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REVIEW

Incretin Therapy and Heart Failure
Jun-ichi Oyama, MD, PhD; Koichi Node, MD, PhD

Type 2 diabetes mellitus (T2DM) is widely prevalent and a critical risk factor for cardiovascular disease that increas-
es both morbidity and mortality. Recently, new therapies based on the actions of the incretin hormones have become
widely used, offering advantages over conventional treatments by limiting hypoglycemia and achieving glycemic con-
trol. Moreover, many experimental studies have suggested that GLP-1 and related drugs exert cardioprotective ef-
fects on atherosclerosis and cardiac dysfunction both in vitro and in vivo. However, there is thus far little clinical evi-
dence supporting the efficacy of incretin therapy in patients with cardiovascular disease. This review focuses on the
effects of GLP-1-related therapy on cardiac function from the bench to the bed, with a discussion of possible under-

lying mechanisms.

Key Words: DPP-4 inhibitor; GLP-1; Heart failure; Incretin; Type 2 diabetes mellitus (T2DM)

factors for the development of cardiovascular dis-
ease, as it promotes both systemic atherosclerosis and
lifestyle-associated diseases. Incretin-based therapies, includ-
ing treatment with glucagon-like peptide-1 (GLP-1) receptor
" (GLP-1R) agonists and dipeptidy! peptidase (DPP)-4 inhibitors,
have become widely used as a new class of antidiabetic drugs
that exhibit different mechanisms of action from those of con-
ventional antidiabetic agents. Incretin hormones depend on
blood glucose to stimulate insulin. Because the use of DPP-4
inhibitors is associated with a lower incidence of hypoglycemia
than is observed with conventional hypoglycemic drugs, they
potentially improve the mortality rate of patients with T2DM by
achieving strict glycemic control without causing fatal hypo-
glycemia. The GLP-1R has been detected in coronary endothe-
lial cells, coronary smooth muscle cells, cardiomyocytes and
human umbilical vein endothelial cells, as well as monocytes
and macrophages.'* Interestingly, GLP-1 acts on multiple or-
gans, not simply the pancreas, including the heart and vascu-
lature (Figure 1). Therefore, GLP-1-related therapy exerts ef-
fects on the cardiovascular system, and recent evidence suggests
that GLP-1-related treatment has potent pleiotropic beneficial
effects on cardiovascular risk factors, beyond its effects on
glycemic control. This review focuses on the theoretical and
practical effects of incretin-related therapy on cardiac func-
tion, with a description of possible mechanism(s) of action.

T ype 2 diabetes (T2DM) is one of the most important risk

Biology of Incretins

Incretin hormones are secreted from the gastrointestinal tract in
response to food intake and have several systemic effects, in-
cluding glucose-dependent stimulation of insulin secretion by
pancreatic beta cells. Two incretins have been identified: GLP-1,
which is derived from the L cells of the distal small intestine and

large bowel, and glucose-dependent insulinotropic polypeptide
(GIP), which is derived from the K cells of the proximal small
intestine. GLP-1 and GIP are glucose-lowering agents that can
interfere with postprandial hyperglycemia, which has been dem-
onstrated as associated with cardiovascular complications. The
biologically active forms of GLP-1 include GLP-1(7-37) and
GLP-1(7-36)amide. These peptides arise from the selective
cleavage of the proglucagon molecule. GLP-1(7-36)amide is
abundant in the circulation after meals and stimulates insulin
secretion by interacting with the GLP-1 receptors on pancre-
atic beta cells. DPP-4 degrades GLP-1(7-36)amide to inactive
GLP-1(9-36)amide, and DPP-4 inhibitors bind to DPP-4 to
prevent the breakdown of GLP-1 and GIP 5 thereby increasing
the half-life and bioavailability of active incretins, ultimately
enhancing their physiological effects. GLP-1(7-36)amide has
been widely studied for its role as an active incretin and is re-
ferred to as GLP-1, unless otherwise specified. GLP-1(9-36)
amide is thought to be an inactive metabolite because of its
1,000-fold lower affinity for GLP-1R and action as a weak
competitive antagonist without incretin activity at pharmaco-
logical doses. However, GLP-1(9-36)amide may have potent
effects on the cardiovascular system, similar to GLP-1(7-36)
amide. Although it remains controversial, GLP-1 may undergo
multiple cycles of enzymatic degradation by DPP-4 and nepri-
lysin. Therefore, the precise biological pathways of GLP-1 and
related enzymes and the roles of metabolites in each step of the
process in vivo need to be elucidated in the near future.

Effects of Incretins on Cardiac Function

Cardiomyocytes in Vitro

GLP-1 rapidly increases the 3’-5’-cyclic adenosine monophos-
phate (cAMP) levels in adult rat ventricular cardiac myocytes,
consistent with its effect on pancreatic beta cells, in a manner
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Schema of the physiological effects of glucagon-like peptide-1 (GLP-1) on various organs.
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that is not coupled with an increase in the intracellular Ca?* con-
centration or subsequent cardiomyocyte contractility, as would
be expected for cAMP-generating agents in the heart.b Liraglu-
tide increases cAMP formation and reduces caspase-3 activa-
tion in murine cardiomyocytes in a GLP-1R-dependent man-
ner in vitro.” Therefore, GLP-1R activation in primary cultures
of cardiomyocytes increases the cAMP content in association
with anti-apoptotic properties.

In Vivo and ex Vivo Experimental Data

GLP-1R knockout mice exhibit a reduced resting heart rate
(HR), elevated left ventricular end-diastolic pressure (LVEDP)
and increased LV thickness because of impaired LV contractil-
ity and diastolic dysfunction, as compared with wild-type mice.?
Conversely, GLP-1R preserves the HR and LV thickness and
normally lowers the LVEDP.

Model of Myocardial Ischemia-Reperfusion (IR) and
Infarction (MI)

GLP-1 and its related therapy have been demonstrated to inhibit
the activation of cell death mechanisms in several experimen-
tal models of myocardial IR and MI.

GLP-1 has also been demonstrated to exert beneficial ef-
fects on cardiac function via downregulation of inflammatory
cells activated by ML In addition, GLP-1 enhances LV
function by myocardial glucose uptake in the postischemic
myocardium through an increase in the expression of glucose
transporter (GLUT)-1 and -4 in the myocardium in association
with increased p38 « MAP kinase activity, eNOS expression
and myocardial NO uptake, although GLP-1 changes neither
the myocardium adenylyl cyclase activity nor the level of Akt
phosphorylation, known insulin-dependent signaling pathways
for glucose uptake.”!!12

GLP-1 and the GLP-1(9-36) metabolite also improve myo-
cardial contractility and coronary blood flow following ischemia
in a mouse perfused heart model.# GLP-1 directly protects the
heart against myocardial IR injury and reduces the activation
of the pro-apoptotic protein, Bad, as well as the infarct size in
isolated perfused rat hearts and animal models of IR; these

effects are abolished in the hearts in vitro by GLP-1R antago-
nists, cAMP inhibitors, phosphoinositide 3-kinase (PI3K) in-
hibitors and p42/44 mitogen-activated protein kinase inhibitors.'3
DPP-4-resistant GLP-1 analogs fused to non-glycosylated
human transferrin possess anti-apoptotic properties accompa-
nied by a reduction in the infarct size and improvements in
wall motion abnormalities and the ejection fraction (EF) in a
model of myocardial IR in rabbits.!* The infusion of GLP-1 or
the exenatide analog at 2 weeks after coronary ligation signifi-
cantly increases the LVEF, while also reducing the incidence of
adverse LV remodeling and improving survival.!* Exenatide
reduces the infarct size and reactive oxygen species (ROS)
production and inhibits caspase-3 expression and DNA frag-
mentation in a porcine model of myocardial IR injury.!¢ Sim-
ilarly, treatment with liraglutide for 1 week prior to coronary
ligation in mice reduces both the frequency of cardiac rupture
and the infarct size, and increases the cardiac output (CO) and
survival rate via the inhibition of caspase-3 activation in car-
diomyocytes.” Furthermore, albiglutide therapy preserves myo-
cardial viability and reduces the production of lactate after IR
injury in the rat heart."”

The genetic deletion or chemical inhibition of DPP-4 in mice
improves their cardiac function after MI by activating cell
survival signaling, including that of phosphorylated Akt and
pGSK3p.18 Combined treatment of mice with granulocyte colo-
ny-stimulating factor and a DPP-4 inhibitor preserves cardiac
function via enhanced stem cell mobilization and cardiomyo-
cyte regeneration after MI.1%

In summary, a number of findings suggest that the cardio-
protective effects of incretins in IR models are mediated by:
(1) reductions in the number of inflammatory cells,>!¢ (2) im-
provements in myocardial circulation,!® (3) increases in the level
of myocardial glucose uptake in order to stimulate more effi-
cient ATP production,”!:*%17 and (4) activation of reperfusion
injury signaling kinase (RISK) pathway kinases, such as PI3K,
ERK1/2, cAMP, PKA, Akt and P70S6K,718.20-26 a5 PI3K acti-
vation results in myocardial protection in the setting of IR

injury.”’
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Table. Clinical Studies of Cardiac Function in Patients Treated With GLP-1 and GLP-1-Related Therapies
Author Pathology Therapy Results
Nikokaidis et al?® AMI with PCl vs. GLP-1 EFt
healthy subjects
Lenborg et al’* AMI with PCI Exenatide Myocardial salvage
index t
Sokos GG et al*s CAD with CABG GLP-1 EF—
Arrhythmia |
Read et al*® CAD Sitagliptin vs. Myocardial stunning {
placebo EF 1
Sokos et al*? Heart failure GLP-1 EFt
Halbirk et al38 Heart failure GLP-1 HRt,DBPt
. EF, BNP—
Trainsdottir et al®® T2DM with Recombinant Trend in cardiac
heart failure GLP-1 function t
Gutzwiller et al*? Obese vs. GLP-1 Natriuresis 1
healthy subjects

AMI, acute myocardial infarction; BNP, B-type natriuretic peptide; CABG, coronary artery bypass graft; CAD, coronary
artery disease; DBP, diastolic blood pressure; EF, ejection fraction; GLP-1; glucagon-like peptide-1; HF, heart failure;

PCl, percutaneous coronary intervention.

Model of HF

Studies using animal models have demonstrated that GLP-1R
activation-independent actions via the effects of GLP-1R may
have a beneficial impact on the failing heart. In dogs with
pacing-induced dilated cardiomyopathy (DCM), the infusion
of recombinant GLP-1, GLP-1 (7-36) and GLP-1 (9-36) in-
creases the myocardial glucose uptake and insulin sensitivity,
improves LV function, stroke volume (SV) and CO, enhances
cardiac insulin sensitivity and the LV dP/dt values and decreas-
es the LVEDP, HR and systemic vascular resistance.?8? More-
over, GLP-1 decreases the HR and increases LV systolic func-
tion, in addition to reducing the plasma levels of norepinephrine
and glucagon. In spontaneously hypertensive and HF-prone
rats, GLP-1 treatment for 3 months improves the survival rate
and preserves LV contractility in association with reduced
cardiomyocyte apoptosis.* The administration of sitagliptin for
3 weeks to nondiabetic pigs with pacing-induced DCM results
in a reduced HR, increased SV and preserved renal function.?!
However, the administration of vildagliptin to nondiabetic rats
before or after coronary ligation has no beneficial effects on
either LV function or cardiac gene expression. Sitagliptin ther-
apy in db/db mice reduces AMPK and acetyl CoA carboxylase
phosphorylation, as well as CD36 expression in the sarcolem-
mal membrane of the myocardium, suggesting that DPP-4
inhibition reduces myocardial fatty acid (FA) uptake and sub-
sequent metabolism.3* However, treatment with sitagliptin does
not improve systolic function in db/db mice, although it reduces
the degree of myocardial fibrosis and improves the LV relax-
ation constant in association with improved diastolic function,
in addition to reducing myocardial p53 expression and apop-
tosis of cardiomyocytes.

Clinical Investigation of Human Cardiac Function (Table)

GLP-1 has been cited as improving myocardial function in
T2DM patients with MI and/or HF. In patients with a low level
of LV dysfunction after MI or PCI, infusion of GLP-1 results
in an improvement of both the LVEF and wall motion.?* A
randomized study assessing the effect of continuous GLP-1
infusion in 20 patients undergoing coronary artery bypass graft-
ing documented improved glycemic control, reduced frequency
of inotropic and vasoactive infusions, and a lower incidence
of arrhythmias in the GLP-1-treated patients.* Treatment with

sitagliptin was found to improve dobutamine-induced regional
wall motion abnormalities in ischemic segments on stress echo-
cardiography and attenuate postischemic stunning in 14 patients
with coronary artery disease (CAD) and preserved global LV
function.?¢ Sokos et al demonstrated in a single-center nonran-
domized trial that a continuous infusion of GLP-1 for 5 weeks
in 12 patients with HF (New York Heart Association (NYHA)
class II/IV) with or without T2DM improved the LVEF, oxygen
consumption, 6-min walk test scores and quality of life, even
in the nondiabetic patients.” However, Halbirk et al reported
that infusion of GLP-1 for 48hin 15 nondiabetic patients with
stable CHF (LVEF <40% and NYHA class II-1I) and HF re-
duced the blood glucose levels and increased the plasma insu-
lin levels, although it had no significant effect on LV function,
with only modest increases in HR and diastolic blood pressure
(BP), in a double-blind placebo-controlled crossover design.
Trainsdottir et al demonstrated a beneficial trend in cardiac
function in patients with T2DM and HF after infusion of re-
combinant GLP-1.% A short duration of infusion of GLP-1
may be insufficient to treat a decompensated failing heart.

Other Possible Effects of Incretins on
Cardiovascular Risk Factors

Lowering BP and Improving Endothelial Function

In recent studies, DPP-4 inhibitors and GLP-1 analogs have been
recognized as lowering systemic BP.#41 A possible mechanism
underlying this effect is the extraction of Na*, as GLP-1 induces
natriuresis in humans.*

For diabetic vascular and endothelial injury,® substantial data
exist regarding the beneficial effects of GLP-1 and related drugs
on endothelial function and the incidence of atherosclerosis,
including (1) increasing the eNOS expression,*#* (2) increasing
the number of endothelial progenitor cells (EPCs),* (3) decreas-
ing the number of inflammatory cells and ROS production,*
and (4) reducing the adhesion and activation of macrophages,'
although these mechanisms cannot be described in detail in this
review. Nevertheless, improved myocardial perfusion following
the recovery of endothelial function may contribute to myocar-
dial contractility. In addition, the incremental activity of eNOS
may reduce BP, as increased BP is recognized by genetic dele-
tion or pharmacological inhibition of NOS in vivo.*%° Indeed,
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Figure 2. Possible mechanisms underlying the beneficial effects of incretins on the failing heart. In addition to the effects of GLP-1,
DPP-4 cleaves a wide variety of substrates, DPP-4 inhibition keep the biclogical active forms of substrates and have many possible
functions on cardiovascular system (red arrow). BNP, brain natriuretic peptide; DPP, dipeptidyl peptidase; EPC, endothelial progeni-
tor cell; GLP-1, glucagon-like peptide-1; GLUT, glucose transporter; NOS, nitric oxide synthase; ROS, reactive oxygen species;

SDF-1, stromal cell-derived factor-1.

sitagliptin improves endothelial function and reduces inflam-
mation in patients with T2DM and CAD.5!

Shift of Cardiac Metabolism in the Failing Heart

Alterations in myocardial substrate preference from FA to glu-
cose are recognized in the failing heart. It may be substitutional.
Therefore, insulin resistance with reduced GLUT-4 expression
and increased levels of insulin are recognized in patients with
HF.3% Although it is controversial whether myocardial glucose
uptake is increased or not in the failing heart, DPP-4 inhibition
or GLP-1 upregulate GLUT4 expression, and regulation of car-
diac metabolism can be a therapeutic target for incretin thera-

py‘53,54

Possible Original Effects of DPP-4 Inhibitors

In contrast to GLP-1 and GLP-1 receptor agonists, DPP-4 in-
hibitors inhibit DPP-4 throughout the body. As DPP-4 cleaves a
wide variety of substrates, including stromal cell-derived fac-
tor-1 (SDF-1) alpha, which stimulates the bone marrow mobi-
lization of EPCs and B-type natriuretic peptide (BNP) (1-32),
the active form of BNP,5% DPP-4 inhibition repairs endothelial
cells and improves cardiac function, thus resulting in an indirect
improvement in endothelial function. Neuropeptide Y (NPY)
and peptide YY (PYY) are also targets for cleavage by DPP-4.
As both these peptides induce vasoconstriction through Y(1)
receptors, inhibition of DPP-4 may result in vasoconstriction.*
Although it remains uncertain, NPY and its substrates appear to
influence the cardiovascular system. These findings are promis-
ing, and the precise biological role of DPP-4 in the cardiovas-
cular system requires further investigation. Figure 2 summa-

rized the possible mechanisms underlying GLP-1 and DPP-4
inhibition in the failing heart.

Incretins and Cardiovascular Ouicomes

Do Incretins Really Improve Mortality From Cardiovascular

Disease?

Recently, the results of cardiovascular safety trials T2DM drugs
(EXAMINE trial with alogliptin®” and SAVOR-TIMI 53 trial
with saxagliptin®) were reported. These studies found no effect
on the risk of fatal or nonfatal cardiac events and no increases
in the risk of pancreatitis or pancreatic cancer. Although this is
good news for users of these drugs, the results were disappoint-
ing because the studies did not demonstrate any cardiovascular
protective benefits of DPP-4 inhibitors. On the other hand, the
follow-up period was too short to evaluate the incidence of car-
diovascular events, as the effects of drugs in combating pro-
atherosclerotic processes in patients with diabetes mellitus usu-
ally requires more than 10 years. In the SAVOR-TIMI 53 trial,
more patients were hospitalized for HF in the saxagliptin group
than in the placebo group. These results are unexpected and
should be considered within the context of multiple testing,
which may have produced false-positive findings. The results
of further subanalyses and other ongoing trials are waited. The’
relatively small HbAuc-lowering effects of saxagliptin and alo-
gliptin observed in the SAVOR and EXAMINE trials, averaging
only 0.3-0.4 percentage points, must be also discussed. How-
ever, the effect of adequate glycemic control without severe
hypoglycemia is irreplaceable for those with T2DM. Currently,
new, safe tools are available for the treatment of T2DM. How-
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ever, new drugs require outrageous costs nowadays and both
doctors and patients expect excessive benefits beyond conven-
tional ones. Further studies must be conducted dispassionately
as to whether incretin-related drugs have beneficial effects on
prognosis, including the incidence of cardiovascular events, in
humans.

Conclusions

Atherosclerosis and subsequent cardiovascular disease are often
fatal, and providing early preventive care for cardiovascular
complications by ensuring strict glucose control is essential for
patients with T2DM.5® Although the final answer remains un-
certain, the current findings add to a growing body of evidence
suggesting that we may be entering a new era of cardiovascular
diabetology with the development of new drugs. Ongoing ran-
domized prospective clinical studies will provide more solid
evidence regarding the long-term clinical effects of GLP-1-re-
lated therapies in patients with T2DM with a high risk of car-
diovascular disease.
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We evaluated the effect of intravenous amiodarone on the electrocardiographic
parameters of left ventricular (LV) dispersion of repolarization in 14 non-ischemic
heart failure patients with cardiac resynchronization and defibrillator therapy (CRT-D)
and electrical storm. In 2 patients, recurrence of ventricular tachyarrhytmia was
observed in the early period of intravenous amiodarone therapy. Intravenous
amiodarone decreased corrected QT dispersion, Tp-e dispersion and inter-lead
differences between corrected Tp-e (using187-channel repolarization
interval-difference mapping electrocardiograph). Intravenous amiodarone may
suppress electrical storm through LV spatial and transmural dispersion of
repolarization in patients with CRT-D.
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FEL R BARFEFTMBHAERIEICB W TER 2343 A1 HEID P24 44 A
31 B ¥ ClLathLAise - B L A2 EEOZE CABE L, BEALNET LR Z
FEIT SNTERANBE 40 L 2R E Uiz, BBl S N DR IEESIZ NV E — VT VT B K
EE, WA A I UL, R UOBEOEE, B, EFLEEE2ITVERAEFIEK
$5 JEM 1200 ExIIIJOEIZ TBIE A 1T > 72, MIIREIBRIL Gap junction % & & 72\ il i fE
HEEEA 3 2opTEtll L2 O EEZ vz, £, RIRFC/ER S EBEMEERICRBT
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(P=0.03)

Figure.1
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WAL DB 24T DI ASV BED 2FRICE/ERIZHI 0 1T 7o, 1RRBRGART L 1R 6 7 A 12
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dilatation, FMD) %#47\>, BNP fE. FrR=fEZzHE Lz, £/, DREEEICIL D
HARR, LIBEOFE DWW CEIEEZIT- 72,
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6 7> At ASV B TII/E S IAEMAE 3 L, CAVI, BNP IZET Liz2%, 2 5BRt
. FMD, FuR=MEIZIECERDR»oTz, —JF. FE ASV FETIIWT NLOFRIE
WO EITRD Do Te, E72, DAEHEIC L 5B ARL & DRSO ERERIT ASV BT
3 ASV BEL D b T, |
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ASV % SDB &ff HEFPEF JEf| D EIRMERE, ME stiffness, FHREUETLHZ
LRI NI,
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D= Y GEEARE AV, BEBAENTERIC KD SERF OO O SO 5 R & Ao
O L AL L, BRAELREE RO LT,
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2T, MLEEEETEIEA CIIE B 2R OMRMELERITFEY 20.227.4%, HESEOBGHEL
TiL 14.6£8.2% Tholo, MEHEMIITAEMRIEAR & F.OEWEZEAR O RO BT
(BA BT D> o 7o AREER ORRHELR N EEOBRMEILE L EEIDEFIL 2 Hlo A
T, A OBMEILD R 2R KEHI T 2 FIEEME IRV & Bz, Fio, £k OB
IEEPEZEOFMEEL RE S FEDEFDPBAINIZN, ZITERS 1 F UHERE
NTOWARVERITH 575,

(58] AEAR CEMEMICRMEL S B I EFITERN OB L FRITE 2R & B
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A EIZE Dichloro Acetate (DCA)IL. BV E IRk EBESE 275 L LT, MIBE ik
RRHEDENE VEEE S Fay R THAWILT, 7TE2F L CoA ~DEEH A (LT 53K
BRAZFFD, DCA L, BHEICK T 58M%E L OB HEEAR LERKET BV THE
K. FrifEL, OHEREMERF N RS HESR S LT B, DCA I AE R & )£ B kb3
BRRMFZEDSEITR CTh 5, Frxid, v~V AKRBIRNEZREARTTE T MIZBVW T, DCA BHLiE
K. FUlpieb, DHEEBEHERDIRZ RO L 2R L. BIE, HEREEEOAENLZO
S FHEFRICBE L CRET R ED T B, |
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| Plslotropic affect of matabolism |  Substrate and Oxygen Utilization In normal heart |
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DOHERRIZ 1T reninn-AngiotenisinII(Ang IT)-aldosterin A (RAAS) # /1 L 7= KIEH 5T 5,
Fox 13 TnC SRKIE - ML OFIENZBEH 2 L TR L, 200 BRI OO TR LT, [
%] 8 4 Balb/e o~ U AEAER (WT ) & TnC /v 277U h~7U X (TNKO &) I
TrUATFrv oI (Agll) HEEEE S U COIRERMELE T L (WT/AgIL B, TNKO/AgII
) ZfER U, BESRE, ) v ALy FREICK DRHELER, Mac3 284 5%
PG ATV, real-time PCRIEIZ L VA F VA O mRNARREZRE L7, £72in
vitro THEMEN~ 7 1 7 7 — VIR HE TnC Z/EH S, MilaDlEERE, Western blot (WB)
5, EE Y EIZ LV FAK, SRC, NF-«B © U Bk, MIBENBIEIZ DWW TRET Lz,

[FE5R] WT/AGIT # 0 % JE B O##EL ., Mac3 BiEMas, IL-6 © mRNA EHED
EEANE, TNKO/AgII B & b U CHEICE -7, invitro T, TnC ik~ a7 57— D
MCP-1 x4 2 il E 2 IR ERFRIIC/EE L, FAK, SRC, NF-«B Z2ufIc U Uk L,
FAK. SRC i3HIl@IO&ES, NF-x B BZICRBES "7, £72. TnC I NF- « B&FMEIZ,
IL-6 ® mRNA BHREZHEMSEINODRIT, AT 7Y avB3 T ZI=A B,
P11 THEICHH Sz, S bic, IL6 L DIEHHESFMAZIC/ER LT, collagen mRNA @
REEENSE7=, [FEFE] TnC ifintegrin av B 3/FAK/ SRC/ NF-« B axis /7 LT~
ra 7y —VEEEEL, FORREELE SN IL-6 X, BRHEFHIED collagen FEA Z{E
HETDHZLIZED, DIERHE L RET D Z & R I,
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