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Lactate Release from the Subcutaneous Tissue in Lean and Obese Men
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Departments of Internal Medicine and *Radiation Physics, University of Goteborg, Sahlgren's Hospital, S-413 45 Gdteborg, Sweden

Abstract

Lactate concentration in the subcutaneous interstitial fluid and
adipose tissue blood flow (ATBF, ml/ 100 g- min) were simul-
taneously measured with the microdialysis technique combined
with 133Xe clearance in the abdominal and femoral subcutane-
ous adipose tissue in nine lean and nine obese men. The studies
were performed both in the postabsorptive state and 2 h after
an oral glucose load and the results compared to the lactate
levels in arterialized venous plasma.

After an overnight's fast, arterial lactate was 738±49 and
894±69 ,uM (mean±SE) (P < 0.05) in the lean and obese
subjects, respectively. The interstitial lactate levels were signifi-
cantly higher than blood lactate in both subject groups without
any regional differences. Abdominal and femoral ATBF was
3.2±0.6 vs. 2.8±0.4 and 1.7±0.3 vs. 2.4±0.4 ml/100 g- min (P
< 0.05) in lean and obese subjects, respectively. Mean appar-
ent lactate release from the abdominal vs. femoral adipose tis-
sue in the fasting state was 10.5±3.1 vs. 8.6±2.3 and 6.0±2.3
vs. 8.5±2.3 ,umol/kg * min (NS) in lean and obese subjects,
respectively. Both plasma and interstitial lactate levels in-
creased significantly after an oral glucose load in both subject
groups. However, apparent lactate release increased signifi-
cantly only in the lean group.

It is concluded that subcutaneous adipose tissue is a signifi-
cant source of whole-body lactate release in the postabsorptive
state and that this is further enhanced in obese subjects due to
their large adipose mass. (J. Clin. Invest. 1994. 93:240-246.)
Key words: blood flow * lactate * microdialysis * subcutaneous
adipose tissue * 133Xe-clearance

Introduction

Lactate is thought to be produced mainly in skeletal muscle,
the splanchnic area, erythrocytes, brain, and skin (1). How-
ever, recent evidence suggests that the adipose tissue may also
be a significant source of lactate release. First, lactate is a major
metabolite of glucose in adipocytes from both rats (2) and
humans (3). Secondly, adipose tissue in dogs has clearly been
shown to produce lactate (4). Thirdly, evidence for lactate for-
mation by human adipose tissue in vivo was recently found by
the cannulation of superficial abdominal veins (5) and by mea-
surements in the subcutaneous interstitial fluid in two studies
with the microdialysis technique (6, 7).
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Lactate is an important gluconeogenic precursor during
fasting (8). Interestingly, several studies have shown that
plasma lactate levels are elevated in obese subjects during fast-
ing (9-1 1 ) and that in insulin-resistant subjects fasting lactate
levels correlate positively with adipose tissue mass and nega-
tively with insulin sensitivity (9). Also, it has been reported
that postabsorptive plasma levels of lactate are further elevated
in patients with non-insulin-dependent diabetes mellitus, a
condition known to be associated with insulin resistance ( 12).
Thus, indirect evidence exists to suggest that the lactate release
from the adipose tissue is enhanced in the postabsorptive state
in obese subjects and that this is related to insulin resis-
tance ( 13).

Another implication of the finding that adipose tissue re-
leases lactate, not only during fasting but also after a glucose
load (6), is that adipose tissue may utilize more glucose in the
postprandial state than originally proposed ( 14). However, bal-
ance studies where superficial abdominal arterial-venous con-
centration differences were measured could confirm that the
adipose tissue only consumes a few percent of an oral glucose
load (5). Surprisingly, in a microdialysis study by Hagstrom-
Toft and collaborators (7) adipose tissue was found not to re-
lease lactate in the fasting state but only after an oral glucose
load.

In a recent study, we combined the microdialysis technique
with '33Xe clearance to measure subcutaneous extracellular
glycerol levels and tissue blood flow ( 15 ). This technique al-
lowed the calculation of the subcutaneous rate of glycerol re-
lease per tissue weight ( 15). In the present study, the same
technique was used to measure lactate release from the subcuta-
neous tissue in lean and obese subjects. The data show that
lactate is apparently released in proportion to the adipose tissue
mass during fasting, whereas lactate release after an oral glu-
cose load is only enhanced in lean individuals.

Methods

Subjects. Nine obese and nine lean male volunteers of similar age and
with a normal glucose tolerance ( 16) participated in the study. The
clinical characteristics of the subjects are shown in Table I. All subjects
had been weight-stable for at least 3 mobefore the study and they took
no regular medication. The participants were asked to maintain their
regular dietary habits and physical activity. They abstained from alco-
hol for 3 d before the investigation and did not use nicotine the evening
before the study. The volunteers gave their informed consent and the
study was approved by the Ethical Committee and the Radiation Safety
Committee of the University of Goteborg.

Study protocol. After fasting overnight, the subjects were investi-
gated in the supine position in a room kept at 260C. A polyethylene
catheter was placed in a dorsal hand vein. The forearm was heated with
electric pads which leads to arterialization of the venous blood. Pre-
vious experiments in our laboratory have shown that the protocol used
results in a 02 saturation of 93±1% in venous blood (17). Control
experiments showed that the pads did not alter the interstitial lactate
levels nor the adipose tissue blood flow in either the abdominal or the
femoral region (not shown).
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Table I. Clinical and Biochemical Characteristics of the Lean and Obese Individuals

Age Body fat BMI WHR Fasting glucose Fasting lactate

yr kg kg/M2 mM AM

Lean 28±1 11±1 22.0±0.3 0.87±0.02 4.8±0.1 738±49
Obese 29±2 48±6 39.9±2.1 1.07±0.01 4.8±0.2 894±69
P level NS <0.001 <0.001 <0.001 NS <0.05

Fasting Fasting Glucose Lactate Insulin FFA
insulin FFA 120 min 120 min 120 min 120 min

mU/liter AM mM AM mU/liter gM

Lean 5±1 494±68 7.2±0.4 924±59 30±5 52±13
Obese 18±6 696±53 7.0±0.4 1060±77 101±20 143±46
P level <0.05 <0.01 NS NS <0.001 <0.01

Glucose, insulin, FFA, and lactate levels were measured in the postabsorptive state and 120 min after oral ingestion of 100 g of glucose. Abbre-
viation: WHR,waist/hip circumference ratio.

Microdialysis procedures. Microdialysis catheters (30 X 0.3-mm
Cuprophan B4 AH, 3,000-mol wt cutoff; Cobe, Denver, CO) were
placed in the right abdominal subcutaneous tissue, 5 cm lateral to the
umbilicus, and in the left femoral subcutaneous tissue, one third of the
distance between the patella and the superior anterior iliac spine. The
nylon tubing inlet of the microdialysis catheter was connected to a
microinjection pump (CMA Microdialysis, Stockholm, Sweden) and
saline with 2.5 mMglucose added ( 18) perfused the system at a rate of
2.5 ,l/min. Addition of 2.5 mMglucose to the perfusion fluid prevents
drainage of glucose from the tissue and maintains the tissue glucose
concentration (interstitial glucose has been shown to equal plasma glu-
cose) ( 18 ). After 60 min of equilibration, the dialysate was collected in
10-min intervals from the outlet of the tubing. A maximumdelay of 12
min is expected between an ongoing change in the surrounding extra-
cellular fluid and the dialysate for lactate when samples are collected
every 10 min (6).

The calibration procedure has previously been described in detail
(18). Briefly, five different concentrations of lactate (0-1,000 'M)
were added to the perfusate and the net change of lactate concentration
recorded in the dialysate (lactate0,, - lactatejn = net change). Regres-
sion analysis was used to calculate the perfusate lactate concentration
resulting in no net change in dialysate lactate content (equal to intersti-
tial lactate concentration) and the proportion of interstitial lactate re-
covered in the dialysate. During the calibration period which persisted
for - 5 h there was a good linear correlation between lactate concen-
tration in the perfusate and net change in the dialysate (r < -0.9).
Mean recovery of interstitial lactate in the dialysate was 39±2% (n
= 36).

Around 1 p.m. each subject ingested 100 g of glucose dissolved in
- 250 ml of lemon-flavored tap water. Blood samples were drawn just
before the glucose load and lactate levels in the subcutaneous tissue and
arterialized venous plasma were followed for 120 min. The samples
were kept on ice and immediately centrifuged (3,000 g, + 4°C). Blood
plasma and dialysates were collected and stored at -20°C until ana-
lyzed.

Each study was terminated by aspirating fat biopsies in local anaes-
thesia (Carbocain, Astra, SSdertdlje, Sweden) from the microdialysis
sites. Mean fat cell size and fat cell number per kilogram of adipose
tissue were estimated ( 19). Body fat mass was estimated by measuring
the bioelectrical impedance (BIA-103, RJL Systems Inc., Detroit,
MI) (20).

A previous investigation indicates that skin is a significant source of
lactate (21). Because metabolites formed in skin and subcutaneous
adipose tissue may be diluted in the same intercellular water space,
control experiments were performed to evaluate whether lactate levels
measured in the subcutaneous tissue with microdialysis may be in-
fluenced by skin lactate release. In these experiments, four obese (age

32±2 yr, body mass index [BMI]' 40.2±1.9 kg/im2) and four lean (age
30±1 yr, BMI 21.9±1.2 kg/m2) male volunteers participated. Each
subject was investigated with three microdialysis catheters placed in the
abdominal region at three different tissue levels: in the skin, at - 5
mm, and - 10 mmdeep in the subcutaneous tissue, respectively. Each
catheter was calibrated for 5 h and the interstitial lactate and glycerol
concentrations calculated for each tissue level. As shown in Fig. 1, the
lactate levels were higher and the glycerol levels lower in the skin as
compared with subcutaneous tissue in both subject groups, indicating
significant lactate release and less glycerol formation in the former
tissue. However, the lactate concentrations were not different in deep
as compared to superficial subcutaneous interstitial fluid indicating no
further "contamination" by skin lactate at this level. Thus, the data
show that interstitial lactate measured at 5-mm tissue depth or deeper
originates from the subcutaneous tissue both in lean and obese sub-
jects. All experiments shown in the Results were performed with mi-
crodialysis catheters placed at least at this tissue depth.

Bloodflow measurements. Adipose tissue blood flow (ATBF) was
measured before and for 120 min after the oral glucose tolerance test
(OGTT) by the "'Xe-clearance method (22). Briefly, 6-9 MBq of
'"Xe (Mallinckrodt, Petten, The Netherlands) in 0.1 ml of sterile sa-
line was injected into the subcutaneous adipose tissue contralateral to
the microdialyzing sites and at least 5 mmunder the skin. After 60 min,
clearance of '"3Xe was monitored continuously with a 2 x 2-in. Nal
(TI) detector (Canberra Industries Inc., Meriden, CT) covered by a
cylindrical collimator and coupled to a multichannel analyzer (ND 62,
Nuclear Data Instrumentation, Schaumburg, IL). In order not to inter-
fere with the counting geometry the detector was placed 30-50 cm
from the '33Xe depot. Only an energy interval corresponding to the
photopeak of 81 keV was registered and the initial counting rate ranged
from 5 X 104 to 105 cpm enabling reliable measurements for at least
3-4 h. Counts were accumulated during consecutive 60-s intervals and
plotted on a logarithmic-linear diagram as a function of time. Subcuta-
neous adipose tissue blood flow was then calculated according to the
formula: ATBF= k x XX 100 (ml/ 100 g/min), where X is the tissue to
blood partition coefficient for '33Xe at equilibrium, and k is the rate
constant of the washout curve. Experimental values of k were esti-
mated as: (In y, - In Y2) X T' where y, and Y2 are the counting rates at
two occasions (> 25-min interval) and T is time in minutes between
these registrations. A mean value of 10.0 ml/g was used for the parti-
tion coefficient (22). Control experiments in our laboratory have
shown that the partition coefficient estimated by measuring the triglyc-
eride content in fat biopsies is similar in adipose tissue from lean and

1. Abbreviations used in this paper: ATBF, adipose tissue blood flow;
BMI, body mass index; OGTT, oral glucose tolerance test.
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Figure 1. Interstitial lactate and
glycerol concentration estimated in
three different tissue layers in four
lean and four obese subjects. Micro-
dialysis was performed concomi-
tantly in catheters placed close to
the epidermis and either superfi-
cially or deeply in the subcutaneous
adipose tissue. Key: (n) intracuta-
neous; (o) superficial subcutaneous;
(m) deep subcutaneous; data are
means±SE. *P < 0.05, n.s., not sig-
nificant.

obese subjects (P.-A. Jansson, manuscript to be published). In other
control experiments, the mean relative error of '33Xe clearance mea-

sured at two corresponding abdominal subcutaneous sites was - 24%
(n = 20), confirming previous studies (22).

Chemical analyses. Lactate levels were analyzed according to Loo-
mis (23). Glucose and FFA levels were estimated enzymatically. Insu-
lin was analyzed with a radioimmunoassay (Pharmacia, Uppsala,
Sweden).

Estimation of lactate release. According to Fick's principle, arteria-
lized venous plasma (A) and capillary venous plasma concentrations of
lactate (V) and plasma flow rate (Q) were entered into the formula: (V
- A) X QX (1 - hematocrit X 10-2) (AMmol/ 100 g * min). Conversion
of interstitial (I) to venous (V) lactate levels was performed by the
equation: V = I - A X ( 1 - e-'s1Q) + A, where PSis the permeability
surface product area (adopted to be 5 ml/ 100 g - min for lactate)
(24, 25).

Statistical analyses. Regression analyses were performed with the
least squares method and linear correlations were tested using Pear-
son's correlation coefficient. Student's two-tailed t test was used for
paired and unpaired data. The Wilcoxon signed rank test was applied
for paired comparisons of blood flow, tissue levels, and lactate release.

Results

Measurements in the postabsorptive state. In the fasting state,
the mean blood glucose level was similar in the two subject

groups, whereas the mean plasma insulin, FFA, and lactate
levels were significantly increased in the obese group (Table I) .

Mean body fat mass was 1 1±1 and 48±6 kg (mean±SE) (P
< 0.001 ) in the lean and obese group, respectively (Table I).
Mean fat cell size was increased in the femoral compared to the
abdominal site (P < 0.05) in the lean subjects. The fat cells
were larger in both regions in the obese when compared to the
lean group (Table II).

Fig. 2 shows the lactate levels in arterialized plasma and
interstitial fluid, as well as plasma glucose, in both groups be-
fore and after oral ingestion of glucose. In the postabsorptive
state, plasma lactate was significantly increased in the obese
subjects, whereas interstitial lactate in the two regions was simi-
lar in both groups (Fig. 2). Plasma lactate correlated positively
with BMI (r = 0.628, P < 0.01, n = 18). The difference be-
tween interstitial and plasma lactate was similar for both
groups and the two tissue regions (Fig. 3). Also, no significant
regional differences were recorded in either group in the pos-

tabsorptive state.
Postabsorptive ATBF(Table III) was significantly lower in

the obese subjects in the abdominal region but not in the femo-
ral region. Furthermore, in the abdominal region but not in the
femoral region. Furthermore, in the abdominal region there
was a significant negative correlation between fat cell size and
ATBF (r - 0.498, P < 0.05, n = 18).

Table II. Mean Fat Cell Sizes of the Subcutaneous Regions in the Lean and Obese Individuals

Cell size Cell weight

Abdominal Femoral P level Abdominal Femoral P level

Mlm (,ug/cell)

Lean 83±3 93±3 <0.05 0.31±0.04 0.45±0.04 <0.05
Obese 108±3 111±4 NS 0.68±0.05 0.71±0.05 NS
P level <0.00 1 <0.05 <0.00 1 <0.05
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Figure 2. Plasma and interstitial lactate levels in the abdominal and
femoral regions after an overnight's fast and 2 h after oral ingestion
of 100 g of glucose. Bottom panel shows plasma glucose in (o) lean
and (o) obese subjects. Key: (*) abdominal interstitial lactate: (N)
Femoral interstitial lactate; (v) Plasma lactate; data are Means±SE.
*P < 0.05 or **P < 0.01 or ***P < 0.001 compared to interstitial
lactate concentrations.

Fig. 4 shows the apparent lactate release per kilogram subcu-
taneous tissue and minute. In the postabsorptive state, no re-

gional differences were seen in either subject group. Further-
more, apparent lactate release per unit tissue weight was similar
in both groups. When the data were calculated per cell, how-
ever, apparent lactate release was significantly higher in the
obese subjects in the femoral region (Table IV). A positive
correlation between fat cell size and cellular lactate release was

also present in this region (r 0.593, P < 0.05).
Measurements after OGTT. After ingestion of 100 g of glu-

cose an increase in interstitial lactate was seen after 30-40 min

Figure 3. Interstitial-arterial differences in lactate levels (A lactate) in
the fasting state and for 2 h after oral ingestion of 100 g of glucose.
Key is above. Data are means±SE. *P < 0.05 as compared to time
zero. n.s., not significant.

(P < 0.05) in both groups reaching a maximum concentration
after 80-90 min (Fig. 2). No regional differences were seen in
either group. Moreover, interstitial lactate was higher than in
plasma in both groups following the OGTT(Fig. 2). The rise in
plasma lactate after oral glucose was more rapid in the obese
compared to the lean group (45 min P < 0.01, and 60 min P
< 0.01, respectively). Furthermore, plasma lactate was higher
after 45 min (P < 0.05) and 60 min (P < 0.05) in the obese
than in the lean group (Fig. 2), whereas the net maximal in-
crease in plasma lactate after oral glucose was similar in the two
subject groups.

Fig. 3 shows the interstitial-arterial lactate concentration
differences (A lactate) in the postabsorptive state and after oral
glucose. No regional differences were seen. However, A lactate
increased after glucose ingestion in both regions in the lean
group, whereas this was not seen in the obese subjects (Fig. 3).

In the lean subjects there was an increase in ATBF in both
regions for up to 120 min after the OGTT, whereas the blood
flow response to glucose was blunted in the obese (Table III).
In lean subjects, apparent subcutaneous lactate release per kg
tissue (Fig. 4) 120 min after oral glucose was significantly in-
creased 51 ± 13%and 48±12% in the abdominal (P < 0.05) and
femoral (P < 0.05) regions, respectively. However, in the obese
subjects no such increase was seen in either tissue region.

Discussion

Postabsorptive state. In the postabsorptive state, interstitial lac-
tate levels in the subcutaneous adipose tissue were clearly
higher than in plasma indicating local release of lactate. Similar
lactate concentrations in the interstitial water were found in
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Table III. ATBF before (0 min) and up to 120 min after an OGTTin Lean and Obese Subjects

Abdominal region Femoral region

Time (min) 0 30 60 90 120 0 30 60 90 120

r Lean 3.2±0.6 3.4±0.8 6.5±1.3t 6.6±1.3t 5.1±0.8t 2.8±0.4 3.5±0.7 4.9±1.6 5.6±1.5* 5.6±1.5*
ATBF

(mr/100
g -min)I

I Obese 1.7±0.3 1.5±0.3 2.0±0.4 2.4±0.5 2.4±0.5 2.4±0.6 2.2±0.4 2.3±0.5 2.6±0.5 2.6±0.5
P level <0.05 <0.05 <0.01 <0.01 <0.05 NS NS NS <0.05 <0.05

Data are means±SE. * P < 0.05 and * P < 0.001 compared to time zero. Comparisons between groups are also shown.

lean subjects in a previous study from our laboratory (6). How-
ever, considerably lower interstitial (7) or local venous (5) lev-
els have been reported from other groups using other methods.
In a microdialysis study by Hagstrom et al. (7), the use of a
different microdialysis probe, a higher perfusion rate and per-
fusion with medium without added glucose may explain the
difference in interstitial lactate concentration. In a previous
study was shown that microdialysis may deplete tissue glucose
if a maximal concentration gradient of glucose is created over
the dialysis membrane and that this may result in reduced lac-
tate release (6).

Frayn et al. (5) reported low lactate levels in plasma from a
superficial abdominal vein, draining both skin and subcutane-
ous tissue, and low rates of lactate release in the postabsorptive
state. However, the higher lactate levels obtained in the present
study were measured directly in the subcutaneous tissue and
are probably more representative for the adipose tissue. It is
unlikely that the microdialysis catheter induced ischemic con-
ditions in the ambient tissue since previous studies have shown
that the interstitial adenosine concentration is low (26) and the
pyruvate level high (7). Furthermore, direct measurements of
Po2 in the microdialysate collected with a device identical to

Lean subjects Obese subjects
25 -

'E 20 *
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Figure 4. Apparent lactate release in the postabsorptive state in ab-
dominal and femoral subcutaneous adipose tissue before and 120
min after the OGTT. Key is above. Data are means±SE. *P < 0.05
as compared to time zero. n.s., not significant.

that presently used have shown a high oxygen tension in the
interstitial fluid ambient to the catheter (27).

Precise calculation of local apparent lactate release is ham-
pered by the variability in the tissue concentrations and varia-
tion in adipose tissue blood flow. However, by using the pres-
ently employed in situ microdialysis calibration technique and
long-term recordings of '33Xe clearance, local adipose tissue
glycerol release could be estimated with acceptable precision
( 15 ). Since apparent lactate release was only measured in sub-
cutaneous adipose tissue regions the present data do not allow
us to safely quantitate the role of the total adipose tissue for
whole body lactate production.

The calculated apparent lactate release in the subcutaneous
tissue could theoretically be influenced by skin lactate forma-
tion (Fig. 1). However, the finding of a constant lactate con-
centration even deep in the adipose tissue, whereas the glycerol
concentration is low in the skin, indicates that the adipose tis-
sue produces lactate and that the diffusion rate of small molecu-
lar compounds between the skin and subcutaneous tissue is
limited. Furthermore, the data shown in Fig. 1 indicate that
there is no difference between lean and obese subjects in this
regard.

Taken together, it can be concluded that subcutaneous adi-
pose tissue produces considerable amounts of lactate in the
postabsorptive state. For reasons discussed above, the present
study does not allow an exact estimation of the importance of
this tissue for total body lactate appearance. However, studies
using turnover measurements have estimated total daily body
lactate appearance to - 1,350 mmol/24 h in normal man
(28). Provided that visceral fat is at least as efficient as the
subcutaneous fat in producing lactate, the present data suggest
that even the normal body fat mass in lean subjects (~ 10 kg)
contributes significantly to total body lactate production in the

Table IV. Mean Apparent Lactate Release per Fat Cell
in Two Subcutaneous Regions in Lean and Obese Subjects
in the Postabsorptive State

Abdominal Femoral
region region P level

fmol/min

Lean 3.5±0.6 3.5±0.7 NS
Obese 4.4±1.3 8.6±2.2 NS
P level NS <0.05
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postabsorptive state. Studies with isolated adipocytes in vitro
have suggested that visceral fat cells are even more effective in
producing lactate than subcutaneous cells (29).

In the obese, plasma lactate was significantly higher than in
lean subjects (Table I), confirming previous observations by
Lovejoy et al. (9). The high interstitial lactate levels in the
adipose tissue again indicate a significant local lactate release
(Fig. 2). Net apparent lactate release per kg adipose tissue was
similar to that in lean subjects. Since fat cell size was increased
in the obese subjects (Table II), lactate release per cell was also
significantly increased in the obese ("Femoral region" in Table
IV). This is in agreement with the previous finding that large
adipose cells form more lactate than small adipocytes (2).

The finding that the apparent lactate release per kilogram of
subcutaneous tissue is similar in lean and obese subjects sug-
gests an important role of the adipose tissue mass for total body
lactate formation. Furthermore, since lactate is considered as
the major gluconeogenic precursor, lactate release from the
expanded adipose tissue in obese subjects may contribute to
the impaired ability of insulin to inhibit hepatic glucose produc-
tion (30) as well as enhancing hepatic lipid synthesis.

After OGTT. After an oral glucose load, interstitial lactate
levels increased in parallel with the plasma lactate. However, in
the lean subjects a significant increase of the interstitial-arterial
lactate concentration difference was seen. This confirms pre-
vious observations of an increased lactate formation in the adi-
pose tissue after glucose ingestion (5-7). In the lean subjects,
mean apparent lactate release by the adipose tissue was calcu-
lated to increase - 50% 120 min after oral glucose without any
obvious regional differences. These data suggest that even if the
maximal lactate release, estimated at 120 min after the OGTT,
persisted for 4 h and visceral fat is twice as efficient in lactate
release, total body fat could not convert more than 2-3% of the
ingested glucose to lactate. This confirms the previous sugges-
tion based on studies of adipose tissue fragments in vitro ( 14)
and of venous plasma from the abdominal wall (3 1 ) that the
adipose tissue is of minor importance for glucose homeostasis
in the postprandial state. Interestingly, in vitro studies with
isolated human adipocytes show that 50-70% of the glucose
uptake results in lactate formation indicating that as much as
10% of ingested glucose theoretically could be metabolized in
the adipose tissue and released as lactate (3, 32). However, the
present study indicates that this high capacity to form lactate
only occurs under in vitro conditions.

In the obese subjects, the lactate concentration increased
significantly both in plasma (where net increase was similar to
that in lean subjects) and in the interstitial fluid after glucose
ingestion. However, the interstitial-arterial lactate gradient
was not significantly increased and, furthermore, adipose tissue
blood flow remained unchanged. Consequently, the apparent
rate of subcutaneous lactate release was not increased, indicat-
ing an insulin-resistant state in the adipose tissue. These data
are in agreement with results from previous measurements in
plasma where excessive lactate production in insulin-resistant
subjects was found to mainly occur in the postabsorptive state
(9). Furthermore, the present data indicate that in both lean
and obese subjects body fat mass only significantly contributes
to total lactate release in the postabsorptive state, whereas other
tissues are more important sources of lactate release in the post-
prandial state.

ATBF in the abdominal subcutaneous region was lower in
the obese when compared to the lean subjects. These data are

in agreement with those reported by Larsen et al. (22) and
further support the concept that ATBF decreases with an in-
creased adipose tissue thickness. Moreover, the finding that
ATBF correlates negatively with fat cell size and that blood
flow per cell is constant (-. 1.4±0.4 ml/ 109 cells* min) irre-
spective of cell size, confirms previous data from different fat
depots in the dog (33). The blunted increase in ATBF in obe-
sity after an oral glucose load was also found in our recent study
( 15) and an impaired increase in skeletal muscle blood flow
during a hyperinsulinemic clamp in obese subjects has also
been reported (34). The mechanism(s) for this difference be-
tween lean and obese, insulin-resistant individuals remains to
be clarified.

In summary, the present data show that the subcutaneous
fat is a significant source of lactate in the postabsorptive state.
Furthermore, obese subjects have a greater apparent lactate
release than lean individuals since lactate release is propor-
tional to the adipose tissue mass.
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