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ABSTRACT

Historical data are presented for neoplasms and related proliferative lesions from 1,170 Sprague-Dawley
rats that served as controls in 9 carcinogenicity (2 year) studies conducted in the Safety Evaluation Facility
of Ciba-Geigy Corporation, Summit, New Jersey. The most common neoplasm was pituitary adenoma,
which occurred in 62.2% of the male and 84.7% of the female rats. Incidences of other neoplasms that
occurred in more than 6.0% of the rats were, for males, benign pheochromocytoma (19.0%), cutaneous
keratoacanthoma (7.9%), pancreatic islet cell adenoma (7.5%), benign testicular interstitial cell tumor (6.50/0),
and thyroid C-cell adenoma (6.5%). For females these incidences were mammary fibroadenoma (3 I .3%),
mammary adenocarcinoma (1 6.8%), and mammary adenoma (6.5%). Focal cortical hypertrophy/cystic degeneration of the adrenal, a focal nonneoplastic lesion of zona fasiculata cells that often degenerate into large
cysts, was present in 23.4% of all male and 82.7% of all female rats. Criteria for the differential diagnoses
of selected neoplasms and related lesions are presented.
Keywords. Spontaneous neoplasms; adrenal cortical hypertrophykystic degeneration

INTRODUCTION
During the analysis of data from a carcinogenicity
study, statistical tests will occasionally indicate that
the incidence of a certain neoplasm or other lesion
in a treated group is significantly greater than in the
concurrent control group. This may happen by
chance alone as demonstrated by Haseman et a1
(14), who showed that 18 carcinogenicity studies,
each having 2 control groups, would have had false
positive rates of 44% if the results of a statistical
test were the only criterion used to decide if a compound were carcinogenic. In such situations historical control data for microscopic lesions can be very
useful to demonstrate that the incidence in treated
groups is not greater than expected. Conversely, historical control data might strengthen one’s suspicion
that a borderline increase in an uncommon tumor
may be compound-related. The following report is
a compilation of the incidences of neoplasms and
certain related proliferative lesions from control
Sprague-Dawley rats from 9 2-year carcinogenicity
studies conducted at Ciba-Geigy Corporation, Summit, NJ. A practical approach for both nomencla-

ture and differential diagnostic criteria is presented.
Our goal is not to completely describe all lesions
but instead to concentrate on useful diagnostic criteria for the most common neoplasms and for associated lesions that have needed further definition
in our laboratory.

* Address correspondence to: Dr. Donald McMartin, CibaGeigy Corporation, Summit, New Jersey 07901.
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AND METHODS
MATERIALS
Sprague-Dawley (Cr1:CDBr) rats (585 of each sex)
used as controls in 9 carcinogenicity studies in our
laboratory between 1984 and 1991 were obtained
from Charles River Laboratories, Kingston, NY.
They were housed singly in stainless steel wire mesh
cages and were fed Certified Purina Rodent Chow
hdr,lil$t.um. Each study started with 6-week-old animals and lasted 104 weeks. Sixty to 70 control rats
were used in the 104-week portion of each study,
making a total of 585 rats of each sex (Table I).
Several of these studies had interim sacrifices that
are not included in this pubIication.
All rats killed while moribund or found dead were
necropsied as soon as possible. At the end of each
104-week study all surviving rats were anesthetized,
exsanguinated, and necropsied according to our Pathology Standard Operating Procedures. A list of
protocol tissues was designed for each study so as

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

Vol. 20, NO. 2, 1992

NEOPLASMS IN CONTROL SPRAGUE-DAWLEY RATS

213

TABLE
1.-Neoplasms and associated lesions in Sprague-Dawley rats.
Site: Neoplasm or finding
Males

Total number of animals examined
Digestive system
Tongue
Nerve sheath tumor, malignant
Salivary glands
Carcinoma, primary
Large intestine
Polyp
Adenocarcinoma
Small intestine
Adenocarcinoma
Leiomyosarcoma
Sarcoma
Stomach
Papilloma
Sarcoma
Anus
Rhabdom yosarcoma
Liver
Hepatocellular adenoma
Hepatocarcinoma
Bile duct adenoma
Cholangiocarcinoma
Hemangiosarcoma
Nonneoplastic lesions
Foci of cellular alteration
Pancreas
Acinar adenoma
Islet-cell adenoma
Islet-cell carcinoma
Nonneoplastic lesions
Focal acinar hyperplasia
Focal islet cell hyperplasia
Endocrine system
Adrenal
Cortical adenoma
Cortical carcinoma
Pheochromocytoma, benign
Pheochromocytoma, malignant
Nonneoplastic lesions
Focal cortical hyperplasia
Focal medullary hyperplasia
Cortical hypertrophykystic degeneration
Parathyroid
Adenoma
Nonneoplastic lesions
Focal hyperplasia
Pituitary
Adenoma
Carcinoma
Craniopharyngioma (pars nervosa)
Nonneoplastic lesions
Focal hyperplasia
Thyroid
C-cell adenoma
C-cell carcinoma
Follicular adenoma
Follicular adenocarcinoma
Nonneoplastic lesions
Focal C-cell hyperplasia
Focal follicular hyperplasia
Hematopoietic-lymphoreticularsystem

Females

Range %

Curnulative
average %

Range %

Curnulative
average %

0.0-1.7

0.2

0.0-0.0

0.0

0.0-1.4

0.2

0.0-0.0

0.0

0.0-0.0
0.0-1.7

0.0
0.2

0.0-1.4

0.2

0.0-0.0
0.0-3.3

0.0
0.4
0.0

0.0-1.7
0.0-1.7
0.0-1.7

0.2
0.4
0.2

0.0-1.7

0.2
0.0

0.0-3.3
0.0-1.4

0.3
0.2

0.0-0.0
0.0-0.0

0.0-0.0

0.0

[OI-[Ol

[OI-[llb
0.0-1 6.7
0.0-8.6
0.0-1.4
0.0-1.7
0.0-0.0

4.6
2.4
0.2
0.2
0.0

1.4-21.7
0.0-1.4
0.0-1.4
0.0-0.0
0.0-1.7

5.8
0.2
0.2
0.0
0.3

7.7-53.3

21.2

8.6-53.3

22.2

0.0-1.7
2.9-13.8
0.0-5.7

0.7
7.5
1.9

0.0-0.0
0.0-8.3
0.0-5.0

0.0
3.9

0.0-1.7
0.0-29.4

0.3
5.5

0.0-0.0
0.0-20.0

0.0
3.9

0.0-3.0
0.0-3.3
10.2-30.0
0.0-6.0

1.6
1.o
19.0
1.9

1.5-1 1.4
0.0-1.7
1.4-10.0
0.0-3.3

4.6
0.5
5.3
0.9

1.5-39.1
14.543.5
13.645.0

11.1
30.3
23.4

0.0-4 1.7

0.0-26.7
73.3-92.9

12.0
16.9
82.7

0.0-8.9

2.7

0.0-5.2

0.7

0.0-5.1

2.7

0.0-2.9

0.7

49.2-8-0,O

0.G3.5
0.0-1.7

62.2
1.4
0.2

79.7-90.0
0.0-10.0
0.0-0.0

84.7
3.4
0.0

4.3-20.6

16.1

1.7-1 1.6

6.4

2.9-8.7
0.0-2.9
0.0-8.6
0.0-5.0

6.5
0.9
3.9
2.2

1.4-1 1.7
0.0-4.3
0.0-3.4
0.0-4.3

5.9
1.7
1.5
1.4

3.1-16.7
0.0-5.0

8.6
1.9

4.7-38.3
0.0-1.7

13.3
0.5
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TABLE
1.-Continued.
hlales
Site: Neoplasm or finding
Lymph node
Hemangioma
Hemangiosarcoma
Lymphangiosarcoma
Spleen
Angioma
Hemangiosarcoma
Thymus
Thymoma, benign
Systemic
Granulocytic leukemia
Malignant lymphoma
Sarcoma, histiocytic
Integumentary system
Mammary gland
Adenoma
Fibroadenoma
Adenocarcinoma
Nonneoplastic lesions
Focal hyperplasia
Skin
Apocrine adenocarcinoma
Basal-cell epithelioma
Basal-cell carcinoma
Fibroma
Fibrosarcoma
Hemangiopericytoma, benign
Hemangiosarcoma
Keratoacanthoma
Lipoma
Liposarcoma
Nerve sheath tumor, malignant
Papilloma
Sarcoma
Sebaceous gland adenoma
Sebaceous adenocarcinoma
Squamous cell carcinoma
Nonneoplastic lesions
Inclusion cyst
Musculoskeletal system
Bone
Nerve sheath tumor, malignant
Skeletal muscle/
Rhabdomyosarcoma
Nervous system and special senses
Brain
Oligodendroglioma, benign
Astrocytoma, malignant
Ependymoblastoma
Glioma, malignant
Granular cell tumor, malignant
Medulloblastoma, malignant
Meninges-brain
Granular cell tumor, benign
Spinal cord
Astrocytoma, malignant
Oligodendroglioma, malignant
Ear-pinna
Nerve sheath tumor, benign
Nerve sheath tumor, malignant
Ear-acoustic meatus
Sebaceous adenocarcinoma
Eye
Leiom yosarcoma
Hemangiosarcoma

Females

Range %

Cumulative
average %

Range %

lative
average %

0.0-1.7
0.0-1.7
0.0-1.7

0.3
0.5
0.2

0.0-0.0
0.0-0.0
0.0-0.0

0.0
0.0
0.0

0.0-1.4
0.0-1.7

0.2
0.3

0.0-0.0

0.0

0.0-1.7

0.4

0.0-2.2

0.6

0.0-1.7
0.0-1.7
0.0-5.7

0.3
1.2
2.6

0.0-1.7
0.0-1.7
0.0-5.7

0.2
0.7
1.2

0.0-1.9
0.0-3.6
0.0-2.2

0.4
1.2
0.8

2.9-1 1.4
20.0-43.3
6.7-30.0

31.3
16.8

0.0-0.0

0.0

0.0-3.1

1.5

0.0-1.7
0.0-1.4
0.0-3.3
0.0-7.1
0.0-3.3
0.0-0.0
0.0-1.7
1.4-13.3
0.0-3.3
0.0-0.0
0.0-1.7
0.0-4.3
0.0-0.0
0.0-1.7

0.2
0.2
0.3
1.9
1.2
0.0

0.0-0.0
0.0-0.0
0.0-1.7
0.0-3.3
0.0-1.7
0.0-1.4
0.0-0.0
0.0-1.7
0.0-5.0
0.0-1.4
0.0-1.7

0.0
0.9

0.0-1.7
0.0-0.0
0.0-3.4
0.0-1.4

0.0
0.0
0.2
0.3
0.3
0.2
0.0
0.7
0.7
0.2
0.3
0.0
0.2
0.0
0.5
0.5

0.0-4.3

1.7

0.0-1.7

0.3

0.0-0.0

0.0

0.0-1.4

0.2

0.0-0.0

0.0

0.0-1.4

0.2

0.0-1.5
0.0-2.9
0.0-1.7
0.0-1.7
Q..Q-l.?
O.G1!-7

0.2
0.7
0.2
0.2
0.2
0.2

0.0-0.0
0.0-3.3
0.0-0.0
0.0-0.0
0.0-0.0

0.0
0.5
0.0
0.0
0.0
0.0

0.0-0.0
0.0-2.9

0.2
7.9
1.2
0.0
0.3
2.1
0.0
0.3

[ O H 1I*
0.0-0.0
0.0-0.0

Cumu-

0.0-0.0

0.0-0.0

0.0-0.0

6.5

[OI-[Ol
0.0
0.0

0.0-1.7
0.0-1.7

[01-[21
[OI-[OI

[OI-[Ol
PI-[ 1I

[ O H 11

WI-[ 11

0.0-1.4
0.0-1.4

0.0

0.2

0.2

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

0.0-0.0
0.0-0.0

0.3
0.2

0.0
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TABLE
I.-Continued.
Males
Site: Neoplasm or finding

Range %

Eyelid
Fibroma
Harderian gland
Acinar adenoma
Reproductive system
Penis
Papilloma
Prostate
Adcnoma
Lipoma
Nonneoplastic lesions
Epithelial hyperplasia
Testis
Interstitial cell tumor, benign
Interstitial cell tumor, malignant
Mesothelioma, malignant
Nonneoplastic lesions
Focal interstitial cell hyperplasia
Seminal vesicles
Leiom yosarcoma
Cervix
(Total number examined)
Angioma
Fibroma
Leiom yosarcoma
Ovary
Arrhenoblastoma
Granulosa theca cell tumor
Uterus
Adenocarcinoma
Lciom yoma
Leiom yosarcoma
Polyp
Endometrial stromal sarcoma
Squamous cell carcinoma
Sarcoma
Vagina
Fibroma
Squamous cell carcinoma
Respiratory system
Lungs
Adcnoma
Adenocarcinoma
Urinary system
Kidney
Adenoma
Adenocarcinoma
Nephroblastoma
Lipoma
Liposarcoma
Polyp
Nonneoplastic lesions
Focal tubular hyperplasia
Urinary bladder
Polyp
Transitional cell carcinoma
Other organs or tissues
Adipose tissue
Lipoma
Liposarcoma
Mesentery
Hemangiosarcoma
Nerve sheath tumor, malimant
Peritoneal cavity
Hernangiosarcoma
a Total number of animals with this tissue examined.

Females
Cumulative
average %

0.0

Range %

(390)

Cumulative
average %

[Ol-[Ol
0.0-0.0

0.0

-

(585)

(581)

-

0.0-1.7
0.0-1.4

0.2
0.2

-

0.0-43.3

9.1

-

1.4-13.3
0.0-1.4
0.0-1.7

0.2

1.4-10.0

3.4

0.0-1.7

0.2

-

6.5

0.3

(261)

(572)
(584)

(520)

(585)

(585)

0.0-1.4
0.0-1.7

0.2

0.0-2.9

0.0-1.4

0.7
0.5
0.0
0.5
0.7
0.2

0.0-1.4

0.2

0.0-0.0
0.0-1.7

0.0
0.2

0.0-1.7
0.0-0.0

0.0-1.7
0.0-2.9

(581)

(585)

0.2
(584)

(581)

0.0-1.4
0.0-1.7
0.0-1.4

0.4
0.4
0.4

0.0-1.4
0.0-1.4

0.2

0.0-1.4
0.0-1.7
0.0-1.7
3.3-1 0.0
0.0-5.0
0.0-1.7
0.0-1.4

0.5

0.0-1.4
0.0-1.4

0.2
0.4

0.0-1.7
0.0-1.4

0.2
0.2

0.0-0.0

0.0-0.0
0.0-1.7
0.0-1.7
0.0-0.0
0.0-0.0

0.0
0.0
0.2
0.3
0.0
0.0

0.0-0.0

0.0

0.0-1.4
0.0-1.4

0:2
0.2

[OI-[21
[OI-[Ol
[OI-[Ol
[Ol-[Ol
[ O H11

Numbers in brackets (ex: [I]) are counted of lesions found in nonprotocol tissues.
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to meet regulatory requirements of United States
(FDA, EPA), European (OEDC), and Japanese
(MAFF, MOHN) agencies for safety submissions.
Representative specimens of gross lesions and the
following protocol tissues were taken from all animals and preserved in 10% neutral buffered formalin: adrenals, aorta, brain (cerebrum, cerebellum,
and medulla/pons), cecum, colon, duodenum, epididymides, esophagus, eyes with optic nerve, femur
with joint and marrow, Harderian gland, heart, ileum, jejunum, kidneys, liver, lung, lymph nodes
(mesenteric and submaxillary), mammary gland,
muscle (thigh), peripheral nerve (sciatic), ovaries,
pancreas, pituitary, prostate, rectum, salivary gland,
seminal vesicles, skin (abdominal mammary region), spinal cord (cervical, lumbar, thoracic), spleen,
sternum with marrow, stomach, testes, thymus, thyroid with parathyroid, tongue, trachea, urinary bladder, uterus, and vagina. Representative portions of
these tissues were subjected to routine histologic
processing, stained with hematoxylin and eosin and
examined microscopically.
Gross and microscopic observations were entered
into the Ciba-Geigy pathology data system. Table I
was prepared from this data and includes the number of rats in which each organ was examined microscopically and the range (between studies) of the
percent of these rats having each lesion. The cumulative average % is derived from total number
of rats with a given finding in all 9 studies and the
total number of rats for which the organ was examined microscopically. The number of organs examined excludes, for example, samples that were
too autolytic to interpret. When lesions were found
in tissues that were not required by the study protocol, such as in a response to a gross lesion, the
number of animals with the lesion appear in brackets ([I), and the number of organs that were examined was omitted. Counts of nonprotocol organs,
that also might be (mis)used by computer programs
for statistical purposes, were felt to be misleading
because so few of these tissues were examined microscopically.
RFSULTSAND DISCUSSION
A summary of the tumors present in control
Sprague-Dawley rats from the 9 carcinogenicity

TOXICOLOGIC
PATHOLOGY

studies is presented in Table I. Mean (kSD) percent
mortality at the end of the 104-week studies was
64.1 k 3.3% (range = 57.1-66.7%) and 65.5% k
5.5% (range = 55.7-73.3%) for males and females,
respectively. The 75% survival time was 573 k 27
days on study (mean k SD, range = 548-636) for
males and 582 k 18 (range = 553-609) for males,
and the 50% survival time was 663 f 21 days on
study (range = 628-692) for males and 671 k 24
days (range = 628-704) for females.
Pituitary adenomas, the most frequent neoplasm,
were observed in 62.2% of the male rats and 84.7%
of females. In females, the next most common neoplasms, in order of decreasing incidence, were mammary fibroadenoma (3 1.3%), mammary adenocarcinoma (l6.8%), and mammary adenoma (6.5%).
One or more ofthese mammary neoplasms occurred
in 51.1% of the female rats. In male rats the next
most common neoplasms were benign pheochromocytoma (1 9.09'0)~ cutaneous keratoacanthoma
(7.9%), pancreatic islet cell adenoma (7.5%>,benign
testicular interstitial cell tumor (6.59'0), and thyroid
C-cell adenoma (6.5%). Incidences of all other neoplasms were less than 6%. Endocrine and mammary neoplasms are common findings in SpragueDawley rats (1, 6, 12, 27, 28).
Although the emphasis of this paper is on neoplasms, criteria are also given for certain hyperplasias because distinguishing hyperplasia from neoplasia is sometimes more difficult and may be more
important in regulatory toxicology than separating
benign and malignant neoplasms. Instead of giving
complete descriptions for each lesion, we will present some of the more helpful criteria used for differential diagnosis.
Our philosophy of subclassification of neoplasms
into several diagnostic categories is that such categorization is usually not needed for a carcinogenicity
study. Subclassification may be useful to study the
biological significance of various tumor patterns.
However, in most instances a simple classification
system will suffice and be more manageable and
meaningful. Even using a simplified classification
system, certain tumor types may be combined for
statistj,,wl eyaluation as proposed by guidelines from
the Natib;;'al Toxicology Program (NTP) (19).
For certain neoplasms, there appears to be a mor-

+

FIG.1.-Pituitary adenoma showing compression of adjacent tissue which distinguishes this lesion from focal hyperplasia. H&E. x 110.
FIG.2.-Adrenal with an early stage of cortical hypertrophy/cystic degeneration. Adjacent cortex is compressed by
hypertrophied cells. HbE. x 110.
FIG.3.-Adrenal near the edge of a focus of cortical hypertrophy/cystic degeneration. This field exhibits hypertrophy,
cystic degeneration, accumulation of erythrocytes in cystic areas, and'compression of adjacent cortex. H&E. x 110.
FIG.4.-Adrenal with focal medullary hyperplasia. Note the increased basophilia of the hyperplastic cells and the lack
of compression of adjacent tissue. H&E. x 220.
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phological continuum from focal hyperplasia to benign tumors to malignancy. Arbitrary diagnostic criteria are used to separate these designations. The
cells and/or tissues giving rise to these neoplasms
include pituitary pars distalis, adrenal medulla, thyroid C cells, pancreatic islets, hepatocytes, testicular
interstitial cells, and renal tubular cells. When an
organ has more than 1 type of each continuum only
the most malignant form is diagnosed. One exception is for paired organs such as the adrenal, where
a benign neoplasm might occur, for example, in the
left adrenal and the malignant form of this tumor
in the right side. In this instance both benign and
malignant diagnoses are made as if the tumors in
each member of the pair were in separate organs.
The other exception is for neoplasms of such superficial tissues as skin and mammary gland, because each ofthese diagnoses is linked with an onset
time for the time-adjusted statistical test of Pet0 et
a1 (23).
The following are some of the more common neoplasms and related proliferative lesions in these
Sprague-Dawleyrats along with criteria used for their
differential diagnosis. Although statements are made
about a neoplasm that was found in only a few control rats, our experience with this tumor also comes
from the 3 or more additional treated groups in each
of these studies that comprise a total of over 4,800
aged rats.

TOXICOLOGIC
PATHOLOGY

Pituitary
Pituitary adenomas were the most common tumor in our rats; this agrees with reports from other
laboratories (6, 12, 28).
Focal hyperplasia of the pars distalis was differentiated from adenoma by the presence of compression ofadjacent tissue by adenomas (Fig. 1) (16).
Carcinomas were identified by invasion of adjacent
tissue, which was usually the overlying brain (5).
Distant metastases were not observed. The presence
of bizarre-appearing cells (anaplasia) was not, in
contrast to some other tumors, used as an indicator
of malignancy because invasive pituitary tumors
seldom, if ever, contained bizarre-appearing cells.

A dreiial
Usually cortical and medullary neoplasms could
be readily differentiated on the basis oftheir location
and staining characteristics. When in doubt, the
presence of cytoplasmic vacuoles (presumably lipid
droplets) was used as supporting evidence for cortical tumors (15).
A common adrenal lesion in old rats, especially
females, that should not be considered neoplastic is
focal cortical hypertrophy/cystic degeneration of the
adrenal cortex. These lesions appear to start as foci
of large eosinophilic cells in the zona fasiculata that
sometimes compressed adjacent tissue (Fig. 2). Part

+
FIG.5.-Adrenal with a benign pheochromocytoma. This lesion is differentiated from focal medullary hyperplasia by
compression of adjacent cortex by the neoplasm. Larger pheochromocytomas also compress the medulla. H&E. x 1 10.
FIG.6.-Thyroid with a C-cell adenoma near its minimal size of about 5 diameters of an average follicle. Proliferative
areas smaller than this are arbitrarily designated focal C-cell hyperplasia. H&E. x 110.
FIG.7. -Parathyroid adenoma identified by compression of surrounding parenchyma and reduced basophilia. H&E.
x 110.
FIG.S.-Pancreas with focal islet cell hyperplasia. The absence of compression distinuishes this focus from an islet
cell adenoma. H&E. x 110.
FIG.9.-Pancreas with an islet cell adenoma showing compression of adjacent tissue and ribbons of islet cells. H&E.
x 110.
FIG.10.-Testis with an interstitial (Leydig) cell tumor. This lesion is bigger than the arbitrary minimal size of about
1 seminiferous tubule and also compresses adjacent tissue. H a . x 110
FIG. ll.-Uterus with a polyp (top) and normal endometnum (bbttbm). Endometrial polyps are located within the
uterine lumen, contain mature stromal cells, and are covered by endometrial epithelium. H&E. ~ 2 2 0 .
FIG. 12.-A field in an endometrial stromal sarcoma containing stellate-appearing cells and cystic areas. Areas of
hemorrhage and necrosis were present in other parts of the neoplasm. H&E. x 220.
FIG. 13.-Endometrial stromal sarcoma composed of immature tissue containing spindle-shaped endometrial cells.
H&E. x220.
FIG. 14.-Mammary adenocarcinomas arising from within a fibroadenoma. This mass was diagnosed as malignant
based on this and a few other foci where basophilic-staining epithelium appeared to have lost contact with basement
membrane. H&E. x 220.
FIG. 15.-Skin with a keratoacanthoma showing a thick layer of proliferating squamous epithelium. H&E. x 220.
FIG.16.-Skin with an inclusion cyst that is differentiated from the cystic form of keratoacanthoma by the lack of
proliferating epithelium. H&E. x 220.

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

Vol. 20, NO.2, 1992

NEOPLASMS IN CONTROL SPRAGUE-DAWLEY RATS

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

219

220

McMARTIN ET AL

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

TOxncOLsorc PATHOLOGY

VOI. 20, NO. 2, 1992

NEOPLASMS IN CONTROL SPRBGUE-DAWLEY RATS

Downloaded from tpx.sagepub.com at Universitaetsbibliothek Bern on February 9, 2013

22 1

222

McMARTIN ET AL

or all of the hypertrophied cells may degenerate,
forming cysts containing proteinaceous fluid with or
without erythrocytes (Fig. 3). If the plane of section
and the stage of progression were optimal, all stages
of this process could be seen in the same lesion, but
more often conditions were such that only a bloodor plasma-filled cyst or focal hypertrophy were seen.
Cysts often compressed adjacent tissue. The etiology
of this lesion is uncertain, but Gopinath et a1 (10)
suggested that this, or a similar lesion, may be produced by estrogenic compounds.
Focal medullary hyperplasia was used to designate clusters of medullary cells that stain more basophilic than the rest of the medulla. Compression
of adjacent tissue was absent or barely detectable
(Fig. 4) (30). Benign pheochromocytomas were
characterized by clumps of medullary cells that
stained more basophilic and that also compressed
adjacent cortex, medulla, or both (Fig. 5 ) (1 5). Medullary compression was usually present only with
larger tumors. Malignant pheochromocytomas, in
addition to exhibiting many features of benign medullary tumors, showed invasion of the adrenal capsule or a vessel wall,

Thyroid
Morphologically, there appears to be a progression of thyroid C-cell lesions from focal hyperplasia
to adenoma to carcinoma (29). However, to consider all foci of proliferating C cells as malignant
seems inappropriate. Hence, the diagnostic criteria
used here are that focal C-cell hyperplasia involves
areas less than about 5 diameters of an average follicle, whereas C-cell adenomas are larger than this
(Fig. 6 ) (3). Carcinomas were differentiated from
adenomas by invasion of vessels and/or the thyroid
capsule. Usually cells from all lesions appeared cytologically similar.
ParatItyroid
When small, parathyroid adenomas resemble focal hyperplasia in that both are usually unilateral
and appear at low magnification as foci of cells that
stain less basophilic than the surrounding normal
parenchyma. Adenomas were distinguished from
focal hyperplasia by having a sharply demarcated
border and compressing adjacent tissue (Fig. 7) (4,
24). Parathyroid neoplasms having the invasive or
metastatic features of malignancy have not been observed in any of the control or treated rats in these
9 studies.
Paiicreatic Islets
Focal islet cell hyperplasia does not compress the
adjacent tissue, and the cells are morphologically
similar to normal islet cells (Fig. 8). This can often
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involve only 1 islet in a tissue section. Islet cell
adenomas are distinguished from focal islet cell hyperplasia in that adenomas compress adjacent tissue. The presence of ribbons of islet cells is a useful,
but not necessary, feature of adenomas (Fig. 9) (25).
Islet cell carcinomas are invasive and/or metastatic,
usually to the liver or lung.

Liver
We have used the criteria of Maronpot et a1 (17)
for hepatocellular adenoma, hepatocellular carcinoma, focal hyperplasia, and foci of cellular alteration. These Sprague-Dawley rats have a much lower incidence of foci of cellular alteration than do
F344 rats (1 8). One ofthe criteria that we have found
to be useful for distinguishing adenoma from carcinoma is the presence of hepatic cords arranged in
a trabecular pattern in carcinomas. Hyperplasia,
which is nearly always secondary to a degenerative
process (17), may result in wide cords that should
not be confused with the trabeculae of carcinomas.
Testis
Interstitial (Leydig) cell tumors are arbitrarily separated from focal interstitial cell hyperplasia if the
lesion is larger than about the size of 1 seminiferous
tubule. Usually compression of adjacent tissue is
present (Fig. 10) (2, 20). Malignant interstitial cell
tumors invaded through the testicular capsule. None
were metastatic in these 9 studies.
Uteriis
Uterine (endometrial) polyps were located within
the uterine lumen and consisted of mature stromal
cells covered by endometrial epithelium (Fig. 11).
In contrast, endometrial stromal sarcomas involved
the uterine wall and were composed of immature
spindle cells that were often stellate with vacuolated
cytoplasm. Endometrial stromal sarcomas often appeared edematous and contained areas of hemorrhage and necrosis (Figs. 12 and 13). This neoplasm
needs to be differentiated, by special stains if necessary, from smooth muscle tumors (9).
Kidney
Hyperplastic t ~ u l a epithelium
r
is often seen in
sections with severe senile nephropathy (also termed
progressive nephrosis by Gray (1 1)). However, this
secondary hyperplasia was not recorded according
to the philosophy that we count, for statistical purposes, processes or phenomena rather than description components. Focal tubular hyperplasia that was
not secondary to nephropathy was seldom observed.
Hard (1 3) stated that it is generally agreed that renal
tumors develop from tubular hyperplasia. A major
feature that was used to distinguish tubular ade-
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nomas from focal tubular hyperplasia was compression ofadjacent tissue by the adenoma. Tubular
(adeno)carcinomas are distinguished from adenomas by cellular pleomorphism and invasion through
the renal capsule.

Mammary Gland
Mammary adenomas and fibroadenomas, which
appeared in our rats to be different parts ofthe same
histological spectrum (32), were distinguished from
each other by the lack of appreciable fibrous tissue
surrounding acini in the adenomas. Mammary fibroadenomas were discrete masses as compared to
the diffuse fibrosis that sometimes accompanied
glandular hyperplasia. The more fibrous fibroadenomas were distinguished from fibromas by the
concentric appearance of fibrous tissue around glandular structures or their remnants in fibroadenomas.
Mammary adenocarcinomas occasionally arose
from within both adenomas and fibroadenomas (Fig.
14). In contrast to the benign neoplasms, where epithelium remained in contact with the basement
membrane, adenocarcinomas were characterized by
the piling up of more basophilic epithelium into
layers more than 2 cells thick or into sheets. When
an adenocarcinoma arose from a benign neoplasm,
only the malignant diagnosis was recorded. The subclassification of mammary adenocarcinomas into
such types as tubulopapillary carcinoma and cribriform-comedocarcinoma (26, 32) was not done because these patterns were occasionally seen in the
same mass, and subclassification did not add enough
useful information to be warranted. The frequent
association of proliferative lesions of the mammary
gland and pituitary agrees with the suggestion of
others (21, 31) that pituitary hormones, especially
prolactin, may induce the mammary changes.
Skiii
Keratoacanthomas were the most common skin
neoplasm and occurred more frequently in male than
female rats. This neoplasm contained abundant keratin and appeared as a cup-shaped structure on the
surface or as a cyst-like structure within the skin.
When the keratoacanthoma formed a cyst-like
structure it was differentiated from an inclusion cyst
by the thick layer of proliferating squamous epithelium lining the keratoacanthoma (Figs. 15 and 16).

Systemic Neoplasnis
Hematopoietic and related neoplasms that can
involve several organs and may be multicentric with
no clearly defined origin were considered to be “systemic.” For summary and statistical purposes, the
numbers of animals with “systemic” neoplasms are

223

counted rather than the numbers of animals with
this neoplasm in the liver and so forth for many
other organs.
Systemic neoplasms in our Sprague-Dawley rats
are not frequent, the incidence of any 1 being 6%
or less in the control group of any study. These
systemic neoplasms are, in descending frequency,
histiocytic sarcoma, malignant lymphoma, and
granulocytic leukemia. Lymphomas were not subclassified because their incidence was less than 2%,
and the biological significance of recent classifications of rat lymphomas, most of which are based
morphologically on murine lymphomas (7, 8, 22,
33), needs to be verified immunologically.
Hemangiomas and hemangiosarcomas were listed in the organ in which they were found. However,
when summarized similarly to systemic neoplasms
in 1 tissue such as “vascular endothelium” (19), then
the ranges (and cumulative averages) were 0-1.7%
(0.3%) and 0-3.3% (1.5%), respectively, for males
with the benign and malignant neoplasm and no
benign and 0-1.7% (0.3%) malignant tumors for females.

Coiicliisioii
No major shift in overall tumor rates was apparent for the 7-year period covered by these 9 studies.
The range (and cumulative average) of control rats
with any neoplasm was 76.9-95.0’30 (88.0%) for
males and 90.8-100.0% (96.1%) for females. Studyto-study variability was minimized by peer review
of all proliferative lesions by 1 (PSS) pathologist in
the last 4 studies. In addition, histopathologic examination for the first 3 studies and 2 more (1 of
which was peer reviewed) was conducted by the
same pathologist (DNM).
It was apparent, even in the studies that were peer
reviewed, that the incidences of some proliferative
lesions can vary considerably between studies. For
this reason, our historical data have been useful in
evaluating the results from 2-year carcinogenicity
studies in rats and are now available to others.
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