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Factors That Complicate Animal Research

I.
INTRODUCTION
· Data emanating from animal experiments may be influenced by a number of environmental and biological factors

· Important to present as stable an environment for experimental animals as is scientifically feasible 

II.
PHYSICAL FACTORS
A.
Environment
1.
Cage Design
· The microenvironment (cage) directly influences the biological responses of animals to various experimental procedures.

· When mice were housed in cages w/ filtered microisolator tops an increase in growth rate was observed.  LAS 47(3): 327-329

· Cages should be constructed of materials that cannot be ingested or which do not react with waste products

· Need to consider population density; overcrowded conditions or the stress isolation for some species can affect reproduction and behavior and may seriously compromise the immune system and normal metabolism

2.
Temperature, Relative Humidity, and Room Ventilation
· Need to consider the thermoneutral temp of specific species and strive to attain it

· Less than ideal environmental temperature can lead to changes in metabolic activity, food consumption, and variations in biological response

· Temperature effects in drug toxicity trials

· Physiological changes - lactation, reproduction, etc.

· High environmental temperatures and humidity may increase susceptibility to infectious agents

· Ringtail described in rats, South African hamsters, and mice.  Described as annular constrictions of the tail skin, sometimes resulting in tail sloughing.

3.
Light
· Intensity (measured in foot candles or in lux), quality (wavelength spectrum), and photoperiod of light are important factors

· Recommended intensity is 75-125 fc at cage level

· Many studies indicate that levels approaching the recommended level of light intensity may cause significant retinal degenerative changes in laboratory rodents

· Distance from the light source and cage construction material influence the intensity of light which is received by the animals

· Photoperiod has an effect on circadian rhythms

· Minimal light contamination of only 0.2 lux during an otherwise normal dark phase inhibits host melatonin secretion and increases the rate of tumor growth and lipid uptake and metabolism.  LAS 47(5): 511-518

· Blood cells, plasma steroid levels, enzyme activity, drug metabolism, drug toxicity, disease resistance and susceptibility

· ILAR recommends that animal facilities be windowless so that a regular diurnal lighting cycle can be established and controlled

4.
Noise
· Maximum recommended noise levels in animal facilities is 85 dB.
· Animals have both auditory and nonauditory responses to noise

· Auditory

Destruction of sensory hairs and supporting cells, etc.

· Nonauditory

· DBA/2 mice are prone to audiogenic seizures varying in severity and sometimes leading to death.

· Audiogenic stress due to pulsed noise exceeding 83 db may reduce fertility of rodents.

· Eosinopenia, increased serum cholesterol, adrenal ascorbic acid level, and adrenal wts.

B.
Stress Effects on Laboratory Animals, Including Transportation
· Stress-inducing stimuli can lead to increased levels of corticosterone which has a direct effect upon the immune system.

· Stressful events include isolation, overcrowding, social rank interaction among animals, and transportation.

· Animals need to be given an adequate period of stabilization after shipment before use in a protocol.

· Recovery period in recently shipped adolescent rats has been defined as the time required for recovery of body weight to within one standard deviation of the growth curve of identical unshipped rats maintained by the vendor.

III.
CHEMICAL FACTORS
· Environmental chemical contamination and the intentional use of pharmacologic agents may measurably influence the biological response of experimental animals

· Unintentional exposure to exogenous chemicals may occur via the air, water supply, animal feed, bedding, caging, and equipment

· Effects may be inherent toxicity of the compound, metabolism by the host into toxic product, tissue necrosis, and interference with cellular homeostasis

· Variables determining response

· Host factors include age, state of health, nutritional status, sex, genetic constitution, and immune function

· Environmental factors

· Concentration of the exogenous agent, its physiochemical properties, potential interactions w/ other agents in the environment, and duration, frequency, and route of exposure.

· Accumulation of cadmium, a frequent contaminant of lab animal diets, water supply, and ambient air, in the tissues of hypertension-sensitive Dahl rats.  Accumulate significantly more cadmium in their tissues than hypertension-resistant strains.

· Cadmium can also be absorbed via skin contact and can accumulate in major organs w/ potential toxic and carcinogenesis consequences after long-term exposure.  LAS 46(5): 549-554

· Some xenobiotics act as mutagens, teratogens (aflatoxins, lead, mercury, cadmium, organochlorine insecticides, anesthetic agents), and carcinogens (nitrosamines, aflatoxin, chloroform).

· Some xenobiotic agents that induce hepatic microsomal enzymes have been associated with an increased incidence of hepatic tumors in mice.

· Ammonia is an inhibitor of this system.

A.
Ambient Air
· Air quality divided into two parts, 1) macroenvironment (room), and 2) microenvironment (cage)

· Macroenvironment is more directly influenced by the types of chemicals used in the animal facility (organic solvents, insecticides, deodorizers, disinfectants, ozone).

· Insecticides and pesticides

· Carbamates and organophosphates used most widely

· Organophosphates depress hepatic microsomal enzymes and may affect the CNS, hematopoietic system, and skin

· Carbamates are toxic to the CNS

· Nonchemical means are preferable for vermin control

· Two most common contaminants from animals wastes are CO2 and ammonia.

· CO2 has the potential to act as an asphyxiant.

· Acceptable level of ammonia in the microenvironment is 25 ppm.
· Principal adverse effect of environmental ammonia is irritation of the respiratory tract.

B.
Drinking Water
· Chemical impurities found in water are 1) suspended solids, 2) organic solutes, and 3) inorganic solutes.

· Most suspended solids are harmless in and of themselves.

· > 90% of organic solutes are natural decomposition products of animal and plant origin.

· Trihalomethanes are a synthetic organic contaminant present in nearly all water that has been treated with chlorine; these can sometimes result in variation in the immune response.

· Inorganic elements - cadmium, barium, selenium, arsenic, and nitrates.

C.
Animal Diets
· Most widely considered feed contaminants include chlorinated hydrocarbons, organophosphates, polychlorinated biphenyls, heavy metals, aflatoxins, nitrates, nitrosamines, and estrogenic compounds

· Complete diets formulated from crude natural products, as opposed to diets formulated from semipurified ingredients, are subject to the greatest variation in the type and concentration of contaminants, as well as the greatest variation in nutrient quality

· Corn oil had a significant enhancing effect on aflatoxin B1-induced hepatic neoplasms.
· Excesses or deficiencies in the quantity of available nutrients may influence experimental results.

· Heavy metals (lead, mercury, cadmium, arsenic) alter the structure or function of a number of different organ systems.

· Chronic low dose exposure to cadmium and lead have been associated w/ alterations of the cardiac conduction system, accelerated aortic plaque formation, lipid deposition in arterial walls, and hypertension.

· Exposure of rodents to lead and cadmium suppresses their resistance to infectious agents and the effects of endotoxin.

· Reduces antibody formation and delayed-type hypersensitivity.

· Cadmium alters phagocytic capacity of mouse macrophages and PMNs as well as the microbicidal capacity of alveolar macrophages.

· Lead acetate suppresses interferon production in the mouse.

· Sodium arsenite inhibits interferon at high concentrations.

· Lead and cadmium may prevent embryo implantation or delay fetal growth; also thought to be teratogenic.

D.
Drugs

· Many of the commonly used antibiotics have been shown to induce changes in cardiovascular function of laboratory animals under experimental conditions.

· Aminoglycosides exert a negative inotropic effect on cardiac and arterial muscles; also alter positive inotropic effects of other agents such as norepinephrine.

· Neomycin and streptomycin interfere w/ calcium-dependent membrane phenomena.

· Aminoglycosides can block the cholinergic receptors of skeletal muscle which enhances the effect of anesthetics that act on those receptors at the myoneural junction.

· Tetracyclines have been shown to depress chemotaxis, phagocytosis, lymphocyte transformation, and the delayed hypersensitivity response in humans.

· Tetracyclines depress the delayed hypersensitivity response and in vivo chemotaxis of macrophages in mice.

· Other antibiotics have been shown to negatively affect antibody production, microbicidal activity of phagocytes, and oxidative metabolism of neutrophils and to prolong allograft survival time.

· Chloramphenicol inhibits hepatic microsomal enzymes and thereby alters the effects of agents such as barbiturate anesthetics, that are metabolized by that system.

· Some antibiotics are toxic in and of themselves.

· Procaine is toxic to guinea pigs, rabbits, and mice
· Dihydrostreptomycin causes acute toxicity and death within 2 hours of injection in mongolian gerbils.
· Penicillin in guinea pigs and hamsters causes fatal enterocolitis; most antimicrobial agents are lethal for hamsters and guinea pigs.
· A similar syndrome has been seen in rabbits given clindamycin.

· Apparently caused by an imbalance in the gastrointestinal flora which leads to an overgrowth of Clostridium difficile which subsequently produces toxins.

· Pentobarbital and halothane are thought to have a direct effect on myocardial and vascular smooth muscle by interfering with calcium-dependent processes.

· Halothane has been shown to alter immune functions in the rat.

· Anesthetics agents may be toxic in and of themselves.

· Methoxyflurane has been shown to be nephrotoxic in some strains of rats.

IV.
MICROBIAL FACTORS

A.
Viruses

1.
Sendai Virus

· Sendai virus infection of mice and rats involves the respiratory system and thereby may complicate research involving the respiratory tract.

· Compromises the immune system; both humoral and cell-mediated.

· In mice, infection may compromise pulmonary carcinogenesis studies.

· Pulmonary defense mechanisms against bacterial infections are altered significantly in Sendai virus-infected mice.

· Increased susceptibility is related to defects in the alveolar macrophage bacteriocidal mechanisms.

· Alveolar macrophages are defective in phagocytosis, phagosome-lysosome fusion, intracellular killing, and bacterial degradation.

· Sendai virus infection of pregnant rats can have profound effects on fetal development and neonatal mortality.

2.
Mouse Hepatitis Virus (MHV)

a.
Athymic Mice (Nude Mice)

· MHV infection in athymic mice has several effects on the immune system, including T cell differentiation, antibody responses to T-dependent (SRBC) and T-independent (lipopolysaccharide) antigens, macrophage activity, and natural killer (NK) cell activity

b.
Euthymic Mice

· Persistently infected mice have markedly depressed serum immunoglobulin levels and a depressed humoral response to SRBC and lipopolysaccharide.

· MHV infection also affects macrophage numbers as well as their phagocytic and tumoricidal activity.

· MHV infection is also known to modulate some important enzyme systems.

3.
Lymphocytic Choriomeningitis Virus (LCMV)

· Depresses the humoral and cell-mediated immune responses of mice but stimulates interferon production and activates NK cell and macrophage activity.

4.
Lactic Dehydrogenase Virus (LDHV)

· Common contaminant of transplantable mouse tumors, oncogenic virus preparations, and other biological materials.

· The hallmark of LDHV infection in mice is the elevation of lactate dehydrogenase and other serum enzymes.

· The increased serum enzyme levels are due to impaired clearance of enzymes rather than increased production or cellular leakage.

· LDHV infection enhances the antibody response to several common antigens, delays allograft rejection, depresses graft-versus-host reaction, stimulates interferon production and activates NK cell activity.

· LDHV potentiates the induction and progression of Maloney sarcoma virus-induced tumors and suppresses the induction of mammary tumors by the Bittner virus.

5.
Rodent Parvovirus

· Kilham rat virus can contaminate transplantable tumors and possibly alter their growth pattern.  Can also inhibit lymphocyte proliferative responses to concanavalin A (Con A), phytohemagglutinin (PHA), and allogeneic lymphoid cells and alters natural cytotoxicity of rat spleen cells to lymphoma target cells.

· Prior infection with H-1 parvovirus in hamsters reduces the incidence of fibrosarcoma induced by 7, 12-dimethylbenz(a)anthracene

B.
Mycoplasma and Rickettsiae

1.
Mycoplasma pulmonis and Mycoplasma arthritidis
· Mycoplasma pulmonis, the cause of murine respiratory mycoplasmosis (MRM), causes reduced mucociliary function, ciliostasis, altered tracheobronchial cell proliferation, and increased mucus secretion, all of which affect mucociliary clearance

· M. pulmonis infection may affect pulmonary carcinogenesis studies

· M. pulmonis may alter reproductive parameters in infected animals

· M. arthritidis may alter immune and interferon responses in rats and mice

2.
Hemobartonella muris and Eperythrozoon coccoides

· May alter susceptibility to transplantable tumors, phagocytosis, interferon production, and susceptibility to other infectious agents

C.
Bacteria

· Bacterial diseases interfere with research primarily by causing clinical disease, lesions, and mortality.

· Clinical bacterial disease occurs much more frequently when animals are subjected to natural and experimentally induced stresses, such as immunosuppression, surgical manipulation, sudden changes of environment, and poor husbandry.

D.
Parasites

· May complicate research by

1) decreasing the volume of host blood and body fluids,

2) competing with the host for nutrients,

3) inducing tissue damage,

4) stimulating abnormal tissue growth,

5) altering host physiology,

6) altering immune function, and

7) mechanical interference

· Examples

· Trichosomoides crassicauda causes hyperplasia or papillomatosis of urinary bladder epithelium.

· Gongylonema neoplasticum is assoc. w/ esophageal tumors in rats.

· Carcinogenicity of saccharin in the rat questioned due to the complication created by possible T. crassicauda infection.
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