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In vitro effect of intermedin/adrenomedullin
2 on platelet aggregation in human
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OZET
Intermedin/adrenomedullin 2’nin insan platelet agregasyonu iizerine in
vitro etkileri

intermedin/Adrenomedullin (IMD/AM2) kalsitonin genle iliskili peptid ailesinin
yeni bir tyesidir. Homeostaz icin bir vaskuler diizenleyici ve vaskiler hastaliklara
karst 6nemli bir endojen koruyucu faktérddr. Bu in vitro calisma IMD/AM2'nin saglk
gontlliler Gzerinde cesitli pletelet agregan ajanlar ile trombosit agregasyonu
tzerinde etkisini arastirmak icin tasarlanmistir. Bu calisma 7 saglikli gonalla
Uzerinde gergeklestirilmistir. Kan 6rnekleri santrifiije edilerek trombositten zegin ve
trombositten fakir plazma elde edildi. Trombositten zengin plazma, trombositten
fakir plazma ile diltie edilerek son trombosit sayisinin 300,000+25,000 platelets
L-9 oldugu trombositten zengin plazma elde edildi. IMD/AM2’ nin 10-8, 10-7,
and 10-6 M olacak sekilde 3 konsantrasyonu hazirlandi. IMD/AM2’ nin  her bir
konsantrasyonu bir saat sureyle 37 KC'de trombositten zengin plazma ile inkiibe
edildi. Trombosit agregasyon calismalara trombositten zengin plazma ile 3ug
ml-1 kollajen, 10uM ADP ve 10uM epinephrine kullanilarak yapildi. Ayrica IMD/
AM2’ nin her bir konsantrasyonu icin spontan agregasyon trombositten zengin
plazma inkiibasyonu ile calisildi. Kontrol grubu ile karsilastirldiginda kollajen,
ADP, epinefrin indiiksiyonu ile IMD/AM2’ nin tim dilisyonlarda yapilan pre-
inkibasyonunun trombosit agregasyonu tzerine saptanabilir cevabi ile spontan
agregasyon etkisi yoktur. Agregasyon testinde trombosit agregasyon amplitiitleri
ve egrileri tim gruplarda istatistiksel olarak birbirine benzerdir. Bu in vitro calisma
doz bagimh bir sekilde IMD/AM2’ nin trombosit agregasyonu Uzerine etkisi
olmadigini gostermistir.

Anahtar Kelimeler: intermedin (17-47)/Adrenomediillin 2 (17-47); trombosit
kiimelenmesi; canl disinda

SUMMARY

Intermedin/Adrenomedullin 2 (IMD/AM2) is a novel peptide related to the
calcitonin gene-related peptide family. It is a vascular regulatory factor of
homeostasis and a vital endogenous protective factor against vascular diseases.
This in vitro study was designed to the effect of IMD/AM2 on platelet aggregation
with several platelet aggregation agents in the healthy volunteers. The study was
carried out on 7 healthy volunteers. Blood samples were centrifuged to prepare
platelet-rich plasma and platelet-poor plasma. The platelet-rich plasma was
diluted with the platelet poor plasma to yield test platelet-rich plasma with a
final platelet count of 300,000+25,000 platelets L—9. Three concentration of IMD/
AM2 solutions were prepared that would result in 10-8, 10-7, and 10-6 M. Each
concentration of IMD/AM2 was incubated with platelet-rich plasma at 37 XC
during one hour. Platelet aggregation studies were carried out in platelet-rich
plasma using 3ug ml-1 collagen, 10uM ADP, and 10uM epinephrine. In addition,
spontaneous aggregation was performed for each concentration of IMD/AM2
incubated platelet-rich plasma. Compared to control, pre-incubation with all
dilutions of IMD/AM2 had no detectable effect on platelet aggregation response
induced collagen, ADP, epinephrine, and no detected spontaneous aggregation.
The platelet aggregation amplitudes and slopes were statistically similar among all
groups by the aggregation test. This in vitro study suggested that IMD/AM2 had no
effect on platelet aggregation in a dose-dependent manner.
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Introduction

Intermedin (IMD/AM2) also called, as adrenomedullin (AM)
2 is a novel member of the calcitonin/calcitonin gene-related
peptide family (1). IMD/AM2 and its receptors are present in
the cardiovascular system, and IMD/AM2 is present at low le-
vels in plasma. In the cardiovascular system, IMD/AM2 has
multiple functions such as regulation of blood pressure and
cardiac function, pro-angiogenesis, endothelial barrier func-
tion protection, anti-oxidative stress, and anti-endoplasmic
reticulum stress. IMD/AM2 participates widely in the pathoge-
nesis of atherosclerosis, hypertension and vascular calcificati-
on. Its encoding genes are highly homologous and it plays an
important role in vascular regulatory factor of body homeosta-
sis and a vital endogenous protective factor against vascular
diseases (2). The endothelium performs a crucial role in ma-
intaining vascular integrity leading to whole organ metabolic
homeostasis and IMD/AM2 is a vital bioactive peptide main-
taining vascular homeostasis (1). Adrenomedullin has multi-
functional biological activities such as increasing platelet cyclic
AMP (cAMP) (3,4). Pharmacological analysis showed that
IMD/AM2 binds to and acts on both CGRP (CRLR/RAMP1)
and AM (CLRL/RAMP2, CLRL/RAMP3) receptors in a non-
specific manner and suggested to activate intracellular cAMP
pathway in the majority of tissues (5). Platelets are indispen-
sable for primary haemostasis, but their function needs to be
tightly regulated to prevent excessive platelet activity, possibly
leading to atherothrombotic events. An important mediator of
the platelet activity is cAMP, which inhibits platelet aggregation
(6). In hemostasis and thrombosis; platelets, vascular vessel
wall, and cAMP plays an important role and IMD/AM2 may be
an important mediator of this. Although Schiller et al. (7) studi-
ed the effect of adrenomedullin on platelet functions, there is
no study available so far demonstrating the effect of interme-
din on platelet functions. Therefore this study was designed to
test the effect of IMD/AM2 in vitro on platelet aggregation with
several platelet aggregation agents in the healthy volunteers.

Materials and methods

This study was performed in accordance with the Helsinki
declaration. Local Ethical committee of Gulhane Military Me-
dical Academy approved the study (23 Jul 2014-GATA (KA-
14009)). Following the approval of the informed consents,
blood samples were collected from seven healthy volunteers.
Venous blood was collected under light tourniquet through 19
gauge needles into vacutainers from antecubital vein. Four
tubes with 4.5 ml including tri-sodium citrate (0.109 M) blood
samples were collected (blood to anticoagulant ratio: 9/1). The
collection was performed early in the morning following a light
breakfast. All subjects were required to have not ingested as-
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Table 1: Effects of intermedin on human platelet aggregation, in vitro. The platelet aggregation was induced by addition of
collagen (3 ug mi=1), ADP (10 uM), epinephrine (10 uM), respectively.
IMD/AM2 groups

Control Group 10-8 M 10-7 M 10-6 M
Collagen (3 ug I-1) 57,85+10,74 56,33+11,14 54,33+8,50 56,71+6,94
ADP (10 uM) 53,2816,51 54,66+8,99 51,66+6,80 55,4248,15
Epinephrine (10 uM) 59,85+9,38 60,66+8,49 56,66+8,08 58,1418,44

IMD/AM2: Intermedin/Adrenomedullin 2, ADP; Adenosine diphosphate

pirin or other nonsteroidal anti-inflammatory agents for at least
10 days, no garlic or Chinese food for 2 days, and no alcohol
for 24 h. Furthermore, patients with an abnormal platelet co-
unt, a history of thrombosis or abnormal bleeding, active neop-
lasia or active inflammatory disease were also excluded. Tes-
ting on all samples was completed within 2—4 h of collection.
We counted platelets using an automated cell counter device
(ABX Pentra DX 120, Horiba, France). Platelet aggregation
was measured by using a platelet lumiaggregometer (Model
560CA, Chrono-log Corporation, Havertown, PA, USA) accor-
ding to the manufacturer's instructions. Platelet-rich plasma
(PRP) was separated from 3.2 % citrate-anticoagulated blood
as previously described. (8-10) The remaining blood was cent-
rifuged for further 10 min at 1250 g to prepare platelet-poor
plasma (PPP). Calibration was made with PPP when using
PRP. Aggregation studies were carried out in PRP containing
300,000+25,000 platelets L-9. A Teflon-coated stir bar was in-
serted into the silicon-coated cuvette with PRP then into the
heater block to a temperature of 37 C, and the aggregation
procedure was done in computerized aggregometer. (8)

Platelet-rich plasma was incubated with increasing doses
(10-8, 10-7, 10-6 M) of IMD/AM2 (Bachem, Torrance, CA,
USA) for 1 hour at 37 °C, and then the stimulating agents
(Chrono-par reagents, Havertown, PA, USA) including colla-
gen (3 yg mi-1), adenosine diphosphate (ADP) (10 uM), and
epinephrine (10 uM) were added to the cuvette, and chan-
ges in light transmission were observed for 10 minutes. The
maximal amplitudes of the aggregation curves, expressed as
percentage, were used for quantitative analysis. Spontaneo-
us aggregation for increasing concentrations of IMD/AM2 was
performed after incubation with PRP and non-incubated PRP
control.

Statistical analysis

We analyzed data using SPSS 15.0 (SPSS Inc. Softwa-
re, Chicago, lllinois, USA) statistical software. Aggregation
data presented as mean + SD. Friedman repeated measures
analysis of variance was used to compare platelet aggregation
response to ADP, collagen, epinephrine between control and
each IMD/AM2 solution. A wilcoxon test was used to determi-
ne differences between paired data. P<0.05 was considered
statistically significant.

Results

All volunteers had normal haemogram parameters. When
IMD/AM2 was added to normal PRP in vitro, the effect on pla-
telet aggregation was dependent upon the agonist and upon

the concentration of IMD/AM2. The response to 3 ug mi-1
collagen, 10 uM ADP, 10 uM epinephrine were not noticeably
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suppressed by increasing concentrations of IMD/AM2 com-
pared with control group. Amplitude percentages of platelet
aggregation of each group were shown in Table1. There was
no relationship between IMD/AM2 concentration (10-8, 10-7,
10-6 M) and platelet aggregation responses in dose-depen-
dent manner. Spontaneous aggregation was not also detected
on PRP incubation with increasing concentrations of IMD/AM2
and non-incubated control PRP.

Discussion

Intermedin is a 47 amino acid peptide formed by enzyma-
tic degradation of preprointermedin. Initially isolated from the
puffer fish, the IMD/AM2 sequence is conserved across spe-
cies including human, rat and mouse. Intermedin has been
reported to be expressed in the kidney, lung, thymus, gastroin-
testinal tract, submaxillary gland and brain by using real time-
polymerase chain reaction (RT-PCR). Intracerebrovascular
administration of IMD/AM2 promotes anorexia, water restric-
tion, and release of prolactin, oxytocin, vasopressin and adre-
nocorticotropin as well as inhibition of growth hormone relea-
se. Peripheral administration, similar to intracerebrovascular
administration, promotes anorexia. However it also promotes
gastoparesis, oliguria, diuresis and antinatriuresis. (1)

Systemic and regional vascular responses to IMD/AM2 have
been reported in the conscious and anesthetized mouse and
rat. Intracerebrovascular administration of IMD/AM2 increases
systemic arterial pressure (SAP), whereas intravenous (i.v)
administration of IMD/AM2 decreases SAP. Intrarenal infusion
of IMD/AM2 increases renal blood flow and decreases renal
vascular resistance in vivo whereas IMD/AM2 does not relax
porcine renal arterial conductance vessels. Moreover, IMD/
AM2 reduces myocardial injury in the ischemia-reperfused
rat heart in vitro and relaxes isolated porcine coronary arterial
rings. Furthermore IMD/AM2 possesses marked vasodilatory
activity in pig coronary vascular bed. (1)

IMD/AM2 shows its biological activities mainly through the
G protein coupled calcitonin receptor-like receptor (CRLR),
which is shared by CGRP and AM. Three different subtypes
of the receptor activity modifying protein (RAMP) determi-
ne ligand selectivity of CRLR. The complex of CRLR and
RAMP1 shows a higher affinity with CGRP; the complex of
CRLR and RAMP2 or RAMP3 has a higher interaction with
AM. However, IMD/AM2 can interact with the three complexes
non-selectively. These receptor components for IMD/AM2 are
abundant in both central and peripheral tissues involved in the
cardiovascular regulation. (11)

IMD/AM2 stimulates cAMP production like AM and CGRP
and cAMP-dependent signaling may be the primary molecular

Doganci ve ark.



mechanism subsequent to activation of CRLR receptor. IMD/
AM2 binds to and acts on receptor then activates intracellular
cAMP pathway in the majority of tissues. (11)

It is well known that an increase in intracellular cAMP inhi-
bits platelet activation and aggregation. Therefore, Lang-Rollin
et al. (12) examined the possible influence of adrenomedullin
on the function of human platelets. According to their study,
there was no direct effect of adrenomedullin on thrombin-in-
duced platelet aggregation, even when high adrenomedullin
concentrations were used. It was also similar to the results
of Schiller et al. which reported that adrenomedullin does not
alter the aggregatory response of human platelets to ADP, due
probably to the lack of functional adrenomedullin receptor.

Similar to the findings of AM studies, in the current study we
found that IMD/AM2 also does not have any effect on human
platelet aggregation. Different from the study of Schiller et al.
(7) we studied not only ADP-induced platelet aggregation, but
also we studied the collagen and epinephrine induced aggre-
gation.

According to the Schiller et al. (7) the reason for the absence
of an effect on human platelet function is uncertain but may
suggest that functional AM receptors coupled with adenylate
cyclase are not present on the membrane of human platelets.
Although it is not proven, similar to AM, the reason for absence
of an effect on human platelet may be related to inexistence
of IMD/AM2 receptors coupled with adenylate cyclase on the
membrane of human platelets.

Conclusion

Increasing evidence suggests that IMD/AM2 is a vital regu-
latory peptide for cardiovascular homeostasis and involved in
occurrence and development of various vascular diseases.
Furthermore it also has protective effect on atherosclerosis,
vascular calcification and hypertension. Therefore it could be
a novel therapeutic agent for cardiovascular system disea-
ses. Since it has no effect on platelet aggregation, this may
increase its safety profile when it is used for cardiovascular
disorders.
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