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Summary. Under  non-steady-state conditions, glucose turn- 
over rates determined with tritiated glucose tracers are often 
underestimated. To examine whether  isotope discrimination 
or a tracer contaminant  can contribute to this, we compared  
the turnover  rates of unlabelled and tritiated glucose under 
isotopic steady-state conditions. The turnover rates were 
measured in 20 healthy subjects at two insulin concentrations 
(79 + 3 mU-l-1  and 704_+ 62 mU.  1-1). Euglycaemia was 
maintained by infusing unlabelled glucose mixed with (33H) - 
or (63H)-glucose. In both studies, the isotopically determined 
glucose disposal rate was virtually identical to the exogenous 
glucose infusion rate (low insulin 7.66+0.48 vs 
7.58+_0.44mg.kg 1.rain-I, high insulin 13.36+0.74 vs 
1 3 . 5 5 + 0 . 9 8 m g . k g - l . m i n  1). The individual values were 
correlated in both the low (r = 0.85, p < 0.001) and high dose 

insulin (r = 0.81, p < 0.001) studies. Tritiated glucose specific 
activities were also compared  in arterialized and deep ve- 
nous blood across forearm tissues during the high-dose in- 
sulin infusion. Glucose specific activities were similar in arte- 
rilized and deep venous blood when analysed with H P L C  
and conventional methods. In summary: (1) Under  isotopic 
steady-state conditions the turnover  rates of unlabelled and 
labelled glucoses are similar. (2) Unlabelled and labelled glm 
cose are handled identically across forearm tissues. (3) We 
found no tracer impurity in our tritiated glucose prepara-  
tions. We conclude that (33H) - and (63H)-glucose tracers can 
be used to reliably measure  glucose turnover rates in man. 

Key words: Glucose metabolism, tritiated glucose, hyperin- 
sulinaemia, radioisotope effect. 

Tr i t ia ted glucose t racers  are c o m m o n l y  used in clinical 
research  for  measur ing  glucose turnover .  Recent ly  how- 
ever, the validity of  the use of  t r i t iated glucose for  mea-  
su remen t  of  glucose tu rnove r  rates has been  quest ioned.  
Dur ing  insulin-st imulation,  the glucose tu rnover  rate  is 
f requent ly  unde re s t ima ted  and  impossible  negat ive  
values for  endogenous  glucose p roduc t ion  are obse rved  
[1, 2]. It  has been  suggested that  the underes t ima t ion  is 
caused by an i so tope  effect, i.e. that  tissues me tabo l i ze  
tr i t iated glucose s lower  that  unlabel led  glucose [3-5]. 
These  studies, however ,  have  been  p e r f o r m e d  under  non-  
s teady-s ta te  condit ions or  with impure  tracers  [4], which 
m a y  in t roduce sources of  e r ror  i ndependen t  of  any iso- 
tope  effect. In  the p resen t  study, we examined  the exis- 
tence of an i so tope  effect  for  (63H) - and (33H)-glucose by  
compar ing  the tu rnover  rates of  tr i t iated and unlabel led 
glucose under  isotopic s teady-s ta te  condit ions at two in- 
sulin concentra t ions .  In  addition, we c o m p a r e d  directly 
the disposal of  unlabel led  and label led glucose by deter-  
mining the p l a sma  glucose specific activities across 
f o r ea rm  tissues. 

Subjects and methods 

Subjects 

Twenty normal subjects participated in the studies (age 31 _+ 2 years, 
body mass index 22 + 1 kg/m2). At least two days before the study, 
the subjects were asked to consume a weight maintaining diet con- 
taining at least 200 g carbohydrate per day. The nature, purpose, and 
possible risks of the study were explained to the subjects before they 
gave their voluntary consent to participate. The experimental proto- 
col was approved by the Ethical Committee of the Helsinki Univer- 
sity Hospital. 

Design 

Two studies were performed. Both studies were done after an over- 
night fast. At 08.00 hours, an indwelling catheter was inserted in an 
antecubital vein for infusion of unlabelled and labelled glucose, and 
insulin. A second catheter was inserted retrogradely into a hand vein 
for blood sampling. The hand was kept in a heated (65 ~ chamber 
to arterialize venous blood [6]. The outline of the two studies is 
shown in the Figure 1. 
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5 Ci/mmol (Amersham, Buckinghamshire, UK) before starting the 
insulin infusion. At 120 min, a euglycaemic insulin clamp was started 
as previously described [8, 9]. The duration of the insulin clamp 
study was 120 min (Fig. 1). During the clamp, plasma glucose specific 
activity was maintained constant as follows. During the initial 10 rain 
of insulin infusion, the basal (33H)-glucose infusion was continued; 
at 10 and 20 rain, the tritiated glucose infusion rate was dimished to 
50% and 75% of basal respectively, and at 30 min it was disconti- 
nued. The stepwise decrease in the basal tritiated glucose infusion 
was used to avoid a decline in baseline steady state plasma glucose 
activity during the initial period of the insulin clamp. In addition, suf- 
ficient 3-3H-glucose was added to the exogenously infused "cold" 
glucose to ensure constancy of the baseline tritiated glucose specific 
activity during the insulin clamp. The effected basal plasma glucose 
specific activity was calculated by dividing the isotope infusion rate 
with the estimated basal glucose turnover rate (2 mg. kg -~ -rain -1) 
[1, 8]. The quantity of isotope (dpm) added to the cold 20% glucose 
infusate equals the estimated basal plasma specific activity 
(dpm/mg) x the total amount of cold glucose in the 20% glucose so- 
lution (mg). If steady state plasma glucose specific activity can be 
maintained during the damp, the turnover rate of labelled glucose 
can be calculated by dividing the 3-3H-glucose infusion rate by the 
steady state glucose specific activity. The glucose turnover rate was 
calculated during the second hour of the clamp (180-240 min), under 
steady-state conditions as shown in Figure 2. 
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Hr.2. Plasma glucose, glucose specific activity and serum insulin 
concentrations during the low (left panel, n = 10) and high insulin in- 
fusion studies (right panel, n = 7). In the high insulin infusion study, 
glucose specific activity is shown both in the arterialized (x) and deep 
venous plasma (o) to demonstrate the steady-state situation. All the 
other data are from arterialized blood 

Study I 

In this study, the aim was to achieve steady-state glucose specific ac- 
tivity under conditions of higher glucose turnover rate. The second 
euglycaemic insulin clamp study was performed using an insulin in- 
fusion rate of 5 mU.  kg ~. min-1, and the turnover rate of (63H)-glu - 
cose (n = 9) or (33H)-glucose (n = 1) was compared to that of unla- 
belled glucose. The design of study II was different from study 1 
(Fig. 1). Between 0 and 120 min, normoglycaemia was maintained 
with the infusion of cold 20% glucose. After 120 min, normogly- 
caemia was maintained with the infusion of 20% glucose, which con- 
tained (3H)-glucose 100-300 gCi/500 ml. The range of the activity 
was used to see a dose-response effect of label, if any, on glucose dis- 
posal The purpose of this design was to infuse cold glucose during 
the non-steady-state period, when hepatic glucose production is de- 
dining. Thereafter, under conditions where hepatic glucose produc- 
tion is totally suppressed, mixing the tracer with cold glucose has the 
advantage that plasma glucose specific activity can be maintained 
unchanged even if glucose infusion rate is changed. Thus, under 
these conditions, the measurements can be done in steady-state con- 
ditions. The clamp-study lasted for 4 h in seven subjects, and for 6 h 
in three other subjects, to exclude any doubt of the existence of iso- 
topic steady-state (Fig. 1). The glucose turnover rate was calculated 
during the last hour of the clamp in each subject. 

Forearm studies 

To directly compare the uptake rates of labelled and unlabelled glu- 
cose by peripheral tissues, we compared the specific activities of tri- 
tiated glucose in arterialized and deep venous blood. This was done 
during study II. Arterialized venous (A) and deep venous (DV) 
blood samples were obtained across the forearm simultaneously at 
180, 200,220 and 240 min in seven subjects, and at 300, 320, 340 and 
360 min in three subjects (Fig. 1). 

In the first study, the turnover rate of 3-3H-glucose was compared to 
that of unlabelled glucose, using a technique similar to that of Fine- 
good et al. [7], in ten subjects during a euglycaemic insulin clamp 
(insulin infusion rate 1 mU. kg- 1. min-  ~). To reach isotopic steady- 
state, the glucose pool was labelled with a primed (40 ~tCi) continu- 
ous (0.5 ~tCi/min) infusion of D-(33H)-glucose, specific activity 

Analytical methods 

Plasma glucose concentration during the clamp was measured with 
the glucose oxidase method (Beckman Glucose Analyzer II, Beck- 
man Instruments, Fullerton, Calif., USA). Serum insulin was 
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measured radioimmunologically after precipitation with polyethy- 
lene glycol [10]. 3-3H-glucose radioactivity (dpm/ml) was deter- 
mined after deproteinisation of plasma with Ba(OH)2-ZnSO~, and 
evaporation of tritiated water as previously described [11]. The spe- 
cific activity of glucose (dpm/mg) was calculated by dividing the 3- 
3H-glucose radioactivity with the plasma glucose concentration 
(mg/ml). For determination of 6-3H-glucose specific activity, 4 ml of 
plasma was deproteinized by addition of an equal volume of chilled 
7% perchloric acid. Following centrifugation, the supernatant was 
neutralized with 4 mol/1 KOH and transferred to stacked polypro- 
pylene columns (Biorad, Richmond, Calif., USA). The top column 
contained 9 ml of AG1 anion exchange resin (formate form, 100. 
200 mesh, Biorad), and the bottom column 6 ml of AG50 cation ex- 
change resin (100-200 mesh, Biorad). For elution of glucose, the col- 
umns were washed with 35 mI of water. The neutral eluate was 
collected, dried in vacuum at 25 ~ resuspended in 2 ml of H20, and 
a 200 B1 aliquot was taken for glucose determination (Beckman Glu- 
cose Analyzer). The remaining 1.8 ml aliquot was counted for glu- 
cose radioactivity in a scintillation counter (LKB Wallac, Turku, Fin- 
land) after addition of 10 ml scintillation solvent (Aquasol, New 
England Nuclear, Boston, Mass., USA) with correction of quench- 
ing. 

HPLC analysis of tracer purity 

Since commercially available isotope preparations might contain 
non-glucose contaminants [4], glucose specific activity was mea- 
sured in some samples (n = 24) both by ion-exchange chromatog- 
raphy and HPLC. Plasma samples were deproteinised, neutralized 
and run through anion and cation exchange columns as described 
above. After drying, the neutral fraction was resuspended in 1 ml 
water, transferred into 1.5 ml tubes, dried again, resuspended in 
200 gl of 0.05 mol/1H3PO4 , filtered through a 0.22 gm Millipore filter 
(Millex-GV~, Beford, Mass., USA) and shot on an organic acid 
HPLC column (Aminex HPX-87, Biorad). The HPLC system con- 
sisted of an LKB HPLC pump, controller and a programmable He- 
lirac fraction collector (LKB, Bromma, Sweden), sample injector 
(Reodyne, Cotati, Calif., USA), absorbance detector (Spectroflow 
783, Kratos Analytical, Ramsey, N J, USA) and data processor (Shi- 
madzu C-R34, Chromatopac, Shimadzu Co., Kyoto, Japan). 

The eluent was monitored at a wavelength of 194 nm. The flow 
rate was 0.6 ml/min, pressure 45-50 bar, and mobile phase 0.05 mol/1 
H3PO4. Glucose standards and glucose added to plasma eluted at 
9.5 rain. A 2 rain fraction around the glucose peak was collected, 
1 ml taken for measurement of radioactivity, and the remaining 
aliquot used for measurement of the glucose concentration [12]. 

Calculations 

During the last 60 rain of the insulin clamp (180-240 rain, n = 17, or 
300-360 min, n = 3), the glucose disposal rate was calculated (a) 
from the mean unlabelled glucose infusion rate; and (b) by dividing 
the infusion rate of (33H) - or (@H)-glucose (dpm/min) by the tri- 
tiated glucose specific activity (dpm/mmol). The disposal rates of la- 
belled and unIabelled glucose were compared by linear regression 
analysis. We also calculated, whether there was a correlation be- 
tween the % deviation of the tracer-determined glucose turnover 
rate, calculated using Steele's equation [13] from the cold glucose in- 
fusion rate, and the % deviation of observed from the predicted 
steady-state specific activity. The predicted specific activity was cal- 
culated by dividing the isotope infusion rate with the cold glucose in- 
fusion rate. Thus, 100 x (SAss-SAob0/SA~s was divided by 100 x (Ra- 
Ginf)/Ginf, where SAs~ and SAobs are the theoretical and observed 
specific activities, respectively, Ra is the isotopically determined glu- 
cose turnover rate, and Ginf is the infusion rate of cold glucose. The 
residual endogenous glucose production was calculated during the 
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last 60 min of the insulin clamp by subtracting Ginf from the total 
glucose turnover rate (Rt) determined with the labelled glucose, 

Ginf R t =  
SA" 

Statistical analysis 

Statistical comparisons were done with paired t-tests [14]. All results 
are given as mean + SEM. 

Results 

Tracer purity 

The 3H-glucose specific activities obta ined with ion 
exchange and H P L C  were similar (696_+82 and 
704 _+ 87 dpm/gmol ,  n = 24, respectively) and correlated 
(r = 0.97, p < 0.001). Analysis  of neutral  eluates of  the 
(63H) and (33H) glucose tracers after ion-exchange chro- 
ma tog raphy  with H P L C  revealed no contaminants ,  even 
after rerunning the isotopes on the H P L C  column (data 
not  shown). 

Study I 

Plasma glucose concent ra t ion  remained  unchanged  at 
5.0 _+ 0.2 mmol/1 with a coefficient of variat ion (CV) of  
5 + 2% th roughout  the study (Fig.2). Plasma (3-3H)-glu - 
cose specific activity was constant  during the last 60 min 
and averaged 116 + 3 dpm-Bmo1-1 (CV 6 + 1%, Fig.2). 
The  mean  serum insulin concent ra t ion  was 79 + 3 m U .  1-1 
(CV 6 + 1%). The  isotopically de te rmined  rate of  glu- 
cose disposal (7.66 _+ 0.48 mg.  kg -  1. m i n -  1) was virtually 
identical to the exogenous  glucose infusion rate 
(7.58 + 0.44 mg.  kg ~. min 1) during the last 60 min of  in- 
sulin clamp (from 180 to 240 rain, Fig. 1). The  individual 
values of  all 20 subjects during the last 60 min of  steady- 
state hyperinsul inaemia for glucose disposal as deter-  
mined  with the unlabel led or  labelled glucose, are given in 
Figure 3. The  correlat ion coefficient be tween  the two 
measurements  for the 10 subjects was 0.85, p < 0 . 0 0 1  
(Fig. 3). The  equat ion be tween  the turnover  rates of  la- 
belled and unlabelled glucose was: labelled glucose turn- 
over rate = 0.93 x unlabelled glucose tu rnover  rate + 0.63, 
where  0.93 is not  significantly different f rom 1, and 0.63 is 
not  statistically different f rom 0. The  remaining endo-  
genous glucose product ion  rates during the last three 
20 rain periods of  the last hour  of  hyper insul inaemia 
(180-240 min, Fig. 2) were  0.07 + 0.18 rag. kg -  2. min -  2, 
0.07 + 0.15 mg.  kg -  1. min -  1 and - 0.03 rag. kg -  1. min -  1, 
respectively. 

Study H 

In  the seven subjects studied during the four th  hour  of  the 
insulin clamp (from 180 to 240 min, Fig. 1), the s teady state 
plasma glucose concent ra t ion  was 5 . 2 + 0 . 1 m m o 1 . 1 - 1  
(CV 5 + 1%), se rum insulin concent ra t ion  704 + 62 m U .  
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1 -I (CV 7 + 2%), and glucose specific activity 620 + 
135 dpm.gmo1-1 (CV 11 +3%,  Fig.2). In the three sub- 
jects studied from 300 to 360 min, the individual mean 
plasma glucose and insulin concentrations were 
5.5 mmo1.1-1, 5.3 mmol'1-1, 4.8 mmol.1 1 and 568 mU.  
1-1, 712 mU-1-1, 562 mU.1-1, respectively. The glucose 
specific activities were 895, 1110 and 1185 dpm. gmol-1, 
respectively. In these ten subjects, the glucose infusion 
rate was 13.36 + 0.74 rag-kg-  1. min-1, which was virtually 
identical to that determined with tritiated glucose 
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(13.55 + 0.98 rag. kg 1. min-  l). During the three consecu- 
tive 20 rain periods from 180 to 240 rain, the glucose 
disposal rates were 13.24 _+ 1.04 rag. kg 1. min - i 
13.41 + 0.78 rag. kg- 1. rain 1, and 13.54 + 0.98 rag. kg- 1. 
rain-1 (NS), respectively, indicating constancy of glucose 
metabofism during the last 60 min. The individual values 
for all 20 subjects during the last 60 rain of steady-state 
hyperinsulinaemia are shown in Figure 3. The correlation 
between the two determinations was r = 0.81, p < 0.001. 
The equation between the turnover rates of labelled and 
unlabelled glucose was: the turnover rate of labelled glu- 
cose = 1.03 x the turnover rate of unlabelled glu- 
cose + 0.42. In this equation, 1.03 and 0.42 were not sig- 
nificantly different from 1, and 0, respectively. 

When all 20 studies were combined, the mean turn- 
over rates for unlabelled and labelled glucose were 
10.47 _+ 0.78 rag. kg- 1. min 1 and 10.61 + 0.86 rag. kg- 1. 
rain- 1, respectively. The correlation coefficient for all data 
was r = 0.93, p < 0.001, and the equation relating the two 
was as follows: turnover rate of labelled glu- 
cose = 0.98 x the turnover rate of unlabelled glu- 
cose + 0.18. There was a close correlation between the % 
underestimation of the rate of glucose appearance deter- 
mined with labelled glucose using the Steele equation, and 
the % deviation of observed plasma glucose specific activ- 
ity from the calculated target specific activity (r = 0.85, 
p < 0.001). 

Forearm studies 

To analyse directly the existence of isotope discrimination 
for tritiated glucose, we determined glucose specific activ- 
ities in arterialized and deep venous blood in the ten sub- 
jects participating in study lI. The individual values were 
correlated (Fig. 4), and the mean values in arterialized 
( 6 2 1 + 1 0 9 d p m . g m o l  -~) and deep venous blood 
(640+111dpm.gmo1-1)  were similar indicating that 
forearm tissues handle unlabelled and tritiated glucose 
identically. 

D i s c u s s i o n  

In recent years it has become apparent that use of triti- 
tated glucose may underestimate the rate of glucose dis- 
posal, especially under hyperinsulinaemic conditions, 
when the rate of glucose flux is high [1, 3, 15]. Since the 
rate of endogenous glucose production is calculated by 
subtracting the exogenous glucose infusion rate from the 
rate of total glucose appearance, it follows that negative 
values for hepatic glucose output may be observed. Ob- 
viously, a negative number for hepatic glucose production 
can have no physiological meaning and raises concern 
about the validity of the methodology. There are several 
possibilities which may contribute to the underestimation 
of glucose turnover and negative values for hepatic glu- 
cose production. 

First during the insulin clamp, if some glucose were 
first incorporated into liver glycogen, and subsequently 
released while retaining its label, glucose turnover could 
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be underestimated [16]. This could occur if the clamp 
were performed in the usual manner, i. e. the constant rate 
isotope infusion in the basal state is continued during in- 
sulin infusion. During the equilibrium period when tri- 
tiated glucose is infused under basal conditions of insu- 
linaemia, a high plasma tritiated glucose specific activity is 
achieved and this labelled glucose could be incorporated 
into glycogen. During an insulin clamp, the plasma glu- 
cose specific activity declines dramatically due to infusion 
of cold glucose. During a 1 mU. kg-1. min-1 euglycaemic 
insulin clamp the tritiated glucose specific activity can be 
expected to decrease to 10-20% of basal levels [17]. If sig- 
nificant cycling of glycogen occurs and this follows the first 
in first out principle [18], tritiated glucose could be re- 
leased from liver glycogen during the later stages of the in- 
sulin clamp despite net glycogen synthesis. This could 
falsely elevate plasma tritiated glucose specific activity. 
Such a sequence, of course, can only occur if glucose is in- 
corporated into glycogen via the direct pathway, since 
(33H)-glucose would lose its label if incorporated into gly- 
cogen via the indirect pathway. If, however, the basal tri- 
tiated glucose specific activity is maintained constant 
throughout the insulin clamp, as was done in the present 
study, glucose incorporated into glycogen and sub- 
sequently released would have the same specific activity 
as that of plasma and an underestimation of glucose dispo- 
sal would not be observed. 

A second potential explanation for the underestima- 
tion of glucose turnover may relate to the marked expan- 
sion of the glucose space that occurs, when glucose flux is 
stimulated by insulin [17]. This effect is most evident, 
when rates of glucose utilization exceed 5 mg. kg- 1. min- 1 
[17]. Under true steady-state conditions, glucose turnover 
can simply be calculated by dividing the infusion rate of 
tritiated glucose counts by the steady-state plateau of 
plasma tritiated glucose specific activity. Under non- 
steady-state conditions, compartmental analysis must be 
employed to calculate rates of glucose turnover and the 
most common approach is to use Steele's equations for a 
single glucose pool model with a constant pool fraction of 
0.65. However, recent studies by Ferrannini et al. [17] have 
shown that under hyperinsulinaemic conditions the glu- 
cose pool may increase by 25-30% or more compared to 
the basal state. As a consequence of this, if the plasma 3- 
3H-glucose specific activity has not truely plateaued and 
tritiated glucose counts are disappearing into continuous- 
ly expanding glucose space, the rate of glucose disposal 
will be significantly underestimated. If one takes into ac- 
count this expansion of the glucose space during an insulin 
clamp, one can accurately estimate the rate of glucose 
turnover and negative numbers for hepatic glucose pro- 
duction are completely obviated [15]. From the above 
considerations it also follows that if one maintains the 
plasma tritiated glucose specific activity constant during 
the insulin clamp, changes in the space of glucose distribu- 
tion do not enter into calculation of glucose turnover, 
which simply equals the glucose infusion rate divided by 
the steady state plasma tritiated glucose specific activity. 

A third prerequisite for the use of glucose isotopes in 
metabolic studies is that labelled glucose is metabolized 
identically to unlabelled glucose. It has recently been sug- 
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gested that glucose labelled with tritium may be handled 
differently than the native glucose molecule [1-5]. This 
phenomenon is known as an "isotope effect". If such an 
isotope effect were indeed responsible for the underesti- 
mation of glucose turnover during insulin stimulation, one 
would expect an underestimation of glucose disposal and 
negative numbers for hepatic glucose production regard- 
less of whether or not the plasma tritiated glucose specific 
activity was maintained constant. In the present study, the 
turnover rates of unlabelled and labelled glucose were 
compared under isotopic steady-state conditions at two 
insulin concentrations. Tritiated glucose was mixed with 
cold glucose and infused at a variable rate throughout the 
clamp studies to maintain plasma tritiated glucose specific 
activity constant (Fig. 2). Under these steady-state condi- 
tions of constant tritiated glucose specific activity, the 
mean rate of glucose disposal estimated from the exogen- 
ous infusion of cold glucose closely approximated that 
determined with tritiated glucose. Furthermore, a close 
agreement between the two estimates of glucose disposal 
was observed (Fig.3). Similar specific activities in arte- 
rialized and deep venous blood across forearm tissues in 
our subjects further indicate that unlabelled and labelled 
glucose are handled identically. Recent studies using 
similar steady-state conditions for isotopically labelled 
glucose have also reported identical disposal rates for la- 
belled and unlabelled glucose [7, 19-22]. Ferrannini et al. 
[17] have also shown that the rate of glucose infusion dur- 
ing the third hour of a euglycaemic insulin clamp was near- 
ly identical to that calculated from a bolus injection of 
(33H)-glucose using a physiological three-compartmental 
model. These observations strongly argue against an "iso- 
tope effect" as the explanation for the underestimation of 
glucose disposal under insulin-stimulated conditions. 

Finally, the presence of a labelled contaminant in the 
tracer will also result in falsely elevated glucose specific 
activity due to accumulation of the contaminant in the cir- 
culation [4]. In the current study, the specific activities 
determined with HPLC and conventional methods were 
similar and no contaminant was found in the tritiated glu- 
cose preparations. 

In the current study, a close correlation was found be- 
tween the relative deviation, albeit small, of plasma glu- 
cose specific activity from the target (i.e. steady-state), 
and underestimation of glucose turnover. Thus, the 
greater the deviation of specific activity from isotopic 
steady-state, the greater the underestimation of glucose 
turnover calculated according to the one-compartmental 
model of Steele. These data suggest that a likely reason for 
underestimation of isotopically determined glucose turn- 
over under non-steady-state conditions is model inade- 
quacy. However, these observations do not exclude the 
possibility of cycling of tritiated glucose through glycogen 
and back to plasma glucose [16]. It should be emphasized 
that these two latter explanations are not mutually exclu- 
sive. 

In summary, tritiated glucose labelled in the 3 or 6 po- 
sition provides an accurate estimate of glucose disposal as 
long as the plasma glucose specific activity is maintained 
constant. Thus, underestimation of glucose turnover and 
hepatic glucose production cannot be attributed to an iso- 
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tope  effect  of  t r i t i a t ed  glucose.  W e  did  no t  f ind any t racer  
con t aminan t  in the  p re sen t  study. Thus,  the  mos t  l ike ly  
r eason  for  the  r e p o r t e d  u n d e r e s t i m a t i o n  of  g lucose  d ispo-  
sal is m o d e l  i nadequacy  u n d e r  non - s t eady - s t a t e  condi-  
t ions.  
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