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ARTICLE INFO ABSTRACT

Keywords: Sclareol is a bioactive hydrophobic diterpene in the essential oil isolated from Salvia sclarea (Fam. Lamiaceae).
High-fat diet Sclareol has been widely studied due to its anti-inflammatory and antioxidant effects.

Metabolism Aims: The present study aimed to evaluate the effects of Sclareol in different formulations (solid lipid nano-
Obesity

particle and free) on the metabolic profile of obese mice.

Main methods: Swiss male mice were randomly divided into two groups: standard diet (STD) and high-fat diet
(HFD). After obesity induction, each group was divided into three treatment groups: free Sclareol (Sc), Sclareol-
loaded lipid nanoparticle (L-Sc) and blank lipid nanoparticle (L). Treatments were performed every day during
30 days.

Key findings: L-Sc improves obese mice metabolic profile by decreasing adiposity, ameliorating insulin sensi-
tivity, glucose tolerance and increasing the HDL plasma levels. In addition, L-Sc decreased the expression of NF-
KB, MCP-1 and SERBP-1.

Significance: The use of sclareol together with lipid nanocarriers may be promising for the treatment of meta-

Sclareol and solid lipid nanoparticles

bolic disorders by reducing adipose tissue.

1. Introduction

Obesity is a public health problem that affects many countries.
Worldwide the prevalence of obesity has increased over the years, since
1975, obesity has almost tripled [1,2]. If the same pattern remains in
2030, 58% of the adult population worldwide will be overweight or
obese [3].

White adipose tissue is responsible for secretion of essentials factors
that regulate inflammation, food intake and energy expenditure [4,5].
Obesity generates several metabolic disturbances that cause adipokines
altered secretion [6-8]. Therefore, drugs that aim to reduce excess
adipose tissue may be effective in the treatment of obesity and meta-
bolic disorders [9].

Several studies show the effects of phytochemicals in metabolism
improvement [10-14]. Popularly known the salvia teas are usually used

as homemade recipes for the renowned effects: anti-inflammatory and
antioxidants properties and promote a waist circumference decrease.
Interestingly, some studies have shown the scientific significance of the
beneficial metabolic effects of some species of Salvia. Salvia plebeia, for
example, decreases the expression of genes related to adipogenesis and
lipogenesis in epididymal white adipose tissue [15]. Salvia hispanica
seeds were effective in promoting weight loss and improving glycemic
profile in obese adult patients [16].

Sclareol is a bioactive diterpene in the essential oil isolated from
Salvia sclarea (Fam. Lamiaceae). This diterpene, has low solubility in
water and has a tendency to accumulate in adipose tissue [17]. Fur-
thermore, it has been widely studied due to its antioxidant and anti-
inflammatory effects. Sclareol attenuates LPS-induced pulmonary in-
flammation interfering in different pathways including NF-«xB and
MAPKs [18]. Besides that, exhibits chondro protective effect by
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inhibiting the expression of iNOS and COX-2 in vitro and in vivo [19].
Sclareol also reduces the expression of oncogenes, modulates the im-
mune response by affecting cytokine patterns and reduces the growth of
certain cells [20-22]. In addition, in view of the metabolic benefits of
various species of Salvia, it is extremely important to investigate the
effects of its components, such as Sclareol.

Despite the beneficial effects, Sclareol has high lipophilicity;
therefore, the use of Sclareol in vivo is hampered [20,23,24]. The lipid
nanocarriers such as liposomes, nanoemulsions and solid lipid nano-
particles (SLN) appear as alternatives to overcome this drawback, in-
creasing the bioavailability of lipophilic substances [25]. However,
there is a deficiency in studies regarding the form of performance of the
diterpene sclareol, as well as on its possible use for treatment of me-
tabolic syndrome.

Considering all of the above information, this study's goal was to
evaluate the effect of Sclareol in different formulations (lipid nano-
particle and free) on the metabolic profile of mice with HFD induced
obesity.

2. Materials and methods
2.1. Animals and in vivo experiments

All animal experiments were performed according to procedures
approved by the Ethics Committee on Animal Experimentation of
Universidade Estadual de Montes Claros, Minas Gerais, Brazil. The ex-
periment was conducted with 48 male swiss mice (4 weeks old) ob-
tained from the animal care center at the Universidade Federal de
Minas Gerais. In the first month, the animals were randomly divided
into two groups (n = 24) according to their experimental diets: stan-
dard mice (ST) were fed a normal diet and induced-obese mice (HF)
were fed a high-fat diet (HFD). Mice were kept in an environmentally
controlled room with free access to tap water and food, according to the
experimental diets, throughout the study [29,30].

2.2. Diets

HFD was prepared according to the protocols described previously
[31], composed by 24.55% carbohydrate, 14.47% protein and 60.98%
fat, presenting a total of 5.28 kcal per 1g of diet. The HFD induces
obesity (60%) and is consisted by: BHT (0.014 g), Bitartaro choline
(2.50 g), methionine (3 g), vitamins AIN93M (10g), minerals (35g),
cellulose (50 g), maize starch (62 g), casein (200 g), soybean oil (20 g),
gooseberry syrup (310 g) and fat (355g) [29,30]. Standard diet (STD)
(Purina - Labina®), which was used for the regular maintenance of our
mice, is composed of 50.30% carbohydrate, 31.90% protein and
17.80% fat, presenting a total of 2.18 kcal per 1 g of diet [30]. All of the
high-fat diet components were purchased from Rhoster® LTDA (Sao
Paulo, Brazil).

2.3. Measurements of body composition and food intake

The animals were weighed on the first experimental day and twice a
week during the whole experimental period to record their body mass
gain. Food intake was measured twice a week during the study. After
euthanasia, the interscapular brown adipose tissue, epididymal, retro-
peritoneal and mesenteric white adipose tissues were collected and
weighed [32].

2.4. Sclareol

Sclareol is a natural component in the essential oil isolated from
Salvia sclarea (Fam. Lamiaceae). In this work (for free formulation and
for the nanoparticle preparation), the purified sclareol was purchased
from Sigma company - ID: 49944 Sigma-Aldrich; PubChem Substance
ID:329757414; Beilstein Registry Number: 2054148; Empirical
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Formula (Hill Notation): C20H3602 and Molecular Weight: 308.50.

2.5. Solid lipid nanoparticles

The Solid Lipid Nanoparticles (SLN) were prepared by the hot
melting homogenization method. The oil phase (OP) was composed of
150 mg of compritol, 100 mg of tween 80 and 0.2% w/v of sclareol. For
blank SLN the OP was composed of 150 mg of compritol and 100 mg of
tween 80. The aqueous phase (AP) was composed of purified water. The
SLN were prepared using the mixer Ultra Turrax T-25 (IkaLabortechnik,
Germany), an ultrasound and a homogenization device with high power
probe (Ultra-cell 750 W; Sonics Materials Inc., EUA). The OP was he-
ated to 80 °C. Simultaneously, the AP was heated to the same tem-
perature. The AP was gently dropped onto the OP under constant agi-
tation (7656 G) with an Ultra Turrax T-25 mixer. The formed emulsion
was homogenized for 10 min on ultrasound with high power probe
(21% amplitude). The pH was adjusted to 7.0 to 7.4 with HCl or 1 M
NaOH. Then, the suspension of the nanoparticles was stored in peni-
cillin bottles, protected from light and kept cool at 4 °C [33,34].

2.6. Particle size analysis and zeta potential

The average diameter of the SLN was determined by photon cor-
relation spectroscopy using a Zetasizer 3000HSA (Malvern Instruments,
England) at a fixed angle of 90° and temperature 25 °C. The SLN dis-
persions were diluted with distilled water previously filtered through a
membrane cellulose ester with a 0.45-uM pore size (HAWPO4700,
Millipore, USA). All measurements were performed in triplicate, each
triplicate corresponding to the mean of ten measurements.

The zeta potential was determined by dynamic light scattering
technique and analysis of the electrophoretic mobility of the nano-
particles. The zeta potential measurements were performed using a
Zetasizer 3000HSA (Malvern Instruments, England) at a temperature of
25°C. The dispersions of SLN were diluted in sodium chloride 1 mM
solution previously filtered through a cellulose ester membrane with a
0.45uM pore diameter (HAWPO4700, Millipore, USA), to a count of
100 to 1000 Kcps. All measurements were performed in triplicate
[34,35].

2.7. Treatment

After a month of obesity induction with the high-fat diet, both
groups (ST and HF) were randomly distributed into three subgroups as
follows: free Sclareol (Sc), Sclareol-loaded lipid nanoparticle (L-Sc) and
blank lipid nanoparticle (L). The treatment was performed every day
during one month. The dose of Sc, Sc-L and L was 1 mgkg ~'. All ad-
ministrations were intraperitoneal with a volume of 300 pL and dilutied
with saline.

2.8. Glucose tolerance and insulin sensitivity tests

A glucose tolerance test was performed on overnight fasted mice
after intraperitoneal injection of glucose (2gkg ~! body weight;
Sigma-Aldrich®, St. Louis, USA). Tail blood samples were taken at O,
15, 30, 60 and 90 min after the injection for measurement of blood
glucose levels using an Accu-Check glucometer (Roche Diagnostics®,
Indianapolis, USA).

An insulin sensitivity test was performed on overnight-fed mice,
after an intraperitoneal injection of insulin (0.75unitskg™' body
weight; Sigma—Aldrich®, St. Louis, USA). Tail blood samples were taken
at 0, 30, 60, 90 and 120 min after the injection for measurement of
blood glucose levels using an Accu-Check glucometer (Roche
Diagnostics®, Indianapolis, USA) [29].
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2.9. Euthanasia and tissue collection

Mice were euthanized by guillotine without anesthesia. Samples of
blood were immediately collected for serum analysis. Interscapular
brown adipose tissue, epididymal, retroperitoneal and mesenteric white
adipose tissues were collected, weighed and immediately frozen in li-
quid nitrogen and stored at —80 °C for subsequent analysis [32].

2.10. Plasma measurements

Dosages of serum were obtained after centrifugation (3200 rpm for
10 min at 4 °C). Total cholesterol, triglycerides, and HDL were assayed
using the enzymatic method through a commercial kit from the com-
pany Doles, Brazil [32].

2.11. Histology

Epididymal adipose tissue were stored at —80 °C, rehydrated with
serial washes of ethanol (70%, 50%, 30% in PBS) for 1 h each time to
avoid breaking the adipocytes. The samples were stored in 10% for-
maldehyde solution for 24 h. Soon after, the samples were processed
and embedded in paraffin. Transverse sections of 8 um were made and
mounted on slides. Tissues were stained with hematoxylin and eosin
(Sigma-Aldrich®, St. Louis, USA). The samples were analyzed by mi-
croscopy, adipocyte numbers and diameters were measured from each
animal using ImageJ software and a 20 objective lens [36].

2.12. Reverse transcription and qRT-PCR

Total RNA from epididymal adipose tissue was prepared using
TRIzol reagent (Invitrogen Corp.®, San Diego, CA, USA), treated with
DNAse and reverse transcribed with M-MLV (Invitrogen Corp.®) using
random hexamer primers. The NF-kB, MCP-1 and SREBP-1 cDNA were
amplified using specific primers and SYBR green reagent (Appllied
Biosystems®, USA) in a PlusOne platform (Applied Biosystems®) [29].

2.13. Statistical analysis

All data were transferred to GraphPad Prism software (Version 5.0,
GraphPad Software Inc., San Diego, CA, USA) and analyzed with a
confidence of 95% (P < 0.05). Data are expressed as mean + SEM.
The statistical significance of differences in mean values among mice
groups was assessed by two-way ANOVA and one-way ANOVA followed
by Bonferroni post-test [29].

3. Results
3.1. Solid-lipid nanoparticles

The final SLN components (% mass/volume percentage) were:
Compritol (1.50%), sclareol (0.20%) and tween 80 (1.00%). Further,
the blank SLN was composed of compritol and tween 80. Table 1 pre-
sents the evaluations of size, zeta potential and the polydispersity index
(PI) of SLN.

Table 1
Particle size analysis, zeta potential and polydispersity index (PI) of solid lipid
nanoparticle (SLN).

Parameters

Formulation Diameter (nm) Zeta potential (mV) PI

SLN blank
SLN-sclareol

120
128

—-31 =2
—29.3 + 0.9

0.23
0.21

0.08
0.05

I+ I+
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3.2. Body composition and food intake

The first month of the experiment, body weight gain was greater in
mice fed with HFD as compared to the ST group (Fig. 1A). The HFD was
effective inducing obesity. Food intake and energy intake were calcu-
lated for each group and no significant differences were found in ST or
HF controls groups (Fig. 1D and E). The body weight of HF L-Sc mice
decreased significantly compared with HF L mice during the treatment
period (Fig. 1B and C).

In order to verify if the weight reduction in the HF L-Sc group is
connected to white adipose tissue loss, adiposity was measured for each
animal after the euthanasia. These results were used to form the adip-
osity graph per group (Fig. 1F). HF L-Sc animals showed a significant
decrease in adiposity compared with HF L mice. Adiposity was mea-
sured by adding the epididymal, retroperitoneal and mesenteric white
adipose tissues and by correction with the whole body weight (Fig. 2).
In addition, HF L-Sc animals had an increase in interscapular brown
adipose tissue weight compared to the other HF groups (Fig. 2).

3.3. Glucose tolerance and insulin sensitivity tests

A day before euthanasia, the glucose tolerance and the insulin
sensitivity tests were performed (Fig. 3). A significant improvement of
glycemic profile was observed in HF L-Sc mice compared with the HF L
group (Fig. 3). Basal glycemia of the HF L-Sc animals was similar than
that of the ST L group. In addition, the return time of glycemia to near-
basal values after insulin or glucose injection, was lower in the HF L-Sc
group than in the HF L group.

3.4. Serum measurements

The peripheral blood was collected at the time of euthanasia for
serum measurements. Circulating levels of triglycerides were increased
in ST group (Fig. 4B and C). Serum levels of HDL increased expressively
in the HF L-Sc group as compared to HF L group (Fig. 4A).

3.5. Histological analysis

According to the histological analysis, HF L-Sc mice decreased their
adipocyte area as compared to HF L, resembling the ST mice (Fig. 5).
These results demonstrate the possibility that the significant weight loss
of the HF L-Sc mice could come from decreased fat accumulation in the
adipose tissue.

3.6. Reverse transcription and qRT-PCR

The mRNA expression of pro-inflammatory cytokines and adipo-
genesis-related markers, shown by qRT PCR in the EAT, indicated a
significant decrease in NF-kB, MCP-1, and SREBP-1 in the HF L-Sc
group (Fig. 6). L-Sc treatment was effective in decreasing the expression
of inflammatory and lipogenic factors in the white adipose tissue of
obese mice.

4. Discussion

We evaluated the intraperitoneal administration of L-Sc and Sc in
obesity-induced mice. The main findings were the following metabolic
alterations in HF L-Sc mice: (i) body weight reduction (ii) significant
body adiposity reduction, (iii) improved glycemic profile, (iv) increased
HDL plasma levels and (v) decreased expression of pro-inflammatory
cytokines and adipogenesis-related markers. The administration of L-Sc
was effective at improving the metabolism of obese mice.

The efficacy of some natural products in obesity improvement are
evidenced in several studies [10,37-39]. Despite the beneficial effects,
most studies with natural products have limitations when tested in vivo,
this is because several phytochemicals have low bioavailability,



G.C. Cerri et al.
__ A
=) _
ot ol aww XX ]
) £
® 154 2
= [
> 10- s
8 g
m 5 0
< m
0 S Y
0 3 6 9 12 15 18 21 24 27 30
Time (Days) Time (weeks)
. 15, C o025, D
2 -
£ 10 ! o
5 . | 2
P = $
> 04 ; - A . g
° 1 2 3 =
0 °
m 51 . o
< Time (weeks) *kk 2
-10-
< 1.0q ** STvs. HF
g
s —
& S
g Z
E g
£ 2
> S
2 <
[
(=
w

STL ST Sc STL-Sc HFL HF Sc HFL-Sc

0047 A ik
@ —
8~ ;3 ==
3%
Tu‘: 0.024
E S
s 2
= 0.011
‘a
m bs
e
STL ST ScSTLScHFL HFSc HFL-Sc
0&010' C LR
[r——
T "
0.008+ —
0.006

STL ST ScSTL-Sc HFL HF Sc HFL-Sc

Retroperitoneal
adipose tissue (g . a)

Mesenteric adipose

Brown adipose

tissue (g.g™")

tissue (g.g")

- STL
ST Sc
STL-Sc
HF L
HF Sc
HF L-Sc

0-
STL ST Sc STL-Sc HFL HF Sc HF L-Sc

STL ST Sc STL-Sc HFL HF Sc HFL-Sc

0.015-

0.0101

0.005- -

0.002

Life Sciences 218 (2019) 292-299

Fig. 1. Body composition and food intake. (A)
Relative body weight before the treatment. (B)
Absolute body weight during the sclareol treatment.
(C) Relative body weight during the sclareol treat-
ment. (D) Food intake (E) Energy intake ** re-
presents the difference between HF groups and the
respective ST groups. (F) Adiposity. Differences be-
tween groups were analyzed by Two-way ANOVA
(A, B and C) and One-way ANOVA (D, E and F) fol-
lowed by Bonferroni's post test. The data represent
the mean = SEM, *P < 0.05; **P < 0.01;
***P < 0.001. Free Sclareol (Sc), Sclareol-loaded
lipid nanoparticle (L-Sc) and blank lipid nanoparticle
(L). High-fat diet (HF) or standard diet (ST).

0.000

il

STL ST Sc ST L-Sc HF L HF Sc HF L-Sc

Fig. 2. Sclareol-loaded lipid nanoparticle decreases the white adipose tissue weight and increases the interscapular brown adipose tissue. (A) Epididymal adipose
tissue. (B) Mesenteric adipose tissue. (C) Retroperitoneal adipose tissue. (D) Interscapular brown adipose tissue. Differences between groups were analyzed by One-
way ANOVA followed by Bonferroni's post test. The data represent the mean *+ SEM, *P < 0.05; **P < 0.01; ***P < 0.001. Free Sclareol (Sc), Sclareol-loaded
lipid nanoparticle (L-Sc) and blank lipid nanoparticle (L). High-fat diet (HF) or standard diet (ST).
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tolerance test (GTT) and Area under curve. Differences between groups were analyzed by Two-way and One-way ANOVA followed by Bonferroni's post test. The data
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represent the mean
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difficult distribution and absorption. Also because of that, high local
concentrations of the drug may be necessary for the demonstrated ef-
fect. These characteristics hinder the in vivo study of various natural
compounds [27]. Various efforts in natural compounds delivery have
been made to prolong the context of sensitive half-lives of drugs and
improve overall pharmacokinetics. Several studies have shown the
improved efficiency of drugs associated with lipid carriers [10,26,
27,33,40]. Doxorubicin and docosahexaenoic acid associated with SLN
led to improvement of in vitro antitumor activity [33]. Resveratrol has
beneficial metabolic effects and despite its low bioavailability, asso-
ciation of resveratrol with a lipid nanoparticle has increased its ther-
apeutic efficacy [10,28].

Sclareol is highly lipophilic, which led to difficult transport in
plasma and administration for in vivo study [24]. Sclareol in mi-
tochondria targeted liposomes improving apoptotic and cytotoxic ac-
tion over non-targeted liposomes [41]. Interestingly, the SLN with
Doxorubicin and sclareol is more effective against 4T1 cells and show
potential as an alternative for cancer treatment [34]. Bearing in mind
that the treatment with sclareol in free formulation did not demonstrate

(mnol L)

HDL (mmol L)

Total cholesterol

SEM, *P < 0.05; **P < 0.01; ***P < 0.001. Free Sclareol (Sc), Sclareol-loaded lipid nanoparticle (L-Sc) and blank lipid nanoparticle (L).

the same beneficial effects as sclareol in nanoformulation, we readily
conclude that in our work the SLN positively modulated Sclareol. Since
the mice treated with sclareol in nano formulation showed perceptible
effects compared to the mice treated with free Sclareol.

The adipose tissue acts as an important endocrine organ, secreting
factors that regulate the metabolism of lipids and glucose in the whole
body [4,5,42]. Obese mice treated with L-Sc decreased adiposity sig-
nificantly compared to obese mice treated with L alone (Fig. 1F). This
finding may indicate that the nanoformulation does not augment the
Sclareol effect on adiposity, thus evidencing this compound in-
dependent effect on this parameter. Georgieva, 1989 showed that the
Sclareol glycol has inhibitory effects on mice aggressive behavior,
through activation of the catalytic subunit of adenylate cyclase, in-
creasing the level of cAMP in brain cells, and decreasing the activity of
alphal adrenergic receptors [44]. There are several metabolic processes
linked to cAMP, such as lipolysis. The increased intracellular level of
cAMP activates hormone sensitive lipase in adipocytes and, therefore,
increases lipolysis [45]. HF L-Sc mice significantly decrease adiposity.
Further investigation of the possible metabolic pathways involved is

Triglycerides
(mmol L")

STL ST $c STL-Sc HF L HF $¢ HF L-$¢

STL ST Sc STL-Sc HFL HF $¢ HF L-S¢

HFL HF 30 HFL-%

Fig. 4. Sclareol-loaded lipid nanoparticle increases HDL levels. (A) HDL. (B) Total cholesterol. (C) Triglycerides. Differences between groups were analyzed by One-
way ANOVA followed by Bonferroni's post test. The data represent the mean = SEM. *P < 0.05; **P < 0.01; ***P < 0.001. Free Sclareol (Sc), Sclareol-loaded
lipid nanoparticle (L-Sc) and blank lipid nanoparticle (L). High-fat diet (HF) or standard diet (ST).
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followed by Bonferroni's post test. The data represent the mean

SEM, *P < 0.05; **P < 0.01; ***P < 0.001. Free Sclareol (Sc), Sclareol-loaded lipid nano-

particle (L-Sc) and blank lipid nanoparticle (L). High-fat diet (HF) or standard diet (ST).

necessary to assert a hypothesis. However, this result is very important,
since the decrease in body fat can restore metabolic homeostasis
through the normalization of important adipokines secretion. It is im-
portant to mention that other parameters may be contributing to the
Sclareol body weight-lowering effects, such as by the modulation of
muscle mass, which should be investigated in future studies.

Besides that, the treatment with L-Sc in obese mice increased the
brown adipose tissue weight, had no anorectic effect (confirmed by the
food intake assessment) and decreased adiposity (Figs. 1 and 2D). It was
noticed a slight increase, although not significant, in the ST-free
sclareol group food intake, however the energy intake remained similar
among the control groups, thus justifying the absence of statistical
differences. These results are very interesting, considering that the
brown adipose tissue has a great participation for the increase of
thermogenesis and consequently for the decrease of adiposity [43].
However, it is necessary to evaluate markers related to thermogenesis
to conclude if weight loss was related to increased energy expenditure.

The intensity of lipogenesis depends of circulating glucose and in-
sulin levels. This process occurs through the activity of specific tran-
scription factors. One example is the sterol regulatory element binding
protein 1c (SREBP-1c), activated by insulin. SREBP-1 activates glyco-
lytic gene expression and increases glucose metabolism and lipogenic
genes [46]. Several studies show increased SREBP-1 expression in obese
mice [10,31]. The effects of SREBP-1 contribute to the understanding of
how L-Sc decreases the adiposity of obese mice. With this information,
we conclude that L-Sc decreases the expression of SREBP-1 (Fig. 6D)

and consequently contribute by inhibiting lipogenesis (evidenced by
decrease in white adipose tissue weight).

One of the well-known consequences of obesity and increased
adiposity is insulin resistance [47]. Intraperitoneal administration of L-
Sc was effective improving glycemic profile of obese mice with insulin
resistance (Fig. 3). Interventions that decrease abdominal obesity and
insulin resistance have important implications for type 2 diabetes pre-
vention. Histological analysis of the epididymal adipose tissue indicated
that HF L-Sc mice decreased adipocyte area as compared to HFL
(Fig. 5). Thus, lipid nanoparticles of Sclareol improved glycemic pro-
files of the HF mice, perhaps by decreasing the white adipose tissue
weight. This study suggests that the use of L-Sc can prevent occurrence
of diabetes type 2.

Obesity and insulin resistance are both conditions associated with
oxidative stress and increased inflammation, mainly in adipose tissue.
In patients with obesity, the white adipose tissue is characterized by
high-intensity inflammation, increased secretion and expression of pro-
inflammatory cytokines, including, NF-kB and MCP-1 [42,48,49]. Nu-
clear Factor kappa B (NF-kB) is involved in various cellular responses,
mainly in vascular inflammation, oxidative stress and endothelial dys-
function. HFD leads to increased vascular inflammation via different
signaling pathways, one of which is linked to increased oxidative stress,
reduction of endogenous antioxidant mechanisms and activation of NF-
kB [50]. Increased NF-kB is involved in several metabolic complications
including the development of insulin resistance [51]. MCP-1 is a che-
motactic factor for monocytes and is upregulated in obesity. Increased
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Fig. 6. Reverse transcription and qRT-PCR. (A) NF-KB (B) MCP-1 (C) SREBP-1 gene expression in EAT. Differences between groups were analyzed by One-way

+

ANOVA followed by Bonferroni's post test. The data represent the mean

SEM, *P < 0.05; **P < 0.01; ***P < 0.001. Free Sclareol (Sc), Sclareol-loaded lipid

nanoparticle (L-Sc) and blank lipid nanoparticle (L). High-fat diet (HF) or standard diet (ST).

expression of MCP-1 in white adipose tissue improves the macrophage
infiltration into this tissue favoring hepatic steatosis and insulin re-
sistance [24,49,51,53]. L-Sc prevents the increase of inflammation and
oxidative stress contributing to the prevention of diabetes type 2, since
HF L-Sc decreased MCP-1 and NF-kB expression in white adipose tissue
(Fig. 6). This represents a step closer to normality compared to the
altered balance of adipokines in obesity.

Our evaluation also showed that L-Sc intraperitoneal administration
significantly increased HDL levels in HF mice. Interestingly, we ob-
served increased triglycerides levels in ST-fed animals, which may be
explained by the high-carbohydrate content of this diet that when in
excess are converted into triglycerides, as stated in the literature
[54,55]. Dyslipidemia is a metabolic disorder characterized by high
plasma triglycerides levels, total cholesterol and low HDL [52]. Dysli-
pidemia is often associated with complications of obesity and metabolic
syndrome and is a risk factor for cardiovascular disease [56]. The HDL
level has an inverse ratio with the risk for coronary artery disease [57].
HDL is also an anti-atherogenic lipoprotein and displays anti-oxidants
properties, removes excess cholesterol from cells, helps the main-
tenance of endothelial cell function and provides protection against
thrombosis, by inhibiting pro-coagulant activity induced by calcium
and maintaining the viscosity of normal blood [57]. Since the L-Sc
administration increased HDL levels in HF mice (Fig. 4A), it is possible
that lipid nanoparticles of Sclareol have a protective role for dyslipi-
demia and its consequences.

5. Conclusion

The present study indicated that the SLN modulated Sclareol, in-
creasing its effectiveness. Intraperitoneal administration of L-Sc in
obesity-induced mice was effective in metabolic improvement, de-
creasing adiposity, increasing brown adipose tissue weight, increasing
HDL levels and improving glycemic profile. The L-Sc effect is due to
decreased pro-inflammatory cytokines (NF-KB and MCP-1) and adipo-
genesis-related marker SREBP-1 mRNA expressions. Further studies are
needed to evaluate the possible metabolic pathways involved.
However, this work was very important to demonstrate that with
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intraperitoneal administration of Sclareol in SLN in obese mice, in fact,
drastically decreases adiposity. And this is the main finding. Thus, the
use of L-Sc may be promising for treatment of metabolic disorders
caused by an increase in adipose tissue.
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