Chapter 4

4.  Biology and Diseases of Rats


Biology and Diseases of Rats

I.
INTRODUCTION

A.
Origin and History

· Descendent of the wild rat, Rattus norvegicus.

· Wistar Institute in Philadelphia prominent in development of laboratory rat.

· Most commonly used outbred rat stocks in N.A. are the Wistar, Sprague-Dawley, Long-Evans, and Holtzman.  All are albino, except the L-E (hooded rat) marked w/ a black or gray hair coat over the shoulders.

B.
Sources and Nomenclature

The genotype of outbred stocks and inbred strains may vary among sources and be reflected by differences in data when multiple sources of rats are used.

Table I

Commonly Used Strains

Inbred strains
Usefulness as models

ACI
Congenital genitourinary anomalies, prostatic adenocarcinomas

BN (Brown-Norway)
Inducible, transplantable myeloid leukemia, hydronephrosis

BUF (Buffalo)
Spontaneous autoimmune thyroiditis, host for transplantable Morris hepatomas

F344 (Fischer 344)
Long-term xenobiotic toxicity, gerontology, esophageal and urinary bladder carcinoma

LEW (Lewis)
Multiple sclerosis, various experimentally induced autoimmune dz

SHR (spontaneous hypertensive rat)
Hypertension, myocardial infection

WF (Wistar-Furth)
Mononuclear cell leukemia

Mutant strains
Characteristics

Brattleboro
Diabetes insipidus (autosomal recessive)

Gunn
Jaundice, kernicterus (autosomal recessive)

Nude
T cell deficient (autosomal recessive)

Obese SHR
Type 4 hyperlipoproteinemia (autosomal recessive)

C.
Housing

· Room temperatures between 72 and 76(F (Guide 64 – 79(F).  Humidity 40 to 60%.  Seventy-five to 125 fc suggested as an optimal range for light intensity.  Evidence indicates can induce retinal degeneration in albino rats.

· Insecticides and air-deodorizing chemicals have been shown to induce hepatic microsomal enzymes.

· Acidification of water to a pH of 2.5 to 2.8 or chlorination at 8 to 12 ppm will control P. aeruginosa.  Not necessary for immunocompetent animals.

II.
BIOLOGY

A.
Anatomy

1.
Digestive System
· Dental formula is 2(I 1/1, C 0/0, PM 0/0, M 3/3)

· Lacks tonsils and water taste receptors.

· Major pairs of salivary glands

· Parotid:  serous gland

· submandibular (submaxillary):  mixed

· sublingual:  Mucous

· Stomach divided into forestomach (nonglandular) and the corpus (glandular) separated by a limiting ridge.  Fold of the limiting ridge responsible for inability to vomit.
· Liver has four major lobes (median, right lateral, left, and caudate) and is capable of regeneration.  No gallbladder.  Bile ducts from each lobe form the common bile duct.

2.
Respiratory System
· Has a maxillary recess (sinus), contains the lateral nasal gland (Steno’s gland) that secretes a watery product that is discharged at the rostral end of the nasal turbinate.  May contribute to the humidification of inspired air and acts to regulate the viscosity of the mucous layer overlying the nasal epithelium.

· Left lung - one large lobe.

· Right lung - cranial, middle, accessory, and caudal.

· Pulmonary vein has cardiac striated muscle fibers w/i its wall that are contiguous with those in the heart.

· No adrenergic nerve supply to the bronchial musculature.  Bronchoconstriction controlled by vagal tone.  Has a low concentration of histamine.

3.
Cardiovascular System
4.
Genitourinary Systems
· Right kidney is more craniad than the left.  Rat kidney is unipapillate (other rodents, lagomorphs, and insectivores).  Useful for cannulization studies.  Superficial nephrons in the renal cortex made rat useful for studying nephron transport in vivo.

· Male reproductive system includes large seminal vesicles, a bulbourethral gland, and a prostate gland composed of the coagulation gland (dorsocranial lobe) and ventral and dorsolateral lobes.

· Female has a bicornate uterus, duplex–type because the lumina of the uterine horns are completely separate w/ paired ossa uteri and cervices.  Urethra does not communicate w/ the vagina or vulva, exits at the base of the clitoris.

5.
Central Nervous System
Ventricular system is similar to other animals, but rat lacks a foramen of Magendie.

B.
Normal Physiological Values

C.
Nutrition

· Caloric intake and the percent of fat and protein in the diet influence the incidence of neoplasia.

· Linoleic acid, 0.6%, is required

D.
Biology of Reproduction

1.
Reproductive Physiology
· Sexual maturity between 6 and 8 wks, although onset of first estrus occurs at about 5 wks.  Vagina opens between 34 and 109 days, testes descend between 15 and 51 days.

· Rats ovulate spontaneously.  Vaginal stimulation during mating is important.  Stimulation of the vagina w/i 15 min of a first mating will abrogate pregnancy by inhibition of sperm transport.

· 12-hr estrous period recurs every 4 to 5 days and after parturition.

· Ejaculated semen coagulates, forming a copulatory plug that remains in the distal vagina for a few hours, then dissolves or is extruded.

· Copulation usually nocturnal.

· Gestation averages 21 or 22 days.

2.
Detection of Estrus and Pregnancy
Breeding dates can be established by examination of vaginal swabs for spermatozoa or examining the distal vagina or cage pan for copulatory plugs.  Timed pregnancies by placing female in the male’s cage in the afternoon and examining her for a plug or spermatozoa the following morning.  Abdominal enlargement evident about 2 wks.

3.
Husbandry Needs
· Monogamous pairs takes advantage of postpartum estrus for max breeding efficiency.  Polygamous breeding more economical.  Recommended floor space for female and litter is 150 in2.

· Daily lighting at an average of 100 fc w/ a natural light spectrum for 12 to 16 hr best for breeding.  Constant light for as few as 3 days may induce persistent estrus, hyperestrogenism, polycystic ovaries and endometrial hypertrophy or metaplasia.

· Caloric restriction may actually improve fertility and possibly female reproductive life.

4.
Parturition
· Parturition heralded by pronounced postural stretching and rear leg extension.  Usually complete in 1 or 2 hr.

· Litter average 6 to 12 pups.

5.
Early Neonatal Development
· Born hairless, blind, w/ closed ears, undeveloped limbs, and short tail.

· Ears open 2 1/2 and 3 1/2 days; incisors erupt between 8 and 10 days; and eyes open between 12 and 16 days.  Fully haired between 7 and 10 days.

· Optimal weaning age is 20-21 days.

6.
Sexing
Male neonates have a larger genital papillus and the anogenital space greater in males.

7.
Artificial Insemination

8.
Synchronization
E.
Behavior

III.
DISEASES
A.
Infectious Diseases
1.
Bacterial Diseases

a.  Streptococcosis.  Streptococcus pneumoniae, G+ coccus.  Associated w/ upper respiratory tract infection of conventionally raised rats.

· Often remains localized in the nasopharynx w/o development of overt disease.  Most common signs of respiratory dz are serous to mucopurulent nasal discharge and “red tears” due to porphyrin secreted from the Harderian glands, dyspnea, rales, and depressed activity.  Will die w/i a few days after onset of pneumonic signs.  Severity and prevalence associated w/ environmental conditions that induce stress.  Young animals more apt to be clinically affected.

· Transmission by aerosol droplet.

· Most characteristic gross lesions are pulmonary consolidation and fibrinopurulent pleuritis and pericarditis.

· Differentiated from Mycoplasma by pericarditis, pleuritis, and pleural effusion.  Produces (-hemolysis similar to S. viridans group.  Differentiated by Optochin sensitivity.  Typing isolates by the Neufeld–Quellung reaction.

· Antibiotics will not eliminate the organism.  Hysterectomy rederivation of breeding stock is effective.

b.  Pseudotuberculosis (Corynebacteriosis).  G+ bacillus, Corynebacterium kutscheri.

· Causes inapparent infections, w/ exacerbation of respiratory dz under stress.  Most commonly seen signs - serous oculonasal discharge, dyspnea, anorexia, and loss of weight or retarded growth.  Suggested transmission via aerosol droplet or direct contact.  Hematogenous spread may be involved.

· Gross lesions characterized by a variable number of grayish-yellow foci surrounded by red zones, particularly in the lung.

· Lesions appear to be due to septic emboli.

· Dx made on clinical signs, gross and microscopic lesions, and isolation of the bacterium.  Recovered by culture on BAP incubated aerobically at 37(C.

· FNC (furazolidin, nalidixic acid, colymicin) agar

· Cortisone administration advocated as a means for surveillance.  Hysterectomy derivation effective.  Antibiotic therapy will not eliminate.

c.  Tyzzer’s Disease.  Clostridium piliforme, G–, spore-forming rod.

· Clinical signs not distinctive.  Adolescents w/ lethargy, weight loss, and distended abdomens.

· Hepatic lesions - numerous small, pale foci on the surface and w/i the parenchyma.  Intestinal lesion “megaloileitis”.

· Pathogenesis - primary intestinal infection w/ spread to the liver via portal circulation.  Invades enterocytes, resulting in villus shortening, inflammation, necrosis, and hemorrhage.

· Definitive Dx - organism w/i hepatocytes, intestinal epithelium, or myocardium.

d.  Pasteurellosis.  Pasteurella pneumotropica.

· Pathogen of low virulence.  Copathogen w/ either M. pulmonis or Sendai virus. 

· Suggested is an enterotropic rather than pneumotropic organism.

· Horizontal transmission by fecal-oral route and direct contact.  Vertical transmission can occur.

· Hysterectomy derivation and barrier maintenance only means to control infection.  Antibiotic therapy not effective.

· 16S rDNA-based PCR for detection in swab specimens.  LAS 46(1): 81-85

· RAPD-PCR.  LAS 46(4): 386-392

e.  Salmonellosis.  Salmonella enteritidis, S. typhimurium, S. dublin, and S. meleagridis.

· Signs - anorexia, depressed activity, starry hair coats, and soft to formless feces.  Die in 1 - 2 wks.

· Salmonellae penetrate the intestinal mucosa of the ileum and cecum.  Enlarged Peyer’s patches, mesenteric lymph nodes, and spleen.  Development of focal necrosis and granulomas in the spleen and liver.

f.  Pseudomoniasis.  Pseudomonas aeruginosa, G–.

· Inapparent infection in immunocompetent.  In immunosuppressed, invades the upper respiratory mucosa and cervical lymph nodes, becomes bacteremic and induces an acute, lethal dz.

· Transmission by direct contact and contaminated water bottles and automatic watering systems.

· (-hemolytic and produce bluish-green pigment, pyocyanin, as well as fluorescein.

· Infection controlled by hyperchlorination at 12 ppm or by acidification of water to 2.5 – 2.8 pH.

g.  Streptobacillosis.  Streptobacillus moniliformis; commensal, found in nasopharynx.

· Chief importance as the agent causing rat-bite fever.

2.
Mycoplasmal Diseases
a.  Murine Respiratory Mycoplasmosis.  M. pulmonis has had the greatest negative impact on studies.  Due to chronicity.

· Signs include snuffling and serous or mucopurulent oculonasal discharge.

· Transmitted both horizontally and vertically.

· LEW rat more susceptible than F344.

· Hysterectomy derivation only means of establishing breeding colony.

· Best sites for isolation - nasal cavity, middle ear, trachea, and uterus-oviduct.

b.  Murine Genital Mycoplasmosis.  M. pulmonis an important pathogen in female genital tract.  Reduced fertility and fetal deaths can occur.

· Gross lesions - purulent oophoritis, salpingitis, and pyometra.  LEW rat prone.

c.  Mycoplasmal Arthritis.  M. arthritidis.

· Suggested that poor cage sanitation and abrasions of the extremities are involved in entry to the joints by hematogenous spread or extension from surrounding tissues.

· Affected joints are hyperemic and swollen.  Purulent exudate in both articular and periarticular tissues.

3.
Rickettsial Diseases

Hemobartonellosis.  Hemobartonella muris.

· Extracellular parasite of erythrocytes and induces inapparent infections.

· Transmission involves the blood-sucking louse, Polyplax spinulosa.  Can be inadvertently transmitted w/ transplantable tumors and other biological products.

· Visualized on the surface of erythrocytes in Romanowsky-stained blood smears as coccoid bodies arranged singly, in clusters, or chains.

4.
Viral Diseases
a.  Parvoviral Syndromes

· Includes Kilham Rat virus (KRV), Toolan H‑1 virus, rat parvovirus, and minute virus of mice (MVM)

· KRV is the only one associated w/ natural disease

· Usually subclinical or latent

· Signs may be seen in animals which are immunosuppressed

· Some clinical signs are fetal resorption and birth of small litters in pregnant dams, pups which are runted, atactic, or jaundiced 

· Rats introduced into an infected colony may present w/ ruffled fur, dehydration, and sudden high mortality

· Seroconversion is common in colonies which are enzootically infected

· Horizontal transmission by oral and probably respiratory routes

· Vertical transmission occurs

· Seropositive rats are most likely persistently infected and can serve as a source of infection to other rats

· In pups, necrosis occurs in the outer germinal cell layer of the cerebellum and intranuclear inclusion bodies occur in the cerebellum, hepatocytes, Kupffer cells, endothelial cells, and biliary epithelial cells

· Adults may present w/ coagulative disorders, thrombosis, hemorrhage, infarction in the CNS, and hemorrhagic and necrotic lesions in the peritoneum, testis, and epididymis

· Differential diagnoses consist of environmental and husbandry factors, Mycoplasma, Sendai virus, toxicity, nutritional deficiency, and trauma

· Control is best achieved through repopulation and rederivation

b.  Other DNA viruses

· Cytomegalovirus, has a predilection for the salivary and lacrimal glands

· Mouse adenovirus, inclusions have been reported in the intestine of rats treated w/ cancer chemotherapeutic agents

c.  Sialodacryoadenitis Virus (SDAV) and related Coronaviral Infections

· Clinical signs of SDAV‑ blepharospasm, sneezing, porphyrin‑pigmented nasal and ocular discharge, cervical edema, and keratoconjunctivitis

· Infection is subclinical in weanling or older rats but neonates and sucklings develop lower respiratory disease

· Spreads by contact, aerosol, or fomite

· Infection is acute lasting about one week at which time rats seroconvert w/ no carrier state

· SDAV causes rhinitis, necrosis of salivary and lacrimal glands w/ intense inflammation and edema, tracheitis, and peribronchial lymphoid hyperplasia

· Harderian glands are flecked w/ yellow‑gray foci

· One, some, or all of the salivary or lacrimal glands can be affected, w/ the exception of the sublingual salivary gland, which is spared.

· Glandular repair ensues w/i 1 wk, w/ squamous metaplasia of ductular epithelium and hyperplasia of acinar epithelium.

· Interstitial pneumonia can occur in suckling, but not adult rats

· Conjunctivitis, keratitis, corneal ulcers, synechia, hypopyon, and hyphema can arise due to lacrimal dysfunction

· Rat Coronavirus (RCV) infection causes rhinotracheitis and focal interstitial pneumonia

· Salivary gland infection is rare, but when present resembles wild SDAV lesions.

· SDAV and Parker strains both express S glycoprotein on viral envelope but only Parker express hemagglutinin esterase.  LAS 46(2): 159-166

· Differential diagnoses ‑ mycoplasma, Sendai virus, pathogenic bacteria, excess ammonia, or hypovitaminosis A, and P. aeruginosa in the case of cervical swelling

· Mild lower respiratory tract lesions associated w/ RCV must be differentiated from those of Sendai virus or pneumonia virus of mice

· Most sensitive antibody tests are immunofluorescence or ELISA

· Control in the face of an outbreak ‑ let the disease run its course, cease breeding and introduction of new rats, and disinfect

d.  Sendai Viral Infection

· Paramyxovirus

· Usually subclinical but can be manifested as ruffled fur, dyspnea, anorexia, decrease in average litter size, and runted pups

· Highly contagious

· Induces an acute respiratory infection w/ no natural carrier state

· Excretion and transmission occurs via the respiratory tract

· Lesions include necrotizing rhinitis, tracheobronchitis, lung consolidation, necrotizing bronchiolitis, focal nonsuppurative interstitial pneumonia, and perivascular and peribronchial lymphoplasmacytic infiltrates

· Bacterial otitis media is often preceded by sendai viral infection in rodents

· Diff dx ‑ Sendai, PVM, RCV, SDAV, hypovitaminosis A, Mycoplasmosis.

· Laboratory dx ‑ virus isolation, CF, HAI, immunofluorescence, and ELISA

e.  Pneumonia Virus of Mice Infection

· Paramyxovirus

· Has not been associated w/ clinical disease in the rat or mouse under natural conditions.  Several rodent species, including hamsters, GPs, and gerbils seroconvert under natural conditions.

· Causes necrotizing bronchiolitis and interstitial pneumonia

· Later lesions include lymphocytic infiltration of peribronchial and perivascular tissues and focal interstitial pneumonia

· Infection in rats is usually diagnosed in retrospect where pulmonary lesions are observed following seroconversion to PVM in the absence of other respiratory pathogens

· Laboratory dx ‑ HAI, serum neutralization, immunofluorescence, ELISA

f.  Hemorrhagic Fever w/ Renal Syndrome (HFRS)

· Bunyavirus

· Zoonotic disease

· Virus is transmitted to man by excretions and aerosols from the lungs, saliva, and urine of healthy rodent carriers

· Disease in humans includes proteinuria, azotemia, petechiae, hemoconcentration, hypotension, and renal failure

· Transmission of HFRS to laboratory personnel by silently infected albino laboratory rats (Rattus norvegicus) has been documented in Japan and Belgium

g.  Other Virus Infections 

· Rats harbor endogenous retroviruses or genomic retrovirus sequences that are of minimal significance

· Natural seroconversion to Reovirus-3 and mouse encephalomyelitis virus have been noted w/ no apparent disease

5.
Parasitic Diseases
a.  Protozoal Infections

· Trypanosoma lewisi (a hemoflagellate) can be encountered if a colony is infested w/ rat fleas.  Rats harboring the organism become ill when stressed or immunosuppressed.

· Enteric flagellates are very common but nonpathogenic in laboratory rats

· Giardia muris and Spironucleus muris are common and considered pathogenic causing unthriftiness, diarrhea, and intestinal lesions

· Sporozoan parasites are encountered only on occasion in laboratory rats

· Hepatozoon muris - usually subclinical but can have leukocytosis, splenomegaly, anemia, hepatic degeneration, emaciation, or death.  Infection requires ingestion of the mite vector, Laelaps echidninus 

· Toxoplasmosis - subclinical in rats, transmission occurs by ingestion of cat feces or contaminated tissues, and transplacentally

· Sarcocystis muris - has a life cycle similar to T. gondii 

· Encephalitozoon cuniculi is uncommon in laboratory rats.  It may be transmitted via contaminated transplantable tumors, tissue, or tissue fluids.

· Pneumocystis carinii - fungi.  Infects the lungs of a variety of species.  Normally is not pathogenic except in animals that are stressed or immunosuppressed.

b.  Nematodiasis

· Syphacia muris - common oxyurid of the cecum and colon

· Syphacia obvelata - the mouse pinworm

· Aspicularis tetraptera - oxyurid of rats and mice

· Syphacia deposits eggs near the anus while Aspicularis does not - Aspicularis cannot be diagnosed using cellophane tape impressions

· Control is difficult because of resistance of organisms and autoinfection in the case of S. muris
· Most effective means of control are cesarean rederivation and subsequent strict sanitation.

· Ivermectin 2.9 mg/kg, 4 or 5 day courses in drinking water eliminated pinworms.  LAS 46(3): 286-290

· Trichosomoides crassicauda 

· Inhabits the transitional epithelium and lumen of the urinary tract.

· Small male resides w/i the reproductive tract of the female, whose anterior end embeds w/i the mucosa.

· Embryonated ova w/ bipolar opercula are shed in the urine.

· Migrating larvae can incite eosinophilia and formation of granulomata.

· Do not incite an inflammatory response in the bladder, but can serve as a nidus for calculi or enhance natural and experimental bladder carcinogenesis.

· Trichinella spiralis - larvae migrate and encyst in muscle

· Capillaria hepatica - larvae migrate to the liver

· Gongylonema neoplastium - burrows in the squamous epithelium of the tongue and anterior stomach

· Angiostrongylus cantonesis - infects the brain and lung

c.  Cestodiasis

· Taenia taeniaeformis (cat tapeworm) - rat is an intermediate host.

· Host connective tissue capsules can give rise to sarcomas.  The parasite has been used as a model of parasite-induced oncogenesis in the rat.

· Cysticercus fasciolaris on occasion encountered on contaminated food or bedding.

· Hymenolepis nana - dwarf tapeworm which infects the small intestine.  Indirect life cycle requires intermediate host but autoinfection can take place.

· Hymenolepis diminuta - requires intermediate host

· both H. nana and diminuta are considered zoonotic

d.  Insect Infestation

· Anopluran lice

· Polyplax spinulosa (the spined rat louse) and Hoplopleura pacifica (the tropical rat louse) infest wild rats.  H. pacifica not reported in laboratory rats.

· infested rats are unthrifty, irritable, pruritic, restless, and anemic.

· Polyplax spinulosa can transmit H. muris and T. lewisi.

· Rat fleas (Xenopsylla sp., Leptopsylla sp., and Nosopsyllus sp.) are rare in laboratory rats.

· Can transmit other agents and can serve as the intermediate host of H. nana and diminuta.

e.  Arachnid Infestation

· Mesostigmate mites - rapid blood suckers and have a nonselective host range

· Ornithonyssus bacoti (tropical rat mite) - can cause anemia and reduced reproductive efficiency

· Laelaps echidninus (spiny rat mite) - is a vector of Hepatozoon
· Prostigmate mites - have a more selective host range

· Radfordia ensifera (rat fur mite) - heavy infestation can cause self-inflicted trauma.  Equal claws.

· Micropipette application of 1% ivermectin for 3 treatments at approx. 2 wk intervals effective in eliminating.  CT 37(1): 58-61

· Demodex - produces minimal lesions

· Astigmate mites

· Notoedres muris (ear mange mite) - infests the skin of the ear - elicits a pruritic dermatitis

6.
Fungal Diseases
· Deep mycoses generally not a significant problem - pulmonary aspergillosis occasionally observed in rats and mice.  Phycomycotic encephalitis has been reported in 2-4 week-old rats.

· Dermatomycosis - more likely to be encountered

· Trichophyton mentagrophytes - ringworm in rats

B.
Noninfectious Diseases
1.
Metabolic/Nutritional Diseases
a.  Genetic Anomalies

· Genetic anomalies identified and are many times developed as special characteristics of various stocks and strains.

· Some strains naturally develop dz syndromes, such as Brattleboro rats w/ diabetes insipidus.

b.  Nutritional Deficiencies

· Natural deficiencies are rare

· Rats effectively store fat-soluble vitamins (and B12), manufacture vitamin C, and fulfill much of their requirement for B vitamins by coprophagy

· Signs - poor hair coat, reduced weight gain or growth, diminished fertility, and susceptibility to infectious disease

· Nutritional requirements vary w/ the genetic strain, stage of life, and microbiological association

· e.g. axenic or SPF animals can lack gut microflora necessary for vitamin K production.

· Signs are often vague and must be differentiated from other disease syndromes.

· Squamous metaplasia in the salivary and lacrimal glands of rats recovering from SDAV or in the respiratory tract of rats infected w/ Sendai virus or M. pulmonis must be differentiated from hypovitaminosis A, which in turn predisposes to respiratory infections.

2.
Management-Related Diseases (Nonnutritional)
· Pseudomonas aeruginosa can be introduced and spread w/in a colony through inappropriate sanitation, particularly of water bottles

· Excessive ammonia (( 25 ppm) from dirty bedding, overcrowded cages, or poor ventilation predisposes to resp infections, particularly Mycoplasmosis.

· Dehydration can occur w/ malfunction of automatic watering systems or unfamiliarity of the rat w/ the system

· Rats maintained on wire bottom cages for long periods can develop sores

· Aging rats must be examined for overgrowth of their incisors

· Dusty bedding and food can result in foreign body pneumonia

· High ambient light can result in retinal degeneration in albino rats

· Low humidity in concert w/ high temp and other factors can result in ringtail

· Cecal enlargement can interfere w/ reproduction in axenic rats.  Volvulus and torsion can result.

3.
Traumatic and Iatrogenic Diseases
· Traumatic skin disease is usually self-inflicted; infestation w/ ectoparasites or dermatophytes can cause self-inflicted excoriative dermatitis

· Staphylococcus aureus is consistently isolated from skin lesions

· Peritonitis and wound infections occur due to lack of aseptic technique in surgical procedures

· Inappropriate handling of large rats by the tail can result in sloughing of the skin

· Adynamic ileus occurs when rats are given chloral hydrate intraperitoneally; mimics megaloileitis (Tyzzer’s disease).

C.
Neoplastic Diseases
· Influences

· genetic

· environmental

· Nutrition: high fat diet enhances tumorigenesis, protein-calorie ratio influences occurrence of some tumors, restricted food intake of postweanlings for 7 or more weeks decreases tumor risk

· F344 rat - moderate to high incidence for tumors such as those of the testis, mammary gland, uterus, and hematopoietic and endocrine systems

· CRL:CD(SD)BR rat - Sprague-Dawley derived rat used in carcinogenesis studies has high incidence of mammary tumors and pituitary adenomas

1.
Skin and Mammary Gland

· Papillomas and Squamous cell carcinoma (SCC) - occur infrequently.  SCC usually occur on face and head and tend to be highly invasive but not metastatic.  Usually arise as sebaceosquamous tumors from the glands of Zymbal in the ear

· Benign fibroadenoma is most common type of mammary neoplasia, however adenocarcinomas also occur
.

· Mammary gland tumors may arise at any site from the neck to inguinal region

2.
Digestive System
· Incidence of tumors is low w/ most cases involving the colon

· Neoplastic nodules - circumscribed nodules of proliferating hepatocytes that compress the parenchyma - some may develop into carcinomas

3.
Hematopoietic System
· Mononuclear cell leukemia frequently seen in F344 and WF rats

· Myelomonocytic leukemia reported to be the most common lymphoreticular tumor in the BN/Bi rat

4.
Endocrine System
· Pituitary tumors 

· Occur frequently w/ a higher proportion in females.

· Incidence of 15-30% in F344 rats, 18% in OM (Osborne-Mendel) rats, and 3-13% in Sprague-Dawley rats.

· Most common is the chromophobe adenoma - benign tumor which causes signs due to compression of the brain such as hydrocephalus and neurological signs

· Pancreatic islet cell tumors are common in some stocks and strains

· Thyroid tumors

· Usually parafollicular cell adenomas - benign tumor which occurs in many stocks

· Follicular cell carcinomas - infrequent but can metastasize to the lung

· Adrenal tumors

· Tumors of the cortex are very common in several strains (e.g. BUF/N, M520/N, and OM/N)

· Pheochromocytomas - most common medullary tumor.  Particularly common in BUF/N, F344/N, M520/M, and WN/N.  Medullary tumors occur more often in males.

5.
Central Nervous System
· Astrocytoma is the most commonly reported tumor of the CNS

6.
Respiratory System
· Primary tumors of the lung are rare.

· The most frequently reported types are bronchogenic carcinomas, carcinomas, sarcomas, and adenomas.

7.
Urinary System
· Carcinomas of the bladder and ureter - BN/Bi strain has unusually high incidence

· Nephroblastomas, renal tubular adenomas, and adenocarcinomas have been reported in the rat kidney

8.
Reproductive System
· Prostatic tumors - common in the AXC rat

· Interstitial cell tumor 

· Most common testicular tumor type

· Very common in aged F344 and ACI/N rats

· Tumors of the vagina and cervix are rare except in aged BN/Bi rats

· Tumors of the uterus and ovary are common in several strains

D.
Miscellaneous Diseases and Lesions
1.
Congenital/Hereditary Lesions
· Unilateral renal agenesis and hydronephrosis - AXC rats

· Unilateral and bilateral hydronephrosis - BN/Bi rats

· Pseudohermaphroditism

· Retinal dystrophy - inherited as a single autosomal recessive gene (rdy)

· Retinal degeneration reported in a Wag/Rij rat.  Autosomal dominant.  Appears to mimic the pathogenesis of retinitis pigmentosa.

· Other reported developmental disorders of the eye include colobomas and cataracts.

· Interventricular septal defects - inbred strain of Long-Evans rats

· Hydrocephalus

2.
Age-Related Diseases

a.  Chronic Progressive Nephropathy (CPN)

· Among the most commonly encountered lesions in the rat

· Rate of development influenced by sex, genetics, age, diet, association w/ microflora, hormone treatment, and others

· Male rats have an earlier onset and more rapid progression than females, and albino strains and stocks seem to be more predisposed.

· Diet is an extremely important predisposing factor, particularly the quality and quantity of dietary protein.

· Axenic rats do not seem to develop significant CPN.

· Rats w/ CPN develop progressively severe proteinuria

· Hypoproteinemia, parathyroid hyperplasia w/ serum chemical changes indicative of hyperparathyroidism, and nephrotic syndrome are observed in rats w/ severe CPN

b.  Nephrocalcinosis

· Occurs more frequently in females

· In most cases affected rats have been fed purified diets

· Lesions usually involve the corticomedullary junction and consist of mineral deposition in the lumina of the proximal tubules

c.  Polyarteritis nodosa

· Affects the muscular arteries (e.g. Mesenteric, pancreatic, and spermatic)

· Affected vessels frequently have aneurysms and thrombi

d.  Myocardial degeneration

· Commonly observed lesion in most stocks and strains

· Onset is 12-18 months of age

· Occurs more frequently in males

e.  Radiculoneuropathy

· Spinal nerve root degeneration reported in a number of stocks and strains

· Cauda equina and ventral spinal nerve roots are commonly involved

· Posterior paresis and paralysis have been associated w/ lesions

� STO: Rodent Parvovirus Infections.  LAS 46(4): 370-380


� Run thru the “MIL”


�  In mouse, usually malignant - fibrocarcinoma


� MR CPN
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