureter 

or bladder 
carcinoma 

30 (26—33) 
25,26 

27 
27 

glomerulonephropathy has been reported in 
most aging rat strains. The light microscopic le
sions have been described by several investiga-
t o r s . ^ ' ^ « " ' " ' " The ultrastructural features of 
the disease have been documented,"*^""" scan
ning electron microscopy of the glomerulus 
evaluated,' ' and immunofluorescent studies re
ported.""*"« "° Recent review articles have al
luded to the pathogenesis, gross and histologi

cal findings, ultrastructural features, and 
immunofluorescent studies." "' 

Many factors are capable of altering the on
set and progression of the disease. As early as 
1928, Newburgh and Curtis'^^ were able to pro
duce renal injury in rats by altering protein lev
els in the diet. Since then, others have changed 
the progression and severity of renal lesions in 
r a t s by c h a n g i n g v a r i o u s d i e t a r y 
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FIGURE 4.87. Percent incidence with age of bladder and 
ureter carcinomas in 236 female and 74 male BN/Bi rats. 

factors."-"" '""" ' The important role of nutri
tion in the development and progression of this 
disease has been adequately reviewed.*"' 

Another factor that can influence the onset 
and progression of chronic glomerulonephro
pathy is the strain of rat. The BN/Bi, WAG/ 
Rij, and (WAG x BN)F, rats in this study did 
not develop severe renal disease. A partially 
inbred stock of Sprague-Dawley rats was also 
produced and maintained at the REP Institutes. 
They were fed the same commercial diet as the 
aging rats reported in this study. Despite this, 
"typical" chronic progressive glomerulone
phropathy has been observed." Snell"' noted 
that BUF and OM rats had less chronic renal 
disease than the MS20 and WN strains. Bolton 
et a i . " also noted the importance of the genetic 
background of rats and the progression of 
chronic kidney lesions and proteinuria. There
fore, the relatively low background of chronic 
renal disease in the aging BN/Bi, WAG/Rij, 
and (WAG x BN)Fi rats of this study is proba
bly a strain-dependent phenomenon. 

Congenital hydronephrosis in BN/Bi rats 
was studied by Cohen et al.,*" who found a 
31% incidence of the lesion. They also demon
strated the heritable nature of the condition in 
this strain. Newborn WAG/Rij and (WAG x 
BN)F, meile rats have not been studied to deter
mine the prevalence of congenital hydrone
phrosis, but it is likely that the -I- and -i- + hy
dronephrosis in these rats is congenital rather 
than an acquired age-associated lesion. 

The aging BN/Bi rats described in this sec
tion had a 39% incidence of hydronephrosis in 
females and a 43% incidence in males. The 

higher incidence of severe hydronephrosis in 
aged BN/Bi rats is certainly secondary to the 
high incidence of ureter and bladder tumors 
and urolithiasis. In all groups, the males had 
more hydronephrosis than females of the same 
strain and the right kidney was more often af
fected than the left kidney in (WAG x BN)F, 
and male WAG/Rij rats. 

Urothelial tumors in BN/Bi rats were previ
ously reported by Boorman and Hollander'^ 
and have been discussed in two additional pub
lications from the Institute for Experimental 
Gerontology."** The high incidence of spon
taneously occurring urothelial cancers in this 
strain is in sharp contrast to the low incidence 
in the WAG/Rij and (WAG x BN)F, rats and 
to most other rat strains as reviewed by 
others.'•' '• '" The high incidence of sponta
neous urothelial tumors in this strain, their ease 
of transplantability, and the nearly identical 
pathologic features of the tumors to those in 
humans make this strain a potential model to 
study urothelial cancers. It may also be useful 
to use this strain for testing bladder carcinogens 
and to compare results with known low-inci
dence strains. 

In addition to urothelial cancers, urolithiasis 
was common in BN/Bi rats. They were the only 
rats to develop large stones that caused urinary 
obstruction. Therefore, a possible correlation 
could not be excluded between the occurrence 
of urolithiasis and the development of urothe
lial cancers in this strain. Boorman and Hol
lander** showed an apparent correlation be
tween the two conditions in BN/Bi rats. Burek 
(see Chapter 6), however, was unable to show 
a similar correlation in 14- and 21-month-old 
female rats that were killed. In addition, Boor
man"" took stones from BN/Bi rats that died 
with urothelial tumors and surgically placed 
them in the bladders of young BN/Bi rats. He 
did not find any increase in the incidence of 
bladder cancers in these rats compared to con
trols. Therefore, it is clear that both conditions, 
urolithiasis and urothelial cancers, occur in the 
BN/Bi rat strain. It remains unclear, however, 
if the stones predispose these rats to the devel
opment of urinary tract cancer. Additional 
studies are clearly needed to resolve this prob
lem. 
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L. Hematopoietic System 
/. Nonneoplastic Lesions 
a. Thymus 

The thymus was atrophic in all of the aging 
rats examined, but the degree of atrophy was 
strain, sex, and age dependent. Thymic involu
tion in female BN/Bi rats was characterized by 
a loss of cortical lymphocytes and an apparent 
proliferation of epithelial structures, especially 
in rats older than 2 years (Figure 4.88). The ma
jority of the gland was composed of a fibrovas
cular stroma, variable amounts of epithelial 
structures, and occasional small nests or foci of 
cortical lymphocytes. The epithelial elements 
formed cords and tubules that were surrounded 
by a basement membrane. A central lumen was 
present that contained a pink, homogeneous 
product. This product and the apical portion of 
many epithelial cells gave a strongly positive pe-
riodic-acid-Schiff reaction. The stroma be
tween the epithelial structures was composed of 
blood vessels, supporting connective tissue, nu

merous plasma cells, some lymphocytes and 
macrophages, and occasionally mast cells. 

Ultrastructural studies on the thymus of aged 
female BN/Bi rats revealed secretory activity in 
the thymus epithelium. Two types of granules 
were present in the apical portion of the cyto
plasm. One was a large, membrane-bound mu
cous-like granule (Figure 4.89); the other was a 
smaller electron-dense granule (Figure 4.90). 
The epithelial cells were connected to each 
other by desmosomes. Individual cells had pin-
ocytotic vesicles along the luminal margins, mi
crotubules, prominent endoplasmic reticulum, 
and numerous mitochondria. Many lymphoid 
cells and macrophages were seen between the 
epithelial cells and within the lumen of cords 
and tubules. 

Thymic atrophy in female WAG/Rij and 
(WAG X BN)F, rats was similar to that in the 
female BN/Bi, but the epithelial cells were less 
prominent or formed small cystic structures. 
Their thymuses also had a loss of cortical lym-

' W f ' 
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FIGURE 4.88. Atrophie thymus from a BN/Bi female with prorainent epithelial cords and tubules. (HPS; magnification x 
80.) 
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FIGURE 4.89. An epithelial tubule in the thymus from a BN/Bi female showing the numerous secretory granules in the 
cytoplasm of the epithelial cells. (Magnification x 5021.) 

phocytes. Epithelial cords and tubules could be 
seen in most, but they were less prominent than 
in the BN/Bi females. Many of these females 
had one or more small cystic dilatations in the 
thymus (Figure 4.91). Their structures were li
ned by low-cuboidal nonciliated epithelium, 
contained a pink, homogeneous product, and 
appeared to be derived from the thymic epithe
lium. Such cystic structures were not a feature 
of the atrophic female BN/Bi thymuses despite 
the clearly proliferative appearance of the epi
thelium in that strain. 

Male BN/Bi and (WAG x BN)F, rats showed 
a greater degree of atrophy than the females. 
Most of these males had thymuses composed of 
a few nests of cortical lymphocytes and only 
rarely were clearly identifiable epithelial cords 
or tubules present as small noncystic structures. 

The most severe atrophy occurred in male 
WAG/Rij rats. The WAG/Rij males that died, 
regardless of their age, usually had severe, 
nearly complete atrophy of the thymus (Figure 
4.92). The cortex was often absent and all that 
remained were small fibrovascular structures 
with a few scattered plasma cells and lympho
cytes. 

b. Lymph Nodes 
Age-associated changes in lymph nodes were 

impossible to accurately assess based on the 
available routine material. Therefore, only a 
summary and brief discussion of impressions 
and trends will be presented. 

In general, lymph nodes were inactive. There 
was an age-associated decrease in the number 
of germinal centers per lymph node. One of the 
most striking changes was that the medullary 
cords were usually densely packed with numer
ous plasma cells that often extended into the 
paracortical zones. The subcapsular and med
ullary sinuses had many hemosiderin contain
ing macrophages as well as macrophages with 
phagocytized red blood cells. In many of the 
old rats, large histocytic cells with pink to red, 
coarsely granular cytoplasm were seen (Figure 
4.93). 

Several lymph nodes of (WAG x BN)F, rats 
had dilated, cystic sinusoids (Figure 4.94). The 
cysts varied from microscopic to 8 mm in size, 
usually contained a few cells and pink homo
geneous material, and were lined by endothelial 
cells. They were found in one female 40 months 
old and in ten (15%) of the males. In males the 
mean age was 35 months with a range of 22 to 



112 Pathology of Aging Rats 

FIGURE 4.90. An epithelial tubule in the thymus from a BN/Bi female showing small dark granules 
confined to the apical portion of the epithelial cell cytoplasm. (Magnification x 6650.) 

44 months. These tumors appear to be age as
sociated, but their significance is unknown. 

One 32-month-old male BN/Bi died with 
mesenteric lymph nodes that were grossly en
larged. Microscopically, the nodes were com
posed of multiple blood-filled cystic structures 
consistent with mesenteric disease. 

c. Spleen 
As was true with the lymph nodes, age-asso

ciated lesions in the spleen were neither readily 
observed nor adequately assessed. Increased he
mosiderin accumulations, extramedullary he
matopoiesis, or both were seen in the spleens of 
some aged rats. However, these changes were 
usually present only in rats with a large tumor 
located elsewhere in the body. 

2. Neoplastic Lesions 
Lymphoreticular tumors were observed in 

6% of the female and 15% of the male BN/Bi 
rats, 7% of the female and 3% of the male 
WAG/Rij rats, and 3% of female and 7% of 
male F, rats. The types of tumors seen are 
shown in Table 4.21. 

Myelomonocytic leukemias were common in 
BN/Bi rats. The individual cells were pleo
morphic and blast-like and had round to 
slightly lobulated nuclei. Cytoplasm was usu
ally observed and seemed to appear finely gran
ular. As it was not possible to clearly differen
tiate these tumors as unequivocal myeloid or 
monocytic tumors, they were lumped into the 
category of myelomonocytic until additional 
histochemical and ultrastructural studies could 
be done. In general, these tumors infiltrated the 
red pulp of the spleen, sinusoids, and portal 
triads of the liver; the interstitial septae of the 
lungs, and the bone marrow. They did not form 
solid tumor masses, however. 
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FIGURE 4.91. Atrophic thymus from a WAG/Rij female with cystic epithelial tubules filled with pink homogeneous 
material. (HPS; magnification x 40.) 

Six tumors of the lymphoid cells were ob
served. They formed large masses in lymph 
nodes or other organs and were composed of 
lymphocytes or lymphoblasts. 

Four thymomas were found. All were large 
masses in the anterior mediastinum and con
sisted of sheets of small lymphoid cells. No ep
ithelial structures were recognized. 

Seven histiocytic sarcomas were present. 
They were composed of sheets of large histio-
cytic-like cells. Their cytoplasm was abundant 
and pale, and phagocytized red blood cells or 
cellular debris was recognized. All were wide
spread throughout the body and formed large, 
firm masses. 

A 29-month-old female WAG/Rij rat had a 
solitary plasmacytoma in a mesenteric lymph 
node. The entire node was replaced by well-dif
ferentiated plasma cells. 

Finally, three tumors were considered unclas-
sifiable because the cell of origin could not be 
determined. 

Most of the lymphoreticular neoplasms oc

curred in rats with an average age of 28 months 
or older. Two exceptions to this statement were 
seen, however. First, the myelomonocytic leu
kemias in BN/Bi males were all present in rats 
younger than 30 months. The mean age was 21 
months despite the fact that the 50% survival 
age was 28 months for the necropsied rats (see 
Table 3.3). Second, the four lymphoreticular 
tumors in male WAG/Rij rats occurred in rats 
24 months old or younger. 

3. Discussion 
The organs of the lymphoreticular system 

were difficult to assess with regard to the age-
associated nonneoplastic lesions. To accurately 
evaluate most of the observed changes would 
require morphometric evaluation at several dif
ferent age groups. Despite this limitation, sev
eral patterns of changes were recognized. The 
most consistent were the thymic epithelial cell 
proliferations in BN/Bi females, cystic epithe
lial changes in thymuses of both the WAG/Rij 
and (WAG x BN)F, females, more complete 
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FIGURE 4.93. Large histiocytic cells filled with pink to red, coarsely granular cytoplasm in a lymph node from a BN/Bi 
female. (HPS; magnification x 465.) 

^ . ¥ ' ^ é ^ ' ' 

^.ul 

• ••-'•s.'iK-i'"-- -^ • 'Ç .~ ï s« ' . • • • > . ' ••••• •. .-
.^:-"''Si''V'-i -•-*' • * * î ï j ; . ,-;•.• , * . . ; <.. 

'̂ ; V-. . 0 * ^ % • i ••• • - • • '• T'V^-" '^ ' -•..••... V '..• . • 

FIGURE 4.94. Lymph node from a WAG/Rij male showing a small cystic sinusoid. (HPS; magnification x 30.) 
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TABLE 4.21 

Occurrence of Lymphoreticular Tumors in Aging BN/Bi, WAG/Rij, and (WAG x BN)F, Rats 

Strain 

F, 

Sex 

Female 

Male 

Female 

Male 

Female 
Male 

No. 
examined 

236 

74 

101 

124 

68 
67 

Diagnosis 

Myelomonocytic leukemia 
Lymphosarcoma 
Unclassifiable 
Myelomonocytic leukemia 
Lymphosarcoma 
Unclassifiable 
Thymoma 
Histiocytic sarcoma 
Plasmacytoma 
Histiocytic sarcoma 
Lymphosarcoma 
Unclassifiable 
Myelomonocytic leukemia 
Histiocytic sarcoma 
Lymphosarcoma 
Thymoma 

No. of 
each 

diagnosis 

12 
2 
1 
8 
2 
1 
4 
2 
1 
2 
1 
1 
2 
3 
1 
1 

Vo 

<I 
11 

Mean age 
(range) in 
months 

28 (19—34) 
32,33 

36 
21 (17—26) 

32,39 
29 

36(32—44) 
36,37 

29 
20,24 

21 
16 

17,31 
35 (28—42) 

29 
33 

and earlier onset of thymic atrophy in WAG/ 
Rij males, increased numbers of plasma cells in 
the lymph nodes of all groups of rats, and de
creased size and number of germinal centers in 
lymph nodes and spleen. 

Proliferation of thymic epithelium in rats has 
been described by Ross and Korenchevsky,'^' 
Plagge, '" and Cherry et al.^' These studies have 
also shown that hormones such as estrogen can 
result in a proliferation of thymic epithelium, 
while others such as testosterone can cause a de
crease. Cherry et al.^' also found epithelial cysts 
in the thymuses of nearly all rats more than 1 
year of age. The BN/Bi female rats reported in 
this thesis had the most impressive thymic epi
thelial proliferations, but few cystic structures. 
The WAG/Rij and (WAG x BN)F, females, on 
the other hand, clearly had less epithelial prolif
eration, but epithelial cysts were frequent. 

Thymic epithelial cells in aging BN/Bi fe
males have been studied in greater detail.^"'" 
They have reported additional ultrastructural 
studies and autoradiography studies following 
pulse labeling with tritiated leucine. They have 
shown that the epithelial cells secrete a product. 
In addition, lymphocytes and macrophages ap
pear to migrate freely into and out of the epi
thelial tubules and acinar structures. 

WAG/Rij males had the most severe thymic 

atrophy and the onset seemed to occur earlier 
than in the other groups of rats. This observa
tion led to additional studies to determine if 
such morphological observations could be cor
related with functional studies. Such studies 
were done by Kruisbeek et al.'"^ They were able 
to show that T-lymphocytes from I8-month-old 
WAG/Rij male rats had significantly lower 
stimulation to Con A and PHA than WAG/Rij 
female rats 18 months of age. Therefore, these 
preliminary results suggested that the morphol
ogical observations did, in fact, correlate with 
a decline in the immune function with age. 

Neoplastic lesions occurred in the lymphore
ticular system, as shown in Table 4.21. The 
most common was classified as a myelomono
cytic leukemia, which seemed to begin in the 
splenic red pulp and resulted in circulating tu
mor cells and infiltration of the liver sinusoids 
and portal triads and interstitium of the lung. 
Only sporadically were lymph nodes and bone 
marrow involved. The cell type and organ in
volvement were similar to the mononuclear cell 
leukemia reported by Maloney et al. '"° 

Recent reviews of spontaneous lymphoreti
cular tumors in rats include those by Squire and 
Goodman,'*' Swaen and van Heerde, '" and 
Gössneretal." 
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M. Female Reproductive System 
1. Nonneoplastic Lesions 
a. Ovaries 

Ovaries from all females over 18 months old 
were atrophic, but the degree of atrophy was 
variable. To discuss the findings thoroughly 
would require a much more detailed discussion 
than can be presented here; therefore, only a 
few salient features of ovarian atrophy and 
some strain differences will be presented. 

Atrophy of the ovaries in BN/Bi, WAG/Rij, 
and (WAG x BN)Fi rats was characterized by 
a decreased number of normal or mature folli
cles, an increased prominence or actual in
creased number of interstitial cells, and a gen
eral appearance of inactivity (Figure 4.95). In 
most, only a few follicles were present and they 
were usually located around the periphery. Ova 
were seldom observed in follicles, but they were 
found in a few rats and even in some older than 
40 months. Similarly, only a few atretic follicles 
were present. Copora lutea were seen infre

quently and when present numbered between 
one and three. They were seen occasionally in 
all age groups. The majority of the atrophic 
ovaries consisted of various amounts of hap
hazardly arranged interstitial cells and numer
ous phagocytic cells with their cytoplasm filled 
with yellow or golden-brown lipofuscin-Hke 
pigment (Figure 4.96) and a fibrovascular 
stroma. 

In addition to the typical pattern of atrophy 
that was observed in all groups of rats, there 
were a few findings that were clearly strain de
pendent. For example, approximately 40% of 
the female WAG/Rij rats had areas in their 
ovaries that had an apparent proliferation of 
the granulosa-thecal cell component of intersti
tial cells (Figure 4.97) with an increase in Ser
toli-like tubules and cords (Figure 4.98). Such 
areas were only rarely found in (WAG x BN)F, 
or BN/Bi rats. Similarly, nearly all WAG/Rij 
rats with active-appearing ovaries had distinct 
glandular structures lined by Sertoli-like cells 

FIGURE 4.95. Atrophic ovary from a female (WAG x BN)F, rat. Note the relative lack of cells in the interstitium compared 
to Figure 4.97. (HPS; magnification x 45.) 
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FIGURE 4.99. Ovary from an aging WAG/Rij female with a corpus luteum and several tubular structures lined by cells 
resembling Sertoli cells. (HPS; magnification x 210.) 

TABLE 4.22 

Incidence of Cystic Ovaries in Aging Female BN/Bi, WAG/Rij, and 
(WAG xBN)F, Rats 

Strain 

BN/Bi 
WAG/Rij 
F, 

No. 
examined 

236 
101 
68 

No. with 
ovarian 

cysts 

7 
55 
13 

% 

3 
54 
19 

Mean age (range) 
in months 

32 (25—38) 
34 (26—44) 
30 (25—38) 

(Figure 4.99). Such structures were rarely seen 
in (WAG X BN)F, or BN/Bi rats. At times, the 
Sertoli-like cells were very prominent in the 
areas of granulosa-thecal cell proliferation and 
often appeared to constitute the major cell type 
in these areas. 

Ovarian cysts were another strain-dependent 
finding in atrophic ovaries of aging female rats. 

As shown in Table 4.22, 54% of the female 
WAG/Rij rats, 19% of the female F, rats, and 
3% of the female BN/Bi rats died with ovarian 
cysts. They were grossly visible and ranged in 
size from about 5 mm to 2 cm. However, most 
were about 1 cm in diameter. They were usually 
unilocular, contained clear to amber-colored 
fluid, and appeared to involve the ovary. Most 
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were unilateral but some were bilateral. Micro
scopically, it was difficult to localize the site of 
origin of all of the cysts. Some were clearly in 
the region of the ovarian stalk, but some ap
peared to arise within the ovary. All were simi
lar in appearance irrespective of location, how
ever. They were lined by simple squamous or 
rarely simple cuboidal epithelium and the wall 
was composed of smooth muscle, connective 
tissue, or both (Figure 4.100). None of these 
cysts contained follicular or luteal cells lining 
them. Therefore, most or all were morphologi
cally consistent with paraovarian cysts. Rarely, 
true follicular cysts were seen, but they were 
small and lined by follicular epithelial cells of 
variable thickness. Such follicular cysts were 
not included in the tabulation of Table 4.22 or 
Figure 4.101. 

Regardless of their origin, ovarian cysts were 
common in WAG/Rij females and relatively 
uncommon in BN/Bi females (Table 4.22). The 
age-associated incidence (Figure 4.101) shows a 
peak incidence of 70% in female WAG/Rij rats 

over 37 months of age. The incidence in female 
F, rats showed a plateau between 15 to 20% 
after 24 months of age. 

b. Oviduct, Uterus, Cervix, and Vagina 
Many nonneoplastic lesions were seen in the 

oviduct, uterus, cervix, and vagina of these ag
ing rats. The changes, usually sporadic or non
specific, were found in less than 10% of the rats 
and were not tabulated to determine age-asso
ciated incidence and relative prevalence in the 
different rat strains. Such lesions included 
pyometra, metritis, cystic endometrial hyper
plasia, and mucometra. Mild inflammations 
were also seen and were characterized by a few 
inflammatory cells such as neutrophils and lym
phocytes in the lumen, mucosa, or submucosa 
of the uterus, cervix, or vagina. 

2. Neoplastic Lesions 
a. Ovary 

Seven primary tumors of the ovary were 
found in this series, as shown in Table 4.23. 

FIGURE 4.100. Cyst in the ovary of a female WAG/Rij rat. (HPS; magnification x 48.) 
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Grossly they were unilateral, firm, white nod
ules about 1 to 1.5 cm in diameter. All were 
diagnosed as granulosa-theca cell tumors. They 
were composed of a mixture of granulosa cells 
and thecal cells, but the thecal element ap
peared to be the most prominent. The cells were 
usually spindle shaped and were arranged in 
whorls or sheets separated by bands of colla
gen. The individual cells were variable in size 
and shape. Some had vacuolated, pink cyto
plasm and indistinct cell boundaries, while 

70 

60 

c 

1 40 

I 30 -
0) ;g 
I 20 -

10 

WAG/Rii 
F, 

7-12 
- k ^ 

13-18 19-24 25-30 

Age Period (Months) 

31-36 

FIGURE 4.101. Percent incidence with age of ovarian 
cysts in 101 female WAG/Rij and 68 female (WAG x BN)F, 
rats. 

Other cells were fibroblast-Iike. Mitoses were 
often numerous, but no metastases were found. 

b. Oviduct 
Only one tumor was identified as clearly orig

inating in the oviduct. It was a leiomyoma in a 
30-month-old female BN/Bi rat. The tumor 
was in the wall of the oviduct, was composed 
of well-differentiated smooth muscle cells, and 
was clearly demarcated from the normal mus
culature. 

A second tumor appeared to arise in the re
gion of the oviduct of a 34-month-old WAG/ 
Rij rat. The tumor was composed of undiffer
entiated spindle-shaped mesenchymal cells, had 
numerous mitoses, and had infiltrated the 
ovary, oviduct, and portions of the uterine 
horn, so that the precise origin could not be de
termined. 

c. Uterine Horns 
The most common tumors in the uterine 

horns were endometrial stromal polyps which 
were found in 17% of the WAG/Rij, 4% of the 
BN/Bi, and 3% of the F, rats (Table 4.24). 
Grossly, the poljrps were seen as localized swell
ings or thickenings of the unopened uterine 
horn. When the uterus was opened, the polyps 

TABLE 4.23 

Incidence of Granulosa-thecal Cell Tumors in the Ovary of Aging Fe
male BN/Bi, WAG/Rij, and (WAG x BN)F. Rats 

Strain 

BN/Bi 
WAG/Rij 
F, 

No. 
examined 

236 
101 
68 

No. with 
granulosa-

thecal 
tumors 

3 
3 
1 

TABLE 4.24 

% 

1 
3 
1 

Mean age (range) 
in months 

37 (35—39) 
38(31—46) 

30 

Incidence of Endometrial Polyps in the Uterus of Aging Female BN/ 
Bi, WAO/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 
WAG/Rii 
F, 

No. 
examined 

236 
101 
68 

No. with 
polyps 

9 
17 
2 

Vo 

4 
17 
3 

Mean age (range) 
in months 

33 (25—37) 
34 (24—39) 

25,31 
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FIGURE 4.102. Uterus with an endometrial polyp. (HPS; magnification x 38.) 

were firmly attached to the uterus by a stalk. 
Their color varied; some were white or tan and 
others were dark red and hemorrhagic. The size 
ranged from a few millimeters to more than 1.5 
cm in diameter. Most were solitary, but multi
ple polyps in one rat were not uncommon. 

Microscopically they consisted of polypoid 
masses lined by normal or nearly normal en
dometrial epithelial cells. Their stroma varied 
in appearance, however. The typical polyp had 
a fibrovascular stroma with abundant collagen 
and blood vessels (Figure 4.102). Some were 
composed of smooth muscle cells in addition to 
the fibrous and vascular elements. Mitoses were 
observed in the stroma of some lesions; focal 
necrosis and inflammatory cells were also seen. 
The larger polyps often had focal loss or ulcer
ation of the epithelial cell lining. 

The female WAG/Rij rats were the only 
group to develop sufficient numbers of endom-
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FIGURE 4.103. Percent incidence with age of endome
trial polyps in 101 female WAG/Rij rats. 

etrial polyps to determine the age-associated in
cidence. This is shown in Figure 4.103 with the 
peak being 24% in rats older than 37 months. 

The occurrence of tumors (other than en
dometrial polyps) at different ages, the differ-
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ent diagnoses, and the number of tumors with 
metastases are shown in Table 4.25. Of the ten 
uterus tumors recognized, only two were in rats 
younger than 30 months. The histological fea
tures of the leiomyomas, leiomyosarcomas, and 
round cell sarcomas were similar to those ob
served in the cervix and vagina and are briefly 
described in Section II.M.2.e. 

In addition to the smooth muscle tumors, 
three other sarcomas were found. One was in a 
36-month-old BN/Bi rat and appeared histo
logically as an undifferentiated sarcoma com
posed of small spindle cells, numerous mitoses, 
and extensive local invasion of adjacent tissues. 
The second was a malignant hemangioendoth
elioma in a 40-month-old Fi rat, which con
tained numerous large and small channels or 
spaces that were filled with blood and were li
ned by pleomorphic endothelial cells. It was lo
cally invasive, but metastases were not ob

served. The third occurred in a 37-month-old 
female WAG/Rij and was diagnosed as a fibro-
leiomyosarcoma because it was composed of a 
mixture of fibrous and smooth muscle ele
ments. 

Two WAG/Rij females (Table 4.25) devel
oped well-differentiated adenocarcinomas from 
the endometrium of the uterus. Both were com
posed of gland-like nests and clusters of epithe
lial cells and had locally invaded surrounding 
tissue including the myometrium. Despite the 
local invasion, distant metastases were not 
found. 

d. Cervix and Vagina 
The incidence of spontaneous tumors of the 

cervix, vagina, or both was 19% in BN/Bi rats, 
3% in F„ and 0% in the WAG/Rij rats (Table 
4.26), with half of the tumors in rats older than 
30 months. 

TABLE 4.25 

Incidaice and Type of Tmnor (Other than Endometrial Polyps) in the Uterus of Aging Female BN/Bi, WAG/Rij, and (WAG 

xBN)F, Rats 
- ' - - / - • »•" 

Strain 

BN/Bi 
WAG/Rij 

F, 

No. 
examined 

236 
101 

68 

Type of tumor 

Undifferentiated sarcoma 
Adenocarcinoma 
Fibroleiomyosarcoma 
Leiomyosarcoma 
Round cell sarcoma 
Leiomyoma 

No. of 
each 

tumor 

1 
2 
1 
2 
1 
1 

Malignant hemangioendothelioma 1 
Round cell sarcoma 1 

TABLE 4.26 

Vo 

<1 
2 
1 
2 
1 
1 
1 
1 

Mean age (range) 
in months 

36 
35,36 

37 
19,36 

38 
31 
40 
25 

No. with 
metastatic 

tumor 

0 
0 
0 
1 
0 
0 
0 
0 

Age (in 
months) of 

rats with 
metastatic 

uterine 
tumor 

— 
— 
— 
19 

— 
— 
— 

Incidence and Type of Tumors in the Cervix, Vagina, or Both from Aging Female BN/Bi, WAG/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 
F, 

No. 
examined 

236 

101 
68 

No. of rats 
with 1 or 

more 
tumors 

44 

0 
2 

Vo 

19 

0 
3 

Type of tumor 

Squamous cell carcinoma 
Leiomyoma 
Leiomyosarcoma 
Round cell sarcoma 
Diffuse stromal sarcoma 
Anaplastic sarcoma 

— 
Round cell sarcoma 

No. of 
each 

tumor 

6 
4 
9 

20 
5 
2 

— 
2 

Mean age (range) 
in months 

30(24—36) 
34(27—40) 
31 (17-37) 
26(18—38) 
27(24-30) 

31,34 

— 
25,33 

No. with 
metastatic 

tumor 

1 
0 
1 
1 
0 
2 

— 
0 

Age (in 
months) of 

rats with 
metastatic 
cervix or 
vaginal 
tumor 

26 

— 
26 
36 

— 
31,34 

— 
— 
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Forty mesenchymal cell tumors were recog
nized in this study and the salient histological 
features are summarized below. Leiomyomas 
were composed of elongated spindle cells with 
pink cytoplasm, distinct cell boundaries, and 
long slender nuclei with well-rounded ends. 
Leiomyosarcomas were similar to leiomyomas, 
but had numerous mitoses, exhibited cellular 
pleomorphism, and had locally invaded adja
cent tissues (Figure 4.104). Round cell sarcomas 
were composed of round to polygonal cells with 
indistinct cell boundaries and had an epithelioid 
appearance with pale pink or vacuolated cyto
plasm (Figures 4.105 and 4.106). The exact cell 
of origin for these tumors is unknown, but they 
seemed to be a variant of leiomyosarcoma. An
aplastic sarcomas were made up of pleo
morphic cells with numerous, often bizarre mi
toses and many multinucleated giant cells. 
Diffuse stromal sarcomas arose in the submu
cosa, were usually diffuse rather than localized. 

and were composed of small round or slighdy 
spindle-shaped cells that were loosely arranged. 
Giant cells, mitoses and invasion or extension 
into the outer muscular tunics were also fea
tures of this tumor. 

In addition to mesenchymal cancers, six BN/ 
Bi rats had squamous cell carcinomas of the 
cervix and vagina. These lesions were composed 
of sheets and cords of squamous cells, keratin 
pearls were frequent and mitoses common, and 
local invasion was seen in all cases. Some rats 
also had focal areas of atypical hyperplasia of 
the cervical and vaginal epithelium; these were 
usually associated with an underlying sarcoma. 

Two cervicovaginal sarcomas from two dif
ferent aging BN/Bi females were transplanted 
into 6-week-old female BN/Bi recipients. Both 
of the primary tumors were typical round-cell 
sarcomas. The transplanted tumors grew rap
idly reaching sizes of several centimeters in di
ameter within 4 to 6 months. Histologically, the 

FIGURE 4.104. Leiomyosarcoma in the cervix of a female BN/Bi rat. (HPS; magnification x 210.) 
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FIGURE 4.105. Round cell sarcoma in the vagina of a female BN/Bi rat. Note the vacuolated appearance to the tumor 
cells. (HPS; magnification x 500.) 

transplanted tumors were locally invasive and 
were composed of sheets of elongated spindle 
cells with long slender nuclei having blunt ends. 
The morphological pattern of the transplants 
resembled leiomyosarcomas rather than the 
round-cell pattern of the primary tumors (Fig
ure 4.107) 

3. Discussion 
A detailed review of the age-associated non

neoplastic changes in the female reproductive 
system is beyond the scope of this discussion. 
A great deal of individual variation and strain 
variations occurs in aging female rats. Thung'" 
reviewed the literature and presented a detailed 
description of the microscopic structure of the 
ovaries of aging mice and also discussed obser
vations in aging rats. Others have tried to cor
relate histologic observations with functional 

changes in aging rat ovaries as reviewed by Cru-
meyrolle-Arias et al.,** and still others""" have 
summarized morphological and functional 
changes in the reproductive system of aging fe
male rats. Finally, others have tried to correlate 
changes in the ovaries, uterus, mammary 
glands, and pituitary glands with abnormal es-
trus cycles in ra ts" ' and have evaluated the re
productive capacity of aging female rats ." 

The present study showed changes in aging 
female BN/Bi, WAG/Rij, and (WAG x BN)F. 
rats that were similar to the observations of the 
investigators noted in the previous paragraph. 
Some rats had atrophic ovaries with no obvious 
follicular or luteal elements. Most had some 
evidence of ovarian activity based on the pres
ence of one or more corpora lutea and follicles 
with ova. The interstitial elements varied 
among the three strains. WAG/Rij females 
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FIGURE 4.106. Round cell sarcoma in the vagina of a female BN/Bi rat that is less vacuolated and 
more pleomorphic than that illustrated in Figure 4.105. (HPS; magnification x 500.) 

FIGURE 4.107. Pattern suggestive for a leiomyosarcoma in a transplanted round cell sarcoma from a BN/Bi rat. The 
original (primary) tumor was histologically similar to that illustrated in Figure 4.105. (HPS; magnification x 195.) 
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clearly had a proliferation of granulosa-thecal 
cell elements, while this was not common in 
BN/Bi and (WAG x BN)F. rats. Similarly, 
WAG/Rij had nests of Sertoli-like cells which 
seemed to proliferate along with the granulosa-
thecal cells in the ovarian interstitial tissue. 
Such proliferation was not common in BN/Bi 
or (WAG X BN)F, rats, but it has been seen in 
other rat strains.**"' 

No attempt was made to correlate the mor
phological appearance of the ovaries, uterus, 
mammary glands, and pituitary glands of these 
rats as was done in the study by Meites and 
Huang."* Such a correlation is clearly needed 
however. 

Burek et al.*' first reported a high incidence 
of tumors in the cervix and vagina of BN/Bi 
rats and described their morphological pat
terns. They also believed that round cell sarco
mas were probably variants of smooth muscle 
tumors. As part of this present study, two 
round cell sarcomas from BN/Bi rats were 
transplanted in young rats and grew rapidly. 
The transplanted tumors resembled smooth 
muscle tumors rather than the pattern of round 
cell sarcoma as seen in the primary. Although 
more transplantation studies are needed, these 
results give additional support to the smooth 
muscle origin of the round cell sarcomas. 

Baba and Von Haam,* Carter and I rd ," 
Squire and Goodman, '" (in press) and Altman 
and Goodman' have recently reviewed the lit
erature on tumors of the female rat reproduc
tive system. With the exception of BN/Bi rats, 
spontaneous tumors of the cervix and vagina 
are not common. Tumors of the uterus are 
common, however, with endometrial polyps 
and smooth muscle tumors most frequently ob
served. 

Tumors of the uterus, cervix, and vagina oc
curred in the rats of this series. Endometrial po
lyps were common in WAG/Rij females (19%), 
but were less frequent in BN/Bi (4%) or (WAG 
X BN)F. (3%) females. Of the WAG/Rij fe
males, 6% had tumors of the uterus, but 0% in 
the cervix and vagina. In contrast, <I<9b of BN/ 
Bi females had uterine tumors, but 19% had tu
mors in the cervix, vagina, or both. The F, hy
brid females had a few tumors in both the 
uterus (3%) and cervix or vagina (3%). 

N. Male Reproductive System 
1. Nonneoplastic Lesions 
a. Testicle and Epididymis 

The most common age-associated change in 
the testicles of aging male rats was unilateral or 
bilateral atrophy. The peak incidence reached 
lOO^ in rats over 18 months. The severity was 
variable, especially in rats younger than 24 
months, with a range from slight, multifocal to 
total atrophy of the tubules. Tubular atrophy 
was characterized in the early stages by degen
erative changes of the spermatogonia, often 
with the formation of multinucleated sperma
tids (Figure 4.108). Advanced atrophy con
sisted of partial to complete loss of germinal 
cells, leaving only Sertoli cells (Figure 4.109). 
In some tubules, even the Sertoli cells were lost. 
Atrophic tubules were smaller than normal with 
greater space between individual tubules, which 
often appeared edematous and had prominent 
interstitial cells. At times, hyperplasia of inter
stitial cells was observed. Unexpectedly, strain 
differences were found. Both interstitial edema 
and interstitial cells were more prominent in 
WAG/Rij and (WAG x BN)F, males than in 
the BN/Bi males. 

Focal or multifoced intratubular calcium de
posits were common in atrophic testicles (Fig
ure 4.110). They appeared to start first in a lo
calized tubule that was filled with masses of 
degenerating and necrotic sperm. Calcium 
formed in the center of the necrotic debris and 
as the calcification progressed, the sperm and 
tubular epithelial cells disappeared, leaving 
only a calcified mass. 

Periarteritis nodosa of testicular arteries was 
observed in some atrophic testicles. The lesion 
has been described (See figure 4.63) and the 
overall incidence in the aging rats has been pre
sented elsewhere in this chapter (Section II.I). 
When present in testicles, periarteritis was focal 
or multifocal and occurred only in testicles that 
were atrophic. 

A few sporadic findings such as sperm gran-
ulomata and spermatoceles were also found, 
but were not specifically studied. 

b. Accessory Sac Glands 
Acute inflammation, chronic inflammation, 

or both were very common in the prostate, co
agulating glands, ampuUary glands, and sem
inal vesicles of male WAG/Rij and (WAG x 
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FIGURE 4.111. Prostate with mononuclear cell inflammation in the interstitium and inflammatory cells and necrotic debris 
in the lumina of alveoli. (HPS; magnification x 195.) 

BN)Fi rats. A wide range of lesions was recog
nized, and it would require a much more de
tailed study to sort out all of the observed 
changes than can be given here. Briefly, the 
most common reaction was a diffuse, multifo
cal, or focal lymphocytic and plasmacytic infil
tration of the involved gland or glands (Figure 
4.111). Suppurative inflammation was present 
in more severe cases. The lumina of the in
volved glands were either normal or filled with 
necrotic debris and intraluminal microabscesses 
were frequently present (Figure 4.112). Severely 
inflamed glands (usually the prostate, coagulat
ing glands, or both) often had large abscesses 
(Figure 4.113). Additionally, in glands with se
vere inflammation and tissue destruction, gran
ulomatous inflammation with Langhans'-type 
giant cells was present. Accompanying the 
chronic inflammation, focal hyperplasia or me
taplasia of one or more accessory glands occa
sionally occurred. 

Table 4.27 shows the incidence of abscess 
formation in the prostate glands of the male 

rats. Clearly, the male WAG/Rij and (WAG x 
BN)Fi rats had more prostatic abscesses than 
male BN/Bi rats. In rats without abscesses, 
there was considerably more chronic inflam
mation in WAG/Rij and (WAG x BN)F, males 
than in the BN/Bi. 

Noninflammatory, age-associated lesions 
were also found in the accessory sex glands, but 
these were even more difficult to evaluate. Most 
of the aged male rats had accessory genitalia 
that were smaller than normal, i.e., atrophic. 
The seminal vesicles of some males had coagu
lated proteinaceous material in their lumina. 
Some rats had several different changes that 
could be seen in the prostate, seminal vesicles, 
or coagulating glands. Some areas appeared 
normal, while in other regions the epithelium 
was lower than normal and still other areas had 
apparently hyperplastic changes. The content 
of the prostatic alveoli was also variable. Some 
alveoli were empty, while others were filled 
with pink homogeneous material. Some alveoli 
contained amphophilic to basophilic structures, 
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FIGURE 4.113. Prostate gland that is nearly replaced by a large abscess. The organ in the lower portion 
of the photograph is the urinary bladder. (HPS; magnification x 10.) 

TABLE 4.27 

Incidence of Severe Suppurative Prostatitis with Abscess Forma
tion in Aging Male BN/Bi, WAG/Rij, and (WAG x BN)F, Rats 

Strain 

BN/Bi 
WAG/Rij 
F. 

No. 
examined 

74 
124 
67 

No. with 
prostatitis 

1 
45 
14 

% 

1 
36 
21 

Mean age (range) 
in months 

34 
23(9-31) 
34 (24—44) 

similar to corpora amylacea. The structures 
were not laminated, however, and were variable 
in size and shape (Figure 4.114). 

2. Neoplastic Lesions 
Tumors of the male reproductive system were 

infrequently observed (Table 4.28). Eight inter

stitial (Leydig) cell tumors were found. All were 
histologically similar, consisting of well-differ
entiated epithelial cells that formed sheets and 
were closely packed together. Individual cells 
had indistinct cell boundaries, pink cytoplasm 
that was often finely vacuolated, and round to 
oval nuclei that contained a nucleolus. The tu-
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FIGURE 4.114. Corpora amylacea-like bodies in a prostatic alveolus. (HPS; magnification x 300.) 

TABLE 4.28 

Interstitial Cell Tumors in the Testicles from Aging Male BN/Bi, 
WAG/Rij, and (WAG x BN)F, Rats 

No. with 
No. interstitial Mean age (range) 

Strain examined cell tumors % in months 

BN/Bi 
WAG/Rij 
F, 

74 
124 
67 

0 
4 
4 

— 
3 
6 

— 
28 (26—29) 
36 (29—39) 

mor cells appeared to infiltrate between and 
separate the testicular tubules. At times, com
pressed and degenerating tubules surrounded 
by tumor cells were present. 

A lipoma composed of well-differentiated fat 
cells occurred in a testicle of a 22-month-old 
BN/Bi rat. Finally, a small hemangioendothe
lioma consisting of blood-filled, endothelial li
ned spaces was present in the testicle of a 33-
month-old BN/Bi rat. It had an irregular bor
der and infiltrated between the tubules, but it 

was well differentiated and confined to the tes
ticle. 

Five mesotheliomas, arising from the me
sothelium of the tunica vaginalis and genital 
omentum, were found in four male WAG/Rij 
and one male (WAG x BN)F. (Table 4.29). The 
mesotheliomas were located on the serosal sur
face of the testis, epididymis, and genital omen
tum and were unilateral. They were composed 
of multiple, papillary fronds arising from the 
serosal surface (Figure 4.115). The papillary 
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TABLE 4.29 

Mesotheliomas of the Scrotal Mesothelium in Aging Male BN/Bi, 
WAG/Rij, and (WAG x BN)F, Rats 

Strain 
No. 

examined 

No. with 
mesothe

lioma % 
Mean age (range) 

in months 

BN/Bi 
WAG/Rij 
F, 

74 
124 
67 

26(19—29) 
40 

A T -
mn 

.r-J 

FIGURE4.115. Severely atrophic testicle surrounded by a mesothelioma. (HPS; magnification x 6.) 

Structures had a supporting connective tissue 
stalk with blood vessels and were lined by me
sothelial cells. The lining usually consisted of 
one row of cells, but at times piling-up of cells 
occurred. Mitoses were infrequent (Figure 
4.116). Distant metastases, direct extension be
yond the scrotal sac, or invasion into surround
ing structures was not observed. 

Primary tumors of the accessory glands were 
not found, but a malignant schwannoma was 
seen in one 38-month-old male Fi rat. The cells 
were elongated and had indistinct cell bounda
ries and pink cytoplasm. The nuclei were oval 
to spindle shaped. Palisading and swirling 
could be found in several regions of the tumor. 

It had infiltrated most of the organs in the cau
dal portion of the abdominal cavity, including 
the seminal vesicles, coagulating glands, pros
tate, and urinary bladder. It was impossible to 
determine the site of origin, and although 
highly invasive, distant metastases were not 
found. 

3. Discussion 
The organs of the male reproductive system 

of the aging BN/Bi, WAG/Rij, and (WAG x 
BN)F, rats all had some degree of atrophy. The 
severity and histological appearance of the var
ious organs showed a great deal of individual 
variability, however. As a result, many nonneo-



FIGURE 4.116. Higher magnification of the mesothelioma illustrated in Figure 4.115, showing a fibrovascular stroma that 
is lined by cuboidal cells. Note the mitotic figure (t). (HPS; magnification x 500.) 

plastic age-associated changes were seen in 
these rats, including the following testicular 
changes: tubular giant cells, intertubular 
edema, increased prominence and proliferation 
of interstitial cells, intratubular mineralization, 
periarteritis nodosa, and atrophy. Similarly, 
the accessory genitalia had several types of age-
associated lesions including atrophy, focal hy
perplasia, chronic inflammation, suppurative 
inflammation, and corpora amylacea-like bod
ies. 

Similar lesions in aging rats have been well 
documented by several investigators such as 
Coleman et al."^ for Fischer rats, Kociba et a l . " 
for Sprague-Dawley (Spartan substrain) rats, 
and Kroes et al.'"^ for Wister rats. Also, such 
lesions have been discussed in review 
articles.''*'" 

The severe inflammatory lesions of the acces

sory genitalia in the male WAG/Rij and (WAG 
X BN)F, rats needs further study. Special stains 
including Giemsa, PAS, and silver stains were 
done on some of these lesions, but microorga
nisms were not demonstrated. An infectious 
etiology cannot be eliminated, however, be
cause bacteriologie culturing has not been 
done. Sixty males died with abscesses in their 
prostate glands. Others had severe suppurative 
inflammation of the prostate, seminal vesicles, 
or coagulation glands. Still others had less se
vere inflammatory changes. Despite this, only 
nine males had an apparent ascending urinary 
tract infection that was associated with the re
productive system inflammation. 

The early mononuclear inflammation, espe
cially in the prostate, may have another expla
nation, namely an autoimmune reaction. The 
entire series of lesions seen in WAG/Rij and 
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(WAG X BN)F, rats and the near absence of 
these changes in BN/Bi males indicate it is 
probably a strain-dependent phenomenom. The 
reaction seemed to begin first with an infiltra
tion of lymphocytes and plasma cells. Later, 
the process seemed to become more extensive 
and involved the prostatic alveoli. Necrotic de
bris in the alveoli and the increased number of 
neutrophils and macrophages occurred later in 
more severely affected glands. As the process 
continued, rupture of alveoli, which released 
their contents into the surrounding tissue, may 
have resulted in a severe suppurative inflam
matory response with numerous macrophages 
and giant cells. The early mononuclear cell re
sponse was similar to the experimentally in
duced allergic prostatitis in the dog prostate,'^' 
but additional studies are clearly indicated to 
confirm or eliminate this possibility. 

Neoplastic lesions of the male reproductive 
system of rats have been reviewed.'*'"*'*' 
From these reviews it is clear that the type of 
neoplastic lesion that is seen differs among the 
different rat strains. In general, the most com
monly observed testicular neoplasms appear to 
be interstitial (Leydig) cell tumors, but some 
strains, such as Fischer rats,'*' may have an in
cidence over 80% and others, such as the BN/ 
Bi strain reported in this study, a very low inci
dence. 

Mesotheliomas of the tunica vaginalis were 
observed in five rats of this study. These tumors 
were similar to the mesotheliomas in male rats 
reported by Mawdesley-Thomas and Hague, "^ 
Snell,"* Mostofi and Bresler,"* and Gould." 

0 . Brain 
1. Nonneoplastic Lesions 

The more common age-associated nonneo
plastic lesions are discussed in this section. The 
incidence of each lesion was not determined, 
however, because more detailed systematic 
studies, often with special staining, would be 
required before most of these lesions could be 
accurately assessed. Despite this shortcoming, 
it was clear that all of the following lesions (ex
cept melanosis) had an increased incidence with 
age and all were very common in the oldest rats. 

a. Vacuolation (Vacuolar Encephalopathy) 
One of the most common age-associated le

sions encountered in the brains was an idi

opathic vacuolation. The incidence was high, 
with most rats older than 24 months having at 
least mild changes. The lesion consisted of clear 
spaces (vacuoles) in the white matter of the tha
lamic area, pons, midbrain, and cerebellum. In 
severe cases, the cerebrum was also involved. 
Some spaces appeared to contain a pale-stain
ing homogeneous material, but most were 
empty (Figures 4.117 and 4.118). The spaces 
did not stain with PAS, Giemsa, Luxol Fast 
Blue, or silver stains, and a glial reaction was 
not associated with the vacuoles. 

b. Lipofuscin 
Intracytoplasmic lipofuscin accumulations 

were common in the neurons of brains. Lipo
fuscin was a pale, golden brown to yellow color 
with the HPS staining and was usually finely 
granular (Figure 4.119). It was strongly PAS 
and Ziehl-Nielson acid-fast positive and was 
found in neurons of the cerebrum, cerebellum, 
and midbrain. The quantity varied from rat to 
rat and from area to area in the same brain, but 
there was a clear trend for the incidence to in
crease with age. In rats older than 24 months, 
the incidence may reach 100%, but since PAS 
staining was not done routinely on all brains, 
the actual incidence could not be determined 
with certainty. 

c. Basophilic PAS-positive Bodies 
Irregular to spherical basophilic bodies were 

found in approximately 20% of the brains. 
They were usually found as bilateral deposits in 
the thalamic region, lacked an associated glial 
reaction, appeared to be extracellular, and were 
amorphous or laminated (Figure 4.120). Some 
were found in the grey matter of the cerebellum 
or rarely in the cerebrum. Two brains with typ
ical bodies were used for special stains. The ba
sophilic bodies were strongly PAS positive, 
were not metachromatic with Giemsa staining, 
and apparently contained little if any calcium, 
as suggested by negative or weakly positive re
actions with Alizarin red and von Kossa stains. 
Special staining of additional cases would cer
tainly be needed, however, to be certain that 
calcium is absent or minimal in all such depos
its. 

d. Melanosis 
Melanin pigment was common in the brains 
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FIGURE 4.121. Area of encephalomalacia probably resulting because of an infarction in the outer layers of the cerebrum. 
(HPS; magnification x go.) 

from BN/Bi and (WAG x BN)F, rats. The most 
frequently affected sites were the meninges, ol
factory lobes of the brain, and the pituitary 
gland. Melanosis was not an age-associated le
sion because it was routinely found in young 
and old rats. It was not determined, however, 
if the amount of melanin increased with age. 

e. Infarcts 
Five female BN/Bi rats (ages 30, 30, 35, 38, 

and 39 months) had focal areas in the cerebrum 
consistent with old infarcts. The lesions con
sisted of large and small cystic spaces sur
rounded by delicate connective tissue trabecu
lae (Figure 4.121). Lipid- and hemosiderin-
containing macrophages were numerous in and 
along the margins of the spaces (Figure 4.122). 
The margins of the lesion contained many glial 
cells (mostly astrocytes) and blood vessels and 

were sharply demarcated from the adjacent 
normal grey matter. In addition to old infarcts, 
many rats that died with leukemia had focal 
acute hemorrhages or hemorrhagic infarcts in 
the brain. 

ƒ. Hydrocephalus 
Hydrocephalus was an age-associated lesion, 

but it invariably appeared secondary to a tumor 
of the brain or pituitary gland. It was common 
and had an increased incidence with age similar 
to that of the brain and pituitary tumors. 

g. Multifocal Spongiform Encephalopathy 
Two female WAG/Rij rats (ages 25 and 34 

months) died with a severe, multifocal spongi
form degeneration of the grey and white mat
ter. The lesions were randomly distributed 
throughout the cerebrum, cerebellum, and mid-
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FIGURE 4.122. Higher magnification of the infarcted area illustrated in Figure 4.121, showing numerous hemosiderin-
laden macrophages and the absence of normal cerebral tissue in the region. (HPS; magnification x 465.) 

brain. However, they were most severe in the 
frontal and outer zones of the cerebral cortex. 
The lesions consisted of vacuolated foci with 
necrotic debris and a prominent glial reaction 
with numerous swollen astrocytes and variable 
numbers of macrophages (Figures 4.123 and 
4.124). In the white matter, demyelinization 
was evident with HPS and PAS-Luxol Fast 
Blue stained sections. PAS-positive material 
was present in macrophages within the vacuo
lated areas and in macrophages around blood 
vessels that were some distance from the le
sions. Unfortunately, spinal cords were not 
available from either of these rats, so it is not 
known if the spinal cord was also involved. 

2. Neoplastic Lesions 
a. Granular Cell Tumors 

Granular cell tumors (granular cell myoblas
toma) were the most common of the primary 
brain tumors. A few were grossly observed as 
solitary friable tumors, with a light pink to pale 

yellow or grey color and were sharply demar
cated from the surrounding tissue. 

The histologic features consisted of sheets or 
nests of closely packed round, polygonal, or 
elongated cells with pink, finely to coarsely 
granular cytoplasm (Figures 4.125 and 4.126). 
The nuclei were lightly vesicular and often con
tained a small nucleolus. The intracytoplasmic 
granules were PAS positive and diastase resist
ant. Mitotic figures were not common, but were 
observed in some tumors. Most were sharply 
demarcated from the surrounding tissue, but a 
few had perivascular infiltration, irregular 
edges, or both. The smallest tumors were con
fined to the meninges, while the larger tumors 
extended deep into the brain tissue, but all had 
contact with the leptomeninges at some point. 

Electron-microscopic studies were performed 
on two granular cell tumors to determine their 
ultrastructural characteristics. Both tumors had 
similar features consisting of cells filled with 
many large and small membrane-bound gran-
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FIGURE 4.123. Rostral portion of cerebrum showing severe, bilateral leuko- and polioencephalopathy. (PAS-Luxol Fast 
Blue; magnification x 15.) 
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FIGURE 4.124. Higher magnification of the vacuoles from the same brain illustrated in Figure 4.123. (PAS-Luxol Fast 
Blue; magnification x 123.) 
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FIGURE 4.125. Granular cell tumor in the brain. (HPS; magnification x 195.) 

FIGURE 4.126. Granular cell tumor in the brain showing finely granular cytoplasm. (HPS; magnification x 465.) 
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FIGURE 4.127. Electron photomicrograph of cells from a granular cell tumor in the brain. 
(Magnification x 3380.) 

ules and vacuoles (Figures 4.127 and 4.128). 
The cells contained few mitochondria and had 
scant endoplasmic reticulum and occasionally a 
small golgi apparatus. Some granules had rem
nants of other cell organelles consistent with 
autophagocytosis. Some granules contained 
electron-dense, amorphous, lipid-like material 
and others contained finely to coarsely granular 
structures. Intracytoplasmic fibrils were found 
in some of the tumor cells. Collagen-producing 
fibroblasts and extracellular collagen were pres
ent between tumor cells. 

Twenty granular cell tumors were found in 
the rat brains (Table 4.30), and it was clearly 
the most common brain tumor observed (ex
cluding pituitary tumors). The incidence ranged 
from 2 to 7% in groups with tumors, but none 
was observed in the male WAG/Rij or female 
F, rats. 

b. Glial Tumors 
Nine tumors of glial cell origin were recog

nized in the brains as shown in Table 4.31. As
trocytomas occurred in two male (ages 22 and 
28 months) and one female (age 41 months) 
WAG/Rij rats. All were large tumors, approx
imately 1 x 1 cm, that were diffuse, nonencap-
sulated, and highly infiltrative. They occupied 
a large area of the brain including the area 
around the lateral ventricles, thalamus, mid
brain, and portions of the cerebellum. The cells 
tended to be moderately well-differentiated as
trocytes with some cellular pleomorphism and 
numerous mitoses. 

Glioblastoma multiforme was diagnosed in a 
29-month-old female F, rat and a 34-month-old 
female WAG/Rij rat. The tumors were con
fined to the cerebellum and consisted of pleo
morphic, anaplastic glial cells with numerous 
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FIGURE 4.128. Higher power electronmicrograph of the cytoplasm of a cell from the granular cell 
tumor shown in Figure 4.127, illustrating the numerous large and small cytoplasmic granules. (Magnifi
cation x 18,900.) 

TABLE 4.30 

Incidence of Granular Cell Tumors in Aging BN/Bi, WAG/Rij, and 
(WAG xBN)F, Rats 

Strain Sex 

No. with Mean age 
No. granular (range) in 

examined cell tumors Vo months 

BN/Bi 

WAG/Rij 

F, 

Female 
Male 
Female 
Male 
Female 
Male 

236 
74 

101 
124 
68 
67 

11 
2 
2 
0 
0 
5 

5 
3 
2 
— 
— 
7 

32 (24—37) 
30,43 
33,36 

— 
— 

34 (30—37) 

multinucleated tumor cells and many mitotic 
figures. 

A 22-month-old female BN/Bi and a 28-
month-old female F, rat had an oligodendrog

lioma in the cerebrum. The tumor cells were 
uniform with small, dark, round nuclei sur
rounded by clear spaces. 

Two female BN/Bi rats (ages 30 and 34 
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TABLE 4.31 

Occurrence of Tumors, Other than Granular Cell Tumors, in the Brains of Aging BN/Bi, 
WAG/Rij. and (WAG x BN)F, Rats 

Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 

Male 
Female 

Male 

Female 

Male 

No. 
examined 

236 

74 
101 

124 

68 

67 

Type of tumor 

Ependymoma 
Oligodendroglioma 
None 
Astrocytoma 
Glioblastoma multiforme 
Astrocytoma 
Meningioma 
Oligodendroglioma 
Glioblastoma multiforme 
None 

No. of each 
tumor 

2 
1 

— 
1 
1 
2 
I 
1 
1 

— 

Age (in 
months) 

30,34 
22 

— 
41 
34 

22,28 
24 
28 
29 

— 

months) had glial tumors surrounding a lateral 
ventricle. The tumors appeared to arise from 
the ependymal cells of the lateral ventricles. 
Pseudorosettes were frequent, but true rosettes 
were not found. The tumors were composed of 
astrocytic cells and oligodendrogliocytes in ad
dition to ependymal-like cells. It is likely that 
both tumors were ependymomas, but mixed 
glial tumors arising from the subependymal 
plate could not be excluded. 

c. Meningioma 
A 24-month-old male WAG/Rij rat had mul

tiple meningiomas (Table 4.31). All tumors 
were similar, consisting of cells arranged in lob
ulated masses in the meninges over the cere
brum, and contained numerous psammoma 
bodies. Cells were polyhedral and had indistinct 
cell boundaries, pale pink cytoplasm, and 
round to oval nuclei. Mitoses and local invasion 
were not observed. 

d. Pineal Gland 
Sections through the pineal gland were occa

sionally found in the routine prepiu-ations of 
the brain, and a tumor of the pineal gland was 
present in one of these random sections. It oc
curred in a 34-month-old female WAG/Rij rat. 
The pineal gland was only slightly enlarged 
(Figure 4.129), but the normal architecture was 
destroyed. It consisted of both large and small 
cells. The large cells were pleomorphic and had 
pink cytoplasm, indistinct cell boundaries, and 
large, round to elongated nuclei that occasion
ally contained a small nucleolus. Mitoses were 
common in these cells (Figure 4.130). The small 

cells had a round, darkly stained nucleus and 
little or no recognizable cytoplasm. Serial sec
tions were made through this lesion, but local 
invasion into blood vessels, meninges, or brain 
parenchyma could not be demonstrated. 

3. Discussion 
A general review of all age-associated 

changes of the rat brain is not within the scope 
of this discussion. However, several excellent 
references are available that discuss many of 
the current topics about the aging nervous sys

tem 15.65,114,136 

Nonneoplastic lesions were common in the 
brains of aging BN/Bi, WAG/Rij. and (WAG 
X BN)F, rats. The two most common were ex
tracellular vacuolations and lipofuscin accu
mulations in neurons. The vacuolations ap
peared to be artifacts of tissue processing 
because they consisted only of holes without 
any glial or inflammatory response. The lesions 
were not recognized in younger rats (<6* 
months) of these strains, but were consistently 
present in most rats over 24 months old.*^ 
These changes were not found in young mice 
(<6 months old), but they increased in fre
quency with age, becoming very common in old 
mice (>24 months) of several, different strains. 
Such lesions have been described by Garner et 
al.,** who frequently observed extracellular 
vacuolations in both rats and mice, and by 
Coleman et al.,** who saw them in Fischer rats. 
In addition, de Estable-Puig and de Estable-
Puig*' studied vacuolar degeneration in neu
rons of aging Sprague-Dawley rats by light and 
electron microscopy and reviewed the current 
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FIGURE 4.129. Pineal gland tumor. (HPS; magnification x 75.) 

literature on vacuolations that develop in aging 
brains. The etiology and pathogenesis of these 
changes remain unknown, however, and the 
possibility that they are an artifact must still be 
considered. 

Lipofuscin in the brains was PAS positive, 
acid-fast positive, and age associated. A discus
sion of the significance of lipofuscin in neurons 
of aging animals is not within the scope of this 
discussion. However, several published reviews 
on the subject are available."'^' 

Tumors arising in the brain of rats have been 
recently reviewed by Mennel and Ziilch,"' Jan-
isch and Schreiber," and o t h e r s . " " They have 
discussed the relative incidence of spontaneous 
brain tumors in different rat strains and de
scribed the types of tumors that may be seen 
after experimental induction. 

In this study, 30 primary brain tumors (ex
cluding the pituitary tumors) and 1 pineal gland 
tumor were present in 670 rat brains examined. 
Twenty neoplasms were granular cell (myoblas
toma) tumors and they were the most common 

primary brain neoplasm. They apparently begin 
in the meninges and destroy adjacent brain tis
sue during enlargement. They are usually 
sharply demarcated from the surrounding brain 
tissue, but perivascular invasion into surround
ing structures may occur. Electron-microscopic 
studies on two of these tumors showed them to 
be ultrastructurally similar to granular cell tu
mors described in humans.'^'' Although they 
were not recognized in the aging female (WAG 
X BN)F, and male WAG/Rij rats of this study, 
they have been observed in female (WAG x 
BN)F, rats that were part of other long-term 
studies.'^ 

These unusual neoplasms are not confined to 
rats at the Institute for Experimental Gerontol
ogy TNO. They have also been observed in 
Fischer 344 ,""" Sprague-Dawley, (Hollander 
et al., 1976a), Osborne-Mendel," '" Wistar,'»^ 
BUF,*^ and Sprague-Dawley (Spartan sub
strain) rats"° and in a single ra t . ' " Therefore, 
granular cell tumors have been found in most 
of the commonly used rat strains. They are a 
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TABLE 4.32 

Incidence of Clinically Severe Paresis or Paralysis in Aging BN/Bi. 
WAO/Rij. and (WAG x BN)F,Rats 

Strain Sex 

BN/Bi Female 
Male 

WAG/Rij Female 
Male 

F, Female 
Male 

No. 
examined 

236 
74 

101 
124 
68 
67 

No. with 
paralysis 

2 
1 
0 
2 
1 

35 

Mean age 
(range) in 

Vo months 

1 

1 

0 

2 

1 

52 

32,36 
30 

27,31 
30 

32(25—44) 

unique tumor that should be investigated in 
greater detail to determine the cell of origin. 
They may also serve as a potential model to 
compare with granular cell (myoblastoma) tu
mors in man. 

P. Spinal Cord and Nerve Roots 
1. Nonneoplastic Lesions 

Paralysis (or severe paresis) of the posterior 
one half of the rat's body was clinically recog
nized in all three strains of aging rats. Severe 
clinical disease was often accompanied by loss 
of control of the tail, urinary incontinence, and 
atrophy of the skeletal muscles in the lumbar 
region and hind limbs. Table 4.32 shows the 
number of rats which had severe paresis or pa
ralysis before they died spontaneously or were 
killed moribund. The BN/Bi and WAG/Rij 
strains had an incidence of less than 2<%. Simi
larly, female (WAG x BN)F, rats had an inci
dence of only 1%. Male (WAG x BN)F, rats, 
however, had a higher incidence, with S2<7o de
veloping this disease prior to death. 

The age-associated incidence for male (WAG 
X BN)F, rats is shown in Figure 4.131. The age 
of onset of severe clinical disease began after 24 
months with a striking increase in rats over 30 
months old. The peak risk period was in the 
male (WAG x BN)F, rats older than 37 months 
where 80% died with this syndrome. 

Microscopic lesions in the spinal cord con
sisted of demyelination, distended axon 
sheaths, swollen or absent axons, variable num
bers of lipid-filled macrophages, and numerous 
swollen astrocytes (Figures 4.132 and 4.133). 
The lesions were limited to the white matter and 
were most severe in the lateral and ventral fun
iculi. 

80 

70 

_ 6 0 

iso 
a. 

S 40 
c a 

S 30 
c 

20 

10 

0 
13-18 19-24 25-30 

Age Period (Months) 

31-36 

FIGURE 4.131. Percent incidence with age of paralysis in 
67 male (WAG x BN)F, rats. 

In the nerve roots, similar lesions were found 
(Figure 4.134). They consisted of mild to severe 
demyelination, distended myelin sheaths, swol
len or absent axons, and lipid-filled macro
phages (Figure 4.135). In addition, rhomboid 
clefts resembling cholesterol clefts, hemosi
derin, and occasional hemorrhages were ob
served (Figure 4.136). 

Muscles from the lumbar region or hind 
limbs were atrophic. Lesions consisted of fibers 
that were atrophic, rowing or clumping of mus
cular nuclei, swollen muscle fibers, loss of cross 
striations, and hyalin changes. Occasional fi
bers were fragmented. 

Many of the vertebrae had focal or multifo
cal aseptic necrosis of bone. The lesions varied 
in size and location among individual verte
brae. Some rats had involvement of nearly all 
vertebrae, while only one or two were affected 
in other rats. 

The dura and the epidural space were often 
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158 Pathology of Aging Rats 

FIGURE 4.136. Rhomboid clefts and recent hemorrhage in nerve roots. (HPS; magnification x 240.) (From Burek, J. D., 
Van der Kogel, A. J., and Hollander, C. F., Vet. Pathol., 13, 321, 1976. With permission of S. Karger AG, Basel.) 

replaced by fibrous tissue. Cartilage, bone, 
mineral deposits, and even bone marrow ele
ments (Figure 4.134) were occasionally present. 
Many of the intervertebral foramina were also 
replaced by or contained increased fibrous tis
sue, and fibrosis of nerve root sleeves was ob
served. 

When present in the routine sections, interv
ertebral disks often had degenerative changes. 
Protrusion or rupture of the disks, resulting in 
compression of the spinal cord, was not com
mon, but it was occasionally seen. 

Peripheral nerves were not included in the 
routine material for histopathology. Therefore, 
they could not be evaluated. Additional studies 
were done, however, and these are reported in 
Chapter 7. 

2. Neoplastic Lesions 
Neoplasms originating from the spinal cord 

or spinal nerve roots were not observed. A few 
neural tumors arising from peripheral nerves, 
such as neurofibrosarcomas, were seen and are 
documented under the organ system in which 
they were found. 

3. Discussion 
Burek et al.^' originally reported the inci

dence and described the lesions of sponta
neously occurring posterior paralysis in aging 
BN/Bi, WAG/Rij, and (WAG x BN)F, rats. 
They reported a high incidence in (WAG x 
BN)Fi males and also reviewed the literature on 
this disease. Since that study was published, ad
ditional studies have further characterized the 
pathogenesis of the disease and the observed le
sions. Therefore, the additional studies, some 
results from the initial publication,^' and a 
more in-depth discussion of this disease are pre
sented in Chapter 7. 
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Spontaneous tumors of the spinal cord and 
spinal nerve roots were not observed in the rats 
of this study. However, van der Kogel'" has 
done extensive research on the late effects of 
irradiation on the spinal cords of BN/Bi, 
WAG/Rij, and (WAG x BN)F, rats. He has ob
served numerous irradiation-induced tumors as 
well as degenerative changes and has reviewed 
the literature concerning these lesions in rats. 
Others have also reviewed the current Uterature 
on neoplastic lesions of the rat spinal cord.' ' " 

Q. Musculoskeletal System 
1. Nonneoplastic Lesions 

The muscular and skeletal systems were not 
evaluated systematically. Therefore, age-asso
ciated patterns for the observed lesions could 
not be established. As a result, only a few brief 
comments about the observed lesions are given 
in this section. 

Generalized atrophy of the skeletal muscles 
occurred in some rats as a part of generalized 
cachexia and wasting. Such changes were ac
companied by decreased amounts of body fat, 
roughened hair coat, and an overall unkempt 
appearance. Rats with this appearance usually 
had a large tumor or debilitating disease some
where in the body that may have contributed to 
the loss of body condition and muscle atrophy. 

Some rats had atrophy of the muscles of the 

lumbar back and hind limbs (Figure 4.137). 
These changes were invariably associated with 
severe lesions of the spinal cord and spinal 
nerve roots as described in Section II. P, with 
male (WAG x BN)F, rats being the most fre
quently affected. 

Bone lesions were sporadic. The most com
mon lesions included focal aseptic necrosis of 
vertebral bone (Figure 4.138) and focal chon-
dromucoid degeneration of bone (Figure 
4.139). Additional bone sections were available 
from rats with paralysis, and in these sections, 
lesions were often seen such as degeneration of 
intervertebral disks, focal prolapse (herniation) 
of interverterbral disks, and marginal osteo
phytes in the spinal canal. 

2. Neoplastic Lesions 
Osteogenic sarcomas occurred in five rats. 

The rats affected included a 29-month-old 
(WAG X BN)F, male, a 13-month-old BN/Bi 
male, two BN/Bi females 26 and 30 months of 
age, and a 38-month-old female WAG/Rij. All 
five tumors had osteoid formation, marked cel
lular pleomorphism, mitotic figures, extensive 
local invasion, and severe destruction of in
volved tissues. Metastases were only observed 
in the two BN/Bi female rats. 

The only recognized tumor in the muscle was 
a lipoma in a 33-month-old male BN/Bi rat. 

FIGURE 4.137. Atrophy of skeletal muscle in the lumbar back of a paralyzed rat. 
(HPS; magnification x 210.) 
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FIGURE 4.138. 
x l7 . ) 

Aseptic bone necrosis of a vertebral body. (HPS; magnification 

3. Discussion 
Nonneoplastic lesions in bones and joints of 

mice and rats have been described and the lit
erature reviewed by Sokoloff."'""" In addition, 
degenerative joint disease has also been studied 
in the Mastomys (Praomys natalensis).^^" Le
sions documented in these investigations in
cluded aseptic necrosis of bone, chondromu-
coid degeneration of articular cartilage, 
osteoarthritis, osteophytes at the margins of in
tervertebral disks, kyphosis, and herniation of 
intervertebral discs. The most common change 
in the rat was cystic chondromucoid degenera
tion of the articular cartilage. 

The above-cited references provide a much 
greater in-depth study of bone lesions of rats 
and small rodents than could be done in the 
present study. Despite these excellent studies, 
there is still a need for more data on the specific 
age-associated patterns of the various lesions 
and how they relate to the aging of the rats as 
a whole. 

and how they relate to the aging of the rats as 
a whole. 

Lesions of the skeletal muscles of rats have 
also been d e s c r i b e d . ' " " " " ' - ' " ' " The most 
common lesion was atrophy either secondary to 
debilitating disease and apparently independent 
of any obvious cause' or secondary to nerve 
root degeneration." ' " 

The interrelationship of posterior paralysis, 
muscle atrophy, and nerve root degeneration is 
dealt with in greater detail in Chapter 7 where 
data from additional experiments are pre
sented. 

Spontaneous neoplastic lesions of the mus
cular and skeletal systems are relatively rare in 
ra t s , ' "^"^ but tumors have been experimen
tally induced in both bone '" and skeletal mus
cle."' 

Five osteogenic sarcomas occurred in the 670 
rats of this study. One was in a 13-month-old 
rat, but four were in rats older than 26 months 
of age. 
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FIGURE 4.139. Cystic chondromucoid degeneration of articular cartilage. (HPS; magnification x 195.) 

R. Skin and Subcutaneous Tissues (Excluding 
Mammary Tissue) 
1. Nonneoplastic Lesions 

Nonneoplastic lesions were recognized in the 
skin of some aging rats, but they were usually 
incidental or nonspecific changes. Such find
ings included roughened and dirty hair coat, 
slight alopecia, focal traumatic lesions, and fo
cal mild inflammation. 

2. Neoplastic Lesions 
Tumors of the skin and subcutaneous tissue 

were relatively common, as shown in Table 
4.33. Epithelial neoplasms consisted of both be
nign and malignant tumors. The benign lesions 
included squamous papillomas and inverted 
papillomas, a basal cell tumor, and epidermal 
inclusion cysts. Squamous papillomas were typ
ical wart-like growths composed of papillary 
structures Uned by acanthotic and hyperkera-
totic squamous epitheUum. Inverted papillomas 
were similar, but they grew down into the der
mis as well as some growth out from the sur
face, thus forming a shallow cavity filled with 

keratin and debris (Figure 4.140). Epidermal in
clusion cysts were found in three female BN/Bi 
rats. They were located in the subcutaneous tis
sue along the dorsal midline of the back. They 
consisted of a cystic structure lined by stratified 
squamous epithelium and were filled with ker-
atinaceous debris. The last benign tumor, a 
basal cell tumor composed of cords and ribbons 
of well-differentiated basal cells, was found in 
the skin of a 36-month-old (WAG x BN)Fi rat. 

Two malignant epithelial tumors, both squa
mous cell carcinomas, were also found. Both 
were small, locally invasive neoplasms. Metas
tases were not observed with either tumor. 

Benign nonepithelial tumors included three 
fibromas composed of parallel collagen bundles 
which had a wavy appearance with increased 
numbers of fibroblasts, two lipomas consisting 
of nodules composed of normal appearing fat 
cells, and two hemangioendotheliomas arising 
in the subcutaneous tissue and composed of nu
merous endothelial-lined and blood-filled 
spaces. 

Six male rats died with large fibrosarcomas 
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TABLE 4.33 

Occurrence of Tumors in the Skin and Subcutaneous Tissues of Aging BN/Bi, WAG/Rij, 
and (WAG x BN)F, Rats 

Type of tumor 

Squamous papillomas and 
inverted papillomas 

Basal cell tumor 
Epidermal inclusion cyst 
Squamous cell carcinoma 

Fibroma 

Fibrosarcoma 

Lipoma 

Hemangioendothelioma 

Malignant melanoma 

Strain 

Bn/Bi 

WAG/Rij 
F, 
WAG/Rij 
F, 
BN/Bi 
BN/Bi 
F. 
BN/Bi 
WAG/Rij 
F, 
WAG/Rij 
F, 
WAG/Rij 
F, 
BN/Bi 
F, 
BN/Bi 
BN/Bi 

Sex 

Male 

Male 
Male 
Female 
Male 
Female 
Female 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Female 
Male 
Male 
Female 
Male 

No. with 
tumor/ 

no. 
examined 

4/74 

4/124 
2/67 
2/101 
1/67 

3/236 
1/236 
1/67 
1/74 

1/124 
1/67 

3/124 
3/67 
1/124 
1/68 
1/74 
1/67 

5/236 
3/74 

Vo 

5 

3 
3 
2 
1 
1 

<1 
1 
1 
1 
1 
2 
4 
1 
1 
1 
1 
2 
4 

Mean age 
(range) in 
months 

30 (24—37) 

25(21—27) 
28,42 
33,36 
36 
29 (23—34) 
27 
35 
26 
21 
36 
21 (19—23) 
34 (32—36) 
27 
40 
23 
36 
31 (26—34) 
31 (29—35) 

FIGURE 4.140. Inverted papilloma in the skin. (HPS; magnification x 36.) 
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composed of numerous spindle-shaped cells, 
mitotic figures, occasional giant cells, and local 
invasion of surrounding tissues. None had dis
tant metastases, however. 

Finally, eight malignant melanomas were 
present in BN/Bi rats. All were located on the 
extremities, that is, on the tail, the tip of the 
ear, the eyelid, or the lip. Grossly, all were rel
atively small dark to black tumors and were less 
than 8 mm in diameter. Histologically, the cells 
were heavily pigmented melanocytes that had 
extensively invaded the epidermis and sur
rounding musculature. Three of the eight me
lanomas had spread to regional lymph nodes. 
Grossly, the lymph nodes were enlarged and 
dark in color. Histologically, metastatic tumor 
was present in these nodes. Five of the eight did 
not have obviously enlarged regional lymph 
nodes at the time of gross necropsy. As a result, 
the regional lymph nodes were not included for 
routine histopathology, and it is not known 
whether any of the five rats without gross me
tastases had microscopic metastases of the ma
lignant melanomas. 

3. Discussion 
Zackheim,"' as well as Squire and Good

man ' " and Altman and Goodman,' have al
luded to the infrequency of spontaneous tu
mors of the skin and subcutaneous tissues in 
rats. In the present study, skin tumors were not 
common, but on the other hand, they were not 
rare. Of the 670 rats evaluated, 16 had benign 
epithelial tumors, 2 had malignant epithelial tu
mors, 13 had mesenchymal tumors in the sub
cutaneous tissues, and 8 had malignant melan
omas. Nearly all of these tumors were in rats 
older than 24 months of age. 

The BN/Bi rat has brown hair. It has heavily 
pigmented skin and also develops melanomas, 
as reported previously.«" Eight (Table 4.33) of 
these rats developed malignant melanomas of 
the extremities. Although the number of these 
tumors is very small, it would appear that they 
readily metastasize since three of the eight 
(38%) had spread to regional lymph nodes. The 
risk of these tumors metastasizing may even be 
somewhat higher because the regional lymph 
nodes were not examined histologically from 
the five rats without metastases. Regardless, 
melanomas in the BN/Bi rat are malignant tu
mors and they have a high risk of metastasiz
ing. 

S. Mammary Gland 
/. Nonneoplastic Lesions 

All females had some increased prominence 
of mammary ducts or lobules suggestive of 
stimulation or hyperplasia. The amount of 
mammary tissue hyperplasia was variable and 
a spectrum of changes was recognized. Most of 
the changes could be lumped into three major 
categories. The first was characterized by hy
perplasia of the acinar tissue (Figure 4.141). 
The second was a mild ectasia of ducts and duc
tules (Figure 4.141). The ducts were dilated and 
lined by cuboidal epithelium and their lumina 
usually contained a pink, proteinaceous, acel-
lular material. The third consisted of large cys
tic ducts that were similar to the ectatic ducts 
but were greatly dilated cyst-like structures li
ned by flat epithelium. Some glands had only 
one of the three changes, while others had var
ious combinations. 

2. Neoplastic Lesions 
The incidence of mammary gland tumors was 

relatively high for the rats of the three strains; 
42% of female WAG/Rij, 22% of female 
(WAG X BN)F,, and 18% of female BN/Bi rats 
died with mammary tumors. The BN/Bi and 
(WAG X BN)Fi rats had only one tumor per rat. 
Of the 43 WAG/Rij rats, 11 (26%) had two 
neoplasms while the other 32 had only one 
mammary tumor. 

The age-associated incidence was calculated 
for all mammary tumors. The calculations were 
based on the presence of a tumor, irrespective 
of the histological diagnosis. As is seen in Fig
ure 4.142. the risk of female rats dying with a 
mammary tumor increased in all age groups, 
with the peak incidence occurring in rats of 37 
months or older. The peak incidence was 40% 
for (WAG X BN)F, females, 38% for WAG/Rij 
females, and 15% for BN/Bi females. The spe
cific diagnoses of the tumors found are listed 
in Table 4.34 and their descriptions are sum
marized in the following paragraphs. 

Fibroadenomas were firm, white to tan, no
dular masses that ranged in diameter from a 
few millimeters to several centimeters. Micro
scopically, they were composed of fibrous con
nective tissue and epithelial cell structures in 
varying proportions (Figure 4.143). In some, 
the fibrous elements predominated, while in 
others it was the epithelial component. The ep
ithelial cells formed lobules composed of aci-
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FIGURE 4.141. Slight lobular (acinar) hyperplasia and ductal ectasia of the mammary gland. (HPS; magnification x 32.) 

nar-Uke structures including ducts and duc
tules. The epithelial structures were surrounded 
by the fibrous elements that often formed wide 
bands or trabeculae between the epithelial 
structures forming a pericanalicular fibroaden
oma. Some of the fibroadenomas had focal 
areas of atypia or "piling-up" of epithelial cells 
and increased mitoses. 

Such tumors were seen in 22% of female 
WAG/Rij, 16% of female (WAG x BN)F„ 
11% of female BN/Bi, 1% (1 of 74) of male 
BN/Bi, and 1% (1 of 67) of male (WAG x 
BN)F, rats. The age-associated incidence (Fig
ure 4.144) showed a peak incidence during the 
period of 31 to 36 months for both the female 
BN/Bi and WAG/Rij rats. The peak incidence 
was 20% in WAG/Rij females, but dropped to 
11% in the oldest rats (>37 months). Similarly, 
the peak incidence in BN/Bi females was 12%, 
but dropped to 6% in the oldest group (>37 

BN/Bi 

WAG/Rij 

. - / 

13-18 1924 26-30 

Age Period (Months) 

FIGURE 4.142. Percent incidence with age of all tumors 
arising in the mammary glands of 236 BN/Bi, 101 WAG/ 
Rij, and 68 (WAG x BN)F, female rats. 

months). The (WAG x BN)F, rats, on the other 
hand, showed a trend for an increased inci
dence with age so that the peak incidence of 
20% occurred in the oldest rats (>37 months). 
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Occurrence of Tumors in the Mammary Glands of Aging BN/Bi, WAG/Rij, and (WAG x BN)F, 
Rats 
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Strain 

BN/Bi 

WAG/Rij 

F, 

Sex 

Female 

Male 
Female 

Male 
Female 

Male 

No. 
examined 

236 

74 
101 

124 
68 

67 

Type of tumor 

Fibroadenoma 
Adenocarcinoma 
Sarcoma 
Adenoma 
Fibroadenoma 
Fibroadenoma 
Adenocarcinoma 
Fibroma 
Adenoma 
Sarcoma 
Carcinosarcoma 
None 
Fibroadenoma 
Adenocarcinoma 
Adenocarcinoma 

No. of 
each type 

26 
14 

2 
1 
1 

22 
23 
2 
2 
I 
1 

— 
11 
4 
1 

% 

11 
6 

<1 
<1 

1 
22 
23 
2 
2 
1 
1 

— 
16 
6 
1 

Mean age 
(range) in 
months 

30 (23—40) 
30(19—37) 

36,37 
34 
36 

34 (24—42) 
37 (27—44) 

31,31 
34,36 

34 
34 
— 

30(22—38) 
35 (26—38) 

26 
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Fibromas were recognized in two WAG/Rij 
females, both 31 months of age. They were 
both large, firm, white tumors that arose in 
mammary gland tissues. They were composed 

70 
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FIGURE 4.144. Percent incidence with age of fibroaden
omas arising in the mammary glands of 236 BN/Bi, 101 
WAG/Rij, and 68 (WAG x BN)F, female rats. 

of well-differentiated fibrocytes and contained 
abundant collagen. They resembled the fibrous 
tissue component of the fibroadenomas, but 
epithelial structures could not be found. 

Three adenomas occurred in the 411 female 
rats of this study. All were well-differentiated 
epithelial tumors with approximately normal 
amounts of epithelium, myoepithelium, and 
stroma, but they were circumscribed masses 
that were larger than and were clearly demar
cated from the normal mammary tissue. 

Adenocarcinomas were composed of epithe
lial cells that were derived from glandular or 
duct epithelium. The most common form had 
papillary patterns (Figure 4.145), but follicular 
patterns were also recognized. The tumors were 
generally surrounded by a fibrous capsule, but 
some showed invasion into or beyond the cap
sule. Most were composed of well-differen
tiated epithelial cells, often with vacuolated 

FIGURE 4.145. Papillary adenocarcinoma of the mammary gland. (HPS; magnification x 19.) 
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pink cytoplasm. Most had areas with secretory 
material that was pink or basophilic, homoge
neous or granular. Mitoses were found in most 
carcinomas. Such tumors were found in 23% 
of female WAG/Rij, 6% of female (WAG x 
BN)F, and 6% of female BN/Bi rats. A carci
noma was also seen in a (WAG x BN)F, male 
rat. Only one of the carcinomas metastasized to 
the lung in a 27-month-old female BN/Bi rat. 

Unlike the incidence for fibroadenomas, the 
age-associated incidence for BN/Bi and WAG/ 
Rij females shows the older the rat, the greater 
its risk of dying with a carcinoma (Figure 
4.146). The peak risk period occurred in the 
oldest rats (>37 months), reaching 33% for fe
male WAG/Rij and 8% for female BN/Bi rats. 
Too few. carcinomas (only four tumors) were 
observed in (WAG x BN)F, females to calculate 
the age-associated incidence, but the mean age 
for these carcinomas was 35 months. 

Three sarcomas arose in the region of the 
mammary gland. They were composed of spin
dle-shaped cells that had indistinct cell bound
aries, with elongated spindle-shaped nuclei and 
abundant collagen in the surrounding stroma. 
They were highly invasive and contained nu
merous mitoses, but distant metastases were 
not found. 

A carcinosarcoma was found in one 34-
month-old female WAG/Rij rat. It was com
posed of intermingled components of epithelial 
and mesenchymal cells. It was locally invasive, 
but distant metastases were not found. 

3. Discussion 
Hyperplasia of the acinar tissue, duct ectasia, 

or both occurred in nearly all aging female rats 
of this study. The cause could not be deter
mined, however. It was found that 95% of the 
WAG/Rij females and 83% of (WAG x BN)F. 
females died with pituitary gland tumors, some 
of which might have been secreting a hormone 
such as prolactin. On the other hand, only 26% 
of BN/Bi females had pituitary gland tumors, 
but they still exhibited mammary gland stimu
lation similar to that seen in WAG/Rij or 
(WAG X BN)F, females. 

A discussion of the many hormonal factors 
that can affect rat mammary tissue is not within 
the scope of this thesis. However, a brief review 
of normal mammary development, some hor
monal influences, as well as some methods of 
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FIGURE 4.146. Percent incidence with age of adenocar
cinomas arising in the mammary glands of 236 BN/Bi and 
lOI WAG/Rij female rats. 

experimental tumor induction has been carried 
out by Young and Hallowes."' 

Mammary tumors in rats have been reviewed 
in several recent publications. '"^"* In addi
tion, extensive data are being collected on 
mammary tumors in WAG/Rij, BN/Bi, and 
Sprague-Dawley rats following various combi
nations of X-ray irradiation, neutron irradia
tion, castration, and hormone treatment. The 
results of the experimentally induced tumors 
are being compared to those that have sponta
neously arisen,*' and some preliminary findings 
have been reported.'*' 

The risk that a BN/Bi or WAG/Rij rat would 
die with a mammary tumor seemed to increase 
with age. However, when fibroadenomas and 
adenocarcinomas were evaluated separately, a 
difference was found. Fibroadenomas had a 
peak risk period between 31 to 36 months old, 
while those that were 37 months or older had 
less of a risk. In contrast, the percent incidence 
of adenocarcinomas continued to increase in 
each age group. A similar phenomenon was 
shown by Boorman and Hollander," who eval
uated 290 female WAG/Rij rats. Their rats 
consisted of both virgins and retired breeders, 
however. They showed a peak risk period for 
fibroadenomas at 38 months of age and a 
slightly lower risk at 42 months of age. 

I I I . G E N E R A L DISCUSSION 

Every organ and organ system from rats of 
this study had age-associated lesions. In some 
organs, such as the pituitary gland, neoplastic 
lesions were the most common morphologic al-
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teration. In other organs, like the heart, non
neoplastic lesions predominated. Still other or
gans had various combinations of both 
neoplastic and nonneoplastic lesions. The le
sions observed, their age of onset, and their ef
fect on life span varied among the different 
strains and sexes. In addition, individual rats of 
one sex and strain also showed a considerable 
variability. 

The age of the onset of lesions in the popu
lation of rats occurred at about the same age as 
the bend in their respective survival curves, that 
is, the time or age that the lesions began to ap
pear in a population was the same time that rats 
began to die and the percent of surviving ani
mals decreased. Some rats developed lesions 
earlier in life and died at relatively young ages 
of 12 to 18 months. Others did not acquire sim
ilar lesions until later in life and did not die un
til much older (greater than 30 months of age). 
In general, most age-associated neoplastic and 
nonneoplastic lesions began after the popula
tion was 10 to 12 months of age. The number 

of rats with specific lesions and the severity of 
these lesions tended to increase as the popula
tion aged. The increase was greatest in the pop
ulation after it reached 24 months of age. 

Even though the incidence of most lesions 
continued to increase as the population aged, 
there were exceptions, so that several patterns 
were recognized. Some tumors, for example, 
peaked at a relatively young age so that older 
rats were at a much lower risk than their 
younger cohorts. Other lesions, both neoplastic 
and nonneoplastic, reached a peak incidence 
followed by a plateau in the incidence curves. 
Therefore, many possible combinations were 
observed in the incidence patterns from these 
aging rats. 

All of the observed lesions will influence the 
function of organs and cells and thereby can af
fect experimental results. The impact that such 
morphological alterations will have on any 
given study will depend on the strain and sex of 
rat used and the specific parameters that are to 
be studied by an individual investigator. 
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Chapter 5 

EVALUATION OF THE AGE-ASSOCIATED RISK FOR MULTIPLE TUMORS AND 
TUMOR METASTASES IN AGING RATS 

I. INTRODUCTION 

As the populations of rats aged, it became 
apparent that the animals died with multiple le
sions. This appeared to be true for neoplastic 
as well as nonneoplastic lesions. In addition, 
the age-associated risk for cancer to metastasize 
seemed to be greater in older than younger rats. 
Therefore, the purpose of this chapter is to 
evaluate the occurrence of multiple tumors in 
rats and their occurrence in rats of different 
ages. 

II. AGE-ASSOCIATED RISK FOR 
MULTIPLE NEOPLASTIC LESIONS 

The total tumors were tabulated irrespective 
of tumor type or their apparent benign or ma
lignant morphology. Also, each separate tumor 
was counted. For example, a rat with three 
mammary gland fibroadenomas was tabulated 
as a rat with three tumors. Similarly, if a pheo
chromocytoma was found in each adrenal 
gland, they were counted as two tumors in that 
rat. As most pathologists know, this type of 
breakdown can be extremely difficult. How
ever, an intense effort was made to assure uni
formity of criteria for tabulating tumor num
bers per rat for each of the three rat strains. 

The numbers of rats that died with 0, 1, or 
multiple tumors in each age group are listed in 
Table 5.1* for BN/Bi females. Table 5.2 for 
BN/Bi males. Table 5.3 for WAG/Rij females. 
Table 5.4 for WAG/Rij males. Table 5.5 for 
(WAG X BN)Fi females, and Table 5.6 for 
(WAG xBN)F, males. 

In general, there was a trend for the average 
number of tumors per rat to increase in each 
age group. This was true for the average num
ber of tumors in all dead rats and the average 
in tumor-bearing rats. The two exceptions to 
this statement were the BN/Bi and WAG/Rij 
males which did not show an increase in the av
erage number of tumors in all dead rats. How
ever, the BN/Bi males did show a trend for the 

average number of tumors to increase in tumor-
bearing rats. For the WAG/Rij females, there 
was nearly a twofold increase in the average 
number of tumors per rat with increasing age. 
Other groups such as the BN/Bi females had an 
increase in average number of tumors, but less 
than the WAG/Rij females. 

The average number of tumors in all dead 
rats was evaluated by linear regression analysis. 
This evaluation was conducted to test the statis
tical significance of the data shown in Tables 
5.1 to 5.6. The results are shown in Figure 5.1. 
There was a clear trend for all groups to de
velop increased numbers of tumors with age ex
cept the male BN/Bi and WAG/Rij rats. Some 
rats, however, had a much lower risk of devel
oping cancers and died without tumors, even in 
the oldest age groups. This was especially true 
for the BN/Bi rats. 

III. AGE-ASSOCIATED RISK FOR 
MALIGNANT NEOPLASMS TO 

METASTASIZE 

Malignant neoplasms were relatively com
mon, as cited in Chapter 4. Some were consid
ered to be malignant as judged by local invasion 
or direct extension from the primary site to sur
rounding tissues. Others were classified as ma
lignant based on their cellular morphology. 
Some primary tumors also had distant metas
tases. 

Tables 5.7 to 5.9 list tumors in male and fe
male BN/Bi, WAG/Rij. and (WAG x BN)F, 
rats, respectively, that had distant metastases. 
Excluded were all tumors where distant metas
tases were not found. Also excluded were lym
phoreticular tumors. BN/Bi females had the 
greatest number of metastatic tumors, with 38 
in the 236 (16%) rats. The other groups had 
metastatic cancer in between 3 to 9% of their 
total populations. 

The number of BN/Bi females that had met
astatic neoplasms (38) was sufficiently large to 
permit an evaluation of the age-associated inci-

All tables and figures appear at the end of this chapter. 
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dence. The results are shown in Figure 5.2. The 
older the rat, the greater was its risk of dying 
with a metastatic cancer. 

The other rat groups had fewer tumors with 
distant metastases, with numbers ranging from 
only 3 to 7 (3 to 9% of the total rats per group). 
Therefore, an assessment of the age-associated 
incidence is more difficult. In these groups, 26 
metastatic tumors were found. Only 4 were in 
rats younger than 24 months, 12 were in rats 
between 24 to 30 months, 7 were found in rats 
at 31 to 36 months, and only 3 were in rats 37 
months of age or older. 

One reason for the large numbers of tumor 
metastases in the BN/Bi females was the fre
quency of adrenal cortical carcinomas. Metas
tases of these tumors accounted for about one 
third of the total metastatic tumors in that 
strain. Table 5.10 lists the adrenal cortical car
cinomas in these females and the number dur
ing the various age ranges. There was a trend 
for the metastatic adrenal cortical carcinomas 
to be age related. 

IV. DISCUSSION 

In general, with increasing age the rats of this 
study had an increased risk to develop cancer, 
and those with one were at a greater risk to de
velop multiple tumors. Evaluation of the risk 

to develop multiple tumors per rat with increas
ing age was done using linear regression analy
sis. The females of all groups and the F, males 
showed a statistically significant increase in the 
numbers of tumors with age, with the slope of 
the lines being greatest for the WAG/Rij fe
males. BN/Bi and WAG/Rij males, however, 
did not show a statistically significant increased 
number of tumors per rat. This fact suggests 
that the risk of multiple tumors per rat does not 
necessarily increase with age, but is relatively 
constant throughout the life of the population. 
If this is true, then the risk that rats will develop 
increased numbers of tumors with age is prob
ably strain and sex dependent. 

Some rats are at a low risk for all cancers, 
irrespective of their age. For example, some 
male and female BN/Bi rats died without tu
mors during each age period, even in the oldest 
rats of 37 months of age or older. Therefore, 
even in a highly inbred rat strain, individual 
risks for cancers are variable. 

Female BN/Bi rats showed a clear trend for 
the incidence of metastatic tumor to increase 
with age. This trend was not as clear for the 
other groups of rats. In fact, if any trend was 
seen, it seemed to suggest a lack of any in
creased risk for the oldest rats (equal to or 
greater than 37 months) to develop tumor me
tastases compared to the younger cohorts. 

TABLE 5.1 

Nimibers of Tumors in Female BN/Bi Rats 

Age (in 
months) 

3 - 1 2 
13—18 
19—24 
2 5 - 3 0 
31—36 
37—54 

Total 
% of total 

Total no. 
of rats 
dying 

during this 
time 

2 
9 

26 
73 
98 
28 

236 

Total no. 
of dead rats 

with a 
tumor 

0 
7 

22 
65 
90 
24 

208 
88 

0 

2 
2 
4 
8 
8 
4 

28 
12 

No of rats 
with the following 

1 

7 
14 
32 
33 

7 

93 
39 

2 

5 
19 
31 

5 

60 
25 

3 

2 
13 
15 
10 

40 
17 

4 

1 
— 

5 
2 

8 
3 

no. of tumors 

5 

.̂ ^ 

— 
— 
6 

— 

6 
3 

6 

_ 

— 
— 
— 
— 

0 

7 

_ 
— 
— 

1 
— 
— 

1 

8 

— 
— 
— 

1 

— 

1 
— 

Total no. 
of tumors 

0 
7 

34 
116 
198 
55 

410 

Average no. of 
tumors per rat 

0 " 0 ' 
0.8 1.0 
1.3 1.5 
1.6 1.8 
2.0 2.2 
2.0 2.3 

Calculated by dividing the total number of tumors by the total number of rats that died during each time period. 
Calculated by dividing the total number of tumors by the number of tumor bearing rats that died during each time period. 
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Numbers of Timors in Male BN/Bi Rats 
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Age (in 
months) 

3—12 
13—18 
19-24 
25—30 
31—36 
37—54 

Total 
% of total 

Total no. 
of rats 
dying 

during this 
time 

3 
4 

12 
21 
25 

9 

74 

Total no. 
of dead rats 

with a 
tumor 

0 
4 

11 
18 
18 
6 

57 
77 

No. of rats with the 
following nc 

0 

3 
0 
1 
3 
7 
3 

17 
23 

1 

2 
6 
9 
9 
3 

29 
40 

2 

2 
2 
6 
3 
1 

14 
19 

. of tumor! 

3 

— 
3 
2 
5 
1 

11 
14 

4 

— 
— 
— 
2 
1 

3 
4 

5 

— 

1 
— 
— 

1 

Total no. 
of tumors 

0 
6 

19 
32 
38 
12 

107 

Average no. of 
tumors per rat 

0 " 0 ' 
1.5 1.5 
1.6 1.7 
1.5 1.8 
1.5 2.1 
1.3 2.0 

' Calculated by dividing the total number of tumors by the total number of rats that died during each time 
period. 

' Calculated by dividing the total number of tumors by the number of tumor bearing rats that died during 
each time period. 

TABLE 5.3 

Numbers of Tumors in Female WAG/Rij Rats 

Total no. 

Age (in 
months) 

3 - 1 2 
13—18 
19—24 
2 5 - 3 0 
3 1 - 3 6 

>37 

Total 
Vo of total 

of rats 
dying 

during this 
time 

0 
0 
3 

13 
60 
25 

101 

Total no. 
of dead rats 

with a 
tumor 

— 
3 

12 
60 
25 

100 
99 

No. of rats with the following no. of 
tumors 

0 1 

0 1 1 1 — _ — _ 
1 3 5 2 0 1 1 — 
0 4 14 20 13 8 I — 
0 0 7 5 6 4 1 2 

1 8 27 28 19 13 3 2 
1 8 27 28 19 13 3 2 

Total no. 
of tumors 

6 
30 

190 
93 

319 

Average no. of 
tumors per rat 

2.0 
2.3 
3.2 
3.7 

2.0 
2.5 
3.2 
3.7 

Calculated by dividing the total number of tumors by the total number of rats that died during each time period. 
Calculated by dividing the total number of tumors by the number of tumor bearing rats that died during each 
time period. 
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TABLE 5.4 

Numbers of Tumors in Male WAG/Rij Rats 

Age (in 
months) 

3—12 
13—18 
19—24 
2 5 - 3 1 

Total 
% of total 

Total no. 
of rats 
dying 

during this 
time 

1 
11 
74 
38 

124 

Total no. 
of dead rats 

with a 
tumor 

1 
10 
74 
38 

123 
99 

No. of rats with the 
following no 

0 

0 
1 
0 
0 

1 
1 

1 

0 
6 

42 
13 

61 
49 

2 

0 
3 

22 
16 

41 
33 

. of tumors 

3 

1 
— 

8 
9 

18 
14 

4 

— 
1 

— 

1 
1 

^ ^ 

5 

1 
1 

— 

2 
2 

Total no. 
of tumors 

3 
17 

119 
72 

211 

Average no. of 
tumors per rat 

3.0" 3.0' 
1.5 1.7 
1.6 1.6 
1.9 1.9 

Calculated by dividing the total number of tumors by the total number of rats that died during each time 
period. 
Calculated by dividing the total number of tumors by the number of tumor bearing rats that died during 
each time period. 

TABLE 5.5 

Numbers of Tumors in Female (WAG x BN)Fi Rats 

Age (in 
months) 

3—12 
13—18 
19—24 
25—30 
31—36 

?37 

Total 
V» of total 

Total no. 
of rats 
dying 

during this 
time 

0 
3 

13 
29 
13 
10 

68 

Total no. 
of dead rats 

with a 
tumor 

0 
3 

13 
29 
13 
8 

66 
97 

No. of rats with the following no. of 
tumors 

0 2 1 
0 6 4 
0 16 8 
0 5 5 
2 0 2 

2 29 20 12 
3 43 29 18 

1 — 
1 — 

Total no. 
of tumors 

4 
23 
49 
26 
25 

Average no. of 
tumors per rat 

« b 

1.3 1.3 
1.8 1.8 
1.7 1.7 
2.0 2.0 
2.5 3.1 

127 

• Calculated by dividing the total number of tumors by the total number of rats that died during each time period. 
' Calculated by dividing the total number of tumors by the number of tumor bearing rats that died during each time period. 
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TABLE 5.6 

Numbers of Tumors in Male (WAG x BN)F, Rats 

Age (in 
months) 

3 - 1 2 
13—18 
19—24 
25—30 
31 -36 

>37 

Total no. 
of rats 
dying 

during this 
time 

0 
0 
6 

18 
23 
20 

Total no. 
of dead rats 

with a 
tumor 

0 
0 
6 

16 
21 
19 

No. of rats with the 
following no. of 

tumors 

0 

— 

0 
2 
2 
1 

1 

4 
6 
4 
5 

2 

— 

1 
6 
8 
5 

3 

— 

1 
3 
6 
4 

4 

— 

1 
3 
5 

Total no. 
of tumors 

— 

9 
31 
50 
47 

Average no. of 
tumors per rat 

a b 

1.5 1.5 
1.9 1.7 
2.4 2.2 
2.5 2.4 

Total 67 62 5 19 20 14 9 137 
% of total 92 8 28 30 21 13 
' Calculated by dividing the total number of tumors by the total number of rats that died during each 

time period. 
' Calculated by dividing the total number of tumors by the number of tumor bearing rats that died 

during each time period. 
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FIGURE 5.1. Summary of the linear regression analysis to determine the line of best fit for the average number of tumors 
per rat (—) and the average number of tumors in tumor bearing rats (—) for female and male BN/Bi, WAG/Rij, and (WAG 
X BN)Fi rats. The term "Not Significant" for BN/Bi and WAG/Rij male rats means that a valid line could not be drawn 
through the data points and that the apparent increase or decrease in the slope of these lines was not significant. 
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30 I -
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• ^ 

7-12 13-18 19-24 25-30 

Age Period (Months) 

31-36 >37 

FIGURE 5.2. Percent incidence with age of tumors with distant metastases in 236 
female BN/Bi rats. 

TABLE 5.10 

Adrenal Cortical Carcinomas in Female BN/Bi Rats: Comparison of Niunber of Tumors and Number of 
Metastases with Age 

Age 
(months) 

3—12 
13—18 
19—24 
25—30 
31—36 
37—54 

Total no. rats alive 
at beginning of 

period 

236 
234 
225 
199 
126 
28 

Total no. rats 
dying during 

period 

2 
9 

26 
73 
98 
28 

Total no. of 
dead rats with 

adrenal 
carcinoma 

0 
0 
3 
4 

U 
4 

Total no. of 
rats with 

metastatic 
adrenal 

carcinoma 

0 
0 
1 
2 
7 
3 

Total metastatic 
adrenal 

carcinomas x lOO 
Total adrenal 
carcinomas 

_ 

33% 
50% 
64% 
75% 

Total 236 22 13 59% 
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Chapter 6 

COMPARISONS O F T H E INCIDENCE O F LESIONS IN RATS T H A T DIED 
SPONTANEOUSLY TO THOSE KILLED AT DIFFERENT AGES 

I. INTRODUCTION 

Age-associated incidence patterns of lesions 
in Chapter 4 were calculated by using life table 
techniques as described by Sachs."* The calcu
lations were based on the number of rats that 
were alive at the beginning of a period, divided 
into the number of rats with a specific lesion 
that died during that period. The result was 
multiplied by 100, yielding a percentage, and it 
was this percentage that was plotted to show the 
incidence of different lesions with age. All le
sions were based on their presence at the time 
of death and in no way implied that they were 
the cause of death; rather, they reflected the 
risk that a rat would die with each lesion. 

Such methods of plotting data are useful for 
evaluating trends or patterns of lesions with age 
in the population, but caution must be exer
cised in the interpretation of the percentages be
cause they are based on lesions found in dead 
rats. The real incidence of a lesion in the living 
population can be determined only by killing 
animals at specific ages. 

There were differences observed in the per
cent of dead rats with a lesion as compared to 
the percent calculated by the life table methods. 
This chapter compares the percentages of se
lected lesions in rats that died as part of the ag
ing study with the percentage of lesions in rats 
killed at two ages, namely, 14 and 21 months. 
Comparisons will be based on three types of 
findings, namely, the percent of lesions in dead 
rats during each age period, the age-associated 
percent based on the population at risk during 
each age period as calculated by life table tech
niques, and the percent in rats killed at specific 
ages. 

This chapter will try to answer the following 
questions: 

1. Will the percent incidence of a lesion, as 
calculated by life table methods, give a true 
indication of the incidence of that lesion in 
the living population? 

2. Will the percent of a lesion in sponta

neously dead rats indicate the percentage of 
that lesion in the living population? 

3. Is the percent of a lesion in rats that died 
spontaneously similar to the percent in the 
population at risk as calculated by life table 
methods? 

II . COMPARISONS O F T H E 
P E R C E N T A G E O F SELECTED 
LESIONS IN D E A D RATS VS. 

P E R C E N T A G E IN T H E P O P U L A T I O N 
A T RISK AS D E T E R M I N E D BY LIFE 

TABLE CALCULATIONS 

Before specific examples are presented, a 
brief description of the methods used to deter
mine the data is needed. First, the ages of rats 
were divided into age periods. The number that 
were alive at the beginning of each period, the 
number that died during the period, and the 
number of dead rats that had lesions were listed 
for each period. The findings were then used to 
calculate the percent of dead rats and the per
cent of the population at risk that had the le
sion. As an example. Table 6.1 shows the data 
tabulated for biliary cysts in aging BN/Bi fe
males with the percentage of dead rats and the 
percentage of the population at risk in the two 
right-hand columns. Once tabulated, the data 
were then graphed as shown in Figure 6.4 for 
biliary cysts and Figures 6.1 to 6.5 were 
graphed in the same manner. 

A. Medullary Thyroid Carcinomas 
These tumors were typical of most neoplastic 

lesions and are illustrated in Figure 6.1 for male 
and female WAG/Rij and female BN/Bi rats. 
The curves for the percent in dead rats and the 
percent in the population at risk both increased 
with age. The BN/Bi females represented a low 
incidence strain while the WAG/Rij rats were 
a relatively high incidence strain. The peak in
cidence was reached in the oldest rats. There
fore, as the population aged, the risk of a rat 
dying with a medullary thyroid tumor increased 
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TABLE 6.1 

Biliary Cysts in the Liver of Aging Female BN/Bi Rats 

Age period 
(months) 

3—6 
7—12 

13-18 
19—24 
25—30 
31 -36 

>37 

No. alive at 
beginning of 

period 

236 
236 
234 
225 
199 
126 
28 

No. 
dead 

0 
2 
9 

26 
73 
98 
28 

No. with 
cysts 

0 
0 
2 
9 

33 
64 
21 

%of 
dead 

0 
0 

22 
35 
45 
65 
75 

%of 
population 

at risk 

0 
0 
1 
4 

17 
51 
75 

and the percentage of rats dying with these le
sions also increased. 

B. Pituitary Tumors 
Pituitary tumors gave different shaped 

curves than the medullary thyroid carcinomas, 
as illustrated in Figure 6.2 for male and female 
WAG/Rij and female BN/Bi rats. The percent 
of pituitary tumors in the population at risk in
creased with age. However, the percent in dead 
rats was relatively constant throughout the life 
of the population. Between 90 to 100<Vo of the 
female and 80 to 100% of the male WAG/Rij 
rats that died died with a pituitary tumor re
gardless of their age. The BN/Bi females rep
resented a low incidence strain for this lesion 
and again similar curves were seen, with 20 to 
30% of the dead rats having pituitary tumors. 
The percent in the population at risk shows that 
a much lower percentage should be found in the 
population at risk. For example, for the age pe
riod of 19 to 24 months, approximately 3% of 
WAG/Rij females should die with the lesion, 
but 100% of the dead rats had tumors. There
fore, which of the two curves provides the best 
means of predicting the real incidences in the 
living population? There is no way of knowing 
without killing rats at selected ages. 

C. Urothelial Tiunors 
Some tumors had a peak incidence in 

younger aged rats and a decreased incidence in 
the oldest. As examples, ureter and bladder tu
mors in male and ureter tumors in female BN/ 
Bi rats are given in Figure 6.3. All three showed 
peaks in both curves (i.e., the percent of dead 
and percent of population at risk). Rats that 
survived the peak risk periods for these tumors 

apparently stood a much lower risk of devel
oping the lesion in later life. Therefore, it 
would appear that most susceptible rats devel
oped these tumors before 30 months of age. 

D. Nonneoplastic Lesions 
Nonneoplastic lesions were all similar; that 

is, the percent of dead rats with a lesion and the 
percent of the population at risk both increased 
with each age period. This is illustrated by two 
examples, namely, biliary cysts (Figure 6.4) and 
pancreatic atrophy (Figure 6.5) in BN/Bi fe
males. Here, as was true with the medullary 
thyroid carcinomas, the percent in dead rats 
and the percent in the population at risk in
creased with age and the peak incidence oc
curred in the oldest age groups. 

III. COMPARISONS O F T H E 
P E R C E N T A G E O F SELECTED 
LESIONS IN RATS KILLED VS. 

THOSE T H A T DIED 
SPONTANEOUSLY 

The incidence of lesions in rats that lived out 
their life spans was presented in Chapter 4. The 
data were summarized as (1) the percent of the 
total population and (2) the age-associated in
cidence in the population at risk during differ
ent age periods as determined using life table 
techniques. 

In Section II of this chapter, selected lesions 
were studied by comparing (1) the percent in 
rats that died spontaneously during different 
age periods and (2) the age-associated incidence 
in the population at risk as determined by life 
table calculations. Several different patterns of 
curves were seen in Figures 6.1 to 6.5 when the 
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FIGURE 6.1. The percent with age of medullary thyroid tumors in dead rats and the percent of the 
population at risk as determined by life table calculations for female and male WAG/Rij and female 
BN/Bi rats. 

two types of data were plotted. In order to de
termine which of the two curves comes closest 
to predicting the incidence in the living popula
tion, rats must be killed during the study. The 
incidence (percent) in the killed rats can then be 
compared to the percent in spontaneously dead 
and to the percent of the population at risk. 

The purpose of this section is to compare the 
previous findings with the incidence (percent) 
actually found in rats killed at selected ages. 

Thirty female BN/Bi and thirty female 
WAG/Rij rats of 14 and 21 months of age were 
randomly selected from existing cohorts in the 
aging colony. These animals were killed with 
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FIGURE 6.2. The percent with age of pituitary gland tumors in dead rats and the percent of the population at risk 
determined by life table calculations for female and male WAG/Rij and female BN/Bi rats. 
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FIGURE 6.3. The percent with age of ureter and bladder cancers in dead rats and 
the percent of the population at risk as determined by life table calculations for 
male and female BN/Bi rats. 

ether and a partial necropsy was performed. 
The organs examined from the WAG/Rij fe
males included pituitary gland, thyroid glands, 
adrenal glands, mammary glands, and liver. 
The organs examined from the BN/Bi rats in
cluded pituitary gland, thjToid, adrenal glands, 
mammary glands, liver, left and right ureters, 
and urinary bladder. All tissues were grossly ex
amined and processed using the same protocol 
for the tissues of the aging rats as described in 
Chapter 2. 

Table 6.2 shows the results for selected le
sions obtained from the BN/Bi females and Ta
ble 6.3 for WAG/Rij females. The percentages 
shown in the tables were used to plot the per
centage of lesions in killed rats in Figures 6.6 
to 6.10. The percent of each lesion in the spon
taneously dead rats and percent of the popula
tion at risk were plotted as previously described 
in Section II. 

There are only two data points for killed rats, 
and they were plotted in Figures 6.6 to 6.10. 
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FIGURE 6.4. The percent with age of biliary cysts in the livers of dead rats and the percent of 
the population at risk as determined by life table calculations for female BN/Bi rats. 
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FIGURE 6.5. The percent with age of pancreatic atrophy in dead rats and the percent of the population 
at risk as determined by life table calculations for female BN/Bi rats. 

Curves were drawn through these points, how
ever, in order to connect them with the y-axis 
and the percentage in the oldest rats. It is pos
sible that such curves may not reflect the per
centage of these lesions at all age groups, but it 
does permit a better visualization of the data. 

A. Pituitary Tumors 
In Figure 6.6, the percent of pituitary tumors 

in the killed rats most closely corresponded to 
the percent found in the population at risk. The 
killed WAG/Rij females had more tumors than 
predicted by the percent in the population at 
risk, but clearly not 100% as seen in the spon
taneously dead. The percentage of tumors in 
the killed BN/Bi females was virtually identical 
to that predicted by life table calculations at 
both the 14- and 21-month periods. 
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TABLE 6.2 

Occunence of Sdected Lesions in 30 Female BN/Bi Rate Killed at 14 
and 21 Months of Age 

Lesion 

Pituitary tumor 

Medullary thyroid carcinoma 

Ureter carcinoma 

Urinary bladder carcinoma 

Liver-biliary cysts 

Liver foci and areas 

Liver nodules 

Mammary gland tumor 

Age 
(months) 

14 
21 
14 
21 
14 
21 
14 
21 
14 
21 
14 
21 
14 
21 
14 
21 

TABLE 6.3 

No. with lesion/ 
no. killed 

0/30 
1/30 
0/30 
0/30 
2/30 
9/30 
0/30 
0/30 
1/30 
8/30 
0/30 
0/30 
0/30 
0/30 
0/30 
0/30 

Vo 

0 
3 
0 
0 
7 

30 
0 
0 
3 

27 
0 
0 
0 
0 
0 
0 

Occuirence of Sdected Lesions in 30 Female WAG/Rij Rate Killed at 
14 Months Old and 30 Killed at 21 Months 

Lesion 

Pituitary tumor 

Medullary thyroid carcinoma 

Liver-biliary cysts 

Liver foci and areas 

Liver nodules 

Mammary gland tumor 

Age 
(months) 

14 
21 
14 
21 
14 
21 
14 
21 
14 
21 
14 
21 

No. with lesion/ 
no. killed 

2/30 
8/30 
3/30 
8/30 
0/30 
0/30 
3/30 

27/30 
0/30 
1/30 
0/30 
1/30 

Vo 

7 
27 
10 
27 
0 
0 

10 
90 
0 
3 
0 
3 

The pituitary lesions in the killed rats dif
fered in size from those seen in the rats that 
died spontaneously. To demonstrate this differ
ence, the lesions in pituitary glands were graded 
as follows: 

1. Foci of cells with clearly different mor
phology than the normal pituitary, but 
without compression 

2. Microtumors which resembled foci but 
having zones of compressed normal pitui
tary cells along the margins 

3. Pituitary tumors that were seen grossly as 
enlarged pituitary glands and were con
firmed histologically as tumors. 

The results in the killed rats are given in Table 
6.4. Eight 21-month-old WAG/Rij females had 
tumors, but only three of the eight (38%) were 
recognized grossly. In contrast, the tumors 
from the 101 aging WAG/Rij females that died 
spontaneously were graded using the same cri
teria and 91 of 96 (95%) tumors were seen dur
ing the gross necropsy. Microfoci were recog-
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FIGURE 6.8. The percent with age of ureter carcinomas in dead rats, the percent 
of the population at risk as determined by life table calculations, and the percent in 
30 rats killed at 14 and 21 months of age for female BN/Bi rats. 
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FIGURE 6.9. The percent with age of biliary cysts in the livers of dead rats, the 
percent of the population at risk as determined by life table calculations, and the 
percent in 30 rats killed at 14 and 21 months of age for female BN/Bi rats. 

nized in 8 of the 30 killed rats, but in only 1 of 
the 101 spontaneously dead rats. In view of the 
95% incidence of pituitary tumors in this 
strain, it seems likely that the observed foci rep
resent early pituitary tumors or, at the very 
least, "precancerous" lesions of which some 
progress into pituitary neoplasms. 

B. Medullary Thyroid Carcinomas 
Medullary thyroid tumors in killed WAG/Rij 

females appeared to fall on, or closest to, the 
curve for the percent in dead rats (Figure 6.7). 
The BN/Bi females killed at 14 and 21 months, 
however, yielded results that were identical to 
the life table curves. 
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100 I - FEMALE WAG/Rij 

Percent Of Population 
At Risk 
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Age Period (Months) 

31-36 >37 

FIGURE 6.10. The percent with age of foci and areas in the livers of dead rats, the percent of 
the population at risk as determined by life table calculations, and the percent in 30 rats killed at 
14 and 21 months of age for female WAG/Rij rats. 

TABLE 6.4 

Foci of Altered Cells, Microtumors, and Grossly Observed Tumors in the Pituitary Glands from BN/Bi and 
WAG/Rij Females Killed at 14 and 21 Months of Age 

Strain 

WAG/Rij 

BN/Bi 

Age 
(months) 

14 
21 
14 
21 

No. 
examined 

30 
30 
30 
30 

No. 
normal 

28 
14 
30 
28 

No. with 
the 

foUowin g 
number of 

foci 

1 2 3 

1 0 0 
3 4 0 
0 0 0 
1 0 0 

4 

0 
1 
0 
0 

No. with 
microtumors 

0 
5 
0 
0 

No. 
with 
gross 

tumors 

1 
3 
0 
1 

Total 
tumors 

1 
8 
0 
1 

% 

7 
27 
0 
3 

Similar to the pituitary lesions, the medullary 
thyroid tumors were graded as (1) microtumors 
which were found only histologically and (2) 
those tumors that were recognized grossly as 
enlarged thyroid glands and confirmed histo
logically. The results of the killed rats are given 
in Table 6.5. All three tumors in 14-month-old 
WAG/Rij females and five of eight (62%) in 
the 21-month-old group were microtumors. 
The lesions in the 101 aging female WAG/Rij 

that died spontaneously were similarly graded 
and 24 of 47 (51%) were microtumors. There
fore, the sizes of the medullary thyroid tumors 
in killed rats were relatively similar to those in 
rats that died spontaneously. This is in contrast 
to the pituitary tumors, which were larger in 
dead rats than in those killed. 

C. Ureter Carcinoma 
Ureter carcinomas in BN/Bi females were 
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TABLE 6.5 

Microtumors and Grossly Recognized Medullary Thyroid Carcinomas in BN/Bi 
and WAG/Rij Females Killed at 14 and 21 Months of Age 

Strain 

WAG/Rij 

BN/Bi 

Age 
(months) 

14 
21 
14 
21 

No. 
examined 

30 
30 
30 
30 

No. with 
microtumors 

3 
5 
0 
1 

No. 
With 
gross 

tumors 

0 
3 
0 
0 

Total 
tumors 

3 
8 
0 
1 

% 

10 
27 
0 
3 

evaluated because they represented an example 
of a lesion that had a higher incidence in 
younger rats. In Figure 6.8 the percent of tu
mors in the ureters of 14- and 21-month-old 
killed females is shown along with the percent 
in dead and the percent in the population at risk 
as determined from spontaneous deaths. It 
would appear that the percent in the dead came 
closest to the incidence in the living population. 
Based on the data from killed rats, the actual 
age of the peak incidence is earlier than that in
dicated by either of the other two curves. 

The lesions were graded and it was seen that 
the tumors in killed rats were smaller or less in
vasive than the cancers found in the sponta
neously dead. For example, over one half of the 
tumors found in the spontaneously dead fe
males were graded as P2 to P4 cancers. In the 
21-month-old killed females, on the other 
hand, eight of the nine tumors were PIS or PI 
and only one was graded as P3. This supports 
the finding that most of the rats at risk for such 
tumors develop them before 2 years of age. The 
ureter cancers in the older rats (greater than 2 
years) probably represent expansion or contin
ued growth of tumors that began earlier in life. 
Rats that survived until about 2 years of age 
without developing one of these lesions were 
apparently at a very low risk to develop one 
later in life. 

Stones were found in the ureter or bladder of 
approximately 60% of the rats that died spon
taneously (Chapter 4, Section ILK). Most were 
in the ureter, but some were found in the blad
der. Stones were also present in BN/Bi females 
that were killed. Of the 30 14-month-old rats, 
6 (20%) had stones in the ureter (2 in left ureter, 
2 in right ureter, and 2 bilateral). At 21 
months, 12 of the 30 (40%) had stones (5 in left 

ureter, 4 in right ureter, 2 bilateral, and 1 in the 
urinary bladder). It seemed, therefore, that a 
positive correlation existed between the pres
ence of stones and the development of tumors. 
To test this hypothesis, the data for killed rats 
with ureter tumors only, stones only, and tu
mors with stones are summarized in Table 6.6. 
The findings suggest the lack of any direct cor
relation between stones and the development of 
cancer in these rats. 

Urinary bladders were also examined from 
these rats, but no tumors were recognized in the 
30 BN/Bi females killed at 14 or 21 months of 
age. 

D. Biliary Cysts 
The percent of biliary cysts in the livers of 

female BN/Bi rats killed at 14 months of age 
was identical to the percent of the population 
at risk between the ages of 13 and 18 months 
(Figure 6.9). The percent in those killed at 21 
months was closest to the percent in the spon
taneously dead rats. Therefore, the age of onset 
of this lesion was between 12 to 18 months in 
the population and rapidly increased after 18 
months of age. 

Like the tumors discussed earlier, the biliary 
cysts in killed rats were not identical in size to 
the cysts in the rats that died spontaneously. 
The cysts in rats that died spontaneously were 
greater than 5 mm, and most were larger than 
1 cm in diameter. In addition, they were often 
multiple. In killed rats of 14 and 21 months of 
age, all were solitary and less than 5 mm in size. 
This confirms that the biliary cysts are prolif
erative lesions that increased in number and size 
with age. Therefore, the older the rat, the 
greater was the risk of dying with one or more 
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TABLE 6.6 

The Occurrence of Tumors, Stones, and Tumors with Stones 
in the Ureters of 30 Female BN/Bi Rats Killed at 14 and 21 
Months of Age 

Age 
(months) 

14 
21 

No. with 
tumor only 

2 
4 

No. with 
stones only 

6 
7 

No. with tumors 
and stones 

0 
5 

cysts, and the older the rat, the larger the le
sion. 

E. Liver Foci, Areas, and Nodules 
BN/Bi females had a very low background 

incidence (<5%) of liver foci and areas (Chap
ter 4, Section II.F). This was confirmed in the 
killed BN/Bi females where none had lesions at 
either 14 or 21 months old (Table 6.2). 

WAG/Rij females, on the other hand, had a 
high incidence of liver foci and areas (Chapter 
4, Section II.F). In the females killed at 14 and 
21 months, 10 and 90%, respectively, had these 
cellular changes (Table 6.3). This is shown in 
Figure 6.10. The percent in killed rats indicated 
a rapid increase in the incidence between 14 and 
21 months of age. This suggests that the percent 
in the dead rats was a much better prediction 
of the incidence in the living population than 
the percent of the population at risk as deter
mined by life table calculations. 

Ninety percent of the 21-month-old killed 
rats had these changes, and the peak incidence 
in the dead rats was 80%. This suggests that the 
incidence in the population older than 21 
months must remain relatively constant (80 to 
90%) through the remaining life of the popula
tion. 

Although 90% of the 21-month-old WAG/ 
Rij females had liver foci and areas, the severity 
was clearly less than that observed in the older 
rats that died. These changes were focal and rel
atively mild in the killed females. Those that 
died usually had many more such lesions that 
involved a much greater area of the liver sec
tions. Therefore, 80 to 90% of these rats ac
quire focal hepatocellular alterations by 21 
months, and this incidence remains constant 
for the rest of the population life. The severity 
of these lesions continues to increase with age, 
however, resulting in more extensive lesions 
with advancing age. 

Of 30 21-month-old WAG/Rij females, 
1(3%) had a small hepatocellular neoplastic 
nodule (Table 6.3). 

F. Mammary Tumors 
None of the killed BN/Bi and only one of the 

21-month-old killed WAG/Rij females had a 
mammary tumor. The incidence in these killed 
rats was 0 to 3%. This was similar to the data 
present in Figure 4.142 which showed that the 
percent of mammary tumors in these two 
strains was between 1 to 4% in the age period 
of 19 to 24 months as determined by life table 
calculations. 

IV. DISCUSSION 

Neither the percent of a lesion in sponta
neously dead rats nor the percent of the popu
lation at risk predicted the incidence of all le
sions in the living population at a given age. 
However, based on the results of the selected 
examples presented in this chapter and the data 
obtained from the calculations used to plot the 
life table data in Chapter 4, several conclusions 
can be made. 

First, the incidence patterns of most lesions 
show that the percent of the population at risk 
and the percent of the spontaneously dead rats 
increased with age; that is, the older the rat, the 
greater was its risk to die with a specific lesion. 
In general, the percent of lesions in killed rats 
was somewhere in between these two values. 

Second, exceptional lesions such as pituitary 
gland tumors showed a different pattern. The 
percent of pituitary tumors in dead rats was 
constant throughout the life of the population, 
while, in contrast, the percent in the population 
at risk increased with each age group. In this 
example, the percent in killed rats was closest 
to the value as determined from the population 
at risk, especially in younger age groups. A pat-
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tern such as this may indicate that these tumors 
are rapidly growing. Once they arise, they pro
gress rapidly and contribute to the death of the 
rat. It should be emphasized that only pituitary 
gland tumors showed such curves. However, 
pituitary tumors in all groups had similar 
shaped curves, suggesting a tumor-specific pat
tern. The same pattern was seen in the WAG/ 
Rij strain with a 95% incidence and in the BN/ 
Bi strain which had less than a 25% incidence. 
The curves for liver foci and areas were similar 
but not identical to those for pituitary gland tu
mors. The percent of these changes increased 
rapidly and seemed to reach a peak by 24 
months. From 24 months on, the percent inci
dence remained relatively constant, with 80 to 
90% in the living population. 

Third, a few lesions had a peak incidence in 
rats during one age period, but a lower inci
dence in the older age animals. The actual onset 
of such lesions is probably earlier than indi
cated by the percent of the population at risk. 
Curves with such shapes show that the percent 
of tumors in dead rats is a better indicator of 
the incidence in the living population than the 
percent based on the life table calculations. 
This was certainly true for the ureter carcino
mas as illustrated in this chapter, but additional 
studies are needed to determine if this is true 
for all tumors that show peak incidences in 
younger aged rats. Such curves may also indi

cate that some of the lesions observed in the 21-
month-old rats may be reversible and as such 
they disappear rather than progress. 

Finally, patterns such as seen for medullary 
thyroid carcinomas in the female WAG/Rij 
rats (Figure 6.6) may mean that such lesions are 
slowly growing. Such lesions are present in the 
population long before the first deaths occur. 
They grow slowly and contribute to the death 
of the animal only in later life. 

In general, the percent of the population at 
risk was the best predictor of the percent in the 
living population in rats less than 18 months 
old. The values for the percent of the popula
tion at risk and the percent of the dead were 
nearly identical in the oldest groups of rats 
(greater than 30 months old). The greatest var
iability was seen in rats between 18 and 30 
months of age. The percent of some lesions in 
killed rats at 21 months was closest to the per
cent of the population at risk, others in-be
tween, and still others closest to the percent in 
the dead rats. Therefore, interim kills at se
lected time intervals during a long-term or life 
span rat study are essential in order to monitor 
the change, over a period of time, of the inci
dence of a lesion in the living population. Such 
interim kills are important for any life span 
study, but they are especially needed in aging, 
chronic toxicity, and carcinogenesis studies. 
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Chapter 7 

SPONTANEOUSLY OCCURRING POSTERIOR PARALYSIS: FURTHER STUDIES 
TO DETERMINE THE AGE OF ONSET AND PROGRESSION OF THE SYNDROME 

I. INTRODUCTION 

By studying the lesions in rats that had severe 
paresis or paralysis at the time of death (Chap
ter 4, Section II.F), it was possible to determine 
several features of this syndrome. First, the dif
ferent incidences in the various strains and 
sexes was determined (Table 4.32). Second, the 
age-associated incidence in male Fi rats was es
tablished (Figure 4.131). Finally, the lesions 
that were present in the spinal cords, spinal 
nerve roots, vertebrae, intervertebral disks, and 
skeletal muscle were described. 

On the other hand, several features of this 
syndrome could not be determined without ad
ditional studies. As examples peripheral nerves 
were not available so it could not be determined 
if they had lesions; as complete semiserial sec
tions through the entire length of the spinal 
cord were not available, specific lesions could 
not be localized; as spinal cords were hot avail
able from the clinically normal rats, compari
sons of paralyzed and nonparalyzed rats could 
not be done; finally, it was impossible to deter
mine the age of onset of each lesion and the 
interrelationships of the various lesions because 
serial killings of younger rats would be needed. 
To answer some of these questions, additional 
studies were performed. Some of the findings 
were previously published,** but are reported 
here again for completeness along with some 
new findings. 

II. SEMISERIAL SECTIONS OF 
SPINAL CORDS 

Twelve male F, rats with clinical signs of se
vere posterior paresis or paralysis were | killed to 
study the entire length of the spinal Icord, as 
previously reported.** Six rats were first fixed 
by whole body perfusion with formalin, as pre
viously described,** and six were formalin fixed 
without perfusion. The entire vertebral column, 
including the spinal cord and nerve roots, was 
studied by taking multiple, semiserial sections 
(approximately 25 to 30 blocks per rat). 

All 12 male Fi rats had similar lesions and a 
similar distribution as shown in Table 7.1. Le
sions in the region of cervical (C) 1 to 3 were 
minimal or moderate. Severe lesions were pres
ent in the lateral and ventral columns in the re
gion of C4-7 and were most severe between tho
racic (T) 1 and 4. Caudal from T4, the lesions 
were less severe, and by the lumbar segments 
they were minimal or absent. Nerve root lesions 
were observed caudal to T3, with the ventral 
roots in this region affected and the dorsal 
roots either normal or minimally involved. In 
the limibosacral region, both the dorsal and 
ventral roots were affected, but the severity var
ied among the individual roots. 

III. MINERAL DEPOSITS IN THE 
VERTEBRAL CANAL OF MALE (WAG 

X BN)F, RATS 

Nodular deposits were observed in the verte
bral canal of a few male F, rats that died with 
paralysis. In the decalcified sections, they ap
peared as barely visible, soft white to tem nod
ules on the dura. In most rats, they were inci
dental findings occurring at one or two sites in 
the available material. Rarely, such deposits 
were extensive and were seen in all levels of the 
spinal canal (Figure 7.1). Histologically, théy-
were amorphous or crystalline, stained positive 
with Alizerin red, and occasioiially seemed to 
compress the spinal cord or nerve roots. 

Scanning electron microscopy was done on 
decalcified cross sections and longitudinal sec
tions of spinal cord within the vertebral col
umn. X-ray diffraction analysis was done on 
undecalcified deposits from three different rats 
to determine their composition and general 
structure. All studies were done by and with the 
complete cooperation of the Central Labora
tory TNO in Delft, The Netherlands. The scan
ning electron microscopy on decalcified sec
tions showed that they were often localized on 
the dura where they appeared as irregular, con
voluted masses (Figure 7.2). Individual unde
calcified deposits that were first removed from 
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TABLE 7.1 

Distribution and Severity of Lesions in the Spinal Cord and Nerve Roots of (WAG x BN)F, Male Rats 

Rat 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Cervical 1 to 3 

D ' 

-
-
-1-

-
-
-
-
-
-
-
-
-

L 

-
-
-1-

± 

-
-
-
-
-
-
± 
± 

V 

-1- -1-

+ 
+ + 
+ 
-1-

-1-

•f 

-
+ 
± 
+ 
+ 

D 

± 
-1- -1-

-
-
-
-
-
-
-
-
-
-

Cervical 4 to 7 

L 

+ 
+ + + 
+ + 
+ + 
+ 
+ 
+ + 
+ 
+ + 
+ 
+ 
+ 

V 

-F 4- -1-

-1- + 
-f -1- -1-

-1- + 
+ + 
+ + 
+ 
+ 
+ + 
+ 
+ + 
+ + 

D 

± 

-
-
-
-
-
+ 

-
-
-
-1-

-

Thoracic 1 to 4 

L 

+ + 
± 
+ + + 

-
+ + 
+ + + 
+ + 
+ + 
+ + + 
+ + -\-
+ + + 
+ + + 

V 

-1- 4- -1-

-1-

-!--*--(-
+ 
+ + 
+ 
+ + 
+ + 
+ 
+ 
+ + 
+ + 

D 

-
-
-
-
-
-
-
-
-
-
-
-

rhoraci : 5 t o 
lumbosacral 

L 

-
-
-
-
-
-
-
-
-1-

-
-
-

V 

± 

-
-
-
-
± 

-
+ 
+ 
± 

-
-

Spinal nerve 
roots in lumbo 
sacral region 

+ + + 
+ + + 
+ + + 
+ + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
-1- -1- -1-

+ + + 
+ + + 

' Range of severity: (-) normal, (±), questionable, {+ ) mild, {+ + ) moderate, ( 4- -i- -t- ) severe. 
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AG, Basel. 

FIGURE 7.1. Multifocal mineral deposits in the spinal canal of a male (WAG x BN)F, rat. 
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FIGURE 7.2. Scanning electron photomicrograph of a decalcified irregularly convoluted mineral de
posit on the dura of the spinal cord from a male (WAG x BN)F, rat. (Magnification x 440.) 

the spinal canal and then studied had a similar 
appearance (Figure 7.3). X-ray diffraction 
analysis of these individual, undecalcified 
masses showed that most were composed of cal
cium and phosphate. However, a few deposits 
appeared to be composed predominantly of or
ganic material with little or no calcium and 
phosphate found. 

IV. SERIAL KILLING O F 
CLINICALLY NORMAL MALE AND 

FEMALE (WAG x BN)F, RATS 

Five male and five female (WAG x BN)F, 
rats of 6, 12, 18, and 22 months were randomly 
selected from existing cohorts in the aging col
ony. They were killed in order to study the age 
of onset of the earliest spinal cord and nerve 

root lesions, to determine if peripheral nerves 
were also affected, to determine if males and 
females both had similar lesions, and to deter
mine if the muscle atrophy observed in para
lyzed rats preceded or followed the cord and 
nerve root changes. Therefore, in addition to 
the routine necropsy material, additional tissue 
was obtained from all 40 rats in this study. A 
new protocol was established so that tissues 
from each rat were all handled in the same way 
and their sections were similar. 

The additional material obtained from these 
rats included: (1) the entire length of the spinal 
column with the spinal cord, (2) the right and 
left brachial plexus and medial nerves from the 
front legs, (3) the right and left sciatic nerves 
from the hind legs, and (4) extensor and flexor 
muscles from the right and left front and right 
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FIGURE 7.3. Scanning electron photomicrograph of an undecalcified mineral deposit similar to the one 
shown in Figure 7.2. This one was removed from the spinal canal for examination. (Magnification x 330.) 

and left hind legs. The spinal column was first 
fixed in formalin and decalcified. It was 
trimmed, so that a cross section of spinal cord 
was obtained at about the level of C2, T l , T7, 
and L5. The remaining portions of spinal cord 
were longitudinally sectioned. All muscles were 
trimmed in both cross and longitudinal sec
tions. 

In contrast to the finding in the paralyzed 
rats, lesions, when present, were mild, and sev
eral findings in the aging animals were not seen 
in those killed at younger ages. For example, 
intervertebral disk herniations, aseptic necrosis 
of vertebral bone, dural fibrosis, fibrosis of 
nerve root sleeves, and skeletal muscle lesions 
were not observed in any of these younger rats. 
Nerve root lesions were recognized in the 22-
month-old males and females. The lesions were 
mild and consisted of dilated nerve sheaths with 

absent or swollen axons and a few lipid-filled 
macrophages. In contrast to the finding in the 
aging rats, areas of recent hemorrhage, hemo
siderin pigment, and cholesterol clefts were not 
seen in these younger animals. 

In addition to the mild nerve root lesions, pe
ripheral nerve degeneration was also seen. 
When present, the changes were similar to those 
seen in the roots and consisted of dilated nerve 
sheaths, focal demyelinization, swollen or ab
sent axons, and one or a few lipid-filled mac
rophages. 

As shown in table 7.2, lesions in the spinal 
cords, spinal nerve roots and peripheral nerves 
were found only in the 22 month old male and 
female rats. In these, five of five females had 
nerve root changes in the cervical, thoracic and 
lumbar regions. Three of the 5 had lesions in 
the roots in the sacral region which consisted of 
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TABLE 7.2 

Spinal Cord, Spinal Nerve Root, and Peripheral Nerve Lesions in Male and Female (WAG >« BN)F, Rats that 
were Killed at Various Ages 

Spinal cords Nerve roots Peripheral nerves 
Age No. 

(months) Sex examined C» T TL LS C T L S Fore limb Hind limb 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
5 3 

C = cervical; T = thoracic; TL = thoracic-lumbar; L = lumbar; LS = lumbosacral; S = sacral. 

6 

12 

18 

22 

Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 

5 
5 
5 
5 
5 
5 
5 
5 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
5 

0 
0 
0 
0 
0 
0 
2 
5 

0 
0 
0 
0 
0 
0 
5 
5 

0 
0 
0 
0 
0 
0 
2 
3 

FIGURE 7.4. Lumbar nerve roots from a male (WAG x BN)F, rat showing degenerative changes. (HPS; magnification x 40.) 

very mild focal lesions that were less severe than 
those in the lumbar roots of the same rat. All 
five had distinct degenerative changes in the 
nerves of the brachial plexus. Three also had 
lesions in the peripheral nerves of the hind legs, 
but these were focal and very mild. 

The 22-month-old males had fewer lesions 
than the females. None had cervical root 

changes and only two had thoracic root 
changes. All five showed root lesions in the 
lumbar region. Sacral root changes were pres
ent in only two of the five. In the two rats with 
sacral nerve root degeneration, the lesions were 
less extensive than those in the lumbar roots of 
the same rat (Figures 7.4 and 7.5). Not only 
were the root lesions less extensive than in the 
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FIGURE 7.5. Nerve roots in the sacral region from the same rat illustrated in Figure 7.4. Degenerative changes are less 
extensive than those observed in the lumbar nerve roots. (HPS; magnification x 110.) 

females, but peripheral nerve changes were seen 
in only one of the five males. 

V. DISCUSSION 

Nerve root and peripheral nerve degeneration 
occurred in both male and female F, rats. The 
earliest lesions began in rats between 18 to 22 
months old and, surprisingly, these seemed to 
be more frequent in females than in the males 
(Table 7.2). Only in the males did the syndrome 
progress and paralysis result (Chapter 4, Sec
tion II.P). 

It is interesting that, in contrast to the rats 
that died spontaneously, none of the rats killed 
at 6, 12, 18, or 22 months had any of the fol
lowing lesions: intervertebral disk protrusions, 
dural fibrosis, fibrosis of intervertebral fora
mina, aseptic necrosis of bone, osteophytes, or 

exostoses. This is significant, because such 
changes were frequently identified in those rats 
dying with paralysis. These findings led to the 
conclusion that obstruction of the vascular 
blood flow could explain most of the lesions 
and paralysis.^' 

However, the results of the serial killing stud
ies show that this is not completely true. The 
earliest lesions, namely the degeneration of 
spinal nerve roots and peripheral nerves, pre
ceded any evidence of vascular obstruction. 
Therefore, obstruction of the blood supply may 
lead to the advanced lesions and subsequent pa
ralysis, but it cannot account for the initial le
sions. 

All of the rats that died spontaneously with 
paralysis had atrophied skeletal muscles. None 
of the rats killed at 6, 12, 18, or 22 months old 
had muscle atrophy, even though all 22-month-



197 

old males and females had nerve root lesions 
and some had peripheral nerve lesions. This 
seems to confirm that the muscle lesions are 
secondary to the nerve lesions. These findings 
are similar to those of van Steenis and Kroes,"* 
who considered skeletal muscle atrophy to be 
neurogenic and secondary to lesions in the pe
ripheral nerves in paralyzed Wistar rats. In con
trast. Berg et al." thought that skeletal muscle 
atrophy occurred independent of spinal nerve 
root and peripheral nerve degeneration in Spra
gue-Dawley rats. 

One of five 22-month-old males had degen
eration of the thoracic region of the spinal cord 
(Table 7.2). In contrast, all 12 rats showing evi
dence of severe paresis had spinal cord lesions 

(Table 7.1). Therefore, it would appear that 
spinal cord degeneration develops after the on
set of the nerve root lesions. 

It is difficult to explain why paralysis is com
mon in male F, rats and not females even 
though both have spinal nerve root and periph
eral nerve degeneration. It may be that the se
verity of the degeneration stabilizes in females, 
but progresses in males. On the other hand, ag
ing males may be more likely to develop more 
intervertebral disk protrusions, dural fibrosis, 
and mineral deposits in the spinal canal. Such 
lesions in combination could result in vascular 
obstruction which could cause the degenerative 
lesions that are already present to progress, 
thus resulting in paralysis. 



Part IV 
General Discussion 
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Chapter 8 

THE F, HYBRID: COMPARISON WITH THE PARENT STRAINS 

No published studies were found that com
pared F, hybrid rats with their parent strains 
with regard to longevity, body weights, neo
plastic lesions, and nonneoplastic lesions. 
Therefore, a brief discussion is given in this 
chapter to emphasize the differences observed 
between the F, hybrid and the parent strains. 
These differences will be shown by presenting 
a few selected examples from Chapters 2, 3, 
and 4. 

The cross between WAG/Rij females with 
white hair and BN/Bi males with brown hair 
yielded offspring that had brown and white 
hair. The body weights of female Fi rats were 
similar to WAG/Rij and BN/Bi females, re
gardless of age (Figure 2.2). Similarly, the body 
weights of Fl males were also similar to the 
WAG/Rij and BN/Bi males. 

Despite the fact that the Fi rats were hybrids, 
there was no evidence of so-called "hybrid 
vigor". As summarized in Table 3.1, the lon
gevity of F, males and females was nearly iden
tical to that of BN/Bi males and females and 
WAG/Rij females. 

Several variations in the incidence patterns of 
neoplastic and nonneoplastic lesions were rec
ognized in Fl rats compared to the parent 
strains. The incidence of some lesions in Fi rats 
was intermediate with respect to the incidence 
of the same lesions in the two parent strains; 
that is, one parent strain had a high incidence 
of a certain lesion, the second parent a rela
tively low incidence, and the Fi had an inci
dence somewhere in-between. This is illustrated 

by the occurrence of foci and areas of hepato
cellular alteration. This cellular change oc
curred in the liver of 83% of the female WAG/ 
Rij rats and in less than 5% of the male BN/Bi 
rats. Both the male and female Fi rats had in
cidences of these lesions of 37 and 47%, respec
tively. Similarly, pituitary tumors were present 
in about 95% of WAG/Rij females. Of the 
male BN/Bi rats, 14% had pituitary tumors. 
The Fl rats were intermediate, with 83% in fe
males and 64% in males. 

Another variation was the higher incidence 
of certain other lesions in the Fi rats as com
pared to either parent strain. This variation is 
illiistrated by the finding of severe paresis and 
paralysis, which occurred in less than 2% of the 
BN/Bi or WAG/Rij rats. Similarly, it was un
common in Fl females. The Fi males, on the 
other hand, had a high incidence of this syn
drome. Over one half of those dying had this 
syndrome and over 80% of those older than 30 
months developed it. 

Some lesions were common in one or both of 
the parent strains, but were uncommon in the 
F, animals. For example, 20 to 35% of BN/Bi 
males and females had urothelial cancer. In 
contrast, about 1% of the F, rats had similar 
lesions. 

From these few examples, it is clear that one 
cannot predict what changes will occur in Fi 
rats compared to their parent strains. The inci
dence of certain lesions can be higher, lower, 
intermediate, or the same as that in the parent 
strains. 
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Chapter 9 

SUMMARY OF POTENTIAL MODELS FOR AGING AND CARCINOGENESIS 
RESEARCH USING BN/Bi, WAG/Rij, AND (WAG x BN)Fi RATS 

Several pathological processes were docu
mented in Chapters 4 to 6 that either warrant 
further studies or represent diseases that can be 
developed as animal models. Obviously, nearly 
every observed pathological change could be 
considered as a model; however, a few were 
unique enough to justify special interest. 

Among the many cancers that were found, 
the following should be investigated further: 
medullary thyroid carcinoma in all groups, but 
especially in aging WAG/Rij females; carcino
mas of the ureter and bladder in aging female 
and male BN/Bi rats; multiple endocrine tu
mors in all groups of aging rats; aortic body 
lesions and tumors in aging WAG/Rij females; 
granular cell tumors in the brain of aging BN/ 
Bi, WAG/Rij and (WAG x BN)Fi rats; sarco
mas and to a lesser extent carcinomas of the 
cervix and vagina in aging BN/Bi females; 
"myelomonocytic" leukemia in BN/Bi males; 
and the relatively high incidence of age-associ
ated metastatic cancers in BN/Bi females com
pared to the other groups. 

Nonneoplastic findings also warrant further 
investigations to determine their possible signif

icance with aging. Among these are the earlier 
mortality of WAG/Rij males and the possibil
ity that it is the result of "premature" aging; 
the earlier onset of thymic atrophy in WAG/ 
Rij males and its possible link to the earlier on
set of age-associated lesions and earlier mortal
ity; the epithelial cell proliferation in the thy
mus of aging BN/Bi females and the possibility 
that these epithelial cells are producing a thymic 
hormone or hormones; the possibility that de
generative myelopathy and nerve root degener
ation may be a "lesion of aging" in the nervous 
system; and the multiplicity and increased vari
ability of age-associated lesions as markers for 
a pathological aging syndrome. 

These are but a few possible models that need 
additional studies. Now that the background 
data are available on these rat strains, they may 
be ideally suited to use for other studies, espe
cially in the field of aging research. It would 
now be possible to try to modify the back
ground incidence of the various lesions and 
thereby try to alter the longevity of these 
strains. By so doing, it may be possible to aller 
the aging process in these animals. 
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Chapter 10 

IMPORTANCE OF LIFE SPAN LONGEVITY AND PATHOLOGY DATA FROM 
RATS 

The life span and pathologic lesions of an in
dividual rat or population of rats are deter
mined by their genetic background and external 
environmental factors. Two obvious genetic 
variables are the strain or stock of rats and their 
sex. Imposed upon the genetic background are 
many external factors such as the husbandry 
conditions, diet, infectious diseases, and breed
ing conditions. The many combinations of in
teracting factors determine the longevity and 
pathologic findings in rats maintained under 
specific conditions. If one or more factors is 
changed, the longevity and pathologic lesions 
may also be changed. Such varying combina
tions of factors easily explain why rats derived 
from common stock can be so different with 
respect to the lesions of aging and to longevity. 

Baseline longevity data are important for sev
eral reasons. Complete survival data make it 
possible for an investigator to select a long-
lived or short-lived strain of rats. With survival 
curves, it is possible to determine what ages 
constitute the adult and aged portions of a pop
ulation. This is a critical point for gerontologi
cal studies. The literature contains many de
scriptions of physiological, behavioral, and 
biochemical differences between young and 
"old" rats which are, in fact, differences be
tween young and adult rats. It is impossible, 
therefore, to conduct gerontologie studies with
out knowing the life span of the experimental 
animal. 

Longevity data are needed to compare the 
life spans of different rat strains and sexes. 
Most published data indicate that the mean sur
vival for most rat strains is about 28 to 30 
months. The males of some, but not all, strains 
have significantly shorter life spans than fe
males. Since the mean or 50% survival age is 
about 28 to 30 months for most rat strains, it 
would be inadvisable to consider 18- to 24-
month-old rats of these strains to be "old." At 
best, they could only be considered "middle-
aged" and could still expect to live another 6 to 
24 months. 

In addition to longevity data, the baseline 

neoplastic and nonneoplastic lesions must be 
determined for each strain of rats. There are 
many reasons why this information is needed, 
some of which have been discussed by 
others.*''"-""'In a colony free of life-shorten
ing infectious diseases, the age-associated le
sions are the most common factors associated 
with death. Their onset and progression directly 
affect mortality and thereby influence the shape 
of the survival curves. 

Lesions, both neoplastic and nonneoplastic, 
are pathologic processes that alter the morphol
ogy and physiology of each organ. Not only is 
one specific organ affected, but a lesion in one 
part of the body can cause changes in other dis
tant organs. A rat that dies from kidney failure, 
for example, has severe lesions in the kidneys. 
Because the kidneys fail to function, the rat be
comes uremic and develops many secondary le
sions. The rat loses weight; parathyroid glands 
become hyperplastic; the stomach and cecum 
become edematous and inflamed; mineral de
posits appear in the stomach wall, cecum, arter
ies, and lungs; the lungs are often edematous 
and hydrothorax occurs; and bones become 
soft. The rat eventually dies. Similarly, a large 
mammary tumor may be localized in the sub
cutaneous tissue under the skin. The center of 
the tumor may become necrotic and hemor
rhagic, so that the rat becomes toxic, anemic, 
and loses weight. Death may result. 

Kidney disease and mammary tumors are 
only two examples of how age-associated le
sions in one part of the body can influence dis
tant organs. The reason for emphasizing these 
examples should be clear. Rats are living orga
nisms similar to man; they develop many age-
associated lesions. These age-associated lesions 
can influence the physiology, biochemistry, and 
morphology of aging rats. 

Baseline pathology data are useful in select
ing rats for future studies. A knowledge of the 
major age-associated lesions helps to select 
those rats best suited for certain studies. For ex
ample, the WAG/Rij rat livers had many areas 
of altered hepatocytes. The BN/Bi livers had 
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apparently normal hepatocytes. It would seem, 
therefore, that the BN/Bi would be a better 
strain to use to study changes in hepatocytes 
with age. 

Equally important, baseline pathology data 
can be used to eliminate some rats because they 
are unsuited for certain studies. The BN/Bi rat 
would be a poor choice for aging studies on kid
neys for two reasons. First, this strain has a 
high incidence of congenital hydronephrosis. 
Second, it also has a high incidence of urothe
lial cancers that result in severe hydronephrosis 
secondary to the obstruction of urine flow. 
Therefore, if one had to choose between the 
BN/Bi and WAG/Rij rats for aging kidney re
search, the WAG/Rij would probably be the 
best choice. 

Another result of determining baseline path
ologic lesions is the selection of animal models 
for future research. Such findings are "spin 
offs", but can be very useful for biomedical re
search. Examples of such "spin offs" were dis
cussed in detail in Chapter 9. Tumor models in
cluded such findings as medullary thyroid 
carcinomas, urothelial cancers, cervix and va
ginal cancers, and granular cell (myoblastomas) 
tumors. Nonneoplastic models included age-as
sociated spinal cord and nerve root degenera
tion and age-associated changes in the thymuses 
of the different strains and sexes of rats. An
other observation was the possibility of devel
oping the male WAG/Rij rat as an example of 
"premature" aging. 
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Chapter 11 

THE ONSET OF AGE-ASSOCIATED LESIONS AND AGING IN RATS 

Researchers in gerontology have been devot
ing increased efforts into studying functional 
and subcellular alterations with age in the hope 
of finding the cause or causes of aging. How
ever, one problem is that rats, as well as man, 
usually die with multiple pathological pro
cesses. Therefore, gerontologists have been 
trying to differentiate what constitutes a "true" 
aging process and what is a disease that inciden
tally happens to be age associated. 

In rats that die spontaneously, age-associated 
lesions are multiple and are both neoplastic and 
nonneoplastic. The combined result of all 
changes is death. Some rats die at a relatively 
young chronological age (about 12 months), 
while others die relatively late (older than 48 
months). This variability in the age of death is 
associated with the onset of lesions. This find
ing was observed in the so-called inbred BN/Bi 
and WAG/Rij rat strains and in their F, hybrid. 
This variability in the age of death has also been 
shown in outbred rats as well. 

In rats and man, the incidence of cancer in
creases significantly with age. However, most 
investigators in aging research try to separate 
cancer from the aging process. Cancers can kill 
rats and are extremely important in shaping the 
survival curves for a rat population. Since this 
is true, it may be that cancer, rather than being 
separate from aging, is actually one manifesta
tion of the aging process. The onset and pro
gression can be modified by many external fac
tors and these may even cause some cancers. 
However, the genetic background of the indi
vidual animal sets the stage for the age of onset 

and for the rate at which many cancers, and 
probably most nonneoplastic lesions, will oc
cur. It is these multiple lesions that finally kill 
the individual rats. Therefore, if one can under
stand what initiates cancer, some insight may 
be gained into the causes of cell and organ ag
ing. Similarly, elucidation of the aging process 
within a cell may also help in understanding the 
processes which lead to cancer. This concept is 
not new, and Pitot"' has recently extensively 
reviewed this topic. 

Many studies have tried to modify the aging 
process. However, dietary manipulation is the 
only method that has significantly altered lon
gevity of various rat strains, as illustrated in the 
studies by Ross et al.,"«'•""•"«••« Nolen,'" and 
Berg and Simms.'""" The altered longevity 
seems to be caused by an alteration in the 
course or the onset of pathological lesions. For 
example, changing the protein or carbohydrate 
in the diet of rats appeared to decrease the age 
of onset of tumors and thereby increased the 
longevity. Similarly, decreased protein in the 
diet resulted in increased longevity that ap
peared to result from rats showing a slowing of 
the onset of chronic kidney disease. 

Therefore, pathologic lesions, either neoplas
tic or nonneoplastic, cannot easily be separated 
from the aging process. It is extremely impor
tant to keep these age-associated lesions in 
proper perspective when doing aging research 
with rats. Every effort should be made to cor
relate morphological changes with functional 
changes in order to better understand the biol
ogy of the aging process. 



Summary 



211 

SUMMARY 

There is a large gap in our understanding of 
the normal biological variability that occurs in 
experimental animals used in biomedical re
search. One of the reasons for this gap is our 
lack of knowledge about the normal back
ground patterns of age-associated lesions and 
how these lesions influence the shape of sur
vival curves over the life span of a population 
of animals. The purpose of this study was to 
help narrow this gap by evaluating two strains 
of aging rats and their F, hybrid and to com
pare the age-associated pathological findings in 
these rats that had been maintained under sim
ilar and well-controlled laboratory conditions 
with the longevity data obtained from the same 
rats. In addition, groups of rats were killed at 
selected ages in order to compare the lesions in 
the killed rats vs. those from aging cohorts that 
had died spontaneously. 

Spontaneous age-associated patterns of neo
plastic and nonneoplastic lesions were studied 
in 670 rats, and survival data were compiled on 
791 rats that completed their normal life spans. 
Rats were of the BN/Bi (Brown Norway) and 
WAG/Rij (Wistar Strains) and their (WAG x 
BN)Fi hybrid and included both males and fe
males. They were maintained under similar 
conditions, were free of mycoplasmal pneu
monia, and one half were older than 30 months 
at the time of their death. 

The life span study showed that male and fe
male BN/Bi, male and female (WAG x BN)F„ 
and female WAG/Rij rats had 50% survival 
ages of about 30 months. This was similar to 
most other rat strains where a 50% survival was 
reached at 28 to 30 months. In a few strains, 
the male does not live as long as the female, 
and this was also true for the male WAG/Rij 
rats which had a 50% survival of about 24 
months. In addition, retired breeder females do 
not necessarily have shorter life spans than vir
gins. In fact, the BN/Bi retired breeders had 
slightly better survival than virgin BN/Bi rats. 
Also, there was no evidence for F, hybrid vigor 
if longevity is used as a criterion. In this study, 
the F, males and females both had 50% survival 
ages that were nearly identical to their parents. 

The studies to determine the age-associated 
pathological lesions resulted in several findings 

which correlated with the longevity data. The 
results of the pathologic evaluation of these an
imals can be summarized as follows: 

1. Rats died with or from multiple age-asso
ciated lesions, not necessarily from one 
specific lesion. 

2. In some organs or tissues, neoplastic le
sions predominated, in others nonneoplas
tic lesions predominated, and in still others 
various combinations of both neoplastic 
and nonneoplastic lesions were present. 

3. The multiple age-associated lesions usually 
resulted in mortality and thereby deter
mined the shape of the survival curves. 

4. The age of onset of most lesions was be
tween 12 to 18 months in the aging popu
lation. However, the age of onset in an in
dividual rat varied from earlier than 18 
months in some rats to later than 30 
months in other rats. 

5. The incidence of some lesions increased 
with time, others reached a peak and pla-
teaued, and still others reached a peak fol
lowed by a decrease. To determine such 
variable patterns in the incidence of le
sions, life span studies are clearly needed. 

6. The types and patterns of age-associated le
sions were different for each strain of rat. 
Despite this, the survival curves were simi
lar. 

7. The older the population, the greater the 
variability of lesions within the population 
and within an individual rat. 

Major differences were found when the per
centage or incidence of lesions in rats that died 
spontaneously was compared to rats that were 
killed at selected ages. The percentage of some 
lesions in killed rats was closest to that found 
in the population at risk as calculated by life 
table techniques, whereas the incidence of other 
lesions in the killed rats was closest to that 
found in animals that had died spontaneously. 
Finally, the percentage of still other lesions in 
the killed rats was found to be somewhere in-
between the percentage determined by life table 
calculations and the percentage in the dead rats 
at different time periods. Results such as these 
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clearly indicate the need for serial or multiple 
sacrifices for aging studies. Similarly, serial or 
multiple sacrifices would be equally important 
for chronic toxicity and carcinogenesis studies. 

In conclusion, to adequately evaluate aging 
rats in long-term research, whether the studies 
are on the population, on the whole animal, on 
an organ, on an individual cell, or even at the 
subcellular level, one needs rats that have sur

vived until at least the 50% survival age for the 
particular strain. It is also critically important 
to know the natural incidence of age-associated 
lesions and the patterns of these lesions with 
age in the animal as a whole and in the partic
ular organ to be studied. This information is 
important because these lesions reflect patho
logical processes that directly affect the experi
mental results obtained from aging animals. 



SAMENVATTING 

Er bestaat een grote leemte in onze kennis 
van de normale biologische variabiliteit van 
proefdieren die worden gebruikt voor biome
disch onderzoek. Eén van de oorzaken van dit 
hiaat is het ontbreken van gegevens over de 
spontaan voorkomende leeftijdgebonden af
wijkingen en de invloed van deze afwijkingen 
op de vorm van de overlevingscurve van een be
paalde dierpopulatie. Het doel van deze studie 
was om te trachten onze kennis aan te vullen 
door middel van bestudering van de levensduur 
van twee ingeteelde rattestammen en hun F,-hy
bride. Tevens werden de ziekelijke afwijkingen, 
die met het stijgen van de leeftijd gevonden 
werden bij deze dieren gehouden onder gestan
daardiseerde omstandigheden in het laborato
rium, gerelateerd aan de gegevens over levens
duur van de groep dieren. Daarnaast werden 
ratten op verschillende leeftijden gedood ten
einde de afwijkingen, gevonden bij deze die
ren, te vergelijken met die van spontaan ge
storven ratten uit de verouderingscohorten. 

Spontaan voorkomende, leeftijdgebonden 
patronen van tumoreuze en niet-tumoreuze af
wijkingen werden bestudeerd in 670 ratten. Ge
gevens betreffende de overlevingsduur werden 
verkregen van 791 dieren die hun leven op na
tuurlijke wijze voltooiden. Voor deze studie 
werden mannelijke en vrouwelijke dieren ge
bruikt van de ingeteelde BN/Bi (Brown Nor
way) en WAG/Rij (Wistar) stam en de (WAG 
X BN)Fi hybride. Ze werden gehouden onder 
gelijke omstandigheden en waren vrij van long
ontsteking tengevolge van mycoplasma. 

Gevonden werd dat mannelijke en vrouwe
lijke BN/Bi, mannelijke en vrouwelijke (WAG 
X BN)F, en vrouwelijke WAG/Rij ratten een 
50% overlevingsduur hadden van ongeveer 30 
maanden. Dit komt overeen met de meeste li
teratuuropgaven betreffende andere rattestam-
men, waar een 50% overlevingsduur van 
28—30 maanden werd waargenomen. In enkele 
stammen leeft het mannetje korter dan het 
vrouwtje, hetgeen ook het geval is bij de man
nelijke WAG/Rij rat. Bij deze laatste werd een 
50% overlevingsduur gevonden van ongeveer 
24 maanden. Bovendien behoeven vrouwelijke 
ratten waarmee eerder gefokt is niet perse een 
kortere levensduur te hebben dan virginale die

ren. Gevonden werd dat bij de BN/Bi stam deze 
vrouwtjes langer leefden dan de virginale ratten 
van deze stam. Er was bovendien geen bewijs 
voor de veel gehoorde opvatting van de grotere 
vitaliteit van een Fi hybride, tenminste indien, 
de levensduur als maatstaf wordt gebruikt. In 
deze studie werd gevonden dat de 50% overlev
ing van mannelijke en vrouwelijke F, ratten niet 
verschilde van die gevonden in de beide onder
stammen. 

Bestudering van de leeftijdgebonden afwij
kingen resulteerde in verschillende bevindingen, 
waarbij een relatie met de levensduur kon wor
den vastgesteld. De resultaten van de evaluatie 
van de pathologisch anatomische afwijkingen 
gevonden bij deze dieren kunnen als volgt wor
den samengevat: 

1. Ratten stierven met, of tengevolge van mul
tipele, leeftijdgebonden afwijkingen. De 
dood was niet noodzakelijkerwijs het ge
volg van een specifieke afwijking. 

2. In sommige organen of weefsels overheers
ten tumoren, in andere niet-tumoreuze af
wijkingen en in weer anderen waren ver
schillende combinaties van beiden aanwe
zig. 

3. De multipele pathologie resulteerde door
gaans in sterfte en bepaalde daardoor de 
vorm van de gevonden overlevingscurves. 

4. De leeftijd waarop de meeste afwijkingen 
in dit verouderingsonderzoek begonnen lag 
in deze rattepopulaties tussen de 12—18 
maanden. Bij een individuele rat kon het 
tijdstip van ontstaan echter variëren tussen 
jonger dan 18 en ouder dan 30 maanden. 

5. Van sommige afwijkingen bleef de fre
quentie in de populatie stijgen met de leef
tijd, anderen bereikten een piek en bleven 
op die hoogte, terwijl weer anderen een 
piek bereikten die gevolgd werd door een 
daling. Om zulke gevarieerde patronen in 
het voorkomen van afwijkingen vast te stel
len, zijn studies betreffende de levensduur 
absoluut noodzakelijk. 

6. De typen en patronen van leeftijdgebonden 
afwijkingen waren voor iedere rattestam 
verschillend. Desalniettemin waren de 
over-levingscurves gelijk. 



7. Des te ouder de populatie, des te groter de 
verscheidenheid van afwijkingen binnen de 
populatie en binnen de individuele rat. 

Grote verschillen werden gevonden toen de 
percentages van afwijkingen in ratten, die spon
taan stierven, werden vergeleken met die van 
ratten die op bepaalde leeftijden werden ge
dood. Van sommige afwijkingen lag het per
centage bij gedode ratten dicht bij hetgeen ge
vonden werd in een risicogroep berekend met 
de zgn. "life table" methode. Van andere af
wijkingen daarentegen lag het dichter bij het
geen gevonden werd bij dieren die spontaan 
stierven. Tenslotte bleek dat van nog andere af
wijkingen het percentage bij de gedode ratten 
ergens lag tussen het percentage dat was bere
kend door middel van de "life table" methode 
en het percentage gevonden in spontaan over
leden ratten van dezelfde leeftijd. Uitkomsten 
als deze wijzen duidelijk op de noodzaak om op 
bepaalde leeftijden dieren voor onderzoek te 

doden. Dit geldt zowel voor verouderingson
derzoek, alsmede voor chronische toxiciteits-
studies en voor kankeronderzoek. 

Samenvattend kan gezegd worden dat, ten
einde op een verantwoorde wijze in langlopende 
proeven studies te verrichten naar oorzaak en 
gevolg van veroudering op het niveau van een 
populatie, het intacte dier, een verouderende cel 
of zelfs op het subcellulaire niveau, men ratten 
nodig heeft die tenminste de waargenomen 50% 
overlevingsduur van de betreffende stam heb
ben overschreden. Het is tevens van het 
grootste belang om geïnformeerd te zijn betref
fende het spontaan voorkomen van leeftijdge
bonden afwijkingen en de patronen van deze 
afwijkingen in verouderende ratten, zowel in 
het intacte dier als op het niveau van de afzon
derlijke organen of weefsels. Deze informatie is 
belangrijk omdat deze afwijkingen patholo
gische processen weerspiegelen, die direct van 
invloed kunnen zijn op de uitkomsten verkre
gen in proeven met verouderende dieren. 
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INDEX 

Abdominal cavity, 74 
Abscess, 129—136,133 
Acanthosis, 71 
Accessory sex glands 

ampuUary glands, 129—136 
coagulating glands, 129—136 
prostate, 129—136 
seminal vesicles, 129—136 

Acinar tissue 
hyperplasia of, 163—164 

Acute inflammation, 129 
Adenocarcinoma, 100,123—125,163—167,175 
Adenohypophysis, 49, S3 
Adenoma, 163—167 
Adrenal cortical carcinoma, 175 
Adrenal gland 

neoplastic lesions 
cortical adenomas of, 42—45 
cortical cacinomas of, 43—46 
pheochromocytomas of the adrenal medulla, 46—49 

nonneoplastic lesions 
blood-filled sinuses and cysts, 42—43 
foci of basophilic change in the adrenal medulla, 

41—42 
foci of cellular alteration in the adrenal cortex, 

41—42 
Age 

number of metastases, 45—46 
number of tumors, 4S—46 
periods of, 177—183 
rats, 177—183 

Age-associated lesions, 3,207 
Aged rodent 

definition, 3—4 
Aging research, 207 
Alimentary tract 

neoplastic lesions of, 72—74 
abdominal cavity, 74 
head, 72 
intestine, 73—74 
mouth, 72 
neck, 72 
stomach, 72—73 

nonneoplastic lesions, 70—72 
gastric ulcers, 70—71 

Altered hepatocytes, 58—60 
Alveoliu' macrophages, 94—96 
AM II diet, 13 

AmpuUary glands, 129—136 
Amyloid, 30—32.36 
Anaplastic sarcoma, 125—127 
Angioleiomyosarcoma, 95 
Anitschkow's cells, 75—77,90 
Aortic body lesions, 203 
Arteries 

coronary, 92 
mesenteric, 86—87 
pulmonary, 88—90 

Aortic body 
nodular proliferation of, 88—92 
tumors of, 89—92 

Articular cartilage 
cystic chondromucoid degeneration of, 159—161 

Astrocytoma, 148—150 
Atrophy, 46,57, 75, 110, 113,117, 129,133,153,159 
Atypia, 91—92 
Autolysis, 14—16 

B 

Bacillussp. 
isolation, 11 

Bacteria, see individual organisms 
Bacteriologie monitoring, 9 

species isolated, 11 
Basal ceU tumor, 161—162 
BasophUic hepatocytes, 58—62 
Basophilic PAS-positive bodies, 139—143 
BaseUne longevity data, 205 
Benign nonepithelial tumors, 161—163 
Bile duct hyperplasia, 67 
Biliary cysts 

comparison studies of, 185—188 
percent with age in dead rats, 177—185 
percent with age in population at risk, 177—185 

Blood-filled sinuses and cysts, 42—43 
Blood vessels 

tumors of, 91 
BN/B: 
abscess formation, 129—136 
adrenal cortical adenomas, 43—45 
adrenal cortical carcinomas in, 46,169—176 
age-association of, 169—176 
age-association occurrence of,181—183 
atrophy, 54—55 
background, 9 
biliary cysts, 59—65,177 
breeding colony, 14 
cortical adenomas, 42—43 
cystic parathyroid gland, 39 
endocardial disease, 83—84 
fibroleiomyoma, 73 
fibrosis 38—39 
flow diagram, 11 
foci of ceUular alterations in, 41 
granular ceU tumors in, 145—149 
hydronephrosis in, 97—98 
islet ceU tumors, 56—57 
incidence of adenomas in, 43—44 
incidence strain, 177—179,178—180,178—182 
litter size, 13 
liver of, 65—69 
longevity, 21—22,24—25 
lymph node. 111—115 
lymphoreticular tumors, 116 
meduUary thyroid carcinomas of, 32—33,36—38,187 
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metatases of, 32—33 
models for aging, 203 
models for carcinogenesis, 203 
myocardial fibrosis, 78—79 
necropsy, 16—17 
number of metastases with age, 169—176 
numbers of tumors in, 170—176 
ovary, 121—123 
pancreatic atrophy of, 53—54 
parathyroid adenomas, 39—40 
paralysisof, 153—159 
percent with age in dead rats, 177—180, 181,181—184, 

185 
percent with age in population at risk, 177—180, 181, 

181—184,185 
periarteritis nodosa in, 88—89 
pheochromocytomas of, 46—49 
preweanling mortality, 13 
prostatitis, 135 
research for, 207 
sarcomas of mouth, head, and neck, 72 
squamous ceU carcinoma of mouth, 72 
stomach, 71 
suppurative prostatitis, 129—136 
tumors in, 136-137,148-150,163-165,186 
tumors in the pituitary, 50—52,186 
tumors in skin and subcutaneous tissue, 161—163 
urothelial tumors in ureter and bladder, 101—109 
uterus, 123—125 
weight, 14—15 

Bone spicules, 96 
Bordetella bronchiseptica 

isolation, 11 
Brain 

basophilic bodies 
cerebellum, 139—140 

lipofuscin pigment of, 139—142 
neoplastic lesions 

glialtumors, 148—150 
granular ceU tumors, 145—149 
meningioma, 148 
pineal gland, 150—152 

neurons of, 139—142 
nonneoplastic lesions 

hydrocephalus, 144 
infarcts, 144—145 
lipofuscin, 139—142 
multifocal spongiform encephalopathy, 144—146 
melanosis, 139-144 
pas-positive, 139—143 

thalamic region of, 139—141 
vacuolation, see also Vacuolar 

encephalopathy, 139—141 
Breeders, retired, 21 

cohorts of, 21—27 
Breeding, see Husbandry 
Brown Norway strain, see BN/B: and (WAG x BN)F, 
Buccal cavity, 70 
Buffalo rats, 36 

Calcitonin, 36 
Calcium, 129 

Calcium deposits, 75 
CalcuU, 98 
Cannibalism, 14—16 
Carcinoma of bladder, 175 
Carcinoma of lung, 175 
Carcinoma of ureter, 175 
Carcinosarcoma, 163—167 
Cardiovascular system 

fibrosarcoma of, 88—89 
neoplastic lesions, 88—91 

blood vessels, 91 
chemoreceptor tumors, see also Aortic body, 89—92 

nonneoplastic lesions 
cartilaginous and osseous metaplasia, 79—80 
cartilaginous focus at the base of the aorta, 80 
endocardial disease, 82—84 
heart valves, 80—82 
incidental vascular lesions, 87—90 
lesions of the atrium and auricle, 83—86 
myocardial degeneration and fibrosis of the 

ventricular waU, 75—79 
periarteritis nodosa, 86—89 

Cartilaginous and osseous metaplasia, 79—80 
CartUaginous focus at the base of the aorta, 80 
Cervix, 122,206 
Chemoreceptor tumors 

nodular proUferation of, 88—92 
tumors of, 89—92 

Chronic inflammation, 129 
Chronic passive congestion of lungs, 94 
Chronic progressive glomeruloneophropathy, 99—100, 

107—108 
Chronic respiratory disease 

effect on longevity, 5 
Coagulating glands, 129—136 
Colitis, 72 
Comparison studies of 

biliarycysts, 185-188 
discussion of, 188—189 
liver foci, areas and nodules, 186—188 
mammary tumors, 186—188 
medullary thyroid carcinomas, 177—179,184—187 
nonneoplastic lesions, 178—182 
percentage of selected lesions in dead rats, 177—183, 

178—188 
percentage of selected lesions in population at risk, 

177—183,178—188 
pituitary tumors, 178—180 
ureter carcinoma, 185—188 
urotheUal tumors, 178—181 

Complement fixation tests, 9,12 
Congenital hydronephrosis. 109 
Congestion, 83 
Carpora amylacea, 135 
Corporalutea, 117,127 
Cortical adenoma, 100 
Cortical carcinomas, 48 

blood-filled cysts, 43 
blood-filled sinuses, 43 

Crypt abscesses, 71 
Cystic cholangiomas, 69 
Cysticducts, 163—164 
Cystic endometrial hyperplasia, 122 
Cystic parathyroid gland, 39 
Cystic papiUary follicular adenoma, 34—36 
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Cystic sinusoids. 111 
Cystic structures, 110 
Cystitis, 100 

Degenerative myelopathy, 203 
Diet 

composition, 13—14 
effect on longevity, 5 

Diffuse stromal sarcoma, 125—127 
Dilated crypts, 71 
Distant metastases, 32,169 
Diict ectasia, 167 
Ducts and ductules 

mild ectasia of, 163—165 

E 

Ectasia, 163 
Ectopic adrenal tissue, 42 
Encephalomalacia, 144 
Encephalomyocarditis virus, 10,12 
Endocardial disease, 92,94 

papillary muscle of the heart, 82—84 
Endocrine tumors, 203 
Endometrial stromal polyps, 123—125,129 
Endothelial-lined spaces, 58 
Enteritis, 72 
Enterobacter cloacea 

isolation, 11 
Enterocolitis, 72 
Environment 

effect on longevity, 5 
Eosinophilic nepatocytes, 58—59 
Ependymoma, 148—150 
Epidermal inclusion cysts, 161—162 
Epithelial ceU proUferation, 203 
Epithelial cords. 111 
Epithelial neoplasms 

benign lesions of, 161—162 
Escherichia coli 

isolation, 11 
Exocrine ceU tumors 

adenomas of, 55—57 
External environmental factors 

age-associated lesions, 205—206 
breeding conditions, 205—206 
diet, 205—206 
husbandry conditions, 205—206 
infectious diseases, 205—206 
sex, 205—206 
strain of, 205—206 

Extramedullary hematopoiesis, 42,67, 70,112 

F, hybrid 
body weight, 201 
comparison with the parent strains, 201 

incidence pattern for, 201 
longevity, 201 
neoplastic lesions, 201 
nonneoplastic lesions, 201 

Female reproductive system 
nonneoplastic lesions, 117—123 

cervix, 122 
ovaries, 117—123 
oviduct, 122 
uterus, 122 
vagina, 122 

neoplastic lesions, 122—129 
ovary, 122—123 
uterine horns, 123—125 

Fibrin thrombi, 80 
Fibroadenomas, 163—165 
Fibroleiomyoma, 73—75 
Fibroleiomyosarcoma, 123—125 
Fibroma, 161—163 
Fibrosarcomas, 161—163 
Fibrosis, 91 
Fischer 344 rats 

longevity data, 26 
Fischer rats, 36 
Focal chondromucoid degeneration, 159—161 
Focal fibromuscular dysplasia, 87 
Focal prolapse, 159 
Foci and areas of cellular alterations 
Foci of basophilic change in the adrenal medulla, 41—42 
Foci of cellular alteration in the adrenal cortex, 41—42,47 
Follicular ceU tumors 

cystic papillary follicular adenoma, 34—36 
pleomorphic carcinoma, 34—36 

FoUicular cysts, 122 
Follicular necrosis, 42 
Foreign body granulomas, 96 

GHoblastoma multiforme, 148—150 
Glialtumors, 148—150 
Granular cell myoblastoma, 145—149 
Granular ceU tumors, see also Granular cell myoblastoma, 

145—149, 203 
Granulosa-thecal ceU, 117,123,129 

H 

Hafnia sp. 
isolation, 11 

Head, 72 
Heart failure, 83 
Heat valves 

aortic, 80—81 
lesions of, 80—82 
mitral, 80—81 
pulmonary, 80—81 
myxomatous, 80—81 
tricuspid, 80—81 

Hemagglutination inhibition tests, 9, 12 
Hemangioendothelioma, 136, 161 — 163 
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Hematopoietic system 
neoplastic lesions, 112—116 
nonneoplastic lesions, 110—116 

lymph nodes. 111 —115 
spleen, 112 
thymus, 110—114 

Hemosiderin, 42,66, 70, 96,111 
Hemosiderin-filled macrophages, 83 
HepatoceUular carcinoma, 68—70 
Herniation, 159 
Histocytic cells, 111 
Hormonal factors, 167 
Husbandry, 9 

aging colony, 12—13 
bacteriologie monitoring, 9 
conditions, 5 
effect on longevity, 5 
germ-free colony, 10 
protocol, 10 
serologic tests, 9—10 
specific pathogen-free colony, 10—11 
stock colony, 11—12 

Hydrocephalus, 144 
Hydronephrosis, 87, 97—98 
Hydrothorax, 94 
Hydroureter, 97—98 
Hyperkeratosis, 71 
Hyperplasia, 37,47, 91, 101, 129, 167 

intrafoUicular, 38 
nodular, 29—30, 31 
normal, 30—31 
parafoUicular or C ceU, 29—34 

Hyperplastic nodules, 68 

Idiopathic vacuolation, 139 
Incidence of cancer, 207 
Incidence of lesions in rats killed at different ages, 

177—189 
Incidence of lesions in rats that died spontaneously, 

177—189 
Infarcts, 92 

encephalomalacia of, 144—145 
Infectious diseases, 5 

chronic respiratory disease, see Chronic respiratory 
disease 

effect on longevity, 5 
Inflammatory lesions, 100 
Inguinal lymph node and lung, 175 
Intestinal sarcoma 
Intestine 

benign nodular lesion of, 73 
Interstitial cells, 117 
Interstitial edema, 129 
Interstitial fibrosis, 38—39 
Intervertebral disks, 159 
Intracytoplasmic lipofuscin, 139 
Intrafollicular C cells, 38 
Intranuclear inclusion bodies, 67 
Inverted papiUomas, 161 —162 

Iron pigment, 42 
Ischemia, 91 
Islet cell tumors 

adenomas of, 54—56 
carcinomas of, 55—56 
islet of Langerhans, 54—56 

Islet of Langerhans 
adenomas of, 54—56 
carcinomas of, 55—56 

Kidney tumors 
adenocarcinomas of, 100—101 
cortical adenomas of, 100—101 

Klebsiella pneumoniae 
isolation, 11 

K-virus, 9, 12 

Left atrium, 86 
Leiomyoma, 123,125, 126 
Leiomyosarcoma, 72—74, 125, 126, 175 
Leptomeninges, 145 
Lesions of the atrium and auricle 

endocarditis of, 84—86 
myocarditis of, 84—86 

Leydig cell tumors, 135—136 
Life table technique 

age-associated incidence of, 177 
Life span longevity, 205—206 
Life span studies 

breeding,5 
diet, 5, see also Diet 
environmental influences, 5 

Linear regression analysis, 169—174 
Lipofuscin, 66, 70, 139—142, 150 -. 
Lipofuscin-like pigment, 42, 117 
Lipoma, 74, 136, 159,161—163 
Liver 

comparison studies of, 186—188 
hepatocellular nodule of, 67—68 
neoplastic lesions of, 67—70 

hepatocellular carcinoma, 68—70 
malignant hemagioendothelioma, 68 
neoplastic nodules, 67—70 

nonneoplastic lesions, 58—67 
biliary cysts, 59—66 
foci and areas of cellular alterations, 58-

percent with age in dead rats, 186 
percent with age in population at risk, 186 

Liver foci, areas, and nodules, 58—59 
Long-Evans rats, 36 
Longevity data, 3,205 

cohorts of retired breeders, 21—23 
cohorts of virgins, 21 
of necropsied rats, 23, 25—27 
variables, 25—26 

•59 
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Lung 
angioleiomyosarcoma of, 95 
chronic passive congestion of, 94—95 
focal adenomatous hyperplasia of, 95 
focal aspiration of, 94—97 
focal hemorrhage of, 94—97 
granulomas of, 94—97 
macrophages of, 94—97 
perivascular lymphoid cells of, 94—95 
peribronchial lymphoid cells of, 94—95 
pulmonary edema of, 94—97 
squamous cell carcinoma of, 95 

Lymph nodes 
germinalcentersof. 111—115 
histiocytic sarcomas, 113 
plasmacytoma, 113 
thymomas, 113 

Lymph nodes with squamous ceU carcinoma, 175 
Lymphocytic choriomeningitis virus, 9,12 
Lymphoid cells, 113 
Lymphoreticular tumors, 112 

M 

Male reproductive system 
neoplastic lesions, 135—138 
nonneoplastic lesions, 129—136 

accessory sex glands, 129—136 
testicle and epididymis, 129—132 

Malignant hemangioendothelioma, 68, 123—125 
Malignant melanoma, 51—S2,161—163 
Malignant mesenchymal tumors, 72 
Malignant neoplasms to metastasize 

age—associated incidence of, 169—176 
discussion of, 170 

Malignant Schwannoma, 137 
Mammary carcinoma, 175 
Mammary gland 

discussion of, 167 
neoplastic lesions, 163—167 
nonneoplastic lesions, 163—164 
papUlary adenocarcinoma of, 163—167 

Mammary tissue 
hyperplasia of, 163—164 

Mammary tumors 
comparison studies of, 188 

Medial calcification, 87 
MeduUary thyroid carcinoma, 175,203,206 

age—association incidence of, 32—34 
biological behavior of, 37—38 
comparison studies of, 177—179, 184—187 
hyaline stroma containing amyloid, 30—32 
metastases of, 32—33 
percent with age in dead rats, 177—179,184 
percent with age of population at risk, 177—179, 184 

Melanoma of skin, 175 
Melanosis, 139—144 
Meningioma, 148—150 
Mesenchymal ceU tumors, 126 
Mesenteric disease, 112 
Mesotheliomas, 74, 136—139 
Metritis lesions, 122 

Microabscesses, 67,133 
Minute virus, 9,12 
Models for aging, 203 
Models for carcinogenesis, 203 
Mononuclear inflammatory response, 75 
Mortality data, 3 

breeding performance, 13—14 
curve, 25 
preweanling mortality, 13—14 

Mouse hepatitis virus, 9,12 
Mouth 

buccal cavity, 72 
Mucometra, 122 
Multifocal spongiform encephalopathy, 144—146 
Multiple neoplastic lesions 

age—associated incidence of, 169—176 
discussion of, 170 

Murine mycoplasmosis, 96 
Musculoskeletal system 

atrophyof, 159—161 
neoplastic lesions, 159 
nonneoplastic lesions, 159—161 

Murine adenovirus, 9, 12 
Mycoplasma, 9 

culturing for, 9 
Myelomonocytic leukemia, 203 
Mylomonocytic leukemias, 112 
Myocardial degeneration and fibrosis of the ventricular 

waU 
degeneration of, 75—76 
fibrosis of, 75—76 

Myocarditis, 92 

N 

Necropsy, 16—17 
longevity studies, 23,25—27 

Neck, 72 
Necrosis, 67,92 
Neoplastic lesions, see also Individual organs, 3 

effects on life span, 4 
Neoplastic nodules, 67—70 
Nerve root degeneration, 203,206 
Neurofibrosarcoma, 73,1S8 
Nodular deposits, 191 
Nonglandular ulceration 

focal lesions of, 70—71 
multiple lesions of, 70—71 
ulceration of the forestomach, 70—71 

Nonneoplastic lesions, see also Individual organs, 3 
comparison studies of, 178—182 
effect on life span, 4 

Oligodendroglioma, 148—150 
Organs, see Individual organ 
Osborne — Mendel rats, 36,49 
Osteogenic sarcoma, 159,160 
Osteogenic sarcoma of vertebrae, 175 
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Ovarian cysts, 121—122 
Ovaries 

atrophyof, 117—123 
tumors of, 122—123 

Oviduct, 122 

Pancreas 
acinar tissue of, 53—54 
neoplastic lesions, 54—57 

exocrine ceU tumors, 56—57 
islet ceU tumors, 54—56 

nonneoplastic lesions, 53—54 
atrophy, 53—54 

ParafoUicular C ceUs, 38 
ParafoUicular cells, 29 
Parakeratosis, 71 
Paralysis, 153,201 
Paraovarian cysts, 122 
Parathyroid adenomas 

incidence of, 39—40 
Parathyroid gland 

capsular fibrosis, 38—39 
neoplastic lesions, 39—40 

parathyroid adenoma, 39—40 
nonneoplastic lesions, 38—39 

cystic parathyroid gland, 39 
interstitial fibrosis, 38—39 

Parent strain 
body weight, 201 
neoplastic lesions, 201 
longevity, 201 
nonneoplastic lesions, 201 

Parotid salivary gland 
atrophy of, 75 

Pathological aging syndrome, 203 
Pathologic lesions, 205 
Pathology data, 205—206 
Percentage of selected lesions in dead rats, 177— 183 
Percentage of selected lesions in the population at risk, 

177—183 
Periarteritis nodosa, 86—89, 94,129 
Peripheral nerves, 158 
Peritonitis, 71, 75 
Phagocytic cells, 117 
Pheochromocytomas of the adrenal medulla, 46—49 

incidence of, 47—48 
Pinealgland, 150—152 
Pinworm, 72, 75 
Pituitary gland 

neoplastic lesions, 49—S3 
tumors of the anterior pituitary gland, 49—53 

nonneoplastic lesions, 49 
Pituitary tumors, 201 

comparison studies, 178—180, 182—186 
percent with age in dead rats, 177—180,181—184 
percent with age in population at risk, 177—180, 

181—184 
Pleomorphic, 34-35,91—92 
Pleomorphic hepatocytes, 58—59 

Pleomorphic sarcoma, 74 
Pneumonia virus of mice, 10,12 
Polyarteritis, see also Periarteritis nodosa, 86—89 
Polyoma virus, 9,12 
Polyploidy, 66,70 
Peritonitis, 70—71 
Posterior paralysis, 191—197 

discussion of, 196—197 
Premature aging, 203 
Prostate, 129—136 
Pulmonary edema, 83,94, 96 
Pulmonary foam cells, 96 
Pulmonary virus of mice, 97 
PyeUtis, 100 
Pyometra lesion, 122 

Rattus norvegicus, 3 
Bi/Bi strain, see BN/Bi 
(WAG X BN)F, hybrid, see (WAG x BN)Fi 
WAG/Rij strain, see WAG/Rij 

Renal injury, 91 
Reovirus—3,9,12 
Respiratory system 

neoplastic lesions, 95 
nonneoplastic lesions, 94—96 

Round ceU sarcomas, 125,126 

Salivary gland 
adenocarcinoma of, 75 
adenoma of, 75 
neoplastic lesions, 75 
nonneoplastic lesions, 75 

sarcoma, 163—167 
Sarcoma of cervix/vagina, 175 
Sarcoma of neck, 175 
Sarcoma of ovary, 175 
Scanning election microscopy, 191 
Sclerosis of coronary arteries, 91 
Seminal vesicles, 129—136 
Sendai virus, 9—10, 12 
Serial kUling of (WAG x BN)F, rats, 193—196 
Serologic tests, 9,12 
SertoU cells, 117—118,129—131 
Skin and subcutaneous tissues 

discussion of, 163 
neoplastic lesions, 161—163 
nonneoplastic lesions, 161 

Smooth muscle tumors, 129 
Spermatids, 129 
Spinal cord 

semigerial sections of, 191—192 
Spinal cord degeneration, 206 
Spinal cord and nerve root 

neoplastic lesions, 158 
nonneoplastic lesions, 153—158 
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rhomboid clefts of, 153—158 
wallerian degeneration of, 153—157 

Spinal cord and nerve root lesions, 193—196 
Spindle ceU sarcoma, 72 
Spinoffs 203,206 
Spontaneous tumors, 159 
Sprague-Dawley rats, 26, 36,49 

longevity data, 26—27 
Squamous ceU carcinoma, 72, 95, 125—127,161—163, 

175 
Squamous papiUomas, 72,161—162 
Staphylococcus sp. 

isolation, 11 
Steroids, 46 
Stomach 

squamous cell papiUomas of, 72—73 
Stones, 98,187—188 
Streptococcus faecalis 

isolation, 11 
Suppurative inflammation, 133 
Suppurative prostatitis, 100,129—136 
Suppurative pylonephritis, 100 
Survival data, 3—4,205 

breeding performance, 13—14 
curves, 21—24 
preweanling mortality, 13—14 

Teeth, 70 
Testicle and epididymis 

bilateral atrophy of, 129—132 
periarteritis nodosa of, 129 
tubular atrophy of, 129—132 
unilateral atrophy of, 129—132 

Theiler gd VII virus, 9—10,12 
Thrombus, 82, 86 
Thymic atrophy, 203 
Thymic involution, 110 
Thymus 

atrophyof, 110—114 
Thyroid gland 

nonneoplastic lesions, 29 
neoplastic lesions, 29—34 

foUicular ceU tumor, 34—36 
medullary thyroid carcinoma, 29—34 

Tongue, 70 
Transplantation, 129 
Tumors 

metastasize, 32—34 
not metastasized, 32—34 
ultrastructurally, 32—35 

Tumors of the anterior pituitary gland, 49—52 
Tumors of the islets, 57 
Typhlitis, 72 

focal lesions of, 70—71 
gastritis of, 74—75 
multiple lesions of, 70—71 

Undifferentiated sarcoma, 123—125 
Ureter and bladder cancers 

percent with age in dead rats, 177—181, 185 
percent with age in population at risk, 177—181,185 

Ureter and bladder tumors 
hyperkeratosis of, 101—109 
nodular hyperplasia of, 101—109 
noninvasive carcinoma of, 101—109 
papUlary adenocarcinoma of, 101—109 
papilloma of, 107—109 
"preneoplastic lesions" of, 101—109 
squamous ceU carcinoma in, 101—109 
transitional ceU carcinoma of, 101—109 
urothelial tumors of, 101—109 

Ureter carcinoma 
comparison studies of, 185—188 

Ureteritis, 100 
Urinary incontinence, 153 
Urinary system 

neoplastic lesions, 100—107 
kidney tumors, 100—101 
ureter and bladder tumors, 101—109 

nonneoplastic lesions 
chronic progressive glomeruloneophropathy, 99—100 
hydronephrosis, 97—98 
inflammatory lesions, 100 
uroUthiasis, 98—99 

Urolithiasis, 109 
Urolithiasis, 98—99,109 
Urothelial cancers, 98 
Urothelial tumors, 109,201,206 

comparison studies of, 178—181 
Uterine horns, 123—125 
Uterus, 122 

Vaccinia virus, 9,12 
Vacuolation, 139—141 
Vacuolar encephalopathy, 139—141 
Vacuolated hepatocytes, 58—59 
Vagina, 122 
Vaginal cancer, 206 
Verocay bodies, 72 
Vertebral bone lesion 

aseptic bone necrosis of, 
159—160 
focal aseptic necrosis of, 159—161 

Vertebral canal 
mineral deposits in, 191 —194 

Virgins 
cohortsof, 21—27 

Virus, see individual viruses 

u 
Ulceration, 74—75 
Ulceration of the forestomach, see also Nonglandular 

ulceration 

w 

WAG/Rij 
abscess formation, 129—136 
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adenoma in, 39—40 
adrenal cortical adenomas, 43—45 
adrenal cortical carcinomas, 46 
age—associantion occurrence of, 181—183 
atrophy, 54—55 
background, 9 
biUary cysts in, 59—65 
breeding colony, 14—15 
cortical adenomas, 42—43 
cystic parathyroid glands, 39 
endocardial disease, 83—84 
fibrosis of, 38—39 
flow diagram, U 
foci and areas of ceUular alterations in, 59—63 
foci of cellular alterations in, 41 
granular cell tumors in, 145—149 
hydronephrosis in, 97—98 
islet ceU tumor, 56—57 
incidence of adenomas, 43—44 
incidence strain, 177—180 
litter size, 13 
Uver of, 65—69 
longevity, 21—25 
lymph nodes. 111—115 
lymphoreticular tumors, 116 
medullary thyroid carcinomas, 32—33, 35—38, 187 
metastases of, 32—33 
models for aging, 203 
models for carcinogenesis, 203 
myocardial fibrosis, 78—79 
necropsy, 16—17 
numbers of tumors in, 171 
ovarian cysts in, 121—123 
pancreatic atrophy in, 53—54 
parathyroid adenomas, 39—40 
paralysisof, 153—159 
percent with age in dead rats, 177—180, 181—184 
percent with age in population at risk, 177—180, 

181—184 
periarteritis nodosa in, 88—89 
pheochromocytomas of, 46—49 
preweanling mortality, 14 
prostatitis, 135 
research for, 207 
stomach, 71 
suppurative prostatitis, 129—136 
tumors in, 136—137, 148—150, 163—165 
tumors in pituitary gland, 50—52, 186 
tumors in skin and subcutaneous tissue, 161 — 163 
urotheUal tumors in ureter and bladder, 101—109 
uterus, 123—125 
weight, 114—115 

(WAG X BN)F, 
abscess formation, 129—136 

adrenal cortical adenomas, 43—45 
adrenal cortical carcinomas, 46 
atrophy, 54—55 
biliary cysts in, 59—65 
background, 9 
cortical adenomas, 42—43 
endocardial disease, 83—84 
fibroleiomyoma, 73 
flow diagram, 11 
foci and areas of ceUular alterations, 59—63 
granular ceU tumors in, 145—149 
hydronephrosis in, 97—98 
islet ceU tumors, 56—57 
incidence of adenomas in, 43—44 
liver of, 65—69 
longevity, 23—25 
lymphoreticular tumors, 116 
medullary thyroid carcinomas of, 32—33, 35—38 
metastases of, 32—33 
mineral deposits in, 191—194 
models for aging, 203 
models for carcinogenesis, 203 
nerve lesions of, 193—195 
number of tumors in, 172 
ovarian cysts in, 121—123 
pancreatic atrophy in, 53—54 
parathyroid adenomas, 39—40 
paralysisof, 153—159 
periarteritis nodosa in, 88—89 
pheochromocytomas of, 46—49 
prostatitis, 135 
research for, 207 
sarcomas of mouth, head, and neck, 72 
spinal cord and nerve roots of, 193—195 
squamous cell carcinoma of mouth, 72 
stomach, 71 
suppurative prostatitis, 129—136 
tumors in, 136—137, 148—150, 163—165 
tumors in the pituitary, 50—52, 186 
tumors in skin and subcutaneous tissue, 161—163 
urothelial tumors in ureter and bladder, 101—109 
uterus, 123—125 
weight, 14—15 

Weight, 14—15 
Wistar-derived strain, see (WAG x BN)F. and WAG/Rij 
Wistar rats, 36, 49 

X—ray diffraction analysis, 191 


