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Abstract: Type 2 diabetes mellitus (T2DM) is characterized by hyperglycemia. Proteins in 
plant sources that enable the maintenance of the glycemic profile may be of interest in the 
context of T2DM. However, their mechanisms of action are unclear, unlike other bioactive 
compounds. This systematic review identified and described the mechanisms of action of 
isolated and purified proteins and peptides extracted from vegetables on the reduction of 
blood glucose in T2DM in experimental studies. The research was done in PubMed, 
ScienceDirect, Scopus, Web of Science, Embase and Virtual Health Library (VHL) databases 
in March 2019. The initial search retrieved 916 articles, and, after reading the title, abstract 
and keywords, 24 articles were eligible for full reading. Then, five articles were eligible to 
build this systematic review. The evaluation of the evidence and the strength of the recom
mendations of the studies was evaluated with the SYstematic Review Center for Laboratory 
animal Experimentation - SYRCLE. Studies with proteins or peptides extracted from soy
bean (Glycine max), corn (Zea mays), peas (Pisum sativum), costus (Costus igneus) and 
ginseng (Panax ginseng) were found, and all of them decreased glycemia but not by the same 
mechanisms. The mechanism of action of proteins extracted from Glycine max, Pisum 
sativum, Costus igneus were similar, acting in the insulin-mediated pathways. The peptide 
derived from Zea mays increased GLP-1 expression, and the peptide from Panax ginseng 
reduced NF-kB signaling, both resulting in stimulating the release of insulin. Therefore, 
bioactive proteins and peptides of plant sources act through biochemical pathways, in the 
modulation of insulin resistance and the hyperglycemic state. These compounds are promis
ing in scientific research on T2DM, because there is a probable similarity of these proteins 
with insulin, which enables them to act as insulin-like molecules. 
Keywords: hyperglycemia, hyperinsulinemia, bioactive proteins, plant proteins, plant 
peptides, hypoglycemic agent

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by a state of hyper
glycemia. Among the types of DM, the most prevalent is type 2 diabetes mellitus 
(T2DM), occurring in about 95% of diabetes cases worldwide, with obesity being 
the most relevant risk factor for the clinical onset of the disease, with an excess of 
adipose tissue triggering the insulin resistance process.1

After meals, insulin concentrations increase in circulation. This hormone, pro
duced by β-pancreatic cells, is largely responsible for regulating the entry of 
glucose into muscle and liver cells.2 This increase occurs because, after the insulin 
binds to its membrane receptor (insulin receptor or IR), there is a conformational 
change in the structure of the IR leading to its self phosphorylation in tyrosine 
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residues, this process allows the signal transduction inside 
the cell. After this process, insulin receptor substrates 1 
and 2 (IRS-1 and IRS-2) are also phosphorylated in 
tyrosine.2 Then, phosphatidylinositol-3 kinase (PI3-K) is 
associated with IRSs leading to phosphorylation of phos
phatidylinositol bisphosphate (PIP2) to generate phospha
tidylinositol triphosphate (PIP3). These phosphorylations 
allow the phosphatidylinositol dependent kinase (PDK) to 
be phosphorylated. Consequently, the distal molecule of 
the insulin pathway, the protein kinase B/Akt (Akt) is 
phosphorylated in the serine/threonine residues and this 
promotes an important signal for the translocation of the 
type 4 glucose transporter (GLUT-4) from sarcoplasm to 
sarcolemma, taking up glucose from the extracellular med
ium to the intracellular medium.3

Insulin, a hormone composed of two polypeptide 
chains containing 51 amino acids, acts primarily on per
ipheral tissues, mainly in muscles and liver.4 The mediator 
of insulin action is its receptors, Insulin Receptor Substrate 
(IRS), which are a protein family, and IRS-1 was the first 
member to be identified. These proteins trigger a signaling 
complex and one of the most studied involves the ampli
fication of phosphoinositide 3-kinase (PI3K), which acti
vates protein kinase B - AKT and culminates, among 
several aspects, in glycolysis and gluconeogenesis. This 
activation directly implicates in glucose homeostasis 
through glucose uptake through the cell membrane by 
glucose transporter (GLUT).5

Despite the detailed knowledge of the mechanism of 
action of insulin,2,3 and how most hypoglycemic agents 
act,4 the search for molecules with insulin-like activity is 
incessant. This effort is justified considering the effective
ness of this peptide, insulin, in the process of regulating 
blood glucose. It is known that the use of synthetic insulin 
has been a game-changer in the treatment of both T1DM 
and T2DM.6 However, looking for molecules or com
pounds with insulin-like characteristics, natural, mainly 
of plant origin, undoubtedly also assume a prominent 
role in this search for new therapies. Notably, in an attempt 
to minimize the state of insulin resistance and conse
quently control T2DM and also T1DM.

The metabolic state of insulin resistance causes the 
initial state of hyperglycemia, which can culminate in 
T2DM. Insulin resistance causes a reduction in glucose 
tolerance, and if this condition persists, it creates 
a decrease in pancreatic β cell mass, and culminates in 
the establishment of T2DM.7

T2DM is associated with several comorbidities such as 
cardiovascular diseases,7 severe inflammatory state,8 

neoplasms9,10, retinopathy and nephropathy.11 Thus, indi
viduals affected with T2DM need constant glycemic con
trol and, for this reason, researches have sought 
therapeutic agents that enable the maintenance of the gly
cemic profile, especially those of natural origin. Several 
studies12–15 show the effect of vegetables on some meta
bolic disorders. However, little has been published on the 
mechanisms of action that involve control in the insulin 
resistance process and most of the publications were done 
in experimental models. Besides, most of these studies 
evaluated plant extracts, which present several compo
nents. This variety of compounds present in these extracts 
comprises the specification of which molecules perform 
the biological activity.8,11

Among bioactive compounds, proteins and peptides, of 
plant sources, have received attention from the scientific 
community concerning research on their hypoglycemic 
potential. Their mechanisms of action on glycemic control 
have not been appropriately explained, and few studies 
defined protein structures, with their respective defined 
amino acid sequences and conformation.12,13

This systematic review identifies and describes the 
action of isolated or purified proteins and peptides 
extracted from vegetables on the control of glycemia in 
T2DM in experimental studies. Also, this work analyzes 
the potential of these compounds as insulin-like proteins.

Methodology
The construction of this systematic review followed the 
methodological criteria established by the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyzes Protocols (PRISMA-P),14 and the guidelines of 
the Systematic Review Centre for Laboratory Animal 
Experimentation – SYRCLE.15

The protocol for the construction of the systematic 
review was registered in the International Prospective 
Register of Ongoing Systematic Reviews - PROSPERO, 
under the number: CRD42019110956, and was based on 
the protocol described by de Medeiros et al.16

Search Strategies
The articles were accessed through electronic searches in 
March 2019, in the databases: PubMed; ScienceDirect; 
Scopus; Web of Science; Embase and Virtual Health 
Library (VHL). Manual searches were performed, and 
the search strategies are described in Table 1.
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The searches in the databases were performed on 
a computer with the IP of the Federal University of Rio 
Grande do Norte (UFRN), which allows access to all articles 
in each indexed database, through the “Portal de Periódicos 
Capes” at Brazil. The search in the Embase database was 
performed out by the University of São Paulo (USP).

Inclusion and Exclusion Criteria
Inclusion Criteria
Studies with male mice or rats with experimental T2DM (all 
species) with or without obesity were included. The treatment 
of T2DM was using purified or isolated proteins or peptides of 
plant sources. All times, frequencies and dosages used during 
the treatment of the selected studies were eligible for inclusion. 
Studies should present in their experimental design: well- 
defined groups of animals for evaluation and comparison of 
results, the substance used for the control group, whether it was 
a carrier solution (for example distilled water or saline) and/or 
known drugs for T2DM (for example insulin, metformin). 
Studies that presented measurements of serum glucose results 
and/or fasting serum insulin levels were included. Articles in 
all languages, original articles and indexed ones were included.

Exclusion Criteria
Studies with other animals, animals with experimental 
diabetes with comorbidities (except obesity), studies that 
used only an ex vivo approach, in vitro or in silico models 

were excluded. Studies related to the treatment of diabetes 
with plant extracts, non-protein vegetable origin, animal 
protein and non-response studies, case studies, cross- 
studies, studies without a separate control group and 
those without relevant results reported were excluded. 
The materials from the gray literature and the review 
articles were also excluded.

Data Extraction Process
The selection of articles started with the reading of the 
title, abstract and keywords without limitations of publica
tion dates. Then the full text was read, in which the 
documents were analyzed to verify if they met the defined 
inclusion criteria.

The next step was the complete reading of the articles 
included in the systematic review. Qualitative assessment 
of the articles was performed with the SYRCLE Protocol. 
The scores were established according to compliance with 
the ten items of the protocol.

The full text was then read for data extraction: biblio
graphic data (authors, year of publication, publication per
iod), characteristics of the animal model (species, lineage, 
age, sex, diabetic), of the exposure (protein or peptide, 
administration time, dose, frequency and route of expo
sure), of the study design (number of animals in the 
experimental and control groups, duration of follow-up 
and data collection time). The following outcomes were 
assessed: serum glucose and/or insulin (mg/dL), HOMA- 
IR index, glycated hemoglobin (HbA1C), oral glucose 
tolerance test (OGTT), oral insulin tolerance test (OITT).

Risk of Bias and Quality Evaluation
Two researchers were responsible for independent read
ings, inserted in Mendeley® software. Doubts were clar
ified with the help of a third researcher. Discrepancies 
were solved with the help of a third researcher. The 
reviewers were previously trained and calibrated to ensure 
uniformity in the evaluation of the criteria, and Cohen’s 
kappa concordance coefficient ranged from 0.6 to 1.0, with 
an average of 0.8. The evaluation of the evidence and the 
strength of the recommendations of the studies was eval
uated with the SYstematic Review Center for Laboratory 
animal Experimentation - SYRCLE.15 The specifications 
for the assessment of each SYRCLE item for this review 
are described in the protocol.16

SYRCLE, a tool for analyzing the risk of bias, is 
designed specifically for animal studies. The SYRCLE 
consists of ten questions used to select and detect the 

Table 1 Search Strategies for Databases

Databases Search Strategies

PubMed (Hyperglycemia or Hyperinsulinism) and (Plant 
Proteins) and (Hypoglycemic Agents) and (Diabetes 

Mellitus, Type 2 or insulin resistance) 

Filter: Species: other animals

ScienceDirect (Diabetes Mellitus, Type 2 or insulin resistance) and 

(Plant Proteins) and (Bioactivity) 
Filter: Article type: Research articles

Scopus (Diabetes Mellitus, Type 2 or insulin resistance) and 

(Plant Proteins) and (Bioactivity) 

Research: article tittle, abstract, keyword.

Web 

of Science

(Plant Proteins) and (Diabetes Mellitus, Type 2) and 

((insulin resistance) or (Hypoglycemic Agents))

BVS (Diabetes Mellitus, Type 2 or insulin resistance) and 

(Proteins or Peptides) and (Bioactivity)

Embase “Plant Proteins” AND “‘Diabetes Mellitus, Type 2” 

AND “insulin resistance” OR “Hypoglycemic Agents 
OR proinsulin”
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performance, attrition and bias of the scientific articles 
included in the studies. The tool items were scored with 
“yes”, indicating low risk of bias or “No”, indicating high 
risk of bias.15 The specifications for the assessment of 
each SYRCLE item for this review are described in the 
study protocol.16

Results
Selection and Characteristics of Studies
Figure 1 shows the flowchart of the processes for selecting 
the studies. Using the specific search strategies for each 
database, a total of 916 articles were found, of which 46 

were duplicated, leaving 870 publications for analysis. 
After screening the title, abstract and keywords, 24 articles 
were selected for full-text screening, and 05 publications 
were eligible to be included in the systematic review.

Risk of Bias and Quality Evaluation
The risk of bias and the methodological quality of the studies 
were evaluated in the five articles chosen for the construction 
of the study. The individual scores of the SYRCLE tool and 
the methodological quality indicators of each included study 
are provided, as shown in Table 2.

Considering selection bias, no study presented 
a method for generating sequences (0%; Q1). Although 

Figure 1 Flowchart for selection of study articles based on PRISMA-P.
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Table 2 Characteristics of the Studies Selected for the Systematic Review

Author 

(Year)

Study 

Quality

Exposure 

Protein

Species (Lineage), Weight 

Range, Age and Number 

of Animals per Group

T2DM Induction Diets Offered Dosage, 

Frequency, 

Duration and 

Administration

Diagnosis of 

T2DM

Lu et al17 5/10 

(50%)

Soybean 

(Glycine max) 

peptide 

aglycin

Male BALB/c mice with 18 to 

22 g, age not reported and n= 

8 and n=16 per group

Induced by feeding 

with a high-fat diet 

with 40% of fat, 41% 

of carbohydrate and 

18% of protein for 5 

weeks, and then 

a single 

intraperitoneal dose 

of streptozotocin 

(STZ) [100mg/kg] 

was injected without 

fasting.

The normal control 

mice were fed with 

standard chow. 

The diabetic mice 

were fed with 

a high-fat diet (40% 

of fat, 41% of 

carbohydrate and 

18% of protein).

50 mg/kg/d, daily at 

9:00 a.m., per 28 days 

and oral 

administration

Used glucose 

concentrations 

of model mice 

after fasting for 

6 h, cut off value 

was > 7.8 mmol/ 

L.

Higuchi 

et al18

3/10 

(30%)

Protein 

hydrolysate 

prepared 

from corn 

zein -ZeinH 

(Zea mays)

Male Sprague- Dawley (SD) 

rats with 210 to 230g, 7 

weeks old and n = 4 to 10 per 

group

Without T2DM All animals had free 

access to water 

and a semipurified 

chow containing 

25% casein based 

on AIN-93G.

2 g/kg, a single dose 

and oral 

administration

Without T2DM

Male Sprague- Dawley (SD) 

rats with 100 to 160g, 6 

weeks old and n = 6 to 7 per 

group

Diabetic Goto- 

Kakizaki (GK) model

Not reported

Jiang 

et al19

6/10 

(60%)

Peptide 

Vglycin from 

peas (Pisum 

sativum) seeds

Male Wistar rats with 220 to 

250 g, 2–3 weeks old and n= 

6 to 8 per group

High-fat diet and 

multiple 

streptozotocin 

intraperitoneal 

injections (30 mg/kg)

All animals were 

fed a high-fat diet 

(D12492, Research 

Diets, New 

Brunswick, NJ, 

USA)

40 μg/(g d) and 80 μg/ 

(g d), daily at 

approximately 9 a.m., 

per 4 weeks and oral 

administration

Fasting plasma 

glucose (≥10.0 

mmol/L)

Male Nude mice with 15 to 

25 g, 2–3 weeks and n= 6 to 

8 per group

40 μg/(g d) and 80 μg/ 

(g d), daily at 

approximately 9 a.m., 

per 4 weeks and oral 

administration

Male Goto-Kakizaki rats with 

200 to 250 g, 2–3 months old 

and n= 6 to 8 per group

41 μg/(g d) and 80 μg/ 

(g d), daily at 

approximately 9 a.m., 

per 4 weeks and oral 

administration

Hardikar 

et al20

5/10 

(50%)

Insulin-like 

protein (ILP) 

from costus 

(Costus igneus)

Male Swiss albino mice with 

25 ± 5 g, 8 weeks old and 

n=4 per group

A single 

intraperitoneal 

injection of 

streptozotocin (STZ) 

(3 mg/25 g of body 

wt) in citrate buffer, 

pH 4.5

Standard chow and 

water.

ILP (14.3 mM/kg body 

wt), a single dose, per 

21 days and oral 

administration

Not reported

(Continued)
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some studies mention the animals were randomly assigned 
to specific groups, the randomization method was not 
reported. All studies showed that there was pairing in 
relation to the characteristics of the animals in specific 
groups (100%; Q2). However, there was no blinding in 
order to avoid predictions of the results (0%, Q3). Three 
studies showed random allocation during the experiment 
(80%, Q4), but no study showed that there was blinding of 
the caregivers and researchers regarding the treatment for 
each group (0%, Q5).

Regarding the selection bias (Q6 and Q7), only 1 study 
described that there was a random selection of animals to 
evaluate the results (20%, Q6). However, in none of the 
articles the evaluator’s blinding in relation to the results 
was reported. (0%, Q7). Incomplete results data were 
adequately treated in almost all studies (80%, Q8). 
Regarding the reporting of biases, no risk was identified 
in the selected studies (100%, Q9). In addition, other 
potential sources of bias were not identified in any of the 
articles (100%, Q10).

Bioactive Protein and Peptide Mechanism 
of Action on T2DM
In the selected studies, different experimental designs were 
identified, with rats or mice of different strains. We could 
find studies that seek to identify metabolic pathways con
ditioning proteins and peptides of plant sources to improve 
the profile of diabetic conditions. In the study by Lu et al,17 

the study peptide was aglycin - whose molecular mass is 

3742.3 Da and amino acid sequence of 37 residues 
(ASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRHP
SG). This peptide was purified from soybean (Glycine 
max) by high performance liquid chromatography 
(HPLC). T2DM was induced in BALB/c mice mixtures 
by feeding with a high fat content and a single dose of 
streptozotocin. The experimental model allowed the eva
luation of gene and protein expression IR, IRS1, Akt and 
glucose transporter 4 (GLUT4), after administration of 
aglycin. The results showed that aglycin acted by restoring 
the expression of p-IR (forward, 5′GCCGCTCCT 
ATCTCTGGTAT3′; reverse, 5′GAGTGATGGTGAGGT 
TGTGTTTG3′), p-IRS1 (forward, 5′AGTGGTGGAGTG 
GTAGGG3′), p-Akt (forward, 5′TAGGCATCCCTTCCT 
TACG3′; reverse, 5′GACACAATCTCCGCACCATA3′) 
and the membrane protein GLUT4 (forward, 5′TTCCTT 
CTATTTGCCGTCCTC3′; reverse, 5 ′CTGTTTTGCC 
CCTCAGTCATT3′), since in the condition of T2DM the 
expression of these proteins are reduced. In addition, agly
cin was completely absorbed, detected intact in the ani
mals’ plasma, 60 min after oral administration.

In the study with protein hydrolyzate prepared from 
corn zein (Zea mays), ZeinH - the amino acid sequence 
deposited in the NCBI contains 841 amino acid residues. 
However, this sequence was removed from the deposit 
because the gene was discontinued. Higuchi et al,18 used 
normal male Sprague-Dawley (SD) rats and the diabetic 
Goto-Kakizaki (GK) rats model, and found that the plasma 
glucose concentrations of the GK rats reduced 

Table 2 (Continued). 

Author 

(Year)

Study 

Quality

Exposure 

Protein

Species (Lineage), Weight 

Range, Age and Number 

of Animals per Group

T2DM Induction Diets Offered Dosage, 

Frequency, 

Duration and 

Administration

Diagnosis of 

T2DM

Xu 

et al22

5/10 

(50%)

Ginseng 

oligopeptides 

(GOPs) from 

Ginseng 

(Panax 

ginseng) roots

Male Sprague–Dawley rats 

with 130 to 170 g, 5 weeks 

old and n = 30 per group

A single injection of 

105 mg/kg alloxan 

and a high- 

carbohydrate/high-fat 

diet

The normal control 

mice were fed with 

standard chow 

(AIN-93G) The 

diabetic mice were 

fed with high- 

carbohydrate/high- 

fat diet (66% basal 

diet, 15% lard, 10% 

plantation white 

sugar, 6% casein 

and 3% yolk 

powder).

0.125, 0.5, and 2.0 g/ 

kg, daily, per 48 

weeks and oral 

administration

Animals with 

blood glucose 

levels ≥300 mg/ 

dL were 

selected for the 

study.
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significantly under treatment with ZeinH, when adminis
tered at 2 g/kg. They also observed that the serum con
centrations of GLP-1 were significantly higher after 15 
minutes of oral administration, in the treated rats, when 
compared to those that did not undergo the treatment. 
Regarding incretin, GIP, no stimulatory effect was 
observed in GK rats, but it was seen that in SD rats, 
without T2DM, there was a significant increase. Because 
the study showed a path of improvement in the glycemic 
profile in the diabetic model, by increasing the secretion of 
GLP-1, ZeinH was identified as an incretinotropic 
peptide.18

Jiang et al19 analyzed the peptide derived from peas 
(Pisum sativum) seeds, called Vglycin - whose molecular 
mass is of 3786.4 Da and the amino acid sequence of 37 
residues (VSCNGVCSPFEMPPCGSSACRCIPYGLV 
VGNCRHPSG). This peptide also presents resistance to 
the digestive process, similarly to aglycin.17 In the experi
mental model, induction of T2DM in Wistar rats was done 
through a high-fat diet and multiple intraperitoneal injec
tions of streptozotocin. Glucose and insulin tolerance tests 
were performed.

The group of diabetic rats that received Vglycin 
showed a reduction in serum insulin and glucose concen
trations, compared to the group of diabetic rats that did not 
receive treatment. Thus, the authors inferred that there was 
an improvement in the resistance profile, characteristic in 
T2DM. In addition, the p-AKT and p-IR concentrations in 
the liver tissue of the animals were verified. The group 
treated with Vglycin presented similar results to the ani
mals treated with insulin, in the physiological dosage, as 
a positive control. These results lead the authors to con
clude that glycemia has a mimetic effect to insulin.19

Another study used an insulin-like protein (insulin-like 
protein - ILP) from costus (Costus igneus), which presents 
the amino acid sequence of two fragments: 
GLFAPIVVIAR and TCAAFTNEGSLIR, with molecular 
masses of 1155,725 and 1552,779 Da, respectively.20 

However, it is not defined which sequences, or what path
ways of action occur for the bioactive activity of such 
a molecule. Given these facts, they continued with the 
study published by Hardikar et al,20 in which the experi
mental model with male albino mice was used. T2DM was 
induced with a single injection of streptozotocin (STZ) in 
Swiss mice, and the animals were treated for 2 weeks with 
a single dose of ILP (14.3 mM/kg). The results indicated 
that the group treated with ILP did not show a reduction in 
the pancreatic islets, suggesting the pancreatic function 

was preserved, differently from the groups of untreated 
diabetic animals. This analysis indicated that ILP not only 
presents an insulin mimetic effect, but also protected the 
islets from further damage in diabetic Swiss mice.

Corroborating these findings, Joshi et al21 analyzed the oral 
activity and the insulin-like potential of ILP purified from the 
costus (Costus igneus) extract. Increasing concentrations of 
ILP were used to test the hypoglycemic property of the pur
ified protein, with human insulin as a control, in RIN5f cell 
lines that are responsive to insulin (National Center for Cell 
Science, Pune). The amount of glucose that was not in the 
extracellular medium was dosed every 30 min for 180 minutes 
using the DNSA method. They identified that there was a rapid 
reduction in the concentrations of glucose in the supernatant in 
the wells. When using ILP it was observed that it had a better 
response in mediating glucose transport when compared to 
insulin. The authors concluded this result indicates an efficient 
uptake of glucose by the cells and insulin-like activity of ILP.

A study of the signaling pathway of ILP was developed in 
a cellular model using L6 myotubes.20 The findings indicated 
that ILP causes accumulation of IRS-1 and translocation to the 
plasma membrane of GLUT-4, facilitating the uptake and use 
of glucose, and promoting the reduction of blood glucose 
concentrations. These findings, in cellular models, corroborate 
with the experimental studies of Jiang et al19 and Lu et al.17

Xu et al22 conducted a study with the ginseng oligopep
tides (GOPs) of Panax ginseng Meyer. The article did not 
present data on GOPs mass or its amino acid sequence, but 
sought to analyze its antidiabetic effect. They used Sprague- 
Dawley (SD) rats, and induced T2DM with alloxan injected 
intraperitoneally and a high-carbohydrate, high-fat diet. The 
authors analyzed plasma glucose and insulin concentrations 
of diabetic animals treated with GOPs and compared them to 
untreated rats. They found that the glucose concentrations of 
those treated with GOPs were lower compared to those not 
treated. In addition, an improvement in glucose resistance 
and insulin was also observed.

When analyzing the effect of GOPs on the expression of 
NF-kB, Bax, cleaved caspase-3 and Bcl-2 by Western-Blot, 
there was a significant difference in the expression of NF-kB, 
Bax, and caspase-3 when cleaved, while increasing Bcl-2 
expression in the treated group at the end of the treatment for 
seven weeks. The histopathology and immunohistochemistry 
revealed a regeneration in the pancreatic islets, which were 
quite atrophied in the diabetic group without treatment. 
According to the study, GOPs seem to attenuate the diabetic 
condition by significantly inhibiting inflammation through 
the negative regulation of NF-kB expression and by having 
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a potential effect in inhibiting oxidative stress and increasing 
the expression of the Bcl-2 family.22

Finally, the present study was able to produce 
a relevant contribution towards the organization and sys
tematization on the understanding and interpretation 
regarding the metabolic pathways that are shown in 
Figure 2. This figure presents the metabolic pathways 
mentioned by each author and illustrates the regulatory 
pathways of these different proteins and bioactive peptides 

of plant origin found by the present review on the mod
ulation of insulin resistance and in T2DM.

Discussion
The present systematic review study retrieved 5 experimen
tal studies developed in animals. The analysis of the studies 
allowed the description of the mechanisms of action of 
isolated or purified proteins and peptides extracted from 
vegetables in the control of glycemia in T2DM.

Figure 2 Mechanisms of action of proteins and peptides from selected articles focusing on T2DM. The ZeinH peptide acts by stimulating GLP-1, which signals increased 
insulin synthesis. The Aglycin, Vglycin and ILP peptides stimulate the IRS1 and IRS, which favors the serum glucose uptake cascade. In addition, ILP possibly acts by inhibiting 
the NF-κB signaling pathway. The GOPs peptide acts by inhibiting NF-κB, which is responsible for increasing inflammation signaling, and stimulates the expression of the 
BCL-2 family, which has anti-apoptotic activity. 
Notes: Aglycin - Peptide from soybean (Glycine max); ZeinH - Zein hydrolysate from corn (Zea mays); Vglycin - Peptide Vglycin from peas (Pisum sativum) seeds. FONT: Own 
authorship. 
Abbreviations: ILP, insulin-like protein from costus (Costus igneus); GOPs, ginseng oligopeptides from ginseng (Panax ginseng); GLP1, glucagon-like peptide-1; GIP, glucose- 
dependent insulinotropic polypeptide; IRS-1, insulin receptor substrate 1; IR, insulin receptor; GLUT-4, glucose transporter 4; PI3K, phosphoinositide 3-kinase; AKT, protein 
kinase B; P, phosphato; GSK3, glycogen synthase kinase 3 beta; GYS, glycogen synthase; NF- κB, nuclear factor-κB; NO, nitric oxide; ATP, adenosine triphosphate; FFA, free 
fatty acids; BCL2, apoptosis regulator Bcl-2; TNF-α, tumor necrosis factor α; IL-1β, interleukin-1β.
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Glucose metabolism involves several signaling path
ways and is intrinsically related to the action of insulin. 
The entire process begins in the gastrointestinal tract, 
where nutrients are digested and absorbed, and, as this 
process occurs, there is hormonal and neuronal signaling 
for regulation of glucose concentrations, gastric motility 
and satiety. Among several hormones are glucose- 
dependent insulinotropic polypeptide (GIP) and glucagon- 
like peptide-1 (GLP-1), also called INCRETIN (Intestine 
Secretion Insulin), which are stimulated by the increase in 
plasma glucose to increase the secretion of insulin by 
insulin secreting granules in the pancreatic β cells.23

T2DM is a multifactorial metabolic disease character
ized by hyperinsulinemia, hyperglycemia, insulin resis
tance (IR), hyperlipidemia and hypertension.24–26 IR 
implies a decrease in insulin sensitivity, decreasing glu
cose uptake, interfering with GLUT function, resulting in 
increased neoglycogenesis in the liver, and postprandial 
hyperglycemia. This metabolic condition is directly asso
ciated with obesity and cardiometabolic diseases, in which 
there is an increase in lipolysis and consequently high 
circulating concentrations of free facts acids (FFAs) lead
ing to an increase in the synthesis of triglycerides and 
overproduction of lipoproteins from very low density 
(LDL).25

Inflammation is another pathway that negatively influ
ences insulin activity. Increased concentrations of FFA 
have anti-insulin action and are directly proportional to 
the plasma concentrations of inflammatory cytokines, such 
as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), 
interleukin-1β (IL-1β), resistin and others.25 These inflam
matory cytokines, produced by adipocytes and immuno
cytes, trigger the development of insulin resistance and 
DM through mechanisms involving various kinases and 
signaling pathways.27–31

The inflammatory cytokines are involved in the activa
tion of the NF-κB pathway, leading to the serine phosphor
ylation of the insulin receptor substrate (IRS), resulting in 
resistance to the action of insulin.29,30 Also, DM occurs 
due to pancreatic islet β cell dysfunctions caused by excess 
IL-6 and TNF-α.28 Compounds that can act in this way 
modulate the effect of resistance to the action of insulin 
and consequently, T2DM.

These metabolic changes can lead to oxidative stress, 
negatively affecting insulin activity, due to the formation 
of reactive oxygen species (ROS): such as hydrogen per
oxide and superoxide anions.32 These species can damage 

the β cells from the pancreas islets, resulting in reduced 
insulin release.33

Some limitations of the present systematic review 
should be mentioned. The present study intended to be 
a meta-analysis, and this was not performed because: 1) 
Bioactives were different from each other, although all 
from vegetable origin. Not being the same molecules, the 
amino acid sequences reported were different. Aglycin and 
vglycin were the only very similar, but still distinct from 
one another; 2) Studies were conducted using different 
animals, some with a lineage without genetic alterations 
and others with genetic alterations for diabetes, which lead 
to greater heterogeneity of the animals; 3) Different blood 
glucose measurement protocols – some studies dosed for 
weeks and others for minutes; 4) Data were presented in 
graphic formats, without the appropriate standard devia
tion values, which made the meta-analysis unfeasible.

Nevertheless, the present study contributed to the 
understanding that bioactives in protein sources can 
change biochemical pathways involved in the development 
of T2DM. The ZeinH peptide, acts on the increase of 
GLP-1 expression, stimulating the insulin release. At this 
point, it is possible to list the Aglycin, Vglycin and ILP 
that influence IRS. These peptides act increasing the 
expression of IRS, improving GLUT translocation and 
consequent glucose uptake and plasmatic maintenance of 
glucose and insulin. Besides, IRS also acts by activating 
the PI3K/AKT cascade, culminating in glycolysis and 
gluconeogenesis.

The GOPs peptide is related to the reduction of NF-κB 
signaling, helping to decrease the inflammatory profile and 
nitric oxide synthesis, which is associated with less IRS 
signaling. GOP also acts by increasing the expression of 
BCL-2, which has an anti-apoptotic function. ILP also 
appears to reduce NF-κB expression, according to experi
ments with cells.22

Furthermore, clinical trials using the extract of ginseng 
(Panax ginseng), the root source of GOP,22 are in research, 
as reported in the systematic review and meta-analysis of 
researchers Gui et al,34 which aimed to search the scientific 
literature for randomized clinical trials that assessed the 
effect of ginseng (Panax ginseng) or ginsenoside Re versus 
control, in patients with T2DM or with impaired glucose 
tolerance. The research shows the effectiveness of therapy 
related to ginseng (Panax ginseng) supplementation in the 
concentrations of postprandial insulin, HOMA-IR, triglycer
ides, total cholesterol and LDL-cholesterol in patients with 
T2DM or impaired glucose tolerance, with no effect on 
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HbA1c levels or HDL-cholesterol. Thus, revealing 
a possible research path for application in human health.

It is known that the pathogenesis for the appearance of 
T2DM involves several metabolic pathways.35 This study 
identified that bioactive proteins and peptides of plant origin 
also act by several biochemical pathways, modulating the 
effect of insulin resistance and consequently, the mainte
nance of the hyperglycemic state and progression of T2DM.

These proteins and peptides of plant origin, mainly 
Aglycin, Vglycin and ILP, act similarly to human insulin. 
This finding shows the importance of studies in the area to 
test their safety and applicability in humans since they 
present great potential as hypoglycemic agents. Thus, 
these bioactives are likely to meet the public health global 
demand for alternative treatments for diabetes mellitus.

Conclusion
Bioactive proteins and peptides of plant origin control T2DM 
acting on the insulin signaling pathway. Three peptides - 
Aglycin, Viglycin and ILP act stimulating the IRS. ZeinH 
stimulates GLP-1 incretin, while GOPs downregulate NF-kB. 
The studies found in the present systematic review suggest 
that these bioactive proteins and peptides act as insulin-like 
molecules and thus promote secondary stimuli in the insulin 
signaling cascade until glucose uptake. In addition to con
cluding the mechanism of action, in this review, the percep
tion of fragility that the experimental articles are subject to 
was notorious. Therefore, it is suggested that future studies 
should be more careful and precise about the methodological 
procedures to meet with quality the requirements assessed by 
the risk of bias tools such as SYRCLE. Therefore, these 
bioactives are promising for research, because they are natu
rally found in vegetables, and might represent alternative 
efforts in the diabetes mellitus treatment.
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