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Summary Traditionally, plasma measurements have
been used to monitor metabolic events and the ac-
tions of hormones that are actually taking place with-
in tissue beds that are anatomically separated from
the vascular compartment. It is generally assumed
that the extracellular fluid (ECF) within metaboli-
cally active tissues is composed of substrates and hor-
mones in concentrations that closely approximate
those in plasma. Indeed, this view is implicit in non-
steady-state tracer calculations. However, through
the use of microdialysis techniques in the study of tis-
sue metabolism this view is being challenged. Our
data suggest that there may be substantial concentra-
tion gradients for a variety of fuels between plasma
and ECF i.e. fuels (e.g. glucose) removed from the
circulation being lower and fuels (e.g. glycerol, lac-
tate, some amino acids) produced by tissues being
higher than plasma levels. In short, the metabolic

milieu seen by individual tissues (and hormone re-
ceptors?) may, at least in some instances, be strikingly
different from that in plasma, and as a result, plasma
measurements by themselves may not appropriately
define the contributions of specific tissues to meta-
bolic events, and overlook the importance of meta-
bolic processes which are largely restricted to individ-
ual tissue beds. Through the use of microdialysis as a
means of directly sampling ECF from metabolically
important body tissues and with the evolution of its
use in animal and human research, this technique
will continue to offer exciting new insights into tissue
metabolism and to investigate fundamental issues
that cannot be addressed by other methods. [Dia-
betologia (1997) 40: S75-S 82]
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Microdialysis offers a powerful investigative tool
which enables in vivo sampling of extracellular fluid
(ECF) from body tissues [1, 2]. Alternative methods,
such as positron emission tomography and magnetic
resonance spectroscopy, enable insights into tissue
metabolism, but are indirect and observations are de-
rived. The Fick principle, through measurement of
tissue blood flow and arteriovenous differences, is a
more direct approach, however, it has anatomical
limitations. In humans, this technique has mostly
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been applied to the study of the limb as a means of
‘isolating’ skeletal muscle, but these studies are con-
founded by the contributions of other tissues to net
metabolic activity [3]. Moreover, arteriovenous dif-
ferences across a tissue bed assess ‘net’ changes but
may underestimate the turnover of a substrate in the
tissue in question. For example, in the limb, high rates
of glycerol uptake and release occur, despite a small
arteriovenous difference [4, 5].

To date, microdialysis has been used mainly in the
study of animal brain, where the focus has been pre-
dominantly in the area of neurotransmission [6-8].
The application of microdialysis in humans has most-
ly been directed at fuel metabolism in adipose tissue
although, more recently, it has also been applied to
the study of skeletal muscle. From a local standpoint,
we have applied microdialysis techniques to the in
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vivo study of both animal and human brain as well as
the investigation of peripheral tissue metabolism in
both skeletal muscle and adipose tissue. In animal
brain, we have directed our attention to the role of
the ventromedial hypothalamus (VMH) in glucose
sensing and the effect of glucose availability on the
release of neurotransmitters. Whereas, in the periph-
ery, we have focused on human skeletal muscle, a tis-
sue that plays a key role in fuel homeostasis. Through
the unique access to specific tissue beds that microdi-
alysis offers, we have applied this method in two main
directions: (i) perturbing the local extracellular envi-
ronment of a specific target tissue by the perfusion
of substrates or pharmacologic agents via the micro-
dialysis catheter, (ii) sampling local tissue ECF from
the microdialysis catheter during systemic metabolic
perturbations.

Methodologic considerations

In view of our application of this technique in brain
and peripheral tissues, it is important to address
some general methodologic issues that concern the
microdialysis process and some further, more spe-
cific, issues that we have encountered. Microdialysis
is based on the principle of diffusion of substances
across a permeable membrane between two compart-
ments. Its typical use in vivo involves the perfusion of
an isotonic artificial ECF solution (perfusate) into a
tissue bed where perfusate equilibrates with the local
tissue ECF across a dialysis membrane; this fluid (di-
alysate) is then collected for measurement of tissue
substrates ex vivo. Although, through the nature of
the microdialysis process, it also feasible to deliver
substrates, pharmacologic agents or even hormones
to the local tissue bed via the microdialysis catheter.
The performance or efficiency of a microdialysis
system is dependent on a number of factors including
the structural design of the microdialysis catheter. A
schematic representation of the microdialysis system
that we have used in peripheral tissues is shown in Fig-
ure 1, however, other similar prototypes exist, some
with structural differences. Efficiency is also depen-
dent on the nature of the dialysis membrane and a
range of cellulose ester, polysulfate and polycarbonate
membranes are in use, each with specific physical char-
acteristics. It is theorized that the nature of the perfu-
sate may also influence the dialysis process and that
to minimize artifact caused by the perfusate itself it is
recommended that catheters should be perfused with
a solution that closely resembles tissue ECFE. For this
reason, we use an artificial ECF solution (135 mmol/l
NaCl, 3mmol/l KCI, 1mmol/l MgCl,, CaCl,
1.2 mmol/l and sodium phosphate to buffer the perfu-
sate to pH 7.4) which closely approximates tissue ECF.
In vivo, the concentration of substances in
dialysate is invariably a fraction of the actual ECF
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Fig. 1. Schematic representation of the microdialysis probe we
utilize in the study of adipose and skeletal muscle tissues. Fluid
is perfused (perfusate) via the inlet tube into the cylindrical
chamber comprizing the dialysis membrane and subsequently
exits via the outlet tube (dialysate)
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concentration and this reflects the ‘recovery’ of the
microdialysis system. Recovery is often expressed as
a percent (i.e. [dialysate]/[ECF] x 100) and is easily
calculated in vitro by placing a microdialysis catheter
in an aqueous solution containing a known amount of
substrate. The catheter is perfused at a constant rate
and substrate concentration is measured in dialysate
enabling the calculation of in vitro recovery (i.e. [di-
alysate]/[solute] x 100). In vivo recovery is generally
less than that seen in vitro, and this is thought to re-
flect the reduced capacity for substrates and other
molecules to diffuse in the ECF space surrounding
the membrane when compared with diffusing capac-
ity in an aqueous solution in vitro. However, it is pos-
sible to calculate absolute ECF concentrations, and
therefore in vivo recovery, by a number of methods,
two of which we have utilized in our studies: the ‘no
net flux’ [1] and ‘zero flow rate’ [9] procedures. Both
of these methods have been validated in the past and
we have utilized both procedures in vitro and in
vivo. The no net flux method is based on the principle
of perfusing a microdialysis system with different
concentrations and, by measuring dialysate concen-
trations of substrate, it is possible to calculate a stea-
dy-state where perfusate concentration equals ECF
concentration, in other words, a steady-state of ‘no
net flux’. This estimate represents absolute ECF con-
centrations of the substrate in question. Figure 2
shows representative examples of ‘no net flux’ cali-
bration procedures carried out in healthy human sub-
jects for the measurement of glucose in the ECF
space of adipose tissue and skeletal muscle.

The ‘zero flow rate’ method is based on the princi-
ple that the relative recovery of substrate across dial-
ysis membrane is inversely related to perfusate flow
through the microdialysis system, and when flow rate
is zero the perfusate and ECF are in a state of com-
plete equilibrium. Therefore, by measuring dialysate
concentrations of substrate at different perfusate
flow rates, it is possible to plot the inverse relation-
ship and to extrapolate to zero flow rate by non-linear
regression, thus estimating absolute concentration of
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Fig.2. Data from ‘no net flux’ calibration procedures carried
out in a non-obese human subject. Data indicates glucose con-
centrations (mmol/l) expressed as the difference between di-
alysate and perfusate concentrations on the y-axis, plotted
against perfusate concentration on the X-axis. Data is plotted
from adipose () and skeletal muscle (@) dialysate at four
different perfusate concentrations of glucose (mmol/l). As in-
dicated, a regression line is extrapolated through the four
data points for each tissue bed and the estimate of absolute
ECEF concentration is the point where the line crosses the point
of [dialysate]-[perfusate] = 0 on the y-axis, the point of no net
flux
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Fig.3. Data from a ‘zero flow rate’ calibration procedure car-
ried out in a non-obese human subject. Data indicates (a) glu-
cose and (b) lactate concentrations (mmol/l) in adipose (O)
and skeletal muscle (@) dialysate at different dialysis flow
rates (ul/min)

substrate in ECF. Figure 3 shows representative ex-
amples of ‘zero flow rate’ calibration procedures car-
ried out in healthy humans to measure glucose and
lactate concentrations in adipose tissue and skeletal
muscle ECE In addition, as further validation of
these techniques, we have shown that estimates of pe-
ripheral tissue ECF concentrations of glucose, lactate
and some key amino acids by these two methods are
virtually identical.

A significant drawback with these calibration tech-
niques is that they are inherently time consuming and
the more recent description of an alternate calibra-
tion technique [10, 11] involving isotopic perfusion is
of interest as this method allows an almost ‘immedi-
ate’ estimate of microdialysis recovery. The tech-
nique is based on the principle that through the addi-
tion of substrate in isotope form to the perfusate, the
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relative delivery of isotopic substrate from perfusate
into local tissue ECF equals the relative recovery of
cold substrate from tissue ECF into dialysate. This
method seems to compare favourably with the no
net flux calibration procedure; however, data pro-
duced by this technique raise some methodologic
concerns [11]. Apparent overestimates of ECF glu-
cose levels in rat adipose tissue measured by this
technique can be explained by an accumulation of
isotope in the local tissue surrounding the microdialy-
sis catheter thereby resulting in an underestimate of
the delivery of glucose isotope to the tissue and artifi-
cially overestimating calculations for cold levels of
glucose in ECF. Finally, with the question of measur-
ing absolute ECF levels of susbstrates in mind, Arner
and colleagues are utilizing a microdialysis system
which they propose has an approximate 100 % rela-
tive recovery [12]. In other words, dialysate concen-
trations of substrate are equal to those in ECF. This
high efficiency is allowed because the microdialysis
catheters have a large surface area of dialysis mem-
brane (30 mm length) and are perfused at very low
rates (0.3 wl/min).

A further concern with microdialysis studies con-
ducted over many hours is the ‘stability’ of the micro-
dialysis system. In other words, could changes in sub-
strate concentrations observed during study interven-
tions be a manifestation of an artifact created by the
probe itself resulting in a shifting baseline? This is an
area of some contention as it has been suggested by
some that microdialysis may cause a depletion of sub-
strate from the local tissue bed causing a time-depen-
dent shift in dialysate substrate concentration [1].
However, others contest that this phenomenon is not
a significant concern [13]. Furthermore, this potential
phenomenon has only been described for glucose and
not for other substrates. To attempt to address this is-
sue, we carried out a series of studies in healthy sub-
jects under basal conditions and found no significant
time-dependent change in skeletal muscle and adi-
pose tissue dialysate concentrations of substrates un-
der basal conditions over a 6 h period.

An additional concern with the microdialysis pro-
cess is the possible artifact that locally altered blood
flow may have on the recovery of ECF substrates. A
recent study, involving the coupling of laser Doppler
flowmetry as a measure of local blood flow with mi-
crodialysis, showed that insertion of the microdialysis
catheter into skin caused a short lived hyperaemic re-
sponse which quickly ( <15 min) resolved [14]. Thus,
in the bounds of the short-term metabolic studies we
and others conduct, the catheter itself does not seem
to significantly alter local blood flow. However, in
the context of metabolic studies involving hyperinsu-
linaemia, especially with concurrent hypoglycaemia,
where one would expect physiologic alterations in
blood flow it is important to consider the potential in-
fluence that blood flow may have on the recovery of
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substrates by microdialysis. This issue was first raised
when ethanol clearance from microdialysis perfusate
was developed and validated [15] as a method of at-
taining a qualitative measure of local tissue blood
flow at the site of microdialysis catheter insertion.
Studies demonstrated that, in animals, gross changes
in tissue blood flow alter the recovery of glucose by
microdialysis [16] (i.e. an increase in local blood
flow increases dialysate recovery of glucose) and sim-
ilar findings have since been reported in human adi-
pose and muscle tissues but with a less predictable ef-
fect of altered blood flow on the recovery of ECF lac-
tate [17].

To address this issue, we studied the potential ef-
fects that insulin-induced hypoglycaemia may have
on the recovery of ECF glucose [18]. We studied heal-
thy subjects during hypoglycaemic clamps (plasma
glucose 2.8 mmol/l) and measured ECF glucose levels
in peripheral tissues by two different methods. On
one occasion, we indirectly estimated tissue ECF glu-
cose during hypoglycaemia by calculating absolute
levels of ECF glucose at baseline and therefore the
in vivo recovery of our microdialysis system. We
then applied the baseline recovery to indirectly calcu-
late ECF glucose during a hypoglycaemic clamp ([hy-
poglycaemia dialysate glucose] x baseline recov-
ery = [hypoglycaemic ECF glucose]). On the second
occasion, we made direct estimations of absolute
ECF glucose concentrations during stable hypogly-
caemia using the no net flux calibration procedure.
If the microdialysis recovery of glucose had been al-
tered by hypoglycaemia itself, then the indirect and
direct estimates of tissue ECF glucose during hypo-
glycaemia would differ. However, we found no differ-
ence between the indirect and direct estimations of
ECF glucose levels under these conditions, therefore
suggesting that the relative recovery of glucose from
the tissue bed by microdialysis was not altered in this
particular model of insulin-induced hypoglycaemia.
In contrast to these findings, the blood flow and ECF
glucose changes that occur during insulin-induced hy-
poglycaemia have been described in some detail in
rat muscle and adipose tissue with evidence that hy-
poglycaemia-induced blood flow changes may affect
microdialysis recovery of glucose [19], however, these
studies were done under non-steady-state conditions.

Brain

Although the vast majority of work in the field of mi-
crodialysis has been in animal brain, little attention
has been directed to the study of brain fuel homeo-
stasis and, more specific to our area of interest, the
role of the brain as a glucose sensor under conditions
of hypoglycaemia. The recent report of the DCCT
Research Group [20] demonstrated the long-term
benefits of intensified treatment in insulin-dependent
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diabetes mellitus (IDDM) and, as a result, this ther-
apy has been recommended for, and undoubtedly
will be offered to, an increasing number of IDDM pa-
tients in an effort to prevent or delay microvascular
and neuropathic complications. Unfortunately, the
frequency and severity of hypoglycaemia is markedly
increased by such regimens [21]. In light of this, the
neurohormonal response to hypoglycaemia in health
and diabetes has been extensively investigated in re-
cent years, resulting in a better understanding of the
defective counterregulatory mechanisms that exist in
IDDM. However, it is still not clear what mechanisms
are involved in glucose sensing and the initiation of
the neurohormonal response to hypoglycaemia.

A role for both cerebral and extra-cerebral glucose
sensors has been proposed [22, 23]. Although there is
some evidence that the liver may play a role in the ac-
tivation of sympathoadrenal activity [24], most data
point to the central nervous system as the dominant
centre for the sensing and integration of hypoglycae-
mic signals. This view is perhaps best supported by
studies showing that bilateral infusion of glucose
into the carotid and vertebral arteries (maintaining
intracerebral euglycaemia in the face of systemic hy-
poglycaemia) nearly abolishes hormone release dur-
ing hypoglycaemia [22, 25]. These studies, however,
do not define the precise brain regions involved.
While the hypothalamus has long been viewed as the
most likely site [26], others have suggested that the
glucose sensor is located in the hindbrain or spinal
cord [27, 28]. Recent data from our laboratory pro-
vide strong evidence that the VMH is essential for hy-
poglycaemic counterregulation [29]. We observed
that conscious VMH-lesioned rats (bilateral lesions
produced by local ibotenic acid injection 2 weeks ear-
lier) had blunted glucagon, epinephrine and norepi-
nephrine responses to a hypoglycaemic stimulus
(3 mmol/l or 2.5 mmol/l) when compared with re-
sponses noted in controls. We therefore reasoned
that, if glucosensors are in the VMH, glucopenia lim-
ited to this centre should cause counterregulatory re-
sponses despite peripheral normoglycaemia. At this
point, we applied microdialysis techniques to study
the role of the VMH in triggering counterregulatory
responses to hypoglycaemia [30]. In the VMH or
frontal lobes (controls) of awake rats (n = 20), 2-de-
oxyglucose (2-DG) or glucose (to serve as a control)
was perfused via microdialysis catheters to produce
localized cellular glucopenia. Perfusion of 2-DG
(but not glucose) into the VMH caused a striking in-
crease in plasma glucagon (by 200 %), epinephrine
(by 600 % ), norepinephrine (by 400 % ) in association
with a prompt elevation of circulating blood glucose.
It should also be noted that 2-DG had no effect
when delivered to the frontal lobes. These data there-
fore suggest that the neurons sensing glucopenia are
in the VMH. To follow the findings from this study,
we have used an opposite experimental paradigm
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again to determine the role of VMH in glucose sens-
ing. Under conditions of systemic hypoglycaemia,
we used microdialysis to perfuse the VMH bilaterally
with glucose preventing VMH hypoglycaemia [31].
Data indicate that hypoglycaemic rats with ‘euglycae-
mic’ VMH have markedly diminished hormonal re-
sponses to systemic hypoglycaemia, again suggesting
that the VMH is the dominant glucose sensor for acti-
vation of the counterregulatory response to hypogly-
caemia.

A concern with these experiments relates to whe-
ther the anatomical positioning of the catheters was
appropriate and whether the local perfusion with 2-
DG confined its effect to the VMH. The hypothala-
mus is a small, albeit highly complex, area of the brain
and, despite positioning the catheters with stereotactic
surgery, one must be careful in attributing these find-
ings to an area as small as the VMH. However, the ap-
propriate anatomical localization of the catheters was
confirmed histologically. In addition, in a small num-
ber of rats (n = 4), further studies were catheters per-
formed where [°’H]2-DG was perfused via the cathe-
ters and local radioactivity was measured in VMH
and surrounding structures. This procedure confirmed
that radioactivity was largely restricted to the VMH;
and the radioactivity in the surrounding tissues was
only slightly above background levels. In other words,
the local perfusion of glucose via the microdialysis
catheters was indeed confined to the VMH.

The cellular mechanisms used by the VMH to
sense and transduce the glucose signal are unknown.
It is intriguing to speculate that the VMH glucose
sensor shares common features with the only glucose
sensing cell that has been well characterized, the pan-
creatic beta cell. Recent studies support this view. Jet-
ton et al. [32] have reported that cells within the me-
dial hypothalamus express glucokinase as well as
GLUT2. Furthermore, VMH neurons contain ATP-
sensitive potassium channels, a key signal transduc-
tion protein in beta cells [33]. In keeping with this hy-
pothesis, we have recently reported, again through
the utilization of microdialysis catheters in rat sub-
stantia nigra, a brain region rich in K,p channels as
determined by sulfonylurea binding [33], that this
area responds to changes in local glucose availability
via effects on K,p channels. Perfusing the dialysis
catheter with 10 mmol/l glucose increased <y-ami-
nobutyric acid (GABA) release two-fold. Local per-
fusion with the sulfonylurea glipizide had a nearly
identical effect; whereas perfusion with the specific
K, rp channel activator, lemakalim, or 2-DG with oli-
gomycin inhibited GABA release by 45-50%. The
latter effect was blocked by glipizide. When systemic
hypoglycaemia was produced in awake rats, nigral di-
alysate GABA concentrations decreased by approxi-
mately 50 %, as well. These data suggest that glucose
may modulate nigral GABA release via an effect on
Karp channels, a pattern which bears a striking
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similarity to that of pancreatic beta cells. Thus, glu-
cose could act as a signalling molecule for at least
some neurons in the central nervous system. Taken
together, these observations suggest that the VMH
might function much like the beta cell, a scenario
that might account for functional changes in hormone
release seen with chronic hyper- or recurrent hypo-
glycaemia.

It is well established that glucose passes across the
blood brain barrier by carrier mediated transport
(via GLUT 1 transporters) and unsaturable (diffu-
sion) mechanisms [34]. Once in the ECF, the concen-
tration of glucose seen by neurones and glia is, how-
ever, probably much lower than that of plasma. Esti-
mates of brain ECF glucose levels in animals using
microdialysis or microelectrodes range from 0.5-
2.8 mmol/l [35, 36], suggesting that a steep glucose
concentration gradient exists between blood and
brain ECE. We have recently had the unique opportu-
nity to utilize microdialysis to measure glucose levels
in brain ECF of conscious humans undergoing intra-
cerebral depth electrode monitoring for intractable
epilepsy [37]. Preliminary data suggest that ECF glu-
cose levels in human brain are very different from
plasma levels; i.e. approximately 30 % of plasma lev-
els. These findings imply that neurons are bathed in
a metabolic milieu different to that seen in the circu-
lation.

Skeletal muscle

Application of microdialysis techniques to the study
of peripheral tissues has increased in recent years
and this technique is particularly well suited to these
tissues since larger catheters can be used (than those
used in the study of animal brain), substantially in-
creasing the efficiency of the microdialysis process
and therefore the ability to detect metabolic change
in ECF. Most attention has been directed to adipose
tissue, mainly because of easy access, and studies
have reported the measurement of ECF levels of glu-
cose, lactate and glycerol [1,38-42] and characterized
the opposing effects of insulin and sympathetic stimu-
lation on adipose tissue fat and glucose metabolism
[39, 43-45]. The application of microdialysis to the
study of diabetic or insulin resistant states has been
limited but work in this area includes study of the ef-
fects of insulin withdrawal [45] and hyperglycaemia
[46] on levels of substrates in adipose ECF in
IDDM; and abnormalities of glucose and glycerol
metabolism in adipose tissue have also been reported
in obesity [39, 47], patients with liver cirrhosis [48]
and spinal cord injured patients with mild insulin re-
sistance [49].

Microdialysis has been applied to a lesser extent in
skeletal muscle; a tissue that plays a major role in pro-
tein metabolism and insulin-mediated peripheral
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glucose uptake, and that also serves as the major
source of gluconeogenic precursors under catabolic
conditions. In rats, a number of studies have shown
that microdialysis is applicable to this tissue bed [15,
19, 50] and we have used microdialysis in both skele-
tal muscle and adipose tissue ECF in humans. Our
studies were firstly notable for the concentration gra-
dients that exist for key metabolic substrates between
the ECF compartment of both tissue beds and the cir-
culation. High glycerol levels were noted in skeletal
muscle dialysate, suggesting that there is significant
lipolysis occurring in skeletal muscle and that the im-
portance of the glucose-fatty acid cycle may be under-
estimated in this tissue bed [51]. In addition, we also
demonstrated that ECF levels of lactate were higher
than plasma levels indicating that there is an efflux
of lactate from both tissues under fasting conditions.
Whereas, levels of glucose in muscle and adipose
ECF were approximately 30% lower than arterial-
ized plasma levels indicating a concentration gradient
in the opposite direction in keeping with glucose up-
take.

Peripheral tissue ECF glycerol levels were higher
than levels reported by others [41, 42] raising the pos-
sibility that the high glycerol levels were, in part, arti-
factual. However, in vitro, we confirmed that the
glycerol content of the cuprophan membrane we
used was seemingly negligible. This fact was further
underlined when we used the same catheters in hu-
man brain and found that glycerol levels were immea-
surably low in brain dialysate, a tissue bed where you
would expect negligible lipolytic activity. In addition,
the question that elevated glycerol levels in dialysate
may be a trauma artifact has been largely refuted by
past work showing that the initial trauma reaction
quickly subsides shortly after catheter implantation
[13] and, thereafter, dialysate sampling reflects a sta-
ble ECF environment for hours. Finally, specific to
skeletal muscle, the disparity between muscle ECF
and plasma glycerol raises the question of whether
the muscle probes were positioned appropriately as
the presence of high ECF glycerol could imply that
the muscle catheter was in subcutaneous fat rather
than muscle itself. However, we studied non-obese
subjects and MRI scans of the sites of catheter inser-
tion confirmed that the muscle catheters were posi-
tioned correctly. Moreover, we demonstrated that
taurine, alanine and glutamine levels were higher in
muscle than in adipose tissue dialysate, supporting
the view that the muscle and adipose catheters were
indeed in two distinct tissues. Contrary to our obser-
vations, Samra et al. [52] stated that skeletal muscle
tissue ECF levels of glycerol must be near to plasma
levels on the basis of observing a net uptake of glyc-
erol across the limb following a square-wave intrave-
nous infusion of glycerol, but without directly mea-
suring ECF levels by microdialysis. On the other
hand, using a microdialysis system with approximate
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100 % recovery, Enoksson et al. [12] reported that ba-
sal ECF levels of glycerol are indeed higher than plas-
ma in skeletal muscle as well as adipose tissue but ab-
solute levels were not nearly as high as those ob-
served by us. We have since tested our original micro-
dialysis system side by side with a commercially avail-
able system in fasted humans during a continuous in-
fusion of stable isotope of glycerol to attain a steady-
state isotope enrichment of glycerol in both plasma
and adipose tissue ECF. Our preliminary data show
that with both microdialysis systems the isotope en-
richment in the adipose dialysate was approximately
10-20 % of plasma enrichments indicating local glyc-
erol production. However, the relative enrichment
of isotope in dialysate was at least twofold higher
(and therefore nearer to plasma enrichments) in the
commercially available catheter when compared
with our original catheter. Accepting these observa-
tions are confined to adipose tissue and that the com-
mercially available microdialysis catheter generated
data that supports observations made by others, this
would suggest our original microdialysis system may
have overestimated glycerol levels in skeletal muscle
and adipose tissues.

A further interesting development in the use of
microdialysis in the study of peripheral tissues is the
application of stable or radioactive isotopes in the
study of local tissue metabolism. As mentioned ear-
lier, isotopes added to the perfusate have been used
as a measure of microdialysis recovery [10, 11] but a
more recent development has been the addition of
substrate isotope to perfusate and the measurement
of the substrate’s metabolite in its isotope form in di-
alysate. Henry et al. [53] recently reported the perfu-
sion of U-BC glucose via a microdialysis catheter
into human adipose tissue and the measurement of
13C lactate in tissue dialysate as an indicator of local
anaerobic glycolysis [53]. This particular application
of microdialysis techniques may offer a unique in-
sight into local tissue metabolic processes.
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