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Introduction

More than 200 inbred strain of rats have been described (Festing 1998), but little is known
about most of them. There have been very few comparative studies of strain characteristics
involving more than about half a dozen strains, and no such studies have been reported on the
lifespan and incidence of spontaneous tumours in inbred rat strains.

Several strains have been developed for specific diseases such as hypertension and diabetes
which probably makes them unsuitable for long-term toxicity testing. Other strains have been
selectively bred for behavioural characteristics. Although such strains are widely used, they
have not been studied for characteristics which are relevant to toxicity testing. Very little is
known about the characteristics of F1 hybrids of inbred rat strains.

Given that inbred strains of rats have been available for nearly a hundred years, the lack of
investment in characterising them for suitability for various types of research is lamentable.
Although the rat is widely used in biomedical research, about 85% of academic research used
genetically heterogeneous “outbred” rats such as the Sprague-Dawley, Wistar and Long-Evans
stocks with only 13% using isogenic strains, and the remainder using mutant animals between
2001 and 2004 (unpublished PubMed search). Toxicological screening in the pharmaceutical
industry also uses outbred animals even though a strong scientific case for the more
widespread use of inbred strains has been made repeatedly over a period of many years, and
this case has never been seriously refuted.(Festing 1979;Festing 1986;Festing 1987;Festing
1993;Festing 1995b;Festing 1995a;Kacew and Festing 1996;Festing 1996;Festing and Lovell
1996).

Inbred strains of mice are much better characterised, there have been numerous studies of their
lifespan and spontaneous disease, and they have made an enormous contribution to biomedical
research. At lease seventeen Nobel prizes have been awarded for work which would probably
not have been possible without such strains (Festing and Fisher 2000).

This is a short list of inbred strains and two F1 hybrids which are potential candidates for use
in an NTP multi-strain testing program. They have been selected because they are reasonably
widely used, they are available in the USA, Europe or Japan. In some cases they have been
studied for characteristics likely to be relevant to toxicity testing. Ideally, a collection of
isogenic strains used for this purpose should be as distantly related as possible. Several other
strains could be considered, but these would probably have to be characterised before their
suitability could be determined.

Particular attention has been paid to studies involving several strains, and where possible
strains have been ranked on their characteristics with approximately the top quartile being
classified as "high" and the bottom as "low". Thus, 'low litter size (10/12)" indicates that the
strain in question ranked 10th. of 12 strains in which litter size was reported in a particular
study. It must be emphasised that strain rankings may alter in different environmental



conditions, so these should only be taken as a guide.

Nomenclature

A Committee on Standardized Genetic Nomenclature for Rats was established in 1979, later
reconstituted in 1994 following recommendations of a committee of the Institute of Laboratory
Animal Resources (ILAR), Washington D.C. The Committee publishes rules for the
nomenclature of inbred strains, F1 hybrids, genes, polymorphic gene sequences such as
microsatellites, single nucleotide repeats, DNA fragments and chromosomal anomalies (Gill, 111
et al. 1992). As far as possible the nomenclature follows that of the mouse and, in the case of
gene nomenclature, of humans. The most recent rules are given in www.informatics.jax.org and
http://ratmap.gen.gu.se, although the latter does not give rules for the nomenclature of inbred
strains.

A strain is regarded as inbred when it has been mated brother x sister (hereafter called b x s) for
twenty or more consecutive generations (F20), and can be traced to a single ancestral breeding
pair in the 20th. or a subsequent generation. At this stage the residual heterozygosity should be
less than 1%. Continued sib mating is essential in order to maintain the strain although non-sib
matings may be used to produce experimental animals and an occasional non-sib mating can be
used if the strain would otherwise be in danger of dying out. In order to facilitate electronic
storage and retrieval of published information it is important that all publications contain
correct genetic nomenclature.

Symbols to designate the strain

Strains are designated by brief symbols consisting of upper case letters, and in some cases,
numbers, beginning with a letter, e.g. ACI, F344, or LEW. The use of common names such as
“Brown Norway” or “Fischer 344" is strongly discouraged as they can lead to confusion and
are not amenable to the use of substrain symbols (see below).

F1 hybrids, the first generation cross between two inbred strains are designated by the two strain
symbols (possibly abbreviated) followed by “F1”. The female parent is always given first. Thus
the F1 hybrid rats produced from a cross between F344 females and BN males is designated
F344BNF1, or F3BNF1.

Substrains

Substrains are regarded as having been formed when:
1. Branches of an inbred strain were separated after F20 but before F40. This is because
even that 1% of residual heterozygosity may be of scientific importance.
2. A branch has been maintained separately from other branches for 20 or more generations .
The existence of differences arising by mutation is then likely.
3. Proven genetic differences from other branches are discovered. Such differences could
have arisen either as a result of residual heterozygosity or of new mutations.

Genetic contamination as a result of a non-strain mating is likely to lead to numerous genetic
differences, and may thus be distinguishable from mutation. If contamination is though likely,
the strain should be renamed.

Substrain symbols are appended to the strain name following a slanted line and may consist of a
number or a laboratory registration code. This designates the person or laboratory originating the
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strain or substrain, e.g. WAG/RIj. These codes have an initial capital letter, followed (where
present) by lower case letters.

The following gene symbols have been used in the listings without further explanation:
Symbol Name

Agoulti

Non-agouti

Non-hooded

Hooded

Irish hooding (much more black than h)
Non-pink-eyed (ie, wild type)
Pink-eyed dilute.

g

T UZS. o

Inbred strains and F1 hybrids which may be suitable for use
In a multi-strain assay.

ACI

Inbr.F147 (NIH, 1989).
Colour: Agouti with white belly and feet.

Genet. A hl,

Origin: Curtiss and Dunning 1926 at the Columbia University Institute for Cancer Research.
To Heston 1945 at F30, to National Institutes of Health 1950 at F41. Subsequent sublines from
Dunning or NIH.

Characteristics.

Behaviour

Long latency to emerge into familar (11/12 male, 9/12 female) and novel environment (12/12
male, 11/12 female) (Harrington 1971a). Has a strong 24-hr. rhythm in wheel running activity
when compared with LEW (Siebert and Wollnik 1991).

Biochemistry and physiology

Almost free of spike-wave discharges associated with absence epilepsy seen in strain
WAG/RIj, while BN/Bi, B and G were intermediate (Inoue et al. 1990). Low serum thyroxine
(5/5) (Esber et al. 1974). Low systolic blood pressure (17/17)(Hansen et al. 1973). Low blood
pressure (18/23), reaching 124+1.1 (SEM) mmHg at 10 weeks of age (Tanase et al. 1982)

Copper deficiency results in pigment patterns similar to that of the mottled mouse, a model for
Menkes' kinky hair syndrome (Miranda et al. 1992). Liver gangliosides are of the a-type (cf
LEA, LEW & BUF)(Kasai et al. 1993)

Lifespan and spontaneous disease

Median survival 113 weeks in males, 108 weeks in females. Spontaneous tumours 46%
testes,16% adrenal, 5% pituitary, 6% skin and ear duct and fewer of other types in males; 21%
pituitary, 13% uterus, 11% mammary gland, 6% adrenal and fewer of other types in females.
Other conditions include 28% of males and 20% of females with absent, hypoplastic or cystic
kidneys on one side sometimes associated with an absent or defective uterine horn or atrophic
testes on the same side (Maekawa and Odashima 1975). These abnormalities have a polygenic




mode of inheritance (Cramer and Gill, 111 1975). Spontaneous adenocarcinomas of ventral
prostate seen in 7/41 untreated males at 34-37 months (Shain et al. 1975;Ward et al.
1980);(Isaacs 1984). This is substantially increased by a high fat diet (Kondo et al. 1994).
High survival to 2 years of age at 74% (rank 2/5) in males and 70% (rank 1/5) in females.
However, a high incidence of relatively mild chronic renal disease and a high incidence of
hydronephrosis and the congenital renal agenesis may make the strain unsuitable for long-term
toxicological studies (Soleveld and Boorman 1986). Four spontaneous kidney and five bladder
tumours found among a cohort of 300 rats maintained for 30 months (Vanmoorselaar et al.
1993).

Urolithiasis seen in 2/55 rats at an average age of 144 days (Kunstyr et al. 1982). A diet
deficient in choline and methionine has been used to develop a rat model of fatty liver
transplantation (Teramoto et al. 1993).

Drugs and chemicals

Many tumours induced by ptaquiloside, a carcinogen in the bracken fern (Hirono et al. 1987).
Caffein suppresses 2-acetylaminofluorine-induced hepatic tumours (Hosaka et al. 1984).
Effects of retinoids on tumours of the skin, prostate and endocrine pancreas studied by
(Ohshima et al. 1985). Susceptible to the development of glioblastomas of a mixed oligo-
astrocytic type following treatment with N-methyl-N-nitrosourea in the drinking water
(Shibutani et al. 1993). Like F344, refractory to the development of prostatic hyperplasia
induced by citral compared with outbred Wistar and Sprague-Dawley rats (Scolnik et al.
1994). Highly sensitive to the development of N-methyl-N'-nitrosoguanidine (MNNG)
induced gastric cancer though levels of adduct were same as in the resistant BUF strain
(Sugimura et al. 1995). Susceptible to the induction of tumours of the large intestine and
forestomach by 1-hydroxyanthraquinone, though incidence can be reduced by the nonsteroidal
anti-inflamatory drug indomethacin (Tanaka et al. 1995b).

High hepatic metabolism of anilene in females (2/10) (Page and Vesell 1969). Absorbs
diethylstilboestrol at intermediate rate, leading to a high incidence of mammary tumours
(Dunning et al. 1947;Rothschild et al. 1987). High LD5q (120mg/kg) for pentobarbital sodium

(1/7) (Shearer et al. 1973). Long pentobarbitone sleeping time (1/10 males, 3/10 females),
(Vieregge et al. 1987). Susceptible to the induction of gastric tumours by N-methyl-N-nitro-N-
nitrosoguanidine (Ohgaki et al. 1983).

Immunology

Resistant to the development of experimental glomerulonephritis following injection of
nephritogenic antigen from bovine renal basement membrane (9/10)(Naito et al. 1991). Widely
used in transplantation immunology, particularly using transplantation of ACI to LEW heart
and other tissues/organs . (Tchervenkov et al. 1995) (Levy and Alexander 1995); (Buttemeyer
et al. 1995). Neonatal pancreatic islets derived by non-enzymic (in vitro) isolation procedures
can not be transplanted across MHC barriers without any immune suppression like most other
strains but in contrast with F344 (Ketchum et al. 1992).

Reproduction

Poor reproductive performance (9/12) and low litter size (11/12) (Hansen et al. 1973). High
(11%) early prenatal mortality (2/8) and high (10%) incidence of congenital malformations
(Shoji 1977). High in-utero embryo mortality, which depends on maternal genotype (Cramer
and Gill, 111 1975).

Miscellaneous



Will grow transplantable Morris hepatomas 3924A which can be used as a model for the
treatment of liver cancer (Yang et al. 1995).

AUG

Inbr: F85 (Pit).

Colour: Dilute hooded.

Genet: h, p.

Origin: Derived from one of the US "August" sublines in 1951 and distributed by the Chester
Beatty Institute, Pollards Wood, England.

Characteristics

Susceptible to experimental allergic encephalomyelitis (Hughes and Stedronska 1973).
Resistant to the induction of autoimmune thyroiditis (Rose 1975), but others found it
susceptible (Penhale et al. 1975b;Penhale et al. 1975a). Low antibody response to
streptococcal group A carbohydrate; not linked to the MHC (Stankus and Leslie 1976). Long
gestation period (2/8) (Peters 1986).

BDE

Inbr. F27+.

Colour: Black hooded.

Genet: a, h.

Origin: Zentralinstitut fur Versuchstierzucht, Hannover, from a cross between BDVII and E3,
with selection for black hooded offspring.

Characteristics

Low incidence of megaoesophagus/aperistalsis and microphthalmia. Animal model for
adenosine-induced bronchoconstriction (Pauwels and van der Straeten 1987;Pauwels et al.
1993). Tachykinins cause bronchoconstriction in susceptible F344 mainly by an indirect
mechanism that involves stimulation of NK1 receptors and mast cell activation, in contrast
with the less sensitive strain BDE where they cause bronchoconstriction by a direct effect on
the airway smooth muscle via activation of NK2 receptors (Joos et al. 1994).

Used to test efficiency of AL-1576 in preventing naphthalene-induced cataract (Hockwin et al.
1984).

BDII

Inbr. F?+50.

Colour: Albino.

Genet: a, c, h, P.

Origin: Origin: Druckrey 1937 from a yellow, pink-eyed strain. Inbred and reduced to one
pair after World War I1. Crosses with Wistar stock and subsequent inbreeding led to the
development of BDII. According to (Druckrey 1971), strains BDII1-BDX were then developed
from a cross of a single BDI x BDII mating pair, with subsequent selection for coat colour
alleles. However, the strains have four different RT1 haplotypes (d, v, | and e) rather than the
two that would be expected from such a cross (Stark and Zeiss 1970). The strains can not be
regarded as a set of recombinant inbred strains as defined by (Bailey 1971), although their
definition by coat colour alleles makes the set easily identifiable , and should help (but not



guarantee!) to ensure authenticity. According to (Druckrey 1971), all strains have a low
tumour incidence, with a median life-span of 700-950 days, depending on strain.

Characteristics

Frequent microphthalmia. Genetic markers described for sublines of this strain in the USA
differ from those in Europe, suggesting that the US sublines were contaminated at some time
in the past with LEW (Czerwinski and Crowell, Jr. 1986). Mean life-span of BDII/Han
33.6£4.7 months in males and 22.5+4.4 months in females, with 91% of females developing
endometrial carcinomas, but with a more varied range of tumours in males. These include 26%
adrenal phaeochromocytomas, 23% histiocytic sarcomas, 18% pituitary tumours and 14%
haemangiomas. About 12% of aged male BDII/Han develop diverticula of the stomach
(Kaspareit-Rittinghausen et al. 1987;Kaspareit-Rittinghausen and Deerberg 1987). High
incidence of hormone-dependent endometrial adenocarcinoma. A transplantable cell line
(RUCA-II) derived from such a tumour in BDII rats can produce these tumours in ectopic
sites, but only in nude mice (in contrast with RUCA-I derived from DA rats). The rate of
proliferation is not reduced by tamoxifen. See also strain DA (Schutze et al. 1992). About 90%
of females develop spontaneous endometrial carcinoma which can be prevented by lifelong
administration of the progestin melengestrol acetate (Deerberg et al. 1995).

BDIX.

Inbr. F?+50.

Colour: Agouti .

Genet: A, C, H, P.

Origin: see BDI.

Characteristics

Strain widely used in carcinogenesis and teratogenesis studies. Highly susceptible to the
transplacental induction of malignant tumours of the central nervous system by ethyl
nitrosourea (Druckrey et al. 1970). A transplantable monocytic-myeloid leukaemia L5222
induced by ethyl nitrosourea has been used as a model for chemotherapy (Ivankovic and Zeller
1974). Transplantable colon tumour PROb grows progressively and metastasizes, whereas
REGb grows slowly and is then rejected (Blottiere et al. 1992a;Blottiere et al. 1992b).
DHD/K12 colon adenocarcinoma cells also metastasize, but RC-160 acts as an inhibitor(Qin et
al. 1992). These models have been used to study methods of treating peritoneal carcinoma
including shockwave cavitation (Prat et al. 1993) and the somatostatiin analog Lanreotide and
the GRP antagonist BIM-26226 (Gouyon et al. 1995). A transplantable ovarian carcinoma O-
342 has been used in studies of potential chemotherapeutic use of a methotrexate-albumin
conjugate (Steinmann et al. 1995). Transplantable Sp-5 colorectal adenocarcinoma has been
used in the study of the chemotherapeutic effects of 2'-deoxy-5-fluorouridine for pulmonary
metastises (Ng et al. 1995).

Has a defect in the expression of RT1.B, apparently due to absence of structural or controling
gene(Male et al. 1987). The activity of C-jun, JunB, JunD, Krox-24 and C-fos in the brain
shows individual patterns of expression in untreated animals (Herdegen et al. 1995).
Haematiology described by (Lovell et al. 1981); high MCHC (7/7), neutrophils (7/7), low
lymphocytes (1/7), high monocytes (7/7), high eosinophils (7/7). Shows delayed development
of the secondary centre of ossification of the epiphyses of the long bones compared with seven
other strains (Stark et al. 1995).



BH

Inbr. F?+17 (Ztm 1988).

Colour: Black-hooded,

Genet.a,h.

Origin: D. Wilson, University of Pennsylvania from unknown stock. To Dml, who transferred
stock to University of lowa in 1973. Dml to Won to Ztm in 1973.

Characteristics

Good reproductive performance; average litter size 7.0+£3.2 young (Gartner, unpublished). Has
been used with LEW and congenic strains to define RT6 and RT7 (Wonigeit 1979;Wonigeit et
al. 1979);(Lubaroff et al. 1979;Lubaroff et al. 1985); (Ely et al. 1983) ). Resistant to the
induction of experimeental allergic encephalomyelitis due to genes unlinked to the MHC
(Gasser et al. 1983;Gasser et al. 1978;Wonigeit et al. 1979). Glomerular inflitration rate 2.44
ml/min and renal plasma flow of 3.55 ml/min in BH compared in several strains (Hackbarth et

al. 1981). Haematology also studied by Hackbarth et al (1983). RT1IV3 (Wonigeit et al 1979).
Females are extremely sensitive to pentobarbital, which is lethal at 40mg/Kg (Vieregge et al.
1987).

BN

Inbr. F71 (Pit).
Colour: Brown.

Genet. a, b, hl.

Origin: Billingham and Silvers 1958, from a brown mutation maintained by DH King and P
Aptekman in a pen-bred colony (Billingham and Silvers 1959). A plasma kininogen-deficient
mutant strain (BN/Ka) has been described in which release of heat-induced substance P is
defective (Tang et al. 1994) and response to the hypertensive effects of deoxycorticosterone
acetate salt is much faster than in normal BN rats (Majima et al. 1995b;Majima et al. 1995a).
Characteristics

Behaviour

Can not be triggered into paradoxical sleep by dark pulse stimulation (ie. turning off the
lights), in contrast with LEW (Leung et al. 1992). Higher precentage of paradoxical sleep than
LEW (Rosenberg et al. 1987). Low preference for ethanol and low capability to develop acute
tolerance to ethanol hypnosis (York and Chan 1994). Behavioural performance declined less
rapidly with aging than in strain F344 (Spangler et al. 1994).

Pathology and spontaneous disease

Endocardial disease 7% at an average age of 31 months (Boorman et al. 1973). Tumours of
epithelium 28% in males, 2% in females. Ureter tumours 20% in females, 6% in males.
Estimated median life-span more than 24 months in males and more than 25 months in females
(Boorman and Hollander 1974).

Median lifespan 29 months in males (n=74) and 31 months in females (n=236). Most common
neoplastic lesions in males were urinary bladder carcinoma 35%, pancreas islet adenoma 15%,
pituitary adenoma 14%, lymphoreticular sarcoma 14%, adrenal cortex adeneoma 12%,
medullary thyroid carcinoma 9%, adrenal pheochromocytoma 8%. Four other types of tumours
were observed. In females: pituitary adenoma 26%, ureter carcinoma 22%, adrenal cortical
adenoma 19%, cervix sarcoma 15%, mammary gland fibroadenoma 11%, islet adenoma 11%.
Twelve other tumour types were observed . The chance of death from metastases increased




with age in females, but reaches a peak at 25-30 months in males (Burek and Hollander
1975a;Burek and Hollander 1975b). The cervical and vaginal tumours have been studied in
detail (Burek et al. 1975), and further details of an aging colony are noted (Burek et al.
1976;Hollander 1976;Burek and Hollander 1977). Vaginal and cervical tumours, mostly
sarcomas but also seven squamous-cell carcinomas and four leiomyomas, were seen in 20% of
animals that died naturally (Burek et al. 1976). High incidence (31%) of hydronephrosis
reported in 2-month-old BN/Bi (Cohen et al. 1970), but little seen by others (Gray et al. 1982)
before 30 months, after which the disease progressed slowly. A high incidence was observed
at all ages by (Spangler et al. 1994).

Drugs and chemicals

Dimethylbenzanthracene induced a transplantable myeloid leukaemia (Colly and Hagenbeek
1977). Intermediate susceptibility to pentobarbital sodium (3/7) with LDgq of 90mg/kg
(Shearer et al. 1973).

Immunology

Resistant to induction of experimental allergic encephalomyelitis (1/7) (Gasser et al. 1975);
(McFarlin et al. 1975b;McFarlin et al. 1975a). However, resistance can be modulated by
endogenous corticosteroids (Peers et al. 1995). Resistant to induction of autologous immune
compex glomerulonephritis (Stenglein et al. 1975). Like strain MAXX, but in contrast to 17
other strains BN is susceptible to the development of mercury-induced autoimmunity to renal
basement membranes with the development of membraneous glomerulonephritis (Henry et al
1988). Susceptible to the autoimmune effects of mercury showing a decrease of peripheral
RT6.2(+) T lymphocytes compared with strain LEW (Kosuda et al 1994), but no release of
hydrogen peroxide in peritoneal polymorphonuclear leukocytes and macrophages in contrast
with LEW (Contrino et al, 1992). Susceptible to the development of autoimmunity to skin-
injected HgCl» , in contrast to LEW (Warfvinge and Larsson, 1994). Develop a T-helper 2

cell-mediated autoimmune syndrome following treatment with mercuric chloride, gold or D-
penicillamine which amy be associated with the response of mast cells (Oliveira et al, 1995)
Moderately sensitive to the development of experimental glomerulonephritis following
injection of nephritogenic antigen from bovine renal basement membrane (Naito et al, 1991)
Develops severe experimental allergic encephalomyelitis when immunised with rat spinal cord
and carbonyl iron adjuvent (Levine and Sowinski 1975). Experimental allergic neuritis
induced using T-cells and bovine P2 (a peripheral nerve myelin protein) (Linington et al.
1986). Resistant to the induction of Haymann nephritis (Badalamenti et al 1987). High IgE
response to Japanese Cedar pollen antigen (1/7): may be a useful model for studying
physiological and pathological changes in the nose after pollen challenge (Imaoka et al, 1993).
Resident macrophages (ramified microglea) of the central nervous system are constitutively
major histocompatibility complex class-I1 positive, in contrast with LEW (Sedgwick et al,
1993). Following lethal irradiation and re-constitution with syngeneic bone marrow and given
cyclosporin A for several weeks LEW rats will develop cyclosporin-induced autoimmunity
after withdrawal of the cyclosporin. The condition resembles graft-versus host disease in terms
of acute dermatitis and chronic scleroderma. However, BN rats do not develop this disease
(Wodzig et al, 1993). Resistant to the induction of experimental autoimmune uveoretinitis and
endotoxin-induced uveitis which appears to be associated with the production of tumour
necrosis factor (TNF) by retinal Muller glia and retinal pigmented epithelium. Strain LEW is
susceptible (Dekozak et al, 1994). Susceptible to the induction of proteinuria following
treatment with the monoclonal antibody 5-6-1, like LEW and outbred Wistar, but unlike




resistant outbred Sprague-Dawley rats which were also resistant to glomerular damage
(Gollner et al, 1995).

Low antibody response to phytohaemagglutinin, concanavalin A and streptococcal group A
carbohydrate (Koch 1976);, (Williams et al. 1973). Good (1/5) antibody response to a
synthetic 20 amino acid peptide derived from the alpha helical region of the RT1-D-u beta
chain (Murphy et al. 1994).

Infection

Resistant to the induction of encephalitis by coronavirus, with a much shorter delay in
lymphocyte proliferation following infection than in the susceptible LEW strain (Imrich et al.
1994).

Low plasma ceruloplasmin levels (Stolc 1984) Low fertility. Somewhat vicious. Poor
performance in an active avoidance learning task (4/4), but good reference memory(Van
Luijtelaar et al. 1988).

BNF344F1

Origin: F1 hybrid between F344 females and BN males.

A detailed study of animals ranging from three to 43 months of age found that the total number
of several major pathological lesions was significantly less than that reported in F344 or
Wistar rats. Although it was not possible to quantify the median lifespan, the reciprocal cross
(see F344BNF1) lived significantly longer than strain F344 (Lipman et al. 1996)

BUF

Inbr. F130 (NIH 1989).

Colour: Albino.

Genet: a, h, c.

Origin: Heston 1946 from Buffalo stock of H. Morris. To NIH in 1950 at F10.
Characteristics

Lifespan and spontaneous disease

Low incidence of dental caries. Spontaneous tumours of anterior pituitary 30%, and of adrenal
cortex 25% in older animals. Survival 58% at 2 years of age with thyroid carcinoma in 25%
(Lindsey et al. 1968). Low incidence of renal neoplasms (Snell 1967). High incidence of
tumours of the anterior pituitary, adrenal medulla and adrenal cortex in animals over 18
months old (Snell 1965). In one mutant subline, BUF/Mna, thymomas occur spontaneously in
100% of males and 98% of females more than 18 months of age (Matsuyama et al. 1988).
Susceptibility appears to be due to a single autosomal dominant locus, Tsr-1. However, this
line was reported to have been independently inbred from outbred stock so may be genetically
distinct from other BUF substrains (Matsuyama et al. 1988). Thymoma development appears
to be due to an intrinsic abnormality of the thymic epithelium as thymus rudiments
transplanted to nude rats also develop similar lesions (Taguchi et al. 1992). Abnormal
proliferation signals to the thymic macrophages and/or their progenitor cells may be involved
in the development of thymomas (Masuda et al. 1992). At the pre-thymoma stage BUF rats
have extremely large thymuses due to a gene Ten-1 located on chromosome 1. This gene may
be identical to Tsr-1 (Murakumo et al. 1993;Murakumo et al. 1995).

High incidence of prenatal mortality (1/8=18%) early and (2/11=11%) late, but no congenital
abnormalities detected (Shoji 1977).

Immunology
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Autoimmune thyroiditis see in 6/11 males at 36 weeks of age, but not seen in five other strains
(Hajdu and Rona 1969). Spontaneous autoimmune thyroiditis with mononucelear cell
infiltration of the thyroid in 26% of animals over one year (Noble et al. 1976). Autoimmune
thyroiditis develops spontaneously and after the ingestion of 3-methylcolanthrene, but reaches
nearly 100% after neonatal thymectomy (Silverman and Rose 1975a;Silverman and Rose
1975b). Autoimmune thyroiditis is exacerbated by high iodine diet (Cohen and Weetman
1988). Poor immune response to sheep red blood cells (6/7) (Tada et al. 1974). Epitope
specificities of collagen-induced studied by (Cremer et al. 1992c). Relatively resistant to the
induction of autologous immune complex nephritis (Klassen et al. 1971). Poor immune
response to sheep red blood cells (Tada et al. 1974). A synthetic polypeptide corresponding to
residues 87-99 of myelin basc protein is antigenic and encephalitogenic in these rats (Jones et
al. 1992). Susceptible to the induction of EAU by interphotoreceptor retinol-binding protein
(cf WKAH, W/M, LEJ and LEW, but in contrast with TO)(Sasamoto et al. 1994a). Susceptible
to the induction of relapsing experimental autoimmune encephalomyelitis (an animal model of
multiple sclerosis), which can be successfully treated by an allogeneic bone marrow transplant
(van Gelder and van Bekkum 1995).

Drugs and chemicals

Transplantable Morris hepatomas have been induced by several chemical agents (Morris and
Wagner 1968;Morris et al. 1970;Morris and Slaughter 1979). 2-acetylaminofluorine induces
liver tumours in 10% of female and 70% of males and mammary tumours in 70% of females
(Symeonidis 1954).

Low hepatic metabolism of ethylmorphine (7/10 im males 10/10 in females), but high
metabolism of anilene (3/10 males, 1/10 females) (Page and Vesell 1969). Resistant to the
induction of gastric tumours by N-methyl-N-nitro- N-nitrosoguanidine (Ohgaki et al. 1983).
Resistant to tumour induction by 3-methylcholanthrene, 7,12-dimethylbenz(a)anthracene and
trypan blue, though the former two and Bordetella pertussis vaccine induce chronic thyroiditis
(Reuber and Glover 1969;Reuber and Glover 1976;Glover et al. 1969). Resistant to the
development of N-methyl-N'-nitrosoguanidine (MNNG) induced gastric cancer though levels
of adduct were same as in the susceptible ACI strain (Sugimura et al. 1995)).

Reproduction

Intermediate breeding performance (5/12) and litter size (8/12) (Hansen et al. 1973)
Physiology and Biochemistry

Liver gangliosides are of the a-type (cf ACI, LEA & LEW) (Kasai et al. 1993).

High 10-week body weight in males (23/23) (Tanase et al. 1982).

Infection

Rapid elimination of Trichinella spiralis worms (1/12) (Bell 1992)

COP

Inbr.F49 (Pcr 1988).

Colour: Black hooded.

Genet: a, h.

Origin: Curtiss 1921 at Columbia University Institute for Cancer Research.
Characteristics

Lifespan and spontaneous disease

Mean life-span 20+0.2 months (but this figure is probably unreliable by modern standards).
Spontaneous tumours of the thymus (Dunning and Curtis 1946),(Dunning et al. 1947)
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Drugs and chemicals

Slow absorption of diethylstilboestrol leading to death from bladder calculi and papillomas
(Dunning and Curtis 1946),(Dunning et al. 1947). Resistant to mammary tumour induction by
7,12-dimethylbenz[a]anthracene at doses which in strains OM, NSD, WF, LEW and BUF
were highly susceptible. This is inherited as a dominant characteristic and appears to be a
property of the mammary gland rather than a systemic effect (Isaacs 1988). Also highly
resistant to the induction of mammary cancer following exposure to dust of 7,12-
dimethylbenz(a)-anthracene powder applied directly to exposed mammary tissue, in contrast
with WF (Takahashi et al. 1992b). Subtractive hybridization using COP and WF mRNAs
suggested that three genes (alpha-casein, lipoprotein lipase and an unidentified gene) were
over-expressed in COP mammary gland. Northern analysis also suggested that beta and
gamma-casein genes were also over-expressed in resistant WKY and COP, but not in
susceptible F344, WF or SD strains (Hsu and Gould 1993).

Miscellaneous

Small pituitaries (Dunning et al. 1947). Resistant to Cysticercus. Will grow transplantable
tumours IRS 4337 and R3327 prostate adenocarcinoma, which is a model of human prostate
cancer (Lubaroff et al. 1977). Low antibody response to streptococcal group A carbohydrate;
not linked to the MHC (Stankus and Leslie 1976). Resistant to the development of
experimental autoimmune myasthenia gravis (2/9) (Biesecker and Koffler 1988). Epitope
specificities of collagen-induced arthritis studied (Cremer et al. 1992b)

DA

Inbr.F77 (Han 1989).

Colour: Agouti .

Genet. A, C, H.

Origin: Developed from stock of unstated origin by Dr. T.T. Odell, Jr. at Oak Ridge National
Laboratory, Tennessee to F11, then by Dr. Darcy Wilson at the Wistar Institute, who named it
DA because it expressed the d blood group allele of Joy Palm, and it is agouti in colour
(Wilson 1965). Inbreeding was completed in about 1965. Although (Palm and Black 1971)
suggest it may be related to COP, there is no real evidence that this is the case.
Characteristics:

Lifespan and spontaneous disease

Urinary bladder tumours 54% in males and 14% in females, with a peak incidence at 25-30
months of age (Deerberg et al. 1985). High incidence of hormone-dependent endometrial
adenocarcinoma. A transplantable cell line (RUCA-1) derived from such a tumour in DA rats
can produce these tumours in ectopic sites. The rate of proliferation is reduced by tamoxifen,
and this cell line appears to be a suitable model for the study of molecular aspects of estrogen
and tamoxifen-dependent gene expression. See also strain BDII/Han (Schutze et al. 1992).
Urolithiasis found in 2/78 female rats at an average age of 118 days (Kunstyr et al. 1982).
Biochemistry and physiology

Possible model for deficiency of debrisoquine hydroxylation due to a lack of Cyp2D1 activity,
which is equivalent to human Cyp2D6 (Al Dabbagh et al. 1981), with the defect being due to a
structurally altered dbl protein(Gonzales et al. 1987). At least one other isoform of P450 of
the Cyp2C or Cyp3A families may also be missing. Although DA rats may be used as a
preliminary screen to identify Cyp2D6 substrates, interspecies differences in metabolism
means that this strain could not be used to provide quantitative information regarding the
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contribution of Cyp2D6 to an oxidation in humans (Barham et al. 1994).

Defective bile acid transport found in females, which may be related to deficient debrisoquine
hydroxylation (Reichen et al. 1986;Hackbarth et al. 1981) have described the glomerular
filtration rate and renal plasma flow in DA and other strains, and haematological parameters
and their relation to diet have been described (Hackbarth et al. 1983), In studies of food
intake and body weight gain, DA rats ingested mainly proteins and fats, in contrast with
outbred Wistar rats which ate about equal quantities of fat, protein and carbohydrate
(Larueachagiotis et al. 1994).

Reproduction

Short gestation period (1/8) (Yoon et al. 1976).

Drugs and chemicals

Susceptible (1/7) to the development of 4-nitroquinoline 1-oxide induced squamous cell
carcinomas of the tongue, with high proliferative response of the tongue epithelium (contrast
WEF) (Kitano et al. 1992).

Immunology

Susceptible to the induction of autoimmune thyroiditis (Rose 1975). Develop severe collagen-
induced arthritis following immunisation with bovine, chick or rat type Il collagens. This is
exacerbated by infection with rat cytomegalovirus. However, the congenic strain DA.1IN(BN)
is much more resistant (Griffiths et al. 1992). Develops arthritis after injection of Freund's
incomplete adjuvent alone (oil-induced arthritis, OlA). This is a self-limiting acute disease
whereas collagen-induced arthritis follows a chronic course (Holmdahl et al. 1994;Holmdahl
and Kvick 1992;Holmdahl et al. 1992). DA is sensitive whereas LEW are relatively resistant.
A strong local expression of TNF-alpha, induced by arthritogenic stimuli may be important for
the induction of arthritis (Mussener et al. 1995). Susceptible to the development of
experimental allergic encephalomyelitis upon treatment with a myelin basic protein-specific T
cell line derived from an F1 hybrid between resistant AO and susceptible DA strain rats
(Mostaricastojkovic et al. 1992). Although DA and LEW are both highly susceptible to the
development of EAE, there are marked differences in the array of myelin epitopes capable of
inducing the disease as well as MHC restriction of these epitopes between the two strains
(Stepaniak et al. 1995).

Resistant to the development of experimental glomerulonephritis following injection of
nephritogenic antigen from bovine renal basement membrane (10/10) (Naito et al. 1991). Met-
enkephalin increased H>O» production by macrophages (contrast AO) (Radulovic et al. 1995).

Infection

Infection with Hymenolepsis diminuata cysticercoids results in significant mastocytosis six
weeks post infection and low persistance of worms, in contrast with F344, where there was no
worm loss and no mastocytosis (Ishih 1992;Ishih 1994).

DONRYU

Inbr: F59+?.

Colour: Albino:

Genet. c.

Origin: R. Sato 1950 by inbreeding Japanese albino rats.

Characteristics

Lifespan and spontaneous disease

Spontaneous tumours 74% in males at 120-weeks, mostly pituitary adenomas,
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phaeochromocytomas and insulinomas. In females incidence 89%, mostly uterine
adenocarcinomas, mammary fibroadenomas and pituitary adenomas. Non-neoplastic lesions in
120 week old males and females seen most commonly in the lung, cervical lymph nodes and
kidneys (Maekawa et al. 1986). Histiocytic sarcoma seen in 5.3% of males and 4.2% of
females (Ogasawara et al. 1993). High incidence of endometrial cancer which can be inhibited
by feeding indole-3-carbinol (present in cruceriferous vegitables). This may be due to the
induction of estradiol 2-hydroxylation (Kojima et al. 1994). Intra-uterine administration of 20
mg/kg N-ethyl-N'-nitro-N-nitrosoguanidine dissolved in polyethylene glycol resulted in 49%
endometrial carcinomas, suggesting that this rat strain provides a good animal model for
endometrial adenocarcinoma in women (Andolu et al. 1994;Takahashi et al. 1995); .
Spontaneous endometrial cancer develops from early histological changes first observed at
about six months of age associated with persistant estrus, with endometrial hyperplasia being
observed at eight months. At 12 months severe hyperplasia was observed and
adenocarcinomas developed from about 15 months (Nagaoka et al. 1994).

Miscellaneous

Mild nature, relatively small size. Will accept 100% transplantable Yoshida sarcoma and
ascites hepatoma (Satoh 1964), (Odashima 1964). Corynebacterium liquefaciens induces a
marked resistance to challenge with ascites hepatoma (Suzuki et al. 1977).

F344

Inbr.F155.

Colour: Albino.

Genet. c.

Origin: Curtiss and Dunning 1920 at Columbia University Institute for Cancer Research,To
Heston 1949 (Billingham and Silvers 1959). To National Institutes of Health in 1951 (Hansen
et al. 1973). Subsequent sublines from Dunning or NIH. This is easily the most widely used
general-purpose inbred rat strain, being particularly favoured for cancer research and
toxicology. There is now considerable background information on strain characteristics,
including life-span, spontaneous diseases and response to chemicals.

Characteristics

Anatomy

Unlike seven other strains it does not develop brownish skin scales on the dorsum of the body,
the perineum and the tail (Tayama and Shisa 1994). Low relative heart weight in 10-week old
males (2/23) (Tanase et al. 1982).

Behaviour

Low open field defaecation (10/12) in males (Harrington 1972). Low wheel activity (11/12
females, 8/12 females)(Harrington 1971b). Moderately easy to handle. Good breeding
performance (1/12) and large litter size (1/12) (Hansen et al. 1973). Low response to operant
morphine-reinforced behaviour (4/4) (Ambrosio et al. 1995). Low preference for ethanol and
low capability to develop acute tolerance to ethanol hypnosis, like BN (York and Chan 1994).
Behavioural performance declined more rapidly with aging than in strain BN (Spangler et al.
1994). Develops smaller acoustic and tactile startle response than strain LEW, which may be
associated with strain differences in hypothalmic-pituitary-adrenal activation (Glowa et al.
1992). Unusual in its lack of preference for any concentration of salt. However, there is a
dramatic change from aversion to preference following transection of the chorda tympani
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nerve, which in other strains causes little change in salt preference (Sollars and Bernstein
1994). A preference can be induced by depletion of sodium chloride (Breslin et al. 1995).
Lifespan and spontaneous disease

Lifespan and tumour incidence depend both on strain characteristics and the environment. The
following has been reported: Median lifespan about 31 months in males and 29 months in
females with about 87% survival to 24 months in both sexes. (Sass et al. 1975)) (Cameron et
al. 1985) found a 75% survival at 26 months of age. Mean lifespan 24 months in both sexes in
presence of severe pulmonary infection (Davey and Moloney 1970). Median life-span 23-31
months in barrier-reared males and 26-29 months in barrier-reared females (Sass et al.
1975;Coleman et al. 1977); (Jacobs and Huseby 1967); (Hoffman 1979;Yu et al. 1982)). Food
restriction to 60% of ad-libitum prolongs median life-span to more than 34 months in males,
(Yu et al. 1982) but food restriction limited to early life and protein restriction caused only a
small increase in longevity (Yu et al. 1985). Other studies of life-span and neoplasia include
(Soleveld et al. 1984) and (Maekawa et al. 1983). Most animals older than 2 years exhibit
small local areas of nephritis; less than 25% show severe nephritis (Snell 1967).

Tumours: Mammary tumours 41% in females and 23% in males, pituitary adenomas 36% in
females and 24% in males, testicular interstitial cell tumours 85% in males. Other tumour
types less common (Sass et al. 1975). Thyroid carcinoma 22% (Lindsey et al. 1968).
Interstitial cell testicular tumours 65%, mononuclear cell leukaemia 24%, subcutaneous
fibroadenoma 9% in females. Both sexes have a 5% incidence of nodular hyperplasia of the
liver (Davey and Moloney 1970). In various studies incidence of leukaemias 23-26% and of
testicular intersticial tumours 65-90% (Jacobs and Huseby 1967;Davey and Moloney
1970;Moloney et al. 1970);(Sass et al. 1975) (Cockrell and Garner 1976). Uterine polyploid
tumours of endometrial origin 21% (Jacobs and Huseby 1967). In germ-free conditions
leukaemia 26% in males, 36% in females, mammary tumours 12% in males 20% in females,
all other tumours 9% in males, 5% in females (Sacksteder 1976).

Pathology of aged animals extensively characterised (Coleman et al. 1977); (Goodman et al.
1979); (Dent et al. 1980). Aged rats exhibit peripheral retinal degeneration which is
exacerbated by fluorescent light of moderate intensity (32 foot-candles). They also develop
cardiomyopathy with myocardial degeneration, fibrosis and chronic intersticial myocarditis
(males 33%, females 18%) and nephropathy (67% in males, 39% in females) (Lai et al. 1979).
Retinas of both sexes show a steady decline with age in the thickness of the outer nuclear layer
and photoreceptor layer, with a drastically accelerated rate of peripheral retinal degeneration
seen only in males after 12 months of age (Diloreto et al. 1994), see also (Faktorovich et al.
1992).

Drugs and chemicals

The F344 strain has been used in more than 400 2-year National Cancer Institute/National
Toxicology Program (NCI/NTP) toxicity/carcinogenicity studies which are individually
reported in the NCI/NTP Technical Report series. The resulting material, involving data on
over 100,000 rats is preserved at the NTP Archives. These include over eight million
histological slides, and a corresponding number of paraffin blocks and residual formalin-fixed
tissue. The archive is computerised so that individual lesions can be located for retrospective
study. A detailed account of the pathology of F344 rats, which is based largely on this material
is given by (Boorman et al. 1990).

Polybrominated biphynals and acrylamide are neurotoxins (Tilson et al. 1978;Tilson and Cabe
1979b;Tilson and Cabe 1979a). Low biliary excretion of copper after intravenous injection of
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CuSOy4 (4/4) (Nederbragt and Lagerwerf 1986). Susceptible to the induction of tumours of the

tongue by 4-nitroquinoline-1-oxide (Tanaka et al. 1993). Susceptible to the development of
anaplastic astrocytomas and glioblastomas following treatment with N-methyl-N-nitrosourea
in the drinking water (Shibutani et al. 1993). Realtively insensitive to the induction of tumours
by N-methyl-N-nitrosourea (MNU) following treatment with cyproterone acetate which
caused a high incidence of prostate tumours in the outbred Cpb:WU strain (Bosland et al.
1992). However, treatment with cyproproterone acetate for 21 days, testosterone proprionate
for three days and a single i.p. injection of MNU results in atypical hyperplasia of the ventral
prostate (Bosland et al. 1992).

Severity of spontaneous nephropathy in aged rats reduced by treatment with arylsulfonylurea
(Milman et al. 1979). Exposure of weanling rats to terephthalic acid or dimethyl terephthalate
in the diet induced urolithiasis (Wolkowski-Tyl et al. 1982). Phenylketonurea can be induced
by p-Chloro-DL-phenylalanine with L-phenylalanine (Andersen and Guroff 1974;Andersen
1982). Bleomycin induces pulmonary fibrosis, which can be reduced by treatment with
indomethacin (Thrall et al. 1979) . Treatment with 3,2'-dimethyl-4-aminobiphenyl (DMAB)
provides the best model for prostatic cancer of five strains tested (Shirai et al. 1990). Slow
metaboliser of MPPB (LEW is fast) (Takahara et al. 1993). Morphene does not increase nose-
poking behaviour, and phenobarbital does not decreases it, in contrast with strain NBR (Witkin
and Goldberg 1992). Compared with LEW rats, F344 show a much lower preference for
several classes of drugs of abuse. This may be associated with levels of neurofilament proteins
in the ventral tegmental area of the brain (Guitart et al. 1992). Duration of morphine-induced
EEG slow-wave bursts and associated behavioural stupor was less in F344 than in LEW
(Mayomichelson and Young 1993b). F344 rats self-administer less morphine than LEW rats
(Gosnell and Krahn 1993). Duration of EEG slow-wave bursts and behavioural stupor also
shorter in F344 than in LEW following administration of ethylketocyclazocine, suggesting
differences in opioid-related receptor populations between these strains (Mayomichelson and
Young 1993a). Resistant (1/4) to the organophosphate diisopropyl fluorophosphate (DFP) in
terms of hypothermic response and recovery of day-night difference in core temperature
(Gordon and Watkinson 1995).

Resistant (compared with Sprague-Dawley rats) to the ventricular hypertrophy and pressure
changes induced by monocrotaline. This is associated with pulmonary vascular response rather
than hepatic metabolism (Pan et al. 1993).

Oral administration of hydroquinone for two years resulted in dose-related nephropathy and
renal tubule adenomas in males but not females, whereas Sprague-Dawley rats were resistant
(English et al. 1994). Sensitive to the convulsive effects of kainic acid (2/4) (Golden et al.
1995). Relatively resistant (1/3) to carcinogenic effects of tamoxifen, possibly associated with
reduced cell proliferation in the liver (Carthew et al. 1995).

Immunology

Resistant to spontaneous autoimmune thyroiditis (Hajdu and Rona 1969), but susceptible to
experimental allergic encephalomyelitis (Gasser et al. 1975), experimental allergic neuritis
(Levine and Wenk 1968), and autologous immune complex nephritis (Watson and Dixon
1966). Relatively insensitive to the induction of experimental autoimmune glomerulonephritis
(4/4, cf WKY)(Sado et al. 1986). Susceptible to the development of experimental autoimmune
myasthenia gravis (8/9) (Biesecker and Koffler 1988). Resistant to the induction of thyroiditis
by 3-methylcholanthrene (Glover et al. 1969). Resistant to group A Streptococcus pyogenes
and Lactobacillus casei-induced chronic polyarthritis (Lehman et al. 1984). Epitope
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specificities of collagen-induced arthritis studied by (Cremer et al. 1992a). Normally resistant
to the development of adjuvent arthritis, but germ-free F344 rats are susceptible, and the use of
paraffin oil rather than mineral oil also induces susceptibility (Vandelangerijt et al. 1993).
Low antibody response to streptococcal group A carbohydrate, not linked to the MHC
(Stankus and Leslie 1976). Neonatal pancreatic islets derived by non-enzymic (in vitro)
isolation procedures can be transplanted across MHC barriers without any immune
suppression, in contrast with other strains such as ACI (Ketchum et al. 1992). Tachykinins
cause bronchoconstriction in susceptible F344 mainly by an indirect mechanism that involves
stimulation of NK1 receptors and mast cell activation, in contrast with the less sensitive strain
BDE where they cause bronchoconstriction by a direct effect on the airway smooth muscle via
activation of NK2 receptors (Joos et al. 1994).

Low primary and secondary response to sheep red blood cells (7/7) (Tada et al. 1974). Poor
producers of reaginic antibody in response to ovalbumin in aluminium hydroxide (Murphy et
al. 1974). (Boulter and Sell 1984) have described the alphafetoprotein and albumin genes and
compared these with ACI and BUF. Haematology; high RBC (7/7), Hb (6/7), PCV (6/7), and
monocytes (6/7), but low MCV (1/7), MCH (1/7), MCHC (2/7) (Lovell et al. 1981).
Biochemistry and physiology

Growth described by (Cameron et al. 1985). Resistant to the development of salt-induced
hypertension (Hall et al. 1976). High specific activity but low inducibility of NADP
cytochrome C reductase compared with outbred Sprague-Dawley rats (Gold and Widnell
1975). Hepatic microsomal activity before and after induction by phenobarbitone well
characterised (Page and Vesell 1969);(Gold and Widnell 1975;Dent et al. 1980). Large
pituitaries, susceptible to Cysticercus in infection and rapid absorption of diethylstilboestrol
leading to death (Dunning et al. 1947). Low LDsg of pentobarbital sodium (5/7=70mg/kg)

(Shearer et al. 1973). Have substantially higher levels of diurnal and stress related
corticosterone levels with higher levels of corticosteroid-binding globulin in plasma, spleen
and thymus than LEW or Sprague-Dawley rats (Dhabhar et al. 1993). Higher concentrations of
cortical and hippocampal 5-HT1A receptors compared with LEW rats (Burnet et al. 1994).
Hippocampal neurones are more vulnerable to ishemic insult than those of other strains (1/3)
(Iwasaki et al. 1995).

Infection

Infection with Hymenolepsis diminuata cysticercoids results in no worm loss and no
mastocytosis in contrast with DA where there was significant mastocytosis six weeks post
infection and low persistance of worms (Ishih 1992;Ishih 1994).

F344BNF1

Agouti (?)

Origin: F1 hybrid resulting from a mating of F344 females and BN males.

Median lifespan 145 weeks in males and 137 weeks in females was significantly longer than that
of F344 or BN rats housed in the same conditions. Pathological lesions in young animals was
significantly lower than in F344 rats (Lipman et al. 1996).

LEW

Inbr. F?+96.
Colour: Albino
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Genet: g, h, c.

Origin: Dr. Margaret Lewis from Wistar stock, to Aptekman and Bogden 1954 at F20, to
Silvers in 1958 at F31. Subsequently distributed by Silvers. Used as the inbred partner for a
number of congenic strains at the major histocompatibility complex (Stark and Kren 1969). A
substrain with congenital hydrocephalus due to primary aqueductal stenosis has been described
(Yamada et al. 1992)

Characteristics

Anatomy

Low relative heart weight in 10-week old males (4/23) (Tanase et al. 1982).

Behaviour

Docile. High response to operant morphine-reinforced behaviour (1/4) (Ambrosio et al. 1995).
Has a weak 24-hr. rhythm in wheel running activity when compared with ACI (Siebert and
Wollnik 1991). Can be triggered into paradoxical sleep by dark pulse stimulation (ie. turning
off the lights), in contrast with BN (Leung et al. 1992). Develops larger acoustic and tactile
startle response than strain F344, which may be associated with strain differences in
hypothalmic-pituitary-adrenal activation (Glowa et al. 1992).

Lifespan and spontaneous disease

Survival 26% at 2 years (Lindsey et al. 1968). In a study involving 305 female and 324 male
rats of the LEW/Han substrain, mean lifespan in females was 27.7+5.1 months, in males
32.5+6.6 months. In both sexes the lifespan was mainly determined by the occurrence of
neoplasms. Of the large spectrum of 52 histologically different types of tumours, the highest
incidence was observed for adenomas of the pituitary and adenomas/adenocarcinomas of the
adrenal cortex in both sexes, mammary gland tumours and endometrial carcinomas (45%) in
females, and C-cell adenomas/adenocarcinomas of the thyroid gland and tumours of the
haemopoietic system (28%) in males (Baum et al. 1995).

Immunology

Sensitive to the development of a number of experimental autoimmune conditions including
experimental allergic encephalomyelitis after challenge with guinea pig myelin basic protein
(McFarlin et al. 1975b;McFarlin et al. 1975a) (Hughes and Stedronska 1973;Perlik and Zidek
1974); (Gasser et al. 1975); (Willenborg 1979), induced autoimmune myocarditis (Friedman et
al. 1970), autologous immune complex glomerulonephritis (linked to the MHC) (Stenglein et
al. 1975); (Watson and Dixon 1966) (Kelchner et al. 1976), adjuvent-induced arthritis, (Perlik
and Zidek 1974) (Koga et al. 1973), streptococcal and Lactobacillus casei cell wall induced
arthritis (Wilder et al. 1983;Wilder et al. 1987;Wilder et al. 1982); (Lehman et al. 1983),
reactive arthritis induced by Yersinia enterocolitica (Hill and Yu 1987), allergic orchitis
(Levine and Sowinski 1970), autoallergic sialadenitis (a model of Sjogren's disease) (Cutler et
al. 1987), and experimental autoimmune myesthenia gravis (Biesecker and Koffler 1988)
(7/9)). Response may be modified by microflora (Kallen and Logdberg 1982). DA is sensitive
whereas LEW are relatively resistant to oil-induced arthritis using Freund's incomplete
adjuvent (Holmdahl and Kvick 1992;Holmdahl et al. 1992;Holmdahl et al. 1994). Following
lethal irradiation and re-constitution with syngeneic bone marrow and given cyclosporin A for
several weeks these rats will develop cyclosporin-induced autoimmunity after withdrawal of
the cyclosporin. The condition resembles graft-versus host disease in terms of acute dermatitis
and chronic scleroderma. BN rats do not develop this disease (Wodzig et al. 1993). Highly
susceptible to the induction of experimental autoimmune uveoretinitis (EAU) and endotoxin-
induced uveitis which appears to be associated with the production of tumour necrosis factor
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(TNF) by retinal Muller glia and retinal pigmented epithelium. Strain BN is resistant (Dekozak
et al. 1994). Susceptible to the induction of EAU by interphotoreceptor retinol-binding
protein (cf WKAH, W/M, LEJ and BUF, but in contrast with TO) (Sasamoto et al. 1994b).
Moderately sensitive to the development of experimental glomerulonephritis following
injection of nephritogenic antigen from bovine renal basement membrane (2/10) (Naito et al.
1991).

Susceptible to the induction of proteinuria following treatment with the monoclonal antibody
5-6-1, like BN and outbred Wistar, but unlike resistant outbred Sprague-Dawley rats which
were also resistant to glomerular damage (Gollner et al. 1995).

About half of females sensitised against H-Y antigen accept skin grafts from neonatal
sygeneic males, and about half of these will subsequently accept skin from adult males
(Silvers and Collins 1979). High antibody response to concanavalin A and
phytohaemagglutinin (Williams et al. 1973). Interferon production in response to
polyriboinosinic-polyribocytodilic acid 20-40 fold higher than that observed in six other inbred
strains. The effect is due to more than one gene, and is not associated with the MHC (Davis et
al. 1984). Resident macrophages (ramified microglea) of the central nervous system are not
constitutively major histocompatibility complex class-11 positive, in contrast with BN
(Sedgwick et al. 1993). Mercury (HgCl») stimulates peritoneal polymorphonuclear leukocytes

and macrophages to produce hydrogen peroxide, in contrast with strain BN (Contrino et al.
1992). Resistant to the development of autoimmunity from skin-injected HgCls , in contrast to

BN (Warfvinge and Larsson 1994). Poor (5/5) antibody response to a synthetic 20 amino acid
peptide derived from the alpha helical region of the RT1-D-u beta chain (Murphy et al. 1994).
Although DA and LEW are both highly susceptible to the development of EAE, there are
marked differences in the array of myelin epitopes capable of inducing the disease as well as
MHC restriction of these epitopes between the two strains (Stepaniak et al. 1995).

Highly susceptible to inflammatory disease due to deficient glucocorticoid counter-regulation
of the immune response resulting from deficient corticotropin-releasing hormone
responsiveness. Have significantly more benzodiazepine binding sites than F344, though there
was no difference in affinities (Smith et al. 1992). No differences between LEW and F344 in
the sensitivity of target tissues to exogenous glucocorticoids which could be associated with
differences in susceptibility to inflammatory disease (Karalis et al. 1995).

Biochemistry and Physiology

High fertility. High serum thyroxine, insulin and growth hormone levels (1/5 in each case)
(Esber et al. 1974). Becomes obese on a high fat diet (rank 2/7)(Schemmel et al. 1970). High
hepatic metabolism of ethylmorphine in females (3/10) (Page and Vesell 1969). Short
gestation period (3/8)(Peters 1986). Low blood pressure (22/23), reaching 119+2.0 (SEM)
mmHg at 10 weeks of age (Tanase et al. 1982). Liver gangliosides are of the a-type (cf ACI,
LEA, & BUF) (Kasai et al. 1993). Rapid metaboliser of MPPB (F344 is slow) (Takahara et al.
1993). Have substantially lower levels of diurnal and stress related corticosterone levels with
higher levels of corticosteroid-binding globulin in plasma, spleen and thymus than F344 rats
(Dhabhar et al. 1993). Lower concentrations of cortical and hippocampal 5-HT1A receptors
compared with F344 and outbred Spargue-Dalwey rats (Burnet et al. 1994).

(Hackbarth et al. 1981) report on kidney function in this and other strains. (Hackbarth et al.
1983) report on haematological parameters in relation to several other strains.

Drugs and chemicals

Long pentobarbitone sleeping time in males (3/10) but short time in females (10/10) (Vieregge
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et al. 1987)). High serum ceruloplasmin levels (Stolc 1984). Compared with F344, LEW rats
show a much higher preference for several classes of drugs of abuse. This may be associated
with lower levels of neurofilament proteins in the ventral tegmental area of the brain (Guitart
et al. 1992). Duration of morphine-induced EEG slow-wave bursts and associated behavioural
stupor was greater in LEW than F344 rats (Mayomichelson and Young 1993b). LEW rats
self-administer more morphine and drugs of abuse than F344 rats (Gosnell and Krahn 1993);
(Glowa et al. 1994) (Ambrosio et al. 1995). Duration of EEG slow-wave bursts and
behavioural stupor also longer in LEW than F344 following administration of
ethylketocyclazocine, suggesting differences in opioid-related receptor populations between
these strains (Mayomichelson and Young 1993b). Cocaine conditioned place preference was
greater in LEW than F344 rats (Kosten et al. 1994). Susceptible to the induction of glandular
stomach adenocarcinomas following treatment with catechol (contrast WKY) (Tanaka et al.
1995a).

Infection

Young animals susceptible to Borrelia burgdorferi-induced arthritic lesions resembling those
found in human Lyme disease (Barthold et al. 1988). Susceptible to the induction of
encephalitis by coronavirus, with a much longer delay in lymphocyte proliferation following
infection than in the resistant BN strain (Imrich et al. 1994). Susceptible (1/4) to ocular

infection with herpes simplex virus with death following 4 x 104 plaque forming units (pfu).
PVG was relatively resistant (Nicholls et al. 1994).

OM

Inbr. F100 (NIH 1989).

Colour: Albino.

Genet. c.

Origin: Heston 1946 from non-inbred Osborne-Mendel stock obtained from J White, to NIH at
F10 (Hansen et al 1982).

Characteristics

Spontaneous thyroid carcinoma 33% (Lindsey et al. 1968). Adrenal cortical tumours 94% and
pituitary tumours 8-18% at 18 months (Hansen et al. 1973). In animals over 18 months Snell
found adenomas or carcinomas of adrenal cortex 73% in males and 95% in females, pituitary
tumours 25%, granulosa cell tumours of the ovary 33% in females. Animals were also
relatively resistant to development of nephritis (Snell 1965). Poor survival to 2-years of age at
43% (rank 5/5) in males and 38% (rank 5/5) in females with relatively severe chronic renal
disease and an intermediate level of hydronephrosis which may make the strain unsuitable for
long-term toxicity studies (Takahashi et al. 1995). High blood pressure (3/23), reaching
154+1.0 (SEM) mmHg at 10 weeks of age (Tanase et al. 1982). Mammary tumours 26-30%.
High incidence of retinal degeneration in animals over 10 months (von (von Sallmann and
Grimes 1972;von Sallmann and Grimes 1974). High systolic blood pressure (2/17) (Hansen et
al. 1973).

Becomes obese on a high fat diet (1/7) (Schemmel et al. 1970; Buchanan et al. 1992).
Enterostatin inhibited the uptake of high, but not low fat diets after an overnight fast (contrast
strain S5B) (Okada et al. 1992). Intermediate breeding performance (8/12) and good litter size
(4/12) (Hansen et al. 1973). Very susceptible to chronic respiratory disease (Greenhouse et al.
1990). Used in studies of effects of fluoride on tooth enamel and dental plaque (Shern and
Couet 1979;Shern et al. 1979). High 10-week body weight in males (20/23) (Tanase et al.
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1982)).

PVG

Inbr. F70+2.

Colour: Black hooded.

Genet. a,C, h.

Origin: Kings College of Household Science, to Lister Institute, to Virol, to Glaxo 1946.
Inbred by Glaxo. A substrain PVG/cBKkI, which is C6 complement deficient due, presumably,
to a spontaneous mutation has been described. In good environmental conditions it is perfectly
healthy (Leenaerts et al. 1994).

Characteristics

Docile and good breeding performance. Low defaecation and activity in an open field in
Broadhurst's subline. Haematology; Low RBC (1/7), Hb (1/7), PCV (1/7), WBC (1/7) high
MCV (7/7), MCH (7/7), (Lovell et al. 1981). Show remarkable freezing behavior on cat
exposure, not seen in Sprague-Dawley rats. Cholecystokinin (CCK)2 receptors were
expressed to a greater extent in the PVG hooded rats. A CCK2 antagonist, LY225910,
inhibited freezing behavior in the PVG hooded rats while a CCK2 agonist, CCK-4, increased
freezing behavior in the SD rats. (Farook et al. 2001).

Resistant to experimental allergic encephalomyelitis (Hughes and Stedronska 1973). Resistant
to the induction of autoimmune thyroiditis (Rose 1975). Susceptible to the development of

Mycobacterially induced adjuvent arthritis (Harbuz et al. 1992). Congenic strain PVG.RT1Y is
resistant to type Il collagen-induced arthritis (Morgan et al. 1992).

Suceptible to infection by Entamoeba histolytica (Neal and Harris 1975). Lower incidence of
polyspermia than in WAG (Braden 1958). A subline with a chromosome marker analogous to
the CBA-T6 mouse strain has been developed by (Howard 1971), and PVG is used as the
genetic background strain for a number of RT1 and other congenic strains (eg (Chisholm et al.
1977), (Hunt and Fowler 1981). Short gestation period (2/8)(Peters 1986). Resistant to the
development of glomerular sclerosis following unilateral nephrectomy, in contrast to Wistar
and most other rat strains (Grond et al. 1986). Moderately sensitive to the development of
experimental glomerulonephritis following injection of nephritogenic antigen from bovine
renal basement membrane (Naito et al. 1991).

Resistant (4/4) to ocular infection with herpes simplex virus with 60% survival after infection

with 104 plaque forming units. LEW was relatively susceptible; all died after infection with

4x102 pfu (Nicholls et al. 1994). Develops less inflammation than AO following injection of
an E1-deleted non-replicating human adenovirus type 5 vector (Byrnes et al. 1995).
Susceptible to tissue injury following dosing with 1.0 or 1.33 g/kg of sodium chloride with
80% submucosal oedema compared with only 10% in Sprague-Dawley (Fraser et al. 1992).

WAG

Inbr. 138.

Colour: Albino,

Genet. a, ¢, h or H, depending on subline; most commonly a, c, h.

Origin: AL Bacharach, Glaxo Ltd 1924 from Wistar stock. Note that the presence of different
coat color alleles in some sublines implies that this strain may have become genetically
contaminated at some time in the past. It is therefore important that the subline should be
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stated carefully in published work. WAG/Cpb clearly differs from other sublines at many loci
(Festing and Bender 1984).

Characteristics

Behaviour

Short latency to emerge from cage into familiar (4/12 males, 3/12 feamles) and novel
environments (2/12 males, 3/12 females)(Harrington 1971a). High open-field ambulation
(2/12) (Harrington 1972)). High wheel activity (2/12) (Harrington 1971Db)). Low open-field
defecation (7/8) but high ambulation and shock-avoidance learning (1/8) (Rick and Fulker
1972).

Biochemistry and physiology

Low brain GABA (Rick and Fulker 1972). Rij substrain develops spontaneously occurring
spike-wave paroxysms on the electroencephalogram, accompanied by clinical phenomena
resembling human 'petit mal' or absence epilepsy. A second type of novel wave was not
associated with any behavioural correlates and was seen exclusively during wakefulness (van
(Luijtelaar and Coenen 1986;Coenen and Van Luijtelaar 1987), (Coenen et al. 1992;Van
Luijtelaar and Coenen 1989). The condition appears to be due to more than one dominantly-
acting genes (Peeters et al. 1990;Peeters et al. 1992), and follows definite 24 hour rhythms
(Van Luijrelaar and (Van Luijtelaar and Coenen 1988), being particularly marked during light
slow wave sleep and passive wakefulness (Drinkenberg et al. 1991). The response to anti-
epileptic drugs corresponds to that of human absence epilepsy (Peeters et al. 1988). In contrast,
the ACI strain was almost free of spike-wave discharges, while BN/Bi, B and G were
intermediate (Inoue et al. 1990). Some solvents for antiepileptic drugs have proepileptic
potencies in this strain (Peeters et al. 1992). Blockage ofAMPA and kainate receptors led to an
antiepileptic effect without inducing behavioural alterations (Peeters et al. 1994a;Peeters et al.
1994b). A low dose of fentanyl (0.01mg/kg) with fluanisone (0.5 mg/kg) caused a large
increase in epileptic activity, which was larger than with higher doses (Inoue et al. 1994).
Lifespan and spontaneous disease

Endocardial disease 4% at an average age of 31 months (Boorman and Hollander 1973).
Tumours: medullary thyroid carcinoma 27%, chromophobe adenoma of the pituitary 68%,
adrenal cortical adenoma 29%, pheochromocytoma 2%, islet cell adenoma 1%. Mean life-span
more than 31 months in females and 22 months in males (Boorman et al. 1972). Mean life-
span 31 months in females with pituitary tumours found in 69% of females. Other common
tumours include medullary thyroid carcinoma 40%, adrenal cortical adenoma 29%,
fibroadenoma of breast 21% with 19 other types of tumour found in 290 animals (Boorman
and Hollander 1973). 90% survival to 13 months, 50% at 24 months and 10% at 31 months in
virgin females, 90% at 23 months, 50% at 29 months and 10% at 38 months in breeding
females. Pancreatic atrophy 16% in females, 11% in males; hydronephrosis 16% in males;
cystic ovaries 36% in males (Burek 1978). Bilateral retinal degeneration with early onset and
slowly progressive course which resembles human retinitis pigmentosa (Lai et al. 1980).
Further details of aging given by (Hollander 1976).

Immunology

Resistant to experimental allergic encephalomyelitis (Hughes and Stedronska 1973). Some
sublines may carry recessive gene dx preventing anaphylactoid reaction to dextran (Harris et
al. 1963). Susceptible to the induction of autoimmune thyroiditis (Rose 1975). Higher
incidence of polyspermia than in PVG (Braden 1958). Susceible to iron deficiency. Low
secondary antibody esponse to the polypeptide (T,G)-Pro-L (17/20) (Gunther et al. 1976). Poor
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(4/5) antibody response to a synthetic 20 amino acid peptide derived from the alpha helical
region of the RT1-D-u beta chain (Murphy et al. 1994).

Miscellaneous

High biliary excretion of copper after intravenous injection of CuSOgy4 (1/4) (Nederbragt and

Lagerwerf 1986). Haematological parameters described by (Lovell et al. 1981). Long gestation
period (1/8) (Peters 1986).

WF

Inbr.F?+58 (Pit).

Colour: Albino,

Genet. c.

Origin: J Furth 1945 from a commercial Wistar stock in an attempt to develop a high
leukaemia rat strain. Strain carries a distinctive heteropycnotic Y chromosome which may be
used as a cellular marker (Zieverink and Moloney 1965). A substrain carrying the "fuzzy"
mutation, which arose spontaneously in WF has been used in research on dermal toxicity, and
is described in more detail by (Marit et al. 1995).

Characteristics

Lifespan and spontaneous disease

Carcinoma of the colon found in 8/21 males and 8/29 females (Miyamoto and Takizawa
1975). In females tumours include 27% pituitary, 21% mammary, 3% adrenal, 9% leukaemia
(generalised), 7% lymphoma (malignant), 3% lipomas and 4% unclassified (Kim et al. 1960).
Mean life span 21 months in females and 23 months in males. Leukaemia 15-22%
characterised by an unusual type of mononuclear cell containing reddish granules. Incidence
of spontaneous pituitary tumours 38% in rats older than 10 months of age, increasing to a
maximum of 69% at 28-32 months of age. Higher incidence in females (71%) than in males
(35%) (Trouillaz et al. 1982). WF rats develop retinal dystrophy from about 3-months of age
which resembles that found in RCS rats, but with a later onset. By about 7 months all rats are
affected (Lin and Essner 1988). Have an hereditary macrothromobcytopenia, with about 1/3rd.
the normal number of platelets, which are larger than normal. The condition appears to be
inherited as a recessive Mendelian character (Jackson et al. 1988).

Drugs and Chemicals

Administration of 3-methylcholanthrene to young increased, but X-rays decreased leukaemia
(Moloney et al. 1969). Highly susceptibly to the induction of mammary cancer following
exposure to dust of 7,12-dimethylbenz(a)-anthracene powder applied directly to exposed
mammary tissue, in contrast with COP (Takahashi et al. 1992a). Resistant (7/7) to the
induction of squamous cell carcinomas of the tongue by 4-nitrogquinoline 1-oxide (contrast
DA) (Kitano et al. 1992). Sensitive to the convulsive effects of kainic acid (1/4) (Golden et al.
1995).

Physiology and Biochemistry

Low serum growth hormone (5/5) (Esber et al. 1974). Low blood pressure (20/23), reaching
123+1.3 (SEM) mmHg at 10 weeks of age (Tanase et al. 1982)). Resistant to adrenal
regeneration hypertension (Molteni et al. 1975).

Immunology

Low antibody response to streptococcal group A carbohydrate; not linked to the MHC
(Stankus and Leslie 1976). Resistant to the development of experimental autoimmune
myasthenia gravis (1/9) (Biesecker and Koffler 1988). Grafts of aorta from DA develop
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chronic arteriosclerotic changes in the vascular wall, after a short spontaneously reversible
acute rejection period, which resemble those observed in human allografts during chronic
rejection (Mennander et al. 1992).

WKY/N

Inbr. F46 (N).

Colour: Albino,

Genet. a,B, c,h,P,R

Origin: National Institutes of Health in 1971 from outbred Wistar stock from Kyoto School of
Medicine. Inbred as a normotensive control strain for SHR (Hansen et al. 1973), though there
IS some controversy about the validity of such use (see Rapp (1987)). Johnson et al. (1992)
found large genetic differences using restriction fragment length polymorphisms between
WKY and SHR, comparable to the maximum divergence possible between unrelated humans.
Also, breeding stock of this strain was distributed before F20, possibly resulting in the
emergence of a number of strains or substrains (Kurtz et al. 1989;Kurtz and Morris, Jr. 1987).
It is therefore essential that subline codes are always used in designating this strain.
Characteristics:

Some demonstrate heritable biventricular cardiac hypertrophy, providing a model of volume-
load hypertrophy (Pfeffer et al. 1979) using breeding stock obtained from the NIH in 1973 at
F5). Similarly, Kuribayashi et al. (1988) found a high incidence of a range of cardiac
abnormalities in WKY/NCrj substrain rats. Belledonne et al. (1979) showed that WKY/Tac
rats are sensitive to sodium chloride-induced hypertension and have abnormal acid and
ammonium excretion. Sensitive to the induction of ulcers by stress (1/4) (Pare 1989).
Hyperresponsive to a novel environment as indicated by delay in entering the open field,
increased grooming, reduced rearing, and reduced locomotion. Plasma ACTH levels were
found to be 67% higher than in BN rats, with an inverse correlation with longevity (Tizabi et
al. 1992; Gilad et al. 1993). Relatively sensitive to the induction of experimental autoimmune
glomerulonephritis (1/4, cf F344)(Sado et al. 1986). Like the COP strain, resistant to the
development of induced and spontaneous mammary carcinomas due to one homozygous copy
of a mammary tumour suppressor gene (Haag et al. 1992). Resistant to the induction of
glandular stomach adenocarcinomas following treatment with catechol (contrast LEW, Wistar
and Sprague-Dawley) (Tanaka et al. 1995a),

Compared with SHR/N, ACI and F344/N, has low levels of cytochrome Cyp2C11 but
relatively high levels of S-warfarin 4-and 8-hydroxylase activities (Kitareewan and Walz
1994). Resistant to the development of mammary carcinomas (both spontaneous and induced)
due to a suppressor gene which appears to be similar or identical to that carried by strain COP.
However, WKY also carries one or more susceptibility genes (Haag et al. 1992).

Low 10-week body weight in males (4/23) (Tanase et al. 1982)). (Bellhorn et al. 1987) found
that rats of the substrain maintained by Charles River Inc. develop an outer retinal
degeneration by middle age.  Slow acetylator due to polymorphism of N-acetyltransferase
(like NSD but contrast PETH) (Juberg et al. 1991).

A congenic strain carrying the fatty gene (fa) (N8-N10) has been described by (Peterson et al.
1990). It appears in many ways to be similar to strain WDF/Ta-fa, with non-insulin-dependent
diabetes mellitus.
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