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Abstract Obesity is a public health problem character-
ized by increased accumulation of fat into adipose tissues
leading to oxidative stress, dyslipidemia, and chronic
inflammatory status. We used an experimental model of
high-fat diet-induced obesity to analyze the link between
dyslipidemia, oxidative stress, and fat accumulation into
adipose tissue of rats, as well as the involvement of
intracellular mediators such as transition metals on signal
transduction. We also looked at the ability of a grape seed
and skin extract (GSSE) from a Tunisian cultivar to pre-
vent fat-induced disturbances. Data showed that a high-fat
diet (HFD) provoked dyslipidemia into plasma which is
linked to an oxidative stress, an accumulation of transition
metals such as manganese, copper, and zinc and a
depletion of iron. GSSE prevented dyslipidemia by mod-
ulating lipase activity, together with increased antioxidant
capacity and depletion of transition metals as well as of
free radicals such as O, and OH. These data indicated
that GSSE has important preventive effects on HFD-
induced obesity and oxidative stress whose transduction
seems to involve transition metals. GSSE should be used
as a safe anti-obesity agent that could find potential
applications in metabolic disorders involving transition
metals dyshomeostasis.
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Abbreviations

EAT  Epididymal adipose tissue
GSSE  Grape seed and skin extract
HFD  High-fat diet

MAT  Mesenteric adipose tissue
PAT  Perirenal adipose tissue

RAT  Retroperitoneal adipose tissue
Introduction

Obesity is a public health concern characterized by
excessive fat deposition into adipocytes and non-adipose
tissues, which is accompanied by a cluster of chronic
metabolic disorders including cardiovascular diseases, type
2 diabetes, steatohepatitis, and dyslipidemia. Obesity and
metabolic disorders are also linked to an overt oxidative
stress and chronic inflammatory status. Oxidative stress
along with a decline in antioxidant defenses cause an
irreversible damage to macromolecules [1] and a disruption
in redox signaling mechanisms [2]. A growing number of
studies suggest a potential link between obesity and altered
transition metals metabolism. For instance,an association
between iron deficiency and obesity has long been recog-
nized [3], as well as between plasma copper levels and
inflammatory status-induced metabolic disorders [4].
Moreover, higher plasma levels of copper, iron, and man-
ganese were recently described in obese rats when com-
pared to their lean counterpart [5].

Since current medical treatments fail to stop the progress
of metabolic disorders, polyphenol-rich grape products are
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being widely investigated as an additional strategy to
combat obesity [6]. Grape seed and skin extract (GSSE) is
a complex mixture of bioactive compounds including
polyphenolics, flavonoids, proanthocyanidins, and unsatu-
rated fatty acids which has been recently attributed the
Generally Recognized as Safe (GRAS) certification from
the US FDA [7]. GSSE exerts numerous biological activ-
ities and health-promoting properties such as antioxidant
[8], lipid lowering [9], anti-tumor [10], and anti-obesity
effects [11] by inhibiting lipid absorption from the intestine
which has been shown to occur partly via inhibition of
lipases [12].

In the present study, we investigated the effect of a high-
fat diet on plasma and white adipose tissue lipid deposition
and oxidative stress in rat. We also analyzed the protection
offered by GSSE with a special emphasis on plasma bio-
markers as free radicals and transition metals.

Materials and methods
Reagents and diets

Grape seed and skin extract was processed from a grape
cultivar (Carignan) of Vitis vinifera from northern Tunisia.
Seeds were manually separated from skin, air-dried, and
ground separately with a coffee grinder (FP 3121 Moul-
inex) until a fine powder was obtained. Both powders were
then mixed at a 50:50 ratio on a dry weight basis in 10 %
ethanol (v/v) in the dark. After vigorous stirring and cen-
trifugation at 10,000g for 15 min at 4 °C, the supernatant
containing soluble polyphenols was administered by
intraperitoneal (i.p.) route to animals. Total phenolic con-
tent and GSSE composition (Table 1) were determined
according to [13]. Standard diet (SD) for rodent in pelleted
form was purchased from ALMAS Bizerta (Tunisia) and
contained 3 % fat, 40 % carbohydrate, and 14.5 % protein.
High-fat diet (HFD) was prepared by soaking commercial
food pellets into warmed (100 °C) and liquefied fat (peri-
renal) from animal origin (sheep) during 15 min and
allowed to dry at room temperature. HFD contained 28 %
fat, 32 % carbohydrate, and 11.6 % protein. Composition
of SD and HFD is shown in Table 2 and is mainly char-
acterized by less carbohydrate (40 %) than the AIN-93 M
diet (67.5 %).

Animals and experimental design

Twenty-four male Wistar rats (210-230 g) from the Pas-
teur Institute (Tunis) were used in agreement with the NIH
guidelines [14]. They were maintained in the animal
facility at a controlled temperature (22 + 2 °C), a 12-h
light/dark cycle, and divided into 4 groups of 6 animals
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Table 1 LC-MS/MS data of some phenolic compounds found in
carignan GSSE

Compounds Relative
abundance (%)
Catechin 1.31
Epicatechin 1.61
Procyanidin dimer 0.23
Procyanidin trimer ND
Quercetin 0.55
Resveratrol 0.07
Rutin 1.00
Vanillin 9.21
Gallic acid 41.53
p-coumaric acid 0.19
Rosmarinic acid 0.37
2,5-Dihydroxybenzoic acid 41.26
Caffeic acid 1.40
Chlorogenic acid 0.17
Ferulic acid 1.00
Total phenolics (mg/g extract) 59

Table 2 Ingredient composition of the diets fed to rats

Parameter SD HFD
Lipid
% 3.00 28.00
Energetic contribution 5.00 39.00
Carbohydrate
% 40.00 32.00
Energetic contribution 70.00 45.00
Protein
% 14.50 11.60
Energetic contribution 25.00 16.00
Fiber (%) 7.50 6.00

SD Standard diet, HFD high-fat diet

each fed either SD or HFD for 6 weeks. Rats daily received
by i.p. injection either 10 % ethanol as vehicle (control SD
and HFD) or various doses of GSSE from 250 to 4,000 mg/
kg, on the basis of the weight of the starting dry material.
At the end of the treatment, rats were killed by decapita-
tion, their blood collected, and the plasma processed for
lipid profile and oxidative stress assessment.

Plasma biochemical analysis

LDL-cholesterol (LDL-C) was determined using a com-
mercial kit from Biolabo (France) and HDL-cholesterol
(HDL-C) using a kit from Biomaghreb, (Tunisia). HDL-
Phospholipid (HDL-PL) and (LDL + VLDL)-Phospholipid
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(LDL + VLDL)-PL. were determined using phospholipid
assay kits purchased from BioMérieux,Marcy-I’etoile,
(France). C-reactive protein (CRP), an inflammatory bio-
marker, was measured using a konelab clinical chemistry
analyzer (Thermoclinical Labsystems, Espoo, Finland).
Total proteins were determined according to Hartree [15]
with bovine serum albumin (BSA) as standard. Plasma
lipoperoxidation was evaluated by malondialdehyde (MDA)
measurement [16]. Briefly, plasma was precipitated with
trichloroacetic acid and MDA from the supernatant was
allowed to react with thiobarbituric acid (TBA). Spectro-
photometric measurements were conducted at 532 nm and
the MDA concentration calculated using the absorbance
coefficient of the MDA-TBA complex, 1.56 x 10°
cm~' M™'. Oxidative damage to proteins was evaluated by
quantifying protein carbonylation according to Levine et al.
[17]. Briefly, after protein precipitation with 20 % TCA and
dissolving in 2.,4,dinitrophenylhydrazine (DNPH)-contain-
ing buffer, absorbance was measured at 366 nm and the
results expressed as nmol carbonyl/mg protein.

Reduced (GSH) and oxidized-glutathione (GSSG) were
determined according to [18]. Non-protein thiol radicals
(NPSH) were determined spectrophotometrically according
to [19].

Plasma was also used for antioxidant enzyme activities
such as glutathione peroxidase (GPx; E.C.1.11.1.9.) [20],
catalase (CAT; E.C.1.11.1.6.) [21], and superoxide dismu-
tase (SOD; E.C.1.15.1.1.) [22]. Characterization of SOD
isoforms was performed using KCN (3 mM) as Cu/Zn-SOD
inhibitor or H,O, (3 mM) which affect both Cu/Zn and Fe-
SOD, whereas Mn-SOD is insensitive to both inhibitors.

Plasma superoxide anion (O, ) and hydroxyl radical
(OH-) were determined according to the method of
Marklund and Marklund [23] and Paya et al. [24],
respectively.

Ionizable calcium and H,O, were measured using
commercial kits from Biomaghreb according to Stern and
Lewis [25] and Kakinuma et al. [26], respectively. Nitric
oxide (NO) levels were determined by quantification of NO
metabolites nitrite and nitrate according to Green et al.
[27]. Free iron was measured by the ferrozine method
according to [28]. Plasma was diluted in nitric acid
(15.5 mol/L), and filtered for zinc (Zn), copper (Cu), and
manganese (Mn) determinations by atomic absorption
spectroscopy.

Adipose tissue analysis

Adipose tissues from abdominal region such as epididymal
(EAT), peri-renal (PAT), retroperitoneal (RAT), amd mes-
enteric (MAT) were carefully dissected and weighed. The
absolute weight was measured using a Sartorius balance

(Sartorius, Gottingen, Germany), and the relative adipose
tissue weight per 100 g body weight was calculated:

[weight of rat adipose tissues (g)
/body weight on day 45 (g)] x 100.

Total lipids from adipose tissue were extracted according to
Folch etal. [29] and the triglyceride determined enzymatically
using a commercial kit from Biomaghreb according to [30].
Adipose tissue lipase activity was determined according to the
method of Humbert et al. [31]. A 100-mM solution of p-
nitrophenol dodecanoate in dimethylsulfoxide (DMSO) and
ethanol was prepared. The reaction mixture contained 5 mM
p-nitrophenol dodecanoate, 50 mM Tris—HCI buffer pH 8.5,
and 50 pL of sample and was incubated at 37 °C for 1 h after
which the reaction was stopped with 60 mM EDTA. After
centrifugation at 10,000g for 5 min, absorbance was
measured at 412 nm. One unit was defined as the amount of
enzyme catalyzing the release of 1 umol p-nitrophenol
(e=183mM 'cm™)

Statistical analysis

Results are expressed as the mean + SEM. Data were
compared by two-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison tests. A P value
less than 0.05 was considered significant.

Results
Anthropometric and adipose tissue lipid parameters

Figure la shows that GSSE exerted a dose-response
inhibitory effect on body weight which reached a signifi-
cant level at 500 mg/kg bw. This dose was used throughout
the study. We report in Fig. 1b the relative visceral adipose
tissue weight changes in animals fed SD or HFD and
treated or not with GSSE. The data clearly show that HFD
increased EAT by 100 %, MAT by 90 %, PAT by 134 %,
and, to a lesser extent, RAT by 8 %, and that GSSE
counteracted all HFD-induced fat deposition to near con-
trol level. HFD also provoked triglyceride accumulation
(Fig. 1c) and reduced lipase activity (Fig. 1d) into
abdominal adipose tissue. All these disturbances were
restored upon GSSE treatment to near control level.

Adipose tissue oxidative stress
The high-fat diet induced an oxidative stress into adipose

tissue characterized by an increase in MDA by 74 %
(Fig. 2a) but not carbonylation (Fig. 2b), and by an
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Fig. 1 Protective effect of GSSE on HFD-induced body weight (a),
EAT, MAT, RAT, and PAT weights (b), adipose tissue, triglyceride
(c) and adipose tissue lipase activity (d) changes. Rats were fed a SD
or HFD during 6 weeks and daily injected either with a fixed dose

increase in free iron by 64 % (Fig. 2c) and H,O, by 38 %
(Fig. 2d). It is noteworthy that GSSE, which exerted anti-
oxidant properties in basal SD conditions, counteracted
almost all HFD effects to near control level. Furthermore,
HFD affected antioxidant enzyme activities such as GPx by
—67 % (Fig. 3a) and SOD by —31 % (Fig. 3b) but had no
effect on CAT (Fig. 3c). GSSE partially restored antioxi-
dant enzyme activities to near control level.

Plasma lipid

We report in Fig. 4 the plasma level of various lipid spe-
cies from SD or HFD fed animals. HFD highly increased
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(500 mg/kg bw) or with various doses of GSSE. Results are expressed
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HFD

LDL-C/HDL-C by 137 % (Fig. 4a) and (LDL + VLDL)-
PL/HDL-PL ratios by 159 % (Fig. 4b) and decreased
HDL-C by 39 % as well as HDL-PL by 5 %. GSSE
reversed all these HFD-induced disturbances to control
level.

Plasma oxidative stress

We further sought to determine whether HFD induced an
oxidative stress within plasma (Fig. 5). HFD slightly
increased MDA by 28 % (Fig. 5a) and, more extensively,
carbonyl protein by 25 % (Fig. 5b). HFD also decreased
the reducing power as assessed by sulfhydryl radicals by
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Fig. 2 Protective effect of a
GSSE on HFD-induced MDA « 10 1
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68 % (Fig. 5c) as well as glutathione and GSH/GSSG ratio
by 36 % (Fig. 5d). GSSE treatment brought all these
parameters to near control level.

HFD treatment also depressed plasma antioxidant
enzyme activities such as GPx by 25 % (Fig. 6a), and, to a
lesser extent, SOD by 17 % (Fig. 6b), but had no effect on
CAT (Fig. 6¢). Among SODs, the Cu/Zn isoform was the
most affected one (Fig. 6¢). GSSE alleviated all the dele-
terious effects of HFD on antioxidant enzyme activities.

Plasma transition metals

HFD treatment highly elevated plasma Mn by 611 %
(Fig. 7a), Zn by 133 % (Fig. 7b), and Cu by 733 %
(Fig. 7¢), and decreased free iron by 15 % (Fig. 7d). GSSE
(500 mg/kg) efficiently abrogated all these disturbances to
near control level and dose-dependently in the case of free
iron.

Plasma CRP and free radicals
We report in Table 3 the effect of HFD on plasma H,O,,

NO, O, , OH., and the inflammatory biomarker CRP. Data
clearly show that HFD greatly increased the O, by 66 %,

=
s 15
2
g0
0 2 45 ]
2 o
-
; E
]
o]
S E
T E
S
P
.ée
S<
8z
< 0
Ke)
-
[v]
[$]

25 -

Abdominal adipose tissue H,0,
(mmol/mg protein)

5
GSSE - +

the OH- by 63 %, and CRP by 380 % with no significant
effect on all other parameters. GSSE depressed O,~, OH.,
and CRP in SD condition and abrogated all HFD-induced
disturbances to near control level.

Discussion

The present study reported the effect of HFD-induced
dyslipidemia and oxidative stress into the plasma and white
adipose tissue of rat. HFD induced an overt obesity char-
acterized by body weight gain, and abdominal fat deposi-
tion into epididymal, perirenal, mesenteric, and
retroperitoneal white adipose tissues. HFD-induced dysli-
pidemia into plasma was assessed by elevated cholesterol
(high LDL and low HDL) and phospholipid (high
LDL + VLDL and low HDL) and into adipose tissue by
high triglyceride deposition.

HFD also provoked a clear oxidative stress status within
plasma, characterized by ROS accumulation, an increase in
both lipoperoxidation and protein carbonylation, and a
decrease in thiol radicals and glutathione. Consequently,
our data further confirmed that obesity is strongly associ-
ated with systemic oxidative stress [32] in particular
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Fig. 3 Protective effect of
GSSE on HFD-induced GPx
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Fig. 4 Protective effect of
GSSE on HFD-induced plasma
LDL-C/HDL-C (a) and

(LDL + VLDL)-PL/HDL-PL
(b) ratios. Rats were fed a SD or
HFD during 6 weeks and daily
treated with GSSE (500 mg/kg
bw). Results are expressed as
mean = SEM. p < 0.05 was
considered significant: *for
HFD vs. SD, for HFD + GSSE
vs. HFD
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concerning the relationship between altered glutathione
homeostasis and organ lipotoxicity associated with diet-
induced obesity [33].

HFD treatment also affected GPx and SOD activity,
without affecting CAT. This last result is in accordance
with the lack of any effect on plasma H,O,, whereas the
inhibition of GPx activity is in accordance with the HFD-
induced glutathione depletion. The reduced circulating
GPx activity is noticeable, associated with the obesity-
related rise in systemic oxidative stress and incidence of

@ Springer

HFD

.GE, 10 1
$%o
m S
2 a
S D 8 A
£
=)
=
T &= 64
o2
“ v
13}
e
£g -
°
29
<%=
2 2
- + + GSSE - + - +
HFD SD HFD
b M (LDL + VLDL)-PL
- 25 180 9| —HDL-PL r 08
- — (LDL + VLDL)-PL|
*
T HDL-PL T
= o
- 2.0 E’ N
o E 140+ =
b o
= ‘a =1
15 3 = a
* £ 100 4 i)
o a o
§ L 1.0 < g =
§ o r= =
- a +
@ 60 '
-
- 0.5 5, o
s =
o
L o 20
+ GSSE

metabolic complications [34]. Among SODs, the Cu/Zn
isoform, which corresponds to the secreted form of the
enzyme, was the most affected isoform, which is in phase
with the higher O, level found into the plasma of HFD-
fed animals. These data prompted us to evaluate the effect
of HFD on the distribution of transition metals. We found
that HFD induced the accumulation of Mn, Cu, and Zn and
the depletion of iron. Moreover, HFD increased the cata-
lytic free iron level into adipose tissue and concomitantly
reduced the adipocyte lipase activity which is in
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Fig. 5 Protective effect of GSSE on HFD-induced plasma lipoper-
oxidation (a), carbonyl protein (b), sulfhydryl radicals (¢) and
glutathione (d) changes. Rats were fed a SD or HFD during 6 weeks

accordance with triglyceride accumulation and the increase
in adipose tissue weight. Our data are also in accordance
with those of [35] who highligted the relationship between
iron status and lipid metabolism, in particular the ability of
free iron to inhibit lipoprotein lipase activity and conse-
quently hypertriglyceridemia. Overall, our data empha-
sized the usefulness of such an experimental model in
studying the relationship between obesity and trace metals
homeostasis. We also found that HFD induced the specific
accumulation of free iron into the white adipose tissue as
previously reported for the heart [36]. Moreover, HFD
provoked the depletion of Mn from the brain [13], of Zn
from the liver and pancreas (not shown), and of Cu from
the heart and kidney [37]. Such a relationship between
obesity and transition metals distribution was mentioned
several decades ago by Kennedy et al. [38], who described
lower levels of micronutrients in tissues and higher levels
in plasma from genetically obese mice when compared to
lean controls. Serum copper levels were independently
associated with dyslipidemia and inflammation. Thus, the
role of copper deficiency in lipid metabolism defects such
as hypercholesterolemia has long been recognized [39].

and daily administered with GSSE (500 mg/kg bw). Results are
expressed as mean + SEM. p < 0.05 was considered significant: *for
HFD vs. SD, and *for HFD 4 GSSE vs. HFD

High plasma copper was positively correlated with the
consumption of monounsaturated and polyunsaturated fatty
acids, whereas high plasma manganese was correlated with
dairy products consumption [40]. More recently, elevated
circulating levels of copper were linked to concentric left
ventricular hypertrophy in elderly patients, a defect which
is likely inherent to obesity [41]. Manganese over-exposure
of rats during 6 weeks induced disturbances in brain lipid
metabolism as assessed by high level of palmitate, oleate,
and cholesterol [42]. Zinc plays a critical role in the reg-
ulation of hepatic lipid metabolism, as dietary zinc sup-
plementation has been shown to reduce alcohol-induced
liver steatosis [43]. A growing number of studies suggest a
potential link between obesity and altered iron metabolism.
For instance, reduction of iron levels by the iron chelator
deferoxamine ameliorated obesity through decreased oxi-
dative stress and adipocyte hypertrophy [44], and con-
versely lipocalin 2 induced cardiomyocyte apoptosis by
increasing iron deposition [45]. Future studies should
investigate which free fatty acid among those present at
high level in our HFD, i.e. palmitate, stearate, and oleate, is
specifically linked to transition metals dyshomeostasis. In
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Fig. 6 Effect of GSSE on HFD-induced plasma GPx (a), SOD
(b) and CAT (c) activity changes. Rats were fed a SD or HFD during
6 weeks and daily injected with GSSE (500 mg/kg bw). Results are

this respect, HFD-induced obesity was recently shown to
up-regulate the abundance of GPR 43 into the liver and
GPR120 into the heart [46], which supporta a putative role
of these receptors in selectively mediating metabolic pro-
cesses in these tissues. In addition, palmitate has been
previously shown to enhance oxidative stress, apoptosis,
and cardiotoxicity, and to increase iron uptake [47].

The powerful ability of GSSE to counteract most of the
HFD-induced disturbances such as weight gain, adipose
tissue hypertrophy, oxidative stress within adipocytes, and
plasma is very interesting. Polyphenolics present in GSSE
exerted real antioxidative properties which are in line with
several previous reports in the field [48] especially those
dealing with the anti-obesity effect of GSSE [11, 49].
GSSE acted as a lipolytic agent by enhancing the lipase
activity in white adipose tissue of SD animals and also by
counteracting the HFD-induced reduction of lipase activity
in fat tissue. It is well recognized that obesity, which is
caused by excess caloric intake, can be improved by
inhibiting digestive lipase which delays lipid absorption
[50]. Natural inhibitors isolated from plants, fungi, algae,
or bacteria have been screened for their potential
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expressed as mean + SEM. p < 0.05 was considered significant: *for
HFD vs. SD, and *for HFD + GSSE vs. HFD

preventive effect on obesity and inhibition of lipase
activity, among which are grape polyphenols (reviewed in
[6D.

Our data are fully in line with those of [51] who
showed the beneficial antiobesity effect of low doses of
grape seed procyanidins which increased lipase activity in
white adipose tissue in hamsters. However, they are par-
tially in line with those of Moreno et al. [12], who
demonstrated in vitro an inhibitory effect of grape seed
polyphenols on lipases. We have not yet conducted such
in vitro experiments to demonstrate a direct inhibition of
adipose tissue lipase by our polyphenol mixture, nor do
we know the hypothetical level of lipase regulation
(transcriptional or translational) that occurs in vivo, nor
which kind of polyphenol is specifically involved in such
regulation. In this respect, quercetin could be a good
candidate as it has been shown to increase energy
expenditure in mice fed a high-fat diet [52], or resveratrol
which improved health and survival of mice on a high
caloric diet [53]. However, we should keep in mind that
the overall effect likely results from synergism between
the various GSSE-containing polyphenols.
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Fig. 7 Protective effect of GSSE on HFD-induced modulation of
plasma Mn (a), Zn (b), Cu (c), and free iron (d). Rats were fed a SD
or HFD during 6 weeks and daily injected either with a fixed dose

Table 3 Effect of HFD on plasma CRP and free radicals
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(500 mg/kg bw) or with various doses of GSSE. Results are expressed
as mean + SEM. p < 0.05 was considered significant: *for HFD vs.
SD, and *for HFD + GSSE vs. HFD

SD SD + GSSE HFD HFD + GSSE
CRP (mg/L) 0.167 £+ 0.033 0.100 £ 0.058 0.800 £ 0.100* 0.333 + 0.088"
NO metabolites (umol/mg protein) 9.15 4+ 0.12 8.63 + 0.16" 10.77 + 0.16% 10.06 + 0.15°
Superoxide radical (pmol/mg protein) 132.59 4+ 5.38 84.77 + 9.52% 219.49 £+ 5.57* 169.66 + 7.21%
Hydroxyl radical (pmol/mg protein) 78.07 £ 4.46 51.56 + 3.59* 127.11 £ 4.50%* 96.11 + 3.44°
Hydrogen peroxide (nmol/mg protein) 4.85 £ 0.05 4.81 + 0.07 5.06 £ 0.11 4.96 + 0.07

Data are presented as mean + SEM

CRP C-reactive protein, SD standard diet, GSSE grape seed and skin extract, HFD high-fat diet
p < 0.05 was considered significant: * for SD + GSSE vs. SD, * for HFD vs. SD, and ¥ for HFD + GSSE vs. HFD

Another interesting novelty of GSSE is its powerful
ability in counteracting HFD-induced disturbances in trace
metals distribution into plasma and free iron deposition in
adipose tissues. Only a few studies have examined this
aspect and part of our data are consistent with the recent
work of [5], who underlined a novel role for adipose tissue
in iron homeostasis. Of particular interest is a recent
work conducted on Hep G2 cells, where GSSE was shown
to act by modulating zinc homeostasis by extracellular

complexation of zinc and elevation of cytoplasmic labile
zinc. Although this effect of GSSE was obtained in vitro, it
could be a relevant mechanism underlying the modulation
of diverse cell signaling and the metabolic pathway [54].
GSSE is safe and devoid of any pro-oxidant effect up to
4 g/kg which corresponds to 280 g/day for a human adult.
Of note in our present experiments, only the soluble
polyphenolic fraction of GSSE was administered to the
animals, which corresponded to 1 % of the starting powder
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material and equivalent to 40 mg polyphenol/kg. We are
currently testing capsules of GSSE containing 0.5 mg
polyphenol/kg which exhibit interesting antioxidant prop-
erties in humans in 6-month-long experiments. We also
plan the use of more concentrated capsules of 40 mg pol-
yphenol/kg and even more in clinical trials against obesity.
Interestingly, such high-dosage capsules constitute a far
less invasive alternative than lipectomy [55] or whole body
cryostimulation [56] in the treatment of obesity or obesity-
associated low grade inflammation, and are also less
invasive than phlebotomy in the treatment of metabolic
syndrome [57].

Conclusion

Grape seed and skin extract is safe even at very high
dosage and should be further tested as a lipolytic and anti-
obesity agent. GSSE also exhibited a robust free radical
scavenger activity in basal condition (SD) and in HFD-
induced oxidative stress. These data open the way to
clinical trials using high-dosage polyphenols in the treat-
ment of obesity.

Conflict of interest The authors declare no conflict of interest.
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