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ABSTRACT 

The incidence of type 2 diabetes (T2DM) has increased during the last decades to 

pandemic proportions. In general, T2DM is diagnosed from fasting blood glucose levels, 

sometimes in combination with fasting plasma insulin levels (HOMA-index). Deeper 

insight in the underlying pathology is usually obtained via methods that disturb steady 

state glucose metabolism. Here we describe a method in which blood glucose kinetics are 

determent in mice without perturbing basal glucose homeostasis. 

 Nine hours fasted mice received 2.5 mg D-[6,6-2H2]-glucose intra-peritoneally. 

The decay of the deuterated glucose in the blood compartment could be described by 

single-pool, first order kinetics. The test was validated in a high-fat fed mouse model. 

Upon high-fat diet, insulin sensitivity index decreased due to increased insulin and 

glucose concentrations. Volume of distribution of glucose was reduced and its metabolic 

clearance rate was lower but no effects were seen on mean residence time, pool size, 

and turnover rates of blood glucose. 

In conclusion, we describe a simple method that produces detailed information 

about fluxes and kinetic parameters of glucose metabolism. Application in high-fat fed 

mice demonstrates that use of this method readily provides insight in the underlying 

mechanism of high-fat diet induced insulin resistance. 

 

 

INTRODUCTION 

The World Health Organization (WHO) has indicated that in 2005, on a global scale, 

approximately 1.6 billion adults (age 15+) were overweight (BMI>25) and at least 400 

million were obese (BMI>30). By 2015, these already astronomic numbers will be 

increased to approximately 2.3 billion and 700 million, respectively (1). Obesity has been 

recognized as a major pathogenic factor for diseases like hypertension, dyslipidemia, 

coronary disease, heart failure, myocardial steatosis and type 2 diabetes mellitus (T2D) 

(2). The latter disease is preceded by insulin resistance and early recognition of this 

condition is of great clinical importance. Diabetes is defined by the value of fasting blood 

glucose levels; the American Diabetes Association defined fasting glucose levels between 

5.6 - 6.9 mmol.l-1 as impaired, and levels higher than 7.0 mmol.l-1 as diabetic, whereas 

normal blood glucose values were defined as lower than 5.6 mmol.l-1. This parameter for 

diagnosis of T2D falls short of diagnosing insulin resistance which develops at normal 

levels of plasma glucose. A variety of indices has been developed to determine insulin 

resistance in humans. One of the indices often used is derived from Homeostasis Model 

Assessments (HOMA index). This index uses the product of fasting glucose and insulin 

concentrations relative to a population considered to have normal glucose and insulin 
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responses (3). Although easy to generate, it has a major drawback, since no conclusions 

can be drawn about the kind of perturbation in glucose metabolism underlying the 

changes in HOMA index, whether glucose production by the liver or glucose consumption 

by peripheral organs has been affected. Simple tests to estimate the changes in glucose 

metabolism like the intravenous (IVGTT) and oral glucose tolerance tests (OGTT) apply 

high amounts of unlabelled glucose to perturb glucose metabolism and subsequently 

measure the relaxation of the perturbed glucose concentration to its initial 

concentrations. These tests give valuable information on glucose metabolism and can be 

applied repeatedly which makes them applicable consecutively in longitudinal studies in 

humans as well as in small animals, but they have drawbacks. Firstly, they measure the 

combined influence of defects in glucose metabolism and insulin signaling. Secondly, the 

parameters obtained are derived under conditions different from those of the HOMA 

index. In addition to these relatively simple tests, a significant number of much more 

complex methods have been developed that provide more detailed insight in glucose and 

insulin kinetics. Of these more complex models the hyperinsulinemic euglycemic clamp is 

the most often used and is considered as the “gold standard” in insulin sensitivity 

research. Also in these tests, the parameters obtained are only valid for the perturbed 

situations. Furthermore, practical considerations limit the use of this technique in 

longitudinal studies. (4;5).  

To overcome these hurdles with afore mentioned techniques, particularly in small 

laboratory animals, we used stable isotopically-labeled glucose in combination with a 

single-pool, first order kinetic model to determine blood glucose kinetics (BGK). This 

method can be used in longitudinal studies and is valid for the same conditions under 

which the HOMA-index is calculated. We have validated the combination of HOMA-index 

and BGK, referred to as Whole Body Glucose Test (WBGT), in a well-established animal 

model of reduced insulin sensitivity, i.e., the high-fat fed mouse model.  

 

 

EXPERIMENTAL PROCEDURES 

Animals 

A total of 40 male C57BL/6J-OlaHsd mice (20.0 ± 0.4 g), aged 5 ± 1 wks, were used in 

the studies described below. The animals were obtained from Harlan Laboratories (Horst, 

The Netherlands). After arrival, animals were allowed to recover for 1 week in groups of 

6 animals in plexiglas cages, receiving a commercially available lab chow (RMH-B, Arie 

Blok Diervoeding, Woerden, The Netherlands). Mice were subsequently housed 

individually for 1 week after which the first WBGT (day 0) was performed. Next, mice 

received either the same lab chow or a high-fat diet (35% (wt/wt) bovine tallow,  
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i.e., 60 energy% fat) (6) for 5 weeks after which the WBGT was repeated. During the 

whole experiment mice were housed individually under a controlled light-dark (7.00-

19.00h light, 19.00-7.00h dark) and temperature (21°C) regime. The experiments were 

approved by the Ethical Committee for Animal Experiments of the University of 

Groningen. 

 

Whole Body Glucose Test 

After a 9 hour fast (11.00 PM to 8.00 AM), at time point 0, mice received a bolus of  

2.5 mg D-[6,6-2H2]-glucose in 0.25 ml by intraperitoneal injection (about 600 µmol kg-1 

BW). Blood glucose concentrations were determined and bloodspots were taken just 

before and at indicated time points after glucose administration. At the end of the test, a 

blood sample of ~40 µl was taken for insulin measurements by orbita puncture under 

light anaesthesia. Blood samples were centrifuged immediately and plasma was stored at 

-20°C until analysis. Blood spots were air-dried and stored at room temperature until 

analysis. 

 

Analysis 

For all analytical procedures see Appendix 2.  

For correct gene names see Chapter 2. 

 

Calculations 

Equations are presented in Chapter 4.  

 

Statistics 

Data were plotted as their median values of data sets together with their ranges. We 

observed that blood glucose concentrations were normally distributed, whereas plasma 

insulin concentrations showed a more skewed distribution using the Shapiro-Wilk 

normality test. All data were considered nonparametric. Two group comparisons were 

done by the Wilcoxon or Mann-Whitney U test for related and unrelated groups, 

respectively. Multiple group comparisons were done by the Kruskal-Wallis H test followed 

by either Post Hoc Mann-Whitney U or Friedman followed by Post Hoc Wilcoxon test for 

related and non-related groups, respectively. Slopes and intercepts of two linear 

regression lines are compared by global regression. Differences were considered 

statistically significant when p<0.05. Because of the complexity of the graphs, asterisks 

indicating significance are not shown but are described in the text and legends. 

 

 



 181 

RESULTS 

Homeostasis Model Assessment (HOMA) adjusted to mice 

The Homeostasis Model Assessment expresses changes in insulin sensitivity and β-cell 

function relative to a population in which these parameters are considered to be normal 

(3). In this study, young mice of 7 weeks were used for this purpose. Assuming that this 

group of relatively young mice had normal median insulin sensitivity (S) of 100%, the 

reference value can be calculated from median blood glucose concentration  

(6.4 mmol.l-1) during the test and median plasma insulin concentration (2.2 mU.l-1) at 

the end of the test (Fig 1A). For this study, this value was 14.1. Therefore, the HOMA-

index was calculated as:  

Eq.1 

 

in which [I] is the plasma insulin concentration in mU.l-1 

 

Starting Conditions 

Blood glucose concentrations in the 40 mice at day 0 ranged from 5.7 to 8.2 mmol.l-1 

(median 6.4 mmol.l-1) whereas plasma insulin concentrations ranged from 0.3 to 5.7  

mU.l-1 (median 2.2 mU.l-1) as shown in Fig.1A. From the insulin concentrations, 25th, 

50th, and 75th percentiles were defined that were used to divide the 40 mice into four 

quartiles (QI to QIV). The ten mice in the lowest percentile formed QI (plasma insulin 

concentrations <0.9 mU.l-1), followed by QII (plasma insulin concentrations 0.9 – 2.1  

mU.l-1) and QIII (plasma insulin concentrations 2.3 – 3.8 mU.l-1). Finally, the 10 mice in 

the highest percentile formed QIV (plasma insulin concentrations >3.8 mU.l-1).  

Matched for these insulin concentration, groups of five mice were selected from 

each quartile to be fed either a high-fat diet for 5 weeks or the regular chow. In Fig. 1B 

and 1C the initial distributions of insulin and glucose concentrations over the different 

quartiles are shown. The way of grouping resulted in significant differences of median 

plasma insulin concentrations between (p<0.001) but not within the quartiles as shown 

in Fig. 1B. Importantly, no significant differences were present between or within the 

quartiles in median blood glucose concentrations (Fig. 1C). The resulting distribution of 

the HOMA index (S), as calculated according to the equation 1, in the different quartiles 

is shown in Fig. 1D. The median S was significantly different between (p<0.001) but not 

within the four quartiles. Strikingly, even in relatively young, chow fed-mice a wide 

variation in S-values exists.  

[ ] [ ]
%100

1.14
×

×
=
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Figure 1: Starting conditions 

Fig. A shows the relationship between fasting plasma insulin and blood glucose 

concentrations in a group of 40 mice on the first day of experiment. Related to 

statistically assessed percentiles, plasma insulin concentrations the group was 

divided into 4 quartiles i.e. QI to QIV. From each quartile 5 mice matched for 

plasma insulin concentration received for five weeks either a chow (white bars) or 

high-fat diet (grey bars). From all subgroups fasting plasma insulin (B) and blood 

glucose concentrations (C) are shown together with the calculated insulin 

sensitivity (D). Bars in Fig. B, C, and D represent the ranges of data whereas the 

line shown in the bar represents the median value. There were no differences with 

respect to blood glucose concentrations. Plasma insulin concentrations and insulin 

sensitivity were significantly different between and equal within the quartiles.  

 

 

Effect of Diet on Insulin Sensitivity 

After 5 weeks, no significant changes were observed in the distribution of plasma insulin 

concentrations over the quartiles as compared to the start of the experiment in the 

chow-fed mice, as shown in Fig. 2A, although the ranges within the quartiles became 

larger. Plasma insulin concentrations between quartiles remained significantly different 

(p<0.05), indicating that these differences reflect intrinsic features of the individual 

mice. In quartiles I to III median insulin concentrations rose slightly over time, this 

increase was, however, significant in QI and QII (p<0.05). 
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Figure 2: Effect of diet on insulin sensitivity 

From all quartiles insulin concentrations (A and B), blood glucose concentrations 

( C and D), and insulin sensitivity (E and F) are shown. Animals received a chow 

diet are presented by white bars and those receiving a high-fat diet by grey bars.  

Plain bars represent day 0 and dashed bars day 35.  

In chow fed mice, plasma insulin concentrations and the calculated insulin 

sensitivity were significantly different between quartiles. Within quartiles only QI 

and QII showed significant differences. No differences were seen with respect to 

blood glucose concentrations. High-fat feeding for 35 days resulted in significantly 

higher values for plasma insulin and blood glucose concentrations within but not 

between the quartiles, resulting in significant differences in insulin sensitivity 

between as well as within quartiles. 
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No changes were observed in blood glucose concentrations, as shown in Fig. 2C, 

resulting in reduction of S only in quartile II (Fig. 2E). In contrast to the chow-fed 

animals, high-fat feeding for 5 weeks resulted in significantly higher plasma insulin 

concentrations (p<0.05) in mice of all four quartiles (Fig. 2B) and the initially observed 

differences between the quartiles were abolished (p=0.07). In addition, the high-fat diet 

resulted in significantly higher blood glucose concentrations in all quartiles (p<0.05), as 

shown in Fig. 2D. Blood glucose concentrations increased to similar values in all quartiles 

(~ 11.5 mmol l-1) and no differences between the quartiles were seen on day 35. 

Remarkably, the rise in plasma insulin and in blood glucose concentrations were very 

comparable for all mice. From the measured insulin and glucose concentrations, insulin 

sensitivity was calculated for all eight subgroups. In chow-fed mice, S at day 35 did not 

differ significantly from to the values on day 0 (Fig. 2E). Between quartiles, the 

differences remained significantly different (p=0.01). High-fat-feeding during 5 weeks 

reduced S significantly in all quartiles (p<0.05) (Fig. 2F). Strikingly, the initial differences 

between the quartiles were, although less pronounced, still conserved (p<0.05). 

 

Single-pool, First-order Kinetic Model 

To calculate blood glucose kinetics (BGK), 2.5 mg D-[6,6-2H2]-glucose was 

intraperitoneally injected in 9 hour fasted young mice at t=0 of day 0. It resulted in a 

marginal and non-significant increase in blood glucose concentrations from median 

values of 6.5 (range 5.5 – 9.8) to 6.9 (range 5.5 – 9.3) mmol l-1 (Fig. 3B). During the 

course of the experiment, a significant decline in blood glucose concentration over time 

was observed (p<0.001), likely attributable to prolonged fasting. Insulin concentrations 

measured after the test were not different from those measured in an age-matched 

group not subjected to the protocol (data not shown). Fig. 3C and 3D show the time-

dependence of blood D-[6,6-2H2]-glucose concentrations in all tested mice on day 0 in a 

normal and in a semi-logarithmic plot, respectively. The linear regression line shown in 

Fig. 3D is based on values at time points 50, 60, 75, and 90 minutes and extrapolated to 

the y-axis. The correlation factor of the line was excellent (r2 = 0.9993) and the residual 

values of the time points 50 to 90 min were not significantly different from zero, 

indicating that the assumption of first order kinetics was valid at least for the last part of 

the experiment. Additionally, the residual values of time points 20, 30, and 40 min were 

not significantly different from zero either, indicating that no additional compartments 

were involved in the elimination of the glucose label from the accessible pool. The 

residual value at time point t=10 minutes was significantly different from zero because of 

incomplete influx of  D-[6,6-2H2]-glucose at this time point into the blood compartment. 

Furthermore, it is clear from this figure that there is a time-delay in the appearance of 

labelled glucose into this accessible pool.  
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Figure 3: The kinetic model 

The assumed single-pool, first-order kinetic model is presented in Fig. A where the 

blood compartment represents the accessible pool. Blood glucose curve during the 

test on day 0 is shown in Fig. B and in Fig. C the concentration curve of the 

ingested D-[6,6-2H]-glucose in the accessible pool. Median values at each time 

point of 40 mice are shown together with their ranges. Fig. D shows the semi-

logarithmic curve of data shown in Fig. C. The circles represent measured data 

from which the closed circles are used in linear regression algorithm. The triangle 

represent the residual values calculates as the difference between extrapolated 

and measured data. Blood glucose curve during the test on day 35 is shown in  

Fig. E. Median values are presented for mice received either a chow (open 

squares) or high-fat diet (closed squares). Fig. F shows the semi-logarithmic curve 

of data shown in Fig. E. The slope of both lines were identical whereas the  

y-intercept were significantly different. 
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Altogether, these data show that the appearance of intraperitoneally injected  

D-[6,6-2H2]-glucose can be described by first-order kinetics in a one-compartment 

model. To account for lag time in the appearance of labelled glucose into the circulation, 

an additional compartment was added, i.e., the site of D-[6,6-2H2]-glucose injection  

(Fig. 3A). Fig. 3E and 3F show the time-dependence of median blood D-[6,6-2H2]-glucose 

concentrations in a normal and semi-logarithmic plot, respectively, for the 20 mice that 

received either a high-fat or chow diet for 5 weeks. The slope of the curves in Fig. 3F 

were identical, i.e., -0.2857 ± 0.0010 and  -0.2707 ± 0.0003 units for high-fat and chow 

fed mice, respectively, whereas the intercepts were significantly different, i.e.,  

6.28 ± 0.06 and 6.57 ± 0.02 (p<0.001) units for chow fed and high-fat mice, 

respectively. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of diet on Elimination Rate Constant of D-[6,6-2H]-glucose 

From all quartiles the elimination rate constant (A and B) and the mean residence 

time (C and D) are shown. Animals received a chow diet are presented by white 

bars and those receiving a high-fat diet by grey bars. Plain bars represent day 0 

and dashed bars day 35. There were no differences between or within the quartiles 

with respect to elimination rate constant and mean residence time for both groups. 
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Effects of Diet on Blood Glucose Kinetics 

The single-pool, first-order kinetic model allows determination of changes in BGK related 

to changes in S using the HOMA-index. In 9 hour fasted mice on chow diet, values for S 

were widely distributed (Fig. 1D). In these chow-fed mice, values for S and its 

distribution did not change significantly after 5 weeks (Fig. 2E). In contrast, high-fat 

feeding led to elevated plasma insulin (Fig. 2B) and blood glucose concentrations (Fig. 

2D) and, as a consequence, a decreased value of S (Fig. 2F). Using our method, we were 

able to determine how glucose metabolism changed from day 0 to day 35 in chow- and 

high-fat fed mice. Data presented include the elimination rate constant (kel), mean 

residence time (MRT), apparent volume of distribution (V), metabolic clearance rate 

(MCR), pool size (A) and turnover rate (Ra) ( Fig. 4 - 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Effect of diet on Apparent Volume of Distribution and Metabolic 

Clearance Rate 

From all quartiles apparent volume of distribution (A and B) and metabolic 

clearance rate (C and D) are shown. Animals received a chow diet are presented 

by white bars and those receiving a high-fat diet by grey bars. Plain bars represent 

day 0 and dashed bars day 35. There were no differences between or within the 

quartiles with respect to apparent volume of distribution and metabolic clearance 

rate for the chow fed group. With respect to the high-fat fed group the apparent 

volume of distribution and metabolic clearance rate were significantly different 

within but not between quartiles.  
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Irrespective of the distribution of insulin sensitivity over the quartiles, on day 0 neither of 

the above mentioned kinetic parameters showed significant differences between the 

quartiles. Quite to our surprise, neither chow nor high-fat feeding over 5 weeks had a 

significant effect on kel and its related MRT of glucose in the circulation as obtained by an 

in-depth data analysis of the individual decay curves (Fig. 3F and 4A-D). However, this 

does not mean that the exit of labelled glucose from the circulation remained unaffected. 

In Fig. 5A-D the associated values for V and MCR, are given for both the chow-fed and 

high-fat fed mice at day 0 and at day 35. In chow-fed mice no differences were seen 

with respect to V and MCR (Fig. 5A and 5C). In contrast, for all quartiles, in high-fat fed 

mice V decreased significantly (p<0.05), as can be seen in Fig. 5B, but there were no 

differences between the quartiles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Effect of diet on Pool Size and Turnover Rate of glucose 

From all quartiles the pool size (A and B) and turnover rate (C and D) are shown. 

Animals received a chow diet are presented by white bars and those receiving a 

high-fat diet by grey bars. Plain bars represent day 0 and dashed bars day 35.  

There were no differences between or within the quartiles with respect to pool size 

and turnover rates for both groups. 
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Irrespective of unchanged kel, this resulted in a significant decrease in MCR in high-fat 

fed mice in all quartiles. In-depth data analysis of the decay curve of labelled glucose 

also revealed that the y-intercept was significantly higher in high-fat fed mice (Fig. 3F) 

resulting in a decreased V which contributed to the decreased MCR in these animals. 

Besides exit parameters, also the endogenous glucose production during the test could 

be calculated. For that, A and Ra are the parameters to calculate. There were no 

significant differences observed between or within quartiles at day 0 and 35 with respect 

to pool size as shown in Fig. 6A and 6B, respectively. There were also no differences 

between or within quartiles in mice fed either chow or a high-fat diet with respect to the 

endogenous glucose production (Fig. 6C and 6D, respectively). 

Table 1 shows a comparison between values of MCR and Ra obtained with single-

pool, first-order kinetic model and the injection of tracer amounts stably-labelled glucose 

with the values obtained by our group in mice of the same strain with steady state 

continuous infusion experiments for chow-fed and high-fat fed animals (7-9). As is clear, 

both methods were very comparable with respect to the calculated parameters MCR and 

Ra. Moreover, additional parameters like kel, V, and A can be calculated with the 

presented BGK test.  

 

 Blood glucose kinetics  Continuous infusion protocol 

 Chow 

Diet 

High-fat 

Diet 

 Chow 

diet 

Chow 

Diet 

Chow 

Diet  

High-fat 

Diet  

kel 

(min-1) 

0.0300 

(0.0237-0.0410) 

0.0292 

(0.0186-0.0401) 
     

V 

(l.kg-1) 

0.629 

(0.487-0.943) 

0.455 

(0.354-0.646) 
     

MCR 

(l.kg-1.min-1) 

0.020 

(0.015-0.026) 

0.013 

(0.010-0.016) 
 

0.018 

(0.016-0.022) 

0.017 

(0.014-0.022) 

0.017 

(0.015-0.025) 

0.012 

(0.011-0.016) 

A 

(µmol.kg-1) 

4214 

(3240-5970) 

5185 

(3588-7166) 
     

Ra 

(µmol.kg-1 min-1) 

130 

(98-164) 

146 

(122-176) 
 

115 

(99-137) 

132 

(113-173) 

109 

(93-143) 

125 

(104-139) 

 

Table 1: Comparisons between the blood glucose kinetic and constant 

infusion protocols 

Parameters retrieved from wash-out curves as presented in Fig. 5 and 6 are shown 

together with data from continuous infusion protocols as were presented before by 

our laboratory. Presented are elimination rate constant (kel), apparent volume of 

distribution (V), metabolic clearance rate (MCR), pool size A, and the turnover rate 

(Ra). Data given are median values of the group and their respectively ranges. 
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DISCUSSION 

In this study, we present and validate a new method, referred to as Whole Body Glucose 

Test (WBGT), which allows estimating blood glucose kinetics in mice with a minimal 

disturbance of glucose metabolism. The test consists of two parts, both adapted from 

known protocols, i.e., the HOMA index to determine insulin sensitivity and a single-pool, 

first order kinetic model to determine blood glucose kinetics (BGK). The method makes it 

possible to study glucose metabolism at particular concentrations of insulin and glucose 

consecutively in longitudinal studies without perturbing the situation prior to injection of 

the tracer. Particularly, the subsequent in-depth data analysis of the concentration vs. 

time curve of labelled glucose generates parameters which allow for careful description 

of the changes in whole body glucose metabolism in individual mice. 

The WBGT has several experimental advantages. Only very small blood samples 

collected (~12 µl) as bloodspots on filter paper are being used. It therefore meets the 

requirement to limit total volume of blood (200 µl) that can be drawn from small 

laboratory animals as ordained by most Ethical Committees for Animal Experiments. This 

test can be repeated (within limits of time) in the same animal which is of importance 

particularly in feeding and long-term drug interference experiments.  

In kinetic analysis of individual concentration vs. time curves, estimation of model 

parameters is difficult because of the unknown experimental error in the individual data 

points. For each group, we used the mean glucose curves with the corresponding 

fractional SD of the data points to fit the kinetic model (Eq. 2) most accurately. The four 

kinetic parameters obtained and their SD were used as constrain on the analysis of 

curves from each mouse to obtain their individual kinetic parameters. When the mean of 

these individual parameters was identical to that obtained from the mean data, all 

parameters were accepted. In this way a consistent set of kinetic parameters was 

generated which could in part be compared with data obtained from more complex 

experimental set-ups, such as constant infusion experiments (4;5). The methodological 

validation with published values for the MCR and Ra in chow and high-fat diet fed mice 

from our group (Table 1) clearly showed that the values obtained by these two 

completely different approaches were comparable. Moreover, the kinetic analysis of the 

D-[6,6-2H2]-glucose vs. time curves makes it possible to estimate additional parameters 

like pool size (A), apparent volume of distribution (V), and mean residence time (MRT). 

It introduces the possibility to distinguish between changes in V and/or kel when MCR are 

calculated, simultaneously, changes in Ra can be assigned to in either a change in A 

and/or changes in kel, which is not possible in the constant infusion protocol. In fact, with 

this approach it is possible to study two different kinds of insulin resistance, i.e., a 

reduction in V, A or a reduction in disposal rate (kel) expressed as enhanced MRT. In our 
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view, the single pool kinetic analysis of intraperitoneally injected D-[6,6-2H2]-glucose 

offers a valuable alternative to estimate whole body glucose metabolism without 

perturbing glucose metabolism.  

We have validated the WBGT physiologically in young C57BL/6J-OlaHsd mice 

before and after a period of 5 weeks in which they received either a chow or a high-fat 

diet.  It is well-known that feeding mice a high-fat diet induces insulin resistance (10). 

The important observation was made that young mice receiving chow diet display highly 

variable fasting insulin concentrations in combination with similar blood glucose 

concentrations, indicating that insulin plays a minor role in blood glucose control under 

these conditions. It was for this reason that we divided the cohort into 4 smaller groups 

of 10 mice each with a low, median, high and very high basal concentrations of insulin. 

High-fat feeding increased both insulin and glucose concentrations in all groups. We have 

previously reported, using mass isotopomer distribution analysis, that high-fat feeding 

resulted in peripheral insulin resistance accompanied by a decreased MCR (7;9;9;11). 

These observations were made in a continuous infusion experiment using labelled 

glucose for 6 hours at isotopic steady state. The same profile, i.e., reduced peripheral 

insulin sensitivity in combination with unchanged hepatic insulin sensitivity, was seen in 

the present study. This validates the new whole body glucose test.  

Parameters obtained by in-depth data analysis allows for a more detailed 

discussion of the cause of the decrease in MCR. This parameter depends on both kel and 

V. No effect was found on kel, which can be interpreted as normal efflux of glucose from 

the circulation. The median apparent volume of distribution V was affected by the high-

fat diet. On day 0, the calculated V was 0.67 l kg-1, i.e., ~3-fold higher than the 

extracellular fluid volume (0.22 l kg-1) that is often used in the application of the Steele 

equations under non-steady-state conditions (12;13). This implies additional that 

extracellular fluid compartments or other compartments are involved in the distribution 

of the administered glucose. High-fat feeding reduced V to 0.46 l kg-1, which is still ~2 

fold higher than the estimated extracellular fluid volume. The decrease in V is probably 

the result of a reduction in the intracellular volume involved in glucose uptake. The effect 

of high-fat feeding on V has not been reported before, although it is known that high-fat 

feeding reduces GLUT4 concentration and translocation of this transporter from 

intracellular stores to the plasma membrane (14-16). Furthermore, high-fat feeding 

impairs central insulin stimulation of blood flow (17) that also might result in a perturbed 

glucose disposal in peripheral tissue and so in a reduced volume of distribution. 

Additionally, a minor reduction was seen in the elimination and hence in MRT of blood 

glucose in mini-pigs receiving a high-fat/high sucrose diet (16;18). 
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In conclusion, we describe a novel method based on a combination of known 

protocols in which it is possible to calculate insulin sensitivity and its influence on blood 

glucose kinetics in basal situations that can be repeated over time longitudinally. 

Interestingly, the ability to use small sample sizes makes the WBGT also suitable for 

glucose studies in for instance neonates and more complex human experiments. 
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