Electronic cell counters have been adapted from human medicine.  The adaptation was necessary because of the variation in blood cell size among different species.

Impedance Analyzers:

Cell counters that use the impedance method are based on the passage of electric current across two electrodes separated by a glass tube with a small opening or aperture.  Electrolyte fluid on either side of the opening conducts the current.  Cells are moved through the aperture by use of a vacuum or positive pressure.  Blood cells are poor conductors of electricity compared to the electrolyte fluid, the cells impede the flow of current while passing through the aperture.  These changes in current are counted to determine the cell concentration.  The volume or size of the cell is proportional to the change in the current, allowing the system to catalog the cell.  Calibration for specific cell size ranges prevents the interpretation of debris and electronic noise as cells.

The blood sample must be diluted to count the cells.  Leukocytes are treated with an agent that destroys the cell membrane, leaving the nuclei for counting.  

Erythrocytes are not lysed by dilution so that the machine can provide not only the numbers but also the sizes of the cells.

Variations in cell size may introduce error into the measuring.  Diluting fluid and glass tubing may contain dust particles large enough to be counted as cells.  The aperture may be partially or completely occluded.  Refrigerated blood must be warmed to room temperature as cold samples can have clumping.  Platelet counts are affected by clumping as well and are not very accurate.

Quantitative Buffy Coat System (QBC):

This system uses differential centrifugation and estimation of cellular elements by measuring an expanded buffy coat.  It can provide a hematocrit value and estimation of leukocyte and platelet concentrations.  

One limitation of this system is that leukocyte left shift or lymphopenia may not be noticed unless the blood film is examined.  This system is better used for screening tools because they provide an estimation rather than an actual cell count.

Laser Based Counters:

This system uses laser beams to determine the size and density of solid components.  Cells scatter light differently with the presence or absence or granules and nuclei.  The degree and direction of the light scatter allows the machine to count the different cells.  Using a dye can also allow counting of mature and immature erythrocytes.

Blood chemistries are measured with alternative systems.  Used in connection to the blood counting machine a total health profile can be determined.  Appropriate samples must be prepared for blood chemistry machines.  Some tests require plasma, others require serum and still others require whole blood.  Care must be taken to avoid hemolysis.  Hemolized, ichteric and lipemic samples can invalidate the results.

Blood Chemistries:

Kidney Functions:   The kidneys primary functions are to conserve water and electrolytes in times of a negative balance and increase elimination in times of a positive balance.  The kidneys also conserve or eliminate hydrogen ions to maintain blood pH, conserve nutrients such as glucose and proteins and to remove the end products of nitrogen metabolism such as urea, creatinine and allantoin.  The kidneys also produce erythropoietin (erythrocyte production) and prostaglandins (fatty acids used to contract uterine and other smooth muscle tissue)

BUN (Blood Urea Nitrogen):
Urea is the end product of amino acid breakdown in animals.  Kidney function can be evaluated based on the ability to remove nitrogenous waste (urea) from the blood.  Under normal conditions all urea passes through the glomerulus and enters the renal tubules.  Approximately half of the urea is reabsorbed in the tubules and the remainder in excreted in the urine.  If the kidney is not functioning properly, sufficient urea is not removed for the plasma, leading to an elevation in BUN levels.  Analysis should be preformed within hours of blood collection to prevent contamination of bacteria that may lead to decomposition of urea and decreased BUN levels.  If the sample can not be run within hours, it should be refrigerated.

Urea is an insoluble molecule and must be excreted in a high volume of water.  Dehydration results in increased retention of urea in the blood (azotemia)  High protein diets and strenuous exercise may cause an elevated BUN level because of increased amino acid breakdown.  Differences in the metabolism of protein between males and female and young and old can also affect the levels.

Only in cases of severe renal disease is it possible to detect abnormal function.  The kidneys have tremendous reserve capacity.  When more than 50% of the nephrons are not functioning properly, is it possible to diagnose a renal impairment.

Creatinine:

Creatinine is formed from creatine which is found in skeletal muscle.  Creatinine diffuses out of the muscle cell and into most body fluids including blood.  If physical activity remains constant, the level of creatinine remains constant.  Blood creatinine levels are used to evaluate the kidney function based on the ability of the glomeruli to filter creatinine and excrete it in the urine. 

 Like the BUN, creatinine is not an accurate indicator or kidney function as 75% of the kidney tissue must be non-functional before the blood creatinine levels rise.

BUN/Creatinine Ratio:

The ratio of BUN to Creatinine can be used to track patient status during treatment for renal disease.  The BUN and creatinine have an inverse logarithmic relationship.

Liver Functions:  The liver is the largest internal organ.  It has many functions including metabolism of amino acids, carbohydrates, and lipids.  Synthesis of albumin, cholesterol, plasma proteins and clotting factors.  It digests and absorbs nutrients related to bile formation and it detoxifies toxins.  The gall bladder is very similar to the liver in both form and function.  It is a primary storage site for bile.

ENZYMES RELEASED FROM DAMAGED HEPATOCYTES

ALT (Alanine Aminotransferase) :

In dogs and cats the major source of ALT is the hepatocyte.  Other sources of ALT can be renal cells, cardiac muscle, skeletal muscle, and the pancreas.  Damage to any of these tissues can result in elevated ALT levels.  This is why the ALT is used only for a liver screening test.  It is not accurate enough to pinpoint specific liver disease.  Increases in the ALT are usually seen within 12 hours of hepatocyte damage and peak levels are seen within 24 – 48 hours.  The serum levels will return to normal provided there is no chronic insult to the liver present.

AST (Aspartate Aminotransferase) :

AST is also present in the hepatocyte, bound to the mitochondrial membrane.  More serve liver damage is required to release the membrane bound AST.  The AST levels tend to rise slower than ALT levels.  AST is also found in large quantities in many other tissue.  Therefore elevated blood levels of AST may indicate non-specific liver damage or may be caused by strenuous exercise or intramuscular injection.  The most common causes for an elevated AST are hepatic disease, muscle inflammation or necrosis and spontaneous or artificial hemolysis

ENZYMES RELEASED FROM CHOLESTASIS

Bile Duct Obstruction: Elevated levels of enzymes associated with bile duct obstruction can be seen with metabolic defects of liver cells, the administration of certain medications and as a result of the action of certain hormones, especially those associated with the thyroid.  These enzymes are primarily membrane bound.

Alkaline Phosphatase (AlkP):

AlkP is present in many tissues particularly osteoblasts (bone), chondroblasts (cartilage) intestines, placenta and cells of the biliary system in the liver.  In young animals an elevated AlkP is to be expected due to the osteoblast and chondroblast activity in developing bones.  In older animals nearly all of the circulating AlkP comes from the liver as the bone development has stabilized.

Gamma Glutamyltranspeptidase (GGT) :

This enzyme is found in many tissues including renal epithelium, mammary epithelium (primarily during lactation) and biliary epithelium but the primary source is the liver.  The GGT levels are elevated primarily during obstructive liver disease.

HEPATOCYTE FUNCTION TESTS:

Many substances are modified, produced and/or secreted by the liver.  Changes in the ability to perform specific functions provides an overview of liver function.

Bilirubin: (Total Bilirubin : Tbil)

Bilirubin is an insoluble molecule derived from the breakdown of hemoglobin by macrophages in the spleen.  The molecule is transported to the liver  and the hepatic cells metabolize it.  The molecule is then secreted from the hepatocytes and becomes a component of bile.  Measurements of these circulating populations of bilirubin can help pinpoint the cause of jaundice.  In most animals the pre hepatic bilirubin comprises about two thirds of the total bilirubin in the serum indicating problems with up take of the molecule. 

Cholesterol (CHOL):

Cholesterol is a plasma lipoprotein produced in the liver as well as ingested in food.  Cholestasis can cause an elevated serum cholesterol in some species.  The cholesterol level can also be an indication of hypothyroidism.  Thyroid hormone controls synthesis and destruction of cholesterol in the body.  Insufficient thyroid hormone results in an elevated cholesterol level because the rate of destruction is slower than the rate of synthesis.

PROTEIN ASSAYS : Plasma proteins are primarily produced by the liver and the immune system.  Proteins have many functions and alterations in the concentrations can occur from a variety of disease, especially diseases of the liver and kidneys.

Total Protein (TP)

The total protein concentration may be affected by altered hepatic synthesis, protein distribution protein breakdown or excretion.  It can also be affected by dehydration or over hydration.  TP concentrations are also useful as initial screenings for patients with edema, ascites, diarrhea, weight loss, hepatic and renal disease and clotting problems.  The total protein concentrations are valuable in determining an animal’s hydration level.  A dehydrated animal has a relatively elevated TP and an over hydrated animal has a decreased TP.  One non automated method for determining the TP is with the refractometer.

Albumin (ALB) :

ALB is one of the most important proteins in the plasma or serum.  ALB makes up 35 – 50% of the total plasma protein in most animals.  Hepatocytes synthesize albumin and any liver disease may result in a decreased albumin synthesis.  Other influences on the plasma albumin levels may be renal disease, dietary intake and intestinal protein absorption.  Albumin is responsible for maintaining osmotic pressure in the plasma

Globulin (GLOB) :

Globulins are a complex group of proteins.  Alpha globulins are synthesized in the liver and they primarily bind and transport proteins.  Beta globulins are responsible for iron transport and fibrin formation.  Gamma globulins are synthesized by plasma cells and are responsible for antibody production.

PANCREATIC ENZYMES

Amylase (AMYL) :

Increased serum amylase is nearly always caused by pancreatic disease although the rise in blood amylase levels is not always proportional to the severity of the pancreatitis.  Amylase functions to break down starches and glycogen in sugars.  Increase amylase levels may appear during acute pancreatitis, flare ups of chronic pancreatitis or obstruction of the pancreatic ducts.

Lipase (LIP) :

Nearly all of the serum lipase is derived from the pancreas.  The function of lipase is to break down the long chain fatty acids of lipids.  Excess lipase is filtered through the kidneys, so lipase levels tend to remain normal during the early stages of pancreatic disease.  With chronic pancreatic disease, damaged pancreatic cells are replaced with connective tissue that cannot produce enzymes.  As this occurs a decrease in both the amylase and lipase will be seen.

Glucose (GLU) :

Regulation of blood glucose is a very complex process. Glucagon, thyroxine, growth hormones and glucocorticoids are hyperglycemic agents.  They boost the blood glucose by encouraging gluconeogenisis while discouraging glucose from entering into cells. Insulin is the hypoglycemic hormone.  It promotes glucose to flux into its target cells and it triggers a process that converts glucose into other substances.  This regulates the blood glucose and prevents the concentration from exceeding the renal threshold causing glucose to spill glucose into the urine.  The pancreas responds directly to the blood glucose concentrations and release insulin as needed.  The blood glucose levels can be used as an indicator of carbohydrate metabolism and may also be used as a measure of endocrine function of the pancreas.

ELECTROLYTE ASSAYS:
Electrolytes are the positive or negative ions found in all body fluids.  Some of the functions include: maintenance of water balance, osmotic pressure, normal muscular and nervous functions.  The major electrolytes in plasma are: calcium, phosphorus, magnesium, sodium, potassium, chloride and bicarbinate.

Calcium (CA):

More than 99% of the calcium in the body is found in the bones.  The remaining 1% has major functions within the body including maintenance of neuromuscular excitability and tone. (decreased calcium can result in muscular tetany).  Circulating calcium also maintains the activity of many enzymes, facilitates blood coagulation and the maintenance of inorganic ion transfer. Calcium in whole blood is found almost entirely in the plasma or serum.

Phosphorus (PHOS):

More than 80% of the phosphorus in the body is found in the bones.  The remaining 20% contributes to energy storage, release and transfer and carbohydrate metabolism.  Most of the phosphorus in whole blood is found in the erythrocytes

Sodium (Na):

Sodium plays a major role in water distribution and body fluid osmotic pressure maintenance.  In the kidney, the sodium is filtered and resorbed back into the body as needed.  Sodium also plays a vital role in pH regulation of the urine and acid/base balance.

Potassium (K):

Potassium is needed for normal muscle function, respiratory and cardiac function, nerve impulse transmission and carbohydrate metabolism.  Plasma levels may be elevated in the presence of cellular damage or necrosis, which causes a release of potassium into the blood.  Decreased potassium levels may be a result of inadequate intake, or elevated loss through diarrhea and/or vomiting.

Chloride (Cl):

Chloride has a close relationship to sodium and bicarbonate levels.  It plays a major role in water distribution and osmotic pressure.  Hemolysis may affect chloride test results by diluting the sample with erythrocyte fluid. 

