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Abstract
Background Although bariatric surgery is currently the most
common practice for inducing weight loss in morbidly obese
patients (BMI>40 kg/m2), its effect on the lipid content of
adipose tissue and its lipases (lipoprotein lipase [LPL] and
hormone-sensitive lipase [HSL]) are controversial.
Methods We analyzed LPL and HSL activities and lipid
content from plasma as well as subcutaneous (SAT) and
visceral (VAT) adipose tissue of 34 morbidly obese patients
(MO) before and after (6 and 12 months) Roux-en-Y gastric
bypass surgery and compare the values with those of
normal weight (control) patients.

Results LPL activity was significantly higher in MO (SAT=
32.9±1.0 vs VAT=36.4±3.3 mU/g tissue; p<0.001) than in
control subjects (SAT=8.2±1.4 vs VAT=6.8±1.0 mU/g
tissue) in both adipose depots. HSL activity had similar
values in both types of tissue (SAT=32.8±1.6 and VAT=
32.9±1.6 mU/g) of MO. In the control group, we found
similar results but with lower values (SAT=11.9±1.4 vs
VAT=12.1±1.4 mU/g tissue). Twelve months after surgery,
SAT LPL activity diminished (9.8±1.4 mU/g tissue,
p<0.001 vs morbidly obese), while HSL (46.6±3.7 mU/g
tissue) remained high. All lipids in tissue and plasma
diminished after bariatric surgery except plasma nonester-
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ified fatty acids, which maintained higher levels than
controls (16±3 vs 9±0 mg/dL; p<0.001, respectively).
Conclusions When obese patients lose weight, they lose
not only part of the lipid content of the cells but also the
capacity to store triacylglycerides in SAT depots.

Keywords Adipocyte size . Obesity .Weight loss . NEFA .

LPL . HSL

Abbreviations
HOMA-IR Homeostasis model assessment of insulin

resistance
NEFA Nonesterified fatty acid
LPL Lipoprotein lipase
HSL Hormone-sensitive lipase.

Introduction

Adipose tissue mass in mammals is maintained by a
dynamic equilibrium between lipid storage, which is
mediated by lipoprotein lipase (LPL), and fat mobilization
(lipolysis), which is regulated by hormone-sensitive lipase
(HSL). Both enzymes play important roles in obesity [1].
However, there is still uncertainty about the importance of
each enzyme in the acquisition and maintenance of fat
depots, particularly in subcutaneous (SAT) and visceral
(VAT) adipose tissue in morbidly obese patients.

LPL activity is related to the liberation of lipolytic
products from chylomicra and very-low-density lipopro-
teins, which are captured by adipocytes and stored as
triacylglycerides (TAG). Several authors have found mark-
edly elevated LPL activities in adipose tissue of obese
patients, but others have reported contrary results. There are
also conflicting data about LPL activity after weight loss [2].
Moreover, there are differences in the TAG uptake capacity
between the different adipose depots. According to Marin et
al., the uptake of labeled TAG is approximately 50% higher
in omental adipose tissue than in subcutaneous abdominal
adipose tissue in men with a wide variation of body fat.
However, these results did not correlate with LPL activity
[3]. The increase in visceral fat mass with increasing total
body fat could be explained by an increase in fat cell size
only up to a certain adipocyte weight. Further elevations in
intraabdominal fat mass with severe obesity appear to be
due to higher numbers of adipocytes [4].

The data on obese human HSL activity are also controver-
sial, mainly because of methodological differences among the
available studies [5]. Some authors demonstrated that the
expression and function of HSL in subcutaneous adipocytes
are defective in obese patients. This HSL defect is
accompanied by a decreased lipolytic capacity of adipocytes

when lipolysis is expressed per gram of lipid in fat cells.
Lipolysis per gram of lipid is a better measure of lipolytic
capacity than lipolysis per cell, as fat cell volume increases
in obesity. Moreover, there is a relationship between cell size
and the lipolysis rate per cell but not per gram of lipid [6].

Discrepant data have been reported regarding the effect
of weight loss on these enzymes. Bariatric procedures (with
or without restrictive components) universally result in an
improvement of metabolic syndrome (dyslipidemia, hyper-
tension, insulin resistance, and central obesity). In addition,
the procedure also improves hypertension. In light of this
marked amelioration of the components of the metabolic
syndrome accompanied by reliable maintenance of weight
loss, malabsorptive bariatric procedures are the treatment of
choice for morbid obesity and its comorbidities [7]. Some
authors observed that when obese subjects lost weight and
became less hyperinsulinemic, adipose LPL continued to
increase. This suggests abnormal LPL regulation indepen-
dent of insulin [5]. Others reported that weight loss did not
change the lipolytic capacity of adipocytes or their capacity
for storing TAG [8, 9]. These incongruities may be related
to (1) the way the enzyme activities were expressed (tissue
weight, protein, DNA, etc.) and (2) the difficulties in
measuring LPL activity since part of the enzyme remains
buried in the tissue extracts. In contrast, measures of HSL
activity give the total amount of the enzyme in tissue [8].

The aim of this study was to determine the LPL and HSL
activities in SAT and VAT depots from morbidly obese
patients and compare them with a normal weight group
(control). In addition, we wanted to study SAT from obese
patients after bariatric surgery and compare it with that of
the control group.

Methods

Subjects and Sample Acquisition

A group of 34 morbidly obese patients (24 women and ten
men) between 27 and 61 years of age with a BMI>40 kg/m2

were recruited from the Vall d'Hebron Hospital in Barcelona,
Spain, in accordance with the Spanish consensus on the
diagnosis of obesity [10]. Twenty-five percent of women
and 20% of men had type 2 diabetes mellitus. The study
protocol was accepted by the hospital's ethics committee,
and all subjects gave their written, informed consent to
participate.

Two days before the study, all subjects were placed on an
isocaloric diet calculated on the basis of individual require-
ments. The diet was made up of 50% carbohydrate, 20%
protein, and 30% fat. Blood samples were taken under fasting
conditions between 8:00 and 10:00A.M. and at the time of
surgery. Plasma was separated immediately by centrifuga-
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tion, and aliquots were frozen at −80°C for subsequent
analysis. In obese subjects, subcutaneous abdominal adipose
tissue (SAT) and visceral (epiploon) adipose tissue (VAT)
biopsies were performed during Roux-en-Y gastric bypass
(in tables and graph, obese). Second and third SAT biopsies
were obtained six and 16.3±3 months (range, 12–18 months)
after bariatric surgery (in tables and graph, 6M or 12M,
respectively). The anesthetic procedure was standardized for
elective surgery and for the biopsy procedures (1% scandicain
was used). Epinephrine was avoided. Tissue samples were
quickly minced then frozen in liquid nitrogen and stored at
−80°C for further analysis.

Nine euthyroid patients (12 h fasted) who underwent a
laparotomy (cholecystectomy or surgery of abdominal
hernia) were used as controls. A blood sample and SAT
and VAT biopsies were taken simultaneously (in tables and
graph, control).

Anthropometric and Body Composition Measurements

Body weight, excess weight, height, and waist and hip
circumferences were measured according to standardized
procedures [11]. Body mass index (BMI) and the waist-to-
hip ratio (WHR) were then calculated. The body fat
percentage was calculated from the equation proposed by
Deurenberg et al. [12], and the amount of total, subcutane-
ous, and visceral fat were calculated from the equations
proposed by Bonora et al. [13].

Sample Preparation for LPL and HSL Assays

SAT and VAT homogenates for LPL and HSL enzymatic
assays were obtained in a Polytron homogenizer at 4°C
with 20–30 mg tissue/mL of freshly made buffer at pH7.4
(10 mM HEPES, 1 mM EDTA, 1 mM DTT) with (for the
LPL assay) or without (for the HSL assay) 5 U/mL heparin.
Homogenates were centrifuged in a microfuge at 16,100×g
for 10 min at 4°C, and the fat-depleted infranatants were
used for the enzymatic assays [14, 15].

LPL Activity Assay

Methods involving the use of TAG containing radiolabeled
acyl chains are highly specific and sensitive lipase assays
[14, 16]. In our experimental procedure, LPL was assayed
as previously described by Ballart et al. [17]. The
endothelial lipase described has no TAG hydrolase activity
when 3–5% serum is present in the assay [18].

HSL Activity Assay

HSL was assayed as previously described by Ramírez et al.
and Stam and Hülsmann [19] and [20], respectively]. The

recently described enzyme adipose triglyceride lipase
(ATGL) showed diminished TAG hydrolase activity in vitro,
and its expression was unaffected by obesity and weight
reduction [21].

Lipid Extraction and Determination

For the lipid extraction, we applied our recently described
method to a small amount of tissue [22]. Cholesterol (free
and esterified), phospholipids, nonesterified fatty acids
(NEFA), and TAG were measured immediately by enzy-
matic analyses.

Other Determinations

Protein was determined in both plasma and adipose tissue
homogenates using the method developed by Bradford [23].
DNA was quantified in liver biopsies by the fluorimetric
method described by Vytasek [24]. Fasting plasma glucose
levels were measured enzymatically at the hospital's chem-
istry laboratory using routine methods. Fasting plasma
insulin levels were determined by a commercial radioimmu-
noassay kit (Amersham, Little Chalfont, UK). The homeo-
stasis model assessment of insulin resistance (HOMA-IR)
was calculated as previously described [25].

Statistical Analysis

Results were reported as mean±SEM. Statistical signifi-
cance of mean value differences for obese or normal
weight, 6 or 12 months after surgery (weight loss), was
assessed by one-way ANOVA. Individual comparisons
were made using the Tukey's multiple comparison test.
Correlations between independent variables were deter-
mined by Spearman's correlation coefficient. Statistical
comparisons were significant when p<0.05.

All statistical analyses were computed using the GraphPad
Prism program, version 4.00 for Windows (GraphPad
Software, San Diego, CA, USA, www.graphpad.com).

Results

Clinical Characteristics of Patients

The characteristics of patients are shown in Table 1. One
year after bariatric surgery, the total percentage of weight
loss was 37%, excess weight 71%, waist circumference
27%, hip circumference 19%, and WHR 5.6%.

Of the total body weight, 61% corresponded to total fat.
Of this, 74% corresponded to subcutaneous fat and 27% to
visceral fat. The percentage of fat loss during the first
6 months after bariatric surgery was, approximately, the
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same for total, subcutaneous, and visceral fat (48%, 43%,
and 52%, respectively, all of them with p<0.001 vs obese).
Six months later, the percentage of fat loss was 59%, 55%,
and 62% for total, subcutaneous, and visceral fat, respec-
tively (p<0.001 vs obese).

In morbidly obese cases, body weight and excess weight
correlated positively (p<0.001) with total fat, visceral fat,
BMI, as well as hip and waist measurements. Subcutaneous
fat correlated positively with body weight (p<0.05) and
excess weight (p<0.001).

These correlations persisted throughout the weight loss
period (p<0.001). Moreover, WHR correlated positively
with body weight (p<0.001) and excess weight (p<0.05).

Plasma Biochemical Parameters

As can be seen in Table 2, all parameters except cholesterol
in low-density lipoprotein (cLDL) were significantly higher
in the plasma of the morbidly obese subjects than in the
controls. However, 6 months after surgery, the control
values had recovered, except in the case of NEFA, which
remained high even 1 year after surgery.

Glycemia and insulin diminished by 29% and 63%,
respectively, during the first 6 months. These levels were
maintained for the rest of the study period. The reference
values for HOMA-IR which indicate insulin resistance,
were around 3.5–3.8 [25]. Patients with morbid obesity had

Table 2 Plasma parameters of control or obese patients before bariatric surgery and 6 and 12 months after surgery

Control Obese Time after bariatric surgery p (ANOVA)

6M 12M

TC (mg/dL) 164±3 205±9a,* 169±9b,** 162±5b,** 0.0002

cHDL (mg/dL) 74±4 47±2a,* 45±2a,* 51±2a,* <0.0001

cLDL (mg/dL) 105±4 128±6 103±7b,*** 92±4b,* 0.0014

NEFA (mg/dL) 9±0 16±3a,*** 15±2 16±3*** <0.0001

TAG (mg/dL) 89±9 147±12a,*** 115±9b,*** 95±6b,* 0.0009

Glyc (mg/dL) 1.0±0.0 0.4 ±0.1 0.3±0.0 0.2±0.0 0.0247

Gluc (mg/dL) 72±2 126±10a,* 89±4b,* 91±3b,* <0.0001

Insulin (UI/L) 11±1 24±3a,** 9±1b,* 8±1b,* <0.0001

HOMA-IR 2.0±0.1 8±1a,** 2±0b,* 2±0b,* <0.0001

Data are expressed as mean±SEM. Statistical significance was calculated by one-way ANOVA and the Tukey’s post-test between groups

TC total cholesterol, cHDL cholesterol in HDL, cLDL cholesterol in LDL, NEFA nonesterified fatty acid, TAG triacylglycerides, Glyc glycerol,
Gluc glucose, HOMA-IR homeostasis model assessment-insulin resistant

*p<0.001; **p<0.01; ***p<0.05
a Differences from control
b Differences in obese subjects vs 6 (6M) or 12 (12M) months after surgery

Obese Time after bariatric surgery p (ANOVA)

6M 12M

N 34

Sex 24 women and 10 men

Age (years) 45±2

Height (cm) 160±2

Body weight (kg) 130±3 93±3a,* 82±3a,b,*,** <0.0001

BMI (kg/m2) 49±1 35±1a,* 31±1a,b,*,*** <0.0001

Excess weight (kg) 65±3 29±2a,* 19±2a,b,*,** <0.0001

Waist (cm) 136±2 105±5a,* 99±3a,* <0.0001

Hip (cm) 145±2 124±5a,* 118±4a,* <0.0001

Total fat (kg) 79±3 44 ±2a,* 35±2a,b,*,** <0.0001

Subcutaneous fat (kg) 58±3 35±3a,* 31±2a,* <0.0001

Visceral fat (kg) 21±1 13±2a,*** 11±2a,*** 0.0002

Table 1 Clinical characteristics
of obese patients before bariatric
surgery and 6 and 12 months
after surgery

Results are expressed as
mean±SEM. Statistical
significance was calculated by
one-way ANOVA and the
Tukey’s post-test between groups

BMI body mass index, n number
of patients

*p<0.001; **p<0.05; ***p<0.01
a Differences between obese and
6 (6M) or 12 (12M) months
after surgery
b Differences between 6 and 12
months after surgery
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values four times higher than controls. Interestingly,
6 months after bariatric surgery, HOMA-IR had diminished
by 75% to control values and remained at this level for the
rest of the study period.

In morbidly obese subjects, insulin correlated positively
with body weight (p<0.05). After bariatric surgery, insulin
and HOMA-IR correlated positively with BMI, body
weight, waist, excess weight, and total fat (p<0.001) as
well as with WHR (p<0.01), hip, and SAT (p<0.05).
Finally, VAT correlated with insulin (p<0.05) and HOMA-
IR (p<0.01).

Tissue Biochemical Parameters

Table 3 shows a decrease in obese SAT and VAT DNA
content per gram of tissue compared with controls (p<0.01).
Additionally, the amount of protein in SAT decreased 50%
(p<0.01) but remained stable in VAT. These data indicate
that obese SAT and VAT cells are bigger compared with
control ones. This is corroborated by the lipid content per
DNA (or per cell), which is higher if it is assessed as total
lipid (p<0.01) in both SAT and VAT, or if we consider each
type of lipid separately—except for PL. Taking this into
account, VAT cells were smaller than SAT cells in both obese
(p<0.001) and controls (p<0.05)

During weight loss, obese adipose tissue cells became
smaller as their DNA content per gram of tissue increased

progressively. Similarly, as the cell decreased in size, its
lipid content also diminished. It is noteworthy that NEFA
decreased 38% 6 months after surgery, but from 6 to
12 months, the decrease was only about 10%.

LPL Activity

LPL activity in SAT and VAT expressed per gram of tissue
was similar (Fig. 1, upper left panel). However, obese SAT
values were up to four times higher than those observed in
controls (p<0.001 vs control) despite having less cells per
gram of tissue (see Table 3). Moreover, obese subjects also
had more LPL activity per cell than controls (p<0.001,
Fig. 1, middle left panel). In VAT, although the cells were
smaller, obese subjects had 5.4 times more LPL activity
than controls (p<0.001). If BW was taken into account
(Fig. 1, lower left panel, note that activity is expressed in
μmol OA body weight/min), SAT from obese patients had
an increased TAG storage capacity 7.6 times higher than
controls (p<0.001). In VAT, TAG storage capacity was 4.2
times higher than controls (p<0.001). Taken together, this
could trigger the observed TAG accumulation described in
Table 3.

After bariatric surgery, SAT LPL activity per gram of
tissue decreased. At 6M, it was still slightly higher than
controls (p<0.05), but at 12M, it had practically normal-
ized. With weight loss, cells were smaller and exhibited less

Table 3 SAT and VAT parameters of control or obese patients before surgery and 6 and 12 months after surgery

Time after surgery

Control Obese 6M 12M p (ANOVA)

DNA (μg/g tissue) SAT 94.3±4.4 68.9±2.5a,* 76.0±7.2 131.5±17.1b,c,* <0.0001
VAT 107.6±3.5d,** 84.5±3.9a,d,*,*** – –

PROT (mg/μg DNA) SAT 0.22±0.05 0.12±0.01a,*** 0.26±0.04b,* 0.27±0.09b,** 0.0035
VAT 0.14±0.02 0.12±0.01 – –

Total lipids (mg/μg DNA) SAT 7.09±0.74 11.06±0.44a,* 8.83±0.77b,** 5.55±1.22b,c,*,** <0.0001
VAT 5.39±0.62 9.04±0.67a,d,**,*** – –

TAG (mg/μg DNA) SAT 4.00±0.49 7.17±0.28a,* 6.17±0.65 3.72±1.08b,c,*,** <0.0001
VAT 3.11±0.41 6.33±0.48a,*** – –

NEFA (mg/μg DNA) SAT 0.50±0.08 1.00±0.09a,*** 0.62±0.07b,*** 0.56±0.08b,*,*** <0.0001
VAT 0.33±0.04 0.61±0.07a,d,**,*** – –

PL (mg/μg DNA) SAT 2.02±0.19 2.03±0.14 1.20±0.16b,* 0.91±0.19b,* <0.0001
VAT 1.50±0.19 1.38±0.19d,*** – –

TC (mg/μg DNA) SAT 0.56±0.06 0.86±0.06a,** 0.94±0.10 0.54±0.12b,c,** 0.0096
VAT 0.45±0.06 0.72±0.08 – –

Data are expressed as mean±SEM. Statistical significance was calculated by one-way ANOVA and the Tukey’s post-test between groups

PROT proteins, TAG triacylglycerides, NEFA nonesterified fatty acids, PL phospholipids, TC total cholesterol

*p<0.001; **p<0.05; ***p<0.01
a Differences from control
b Differences in obese subjects vs 6 (6M) or 12 (12M) months after surgery
c Differences between 6 and 12 months after surgery
d Differences between SAT and VAT
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LPL activity (Fig. 1, middle left panel). These data were
reinforced by a 50% reduction in lipid content per cell 12M
after surgery (Table 3).

A progressive decrease in TAG storage capacity during
the follow-up period could be seen as total LPL at 6M was
69% lower (p<0.001) and 79% 12M after surgery
(p<0.001 vs OB).

HSL Activity

The right panel of Fig. 1 shows HSL activity in SAT and
VAT. Similarly to LPL, HSL values observed in SAT and
VAT from obese or control subjects were approximately the
same. If we compare this two groups, obese individuals had
2.8 times more activity per gram of tissue than controls
(p<0.001 vs control) in both SAT and VAT, despite having
less cells per gram of tissue. Moreover, they also have more
HSL activity per cell than controls (p<0.001, Fig. 1, middle
right panel), which increases fatty acid delivery to plasma
two-fold (Table 2). This higher lipolytic capacity was also
reflected when data were expressed as HSL activity per

BW. In both SAT and VAT, obese subjects displayed five
times more activity than controls (p<0.001, Fig. 1, lower
right panel).

After bariatric surgery, HSL activity per gram of tissue in
SAT showed a linear increase until 12M (r=0.98, p<0.001).
Thus, lipolytic capacity of obese patients seemed to
increase after surgery (p<0.001, 6M and 12M vs OB).
Nevertheless, we must take into account that cells are
progressively smaller; thus, HSL activity per cell remained
in a steady state. Total HSL activity was also stable during
the follow-up period (Fig. 1, lower right panel), which was
in agreement with the elevated concentrations of NEFA
observed in plasma.

Correlations Between the Lipases and the Parameters
Measured

If we consider the obese group, SAT LPL correlated
positively with waist (p<0.05) and negatively with hip
(p<0.05), while no relationship was found between SAT
HSL and any of the biochemical or anthropometric parameters

Fig. 1 LPL and HSL activity in
subcutaneous (SAT) and visceral
(VAT) adipose tissue. Activity is
expressed as mean±SEM. C
control, OB obese before
surgery, 6M obese 6 months
after surgery, 12M obese
12 months after surgery.
Statistical significance was
calculated by one-way ANOVA
(upper left corner) and Tukey’s
post-test between groups.
Differences from controls are
shown by asterisks, differences
from obese subjects by degree
symbols, differences between 6
and 12 months after surgery by
plus signs, and between SAT
and VAT by multiplication
signs. One symbol, p<0.05; two
symbols, p<0.01; and three
symbols, p<0.001
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measured. In such individuals, VAT LPL correlated positively
with weight and hip (p<0.05), excess weight, BMI, SAT
(p<0.01), and total fat (p<0.001); however, it correlated
negatively with plasma NEFA (p<0.01). VAT HSL correlat-
ed negatively only with waist (p<0.05) and plasma TAG
(p<0.01).

During the weight loss period, there were positive
correlations in SAT LPL with weight, excess weight,
BMI, total fat, subcutaneous fat, percent of SAT lipids,
SAT TAG, HOMA-IR (p<0.001), insulin (p<0.01), and
plasma TAG (p<0.05). Negative correlations were ob-
served of SAT HSL with excess weight, waist and hip
(p<0.01), BMI, total fat, subcutaneous fat, percent of lipids,
and TAG in SAT (p<0.05).

Discussion

In order to adequately explain the observed lipase activities
(LPL and HSL) in fat depots (SAT or VAT), it is critical to
take note of fat cell size in obese people and its diminution
throughout weight loss.

Before Surgery

Cells of both fat depots are larger in morbidly obese
subjects compared to the control group, and visceral fat
cells are slightly larger than subcutaneous types. We
estimated the relative size of fat cells from the amount of
DNA in 1 g of tissue. This idea is also supported by the
fact that fat cells of obese individuals have an increased
ratio of grams of tissue per milligram of protein
(calculation devised by Robin and collaborators [26])
and contain more total lipid in both SAT and VAT depots
compared with control. However, some authors are of the
opinion that no differences exist in the size of subcutaneous
and visceral fat cells in morbidly obese individuals [27].

For morbidly obese subjects, LPL activity from SAT and
VAT is higher than in control subjects. This finding is in
agreement with another study in which the same methods to
determine the amount of DNA and LPL activity in biopsies
were followed; in that case, the authors also reported higher
enzymatic activity in both obese and morbidly obese tested
subjects than in control subjects [28]. The LPL activity
measured per gram of adipose tissue was also similar to
another previous study in which small amounts of human
biopsies were utilized [29], as was the case for this study.
On the other hand, another group has reported that LPL
activity from obese hypertriglyceridemic adipose tissue,
when expressed per gram of tissue, was 44% less than in
nonobese subjects [30].

In control subjects, LPL activity from SAT and VAT is
approximately equal. Cells of both fat depots are extremely

similar with respect to lipid quantity, DNA, and protein.
This is in agreement with other authors [31] who found no
differences between SAT and VAT. However, their LPL
values for both depots were very high, on the order of
70,000 mU/g tissue.

In morbidly obese subjects, HSL activity from SAT and
VAT is higher than in controls. Thus, as other authors have
described [32], basal lipolysis (HSL activity measured in
the absence of regulators such as catecholamines, insulin,
growth hormone, etc.) generally correlates positively with
cell size, i.e., larger adipocytes have higher basal lipolytic
activity per cell. However, some authors did not observe
differences in the lipolytic capacity of obese and control
subjects [9]. In addition, they noticed that HSL activity was
not affected by weight loss. In the present study, the basal
HSL activity observed in the morbidly obese group, from
both SAT and VAT, was up to three times higher than that
described by Ramis et al. [33]. In control subjects, the HSL
activity from SAT and VAT has approximately the same
value.

These data suggest that morbidly obese patients would
have an increased capacity to store TAG in their adipose
tissue depots.

After Surgery

During the follow-up period up to 1 year after bariatric
surgery, subcutaneous fat cells tended to decrease in size.
This is supported by an increase in the amount of DNA per
gram of tissue and lower amounts of lipid per DNA. There
was a decrease in SAT LPL activity that approached control
values. This may indicate an impaired ability of TAG to
enter into the cell compared with what is seen in obese
cases. In contrast, SAT HSL activity in obese individuals
remained invariable 1 year after surgery and continues to be
significantly higher than in controls. This shows that,
despite the conclusions of some authors [9], lipolytic
activity does not normalize after weight loss. After surgery,
patients followed an equilibrated diet and in most cases
increased their physical activity. In this situation, HSL
should remain highly active, perhaps due to adrenergic
stimulation of lipolysis in adipose tissue reinforced by the
reduction in insulin-mediated inhibition of HSL (HOMA-
IR improvement). This would lead to the observed
continuous release of NEFA into the bloodstream, avoiding
an accumulation in adipose tissue. Therefore, plasma NEFA
are probably sent to muscles to be oxidized. In fact, some
authors [34] observed that the percentage of plasma NEFA
captured by muscle during exercise or at rest is on the order
of 57% and 40%, respectively, in morbidly obese patients
after gastric bypass surgery.

Frayn et al. [8] estimated the rate of action in adipose
tissue (HSL/LPL) around 1.5, and it was similar in control
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and morbidly obese subjects. In contrast, we observed that
in the control group, the rates were 1.50 for SAT and 1.76
for VAT, while for obese subjects, the rates were 1.00 and
0.90, respectively. In our study, the differences between
storage capacity (subcutaneous LPL activity plus visceral
LPL activity) and lipolytic capacity of adipose tissue
(subcutaneous HSL activity plus visceral HSL activity) in
controls was −9 mU/g tissue and −1196 mU for total body
weight; however, the values in obese subjects were +3 mU/g
tissue and +644 mU total. During the weight loss period,
negative balances were obtained.

In summary, when obese patients lose weight, they lose
not only part of the lipid content of the cells but also the
capacity to store TAG in SAT depots.
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