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VETERINARY CLINICAL CHEMISTRY
INTRODUCTION

Veterinarians use clinical chemistry and other laboratory tests to
· diagnose disease, 
· monitor disease progression or response to therapy,
·  and to screen for the presence of underlying disease in apparently healthy animals. 

The use of clinical biochemistry tests
Biochemical tests are most often discretionary, meaning that the test is requested for diagnostic purposes. Tests may also be requested to screen for a disease, without there being any specific indication of its presence in the individual, or to assess the risk of a particular disease or disease prognosis in the individual. 

The justification for discretionary testing can be summarized as follows: 
1 Why do I request this test?
2 What will I look for in the result?
3 If I find what I am looking for, will it affect my diagnosis?
4 How will this investigation affect my management of the patient?
5 Will this investigation ultimately benefit the patient?
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Accuracy and Precision of Lab Results
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Test Variability
A wide variety of clinical chemistry tests are offered by clinical pathology laboratories for this purpose (laboratories differ on the combination of tests [panels] offered to their clients). These panels include routinely used tests that are frequently used to help the veterinarian evaluate for disease in most body systems. Other tests, such as liver function testing, are not typically included in these panels, but can be ordered as individual tests. 

For the most accurate interpretation of chemistry test results, consideration must be giving to the following concepts: 


	Biological or Patient Variables

	

	Biological variables are associated with the patient. There are factors that are inherent to the patient, such as breed, age and sex, which cannot be controlled, but must be considered when evaluating test results. Remember, that most reference intervals provided by laboratories apply to healthy adult animals. 

Other biological variables involve those factors which can be controlled by you, the veterinarian, when drawing the blood sample, such as ensuring the animal is fasted for 12 hours before sample collection. 


	Inherent Patient or Biological Variables

	

	These variables are inherent to the patient and cannot be controlled. They must be considered when interpreting test results. 
· Species: There are species-specific differences in the source of analytes and the significance of analyte changes, e.g. alanine aminotransferase is a liver specific enzyme in small but not large animal species. Therefore, it is essential to compare chemistry results of an animal to a reference interval determined for the same species, e.g. chemisty results from a donkey cannot be interpreted using reference intervals for a horse.
· Breed: There are breed-related differences in chemistry analytes, but these are usually minor, e.g. healthy Draught horses typically have higher creatine kinase values than Thoroughbreds.
· Age: Many chemistry analytes change with age, i.e. young animals often have alterations in chemisty analytes that are not due to underlying disease, but are an expected age-related finding, e.g. elevated alkaline phosphatase in all species. In general, most reference intervals provided by clinical pathology laboratories are determined from adult animals and cannot be applied to young animals.
· Gender: Physiological states associated with pregnancy or lactation in female animals can affect analyte results independently of disease. In some species, there may be separate reference intervals for the different sexes, e.g. serum iron values in humans. In general, there are few gender-related differences in chemistry results for domestic animals.




	Controllable Biological or Patient Variables

	

	


	Standardization of collection techniques can minimize the effect of these variables on chemistry results. If these variables are unavoidable or desirable (e.g. sample collection post-exercise to detect rhabdomyolysis in horses), they must be considered during test interpretation. 
· Recent food ingestion: This will produce a post-prandial lipemia. Lipemia may affect the analytical methods used to measure certain plasma constituents, thus producing invalid results. Post-prandial lipemia can be avoided by appropriate sample collection, namely after a 12-hour fast. Indeed, fasting lipemia is good evidence for altered lipid metabolism secondary to disease. What are some examples of diseases that produce a fasting lipemia?
Recent food ingestion may affect the concentration of certain plasma constituents independently of lipemia, e.g. glucose. This effect is distinctly species dependent due to differences in food metabolism (e.g. non-ruminant versus ruminant).
· Stress: Stress (secondary to animal handling or underlying disease) may have profound effects on laboratory results, due to endogenous corticosteroid and/or adrenaline release. Handling stress is more prominent in young animals or un-acclimatized animals. Every effort should be taken to minimize stress during blood sample collection. 
· Exercise: The effect of exercise on plasma constituents is dependent on both the species and the intensity of the exercise. In general, blood samples should be collected from animals prior to exercise.
· Drugs: The technique of drug administration, e.g. intramuscular, can directly affect analyte results. Which analytes may be affected by intramuscular drug administration?
Drugs can also interfere with measurement of the analyte. Drug interference can be grouped into two general categories: 
1)) Physiological (in vivo) effects of the drug or metabolites on the analyte to be measured
2) In vitro effects due to some physical or chemical property of the drug or its metabolites, which interfere with the actual assay procedure. 
An example of therapeutic agents that produce marked assay interference is hemoglobin-based oxygen carriers (HBOC), such as Oxyglobin. Oxyglobin is polymerized hemoglobin of bovine origin and is, consequently, dark red. Administration of oxyglobin for treatment of anemia causes the equivalent of hemolyzed serum/plasma in the animal due to the inherent color of the compound. This can be seen vividly in the image below; the plasma sample on the left is pre-, that on the right, post-Oxyglobin, administration. 
	[image: https://ahdc.vet.cornell.edu/clinpath/modules/chem/images/oxyglob.jpg]


Whenever possible, the laboratory should be informed of any drug medication so steps can be taken to minimize the effect of the drug on assay performance. Unfortunately, little is known in veterinary medicine about the effect of drugs on both the animal or analytical techniques, with some notable exceptions (can you think of such an exception?). Therefore, any abnormal chemistry results should be interpreted with full knowledge of the animal's medication history.








	Non-biological or Sample Variables 

	

	Non-biological variables involve sample collection, handling and transport to the laboratory. All of these variables can be controlled to minimize the effect they have on laboratory results. 



	Sample Collection 

	

	Strict attention should be paid to sample collection to minimize artefacts induced from poor sample collection. 
· Venipuncture: Clean venipuncture is essential to minimize artefactual changes in the results. Poor venipuncture technique may cause hemolysis, which alters chemistry results in a variety of ways (can you think of some of the ways in which hemolysis may alter chemistry results?).
Clean venipuncture is particularly important when collecting blood for coagulation panels or coagulation factor (including von Willebrand factor) testing. By what mechanism does difficult venipuncture alter coagulation results and what kind of results could you expect from such a sample?
· Anticoagulant: The preferred samples for chemistry tests are heparinized plasma or serum (no anticoagulant). What differences might you except in the chemistry results for a heparinized plasma sample and a serum sample obtained from the same patient?
Fluoride-oxalate anticoagulant can be used for glucose easurements (why?), however prompt separation of serum/plasma from cells is essential as this anticoagulant induces severe hemolysis.
Citrate and EDTA anticoagulants should not be used for chemistry tests. What kind of chemistry results would you expect from a sample that has been anticoagulated with EDTA? or citrate?








	Sample Handling 

	

	After sample collection, strict attention should be paid to sample handling to minimize the effects of these variables on results. 
· Separation: Whenever possible, especially when there is to be a delay between sample collection and submission to a laboratory, serum or plasma should be separated from cells as soon as possible after sample collection. This involves allowing the sample to clot (for serum) and centrifuging the sample to separate out the blood components. The serum or plasma should be separated from cells and placed into a new clot (no anticoagulant) tube. The tube should be labeled as "plasma" or "serum". What type of changes might you expect in the chemistry results from a sample that has not been separated from cells? What is the mechanism for each of these changes?
There are special tubes available, called serum separator (or Corvac) tubes. These contain a silicon gel, that allows separation of serum from the clot. However, if these tubes are used, the serum should be still withdrawn and placed into a new clot tube. 
· Labeling: All body fluid samples taken from a patient should be correctly labeled with the patient name or identification and the type of specimen (e.g. serum, plasma, synovial fluid, peritoneal fluid). The laboratory is not responsible for correct labeling of the sample, YOU are. As you can imagine, an incorrectly labeled specimen can have serious and deleterious consequences for patient care.
· Storage: Most veterinarians do not have the advantage of having a clinical pathology laboratory within walking distance of their clinic. Several clinical pathology laboratories offer a courier service that ensures prompt sample delivery, however a large number of clinics submit their samples via regular mail or private courier services. There is usually at least a 24-hour delay between sample collection and delivery to the laboratory under the latter circumstances. Therefore, prompt separation of serum/plasma from cells and keeping the sample cool (with an icepack) is essential to maximize enzyme stability and prevent artefactual changes in the results. If a long (> 24 hour) delay is anticipated, it is advisable to freeze the sample and submit the sample to the laboratory frozen, on dry ice.





	
Analytical Variables 

	

	Analytical variables affect the procedure by which the analyte is measured by the instrument. Naturally, the impact on a chemistry test result will differ between laboratories, depending on the type of instrumentation. Analytical variables are caused by features inherent to the sample, e.g. interferences such as lipemia, or by features inherent to the analyzer. The latter are minimized by using quality assurance procedures within the laboratory. 




	Interferences 

	

	The degree to which endogenous substances interfere with chemistry analyzers depends on the type of analyzer, the methods used to detect the analytes and the amount of interfering substances in the sample (i.e. laboratory-specific). 
· Lipemia: Lipemia (lactescence) is caused by increased triglycerides (as chylomicrons or very low density lipoproteins). Lipemia interferes with chemistry tests by the following mechanisms:
1) Light scattering: Results in falsely increased absorbance readings of some analytes, e.g. total bilirubin, hemoglobin.
2) Volume displacement/solvent exclusion : This falsely decreases values of some analytes, e.g. electrolytes (mostly sodium and chloride, but also potassium to a lesser extent).
3) Hemolysis: Hemolysis of erythrocytes is enhanced in the presence of lipemia. One way to minimize artifactual changes in laboratory results from lipemia: This is done by refrigerating and centrifuging the plasma/serum at high-speed, which forms a fat layer at the top of the sample. The less lipemic plasma below the fat layer is aspirated from the tube and used for analysis. Chemical clearing methods are unreliable and may affect laboratory results in other ways, so they are generally not used to clear lipemic plasma. Note that triglyceride measurements must be performed on un-adulterated samples, because otherwise values will be falsely decreased if the fat layer is not included in the analysis.
· Hemolysis: Hemolysis is usually an in vitro artefact due to poor venipuncture technique, lipemia, freezing of whole blood samples, delayed separation of serum or plasma from cells, or delayed sample submission. However, hemolysis can occur in vivo with certain types of hemolytic anemias (can you think of some examples?). 
Remember that hemoglobin-based oxygen carriers (such as Oxyglobin) are red and, consequently, interfere significantly with chemistry analyzers. 
Hemolysis interferes with chemistry tests by the following mechanisms:
1) Increased absorbance: Released hemoglobin increases absorbance in the hemoglobin spectral range.
2) Inhibition of reactions: Released hemoglobin can directly inhibit chemical reactions.
3) Analyte release: Release of analytes found in high concentrations in red blood cells will falsely elevating the values of these analytes (can you think of some examples?).
4) Enzyme release: Release of enzymes which participate in chemical reactions, e.g. adenylate kinase (the value of which enzyme is artificially increased in this situation?).
5) Water release: Release of red blood cell water dilutes analytes.
· Icterus: Bilirubin interference arises from its spectral properties and its ability to react chemically with other reagents (resulting in decreased analyte values). This particularly affects creatinine concentrations.
· Hyperproteinemia: Monoclonal immunoglobulins (paraproteins), particularly when present in high concentration, interfere with chemistry analysis by the following mechanisms:
1) Hyperviscosity: This affects sample volume and is dependent on the class of immunoglobulin (which immunoglobulins produce hyperviscosity and why?).
2) Binding to analytes: Immunoglobulin binding to some analytes producing increased or decreased analyte values, e.g. hyperphosphatemia has been reported in a dog with chronic lymphocytic leukemia and an IgM monoclonal gammopathy.
3) Volume displacement: This has effects similar to lipemia.
What diseases produce a monoclonal gammopathy?
· Drugs: There are a number of different methodology-related drug interferences that may bias results. One of the most common drug interferences seen in veterinary medicine is the artefactual elevation of chloride values in samples from dogs on bromide therapy (an anticonvulsant). It is always wise to inform the laboratory of any medications in a particular animal, so that drug influences on chemistry tests can be minimized (but usually not eliminated).




	Assay Performance 

	

	Controlling and minimizing factors which affect assay performance involves quality assurance.

The goal of the clinical pathology laboratory is to provide accurate and precise results. Quality assurance is achieved by using clearly defined laboratory protocols and a quality control program. Quality control procedures in the clinical chemistry laboratory depend on measuring the concentration of analytes in control sera (with predetermined analyte values). Control values that fall outside predetermined (acceptable) limits usually indicate a procedural problem. Controls should ideally be run daily on the chemistry analyzer. Analysis is not performed on patient samples unless the control values are within acceptable ranges. In addition, the laboratory must participate in external quality control programs, in which unknown samples are analyzed and the results compared to those of other laboratories that use the same instrumentation. Major deviations of the laboratory's results from the mean indicates a procedural problem, that should be investigated and corrected.






	Types of Instruments:

	
. Blood chemistry analyzers: These are the primary instruments used to analyze blood samples. 
. Electrolyte analyzers: Specifically designed to measure electrolyte levels. 
. Glucose analyzers: Used to measure blood glucose levels, important for diagnosing and managing diabetes. 
. Urinalysis equipment: Used to analyze urine samples. 
. Immunoassay equipment: Used to detect specific substances in body fluids. 









Point-of-Care Tests:
A number of biochemical analytes may be estimated in the practice without the need for large analytical instruments.
Total protein level is measured by refractometry, using the same instrument as is used to measure urine specific gravity, provided the instrument has a total protein scale. It is also valid for protein measurement of ascitic and pleural fluids. The readout may be in g/dL, in which case multiplying the result by 10 will yield the SI unit of g/L.
Urea level may be estimated by chromatographic reaction strips, which correlate well with standard laboratory methods. A rapid whole-blood color comparison strip is also available, but these read only up to ~20 mmol/L and are thus of limited use. A dedicated reflectance meter for urea estimation is not available.
Glucose meters for use on whole blood are widely available for home use by human diabetic patients. These yield acceptably accurate results on animal blood, although an unexpected hypoglycemia should be confirmed by a professional laboratory. Fresh whole blood may be used, but fluoride blood or plasma is the preferred sample if analysis is not immediate.
Ketone levels may be estimated on either urine (preferred sample) or plasma/serum. This can be achieved by using the ketone patch of a urine dipstick, giving a qualitative result. However, there are a number of point-of-care instruments for measurement of blood glucose and ketone levels, including specifically β-hydroxybutyrate.
Triglyceride levels may be visualized in a plasma or serum sample as lipemia. If the milkiness rises to the top of the tube on storage, chylomicrons are present. Otherwise, the milkiness is caused by triglycerides. This is a qualitative judgment but is nevertheless useful, especially in equine patients.
Bilirubin level may also be appreciated by eye in most species. Equine and bovine plasma is normally yellow, which makes determination problematic, but in other species, any yellow color is abnormal and indicates an increased bilirubin level. Visual assessment of the depth and shade of color may provide additional information.
Other point-of-care tests include C-reactive protein as a marker for inflammation and cardiac troponin as a marker for cardiac muscle damage.
For emergency in-clinic use, the most important analytes beyond these simple basics are sodium and potassium. A dedicated ion-specific electrode meter is the best way to measure these. Instruments are available that can analyze whole blood, although great care must be taken to avoid artifacts due to unappreciated hemolysis. Critical care meters are also available that can estimate a variety of analytes, including glucose, urea, and electrolytes; however, these have not been extensively validated on nonhuman blood, and results should be interpreted with caution.
The Practice Laboratory:
Extending in-practice analysis beyond these emergency basics requires a dedicated instrument capable of measuring multiple analytes. Two types are available—those based on transmission/absorbance photometry (wet chemistry) and those based on reflectance photometry (dry-reagent chemistry). Transmission/absorbance photometry is the reference method on which all reference values and interpretive guidelines are based. Reflectance photometry methods do not always compare well with the reference method and are best confined to simpler tests such as glucose and urea. For wider applications, such as enzyme analysis, wet chemistry instruments are preferred.
In-clinic analysis is inevitably more expensive than the same investigations done by a professional laboratory, and the range of analytes available is more restricted. Additionally, the level of accuracy or reliability is likely to be lower. Therefore, it is still best practice to regard in-practice analysis as an interim emergency investigation, with the results to be confirmed as appropriate by a professional laboratory. Detailed case laboratory evaluation of nonemergency patients is best referred to a professional laboratory from the outset, for reasons of cost, accuracy, range of analytes available, and the assistance of the clinical pathologist in interpretation of the results.
If in-clinic analysis is to be relied on for general case laboratory evaluation, meticulous attention must be paid to quality assurance. Samples of known composition must be run at least daily for each analyte, in both normal and pathologic ranges; unless these are within the tolerance limits, no patient samples should be tested. Participation in an external quality assessment program is also strongly recommended. Employing a trained technician will address some of these issues but has implications for availability of results during off hours and holidays. The veterinarian in charge of the laboratory is responsible for all the results issued and incurs a legal liability to prove accuracy and reliability. If these cannot be guaranteed to the same standard as a referral laboratory, then results should not be relied on without external confirmation.







Techniques
[image: ]
                               Principles

Photometry 
Photometry is a general term used to describe an analytical chemistry technique in which the concentrations of substances and the activities of enzymes are determined by measuring the intensity of light passing through or emitted from a test chamber. This test chamber contains the substance to be detected and, in most cases, reagents intended to react with that substance to produce a color reaction. Strictly speaking, the term spectrophotometry should be applied when the instrument being used has the ability to produce light of a variety of wavelengths through some type of light-fractionating device, such as filters, prisms, or diffraction gratings.

Absorbance spectrophotometry
 Absorbance spectrophotometry is an analytic technique in which concentrations of substances are determined by directing a beam of light through a solution containing the substance to be detected (or a product of that substance) and then measuring the amount of light that either of these absorb. The principles described here are incorporated into automated and semiautomated processes on today’s chemistry analyzers. Automation, from sample and reagent addition management to calculation of test results to generation of a patient diagnostic report, is made possible by computer control and information processing integral to these systems.

Reflectance photometry 
The principle of reflectance photometry is used in a few large, automated clinical chemistry analyzers and in several of the smaller clinical chemistry analyzers designed for in-practice use. 

Reflectance photometry is a method used to quantify the amount of light reflected off a surface at various wavelengths. 
How it works:
A light source emits light onto the sample. 
The reflected light is then measured by a detector. 
The intensity of the reflected light at different wavelengths is analyzed to determine the reflectance characteristics of the sample. 

Applications:
. Chemical Analysis: Reflectance photometers are used for quantitative chemical analysis, such as analyzing body fluids. 
. Clinical Laboratories: They are used in clinical labs for various tests, such as automated urinalysis. 
. Reagent Strips: Reflectance photometry is used with reagent strips to analyze urine samples. 

Atomic absorption spectrophotometry 
Atomic absorption spectrophotometry (AA) is used for measuring the concentrations of many elements. Advantages of AA include its superior sensitivity (i.e., it can detect smaller concentrations) and its ability to measure the concentrations of various elements. 
AA is typically limited to toxicology laboratories for clinical purposes. 
Applications include measurement of concentrations of elements such as lead, copper, and selenium in fluids or tissues. 
As the name implies, AA involves measuring absorption of energy by atoms. This technique involves heating a sample in a flame that is hot enough to cause the element in question to dissociate from its chemical bonds and form neutral atoms– but not hot enough to cause large numbers of electrons to jump to the excited state. These atoms then are in a low-energy (i.e., ground) state and can absorb light of a narrow wavelength that is specific for that element. If a light of this wavelength is projected through the flame, the amount of light absorbed is proportional to the concentration of the element in the sample. Measurement of the amount of light absorbed, therefore, allows the concentration of that element in the sample to be calculated. Focusing devices, photodetectors, meters, and readout devices serve the same purposes in AA as in other types of spectrophotometry.

Fluorometry
 Fluorometry is a technique that measures the intensity of emitted light (fluorescence) after a sample is excited by light of a shorter wavelength, used for quantitative analysis in various scientific fields. Fluorometry is a method of identifying and analyzing samples based on the light absorbed and then emitted from a sample; fluorescence. In fluorescence spectroscopy, the amount of light emitted after absorption is measured to give information on the components of the sample.
Fluorometry, also known as fluorimetry or spectrofluorometry, is a type of electromagnetic spectroscopy that analyzes fluorescence from a sample. 
A fluorometer (the instrument used) excites a sample with light, and then measures the intensity of the light emitted at a longer wavelength (fluorescence.
 It is used in immunological assays, cell surface detection, and studying antigen-antibody interactions. 


Light-scatter techniques
 Light-scatter techniques can be used to measure the concentrations of larger molecules in fluids. When light is projected through solutions containing large molecules such as immunoglobulins and other large proteins, antigen–antibody complexes, and some drugs, these molecules cause light to scatter in all directions. These techniques, therefore, are potentially useful in measuring the concentrations of these substances. With light scattering, the wavelength of the light being scattered is the same as that of the light being projected into the solution. By assessing the degree of light scattering, the concentration of the substance of interest can be measured. 

Two techniques, turbidimetry and nephelometry, use the principles of light scattering to make such measurements. In turbidimetry, the decreased intensity of a light beam passing through a turbid solution is measured. The intensity of light decreases, because a portion of it has been scattered by the large molecules of interest. In a turbidimeter, light rays are projected through a cuvette containing the analyte in solution, and the intensity of light leaving the solution (i.e., the transmitted light) is measured in a straight line from the transmitted light. The decrease in transmitted light intensity is proportional to the concentration of the analyte. A turbidimeter, therefore, is similar in principle to an absorbance spectrophotometer. In nephelometry, a beam of light also is projected through a solution containing the analyte, but the photodetector is placed at a 90∘ angle to the cuvette. In addition, scattered rather than transmitted light is measured. The intensity of the scattered light is proportional to the concentration of the analyte. Nephelometry, therefore, is analogous to fluorometry in terms of configuration of the light path. If a solution is not visibly turbid, nephelometry is a somewhat better technique than turbidimetry.


Electrochemical techniques 
A variety of electrochemical techniques are used in clinical chemistry and most often are applied in measurements of electrolytes and acid-base status. This includes electrolytes such as sodium (Na+), potassium (K+), chloride (Cl−), ionized calcium (Ca+2), pH (H+), and partial pressures of oxygen (pO2) and carbon dioxide (pCO2) in whole blood. These techniques also can be used to measure other sub stances if the chemical reactions used in the assay system result in production or consumption of an ion. For example, such reactions exist for determination of glucose, urea, and creatinine concentrations. Electrochemical methods are applied through a wide variety of electrode and instrument configurations. In recent years, several electrochemical systems have had complexity, cost, and applications reduced to practice in point-of-care formats. These systems have rendered blood gas, electrolyte, and selected chemistry capability both affordable and practical in the typical veterinary facility. Some of these devices utilize microfabricated disposable cartridges in which these measurements are made on whole blood. Other systems use small volumes of blood injected into a port leading to sample flow-through fluidics within the analyzer. Regardless of design, these instrument systems typically combine potentiometry, amperometry, and conductometry to provide acid-base and electrolyte panels, as described below.

Potentiometry
[bookmark: _GoBack] Potentiometry is commonly used for measurement of pH (i.e., hydrogen ion concentration), partial pressures of carbon dioxide and oxygen, and concentrations of electrolytes in whole blood or serum. In potentiometry, the electrical potential between two electrodes is measured, thereby giving a value that can be used to calculate the concentrations of various electrolytes. Potentiometry involves the development and measurement of the potential difference between two electrodes. This technique is used to measure electrolyte concentrations using ion-selective membrane electrodes, also known as ion-specific electrodes (ISEs). The technique is used to measure ion concentrations in whole blood, plasma, serum, and occasionally other body fluids. The ISE is the variable electrode sensor immersed in the sample of measurement interest. The ISE has a barrier or membrane that isolates the internal electrode from the body fluid. Only the specific ion being measured is allowed to cross or interact There is a reference electrode, chemically saturated to have fixed potential. The test sample contains differing concentrations of various ions. The ISE selectively allows movement of the ion of interest (e.g., Na+) into or across the membrane, resulting in a potential difference between the two electrodes. The potential difference is proportional to the concentration of specific analyte being measured.

Amperometry 
Amperometry is a technique that measures the electrical current passing between two electrodes in a chemical cell while a constant voltage is applied. This differentiates the technique from potentiometry, in which no electrical current flows and no voltage is applied. The most common application of amperometry in clinical chemistry is electrochemical measurement of the partial pressure of oxygen (PO2) in blood.

Coulometry and conductometry 
Coulometry and conductometry are two other electrochemical methods that occasionally are used to measure the concentrations of substances. Coulometry involves measurement of the amount of electrical energy passing between two electrodes in an electrochemical cell. This electrical current is produced by chemical reactions occurring at the surfaces of each of two electrodes, resulting in the loss or gain of electrons by these electrodes. The amount of electrical current produced is directly proportional to the concentration of the substance being measured. This substance is consumed in an electron-using or electron-producing process. Unlike potentiometry, the actual current rather than the potential between two electrodes is measured, and unlike amperometry, no outside voltage is applied to the system. This method has been applied to the measurement of serum chloride concentrations.

Conductometry
Conductometry is an analytical technique that measures the electrical conductivity of a solution to analyze ionic species, monitor chemical reactions, or determine the concentration of electrolytes. It is often used in analytical chemistry, particularly in conductometric titrations, and relies on the principle that the conductivity of a solution changes as ions are added or replaced. 
 involves measurement of a fluid’s ability to conduct an electrical current between two electrodes when a voltage is applied to the sample in the system. This property, which is known as electrolytic conductance, occurs via movement of ions in the fluid. The conductivity of an aqueous fluid depends on the concentration and ionic strength of the electrolytes in that fluid: the higher the electrolyte concentration, the higher the conductivity. Conductometry can be used to measure the production of ions by chemical reactions. Therefore, it is possible to measure the concentration of a substance in a fluid if it is used in a chemical reaction producing ions in numbers proportional to the substance of interest. The increased conductivity resulting from the production of these ions would then be proportional to the original concentration of the substance being measured. It is also possible to measure hematocrit by conductometry on some clinical systems. The plasma fraction readily conducts current while cellular mass acts as an insulator, impeding current. As the hematocrit increases, the ability of the sample to conduct current decreases. This measurement can be calibrated. The calculation factors in electrolyte concentrations simultaneously measured in the same sample.



Osmometry 
Osmometry is a technique used to measure the concentration of particles (solutes) in a solution, also known as the osmolar concentration, which can be expressed as osmolality (mmol/kg of solvent) or osmolarity (mmol/L of solution). 
To understand osmometry, the changes that occur in a solution when concentrations of particles (i.e., solute) dissolved in a fluid (i.e., solvent) increase must be understood. These changes, which are known as colligative properties, are increased osmotic pressure, decreased vapor pressure, increased boiling point (because of decreased vapor pressure), and decreased freezing point. Any of these colligative properties could be used to measure osmolality or osmolarity. Among those properties that actually are used to make these measurements are freezing-point depression and decreased vapor pressure.
The freezing-point depression technique is the most commonly used. As the name implies, this type of osmometer measures the freezing point of a solution through a number of steps involving freezing, thawing, and freezing again. This process is monitored by a thermistor, which measures temperature, and it determines the freezing point by determining the temperature at equilibrium between freezing and thawing. The osmolality or osmolarity of the fluid then is determined by comparing this temperature with those of various calibration fluids with known osmolality or osmolarity.
Clinical Application: Osmometry is used in clinical laboratories to measure the osmolality of body fluids like plasma and urine, which is important for assessing hydration status and kidney function. 

Protein electrophoresis
 Electrophoresis is an analytic technique based on the movement of charged particles through a solution under the influence of an electrical field. In clinical chemistry, electrophoretic techniques most commonly are used to separate and analyze serum proteins. When serum is placed on or in a supporting substance that allows migration of these proteins and can carry an electrical charge, these proteins move through this material just as other charged particles do. The movement of proteins through such a substance depends on the net charge on the protein molecule, the size and shape of the protein molecule, the strength of the electrical field applied, the type of supporting medium, and the temperature. In a given electrophoresis application, the latter three items are held constant. Therefore, the migration of protein molecules depends on the net charge and on the size and shape of the molecules. As a result, different serum proteins migrate at different rates and, possibly, in different directions in the supporting substance.
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Typical electrophoretic separation of serum proteins in a sheet of supporting substance. The type and number of fractions actually separated depends on the type of electrophoresis application and on the species from which the serum was sampled.
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A densitometer scan (electrophoretic scan) of a serum protein electrophoresis separation.
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Table 1.1 Techniques in veterinary clinical chemistry and substances
measured with those techniques.

Technique Substances measured
Photometry
Absorbance Glucose, BUN, creatine, calcium,
photometry phosphorus, magnesium, protein,
albumin, biliubin, bile acids, ammonia,
cholesterol, bicarbonate, total CO,,
enzymes
Reflectance Similr to those measured by absorbance
photometry photometry
Atomic absorption Many elements including nutrients and
spectiophotometry toxicants (e.g, calcium? magnesium,*

Fluorometry.

Light scatter techniques
Turbidimetry

Nephalometry

Electrochemical methods
Potentiometry

Amperometry
Coulometry and
conductometry®

Osmometry

Protein electrophoresis

lead, arsenic)

Glucose, bilirubin, bie acids, calcium,
magnesium, enzymes, antithrombin I,
heparin, plasminogen, hormones, drugs

Immunoglobulins, antigen-antibody
complexes, other large proteins, drugs
Immunoglobulins, antigen-antibody

complexes, other large proteins, drugs

8lood pH, PCO,, sodium  potassium &
chloride?

?0,

BUN

Osmolaity or osmlarty
Albumin, a-globulin, f-globulin,
-globulin

BUN, blood urea nitrogen

“May be used to measure the concentration of these substances in
sold tissues that have been ashed or digested. Absorbance photoretry
is more commonly used to measure concentrations of these substances

in serum or plasma.

DElectrodes used to measure concentrations of these electrolytes are

called ion-selective electrodes.

“Conductometry also s used to perform cell counts in some

hematology analyzers.
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