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Abstract
Biochemical techniques have made a significant impact in the medical field. Today, enzymatic tests are performed as routine checks and screenings to analyze a patient’s health. In this study, coupled enzyme reactions were used to determine the glucose (11.67 mM), blood urea nitrogen (1.655 mM) and cholesterol (411.1 mg/dL) of a bovine serum sample. These values were all out of the ideal range for both humans and cattle, but provide valuable experience with clinical biochemical techniques.

Introduction
Practical uses for biochemistry extend not only into the commercial industries but also into the clinical fields. The use of enzyme driven tests is an important tool for modern physicians. These tests, primarily performed on blood serum or other bodily fluids, provide valuable data that can in turn lead to diagnosing the cause of a patients ailments. Biochemical techniques are also used to monitor the response to treatment, or the impact of drugs, of a patient. Screening using biochemical methods has also become quote common, such as the test for phenylketonuria performed on nearly every new born in the US (Marshall and Bangert, 1995).

Many such tests are becoming part of “routine” blood work that doctors order when attempting to diagnose a patients complaints. They may also be done as part of periodic screening methods (Marshall and Bangert, 1995). Among the factors analyzed in the routine labs are checking the levels of cholesterol, glucose and urea nitrogen. 

Blood glucose levels are commonly monitored as abnormal levels are a predictor for a wide variety of conditions. While high levels are commonly associated with diabetes, it can also be an indication of hyperthyroidism, pancreatitis or even pancreatic cancer. Low levels can be caused by hypopituitarism or hypotyrodism. Care must be taken to understand the conditions of the patient when testing, as simple things such when and how much the patient has eaten and what medications they are taking can influence the test (NIH, 2009). Normal levels range between 4 and 6.5 mM.

Glucose assays work by converting glucose into glucose-6-phosphate and then using glucose-6-phosphate dehydrogenase and NAD+ to produce 6-phospoclucnate and NADH, as shown in Figure 1. NADH can then be measured at 340 nm in a UV spectrophotometer. The amount of NADH produced is directly proportional to the amount of glucose present in the sample. 
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Figure 1 An overview for the reaction of glucose with the glucose reagent.

Blood urea nitrogen levels are also frequently tested as an check for the bodies ability to metabolize proteins. Abnormal tests can indicate a wide range of conditions, from congestive heart failure, kidney failure, urinary tract infections, and liver failure. As with the glucose test, knowledge of a patients diet and medication are critical to reading the tests (NIH, 2009).

BUN tests couple the reaction of urea by urease to produce ammonia, with the ability of glutamate dehydrogenase to then convert the ammonia and a-Ketogluterate into L-glutamate while consuming NADH (Figure 2). The decrease in NADH present, again monitoring the absorbance at 340 nm in a UV spectrophotometer, can then be used to determine the amount of urea consumed in the reaction. Normal levels are between 2.0 and 6.0 mM in humans.
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Figure 2 An overview for the reaction of Urea with the BUN reagent. 

Cholesterol is a vital component in the human body, so much so that the majority of the cholesterol in our body is actually produced by us, rather than ingested as part of our diet. Cholesterol is the building block upon which many of our hormones are produced, as well as a playing a role in building cell walls. High levels of cholesterol are possible predictors of stroke and heart attacks. Abnormal total cholesterol levels can be an indication of hypo/hyperthyroidism, sepsis, diabetes and cirrhosis. When checking a patients cholesterol level, it is important to realize that recent illnesses (as long as 3 months prior to the test) can alter the total cholesterol present. Total cholesterol is a somewhat misleading test and today the results tend to be broken down into low density lipoproteins (LDL), high density lipoproteins (HDL) and triglycerides as part of a lipid profile. Ideally, total cholesterol should remain below 200 mg/dL (NIH, 2009).

Cholesterol assays can react cholesterol with cholesterol esterase, oxidizing it into cholest-4-ene-3-one, with peroxide produced as a side product. The peroxide can be reacted to produce quinoneimine chromogen, whose absorbance can be monitored at 510 nm in a spectrophotometer. 

In this experiment, bovine serum was used in the place of human blood to analyze glucose, urea nitrogen and cholesterol levels. Each assay was performed along with standardized, known values to create a range encompassing the expected serum levels. This data was then used to estimate the values contained within the bovine serum.

Materials and Methods

The materials used are listed for Exerpiment 11-A (page 380) in the lab manual (Boyer, 2000). Deviations and specifics are listed below:

· Spectrophotometer: Barnstead Turner, SP-830

· UV Spectrophotometer: Unicam, UV4

· Cholesterol reagent: Stanbio Ref# 1011-030

· BUN Reagent: Sigma Diagnostics, Infinity BUN Reagent, 9H022

· Glucose reagent: Sigma Life Science, Glucose Assay Reagent

· Glucose Standards prepared by instructor of 5, 10 and 20 mM. 

· Cholesterol standards prepared by instructor of 50, 100 and 200 mg/dL.

· Urea nitrogen standards prepared by instructor of 4, 8 and 12 mM.

Blood Glucose Assay

Standardized solutions were prepared using 8 ul of 5.00, 10.00 and 20.00 mM mixed with 750 uL of glucose reagent. Bovine serum was also mixed with the glucose reagent in the same fashion. All mixtures were allowed to incubate at room temperature for 15 minutes, then 375 uL of DI water was added to ensure there was enough of the sample to read in the spectrophotometer. The samples were analyzed at 340 nm in the UV spectrophotometer (using DI water as a blank) and the absorbencies recorded. The serum’s reading was validated to be within the range of the standard, so no dilution was required.

Blood Urea Nitrogen Assay

Four 1 mL portions of urea nitrogen reagent were obtained and heate at 37 C for 10 minutes. After 10 minutes, 10 uL of 4.00, 8.00 or 12.00 mM standard was added. The 4th tube had 10uL of bovine serum added. Each was mixed via inversion then a timer was started, where the absorbencies at 340 nm in the UV spectrophotometer (using DI water as a blank) in 30 second intervals for 90 seconds. While no dilution was needed, a 0 mM sample was created and measured, and the 8.00 mM was recreated. 

Cholesterol Assay

Standardized solutions were prepared using 10 uL of 0, 50, 100 and 200 mg/dL mixed with 0.5 mL of cholesterol reagent. Two bovine serum samples were prepared, one using 10 uL of serum and the other with 5 uL of serum and 5 uL of DI water, added to 0.5 mL of cholesterol reagent. All 6 tubes were heated for 10 minutes in a 37 C hot water bath Afterwards 1.0 mL of saline was added to provide a volume suitable for the spectrophotometer. DI water was used as a blank, and all samples were measured at 510 nm in the visible light spectrophotometer. No further dilution was required.

Results

For each test, the data of the standardized samples were plotted and a linear equation obtained. The obtained values of the bovine serum was confirmed to be within the range of the standard values, and then plugged into the equations to calculate the equivalent concentrations for each assay.

Blood Glucose Assay

With an absorbance at 0.354, the estimated blood glucose level for the bovine serum was 11.67 mM. The plotted data is presented in Figure 3.
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Figure 3 A standard curve created from standardized glucose samples.

Blood Urea Nitrogen Assay

With an absorbance difference (obtained by subtracting the absorbance at 90 seconds from the absorbance at 30 seconds) of 0.07, the amount of urea present was 1.655 mM. The standard curve is presented in Figure 4. The values from sample #2 was not used (8mM) as it resulted in a non-linear curve. 
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Figure 4 A standard curve created from standardized BUN samples.

Cholesterol Assay

Using the absorbance data at 510 nm, a standard curve was created and a linear equation obtained. The serum value of the undiluted sample was too high (0.378) for the standard curve, so the 1:2 dilution value of 0.267 was used instead. This results in a cholesterol level of 411.1 mg/dL. Figure 5 provides the standardized data obtained.
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Figure 5 A standard curve created from standardized Cholesterol samples.

Discussion

Had the results obtained been from a human instead of a cow, there would probably be some cause for concern. The obtained glucose levels of 11.67 mM is roughly double the normal range of 4-6.5 mM. The total cholesterol value was also more than double the normal value (200 mg/dL) for humans, at 411 mg/dL. These two elevated results could be an indication of diabetes mellitus. 

In contrast to the previous two tests, the urea nitrogen levels are a bit low for a human, at 1.655 mM. The normal range is again 2.0-6.0 mM. This could be supportive of the above data if the patient was eating a low protein, high fat and carbohydrate diet that lead to the diabetic symptoms. 

In the case of a cow, this lower than normal value of urea nitrogen could make sense given that cows don’t seem to eat a lot of proteins. The typical cattle diet is portrayed as grass and hay, and with the bacteria present in their stomachs able to convert the cellulose into glucose, this could explain the high glucose levels. 

The high cholesterol values obtained appear abnormal even for cattle. A study of serum cholesterol values in cattle found an average of sires to range from 152 to 182.7 mg/dL and a range of 110.7 to 128.7 mg/dL for heifers (Arave, et al, 1975). A study of cow blood sugar levels found an average of around 50mg/dL of blood (Maplesden, et al, 1960). Compared to the normal level of less than 100 mg/dL in humans, this is means our results were even higher. The normal BUN levels for cows appears comparable to that of humans, 9-12 mg/dL for cow and 7-20 mg/dL for humans (Hays, 1994). 

While there was no real hypothesis to test, the results of the experiment allow the utilization of clinical biochemical assays that were or are used frequently in medical laboratories worldwide. The bovine serum provided fit well within the values of the standardized samples. 

References

Arave, C.W.; Miller, R.H.; Lamb, R.C. Genetic and Environmental Effects on Serum Cholesterol of Dairy Cattle of Various Ages. Journal of Dairy Science. 1975, 58:3 423-427.

Hays, S.M. High “BUN” level a sign of protein waste. Agricultural Research. Findaticles.com http://findarticles.com/p/articles/mi_m3741/is_n4_v42/ai_15205311/ Accessed August 02, 2009.

Maplesden, D.C.; McSherry, B.J.; Stone, J.B. Blood sugar levels in normal cows before and after treatment with prednisolone and dexamethasone. Canadian Veterinarian Journal. 1960, 1:7 309-312.

Marshall, W.J.; Bangert, S.K. Clinical Biochemistry: Metabolic and Clinical Aspects, Churchill Livingstone, 1995. (Accessed via Google Books, on Aug 1’st, 2009 http://books.google.com/books?id=bhP4XLBEHtcC&dq=clinical+biochemistry&printsec=frontcover&source=bl&ots=QA4pAAz8Q3&sig=Nbj_s46ri5-V-dA-sSqkPybs7n0&hl=en&ei=Aa51SsvRFM6OtgfduN2WCQ&sa=X&oi=book_result&ct=result&resnum=9#v=onepage&q=&f=false)

National Institute of Health. BUN: MedlinePlus Medical Encyclopedia. http://www.nlm.nih.gov/medlineplus/ency/article/003474.htm Updated 5/13/2009 by David C. Dugdale, MD.

National Institute of Health. Cholesterol test: MedlinePlus Medical Encyclopedia. http://www.nlm.nih.gov/medlineplus/ency/article/003492.htm Updated 5/2/2009 by David C. Dugdale, MD.

National Institute of Health. Glucose test – Blood: MedlinePlus Medical Encyclopedia. http://www.nlm.nih.gov/medlineplus/ency/article/003482.htm Updated 5/12/2009 by David C. Dugdale, MD.

_1310732134.xls
Chart3

		50

		100

		200



Cholesterol

Concentration (mg/dL)

Absorbance (510nm)

Serum Cholesterol Standard Curve

0.129

0.174

0.268



Sheet1

		

		5		0.174

		10		0.352

		20		0.536





Sheet1

		0

		0

		0



Glucose

Concentration (mM)

Absorbance (340nm)

Serum Glucose Standard Curve

0

0

0



Sheet2

		0		0

		4		0.17

		12		0.43





Sheet2

		0

		0

		0



Urea Nitrogen

Urea Nitrogen Concentration (mM)

Absorbance change (90-30, 340nm)

Serum Urea Nitrogen Standard Curve

0

0

0



Sheet3

		

		50		0.129

		100		0.174

		200		0.268





Sheet3

		0

		0

		0



Cholesterol

Concentration (mg/dL)

Absorbance (510nm)

Serum Cholesterol Standard Curve

0

0

0




_1310740628.xls
Chart1

		5

		10

		20



Glucose

Concentration (mM)

Absorbance (340nm)

Serum Glucose Standard Curve

0.174

0.352

0.536



Sheet1

		

		5		0.174

		10		0.352

		20		0.536





Sheet1

		0

		0

		0



Glucose

Concentration (mM)

Absorbance (340nm)

Serum Glucose Standard Curve

0

0

0



Sheet2

		0		0

		4		0.17

		12		0.43





Sheet2

		0

		0

		0



Urea Nitrogen

Urea Nitrogen Concentration (mM)

Absorbance change (90-30, 340nm)

Serum Urea Nitrogen Standard Curve

0

0

0



Sheet3

		

		50		0.129

		100		0.174

		200		0.268





Sheet3

		0

		0

		0



Cholesterol

Concentration (mg/dL)

Absorbance (510nm)

Serum Cholesterol Standard Curve

0

0

0




_1310731840.xls
Chart2

		0

		4

		12



Urea Nitrogen

Urea Nitrogen Concentration (mM)

Absorbance change (90-30, 340nm)

Serum Urea Nitrogen Standard Curve

0

0.17

0.43



Sheet1

		

		5		0.174

		10		0.352

		20		0.536





Sheet1

		0

		0

		0



Glucose

Concentration (mM)

Absorbance (340nm)

Serum Glucose Standard Curve

0

0

0



Sheet2

		0		0

		4		0.17

		12		0.43





Sheet2

		0

		0

		0



Urea Nitrogen

Urea Nitrogen Concentration (mM)

Absorbance change (90-30, 340nm)

Serum Urea Nitrogen Standard Curve

0

0

0



Sheet3

		

		50		0.129

		100		0.174

		200		0.268





Sheet3

		0

		0

		0



Cholesterol

Concentration (mg/dL)

Absorbance (510nm)

Serum Cholesterol Standard Curve

0

0

0




