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Introduction

Metabolism, a highly orchestrated process encompassing 
the breakdown of ingested foods into simpler elements, is 
essential for all life forms, including humans [1]. In eukaryotes, 
this intricate process serves as the primary source of energy 
required for growth and survival. Any disruptions in this process 
can have adverse consequences on the species’ viability 
[2]. Regrettably, recent years have witnessed a concerning 
surge in metabolism-related issues, collectively referred to 
as metabolic disorders. Individuals afflicted by metabolic 
disorders often exhibit distinct characteristics compared to 
those with normal metabolism, often stemming from various 
pathological conditions giving rise to unique phenotypes [3]. 
Presently, the most prevalent metabolic disorders encompass 
diabetes mellitus, obesity, heart-related diseases, and cancer 

[4]. Although substantial knowledge has been amassed 
regarding the etiology and pharmacological management 
of these disorders, their mechanistic underpinnings remain 
complex and partially understood. Nonetheless, chronic 
inflammation has emerged as a pivotal contributor to the 
initiation, progression, and transition of these metabolic 
disorders [5,6]. Notably, the stimulation of pro-inflammatory 
cytokines in response to the release of endogenous danger-
associated ligands has been consistently observed in a wide 
spectrum of metabolic disorder-related conditions [7]. 

A growing body of evidence suggests that natural products 
and their bioactive compounds, particularly phytochemicals, 
offer a myriad of health benefits. Among the most extensively 
researched areas in natural products is their potential 
application in the treatment of diabetes, obesity, cardiovascular 
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issues, and various cancers [8]. These benefits are often 
attributed to their capacity to target oxidative stress-related 
pathways and the intricate regulatory network governing the 
inflammatory processes [9]. In this comprehensive review, we 
delve into the current understanding of the pathophysiology 
underlying diabetes, obesity, heart-related diseases, and 
cancer in connection with inflammation-mediated induction 
of metabolic disorders. Furthermore, we offer a concise 
discussion on the promising role of natural products in 
managing these conditions, including a list of potential 
biological targets for phytochemicals. We also examine 
findings from both preclinical and clinical studies, followed by 
an exploration of contemporary approaches to phytochemical 
drug delivery systems employed in the treatment of metabolic 
disorders.

Diabetes and Its Pathophysiology

The pathophysiology of diabetes mellitus is intricately 
linked to two fundamental factors: insulin levels and the 
body’s capacity to effectively utilize this hormone. Insulin 
plays a pivotal role in facilitating the entry of blood glucose 
into cells, where it undergoes metabolism to generate 
energy. Consequently, any conditions that disrupt the normal 
physiological functions of insulin can lead to disturbances 
in glucose levels. Diabetes mellitus encompasses several 
types, with type 1 (T1) and type 2 (T2) diabetes mellitus 
being the most widely recognized forms. While these two 
types exhibit distinct pathogenic mechanisms, a common 
pathophysiological hallmark shared by both type 1 diabetes 
mellitus (T1DM) and type 2 diabetes mellitus (T2DM) is the 
impaired ability of insulin to facilitate the entry of glucose into 
cells.

T1DM is characterized by the dysfunction of pancreatic 
beta cells, leading to their incapacity to produce insulin. This 
disruption is often linked to an autoimmune disease [10]. In 
this autoimmune condition, the immune system, instead 
of safeguarding the body against external threats, targets 
various internal systems, tissues, or cells, including the 
insulin-producing pancreatic beta cells. This relentless assault 
compromises their ability to generate adequate insulin levels, 
resulting in a substantial increase in blood glucose levels 
and the manifestation of hyperglycemia. While significant 
progress has been made in unraveling the pathophysiological 
aspects of T1DM in recent years, the autoimmune nature 
of this diabetes type remains incompletely understood. 
Nevertheless, certain insights into the involvement of the 
immune system in the onset of T1DM have emerged. Notably, 
more than three decades ago, it was observed that diabetic 
patients exhibited elevated expression of a molecule known 
as human leukocyte antigen (HLA) [11]. As this molecule plays 
a crucial role in regulating immune responses by encoding 
various related proteins involved in antigen presentation, 
any alterations in its expression or function may disrupt self-
tolerance mechanisms.

In contrast, severe hyperglycemia in patients with T2DM 
is primarily attributed to insulin resistance, rather than the 
destruction of beta cells. This condition arises from peripheral 
tissues and cells failing to respond effectively to insulin, 
impairing their ability to uptake blood glucose. Consequently, 
hyperglycemia ensues, even when the circulating insulin levels 
are within the physiological range. This situation sets off a 
cycle where beta cells continue producing insulin in response 
to the persistently elevated glucose levels, ultimately leading 
to their failure to secrete insulin when T2DM is diagnosed [12].

Several factors have been proposed to influence beta cell 
function and insulin production, including the relatively 
recent concept of gut-related hormones, also known as 
incretins. Two gut hormones, glucagon-like peptide-1 (GLP-
1) and gastric inhibitory polypeptide (GIP), act as messengers 
to stimulate insulin secretion following glucose ingestion. 
However, this mechanism is not fully activated when glucose 
is administered intravenously. In individuals with T2DM, 
the secretion of incretins, particularly GLP-1, is significantly 
reduced, hampering the induction of insulin production 
after meals. This imbalance also results in increased glucagon 
secretion and the conversion of glycogen to glucose, 
contributing to elevated blood glucose levels [13].

The precise mechanism underlying insulin resistance remains 
somewhat elusive. Nevertheless, a clear association exists 
between insulin resistance and fat accumulation, particularly 
in cases of obesity. Both the liver and muscles are key players in 
the development of insulin resistance, potentially due to their 
capacity to store excessive fat [14]. Excess fat accumulation, 
often associated with obesity resulting from excessive calorie 
intake without adequate physical activity, significantly 
contributes to this condition. Specifically, fat buildup in 
beta cells can impair their function, hindering their ability to 
produce insulin at physiological levels and ultimately leading 
to the dysregulation of blood glucose levels [14].

Genetics also exert an influence on the pathophysiology 
of T2DM, despite the condition not displaying a strong 
inheritance pattern. Nonetheless, family history and genetic 
predisposition are recognized as risk factors for T2DM and 
warrant careful consideration [15].

Obesity 

The pathogenesis of obesity is intricate, with a multitude 
of contributing factors spanning environmental, social, 
behavioral, physiological, medical, and genetic domains 
[16]. Environmental shifts resulting from advancements in 
technology and healthcare have led to significant lifestyle 
modifications. Infectious diseases, which were once the 
primary cause of death, are now better controlled, leading 
to changes in behavior and physical activity. Factors such as 
increased access to various modes of transportation and the 
widespread availability of electronic devices have reduced 
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physical activity levels. Furthermore, easy access to high-
calorie foods exacerbates the issue.

Genetic factors also play a pivotal role in the pathogenesis 
of obesity. Remarkably, the heritability of body mass index 
(BMI) falls within the range of 40% to 70% [17]. Researchers 
have identified several monogenic mutations or alterations 
associated with obesity pathogenesis, with particular 
interest in deficiencies of leptin and melanocortin-4 
receptors. These receptors are instrumental in regulating 
human energy homeostasis [18]. Studies have consistently 
revealed that obesity often involves a deficiency of these 
proteins. Additionally, the vagal nerve is linked to obesity 
pathogenesis, serving as the key connection between the 
brain and the gut for satiety regulation [19]. The vagal nerve 
receives information from the gastrointestinal tract after the 
ingestion process through various mechanisms, including 
mechanical stimulation, release of gut hormones, activation 
of chemoreceptors, and direct actions of certain nutritive 
compounds [20]. Gastric distension following feeding 
stimulates the first mechanism, while the second mechanism 
is mediated by various gut hormones. A multitude of gut 
hormones, including cholecystokinin, peptide YY (PYY), 
pancreatic polypeptide (PP), glucagon-like peptide-1 (GLP-1), 
ghrelin, insulin, and leptin, have been identified [21]. Despite 
their differing functions, these hormones collectively aim to 
regulate food intake and gastric emptying.

Upon receiving information from peripheral receptors, the 
vagal nerve transmits this data to the area postrema and 
nucleus of the solitary tract complex in the brainstem, where 
it undergoes processing before being relayed to the dorsal 
motor nucleus [22]. Modulation of this pathway can lead to 
various events related to the control of gastric emptying, 
absorption rates, and alterations in the secretion of gut 
hormones [23]. Given the pivotal role of the vagal nerve, any 
conditions that disrupt its ability to receive information from 
the gut may result in dysregulation of energy balance.

The onset and progression of cancer are intimately tied to 
DNA damage. Given that our cells are continually exposed to 
various stressors that can harm DNA, our body has developed 
several mechanisms to address this issue, including cell-
cycle arrest, DNA repair, cellular senescence, and apoptosis 
[24]. These mechanisms are rigorously controlled by the p53 
family, often referred to as the guardian of the genome [25]. 
Any factors that disrupt the functionality of the p53 family can 
potentially pave the way for the development of cancer.

A significant proportion of human cancers, more than half, 
can be traced back to missense mutations in the transcription 
factor p53 family [26]. Among the various mutation sites, 
the DNA-binding domain (DBD) appears to be the most 
susceptible site for mutation within the p53 family [27]. Under 
normal conditions, the expression of p53 is maintained at a 
very low level. However, when a specific stressor impacts a 

cell, p53 promptly increases the expression of murine/human 
double minute 2 (MDM2). Intriguingly, MDM2 also possesses 
the ability to implement negative feedback regulation on p53, 
preventing its expression from rising further [28].

The p53 family’s role in mitigating DNA damage encompasses 
apoptosis, cell-cycle arrest, and senescence mechanisms. In 
apoptosis, p53 can initiate this process through either extrinsic 
or intrinsic pathways. The former pathway is mediated by the 
action of death receptors, while the latter involves the release 
of cytochrome c into the cytosolic region of mitochondria 
[29]. Caspase-3 appears to play a pivotal role in executing 
the final stages of both pathways. To facilitate and activate 
the cell cycle, the cyclin-dependent kinases (CDKs) family is 
of paramount importance, and inhibiting this protein family 
is essential to halt cellular replication, a beneficial effect 
in preventing the division of cancer cells. The p53 family 
regulates CDKs by inducing the activation of the p21 protein, 
which is responsible for CDK inhibition [30]. Lastly, p53 can 
activate cellular senescence through its influence on certain 
genes, including p21, p16-Rb, and B-cell Translocation Gene 
2 BTG2 [31]. This mechanism is particularly critical in curbing 
the progression and dissemination of cancer cells. Several 
other mechanisms are also associated with p53’s role in 
safeguarding cells against cancerous threats. Some of these 
mechanisms involve its ability to prevent events such as cancer 
cell migration to other tissues, angiogenesis, oxidative stress, 
and drug resistance. Additionally, p53 can induce autophagy 
and promote genome stabilization.

Natural Products to Treat Diabetes

A deficiency of functional β-cells within the Langerhans islets 
leads to insulin resistance, resulting in persistently elevated 
blood sugar levels and eventually culminating in diabetes 
mellitus [11]. The term “Diabetes Mellitus” originates from the 
Greek language, with “Diabetes” meaning “a passer through” 
and “Mellitus” meaning “sweet” [32]. When the body ceases 
to produce or efficiently utilize insulin, it poses significant 
health risks to the cardiovascular system, blood vessels, eyes, 
and kidneys. The global prevalence of diabetes is on a rapid 
rise, making it a prominent global health concern. In 2019, the 
International Diabetes Federation (IDF) estimated that 463 
million adults were affected by diabetes, a number projected 
to increase to 578 million by 2030 and a staggering 700 million 
by 2045 [33]. Additionally, around 374 million individuals 
worldwide were living with undiagnosed diabetes in 2017 
[34]. Diabetes mellitus is categorized into two distinct types: 
type 1 and type 2. In the case of type T1DM, the immune 
system erroneously targets and attacks β-cells triggered by 
environmental factors such as chemicals and viruses [35]. As 
a result, exogenous insulin becomes imperative for managing 
type 1 diabetes [36]. Approximately 10% of all diabetic 
patients contend with this condition, which predominantly 
affects young individuals [37].
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In contrast, type 2 diabetes mellitus (T2DM), also known 
as “non-insulin-dependent diabetes,” typically develops in 
adulthood and is characterized by the body’s inefficient use 
of insulin, a condition medically termed “peripheral tissue 
resistance” [38]. Factors such as childhood sunlight exposure 
and maintaining a healthy body weight have been found to 
reduce the risk of developing T2DM [39]. While medications 
like metformin, sulfonylurea, and insulin are currently 
available and scientifically proven for treating T2DM, newer 
medications like α-glucosidase inhibitors, thiazolidinediones, 
glucagon-like peptide-1 receptor agonists, pramlintide, and 
dipeptidyl peptidase-4 inhibitors have emerged with limited 
supporting evidence. Therefore, the quest for effective drugs 
with minimal side effects, including severe hypoglycemia, and 
safety concerns in some cases, underscores the importance 
of exploring alternative therapies for diabetes management. 
In most instances, the advantages of availability, affordability, 
and safety associated with alternative treatments would 
outweigh their disadvantages.

Persistent efforts are being made to explore diabetes 
and uncover novel therapeutic avenues, including the 
identification of natural products with anti-diabetic properties. 
Individuals with diabetes and cancer have turned to a wide 
array of alternative treatments to manage their condition [40]. 
Both pre-clinical and clinical trials have been conducted on 
various natural products for diabetes and cancer treatment 
[41].

Numerous naturally occurring substances exhibit potential in 
regulating blood sugar levels in diabetic patients. Mechanisms 
underlying their anti-diabetic effects include the inhibition 
of digestive enzymes like α-glucosidase and α-amylase [42], 
modulation of glucose uptake and the expression of glucose 
transporters, enhancement of insulin secretion and pancreatic 
β-cell proliferation, alleviation of insulin resistance, and 
regulation of oxidative stress. The extensive array of molecules 
derived from natural products that have undergone clinical 
trials highlights the ongoing promise of natural products as a 
source for the development of innovative therapeutics.

Animal models in predicting idiosyncratic drug-induced 
liver injury (DILI)

Considering the unpredictability of idiosyncratic Drug-
Induced Liver Injury (DILI), it remains challenging to 
prospectively study the patients susceptible to its effects. 
While animal models are pivotal in biomedical research, they 
face limitations in replicating idiosyncratic DILI, exhibiting 
idiosyncrasies distinct from those in humans. Existing animal 
models often involve high drug doses or other manipulations 
causing direct and immediate liver injury, thereby presenting 
histological disparities from human idiosyncratic DILI.

These dissimilarities between animal models and human 
idiosyncratic DILI, such as distinct HLA genotypes associated 

with increased risk in humans, pose difficulties in developing 
animal models representative of this condition. Drugs 
requiring specific HLA genotypes further complicate animal 
model development. However, certain idiosyncratic DILI 
instances are not associated with specific HLA genotypes, 
potentially due to drug reactions with various endogenous 
proteins that subsequently generate peptides binding to 
various HLA molecules expressed in humans or animals.

Recent advances in cancer treatment, focusing on immune 
checkpoint inhibitors targeting PD-1 and CTLA-4, have 
unveiled liver-related adverse effects including DILI. Immune 
checkpoint inhibitors not only induce DILI but also elevate the 
risk of idiosyncratic DILI when combined with other drugs. 
Studies using PD-1 knockout mice treated with anti-CTLA-4 
and amodiaquine, a drug linked to idiosyncratic DILI, exhibit 
liver injury resembling human idiosyncratic DILI in histology. 
However, this injury, mediated by CD8 T cells, doesn’t result in 
overt liver failure.

Despite this, drugs associated with severe liver injury often 
manifest as mild liver injury in most individuals, indicating a 
potential innate immune response to these drugs without 
the specific HLA and T cell receptors required for an adaptive 
immune response leading to injury. Studying the innate 
immune response to drugs might offer insights into early 
immune events, aiding in screening drug candidates for 
potential idiosyncratic DILI risks [43].

Drug Delivery Approaches for Bioactive Compounds 
in the Treatment of Diabetes 

The grapevine (Vitis vinifera) is renowned for its abundance 
of phenolic compounds, well-documented for their potent 
antioxidant properties. Teschke and colleagues made clinical 
investigation analysis and concluded that most of the 
mechanistic steps leading to idiosyncratic DILI remain unclear 
[43]. Liposomes, recognized for their capacity to enhance drug 
efficacy in various medical contexts [44-46], were employed to 
encapsulate these compounds using an extrusion technique, 
yielding impressive entrapment efficiencies exceeding 80% 
for both cyanidin and delphinidin. In vitro investigations 
revealed that the free forms of these compounds could 
reduce albumin glycation by 30.5% for delphinidin and 46% 
for cyanidin. Remarkably, when formulated into liposomal 
delivery systems, glycation of albumin decreased substantially 
to 8.5% for delphinidin and 14.6% for cyanidin. Furthermore, 
in vivo experiments demonstrated that liposomal delivery 
significantly outperformed the free compounds in reducing 
albumin and HbA1c glycation rates in diabetic mice. These 
results underscore the potential of natural compound 
formulations in advancing diabetic therapy (Figure 1).

In a parallel study, Yücel and colleagues harnessed a similar 
liposomal delivery system to encapsulate resveratrol, a 
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natural compound, in two distinct forms: PEGylated and non-
PEGylated liposomes [47]. They employed a combination of 
dipalmitoylphosphatidylcholine (DPPC) and cholesterol to 
craft multi-bilayered nanoparticles with a size of 215 nm. When 
they treated diabetic (streptozotocin-induced) pancreatic cell 
lines with both resveratrol solution and resveratrol-loaded 
liposomes for 24 hours, insulin concentrations exhibited a 
notable increase, with liposomal formulations showing a more 
substantial effect, while glucose concentrations decreased. 
In vitro assessments highlighted the significant antioxidant 
activity of liposomal formulations within pancreatic cells 
compared to their free counterparts. This suggests a promising 
avenue for diabetes mellitus therapy, with a particular focus 
on alleviating oxidative stress.

Mao and collaborators delved into the potential of Echinacea 
purpurea as an antidiabetic agent. E. purpurea extract is 
known to contain an array of phenolic compounds and 
isobutylamides, showcasing antidiabetic activity. To enhance 
its effectiveness, the extract was incorporated into chitosan/
silica nanoparticles, resulting in particles with a size of 218 
nm, an entrapment efficacy of 66.9%, and a drug loading 
of 39.9%. Notably, this formulation exhibited the capacity 
to reduce oxidative stress in LC-540 cells, manifesting 
robust antioxidant activity. Significantly, in an in vivo study 
employing streptozotocin (STZ)-induced diabetes rat 
models, these nanoparticles managed to normalize blood 
glucose levels, enhance insulin resistance, and elevate 
plasma fibroblast growth factor 21 (FGF21) resistance 
compared to the free extract. This highlights the potential 
of these nanoparticles in improving diabetic therapy. Gold 

nanoparticles, an alternative type of nanoparticles, were also 
explored for their antidiabetic potential. They synthesized 
gold nanoparticles using an aqueous extract from Cassia 
fistula stem bark. Gold nanoparticles have garnered attention 
for their green synthesis using natural compounds [48,49]. 
This study encompassed various characterizations, including 
ultraviolet–visible spectroscopy, Fourier transform infrared 
spectroscopy, and scanning electron microscopy, to assess 
absorbance patterns, functional groups, and nanoparticle 
size, respectively. The outcomes demonstrated that gold 
nanoparticles prepared from C. fistula stem bark aqueous 
extract exhibited promising hypoglycemic activity compared 
to the aqueous extract. Evaluation criteria included serum 
glucose levels, body weight, kidney function, liver function, 
and lipid profile. The administration of gold nanoparticles was 
associated with a reduction in serum biochemistry parameters 
in rats with streptozotocin-induced diabetes, affirming the 
potential of C. fistula-derived gold nanoparticles to enhance 
diabetic therapy.

Drug Delivery Approaches for Bioactive Compounds 
in the Treatment of Obesity 

The utilization of drug delivery systems incorporating natural 
compounds has also found application in the realm of obesity 
treatment. Salacia chinensis, a prominent Ayurvedic medicine, 
has garnered attention for its potential pharmacological 
effects in this context. Researchers have embarked on a 
study involving gold nanoparticles loaded with S. chinensis to 
investigate its anti-obesity properties [50]. The investigation 
was conducted on obese rats subjected to a high-fat diet (HFD). 

 

 

 
Figure 1. Exploration of bioactive compounds in diabetes treatment.
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Initially, the nanoparticles were meticulously characterized 
for their physicochemical attributes, revealing a spherical 
shape with crystalline properties. In the subsequent in vivo 
study, these nanoparticles exhibited the capacity to mitigate 
several obesity-related parameters in HFD-fed rats. These 
included changes in body weight, resistin levels, adipose 
index, inflammatory markers, BMI, leptin, CRI, adiponectin, 
AI, liver marker enzymes, lipid profiles, and AMPK signaling 
proteins. Additionally, the histopathological assessment of 
the liver showcased promising outcomes, with a reduction 
in hepatocyte degradation following the administration of 
Salacia chinensis-loaded nanoparticles. In a similar vein, Ansari 
et al. employed a comparable approach by developing gold 
nanoparticles synthesized using Smilax glabra rhizome [21]. 
These nanoparticles measured 21 nm in size and exhibited 
exceptional cellular uptake properties. The administration of 
these nanoparticles to HFD-fed rats demonstrated superior 
anti-obesity activity across various parameters. These 
encompassed lipid profiles, liver markers, hormone levels such 
as leptin, adiponectin, and resistin, as well as histopathological 
evaluations.

To address the issues of bioavailability and solubility 
associated with resveratrol as an anti-obesity agent, Wan and 
colleagues formulated PLGA nanoparticles encapsulating 
resveratrol [51,52]. These nanoparticles were crafted using 
an oil-in-water emulsion method, yielding particles sized 
at 176.1 nm with a zeta potential of -22.6 mV. Moreover, 
they exhibited remarkable entrapment efficiency (97%) 
and drug loading (14.9%), coupled with sustained release 
characteristics within the gastrointestinal tract and excellent 
physical stability profiles. Importantly, when compared to 
free resveratrol, the administration of PLGA nanoparticles 
demonstrated enhanced anti-obesity activity by influencing 
lipogenesis, promoting lipolysis, and reducing hepatocellular 
proliferation. Furthermore, other researchers explored the 
isolation of cellulose nanocrystals from grapes and assessed 
their anti-obesity potential [53-63]. These nanocrystals were 
isolated using sodium hydroxide and subjected to bleaching 
with sulfuric acid. In a rat obesity model, the nanocellulose 
displayed anti-obesity activity based on observations of 
body weight, lipid profiles, liver function, and kidney function 
when compared to a positive control group given grape seed 
powder. Taking a different administration route, scientists 
devised nanofiber patches for the transdermal delivery of 
curcumin. The transdermal route has gained recognition as an 
alternative to conventional oral delivery for various drugs, with 
numerous studies indicating improved bioavailability via this 
route [64-73]. These nanofibers were created using polyvinyl 
alcohol and gelation, resulting in a formulation characterized 
by fiber diameters of 200–250 nm and high reproducibility [74-
78]. The effectiveness of transdermal delivery was evaluated 
by monitoring parameters such as body weight, blood 
parameter levels, and MRI imaging. The results indicated a 
reduction in leptin levels following transdermal curcumin 

delivery, and MRI imaging showed a decrease in adipose 
tissue by approximately 4–7%. Consequently, this highlights 
the potential of transdermal delivery as an alternative route 
for administering natural compounds in the context of obesity 
therapy [78-87].

RUCAM in Drug and Herb Induced Liver Injury

The Roussel Uclaf Causality Assessment Method (RUCAM), 
formerly known as CIOMS (Council for International 
Organizations of Medical Sciences), is a widely adopted and 
well-established tool for quantitatively assessing causality 
in suspected cases of Drug-Induced Liver Injury (DILI) and 
Herbal and Dietary Supplement-Induced Liver Injury (HILI). 
The historical background and original research validate the 
preference for using RUCAM as the sole term for future cases, 
thereby discontinuing the use of CIOMS to enhance simplicity 
and clarity. RUCAM offers a structured, standardized, and 
hepatotoxicity-specific diagnostic approach that assigns 
scores to specific key criteria. This method enables the 
assignment of quantitative causality grades for each suspect 
drug or herb in a case report. A consensus among experts from 
Europe and the United States, established in collaborative 
meetings, laid the foundation for the initial criteria of RUCAM, 
catering to the needs of clinicians and practitioners caring 
for patients with suspected DILI and HILI. Additional criteria 
were subsequently integrated into RUCAM, resulting in 
its validation and contributing to the timely and precise 
diagnosis of liver injuries. For over two decades, RUCAM has 
been successfully applied by physicians, regulatory agencies, 
authors of case reports, and pharmaceutical companies in 
numerous countries. Their hands-on experience, coupled 
with emerging data on DILI and HILI characteristics, as well 
as some ambiguities related to factors such as alcohol use 
and exclusions of non-drug causes, prompted the revision 
of RUCAM. The primary goal was to reduce variability in 
causality assessments among different observers and within 
the same observer, create clearly defined and objective core 
components, and streamline the application of its criteria. 
In this updated version of RUCAM, the authors present the 
revised scale, building upon the well-accepted original 
version. Authors recommend its use for clinical, regulatory, 
publication, and expert purposes to facilitate the valid 
establishment of causality in suspected cases of DILI and 
HILI. This updated version not only simplifies the handling of 
the criteria but also promotes an internationally harmonized 
approach to causality assessment, serving as a fundamental 
tool for practitioners in the field [88-97].

Limitations and Future Prospects

Muscle-associated metabolic disorders, particularly Type 
2 Diabetes (T2D), have been a subject of intense research 
and therapeutic development. Various strategies have 
been employed to address these conditions, focusing on 
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specific druggable proteins, including DPP4, PTB1B, SGLT, 
PPARγ, and GLP-1R. These efforts have yielded promising 
results, showcasing the potential for novel treatment 
options. To effectively combat metabolic diseases such as 
insulin resistance (IR) and T2DM, it is crucial to delve deeper 
into the molecular mechanisms of these target proteins 
and their roles in skeletal muscle (SM) metabolism [54,98-
106]. A comprehensive understanding of these processes 
is fundamental for the development of more efficient 
therapeutic approaches. Among the crucial regulatory factors 
associated with myogenesis and SM metabolism, MSTN stands 
out as a key player in the regulation of insulin resistance 
and muscle growth. Investigating these aspects further is 
imperative to refine our therapeutic strategies for managing 
metabolic conditions linked to these intricate processes. 
Throughout history, natural compounds derived from herbal 
plants have played a significant role in the treatment of SM-
associated metabolic disorders, including diabetes. The 
extensive pharmacological exploration of natural inhibitors 
or modulators that target proteins such as DPP4, PTB1B, 
SGLT, GLP-1R, and PPARγ promises to expand our knowledge 
and provide updated information about their therapeutic 
applications [79]. This review aims to contribute to the 
identification of safer natural inhibitors or agonists that target 
these specific proteins. By doing so, it aspires to enhance the 
management of diabetes and related metabolic disorders 
[106-117]. The pursuit of natural compounds as potential 
therapeutics offers a promising avenue for improving the 
treatment and care of individuals affected by these conditions.

Also, recently Teschke et.al, published a review on the 
exploration of natural products to uncover novel active 
ingredients has sparked significant interest in both clinical 
and scientific circles. These compounds hold potential for 
developing new nature-based drugs and augmenting existing 
conventional and herbal medications used in treating human 
ailments. Past and present nature-derived drugs have primarily 
originated from plants, fungi, bacteria, and occasionally from 
animals or maritime sources like algae. Future endeavors are 
likely to emphasize phytochemicals within plants, particularly 
those recognized for their therapeutic potential in traditional 
herbal medicines like Traditional Chinese Medicine (TCM). 
The authors emphasis to gain acceptance, new herbal drugs 
must demonstrate efficacy against well-defined diseases via 
randomized clinical trials (RCTs) while showcasing a favorable 
risk-benefit profile by avoiding severe adverse effects. Tropical 
plants, abundant in diverse species within tropical forests, 
warrant further clinical investigation. Despite concerns about 
potential reductions in plant numbers and diversity due to 
mismanagement, attention has gravitated toward Sustainable 
Development Goal 3 (SDG3), which reinforces global health 
and well-being within the UN’s 2030 Agenda. Overall, the 
review signifies that the development of new drugs from 
natural products could significantly contribute to improving 
health conditions and preserving well-being in alignment 
with these goals [118-120].

Conclusion

Metabolic disorders are complex conditions that often 
necessitate the use of multiple medications to achieve an 
effective pharmacological response. In this context, the 
utilization of pharmaceutical preparations derived from natural 
products holds promise as a safer option. Natural products are 
widely recognized for their lower risk of triggering harmful 
adverse effects, making them a viable choice for addressing 
metabolic disorders. However, it is essential to acknowledge 
that the slow progress of animal and clinical studies aimed at 
demonstrating the efficacy and safety of natural products has 
posed a significant challenge in advancing biomedical and 
pharmaceutical research in this field. Therefore, it is imperative 
to address this issue promptly and decisively to narrow the 
gap in providing scientific evidence supporting the benefits 
of phytochemicals derived from plants in the management 
of metabolic disorders. Such efforts are crucial for providing 
substantial support in the ongoing fight against the rising 
incidence of diseases associated with metabolic disorders.
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