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Abstract
Dipeptidyl peptidase 4 (DPP4) inhibitors are a class of antidiabetic medications that cause glucose-dependent increase in 
incretins in diabetic patients. One of the two incretins, glucagon-like peptide-1 (GLP-1), beside its insulinotropic activity, 
has been studied for extra pancreatic effects. Most of DPP4 inhibitors (DPP4i) have been investigated in in vivo and in vitro 
models of diabetic and nondiabetic cardiovascular diseases including heart failure, hypertension, myocardial ischemia or 
infarction, atherosclerosis, and stroke. Results of preclinical studies proved prominent therapeutic potential of DPP4i in 
cardiovascular diseases, regardless the presence of diabetes. This review aims to present an updated summary of the car-
diovascular protective and therapeutic effects of DPP4 inhibitors through the past 5 years focusing on the molecular mecha-
nisms beneath these effects. Additionally, based on the results summary presented here, future studies may be conducted to 
elucidate or illustrate some of these findings which can add clinical benefits towards management of diabetic cardiovascular 
complications.
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Introduction

Type 2 diabetes mellitus (DM) is associated with various 
cardiovascular (CV) complications including hypertension, 
ischemic heart disease, heart failure, and atherosclerosis. 
Diabetic patients tend to develop cardiovascular disease at 
a younger age and at higher incidence than non-diabetic 
patients (Chen et al. 2016; Leon and Maddox 2015). In 
addition to the deleterious effects of hyperglycemia, studies 
proved that diabetic patients exhibit an impaired response to 
intestinal hormones called incretins compared to individuals 
with normal blood glucose level. This sheds lights on a new 
family of antidiabetic medications, the dipeptidyl peptidase 
4 inhibitors (DPP4i) or gliptins, which target incretin hor-
mones. Several DPP4i are commercially available includ-
ing alogliptin, linagliptin, saxagliptin, sitagliptin, anagliptin, 

vildagliptin, teneligliptin, and omarigliptin, in addition to 
several others which are under development.

Incretins are hormones released by the intestinal mucosa 
to stimulate insulin secretion following oral nutrient intake. 
Humans express two types of incretins: glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulinotropic pep-
tide (GIP). GLP-1 is secreted by the neuroendocrine L cells 
in the ileum, while GIP is secreted by K cells in the duode-
num and jejunum. Both hormones promote insulin release 
from pancreatic β-cells by activation of intracellular cAMP. 
They also stimulate β-cell proliferation and inhibit apoptosis, 
which increases β-cell mass (Drucker 2006). In addition, 
GLP-1, but not GIP, inhibits gastric emptying, food intake, 
and pancreatic release of glucagon, the hormone which 
stimulates hepatic glucose production.

GLP-1 has extra pancreatic effects and its receptor is 
expressed on many sites including the brain, intestine, lung, 
adipose tissue, myocardium, and vascular smooth muscle 
cells (Bullock et al. 1996). On the other hand, GIP has no 
major role in the cardiovascular system (Nauck and Meier 
2018). GLP-1(7–36) is the active form that is degraded to 
an inactive form, GLP-1 (9–36), within 1 to 2 min by the 
enzyme DPP4 (Mafong and Henry 2009). DPP-4 is a widely 

 * Esraa M. Zakaria 
 IMZakarya@pharmacy.zu.edu.eg

1 Department of Pharmacology, Faculty of Pharmacy, Zagazig 
University, Zagazig 44519, Egypt

2 Faculty of Pharmacy, Zagazig University, Zagazig 44519, 
Egypt

/ Published online: 10 August 2022

Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372

http://orcid.org/0000-0002-1132-2254
http://crossmark.crossref.org/dialog/?doi=10.1007/s00210-022-02279-3&domain=pdf


1 3

expressed enzyme that exists in 2 forms, an extracellular 
protein that, when activated, initiates intracellular signal 
transduction pathways independent of its enzymatic activity, 
as well as a circulating soluble form which is enzymatically 
active (Drucker 2006).

Current developments in incretin research have dem-
onstrated a significant role of incretins in cardiovascular 
pathology. This comprises 2 approaches. Firstly, the role 
of GLP-1 which is mediated through receptor-dependent 
and receptor-independent mechanisms. GLP-1 signal-
ing seems to play a role in cardiac development, because 
mice with a targeted gene deletion of the GLP-1 receptors 
showed enlarged hearts (Gros et al. 2003). Diebold et al. 
(2018) demonstrated a significant role of GLP-1 secretion 
for left ventricular contractility during myocardial infarc-
tion. Mechanistically, it was shown that DPP-4 inhibition 
increased AMP-activated protein kinase (AMPK) activity 
and stimulated the mitochondrial respiratory capacity of 
non-infarcted myocardial tissues.

Secondly, it is now known that DPP-4 also cleaves several 
other peptides, some of which have direct actions on the 
cardiac and vascular cells. Hence, DPP4 inhibition provides 
favorable cardiovascular outcomes independent of GLP-1. 
DPP-4 is responsible for degradation of B-type natriuretic 
peptide (BNP, Brandt et al. 2006), stromal cell-derived fac-
tor 1α (SDF-1α, Zaruba et al. 2009), and substance P (Wang 
et al. 1991). These findings suggest DPP4i as potential car-
dioprotective agents in diabetic and non-diabetic patients 
specially when considering that DPP4i have no risk of 
hyperglycemia or weight gain.

This review presents an updated overview on the car-
diovascular protective effects of DPP4i in experimental 
preclinical studies during the past 5 years. In addition, this 
review describes and evaluates the underlying molecular 
mechanisms for these effects.

Methodology

Literature search

To gather the most recent experimental studies on DPP4i 
in animal models of cardiovascular disease, a literature 
search was performed in “PubMed” and “Google Scholar” 
search engines up to 20 February 2022. The keywords 
“DPP4 inhibitors or gliptins or linagliptin or vildagliptin 
or saxagliptin or sitagliptin or alogliptin or anagliptin or 
teneligliptin or omarigliptin,” were matched with “cardio-
vascular or myocardial ischemia reperfusion or myocardial 
infarction or heart failure or atherosclerosis or stroke,” and 
with “experimental animals.” We included studies published 
in trustful scientific journals starting from 2017 and there-
after. To ensure a comprehensive search, we also included 

some related articles from references. Articles were carefully 
read, and data related to disease models, DPP4i dose, treat-
ment duration, and main findings as well as the underlying 
molecular mechanisms were summarized in a tabular form.

Figure creation

Figure 2 was created using BioRender software tool.

Results

Results of our search of DPP4i cardiovascular effects are 
summarized in a tabular form. Results are classified based 
on the CV disease then the type of gliptin (Table 1).

Discussion

This review covers the recent research of the cardiovascular 
(CV) protective potential of DPP4 inhibitors (DPP4i) dur-
ing the past 5 years. It is believed that the protective effects 
of DPP4i are maintained through 2 approaches, (I) Gluca-
gon-like peptide-1 (GLP-1)–mediated mechanisms and 
(II) conservation of some peptides that are physiologically 
degraded by the DPP4 enzyme. Researchers reported that 
DPP4 is responsible for degradation of B-type natriuretic 
peptide (BNP), stromal cell–derived factor 1α (SDF-1α), 
and substance P. Gliptins effectively mitigate the deleterious 
effects of postprandial hyperglycemia on oxidative stress, 
inflammation, and CV remodeling. However, in models of 
CV disease in non-diabetic animals, gliptins show protective 
effects through various pathways that will be discussed here.

GLP-1 deficiency is a consequence rather than a cause of 
diabetes as GLP-1 secretion is decreased in hyperglycemia. 
Also, DPP4 activity is increased in diabetes, both type 1 
and 2, and is negatively correlated with adiponectin levels 
(Vollmer et al. 2009). The effect of DPP4 antagonism was 
studied in models of myocardial ischemia/reperfusion (I/R) 
and infarction in normoglycemic and hyperglycemic ani-
mal models of CV disease by genetic deletion of DPP4 or 
by using DPP4i. Both approaches resulted in improved car-
diac function and hemodynamics (Sauvé et al. 2010). These 
promising finding may be attributed to (I) increased GLP-1 
level which exerts its effects through receptor-dependent as 
well as receptor-independent mechanisms. (II) DPP4 inhi-
bition preserves some peptides that have advantages on CV 
function in various disease conditions (see Fig. 1).

I‑DPP4 inhibition increases GLP‑1

It is well known that hyperglycemia underlines diabetic 
cardiovascular complications through various pathways. 
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Glucotoxicity increases reactive oxygen species (ROS) pro-
duction through many mechanisms including polyol and 
hexosamine pathways, increased advanced glycation end 
products (AGEs) production, activation of protein kinase 
C (PKC) and poly(ADP-ribose) polymerase-1 (PARP-1) 
enzyme (Mapanga and Essop 2016). Increased ROS pro-
duction triggers a closed cycle of myocardial and vascu-
lar inflammation and oxidative stress leading to apoptosis, 
endothelial dysfunction, and cardiomyopathies. In healthy 
individuals, GLP-1 is secreted by the neuroendocrine L cells 
in the ileum in response to food ingestion and stimulates 
pancreatic beta cells to release insulin. Postprandial insulin 
augmentation helps regulate blood glucose with minimal 
hypoglycemic effect. As GLP-1 is impaired in diabetes, 
inhibiting its degradation helps decreasing blood glucose 
in diabetic patients and consequently accentuate the rush 
through these oxidative and nonoxidative glucotoxicity path-
ways. In addition, enhanced insulin secretion improves car-
diac function and increase inotropy, regulate blood flow to 
myocardial tissue, and exerts anti-inflammatory, antioxidant, 
and antiapoptotic effects (Ng et al. 2012).

Beside the glycemic effect of GLP-1, it exerts direct car-
diovascular protection. Since the discovery of GLP-1 recep-
tor expression in the cardiac muscle, cardioprotective role of 
GLP-1 was extensively studied and was proved. Infusions 
of GLP-1 in animal models and human subjects with heart 
failure have demonstrated significant improvement in cardiac 

parameters (Ban et al., 2008). In patients with type 2 diabetes 
(T2DM), GLP-1 infusion significantly improved endothelial 
function, irrespective of changes in insulin sensitivity (Bull-
ock et al. 1996). Moreover, infusion of GLP-1 in patients with 
T2DM and established coronary artery disease significantly 
improved endothelial dysfunction as measured by flow-medi-
ated vasodilation (Nyström et al. 2004). Observations suggest 
that part of the cardioprotective and vasodilatory effects of 
GLP-1 on myocardial metabolism is direct, insulin-inde-
pendent, and GLP-1-receptor–independent (Ban et al. 2008). 
A study by Gros et al. (2003) on GLP-1 receptor knock out 
mice (GLP-1R−/−) showed that lack of GLP-1R is associated 
with decreased resting heart rate and increased left ventricular 
end diastolic (LVED) pressure and LV thickness compared 
with CD-1 wild-type controls. In addition, GLP-1R deletion 
resulted in impaired LV contractility and diastolic function 
after insulin or epinephrine administration. In another way, a 
study on a mouse model of I/R found that GLP-1(9–36), the 
primary metabolite of GLP-1, has nearly identical results, sug-
gesting the presence of an alternative signaling mechanism for 
GLP-1 and its metabolite independent of its known receptor.

II‑DPP4 inhibition preserves physiologically active 
cardioprotective peptides

Beside GLP-1, other peptides are substrates of DPP4 
enzyme including atrial natriuretic peptide (ANP), brain 

Fig. 1  Biological consequences of DPP4 inhibition

1359Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 P
ro

te
ct

iv
e 

eff
ec

ts
 o

f D
PP

4i
 in

 v
ar

io
us

 c
ar

di
ov

as
cu

la
r d

is
ea

se
 m

od
el

s i
n 

ex
pe

rim
en

ta
l a

ni
m

al
s

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

M
yo

ca
rd

ia
l i

sc
he

m
ia

 re
pe

rf
us

io
n 

(I
/R

)
1

Si
ta

gl
ip

tin
30

0 
m

g/
kg

, P
O

 3
 d

ay
s p

rio
r t

o 
I/R

M
yo

ca
rd

ia
l I

/R
 b

y 
co

ro
na

ry
 li

ga
tio

n 
in

 m
al

e 
W

ist
ar

 ra
ts

↓E
le

va
te

d 
ca

rd
ia

c 
en

zy
m

es
, i

nf
ar

ct
 si

ze
, a

nd
 

ap
op

to
si

s m
ar

ke
rs

↑N
at

riu
re

tic
 p

ep
tid

e 
an

d 
cG

M
P

Im
pr

ov
ed

 h
em

od
yn

am
ic

 p
ar

am
et

er
s (

H
R

 a
nd

 
LV

D
P)

(A
bb

as
 e

t a
l. 

20
18

)

2
50

 m
g/

kg
/d

ay
, P

O
 fo

r 2
 w

ks
Ex

 v
iv

o 
I/R

 w
ith

 v
ar

io
us

 d
ur

at
io

ns
↓I

nf
ar

ct
 si

ze
 a

nd
 D

PP
4 

ac
tiv

ity
↑G

LP
-1

, e
-N

O
S 

ex
pr

es
si

on
, T

R
PV

-1
 le

ve
l, 

an
d 

TR
PC

-1
 e

xp
re

ss
io

n

(A
l-A

w
ar

 e
t a

l. 
20

18
)

3
Si

ta
gl

ip
tin

 o
r S

ax
ag

lip
tin

0.
6,

 0
.4

5 
m

g/
kg

/d
ay

, r
es

pe
ct

iv
el

y,
 IP

 fo
r 3

 w
ks

Ev
al

ua
tio

n 
of

 d
ia

be
tic

 ra
t h

ea
rts

 w
ith

 o
r w

ith
-

ou
t g

lo
ba

l i
sc

he
m

ia
 (3

0 
m

in
)

Bo
th

 g
lip

tin
s:

 im
pr

ov
ed

 in
 v

iv
o 

he
m

od
y-

na
m

ic
 p

ar
am

et
er

s
↓C

ar
di

ac
 a

po
pt

os
is

 (B
cl

-2
 a

nd
 T

U
N

EL
 st

ai
n-

in
g)

 a
nd

 n
ec

ro
si

s
↓C

ar
di

ac
 tr

op
on

in
 T

Im
pr

ov
ed

 c
or

on
ar

y 
ci

rc
ul

at
io

n 
(s

ax
a <

  <
 si

ta
)

(B
ra

di
c 

et
 a

l. 
20

21
)

4
10

 m
g/

kg
/d

ay
, P

O
 fo

r 4
 w

ks
 st

ar
te

d 
w

ith
 

is
op

ro
te

re
no

l d
os

in
g

M
yo

ca
rd

ia
l i

sc
he

m
ia

 b
y 

is
op

ro
te

re
no

l i
nj

ec
-

tio
n 

fo
r 2

 d
ay

s i
n 

di
ab

et
ic

 ra
ts

Im
pr

ov
ed

 c
ar

di
ac

 c
on

du
ct

iv
ity

 a
nd

 st
ru

ct
ur

al
 

ch
an

ge
s

↑V
EG

F,
 C

D
34

, I
G

F-
1

↓C
ar

di
ac

 e
nz

ym
es

, i
nfl

am
m

at
io

n 
an

d 
CO

X
 

ac
tiv

ity

(K
ho

de
er

 e
t a

l. 
20

19
)

5
10

 m
g/

kg
/d

ay
, P

O
, p

os
t i

nd
uc

tio
n 

fo
r 2

1 
da

ys
M

yo
ca

rd
ia

l i
nf

ar
ct

io
n 

in
 d

ia
be

tic
 C

57
B

L/
6 

m
ic

e
↓I

nf
ar

ct
 si

ze
, fi

br
os

is
Im

pr
ov

ed
 th

e 
im

pa
ire

d 
au

to
ph

ag
y 

(↑
 L

C
3I

I 
an

d 
P6

5 
le

ve
ls

)

(G
u 

et
 a

l. 
20

18
)

6
V

ild
ag

lip
tin

80
 m

g/
kg

/tw
ic

e 
da

ily
 fo

r 2
 d

ay
s

A
lo

ne
 o

r c
om

bi
ne

d 
w

ith
 G

ra
nu

lo
cy

te
 c

ol
on

y 
sti

m
ul

at
in

g 
fa

ct
or

 (G
-C

SF
)

I/R
 in

 m
ic

e 
by

 li
ga

tio
n 

of
 th

e 
le

ft 
an

te
rio

r 
de

sc
en

di
ng

 (L
A

D
) c

or
on

ar
y 

ar
te

ry
↓I

nf
ar

ct
 si

ze
↑M

yo
ca

rd
ia

l h
om

in
g 

of
 c

irc
ul

at
in

g 
 C

X
C

R
4+

 
ste

m
 c

el
ls

 a
nd

 a
ng

io
ge

ne
si

s
↑S

D
F-

1α
 m

R
N

A
 e

xp
re

ss
io

n

(L
i e

t a
l. 

20
19

)

7
6 

m
g/

kg
/d

ay
, P

O
 fo

r 1
 m

on
th

 b
ef

or
e 

I/R
 c

om
-

bi
ne

d 
w

ith
 is

ch
em

ic
 p

re
co

nd
iti

on
in

g
In

 v
itr

o 
re

gi
on

al
 I/

R
 o

n 
La

ng
en

do
rff

 a
pp

ar
at

us
Re

gi
on

al
 m

yo
ca

rd
ia

l i
sc

he
m

ia
 o

f d
ia

be
tic

 
he

ar
ts

 b
y 

lig
at

io
n 

of
 le

ft 
co

ro
na

ry
 a

rte
ry

Im
pr

ov
ed

 d
ia

be
te

s-
m

ed
ia

te
d 

in
hi

bi
tio

n 
of

 le
ft 

ve
nt

ric
ul

ar
 p

re
ss

ur
e 

an
d 

co
nt

ra
ct

ili
ty

Th
e 

co
m

bi
na

tio
n 
↓I

nf
ar

ct
 si

ze
Th

e 
co

m
bi

na
tio

n 
↓I

nf
ar

ct
 si

ze
, ↓

ov
er

ac
tiv

at
ed

 
au

to
ph

ag
y 

m
ar

ke
rs

 (L
C

3B
-I

I a
nd

 L
C

3B
II

/
LC

3B
I a

nd
 p

62
), 
↓M

ito
ch

on
dr

ia
l R

O
S

(B
ay

ra
m

i e
t a

l. 
20

18
b)

(B
ay

ra
m

i e
t a

l. 
20

18
a)

8
6 

m
g/

kg
/d

ay
 P

O
 fo

r 5
 w

ks
 p

rio
r t

o 
I/R

A
lo

ne
 o

r c
om

bi
ne

d 
w

ith
 is

ch
em

ic
 p

re
co

nd
i-

tio
ni

ng

Ex
 v

iv
o 

re
gi

on
al

 I/
R

 o
f i

so
la

te
d 

di
ab

et
ic

 ra
t 

he
ar

ts
 b

y 
La

ng
en

do
rff

 a
pp

ar
at

us
↓G

en
e 

ex
pr

es
si

on
 o

f a
ut

op
ha

gy
 m

ar
ke

r L
C

3-
II

↑G
en

e 
ex

pr
es

si
on

 o
f m

ito
ch

on
dr

ia
l f

us
io

n 
m

ar
ke

r m
fn

2

(P
irz

eh
 e

t a
l. 

20
19

)

9
3 

m
g/

kg
/d

ay
 P

O
, f

or
 4

 w
ks

I/R
 in

 o
va

rie
ct

om
iz

ed
 ra

ts
I/R

 b
y 

lig
at

io
n 

of
 L

A
D

 o
f p

re
di

ab
et

ic
 ra

t 
he

ar
ts

↑%
 o

f L
V

EF
↓I

nf
ar

ct
 si

ze
, a

rr
hy

th
m

ia
 sc

or
e,

 o
xi

da
tiv

e 
str

es
s, 

an
d 

ap
op

to
si

s

(S
iv

as
in

pr
as

as
n 

et
 a

l. 
20

17
)

(T
an

aj
ak

 e
t a

l. 
20

18
)

10
A

na
gl

ip
tin

30
0 

m
g/

kg
/d

ay
 in

 d
rin

ki
ng

 w
at

er
 5

 d
ay

s b
ef

or
e 

M
I

M
yo

ca
rd

ia
l i

sc
he

m
ia

 b
y 

lig
at

io
n 

of
 L

A
D

 in
 

di
ab

et
ic

 ra
t h

ea
rts

↓I
nf

ar
ct

 si
ze

↑H
M

G
B

1 
pl

as
m

a 
le

ve
ls

, a
ng

io
ge

ne
si

s
N

or
m

al
iz

ed
 V

EG
F 

ex
pr

es
si

on

(S
at

o 
et

 a
l. 

20
17

)

1360 Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

11
Li

na
gl

ip
tin

10
 m

g/
kg

/d
ay

 in
 d

rin
ki

ng
 w

at
er

 fo
r 8

 w
ks

O
be

si
ty

-in
du

ce
d 

m
yo

ca
rd

ia
l i

sc
he

m
ia

 in
 m

ic
e

↑A
ng

io
ge

ne
si

s (
EG

R-
1)

C
ar

di
ac

 c
itr

ul
lin

e 
an

d 
cr

ea
tin

e 
le

ve
ls

(S
ud

a 
et

 a
l. 

20
17

)

12
5 

m
g/

kg
/d

ay
 in

 d
rin

ki
ng

 w
at

er
 fo

r 4
 w

ks
 a

fte
r 

in
du

ct
io

n 
of

 M
I

M
I b

y 
pe

rm
an

en
t L

A
D

 li
ga

tio
n 

in
 c

on
ge

ni
ta

l 
D

PP
-4

-d
efi

ci
en

t F
is

ch
er

 3
44

 ra
ts

Im
pr

ov
ed

 L
V

 d
ia

sto
lic

 fu
nc

tio
n,

 ↓
fib

ro
si

s 
(g

en
e 

ex
pr

es
si

on
 o

f c
ol

la
ge

n,
 T

G
F-

β1
), 

an
d 

in
fla

m
m

at
io

n 
(g

en
e 

ex
pr

es
si

on
 o

f M
C

P-
1 

an
d 

M
M

P-
2)

(Y
am

ag
uc

hi
 e

t a
l. 

20
19

)

13
3 

m
g/

kg
/d

ay
 c

om
bi

ne
d 

to
 e

m
pa

gl
ifl

oz
in

 fo
r 

7 
da

ys
 p

rio
r t

o 
I/R

 a
nd

 c
on

tin
ue

d 
fo

r 2
8 

da
ys

 
po

st 
I/R

M
yo

ca
rd

ia
l i

sc
he

m
ia

 b
y 

30
 m

in
 li

ga
tio

n 
of

 
LA

D
 in

 d
ia

be
tic

 m
ic

e
↓F

ib
ro

si
s a

nd
 p

re
se

rv
ed

 sy
sto

lic
 fu

nc
tio

n
(I

de
is

hi
 e

t a
l. 

20
21

)

14
83

 m
g/

kg
 o

f c
ho

w
 fo

r 1
 w

k 
be

fo
re

 I/
R

 a
nd

 
co

nt
in

ue
d 

af
te

r s
ur

ge
ry

 in
 th

e 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n 

m
od

el

M
od

el
 1

: I
/R

 is
ch

em
ia

 (3
0 

m
in

) t
he

n 
re

pe
rf

u-
si

on
 (2

4 
h)

 in
 d

ia
be

tic
 m

ic
e

M
od

el
 2

: M
I b

y 
pe

rm
an

en
t c

or
on

ar
y 

ar
te

ry
 

oc
cl

us
io

n

↓A
SC

, N
A

LP
3,

 IL
-1

β,
 IL

-6
, C

ol
la

ge
n-

1,
 a

nd
 

C
ol

la
ge

n-
3,

 T
N

Fα
↓T

LR
4 

ex
pr

es
si

on
 w

ith
 d

ow
ns

tre
am

 u
pr

eg
ul

a-
tio

n 
of

 L
et

-7
i a

nd
 m

iR
-1

46
b 

le
ve

ls
↓N

lrp
3/

A
SC

 in
fa

m
m

as
om

e 
by

 p
38

 a
ct

iv
at

io
n 

w
ith

 d
ow

ns
tre

am
 u

pr
eg

ul
at

io
n 

of
 m

iR
-1

46
b 

le
ve

ls

(B
irn

ba
um

 e
t a

l. 
20

19
)

15
 L

in
ag

lip
tin

9 
nm

ol
/L

 li
na

gl
ip

tin
, 8

17
 n

m
ol

/L
 si

ta
gl

ip
tin

, 
11

 n
g/

m
L 

al
og

lip
tin

, 2
4 

ng
/m

L 
sa

xa
gl

ip
tin

, 
or

 4
7 

ng
/m

L 
5-

hy
dr

ox
y 

sa
xa

gl
ip

tin

In
 v

itr
o 

m
yo

ca
rd

ia
l I

/R
 o

f C
57

B
L/

6 
m

ic
e 

in
 

pe
rf

us
ed

 h
ea

rt 
te

ch
ni

qu
e

Li
na

gl
ip

tin
↑(

LV
D

P)
, d

P/
dt

m
ax

, ↓
dP

/d
tm

in
, a

nd
 p

ho
sp

ho
-

pr
ot

ei
n 

ph
os

ph
ol

am
ba

n 
(S

er
16

) l
ev

el
s. 

In
di

re
ct

ly
 a

ct
iv

at
ed

 in
tra

ce
llu

la
r s

ig
na

lin
g 

in
 

ca
rd

io
m

yo
cy

te
s b

y 
↑s

er
in

e4
73

 p
ho

sp
ho

ry
la

-
tio

n 
of

 A
kt

 a
nd

 se
rin

e1
17

7 
ph

os
ph

or
yl

at
io

n 
of

 e
N

O
S

(B
at

ch
u 

et
 a

l. 
20

20
)

1361Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

C
ar

di
om

yo
pa

th
y

16
Si

ta
gl

ip
tin

10
0 

m
g/

kg
/d

ay
, P

O
 fo

r 2
 w

ks
D

ia
be

te
s-

as
so

ci
at

ed
 c

ar
di

ac
 in

ju
ry

↓B
cl

-2
-a

ss
oc

ia
te

d 
X

 p
ro

te
in

, c
as

pa
se

-3
, 

ap
op

to
si

s-
in

du
ci

ng
 fa

ct
or

 e
xp

re
ss

io
n

↑B
cl

-2
, H

SP
-7

0 
in

 le
ft 

ve
nt

ric
ul

ar
 ti

ss
ue

(M
an

so
ur

 e
t a

l. 
20

21
)

17
15

 m
g/

kg
/d

ay
 fo

r 1
2 

w
ks

O
be

si
ty

-in
du

ce
d 

ca
rd

ia
c 

dy
sf

un
ct

io
n 

in
 fe

m
al

e 
m

ic
e

A
lle

vi
at

ed
 d

ia
sto

lic
 d

ys
fu

nc
tio

n,
 ↓

m
TO

R
/

S6
K

1 
ac

tiv
at

io
n

(Q
ia

o 
et

 a
l. 

20
18

)

18
10

 m
g/

kg
/d

ay
, P

O
, f

or
 1

2 
w

ks
C

ar
di

om
yo

pa
th

y 
in

 Z
uc

ke
r d

ia
be

tic
 fa

tty
 ra

ts
Im

pr
ov

ed
 d

ys
lip

id
em

ia
, e

je
ct

io
n 

fr
ac

tio
n,

 a
nd

 
fr

ac
tio

na
l s

ho
rte

ni
ng

↓N
itr

os
at

iv
e 

str
es

s a
nd

 re
ve

rs
ed

 th
e 

in
hi

bi
te

d 
au

to
ph

ag
y

(Z
ho

u 
et

 a
l. 

20
18

)

19
10

 m
g/

kg
/d

ay
, P

O
 fo

r 2
1 

da
ys

 (e
ith

er
 a

lo
ne

 o
r 

co
m

bi
ne

d 
w

ith
 q

ue
rc

et
in

)
D

ox
or

ub
ic

in
-in

du
ce

d 
ca

rd
io

to
xi

ci
ty

 in
 m

al
e 

ad
ul

t W
ist

ar
 ra

ts
↓L

ev
el

 o
f t

ro
po

ni
n,

 L
D

H
, C

K
, C

R
P,

 c
ho

le
s-

te
ro

l, 
LD

L,
 T

G
, p

la
sm

a 
at

he
ro

ge
ni

c 
in

de
x

↑T
ot

al
 a

nt
io

xi
da

nt
 c

ap
ac

ity

(A
zi

z 
20

21
)

20
20

0 
m

g/
kg

/tw
ic

e 
a 

da
y,

 fo
r 8

 w
ks

N
ep

hr
ec

to
m

y-
in

du
ce

d 
ca

rd
ia

c 
re

m
od

el
in

g
In

 m
al

e 
W

ist
ar

 ra
ts

 (5
/6

 n
ep

hr
ec

to
m

y)
↓F

ib
ro

si
s a

nd
 h

yp
er

tro
ph

y
↓I

so
vo

lu
m

ic
 re

la
xa

tio
n 

tim
e

↓C
ar

di
ac

 c
on

te
nt

 o
f A

ng
 II

 b
ut

↑A
ng

-(
1–

7)
↓C

ar
di

ac
 A

ng
 II

 b
ut

 ↑
A

ng
-1

–7

(B
er

al
do

 e
t a

l. 
20

19
)

21
10

 m
g/

kg
/d

ay
, P

O
, f

or
 8

 w
ks

H
yp

er
te

ns
io

n 
in

 D
ah

l s
al

t-s
en

si
tiv

e 
ra

ts
 

(in
du

ce
d 

by
 a

 h
ig

h-
sa

lt 
di

et
 fo

r 5
 w

ee
ks

)
Im

pr
ov

ed
 d

ia
sto

lic
 fu

nc
tio

n
↓P

la
sm

a 
B

N
P

↓T
N

F-
α,

 IL
-6

, C
C

L2
, a

nd
 N

F-
κB

↓N
O

X
2,

 le
ve

ls
 o

f D
H

E 
ox

id
at

io
n

↓C
ol

la
ge

n 
de

po
si

tio
n 

an
d 

TG
F-

β 
le

ve
l

(E
sp

os
ito

 e
t a

l. 
20

17
)

22
22

.6
 m

m
ol

/k
g 

or
 th

e 
ne

w
 D

PP
4i

, L
A

SS
-

B
io

-2
12

4 
(2

2.
6 

m
m

ol
/k

g)
, b

y 
or

al
 g

av
ag

e 
on

ce
 a

 d
ay

 fo
r 2

 w
ks

D
ia

be
te

s-
in

du
ce

d 
ca

rd
ia

c 
dy

sf
un

ct
io

n 
in

 m
al

e 
W

ist
ar

 ra
ts

↓C
ho

le
ste

ro
l, 

TG
 le

ve
ls

, s
ys

to
lic

, a
nd

 d
ia

sto
lic

 
le

ft 
ve

nt
ric

ul
ar

 d
ys

fu
nc

tio
n

LA
SS

B
io

-2
12

4 
re

ve
rs

ed
 th

e 
im

pa
irm

en
t o

f 
va

sc
ul

ar
 re

ac
tiv

ity

(A
lv

es
 e

t a
l. 

20
19

)

1362 Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

23
Li

na
gl

ip
tin

83
 m

g/
kg

 fo
r 1

6 
w

ks
 a

dd
ed

 to
 w

es
te

rn
 d

ie
t

O
be

si
ty

-in
du

ce
d 

ca
rd

ia
c 

dy
sf

un
ct

io
n 

in
 fe

m
al

e 
C

56
B

l/6
 J 

m
ic

e 
(b

y 
hi

gh
 fa

t a
nd

 si
m

pl
e 

su
ga

r-r
ic

h 
di

et
)

↓N
F-

κB
, A

P-
1,

 a
nd

 p
-3

8 
M

A
PK

 a
ct

iv
at

io
n

↓C
ar

di
ac

 n
itr

at
iv

e 
an

d 
ox

id
at

iv
e 

str
es

s b
y 
↓ 

M
D

A
/4

H
N

E 
le

ve
ls

 ↓
TR

A
F3

IP
2 

pr
ot

ei
n 

an
d 

ge
ne

 e
xp

re
ss

io
n

↓C
ar

di
ac

 fi
br

ob
la

st 
(C

F)
 a

ct
iv

at
io

n 
an

d 
m

ig
ra

-
tio

n,
 c

ol
la

ge
ns

 I 
an

d 
II

I e
xp

re
ss

io
n

↓H
yp

er
tro

ph
y 

m
ar

ke
r 7

0 
S6

 k
in

as
e1

↓D
ia

sto
lic

 a
nd

 sy
sto

lic
 d

ys
fu

nc
tio

n

(A
ro

or
 e

t a
l. 

20
17

)

24
10

 m
g/

kg
, I

V,
 a

t 1
 h

 a
fte

r s
ur

ge
ry

O
be

si
ty

 a
nd

 in
su

lin
 re

si
st

an
ce

–i
nd

uc
ed

 c
ar

-
di

ac
 d

ys
fu

nc
tio

n 
in

 m
al

e 
C

57
B

L/
6 

m
ic

e
↓C

ar
di

ac
 d

ys
fu

nc
tio

n 
as

so
ci

at
ed

 w
ith

 C
LP

-
se

ps
is

 in
 d

ia
be

tic
 m

ic
e

↓I
L-

6,
 K

C
, I

L-
10

, a
nd

 T
N

F-
α

↓M
PO

 a
nd

 N
A

G
 a

ct
iv

iti
es

 in
 th

e 
lu

ng
s

↓S
er

um
 c

re
at

in
in

e,
 u

re
a,

 a
nd

 A
LT

 le
ve

ls

(A
l Z

ou
bi

 e
t a

l. 
20

18
)

25
83

 m
g/

kg
 in

 c
ho

w
 d

ie
t f

or
 4

 w
ee

ks
C

ar
di

ac
 d

ys
fu

nc
tio

n 
in

 o
be

se
 Z

SF
1 

ra
ts

 
(h

om
oz

yg
ou

s f
or

 th
e 

le
pt

in
 re

ce
pt

or
 m

ut
a-

tio
n)

↓L
ef

t v
en

tri
cu

la
r s

tiff
ne

ss
 a

nd
 im

pr
ov

ed
 

re
la

xa
tio

n 
(↓

m
itr

al
 v

al
ve

 d
ec

el
er

at
io

n 
tim

e)
↓T

ra
ns

cr
ip

t l
ev

el
s o

f C
ol

1a
1,

 C
ol

3a
1,

 a
nd

 
Ti

m
p1

 le
ad

in
g 

to
 re

du
ct

io
n 

of
 to

ta
l, 

pe
riv

as
-

cu
la

r, 
an

d 
in

te
rs

tit
ia

l c
ar

di
ac

 fi
br

os
is

(C
ui

jp
er

s e
t a

l. 
20

21
)

26
V

ild
ag

lip
tin

3 
m

g/
kg

/d
ay

, P
O

, f
or

 2
8 

da
ys

H
ig

h 
fa

t d
ie

t–
in

du
ce

d 
ca

rd
ia

c 
dy

sf
un

ct
io

n 
in

 
m

al
e 

W
ist

ar
 ra

ts
↑B

cl
-2

, ↓
B

ax
, a

nd
 c

le
av

ed
 c

as
pa

se
 3

 e
xp

re
s-

si
on

(T
an

aj
ak

 e
t a

l. 
20

17
)

27
3 

m
g/

kg
/d

ay
 a

lo
ne

 o
r c

om
bi

ne
d 

w
ith

 lo
w

-d
os

e 
te

sto
ste

ro
ne

, P
O

 fo
r 2

8 
da

ys
C

as
tra

te
d 

ob
es

e 
in

su
lin

 re
si

st
an

t m
al

e 
ra

ts
↑L

V
EF

↓L
F/

H
F 

ra
tio

, s
ys

to
lic

, a
nd

 d
ia

sto
lic

 B
P

↓C
ar

di
ac

 m
ito

ch
on

dr
ia

l R
O

S,
 m

ito
ch

on
dr

ia
l 

m
em

br
an

e 
de

po
la

riz
at

io
n,

 a
nd

 sw
el

lin
g

↑E
xp

re
ss

io
n 

of
 P

G
C

-1
α,

 C
PT

-1
, a

nd
 O

PA
-1

↓p
-D

rp
1s

er
61

6/
D

rp
1 

pr
ot

ei
n 

ex
pr

es
si

on
 a

nd
 

TU
N

EL
 +

 ce
lls

(A
rin

no
 e

t a
l. 

20
19

)

28
15

.1
7 

m
g/

kg
/d

ay
, P

O
, f

or
 1

0 
w

ks
C

ar
di

ac
 d

ys
fu

nc
tio

n 
in

 w
ild

-ty
pe

 C
57

B
L/

6 
J 

an
d 

m
iR

-2
1 

kn
oc

ko
ut

 m
ic

e 
by

 tr
ea

tm
en

t 
w

ith
 H

FD
/S

TZ

↑E
/A

 v
al

ue
, L

V
EF

, a
nd

 fr
ac

tio
na

l s
ho

rte
ni

ng
, 

ex
pr

es
si

on
 o

f C
x4

3 
→

im
pr

ov
ed

 c
ar

di
ac

 
fu

nc
tio

n
↓C

ar
di

ac
 fi

br
os

is
 in

 d
ia

be
tic

 m
ic

e
→

m
ai

nt
ai

ne
d 

ce
ll–

ce
ll 

co
m

m
un

ic
at

io
n 

an
d 

ca
rd

ia
c 

fu
nc

tio
n

(L
i e

t a
l. 

20
21

)

29
10

 m
g/

kg
/d

ay
, P

O
 fo

r 9
 w

ks
D

ia
sto

lic
 d

ys
fu

nc
tio

n 
in

 D
ah

l s
al

t–
se

ns
iti

ve
 

ra
ts

↓L
V

ED
P,

 L
V

 d
ist

en
si

bi
lit

y 
in

de
x,

 L
V

 in
te

rs
ti-

tia
l fi

br
os

is
↓P

la
sm

a 
re

ni
n 

ac
tiv

ity
 a

nd
 a

ld
os

te
ro

ne
 c

on
-

ce
nt

ra
tio

ns

(N
ak

aj
im

a 
et

 a
l. 

20
19

)

30
50

 m
g/

kg
/d

ay
 fo

r 4
 w

ks
M

yo
ca

rd
ia

l p
re

ss
ur

e 
ov

er
lo

ad
 in

 m
al

e 
C

57
B

L/
6j

 m
ic

e 
(p

ro
du

ce
d 

by
 c

on
str

ic
tin

g 
th

e 
tra

ns
ve

rs
e 

ao
rta

)

↓M
yo

ca
rd

ia
l F

G
F2

1 
ex

pr
es

si
on

 v
ia

 S
irt

1 
ex

pr
es

si
on

 →
↓C

ar
di

ac
 h

yp
er

tro
ph

y 
an

d 
dy

sf
un

ct
io

n
↑F

D
G

 (g
lu

co
se

 a
na

lo
g)

 u
pt

ak
e 

an
d 

B
M

IP
P 

(fa
tty

 a
ci

d 
an

al
og

) u
pt

ak
e

(F
ur

uk
aw

a 
et

 a
l. 

20
21

)

1363Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

31
Sa

xa
gl

ip
tin

10
 m

g/
kg

/ d
ay

, P
O

, f
or

 8
 w

ks
D

ia
be

tic
 c

ar
di

om
yo

pa
th

y 
in

 m
ic

e
↓M

yo
ca

rd
ia

l l
ip

id
 a

cc
um

ul
at

io
n,

 o
xi

da
tiv

e 
str

es
s, 

ap
op

to
si

s, 
an

d 
ca

rd
ia

c 
re

m
od

el
in

g
(W

u 
et

 a
l. 

20
18

)

32
10

 m
g/

kg
/d

ay
, P

O
 in

 p
ea

nu
t b

ut
te

r f
or

 2
 w

ks
, 

st
ar

te
d 

af
te

r A
ng

 II
 tr

ea
tm

en
t

A
ng

 II
-in

du
ce

d 
ca

rd
ia

c 
dy

sf
un

ct
io

n 
in

 m
al

e 
C

57
B

L/
6 

J m
ic

e 
(A

ng
 II

 d
os

e =
 50

0 
ng

/k
g/

m
in

)

Im
pr

ov
ed

 d
ia

sto
lic

 fu
nc

tio
n 

(n
or

m
al

iz
at

io
n 

of
 

ea
rly

-to
-la

te
 se

pt
al

 a
nn

ul
us

 m
ot

io
n 

in
 d

ia
s-

to
le

 a
nd

 a
 te

nd
en

cy
 to

 d
ec

re
as

e 
is

ov
ol

um
ic

 
re

la
xa

tio
n 

tim
e)

Pr
ev

en
te

d 
A

ng
 II

–i
nd

uc
ed

 c
ar

di
ac

 p
er

ia
rte

ria
l 

fib
ro

si
s b

y 
↓c

ol
la

ge
n 

I m
R

N
A

 e
xp

re
ss

io
n 

an
d 

ca
rd

ia
c 

pe
rio

sti
n 

ex
pr

es
si

on
↓C

ar
di

ac
 C

D
11

c 
m

es
se

ng
er

 R
N

A
 a

nd
 c

ar
di

ac
 

C
D

8 
ge

ne
 e

xp
re

ss
io

n 
an

d 
m

em
or

y 
C

D
45

, 
C

D
8,

 C
D

44
 ly

m
ph

oc
yt

es
, T

LR
4,

 N
Fk

B
, 

A
P-

1

(B
ro

w
n 

et
 a

l. 
20

17
)

33
A

lo
gl

ip
tin

20
 m

g/
kg

, d
ay

, P
O

, f
or

 8
 w

ks
C

ar
di

ac
 d

ys
fu

nc
tio

n 
in

 S
H

R
 m

al
e 

ra
ts

↓S
ys

to
lic

 a
nd

 d
ia

sto
lic

 B
P

↓C
ar

di
om

yo
cy

te
 si

ze
 a

nd
 c

ol
la

ge
n 

ex
pr

es
si

on
↓E

xp
re

ss
io

ns
 o

f R
ho

A
 a

nd
 R

O
CK

2 
an

d 
th

e 
ph

os
ph

or
yl

at
io

n 
of

 th
e 

RO
CK

2 
su

bs
tra

te
s 

M
LC

 a
nd

 M
Y

PT
1 
→

 re
du

ct
io

n 
of

 m
yo

ca
r-

di
al

 h
yp

er
tro

ph
y 

vi
a 

th
e 

cA
M

P/
PK

A
/R

ho
A

/
RO

CK
2 

si
gn

al
in

g

(F
an

 e
t a

l. 
20

20
a)

34
Te

ne
lig

lip
tin

10
 m

g/
kg

/d
ay

 st
ar

te
d 

af
te

r i
nd

uc
tio

n 
of

 
hy

pe
rte

ns
io

n
Ea

rly
 tr

ea
tm

en
t f

or
 1

2 
w

ks
 (f

ro
m

 w
k 

6 
to

 w
k 

18
)

La
te

 tr
ea

tm
en

t f
or

 8
 w

ks
 (f

ro
m

 w
k 

10
 to

 w
k 

18
)

C
ar

di
om

yo
pa

th
y 

in
 D

ah
l s

al
t–

se
ns

iti
ve

 ra
ts

Pr
ev

en
te

d 
ca

rd
io

m
yo

cy
te

 fi
br

os
is

, c
on

ce
nt

ric
 

hy
pe

rtr
op

hy
, a

nd
 d

ev
el

op
m

en
t o

f h
ea

rt 
fa

ilu
re

(Y
am

am
ot

o 
et

 a
l. 

20
18

)

35
30

 m
g/

kg
/d

ay
, i

n 
dr

in
ki

ng
 w

at
er

 fo
r 1

 w
k

A
ng

 II
-I

nd
uc

ed
 c

ar
di

ac
 h

yp
er

tro
ph

y
↓A

ng
 II

-in
du

ce
d 

in
cr

ea
se

s i
n 

N
ox

4-
H

D
A

C
4 

ax
is

 in
 c

ar
di

om
yo

cy
te

s v
ia

 a
 G

LP
-1

 
re

ce
pt

or
-d

ep
en

de
nt

 m
an

ne
r

(O
ka

be
 e

t a
l. 

20
20

)

At
he

ro
sc

le
ro

si
s a

nd
 o

th
er

 v
as

cu
lo

pa
th

ie
s

36
A

lo
gl

ip
tin

20
 m

g/
kg

/d
ay

, P
O

 fo
r 8

 w
ks

Va
sc

ul
ar

 re
m

od
el

in
g:

In
 v

iv
o:

 in
 S

H
R

In
 v

itr
o:

 ra
t a

or
tic

 sm
oo

th
 m

us
cl

e 
ce

lls
 

ex
po

se
d 

to
 A

ng
 II

↓P
ro

lif
er

at
io

n,
 E

C
M

 d
eg

ra
da

tio
n,

 d
ow

nr
eg

u-
la

tio
n 

of
 M

M
P-

1,
 E

R
K

1/
2,

 N
F-

κB
(F

an
 e

t a
l. 

20
20

b)

37
Sa

xa
gl

ip
tin

10
 m

g/
kg

/d
ay

 in
 d

rin
ki

ng
 w

at
er

 fo
r 1

2 
w

ks
In

 v
iv

o:
 a

ge
d 

ra
ts

In
 v

itr
o:

 H
2O

2-
in

du
ce

d 
se

ne
sc

en
t h

um
an

 
um

bi
lic

al
 v

ei
n 

en
do

th
el

ia
l c

el
ls

↑E
xp

re
ss

io
n 

an
d 

ph
os

ph
or

yl
at

io
n 

of
 

A
M

PK
-α

, S
IR

T1
, N

rf
2

(C
he

n 
et

 a
l. 

20
20

)

38
10

 m
g/

kg
/d

ay
, P

O
, s

ta
rte

d 
1 

w
k 

af
te

r a
or

tic
 

ba
nd

in
g 

an
d 

co
nt

in
ue

d 
fo

r 2
3 

w
ks

C
or

on
ar

y 
co

nd
ui

t v
as

cu
la

r s
tiff

ne
ss

 in
du

ce
d 

by
 a

or
tic

 b
an

di
ng

 in
 m

in
ia

tu
re

 sw
in

e
N

or
m

al
iz

ed
 c

or
on

ar
y 

va
sc

ul
ar

 st
iff

ne
ss

 b
y 

↓A
G

Es
, N

F-
κB

, a
nd

 n
itr

ot
yr

os
in

e 
le

ve
ls

(F
le

en
or

 e
t a

l. 
20

18
)

1364 Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

39
V

ild
ag

lip
tin

50
 m

g/
kg

/d
ay

, P
O

, f
or

 4
 w

ks
 a

fte
r i

nd
uc

tio
n 

of
 D

M
D

M
-in

du
ce

d 
va

sc
ul

ar
 e

nd
ot

he
lia

l d
ys

fu
nc

tio
n 

in
 w

ild
 o

r T
R

PV
4 −

 / −
 di

ab
et

ic
 m

ic
e

Im
pr

ov
ed

 e
nd

ot
he

lia
l d

ys
fu

nc
tio

n 
by

 d
ire

ct
 

ac
tiv

at
io

n 
of

 T
R

PV
4 
→
↑e

xt
ra

ce
llu

la
r c

al
-

ci
um

 u
pt

ak
e 

in
 e

nd
ot

he
lia

l c
el

ls
→
↑ 

A
M

PK
/

SI
RT

1 
pa

th
w

ay

(G
ao

 e
t a

l. 
20

20
)

40
35

 m
g/

kg
/d

ay
, P

O
, s

ta
rte

d 
th

e 
ne

xt
 d

ay
 to

 li
ga

-
tio

n 
an

d 
co

nt
in

ue
d 

fo
r 4

 w
ks

A
rte

ry
 st

en
os

is
 b

y 
ca

ro
tid

 a
rte

ry
 li

ga
tio

n 
in

 a
 

ge
ne

tic
 m

ou
se

 m
od

el
 o

f D
M

↓E
nd

op
la

sm
ic

 re
tic

ul
um

 st
re

ss
/N

F-
κB

 p
at

h-
w

ay
(J

i e
t a

l. 
20

19
)

41
3 

m
g/

kg
/d

ay
, i

n 
dr

in
ki

ng
 w

at
er

, f
or

 6
 w

ks
D

ox
or

ub
ic

in
-in

du
ce

d 
va

sc
ul

ar
 se

ne
sc

en
ce

Im
pr

ov
ed

 v
as

cu
la

r r
el

ax
at

io
n

↓S
en

es
ce

nc
e 

m
ar

ke
rs

,  p
16

In
k4

a , a
nd

  p
27

K
ip

1  
ex

pr
es

si
on

↓I
L-

6 
an

d 
IL

-8

(M
iš

út
h 

et
 a

l. 
20

21
)

42
Lo

w
 d

os
e

10
 m

g/
kg

/d
ay

H
ig

h 
do

se
20

 m
g/

kg
/d

ay
,

PO
 fo

r 1
2 

w
ks

A
or

tic
 e

nd
ot

he
lia

l d
ys

fu
nc

tio
n 

in
 d

ia
be

tic
 ra

ts
m

iR
N

A
 re

gu
la

tio
n 

to
 in

hi
bi

t C
cl

2 
ex

pr
es

si
on

 
an

d 
to

 in
cr

ea
se

 B
D

N
F 

an
d 

Pd
k1

 e
xp

re
ss

io
n 

in
 th

e 
ao

rta
 (↓

in
fla

m
m

at
io

n 
an

d 
ap

op
to

si
s)

(Z
ha

ng
 e

t a
l. 

20
21

)

43
Si

ta
gl

ip
tin

50
 m

g/
kg

, P
O

 fo
r 1

 m
on

th
 a

fte
r i

nd
uc

tio
n

Va
sc

ul
ar

 in
fla

m
m

at
io

n 
in

du
ce

d 
in

 v
iv

o 
by

 
hy

pe
rc

ho
le

ste
ro

le
m

ia
 in

 m
ic

e 
an

d 
in

 v
itr

o 
by

 T
N

F-
α-

sti
m

ul
at

ed
 h

um
an

 u
m

bi
lic

al
 v

ei
n 

en
do

th
el

ia
l c

el
l l

in
e

In
 b

ot
h 

m
od

el
s:

↑S
IR

T6
 e

xp
re

ss
io

n
↓T

he
 e

xp
re

ss
io

n 
of

 M
C

P-
1,

 IL
-6

, a
nd

 IL
-1

β 
w

hi
ch

 is
 p

ar
tia

lly
 S

IR
T6

-d
ep

en
de

nt
 a

nd
 

pa
rti

al
ly

 d
ue

 to
 ↓

 R
O

S

(H
e 

et
 a

l. 
20

19
)

44
2.

5,
 1

0 
m

g/
kg

/d
ay

, P
O

, f
or

 9
0 

da
ys

A
llo

gr
af

t v
as

cu
lo

pa
th

y 
m

od
el

 u
si

ng
 th

e 
PV

G
/

Se
ac

 ra
t t

ho
ra

ci
c 

ao
rta

 g
ra

ft 
to

 A
C

I/N
K

yo
 

ra
t a

bd
om

in
al

 a
or

ta

↓B
N

P 
an

d 
H

M
G

B
1 

le
ve

ls
↑G

LP
-1

 a
ct

iv
ity

 a
nd

 S
D

F-
1α

 e
xp

re
ss

io
n

(L
in

 e
t a

l. 
20

21
)

45
20

, 4
0,

 a
nd

 8
0 

m
g/

kg
/d

ay
, P

O
 fo

r 2
8 

da
ys

Pu
lm

on
ar

y 
ar

te
ria

l r
em

od
el

in
g 

in
 ra

ts
Im

pr
ov

ed
 h

yp
er

tro
ph

y 
of

 p
ul

m
on

ar
y 

ar
te

ria
l 

m
ed

ia
l l

ay
er

, ↓
in

tra
ce

llu
la

r i
nfl

am
m

a-
tio

n,
 c

hr
on

ic
 h

yp
ox

ia
-in

du
ce

d 
pu

lm
on

ar
y 

hy
pe

rte
ns

io
n

(X
u 

et
 a

l. 
20

18
)

46
A

na
gl

ip
tin

30
 m

g/
kg

/tw
ic

e 
da

ily
, P

O
 fo

r 1
2 

w
ks

A
th

er
os

cl
er

os
is

 in
du

ce
d 

in
 A

po
E 

−
 / −

 m
ic

e 
by

 
H

FD
 a

nd
 st

re
ss

A
di

po
ne

ct
in

-d
ep

en
de

nt
 ↓

 a
th

er
os

cl
er

ot
ic

 
le

si
on

(L
ei

 e
t a

l. 
20

17
)

47
Li

na
gl

ip
tin

83
 m

g/
kg

 o
f c

ho
w

 fo
r 4

 w
ks

Va
sc

ul
ar

 re
m

od
el

in
g 

in
 m

al
e 

di
ab

et
ic

 ra
ts

 a
nd

 
no

nd
ia

be
tic

 G
ot

o-
K

ak
iz

ak
i r

at
s

Im
pr

ov
e 

to
ta

l r
el

ax
at

io
n 

by
 ↑

N
O

 a
nd

 v
as

od
ila

-
tio

n
Si

gn
ifi

ca
nt

ly
 im

pr
ov

ed
 c

er
eb

ra
l p

er
fu

si
on

 in
 

th
e 

di
ab

et
ic

 ra
ts

Re
ve

rs
ed

 v
as

cu
la

r r
em

od
el

in
g 

(↓
 m

ed
ia

 th
ic

k-
ne

ss
 a

nd
 m

ed
ia

-to
-lu

m
en

 ra
tio

)

(H
ar

di
ga

n 
et

 a
l. 

20
16

)

1365Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

N
o

G
lip

tin
, d

os
e,

 ro
ut

e,
 a

nd
 tr

ea
tm

en
t d

ur
at

io
n

M
od

el
 a

nd
 su

bj
ec

t
M

ai
n 

fin
di

ng
 a

fte
r g

lip
tin

 tr
ea

tm
en

t  
(a

nd
 

m
ol

ec
ul

ar
 m

ec
ha

ni
sm

)
A

ut
ho

r

C
er

eb
ra

l i
sc

he
m

ia
/st

ro
ke

48
V

ild
ag

lip
tin

2.
5,

 5
, 1

0 
m

g/
kg

 fo
r 3

 w
ks

 p
rio

r t
o 

str
ok

e
C

er
eb

ra
l i

sc
he

m
ia

 in
 ra

ts
 b

y 
le

ft 
m

id
dl

e 
ce

r-
eb

ra
l a

rte
ry

 o
cc

lu
si

on
 (M

CA
O

)
Im

pr
ov

ed
 n

eu
ro

lo
gi

ca
l d

efi
ci

t s
co

re
, l

oc
om

o-
to

r a
ct

iv
ity

, a
nd

 m
ot

or
 c

oo
rd

in
at

io
n,

↑A
nt

io
xi

da
nt

s a
nd

 m
TO

R
 c

on
te

nt
s i

n 
br

ai
n

(E
l-M

ar
as

y 
et

 a
l. 

20
18

)

49
In

 v
itr

o 
hy

po
xi

a/
re

ox
yg

en
at

io
n 

m
od

el
 in

 
is

ol
at

ed
 ra

t p
rim

ar
y 

ca
rd

ia
c 

m
ic

ro
va

sc
ul

ar
 

en
do

th
el

ia
l c

el
ls

↓A
ct

iv
at

io
n 

of
 th

e 
p3

8/
N

F-
κB

 si
gn

al
in

g 
in

 
hy

po
xi

a/
re

ox
yg

en
at

io
n-

in
du

ce
d 

ca
rd

ia
c 

m
ic

ro
va

sc
ul

ar
 e

nd
ot

he
lia

l c
el

ls

(F
an

 e
t a

l. 
20

20
c)

50
Li

na
gl

ip
tin

10
 m

g/
kg

/d
ay

, P
O

, f
or

 8
 w

ks
 st

ar
te

d 
3 

da
ys

 
af

te
r s

tro
ke

St
ro

ke
 in

 T
2D

/o
be

se
 m

ic
e 

(in
du

ce
d 

by
 tr

an
-

si
en

t M
CA

O
)

↓P
os

t-s
tro

ke
 n

eu
ro

in
fla

m
m

at
io

n,
 n

or
m

al
iz

ed
 

m
ic

ro
gl

ia
/m

ac
ro

ph
ag

es
 a

ct
iv

at
io

n
Im

pr
ov

ed
 n

eu
ro

pl
as

tic
ity

 (b
y 

pr
es

er
vi

ng
 so

m
a 

vo
lu

m
e 

of
 P

V
 +

 in
te

rn
eu

ro
ns

 a
nd

 ↑
str

ok
e-

in
du

ce
d 

ne
ur

ob
la

st 
fo

rm
at

io
n)

(A
ug

es
ta

d 
et

 a
l. 

20
20

)

51
10

 m
g/

kg
/d

ay
 fo

r 1
 w

k 
be

gi
nn

in
g 

th
e 

da
y 

of
 

str
ok

e 
on

se
t, 

th
en

 8
3 

m
g/

kg
 in

 c
he

w
 d

ie
t f

or
 

2 
m

or
e 

w
ks

St
ro

ke
 in

 m
ic

e 
(in

du
ce

d 
by

 tr
an

si
en

t M
CA

O
)

Im
pr

ov
ed

 fu
nc

tio
na

l s
tro

ke
 o

ut
co

m
e 

by
 b

oo
st-

in
g 

SD
F-

1α
/C

X
C

R
4 

pa
th

w
ay

(C
hi

az
za

 e
t a

l. 
20

18
)

52
10

 m
g/

kg
, P

O
Fo

ca
l c

er
eb

ra
l i

sc
he

m
ic

 st
ro

ke
 in

 a
du

lt 
m

al
e 

m
ic

e
A

ct
iv

at
ed

 A
kt

/m
TO

R
 si

gn
al

in
g 

pa
th

w
ay

s
↑T

he
 a

nt
i-a

po
pt

ot
ic

 p
ro

te
in

 B
cl

-2
↓T

he
 p

ro
-a

po
pt

ot
ic

 p
ro

te
in

 B
ax

(Z
ha

ng
 e

t a
l. 

20
20

)

53
Te

ne
lig

lip
tin

60
 m

g/
kg

/d
ay

, f
or

 2
0 

w
ks

A
th

er
os

cl
er

os
is

 u
si

ng
 a

po
lip

op
ro

te
in

-E
-d

efi
-

ci
en

t  (
A

po
E−

/−
) m

ic
e

↓I
nfl

am
m

at
io

n 
(↓

 e
xp

re
ss

io
n 

of
 T

N
F-

α 
an

d 
M

C
P-

1)
 in

 a
bd

om
in

al
 a

or
ta

↓E
xp

re
ss

io
n 

of
 a

di
po

cy
te

 N
ox

-4
Im

pr
ov

ed
 e

nd
ot

he
liu

m
-d

ep
en

de
nt

 v
as

od
ila

-
tio

n 
an

d 
↓o

xi
da

tiv
e 

str
es

s

(S
al

im
 e

t a
l. 

20
17

)

4H
N

E,
 4

-H
yd

ro
xy

no
ne

na
l; 

AC
E2

, A
ng

io
te

ns
in

-c
on

ve
rti

ng
 e

nz
ym

e 
2;

 A
G

Es
, A

dv
an

ce
d 

gl
yc

at
io

n 
en

d 
pr

od
uc

ts
; A

LT
, a

la
ni

ne
 tr

an
sa

m
in

as
e;

 A
M

PK
-α

, A
M

P-
ac

tiv
at

ed
 p

ro
te

in
 k

in
as

e-
α;

 A
ng

 II
, 

A
ng

io
te

ns
in

 II
; A

N
P,

 a
tri

al
 n

at
riu

re
tic

 p
ep

tid
e;

 B
N

P,
 B

-ty
pe

 n
at

riu
re

tic
 p

ep
tid

e;
 A

P-
1,

 a
ct

iv
at

in
g 

pr
ot

ei
n-

1;
 A

SC
, 1

-A
m

in
oc

yc
lo

pr
op

an
e-

1-
ca

rb
ox

yl
ic

 a
ci

d 
sy

nt
ha

se
; A

T1
R,

 A
ng

io
te

ns
in

 II
 ty

pe
 

1 
re

ce
pt

or
; B

cl
-2

, B
-c

el
l l

ym
ph

om
a 

2;
 B

D
N

F,
 b

ra
in

-d
er

iv
ed

 n
eu

ro
tro

ph
ic

 fa
ct

or
; c

AM
P,

 c
yc

lic
 a

de
no

si
ne

 m
on

op
ho

sp
ha

te
; C

cl
2,

 C
–C

 m
ot

if 
ch

em
ok

in
e 

lig
an

d 
2 

(a
ka

 M
C

P-
1 

m
on

oc
yt

e 
ch

em
-

oa
ttr

ac
ta

nt
 p

ro
te

in
); 

CK
, c

re
at

in
e 

ph
os

ph
ok

in
as

e;
 C

ol
1a

1,
 c

ol
la

ge
n,

 ty
pe

 I,
 a

lp
ha

 1
; C

O
X,

 C
yc

lo
ox

yg
en

as
e;

 C
PT

-1
, C

ar
ni

tin
e 

pa
lm

ito
yl

 tr
an

sf
er

as
e 

1;
 C

RP
, C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 C

x4
3,

 c
on

ne
xi

n 
43

; C
XC

R
4,

 C
-X

-C
 m

ot
if 

ch
em

ok
in

e 
re

ce
pt

or
 4

; D
H

E,
 D

ih
yd

ro
et

hd
iu

m
; E

/A
 ra

tio
, t

he
 ra

tio
 o

f e
ar

ly
 (E

) t
o 

la
te

 (A
) v

en
tri

cu
la

r fi
lli

ng
 v

el
oc

ity
; E

CM
, e

xt
ra

ce
llu

la
r m

at
rix

; E
G

R-
1,

 e
ar

ly
 g

ro
w

th
 

re
sp

on
se

 p
ro

te
in

 1
; e

-N
O

S,
 E

nd
ot

he
lia

l n
itr

ic
 o

xi
de

 s
yn

th
as

e;
 E

RK
1/

2,
 e

xt
ra

ce
llu

la
r 

re
gu

la
te

d 
pr

ot
ei

n 
ki

na
se

 ½
; F

D
G

, F
lu

or
od

eo
xy

gl
uc

os
e;

 F
G

F2
1,

 fi
br

ob
la

st 
gr

ow
th

 fa
ct

or
 2

1;
 H

D
AC

4,
 H

is
-

to
ne

 d
ea

ce
ty

la
se

 4
; H

M
G

B1
, h

ig
h 

m
ob

ili
ty

 g
ro

up
 b

ox
 1

; H
R,

 h
ea

rt 
ra

te
; H

SP
-7

0,
 h

ea
t s

ho
ck

 p
ro

te
in

 7
0;

 I/
R,

 is
ch

em
ia

/re
pe

rf
us

io
n;

 IG
F-

1,
 in

su
lin

-li
ke

 g
ro

w
th

 fa
ct

or
 1

; I
L-

1β
, I

nt
er

le
uk

in
-1

β;
 K

C,
 

K
er

at
in

oc
yt

e 
ch

em
oa

ttr
ac

ta
nt

; L
C3

I, 
M

ic
ro

tu
bu

le
-a

ss
oc

ia
te

d 
pr

ot
ei

n 
lig

ht
 c

ha
in

 I;
 L

D
H

, l
ac

ta
te

 d
eh

yd
ro

ge
na

se
; L

D
L,

 lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n;

 L
VD

P,
 le

ft 
ve

nt
ric

ul
ar

 d
ev

el
op

ed
 p

re
ss

ur
e;

 L
VE

D
P,

 
le

ft 
ve

nt
ric

ul
ar

 e
nd

 d
ia

sto
lic

 p
re

ss
ur

e;
 L

VE
F,

 le
ft 

ve
nt

ric
ul

ar
 e

je
ct

io
n 

fr
ac

tio
n;

 M
AP

K,
 m

ito
ge

n-
ac

tiv
at

ed
 p

ro
te

in
 k

in
as

e;
 M

D
A,

 M
al

on
di

al
de

hy
de

; M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 M

M
P-

2,
 m

at
rix

 m
et

-
al

lo
pr

ot
ei

na
se

-2
; M

PO
, M

ye
lo

pe
ro

xi
da

se
; m

TO
R,

 m
am

m
al

ia
n 

ta
rg

et
 o

f r
ap

am
yc

in
; N

AG
, N

-a
ce

ty
l-β

-D
-g

lu
co

sa
m

in
id

as
e;

 N
lr

p3
, (

ak
a 

N
A

LP
3)

 N
LR

 fa
m

ily
 p

yr
in

 d
om

ai
n 

co
nt

ai
ni

ng
 3

; N
F-

κB
, 

nu
cl

ea
r 

fa
ct

or
 k

ap
pa

 B
; N

rf
2,

 n
uc

le
ar

 fa
ct

or
 e

ry
th

ro
id

 2
-r

el
at

ed
 fa

ct
or

 2
; P

dk
1,

 p
yr

uv
at

e 
de

hy
dr

og
en

as
e 

ki
na

se
 1

; P
G

C-
1α

, P
er

ox
is

om
e 

pr
ol

ife
ra

to
r-a

ct
iv

at
ed

 r
ec

ep
to

r-g
am

m
a 

co
ac

tiv
at

or
 1

α;
 

PK
A,

 p
ro

te
in

 k
in

as
e 

A
; R

O
CK

, R
ho

-a
ss

oc
ia

te
d 

pr
ot

ei
n 

ki
na

se
 2

; R
O

S,
 r

ea
ct

iv
e 

ox
yg

en
 s

pe
ci

es
; S

6K
1,

 S
6 

ki
na

se
-1

; S
D

F-
1α

, s
tro

m
al

 c
el

l–
de

riv
ed

 fa
ct

or
-1

α;
 S

H
R,

 s
po

nt
an

eo
us

ly
 h

yp
er

te
ns

iv
e 

ra
ts

; S
IR

T1
, s

irt
ui

n-
1;

 T
G

, T
rig

ly
ce

rid
es

; T
G

F-
β1

, t
ra

ns
fo

rm
in

g 
gr

ow
th

 fa
ct

or
 b

et
a 

1;
 T

im
p1

, t
is

su
e 

in
hi

bi
to

r o
f m

et
al

lo
pe

pt
id

as
e-

1;
 T

LR
4,

 T
ol

l-l
ik

e 
re

ce
pt

or
-4

; T
N

F-
α,

 tu
m

or
 n

ec
ro

si
s 

fa
ct

or
-α

; 
TR

AF
3I

P2
, T

R
A

F3
 (T

N
F 

re
ce

pt
or

-a
ss

oc
ia

te
d 

fa
ct

or
) i

nt
er

ac
tin

g 
pr

ot
ei

n 
2;

 T
RP

C-
1,

 tr
an

si
en

t r
ec

ep
to

r p
ot

en
tia

l c
at

io
n-

1;
 T

RP
V-

1,
 tr

an
si

en
t r

ec
ep

to
r p

ot
en

tia
l c

ha
nn

el
 v

an
ill

oi
d-

1;
 T

U
N

EL
, t

er
m

i-
na

l d
eo

xy
nu

cl
eo

tid
yl

 tr
an

sf
er

as
e 

dU
TP

 n
ic

k 
en

d 
la

be
lin

g;
 V

EG
F,

 v
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

; β
-M

H
C,

 b
et

a-
m

yo
si

n 
he

av
y 

ch
ai

n

1366 Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:1357–1372



1 3

natriuretic peptide (BNP), stromal cell–derived factor-1α 
(SDF-1α), and substance P. ANP is synthesized in the atria 
while BNP is produced by heart ventricles. They act locally 
and systemically to exert several biological functions includ-
ing diuresis, natriuresis, and vasodilatation as well as inhi-
bition of renin and aldosterone secretion (Nishikimi et al. 
2006). Physiological levels of ANP and BNP are low but 
they increase as a compensatory mechanism in heart fail-
ure. The active form, BNP(1–32), is degraded by DPP4 by 
removing the two N-terminal amino acids (serine and pro-
line) to produce BNP(3–32), which has reduced biological 
activity. Elevated levels of NPs were proved in hyperglyce-
mia and decrease by improved glycemic control (Dal et al. 
2014). However, in cardiac pathology, it seems that DPP4 is 
implicated in high levels of NPs as it was found that genetic 
deletion of DPP4 improved the elevated levels of ANP and 
BNP in rats subjected to myocardial ischemia/reperfusion 
(Ku et al. 2011). However, a recent meta-analysis of clinical 
studies on diabetic patients treated with DPP4i reported no 
significant effect of DPP4 on NP levels (Mu et al. 2022) and 
this finding needs further explanation.

SDF-1α is a chemokine that promotes cardiac homing 
of endothelial progenitor cells, to stimulate angiogenesis, 
which consequently improves myocardial perfusion. SDF-1α 
is a substrate of DPP4 enzyme and DPP4 inhibition pre-
serves SDF-1α actions and promotes cardiac recovery after 
I/R (Pala and Rotella 2013), acute myocardial infarction 
(Li et al. 2019), or stroke (Chiazza et al. 2018). Another 
DPP4 substrate is substance P which has role in regulating 
heart rate and blood pressure. Substance P showed protec-
tive effects in some animal models of heart disease through 
inhibiting apoptosis, myocardial cell injury (Chen et al. 
2022), and fibrosis (Widiapradja et al. 2021). On the con-
trary, in vitro studies reported that DPP4 inactivates fibrin 
by cleavage of fibrin a-chain leading to inhibition of fibrin 
polymerization and clot formation (Mentlein and Heymann 
1982). This points to possible thrombolytic effect of DPP4 
enzyme.

Molecular pathways behind DPP4i effects on CV 
diseases

Diabetes is linked to a variety of cardiovascular diseases 
that lower the life quality of diabetic patients. Diabetic 
patients have many fold increase in the risk of atherosclero-
sis, myocardial ischemia, myocardial infarction, and heart 
failure. A common theme shared among these pathologies 
is massive ROS production that affects glucose metabolism 
and increase fatty acid oxidation. Additionally, ROS acti-
vates proinflammatory mediators, NRLP3 inflammasomes, 
and proatherogenic transcription factors. They also reduce 
mediators of tissue repair such as Nrf-2, sirtuin, and AMPK. 
Moreover, ROS stimulates mitochondrial fission leading to 

reduced efficiency of the mitochondrial electron transport 
chain and ATP synthesis, hence, myocardial ischemia and 
endothelial dysfunction. DPP4 mediates ROS production 
through several mechanisms of which glucotoxicity is major 
(see Fig. 1).

DPP4i inhibit oxidative stress via controlling 
glucotoxicity and lipotoxicity

Studies showed that many gliptins significantly decreased 
ROS, RNS, DNA fragmentation, AGEs, and Nox4 and 
increased antioxidants in most of animal models of CV dis-
ease. In addition, a recent study by Wang et al. (2021) on 
liver inflammation in diabetic mice found direct ROS scav-
enging activity of sitagliptin (Wang et al. 2021). DPP4i work 
through several mechanisms that can improve myocardial 
perfusion. DPP4i preserve endothelial function by increas-
ing eNOS phosphorylation and decreasing Ang II-mediated 
Nox-4 production. They decrease ischemia-induced dam-
age by minimizing oxidative stress. They also increase the 
level of intracellular cAMP and activate cAMP-dependent 
protein kinase (PKA) and SDF-1α. Besides, they enhance 
eNOS activity with subsequent augmentation of endothelial-
dependent vasodilatation and myocardial perfusion. Incre-
tins might target postprandial lipid metabolism and thereby 
favorably influence several endothelial and cardiovascular 
functions. DPP4 release strongly correlates with adipo-
cyte size and is considered risk factor for obesity (Pala and 
Rotella 2013). Several studies covered by this review found 
decreased serum TG and total cholesterol and LDL in mod-
els of obesity or insulin resistance. DPP4i improve insulin 
sensitivity which is mediated partially by Sirt-1 and Sirt-6 
beside other mechanisms that collectively decrease oxLDL 
and saturated fatty acids.

DPP4i improve CV inflammation

Preclinical studies show that DPP4i reduce myocardial 
inflammation via inhibition of cytokine release, monocyte 
activation, and chemotaxis. It is known that DPP4 signifi-
cantly activate MAPK and NF-κB signaling pathway lead-
ing to vascular aging and dysfunction. Recent studies sum-
marized in the “Results” section show that DPP4i control 
the release of many proinflammatory mediators such as 
NFkB, TNF-α, ILs, COX, MAPK, TLR4, CCl2, MCP-1, 
and MMPs. Inhibition of MMP activity maintains cellular 
architecture and prevents remodeling and fibrosis. DPP4 
at least indirectly is implicated in endothelial and vascu-
lar smooth muscle cells structural remodeling and aging 
through inflammation and oxidative stress. In addition, ROS 
increases mitochondrial stress leading to energy shortage 
and subsequent CV senescence. The recent studies on ani-
mal models of myocardial infarction, I/R, and diabetes or 
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obesity-induced cardiac remodeling reported that DPP4i 
significantly reduced hypertrophy, left ventricular inter-
stitial, and periarterial fibrosis as evidenced by decreased 
expression of TGF-β, collagen, and components of cAMP/
PKA/RhoA/ROCK2 pathway. Decreased fibrotic lesions 
in myocardial tissue will improve heart conductance and 
contractility.

DPP4i inhibit cell death

DPP4i decrease overall cell death as evidenced by decreas-
ing infarct size, serum cardiac enzymes (CK, LDH), and 
troponin T. In addition, they decrease proapoptotic markers 
MMP-2, HSP-70, and caspase-3 but increased antiapoptotic 
marker Bcl-2. In another way, DPP4i promote tissue repair 
mechanisms such as Sirt1,6 (vildagliptin, saxagliptin and sit-
agliptin) and Nrf-2 (saxagliptin). Also, DPP4 inhibition by 
sitagliptin or vildagliptin modulated the disturbed autophagy 
responses in CV disease (LC3II and P65 levels) and vilda-
gliptin enhanced mitochondrial fusion (increased mfn-2 
level). These findings are partly resulted from decreased 
oxidative stress and inflammation due to improved hypergly-
cemia but may also be attributed to direct action of GLP-1 
on its receptor in the CVS.

DPP4i improve CV hemodynamics

Diabetic cardiomyopathies affect almost all parameters 
of CV hemodynamics with negative impact on both con-
ductance and contractility. Diabetes in animal and human 
increases peripheral resistance due to endothelial dysfunc-
tion and atherosclerosis. Long-term increase in blood pres-
sure attenuates cardiac output specially in the presence of 
other dependent or independent by CV pathologies. Results 
of our search in models of diabetes-, obesity-, or drug-
induced cardiomyopathy showed that treatment with gliptins 
resulted in increased cardiac output and left ventricular ejec-
tion fraction, but reduced systolic, diastolic, mean arterial, 
and left ventricular end diastolic pressures. These changes 
help preserve cardiac function. The mechanism of gliptin-
mediated decrease in BP may be attributed in part to reduced 
plasma renin concentration and cardiac angiotensin II (Ang 
II) contents as well as increasing ACE2 and Angiotensin 
1–7 (see Fig. 2). It can be also due to less atherosclerotic 
lesions in large arteries due to controlled lipotoxicity and CV 
lipid accumulation which is evident in many studies. Taken 
together, the studies presented in this review clearly found 
that gliptins improved systolic and diastolic left ventricular 
dysfunction in many CV disease models and so improved 
overall cardiac performance.

Fig. 2  A summary of molecular mechanisms that underly cardiovascular protective effects of gliptins
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Conclusions and prospective

Uncontrolled diabetes is associated with CV complications 
and predispose the patient to end-organ damage such as 
stroke and heart failure. Since their introduction into drug 
market, DPP4i have gained attention due to their effective 
glucose regulation and due to their beneficial CV effects. 
Studies on DPP4i proved that these effects are partly due 
to control of hyperglycemia and are also due to direct 
effect on the CV system via receptor-dependent and pos-
sibly receptor-independent effects too. DPP4i modulate 
not only the level of GLP-1, but also the concentration of 
other peptides that might exert vasoactive, and CV protec-
tive effects such as BNP, SDF-1α, and substance P. In this 
review, we summarized the result of most recent preclini-
cal studies on CV protective effects of gliptins during the 
past 5 years. DPP4i control hyperglycemia, decreasing oxi-
dative stress and inflammation, leading to less mitochon-
drial stress and cell death. They also enhance tissue repair 
and preserve endothelial function leading to improved 
myocardial perfusion. Moreover, DPP4i can significantly 
decrease cardiac Ang II but increase Ang1-7 which can 
also improve cardiac perfusion. These consistent findings 
in various CV diseases suggest promising cardioprotec-
tive potential of DPP4i, especially when considering their 
ability to improve glucose control without affecting body 
weight or causing hypoglycemia. However, further inves-
tigations on their mechanism and long-term safety data are 
required before recommending gliptins as CV-protecting 
agents in diabetes.
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