Student B

Nelson's spectrophotometric assay

Introduction:






Glycemia is one of the internal variables that have to be maintained at a constant level, through homeostasis mechanism. Abnormal variations of glycemia could be the symptom of medical conditions such as diabetes and need being diagnosed (Mathews et al.). It is therefore crucial to be able to measure glucose level. Among the many methods used to measure glucose level in a solution, we have chosen for this experiment to use a spectrophotometer. 

We know that, the greater the concentration of glucose in the tested solution, the higher its absorption of light (Direct linear relationship described by Beer’s law (Segel, 1976)). Transmittance of light will be inversely proportional to glucose concentration, an increase of concentration causing a decrease of transmittance (with less of a decrease for higher concentrations). 

Solutions will be reacted with a reagent to produce a solution that will have an absorbance / transmittance that can be compared with a standard solution of known absorbance / transmittance. The objective of this experiment was to plot a calibration using known concentration of glucose in solution against the glucose solution's absorbance at 650nm and to use this information to determine the glucose concentration of an unknown sample by using the plotted points. 

The aims of this report are trifurcate:

·  Explain the procedure and the reasons behind specific reagent addition or manipulations.

· Present, process and discuss the data collected during the experiment.

· Explore ways of possibly increasing experimental accuracy.

Material and Method:

List of Reagents:

Standard glucose solution 50ug/ml (0.1, 0.2, 0,4, 0.6, 0.9 and 1.2ml).

Unknown glucose solution (2ml).

Alkaline copper reagent (2ml).   

Phosphomolybdic reagent (2ml).

Method:

At first various amounts of standard glucose solution (50 ug/ml) were pipetted each into clean glass tubes, the amounts transferred were 0.1, 0.2, 0,4, 0.6, 0.9 and 1.2ml, there was also a tube with 2ml of a glucose solution of unknown concentration, with  each tube was then properly labelled according to the amount of glucose solution it contained. 

Each glass tube was then filled to the 2ml mark with distilled water, A control test tube was also prepared and filled with 2ml water, this tube would later be used to zero the spectrophotometer. 

A Pi-pump was then used to measure out and add 2ml of alkaline copper reagent to each of the glass tubes. The content of all the tube was then mixed using a rotamixer after each tube was plugged loosely with non-absorbent cotton wool to prevent any splashing. 

The tubes were then heated in a boiling water bath for exactly eight minutes and allowed to cool in air for 2 to 3 minute, the glass tubes were then placed in a cold water bath fo 5-10 minutes. When the tubes were cooled down, 2ml of phosphomolybdic reagent was measured out and added into each glass tube by using a Pi-pump and the contents of each tube was then once again mixed on the rotamixer. 

After 2 minutes, 6ml of distilled water was added into each tube and each tube was once again mixed. Some liquid from the afformentionned glucose-less control tube was added to a cuvette and placed into the spectrophotometer at a wavelength setting of 650nm, the machine was then zeroed. 

The contents of the other seven test tubes were separately transferred into their own cuvettes and passed through the zeroed spectrophotometer starting with the most concentrated sample, in this case that would be the tube in which 1.2ml of standard glucose solution was added. 

If the most concentrated sample was not registered by the spectrphotometer we were required to dilute the sample by a known factor, and dilute all othe sample by the same factor, until the sample was registered on the machine. 

All the data was then recorded and a calibration curve was plotted, this would then allow for the sample with an unknown concentration of glucose to be positionned on the curve by using its absorbance reading at 650nm and its concentration to be revealed.

Results:

Table 1: Raw data.

Percentage absorbance for glucose solutions of increasing concentrations and the unknown.

[image: image1.emf]Absorbance 1 2 3 4 5 6 7 8

Glucose conc. (ug.ml)

0 (blank) 0 0 0 0 0 0 0 0

5 0.004 0.005 0.076 0.001 0.048 0 0 0.023

10 0.028 0.008 0.153 0.023 0.143 0 0.018 0.12

20 0.118 0.077 0.241 0.064 0.258 0.037 0.118 0.247

30 0.378 0.154 0.404 0.212 0.403 0.103 0.234 0.323

45 0.379 0.239 0.626 0.171 0.579 0.173 0.287 0.582

60 0.396 0.359 0.815 0.449 0.777 0.273 0.387 0.771

unknown 0.127 0.02 0.339 0.189 0.296 0.143 0.127 0.18


Table 2: Processed data and statistical analysis (part I).
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Average absorbance for glucose solution of increasing concentration and the unknown.

Standard deviation calculated as per data set (glucose solution concentration).

Graph 1: The effect of increase of glucose concentration on absorbance of a solution.
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Table 3: Statistical analysis (part II).

Student's T-Test performed on data sets for each increment of glucose solution concentration.
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5and10 0.023
10and 20 0.000
20and22.5 0.247
225and 30 0015
30and4s 0.029

45and 60 0.001




Explaining the procedure:

By observing the graph and its plots I have determined the unknown sample to be of a glucose concentration of 22.5 µg/ml and a red plot has been added on the graph. Each reagent added in the method had a specific prupose, the distilled water was added to bring all samples to an equal volume while the alkaline copper reagent was added to the mixture. The solution was heated to provide activation energies required in forming bonds between the copper compound and the glucose to make a ligand complexe. The Phosphomolybdic acid was added to reduce the copper from a Cu2+.to a Cu1+ stare, therefore confering to the solution copper's blue hue, the higher the glucose concentration the bluer the solution got (www.newagepublishers.com). Finally, 650nm wavelenght light was used in the spectrophotometric analysis since light at this wavelenght is red bordering on orange, the complete opposite of the blue-green colour a copper ligand shows (www.dartmouth.edu). This use of red-orange light meant there would be maximum absorbtion from the samples and therefore an even more accurate result.  

Data analysis and conclusion:

From the graph we can identify the expected trend: the greater the concentration of glucose in the tested solution, the higher its absorption of light. (Direct linear relationship described by Beer’s law). However, our first statistical analysis brings us to question our results. We performed our first statistical analysis by calculating the Standard deviation of each test (SD). The error bars, drawn on our graph, show a +- 1SD range which contain 68 percent of our data (assuming a normal distribution (Damon et al.)). From this we can make the following observations:

· For every test SD is approximately 50 percent of the value of our average; therefore our average is of little significance and the data is spread widely. 

· Our error bars are overlapping from one test to another, thus showing that absorbance was the same for solutions of contrasted concentration.

Our first statistical analysis allows us to question our experiment and to accept the trend only pending on further tests, to confirm the trend but with enough tests and better accuracy so as to reduce the SD. 

Our second statistical analysis was the Student’s t-test. This test was done to ensure there is a significant difference (despite the overlapping error bars) between the various sets of data. The test was operated on the sets for glucose concentration s of 5 and 10, 10 and 20, 20 and 22.5, 22.5 and 30, 30 and 45, 45 and 60. If the test hadn't given values superior to 0.05, then we would have accepted the null hypothesis, H0: “there is no significant difference between the absorbance of two glucose solution of increased concentration”. There was only one value above the 0.05 threshold and that was the value between the set of results at 20 µg/ml and 22.5 µg/ml, this could be due to the fact that there was a very small gap between the two which resulted in an increased impact of errors and uncertainties due to readings and manipulations.

We can conclude by confirming the impact of an increased glucose concentration on an increased absorbance, with a significant difference between the concentrations tested but this experiments calls for repeats and remediation (see following evaluation) so as to confirm the trends by results with a lower SD.

Evaluation of the method:

The variations that resulted in such large error bars could be due to a range of issues that will be explored independently and for which we will suggest potential improvements. 

· Heat given to the solution to induce copper ligands formation or cooling process could induce variation as the temperature, in both cases, was not monitored. We could use temperature probes placed in the tubes and use the solution when they have reached, all, the desired temperature.

· We performed 8 trials per test; however, each trial was performed by a different group of student. As we can see in our Raw data (Table 1) there can be a great discrepancy between groups (group 6 stands out). We could suggest that each group has to perform a test five times. Although this might be deemed unrealistic considering the time constraint.
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		Absorbance		1		2		3		4		5		6		7		8

		Glucose conc. (ug.ml)

		0 (blank)		0		0		0		0		0		0		0		0

		5		0.004		0.005		0.076		0.001		0.048		0		0		0.023

		10		0.028		0.008		0.153		0.023		0.143		0		0.018		0.12

		20		0.118		0.077		0.241		0.064		0.258		0.037		0.118		0.247

		30		0.378		0.154		0.404		0.212		0.403		0.103		0.234		0.323

		45		0.379		0.239		0.626		0.171		0.579		0.173		0.287		0.582

		60		0.396		0.359		0.815		0.449		0.777		0.273		0.387		0.771

		unknown		0.127		0.02		0.339		0.189		0.296		0.143		0.127		0.18
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