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1. Introduction

Type 2 diabetes mellitus (T2DM) is the most prevalent metabolic 
disorder that is characterized by insulin insensitivity as a result of 
impaired insulin secretion, insulin resistance, and eventual pancre-
atic beta-cell failure [1, 2].  T2DM leads to an increase in blood 
glucose levels [3].  It is reported that 387 million people are living  
with diabetes mellitus (DM), and, furthermore, DM caused 4.9 
million deaths in 2014.  It is estimated that by 2035 the number 
of people affected by DM will reach 592 million with over 90% 
of them being T2DM [4].  T2DM is a complex disease and is a 
leading cause of cardiovascular disease, blindness, kidney failure,  
and lower limb amputation [5].  Therefore, it is important to de-
velop effective strategies to manage T2DM in preventing further 
progression of this disease and its associated complications.

One of the novel strategies for the treatment of T2DM con-
sists of orally administered dipeptidyl peptidase-IV (DPP-IV; EC 
3.4.14.5) inhibitors.  The enzyme DPP-IV, a serine protease, has a 
specificity to remove dipeptides from the N-terminus of substrate 
poly-peptides by cleaving postproline or alanine residues [6].  It is 
present in a variety of tissues, particularly epithelial tissues of the 
liver, kidney and small intestine, and exists as a soluble circulat-
ing form [7].  This multifunctional enzyme is implicated in several  
biological processes, including the degradation of chemokines, 

neuropeptides, and incretin hormones, e.g. glucose-dependent 
insulinotropic polypeptide (GIP) and glucagon-like peptide-1 
(GLP-1) [8].  Both the incretin hormones have the potential to 
stimulate insulin secretion from the islet beta-cell in a glucose-
dependent manner [9].  GLP-1 also has some other physiological 
actions, such as stimulation of insulin biosynthesis, inhibition 
of glucagon secretion, decrease of gastric emptying and food 
intake, and enhancement of satiety [10-12].  In normal humans, 
the incretin effect is mediated mainly by GIP and GLP-1 and is 
estimated to be responsible for 50-70% of the insulin response to 
the oral administration of glucose [13, 14].  In T2DM patients, the 
incretin effect is impaired or absent because of both reductions in 
the secretion of GLP-1 and pancreatic responses to GIP [13, 15].  
In addition, the two incretin hormones have short half-lives of 
only 1-2 min following their secretion in response to the ingestion  
of nutrients because of the degradation by the action of DPP-IV 
[16] that results in the loss of their insulinotropic activity [17].  
Therefore, the use of DPP-IV inhibitors is a novel approach for 
the management of T2DM because in using DPP-IV inhibitors the 
insulinotropic response to GLP-1 is still preserved in patients [18].

A number of DPP-IV inhibitors have been described, many 
of which have been designed based upon the substrate specificity  
of the enzyme, potency, oral bioavailability, and duration of action 
[19].  DPP-IV inhibitors are classified as peptidomimetics and  
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ABSTRACT

One of the new approaches to the management of type 2 diabetes mellitus (T2DM) consists of orally 
administered dipeptidyl peptidase-IV (DPP-IV) inhibitors.  These synthetic drug inhibitors are reported 
to have some side effects and that  subsequently limits their applications.  There is a growing interest to 
develop natural DPP-IV inhibitors that will be potent without undesirable side effects.  Many in vitro and 
some in vivo studies have highlighted the potential of food-derived peptides functioning as effective DPP-
IV inhibitors.  Bioactive peptides within original food-derived proteins are inactive but can be activated by 
being released during food processing (by enzymatic hydrolysis or fermentation) or during gastrointestinal 
digestion.  Hence, the utilization of computer-aided techniques as screening tools may be helpful in 
predicting the potential of food proteins as precursors of DPP-IV inhibitory peptides.  This paper reviews the 
current literature on DPP-IV inhibitory peptides, focusing on their in vitro activity and in vivo antidiabetic 
effects.  In addition, the feasibility of various in silico approaches is also summarized in this review.
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non-peptidomimetics.  Valine pyrrolidide and isoleucine thiazolidide  
are the initial peptidomimetic DPP-IV inhibitors that mimic the N-
terminal dipeptide as the cleaving site of the enzyme.  Vildagliptin,  
saxagliptin, sitagliptin, and alogliptin are approved to be antidi-
abetic agents by the United States and Europe.  Although most 
synthetic DPP-IV inhibitors are generally well-tolerated, some 
side effects have been recently reported, including nasopharyn-
gitis, headaches, and urinary infections [20, 21].  Therefore, it is 
important for T2DM therapy to develop a potent DPP-IV inhibitor 
from natural sources without adverse effects.  Dietary proteins, 
the precursors of a variety of bioactive peptides, have been recog-
nized to improve various aspects of human health [22, 23].  The 
bioactive peptides embedded within the sequence of a protein can 
be released by enzymatic hydrolysis, microbial fermentation, and 
processing methods.  A wide range of short-length peptides from 
dietary protein, e.g. milk [24, 25], rice [26], amaranth, wheat, 
soybean [27], and fish byproducts [28, 29], have been reported 
to possess in vitro DPP-IV inhibitory activity.  Research on some 
DPP-IV inhibitory peptides has shown that they are effective at 
stimulating insulin secretion and improving glycemic control in 
animal models and subjects with T2DM [30-32].  These effective 
peptides, having lengths that vary from 3-15 amino acids, particu-
larly involved the presence of at least one proline within the se-
quence and mostly in the penultimate N-terminal residue [33, 34].  
According to the findings in the literature, therefore, developing 
a tool to assist in the selection of food proteins embedded with 
DPP-IV inhibitory peptides previously identified is important as 
well as efficient in predicting the potential of these proteins to 
manage T2DM.

In recent years, computational (in silico) methods have been 
demonstrated to be useful in predicting the potential of proteins 
as precursors of peptides in various bioactivities, such as DPP-IV 
and angiotensin-I converting enzyme (ACE) inhibitory activities 
[35-38].  There are two major in silico approaches: the frequency 
of the occurrence of bioactive peptides within a dietary protein 
[37], and binding modes by docking analysis [27].  The former 
is calculated as the number of previously identified bioactive 
peptides that are found in a given dietary protein; furthermore, 
the simulation of protein hydrolysis by a bioinformatics tool, 
e.g. BIOPEP database and program, to find peptides that can be 
released by a given enzyme is efficient to classify proteins as po-
tential sources of bioactive fragments [36].  The latter, the ligand-
enzyme and molecular docking analysis, can simulate the binding 
and interactions between peptides and enzymes such as DPP-IV 
and ACE in order to evaluate the inhibitory effects of the peptides 
[27].  The findings from these two in silico analyses may provide 
the basis to exploit food proteins as naturally occurring materials 
for the generation of peptides with DPP-IV inhibitory activity [37].  
In the present review, the role and potential of bioactive peptides 
derived from food proteins to be DPP-IV inhibitors are consid-
ered.  Future perspectives also receiveattention in this review.

2. In vitro DPP-IV inhibitory activity of peptides 
from dietary proteins

Proteins are well known as precursors of a range of bioactive 
peptides.  The bioactive peptides that are derived from food 
proteins show a physiological effect in the body in addition to 
their nutritional values.  The fact that proteins are precursors of 
bioactive peptides is particularly attractive for the development of 
functional foods because bioactive peptides are commonly used 

food ingredients and are of natural origins.  Food protein-derived 
peptides can be used as potent alternative pharmaceuticals to 
chemosynthetic drugs due to an ever-increasing interest in safety 
and economical usage.  The bioactive peptides embedded in their 
parent proteins are in inactive forms and are activated once re-
leased from the proteins by enzymatic or acidic hydrolysis, and 
their biological activity is determined by their native amino acid 
composition and sequence [39].

Many DPP-IV inhibitory peptides have been discovered in the 
enzymatic hydrolysates of various food proteins, including milk 
proteins [31, 40, 41], rice bran [26], amaranth proteins [27], ham 
[42], and fish proteins [28, 29].  Table 1 shows a summary of in 
vitro DPP-IV inhibitory peptides that are ordered by increasing 
IC50 value as reported in the literature.

Diprotin A, the most potent DPP-IV inhibitory peptide found 
to date, was isolated from culture filtrates of Bacillus cereus 
BMF673-RF1 [43].  Diprotin A was produced by reciprocally 
shaking a culture of the strain BMF673-RF1 for 2 days in a me-
dium containing 1% glucose, 1% glycerol, 1% potato starch, 0.5% 
polypepton, 0.5% meat extract, 0.5% NaCl, 0.32% CaCO3, and 
0.05% silicon oil KM-70.  Diprotin A was identified Ile-Pro-Ile 
and had an IC50 value of 3.5 μM.  A whey protein concentration 
rich in β-lactoglobulin hydrolyzed by trypsin was fractionated 
by semi-preparative RP-HPLC [45].  Two (F2 and F3) of the six 
obtained fractions showed greater DPP-IV inhibitory activities  
with IC50 values of 367.3 and 86.0 μg/mL, respectively.  A peptide,  
Ile-Pro-Ala-Val-Phe, in fraction F3 was identified as having an 
IC50 value of 44.7 μM.  The peptide Ile-Pro-Ala was also obtained 
from β-lactoglobulin hydrolysates using proteinase K [41].  This 
peptide showed one amino acid change in its tis sequence as 
compared to diprotin A Ile-Pro-Ile (position 3).  However, the 
substitution at position 3 resulted in a weakening of the inhibitory 
effect versus diprotin A (IC50 value 49 μM versus 3.5 μM).  Inter-
estingly, the two peptides, Ile-Pro-Ala-Val-Phe and Ile-Pro-Ala, 
were both derived from β-lactoglobulin and showed similar DPP-
IV inhibitory activity probably due to the same sequences in the 
first three amino acid residues [41, 45].  A water-soluble extract of  
a gouda-type cheese ripened for 12 months and then was separated  
by RP-HPLC [31].  Forty-six peptide sequences contained in 
the DPP-IV inhibitory fractions from the extract were identified, 
and two of these peptides were synthesized and showed greater 
DPP-IV inhibitory activity.  Leu-Pro-Gln-Asn-Ile-Pro-Pro-Leu 
and Leu-Pro-Gln were both derived from β-casein, and their IC50 

values against DPP-IV were 46 and 82 μM, respectively.  The two 
peptides also had the same sequences in the first three amino acid  
residues, but their IC50 values were quite different.  Tuna cooking juice  
has been used for the generation of DPP-IV inhibitory peptides 
[28].  Three peptides, Pro-Gly-Val-Gly-Gly-Pro-Leu-Gly-Pro-Ile-
Gly-Pro-Cys-Tyr-Glu (1412.7 Da), Cys-Ala-Tyr-Gln-Trp-Gln-
Arg-Pro-Val-Asp-Arg-Ile-Arg (1690.8 Da), and Pro-Ala-Cys-
Gly-Gly-Phe-Try-Ile-Ser-Gly-Arg-Pro-Gly (1304.6 Da), were 
identified to show potent DPP-IV inhibitory activities, and their 
IC50 values ranged from 78 to116 μM.  These peptides have lon-
ger lengths than typical DPP-IV inhibitory peptides.  The results 
demonstrate that the DPP-IV inhibitory activity of peptides is de-
termined by the composition and sequence of amino acids rather 
than their length.

3. In vivo antidiabetic effect of peptides

To date, only a small number of studies have been done on the in 



10 11BioMedicine | http://biomedicine.cmu.edu.tw/ September 2015 | Volume 5 | Issue 3 | e41

vivo antidiabetic effects of peptides from dietary proteins.  These 
studies are listed in Table 2.  The trypsin-treated β-lactoglobulin 
was used to evaluate its hypoglycemic efficacy in the C57BL/6 
mice model [40].  Mice received the control (0.01 M Tris-HCl 
buffer), trypsin-treated β-lactoglobulin (300 mg/kg), or sitagliptin 
phosphate hydrate (3 mg/kg; positive control) by oral administra-
tion 1 h prior to an oral glucose tolerance test.  The β-lactoglobulin 
hydrolysate and sitagliptin significantly decreased the blood glu-
cose level at 30 min over the 2-h post-prandial period (P < 0.01), 
and they both also significantly lowered AUC120min values as com-
pared to the control (P < 0.01).  The β-lactoglobulin hydrolysate 
showed an in vitro IC50 value of 210 μM against DPP-IV; and a 
hexapeptide (Val-Ala-Gly-Thr-Trp-Tyr) isolated from the hydro-
lysate showed an IC50 value of 174 μM.  However, the IC50 value 
against DPP-IV of sitagliptin phosphate hydrate was 19.6 nM and 
extremely stronger than the hexapeptide.  A peptide, Leu-Pro-
Gln-Asn-Ile-Pro-Pro-Leu, obtained from a water-soluble extract 
of gouda-type cheese had an in vitro IC50 value of 46 μM against 
DPP-IV and was used for further evaluation in vivo in rats [31].   
The peptide, orally administered to rats at a dose of 300 mg/kg, 
significantly lowered peripheral plasma glucose concentrations 
at 30 and 60 min after glucose loading as compared to the con-
trol group (P < 0.01).  However, the plasma insulin level at each 
sampling point during the 2-h post-prandial period did not differ 

significantly between the two groups.
In one study, a zein protein hydrolysate with papain (ZeinH) 

was found to strongly stimulate GLP-1 secretion in the ileum 
rather than the duodenum or the jejunum in anesthetized rats [47].  
This study also indicated that direct and indirect regulations of 
GLP-1 secretion mediate not only fat-induced GLP-1 secretion 
but also dietary peptide-induced GLP-1 secretion in the intestine.  
Further research was done to evaluate the antidiabetic effect of 
ZeinH in rats [48].  The ileal administration of ZeinH (500 mg) 
significantly decreased the level of glucose in plasma , increased 
insulin and active GLP-1 concentrations by up to 6.3- and 3.1-
folds, respectively, as well as reduced DPP-IV activity by 26.8%, 
as compared to the control rats (deionized water).  In addition, the 
oral administration of ZeinH (2 or 4 g/kg) showed significantly 
lower glucose levels in a dose-dependent manner after the glucose 
injection.  The elevation of glucose concentration at 15 min in 4 
g/kg ZeinH-treated rats was about half of the concentration that 
was found in control rats. 

The previous research mostly studied the acute treatment of 
peptides and their effects on some parts of hypoglycemic activity 
in normal animal models.  Ergo, using diabetic animal models 
to investigate the antidiabetic effects of peptides may be able to 
clarify the peptides’ real mechanisms and efficiency.  The ZDF 
(Zucker Diabetic Fatty) rat model of T2DM has been used to 

Table 1 – Protein-derived DPP-IV inhibitory peptides ordered by increasing IC50 value.
Peptide sequence IC50 

(μM)
Reference

Ile-Pro-Ile 3.5 [43]
Ile-Pro-Ile-Gln-Tyr 35.2 [38]
Trp-Arg 37.8 [44]
Trp-Lys 40.6 [44]
Gly-Pro-Ala-Gly 41.1 [29]
Gly-Pro-Gly-Ala 41.9 [29]
Trp-Leu 43.6 [44]
Trp-Pro 44.5 [44]
Ile-Pro-Ala-Val-Phe 44.7 [45]
Leu-Pro-Gln-Asn-Ile-Pro-Pro-Leu 46 [31]
Ile-Pro-Ala 49 [41]
Cys-Ala-Tyr-Gln-Trp-Gln-Arg-Pro-Val-Asp-Arg-Ile-Arg 78 [28]
Leu-Pro-Gln 82 [31]
Pro-Ala-Cys-Gly-Gly-Phe-Tyr-Ile-Ser-Gly-Arg-Pro-Gly 96.4 [28]
Pro-Gly-Val-Gly-Gly-Pro-Leu-Gly-Pro-Ile-Gly-Pro-Cys-Tyr-Glu 116 [28]
His-Leu 143 [46]
Leu-Pro-Gln-Asn-Ile-Pro-Pro 160 [31]
Val-Ala 168 [46]
Phe-Pro-Gly-Pro-Ile-Pro-Asp 260 [31]
Phe-Leu 399 [46]
Ile-Pro 410 [26]
Met-Pro 870 [26]
Val-Pro 880 [26]
Pro-Gly-Pro-Ile-His-Asp-Ser 1000 [31]
Ile-Pro-Pro-Leu-The-Gln-Thr-Pro-Val 1300 [31]
Arg-Pro 2240 [26]

IC50: half-maximal inhibitory concentration.
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evaluate the in vivo bioactivity of lysozyme/alcalase hydrolysate 
in inhibiting DPP-IV [33].  In acute treatment experiments, the 
hydrolysate and vildagliptin (positive control) were administered 
by oral gavage of a single dose and were evaluated over a 6 h  
period.  The hydrolysate exerted significant inhibition, approxi-
mately 25% inhibition of plasma DPP-IV after 90 min, with 
a time pattern comparable to that observed after vildagliptin.  
However, the results of the changes in the associated modula-
tion of metabolic products (glucose, insulin and GLP-1) were 
not reported.  A previous study demonstrated that the peptides 
(PGH) in the < 1 kDa ultrafiltration fraction of the porcine skin 
gelatin hydrolysate showed great DPP-IV inhibitory activity and 
were used for an in vivo animal experiment [32].  A long-term (42 
days) in vivo test of streptozotocin (STZ)-induced diabetic rats 
was used as the animal model to evaluate the anti-diabetic effects 
of the hydrolysates.  Daily administration of PGH (300 mg/day) 
or sitagliptin (30 mg/day) was able to improve the glucose toler-
ance in the diabetic rats at days 21 and 42.  The DPP-IV activi-
ties of the diabetic rats administered PGH and sitagliptin after 42 
days were 50.0% and 31.0% lesser than the diabetic control rats, 
respectively.  Furthermore, the PGH and sitagliptin treated rats 
had an increase of about 10% in active GLP-1 levels and 6-8 fold 
increase insulin levels as compared to the diabetic control rats.  
Therefore, the conclusion is that PGH had a superior antidiabetic 
effect in STZ-induced diabetic rats, including an improvement  
of glucose tolerance, an elevation of plasma insulin and GLP-1 
levels, an inhibition of DPP-IV activity, and a reduction of gluca-
gon levels.

Although there have been a lot of in vitro DPP-IV inhibitory 
peptides or protein hydrolysates reported, their in vivo effects on 
diabetic animals or patients have rarely been studied.  More de- 
tailed in vivo studies to evaluate the efficacy, safety, bioavailability,  
and potency of inhibitory peptides and/or protein hydrolysates are 
needed.

4. In silico approaches to predict the potential of 
peptides as DPP-IV inhibitors

Food proteins are well known to be precursors of bioactive 
peptides, and these peptides can be released through in vitro hy-
drolysis by specific enzymes or fermentation by bacteria [50].  
The traditional method to screen for the bioactive peptides from 
a protein involves selecting proteases that have the ability to 

truncate potent peptides according to the literature reports and in 
vitro experimental tests.  However, the key roles of the protein se-
quence and the specificity of proteases in affecting the generation 
of bioactive peptides could make this approach costly and time-
consuming [35].  Hence, several novel computational approaches 
to predict the potential of a protein to be the precursor of bioac-
tive peptides by using the combinations of the protein sequences 
and enzyme specificity have been recently developed [35-38].  
The availability of BIOPEP (http://www.uwm.edu.pl/biochemia/
index.php/en/biopep), a database of bioactive peptide sequences, 
allows for the theoretical prediction of potential bioactivity of dif-
ferent substrates and their corresponding activity after hydrolysis 
using enzymes with known cleavage specificities [51].  The most 
commonly used in silico method for . . . predicting the potential 
of a protein source as a DPP-IV inhibitor is the frequency of 
occurrence of bioactive fragments in protein sequences.  Some 
researchers have predicted the presence of DPP-IV inhibitors in 
the sequences of various dietary proteins using the BIOPEP data-
base [25, 37, 38, 52, 53].  They used already known information 
about the protein sequences and the DPP-IV inhibitory peptide 
sequences that are currently included in the UniProt Knowledge-
base of ExPASy Proteomics Server (http://expasy.org) and BIO-
PEP database.  The potential of each selected protein is quantified 
based on the frequency of the occurrence of fragments matching 
peptides with DPP-IV inhibitory activity relative to the length of 
the protein chain using the following equation [54]:

A = a / N

where A is the occurrence frequency, a is the number of peptides 
with DPP-IV activity within the protein chain, and N is the number  
of amino acid residues in the protein chain.

According to the results of a previous study [37], caseins 
from cow’s milk and collagens from bovine meat and salmon 
were found to be the best precursors of DPP-IV inhibitors all with  
occurrence frequencies over 0.249.  Although this kind of in silico 
approach does provide useful information on the potential of pro-
teins to serve as bioactive peptides precursors, it does not allow 
the identification of the most potent proteins in terms of inhibi-
tory activity.  In consideration of the overlapping sequences and 
potency (IC50 value) of the DPP-IV inhibitory peptides embedded 
in protein sequences, two parameters have been established [38]: 
protein coverage (PC) value and potency index (PI).  The cor-
rected PC value only takes into account the most potent DPP-IV 

Table 2 – Summary of the research on the in vivo antidiabetic effect of peptides derived from food 
proteins.
Protein source Sequence

/IC50

Experimental models Function Reference

Gouda-type cheese LPQNIPPL
/46 μM

Female SD rats Lower glucose levels in plasma [31]

Zein Male SD rats Induce GLP-1 secretion and inhibit DPP-IV activity [48]
Zein Male SD rats Stimulate GLP-1 secretion [47]
Whey proteins Healthy males Increase insulin secretion [49]
β-lactoglobulin VAGTWY

/174 μM
C57BL/6 mice Decrease blood glucose level [40]

Lysozyme --/0.9 mg/mL ZDF rats Inhibit 25% of DPP-IV activity [33]
Porcine skin gelatin < 1 kDa STZ-induced diabetic rats Increase GLP-1 and insulin levels, inhibit DPP-IV 

activity, and decrease glucagon levels
[32]
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inhibitory peptide in overlapping areas of the protein sequence.  
The PI takes into account both the occurrence frequency and po-
tency (IC50 value) of the peptides present within a given protein.  
This study has revealed that the bovine κ-casein is the protein 
with the highest PI value of 17.89 μM-1g-1 [38], in particular the 
potent DPP-IV inhibitory peptide, Ile-Pro-Ile, was found in the 
sequence.  This is in contrast to earlier results that showed that 
bovine β-casein had the highest occurrence frequency (0.249) of 
DPP-IV inhibitory peptides, while bovine κ-casein had an occur-
rence frequency of only 0.130 [37].

Additionally, a docking analysis has also been used as an in 
silico approach to predict the affinity of the peptides to bind to 
the active site of DPP-IV.  A previous study has shown that the 
peptide Trp-Trp-Trp had the best docking affinity, was a mod-
erate DPP-IV inhibitor (IC50 216 μM), and its action was non-
competitive [Nongonierma et al., 2014].  The authors of the study 
suggested that the peptide may not bind to the active site of DPP-
IV as assumed in the docking prediction.  Their results revealed 
that there is no clear relationship between the docking affinity 
and the DPP-IV inhibitory activities of the peptides.  In addition, 
they showed that the utilization of molecular docking can be a 
predictive tool for the competitive inhibitors.  Thus, docking can 
be used as a preliminary tool to help focus experimental screening 
efforts on a smaller number of candidate peptides.

Since the studies relied entirely on the currently available data 
on DPP-IV inhibitory peptide sequences, it is possible that other 
fragments presenting even better DPP-IV inhibitory activity are 
presently unknown or have not yet been reported in the literature.  
Furthermore, the putative peptide sequences have to be released 
from their parent proteins to become active, and the final conclu-
sions on the potential of dietary proteins for DPP-IV inhibitors 
can be drawn only after experimentally assessing the release of 
these bioactive peptides upon in vitro or in vivo hydrolysis.  Fur-
ther effort is therefore needed on the development of an in silico 
approach capable of being used as a screening tool for the evalu-
ation of the potential of dietary proteins for the generation of in 
vitro and in vivo DPP-IV inhibitors.

5. Conclusions and future perspectives

The importance and scientific understanding of DPP-IV in-
hibitors that may improve glycemic control in T2DM patients 
has increased in the last few decades.  Much work has been done 
with food protein-derived DPP-IV inhibitory peptides; however, 
the evidence of their in vivo antidiabetic effect needs to be built 
in more animal and clinical studies.  The “BIOPEP” database is 
responsible for collecting all of the information about bioactive 
peptides from academic literature, and 707 protein sequences are 
also available.  Further research into the establishment of in silico 
approaches to efficiently predict the potential of proteins as the 
precursors of DPP-IV inhibitory peptides is necessary.

The most challenging task in the DPP-IV inhibitory peptide 
research is the establishment of a detection model for identifi-
cation of possible mechanisms by which they can exert in vivo 
antidiabetic activity.  Albeit the simulated GI digestion is a kind 
of model mimicking the actions of human GI enzymes, the antidi-
abetic effect of the peptides released from the DPP-IV inhibitory 
peptides through simulated GI digestion is not guaranteed to be 
similar to that through the GI tract in vivo.  So the possible strate-
gies for increasing the resistance to digestive enzymes as well as 
the cellular permeability of the peptides are two factors that also 

need to be investigated.

Open Access This article is distributed under terms of the Creative  
Commons Attribution License which permits any use, distribution, 
and reproduction in any medium, provided original author(s) and 
source are credited.

REFERENCES

  [1] Kahn CR.  Banting lecture.  Insulin action, diabetogenes, and the 
cause of type II diabetes.  Diabetes 1994; 43: 1066-84.

  [2] Robertson RP.  Antagonist: diabetes and insulin resistance-philosophy,  
science, and the multiplier hypothesis.  J Lab Clin Med 1995; 125: 
560-4.

  [3] Mohammadi S, Hosseinzadeh-Attar MJ, Hosseinnezhad A, Hosseini  
SH, Eshraghian MR, Nezhad MK, et al.  Compare the effects of 
different visfatin concentration on cardiovascular risk factors, adi-
ponectin and insulin resistance in patients with T2DM.  Diabetes 
Metab Syndr Clin Res Rev 2011; 5: 71-5.

  [4] Global burden of diabetes.  International Diabetes Federation.  Dia-
betes atlas sixth edition update 2014.  Available at http://www.idf.
org/diabetesatlas/update-2014.

  [5] Ben-Avraham S, Harman-Boehm I, Schwarzfuchs D, Shai I.  Dietary 
strategies for patients in the era of multi-approaches; review and 
results from the Dietary Intervention Randomized Controlled Trial 
(DIRECT).  Diabetes Res Clin Pract 2009; 86: S41-8.

  [6] Cunningham DF, O’Connor B.  Proline specific peptidase.  Biochim 
Biophys Acta 1997; 1343: 160-86.

  [7] Darmoul D, Voisin T, Couvineau A, Rouyer-Fessard C, Salomon R, 
Wang YX, et al.  Regional expression of epithelial dipeptidyl pep-
tidase IV in the human intestines.  Biochem Biophys Res Commun 
1994; 203: 1224-29.

  [8] Lambeir AM, Durinx C, Proost P, Van Damme J, Scharpe S, De 
Meester I.  Kinetic study of the processing by dipeptidyl-peptidase 
IV/CD26 of neuropeptides involved in pancreatic insulin secretion.  
FEBS Lett 2001; 507: 327-30.

  [9] Drucker DJ.  The biology of incretin hormones.  Cell Metab 2006; 3: 
153-65.

[10] Ahren B.  GLP-1 and extra-islet effects.  Horm Metab Res 2004; 36: 
842-45.

[11] De León DD, Crutchlow MF, Ham JYN, Stoffers AS.  Role of glu-
cagon-like peptide-1 in the pathogenesis and treatment of diabetes 
mellitus.  Int J Biochem Cell Biol 2006; 38: 845-59.

[12] Hansotia T, Drucker DJ.  GIP and GLP-1 as incretin hormones: les-
sons from single and double incretin receptor knockout mice.  Regul 
Pept 2005; 128: 125-34.

[13] Vilsboll T, Holst JJ.  Incretins, insulin secretion and type 2 diabetes.   
Diabetologia 2004; 47: 357-66.

[14] Nauck MA, Homberger E, Siegel EG, Allen RC, Eaton P, Ebert R, 
et al.  Incretin effects of increasing glucose loads in man calculated 
from venous insulin and C-protein responses.  J Clin Endocrinol  
Metab 1986; 63: 492-8.

[15] Nauck MA, Heimesaat MM, Orskov C, Holst JJ, Ebert R, 
Creutzfeldt W.  Preserved incretin activity of glucagon-like peptide 1 
[7-36 amide] but not of synthetic human GIP in patients with type 2 



14BioMedicine | http://biomedicine.cmu.edu.tw/ September 2015 | Volume 5 | Issue 3 | e41 15

diabetes.  J Clin Invest 1993; 91: 301-7.
[16] Mentlein R, Gallwitz B, Schmidt WE.  Dipeptidyl-peptidase IV 

hydrolysates gastric inhibitory polypeptide, glucagon-like peptide-1 
(7-36) amide, and peptide histidine methionine and is responsible for 
their degradation in human serum.  Eur J Biochem 1993; 214: 829-
35.

[17] Drucker DJ.  Dipeptidyl peptidase-4 inhibition and the treatment of 
type 2 diabetes.  Diabetes Care 2007; 30: 1335-43.

[18] Deacon CF, Holst JJ.  Dipeptidyl peptidase IV inhibitors: a promis-
ing new therapeutic approach for the management of type 2 diabetes.  
Int J Biochem Cell B 2006; 38: 831-44.

[19] Villhauer EB, Brinkman JA, Naderi GB, Burkey BF, Dunning BE, 
Prasad K, et al.  1-[[(3-Hydroxy-1-adamantyl)amino]acetyl]-2-
cyano-(S)-pyrrolidine: a potent, selective, and orally bioavailable 
dipeptidyl peptidase IV inhibitor with antihyperglycemic properties.  
J Med Chem 2003; 46: 2774-89.

[20] Krushner P, Gorrell M.  DPP-4 inhibitors in type 2 diabetes: impor-
tance of selective enzyme inhibition and implications for clinical 
use.  J Fam Pract 2010; 59: 2.

[21] Scheen A.  Gliptins (dipeptidyl peptidase-4 inhibitors) and risk of 
acute pancreatitis.  Expert Opin Drug Saf 2013; 12: 545-57.

[22] Kamau SM, Lu RR, Chen W, Liu XM, Tian FW, Shen Y, et al.  
Functional significance of bioactive peptides derived from milk pro-
teins.  Food Rev Int 2010; 26: 386-401.

[23] Shahidi F, Zhong Y.  Bioactive peptides.  J AOAC Int 2008; 91: 914-
31.

[24] Lacroix IME, Li-Chan ECY.  Isolation and characterization of pep-
tides with dipeptidyl peptidase-IV inhibitory activity from pepsin-
treated bovine whey proteins.  Peptides 2014; 54: 39-48.

[25] Nongonierma AB, FitzGerald RJ.  Susceptibility of milk protein-
derived peptides to dipeptidyl peptidase IV (DPP-IV) hydrolysis.  
Food Chem 2014; 145: 845-52.

[26] Hatanaka T, Inoue Y, Arima J, Kumagai Y, Usuki H, Kawakami K, 
et al.  Production of dipeptidyl peptidase IV inhibitory peptides from 
defatted rice bran.  Food Chem 2012; 134: 797-802.

[27] Velarde-Salcedo AJ, Barrera-Pacheco A, Lara-González de Mejia E, 
Barba de la Rosa A.  In vitro inhibition of dipeptidyl peptidase IV 
by peptides derived from the hydrolysis of amaranth (Amaranthus 
hypochondriacus L.) proteins.  Food Chem 2013; 136: 758-64.

[28] Huang SL, Jao CL, Ho KP, Hsu KC.  Dipeptidyl-peptidase IV in-
hibitory activity of peptides from tuna cooking juice hydrolysates.  
Peptides 2012; 35: 114-21.

[29] Li-Chan ECY, Huang SL, Jao CL, Ho KP, Hsu KC.  Peptides derived 
from Atlantic salmon skin gelatin as dipeptidyl-peptidase IV inhibi-
tors.  J Agr Food Chem 2012; 60: 973-78.

[30] Manders RJF, Wagenmakers AJM, Koopman R, Zorenc AHG, Men-
heere PPCA, Schaper NC, et al.  Co-ingestion of a protein hydro-
lysate and amino acid mixture with carbohydrate improves plasma 
glucose disposal in patients with type 2 diabetes.  Am J Clin Nutr 
2005; 82: 76-83.

[31] Uenishi H, Kabuki T, Seto Y, Serizawa A, Nakajima H.  Isolation 
and identification of casein-derived dipeptidyl-pepdiase-4 (DPP-4)-
inhibitory peptide LPQNIPPL from gouda-type cheese and its effect 
on plasma glucose in rats.  Int Dairy J 2012; 22: 24-30.

[32] Huang SL, Hung CC, Jao CL, Tung YS, Hsu KC.  Porcine skin gelatin  
hydrolysate as a dipeptidyl peptidase IV inhibitor improves glycemic 
control in streptozotocin-induced diabetic rats.  J Funct Foods 2014; 

11: 235-42.
[33] Aart VA, Catharina MJ, Zeeland-Wolbers V, Maria LA, Gilst V, 

Hendrikus W, et al.  Egg protein hydrolysates.  2009; Patent WO 
2009/128713 2009.

[34] Pieter BJW.  Protein hydrolysate enriched in peptides inhibiting 
DPP-IV and their use.  2006; Patent WO 2006/068480 2006.

[35] Cheung IWY, Nakayama S, Hsu MNK, Samaranayaka AGP, Li-Chan  
ECY.  Angiotensin-I converting enzyme inhibitory activity of hy-
drolysates from oat (Avena sativa) proteins by in silico and in vitro 
analyses.  J Agr Food Chem 2009; 57: 9234-42.

[36] Minkiewicz P, Dziuba J, Michalska J.  Bovine meat proteins as po-
tential precursors of biologically active peptides-a computational 
study based on the BIOPEP database.  Food Sci Tech Int 2011; 17: 
39-45.

[37] Lacroix IME, Li-Chan ECY.  Evaluation of the potential of dietary 
proteins as precursors of dipeptidyl peptidase (DPP)-IV inhibitors by 
an in silico approach.  J Funct Foods 2012; 4: 403-22.

[38] Nongonierma AB, FitzGerald RJ.  An in silico model to predict the 
potential of dietary proteins as sources of dipeptidyl peptidase IV 
(DPP-IV) inhibitory peptides.  Food Chem 2014; 165: 489-98.

[39] Meisel H.  Biochemical properties of regulatory peptides derived 
from milk proteins.  Biopolymers 1997; 43: 119-28.

[40] Uchida M, Ohshiba Y, Mogami O.  Novel dipeptidyl peptidase-4-
inhibiting peptide derived from β-lactoglobulin.  J Pharmacol Sci 
2011; 117: 63-6.

[41] Tulipano G, Sibilia V, Caroli AM, Cocchi D.  Whey proteins as source 
of dipeptidyl dipeptidase IV (dipeptidyl peptidase-4) inhibitors.   
Peptides 2011; 835-8.

[42] Gallego M, Aristoy MC, Toldrá F.  Dipeptidyl peptidase IV inhibi-
tory peptides generated in Spanish dry-cured ham.  Meat Sci 2014; 
96: 757-61.

[43] Umezawa H, Aoyagi T, Ogawa K, Naganawa H, Hamada M, 
Takeuchi T.  Diprotins A and B, inhibitors of dipeptidyl aminopepti-
dase IV, produced by bacteria.  J Antibiot 1984; 37: 422-425.

[44] Nongonierma AB, FitzGerald RJ.  Inhibition of dipeptidyl peptidase 
IV (DPP-IV) by tryptophan containing dipeptides.  Food Funct 2013; 
4: 1843-9.

[45] Silveira ST, Martinez-Maqueda D, Recio I, Hernández-Ledesma 
B.  Dipeptidyl peptidase-IV inhibitory peptides generated by tryptic 
hydrolysis of a whey protein concentration rich in β-lactoglobulin.  
Food Chem 2013; 141: 1072-7.

[46] Nongoneirma AB, FitzGerald RJ.  Dipeptidyl peptidase IV inhibitory 
and antioxidative properties of milk protein-derived dipeptides and 
hydrolysates.  Peptides 2013; 39: 157-63.

[47] Hira T, Mochida T, Miyachita K, Hara H.  GLP-1 secretin is en-
hanced directly in the ileum but indirectly in the duodenum by a 
newly identified potent stimulator, zein hydrolysate, in rats.  Am J 
Physiol Gastrointest Liver Physiol 2009; 297: G663-71.

[48] Mochida T, Hira T, Hara H.  The corn protein, zein hydrolysate, ad-
ministered into ileum attenuates hyperglycemia via its dual action on 
glucagon-like peptide-1 secretion and dipeptidyl peptidase-IV activ-
ity in rats.  Endocrinology 2010; 151: 3095-104.

[49] Power O, Hallihan A, Jakeman P.  Human insulinotropic response to 
oral ingestion of native and hydrolysed whey protein.  Amino Acids 
2009; 37: 333-9.

[50] Arihara K.  Strategies for designing novel functional meat products.  
Meat Sci 2006; 74: 219-29.



14 15BioMedicine | http://biomedicine.cmu.edu.tw/ September 2015 | Volume 5 | Issue 3 | e41

[51] Dziuba J, Minkiewicz P, Nalęcz D, Iwaniak A.  Database of biologi-
cally active peptide sequences.  Nahrung 1999; 43: 190-95.

[52] Lafarga T, O’Connor P, Hayes M.  Identification of novel dipeptidyl 
peptidase-IV and angiotensin-I-converting enzyme inhibitory pep-
tides from meat proteins using in silico analysis.  Peptides 2014; 59: 
53-62.

[53] Nongonierma AB, Mooney C, Shields DC, FitzGerald RJ.  In silico 

approaches to predict the potential of milk protein-derived peptides 
as dipeptidyl peptidase IV (DPP-IV) inhibitors.  Peptides 2014; 57: 
43-51.

[54] Dziuba J, Iwaniak A, Minkiewicz P.  Computer-aided characteristics 
of proteins as potential precursors of bioactive peptides.  Polimery 
2003; 48: 50-3.


	The development of bioactive peptides from dietary proteinsas a dipeptidyl peptidase IV inhibitor for the management oftype 2 diabetes
	ABSTRACT
	1. Introduction
	2. In vitro DPP-IV inhibitory activity of peptidesfrom dietary proteins
	3. In vivo antidiabetic effect of peptides
	4. In silico approaches to predict the potential ofpeptides as DPP-IV inhibitors
	5. Conclusions and future perspectives
	REFERENCES


