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ABSTRACT

Obesity, insulin resistance, and changes in energy metabolism pose important
public health challenges due to their association with type 2 diabetes mellitus, metabolic
syndrome, low-grade chronic inflammation, and increased cardiometabolic risk. In this
context, bioactive peptides have attracted growing scientific interest because of their
ability to modulate pathways related to satiety, glycemic homeostasis, insulin signaling,
metabolic inflammation, energy expenditure, and substrate oxidation. The aim of this
systematic review was to analyze the available evidence regarding bioactive peptides
and their relationship with body weight control and insulin sensitivity. A total of 45
studies were included, encompassing reviews, in vitro studies, preclinical models,
observational studies, and randomized clinical trials. The studies were organized into six
thematic axes: dietary bioactive peptides, intestinal peptides that regulate satiety, amylin
analogs, GLP-1 agonists, dual agonists and incretin triagonists, and mitochondrial/
metabolic peptides.The results indicated that food-derived peptides from soy, egg, milk,
quinoa, fish, and macroalgae show glucoregulatory potential, especially through DPP-1V
inhibition, modulation of digestive enzymes, improved insulin signaling, and reduced
metabolic inflammation. However, this evidence is still predominantly experimental. In
contrast, GLP-1 agonists, tirzepatide, retatrutide, pramlintide, PYY3-36, and oxyntom-
odulin showed greater clinical robustness, with effects on weight reduction, satiety,
glycemic control, and energy expenditure. Peptides such as MOTS-c and adropin
broadened understanding of mechanisms related to metabolic flexibility and mitochon-
drial function. It is concluded that bioactive peptides represent a promising platform for
regulating energy metabolism, with applications ranging from functional nutrition to
advanced metabolic pharmacology.
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INTRODUCTION

Obesity, insulin resistance, and ch-
anges in energy metabolism are among
the main contemporary challenges in
public health, due to their direct associa-
tion with type 2 diabetes mellitus, meta-
bolic syndrome, metabolic fatty liver
disease, dyslipidemias, low-grade chronic
inflammation, and increased cardiovasc-
ular risk. In this context, controlling body
weight and improving insulin sensitivity
do not depend solely on calorie restricti-
on, but on a complex interaction among
food intake, energy expenditure, hormo-
nal signaling, the intestinal microbiota,
adipose tissue, skeletal muscle, the liver,
the gut-brain axis, and mitochondrial
function. Understanding these mechani-
sms has driven research into bioactive
molecules capable of modulating specific
metabolic pathways, among which bioac-
tive peptides have received increasing

attention.

Bioactive peptides are short seque-
nces of amino acids, generally released
from the hydrolysis of dietary proteins,
digestive processes, fermentation, endo-
genous metabolism, or pharmacological
development, capable of exerting specific
physiological effects on organ systems.

Different studies have shown that these

compounds may have antidiabetic, anti-
obesity, antioxidant, anti-inflammatory,
anti-hypertensive, and modulatory prop-
erties on lipid and glycemic metabolism
(1-3). In the metabolic context, bioactive
peptides can act through multiple mech-
anisms, including inhibition of dipeptidyl
peptidase IV (DPP-IV), modulation of

the enzymes a-amylase and o-

glucosidase, stimulation of incretin secr-
etion, improvement of insulin signaling,
activation of pathways such as Akt and
AMPK, reduction of inflammation in
adipose tissue, and effects on satiety and

energy intake (1,2,4,17,20).

Among the dietary sources investi-
gated, peptides derived from soy, egg,
milk, quinoa, fish, macroalgae, and prot-
ein hydrolysates stand out. Peptides obt-
ained from germinated soy have demon-
strated antidiabetic potential through the
inhibition of DPP-IV, a-amylase, and a-
glucosidase, suggesting an effect on pos-
tprandial glycemic control and on the
incretin axis (4). Similarly, hydrolysates
and peptides derived from egg white have
been associated with improved insulin
resistance in cellular and animal models,

with effects on inflammatory pathways,
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insulin signaling, and activation of the
Akt protein (5-7). Preclinical studies also
indicate that peptides derived from bov-
ine o-lactalbumin may reduce adipose
tissue inflammation and insulin resistance
in models fed a high-lipid diet (8). These

findings reinforce

Scientific interest in food peptides as
functional components capable of modu-
lating metabolic disorders associated with

excess weight.

In addition to food peptides, there is
growing interest in endogenous peptides
and peptide hormones involved in the
regulation of satiety, energy balance, and
glycemic homeostasis. The YY3-36 pep-
tide, for example, has demonstrated the
ability to reduce food intake in physiolo-
gical models and in individuals with
obesity, reinforcing the importance of the
gut-brain axis in appetite control (21,22).
Alterations in PYY release in obese
individuals have also been associated
with reduced satiety, suggesting that
intestinal hormonal dysfunctions may
contribute to the maintenance of excess
weight (23). Oxintomodulin, another in-
testinal peptide, has shown effects on

reducing body weight, decreasing energy

intake, increasing energy expenditure,

and improving glycemic regulation, ind-
icating therapeutic potential in the trea-
tment of obesity and glycemic alterations
(24— 26). Combined strategies involving
GLP-1, oxintomodulin, and PYY have
also shown favorable effects on body
weight and glycemia in individuals with
obesity, prediabetes, or type 2 diabetes
(27).

The amilinin pathway also represe-
nts a relevant axis in the regulation of
appetite and body weight. Pramlintide, a
synthetic analog of amylin, has been
evaluated in clinical trials with obese
individuals, showing progressive weight
reduction and potential for weight main-
tenance when combined with lifestyle
interventions (28,29). In addition, neur-
ohormonal combinations, such as praml-
intide in combination with metreleptin,
have demonstrated greater weight loss,
suggesting that a therapeutic approach
based on multiple peptide signals may
offer superior metabolic benefits compa-
red with isolated strategies (30). These
findings anticipate a trend observed in
modern metabolic therapies: the devel-
opment of peptide drugs that act simult-
aneously on different hormone pathways

related to satiety, insulin secretion, ene-


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

rgy expenditure, and substrate metabol-

ism.

Among the most clinically robust
peptide therapies, glucagon-like peptide 1
receptor agonists (GLP-1) stand out.
Liraglutide 3.0 mg demonstrated efficacy
in reducing body weight in adults with
overweight or obesity, including indivi-
duals with type 2 diabetes and patients
using basal insulin, linking weight loss to
improvements in glycemic parameters
(31-33). Subsequently, semaglutide 2.4
mg consolidated even more expressive
clinical evidence, with trials from the
STEP series showing clinically signific-
ant weight loss, improved glycemic out-
comes, benefit in combination with inte-
nsive behavioral therapy, weight maint-
enance with continued treatment, and
effects sustained for up to two years (34—
38). These results position GLP-1 agoni-
sts as one of the most relevant classes at
the intersection of obesity treatment,
glycemic control, and improved metabo-

lic risk.

The pharmacological evolution of
metabolic peptides has also led to the
development of dual agonists and triple
agonists, capable of simultaneously acti-

vating receptors involved in energy reg-

ulation. Tirzepatide, a dual agonist of the
GIP and GLP-1 receptors, has demonstr-
ated significant reductions in body weight
in adults with obesity or overweight, as
well as improved glycemic parameters in
individuals with type 2 diabetes (39,40).
More recently, retatrutide, an agonist of
the GLP-1, GIP, and glucagon receptors,
showed promising results in a phase 2
study, reinforcing the hypothesis that
multi-hormonal agonism may broaden the
effects on weight loss, energy metaboli-
sm, and glycemic control (41). These
findings indicate that the field of peptide
therapies has advanced from isolated
interventions to

integrated models of

metabolic regulation.

Another emerging axis involves
mitochondrial peptides and systemic re-
gulators of energy homeostasis, such as
MOTS-c and adropin. MOTS-c, a peptide
derived from the mitochondrion, has
shown the ability to promote metabolic
homeostasis, reduce obesity, and improve
insulin resistance in experimental models
(42). In humans, circulating levels of
MOTS-c have been associated with insu-
lin sensitivity in lean individuals, altho-

ugh this relationship appears to be altered

in obese individuals, suggesting possible
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interference from the metabolic state in
the signaling of this peptide (43). Adro-
pin, in turn, has been identified as a
secreted factor related to macronutrient
intake, energy homeostasis, lipid metab-
olism, and the preference for substrate
oxidation in skeletal muscle (44,45).
These peptides expand the understanding
of energy metabolism beyond the gastr-
ointestinal axis, incorporating mechani-
sms related to mitochondrial function,
metabolic flexibility, and the selection of

energetic substrates.

Despite the significant growth of the
evidence, the field of bioactive and met-
abolic peptides still shows important me-
thodological heterogeneity. While incretin
agonists and multi-agonists have multic-
enter randomized clinical trials with con-
sistent results, many food peptides are still
investigated predominantly in in vitro and
preclinical models. This difference in the
level of evidence makes direct comparison

between interventions, peptide sources,

METHODOLOGY

This is a systematic literature review,

developed with the objective of analyzing

mechanisms of action, and clinical relev-
ance difficult. In addition, aspects such as
bioavailability, gastrointestinal stability,
effective dose, long-term safety, interact-
ion with diet, impact on the intestinal
microbiota, and applicability in populati-
ons with obesity, insulin resistance, or

type 2 diabetes still require further in-

depth investigation.

In this scenario, it becomes relevant
to systematize the available evidence on
bioactive peptides and the regulation of
energy metabolism, considering their ef-
fects on weight control, insulin sensitivi-
ty, satiety, energy expenditure, and gly-
cemic homeostasis. Thus, this systematic
review aims to critically analyze studies
on dietary bioactive peptides, gastrointe-
stinal peptides, hormonal analogs, incre-
tin agonists, multiagonists, and mitoch-
ondrial peptides, seeking to understand
their contribution to weight control and
improved insulin sensitivity across diffe-

rent levels of evidence.

the available scientific evidence on the
relationship between bioactive peptides
and the regulation of energy metabolism,

with an emphasis on the effects on body
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weight control, insulin sensitivity, satiety,
energy expenditure, and glycemic home-
ostasis. The methodological conduct was
structured according to the general princ-
iples recommended for systematic revi-
ews, prioritizing transparency in the sea-
rch strategy, a priori definition of eligibil-
ity criteria, careful selection of studies,

and qualitative synthesis of the findings.

The guiding question was formula-
ted based on the following question: what
evidence is available regarding the action
of bioactive peptides—dietary, gastroin-
testinal, hormonal, incretin-based, multi-
agonist, and mitochondrial—in the regu-
lation of energy metabolism, control of
body weight, and insulin sensitivity? To
guide the selection of studies, the popul-
ation or model of interest was considered
to include individuals with overweight,
obesity, insulin resistance, type 2 diabetes
mellitus, metabolic syndrome, or related
experimental models; as the intervention
or exposure, dietary bioactive peptides,
protein hydrolysates, gastrointestinal pe-
ptides, amylin analogs, GLP-1 agonists,
dual or triagonist incretin agonists,

MOTS-c, and adropin; and as the main

outcomes, changes in body weight, food

intake, satiety, energy expenditure, insu-
lin sensitivity, glucose tolerance, glyce-
mic control, metabolic inflammation, in-

sulin signaling, and substrate metabolism.

The bibliographic search was cond-
ucted in recognized scientific databases,
including PubMed/MEDLINE, PubMed
Central, ScienceDirect, SpringerLink,
Wiley Online Library, Cambridge Core,
Nature, The New England Journal of
Medicine, The Lancet, JAMA Network,
Diabetes Care, Cell Metabolism, Nutrien-
ts, Food Chemistry, Journal of Functional
Foods, European Journal of Nutrition and
International Journal of Molecular Scien-
ces. Official editorial pages and records
with DOI were also considered when
available, in order to ensure traceability of
the included studies. The search strategy
combined controlled descriptors and free-
text terms in English related to the topic,
such as “bioactive peptides”, “food-
derived peptides”, “energy metabolism”,
“obesity”, “body weight”, “weight loss”,
“insulin sensitivity”, “insulin resistance”,
“type 2 diabetes”, “DPP-IV inhibitory
peptides”, “GLP-1 receptor agonist”, “ti-
rzepatide”, “semaglutide”, “liraglutide”,
“oxyntomodulin”, “peptide YY”, “praml-

intide”, “MOTS-c¢” and “adropin”. These
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terms were combined using Boolean ope-

rators, especially “AND” and “OR”, to
broaden the sensitivity of the search and,
at the same time, maintain direct alignm-

ent with the research question.

Studies published in peer-reviewed
scientific journals were included, availa-
ble in full text or with complete bibliogr-
aphic information, addressing directly the
relationship between bioactive peptides
and metabolic outcomes associated with
weight control, insulin sensitivity, energy
metabolism, or glycemic homeostasis.
Relevant reviews were eligible to support
the conceptual basis, as were in vitro
studies, pre-clinical studies in animal
models, observational studies in humans,
experimental clinical trials, and randomi-
zed clinical trials. Given the translational
nature of the topic, different levels of
evidence were included, provided there

was coherence with the review’s objecti-

ves and adequate bibliographic traceabil-

ity.

Studies with no direct relationship to
energy metabolism, weight control, insu-
lin sensitivity, or glycemic regulation
were excluded; articles without sufficient
bibliographic identification; publications
lacking DOI, PMID, reliable editorial

page information, or minimum traceabil-

ity data; duplicate studies; conference
abstracts without a corresponding full
article; opinion publications without an
empirical basis or structured review; and
studies that addressed peptides only in
isolated biochemical terms, without co-
nnection to the metabolic outcomes inv-
estigated. References whose identificat-
ion could not be satisfactorily confirmed
during the bibliographic validation stage

were also excluded.

The selection process occurred in
successive stages. Initially, titles and abs-
tracts were assessed for thematic releva-
nce. Next, potentially eligible studies were
examined in greater detail, considering the
type of peptide evaluated, the population
or experimental model, study design,
metabolic outcomes, and contribution to
the review question. After this screening,
the references were submitted for biblio-
graphic validation, noting full title, auth-
orship, year of publication, journal, vol-
ume, issue, pages or electronic identifier,
and DOI. At the end, 45 studies were
selected to form the review base, distrib-

uted across evidence on dietary bioactive

peptides,
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regulatory gastrointestinal satiety pepti-
des, amylin analogs, GLP-1 agonists,
dual agonists and incretin triagonists, as
well as mitochondrial peptides and regu-

lators of energy homeostasis.

Data extraction was carried out in a
standardized manner, considering the fo-
llowing information: author and year of
publication, country or study context,
type of study, peptide or peptide class
evaluated, study population or experim-
ental model, main metabolic findings,
and contribution to the systematic review.
To make the presentation of results more
appropriate to the format of scientific
publication, the studies were subsequen-
tly grouped by thematic axis, avoiding
the presentation of an excessively exten-
sive table in the body of the article. Thus,
the main synthesis was organized into six
categories: food-derived bioactive pepti-
des with glucoregulatory action; intestinal
regulatory peptides of satiety and energy
intake; amylin analogs and neuro-
hormonal strategies; GLP-1 receptor ag-
onists; dual agonists and incretin triago-

nists; and mitochondrial peptides or reg-

ulators of energy homeostasis.

The data analysis was conducted
through qualitative and narrative synthe-
sis, considering the heterogeneity of the
methodological designs, populations,
experimental models, interventions, and
outcomes assessed. No quantitative meta-
analysis was performed, since the inclu-
ded studies showed wide diversity regar-
ding the type of peptide, dose, route of
administration, intervention duration, bi-
ological model, measured metabolic pa-
rameters, and level of evidence. The
synthesis of findings aimed to identify
convergences, limitations, recurring bio-
logical mechanisms, and gaps in knowl-
edge, especially regarding the translation
of pre-clinical evidence into clinical pra-

ctice.

For interpretation purposes, the stu-
dies were classified into three main levels
of evidence. The first level included
randomized clinical trials and clinical
studies with direct peptide intervention in
humans, especially those involving lira-
glutide, semaglutide, tirzepatide, retatru-
tide,

PYY. The second level included pre-

pramlintide, oxintomodulin, and

clinical studies and mechanistic,
particularly those with food-derived pep-
tides, protein hydrolysates, MOTS-c, and

adropin. The third level included reviews
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and studies of conceptual support used to
contextualize mechanisms of action, such
as inhibition of DPP-IV, modulation of
digestive enzymes, insulin signaling,
anti-inflammatory activity, and regulation

of satiety.

Because this is a systematic review
based on secondary data previously pub-
lished, with no collection of individual
information, no intervention in human
beings, and no use of identifiable data,
there was no need to submit to an Ethics
Committee for Research. All included

studies were

properly
referenced, preserving the integrity of the
original sources and the scientific trace-

ability of'the information used.

RESULTS

This systematic review included 45
studies that investigated the relationship
between bioactive peptides and the regu-
lation of energy metabolism, focusing on
body weight control, insulin sensitivity,
satiety, energy expenditure, and glycemic
homeostasis. The selected studies covered
different levels of evidence, including

conceptual-support reviews, in vitro stu-

dies, preclinical models, observational

studies in humans, experimental clinical
trials, and multicenter randomized clinical

trials.

The analysis of the studies showed
substantial heterogeneity regarding the
origin of the peptides, the methodological
design, the populations evaluated, and the
metabolic outcomes investigated. To be-
tter organize the findings, the studies
were grouped into six thematic axes:
dietary bioactive peptides with glucoreg-
ulatory action; intestinal peptides that
regulate satiety and energy intake; amylin
analogs and neuro-hormonal strategies;
GLP-1 receptor agonists; dual agonists
and incretin triagonists; and mitochondr-
ial peptides or regulators of energy ho-

meostasis.

It was observed that the dietary
bioactive peptides corresponded to the
largest group of included studies, with a
predominance of experimental and pre-
clinical evidence. These studies addressed
peptides derived from soy, egg, milk,
quinoa, fish, macroalgae, and other prot-
ein hydrolysates, with an emphasis on
mechanisms such as DPP-IV inhibition,

modulation of digestive enzymes, impr-

oved insulin signaling, and reduced met-
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abolic inflammation (1-20). On the other  mitochondrial and metabolic peptides,

hand, studies involving GLP-1 agonists, mainly represented by MOTSc and adr-

tirzepatide, retatrutide, pramlintide, oxti- . . .

opin, contributed to expanding underst-
ntomodulin, and PYY presented a higher

_ . _ _ anding of metabolic flexibility, substrate
density of clinical evidence, especially

regarding weight reduction, glycemic oxidation, and systemic regulation of

control, and modulation of satiety (21—  energy homeostasis (42-45)
41). The

Table 1 - Distribution of the Included Studies by Thematic Axis and Type
predominant evidence

. | Number| Type p d mi at '_
T hematic axis Studies P in ip 1

inlids can ont ib icdo

They show potential
for glycemic modul-
i i - Peptides derived fr S ation through DPP-
Food bioactive pe Revisions, studies eptt es. er1ve. o SO0y L .1.1g .
. . o ] egg, milk, quinoa, fish, IV inhibition, impr-
ptides with glucor- 1-20 20 in vitro and studies . .
. ce-clinical macroalgae, and protein oved insulin signal-
egulatory action P hydrolysates ing, and reduced
metabolic inflamma-
tion.

They demonstrate

i i- Studi
Regulat(-)ry ntesti e PYY3-36, oxyntomodulin, effects on appetite
nal peptides of sat- mechanistic and . ) e
) ) 21-27 7 linical and GLP- 1/oxyntomodulin/ satiety, energy inta-
ety and energy in- ¢ 11.‘1lca PYY combination ke, energy expendit-
take experimental '
ure, and glycemia.
Strengthen the am-
. . . lin pathway as a
Amylin analogs and Clinical trials and . yimp Y .
. Pramlintide and relevant peptide
neurohormonal strat- = 28-30 3 pharmacological 5 : :
. ) pramlintide/metreleptin target for reducing
egies studies s
and maintaining
body weight.
They provide robust
Clinical trials clinical evidence for
SiElS) rfeieptor 31-38 8 randomized Liraglutide and semaglutide =~ weight loss, glycemic
agonists multicenter improvement, and

weight maintenance.

10
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Dual and tri-agonists

Randomized cl-

) ) 3941 3 inical trials and
of incretin phase 2 study
Mitochondrial pept- Preclinical
ides and regulators isti
gu 4245 4 mechanistic,
and observa-

of energy homeosta-

tional studies

sis

They show a greater
metabolic impact
through simultane-
ous activation of the
GIP, GLP- 1, and
glucagon pathways.

Tirzepatide and retatrutide

They expand unders-
tanding of peptides as
regulators of substrate

MOTS-c and adropin S
oxidation, insulin se-

nsitivity, and metabo-

lic flexibility.

The distribution of studies showed
that bioactive dietary peptides represent
an area of major scientific growth, altho-
ugh it is still characterized by a predomi-
nance of experimental studies. Within this
group, the studies highlighted effects

metabolic

promising, especially in models of insulin
resistance, syndrome metabolic and

type 2 diabetes. Egg- derived

peptides showed a relevant role in
modulating insulin signaling, with
effects on inflammatory pathways, Akt,
and AMPK (5-13). Plant-derived pepti
- des, such as soybean and quinoa,
showed potential to inhibit enzymes
related to glycemic metabolism, such as
DPP-1V, a- amylase,
glucosidase (3,4,16). Meanwhile,

and a-

peptides derived from milk,

11

fish, and macroalgae helped reinforce the
incretin and digestive action axis, mainly
through inhibition of DPP-IV and modu-
lation of'the secretion of GLP-1, GIP, and
insulin (14-20).

In studies involving intestinal pept-
ides, the findings indicated that PYY3-36
and oxyntomodulin exert relevant effects
on food intake, energy expenditure, and
glycemic homeostasis. PYY3-36 was
associated with reduced food intake and
increased satiety, while oxyntomodulin
demonstrated a dual effect, decreasing
energy intake and increasing energy ex-
penditure in overweight or obese indivi-
duals (21-26). The combination of
GLP- 1, oxyntomodulin, and PYY showed
simultaneous benefits on body weight

and glycemia, suggesting that multiho-

rmonal strategies may, in part, mimic
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metabolic responses associated with int-

egrated intestinal signaling (27).

The analogs of amylin, especially
a pramlintide,
demonstrated potential for progressive
reduction in body weight and maintena-
nce of weight loss when combined with
A the

lifestyle interventions.

combination

pramlintide/metreleptin also

showed a greater effect on weight loss,
indicating that combined neurohormonal
approaches may enhance therapeutic re-
sponses in individuals with obesity (28—
30). These findings reinforce that weight
control involves multiple peptidergic pa-
thways related to satiety, central signali-

ng, and neuroendocrine regulation.

Among the clinical studies with the
greatest robustness, GLP-1 receptor ago-
nists stood out. Liraglutide 3.0 mg sho-
wed efficacy in reducing weight in adults
who were overweight or obese, including
populations with type 2 diabetes and
individuals using basal insulin (31-33).
Semaglutide 2.4 mg demonstrated even
more striking results, with clinically sig-
nificant reductions in body weight, imp-
roved glycemic control, benefit in comb-

ination with intensive behavioral therapy,

12

and maintenance of effects in the long
term when treatment was continued (34—
38). These studies formed the most cons-
istent body of clinical evidence from the

review.

Dual and triagonist incretin agonists
represented an important evolution in
peptide therapies. Tirzepatide, by activa-
ting the GIP and GLP-1 receptors,

demonstrated substantial

reductions in body weight in adults with
obesity or overweight, alongside impro-
ved glycemic outcomes in individuals
with type 2 diabetes (39,40). Retatrutide,
an agonist of the GLP-1, GIP, and
glucagon receptors, showed promising
results in a phase 2 study, suggesting that
simultaneous stimulation of multiple

hormonal axes may enhance the effects

on weight loss and energy metabolism

(41).

Finally, mitochondrial peptides and
regulators of energy homeostasis added a
relevant mechanistic dimension. MOTS-c
was associated with improved metabolic
homeostasis, reduced insulin resistance,
and protection against obesity in exper-
imental models, while human studies
observed an association between circula-
ting levels of MOTS-c and insulin sensi-

tivity in lean individuals (42,43). Adrop-
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in, in turn, has been linked to the regula-

tion of macronutrient intake, lipid meta-

bolism, and substrate oxidation prefere-

nce in skeletal muscle (44,45). These

findings indicate that certain

Table 2 - Synthesis of the main metabolic

studies

M
m t béli o

ni mo

id ntifi do

P ptid o ou la

la ionado

Peptides act not only on satiety or hor-

monal secretion,

but also in cellular

processes related to metabolic flexibility

and the use of energy substrates.

mechanisms identified in the included

D f ho m tabdli os

a iado

Int p tacdo dos a hado

Inhibition of DPP-
IV and modulation
ofthe incretin axis

Modulation of
digestive enzymes

involved in car-

bohydrate metab-
olism

Improves insulin
signaling in metabo-

lic tissues

Reduction of meta-

bolic inflammation

Increased satiety and

reduced food intake

Increase in energy
expenditure and
modulation of ene-
rgy balance

Soy, milk, fish, macr-

oalgae, quinoa peptid-

es, and protein hydro-
lysates

Soy and quinoa pep-
tides

Peptides derived from
egg white, IRW, and
protein hydrolysates

Egg, milk, and prot-
ein hydrolysate pep-
tides

PYY3-36, oxynto-
modulin, pramlinti-
de, GLP- 1, and co-
mbined therapies

Oxinomodulin, reta-
trutide, adropin, and
MOTS-c

4,14-20

4,16

6,8,10-13

21-31,3441

24-27,41-45

13

Potential increase in
incretin activity, imp-
roved insulin secretion,
and glycemic regulat-
ion

Inhibition of a-amylase
and a-glycosidase,
with possible reduction
of the postprandial
glycemic response

Increased signaling via
Akt and AMPK impr-
oves glucose tolerance

and insulin sensitivity

Mitigation of infla-
mmatory changes as-
sociated with obesity,

adipose tissue, and
metabolic syndrome

Reduced energy in-
take, weight loss,
and improved appe-
tite control

Elevation of energy
expenditure, regulat-
ion of substrate oxida-
tion, and improvement
of energy homeostasis

Represents one ofthe most
frequent mechanisms among
dietary peptides, although still
with a predominance ofin

vitro and preclinical evidence.

Suggests a potential applica-
tion of dietary peptides in
glycemic control associated
with the digestion and abso-
rption of carbohydrates.

Demonstrates a direct metab-

olic effect in skeletal muscle,

liver, and adipose tissue, esp-
ecially in insulin resistance

models.

Strengthens the link between
the peptides’ anti-
inflammatory action and im-
proved insulin sensitivity.

Highlights the role ofthe gut—
brain axis and neuroendocrine

signaling in weight regulation.

It indicates that some pept-

ides act not only by reduc-

ing food intake, but also by

modifying energy metabol-
ism.
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Clinical improve- = Liraglutide, semaglu-

ment in body weight  tide, tirzepatide, and 3141
and blood glucose retatrutide
Regulation
of metabolic
flexibility MOTS-c and adropin 42-45

and substrate
oxidation

Significant weight It constitutes the most robust

loss, reduction in set of clinical evidence from
the review, with a direct imp-
act on obesity and type 2

diabetes.

glycemic parameters,
and long-term wei-

ght maintenance

Improves insulin resi- ' Expands understanding of
stance, lipid metabol- eptides as systemic medi
ism, and the prefere- pep .

nce for substrate oxi- ators of energy homeostasis

dation in muscle and mitochondrial function.

Overall, the results indicated that bioact-
ive peptides act on multiple levels of
metabolic regulation. Dietary peptides
showed potential mainly through enzym-
atic, anti-inflammatory mechanisms and
improvement of insulin signaling, altho-
ugh most of the evidence is still focused
on preclinical or in vitro studies. Gastro-
intestinal peptides, hormonal analogs, and
peptide drugs, on the other hand, presen-
ted more robust clinical evidence, espec-
ially in outcomes related to weight redu-

ction, glycemic control, and modulation

of satiety.

The synthesis of the findings suggests
that the effects of bioactive peptides on
energy metabolism and insulin sensitivity
do not occur through a single mechanism.
Instead, they involve a network of integr
- ated actions that includes digestion
and absorption

of carbohydrates, the

incretin
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axis, insulin secretion, muscle and hepatic
signaling, inflammation in adipose tissue,
satiety, energy expenditure, mitochondrial
function, and metabolic flexibility. This
diversity of mechanisms explains the
growing relevance of peptides both as
functional components of dietary origin
and as a foundation for modern pharmac-

ological therapies aimed at treating obes-

ity and type 2 diabetes.

DISCUSSION

The findings of this systematic rev-
iew demonstrate that bioactive peptides
constitute a broad and heterogeneous
class of molecules with relevant potential
in regulating energy metabolism, contro-
lling body weight, and improving insulin
sensitivity. Analysis of the 45 included
studies showed that peptides may act



http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

through different physiological and mol-
ecular pathways, including modulation of
the incretin axis, inhibition of digestive
enzymes, improvement of insulin signal-
ing, reduction of metabolic inflammation,
regulation of satiety, increased energy
expenditure, control of substrate oxidat-
ion, and influence on mitochondrial fun-
ction. This diversity of mechanisms rei-
nforces the importance of peptides as
multifunctional metabolic agents, both in
the field of functional nutrition and in the
of

development therapies

modern pharmacological.

One of the main findings of this
review was the distinction between the
levels of evidence available for different
peptide classes. Food-derived bioactive
peptides showed a predominance of in
vitro, preclinical studies, and mechanistic
reviews, whereas GLP-1 agonists, dual
GIP/GLP- 1 agonists, and incretin triago-
nists concentrated more robust clinical
evidence, especially through multicenter
randomized clinical trials (31-41) . This
difference is relevant because it indicates
that, although food peptides have impor-
tant biological plausibility, there is still a

translational gap between experimental

15

findings and their direct clinical applica-
tion in humans. In contrast, peptide-based
drugs that act on specific hormonal pat-
hways have already demonstrated consi-
stent clinical impact in obesity and type 2

diabetes.

Soy-, egg-, milk-, quinoa-, fish-, and
macroalgae-derived food peptides dem-
onstrated promising mechanisms related
to glycemic control and insulin resistan-
ce. Among the most recurring mechani-
sms, inhibition of dipeptidyl peptidase IV
(DPP-1V) stood out—an enzyme respon-
sible for degrading incretins such as
GLP-1 and GIP. Inhibiting this enzyme
may help prolong incretin activity, pro-
moting glucose-dependent insulin secre-
tion and improving glycemic control
(4,14-20). In addition, some peptides
showed the ability to inhibit a-amylase
and a-glucosidase, suggesting a possible
effect on the digestion and absorption of
carbohydrates, with a potential impact on
postprandial glycemia (4, 16). These fin-
dings bring food peptides closer to met-
abolic strategies already established in the
treatment of diabetes, although it is still

necessary to prove their clinical efficacy

in controlled human studies.
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Another relevant aspect was the role
of food-derived peptides in insulin signa-
ling in metabolically active tissues. Stud-
ies with peptides derived from egg white,
including protein hydrolysates and speci-
fic sequences such as IRW, showed imp-
roved glucose tolerance, activation of
pathways such as Akt and AMPK, and
attenuation of diet-induced insulin resist-
ance from a high-fat diet or inflammatory
stimuli (5-13). Akt pathway activation is
particularly relevant due to its relationship
with insulin-mediated glucose uptake,
while AMPK acts as a cellular energy
sensor, promoting fatty acid oxidation,
glucose uptake, and energy balance. Thus,
the results suggest that certain food-
derived peptides may act not only in
nutrient digestion or on the incretin axis,
but also in pathways intracellular

directly

related to insulin sensitivity.

The relationship between metabolic
inflammation and insulin resistance also
appeared as an important axis in the
evaluated studies. Obesity is often acc-
ompanied by chronic low-grade inflam-
mation in adipose tissue, with the invol-
vement of pro-inflammatory cytokines,

oxidative stress, and adipocyte dysfunct-

16

ion. Studies included in this review

showed that egg white hydrolysates and
bovine a-lactalbumin were able to mod-
ulate inflammatory markers and improve
insulin resistance in experimental models
(6,8, 10—13). This observation is relevant
because it reinforces the hypothesis that
some of the metabolic effects of bioactive
peptides may result from reducing syst-
emic and tissue inflammation, favoring

an improved response to insulin.

Despite these promising findings,
clinical extrapolation of food-derived
peptides should still be done with cauti-
on. Much of the research uses models
cellular, digestion
simulated gastrointestinal conditions or
animals fed hyperlipidemic diets. Alth-
ough these models are useful for identif-
ying mechanisms and selecting bioactive
fu-
the

candidates, they do not reproduce

lly
the complexity of human metabolism.
Aspects such as bioavailability, gastroin-
testinal stability, intestinal absorption,
hepatic metabolism, effective dose, food
matrix, interaction with the microbiota,
and long-term safety still represent impo-
rtant limitations. Therefore, at this time,
food-derived peptides should be interpre-

ted as compounds with functional and
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translational potential, but still dependent

on further clinical validation.

In contrast, gastrointestinal peptides
and peptide-based drugs showed more
consistent clinical evidence. PYY3-36
demonstrated reducing food intake and
increasing satiety, reinforcing the role of
the gut-brain axis in appetite regulation
(21,22) . The lower release of PYY
observed in obese individuals suggests
that intestinal hormonal alterations may
contribute to impairments in perceived
satiety and to the maintenance of a
positive energy balance (23). These
findings indicate that obesity should not
be understood only as a result of excess-
ive caloric intake, but as a condition
associated with complex neuroendocrine

changes that influence hunger, satiety,

food reward, and energy expenditure.

Oxyntomodulin also stood out for
having a dual action in reducing energy
intake and increasing energy expenditure
(24,25) . This

relevant, since most anti-obesity interve-

profile is particularly
ntions act predominantly by reducing
food intake. The possibility of simultan-

eously modulating appetite and energy

17

expenditure makes oxyntomodulin and
related strategies attractive for the deve-
lopment of metabolic therapies. In addit-
ion, the glucoregulatory effects of the

oxyntomodulin, including

independent of weight loss, suggest that
their benefits may involve direct mecha-
nisms on hormonal secretion, insulin
sensitivity, and glycemic homeostasis
(26). The combination of GLP-1, oxyn-
tomodulin, and PYY reinforces the rati-
onale for multihormonal therapies, which
are capable of partially reproducing the
integrated intestinal signaling observed

after dietary changes or metabolic inter-

ventions (27).

The amylin pathway, represented by
pramlintide, showed an important contr-
ibution to weight control. Pramlintide
demonstrated a progressive reduction in
body weight and favored maintenance of
weight loss when combined with a beha-
vioral intervention (28,29). The pramlin-
tide/metreleptin combination also sugge-
sted potential to amplify weight-loss
effects through an integrated neuro-
hormonal approach (30). These findings

indicate that modulation of satiety and

central control of food intake does not
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depend exclusively on the GLP-1 axis,

but may involve other anorexigenic pep-

tides with complementary action.

GLP-1 receptor agonists were the
group with the greatest clinical consiste-
ncy in this review. Liraglutide 3.0 mg
showed efficacy in weight reduction in
individuals with overweight or obesity,
including patients with type 2 diabetes
and patients using basal insulin (31-33).
However, the most striking results were
observed in studies with semaglutide 2.4
mg, which demonstrated clinically signi-
ficant reductions in body weight, impro-
vement in glycemic parameters, additio-
nal benefit when combined with intensive
behavioral therapy, and maintenance of
effects with continued treatment (34-38).
These results reinforce the central role of
GLP-1 agonism in contemporary obesity
therapy,
especially by integrating effects on sati-
ety, gastric emptying, glucose-dependent

insulin secretion, and glycemic control.

The emergence of dual and tri-
agonists represents one of the most impo-
rtant developments in the field. Tirzepat-
ide, a dual GIP/GLP-1 agonist, showed

significant reductions in body weight and

18

improved glycemic outcomes in individ-
uals with obesity, with or without type 2
diabetes (39,40). Retatrutide, in turn, by
activating GLP-1, GIP, and glucagon
receptors, demonstrated promising results
in a phase 2 study, suggesting that simul-
taneous stimulation of multiple hormone
receptors may produce a greater metabolic
impact (41). These findings indicate a
shift in paradigm: peptide-based therapy
for obesity is moving away from focusing
on a single pathway and advancing toward
integrated interventions targeting satiety,
insulin secretion, energy expenditure, and
hepatic metabolism.

Meanwhile, even among peptide
drugs with robust clinical evidence, rel-
evant questions remain. The maintenance
of effects appears to depend on ongoing
therapy, as observed in studies with
semaglutide (37). In addition, long-term
data are still needed on safety, adherence,
individual response, maintenance of lean
mass, expanded cardiometabolic effects,
and the impact after discontinuation.
Cost, access, and the need for clinical
follow-up are also relevant aspects for
implementing these therapies at scale.

Thus, although incretin agonists represent

a substantial advance, their incorporation
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should be accompanied by strategies for
comprehensive patient monitoring and

management.

Mitochondrial peptides and regula-
tors of energy homeostasis, such as
MOTS-c and adropin, add an innovative
perspective to the discussion. MOTS-c
has been shown to improve metabolic
homeostasis, reduce obesity, and attenu-
ate insulin resistance in experimental
models (42). In humans, the association
between plasma MOTS-c¢c and insulin
sensitivity in lean individuals suggests
translational relevance, although the lack
of this association in obese individuals
indicates possible resistance, regulatory
dysfunction, or alteration of the mitoch-
ondrial axis in compromised metabolic
states (43). Adropin, in turn, has been
associated with energy homeostasis, lipid
metabolism, and substrate oxidation pre-
ference in muscle (44,45). These findings
expand the field of metabolic peptides
beyond classical intestinal and hormonal
regulation, incorporating mechanisms

related to mitochondrial function and

metabolic flexibility.

The integration of the results sugge-

sts that bioactive peptides exert metabolic

19

effects across three major dimensions.
The first involves the digestive and
incretin  dimension, characterized by
DPP-1V inhibition, modulation of GLP-1/
GIP secretion, and possible control of
postprandial glycemia. The second invo-
lves the cellular and inflammatory dim-
ension, marked by improved insulin sig-
naling, activation of Akt/AMPK, and
reduced metabolic inflammation. The
third involves the neuroendocrine and
energy dimension, consisting of effects
on satiety, food intake, energy expendit-
ure, substrate oxidation, and mitochond-
rial function. This integrated approach
helps explain why peptides may have

simultaneous effects on body weight,

glycemia, and insulin sensitivity.

A relevant contribution of this rev-

iew 1is to demonstrate that bioactive

peptides should be understood within a
translational continuum. At one end,
there are food-derived peptides and prot-

ein hydrolysates with evidence

predominantly experimental, but with

high potential for the development of
functional foods, nutraceuticals, or adju-
vant compounds. At the other end are
already established or emerging peptide

drugs, such as liraglutide, semaglutide,
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tirzepatide, and retatrutide, with robust
clinical evidence and direct use in obesity
and type 2 diabetes. Between these poles

are gastrointestinal peptides, hormone

analogs, and mitochondrial peptides,
which have relevance both physiologica-

lly and therapeutically.

The limitations of this review should
be considered. The main limitation arises
from the heterogeneity of the included
studies, which varied in methodological
design, type of peptide, dose, route of
administration, population, experimental
model, intervention time, and outcomes
assessed. This heterogeneity prevented
the performance of a quantitative meta-
analysis and required a qualitative synt-
hesis of the findings. In addition, a
significant portion of studies with food
peptides was conducted in in vitro or
animal models, reducing the strength of
clinical inference. Another relevant point
is that clinical studies with peptide drugs
generally show greater methodological
rigor, structured funding, and larger sa-
mples, which may lead to an imbalance
when comparing with nutritional and

experimental studies.

Despite these limitations, the results

have important implications for research
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and clinical practice. In the research field,

there is a need for well-designed clinical

trials evaluating specific food peptides,

standardized doses, bioavailability,

Safety and efficacy in individuals with
obesity, insulin resistance, or type 2
diabetes. Studies are also needed to
investigate the interaction between bioa-
ctive peptides, the intestinal microbiota,
metabolic inflammation, and individual
response. In the clinical field, the results
reinforce the value of incretin and multi-
agonist peptide therapies, while pointing
to the future potential of nutritional and

nutraceutical strategies based on bioact-

ive peptides.

Thus, this review shows that bioac-
tive peptides represent a relevant scienti-
fic frontier in regulating energy metabol-
ism. While food peptides offer a promis-
ing perspective for prevention and met-
abolic support, hormonal and pharmaco-
logical peptides have already demonstra-
ted robust clinical efficacy in the treat-
ment of obesity and type 2 diabetes. The
nutrition,

convergence  between

endocrinology, biotechnology, and pept-
ide pharmacology is likely to expand
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therapeutic possibilities for weight cont-

rol, improved insulin sensitivity, and

prevention of metabolic complications.

CONCLUSION

This systematic review showed that
bioactive peptides play a relevant role in
the regulation of energy metabolism, in
the control of body weight, and in modu-
lating insulin sensitivity, acting through
multiple and complementary mechanis-
ms. The analyzed evidence indicates that
these molecules can influence digestive,
incretin, hormonal, inflammatory, cellul-
ar, mitochondrial, and neuroendocrine
pathways, reinforcing their importance as
metabolic agents of scientific and thera-

peutic interest.

Dietary bioactive peptides, derived
from sources such as soy, egg, milk,
quinoa, fish, macroalgae, and protein
hydrolysates, showed promising potential
for improving glycemic homeostasis,
especially through DPP-IV inhibition,
modulation of enzymes related to carb-
ohydrate digestion, reduction of metabo-

lic inflammation, and improved insulin

signaling. However, most of this evide-
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nce is still concentrated in in vitro and
preclinical studies, which limits their
immediate translation into broad clinical
recommendations. Thus, although they
represent a relevant area for the develo-
pment of functional foods, nutraceuticals,
and adjuvant strategies, controlled clini-
cal trials are still needed to confirm
efficacy, safety, the ideal dose, and appl-

icability in humans.

Gastrointestinal and neurohormonal
peptides, such as PYY3-36, oxyntomod-
ulin, and pramlintide, have shown impo-
rtant involvement in the control of satiety,
food intake, energy expenditure, and
weight reduction. These findings reinfo-
rce that control of body weight involves a
complex network of hormonal signals,
and not just isolated caloric balance. The
integrated action of these peptides sugg-
ests that combined therapeutic approac-
hes may offer superior benefits, especia-
lly when targeted simultaneously to hu-
nger, and

satiety, energy expenditure,

glycemic control.

Among the interventions with the
greatest clinical robustness, GLP-I rece-
ptor agonists stood out, such as liraglut-
ide and semaglutide, as well as dual

agonists and incretin triagonists, such as
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tirzepatide and retatrutide. These peptide
drugs have demonstrated consistent effe-
cts on weight loss, improved glycemia,
weight maintenance, and metabolic con-
trol in individuals with overweight, obes-
ity, and type 2 diabetes. Such results
consolidate peptide therapies as one of
the main contemporary frontiers in the
treatment of obesity and associated met-

abolic disorders.

Mitochondrial peptides and regula-
tors of energy homeostasis, such as
MOTS-c and adropin, broaden the unde-
rstanding of the role of peptides in
metabolism by demonstrating an associa-
tion with insulin sensitivity, substrate
oxidation, lipid metabolism, and metabo-
lic flexibility. Although they are still in a
more exploratory stage compared with
incretin agonists, these peptides represent
a promising field for future investigations

into mitochondrial function, insulin resi-

stance, and energy adaptation.

In general, the results of this review
indicate that bioactive peptides should be
understood as an expanding biological
and therapeutic platform, with potential

applications ranging from functional nut-
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rition to advanced metabolic pharmaco-
logy. The main strength of the clinical
evidence currently lies with incretin pep-
tide drugs and multi-agonists, while food-
and mitochondrial-derived peptides still
require greater translational validation.
Therefore, future research should priorit-
ize well-designed clinical trials, dose
standardization, assessment of bioavaila-
bility, long-term safety, interaction with
the gut microbiota, and identification of
populations that may benefit more signi-

ficantly from these interventions.

It is concluded that bioactive pepti-
des represent a promising and scientifica-
lly relevant strategy for modulating ene-
rgy metabolism, weight control, and im-
proving insulin sensitivity. Their integr-
ated action on satiety, blood glucose,
inflammation, insulin signaling, and me-
tabolic flexibility positions this class of
molecules as one of the most strategic
areas for the development of new preve-
ntive and therapeutic approaches for
obesity, insulin resistance, and type 2

diabetes mellitus.
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