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19.  Techniques of Experimentation


Techniques of Experimentation

I.
INTRODUCTION

Purpose of this chapter to select and summarize the available information in an attempt to emphasize two major concepts.

1. The biomedical technique employed in animal experimentation is often the critical factor in determining the success or failure of a research protocol

2. A mastery of selected techniques is extremely useful to the veterinary clinician in performing diagnostic and therapeutic procedures.

II.
IDENTIFICATION METHODS

· Cage cards can be used; information should include the name and location of the responsible investigator, source of the animal, and the strain or stock.

· Natural characteristics and coat coloration could be used.

· Animals can be easily marked by the application of dyes or ink to the fur or tail.

· Holes and notches may be placed in the ear.  An established code should be followed.  Produces a permanent mark if the ear is not mutilated.

· Amputation of toes w/ scissors will produce a permanent mark.

· Tattoos.  The tail or feet are the best sites for rats and mice.  Inner surface of the ear in guinea pigs, rabbits, dogs, and cats.  Nonhuman primates are usually tattooed on the abdomen or chest.

· Ear tags.  Small aluminum ear studs used in rats and guinea pigs and larger “ketchum tags” used in rabbits and dogs.

III.
BLOOD COLLECTION AND INTRAVENOUS INJECTION

A.
Rodents

· Cardiac puncture used for the collection of small serial samples and large quantity of blood w/i a short period of time.  Should be performed only on anesthetized animals.

· Orbital sinus blood collection.  The eye and health of the animal seem to be unaffected when properly performed.  Usually a glass capillary tube or Pasteur pipette is used to penetrate the orbital conjunctiva and rupture the orbital sinus.

· Introduction of the tube into the lateral rather than the medial canthus reduces the incidence of epistaxis and eye trauma.

· Rat has an orbital plexus rather than a venous sinus.  Recommend directing the tube in a caudal and medial direction through the dorsal conjunctiva.

· Tail bleeding usually involves amputation of the tip of the tail or laceration of the blood vessel w/i the tail.

· Primary disadvantage is that blood may not flow freely from the wound, and a clot may form.

· Another technique is to partially lacerate the ventral artery of the tail w/ a sharp razor blade.  Prevents constriction of the vessel and improves the yield of blood.

· Tail sectioning for repeated blood sampling of the rat for corticosterone determination (LAS 46(2): 243).

· Blood samples from and intravenous injection into the tail.  Proper restraint is essential.  Transillumination of the tail will improve visualization of the veins and occlusion of the veins at the base of the tail will also facilitate injection.

· 27 gauge or smaller needle is used for the mouse and a 19 gauge or smaller for the rat.

· To increase blood flow: anesthetize with ether; warming the tail or the entire animal; xylene or xylol applied to the tail.

· Disadvantages.  Stimulation of the sympathetic nervous system due to pain results in vasoconstriction, significant differences between samples from the orbital sinus and tail, sample to sample variation in the same animal, and the mixing of venous and arterial blood plus extravascular tissue fluids in samples.

· Percutaneous puncture and bleeding from the jugular vein.  Site is just cephalad to the point where the external jugular vein passes between the pectoral muscle and clavicle.

· Dorsal metatarsal vein in the rat is an excellent site for simple IV injection.  Other sites for IV injection in rodents are the sublingual vein and the penile vein.

· Decapitation can be used for smaller rodents.  Blood will be contaminated w/ tracheal and salivary secretions.

· Exsanguination techniques should be performed only on anesthetized animals.

· Blood collection and IV injection in the guinea pig.

· Collect small amounts by cutting a toenail close to the nail bed.

· Ear veins may be punctured w/ a 25 gauge needle or lacerated w/ a scalpel blade.  Auricular and lateral metatarsal veins also suitable for IV injection.

· Cardiac puncture

B.
Rabbit

· IV injection and blood collection techniques commonly utilize the auricular artery or marginal ear veins.

· Xylene applied to the ear will dilate the vessels, use is contraindicated if cell counts are required.  Also administration of droperidol-fentanyl.

· Cardiac puncture

· Orbital sinus.  Rupture facilitated by tubes broken to form a sharp edge.  Best site for inserting the tube is w/i the dorsal conjunctival sac midway between the medial and lateral canthi.

C.
Ferret and Mink

· Blood can be collected from the toenail of a ferret.  Large amounts from the caudal artery of the tail.  Cardiac puncture.  Jugular venipuncture.

D.
Dog and Cat

· Common sites for collection of blood include the cephalic, recurrent metatarsal, jugular, and femoral veins.

E.
Nonhuman Primates

· IV injection and blood collection techniques utilize the cephalic, saphenous, coccygeal, and femoral veins.

· Femoral vein most commonly used for blood collection, lies w/i the femoral triangle just medial to the femoral artery.  If the femoral artery is punctured, direct pressure must be applied to prevent excess hemorrhage and hematoma formation.  Esp. critical in the owl monkey.

F.
Birds

· Common sites for blood collection and IV injection are the brachial veins of the wing, the jugular veins, and the heart.

· Right jugular vein is usually the largest in birds.

· Jugular venipuncture is the method of choice in Japanese quail (Coturnix coturnix japonica)

IV.
VASCULAR CANNULATION

· Short-term experiments, animal may be anesthetized or physically restrained during infusion.

· For long periods of time, the technique of cannulation must provide for protection of the catheter and allow freedom of movement for the animal.

· Tail vein cannulation in rats and mice, a tube is placed over the tail and attached to the top of the cage.

· Most common method of protecting the cannula is by creating a SQ tunnel from the site to the dorsum of the neck.

· Leather or canvas vests that protect implanted catheters are commercially available.

· Tubing, which connects the cannula w/ the infusion pump, must be shielded w/ some type of durable flexible sleeve.

· A Chronic Arterial Cannula for Blood Sampling in Conscious, Unrestrained Rats (CT 37(5): 67).

· An improved swivel-tether system for continuous I.V. infusion in the awake, mobile rabbit is described.  Unlike other systems, this infusion system can be safely interrupted w/o the need for sedation to administer drugs or obtain blood samples at a site close to the animal, minimizing dead space and waste, and maintaining sterility.  CT 34 (2): 61-64

V.
INTRAPERITONEAL INJECTION

· Common method of administering drugs to rodents.

· Injection site should be in the lower left quadrant of the abdomen to avoid vital organs.

VI.
SUBCUTANEOUS AND INTRAMUSCULAR INJECTION

· Preferred site for SQ is the back or neck region.

· Thigh muscles most commonly used for IM.  When injecting irritating substances, the quadriceps group rather than the posterior thigh muscles should be used to avoid the sciatic nerve.

VII.
ORAL ADMINISTRATION OF SUBSTANCES

· Gastric intubation ensures that all the material was administered.

· Flexible catheters may be used for gavage in small rodents, but stainless steel, ball-tipped needles used more frequently (Fig 6, p570).

· Oral speculums may be used to prevent chewing on the gavage tube.

· Nasogastric intubation prevents tube damage.

· A mouth speculum for orogastric administration of compounds to nonhuman primates.  CT 37(4): 76-77

VIII.
DIGESTIVE SYSTEM

A.
Oral Examination

· Rodents have a large diastema and a small oral cavity.

· Hamster cheek pouch.  To expose; the fifth finger of the opposite hand is placed near the caudal end of the cheek pouch.  By pushing cranially, while pulling gently at the corner of the hamster’s mouth with the thumb of the free hand, the cheek pouch can be completely everted.

B.
Tooth Extraction

· The teeth of some animals, such as primates, are very difficult to remove.

· Technique using the dental elevator:

1) insert the dental elevator between the alveolar bone and the tooth:

2) apply pressure on the elevator and using a rotating wrist action, direct it toward the apex of the root on all sides;

3) do not attempt to pull the tooth until all periodontal ligaments have been severed.

· Nonsurgical technique:  serial injections w/ a 20% KOH, made into a gel w/ Carbopol 934, causes a loosening of teeth.

C.
Pulpectomy and Pulpotomy

· Alternatives to canine tooth extraction.  Used for treating tooth fractures and pulp infections and for disarming dangerous animals.

· Pulpotomies refer to the opening of the root canal and the partial removal of the pulpal tissue.

· Pulpectomies refers to the total removal of the pulpal tissue.

· Assessment of a Canine Crown Reduction Technique in Nonhuman Primates (CT 37(4): 67-72).  Reported the applicability of a pulpotomy technique used in human dentistry for use in disarming canine teeth of NHPs.

D.
Bile Duct Cannulation

· Oral passage of a duodenal tube into the duodenum.  Vacuum applied, IV injection of pancreozymic enzymes and cholecystokinin (contracts gallbladder).  Bile sample aspirated.

· Attempts to cannulate the common bile duct are described.

· Some anesthetics interfere with biliary secretion.

· Double recurrent choledo-choledocal biliary fistula for rabbits.

· Stereoscopic microscopic used to identify the common bile-pancreatic duct in small species, such as mice and rats.

· A New Method to Collect Bile and Access the Duodenum in Conscious Dogs (CT 37(5): 89-93).  A novel, totally implantable catheter system that allows complete bile collection and duodenal access in conscious, freely moving dogs is described.

E.
Liver Biopsy

· Most simple methods involve a transcutaneous skin puncture, large tissue samples may require abdominal surgery.

· Technique for primates using a 16-gauge Klatskin needle and a subcostal approach.

· Double blade guillotine attached to the neck of plastic water bottle used when liver tissue is required from an unanesthetized animal.

F.
Intestinal Cannulation

· Choice of cannula depends on several factors.

· Appears that the flexible PVC cannulas are preferred to rigid cannulas for use.

G.
Intestinal Loop Isolation

· For the study of GI physiology and pathology.  Require segments that have no continuity w/ the fecal stream.

· Crucial stage in preparing a segment is the anastomosis method used on the intestinal wall.

· GP small bowel is friable.

· Pancreatic Exocrine Studies in Intact Animals: Historic and Current Methods (LAS 47(6): 606-615)

IX.
URINARY TECHNIQUES

Techniques described in this section limited to (1) methods of urine collection, (2) exteriorization of the ureters, and (3) implantation of the ureters into the intestine.

· Urine is usually removed from the bladder by one of four methods:  (a) collection during spontaneous micturition, (b) manual compression of the urinary bladder, (c) catheterization, and (d) cystocentesis.

· Abdominal muscle is poorly controlled in the newborn, many females stimulate their newborns to urinate by stroking the lower abdomen.  Can collect urine samples from the newborn by applying gentle strokes and pressure on the lower abdomen until the muscles relax and a drop of urine is observed, then pressure is applied over the bladder until the flow stops.

· Diagnostic catheterization is indicated for (1) collecting bladder urine for urinalysis or bacterial culture, (2) studying renal function, (3) instilling contrast media for radiography, (4) evaluating the urethral lumen for strictures and/or obstruction, and (5) surgically repairing the urethra and surrounding structures.

· Potential complications include hematuria and infection.  Procedures to reduce the incidence of infection include: (1) strict adherence to principles of asepsis, (2) administration of oral or parenteral abiotics, (3) use of catheters impregnated w/ antibacterial agents, and (4) irrigation of the bladder w/ antibacterial solns.

· Urine collection in rodents is generally done by surgical cystotomy or one of the other methods.  Ex. catheterization of the male guinea pig can be accomplished rather easily, however, in almost all cases the male will ejaculate as the catheter is passed and the coagulum will quickly plug the catheter.

· Techniques have been developed for catheterizing the ureters.

· Double lumen catheter.  Irrigation of blood from the catheter is accomplished by perfusion of heparinized saline thru a small inner catheter (Fig. 10, p. 575)

· Relocating or exteriorizing the ureters.  The exteriorized ureter can then be easily cannulated, or it can be temporarily obstructed for research purposes.

· Transplantation of the ureter into the intestine is another alternative.  The ureter is catheterized and surgically embedded beneath the serous and muscular coats of the lower intestinal wall.

· Attaching the ureters to a large Heidenhain’s pouch formed from the body and fundus of the stomach.  Neither hyperchloremia, acidosis, uremia nor hyperkalemia are encountered.  Pouch maintains its secretory fxn, and the gastric secretions appear to prevent ascending infxns.

X.
RESPIRATORY SYSTEM TECHNIQUES

Bacterial pneumonias can be one of the major causes of death in laboratory animals maintained in captivity.
A.
Collection of Pharyngeal Fluids

· A straight tube formed from a 1 ml tuberculin syringe is used as a speculum for the passage of sterile swabs into the pharynx.  The transparent syringe barrel allows for easy visualization of the larynx.

B.
Tracheobronchial Washings

· Techniques described for the anesthetized primate.

· Obtained using a long feeding tube.

· Transtracheal aspiration technique involves passing a needle between the tracheal rings and into the tracheal lumen.

· Circumvents the potential problems of pharyngeal and laryngeal contamination.

· Does not require chemical restraint in acutely ill animals.

· Cost of catheters makes this a more expensive technique.

C.
Endotracheal Inoculation and Intubation

· Only describes techniques applicable to rodents and rabbits.

D.
Tracheal Pouch Formation

· Model for studying tracheal secretions by using a tracheal pouch.

· Technique involves resecting a segment of cervical trachea, with blood and nerve supply intact, and relocating this closed segment subcutaneously for ease in sampling.

E.
Tracheostomy

· Procedure consists of dissecting positions of the cartilaginous rings free from the underlying tracheal mucosa, cutting through the mucosa, and suturing the mucosa to the skin.

F.
Ventriculocordectomy

· Techniques for long-term devocalization have been extensively employed in laboratory-housed dogs and swine.  Almost any damage to the vocal cords will be effective for a short period (1 month to 6 weeks).

· Biopsy technique can be performed w/ electrocautery or surgical scissors, the most used method is to use a human uterine biopsy punch.

· Once the punch has been properly placed attempt to remove as much of the vocal fold on either side as possible, more removed, longer the effect.

· Most accepted procedure involves using a burring instrument designed after the Snell roaring burr.  Following placement of the burr, it is rotated clockwise until the mucosa is broken loose from the underlying tissue.  Burr is withdrawn w/ mucosa attached and procedure repeated on the opposite side.  To lengthen the effect, an electrocautery knife is used to sever the vocal cord.

G.
Bronchoscopy

· Technique utilized as a diagnostic and therapeutic tool in primate medicine.

H.
Bronchopulmonary Lavage

· Used as a therapeutic procedure and as a means of recovering cells, surfactant, and inhaled particulates from the lungs.

XI.
REPRODUCTIVE SYSTEM

A.
Laparoscopy

· Techniques involving the ovary are usually related to observation or removal of the organ.

· Involves anesthetizing the animal and preparing the lower abdominal region for surgery.  A Veress cannula is attached to an insufflator and the abdomen is inflated w/ either 5% CO2 or N2.  Sufficient insufflation is required to prevent collapse of the abdominal wall when the laparoscopic trocar is inserted.  For ease of observation, the animal is placed in a steep Trendelenburg position.

B.
Testicular Biopsy

· Sampling methods include castration and biopsy.

· Most commonly used method of testis biopsy involves incision of the scrotum and tunica albuginea w/ subsequent removal of a small wedge of testis tissue.

· Procedure for obtaining multiple samples.  The instrument is constructed from a ¾-in. 16-gauge needle and a 2-in. 25-gauge needle.  A small hook is made on the tip of the 25-gauge needle, which is passed through the lumen of a 16-gauge needle.

· The 3.0-mm dia modified rotating cutting needle is the best instrument for testicular needle biopsy in cynomolgus monkeys.  Choose the testicular cranial pole area as the puncture to avoid the cremasterica artery.  CT 36(6): 77-79

C.
Castration

· McGlinn’s technique is unique in that it is designed to remove seminiferous tubules and Leydig cells from the tunica albuginea, leaving the epididymis and its nerve and vascular supply intact.  Very valuable in studies concerned w/ reproductive physiology of spermatozoa, the epididymis, and vas deferens of many other mammals.

D.
Semen Collection

· Rectal probe ejaculation and electrical stimulation of the penis have been utilized.

· In some species, such as the bull, dog, and rabbit, it is often more convenient to train individuals to serve an artificial vagina.

· Electroejaculation can be used to obtain spermatozoa-containing liquid that might be useful for semen evaluation or artificial insemination in laboratory woodchucks.  LAS 46(6): 667-668

· Vibratory stimulation of ejaculation yields increased motile spermatozoa, compared w/ electroejaculation, in squirrel monkeys (Saimiri boliviensis).  CT 36(1): 62-64

E.
Artificial Insemination

· Fresh semen, diluted fresh semen, or diluted stored semen can be used for AI.

· The osmotic tension, pH, buffer capacity, and electrolyte balance of the diluents must be compatible with the ejaculate.

· Types of diluent tried include tomato juice, coconut milk, glycerol, egg yolk, lactose, and skim milk solutions.

· Other diluent extenders have also included DMSO, commercial bovine extender, reconstituted dried skim milk, Locke’s solution, and NaCl.

· Prior to insemination, the female is determined to be in a receptive stage for implantation by examination of vaginal smears.

· Females not naturally receptive can be induced to ovulate by PMSG.

· In some species, such as swine, it is advantageous to introduce the semen directly into the oviductal lumen using laparoscopy.

F.
Pregnancy Diagnosis

· Pregnancy diagnosis varies from observation of external appearance, to digital palpation, radiographs, and numerous chemical tests.

· Rodent species are very receptive to mating.  Common practice to either observe copulation or look for the vaginal plug that forms immediately following copulation.  To assure accuracy, vaginal smears can be taken, and if sperm are found, the animal is designated as day 0 of pregnancy.

· Rectal bimanual palpation of the uterus in the rhesus macaque.

· Female is restrained by holding the arms and thighs.  The palpator inserts a finger into the rectum.  The cervix is encountered upon initial entry, but the finger must be inserted until the anterior free edge of the uterus is palpated.

· The free hand is cupped on the caudoventral abdomen, and the uterus is immobilized between the thumb and first two fingers of the free hand ventrally or dorsally by the rectally positioned finger.

· The first palpable sign of pregnancy is a dorsoventral rounding of the anterior aspect of the body of the uterus.

· Rectal palpation in concert w/ daily cycle records aids in the evaluation of females as potential breeding stock.

· Radiographs used to confirm pregnancy in its latter stages.  Most useful following calcification of the skeleton.

· Nonhuman primate pregnancy test.

· This hemagglutination inhibition test for urinary chorionic gonadotropin uses an antiserum (H-26) that cross-reacts w/ the chorionic gonadotropin of primates and provides results w/i 2 hrs.

· The nonhuman primate pregnancy test, employed in conjunction w/ uterine palpation, is the method of choice for most nonhuman primates.

G.
Embryo Transfer

· Involves removing the developing embryo from the reproductive tract of one female and transferring it to another.

· The transfer of preimplantation mouse embryos can be accomplished either surgically by making an incision through the abdominal wall and exposing the uterus or nonsurgically by gaining access to the uterine lumen through the vagina.

· Mouse embryos are collected and stored for as long as 8 months at -196(C.

· Successful cryoprotectants used for long-term storage include DMSO, ethylene glycol, glycerol, and erythritol.

· Optimal rates appear to be 0.3 to 2(C/min freezing rate and 4 to 25(C/min thawing rate.

· Vitrification.  DPS (dimethyl-sulfoxide, propylene glycol, and sucrose) used as solution.  LAS 45(3): 323

XII.
CARDIOVASCULAR TECHNIQUES

A.
Electromagnetic Flow Probe Implantation

· In order to measure the effect of diets, drugs, and exercise on abdominal circulation, it is necessary to implant electromagnetic flow probes on major abdominal vessels.

B.
Blood Pressure Techniques

· Preferred method is to use a polygraph, pulse transducer, pressure transducer, blood pressure mixer unit, and a pediatric sphygmomanometer cuff.

· In cardiopulmonary pathophysiology, the measurement of pulmonary arterial pressure is important.

C.
Carotid–Jugular Shunt

· Tool for obtaining repeated blood samples from an experimental animal.

D.
Microangiography

· Technique in which blood vessels are visualized by the use of roentgen contrast medium and microradiographic techniques.

E.
Experimental Heart Surgery

XIII.
ENDOCRINE SYSTEM TECHNIQUES

A.
Hypophysectomy

· Rodents possess an almost flat sella turcica that position the hypophysis for rapid and fairly easy removal.  The position of the hypophysis under the midbrain is directly on the midline at a point perpendicular to a line joining openings of the auditory canals.  As the rat grows older, the hypophysis becomes displaced toward the nose.

· Transauricular technique.  Place anesthetized animal in a prone position w/ head toward the surgeon, introduce a modified hypodermic needle sheathed in a steel tube into the left auditory canal, guiding the needle w/ the right hand along the auditory canal until it reaches the medial wall, and advancing the needle until the outer steel sheath contacts the capsule.  The tip of the needle is now located directly beneath the hypophysis.  It is then connected to a suction device and gentle suction is used to withdraw the hypophysis.

· Postoperatively, survival rates are increased if 5% glucose and tetracycline are administered intraperitoneally for 3 days.

· Performed in the dog by an extracranial route through the oral cavity (transsphenoidal), by an intracranial route through the anterior or middle cranial fossa, and by the retropharyngeal access.

· Paraocular approach for the rabbit.

B.
Pinealectomy

· Rodent pineal body is a median epithalmic structure originating from the dorsal diencephalon and extending dorsally to the superior sagittal sinus.

· Animal placed in a stereotaxic instrument; longitudinal skin incision is made over the cranium; a dental drill is used to remove a rectangular section of the skull over the sagittal and lambdoid sutures; the dura is incised; the superior sagittal vein is doubly ligated and resected to expose the gland; the pineal gland is freed w/ a fine pair of curved forceps and the gland is removed by grasping the base w/ the forceps and retracting it.

C.
Adrenalectomy

· Term used to denote the surgical removal of one or both adrenal glands.  Removal of both causes severe physiologic changes that are difficult to correct w/ replacement therapy.  (Replace w/ saline)

D.
Thyroidectomy and Parathyroidectomy

· Role of the thyroid in reproduction, body metabolism, myocardial enzyme activity, and tissue catalase activity on pituitary cytology has been investigated in several species.

· The parathyroid glands are critical for the body to maintain the proper calcium and phosphorus metabolism.  (Replace w/ Ca gluconate)

· The thyroids and/or parathyroids are dissected free, being careful not to damage the recurrent laryngeal nerve as it passes deep and medial to the thyroids.

· Surgical thyroidectomy is enough to produce a temporary hypothyroid state, but long-term experimentation requires the additional use of 131I to destroy developing thyroid rests.

· The parathyroids are not always attached to the thyroids in guinea pigs.

XIV.
ORTHOPEDIC PROCEDURES FOR LABORATORY ANIMALS

A.
Intramedullary Pinning

· Most common fractures in small laboratory animals, such as gerbils, hamsters, and guinea pigs, occur in the tibia, femur, and humerus.

· If fracture occurs near the midshaft, it can be repaired by an intramedullary pin.  A fine Steinmann pin, K wire or hypodermic needle is selected for retrograde pinning.

B.
External Fixation

· The tubular traction splint is made from any strong plastic cylinder of a suitable diameter.  The tube should be long enough to prevent the extended foot from protruding out the distal end.

C.
Modified Kirschner Fixation

· An adaptation of the tubular splint.  This is the cheapest, quickest, and most effective external fixation technique for those smaller species.

XV.
NEUROSURGICAL TECHNIQUES

A.
Lumbar Sympathectomy

· Operation of choice for Raynaud’s disease
.  Not done unless spinal anesthesia causes a definite temporary improvement in blood flow.

· Hirschsprung’s disease (Model # 71, 71S, 230, 230S) or megacolon, is also treated w/ a lumber ganglionectomy.  Done when spinal anesthesia brings relief and evacuation.

· Megacolon should be considered idiopathic in cynomolgus.  LAS 46(1): 96-97

B.
Intracerebral Implantation

· Instruments for this technique include a converted 5 ml syringe that can be attached to a stereotaxic instrument.  The syringe has a central, threaded metal rod that is fitted w/ a clip to hold the steel wire of the implanting stylet.

· Modification of Subdural Catheters for Long-Term Intracranial Pressure Monitoring of Conscious Rabbits.  CT 37(3): 62

C.
Stereotaxic Electrode Implantation

· Involves the use of an instrument immobilizing the animal’s head and calibrated to identify coordinates in the brain for placement of electrodes in premapped structures.

· The zero point for the coordinate system may be alternately the intersection of the coronal and sagittal skull sutures – “bregma” – or the middle of an interaural line.

· Stereotaxic device parts include a cranial-caudal adjustment for coronal planes, lateral adjustment for sagittal planes, and depth adjustment for horizontal planes, an electrode holder, ear bars, incisor bars, nose clamp, and infraorbital bars for dogs, cats, and monkeys.

· Bregma - intersection of sagittal and coronal sutures

· Lambda - intersection of sagittal and lambdoidal sutures

XVI.
TUMOR TRANSPLANTATION

· The use of human tumors transplanted into rodents for the purpose of testing potential anticancer chemotherapeutic agents.  Human xenograft tumors are preferred over rodent origin tumors since they retain their human morphology, functional behavior, and chemotherapeutic responsiveness.

· Autograft:  A graft of tissue from one site to another on the same individual.  Rejection is rare.
· Allograft:   A graft between genetically dissimilar animals of the same species,  this graft may undergo rejection.
· Xenograft:  A graft between animals of different species.  Rejection may be quite violent.
· Outcome is dependent upon many factors.

· Following initial transplantation there is a slight tendency toward dedifferentiation.

· In general, tumors will grow best in the same strain of animal in which they spontaneously appear or can be induced.

· After many transplantations, the host requirements are less specific.

· Growth is better in young, vigorous, well-fed rats and mice than in older underfed animals.

· Site may also influence many different growth parameters.

· Histologic classification also has a profound effect on transplantability.

· One of the most important aspects of assuring a long-lasting transplant take is proper selection and/or preparation of the host to prevent a host versus graft reaction.  Immunosuppression one of the major means of combating the host versus graft reaction.

· Development of more types of immunodeficient animals for tumor growth.

· Asplenic and athymic mutations combined to produce the Lasat (Lacks a spleen and thymus) mouse.

· Nude streaker mouse, nude Rowett rat, nude New Zealand rat, and the nude guinea pigs.

· Subcutaneous inoculation is the oldest and most commonly used site for transplantation.  Tumor take is usually visible at 7 days.  Growth is measured using calipers.

· Intracranial inoculation is useful, especially since the minimum number of tumor cells necessary for a take is relatively low.

· Induction of cystitis and infusion of tumor cells into the bladder is a technique used for induction of bladder tumors.

� Intermittent bilateral attacks of ischemia of the fingers or toes and sometimes of the ears or nose, marked by severe pallor, and often accompanied by paresthesia and pain;  it is brought on characteristically by cold or emotional stimuli and relieved by heat, and is due to an underlying disease or anatomical abnormality.  When the condition is idiopathic or primary it is termed Raynaud’s disease.
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