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Abstract: Obesity and dyslipidemia are the main features of metabolic syndrome, expressed mainly
by adipose tissue dysfunction and connected by similar pathways and pharmacotherapy. Con-
ventional drugs used in these two associated disorders are limited due to poor drug efficiency,
non-specificity, and toxic side effects. Therefore, novel solutions for tackling obesity-associated dis-
eases and providing insights into the development of innovative or improved therapies are necessary.
Targeted nanotherapy is a revolutionary technology, offering a promising solution for combatting
the disadvantages of currently available therapies for treating obesity and dyslipidemia due to its
superior features, which include specific cell targeting, the protection of drugs against physiological
degradation, and sustained drug release. This review presents a brief assessment of obesity and
dyslipidemia, their impacts on human health, current treatment, and limitations, and the role and
potential use of nanotechnology coupled with targeted drug delivery and nutraceuticals as emerging
therapies. To the best of our knowledge, this paper presents, for the first time in the literature, a
comparison between obesity and dyslipidemia nano-formulations based on drugs and/or natural
extracts applied in experimental studies.

Keywords: dyslipidemia; obesity; nanotechnology; drug delivery; natural products

1. Introduction

Obesity is a health problem of worldwide interest with negative impacts on quality of
life [1], being a chronic and multifactorial disease, as defined by the Disease International
Classification [2]. The World Health Organization (WHO) defines overweight and obesity
as the abnormal collection of fat inside the body, leading to health-related consequences.
The most frequently used method of measuring and identifying obesity is the body mass
index (BMI). In adults, obesity corresponds to BMI ≥ 30 kg/m2, but in children the defi-
nition criteria also include age. Thus, in children younger than 5, obesity is defined as a
weight-to-height ratio more than three standard deviations over the WHO child growth
standard median, and for children aged 5 to 19, obesity is defined as a weight-to-height
ratio more than 2 standard deviations over the WHO child growth standard median [3].
Individually, the BMI remains an important screening tool that is quick and easy to use, and
it is considered appropriate for monitoring worldwide disease prevalence and quantifying
epidemiological studies [4]. Along with BMI, the waist circumference (WC) represents
another index of central obesity. This is a clinical parameter that determines the nutritional
status independent of BMI [5]. However, even if both BMI and WC are considered indices
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that provide independent information about the outcomes of patients, there are also limita-
tions to their use, such as in patients with coronary artery disease [6]. The recommended
indication suggests that the assessment of obesity should be performed on patients prior to
revascularization interventions for a more accurate prognosis. According to the clinical
perspective published by Han and Lean [7], BMI is not a strong predictor of body fat,
mainly because the degree of variance in body fat is 70–80% in adults. Therefore, a more
rational approach is to use a combination of anthropometric measurements in order to
estimate body fat [8].

The prevalence of obesity has increased worldwide over recent years and has now
reached pandemic levels [9]. At least 2.8 million people die every year as a consequence
of obesity, which supports the pandemic hypothesis [1]. By 2030, it is estimated that one
in five women and one in seven men will be living with obesity, meaning that there will
be over 1 billion people battling obesity worldwide. In 2019, over 160 million healthy
life years were lost, approximating more than 20% of healthy life years lost due to a
non-communicable, preventable disease, and this number is probably going to become
higher every year [4]. Obesity usually starts during childhood; therefore, infantile obesity
represents an alarming public health issue. It was estimated that, in 2020, 39 million
children under the age of 5 years were overweight or obese [3]. Heavy children have a
50% probability of becoming obese adults and developing typical pathologies, such as
diabetes mellitus type-2 (T2DM), dyslipidemia, arterial hypertension, or psychosocial and
emotional problems. Therefore, early prevention becomes an essential element, along with
the early identification of infantile obesity risk factors that could greatly help physicians to
establish adequate and specific treatments [10].

This review investigates the literature concerning the underlying nanotechnological
assessment of dyslipidemia-related obesity based on a search of the PubMed engine using
the following keywords: dyslipidemia, obesity, nanomedicine. Subsequently, studies from
the last 15 years were screened, and relevant citations were included. This review aims to
gather all the in vitro and in vivo studies regarding drug/plant-based nano-formulations
of obesity and dyslipidemia.

2. Obesity and Its Interrelated Conditions

Obesity, like all chronic diseases, is associated with a wide range of determinants,
including genetic and biological factors, medical assistance access, mental health, socio-
cultural factors, over processed food, the economy, commercial and environmental ele-
ments [4], and neuronal and hormonal mechanisms [11]. All these represent the roots of
obesity, interacting with and comprising a number of systems leading to the tendencies
that we are witnessing today. In many societies, obesity is seen as a personal failure, and
there is limited recognition of the wide range of determinants of obesity.

Obesity is associated with metabolic syndrome and T2DM, conditions that share a
number of pathophysiological mechanisms that lead, in succession, to cardiovascular com-
plications. Metabolic syndrome is characterized by abdominal adiposity, insulin resistance,
dyslipidemia, endothelial dysfunction, and inflammation or thrombosis, being intensified
by genetic conditioning, age, physical inactivity, and the consumption of high-calorie, high-
fat foods, concentrated carbohydrates, and salt [12]. It was observed that, although obesity
significantly increases the risk of developing metabolic disorders and cardiovascular dis-
eases, there is a category of obese patients (up to 30%), defined as having metabolically
healthy obesity (MHO), with no metabolic abnormalities despite their excessive body
weight. These individuals have insulin sensitivity similar to that of healthy normal-weight
individuals, a reduced visceral fat content, and lower intima media thickness of the carotid
artery compared to the majority of individuals diagnosed with metabolically unhealthy
obesity (MUO) [13]. Research data from 2021 showed that MHO carries a greater risk of
developing cardiovascular diseases and cardiovascular events than that of normal-weight
individuals but less than that of MUO patients, confirming that obesity is always a patho-
logical condition, despite the lack of specific disease entities already developed [13]. In a
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2022 study by Kruger et al. [14], this hypothesis was evaluated using the metabolic profiles
of MHO and MUO South African adults over a 10-year period. The results showed that
half of the MHO adults maintained their initial health state over the follow-up period,
while the other half were no longer metabolically healthy by the end of the study. Re-
garding the MUO group, the results indicated that this state was associated with a higher
fasting glucose and adverse lipid profile compared with the MHO group. Overall, the
authors acknowledged that the MHO condition is transient and not in agreement with
optimal health; thus, overweight and obese young adults should be included in health
promotion programs [14].

Furthermore, obesity contributes to perivascular adipose tissue (PVAT) dysfunction,
since it induces increased oxidative stress, an inflammatory state, and hypoxia. PVAT is
located around the aorta, coronary arteries, small vessels, and vasculature of the muscu-
loskeletal system as an additional special type of adipose tissue surrounding the blood
vessels [15]. Although the exact mechanism of vascular dysfunction in obesity is still
not well understood, there are some pathways, such as the increased activation of renin–
angiotensin–aldosterone, PVAT-derived factor dysregulation, decreased bioavailability of
nitric oxide (NO), and an increased inflammatory state in PVAT, which are involved in
hypertension and endothelial dysfunction development. Physical activity and a healthy
diet, commonly known as essential non-pharmacological intervention methods of obesity
treatment, may have a positive impact on PVAT-derived factors, as well as on vascular tone
and the re-establishment of the balance. However, additional studies should be conducted
in order to improve our understanding of the pathophysiology of PVAT, to evaluate the in-
fluence of diet on PVAT among humans, and to assess whether targeting the PVAT function
could be used as a novel approach for the treatment of cardiovascular diseases.

Subsequent to developing obesity as a health problem, people living with obesity face
disgrace and suffer from impaired mental health. Therefore, obesity requires proper man-
agement and efficient treatment. Heavyweight people need adequate attention from health-
care professionals and multidisciplinary teams. Obesity is also relapsing, meaning that,
without proper care, individuals remain exposed to the same related risks [4]: cardiovascu-
lar disease, diabetes, osteoarthritis, hepatic and renal disease, depression, sleep apnea [1],
endometrial, breast, prostate, hepatic, gallbladder, renal, and colon cancer [3], as well as
severe infection [16], stroke, Alzheimer disease, disability, and premature death [17,18].

Given that obesity is a chronic disease, its treatment should be integrated into the
universal health systems as an essential health service in order to ensure equitable access
and adequate care for all those facing this problem [4]. The main approaches used to
tackle excess weight and obesity are diet modification, exercise, pharmacotherapy, and
bariatric surgery [1].

Unfortunately, the promotion of healthy food habits and physical exercise is not
always achievable, and obesity’s prevalence continues to intensify. Therefore, innovative
solutions are required in order to promote non-obese food habits. Moreover, developing
new pharmacological therapies to prevent and treat obesity are absolutely necessary [17].

3. Obesity and Dyslipidemia

Dyslipidemia is considered an obesity hallmark, posing serious risks to the affected pa-
tients’ health. Obesity and dyslipidemia are considered main players in metabolic syndrome
due to the presence of adipose tissue dysfunction. Adipose tissue is an active endocrine
(secrets adipokines) and immune organ inhabited by mature adipocytes, fibrous connective
tissue, collagen, nerve cells, blood vessels, mesenchymal cells, fibroblasts, preadipocytes,
endothelial precursor cells, smooth muscle cells, vascular cells, and macrophages [19].
Its main physiological roles are the regulation of food intake and the regulation of body
weight, inflammation, coagulation, insulin sensitivity, or vascular function.

In obesity, hypertrophic adipocytes secrete high levels of pro-inflammatory adipokines
and free fatty acids (FFA), leading to inflammation, dyslipidemia, and ectopic fat build-
up. Additionally, increased plasma low-density lipoprotein (LDL) can be consumed by
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macrophages and introduced into the vascular sub-endothelium, which is implicated
in the atherosclerosis cascade, suggesting that dyslipidemia is an established key factor
of cardiovascular disease [20]. Studies have shown that the atherosclerosis prevalence
rate increases with increased BMI, while patients using hypolipidemic therapy show
improvements in symptoms of dyslipidemia and dyslipidemia-associated cardio-metabolic
abnormality. Therefore, dyslipidemia has significant impacts on obesity and cardiovascular
disease pathogenesis [21].

Several studies have shown the correlation between dyslipidemia and BMI [19]. The
higher the BMI is, the more severe the lipid metabolism’s impairment is. Both obesity
and overweight are associated with dyslipidemia: a total of 60–70% of obese patients and
50–60% of overweight patients are dyslipidemic [22].

The physiopathology of typical obesity-related dyslipidemia is multifactorial and
includes several symptoms, as presented in Table 1.

Table 1. Dyslipidemia clinical profile.

Diagnostic Criteria of Dyslipidemia References

Increased TG and FFA
[23]

HDL dysfunction

Decreased HDL cholesterol [24]

Normal or slightly elevated LDL cholesterol or LDL formation

Increased VLDL cholesterol or overproduction by liver [25]

Apo B concentrations elevated, partially due to hepatic overproduction [24]

Low Apo A-I levels [25]

Low HDL-levels [26]

Decreased circulating TG lipolysis [24]

Impaired peripheral FFA uptake

[25]Insulin resistance and macrophage infiltration of the adipose tissue, inducing a
pro-inflammatory status

TG: triglyceride; FFA: free fatty acids; HDL: high-density lipoprotein; VLDL: very-low-density lipoprotein;
LDL: low-density lipoprotein; Apo: apolipoprotein.

It must also be highlighted that the effects of obesity on the lipid metabolism are also
dependent on the adipose tissue localization. Visceral adipose layer and upper truncal
subcutaneous tissue increase are associated with higher TG and lower HDL cholesterol
levels. Moreover, visceral and upper truncal fat are associated with insulin resistance,
which could contribute to the lipid abnormalities described above. Conversely, lower limb
adipose tissue increase is associated with lower TG levels. The protective effects of lower
limb fat could explain why women and African Americans have lower TG levels [25].

There are three major sources of fatty acids in the liver, all of which may be modified
in obese patients. Firstly, the fatty acid flow to the liver is increased. Increased adipose
tissue, especially the visceral deposits, result in an increased delivery of fatty acids to the
liver. Furthermore, insulin suppresses TG lipolysis to produce FFA in the fatty tissue. In
obese patients, decreased insulin activity due to insulin resistance leads to the inhibition of
TG lipolysis and increased TG degradation in the adipose tissue, causing boosted fatty acid
liver release. A second source of liver fatty acids is de novo synthesis. Numerous studies
have shown that liver fatty acid synthesis is increased in obese patients. This increase
can be mediated by the hyperinsulinemia, as noticed in insulin-resistant patients. More
specifically, insulin stimulates the activity of sterol regulatory element-binding proteins-
1c (a transcription factor that increases the necessary enzyme expression for fatty acid
synthesis). A third source of fatty acids is the absorption of TG-rich lipoproteins by the
liver. Studies have demonstrated an increase in fatty acid intestinal secretion accompanied
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by elevated chylomicron secretion in obesity. This increased chylomicron secretion leads to
the increased delivery of fatty acids to the liver.

The increase in liver fatty acids via these three pathways results in increased TG liver
synthesis. VLDL formation and secretion str related to Apo B-100 degradation protection.
In addition, the ability of insulin to suppress Apo B secretion is impaired in obese patients
and is marked by insulin resistance. Lastly, increased caloric intake can contribute to TG
circulation, either by food fats that cause a rise in the chylomicron levels and/or by fatty
acids being provided to the liver, or by a carbohydrate-rich diet that increases hepatic de
novo lipogenesis [25].

In addition to TG-rich lipoprotein overproduction by the liver and intestine, there
are subsequent metabolic abnormalities of these TG-rich lipoproteins, which contribute to
increased TG levels. Obese patients have increased Apo C-III levels. Apo C-III expression is
inhibited by insulin and, therefore, obese patients’ insulin resistance could explain the Apo
C-III increase [27]. Apo C-III is a lipoprotein lipase inhibitor and, therefore, could reduce
the clearance of TG-rich lipoproteins. Furthermore, Apo C-III inhibits TG-rich lipoprotein
cellular uptake [25].

Increased TG-rich lipoprotein levels have, in turn, effects on other lipoproteins. Specif-
ically, cholesterol ester transfer protein (CETP) mediates the equimolar exchange of TG-rich
VLDL triglycerides and chylomicrons with LDL and HDL cholesterol. Increased TG-rich
lipoproteins lead to increased CETP-mediated exchange, causing an increased TG content
and decreased cholesterol content of both LDL and HDL [25]. Moreover, obesity increases
CETP activity and levels [28]. This CETP-mediated exchange is the basis of the reciprocal
relationship observed between low HDL cholesterol concentrations when TG levels are
high and increased HDL cholesterol when TG levels decrease [25].

TG contained by LDL and HDL is later hydrolyzed by hepatic lipase and lipoprotein
lipase, resulting in small, dense LDL and HDL particles. Hepatic lipase activity is increased
in patients with excessive visceral fat, which facilitates LDL and HDL triglyceride removal,
resulting in small lipoprotein particles. The affinity of Apo A-I for small HDL particles is
reduced, leading to Apo A-I dissociation, discomposure, and kidney elimination. These
processes lead to decreased Apo A-I and HDL cholesterol levels in obese patients [25].
Lipolysis, in obese patients, is affected by low lipoprotein lipase messenger ribonucleic
acid (mRNA) expression in the adipose tissue and reduced lipoprotein lipase activity in the
skeletal muscle [24].

Chronic inflammation, a well-known aspect of obesity, can affect the adipocytes’
cholesterol efflux capacity, thus reducing plasma HDL cholesterol levels [26]. Cytokines
produced by macrophages and adipokines produced by adipose cells also modify the lipid
metabolism. Adipokines, such as adiponectin and resistin, regulate the lipid metabolism.
Circulating adiponectin levels are low in obese patients and are associated with increased
serum TG and decreased HDL cholesterol levels. Resistin is increased in obese patients,
and its levels directly correlate with plasma TG levels. Moreover, it has been demonstrated
that resistin stimulates hepatic VLDL production and secretion due to increased Apo B, TG,
and cholesterol synthesis. Finally, resistin is associated with decreased HDL cholesterol
and Apo A-I levels [25].

Proinflammatory cytokines, tumor necrosis factor (TNF), and interleukin (IL)-1 stim-
ulate lipolysis in the adipocytes and increase FFA circulating levels, which offer hepatic
TG synthesis substrate. Inside the liver, pro-inflammatory cytokines stimulate de novo
fatty acid and triglyceride synthesis. These alterations increase VLDL production and se-
cretion. Pro-inflammatory cytokines also decrease lipoprotein lipase excretion and increase
angiopoietin expression, as well as protein 4, a lipoprotein lipase inhibitor. Together, these
alterations decrease lipoprotein lipase activity, thus delaying TG-rich lipoprotein elimi-
nation. Thus, increased pro-inflammatory cytokine levels stimulate TG-rich lipoprotein
production and delay TG-rich lipoprotein elimination, leading to the increased serum TG
noticed in obese patients. Inflammation also diminishes other important HDL functions,
such as its ability to prevent LDL oxidation [25].
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The term “oxidative stress” can also be related to the pathogenesis of obesity, which
determines the lipoprotein modifications, making them dysfunctional and more athero-
genic [29]. Different types of modified lipoproteins promote the development of the
inflammatory process within the arterial wall, macrophage activation, and the synthesis
and secretion of proinflammatory cytokines, chemokines, and enzymes. Of these, glycated
lipoproteins are characterized by greater atherogenicity [30].

4. Current Therapy Approach

As expected, obesity and dyslipidemia are closely correlated, being the main features
of metabolic syndrome and the basis of its pathogenic mechanisms through adipose tissue
dysfunction. The increasing prevalence of metabolic syndrome appears to be closely linked
to the obesity epidemic, and this, in turn, is correlated with the increasing prevalence of
dyslipidemia, which means that a thorough understanding of these two entities could aid
in the formulation of future therapeutic approaches. Dyslipidemia is a major risk factor for
cardiovascular disease, which is the leading cause of death worldwide. This unwelcome
situation exemplifies the urgent need for an effective solution to the problem [19].

The attempt to find effective solutions to obesity has been at the heart of research for
decades, as its incidence continues to grow at an accelerated rate, with major effects on an
already overworked health system and the worrying consequence of an increasing global
mortality rate [31]. The first step in proper management of obesity is to recognize obesity
as a chronic disease which is associated with various comorbidities, and its successful
management often requires adjuvant pharmacological interventions aiming to strengthen
the necessary behavioral strategies [32].

Improving obesity-related medical conditions can be achieved through a moderate,
sustained decrease in body weight. While significant research has focused on developing
new and improved nutritional and dietary approaches to energy intake regulation, adjust-
ing the public opinion on diet and food choices and promoting a healthy lifestyle have
proven to be difficult tasks [33].

Current clinical treatments for obesity focus on pharmacotherapy and surgery [34]. The
successful use of obesity-targeting pharmacotherapy requires the careful, patient-centered
discussion of topics such as food and social behavior, medical history, financial preferences,
and expectations, as well as data on the known side effects of medications that may alter
a patient’s lifestyle and quality of life [32]. Currently approved drugs that are used for
dyslipidemia and obesity include orlistat, lorcaserine, liraglutide, phentermine/topiramate,
fibrates, statins, niacin, resins, ezetimibe, sibutramine, bupropion, and naltrexone. Each
of these medications is accompanied by a number of side effects, such as discomfort or
abdominal pain, nausea, insomnia, constipation, headaches, and vomiting [34].

Bariatric–metabolic surgery is the most effective treatment option for clinically severe
obesity, providing significant and lasting weight loss results. The subsequent weight loss
offers ample benefits, including reduced mortality (especially due to cardiovascular disease,
diabetes, and cancer) and a better quality of life [35]. However, these treatments are often
accompanied by side effects, such as intestinal bleeding and, in rare cases, suicide.

Consequently, this explains the need to identify new therapeutic approaches for the
treatment or prevention of obesity and metabolic syndrome. Attempts are being made
to pay more attention to the design of safe, inexpensive, and highly effective materials
that control the bioavailability of fats and carbohydrates in order to successfully manage
the nutritional value of foods and to combat the comorbidities associated with obesity.
Thus, this led to the evaluation of various biomaterials, from inorganic colloids to organic
polymers, the focus of study being their ability to interfere with digestive mechanisms. One
of the objectives is the orientation of research towards the development of new therapies and
nutraceuticals that systematically control the nutritional value of foods through colloidal
engineering approaches, the use of such materials in the clinical environment being essential
for combating obesity [33].
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Genetic and epigenetic therapies are two possibilities that are focuses of current explo-
rations, but their supply through the traditional methods of viral vectors is accompanied by
low effectiveness, requiring a technology that can encapsulate the material to protect it from
degradation and absorption at the level of the circulating reticuloendothelial system. These
include physical methods that inject genetic/epigenetic materials directly into the host cell,
as well as chemical methods that surround the materials with protective molecules, such as
nanotechnology methods [17].

5. Nanotechnology and Dyslipidemia in Obesity: An Old Disease with Innovative
Treatment Strategies

The subject of nanotechnology, labeled as “tiny science”, has grown in recent years,
being at the center of the medical stage. Dating back to 4500 years ago, to the use of natural
asbestos nanofibers for ceramic matrices, nanotechnology has made an impressive journey
through, history with notable prospects for the production of new materials in the field,
where conventional approaches have reached their limit.

Nanotechnology refers manly to objects between 0.1 and 100 nm that are made of
metal oxides, carbon, organic matter, and so on, with multiple positive attributes such
as: (i) cost-effectiveness, (ii) environmentally friendly status, (iii) a high surface charge,
(iv) a vast surface area, (v) absorption capacity, (vi) chemical reactivity, (vii) sensitivity,
(viii) stability, (ix) mechanical strength, and (x) biological activity. The field of nanomaterials
focuses mostly on nanoparticles, as the essential building components of nanotechnology,
but also on other nanostructures, such as as nanocomposites, nanotubes, nanospheres,
nanocapsules, nanorods, nanowires, nanofibers, nanorings, nanofilms, nanocrystals, and
nanostars. More details about low-dimensional nanomaterials and their distinctive features
can be found in the numerous review papers [36,37] or book chapters [38] available on the
PubMed database.

During the last decade, the development of nanotechnology applications for obesity
therapies has attracted the attention of many research groups. The benefits granted by
nanotechnologies reside in their potential to overcome the side effects and the inefficiency
of classic therapies, promoting better compatibility or enhancing biological processes [39].

Sandhu et al., in their recent review paper [40], detailed the advantages and disadvan-
tages of nanotechnology used in medicine, a summary of which is briefly presented below,
without repeating from the above-written attributes. Among the advantages, we remark
on the following: tunable surface properties and size, controlled and targeted release, and
the versatility of the administration route. The disadvantages are related to the aggregation
potential, which leads to the deterioration of the nano-formulation, and the drug loading
capacity’s dependence on size.

5.1. Nano-Formulations and/or Drug-Loaded Nanocarrier

As mentioned above, the pharmacological therapy for obesity, which includes drugs
such as orlistat, rimonabant, sibutramine, dexfenfluramine, fenfluramine, or phenyl propy-
lamine, has a low efficacy and produces systemic drug toxicity and multiple side effects
related to mental disorders and non-fatal myocardial infarction, as well as stroke, de-
pression, and anxiety, therefore limiting their use [41]. To overcome these limitations,
innovative drug delivery carriers, such as nanoparticles based on gold, phosphatidyl-
choline, and cholesterol; PLGA-b-PEG, PLGA, dextran, and dextran-PEG; liposomes based
on peptides; nano-emulsions based on Capryol PGMC and Cremophor RH40; and lipase-
sensitive nanocarriers were formulated in order to enhance the therapeutic efficacy of the
synthetic drugs, providing targeted action (as presented in Table 2).
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Table 2. Drug-based nanostructures and their therapeutic roles in the management of obesity.

Nanostructure Type Drug Observed Effects References

Gold nanoparticles (<50 nm) Adipose homing peptide Selective targeted delivery on white adipose
tissue vasculature in vivo. [42]

Prohibitin-targeted nanoparticles with
PEG chains (109.2 ± 7.8 nm) Proapoptotic peptide Reduces weight gain via the control of the

adipose function by 14%. [43]

Prohibitin-targeted nanoparticles
(around 100 nm) Cytochrome C

Prevents diet-induced obesity in C57BL/6
mice in a dose-dependent manner; effectively

targeted the adipose tissues and the
Cytochrome C released at the adipose site

from the nanoparticles; caused apoptosis of
the adipose cells.

[44]

Egg-yolk-phosphatidylcholine- and
cholesterol-based nanoparticle-conjugated

PEG-lipids (around 130 nm)
Prohibitin-targeting peptide

Reduces undesired entrapment in liver and,
hence, improves the efficient targeting of

adipose vessels.
[45]

Peptide-ligand-mediated nanocarrier
(lipopeptide-modified liposomes of

105.6 ± 13.9 nm)

Linear peptide, followed by an
adipose tissue-specific circular

peptide (KGGRAKD)

Successful delivery of the aqueous phase to
the cytoplasm of primary cultured endothelial

cells derived from inguinal adipose tissue.
[46]

PLGA-b-PEG nanoparticles
(about 100 nm)

Endothelial-targeted peptides
(iRGD and P3)

Weight gain inhibition was confirmed in the
diet-induced obese mouse model. [47]

Nano-emulsion based on Capryol PGMC
and Cremophor RH40 (139.4 ± 12 nm) Orlistat

Overcomes high lipophilicity, improves
dissolution and pancreatic lipase inhibition

in vivo
[48]

Lipase-sensitive
nanocarrier (self-assembled amphiphilic

copolymer BTTPFN-g-PCL; 158 nm)
Orlistat

Lowers weight of the liver or fat pads, smaller
adipocyte size, and lower total cholesterol

level.
[49]

PLGA-b-
PEG-triphenylphosphonium polymer

nanoparticles (∼80 to ∼410 nm)

Mitochondrial decoupler
2,4-dinitrophenol

Reduces lipid accumulation in the adipocytes,
but may also lead to the excessive generation

of reactive oxygen species and its possible
impairment in non-adipose tissues.

[50]

PLGA nanoparticles (177 ± 6 nm) Dibenzazepine

Browning of adipocytes, consequently
improving glucose homeostasis and

attenuating body weight gain in the treated
diet-induced obese mice.

[51]

Dextran and dextran-PEG nano-carriers
(4–30 nm) Dexamethasone

Restored the gene expression of key
pro-inflammatory cytokines (TNFα, IL-6,

MCP-1) and ameliorated many critical effects
of obesity-induced inflammation.

[52]

Polymeric nanoparticles (200 nm) Rosiglitazone Alleviated inflammatory reactions in the white
adipose tissue and liver. [53]

PEG: polyethylene glycol; PLGA: poly (lactic-co-glycolic acid); PGMC: propylene glycol monocaprylate;
PCL: polycaprolactone.

In 2018, Zhang et al. [54] evaluated recent advances in nanomedicine as an emerging
strategy for obesity treatment from two points of view, one related to the suppression of
digestibility and another to the enhancement of energy expenditure. The authors pointed
out that even if administered nanocarriers offer an efficient approach to body weight
control, different aspects still remain challenging, namely our understanding of the routes
involved in the regulation of energy homeostasis, the lowering of the side effects, the
evaluation of the biocompatibility in long-term administration, and, of course, successful
clinical trials and further marketization.

In 2019, Sibuyi et al. [55] described nanotechnology-based therapies as an alternative
strategy that can be used to treat obesity and overcome the downsides associated with
usual therapies using three different strategies, namely: (i) the inhibition of angiogenesis
in the white adipose tissues (WATs); (ii) the transformation of WATs into brown adipose
tissues (BATs); and (iii) the photothermal lipolysis of WATs. The summarized nanocarriers
(liposomes and polymeric and gold nanoparticles) showed a high tolerability, reduced side
effects, and enhanced efficacy in a reproducible manner, thus providing proof of concept for
the hypothesis that targeted nanotherapy can act as a feasible tactic for combatting obesity
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and prevent its comorbidities. A chapter in this review paper that is worth mentioning
is related to the nanodrugs used in clinical practice. Until 2019, there were no nano-
based drugs that were either clinically approved or in clinical trials for the treatment
of obesity. However, the authors assumed that it was only a matter of time before the
identified nanodrugs in the literature would be tested in clinical trials and made available
to the market. However, based on a simple search of the ClinicalTrials.gov platform using
nanomaterials and obesity as search terms, there have still been no related trials after
3 years.

However, it is clear that the drug-based treatment of obesity or dyslipidemia is consid-
ered as long-term therapy, since most patients regain weight upon stopping medication.
Therefore, we must consider whether the nano-systems alone also have positive effects
on weight loss and lipid profiles when used as the synthetic drug but without its side
effects. Table 3 presents several nanostructures, such as nanoparticles based on super-
paramagnetic iron oxide grafted with carboxyethylsilanetriol, cerium oxide, chitosan, and
water-soluble chitosan and silica, nanorods based on gold, and nanospheres based on
gold and hyaluronate, and their therapeutic roles in the management of obesity. Even if
more work is required regarding longer periods of treatment and the testing of normal-
weight subjects in order to shed further light on the modes of action of bare nanomaterials
in obesity-related disorders, these results should also be taken into consideration in the
development of alternative drug delivery systems.

Table 3. Nanostructures and their therapeutic roles in the management of obesity.

Nanostructure Type Observed Effects References

Superparamagnetic iron oxide nanoparticles
grafted with carboxyethylsilanetriol (very narrow

size distribution of <20 nm)

Downregulated the expression of 22 and 29 risk genes and
the mRNA expression of lipid and glucose metabolism

genes upon exposure to human primary adipocytes.
[56]

Cerium oxide nanoparticles (5–80 nm) Reduced the weight gain and lowered the plasma levels of
insulin, leptin, glucose, and triglycerides. [57]

Chitosan and water-soluble chitosan
microparticles and nanoparticles

A significantly lower degree of weight gain in a high-fat-diet
rat model, reduced the final amounts of epididymal and
perirenal white adipose tissues, liver weight, total serum

cholesterol, and low-density lipoprotein cholesterol.

[58]

Carboxyethylsilanetriol grafted
superparamagnetic iron oxide nanoparticles

(<10 nm)

Crucial dual role in the expression of 22 and 29 risk genes
(based on gene-wide association studies) for obesity and

T2DM in human adipocytes.
[56]

Silica mesoporous particles (2D hexagonal pores)
Decrease in weight and body fat composition without
observable toxicological signs or systemic absorption

of silica.
[59]

Gold nanorods energized by an external
near-infrared exposure at 800 nm (NanoLipo)

Disruptions in the adipose tissue and removal of 33%
subcutaneous tissue and ~60% free fatty acids, leading to a

great decrease in the adipose layer thickness at 1 month
post-surgery.

[60]

Hyaluronate gold nanosphere conjugated with
photothermal lipolysis

Enables the highly effective photothermal ablation of
adipose tissues in C57BL/6 obese mice, successful
transdermal delivery, and photothermal lipolysis.

[61]

Gold nanoparticles (21 nm) An 8% or 5% reduction in body weight, improved
hyperlipidemia, and normal glucose tolerance. [62]

~: approximately.

The current review also proposes the impacts of nanotherapy on the driving forces of
dyslipidemia, namely ectopic lipid deposition, adverse lipid metabolism, and dysfunctional
adipose tissue [63]. It is well known that obesity and dyslipidemia are considered as
two disorders that go together, but the question is: are there any related studies using
nanomaterials for dyslipidemia therapy?
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The search of the PubMed.gov database returned nearly 60 papers using nanomateri-
als and dyslipidemia. By analyzing these papers, we can see that only a few used synthetic
drugs specifically for dyslipidemia combined with nanostructures based on selenium,
coenzyme Q10, vitamin E, glyceryl monostearate, Poloxamer 407, didodecyldimethylam-
monium bromide, and β-cyclodextrin cross-linked with diphenyl carbonate, palmityl
alcohol, and Tween 40/Span 40/Myrj 52, as presented in Table 4, while more used natural
compounds mixtures, as described in next section.

Table 4. Drug-based nanostructures and their therapeutic roles in the management of dyslipidemia.

Nanostructure Type Drug Observed Effects References

Nano-selenium

Atorvastatin

Significantly reduced serum TC, TG, and LDL-C
contents; declined tissue lesions, such as the

aortic arch and liver; enhanced the activities of
GPx-1 and SOD in the serum; decreased the

MDA content; and increased the SOD activity in
rat aorta.

[64]

Nano-particulate formulation
(nano coenzyme Q10 and

nano-vitamin E)

Reduction in the number of liver and muscle
enzymes and histopathological alterations,

together with a marked decline in
oxidative stress.

[65]

Solid-lipid nanoparticles
(glyceryl monostearate,

Poloxamer 407; 88.91 + 1.23 nm)
All nano-systems showed increased

bioavailability.
The nano-sponges were found to be an excellent
carrier of the drug, providing a sustained drug

release over a prolonged period of time,
lowering the LDL, TC, and TG, and increasing

the HDL over a period of 7 days.

[66]
Nanocrystals (based on dido-

decyldimethylammonium
bromide; 139.6 + 2.21 nm)

Nano-sponges (β-cyclodextrin
cross-linked with diphenyl
carbonate; 298.2 + 1.02 nm)

Nanostructured lipid carriers
(187.6 ± 3.04 nm)

Simvastatin

Enhanced bioavailability and improved
biological efficiency of the drug; improved
plasma and erythrocyte membrane lipids;

maintenance of the erythrocyte
oxidant/antioxidant balance; and decreased

hemolysis in hyperlipidemic conditions.

[67]

Solid lipid nanoparticles
(palmityl alcohol, Tween

40/Span 40/Myrj 52;
∼130 nm)

Sustained release, significantly reduced the
elevated serum lipids, and decreased total

cholesterol in hyperlipidemic rats.
[68]

Solidified
self-nano-emulsifying
drug-delivery system

(∼100 nm)

Rosuvastatin
Improved drug release (∼95%), reduction in

cholesterol, triglyceride, and atherogenic indices,
and increased high-density lipoprotein levels.

[69]

Nanoliposomes (negatively
charged surface) -

Decreased triglyceride, total cholesterol, and
low-density lipoprotein cholesterol levels, and

increased high-density lipoprotein cholesterol in
high-cholesterol-diet rabbits.

[70]

TC: total cholesterol; TG: triglycerides; SOD: superoxide dismutase; MDA: malondialdehyde.

However, to date, no commercial product based on nanotechnology combined with
disease-specific drugs has been developed for dyslipidemia treatment, and further investi-
gations are necessary.

As observed from the gathered data in Tables 2–4, significant advances have been made
towards the targeting of adipose tissue and related disorders. However, there is still poten-
tial to improve the efficacy of the nano-based formulations. There are also many questions
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that have not been fully addressed [71], including: (i) the formulation and optimization of
the loaded nanocarrier; (ii) bioavailability studies; (iii) the elucidation of the relationship
between dysfunctional cells and nanomaterials; (iv) preclinical evaluations of long-term
toxicity, targeted delivery, metabolism, and pharmacokinetic and pharmacodynamic assays;
and (v) the real-time monitoring of the diseases during treatment.

5.2. Herbal Nanotherapy

Herbs are preferred by many people over conventional medications as a means of
relieving their disease symptoms. As a result, the recent pharmaceutical industry focused
on discovering novel therapeutic agents from medicinal plants. About 25% of the natural
new molecular entities approved by the Food and Drug Administration (FDA) had plant
origins in 2020 [72].

The tremendous interest in the use of traditional medicines worldwide has various
reasons, namely the facts that they are affordable, have an increased availability, are natural
and safe, with low to no adverse effects, are compatible with the patient’s ideology, offer
personalized health care, and enable more public access to health information. Even if
herbal medicines are used in health promotion and therapy for chronic diseases, their
usage intensifies when conventional medicine is ineffective, as in the treatment of advanced
cancers or new infectious diseases [73].

In the current scenario, the use of plants and active phytochemical constituents acts
as a valuable foundation for the development of novel anti-obesity products. Yet, there
are still numerous facts that should be noted when using herbal medicines, such as the
fact that their efficacy is still an important point that must be elucidated for the purpose of
interpretation, and the facts that their safety still remains to be evaluated and their anti-
obesity mechanisms are still not entirely clear. However, herbal medicines are considered
an effective strategy for the management of obesity and associated disorders due to their
identified mechanisms of action [74], which are as follows: (i) the regulation of the plasma
lipid profile; (ii) inhibition of pancreatic lipase activity; (iii) regulation of gene expression
and leptin levels and activity; (iv) reduction in the accumulation of white adipose tissues;
(v) inhibition of α-amylase, ghrelin, and α-glucosidase; (vi) increase in the expression of
peroxisome proliferator-activated receptors (PPAR) α, β, and γ; (vii) regulation of mRNA-
mediated lipid metabolism; (viii) increase in the levels of adiponectin and hepatic Co-A
oxidase activity; (ix) the balance of energy intake and expenditure; (x) suppression of
adipocyte maturation and differentiation; (xi) decrease in body weight gain; and (xii) the
reduction of stress.

There are numerous medicinal plants that have been examined for the treatment and
management of obesity, as detailed in many review and original articles. There are nearly
300 papers available on PubMed.gov database using obesity and herbs as keywords, from
1965 and up to the current date (June 2022), with an increasing trend in the last 7 years,
emphasizing the necessity to develop alternative strategies for the treatment of obesity.

Obesity, dyslipidemia, and diabetes mellitus are among the diseases most frequently
“treated” with medicinal plants [75], such as the Chinese herbal medicine formula (RCM-
104) [76], evaluated in a double-blind, randomized, placebo-controlled trial on obese
subjects, or bofu-tsusho-san (an oriental herbal medicine) [77] in a trial conducted on
Japanese women with impaired glucose tolerance in the first randomized, double-blind,
placebo-controlled study.

Cambodia hoodia, Citrus aurantium, caffeine, capsaicin, chitosan, ephedrine, green
tea, guar gum, fenugreek, white beans, yohimbine, and fitostreols were studied in clinical
trials up to 2015, and their anti-obesity properties were mainly determined to be a strong
antioxidant activity [78]. As expected, these medicinal plants have been recommended
for weight loss, but more studies are needed to determine their effectiveness, safety, and
pharmaceutically active ingredients that contribute to this weight loss property. Overall,
the presented data supports the usage of herbal medicines in most societies.
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A cross-sectional study conducted in 2017 on overweight and obese people in Taif,
Saudi Arabia, using a pretested questionnaire demonstrated that 98.1% of patients used
herbal medicines to lose weight, with either green tea (88.4%) or ginger (29.5%) being
the most commonly used herbs, which were prescribed mainly by a friend (35.8%) or
herbalists (31%), with 35.5% of patients revealing side effects. This was first study that
investigated the use of herbal medicines in obese or overweight people in the Taif area
and determined that 72.0% of the participants would continue to use herbal plants in
the future. However, further studies on the benefits and risks are needed, along with an
efficient community-based awareness program to broadcast these alternative therapies for
weight loss [79].

The article of Liu et al. [80] from the same year, 2017, discusses, among the possible
effects and mechanisms of herbal medicine, the treatments for obesity reported in the
period from 2007–2017 and the situation concerning the clinical trials, using different
keywords: obesity, herbal medicine, plant, and Chinese medicine. There were 18 published
randomized controlled trials and 16 registered clinical trials of herbal medicines for the
treatment of obesity in humans from 2007 to 2017.

The review of Karri et al. [74], assessing research conducted from 2000–2018, collected
the facts related to natural anti-obesity agents, detailing their biological sources, chemical
constituents, and probable mechanisms of action. Among the identified natural isolated con-
stituents that showed satisfactory anti-obesity properties, we mention only a few, namely
curcumin, hydroxycitric acid, apigenin-7-O-D-glucoside, carnitine, polyphenols, ginseng
crude saponins, crocin, capsaicin, mangiferin, flavonoids, berberine, carnosic acid and
carnosol, anthocyanins, gingerol, paradol, shagol, rutin, resveratrol, phlorotannins, agavins,
camphor, benzaldehyde, caffeine, polysaccharides, tannins, celastrol—a triterpene, fructan,
gallic acid, catechins, xanthines, purine alkaloids, quercetin, kaempherol, chlorogenic acid,
eugenol, acetyl eugenol, caryophyllene, humulene, fatty acid synthase, scopoletin, and so
on. More details can be found in the above-mentioned review paper.

However, after several years of constant research on this topic, the main drawback still
applies, namely, the fact that the possible pharmacological and therapeutic mechanism is
not completely understood, and there is still room for additional contributions. Therefore,
our main query refers to the development of alternative, naturally based anti-obesity
treatments that are widely increasing in terms of their species, extract types, and so on, but
that are still not validated as being effective or safe.

We return not to the subject of this review chapter, namely, nanotherapy based on natu-
ral products, which is considered to be a new alternative for conventional obesity treatments.
The latest review from 2021 by Shende and Narvenker [81] also details the nanocarriers used
for the delivery of herbal drugs, namely liposomes, solid lipid nanoparticles, phytosomes,
polymeric and magnetic nanoparticles, nanosized micelles, and gold nanoparticles.

Yet, why should we use nanotechnology when there are numerous clinical approaches
that recommend the extraction and use of natural products as anti-obesity agents?

As mentioned above, nanomaterials overcome the limitations and side effects of the
classical treatments [82] but also resolve several issues of the phytoconstituents, namely:
(i) the increase in the bioavailability and stability; (ii) protection of the active natural extract
from chemical degradation in the body; (iii) the reduction in the correlated toxicity, if
any; (iv) the enhancement of the pharmacological activity; (v) provision of a sustained
and controlled release; (vi) an increased targeting efficiency; (vii) an enhanced specificity;
(viii) the ability to overcome the hindrances of herbal medication; and (ix) a diminished
administration frequency and dose [81].

Table 5 presents several nanocarriers based on gold, silver, ligand-coated R, poly-vinyl
alcohol gelatin, alginate, chitosan, lipids, monoolein, and PLGA used for formulating
herbal nanotherapeutics that demonstrate hypolipidemic, hypoglycemic, and antioxidant
properties as suitable complements to the current anti-obesity drugs.
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Table 5. Natural anti-obesity nanostructures and their therapeutic roles in the management of obesity.

Nanostructure Type Natural Product Observed Effects References

Gold nanoparticles (20–50 nm
with a spherical morphology

and crystalline nature)
Salacia chinensis

Decreased the body weight, resistin, liver marker
enzymes, leptin, adipose index, and

inflammatory markers; increased the levels of
high-density lipoprotein, AMP-activated protein

kinase, and adiponectin.

[83]

Gold nanoparticles (hollow
spheres of 50–90 nm) Smilax glabra rhizome

Both anti-obesity and anti-diabetic effects:
mediate glucose and insulin discharge;

normalize the liver markers, lipid profiles, body
weight, body mass index, and hormone profile.

[84]

Gold nanoparticles (spherical,
poly-dispersed, of 20 nm) Poria cocos

Reduce the weight gain and body mass index,
regulate glucose and lipid metabolism, inhibit

adipose tissue inflammation, scavenge oxidative
stress, and normalize the satiety hormones.

[85]

Silver nanoparticles (spherical,
of 15 nm) Argyreia nervosa

Inhibitory activity against carbohydrate
digestive enzymes α-amylase and α-glucosidase;
strong antibacterial activity against foodborne

bacteria, Escherichia coli and Staphylococcus aureus.

[86]

Ligand-coated R-encapsulated
nanoparticles (L-Rnano)

(spherical shape with a size of
90–110 nm)

Resveratrol
Induced adipose stromal cell differentiation into
beige adipocytes, reduced the 40% fat mass and
inflammation, and enhanced glucose hemostasis.

[87]

Poly-vinyl alcohol gelatin
nanofibers (200 to 250 nm) Curcumin Reduce the number of adipose tissues by up to

4–7% in model rats. [88]

Phosphatidylcholine
phytosome nanoparticles

(51.66–667.24 nm) and
phytosome thermogel

Soybean seed extract Reduction in body weight, adipose tissue weight,
and lipid profile. [89]

Single-layer nano-emulsion
and alginate double-layer

nano-emulsion
Oleoresin capsicum

Inhibits intracellular lipid accumulation and
triglyceride content and enhances the release of

free fatty acids and glycerol into the medium
[90]

Lipid-derived nano-vesicles
(<50 nm and >150 nm) Citrus sinensis

Increased villi size, reduced triglyceride content,
and modulated mRNA levels of TNF-α and

IL-1β genes, barrier permeability, fat absorption,
and chylomicron release.

[91]

Gold nanoparticles
(size 10–20 nm) Dendropanax morbifera

Reduced triglyceride content, down-regulated
PPAR-γ, CEBPα, Jak2, STAT3, and ap2

expression in 3T3-L1 cells and FAS and acetyl
ACC levels in HepG2 cells.

[92]

Lipid nanocarriers (200 nm) Capsaicin
Decrease in body weight by up to 15% as

compared to the control and improved lipid and
glucose profiles.

[93]

Lipid nanocarriers and
liposomes (140 nm and 110) Resveratrol Enhanced uncoupling protein 1 and beige

marker CD137 expression. [94]

Self-assembly and directed
assembly of lipid nanocarriers Silibinin

Prevents liver fibrosis in obese rats, enhanced
bioavailability 2.9 fold, and improved

therapeutic action.
[95]

Solid lipid nanoparticles Hydroxycitric acid

Improved bioavailability, enhanced the
pharmacological action, provided a targeted

delivery to the adipose tissues, and reduced the
associated side effects.

[96]

Chitosan nanoparticles
(210 nm) Chlorogenic acid Sustained release property, retained antioxidant

activity, and enhanced bioavailability. [97]
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Table 5. Cont.

Nanostructure Type Natural Product Observed Effects References

Cubic phase monoolein
nanoparticles (205–295 nm)

Grape, apple, mugwort,
barberry root, and green

tea extracts

Decreased the blood contents of aspartate
aminotransferase, total cholesterol, triglyceride,

urea nitrogen, and low-density lipoprotein;
promoted the efficacy of the herbal extracts in

suppressing body weight gain and liver weight
gain in rats.

[98]

PLGA nanoparticles
(Nano-Orz, 214.8 ± 4.3 nm) γ-Oryzanol

Ameliorated fuel metabolism, with an excellent
impact on the dysfunction of the hypothalamus
and pancreatic islets; decreased ER stress and
inflammation in the liver and adipose tissue.

[99]

FAS: fatty acid synthase; ACC: CoA-carboxylase.

A different tableau is observed in dyslipidemia, one of the major metabolic disorders,
with the following abnormalities: (i) higher levels of Apo B, triglycerides, LDL-cholestrol,
and free fatty acids; (ii) very-low-density lipoproteins; (iii) low-density lipoproteins; and
(iv) decreased levels of high-density lipoproteins [100], which could be resolved using
natural products or herbal nanotherapy.

The review paper of Khutami et al. [101] discusses the main phytoconstituents with
antioxidant activities that are used to tackle dyslipidemia via several mechanisms, such
as resveratrol, curcumin, quercetin, anthocyanin, antioxidant polysaccharide okra, green
tea, strawberry ellagitannins, α-terpineol, and other antioxidants. As observed, this list
is similar to that of the drugs used to tackle obesity, as expected, since there is a clear
relationship between these metabolic disorders and the effects of antioxidants.

According to a recent study, Bergamot-derived extract, containing high amounts of
flavonoids (neoeriocitrin, neohesperidin, and naringin), reduces the serum levels of lipids
and improves the lipoprotein profile, as shown in 80 subjects with moderate hypercholes-
terolemia. This novel study administered Bergamot-derived extract at a fixed daily dose
(150 mg of flavonoids, with 16% neoeriocitrin, 47% neohesperidin, and 37% naringin) for
6 months. The results revealed a reduction in the carotid intima media thickness over the
investigated timeframe [102]. In a randomized double-blind placebo-controlled crossover
trial, 30 obese dyslipidemic subjects were given curcuminoids (1 g/day) or a placebo
for 4 weeks, followed by a 2-week break and then treatment with the alternate drug for
another 4 weeks. Even if the results showed that supplementation with curcuminoids
did not cause any significant alteration to the serum small dense low-density lipopro-
tein [103], the authors encouraged the exploration of the impacts of curcuminoids on the
serum lipidome, triglycerides and fatty acid compositions of lipoprotein species. In an-
other meta-analysis of randomized controlled trials, different flaxseed products (whole
flaxseed, oil, and lignans) are evaluated for their effects on the lipid profiles and inflam-
matory and anthropometric parameters of patients with dyslipidemia-related diseases.
Whole flaxseed and lignans reduced the blood lipid levels, flaxseed oil had an important
anti-inflammatory activity, and whole flaxseed lowered the lipid profile and weight [104].
Therefore, the study suggested that these natural product extracts are promising candidates
for the treatment of dyslipidemia. In the following Table 6, we analyze the natural products
encapsulated in nano-systems, such as nano-emulsion with Tween, nanoparticles made of
gold, silver, selenium, and chitosan, and liposomal nano-formulations with antioxidant
and anti-hyperlipidemic effects.
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Table 6. Natural nanostructures and their therapeutic roles in the management of dyslipidemia.

Nanostructure Type Natural Product Observed Effects References

Nano-emulsion with Tween
(24.9 ± 1.11 nm) Garlic oil

Significant effect in lowering the lipid
profile and the lipid deposits in hepatic

tissues.
[105]

Gold nanoparticles (smooth
spherical morphology with

7–27 nm)
Ziziphus jujube

Significant decrease in the levels of
liver, insulin, triglycerides, cholesterol,

and total antioxidant capacity.
[106]

Oil-in-water nano-emulsion
(133.4 ± 0.2 nm) Hibiscus cannabinus L.

Declined accumulation of fat droplets
in the liver, lowered cholesterol,

decreased number of endogenous
antioxidants in the liver, and controlled
weight in high-cholesterol-diet-induced

rats, with the accelerated renewal of
liver cells after injury.

[107]

Selenium nanoparticles
(spherical crystals of

18–50 nm)
Black currant Increased hypolipidemia antioxidant

activity in galactose-treated rats [108]

Silver nanoparticles (200 nm) Nigella Sativa

Decreased levels of triglycerides,
cholesterol absorption, low-density
lipoproteins, oxidative stress, and

increased high-density lipoproteins.

[109]

Chitosan nanocarrier Fennel, rosemary volatile oils

Reduced dyslipidemia and CVDs risk,
improved liver dysfunction, lowered

MDA and TNF-α and blood
sugar values.

[110]

Self-nano-emulsifying
delivery system (48%

surfactant Kolliphor and 12%
co-surfactant PEG 200,

2.8 ± 0.1 nm)

Perillaldehyde-isopropyl
myristate/medium chain

triglyceride

Hypolipidemic potential: decreased
serum TC, TG, and LDL-C while

increasing the HDL-C levels.
[111]

Liposomal nano-formulation
(200 nm, spherical and

homogenous, with no sign
of coalescence)

Perillaldehyde from Perilla
frutescens

Decrease in TC, TG, and LDL-C,
increase in the HDL-C levels and the

activities of SOD and GSH-Px.
[112]

CVDs: cardiovascular diseases; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein
cholesterol; GSH-Px: glutathione peroxidase; SOD: superoxide dismutase.

Overall, as observed in Tables 5 and 6, different nano-systems have been designed
using compounds of plant origins in obesity and/or dyslipidemia therapies, most of them
having a similar composition of the nanostructure or plant extract. The obtained results
highlighted their impacts on the disease pathways, lipid profile, oxidative stress, biochemi-
cal markers, and so on, with a great potential to be used as alternative therapies in clinical
practice. However, even if herbal nanotherapy has a positive outlook as a metabolic disease
treatment, there is still an open path to the evaluation and validation of the therapeutic
efficacy and safety of the phytoconstituents, a route that is travelled, unfortunately, in
small steps. Moreover, what if the nano-formulations of the drugs already in use were to
be supplemented with phytoconstituents in order to increase the drugs’ bioavailability,
providing better in-vivo efficacy and reduced toxicity in treating hyperlipidemia? This
approach appears to be beneficial, according to a study [65] from 2018, where CoQ10 and
Vitamin E supplementations eliminated statin myopathy and liver injury. However, of
course, further research using preclinical studies and controlled trials are needed in order
to overcome the limitations of the drugs used in parallel with plant extracts as new drug
delivery systems.
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6. Conclusions

Obesity and dyslipidemia denote serious health concerns as high risk factors of severe
chronic diseases, such as type-2 diabetes and cardiovascular diseases. In addition to lifestyle
modification and surgery, pharmacotherapy remains the main pillar of the management of
metabolic-syndrome-related diseases. As expected, the necessity of an effective strategy for
treating the pathophysiology has led to an unmatched expansion in the development of
various kinds of nanostructures for obesity- and dyslipidemia-related therapies.

The current status, challenges, and future perspectives on targeted nano-systems
were discussed in this short review. However, despite the extensive research on the
therapeutic effects of either bare nano-formulations or those that have been integrated with
drugs that are already in use or with plant-derived bioactive compounds, their delivery,
safety, efficacy, and bioavailability are still problematic. Therefore, the development of
anti-obesity/dyslipidemic nanoparticulate agents that are disease-specific, safe, simple to
formulate, and yet still dominant, will continue to be the focus in the near future, offering
these drugs greater potential to be translated into the clinical setting.
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