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Abstract 
 
 D-Glucose (dextrose) was successfully detected using HPLC-PED. The methodology 
was highly inaccurate with 42% to 73% error when results were compared to glucose 
monitor readings. Serum glucose levels were indistinguishable and virtually absent when 
comparing fasting and non-fasting conditions. One out of four subjects showed a significant 
difference corresponding to expectations of a higher glucose level after eating. The method 
of standard additions should be considered in the future to correct for blood matrices 
interference as well as variable serum extraction. Overall, better quantification methods 
should be pursued; however, dextrose was successfully and easily detected in human blood 
serum samples using HPLC-PED instrumentation.   
 
Introduction 
 

Homeostasis normally maintains blood glucose levels within a relatively narrow 
range in the human body. Under fasting conditions, normal glucose levels are between 70-
100 mg/dL (1). After eating, glucose levels normally do not exceed 140 mg/dL (1). 
Hyperglycemia or hypoglycemia occurs when levels are above or below the range of 70-
140 mg/dL, respectively. Hyperglycemia is a sign of Type I or II diabetes mellitus. In either 
case, insufficient insulin is present to assist in glucose uptake from the blood, so blood 
glucose levels remain high. Type I diabetes, or juvenile-onset diabetes, occurs when the 
pancreas does not produce enough insulin. Type II diabetes, or adult-onset diabetes, is 
caused by insulin resistance, when somatic cells do not properly respond to insulin. 
Monitoring glucose levels in diabetic patients is important for the prevention of 
hypoglycemia (and insulin shock) or hyperglycemia. Extremely and consistently high or 
low blood glucose levels can lead to kidney, brain, and other organ damage (2).  

Human blood glucose levels are typically obtained using a glucose monitor. Modern 
glucose monitors function by measuring electrical current that corresponds to glucose 
levels. The testing strip of the monitor contains three different layers with the following 
components that react with the blood glucose:  glucose oxidase, potassium ferricyanide, 
and one layer with two electrodes (3). When glucose oxidase contacts blood glucose, it is 
converted to gluconic acid. Then, gluconic acid converts (reduces) ferricyanide (Fe3+) to 
ferrocyanide (Fe2+) (3). Potassium ferrocyanide subsequently reacts with the electrode 
layer to form an electrical current, which becomes stronger with higher blood glucose 
levels. The enzymatic reaction and electrochemical detection renders highly sensitive and 
very accurate glucose readings.  

In this study, HPLC-PED (pulsed electrochemical detection), sometimes referred to 
as HPLC-PAD (pulsed amperometric detection), is used for the quantification of D-glucose 
(Figure 1) in human blood serum. Blood serum is plasma without clotting factors. HPLC-
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PED is a commonly used analytical technique for detection of carbohydrates in different 
matrices, including soda and other foodstuffs. HPLC-PED is advantageous over reversed-
phase HPLC for carbohydrate detection. The lack of pi-electrons in aliphatic compounds 
such as glucose results in low UV-Vis absorbance sensitivity, the detection method used in 
regular HPLC (4). HPLC-PED uses an electrode to oxidize or reduce analyte eluting from an 
anion-exchange column. Electrochemical detection is more sensitive than UV-Vis 
spectroscopy in HPLC, especially for carbohydrate detection. The electrode is connected to 
a circuit that amplifies and detects the generated current (5). The current is proportional to 
the analyte concentration (5). Carbohydrates are weakly acidic, and are ionized at high pH, 
resulting in effective separation using ion-exchange. The separation, therefore, depends on 
carbohydrate pKa and molecular weight (5). Figure 2 shows the instrument set-up, which 
includes a gold electrode. 

 

 
Figure 1.  Dextrose (D-glucose) molecular structure 

 

 
Figure 2.  HPLC-PED instrumentation used in this study 

 
It is generally known that aliphatic compounds like glucose produce oxidative 

species that adsorb on metal electrode surfaces (6). Oxidative residue build-up leads to 
decreased detection signal over time. To prevent this, pulsed potential cleaning of the 
electrode surface is used (5). Figure 3 is a schematic of a common three-step PED 
waveform. First, a detection potential (Edet) is applied and the signal is detected for tint after 
a delay period tdel. Then, an oxidative potential (Eoxd) is applied to clean the electrode 



Concordia College Journal of Analytical Chemistry 2 (2011), 58-66 
 

60 
 

surface of any residue. Finally, the potential is reduced (Ered) to clear the surface of the 
oxide layer formed, and the electrode is ready for another cycle of detection and cleaning.  

 

  
Figure 3. Three-step PED waveform (5) 

 
Two different tests are performed: (1) an accuracy test that compares HPLC-PED 

measurements of blood serum glucose of a Type I diabetic subject to the subject’s glucose 
monitor readings and (2) a test to differentiate serum glucose levels in fasting and post-
meal conditions.  
 
Experimental 
 
Cai et al. provided the primary basis for experimental techniques used in this study (7). 
 
Reagents 
 

Dextrose (Fischer Scientific), D(-)ribose (Sigma), and D-maltose monohydrate 
(Aldrich) were used to prepare carbohydrate standards. Cai et al. suggested the use of 
sodium azide for preservation of carbohydrate solutions; however, this reagent was not 
added because the solutions were immediately used and therefore were subject to minimal 
bacterial growth. 

Sodium hydroxide solution, 50% w/w (Fisher Scientific) was used to prepare the 
mobile phase. Blood serum preparation required HPLC grade acetonitrile, 99.9% (Acros), a 
vortex, a centrifuge, and 0.45-μm syringe filters. To draw blood from subjects, 3.0-mL BD 
Vacutainers (Franklin Lakes, NJ, USA) were used. These Vacutainers contained 5.4 mg of 
the known anti-coagulant EDTA (K2) to prevent the blood from clotting. 
 
Donor Selection 
 

Selection of blood donors was non-randomized because blood donation requires 
trust and time. One donor with Type I diabetes was selected for quantification comparison 
purposes. The diabetic donor used a OneTouch Ultra Mini glucose monitor (with strips that 
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use the electrochemical reaction for detection) to read glucose levels before eating 
breakfast and immediately after eating breakfast. Both were performed two hours prior to 
donation.  

A second group of four donors was selected to test a difference between fasting and 
non-fasting glucose levels (similar to a standard test for diabetes). The donors were 
instructed to donate when fasting, eat something of their choice, and donate one hour later. 
These instructions were loosely followed, meaning that the one-hour time frame varied due 
to donor schedule conflicts. Additionally, the fasting time (usually 8 hours) and specific 
food item were not standardized, contrary to a formal fasting blood glucose test.  
 
Blood Serum Preparation 
 

Approximately 2 mL of blood was drawn from each donor using a Vacutainer. Blood 
samples were stored at 4⁰C until used. Acetonitrile, an organic solvent that clots blood, was 
added the blood sample in 3:1 fashion. A given sample of donated blood underwent 2 
separate serum preparations. The blood-acetonitrile solution was vortexed for 2 min and 
subsequently pipetted into separate Eppendorf tubes for centrifugation at 6000 rpm for 8 
min. The serum was extracted and diluted with acetonitrile by a factor of 25. The dilution 
was completed through two successive dilutions of 2.00 mL solution to a 10.00-mL final 
volume. The serum samples were run through the HPLC-PED right after the dextrose 
standards were run. 
 
Preparation of Standards 

 
Standards of dextrose were prepared by diluting solid dextrose with deionized 

water. The following concentrations were made:  5, 10, 20, and 40 ppm.  
 
Instrumentation set-up and parameters 
 
 The instrument consisted of a Dionex ED40 electrochemical detector, an Alltech 526 
HPLC pump, a Dionex chromatography column (CarboPac PA1 35391, 4x250mm, No. 
7087), and a manual sample injector. Isocratic elution was performed with 50 mM NaOH 
mobile phase, which was filtered prior to use. 
 
Fitting/Data Analysis 
 
 To generate a flat baseline, single-point baseline subtraction and line subtraction 
were used (Figure 4). For line subtraction, a line (red in Figure 4a) was estimated and then 
subtracted from the spectrum in order to make the baseline directly under the peak flat. 
Figure 4b shows the resulting peak after subtracting the red line from the blue spectrum in 
Figure 4a. Then, the resulting peak area was determined using the trapezoidal rule. No 
software was available for auto-integration of the spectral peaks. 
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Figure 4. Technique to retrieve flat baseline. Before (a) and after (b) line subtraction. 

  
The equation from the dextrose calibration curve was used to determine the amount 

of dextrose in the blood serum samples. Uncertainties were calculated for samples with 
two separation preparations. A percent error was determined to evaluate the accuracy of 
the diabetic glucose results – comparing the HPLC-PED and glucose monitor readings. 
 
Results and discussion 
 

The dextrose peak comes out at 5 min when 50 mM NaOH mobile phase is used. The 
dextrose standards (spectra shown in Figure 5a) produced a relatively linear calibration 
curve, with R2 = 0.9983 (Figure 5b).  
 

 
Figure 5. Chromatogram of standards (a) and calibration curve (b) produced from glucose standards, 5, 10, 
20, and 40 ppm. 
  
 Preliminary tests show that dextrose is the only carbohydrate easily detectable in 
the blood serum. The peak at 5 min in Figure 7 is that of dextrose in blood serum. It comes 
out at 4 min in a higher concentrated mobile phase, 100 mM NaOH (Figure 6). Other 
components in the blood serum, such as proteins, antibodies, and antigens, came out before 
the dextrose and were reduced. Complete separation may not have been retrieved from 
these components. 
 

a) b) 

a) b) 
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Figure 6. Raw spectrum of solution with dextrose, ribose, and maltose in 
concentrations of 10 ppm ran with 100 mM NaOH mobile phase. 

 

 
Figure 7. Raw spectrum of blood serum ran with 50 mM NaOH mobile phase. 

 
The blood serum from the Type 1 diabetic subject yielded a dextrose concentration 

value of 45.4 ± 6.0 mg/dL after extrapolation of the calibration curve. The glucose peaks 
from the diabetic subject exceeded the 40 ppm boundary of the curve, possibly reducing 
the accuracy even though linearity should be assumed (Figure 8).  

 

 
Figure 8. Spectra of diabetic subject blood serum compared with that of the 
highest (40 ppm) dextrose standard. The height of the serum spectrum is 
lower than that of the standard, but the area is higher. 
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The glucose monitor read 78 mg/dL for fasting levels and 144 mg/dL for glucose 
levels immediately after eating. These resemble the normal boundaries of human blood 
glucose (70-140 mg/dL). The diabetic subject donated blood 2 hours after eating (2 hours 
after the second monitor reading); there is no monitor reading taken right at the time of 
donation. Therefore, the HPLC-PED glucose determination is expected to lie between the 78 
mg/dL fasting level and 144 mg/dL eating level (as determined by the glucose monitor). 
However, the HPLC-PED reading (45.4± 6.0 mg/dL) is significantly lower than this range. 
The percent error was determined to be 42 to 73 %, when comparing the HPLC-PED 
reading to the two glucose monitor readings – fasting and eating, respectively.  
 The results of the second test (comparison of fasting and post-meal glucose levels) 
were insignificant. Virtually no spectral peaks were detected for three out of four subjects. 
Contrary to expectations, the minimally detected glucose peaks corresponded to the fasting 
samples, versus the absent peaks which corresponded to the eating samples. Figure 9 
displays spectra for one subject where this is the case.  
 

 
Figure 9. Spectra of fasting (‘fast’, 2 preparations) and post-meal (‘eat’, 2 
preparations) for one subject. The results are counter-intuitive. 

  
For one subject, the results align with expectations. Fasting levels were determined 

to be 6.5 ± 0.2 mg/dL compared to post-meal levels at 16.4 mg/dL (Figure 10 displays 
corresponding spectra). However, glucose serum levels remain severely low compared to 
the normal blood glucose range.  

The HPLC-PED methods used can be conclusively deemed inaccurate with 42 to 73 
% error. The fluctuating glucose measurements and absence of glucose in some cases may 
be explained by a variable amount of serum extracted. The transfer via pipetting from the 
vials to Eppendorf tubes during serum preparation may account for glucose loss. It was 
difficult to transfer all serum because there was a tendency for clotted blood to clog the 
micropipetter. The fasting versus non-fasting test should be more standardized because the 
1 hour after eating varied. Also, there was no standard meal choice and fasting duration 
(typically 8 hours). Standard addition methods should be considered in the future in order 
to properly correct for errors with serum extraction and blood matrix interference. Also, 
the gold electrode should be polished in the future in order to ensure cleanliness of the 
electrode surface and maximal signal sensitivity. 
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Figure 10. Spectra of one subject’s blood serum: fasting (fast) v. post-meal 
(eat). These results align with expectations.  

   
Conclusions 
 
 Dextrose was successfully detected in numerous blood serum samples.  The 
methods were highly inaccurate with 42 to 73 % error as determined from comparing 
results to a glucose monitor. The comparison of fasting and non-fasting glucose levels 
showed insignificant results for 3 out of 4 subjects. Variable serum extraction methods may 
explain the detection difficulties for some samples. In the future, the fasting versus non-
fasting test should be more standardized. Glucose quantification methodology should be 
refined, and standard addition methods should be considered. This preliminary study 
shows that serum glucose can be successfully and easily detected using HPLC-PED 
instrumentation.  
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